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Forty years ago, well within the lifetime of most of us, the prac-
tice of hepatopancreatobiliary surgery barely existed.  While 
there was great interest and research in HPB pathophysiology, 
therapeutic options were limited, and operative interventions, 
in particular, remained rare.  Attempted operations were typi-
cally high-risk, resource-intensive procedures associated with 
high morbidity and mortality, undertaken only by the boldest of 
surgeons.  Over the ensuing several years, however, the work of 
many pioneering investigators set the stage for the emergence of 
HPB as a specialty area of surgery in its own right, bringing it out 
of the dark ages and into the mainstream of practice.  Indeed, in 
the current state of the art, HPB operations are now common-
place for a wide array of disease processes, with the expectation 

of successful outcomes for most patients. 
 Many factors have played a role in the remarkable transformation of the field, too many to list here, 
but the point is that our surgical forebears laid a solid foundation upon which the technical advances that 
have shaped our field have been built.  As the beneficiaries of these advances and hard-won lessons from the 
past, we now have the ability to offer effective and safe surgical therapies to our patients.  But for those to 
whom much has been given, much is expected, and it is our charge now to continue refining and improving 
the clinical, technical, and investigative aspects of HPB surgery, to work toward uniform standards of training 
and practice, and to continually assess and reassess the long-term results of our interventions.  It is imperative 
that we do this, first and foremost, to ensure the best possible outcomes for our patients, and also to honor the 
legacy of those great surgeons and others who have blazed the trail that we all now have the privelege to hike.  
 It is also fitting and proper for the AHPBA to be a leader in this process.  Formally established in 
1994 as the American Chapter of the IHPBA, the society has grown from a small group of surgeon thought 
leaders to a powerful, well-funded, and dynamic society of over 1500 members.  Over the years, this chapter 
has evolved to become renamed the Americas, proudly claiming members from the northern reaches of 
Canada to the southernmost regions of South America, and every country in between.  The AHPBA is now 
one of the largest and most active societies dedicated to advancing the field of HPB surgery by disseminating 
knowledge, fostering research and innovation, advancing education and training, and encouraging multidis-
ciplinary collaboration.
 The current textbook was undertaken by the AHPBA leadership in an ongoing effort to fulfill its 
mission.  Written in a novel, dilemma-focused format, with each chapter addressing a specific question, this 
is a unique textbook addressing all aspects of HPB surgery by society members who are leading experts in 
the field.  The book is well illustrated, with several salient points highlighted at the end of each chapter.  The 
scope of the book is very broad, and its content is thus appropriate for a wide range of readers, from residents 
and fellows to established general surgeons and expert HPB surgeons.  We expect that this text will remain an 
important resource for many years to come.
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Surgical management of diseases affecting the liver, pancreas, and biliary tract (HPB) is a mature but rap-
idly evolving discipline. Clinicians with special interest in these 3 organ systems have diligently endeavored 
through the decades to innovate their specialties to first and foremost optimize patient outcomes. With a 
steadfast commitment to this principle, these clinicians have created thriving societies such as the Americas 
Hepato-Pancreato-Biliary Association (AHPBA) and the International Hepato-Pancreato-Biliary Associa-
tion (IHPBA). The former has over 1,200 active members from over 40 countries throughout North, Central, 
and South America, while the latter includes over 1,800 members from over 60 different countries.
 In 2017, the AHPBA leadership set out to publish a practical textbook, with chapters written by the 
experts in the field that would encompass a broad range of HPB topics, with the intention of dispersing criti-
cal knowledge towards the mission of educating practicing surgeons, physicians, and the wider health care 
provider community. The goal was to encapsulate the essence of this vibrant and exciting discipline in a more 
cogent, concise, and practical manner than traditional texts. We editors hope that this textbook, Hepato-
Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas, has achieved its goals. 
 The editors aimed to develop a format of the HPB textbook that encompasses a broad clinical scope 
of 5 disciplines: surgical oncology, HPB surgery, transplantation, interventional radiology, and trauma. The 
content of Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas is further 
divided into 6 major sections: (1) Hepatic, (2) Biliary, (3) Pancreatic (4) Transplantation, (5) Trauma, and (6) 
Innovation and Technology. 
 We believe that one of the unique aspects of Hepato-Pancreato-Biliary and Transplant Surgery: 
Practical Management of Dilemmas is its format. Rather than assigning a chapter a traditional title such 
as “Gallstone Ileus,” the title is presented in the form of a question, such as “Should a Cholecystectomy Be 
Done for Gallstone Ileus?” This approach reflects the mindset of a clinician who is facing an actual clinical 
dilemma and wants to know how to best care for his/her patient. Another distinct feature of this textbook 
is that each section is structured into 3 major components (preoperative, intraoperative, and postoperative) 
that highlight dilemmas across the spectrum of care.  Furthermore, embedded within each of these compo-
nents are debates that we believe provide a wonderful opportunity for the readers to have a more in-depth 
understanding of simmering controversies in HPB diseases.  
 Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas has been a 
global undertaking. Over 350 authors from different corners of the globe have contributed to its final prod-
uct. Each chapter is written by recognized experts and begins with a clinical scenario followed by a concise 
and in-depth text that is filled with compelling images, detailed illustrations, comprehensive tables, thorough 
algorithms, and other adjunctive tools that enhance the learning process. Key references are provided for 
further review. The ‘”Salient Points” at the end of each chapter reinforce key concepts for the readers.  
 We have strived to address a broad spectrum of clinically relevant scenarios in this large- volume text-
book, with the understanding that additional content may have been omitted due to text length and content 
evolution constraints.  Hence, we welcome suggestions from you, the readers, with the prospect that we will 
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incorporate your valuable suggestions into future editions.
 We hope that you will benefit from and enjoy this textbook, and believe that you will find Hepato-
Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas to be not only an invaluable 
resource, but also a must-have textbook for all interested in this exciting specialty.

Quyen D. Chu, MD, MBA
Charles M. Vollmer, MD
Gazi B. Zibari, MD
Susan L. Orloff, MD
Mallory Williams, MD, MPH
Mariano E. Gimenez, MD, PhD
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CASE SCENARIO

A 59-year-old male presented to the emergency department with persistent chronic epigastric pain, nausea, vomiting 
and diarrhea. His medical history was remarkable for hepatitis C and compensated liver cirrhosis; the vital signs were 
within normal range. Physical exam revealed tenderness in the epigastric region. The metabolic panel presented a mildly 
elevated alpha-fetoprotein (n=10). An abdominal ultrasound (US) showed liver cirrhosis and a focal solid lesion in the 
right hepatic lobe (Figure 1A). Subsequent contrast-enhanced computed tomography (CT) images demonstrated a 
focal lesion in the hepatic segment VI. This lesion showed heterogeneous arterial enhancement (Figure 1B), as well as 
a quick washout during the venous and delayed phases. A perilesional capsule was evident during the delayed phase 
(Figure 1C).
 In agreement with the American Association for the Study of Liver Diseases (AASLD) guidelines, a focal lesion 
in a cirrhotic liver with hypervascularity during the arterial phase, and washout and a perilesional capsule through 
the delayed phase, is diagnostic of HCC (Table 1). Although a biopsy is not necessary, in this case, histopathological 
analysis confirmed HCC.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Focal liver lesions are detected frequently while imaging the 
abdomen by US, CT and magnetic resonance imaging (MRI). 
These lesions may have no clinical significance (i.e., heman-
gioma) or represent a serious condition (i.e., malignant tumor). 
The diagnostic workup of these lesions include correlating 
them with a detailed medical history, a physical exam, different 
imaging studies, and if required, a tissue diagnosis. Radiologi-
cal assessment with a dedicated imaging protocol is essential 
for the identification and characterization of focal liver lesions. 
Knowledge of the advantages, disadvantages and specific con-
traindications for each method is essential to develop adequate 
diagnostic algorithms (see Salient Points).
 Although US is the first imaging modality employed due 
to its safety and low cost, with the exception of cysts (Figure 
2) and typical hemangiomas, a definitive characterization of 
a liver lesion is often challenging to obtain with this modal-
ity alone. CT and MRI are the most accurate imaging methods 
for identifying and characterizing hepatic lesions. The advan-
tages of a CT scan are fast acquisition time and the possibility 
of obtaining a full body evaluation during a breath hold. The 

use of intravenous contrast material and multiphasic imaging 
acquisition is essential to succeed in refining liver lesions diag-
nosis. The tissue enhancement obtained after the intravenous 
contrast injection can be divided into two phases based on its 
distribution in the intravascular or extravascular-extracellular 
(interstitial) compartments. In the initial phase, the enhance-
ment is due to the presence of contrast material within the 
intravascular space.  Later, in the second phase, tissue enhance-
ment results as contrast material passes from the intravascular 
to the extravascular-extracellular space across the capillary 
membrane. This physiologic behavior is used to differentiate a 
lesion from the normal hepatic background.  
 During the arterial phase (30 seconds after contrast 
injection), hypervascular lesions such as HCC, focal nodular 
hyperplasia (FNH), adenoma, hemangioma and hypervascu-
lar metastases (breast, renal, thyroid) will enhance, while the 
normal parenchyma remains with minimal enhancement. 
Hypovascular lesions like metastases, cysts and abscesses will 
not enhance in the arterial phase, and are best seen during the 
portal phase (60 seconds). Fibrotic lesions such as cholangio-
carcinoma and fibrotic metastases hold the contrast longer 
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than normal parenchyma. Therefore, they are best seen in the 
delayed phase (180 seconds). CT disadvantages include the 
ionizing radiation exposure and allergic reactions to iodine 
contrast agents (see Salient Points).
 MRI is an imaging modality that does not require ion-
izing radiation and demonstrates superior soft tissue contrast 
compared with CT. MRI sequences can be grouped in different 
ways. As a basic concept, T1 weighted sequences are part of all 
MRI protocols, being the most ‘anatomical’ images and serving 
also to evaluate tissue enhancement. In a T1 weighted image 
the fluid shows low signal intensity, the muscle demonstrates 
intermediate signal intensity, and the fat has high signal inten-
sity. T2 weighted sequences are used to compare tissue behavior 
and typically show the fluid with homogenous hyperintensity. 
Advanced imaging techniques such as diffusion, spectroscopy 
and perfusion are used for precise tissue characterization. 
The disadvantages of MRI exams are higher cost and longer 
acquisition time than other cross-sectional modalities. MRI 
exams are contraindicated in patients with metallic medical 
devices and foreign bodies. Multiphase dynamic imaging with 
a gadolinium-based contrast agent has become the standard 
for liver MR imaging and should be routinely performed when 
possible. Dynamic contrast-enhanced imaging should include 
a pre-contrast data set followed by arterial, portal venous, and 
equilibrium or late dynamic phase acquisitions.
 Abdominal diffusion weight imaging (DWI) is a tech-
nique gaining attention for its potential applications for liver 
lesion detection and characterization.  DWI uses powerful 
gradients to probe the molecular motion of water molecules 
in tissue, allowing for qualitative and quantitative analysis. The 
method appears useful for grading hepatic fibrosis, as well as 
for the assessment of treatment response to systemic and local 

FIGURE 1A: Abdominal US: Sagittal view of the right 
hepatic lobe demonstrates a well-defined rounded hetero-
geneous solid mass (arrows).

FIGURE 1B: Axial contrast enhanced CT of the liver dur-
ing the arterial phase demonstrates a hypervascular mass 
with heterogeneous enhancement (arrows). 

FIGURE 1C: Axial contrast enhanced CT of the liver dur-
ing the delayed phase shows intralesional washout with 
ring enhancement of the lesion’s capsule (arrows).

FIGURE 2: Adult Polycystic Disease. Ultrasound image 
demonstrates classic sonographic features of multiple 
hepatic simple cysts including rounded anechoic lesions 
(arrows) and posterior acoustic enhancement (asterisk).
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FIGURE 3A: Hepatic Hemangioma. Axial CT image of 
the liver during a pre-contrast phase (A) shows two slightly 
hyperdense lesions involving the hepatic segment VII in 
an obese patient with hepatosteatosis. During the arte-
rial (B) and venous (C) evaluation, there is a pathogno-
monic peripheral nodular enhancement of the lesion.  The 
delayed phase (D) demonstrates a typical centripetal filling 
(arrow).

FIGURE 3B: Hepatic Hemangioma. Longitudinal ultra-
sound image shows a typical well-defined hyperechoic 
lesion on the right hepatic lobe (arrow).

FIGURE 3C: Hepatic Hemangioma. Axial MRI images of the liver during pre-contrast (A), arterial (B), venous (C), and 
delayed (D) phases show three well defined hyperintense lesions in T2 (A, arrows) with centripetal peripheral enhancement 
during the post-contrast phases (B, C, and D).

A.

C.

B.

D.
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A lobulated deep right lobe lesion is slightly hypoattenuating precontrast, enhances transiently, and becomes occult at 
equilibrium. The small central scar (arrow) is enhanced at delay.

 

 

   

 

Liver Nodule

Biopsy
Arterial 

hypervascularity AND
venous or delayed 

Other contrast enhanced 
study (CT or MRI)

4-phase MDCT/dynamic 
contrast enhanced MRI

<1 cm

Growing/changing 
character

Investigate 
according to size opsy

No

Yes

opsy

Yes No

Repeat US at 3 
months

MDC

>1 cm

Arterial hypervascularity 
AND venous or delayed 

phase washout

HCCCC

Yes

Stable

TABLE 1: Diagnostic Algorithm for Suspected HCC.CT= computed tomography; MDCT=multidetector CT; MRI= mag-
netic resonance imaging; US= ultrasound.

(Reprinted with permission from Wiley & Sons, Inc.  in Bruix J, et al.  Management of Hepatocellular Carcinoma: An Update. Hepatology 2011;53:1020-
22).
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FIGURE 5A: Hepatocellular Adenoma. Fig. A: On T1 sequence, there is a hypointense lesion on the hepatic segment VII. 
Fig. B: Homogeneous enhancement in arterial phase (arrow). Fig. C: Quick washout on venous phase is demonstrated. 
Fig. D: It becomes homogenous to the surrounding parenchyma on delay phase. A persistent central hyperintensity is seen 
consistent with a central scar (arrow).

FIGURE 5B: Hepatocellular Adenoma. Axial contrast enhanced CT images show a hypodense lesion in the hepatic seg-
ment 6 (A). This lesion demonstrates hypervascular behavior with homogeneous enhancement on the arterial phase (B, 
arrow) and quick wash out on portal phase (C, arrow). 
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cal hemangioma US appearance is a focal hyperechoic, well 
defined and rounded lesion with good through transmission. 
On contrast CT and MRI exams, a discontinuous, nodular, 
peripheral enhancement with centripetal fill-in are pathogno-
monic for a typical hemangioma (Figure 3).
 Focal nodular hyperplasia is either found incidentally or 
causing mass effect. Characteristic features include isoecho-
genicity to the hepatic parenchyma in US, heterogeneous 
enhancement on CT and MRI during the arterial phase, and 
contrast material washout during the delayed phase, making 

therapies for malignant liver tumors. DWI has become part of 
the standard hepatic protocol due to its high sensitivity and 
ability to detect small lesions.

FOCAL HEPATIC LESIONS: TYPICAL IMAGING 
PATTERNS
Benign focal liver lesions are often asymptomatic and inciden-
tally detected. Hemangiomas, FNH and adenomas are com-
mon benign lesions affecting the hepatic parenchyma. Hepatic 
hemangioma is the most frequent benign liver lesion. Typi-

FIGURE 6A: Hepatic Metastasis. Axial (A) and sagittal (B) contrast enhanced CT images during a venous phase show 
multifocal bilobar hypodense lesions with peripheral ring enhancement. The central hypodensity represents tissue necrosis.

FIGURE 6B: Hepatic Metastasis. Axial MRI images of the liver demonstrates multiple well defined hyperintense lesions in 
both hepatic lobes (arrows) in a patient with colorectal cancer consistent with secondary lesions.
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FIGURE 6 C: Hepatic Metastasis. Longitudinal ultra-
sound shows a subtle hypoechoic lesion in a patient with 
history of pancreatic tumor consistent with metastatic 
deposit (arrow).

this lesion isodense/intense relative to the hepatic background 
and, therefore, imperceptible except for any mass effect. A cen-
tral scar may demonstrate delayed enhancement (Figure 4).
 Hepatic adenoma occurs almost exclusively in young 
women on birth control pills. Occasionally, it is seen in men 
who use anabolic steroids or in patients with glycogen storage 
disease. On US, it usually presents as a solitary well-demarcated 
heterogeneous mass. Adenomas are supplied by the hepatic 
artery; therefore, on CT and MRI, they exhibit early enhance-
ment and appear isodense to the liver during the venous and 
delayed phases. The imaging appearance of hepatic adenomas 
also varies depending on the presence of intralesional hemor-
rhage, a frequent complication of these tumors (Figure 5). 
 Malignant liver lesions are primary and secondary. The 
incidence of metastatic disease is 20 times greater than primary 
liver tumors. On US, most metastases are solid and mainly 
hypoechoic relative to the background liver. Many will exhibit a 
hypoechoic “halo” or a “bull’s-eye” appearance due to alternat-
ing layers of hyper- and hypoechoic tissue. These patterns are 
highly suggestive of malignancy. In patients with malignancy 
and a hyperechoic liver lesion in US, metastases should be 
always excluded with additional imaging (CT, MRI). 
 Endocrine tumors of pancreas, renal cell carcinoma, thy-
roid carcinoma, melanoma and choriocarcinoma are the most 
common malignancies producing hyperechoic liver metastases 
on US. On CT and MRI, colonic, lung, breast and gastric car-
cinomas are the most common malignancies causing hypovas-
cular liver metastases, and typically show perilesional enhance-
ment. Neuroendocrine neoplasias including carcinoid and 
islet cell tumors; renal cell carcinoma; breast, melanoma, and 
thyroid carcinomas cause hypervascular hepatic metastases. 
These may develop early enhancement with variable degrees 

of washout and peripheral rim enhancement (Figure 6). Cal-
cified lesions typically arise from mucinous adenocarcinoma, 
and main cystic metastases come from ovarian and colorectal 
carcinoma.
 HCC is the most common primary malignancy of the 
liver and differs from most malignancies because it is com-
monly diagnosed on the imaging findings, without the need 
of histologic confirmation. Unlike other tumors that develop 
within a background of normal tissue, HCC occurs as part of 
a hepatic field change, characterized by replacement of liver 
parenchyma with fibrosis and nodular regeneration. More 
than 80% of the cases of HCC occur in the context of cirrhosis. 
Hepatocarcinogenesis is a progressive sequence of transition 
from regenerative nodule, through dysplastic nodule, to hepa-
tocellular carcinoma.
 HCC diagnosis follows the AASLD guidelines.  Following 
the initial US survey of the liver, suspicious lesions for HCC are 
new hepatic nodules larger than 1 cm or known nodules that 
enlarged over a period of time. These nodules require immedi-
ate further investigation. The radiologic diagnosis of HCC can 
be achieved through either CT or MR imaging, provided that 
a multiphasic contrast material enhanced study is used. Sys-
tematic review comparing both methods have shown that MR 
imaging is more sensitive (81%) than CT imaging (68%) in the 
diagnosis of HCC (Figure 7).
 HCC is supplied solely by abnormal, unpaired hepatic 
arteries without contribution from the portal venous system; 
this results in a characteristic vascular enhancement pattern 
that can be used to make a definitive imaging diagnosis. This 
lesion shows a variegated arterial enhancement with evidence 
of intralesional fat and a neovascular formation. The arterial 
enhancement is followed by a typical washout during the portal 
venous or delayed phases. The presence of a fibrous capsule is 
a characteristic finding of typical HCC. This perilesional ring 
enhances on delayed phase images.
 In those lesions that do not have these characteristic 
features on radiological examination, a directed biopsy of the 
mass is needed in order to confirm a diagnosis of HCC. Once 
the diagnosis of HCC has been made, clinical staging should be 
performed to assess prognosis and to guide therapeutic inter-
vention. 
 Many staging systems have been proposed over the 
years. AASLD advocates use  the Barcelona Clinic Liver Can-
cer (BCLC) staging system because it is the only system that 
encompasses the three factors that have been shown to be inde-
pendent predictors of survival: radiologic tumor extent, liver 
function, and patient’s performance status. Thus this system 
has the best chance of predicting patient survival compared 
with other prognostic systems. The BCLC system links each 
tumor stage with appropriate therapeutic interventions in a 
guideline format.
 There is no reliable tumor marker for HCC. Measurement 
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of the serum levels of alfa-fetoprotein (AFP) is used as an aid 
for diagnosis and during screening. Elevation in the serum lev-
els of AFP in a patient with cirrhosis should raise concern that 
HCC has developed. However, elevated levels of serum AFP are 
not specific to HCC .
 Fibrolamellar carcinoma is a variant of HCC that affects 
young patients without a cirrhotic liver or viral infection. This 
heterogeneous hypervascular tumor shows a central fibrous 
scar with delayed enhancement similar to FNH (Figure 7). MRI 
is an excellent modality to differentiate these two lesions.
 Cholangiocarcinoma is a malignant tumor arising from 
the epithelium of the bile ducts. Risk factors include primary 
sclerosing colangitis, recurrent pyogenic cholangitis and cho-
lelithiasis. Obstructive jaundice is the most common clinical 
presentation. The imaging presentation includes intrahepatic 
and extrahepatic patterns. Intrahepatic cholangiocarcinoma 
can be classified into three types on the basis of gross mor-
phologic features: mass-forming (most common), periductal 
infiltrating, and intraductal growth (Figure 8). On CT, mass-
forming intrahepatic cholangiocarcinoma usually appears as a 
homogeneous low-attenuation mass with irregular peripheral 
enhancement, satellite nodules, and peripheral intrahepatic 
duct dilatation (Figure 9). Periductal infiltrating cholangio-
carcinoma is characterized by growth along the dilated or nar-
rowed bile duct without mass formation. This type of tumor is 
rare in intrahepatic cholangiocarcinoma, but most hilar chol-
angiocarcinomas are periductal infiltrating. Intraductal chol-
angiocarcinoma is an intriguing type of cholangiocarcinoma 
because it has a variety of imaging features, grows slowly, and 
has a relatively favorable prognosis.
 In conclusion, characterization of the focal liver lesions 
has always been a challenge for the radiologist. However, due 

FIGURE 8:  Types of Intrahepatic Cholangiocarcinoma.  
Developed by the Liver Cancer Study Group of Japan 
(LCSGJ), intrahepatic cholangiocarinoma can be mass 
forming (MF), periductal infiltrating (PI), and intraductal 
growth (IG).  The PI type extends mainly longitudinally 
along the bile duct and often resulting in dilatation of the 
peripheral bile duct.  The IG type proliferates toward the 
lumen of the bile duct papillarity or like a tumor throm-
bus. Tumors can have more than one macroscopic appear-
ance and in such cases, they are described with the pre-
dominant type mentioned first followed by the subordinate 
type separated by a “+” (i.e., mass forming + periductal 
infiltrating). (Chu QD, Gibbs J, Zibari G. (eds). Surgical 
Oncology: A Practical and Comprehensive Approach. 
New York, Springer 2015).

FIGURE 7: Fibrolamellar Carcinoma. Axial contrast enhanced CT images show a solid hypodense lesion in the hepatic 
segment 8 (A). This lesion demonstrates a heterogeneous enhancement with a central hypodensity (scar) on the arterial 
phase (B). Intralesional wash out and a peripheral capsule (arrows) are seen on portal and the delayed phases (C-D). 

A. C.B. D.
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FIGURE 9A: Intrahepatic “Mass-like” Cholangiocarcinoma. Coronal (A) and axial (B) contrast enhanced CT images 
of the liver demonstrate an extensive tumor of the hepatic duct at its bifurcation (A, arrows) with a satellite lesion in the 
hepatic parenchyma involving the segment 4 (B, arrows).  Severe bilobar intrahepatic biliary ductal dilatation is evident. 

FIGURE 9B: Intrahepatic “Infiltrating” Cholangiocarcinoma. Coronal (A) and axial (B) contrast enhanced CT images of 
the liver show a focal left sided biliary ductal dilatation with associated parenchymal atrophy consistent with biopsy proven 
cholangiocarcinoma (A-B, arrows). 

A.

A.

B.

B.
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SALIENT POINTS

Advantages Disadvantages

ULTRA-
SOUND

•  Safety
•  Low cost
•  Fast images

•  Dependent operator
•  Low specifity
•  Low sensitivity

COMPUTED
 TOMOGRA-

PHY

•  Multiphasic Imaging
•  Fast acquisition of the whole body
•  Axial images
•  Coronal and sagittal reconstructions

•  Ionizing radiation
•  Allergic reactions
•  Specific contraindications (pregnancy, renal failure, 

history of allergic episodes)

MAGNETIC 
RESONANCE

•  Multiphasic Imaging
•  Superior soft tissue contrast compare 

with CT
•  Axial, coronal and sagittal images
•  Diffusion, Perfusion and Spectroscopy 

as new advanced techniques

•  Higher cost
•  Longer acquisition time
•  Limitation in patients with history of claustrophobia
•  Specific contraindications (metallic medical devices, 

pacemaker, foreign bodies)
•  Risk of nephrogenic systemic fibrosis in patients with 

chronic renal disease

Hypovascular Hypervascular

Metastasis

•  Esophageal cancer
•  Gastric carcinoma
•  Colon
•  Pancreas adenocarcinoma
•  Lung
•  Breast

•  Carcinoid tumors
•  Islet cell tumors
•  Renal cell carcinoma
•  Breast
•  Melanoma
•  Thyroid
•  Choriocarcinoma

Primary 
malignancies

•  Cholangiocarcinoma (delayed enhance-
ment) 

•  HCC

Benign lesions
•  Cysts
•  Abscesses

•  Adenoma
•  Hemangioma
•  Focal nodular hyperplasia

to refined and new imaging techniques, in most cases a correct 
presumptive diagnosis can be made on the basis of imaging cri-
teria alone. Dynamic contrast-enhanced CT and MRI exams 
are essential for the characterization of focal hepatic lesions. A 
comprehensive evaluation yields characteristic enhancement 
patterns that can be used to diagnose or at least narrow the dif-
ferential diagnosis for most of these lesions.

Advantages and Disadvantages of Each Cross-Sectional Image Modality
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Clinical 
Features US Findings CT Imaging 

Patterns Intralesional fat Central 
scar

Tumor 
capsule

Vascular/
biliary 

invasion

HCC
*Cirrhosis
*Elevated  
  AFP

Mixed echogenicity
(66%)

*Heterogeneous
*Variegated Yes Yes Yes

Adenoma

*Young
   adults
*Female
*Birth  
  control 
  pills

Well-demarcated 
heterogeneous mass

*Homogenous/
hetero
  geneous (due to 
  hemorrhage)
*Hypervascular
  Quick washout

Yes Yes

FNH
* Young 
   adults
*Female

Mostly isoechoic
*Heterogeneous
*Hypervascular
  Quick washout

Yes

Hemangioma
Focal hyperechoic
acoustic enhancement 
(70%)

*Low density
*Nodular peripheral 
  enhancement
*Centripetal filled in

Fibrolamellar
Carcinoma

* Young 
   adults
*No   
  association 
  with 
  cirrhosis

*Mixed 
  Echogenicity
*Central    
hyperechoic scar (33%)

*Heterogeneous
*Variegated Yes Yes

Metastasis
Elevated 
Alkaline 
Phosphatase

*Most solid and 
  hypoechoic  
  relative 
  to the liver 
  background
*Hypoechoic  
 “halo” or “bulls- 
 eye” appearance  
 are highly 
 suggestive 
 of malignancy

*Low density
*Linear peripheral 
  enhancement
*Never fills 
  completely

Yes 

Clinical and Imaging Features of the Most Common Solid Hepatic Tumors
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CASE SCENARIO

A 23-year-old male presented with an incidental finding of a caudate lobe mass, which was confirmed with imaging. 
Although the mass was consistent with FNH, a benign entity, it was compressing the IVC and hepatic veins (Figure 1), 
thus necessitating a resection. During laparoscopic evaluation, the liver appeared to be fatty, and, therefore, resection 
was postponed until the patient had lost weight. The patient lost over 30 lbs. in 8 months.  He presented to the hospital 
feeling unbalanced and had a near syncopal episode while lifting skewers of chickens at work. Repeat imaging was 
performed that showed significantly more compression of the IVC, affecting blood return to the heart. The patient 
underwent a successful resection of the caudate lobe mass.  Before surgery, we obtained liver volumetric studies that, 
along with the Urata formula, demonstrated that the future liver remnant (FLR) was of sufficient size to sustain life after 
surgery (Figure 2). 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: Caudate lobe mass seen on CT scan. The CT 
obtained from the patient clearly demonstrates a large cau-
date lobe mass compressing the inferior vena cava, as well 
as other surrounding hepatic veins.

FIGURE 2: Volumetric study performed to analyze the vol-
ume of the future liver remnant prior to resection. Three-
dimensional reconstructions of the liver are made using 
multiple cross-sectional images that estimate the volume in 
order to determine if the liver remnant is of sufficient size 
to sustain life after resection.
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For patients diagnosed with hepatic masses (malignant or 
benign), surgical resection can be curative as well as pallia-
tive. Steps must be taken to ensure adequacy of the FLR fol-
lowing resection. FLR is the amount of liver parenchyma that 
will remain after resection of the diseased portion. Although 
the amount of FLR needed is still debated among physicians, 
suggested guidelines will be discussed, along with steps taken 
when the FLR is determined to be inadequate. 

HOW DO I PREPARE A PATIENT FOR HEPATIC/
BILIARY SURGERY?
Preoperative evaluation
Since postoperative outcomes mainly depend on the size and 
quality of the FLR, preoperative assessment of the liver for vol-
ume and function is extremely important in order to predict 
the risk of post-hepatectomy liver failure (PHLF). The ability to 
assess and quantify liver function before surgery is still contro-
versial because no single physiologic marker or score depend-
ably predicts postoperative liver failure.

Liver function tests
There are three types of liver function tests: (1) conventional 
liver function tests (i.e. LFTs), (2) scoring systems, and (3) 
quantitative tests (Table 1). Conventional liver function tests 
include laboratory parameters that indicate excretory and 
synthetic functions of the liver. Although these tests are con-
sidered fundamentals for the preoperative assessment, none 
alone actually provides an adequate evaluation of true liver 
function. Scoring systems integrate laboratory and clinical 
values to assess liver function. Among the most widely used 

in clinical practice, the Child-Pugh score (CPS), is probably 
the most commonly used. The CPS is valuable for determining 
the degree of chronic liver disease, and making a prediction on 
the survivability of a cirrhotic patient who undergoes a gen-
eral surgical procedure. Finally, quantitative tests evaluate the 
metabolism and the clearance of different substrates that are 
mostly or entirely cleared by the liver. It is important to note 
that quantitative tests provide more reliable information on 
the preoperative liver function than postoperative liver func-
tion because they address one of the liver’s true processes (i.e. 
galactose elimination or bile acid clearance).

Preoperative Planning 
When planning liver resection, we should consider multiple 
factors in order to assess its feasibility. Along with predicting 
the FLR, it is important to completely understand the underly-
ing disease state of the liver. This can be accomplished by evalu-
ating patients for portal hypertension, as well as performing a 
transjugular liver biopsy. Before operating, we should identify 
the number of Couinaud segments involved and determine the 
proximity of the lesions to major arterial, venous, and/or bili-
ary structures. This can be done preoperatively with extensive 
state of the art imaging modalities. The goal of a hepatectomy 
is to remove all of the lesions but to still preserve as much of 
the unaffected tissue as possible. In order to achieve this goal, 
we need to maintain sufficient arterial and venous blood supply 
and biliary drainage of the remaining segments.

HEPATIC VENOUS PRESSURE GRADIENT (HVPG)
Portal hypertension is a severe complication of chronic liver 

BACKGROUND

Table 1: Liver function tests

Conventional tests

Alanine transaminase – aspartate transaminase 
Gamma glutamyl transpeptidase 
Alkaline phosphatase 
Albumin 
Bilirubin (total and conjugated)
Coagulation test (INR)
Serum glucose
Lactate dehydrogenase 
Platelet count

Scoring system Child-Turcotte-Pugh 

Quantitative tests

Quantification uptake: 99-m TC-GSA scintigraphy
Quantification clearance: ICG test (Indocyanine Green Clearance test)
Quantification metabolism: aminopyrine breath test, MEGX (lidocaine monoethylglycinexylidide test), 
galactose elimination, LiMAX (Maximum Liver Function Capacity)
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mortality following hepatectomy. Estimating portal venous 
pressure is often used to identify cirrhotic patients who are 
candidates for liver resection because it determines the sever-
ity of liver disease, as well as prognosticates the risk of various 
postoperative complications. Therefore, preoperative portal 
pressure is an important predictor for hepatic decompensa-
tion following hepatectomy of a cirrhotic patient.  The wedged 
hepatic venous pressure (WHVP) estimates portal venous 
pressure using occlusive hepatic vein catheterization. However, 
currently the most commonly used measure to assess portal 
hypertension is the hepatic venous pressure gradient (HVPG), 
which is the difference between WHVP and the free hepatic 
venous pressures. Clinically, significant portal hypertension is 
defined as an increase in HVPG >10 mmHg. 

TRANSJUGULAR LIVER BIOPSY
A transjugular liver biopsy helps to determine the degree 
of fibrosis or cirrhosis. It also helps to evaluate for acute and 
chronic liver disorders and aids in the overall evaluation for 
liver function prior to liver resection. 
 A transjugular liver biopsy was performed on our 23-year-
old male patient discussed previously. The biopsy indicated that 
there was significant hepatic steatosis, a condition that renders 
surgery unsafe because fatty accumulation disrupts hepatocyte 
homeostasis, a process that is crucial for hepatic regeneration. 
Fatty accumulation in the FLR will impact survival post-resec-
tion. By modifying patient lifestyles with behavioral interven-
tions through proper diet and exercise, the liver can return to 
normal, thus allowing for safe resection at a later date 

Importance of imaging 
Preoperative imaging is an important tool used to deter-
mine the extent of surgery and the amount of FLR tissue that 
remains. Compared to deep-seated lesions that may require 
major vascular resection, peripherally-located lesions can 
safely be removed by wedge resection alone. 
 Even a small lesion located near the origin of an impor-
tant vessel may require sacrificing of the indicated vessel. If 
the remaining liver segments that this vessel supplies are not 
also removed, hepatic congestion can occur, leading to necro-
sis. Therefore, the possibility of having to resect the involved 
segment needs to be determined prior to surgery in order to 
prepare the patient for a more extended hepatectomy. The fail-
ure to perform appropriate preoperative work-up and resecting 
much more liver than anticipated could result in an inadequate 
FLR, thus rendering the patient to develop postoperative liver 
failure.  If the full extent of hepatectomy is determined preop-
eratively, measures can be taken to increase FLR volume and 
therefore decrease the risk for postoperative liver failure. 
 Extensive fibrosis or steatosis can make it difficult to iden-
tify the lesions within the parenchyma of the liver. Unpredict-

able changes in the appearance of the liver, due to congestion of 
the sinusoids and fatty changes, may result in false positive or 
negative studies. 
 As discussed previously, it is not adviseable to perform a 
major liver resection in a liver that has significant fat accumula-
tion. For this reason, our patient’s procedure was delayed until 
he had lost significant weight to restore the liver to a healthier 
state so that the patient would be able to withstand a major 
resection. 

METHODS OF HEPATIC IMAGING
A variety of imaging modalities can be used to identify lesions 
within the liver parenchyma. Each has its own advantages over 
the others and for that reason we usually use more than one 
imaging modality in the same patient in order to obtain the 
best preoperative assessment. More detailed discussions of the 
different modalities can be found in Chapter 1. 

Computed tomography (CT)
Multidetector computed tomography (MDCT) provides a 
powerful, yet rapid imaging of the chest, abdomen, and pelvis. 
It can be used to detect hepatic and extrahepatic metastases and 
is most commonly used for routine cross-sectional imaging. 
Since hepatic metastases are generally indistinct on non-con-
trast CT, iodinated contrast agents are regularly used in order 
to improve the detection of hepatic metastases. CT has specific 
advantages. The spatial resolution is superior to MRI and PET 
(both of which will be discussed below), which makes it very 
useful for pre-surgical planning. However, there are notable 
limitations. In particular, subcentimeter liver lesions are too 
small to be characterized on high-dose contrast-enhanced 
computed tomography (CECT). 

Magnetic resonance imaging (MRI)
Magnetic resonance imaging (MRI) generates multiple 
sequences that allow for the identification of different proper-
ties of water and fat protons in normal or pathologic tissue. 
MRI is especially important for identifying more obscure liver 
lesions and assessing their proximity to major vessels. The use 
of MRI for preoperative assessment is rising due to the major 
technological advances that have been made over the last 
decade whereby its high resolution approaches that of MDCT. 
The use of parallel imaging to reduce scan time has also made 
MRI a more accessible choice.
 MRI images benefit from increased soft tissue contrast 
compared to CT, making it particularly useful when assess-
ing lesions in the presence of steatosis. However, MRI is not 
the examination of choice for every patient. They are prone to 
motion artifacts (i.e. if patients are unable to hold their breath 
for at least 20 seconds) which can severely dampen the diag-
nostic quality of MRI. 
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Positron emission tomography (PET)
Positron Emission Tomography (PET) is used to detect the 
uptake of a glucose analog,  18F-fluorodeoxyglucose (FDG), 
by hypermetabolic tumors. Hypermetabolic liver tumors show 
high uptake on PET. A PET scan is important for ruling out 
extra-hepatic disease. However, the combination of the inher-
ent low resolution of PET, and physiological background liver 
uptake of FDG can decrease the sensitivity for detecting small 
liver metastases. Recently, it has become possible to perform 
FDG-PET in combination with CT to improve detection of 
hepatic and extrahepatic metastases. 

HOW MUCH FUTURE LIVER REMNANT (FLR) IS 
NEEDED IN A HEALTHY VERSUS CIRRHOTIC LIVER?
In major hepatic resections, calculating the volume of the 
future liver remnant (FLR) is essential to predict postoperative 
outcome. The amount of functional liver parenchyma that will 
remain after surgery is the product of overall hepatic func-
tion and preserved liver volume. Fortunately, the introduction 
of CT has allowed us to now accurately estimate the residual 
liver volume and the FLR before surgical resection. This helps 
to characterize the extent of the underlying disease and the 
chances of developing post-resection liver failure. 

Liver Volumetry
Although there is significant variations in segmental liver vol-
ume among patients, methods are now available to determine 
total liver volume (LV) and future liver remnant. The two most 
frequently used techniques are the calculation of a 3-D volume 
using computed tomography (CT) and the standardized liver 
volume calculation method based on formulas that have been 
developed.
 The need for a volumetric study will be decided based 
on the subjective evaluation of the size of the liver from the 
cross-sectional imaging. For example, if a right lobectomy is 
entertained and based on the cross-sectional images, the left 
lobe seems too small to sustain life, volumetric studies will then 
be used to definitively check for adequacy of the FLR.
In the case of our 23-year-old male patient, a volumetric study 
was performed to determine the adequacy of the FLR because 
the initial imaging suggested that a left hepatectomy would 
be needed to relieve the compression on the IVC (Figure 1). 
However, during exploratory laparotomy, only resection of the 
caudate lobe was required.   

CT-based volumetry 
Computed tomography volumetry (CTV) uses multiple axial 
cross-sectional images to recreate the three-dimensional liver 
structure. This process involves recreating the structure of the 
liver and outlining the FLR using axial slices and computations 
based on slice thickness. It is important to note that the recre-
ated structure should exclude cysts, tumors, and prior ablation 

cavities because these do not significantly contribute to liver 
function. The calculated volume of the FLR over the total liver 
volume represents the percentage of remaining liver paren-
chyma. 
 It has been established that CTV reliably estimates remnant 
liver volume and avoids inter-observer variability. Although 
there is no set limit regarding the minimal amount of remnant 
liver after resection, the general agreement is that 25-30% of 
the preoperative volume should be preserved for patients with 
normal liver parenchyma. The guidelines for patients with 
abnormal parenchyma (i.e. cirrhosis or fibrosis) are not as well 
established because liver resection in these patients is more 
complex. Therefore, preoperative assessment should include 
liver volumetry and liver function tests.

Standardized liver volume calculation method 
The standardized liver volume calculation method calculates 
total liver volume (TLV), relying on a directly proportional 
relationship between estimated liver volume (LV) and body 
surface area (BSA). Many formulas to measure TLV have been 
suggested and validated based on BSA, while other formulas 
depend directly on body height and weight. The use of body 
surface area is preferred because it gives a uniform comparison 
between patients based on one formula that estimates normal 
functional TLV for all patients. There are limitations to this 
method, however, because while all formulas can be used on 
a population with normal livers, there is no available data for 
standardized volumes in diseased livers. Our formula of choice 
is that developed by Urata et al. in 1995 which states LV (mea-
sured in mL) = 706.2 x BSA (m2) + 2.4.

LIMITS FOR SAFE LIVER RESECTION
The limits for safe liver resection are still under debate. The 
preoperative evaluation of the safety of liver resection is based 
on the volume of FLR. Factors that determine the minimal 
volume of remnant liver relate to liver function and the pres-
ence of underlying liver disease. It is extremely important to 
accurately determine these factors, especially in cirrhotic liv-
ers where the size of the liver remnant holds an even greater 
prognostic factor.      
     As mentioned, Child-Pugh is a scoring system that mea-
sures the severity of chronic liver disease. A patient’s score is 
composed of several different categories (i.e. total bilirubin or 
presence of ascites) that are ranked between 1 and 3, depending 
on the concentration of substrate or severity of the symptoms. 
The points are added up to produce a total score that is classi-
fied into categories. Ranging from least severe to most severe, 
the categories are A (5-6 points), B (7-9 points) and C (10-15 
points). A higher score indicates worse liver function, indicat-
ing that a bigger FLR is needed. It is generally accepted that 
patients classified within category A can have up to 50% of 
the liver resected, while patients in category B are limited to 



16    DORIA AND DAVID

H
E

P
A

T
IC no more than 25% resected. It is advisable not to resect a liver 

that is classified within category C. However, it is unlikely that 
a lobectomy will be performed on any patients with a score 
above 6.
     Cirrhotic livers will score higher on the Child-Pugh system, 
therefore suggesting that a bigger FLR is needed due to the fact 
that there is less normal parenchyma available for liver regen-
eration. More detailed discussion on this matter can be found 
in Chapter 8.

WHAT STEPS SHOULD I TAKE IF THE FLR IS 
INADEQUATE?
The liver is unique because it has the ability to regrow after 
resection; however a minimum amount of tissue must remain 
to be able to support this phenomenon. If it is determined pre-
operatively that the FLR is inadequate to sustain life, steps can 
be taken to enhance the liver’s natural ability for proliferation. 
When extensive resections take place with inadequate liver 
remnant, small for size syndrome (SFSS) may develop. In SFSS, 
the reduced liver mass is unable to maintain normal liver func-
tion and the patient develops acute liver failure (ALF), charac-
terized by coagulopathy, refractory ascites, encephalopathy and 
hyperbilirubinemia. The reduced liver mass causes an increase 
in portal flow leading to excessive portal pressure and liver 
failure.

Portal vein embolization
Portal vein embolization (PVE) is a procedure that can be used 
to manage small liver volumes. This procedure will induce 
growth on the healthy side of the liver in advance of a planned 
resection by redirecting blood to the non-tumor-bearing por-
tion of liver. The blood vessel feeding into the tumor-bearing 
portion of the liver will be embolized, forcing the blood flow 
to the other side and causing the liver to induce growth of the 
parenchyma that will remain post-resection. This is a safe, 
image-guided procedure that has been shown to reduce post-
operative morbidity and mortality.

Associating liver partition and portal vein ligation 
for staged hepatectomy (ALPPS)
ALPPS is a second method for inducing growth of the remnant 
liver by allowing for more rapid hypertrophy by disrupting the 
collateral communication between the two liver parts in addi-
tion to ligating the portal vein inflow to the tumor-bearing 
liver. This process will maximize blood flow to the FLR. ALPPS 
can accelerate the hypertrophy process from 4-6 weeks (with 
conventional methods using PVE) to 7-10 days. This is impor-
tant for minimizing progression of disease within the damaged 
liver. A more in-depth debate regarding the pros and cons of 
ALPPS versus a two-stage liver resection can be found in Chap-
ter 18. 

CONCLUSION
In conclusion, when considering a patient for liver resection, it 
is imperative to preoperatively assess the function of the liver 
and post-resection liver volume. This is accomplished through 
various liver function tests as well as with different imaging 
modalities. The preoperative assessment can be used to deter-
mine the adequacy of future liver remnant (FLR) following 
resection. If the FLR is determined to be inadequate, then por-
tal vein embolization of the affected lobe can be performed pre-
resection to induce hypertrophy of the remnant liver volume. 

SALIENT POINTS
•  Consider volumetric studies when planning a triseg-

mentectomy 
•  Use the Urata formula or one of the other available 

formulas to determine if the future liver remnant will 
be of sufficient volume.

•  Evaluate liver histology in combination with wedge 
hepatic pressure measurement, and Child-Pugh score 
before resecting livers with chronic changes.

•  Refer complex HB cases to experienced HPB surgeons
•  Use a multidisciplinary approach to treat patients with 

resectable liver disease.
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CASE SCENARIO

A 56-year-old male who was undergoing surveillance following a sigmoid colectomy for colon cancer was found to 
have solitary liver metastasis on postoperative CT scan (Figure 1). His CEA level was elevated at 55 ng/ml. A PET 
scan demonstrated uptake of this lesion with no other sites. Pathology of the sigmoid lesion revealed a T3N1 tumor, 
moderately differentiated, KRAS mutated (codon 12), Braf wild-type, and microsatellite stable. He underwent 6 cycles 
(3 months) of FOLFOX chemotherapy with stable disease (no radiologic response and repeat CEA was 50 ng/ml). The 
patient underwent liver resection (mesohepatectomy) of segments 4/5/8, with grossly negative margins. Final pathol-
ogy demonstrated a 4.2 cm solitary metastasis with margin-negative resection but only 1 mm clearance of the deep 
margin.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

Colorectal Liver Metastases
Liver resection is the only treatment that can offer a potential 
for cure, with observed 5-year survival rates of approximately 
50-60%. Unfortunately, most patients with liver-only meta-
static disease are not candidates for surgical therapy. Yet, with 
the advances of surgical techniques and use of preoperative 
therapy, an increasing number of patients are eligible for resec-
tion. The goal of any curative-intent approach is to achieve 

complete removal of all the metastatic lesions while preserving 
sufficient functional hepatic tissue – technical resectability. Ide-
ally, patients being offered a surgical option should also have 
oncologically favorable disease. The clinicopathologic factors, 
including the number and size of the metastases, preoperative 
CEA, disease-free interval, primary nodal status, and histologic 
grade, all have been associated with disease-free and overall 

Figure 1 A-B. Large, solitary colorectal liver metastasis requiring resection of segments 4/5/8

A. B.
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tion of all gross disease is important, the width of resection 
margin and its impact on outcome is controversial. 

What is the ideal margin width for resection of 
colorectal metastases?
The status of surgical margin has long been considered an 
important criterion for optimal surgical therapy. Unlike bio-
logic prognostic factors, margin status is often considered to 
be under the surgeon’s control and therefore an important 
factor to consider. Historically, hepatic surgeons emphasized 
the “1 cm rule” as a goal for optimal resection of colorectal 
liver metastases, and many considered the inability to achieve 
≥1 cm resection margin a contraindication for surgical resec-
tion. In several reported series, negative resection margin was 
associated with improved outcomes. However, the importance 
of achieving an R0 margin has been brought into question in 
recent times.  Studies have shown that positive margin resec-
tion is often associated with a higher risk of distant but not 
local recurrence, suggesting that it is aggressive tumor biology 
rather than residual disease at the margin that is the key driver 
of outcome. In fact, some recent reports have found no survival 
difference among those patients with R1 and R0 resections. 
This point is further supported by the observation that local 
recurrence at the resection margin is uncommon, even in cases 
of microscopically positive margins. In a study by De Haas et 
al. comparing R1 to R0 resections, the 5-year survival was no 
different between groups (R0: 61% vs R1: 57%). These authors 
also found no difference in local recurrence rate based on mar-
gin status, suggesting that multiple factors may be responsible 
for this finding. For example, complete resection is achieved 
but sometimes specimen fracturing can result in a pathologic 
report of a positive margin. Cautery devices (eg, argon beam 
coagulator, bipolar tissue sealer, etc.) applied to resection mar-
gins to achieve hemostasis may add additional millimeters to 
the final margin. 
 While achieving a negative margin status is the goal, the 
controversy regarding the width of resection margin remains. 
Even some contemporary reports continue to find some associ-
ation of margin width with outcome. In one study, the median 
survival was found to be improved with wider margin clear-
ance: 42 months for 1-10 mm vs 55 months with margin >10 
mm.  However, other studies found no difference in recurrence 
or survival based on the width of resection margin. In one large 
multicenter report, while the recurrence rate was higher with 
positive margin (11% vs <5% for negative margins), no differ-
ence in recurrence or survival was seen based on the width of 
negative margin. 
 Colorectal liver metastases are typically well circum-
scribed and rarely have satellitosis or peritumoral micrometas-
tases. Even following a chemotherapy response, these tumors 
rarely demonstrate microscopic disease beyond the gross 

tumor. It is most likely that any association of resection mar-
gin width and recurrence is related to tumor biology and not a 
technical cause. While a wide margin should be the goal when 
it can be safely achieved, it is not mandatory, particularly when 
parenchymal preserving techniques are being considered. 
While an R1 resection is associated with some increased risk 
of recurrence and should be avoided if possible, this should not 
preclude surgical therapy provided all gross disease is resected.

HEPATOCELLULAR CARCINOMA 
Hepatocellular carcinoma (HCC) is the most common primary 
liver tumor. Patients with early disease and good liver function 
can benefit from surgical resection with favorable outcomes. 
Anatomic resection, often segmental and based on vascular 
supply and biliary drainage, is advocated in order to include 
areas of potential regional spread. Nonanatomic can also be 
done, particularly when parenchymal preservation is necessary 
to preserve liver function. Even in such cases, resection of the 
tumor with a rim of normal surrounding tissue is important 
to achieve negative pathological margin. Because HCC has a 
tendency for metastatic spread along the portal venous system, 
vascular invasion and microsatellitosis, anatomic resection is 
thought to provide better outcomes by removing the regional 
portal tributaries associated with the tumor. For this reason, 
the European Association for the Study of the Liver recom-
mends anatomic resection whenever possible for patients with 
adequate liver reserve. When anatomic resection is not feasible 
due to inadequate hepatic remnant or poor hepatic function, 
nonanatomic resection with grossly negative margins should 
be performed.  

What is the ideal margin width for resection of 
HCC?
Obtaining an adequate surgical margin following resection of 
HCC is important to decrease recurrence. Indeed, several stud-
ies have demonstrated an association between resection mar-
gin width and outcome, including recurrence at the surgical 
margin. In one prospective randomized trial, patients under-
going resection of solitary HCC were randomized to narrow 
(1 cm) versus wide resection margin (2 cm).  In this study, the 
average resection margins were found to be 0.7 cm and 1.9 cm, 
respectively, among the two groups. They found no difference 
in postoperative morbidity and mortality, including liver fail-
ure. However, the narrow margin group had lower 5-year over-
all survival compared to the wide resection margin group (49% 
vs 75%), and both the presence of micrometastasis and narrow 
margin were independent predictors of worse survival. Among 
patients with recurrence, 29.5% of these were at the resection 
margin in the narrow margin group whereas no margin recur-
rences were seen among those undergoing wide resection. In a 
large retrospective Japanese study of HCC resection, close mar-
gin (≤ 1 mm) was associated with a higher risk of recurrence 
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than wider margin (> 1 mm); those with a positive margin had 
the highest recurrence rate.  In contrast, a retrospective study 
of 407 patients from Taiwan compared margins of 1-5 mm vs 
6-10 mm vs >10 mm among HCC patients undergoing liver 
resection and found no difference in overall and disease-free 
survival. 
 Given the relatively high risk of intrahepatic recurrence, 
often within 1-2 cm from the surgical margin, some have even 
advocated the addition of adjuvant therapy for patients with 
close or positive margins. In one study of 181 patients who 
underwent resection of HCC, patients with narrow margin 
who were treated with intensity-modulated radiotherapy were 
found to have lower recurrences compared to surgery alone. 
Yet, use of radiation, often in the setting of marginal liver 
reserve, may be associated with increased complications. In 
general, most would not favor recommending adjuvant ther-
apy following resection of HCC, even among those with close 
or positive margins.
 
CONCLUSIONS 
As with most oncologic surgery with a curative intent, the goals 
of resecting either primary or secondary liver cancer should be 
to avoid tumor disruption and achieve negative margins, when-
ever possible. For colorectal metastases, margin recurrence is 
uncommon, and long-term outcome is largely dictated by the 
tumor biology and distant failure. For these patients, the width 
of resection margin appears not to be as important as the abil-
ity to achieve complete resection of gross disease. In contrast, 
HCC is more likely to be associated with microsatellites and its 
tendency to spread along pedicles. In addition, local recurrence 
at the resection margin is seen more frequently when margins 
are close. Therefore, an attempt to achieve a wider margin may 
be an important goal when performing liver resection for HCC. 

SALIENT POINTS 
•  A basic tenet of oncologic surgery with curative intent 

is complete margin-negative tumor resection. This 
applies whether resecting a primary liver tumor or 
oligometastases from colorectal cancer. 

•  Biology often dominates over technical aspects, par-
ticularly with colorectal metastasis, but this does not 
mean we should compromise the resection. Achieving 
negative margin is the one facet of the disease that we 
can control, and therefore, we should strive to achieve 
this whenever possible.

•  In some cases, close or R1 margin is the only alterna-
tive available. While not optimal, in most cases this 
should not preclude proceeding with surgical therapy 
if otherwise indicated, especially for oligometastases 
from colorectal cancer.

•  When margins are known to be close during surgery, 
applying adjunctive measures such as surface ablation 
should be considered.

•  Rarely, if ever, is there a role for R2 or incomplete liver 
resection.

•  In most cases, management is rarely altered if there is 
close margin or narrow negative margin following a 
liver resection for colorectal cancer metastasis. . Iso-
lated local recurrences are rare, and in most cases, the 
choice of adjuvant therapies does not need to change.
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CASE SCENARIO

A 73-year-old male presented with right lower quadrant pain and underwent a CT of the abdomen/pelvis, which 
demonstrated thickening of the ascending colon. A near-obstructing lesion was identified on colonoscopy. The patient 
underwent a laparoscopic right hemicolectomy with pathology revealing a moderately differentiated adenocarcinoma 
with negative margins and 0/29 lymph nodes positive. Two years later, the patient presented with a rising CEA level. 
A PET-CT demonstrated multiple hypermetabolic foci in the liver (Figure 1A-C). The patient received 4 cycles of 
XELOX/Avastin. Repeat PET-CT demonstrated no detectable lesions (Figure 1D-F). What is the next appropriate step 
in the management of this patient’s liver metastases?

BACKGROUND

Approximately 50% of patients diagnosed with colorectal 
cancer will develop liver metastases. Hepatic resection for 
appropriate candidates offers the best chance for improved 
long-term survival and potential cure.  In addition to surgi-
cal resection, the use of systemic chemotherapy is critical 
to the multi-modality treatment of patients with colorectal 

liver metastases. Over the last several decades, chemotherapy 
for colorectal liver metastases has evolved significantly with 
increased response rates, leading to increased resectability of 
some colorectal liver lesions and therefore improved overall 
survival (Table 1).  
 The goals of preoperative chemotherapy for colorectal 

Author Year N Chemo Response Resection 

Giacchetti 2000 100 Oxal/FU/LV 53% 21%

De Gramont 2000 210 FOLFOX4 51% 7%

Tournigand 2004 111 FOLFOX6 54% 13%

Goldberg 2004 267 FOLFOX 45% 4%

Tournigand 2004 109 FOLFIRI 56% 7%

Goldberg 2004 264 IFL 31% 1%

Goldberg 2004 264 IROX 35% 4%

TABLE 1.  Response and Resection Rates from Trials with First-line Chemotherapy

Oxal/FU/LV:  Oxaliplatin, Fluorouracil, Leucovirin (Folinic Acid); FOLFOX: Folinic Acid, Fluorouracil, Oxaliplatin; FOLFIRI: Folinic Acid, Fluorouracil, Irinotecan; IFL: Irinotecan, 
Fluorouracil, Leucovorin; IROX: Irinotecah, Oxaliplatin

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas
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liver metastases may vary.  For example, conversion chemo-
therapy is given to patients with unresectable metastases in 
an iterative fashion until the lesions become resectable. In 
contrast, neoadjuvant chemotherapy is given to patients with 
initially resectable disease and, therefore, is given for a fixed 
duration.  The goals of neoadjuvant therapy include reduction 
in the size of metastases, potentially allowing for improved sur-
gical margins, as well as possibly helping to identify respond-
ers versus non-responders, in order to tailor post-operative 

therapy based on tumor biology.
Improvements in chemotherapy have led to the phenom-

enon of “disappearing” colorectal liver metastases, defined as 
metastases that are identified on pre-therapy imaging and are 
no longer detected on post-therapy imaging. With the use of 
more effective preoperative chemotherapy, the incidence of dis-
appearing liver metastases has increased.  Several reports have 
revealed that roughly 7-14% of patients with colorectal liver 
metastases who are treated with preoperative chemotherapy 

Author Year N Proportion DLM Recurring DLM Use of MRI Use of HAI Durable Clinical Response

Elias 2004 104 14% 27% Yes Yes 73%

Benoist 2006 586 7% 79% No No 21%

Elias 2007 228 7% 38% Yes Yes 62%

Auer 2010 435 9% 44% Yes Yes 56%

van Vledder 2010 168 24% 59% Yes* No* 41%

TABLE 2.  Disappearing Liver Metastases

Figure 1 A-F. A-C Pre-chemotherapy PET-CT demonstrating hypermetabolic lesions in A. Segment VIII, B. Segment 4A and C. 
Segment VI, D-F Post-chemotherapy PET-CT demonstrating diffusely hypermetabolic liver without identifiable lesions. 

DLM: Disappearing Liver Metastases     HAI: Hepatic Arterial Infusion
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pearing liver metastases can be challenging and several aspects 
remain somewhat controversial.  For example, the current par-
adigm suggests that all areas where the original colorectal liver 
metastases were observed prior to chemotherapy be resected. 
Not all lesions, however, can be identified pre- or intra-opera-
tively and, therefore, it can sometimes be challenging to know 
how to handle such a clinical situation. 

Among patients treated with preoperative chemotherapy, 
pathological response to chemotherapy predicts overall sur-
vival. Patients who received irinotecan- or oxaliplatin-based 
preoperative chemotherapy, with or without bevacizumab, 
followed by resection, and who had a complete pathologi-
cal response, experienced an improved overall survival. A 
complete response on imaging does not, however, necessar-
ily equate to a complete response on final pathology.  In fact, 
various imaging modalities can “miss” liver metastases on 
post-chemotherapy imaging, with these lesions subsequently 
“found” at the time of surgery or on final pathology. In par-
ticular, chemotherapy-induced steatosis and steatohepatitis 
can decrease the contrast difference between the tumor and 
background liver on computed tomography (CT). The lesion 
can therefore be more difficult to identify in a fatty liver.  In 
turn, rather than the colorectal liver metastasis having “dis-
appeared,” the lesion may instead be “missing” or not seen 
due to the background steatotic fatty liver. Receipt of previous 
chemotherapy also reduces glucose uptake by the tumor and 
impairs detection on positron emission tomography (PET). 
Additionally, PET is insensitive to detect small tumors, as less 
than 5% of tumors smaller than 1 cm are detected. 

 Auer et al. reported that the probability of finding a 
“disappeared” colorectal liver metastasis at the time of sur-
gery was higher among patients who had steatosis, as well as 
those patients who did not have a preoperative MRI (Figure 
2).  Detection of the lesion intra-operatively implied that the 
lesion had not truly “disappeared,” but instead was “missed” 
on preoperative assessment due to the underlying condition 
of the liver (i.e. steatosis) and/or the choice of imaging (i.e. CT 
vs. MRI). In fact, in the study by Auer et al., among all factors 
analyzed, steatosis and failure to obtain an MRI were both 
strongly associated with a “disappearing” lesion not being a 
“true” complete response.  Of note, detection of colorectal 
metastasis after preoperative chemotherapy is better with MRI 
versus CT, as characterization and detection of any residual 
“disappeared” lesion is significantly improved on MRI.  Spe-
cifically, the kappa agreement of imaging versus pathological 
response has been reported to be 0.24 for CT versus 0.75 for 
MRI. One recent meta-analysis confirmed the superiority of 
MRI over CT for the detection of colorectal liver metastasis 
after preoperative chemotherapy. MRI should, therefore, be 
the modality of choice for imaging liver metastases after che-
motherapy, especially in the setting of steatosis. 
 At the time of surgery, intraoperative evaluation for a 
disappearing liver metastasis should include full mobiliza-
tion of the liver, palpation, visual inspection, and intraop-
erative ultrasound. Detection of lesions with intraoperative 
ultrasound is operator dependent and can be affected by the 
skill of the surgeon.  Specifically, the chance of finding the 
“disappeared” lesion at the time of surgery varies consider-
ably and depends on these factors. In one study, among the 

Figure 2 A-C. A, B Pre-chemoradiation abdominal MRI demonstrating a segment VI liver lesion concerning for metastasis. 
A. T1 3D Vibe, B. T2 FS Haste, C. Post-chemotherapy abdominal/pelvis CT without identifiable lesion in segment VI. 
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66 metastases that had disappeared on preoperative imaging, 
liver examination and intraoperative ultrasound identified 
macroscopic residual disease for 20 lesions, while 45 lesions 
demonstrated no macroscopic residual disease (discovery 
rate of 30%). In a separate study of 40 patients with a varying 
number of disappearing liver metastases, 22 patients had a 
lesion detected intraoperatively versus 18 patients who had 
no residual disease identified (discovery rate of 54.9% on a 
per lesion basis). Possible factors that impacted the ability to 
discover a lesion intra-operatively included: degree of under-
lying liver steatosis, location of the disappearing liver metasta-
sis (capsular/peripheral versus central/deep), location relative 
to anatomic landmarks, surgeon experience and skill with 
intraoperative ultrasound.  In addition, the type of preopera-
tive imaging also impacted the ability to find the “disappeared” 
lesion – as patients who had only a CT were more likely to 
have a “missed” (and therefore found at time of surgery) ver-
sus a truly “disappeared” lesion.  In some instances, for a small 
lesion in an anatomically ambiguous area, placing a fiducial 
before therapy can help mark the area for resection after sys-
temic chemotherapy if the lesion does indeed disappear. 
 In addition to imaging and intraoperative factors, the risk 
of the colorectal lesion disappearing is also associated with 
lesion size and duration of chemotherapy. Not surprisingly, 
smaller colorectal liver metastases are more likely to disap-
pear than larger lesions (median 1.0 cm vs. median 2.1 cm, 
p = 0.001).  Furthermore, the duration of chemotherapy is 
also associated with the chance of a colorectal liver metastasis 
disappearing.  For example, in one study, there was an 18% 
increase in odds that the colorectal liver metastasis would 
disappear with each additional cycle of chemotherapy (odd 
ratio 1.18; p=0.03).  In another study, the authors noted that 
the median time to disappearance of liver metastases on che-
motherapy was 5 months.
 When assessing whether a “disappearing” liver metastasis 
represents a “true” durable complete response there are typi-
cally two definitions: a documented complete pathological 
response following resection and a durable complete radio-
logical response for those lesions not resected.  For patients 
who undergo resection, it is possible to assess the outcome 
of the lesion on the basis of pathology and determine the 
presence or absence of a pathological complete response. In 
contrast, among patients who do not undergo resection on an 
in situ lesion, the outcome of the lesion can only be assessed 
on the basis of a durable clinical / radiological response.  In 
either circumstance, a pathological, complete response, or 
durable radiological response, can be considered a complete 
“true” response.  To this point, in one study of 46 patients 
who had no macroscopic residual disease noted on preopera-
tive cross-sectional imaging: 15 patients underwent resection 
of the initial site of the “disappeared” metastasis while 31 
patients were not offered an operation and had the sites of 

the “disappeared” metastases left in place. Of the 15 patients 
who underwent resection, 12 patients had persistent viable 
tumor cells on final pathological analysis while 3 patients 
were noted to have a complete pathological response. Of the 
31 patients who had the site of their initial metastasis left in 
place, 23 out of 31 patients had a recurrence in situ while 8 out 
of 31 patients did not have a recurrence in situ.  As such, 11 
of 66 (17%) patients overall had no evidence of disease versus 
55 of 66 (83%) patients had persistent microscopic or macro-
scopic disease or were early in situ recurrence. In a separate 
study that reported on 126 patients with disappearing liver 
metastases, 67 patients underwent resection and 45 patients 
did not undergo resection. Of the 67 who were resected, 26 
(38.8%) had a complete pathologic response; among the 45 
patients not resected, 24 (53.3%) patients had a durable clini-
cal response. Therefore, the “true” overall complete response 
for disappearing liver metastasis in this study was 44.6% (50 
of 126). In yet another different small study from France, 
among 11 patients who underwent resection for disappearing 
liver metastases, 5 patients had no viable cancer cells (patho-
logic complete response 45%) and only 1 patient developed 
reappearance of the missing liver metastasis on long-term 
follow-up. Among the 6 patients who had viable cancer cells, 
2 patients had reappearance of the missing liver metastasis 
and 4 patients did not – for an overall clinical response rate of 
73%.  In a separate larger study that reported on 69 disappear-
ing liver metastases left in situ in 16 patients with a median 
follow-up of 51 months, there was a durable clinical response 
in 62% of patients.  Similarly in a report of 118 patients with 
disappearing liver metastases, of which 68 were resected and 
50 were not, 44 (64.7%) had a complete pathologic response 
and 31 (62%) had a durable clinical response; the “true” over-
all response was therefore reported to be 64%.
 Based on the available literature, the rate of “true” com-
plete response (i.e. complete pathological response plus dura-
ble radiological response) appears to vary widely from about 
20% in earlier reports to about 40%-70% in later series. While 
the reasons for these disparate rates are multifactorial, there 
are two primary factors that are likely responsible for the wide 
range of reported complete response: use of MRI and use of 
hepatic arterial infusion (HAI) pump therapy (Table 2).  As 
noted above, MRI is the preferred method to detect residual 
disease following treatment with preoperative chemotherapy.  
As such, those studies that failed to employ MRI had a lower 
rate of pathological response and/or durable complete radio-
logic response – likely because residual disease was “missed” 
due to not using MRI. The use of HAI pump therapy has also 
been associated with a complete response for disappearing 
colorectal liver metastasis.  In particular, patients treated with 
HAI have a decreased probability that the lesion will be found 
in the operating room, as well as reduced intrahepatic recur-
rence. Auer et al. reported that patients who had undergone 
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identified in the operating room (OR=6.2, p = 0.02). Among 
patients with a disappearing liver metastasis, Elias et al. 
reported no intra-hepatic recurrence among 5 patients who 
were treated with preoperative HAI versus a 73% incidence 
of recurrence among patients not treated with HAI.  In fact, 
when most studies that have reported on disappearing liver 
metastasis are examined, the use of MRI and HAI has rou-
tinely been demonstrated to be associated with increased rates 
of durable clinical response.  When counseling patients about 
the odds that a disappearing will recur, versus being a durable 
response, the use of MRI and HAI pump should be consid-
ered.  When no residual disease is identify on high quality 
MRI, a durable response can be expected about 25-50% of the 
time for patients treated with modern day chemotherapy ver-
sus perhaps as high as 50-70% of the time for patients treated 
with systemic chemotherapy plus HAI. 
 Given that most patients are not treated with HAI ther-
apy, and a complete pathologic or clinical durable response 
for disappearing liver metastases can only be expected in 
about 20-50% of patients, complete surgical resection of the 
initial site of the “disappeared” colorectal liver metastasis is 
generally recommended.  This recommendation can be clini-
cally easier to achieve when a minor versus major resection is 
required to remove all original sites of disease.  In some cir-
cumstances, a patient may have some colorectal liver lesions 
that have disappeared, but other areas may have persistent 
residual macroscopic disease.  
 The approach to this type of patient is more controver-
sial. Resection of persistent residual macroscopic disease 
while leaving some disappearing liver metastases in situ can 
be considered in selected cases.  The main concern with this 
approach is that some of the disappeared lesions that are left 
in situ will recur following the resection.  As such, prior to 
surgery, a chemotherapy break can be considered to bet-
ter evaluate whether the disappeared liver metastases truly 
represent a durable response off chemotherapy. Most disap-
peared liver lesions left in situ will recur in 3-6 months off 
chemotherapy if the response is not durable.  A period off 
chemotherapy or maintenance chemotherapy (e.g. Xeloda) 
may therefore help to determine if the perceived response is 
indeed durable.  Selective resection of some disappearing liver 
metastases, while leaving other disappearing liver metastases 
in situ, should be considered in a multi-disciplinary setting.
 Patients with disappearing liver metastases left in situ have 
an increased incidence of intrahepatic recurrence compared 
with patient who have had all sites of original disease resected 
(Figure 3a).  Whether control of all sites of intrahepatic disease 
and intrahepatic recurrence of disappeared disease translates 
into better overall survival remains unclear. For example, van 
Vledder et al. reported no survival difference among patients 
who had all original sites of disease resected versus those 

patients who had their disappearing liver metastases left in 
situ (p=0.31) (Figure 3b). These findings are comparable to 
R0 versus R1 data reported by Adam et al. among patients 
undergoing routine surgical resection.  Specifically, Adam et 
al. noted that patients with residual microscopic disease (R1) 
had a worse intrahepatic-free recurrence than R0 patients, but 
R1 and R0 patients had a comparable survival.   
 In conclusion, a complete radiological response in a 
patient with disappearing liver metastases does not always 
equate to a complete pathological response, and many 
patients will have residual microscopic disease.  The odds of 
a disappearing liver metastasis representing a “true” complete 

Figure 3. Patients with disappearing liver metastases left 
in situ have an increased incidence of intrahepatic recur-
rence compared with patient who have had all sites of 
original disease resected (a). There was no survival differ-
ence among patients with disappearing liver metastases 
who had all original sites of disease resected versus those 
patients who had their disappearing liver metastases left 
in situ (p=0.31) (b). DLM: Disappearing Liver Metastases. 
Used with permission from van Vledder et al. Journal of 
Gastrointestinal Surgery 2010;14:1691-700.
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SALIENT POINTS 
• A complete radiological response does not equal a com-

plete pathologic response. 

• MRI should be the imaging modality of choice for 
patients with disappeared liver metastasis, especially for 
patients with a steatotic liver. 

• The use of fiducials placed prior to initiation of che-
motherapy should be considered in patients who are at 
high risk for disappearing liver metastases. 

• All original areas of disease should be resected given 
the low rate of complete pathologic or durable clini-
cal response.  

• Selective resection of persistent residual disease, while 
leaving other sites of disappeared lesions in situ can 
be considered but should be reviewed in a multi-
modality setting. 

response are associated with both the type of cross-sectional 
imaging (e.g. MRI), as well as the type of preoperative treat-
ment (e.g. systemic chemotherapy alone vs. systemic chemo-
therapy plus HAI).  In general, when resection is undertaken, 
all original sites of disease should be incorporated into the 
resection.  When all sites of the disappeared colorectal liver 
lesions cannot be resected, or when some lesions have dis-
appeared while others remain, the decision to proceed with 
surgery is more controversial.  Treatment of patients with dis-
appearing liver metastasis should therefore occur in a multi-
disciplinary setting to allow for a full assessment of imaging, 
as well as therapeutic options.  
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CASE SCENARIO

A 70-year-old man with a history of hepatitis C was diagnosed with a solitary hepatocellular carcinoma (HCC), mea-
suring 1.5 cm in diameter in Segment VI of the liver (Figure 1). He has no evidence of portal hypertension or ascites. 
His serum albumin level was 3.8 g/dL, total bilirubin concentration was 1.0 mg/dL, and prothrombin time was 98%. 
Indocyanine green retention rate at 15 minutes was 12%. The patient was positive for hepatitis C virus (HCV) genotype 
1b, and has a very high viral load (6.6 logIU/mL).

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: Left: arterial phase, Right: portal phase

BACKGROUND

THE NEED TO TREAT BOTH HEPATITIS AND HCC 
DISEASES
Persistent active hepatitis and liver fibrosis play important roles 
in the development of HCC. The prognosis of a patient with 
HCC associated with the hepatitis B virus (HBV) or hepatitis 
C virus (HCV) is relatively poor compared to HCC not asso-

ciated with viral hepatitis. The poor prognosis is due to the 
higher risk of recurrence, even after curative resection of the 
HCC. Two patterns of HCC recurrence are observed: residual 
intrahepatic micrometastases and multicentric neocarcino-
genesis. Persistent HBV or HCV viremia increases the risk of 
neocarcinogenesis by increasing the carcinogenic potential of 
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the injured liver. Therefore, for patients with viral hepatitis-
related HCC, treatment strategies that target both HCC and 
viral hepatitis are necessary for optimal outcomes.

PERIOPERATIVE MANAGEMENT OF HCC PATIENTS 
WITH HEPATITIS B
Several studies have demonstrated that antiviral therapy with 
nucleoside analogues (NAs), such as lamivudine, adefovir, 
dipivoxil, and entecavir, is effective for preventing the progres-
sion of cirrhosis and the development of HCC in patients with 
chronic hepatitis B. For those with HBV-related HCC, sus-
tained viremia may increase the risk for HCC recurrence after 
surgery. Kubo et al. reported that the lack of an acute exacerba-
tion of hepatitis and a sustained low serum concentration of 
HBV DNA after surgery were significantly associated with a 
low risk for recurrent disease. These results suggest that peri-
operative viral load may have an impact on the ultimate out-
comes of those with HBV-related HCC. However, it is unclear 
how much effect antiviral therapies have on oncological out-
comes of HBV-related HCC, although postoperative antiviral 
therapies appear to prolong disease-free survival after curative 
resection of HBV-related HCC. Because NAs for HBV are rela-
tively easy to administer, and it yields a high response rate and 
low incidence of adverse event when given in the perioperative 
period, antiviral therapy should be initiated immediately when 
hepatitis B surface antigen (HBsAg) or HBV-DNA is serologi-
cally positive at the time of diagnosis of HCC. Entecavir is cur-
rently the NA of first choice because of its low incidence of the 
virus developing resistance and the low incidence of significant 
adverse reactions, except for the potential for teratogenesis. 
 Antiviral therapy for HBV should be initiated prior to sur-
gery to reduce the potential risk of hepatitis flare-ups during 
the perioperative period and neocarcinogenesis after surgery. 
However, surgical resection should not be deferred as long as 
there is adequate hepatic functional reserve and the activity 
of the hepatitis permit invasive procedures. Because the opti-
mal duration of preoperative treatment of HBV is unknown, 
surgical resection can be considered when the serum levels 
of transaminases are less than 100 U/L, regardless of the pre-
operative HBV viral load. Generally, for those with clinically 
stable chronic hepatitis, one or two weeks of antiviral therapy 
is given while the preoperative work-up is being done. Because 
NAs cannot completely eradicate HBV, lifelong treatment is 
recommended per Asian-Pacific Association for the Study of 
the Liver (APASL) and the Japanese Society of Hepatology 
(JSH) guidelines. 

PERIOPERATIVE MANAGEMENT OF HCC PATIENTS 
WITH HEPATITIS C
Surgical resection of HCV-related HCC addresses the tumor 
but not the carcinogenic potential of the underlying chronic 
viral infection. For patients with HCV-related HCC who 

underwent curative resection, sustained virologic response 
(SVR) with adjuvant antiviral therapy is associated with a 
reduced incidence of tumor recurrence at any stage of fibrosis. 
SVR is defined as an absence of detectable serum HCV RNA 
based on an assay set with a sensitivity of at least 50 IU/ml 24 
weeks after completion of therapy. Combination therapy with 
interferon (IFN) and ribavirin has been used for patients with 
chronic active hepatitis C to achieve SVR. However, such con-
ventional therapy has been suboptimal due to the high preva-
lence of HCV genotype 1b, a genotype that is associated with 
a poor response to IFN-based antiviral therapy. In addition, 
adverse effects such as fever, pancytopenia, interstitial pneu-
monia, and depression, and the need for intense treatment and 
prolonged duration frequently limit its utility, especially for the 
elderly and cirrhotic patients.  
 Conventionally, HCV eradication and achieving an unde-
tectable level of HCV-RNA (i.e. low HCV viral load) following 
curative resection of HCC were the most important factors for 
optimal clinical outcomes. However, a recent prospective study 
revealed that a low HCV viral load following curative resection 
of HCC is predictive of long-term surgical outcomes, regard-
less of whether or not HCV has been eradicated (Figure 2). In 
our experience, we also noted this; even when the preopera-
tive viral load was high (>5.3 log10 IU/ml), tumor recurrence 
rate was low as long as the HCV viral load could be suppressed 
postoperatively (Figure 3). Therefore, postoperative antiviral 
therapy should be considered; for those who cannot toler-
ate the standard high dose IFN, dose reduction and schedule 
intensity adjustment can be initiated to reduce the chance of 
recurrent HCC. 
 The recent introduction of direct-acting antivirals (DAAs) 
as an alternative to IFN has dramatically improved the SVR 
rate. Another advantage with DAAs is that the adverse effects 
associated with conventional IFN-based therapies can be 
avoided. Despite concerns about its potential to increase tumor 
recurrence, DAAs is a safe alternative, especially among elderly 
or cirrhotic patients.
 Initiating antiviral therapy for HCV at the time of diagno-
sis of HCC is not advisable if surgical resection is being consid-
ered. For such a patient, surgery should proceed without delays. 
Antiviral therapy for HCV takes rather a long time to complete 
(24-72 weeks), and its early termination prior to surgical resec-
tion would lead to inadequate viral suppression and relapse of 
viremia. For those who are currently being treated for HCV 
but was later diagnosed with resectable HCC, temporary ces-
sation of antiviral treatment is required because adverse effects 
such as thrombocytopenia are not optimal for perioperative 
care. Following a full recovery from surgery, antiviral therapy 
can then be re-initiated. However, 3-4 weeks of cessation of 
antiviral therapies will be needed perioperatively, and such a 
relatively long break would not be optimal to expect effective 
viral suppression.
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FIGURE 3: Recurrence-free survival rate according to kinetic changes in perioperative hepatitis C viral load (low viral load: 
≤4.0 log10 IU/ml). Abbreviations. OP, operation; High, high viral load; Low, low viral load.

FIGURE 2: (A) Cumulative recurrence rate and (B) cumulative overall survival curves of low (≤5.3 log10 IU/ml) and high 
viral load (>5.3 log10 IU/ml) groups stratified according to hepatitis C virus RNA quantification following curative resec-
tion of HCC. (Adapted with permission from the American Society of Clinical Oncology in Shindoh J, et al. Low Hepatitis C 
Viral Load Predicts Better Long-Term Outcomes in Patients Undergoing Resection of Hepatocellular Carcinoma Irrespec-
tive of Serologic Eradication of Hepatitis C Virus. J Clin Oncol 2013;31(6):766-773)
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 When anti-viral therapies are adequately performed 
after surgery, a relatively high rate of HCV eradication can be 
achieved with this treatment protocol. Continuous follow-up 
monitoring of the HCV viral load is recommended, and if 
relapse occurs, re-treatment can be considered to reduce the 
HCV viral load.

PRACTICAL STRATEGIES IN THE CLINICAL SETTINGS
Because of his advanced age, and because of having a high 
viral load of HCV genotype 1b, the patient in the current case 
received only IFNα.  He achieved SVR and has done well with 
no evidence of recurrence 82 months after surgery. Alterna-
tively, he could have been given a DAA. Figure 4 summarizes 
the management algorithm for patients with HBV- or HCV-
related HCC at our institution. Antiviral therapy is basically 
considered for patients who present with a positive result for 
HBV-DNA or HCV-RNA. Patients who present with a high 
viral load (>5.0 log IU/mL) of HCV should receive postopera-
tive antiviral therapies. Selected patients with lower viral load, 
especially young patients, are also candidates for postoperative 
antiviral therapies.

HBV 

HBV-DNA HBV-DNA (-) 

 
Surgery 

HCV 

High Low Not detected 

Surgery 

IFN-based 
regimen or 

DAAs 

Antiviral 
therapy (IFN, 

DDAs) or 
Observation 

 

Observation 

Nucleoside 
analogues 

Pre-op viral load 

FIGURE 4: Algorithm for perioperative antiviral therapies for viral hepatitis-related hepatocellular carcinoma at 
Toranomon Hospital.

SUMMARY
Although there is little evidence regarding the optimal timing 
and indication of antiviral therapies for patients with hepatitis 
virus-related HCC, antiviral therapies may reduce the risk of 
tumor recurrence and contribute to patients’ prolonged sur-
vival. Reduced viremia itself has been shown to reduce the risk 
of tumor recurrence, especially for HCV. Therefore, antiviral 
therapies should be considered for every patient with a high 
viral load following curative resection of his/her HCC.
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SALIENT POINTS
• For patients with HBV-related HCC, antiviral 

therapies using oral nucleoside analogues should be 
initiated before surgery for serologically positive HBV-
DNA. This should reduce the risk of perioperative 
hepatitis flare-ups and neocarcinogenesis after surgery. 

• Because complete eradication of HBV is difficult even 
with effective nucleoside analogues, lifelong treatment 
is recommended for patients undergoing surgery for 
HCC.

• For patients with HCV-related HCC, preoperative 
initiation of antiviral therapy is not advisable at the 
time of diagnosis of HCC because the therapy takes 
longer duration (24-72 weeks) to complete, and it is 
not advisable to terminate the therapy for surgery.

• Postoperative antiviral therapies should be considered 
for patients with high preoperative HCV viral load 
and selected patients with lower preoperative HCV 
viral load. However, the treatment goal is not always 
for complete HCV eradication, but rather to obtain 
a low viral load. Individually adjusted intensities of 
therapy may be acceptable as long as the viral load of 
HCV is sufficiently reduced with antiviral therapy.
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CASE SCENARIO

A 52-year-old male presented with a change in bowel habit and melena. A colonoscopy identified an ascending colon 
tumor, biopsy proved it to be adenocarcinoma. Cross-sectional imaging revealed synchronous liver metastases involv-
ing the right lobe of the liver. There were four deposits in total, situated in segment 5, 6, 7 and 8, the largest measuring 
34 mm in diameter (Figure 1).
 Synchronous right hemicolectomy and right hepatectomy were performed. The patient experienced no postopera-
tive complications and made a smooth recovery.  Pathology confirmed a pT2N0M1 Dukes D (0/10 lymph nodes) mod-
erately-differentiated cecal adenocarcinoma, completely resected (R0). Liver pathology confirmed adenocarcinoma 
consistent with colorectal metastases, R0 resection. Background liver showed macrovascular steatosis. The patient went 
on to receive adjuvant chemotherapy with capecitabine and oxaliplatin. This was limited to only four cycles due to the 
development of thrombocytopenia. Follow up imaging 12 months after combined liver and colon resection showed an 
isolated liver recurrence in the caudate lobe measuring 2.5 cm (Figure 1).

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Colorectal cancer (CRC) is the most common gastrointestinal 
malignancy and the third most common cancer worldwide. 
Over 50% of patients with primary CRC will develop liver 
metastases, approximately 25% of patients presenting with 
synchronous disease, while a further 25-50% will later develop 
metachronous disease. 
 Liver resection has now been widely accepted as the 
treatment of choice for primary colorectal liver metastases 
(CLM), providing the only potential curative treatment with 
5-year survival rates of 40-60% reported. Approximately 20% 
of patients developing primary CLM will be potential resection 
candidates, making this the most common indication for liver 
resection in the Western world.
 In recent years, resection rates have increased, accompa-
nied by reduced morbidity and mortality and improvement 
in overall outcomes. Multiple factors are responsible for these 
improved outcomes including new chemotherapeutic options, 
better perioperative care, advanced surgical and interventional 
radiological techniques, and two staged hepatectomy and 
portal vein embolization. A multidisciplinary approach and 
concentration of cases in specialized high volume centres have 
also played a crucial role in this increased resection rate and 

improved outcomes.

RECURRENT COLORECTAL LIVER METASTASES 
AFTER LIVER RESECTION
Despite increasing numbers of patients successfully proceed-
ing with primary resection of their CLM with curative intent, 
50-80% will develop disease recurrence. The liver is the most 
common site for recurrence and isolated hepatic disease recur-
rence is seen in approximately 40% of patients. Recurrence 
is most commonly seen within 6-12 months of the first liver 
resection, the majority presenting as new lesions with recur-
rence at the previous resection margin seen less frequently.
 Between 30-48% of patients developing recurrent colorec-
tal metastases proceed to a second liver resection. Just under a 
half (44%) of those who developed recurrence after their first 
liver resection have liver only disease and in this subgroup re-
resection is possible in 79% of cases. 
 When considering repeat hepatic resection for recurrent 
disease, effective planning is essential with a multidisciplinary 
approach to decision-making, and appropriate patient selec-
tion with anesthetic input is required. Thoughtful surgical 
planning is necessary for an effective balance between the abil-
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ing sufficient liver parenchyma, therefore increasing the use 
of parenchymal preserving and minor hepatectomy. Ensuring 
intact biliary flow, vascular inflow, and outflow to the liver rem-
nant remains essential for any liver resection. 
 Repeat hepatectomy has the potential to be technically 
more challenging than the primary procedure. This is attrib-
uted to adhesions from the initial hepatectomy, friable liver 
parenchyma due to chemotherapy, and distorted anatomy as 
a result of liver regeneration. This can lead to increased blood 
loss, and the need for longer intraoperative vascular clamping.
  
OUTCOMES FOLLOWING REPEAT RESECTION
Survival rates following resection for recurrent liver metastases 
have reassuringly been reported as equivalent to those for the 
primary resection. Three and 5-year survival rates following 
repeat liver resection have been reported to be between 55-82% 
and 41-73%, respectively. These figures inevitably include a 
selection bias as not all patients who develop recurrence go on 

to further liver resection; however, for those who are selected, 
outcomes are good. 
 Saiura showed a significant difference in survival rates 
after recurrence in the resected groups vs. the non-resected 
groups 67% vs. 0% 0<0.001. Ali found no significant difference 
in survival for those undergoing a single hepatectomy with no 
recurrence versus those requiring redo hepatectomy for recur-
rence; the 5-year survival rates were 48.8% vs. 44.8%.  Median 
time to recurrence following repeat resection was 7 months.
 Mortality rates following repeat resections are reported 
between 0-2.4%. This was not found to be significantly differ-
ent to rates demonstrated in the primary liver resection group. 
Morbidity has been reported between 0-34.4%. Again, the 
postoperative morbidity rates were no different in the primary 
resection group. What was demonstrated was that the com-
plications experienced in the recurrent resection group were 
more severe (Dindo–Clavien grade III–IV) when compared to 
the primary resection group. 

Figure 1: Disease burden on cross-sectional imaging at the time of surgery or chemotherapy
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PROGNOSTIC FACTORS FOLLOWING RE-RESECTION
Multivariate analysis demonstrated that having one or more 
lesions measuring >5cm and a positive margin at the initial 
resection were both independently associated with a worse 
outcome following repeat resection. The largest size of the 
metastases at second resection has also been shown to be a 
negative predictive factor. 
Wicherts et al identified, on univariate analysis, ten factors that 
negatively impacted survival following re-resection and they 
are: 

•  co-morbidity
•  number of liver metastases at diagnosis
•  maximum diameter of liver metastases at diagnosis 
•  treatment period
•  total number of hepatectomies
•  intraoperative blood transfusion 
•  preoperative CEA level
•  presence of concomitant extrahepatic disease
•  prolonged hepatic ischaemic time 
•  microscopic positive resection margin. 

 
 These factors, however, were not identified as independent 
predictors of survival in multivariate analysis. Positive predic-
tive factors are tumors <4cm at initial hepatectomy, complete 
resection (R0) at time of second resection, and a disease-free 
interval of >12 months between the first and second resection.
 To return to the case scenario, because of the recurrent 
liver disease, a caudate lobe resection was performed, and the 
pathology confirmed an R0 resection. Again no postoperative 
complications were experienced. The patient had been given 
chemotherapy within 12 months of the diagnosis of recurrent 
disease and therefore no further chemotherapy was given at 
this time.
 Fourteen months later, a follow-up cross sectional imaging 
demonstrated an isolated recurrence within the liver. No extra-
hepatic disease was demonstrated. The metastases measured 41 
mm in diameter, situated in segment 4 (Figure 1). A segmental 
resection was performed with an R1 resection (tumor at the 
resection margin).
 Further adjuvant chemotherapy was given, and the deci-
sion to give monotherapy in the form of capecitabine was 
made because the patient had thrombocytopenia. The patient 
remained well with no evidence of recurrence until four years 
later when a rise in CEA levels prompted further imaging. This 
identified further disease recurrence within segment 3 of the 
liver (Figure 1). At this time, the multidisciplinary team felt that 
due to the tumor’s proximity to segment 3 pedicle, it was inop-
erable.  Downstaging chemotherapy was therefore given in the 
form of Irinotecan and 5-FU.  The patient was K-ras wild type 
and therefore cetuximab was added. A fall in the CEA level 
was seen and an interval cross sectional imaging confirmed a 
reduction in size of the lesion (Figure 1). A segmental resection 

of segment 3 was performed with pathology confirming an R0 
resection and a smooth postoperative recovery was achieved.

DISCUSSION
This case is a good example of the possibilities of repeat resec-
tion for late presenting CLM. The patient’s initial disease 
required a major resection, but then he developed clinically 
evident disease in the caudate lobe 12 months after the initial 
surgery that was successfully removed; 14 months later, he 
developed another recurrence in segment 4. These lesions were 
presumably there at the time of his first surgery but took a con-
siderable period of time to become clinically evident. A paren-
chymal sparing approach had allowed resection of the caudate 
and segment 4. The third resection had a microscopically posi-
tive margin and a local recurrence developed 14 months later, 
but there was still adequate liver tissue to perform a 4th resec-
tion with a clear margin. Interspersed with these surgeries were 
periods of adjuvant chemotherapy. 
 Effective modern chemotherapy, with their predictable 
response rates, has allowed surgeons to “play a long game.” Spe-
cifically, chemotherapy can downsize lesions to allow limited 
parenchymal resections, leaving the opportunity for further 
intervention if recurrence should occur. It is our practice to 
perform parenchymal conserving surgery for colorectal liver 
metastases where this is possible.  Although there is no par-
ticular evidence to base our decision for using some of these 
approaches, it is our practice to apply meticulous hemostasis 
and prevention of bile leaks to reduce the degree of postop-
erative inflammation and adhesion formation with the hope of 
making subsequent surgery easier.
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Metastases
CASE SCENARIO

A 53-year-old female was diagnosed with rectal adenocarcinoma and underwent short course radiotherapy followed by 
an anterior resection in 2008. Pathology was T2 N0. In 2010, a rise in CEA prompted a repeat cross sectional imaging, 
which demonstrated liver metastases in segment 3, 4, 5, and 6 (Figure 2). In addition, bilobar pulmonary metastases 
on the right and left lower lobes were identified (Figure 2). Her case was discussed at a multidisciplinary meeting, and 
it was decided that the best treatment strategy was for her to receive neoadjuvant chemotherapy as she had developed 
recurrent metastases at two sites. While she was receiving her chemotherapy, an opinion was sought from the thoracic 
surgical team, who confirmed that it would be technically possible to resect her lung lesions by means of video assisted 
thoracoscopic surgery (VATS). She was given neoadjuvant chemotherapy (6 cycles of oxaliplatin) and then proceeded 
to undergo a left hepatectomy (R0 resection) and wedge resections of the right liver lesions (R1 resection). Three 
months later, she underwent a VATS procedure to remove the right lower lobe lung lesion, followed by another VATS 
procedure 2 months later to remove the left lower lobe lung lesion. Both were R0 resections (Figure 2). Twelve months 
later, further liver recurrence in the right lobe of the liver was identified. This was technically resectable but the patient 
was reluctant to undergo further surgery, and instead, opted for radiofrequency ablation (Figure 2). In the ensuing 
2 years, a routine follow-up CT scan detected a small peripheral lesion in the left upper lung lobe for which another 
VATS wedge resection was successfully performed (Figure 2).

BACKGROUND

Lung metastases are the most common site of extraperitoneal 
spread from colorectal cancer and will develop in approxi-
mately 10-20% of patients. Metastases are often located in the 
peripheral lung parenchyma and most frequently in the lower  
lobes. Surgical resection of lung metastases for colorectal can-
cer was first reported by Blalock in 1944. Surgery is considered 
in cases when complete resection of the lung metastases is pos-
sible and where the primary tumour has been resected or is 
under control. Sadly, however, due to the presence of systemic 
disease, a significant proportion of patients are not suitable 
candidates for lung metastatectomy.
 Management of simultaneous lung and liver metastases 
from colorectal cancer is quite controversial. However, such 
patients can be considered for resection. Years ago, liver sur-
geons would refuse to resect liver lesions if there were visible 
lung lesions. Experience have shown, however, that the pres-
ence of a small number of peripheral lung metastases does not 
have a major influence on overall survival for patients with 
colorectal liver metastases since survival is likely to be predi-
cated on controlling the liver disease; the concern is that the 
liver lesions will continue to progress if not addressed.  As such, 
the liver disease must take primacy when considering metasta-
tectomy. It is also generally felt that it is appropriate to perform 
the more technically challenging liver resection first.
 However, it is relatively common for patients with poten-
tially resectable lung disease not to proceed with surgery due 

to disease progression or recurrence elsewhere. In recent years, 
VATS has gained popularity for resecting lung metastases from 
colorectal cancer. The procedure is associated with less blood 
loss and long-term survival outcomes are seen to be equiva-
lent to those seen after an open resection. In those patients 
who develop both lung and liver metastases, longer overall 
survival has been seen in those where lung resection was also 
performed compared to those who proceed with liver resection 
only. The LiverMetSurvey registry demonstrated that patients 
undergoing resection of both lung and liver metastases have 
comparable 5-year overall survival (44.5%) as those with iso-
lated liver disease undergoing resection (51.5%).
 Recurrent disease occurs in up to 68% of patients who had 
pulmonary metastastectomy. This is seen most commonly as 
progression of disease within the lung. Careful patient selec-
tion will identify those who are most likely to benefit from 
repeat resection; the 5-year overall survival rate in this group is 
reported to be between 25-58%.

PROGNOSTIC FACTORS
In multivariate analysis, the presence or absence of hilar lymph 
node metastases was a significant prognostic factor. Other 
factors identified include an R0 resection, preoperative CEA 
levels, number of lesions, and disease free interval. 
 Our policy is to involve the thoracic surgeons at an early 
stage in the patient care pathway to ensure that the lung resec-
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Figure 2: Locations of colorectal metastases at the time of liver surgery or ablation and lung surgery.

tion is technically feasible and also to give them the opportu-
nity to counsel patient as what the surgery would entail with 
its attendant outcomes. This is particularly important when a 
lobectomy, rather than a wedge resection, of the lung is being 
considered. If the thoracic surgeons agree that the lung disease 
can be resected and the patient consents, we then proceed 
with resecting the liver first. On occasion, if the patient has a 
right lower lung lesion and a segment 8 liver lesion requiring 
an open segmental resection, we would consider doing a com-
bined lung and liver resection through a thoracoabdominal 
approach. If the thoracic surgical team determines that the lung 
lesions are not resectable, we usually counsel the patient against 
proceeding with an isolated liver resection, since liver resection 
will not benefit the patient if the lung disease is left behind. 
 Fortunately, such a situation is unusual, and the reasons for 
the lung disease being unresectable include either unfavorable 
biology (i.e. multiple lung metastases) or unfavorably located 
lung lesions that are not amenable to surgical extirpation.

SALIENT POINTS 
•  Around 40% of patients who undergo resection of 

colorectal liver metastases develop recurrent disease in 
the liver. 

•  More than 75% of patients with recurrent liver only 
metastases can undergo further resection.

•  Patients selected for repeat resection have 5 year 
survivals of between 40-80%

•  Modern chemotherapy assists multiple interventions 
in patients with metastatic colorectal cancer. 

•  Small numbers of peripheral lung metastases do not 
influence the overall survival of patients undergoing 
liver resection. 

•  Video assisted thoracoscopic resection reduces patient 
morbidity

•  Close discussion with the thoracic surgery team is 
essential for good patient management
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FIGURE 1: A 65-year-old woman with metachronous 
breast cancer metastases to the liver.

CASE SCENARIO

Patient is a 65-year-old female presenting for consultation regarding a solitary liver metastasis in the setting of meta-
static breast cancer to the bone and liver. Her primary lesion was diagnosed 9 years ago, and at that time was man-
aged with breast conserving surgery and adjuvant chemo-radiation. Subsequent to an 8 year disease free interval, she 
developed metastases to the bone and liver (Figure 1). After Taxol-based chemotherapy, her bony disease underwent a 
complete response confirmed by PET-CT and bone scan. The liver lesion has remained stable in size and is localized to 
segments 6 and 7. She is otherwise healthy, with good functional status.

BACKGROUND

Metastatic disease to the liver is one of the most challenging 
clinical scenarios the hepatobiliary (HPB) surgeon encounters. 
As the safety and efficacy of liver resection, both major and 
minor, has improved in the last two decades, the indications 
for surgery have continued to widen. Resection of metastatic 
cancer to the liver has become routine in the setting of colorec-
tal cancer and neuroendocrine tumors, with patients achieving 
long-term survival as compared to medical treatment alone. 
Much research has focused on identifying patient factors, 
tumor characteristics, and surgical variables, which predict 
who are optimal candidates for resection and who would be 
expected to have favorable oncologic outcomes. These fac-
tors have been well defined for colorectal cancer (Table 1) but 
remain less clear for other types of cancer.

 A challenging presentation is the patient with metastatic 
disease to the liver from a cancer of non-colorectal, non-neuro-
endocrine (NCNN) origin. Consensus statements and guide-
lines with respect to surgical resection of these tumors have not 
been established to date, which is a reflection of both the rarity 
of these clinical scenarios and the small percentage of patients 
with regional disease only. However, as operative technique 

TABLE 1.  Prognostic Factors Associated with Favorable 
Outcomes in Colorectal Cancer

CEA < 200 ng/ml
Absence of extrahepatic disease
Low tumor grade
R0 resection 
Solitary liver lesion
Node negative disease
Metastatic tumor diameter <3 cm 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas
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of liver resections performed under these circumstances have 
increased annually since the 1980’s. Thus, although a rare pre-
sentation, it is certainly one that most HPB surgeons will be 
called upon to manage.
 The benefit of resection remains largely unproven as there 
are no prospective, randomized trials addressing this issue. 
Furthermore, randomized trials are unlikely to be undertaken 
in the future given the extreme rarity of patients who undergo 
surgical resection of NCNN liver metastases. Most of the litera-
ture is comprised of case reports and retrospective single-arm 
cohort analyses. Although fraught with unavoidable variability 
and bias, a volume of the literature has been useful in helping 
to identify patient and tumor characteristics that may represent 
optimal surgical candidates. 
 The goal of this chapter is to provide an overview of 
the important preoperative issues when addressing NCNN 
liver metastases, and to review some of the most commonly 
encountered cancer types with their respective management 
principals. Unique surgical considerations and important 
prognostic factors will be reviewed, as well as clinicopathologic 
criteria which may identify favorable candidates for resection 
(Table 2).

GENERAL PREOPERATIVE CONSIDERATIONS
NCCN liver metastases are a complex issue to manage, both 
surgically and oncologically. Disease biology varies widely 
amongst cancer subtype and, as such, so do the approaches for 
medical and surgical management. Although some sources 
have attempted to clump NCNN liver metastases into a singu-
lar group, it is of paramount importance to understand that as 
far as patient selection for surgery is concerned, characteristics 
that identify an ideal candidate must be tailored to that specific 
cancer type. This paradigm reflects the complexity and vari-
ability that underlies each unique tumor. 
 Patients with NCNN liver metastases should be managed 
in the setting of a multidisciplinary team at a high volume 
center. Most will present to the surgeon’s office with their pri-
mary lesion previously identified and some modality of cross-
sectional imaging already performed. It is reasonable in some 
instances to obtain new cross-sectional imaging in the event of 
a referral if there is any question regarding anatomy and extent 
of disease, as quality of outside imaging is often heterogeneous. 
The focus of workup should attend to verifying that all disease 
has been identified, if the liver resection is technically feasible 
and safe to perform, and if it will ultimately offer the patient an 
oncologic benefit. Regardless of the underlying type of cancer, 
hepatectomy must always be performed with an intent of R0 
resection in this setting. Extra-hepatic disease is not necessar-
ily a contraindication to surgery (although in some cancers it 
may portend worse survival), so long as all other sites are also 

TABLE 2.  Review of Disease-Specific Favorable  
Clinicopathologic Factors for Hepatic Metastasectomy

Cancer Type
Clinicopathologic Factors  
Associated with Improved  
Outcomes

Breast

R0/R1 Resection 
Prolonged disease free interval 
Young Age 
Solitary tumor 
Absence of extrahepatic disease 
Receptor positive (ER or PR) 
Response to prior systemic therapy

Melanoma

R0 resection
Metachronous disease
Prolonged disease free interval 
Slow tumor doubling time
Response to prior systemic therapies

Sarcoma

R0 resection
Prolonged disease free interval 
Low tumor grade 
Tumor histology (leiomyosarcoma    
with worse outcomes)
GIST with Imatinib treatment 

Renal

R0 resection
Metachronous disease
Prolonged disease interval
Size of largest metastasis < 5 cm 
Absence of extrahepatic disease
Low tumor grade
ECOG performance of 0

Adrenocortical  
Carcinoma

R0 resection
Metachronous disease
Prolonged disease free interval 
Non-functional tumor 
Response to prior systemic therapy 
(mitotane) 

Gastric N/A – Resection not recommended

Pancreatic N/A – Resection not recommended
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amenable to local or systemic therapy. 
 A difficult scenario is the patient with a hepatic lesion of 
unknown primary or if the diagnosis is uncertain. Fortunately, 
advanced imaging, such as FDG-PET CT, has improved mark-
edly in the last few decades, and, as such, the site of the primary 
tumor can be localized in many cases, in addition to the sites 
of metastatic disease (Figure 2). In the event imaging has not 
identified a primary, attention should be directed at acquiring a 
tissue diagnosis from the liver to guide further workup. Histol-
ogy and immunohistochemistry are often sufficient to classify 
the tumor. When uncertainty persists, advanced techniques 
such as molecular profiling may be implemented, with the 
caveat that such modalities are only available at highly special-
ized centers. Threshold for referral in this difficult situation 
should be low.

BREAST CANCER
Breast cancer is the most common cause of cancer death in 
women, and approximately half of all metastases occur in the 
liver. Unlike tumors of the gastrointestinal tract, hematogenous 
spread of breast cancer is not limited to the portal circulation 
and thus disseminated disease occurs in other areas such as 
the bone, lung, and brain. The tendency for systemic spread, 
multifocality within the liver, and concomitant extrahepatic 
disease (Figure 3) has made surgeons weary of considering 
resection in the past. Fortunately, great progress has been made 
in the last several decades with regards 
to management of stage 4 patients, with 
5-year survival rates approaching 25%. 
Standard medical therapy for patients 
with metastatic disease is comprised 
of sequential application of hormonal 
agents and cytotoxic chemotherapy 
(with or without targeted therapies such 
as Trastuzumab). 
 Disease biology and aggressive-
ness exist along a wide spectrum with 
respect to breast cancer. Given the high 
incidence of breast cancer, the breadth 
and quality of literature regarding 
hepatic resection of liver metastases is 
better than most other cancer types. 
As a result, many factors have been 
identified, which may predict improved 
oncologic outcomes with resection. 
These include young age, metachro-
nous disease, prolonged disease-free 
interval, solitary liver tumor, absence 
of extrahepatic disease, estrogen or 
progesterone receptor positivity, prior 
tumor response to systemic therapies, 
and R0/R1 resection. A recent study 

Hormone Relevant Labs

Mineralocorticoids (Aldosterone 
and biochemically active precursors) 

Serum electrolytes (Potassium)
Serum aldosterone and renin 
Plasma renin to aldosterone ratio

Glucocorticoids (Cortisol and active 
precursors) 

Urine cortisol (24 hour)
Serum cortisol 
Serum ACTH
Dexamethasone suppression test

Sex Steroids

Serum 17-OH progesterone
Serum DHEA-S
Serum Androstenedione
Serum Testosterone  

Catecholamines (must rule out  
Pheochromocytoma)

Serum metanephrines
Urine catecholamines and metanephrines
MIBG scan 

TABLE 3. Dysregulated Hormones and Necessary Workup in  
Adrenocortical Carcinoma

DHEA-S: Dehydroepiandrosterone sulfate, MIBG: (metaiodobenzylguanidine)

FIGURE 2: PET/CT demonstrating a liver metastasis

comparing resection to best medical treatment suggested these 
patients do not attain improved overall survival, but benefit 
from prolonged periods of disease-free occurrence. 
 When taken together, patients that fit these criteria are 
very highly selected, with focal disease patterns and biologically 
favorable tumor behavior. Overall, liver resection for meta-
static breast cancer is safe and beneficial in a subset of carefully 
selected patients who are young and have limited disease with 
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favorable biology, and thus is recommended. Even in the event 
an R0 resection does not improve overall survival for any 
particular case, it certainly confers to the patient a prolonged 
period of disease-free survival. This often translates to time off 
of cytotoxic systemic therapies and improved quality of life. For 
a small subset, this could represent potential cure.

MELANOMA
Melanoma is steadily increasing in incidence. The majority of 
patients present with localized disease, coinciding with 5-year 
survival, is expected to be over 85% in conjunction with conven-
tional management. Approximately 5% of patients will present 
with metastatic disease. Survival is considerably worse herein, 
with 5-year survival rates reportedly less than 15%. The major-
ity of these patients harbor disseminated disease concomitant to 
their hepatic lesions and are not surgical candidates. 
 Melanoma is characterized into two types (cutaneous and 
ocular), and this distinction is important with regards not only 

to biologic behavior, but patterns of metastasis and overall 
candidacy for liver resection.  Cutaneous melanoma spreads 
primarily via lymphatic drainage, with hepatic metastasis rep-
resenting a minority of presentations. In comparison, the liver 
is the major and, often the only site of, metastasis in ocular mel-
anoma, an entity which favors hematogenous dissemination 
and exhibits an apparent tropism for the liver. Survival with 
metastatic ocular melanoma is strongly linked to the extent of 
liver disease. 
 Treatment of cutaneous melanoma with systemic therapy 
has been far more favorable as compared to ocular melanoma. 
Recent years have provided several new targeted therapies for 
the cutaneous variant, which include BRAF inhibitors (Vemu-
rafenib), MEK inhibitors (Trametinib) and immune modula-
tors (Ipilimumab and PD-1 inhibitors). Ocular melanoma has 
far fewer options, with not a single therapy making it to phase 
3 trial to date. Therapies which have efficacy in the treatment 
of cutaneous melanoma do not in the treatment of ocular, sug-
gesting the underlying molecular aberrations differ between 
the two. Thus, surgical management takes on an even greater 
role in these patients, who represent an exceedingly rare pre-
sentation with few if any medical adjuncts available to them.
 For patients with limited and resectable hepatic metas-
tases, surgery is considered the treatment of choice. Survival 
benefit has been consistently demonstrated across most series. 
Ideal prognostic factors include few metastatic lesions, meta-
chronous disease with long disease-free interval, prior tumor 
response to systemic therapies, unilobar liver distribution, slow 
tumor doubling time, absence of extrahepatic disease, and R0 
resection. Extrahepatic disease is associated with far worse sur-
vival, and the surgeon should be hesitant to attempt resection 
in this setting. An aggressive approach should particularly be 
taken in the patient with metastatic ocular melanoma, as the 
burden of liver metastasis greatly affects their survival and is 
not amenable to medical management. 

SARCOMA
Sarcoma is a rare, heterogeneous group of tumors of mesen-
chymal origin, comprising over 50 histologic subtypes. The 
underlying oncogenesis of these tumors varies widely. The 
most common primary location is the extremity; however, sar-
coma may arise anywhere in the body. Extremity and truncal 
tumors rarely metastasize to the liver; however, visceral, retro-
peritoneal, and pelvic tumors do so often. With the exception 
of gastrointestinal stromal tumor (GIST), response to systemic 
therapies is typically poor and surgery remains the mainstay of 
curative treatment. It should be noted that recurrences are very 
common at both the primary site and the liver, and the possibil-
ity of multiple resections at either should be anticipated.
 Unique considerations should be given to the patient with 
liver metastases and either GIST or leiomyosarcoma as the pri-
mary subtype. With respect to GIST, the use of Imatinib has 

FIGURE 3: A patient with breast cancer that has metasta-
sized to the liver and bone.
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greatly improved 5-year overall survival and recurrence-free 
survival in this subset of surgically resected patients. Overall, 
the potential for long term disease-free survival is high in GIST 
and the surgical approach can be fairly aggressive in patients 
who have resectable liver disease. Leiomyosarcoma, on the 
other hand, portends a far worse prognosis amongst sarcoma 
subtypes which metastasize to the liver. Recurrences are exqui-
sitely common, with 5-year recurrence-free survival figures 
typically reported in the single digits. Furthermore, recurrence 
may also appear within the lungs—an indication not only of 
the tumor’s aggressiveness but also the likely presence of occult 
micrometastasis at the time of workup. 
 Prognostic factors associated with improved outcomes 
include metachronous disease, prolonged disease-free interval, 
R0 resection, and low grade tumor. Histologically high-grade 
tumors are associated with very poor outcomes regardless of 
initial disease extent or complete surgical resection, and should 
be considered as a contraindication to liver resection of metas-
tases. Patients with localized GIST amenable to treatment with 
Imatinib provide the best overall outcomes and are the best 
candidates for surgery. Given the frequency of recurrence, liver 
resection for metastatic leiomyosarcoma cannot generally be 
recommended. 

RENAL CELL CARCINOMA
Renal cell carcinoma (RCC) accounts for the vast majority of 
renal tumors, and worldwide incidence continues to increase. 
Tumors remain largely asymptomatic until late stage, explain-
ing why over 25% of patients present with metastases. More 
so, RCC is generally resistant to chemoradiation. Interferon 
alpha has historically been the standard adjunctive treatment 
for these patients. However, multi-kinase and PD-1 inhibitors 
have shown mild improvements in survival.
 Although the lung is the most common site of metastasis, 
25% of patients with metastatic disease will have liver involve-
ment. Pulmonary metastectomy has generally been accepted 
given improved survival in most series. Although it is exceed-
ingly rare to have isolated lesions of the liver, it does occur. 
Resection of isolated liver disease in highly selected patients can 
offer survival benefits similar to those seen in colorectal cancer. 
However, what is more common is the patient who presents 
with synchronous disease of the lung and liver, which poses a 
unique challenge in the management of metastatic RCC. Given 
the poor outcomes of systemic treatment, surgical resection 
continues to remain the only chance for cure in this popula-
tion. Thus, in a patient with resectable disease of the lung and 
liver, resection with curative intent should be offered at both 
sites. Such a patient should be managed at a center experienced 
both in thoracic surgery and combined procedures. 
 Prognostic factors associated with improved outcomes 
include metachronous presentation, long disease-free interval, 
size of the largest metastatic lesion < 5cm, absence of extrahe-

patic disease, low tumor grade, ECOG performance score of 
0, and R0 resection. Again, given that outcomes with systemic 
medical treatment are generally dismal, resection should be 
considered even in patients who do not fit a large fraction of 
these criteria, so long as all disease is anticipated to be removed 
completely. Even in well-suited candidates, recurrences are 
common and surveillance with cross-sectional imaging should 
be obtained. 

ADRENOCORTICAL CARCINOMA
Adrenocortical carcinoma (ACC) represents one of the most 
rare and aggressive forms of cancer. There is a bimodal age 
distribution including childhood and adults in their fourth to 
fifth decades of life. Women are affected almost twice as fre-
quently as men. Despite the fact that ACC develops in a variety 
of familial syndromes, the underlying molecular pathogenesis 
is not well understood. Most cases are diagnosed at stage 3 or 
4, with the liver representing the most common site of metas-
tasis and often as synchronous disease with the primary tumor. 
Other sites predominantly include the lungs, bone, and regional 
lymph nodes. Median survival at stage 4 is less than one year.
 Surgery still remains the pillar of treatment, with che-
motherapy providing an adjunctive role. Commonly utilized 
agents include mitotane, cisplatin, and etoposide; however, 
no single combination of therapies has demonstrated a clear 
advantage. Targeted molecular therapies have had poor effi-
cacy, highlighting the need to better understand the molecular 
underpinnings of ACC. 
 Unique to the preoperative workup of ACC is the elabo-
ration of functional hormones. Prior to the consideration of 
hepatic resection, elaboration of these hormones must be ruled 
out, which can be accomplished largely via laboratory data 
(Table 3). If evidence of pheochromocytoma is discovered, other 
endocrine tumors, which complement multiple endocrine neo-
plasia, must also be sought prior to operative planning.
 Resection of liver metastases benefits patients who can be 
cleared of all disease. R0 surgical margins is absolutely crucial 
with respect to ACC, as residual disease is associated with at 
worse 1- and 2-year overall survival. However, successful resec-
tion can extend median survival to about 2 years, with 5-year 
survival achieved in a small proportion of patients. Like RCC, 
synchronous disease of the liver and lung is a common clinical 
scenario with ACC. Although timing of surgery at both sites 
should be individualized, concomitant resection is a viable 
option in appropriately fit candidates. 
 Very few prognostic factors have demonstrated clini-
cal benefit; thus in ACC it appears to be difficult to select for 
patients with optimal oncologic outcomes. Metachronous dis-
ease, prolonged disease-free interval, non-functional tumors, 
and R0 resection are favorable characteristics. Notably, recur-
rent disease is common despite negative surgical margins. The 
liver is a common site of recurrence, both following resection 
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resection has shown mild benefit in small trials, and should be 
considered when the recurrence is focal and the patient will be 
left with sufficient functional liver parenchyma post-operatively. 

GASTRIC CANCER
Metastasis from gastric cancer remains one of the most unpre-
dictable and aggressive amongst all cancer types. Underlying 
this is its propensity for multi-modality spread (lymphatic, 
hematogenous, and direct). As a result, it is believed that once 
metastasis is found the disease is already widely disseminated. 
Median survival with palliative chemotherapy is approximately 
1 year. Half of all patients with stage 4 disease will have liver 
involvement. The vast majority of these patients will not be 
eligible for liver resection secondary to multilobar or bilateral 
involvement. Additionally, peritoneal dissemination or exten-
sive lymph node disease precludes any meaningful attempt at 
curative resection. 
 Given this behavior of gastric cancer, it is not surprising 
that the vast majority of HPB surgeons would not attempt 
resection of liver metastases, even if they appear isolated and 
are present in a fit surgical candidate. Reflecting the consensus 
that stage 4 gastric cancer represents an inoperable disease, 
there are no published series to date assessing resection of gas-
tric cancer metastases to the liver by groups within the United 
States. The National Comprehensive Cancer Network (NCCN) 
guidelines for gastric cancer are similarly cautious, advising 
against any surgical resection in the setting of stage 4 disease. 
Positive results from groups in Europe and Asia often include 
patients who have undergone aggressive regimens of chemo-
therapy, and thus, without a non-surgical group as a control 
arm, it makes interpretation of this data difficult (i.e. benefits 
are likely derived from the medical treatments themselves). 
Given the paucity of literature and the general consensus across 
the US that stage 4 gastric cancer is essentially a disseminated 
disease, resection cannot be recommended in any scenario.

PANCREATIC DUCTAL ADENOCARCINOMA
Pancreatic ductal adenocarcinoma (PDAC) has long been 
regarded as one of the most deadly forms of cancer, and is a 
familiar problem for any HPB surgeon. Early symptoms are 
typically mild or vague, and once noticeable signs, such as 
jaundice, set in, only 20-30% of patients harbor resectable dis-
ease. Currently, surgical resection remains the only chance of 
long term survival. Chemotherapy regimens have historically 
relied upon gemcitabine, with median survival of 6-7 months 
for patients with stage 4 disease. In recent years, FOLFIRINOX 
(5-FU, leucovorin, irinotecan, oxaliplatin) has demonstrated 
superiority, extending that figure to 11.2 months, which, 
although a large improvement, highlights how quickly the dis-
ease can disseminate.
 Resection of liver metastases is an attractive option 
for patients with stage 4 PDAC given it is a common site of 

metastasis (approximately half of patients with disseminated 
disease). Similarly to gastric cancer, however, most experts feel 
the disease is widely disseminated once a metastatic locus is 
identified. For this reason, the NCCN guidelines similarly pre-
clude resection of metastatic PDAC. Studies that have assessed 
liver resection or multivisceral resection for hepatic metastases 
have yet to demonstrate a clear survival benefit. Furthermore, 
the majority of patients included in series addressing this issue 
were treated before the advent of FOLFIRINOX. Median sur-
vival in patients who undergo aggressive resection approaches 
that of patients treated with this novel chemotherapeutic regi-
men but does not surpass it; thus it becomes difficult to argue 
that liver resection is appropriate outside of a large clinical trial. 
Future studies warrant defining if liver resection has a role 
within the context of FOLFIRINOX (i.e. neoadjuvant treat-
ment plus surgery, or surgery in a subset patients responsive 
to chemotherapy, etc.). Thus, as is the case for gastric cancer, 
there currently is no role for liver resection in metastatic PDAC 
outside of a clinical trial.

CONCLUSION
Resection for NCNN liver metastases is a growing field in light 
of advances in surgical technique and improved understanding 
of tumor biology. The temptation to attempt curative resection 
for all amenable hepatic metastases must be quelled by the 
fact that recurrences are common, even with entirely negative 
margins. Realization of this fact has driven research attempting 
to identify patient, tumor, and surgical clinicopathologic fac-
tors, which may help the HPB surgeon predict which patients 
will have a successful oncologic outcome. Given the extreme 
rarity of these disease presentations, decisions to operate on 
NCNN metastases will likely continue to rely upon imperfect 
data. What is clear, however, is that in highly selected patients, 
metastatic disease of the liver has shifted to become a surgical 
disease as well as a medical one. 
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SALIENT POINTS

• Resection for non-colorectal, non-neuroendocrine 
(NCNN) liver metastases may confer long term sur-
vival in highly selected groups of patients.

• Although generalizations can be made, the decision 
to resect metastases of non-colorectal, non-neuroen-
docrine origin must be tailored to the specific cancer 
type and its biology, as well as the general fitness of 
the patient.

• Liver resection for metastatic disease must only be 
undertaken when all disease, including extrahepatic, 
can be addressed.

• Oncologic outcomes are consistently worse in R1/
R2 resections of NCNN liver metastases, and thus 
achieving microscopically negative margins must be 
a priority.
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CASE SCENARIO

A 67-year-old Caucasian businessman was found to have a large right anteromedial liver lesion with associated cir-
rhosis (Figure 1). Further work up revealed an elevated alpha-fetoprotein (AFP) level with outside biopsy confirming 
hepatocellular carcinoma (HCC). Patient had negative viral hepatitis B/C serology but a strong alcohol intake history.  
At presentation his Child’s score was 6, Barcelona Clinic Liver Cancer (BCLC) score stage A, MELD score 7, and 
anatomical assessment rendered him resectable.  He underwent a liver resection with final pathology demonstrating a 
Stage I pT1N0M0 lesion with negative margins.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

HCC is the seventh most common cancer and the third lead-
ing cause of death worldwide. It most com monly appears in 
the background of underlying liver paren chymal disease (e.g. 
chronic hepatitis, cirrhosis, etc.(Figure 2), and once malignancy 
is established, cure rates remain poor.   Therefore, research 
efforts have focused on preventing this disease, through vacci-
nation strat egies,  especially in resource-poor countries where 
viral hepatitis- associated HCC represents approximately 90% 
of the total primary liver cancer burden.

BACKGROUND

Disease and patient related factors play a significant role in the 
prognosis of HCC.  
 Field cancerization in the background of chronic liver 
parenchymal disease remains an important prognostic fac tor. 
In addition,  burden of disease, patient performance status, and 
liver dysfunction will also greatly influence outcomes. It is due 
to the aggressiveness of HCC and host heterogeneity that make 
prognostication for short and long term outcomes, challeng-
ing. 

FIGURE 1: A) Tri-phasic CT demonstrating a hypervascular lesion involving Couinad’s segments V/VIII (black arrow).  
B) Intraoperative photograph showing the HCC (white arrow) with a background of cirrhosis/fibrosis (black arrow) of the 
same patient.

A. B.
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 For that reason, risk assessment tools have been developed 
to guide treatment. However, due to the complexity of HCC 
and its management, there is no accepted single tool for every 
patient and clinical scenario.
 Resection or transplantation of early stage HCC has 
shown improved survival rates compared with other treatment 
options.  However, recurrence following resection has been 

reported in up to 75% of patients.  Still resective approaches, 
considering properly selected patients, are considered the 
appropriate first line therapy. The most important factors in 
determining outcome and survival in a patient with HCC are 
assessment of liver disease severity (chronic hepatitis status, 
fibrosis score, grade of cirrhosis), tumor size, extra-hepatic 
extension, and distant disease.  Pathologically, the degree of 
fibrosis is assigned a score from 0 to 6, ranging from no scar-
ring to cirrhosis or advanced scarring.  This is predictive of the 
liver’s ability to regenerate following hepatic resection.  Macro-
scopic portal vein, and microscopic lymphovascular invasion, 
remain significant risk factors for local and distant recurrence. 
The presence of significant portal hypertension, the sequelae of 
which are typically detectable on preoperative imaging in the 
form of parenchymal changes, splenomegaly, and/or varices, is 
a risk factor for postoperative liver failure following resection. 
Low preoperative platelet count, another hallmark of portal 
hypertension, has also been shown to be an important inde-
pendent risk factor for increased complications, postoperative 
liver insufficiency, and mortality. In our practice, stigmata of 
portal hypertension such as splenomegaly, varices, and throm-
bocytopenia are contraindications for major liver resection in 
these patients.
     Many liver scoring systems have been introduced with one 

FIGURE 2:  Illustration depicting a large HCC in the back-
ground of a normal liver (A), underlying non-cirrhotic 
diseased liver (B) and cirrhotic/fibrotic liver (C)

TABLE 1: Child-Turcotte-Pugh Classification System

CTP score is obtained by adding the score for each param-
eter; CTP Class A = 5-6 points; Class B = 7-9 points; Class 
C = 10-15 points. Abbreviations: INR, International Nor-
malized Ratio. 

Variable 1 Point 2 Points 3 Points

Serum 
Bilirubin 
(mg/dl)

<2.0 2.0-3.0 >3.0

Serum 
Albumin 

(g/dl)
>3.5 2.8-3.5 <2.8

INR <1.7 1.7-2.3 >2.3

Ascites Absent Slight Moderate-
Severe

Encephalop-
athy (grade) None Mild (I-II) Severe (III-

IV)

A

B

C
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main goal: guide optimal patient treatment and predict short 
term and long term outcomes. Unfortunately, decision algo-
rithms in HCC remain suboptimal. The main scoring systems 
currently available are either function-based or anatomy-
based.  An ideal scoring system should combine anatomical 
characteristics and functional values, as well as, pathological 
variables and allow for optimal management of this diverse 
patient population without examiner bias.  In this brief review, 
we focus on several liver scoring systems, highlighting their 
advantages and limitations.  We acknowledge the need for liver 
scoring systems, but will discuss the inherent flaws that inhibit 
their universal acceptance with the intent to guide the creation 
of an improved future system that is homogeneous and exter-
nally validated.

CURRENT LIVER SCORING SYSTEMS
Functional scores 
Assessment of liver function is very important as well as stage 
of cirrhosis and Hepatitis B/C status as these factors ultimately 

drive recurrence patterns and determine outcomes.  A major 
deficit of both, the Child’s class (CTP) and Model of End stage 
Liver Disease (MELD) score is that they do not include any 
tumor characteristics.

Child’s Class/Child-Turcotte-Pugh (CTP) score
This score was initially developed in the 1960’s to determine 
hepatic function in patients with cirrhosis and portal hyperten-
sion.  It was subsequently incorporated to identify treatment 
options in HCC patients.  It forms the foundation of several 
liver scoring systems worldwide. In order to maintain the 
terminology, we utilize Child’s class but acknowledge that it’s 
been additionally termed Child-Pugh or Child-Turcotte-Pugh 
(CTP).  Hepatic resection is typically offered to patients with 
early HCC and CTP A or selected CTP B liver disease.  The 
American Association for the Study of Liver Diseases (AASLD) 
and the National Comprehensive Cancer Network (NCCN) 
continue to utilize CTP in their guidelines for decision-mak-
ing.  The NCCN guideline panel specifically utilizes the Child’s 

FIGURE 3: The Liver Imaging Reporting And Data System (LI-RADS) of high risk patients for HCC following contrast 
enhanced CT or MRI allows practitioners to determine the appropriate diagnostic workup of liver observations.  
(Reprinted with permission from the American College of Radiology (ACR®).
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classification because of its inclusion criteria for the majority 
of clinical drug trials. For other therapies, the Barcelona Clinic 
Liver Cancer (BCLC) system is used.  In liver transplantation, 
MELD is applied.  Functional scores cannot be altered, which is 
flawed with the CTP score in that patients with hepatic enceph-
alopathy and ascites may be successfully medically treated, 
which would have downstaged these patients CTP score.  

MELD score
MELD uses the following variables: serum bilirubin, serum 
creatinine, and INR in calculating the likelihood of survival.  
Requirement for dialysis has been included recently and 
increases the score if done within two weeks of presentation. 
The serum creatinine level is then automatically set to 4.  In 
2016, the MELD score was adjusted by adding sodium, as 
hyponatremia is considered to be a marker for the severity of 
liver cirrhosis.
 MELD score was originally developed to assess the sever-
ity of liver cirrhosis and the functional capacity and adopted 
by UNOS (United Network for Organ Sharing) in 2002 in 
order to prioritize patients on the wait list for a liver trans-
plant.  It has been validated for short and long term survival 
on non-transplant liver resection and non-resection patients.  
The MELD score ranges from 6 (less ill) to 40 (gravely ill).  A 
MELD score greater than 40 carries a mortality risk of approxi-
mately 70%. The average MELD score for patients undergoing 
liver transplantation is 20.  As most patients with HCC do not 
demonstrate a significant degree of liver dysfunction to make 
them eligible for liver transplantation but clearly have impaired 
survival, a MELD exception was created where patients with 
HCC receive an upgrade in points as liver transplantation is the 
only curative modality available. Without the MELD excep-
tion, these patients would succumb to their disease without 
reaching a score making them eligible for transplantation. If a 
HCC patient is deemed a suitable candidate and is eligible for 
MELD exception points, they are categorized according to a 
modification of the TNM system by the American Liver Tumor 
Study Group (ALTSG).
 The MELD score is a functional instrument to assess 
patients for liver transplantation, liver resection, or some 
bridging procedures like TIPS (transjugular intrahepatic por-
tosystemic shunt) but does not factor in tumor biology, grade 
of cirrhosis and Hepatitis B/C status. The score provides a stra-
tegic value but cannot predict recurrence after transplantation 
or resection.

ANATOMICAL SCORES 
Milan Criteria (MC)
The MC is solely used to assess patients with HCC for liver 
transplantation. Ten to twenty percent of patients will recur 
within 3 years of liver transplantation.  The following variables 
are tumor specific and lack functional assessment: single lesion 

Primary Tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Solitary tumor without vascular invasion

T2 Solitary tumor with vascular invasion or 
multiple tumors, none > 5cm

T3a Multiple tumors, one or more > 5cm

T3b Tumor(s), any size, involving major branch 
of portal vein or hepatic veins

T4
Tumor(s) with perforation of visceral 
peritoneum or direct invasion of adjacent 
organs other than the gallbladder

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant Metastasis (M)

M0 No distant metastasis
M1 Distant metastasis

Anatomic Stage/Prognostic Groups

Group T N M

Stage I T1 N0 M0
Stage II T2 N0 M0

Stage IIIA T3a N0 M0
Stage IIIB T3b N0 M0
Stage IIIC T4 N0 M0
Stage IVA Any T N1 M0
Stage IVB Any T Any N M1
Fibrosis 

Score

F0 Fibrosis score 0-4 (none to moderate 
fibrosis)

F1 Fibrosis score 5-6 (severe fibrosis or cir-
rhosis)

TABLE 2: Hepatocellular Carcinoma TNM Staging, 7th 
Edition (Reprinted with permission from Springer Nature. 
In: Compton C, Byrd D, Garcia-Aguilar J, Kurtzman S, 
Olawaiye A, Washington M, eds.: AJCC Cancer Staging 
Atlas. 2nd ed. New York, NY: Springer, 2012, pp 241).
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< 5 cm, ≤ three lesions < 3 cm, no extra-hepatic manifestation, 
and no vascular invasion per imaging criteria. As the MC is 
a tumor specific scoring system, it lacks the ability to accu-
rately predict survival and risk of recurrence from non-tumor 
specific factors.  Extended MC  have been reported based on 
extending tumor size and number but are still lacking mean-
ingful survival and recurrence data.  Biomarkers such as AFP 
and des-gamma-carboxy prothrombin (DCP) have demon-
strated promising results in predicting the prognosis of liver 
transplantation for HCC. Another potential area that we think 
MC may be of value is combining a functional assessment like 
the MELD score when making critical treatment decisions.

TNM System
The TNM system is the only score that is pathologically 
validated in patients undergoing either liver resection or liver 
transplantation (Table 2).  As addressed in the MC section, 
TNM is tumor specific.  The presence of cirrhosis or histologic 
grade is not used when assigning a final stage. The degree of 

fibrosis, measured on a 0-6 scale, has been shown to have prog-
nostic value in survival. 
 Underlying liver function and cirrhosis clearly correlates 
with outcomes and that is where the new TNM classification 
(8th edition, 2018) will outperform some of the other scores 
as the most complete score currently available when assessing 
patients with HCC.

LIVER IMAGING REPORTING AND DATA SYSTEM 
(LI-RADS)
With the rising incidence of HCC, more high risk patients are 
now being screened. While ultrasound (US) is the screening 
imaging modality of choice, contrast enhanced computed 
tomography (CT) or magnetic resonance imaging (MRI) are 
important subsequent diagnostic staging studies.  Variability in 
radiologic interpretation has previously impeded the diagnos-
tic workup of HCC.  LI-RADS was first reported in 2011 to 
provide uniformity in radiologic exam interpretation, improve 
communication, enhance clinical decision making, and moni-

FIGURE 4: The Barcelona Clinic Liver Cancer algorithm depicting stages A-D with recommended treatment modalities 
(Reprinted and modified with permission from Elsevier in Llovet J, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet 
2003;362:1907-17).
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tor outcomes in high risk patients for HCC underdoing con-
trast enhanced CT or MRI.  It is supported by the American 
College of Radiology (https://www.acr.org/Quality-Safety/
Resources/LIRADS) and is frequently updated by radiologists 
and liver specialists.  It follows the thought process of a radi-
ologist and its interpretation has resulted in a reduction in the 
need for liver biopsy.
 LI-RADS scoring system is based on diameter and four 
specific features: arterial phase enhancement, washout follow-
ing hyperenhancement; capsule appearance, and threshold 
growth (≥ 50% diameter change in ≤ 6 months).  LI-RADS 
system utilizes the term observation versus lesion because 
not all observations are true lesions. An observation depicts 
an area on imaging that is different from the adjacent liver 
parenchyma. Liver observations are than stratified (LR1-LR5) 
according to the probability of being HCC.  The schema is the 
following: definitely benign (LR1), probably benign (LR2), 
and intermediate probability of HCC (LR3), probably HCC 
(LR4), and definitely HCC (LR5). HCC with venous invasion is 
further classified as LR-TIV (Figure 3 and Table 4).  Although 
LI-RADS is an outstanding attempt to standardize radiologic 
interpretation, it does not determine ultimate management 
decisions of suspicious or definitive HCC.

COMBINED SCORES
Barcelona Clinic Liver Cancer Staging system 
(BCLC)
BCLC divides the HCC population into four stages using the 
following variables: (1) extent of the primary tumor, (2) per-
formance status measured by (ECOG) scale, (3) patient related 
constitutional symptoms, (4) presence or absence of vascular 
invasion, (5) presence or absence of extra hepatic spread, and 
(6) OKUDA score
 The four stages of the BCLC (early, intermediate, 
advanced, and end stage), based on these variables, are used 
to make critical treatment decisions (Figure 4).  The OKUDA 
score is a prognostic tool initially reported in 1984.  It includes 
tumor size and 3 variables assessing the severity of cirrhosis, 
those being the amount of ascites, serum albumin, and serum 
bilirubin. The Okuda score is a purely clinical measure with 
the majority of patients presenting with advanced disease.  
Its reliance on tumor size (<50%, >50%) makes it difficult to 
adequately apply it to small lesions such as the ones categorized 
in the TNM system.
 The BCLC takes a very algorithmic approach and attempts 
to recommend treatment options.  It is mainly a tool to assess 
HCC patients for resection or transplantation suitability and 
non-resection management options.  Resection can be safely 
performed in HCC patients but this subset of patients com-
prises only 5% of the Western population. Resection in cirrhotic 
patients should only been undertaken in specialized centers 
and these patients should be highly selected.  In the author’s 

Variable Score

CTP stage

     A 0

     B 1

     C 2

Tumor morphology

     Uninodular and extension < 50% 0

     Multinodular and extension < 50% 1

     Massive or extension > 50% 2

Alpha-Fetoprotein (ng/dl)

     < 400 0

     ≥ 400 1

Portal vein thrombosis

     Absent 0

     Present 1

Score Months

0 36 months

1 22 months

2 9 months

3 7 months

4-6 3 months

TABLE 3: The Cancer of the Liver Italian Program (CLIP) 
Score

Survival in regards to CLIP categories
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LI-RADS, liver imaging reporting and data system; LR LI-RADS; HCC, hepatocellular carcinoma (Adapted from https://
www.acr.org/Quality-Safety/Resources/LIRADS/LIRADS-v2017 and An C, et al.  Liver imaging reporting and data system 
(LI-RADS) version 2014: understanding and application of the diagnostic algorithm. Clinical and Molecular Hepatology 
2016;22:296-307. Open Access).

opinion, the BCLC scoring system currently provides the best 
attempt of combining functional and anatomic features with 
therapeutic recommendations for practicing physicians.  
 Limitations of this score are its lacking general utility and 
once again, as outlined with the previous scores, it does not 
completely predict survival and recurrence risk.  It also lacks 
very important predictors of recurrence assessed by examining 
the resected specimen such as microvascular invasion, pres-
ence or absence of satellite lesions in the resected specimen, and 
poor differentiation. In addition, major shortcomings of this 

score include the following: (1) the Milan criteria to evaluate 
patients for liver transplantation are not included in this score 
even though they are widely accepted, (2) the value of resection 
is not assessed in some subgroups of HCC patients, especially 
in early stage and intermediate stage patients, (3) tumor size 
and multi-focality does not necessary preclude resection, espe-
cially when vascular invasion is absent or when liver function 
is relatively well preserved. For that reason, many liver centers 
have decided not to incorporate this tool into common surgical 
practice.

LI-RADS
Category Definition Examples Management

LR-1 Definitely benign
Cyst, hemangioma, perfusion alteration, focal 
fat deposit or sparing, observation that disap-

pears at follow-up
Continued routine surveillance

LR-2 Probably benign
Confluent fibrosis, hypertrophic pseudo 

mass, perfusion alteration, some cirrhosis-
associated nodule

Continued routine surveillance

LR-3 Intermediate Variable follow-up

LR-4 Probably HCC Close follow-up, abdominal imag-
ing, biopsy, or treatment

LR-5 Definitely HCC Treatment without biopsy, radio-
logic T-staging

LR-TIV Definitely tumor invading 
vein

Treatment without biopsy, radio-
logic T-staging

LR-M Probably malignancy but not 
specific for HCC

Intrahepatic cholangiocarcinoma (CC), 
combined HCC-CC, metastasis, lymphoma, 
post-transplant lymphoproliferative disease

Close follow-up, additional imag-
ing, biopsy, or treatment

LR-
Treated Tested observation

Close follow-up to assess treatment 
response. May require re-treatment 

if persistent or recurrent tumor
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The Cancer of the Liver Italian Program (CLIP) 
Score  
The CLIP score includes tumor biology and imaging features 
and combines both with an index of severity of cirrhosis. CLIP 
(1) tumor related features such as macroscopic tumor mor-
phology, serum AFP levels, presence or absence of portal vein 
thrombosis, and(2) severity of cirrhosis with a score ranging 
from 0 – 6 is assigned to the patient (Table 2).
A major flaw of this score is that it still uses the CTP classifica-
tion to assess the severity of cirrhosis and, as mentioned earlier, 
this should be avoided as it has two major subjective variables, 
assessment of ascites and the presence or absence of hepatic 
encephalopathy.  A better way to modify this score would be 
to incorporate the MELD score as it subtracts examiner bias.
 In some studies, it was suggested that the CLIP score has 
improved prediction of survival, especially in patients under-
going non-surgical treatments like transarterial chemoem-
bolization (TACE).  Radioembolization with the radioactive 
isotope Yttrium (Y-90) is a newer modality for liver directed 
treatment. This score is a step in the right direction but far from 
being an optimal instrument, especially when used in a spe-
cific treatment regimen to assess treatment success and risk of 
recurrence.

RECOMMENDATIONS
Cancer staging systems have one unified goal across all disease 
sites: to help choose and decide about the ideal primary and 
adjuvant treatment plan in order to maximize survival benefit 
and reduce recurrence risk. None of the liver scoring systems 
currently available are ideal. We need to reach a consensus 
about staging and treatment strategies, factoring  in not only 
underlying degree of liver impairment, but  functional status 
of the patient, loco-regional variations, as well anatomic, and 
pathologic features of the tumor.
 The current scoring systems have many shortcomings as 
outlined and we recommend the following:

•  Child’s score as a single scoring system should be aban-
doned as it has two subjective variables, assessment of 
ascites and encephalopathy, and is therefore prone to 
examiner bias. It should only be part of an integrated 
score as it was tried in the CLIP score, but examiner 
bias still remains.

•  Functional and anatomical scores are good tools to 
assess eligibility for transplant but lack the capability 
to determine optimal resection candidates and long as 
well short term outcomes and recurrence risk.

•  New liver scoring systems should take into account the 
pathologic features of the tumor

•  A consensus needs to be reached to decide which scor-
ing system should be used in predicting outcome of 
patients with HCC and most likely different staging 

systems will have to be used in order to address this 
difficult and heterogeneous patient population and be 
externally validated.

•  Currently the TNM system represents the only score 
which is helpful in assessing resected patients and 
making decisions about liver transplantation as well. 

 A potential new scoring system helps in choosing an ideal 
treatment plan as an initial step and, in combination with prog-
nostic factors, assesses overall survival and recurrence risk for 
the treatment modality chosen.
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SALIENT POINTS
•  HCC remains a significant clinical issue with 

increased global incidence and high mortality rates.
•  Following resection of HCC with curative intent, high 

recurrence rates still exist.
•  LI-RADS has improved our ability to identify highly 

suspicious and definitive HCC and reduce the need for 
biopsy confirmation.

•  Current liver staging systems have not been univer-
sally accepted due to the lack of external validation.

•  The Child’s classification is currently preferred by the 
NCCN due to drug evaluation in clinical trials.

•  The BCLC scoring system currently integrates 
functional and anatomic features in guiding treatment 
suggestions for managing clinicians 

•  The MELD score, Milan Criteria (MC), and extended 
MC are utilized in selecting liver transplant candidates

•  Any future liver staging system requires incorpora-
tion of tumor characteristics (TMN), functional and 
performance status, as well anatomic factors to guide 
clinical decision-making.
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CASE SCENARIO

A 29-year-old African American male was referred to our clinic with right upper quadrant pain for several months. 
The pain intensified with coughing and while lying flat at night. Associated symptoms were early satiety with 20-pound 
weight loss during this time frame. The patient was a construction worker, and past medical history significant for 
hypertension, managed with diet and lifestyle modification. On physical exam, he was noted to have a flat abdomen 
with tenderness and a palpable mass in the right upper quadrant. Laboratory workup was unremarkable except for 
anemia at 8.7 g/dL. Imaging studies revealed two large masses within the liver on ultrasound and confirmed with 
triple-phase computed tomography (Figure 1). On triple-phase helical computed tomography, an 18 x 14 cm mass in 
the right lobe and a 13 cm x 10 cm mass in the left lobe were seen (Figure 2). Compression of the portal vein was also 
noted. Both lesions had typical appearance, mainly peripheral, nodular enhancement on early phase with central filling 
on delayed images, consistent with giant cavernous hemangiomas. The patient underwent an open right hepatectomy 
and a left segmental resection (Figure 3). He did well postoperatively and discharged on postoperative day 6. At 2-week 
follow-up, the patient’s symptoms had completely resolved.   

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: Ultrasound demonstrating a large left lobar hemangioma measuring 12.2 x 10.7 x 8.6 cm. An additional 
complex mass with hyperechoic and isoechoic regions was noted in the right lobe posteriorly measuring 23 x 13 x 14.4 cm.
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angioma in the left lobe. There is compression of the portal vein. Both lesions had typical appearance, mainly peripheral, 
nodular enhancement on early phase with central filling on delayed images, consistent with giant cavernous hemangiomas.

FIGURE 3:  Gross pathology of two hemangiomas 
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It is not uncommon for HPB surgeons to be consulted for a 
hepatic lesion incidentally found on imaging (ie, ultrasound/
CT).  Evaluating and rendering a sound opinion on such inci-
dentalomas can pose a challenge. Benign liver lesions (hem-
angiomas, focal nodular hyperplasia, and hepatic adenoma) 
occur in 10%-20% of the population and are more frequent 
in women. They are found with increasing frequency second-
ary to increased utilization of imaging. The dilemma arises 
regarding whether to approach it aggressively with surgery or 
conservatively with alternative modalities such as emboliza-
tion or ablation. The majority of liver lesions can be delineated 
based on a combination of clinical presentation and radiologic 
exams. Many have typical radiologic features that help make 
the diagnosis, although one should be cognizant of overlap in 
radiologic features among these lesions as well as the malignant 
liver lesions. In some cases, a definitive diagnosis can only be 
made following surgical extirpation. For instance, focal nodular 
hyperplasia (FNH) is classically associated with a “central scar” 
on CT imaging, but this feature can also be seen in patients 
with fibrolamellar variant of hepatocellular carcinoma (HCC). 
Chapter 1, “What Imaging Modality Do I Need to Get to Assess 
Liver Lesions and How Do I Interpret Them?” by Sangster et al, 
is an excellent resource to further understand the nuances of 
radiologic findings of the different liver lesions. In this chapter, 
we concentrate on 3 benign liver lesions: hemangioma, focal 
nodular hyperplasia (FNH), and hepatic adenomas. CT and 
MRI scans are paramount to make the diagnosis, and it should 
be kept in mind that a dynamic, contrast-enhanced, triphasic 
CT (CECT) that includes contrast and noncontrast imaging 
should be performed. 
 On a basic level, CECT detects pathology by enhancing 
the contrast between the lesion and its surrounding liver struc-
tures/parenchyma. The phases of CECT can be characterized in 
this order: (1) arterial phase (15-40 sec after bolustracking), (2) 
venous phase (40-80 sec after bolustracking), and (3) delayed 
phase or equilibrium phase or “wash-out phase” (6-10 min-
utes after bolustracking).  Hypervascular tumors such as the 3 
benign liver tumors that are discussed in this chapter and some 
malignant tumors such as hepatocellular carcinoma (HCC) 
enhance during the arterial phase. Hypovascular tumors such 
as metastases tend to enhance during the portal venous phase. 
In the wash-out phase, most of the contrast should have left 
the abdominal structures except for hemangioma and fibrotic 
tissue. Thus in this phase, hemangiomas and fibrotic tissue are 
dense compared to other tissues. Metastatic lesions will wash 
out faster in the equilibrium phase than adenoma or FNH 
because these benign lesions do not have enough neoplastic 
neovascularity to obtain a rapid washout. As mentioned, all 
3 benign liver lesions are hypervascular and, therefore, will 
enhance optimally in the late arterial phase. While heman-

giomas have distinct patterns on CT, differentiating FNH from 
hepatic adenoma (HA) on enhanced dynamic CT can be prob-
lematic (Figure 4). In such a situation, an MRI is necessary to 
tell these lesions apart because they are managed differently. 
The point in all of this is to emphasize the need to be familiar 
with the radiologic patterns of many of these liver entities and 
to have an excellent and reliable radiologist at hand to assist in 
reading and interpreting these images.

LIVER HEMANGIOMAS
Liver hemangiomas are the most common benign tumor of the 
liver with an incidence ranging from 0.7% to 7% of population 
(Figure 5). The majority are found incidentally during a workup 
for unrelated conditions, and vague abdominal symptoms are 
rarely attributed to these small incidentally found hemangio-
mas. Similar to the other 2 benign lesions of the liver, there is a 
proclivity towards female with a female/male ratio of 3:1. The 
nature of the lesions is vascular malformations that enlarge 
by ectasia rather than due to an oncologic process. Lesions 
exceeding 4 cm are classified as giant cavernous hepatic hem-
angiomas. Symptoms develop with larger lesions and depend 
on where the lesion is located within the liver. Large lesions 
can cause early satiety, abdominal pain due to it stretching of 
Gleason’s capsule, biliary obstruction secondary to biliary com-
pression, and/or ascites secondary to portal compression.
 Unlike hepatic adenomas, malignant transformation is 
unusual, rupture is rare, and association with oral contracep-
tive preparations (OCP) is unlikely. There are scattered case 
reports of hemangiomas rupturing with sizes ranging from 3 to 
25 cm due to trauma, biopsy, and spontaneously. Despite these 
case reports, large retrospective studies of 75 to 105 patients 
showed no bleeding risks. Most ruptures (52.6%) are attributed 
to trauma, and the remainder are deemed to be spontaneous. 
Although a rare event, rupture carries a high mortality rate. 
 Hepatic hemangiomatosis is a rare entity whereby there 
are a countless number of hemangiomas throughout the liver. 
The cause is unknown, and it is associated with hereditary 
hemorrhagic telangiectasia and the use of metoclopramide. 

CLINICAL PRESENTATION AND DIAGNOSIS
While the majority of patients with hemangiomas are asymp-
tomatic and the lesions are found incidentally, symptomatic 
patients present with upper abdominal pain, nausea, or post-
prandial satiety. Due to the benign nature of these lesions, rul-
ing out other common etiologies in the differential is essential, 
even in the presence of giant cavernous hemangiomas. The 
persistent abdominal pain after appropriate workup can be 
attributed to the stretching of Gleason’s capsule. Ultrasound 
(US) can demonstrate uniform echogenicity, CT scans can 
show a delay in centripetal flow during the arterial phase, MRI 

BACKGROUND
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can reveal hyperintense signal, and RBC tagged scan can show 
blood pooling. Elevated alkaline phosphatase and total biliru-
bin is due to the mass impinging against the biliary tree, and 
thrombocytopenia is due to sequestration of platelets, which 
can be seen in Kasabach-Merritt syndrome. Percutaneous 
biopsy should be avoided since fatal bleeding has been reported. 
If a biopsy is being entertained due to equivocal image findings, 
it should be done through normal liver tissue

MANAGEMENT
Once the diagnosis of hepatic hemangioma is established, the 
decision to either observe with serial imaging studies or inter-
ventions (surgery, embolization) will need to be made. The 
indications for surgery depend on the degree of symptoms in 

relation to the activities of daily living, as well as evidence of 
increasing size over time. Symptoms improved in nearly 90% 
of patients after enucleation or resection of large, symptomatic 
lesions. Similar to other benign hepatic lesions, if radiologic 
imaging studies are equivocal and there is a concern for malig-
nancy, we proceed with resection with a caveat that it can be 
safely done.
 The risks associated with OCP are not well known. 
Whether it is advisable for patients with a hemangioma to 
become pregnant remains controversial.  For those with a 
hemangioma who are also pregnant, expectant conservative 
management by leaving the lesion alone is recommended.
 Among asymptomatic patients, we factor tumor size and 
lifestyle into the equation for surgery.  While rupture is rare, 

FIGURE 4: Comparison of 4 solitary liver tumors.  For hemangioma, there is peripheral nodular enhancement on the 
arterial phase with increased centripetal contrast pooling in the portal venous phase and delayed phase.  For focal nodular 
hyperplasia (FNH), adenoma, and hepatocellular carcinoma (HCC), there is enhancement of the lesion on early arterial 
phase and isoattenuating/hypoattenuating lesions on the portal venous phase. FNH tends to have a stellate central scar 
pattern and HCC tends to have a capsule around the hypointense lesion in the delayed phase. 
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there is a propensity for larger lesions to rupture, especially 
in trauma.  In fact, over 50% of ruptures occur in the trauma 
setting. Traumatic rupture can be induced even by the sim-
plest of traumas, and the consequence of such an event can be 
devastating, carrying a mortality of up to 75%.Thus, for those 
patients who are involved in high-risk physical activity (ie, con-
tact sports, military, police, horseback riding, etc.) and/or with 
asymptomatic lesions > 5 cm, we recommend resection. For 
those for which surgery is too risky, we recommend emboliza-
tion with follow-up serial imaging studies. 
 In the elective setting, the mortality for resection or enu-
cleation of lesions in high-volume centers is <1%. Postopera-
tive morbidity rate is 24% with the majority of complications 
occurring in the resection group rather than the enucleation 
group. Complications range from being minor such as ileus, 
urinary tract infections to major such as biliary leaks. Thus, 
the decision for surgery should be individualized and weighed 
carefully, taking into consideration the severity of the patient’s 
symptoms, size, anatomic location of the lesion, evidence of 
fatty liver, patient’s body habitus, lifestyle, age, comorbid con-
ditions, and patient’s overall surgical fitness to undergo surgical 
intervention (Figure 6). 
 Another group worth mentioning are those who have liver 
hemangiomas and thrombocytopenia, or Kasabach-Merritt 
syndrome. This syndrome generally occurs in the pediatric 
population, and reflects rapidly growing hemangiomas that 
sequester platelets. Sequestration of platelets can happen in 
hemangiomas other than the liver and elimination of heman-
giomas will resolve the thrombocytopenia.  Thus, for patients 
with Kasbach-Merritt syndrome secondary to hepatic heman-
gioma, liver resection should be entertained.  
 Surgery currently is the mainstay of intervention with 
either complete resection or enucleation. Tumor enucleation 

is favored since it minimizes loss of functional hepatic tissue, 
reduces blood loss, and diminishes the chance for a biliary leak. 
In a retrospective review of 52 patients, Lerner et al showed 
that while both major liver resection and enucleation result 
in complete resolution of the hemangiomas, major complica-
tions requiring surgical intervention were only seen with the 
major liver resection group. Orthotopic liver transplantation 
is reserved for symptomatic patients with unresectable giant 
hemangiomas or those associated with Kasabach-Merritt syn-
drome. 

Because hemangiomas are high-flow lesions, they are ame-
nable to transarterial embolization (TAE) (Figure 7). Heman-
gioma structure should be interrogated with angiography prior 
to embolization to ensure that there are no signs of arteriove-
nous malformations. Additionally, it should have a dedicated 
vascular inflow that would benefit from embolization. Finally, 
TAE should carefully be done to prevent embolic content from 
migrating into the extrahepatic structures. While embolization 
has been shown in several case studies to reduce symptoms, 
long-term durability is questionable. We found that for some 
patients, the pain actually increased following the procedure 
and that the decrease in size was not as great as anticipated. 
Finally, TAE may need to be repeated multiple times to achieve 
the desirable outcome. 

TAE can be helpful in the preoperative period. Preopera-
tive embolization prior to resection has been reported in some 
case series to reduce surgical blood loss by shrinking the lesion 
and making the dissection of the hemangioma from the retro-
peritoneal space and its neighboring attachments much easier 
and quicker. The ideal timing for surgical intervention follow-
ing embolization is generally thought to be 1 day. However, 
further studies will be needed to verify such findings. 

TAE is also helpful for lesions that have bled. Although 

FIGURE 5:  A patient with a caudate hemangioma that has lifted the porta hepatis anteriorly while pushing the cava 
posteriorly 
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phosphatase. She was found to have a very large left lobe of liver hemangioma (A), part of which had penetrated through 
the foramen of Winslow while the larger part was pushing the porta hepatis downward, leading to partial CBD obstruction. 
She underwent a successful left hepatectomy (B) with complete resolution of her symptoms.

A.

B.
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there are only scattered reports on this topic, the literature 
tends to favor its use. TAE for bleeding hemangiomas prior to 
surgical resection can be of benefit since it converts an emer-
gent situation to an urgent one and allows us time to resuscitate 
and optimize the patient for surgical resection. 
 Complications with TAE are generally due to thrombosis 
and necrosis of the hemangioma and are generally self-limited.  
Nonspecific symptoms such as right upper quadrant pain, nau-
sea, fever, and anorexia can occur and generally last < 1 week.  
Elevated LFTs occur for the first 3 days and normalize within 2 
weeks. Rare serious complications include abscess, sepsis, liver 
failure, migration of embolizing agent, and death.
 In summary, TAE should be limited to lesions that are 
amenable for embolization, for those patients who are poor 
surgical candidates, preoperatively for lesions considered to be 
a technical challenge, and for ruptured/bleeding.

FOCAL NODULAR HYPERPLASIA (FNH)
FNH is the second most common benign liver lesion following 
hemangiomas. It belongs to a group of regenerative nodules 
generally thought to be due to a congenital vascular anomaly. 
FNH can be found in both genders, although predominantly 
among women between the ages of 20 and 50 years.  The 
majority of patients (up to 75%) with FNH are asymptomatic 
and unlike HA, FNHs are not at risk of rupture, hemorrhage, 
infarction, or necrosis.  There is no risk of malignant transfor-
mation with FNH.

CLINICAL PRESENTATION AND DIAGNOSIS
As mentioned, most FNHs are found incidentally during imag-
ing performed for unrelated conditions (Figure 8).  Because a 
combination of imaging studies and clinical history are reli-
able in making the diagnosis, tissue biopsy is rarely necessary.  
Ultrasound, CECT, MRI, and hepatobiliary scintigraphy with 
technetium-99m (99mTc) sulfur colloid are common imaging 
modalities used to evaluate FNH. CECT and MRI are the most 
sensitive modality in diagnosing FNH. On CECT, a central 
stellate scar can be detected, although seen only in one third of 
patients. Additionally, as mentioned above, a central scar can 
also be seen in the fibrolamellar variant of HCC. MRI is excel-
lent in differentiating FNH and fibrolamellar variant of HCC. 
For the latter, they tend to be large (10 cm), possess calcifica-
tions and heterogeneous enhancement, and the central scar is 
hypointense on T2-weighted MRI whereas it is hyperintense 
for FNH. 
 Although less commonly ordered, 99mTc can be useful 
because, unlike hepatic adenomas, FNH has Kupffer cells, 
which take up the tracer. 

MANAGEMENT
In general, FNH is not associated with oral contraceptives, 
although they may be responsive to estrogens. Some authors 
reported that patients taking oral contraceptives tend to have 
larger lesions and more complications compared to those who 
do not. However, others seemed to refute such an associa-
tion. We do not routinely recommend discontinuation of oral 

FIGURE 7: Interventional radiologic transarterial embolization (TACE) of hemangioma. (A) Before TACE, and (B) after 
TACE. Note that the lesion has decreased in size.
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contraceptives or estrogen-containing agents. Most patients 
with FNH are asymptomatic and for them, we recommend 
conservative management, which includes serial CT imaging 
studies every 6 months for up to 2 years.  If the lesion remains 
stable, we discontinue serial imaging. We reserve surgery for 
large, symptomatic lesions, those that result in complications 
(ie, bile duct compression, rupture/acute bleed), or highly sus-
picious lesions whereby the diagnosis of malignancy cannot 
be excluded. Surgery can be performed either with the open 
technique or minimally invasive technique (laparoscopic or 
robotic). Although there are no randomized trials comparing 
the open and the minimally invasive technique for FNH, we 
found that in properly selected cases, the minimally invasive 
approach can be safely done, with the caveat that it is done in 
experienced hands. 

HEPATIC ADENOMAS (HA)
Hepatic adenomas are uncommon, representing the third 
most common benign solid tumor of the liver following hem-
angioma and focal nodular hyperplasia (FNH) (Figure 9). It is 
generally found in young women (aged 20 to 40 years) who 
use oral contraceptive preparations (OCP), those who use 
anabolic androgens (ie, body builders, men who are impotent, 
or transgender individuals), and those with glycogen storage 
disease. The reported incidence is 3 to 5 cases per million per-
sons. Along with the rise of oral contraceptives since the 1960s, 
increased access to computed tomography (CT) scans also 
contributed to the increased diagnosis of adenomas. As OCP 
are an integral part of female health, it is important to weigh 
the benefits and risks of its discontinuation when advising 
patients who have hepatic adenomas. HA can regress following 
discontinuation of OCP.  An additional subset of patients that 

proves to be a management challenge is pregnant women, since 
the risk of rupture is high and when it does happen, maternal 
mortality and fetal mortality can reach nearly 60% for each.
 A distinct pathologic entity of HA is adenomatosis (Fig-
ure 10). For this entity, the liver generally possesses more than 
10 adenomas. It is not associated with estrogen or steroid use. 
The risk of malignant transformation is not increased over 
solitary HA, except for those with glycogen storage disease. 
The approach for treating adenomatosis is similar to those with 
solitary HA. 
 The two biggest concerns with HA are rupture and malig-
nant transformation. The risk of rupture is high for patients 
with large lesions and those who use exogenous hormone (ie, 
oral contraceptives). A large multicenter trial of 124 patients 
by Deneve et al reported that the risk of rupture was associ-
ated with lesions > 7 cm as well in patients who used recent 
exogenous hormones or who were pregnant within the past 6 
months. There was no association with age, gender, BMI, or 
recent biopsy. 
 The overall occurrence of rupture ranges from 20% to 40%, 
with an 8% mortality rate due to exsanguination.  Interestingly 
enough the operative outcome amongst ruptured versus non-
ruptured HAs were fairly similar. In contrast to hepatic hem-
angiomas, mortality was higher among patients with ruptured 
hemangioma than non-ruptured hemangioma. Ruptured HA 
require more blood transfusion secondary to blood loss, more 
extensive resection, and higher complication rate (surgical site 
infections, wound debridement, intra-abdominal fluid collec-
tions, repeat surgery, stroke, discharge to long-term facility, 
death) than nonruptured HA. As might be expected, ruptured 
HA tends to be larger and involves more liver segments than 
nonruptured HA. Major resections (>3 segments) were seen in 

A B Central Scar 

FIGURE 8: Focal nodular hyperplasia (FNH) in a 19-year-old male.  Note the central scar seen on CT (A) and MRI (B)



            61MANAGEMENT OF LIVER HEMANGIOMA, HEPATIC ADENOMA, AND FOCAL NODULAR HYPERPLASIA

H
E

P
A

T
IC

up to 94% of ruptured HA compared to only 33% in nonrup-
tured HAs. Similarly, blood loss was increased almost threefold 
with ruptured HAs versus nonruptured HAs (1.5 versus .5 
liters, respectively).
 In regard to malignant transformation, the risk remains 
relatively low, ranging from 4%-5% in specimens evaluated 
post resection. The lesions harboring HCC tended to be on the 
larger end of the spectrum, averaging 11.6 cm, although a case 
of malignancy was reported for an adenoma measuring 4 cm. 

BORDEAUX CLASSIFICATION: MOLECULAR 
CLASSIFICATION OF HA
Recent molecular investigations have classified HA into 4 
distinct molecular subtypes that have unique phenotypic, 
imaging, and molecular features: (1) hepatocyte nuclear factor-
1A mutated adenomas (H-HCA; 30%-40%), (2) ß-catenin-
activated adenomas (B-HCA; 10%-15%), (3) inflammatory 
adenomas (I-HCA; 40%-50%), and (4) undetermined subtype 
(U-HCA; 10%-25%). Of note, the ß-catenin pathway can be 
activated in a subset of I-HCA (Table 1).
 The clinical utility of the Bordeaux classification remains 
to be defined. It is not helpful in predicting which lesion will 
rupture or bleed. However, it is helpful in predicting which 
lesion may be at risk of having malignancy. The ß-catenin sub-

type is associated with a high risk of malignant transformation; 
specifically, the exon 3 mutation is the culprit whereas the exon 
7/8 mutation is not. The liver is unique in its ability to regener-
ate, and one of the early pathways involved is the Wnt/ß-catenin 
pathway. Among the hepatic adenomas that are malignant, 
ß-catenin mutation was noted in 46% of the tumors. Of note, 
malignant transformation was rarely seen in the HNF1-alpha-
activated or the inflammatory subtype. Thus, a biopsy to obtain 
whether the adenoma harbors the ß-catenin mutation may be 
appropriate for those cases where the concern for malignancy 
is high. Obviously, the question remains whether it is even nec-
essary for large lesions (ie, > 5 cm), or those for which surgery 
is likely the best option (ie, men with adenoma). The molecular 
information will therefore have to be considered along with 
other pertinent clinical information when weighing the risk 
of surgery versus the risk of the adenoma transforming into a 
cancer.

CLINICAL PRESENTATION AND DIAGNOSIS
The diagnosis of hepatic adenoma is based on a combination of 
symptoms such as abdominal pain and a liver lesion detected 
on ultrasound or CT scans. Traditional imaging criteria for 
hepatic adenomas are hypervascularized heterogeneous lesions 
on computed tomography with or without intratumoral necro-

Subtype % Specific Features MRI Findings Malignant 
Potential

Treatment Recommen-
dation

I-HCA 40-55% •  Inflammatory infiltrate
•   amyloid A
•   C-reactive protein
•   Body weight
•  High alcohol intake
•  ß-catenin is found in 

10%

•  Atoll sign (hyper-
intense rim on T-2 
weighted images)

•  Hyperintense on 
T2-weighed images

•  Persistent enhance-
ment in venous 
phase

For those that have 
ß-catenin mutation

•  Consider surgery 
for lesions with 
ß-catenin

•  Risk of bleeding, 
especially for 
lesions ≥ 5 cm

H-HCA 30-45% •  Downregulation of the 
LFABP

•  Steatosis, absence of 
cytological atypia

•  Absence of inflamma-
tory infiltrate

•  Diffuse and 
homogenous fat 
deposition

None Conservative Manage-
ment

B-HCA 10-15% •  Mutated ß-catenin (exon 
3 mutation)

•   GLUL

•  Not well defined High Surgery

U-HCA 10% •  No defined mutation
•  Pathogenesis remains 

unclear

•  No defined sign Undefined Conservative Manage-
ment

HCA: Hepatocellular Adenoma; I-HCA: Inflammatory HCA; H-HCA: HNF1A-mutated HCA; B-HCA: ß-catenin HCA; 
U-HCA: Unclassified HCA; LFABP: Liver Fatty Acid-Binding Protein; GLUL: Glutamine-Ammonia Ligase

TABLE 1: Specific Features of Bordeaux Classifications of Hepatic Adenomas
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sis or bleeding, low uptake on technetium sulfur colloid scan (it 
lacks Kupffer cells), or presence of a capsule or pseudocapsule, 
and hypovascular areas on CT/MRI. Patients who present with 
acute onset of pain are likely to have intratumoral bleeding or 
rupture into the peritoneal cavity, which can occur in approxi-
mately 30% of cases of hepatic adenomas. Laboratory values 
generally reveal elevated alkaline phosphatase levels or elevated 
gamma-glutamyl transpeptidase for lesions exceeding 10 cm or 
that have ruptured. 

MANAGEMENT
At a minimum, cessation of exogenous hormones is recom-
mended, followed by serial imaging, as these lesions will shrink 
when the inciting hormone has been removed. In general, we 
prefer to obtain either CT or MRI every 6 months for the first 
2 years and then once annually for lesions that we are follow-
ing. Intervention is dictated by the risk of hemorrhage and 
malignant transformation, which is directly correlated to size. 
Hepatocellular carcinoma is seen in 5% of patients with lesions 
exceeding 8 cm. The rate of rupture is strongly associated with 
size > 5 cm.  
 Surgical resection is recommended for lesions ≥ 5 cm, 
those that are enlarging, those for which malignancy cannot 
be excluded, and those that are symptomatic. Additionally, 

adenomas in men, regardless of size, and especially those that 
are associated with anabolic steroid use, those with glycogen 
storage disease, and those that harbor ß-catenin mutations 
should also be given serious consideration for surgical extirpa-
tion. Obviously, the patient should be able to tolerate the opera-
tion, and the operation should be done by an experienced HPB 
surgeon. Surgery can be done either with the open approach or 
the minimally invasive approach. We believe that the surgeon’s 
experience and level of comfort play a more important role in 
outcome than the actual approach taken.
 Pregnant women with HA pose a management challenge.  
Since adenomas respond to hormones, they can increase in size 
with pregnancy and thus put the patient at risk for rupturing 
and bleeding. For women who would like to become pregnant, 
close monitoring without discouraging the patient’s wish is 
recommended for lesions < 5 cm. However, for those patients 
with lesions > 5 cm or those who had complications from the 
adenomas from previous pregnancies, we recommend surgical 
resection prior to proceeding with the pregnancy.  In situations 
where HA is discovered during pregnancy, we recommend 
close monitoring for lesions < 5 cm.  However, for lesions > 5 
cm, surgical resection should be considered during the second 
trimester but delayed in the third trimester since surgical inter-
vention during this trimester is fraught with complications 

Subtype Prevalence F:M Specific Features Associated 
with OCP?

Malignant 
Potential

Treatment 
Recommendation

Hemangioma 5-20% 2-6:1 •  Kasabach-Merritt 
syndrome

•  Can rupture and 
associated mortality 
is high

No No Indications for Surgery:
•  Symptomatic lesions 
•  High risk physical 

activity (contact 
sports, military, police, 
etc).

TAE for bleeding/ruptured 
or unresectable disease

Focal Nodular 
Hyperplasia

2-3% 8:1 •  Central Stellate Scar
•  99Tc uptake

No No •  Surgery for symptom-
atic lesions or when 
malignancy cannot be 
excluded

Adenoma Rare (Incidence: 
1 per 1million 
persons per 
year)

10:1 •  Rupture/Bleeding 
risk for lesions ≥ 
5cm

•  Malignant transfor-
mation 

•    ≥ 5 cm
•  ß-catenin positive
•  Does not uptake 99Tc

Yes Yes Indications for Surgery:
•  ≥5cm
•  Male
•  Cannot exclude 

malignancy
TAE for bleeding/ruptured 
or unresectable disease

OCP: Oral Contraceptive Preparations; TAE: Transarterial Embolization; 99Tc: 99Technetium-Sulfur Colloid Scan

TABLE 2: Specific Features of 3 Common Benign Liver Tumors
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(Figure 11). Figure 12 is our algorithm for managing a patient 
with adenoma who is either pregnant or wishes to become 
pregnant.
 Liver transplantation is rarely necessary, but is indicated 
for severe unresectable disease, history of life-threatening com-
plications, and those with associated portosystemic venous 
shunt or glycogen storage disease type 1a-associated adeno-
matosis.  The mean survival following transplant is around 7.5 
years.  

ROLE OF NONSURGICAL INTERVENTION: 
EMBOLIZATION AND RADIOFREQUENCY ABLATION
HA are hypervascular arterial lesions. As such, transarterial 
embolization (TAE) should be the initial treatment of choice 
for an adenoma that has ruptured or is acutely bleeding. It is 
effective not for controlling the acute hemorrhage, but also for 
reducing the size of the lesion. In a study of 11 patients, Stoot et 
al demonstrated TAE was successful at controlling hemorrhag-

FIGURE 10: Adenomatosis

FIGURE 9: This is a child-bearing-age patient who presented to the ER with abdominal pain, distention, and a bleeding 
liver adenoma. Because there was no interventional radiology available, the surgeon took her to the OR and packed the 
ruptured liver mass. She was subsequently transferred to our facility, and we successfully performed a formal resection. She 
recovered uneventfully.
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FIGURE 12: Our algorithm for managing a patient with adenoma who is pregnant or wishes to become pregnant.

FIGURE 11:  A 31-year-old woman, 21 weeks pregnant who presented with upper abdominal pain and an US demon-
strated a large liver lesion.  A subsequent non-contrast MRI confirmed a 12cm liver lesion, with a concern for possible 
rupture (A).  She was taken to the operating room with obstetrics on stand-by and on entering the abdomen, it was noted 
that she had approximately 200 cc of blood in the upper abdomen.  The liver was quickly mobilized and a segmental resec-
tion was performed (B).  The patient and fetus did well and she was discharged on POD # 4. The final pathology was a 
hepatic adenoma.
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FIGURE 13: Our algorithm for a hepatic adenoma

ing in a single setting, while surgery required several trips to 
the operating theatre. In addition to hemorrhagic control, TAE 
decreased the median diameter of bleeding adenomas by more 
than half (from 7.0 cm to 2.5 cm). Non-hemorrhagic lesions 
were also reduced in size. 
 In high-volume centers, angiography evaluation and sub-
sequent embolization is beneficial not only in an acute setting 
but also in the elective setting for size reduction. Such reduction 
translates to a lower morbidity with subsequent surgery. Embo-
lization can potentially eliminate the adenoma altogether. In 
some cases, only necrotic material is seen when the adenoma 
is embolized followed by resection. Given this scenario, it is 
debatable whether surgery is even necessary. Since there is a 
paltry amount of data at this time on the topic and given the 
risk of malignancy, we recommend surgical extirpation follow-
ing embolization. Embolization alone is reserved for patients 
with surgical comorbidities that preclude a safe operation, or 
for lesions with unfavorable surgical anatomy for which the 
risk of surgery outweighs the benefit. 
 Radiofrequency ablation (RFA) has been proposed to 
address HA.  However, data remains limited. RFA is generally 
reserved for lesions smaller than 4 cm, although it is an option 
for larger lesions for which surgical intervention is prohibitive.  
 Figure 13 is our algorithm for management of patients 
with hepatic adenoma. 

CASE WRAP-UP
For the patient with a giant cavernous liver hemangioma that 
we presented at the beginning, there were multiple indications 
for resection. His abdominal pain was related to the giant 
lesions.  Besides having a large symptomatic lesion, his profes-
sion as a construction worker placed him at a higher risk for 
potential blunt trauma, which may lead to rupture. There was 
also a mass effect with compression of the portal vein. While 
currently patent, the large hemangioma threatens the patency 
of the portal vein. Following resection, he became symptom 
free and a 6-month follow-up CT demonstrated no recurrent 
disease.
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SALIENT POINTS
•  The prevalence is higher in female than male for all 3 benign lesions. 
•  Lesions ≥ 4 cm are giant cavernous hepatic hemangioma.
•  While rare, ruptured hemangioma can lead to a devastating outcome.  
•  Embolization should be the initial treatment for ruptured/bleeding hemangioma.
•  Focal nodular hyperplasia (FNH) has a stellate central scar.
•  FNH takes up 99mTc, unlike adenoma, which does not. 
•  FNH and hemangioma are not associated with oral contraceptive preparations (OCP).
•  Indications for FNH include those who have symptoms, those that cause obstruction or when malignancy cannot be 

excluded.
•  Hepatic adenoma (HA) is associated with OCP.
•  Concerns for HA are rupture/bleeding and malignant transformation.
•  Bordeaux classification is a molecular classification system for HA.
•  Indications for surgery for HA include ß-catenin positive tumors, ≥5 cm, symptomatic lesions, male gender, glycogen 

storage disease, and inability to exclude malignancy.
•  Ruptured/bleeding HA should undergo embolization.
•  Women planning to become pregnant should undergo resection for lesions ≥ 5cm. 
•  Pregnant women with lesions ≥ 5cm can safely undergo resection in the second trimester; for third trimester, attempt to 

delay surgery until after delivery. 
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CASE SCENARIO

A 48-year-old Hispanic male is referred for umbilical hernia repair. On a routine blood test, he is found to have elevated 
aspartate aminotransferase (AST) of 66 U/L and alanine aminotransferase (ALT) of 85 U/L. The rest of the liver chem-
istries are normal. His previous medical history includes type 2 diabetes, dyslipidemia, hypertension, and obstructive 
sleep apnea. His current medication includes atorvastatin, aspirin, metformin, and Lisinopril. He drinks half a glass 
of wine daily. Family history is significant for alcoholic cirrhosis in father and hypothyroidism in mother. On physical 
examination, his body mass index (BMI) is 32 with mild hepatomegaly and no stigmata of cirrhosis. Ultrasound noted 
for increased liver echogenicity giving impression as fatty liver. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

NONALCOHOLIC STEATOHEPATITIS (NASH)
Nonalcoholic fatty liver disease (NAFLD) is the most common 
cause of chronic liver disease in Western countries due to the 
epidemic of obesity. NAFLD is a spectrum of disease rang-
ing from non-alcoholic fatty liver (NAFL) (bland steatosis), 
to steatohepatitis (steatosis with inflammation) and cirrhosis 
(fibrosis). NAFL can be differentiated from NASH mainly on 
histology, but liver biochemistry can give some clue. In United 
States, a prevalence of NAFLD was found to be 10-46% while a 
prevalence of NASH was 3-5%. Furthermore, NASH cirrhosis 
is currently the third most common cause of liver transplanta-
tion and is projected to be the leading cause in 2020. Unlike 
NAFL, NASH carries a risk for progressive fibrosis, cirrhosis, 
and hepatocellular carcinoma. In fact, NASH may progress to 
cirrhosis in up to 11% of patients, and 7% of NASH patients 
die of liver-related complications within 15 years after diag-
nosis. Hence, distinguishing NASH from NAFL is crucially 
important in clinical practice. Additionally, patients with 
NASH often undergo surgery due to increased risk of surgical 
conditions for example, cholecystectomy, bariatric surgery, or 
hernia surgery. Thus, interaction between NASH and surgical 
outcomes are increasingly recognized.

IS NASH THE CORRECT DIAGNOSIS?
Unfortunately, individuals with NASH are often asymptom-
atic; therefore, diagnosis is generally made incidentally during 

routine blood tests or on abdominal imaging, or, less com-
monly, when cirrhosis develops. Some patients may complain 
of fatigue and right upper abdominal discomfort due to hepa-
tomegaly. On physical examination, however, hepatomegaly is 
often difficult to appreciate due to obesity. Stigmata of chronic 
liver disease, such as spider angioma, palmar erythema, or 
parotid gland enlargement, are limited to patients with cir-
rhosis. More common features are findings associated with 
metabolic syndrome or diabetes such as acanthosis nigricans, 
truncal obesity, etc. 
 Serologically, elevation of AST and ALT are incidentally 
found during a routine blood test; however, the degree of 
elevation is generally less than 5-fold the upper limit of normal. 
Unlike alcoholic steatohepatitis, ALT is often greater than AST. 
Levels of AST and ALT may also normalize with advanced 
disease due to diminished inflammation. Serum alkaline 
phosphatase and gamma glutamyl transpeptidase (GGT) levels 
may be elevated, but seldom more than 5-time of the reference 
range. Hyperbilirubinemia, elevated prothrombin time, low 
platelets, and low serum albumin level should raise the suspi-
cion of development of cirrhosis. Autoantibodies can be seen 
in 23-36% of NASH patients but with low titers. Abnormal iron 
study has also been reported in 20–60%. Elevated ferritin can 
be found in more advanced disease which can sometimes be 
confused with hemochromatosis. 
 Although there are no consensus criteria for diagnosis of 
NASH, it is universally accepted that four main components 
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are required. These include an evidence of steatosis, absence 
of significant alcohol intake, exclusion of other causes of fatty 
liver disease, and, lastly, an evidence of inflammation as shown 
on blood chemistry or biopsy (Table 1). Of note, a biopsy is 
not required to establish the diagnosis so long as the patient 
possesses the risk factors for NAFLD and other causes of ste-
atohepatitis (i.e. alcohol, chemotherapy) have been excluded. 
 
IS ULTRASOUND A GOOD METHOD TO DETECT 
STEATOHEPATITIS?
Evidence of steatosis can be detected by several radiological 
modalities, such as ultrasonography (US), computed tomog-
raphy (CT), and magnetic resonance imaging (MRI); however, 
they cannot distinguish NASH from NAFL. Among these 
modalities, US and MRI appear to be the most accurate for 
steatosis. US is a preferable method due to cost effectiveness 
and easily accessibility. 

WHAT COMMON ETIOLOGY OF FATTY LIVER NEED 
TO RULE OUT IN SUSPECTED CASE OF NASH? 
Theoretically, NASH can be categorized as primary and sec-
ondary depending on absence or presence of identifiable cause 
such as alcohol or medications (Table 2).  To avoid confusion, 
primary NASH in this chapter is generally referred as NASH. It 
is well accepted that NASH occurs because of insulin resistance 
in an absence of other etiology. Exclusion of other causes is 
essential for diagnosis and treatment. Most important amongst 
them are alcohol and medication. Hence, assessment of alcohol 
consumption and review of medication list are critical. As a 
rule, the quantity of daily alcohol consumption should not be 
exceeding 20 g/day in males and 10 g/day in females. Although 
only hepatitis C virus, specifically genotype 3, is associated ste-
atosis, hepatitis A, B, and C serology should be tested. Other 
etiology of AST and ALT elevation superimposing underly-
ing NASH should also be appropriately excluded depending 
on clinical suspicion such as autoimmune hepatitis, Wilson’s 
disease etc. Considering the strong association between NASH 
and metabolic syndrome, presence of truncal obesity, dyslipid-
emia, diabetes, and insulin resistance are supportive evidence. 
Yet, normal BMI can be found in 12% of patients with NASH. 

TABLE 1: Diagnostic criteria for NASH

FIGURE 1: Histopathology of liver biopsy demonstrating 
lobular inflammation with mixed inflammatory cells and 
hepatocyte ballooning consistent with NASH

Evidence of steatosis

Absence of significant alcohol intake (male 20gm/day and 
female 10 gm/day)

Evidence of inflammation (blood chemistry or biopsy)

Exclusion of other causes of fatty liver disease

Primary NASH
  Associated with metabolic syndrome

Nutritional
  Kwashiorkor and marasmus
  Starvation
  Total parenteral nutrition (TPN)

Drugs
  Tetracyclines
  Cocaine
  Glucocorticoids
  HAART (zidovudine, stavudine, didanosine)
  Tamoxifen
  Valproic acid

Inborn Errors of Metabolism
  Abetalipoproteinemia
  Galactosemia
  Weber-Christian syndrome
  Wilson disease

Surgical Procedures
  Extensive small bowel resection
  Jejunoileal bypass

Infection
  HIV
  HCV

TABLE 2: Causes of nonalcoholic steatohepatitis (NASH)
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WHEN TO CONSIDER LIVER BIOPSY?  
(FLOWCHART 1)
Although most of patients with NAFLD do not require liver 
biopsy, liver biopsy is strongly recommended in a few circum-
stances. Firstly, liver biopsy should be performed when second-
ary causes of steatohepatitis cannot be completely excluded, 
especially when AST and ALT increases more than 5-times of 
the upper normal limit, or is persistent > 6 months, or serologi-
cal tests suggesting other diagnosis are strongly positive such 
as: anti-smooth muscle antibody, antimitochondrial antibody, 
etc. Secondly, when accurate evaluation of fibrosis or cirrhosis 
affects an important clinical decision, liver biopsy is justified 
(Flowchart 1). From a surgical standpoint, presence of cirrhosis 
or significant portal hypertension predict postoperative com-

plications and hepatic decompensation. Regardless of potential 
benefits of liver biopsy, risk of complications should always be 
considered. 
 Both histologic features of steatosis and evidence of hepa-
tocyte inflammation or injury are essential for the diagnosis of 
NASH on liver biopsy (Figure 1).  Generally, evidence of ste-
atosis can be easily detected whereas evidence of hepatocyte 
injury or inflammation is more subtle and subjective. Steatosis 
in NASH is often macroscopic and more prominent in zone 
3. Ballooned hepatocytes, apoptotic body, and Mallory hyaline 
signifies injury to hepatocytes, although these are not charac-
teristic of NASH. Although portal inflammation can be found, 
lobular inflammation is almost always more prominent. Sinu-
soidal fibrosis is zone 3 (Chicken wire) can also be found. Most 
importantly, it is important to note that,histologically, NASH is 

FLOWCHART 1: Assessment of patient with fatty liver before surgery
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No 

Yes 

Yes 
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indistinguishable from alcoholic hepatitis. Therefore, a history 
of alcohol consumption cannot be overemphasized. NAFLD 
activity score (NAS) and NASH activity index (NAI) are great 
tools for quantification of severity per histology; however, they 
are more useful to quantify improvement or deterioration of 
NASH for research purposes than in clinical practice.

WHAT ARE NON-INVASIVE MODALITIES FOR 
EVALUATING SEVERITY OF NASH? 
Severity of NASH depends on two main factors: degree of 
inflammation and fibrosis. Although liver biopsy is the gold 
standard for evaluation of both, it is not always practical due 
to its risk. Clinical information and laboratory tests are helpful 
in determining disease severity (Table 3). Numerous systems, 
including FibroSURE (FibroTest), Fibrometer, NAFLD fibrosis 
score, Fib-4, AST-to-platelet ratio index (APRI), BARD, Euro-
pean Liver Fibrosis Score (ELF), NASHTest, and AST/ALT 
ratio, have been evaluated in the setting of NFLD. However, 
they are moderately accurate in assessing degree of fibrosis but 
not inflammation. Recently, techniques of measuring liver stiff-
ness by elastography, have emerged as non-invasive diagnostic 
tests for quantifying liver fibrosis and prognosticating fatty 
liver disease. However, these noninvasive imaging modalities 
cannot differentiate NASH from NAFLD. One of the newer 
serum markers of inflammation is cytokeratin-18. Multiple 
other noninvasive tests have been studied, but, overall, addi-
tional validation is required before these markers can be used 
routinely

WHAT IS THE EFFECT OF NASH ON SURGERY?
The effect of NASH on surgery can be categorized into two cat-
egories: cardiovascular risk associated with NASH and risk of 
hepatic decompensation. Physicians are generally familiar with 
cardiovascular risk, and preoperative evaluation is routinely 
performed by a cardiologist or internal medicine. In contrast, 

risk of hepatic decompensation is sometimes overlooked. This 
scenario exclusively occurs when patients with NASH suf-
fer from well-compensated cirrhosis; therefore, it is difficult 
to be recognized by physicians prior to surgery. Hence, sur-
geons should be cautious in selecting individuals with NASH 
or morbid obesity for surgery. Evidence of cirrhosis, such as 
thrombocytopenia, splenomegaly, elevation of bilirubin, or 
ascites, should not be neglected. When in doubt of degree of 
fibrosis or presence of cirrhosis, gastroenterology, or hepatol-
ogy, consultations are appropriate and further evaluation, such 
as elastography or liver biopsy, should be performed. Changes 
in hemodynamic, pharmacodynamic, and pharmacokinetic in 
cirrhotic patients are also important in peri and postoperative 
periods. For example, vigorous fluid management with high 
sodium content may cause ascites with persistent drain out-
put post operatively in previously well-compensated cirrhotic 
patients, which can be confused with surgical related complica-
tions and can also prolong the recovery. 

IS LIVER RESECTION IN NAFL/NASH SAFE? 
Liver resection related risk of mortality and morbidity is closely 
associated with remnant liver volume and function. Patients 
with NASH and fatty liver are at increased risk of postopera-
tive complications as liver regeneration is affected by under-
lying pathogenesis and decreased quality of liver cells due to 
fatty infiltration. The adverse effects of steatosis in liver surgery 
was at first reported in transplantation cohorts showing poor 
outcome of steatotic grafts. Risk of developing postoperative 
complications is more after hepatic resection if > 30% hepa-
tocytes are affected with steatosis. Interestingly, a study by 
McCormack showed that presence of jaundice in a steatotic 
liver is strong risk factor for poor postoperative outcome after 
major hepatectomy (> 3 liver segments). Surgeons should take 
the presence of underlying injured livers into account when 
planning the extent and type of hepatic surgery. We suggest 
that in patients with elevated bilirubin, efforts should be made 
either to postpone surgery until normalization of bilirubin or 
to minimize the extent of liver resection. Further research is 
needed to identify reliable noninvasive detection techniques 
for NASH and evaluating benefits from medical treatment of 
NASH before partial hepatectomy.

HOW BARIATRIC SURGERY AFFECTS NASH?
There are various bariatric surgical procedures to reduce the 
gastric reservoir (restrictive procedures) and to reduce intesti-
nal absorption of nutrients (malabsorptive procedures). Several 
studies have shown improvement in metabolic syndrome and 
improvement in NASH post bariatric surgery. Inflammation 
and fibrosis seen in liver biopsy specimens often improves 5 
years after bariatric surgery, but both inflammation and fibrosis 
can worsen in some patients due to rapid and extreme weight 
loss and hence careful monitoring of these patients is crucial. 

TABLE 3: Predictors of severe histology of NASH

Age >40–50 years

Degree of central obesity

Hypertension

Uncontrolled diabetes mellitus

Hypertriglyceridemia

Elevated ALT and/or AST with AST: ALT ratio >1

Elevated serum IgA level

Family history of NASH or cryptogenic cirrhosis
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CASE SCENARIO 2
A 65-year-old morbidly obese female with a diagnosis of colon 
cancer and hepatic metastasis recently underwent neoadju-
vant chemotherapy including irinotecan and 5-FU, followed 
by hepatic metastatectomy. During chemotherapy, the patient 
developed AST elevation of 96 U/L and ALT of 125 U/L. The 
rest of the liver chemistries were normal. Of note, abdominal 
imaging and liver function tests prior to chemotherapy were 
normal. Viral and autoimmune markers were negative, but CT 
scan noted for significant increased liver echogenicity. Patient 
remained asymptomatic and AST and ALT remained elevated 
throughout the course of chemotherapy. Three weeks later, she 
underwent standard right hepatectomy. Postoperatively, the 
patient developed severe hepatic insufficiency including jaun-
dice, coagulopathy, and ascites requiring intensive care. Liver 
abnormality gradually resolved with supportive care and the 
patient was discharged after 4 weeks.

CHEMOTHERAPY ASSOCIATED STEATOHEPATITIS 
(CASH)
The link between chemotherapy and steatosis was first 
described in the literature in 1998. Subsequently, numerous 
chemotherapy agents have been reported to cause steatosis: for 
example, Tamoxifen, Cisplatin, and Irinotecan (Table 4). The 
given clinical scenario is becoming more commonly seen due 
to emerging evidence supporting a role of neoadjuvant chemo-
therapy prior to liver metastatectomy. Unlike CASH in other 
circumstances where hepatic resection is not a part of treat-
ment, the presence of CASH is crucially important in patients 
undergoing liver metastatectomy, especially when major 
hepatic resection is needed or CASH is severe.  

IS IT CASH?
Neoadjuvant chemotherapy prior to liver metastatectomy has 
been increasingly utilized due to growing evidence of its ben-
efit. Two main advantages of this approach are 1) to increase 
curative rate after resection and 2) to downsize tumor from 
unresectable to resectable disease. Although steatosis has 
been clearly linked to chemotherapy in the past, CASH was 
first reported in patients undergoing liver metastatectomy in 
2005 by Fernandez. Subsequent studies with a large sample size 
consistently demonstrated the association between irinotecan 
and CASH. Arguably, these studies were performed without 
evaluation of baseline liver histology either with ultrasound 
or biopsy prior to chemotherapy. Therefore, it is unknown 
whether chemotherapy, especially irinotecan, is responsible for 
development of new onset steatohepatitis or worsening preex-
isting undiagnosed NAFLD.

WHAT IS SIGNIFICANCE OF CASH?
Natural history of CASH has not been well studied. In one 
of the largest the studies by Vauthey of 406 patients, 19 of 94 

patients receiving irinotecan developed CASH (20.2%) com-
pared with 4.4% without neoadjuvant chemotherapy. Vauthey 
demonstrated that 6 patients died after hepatic resection from 
liver failure, including 5 patients with CASH and one with ste-
atosis. However, it should be noted that all 6 patients underwent 
radiofrequency ablation of residual tumor in the remnant liver 
after hepatic resection. Therefore, the death of these patients 
might not relate to CASH but rather due to RFA or the biology 
of residual tumors. Hence, we should not rule out the possibil-
ity of performing liver metastatectomy in the setting of CASH 
after neoadjuvant chemotherapy, since there is lack of strong 
evidence to the contrary. 

HOW TO APPROACH CASH?
CASH can be diagnosed with preoperative liver biopsy; how-
ever, liver biopsy does not give any estimate of functional 
reserve of liver, which is the main determinant of postopera-
tive hepatic decompensation. The best method to evaluate liver 
disease in cases of parenchymal liver disease was suggested 
to be laparoscopy before resection, however again it cannot 
quantify functional liver reserve in CASH. The LiMAx test 
has recently been described in assessing the hepatic functional 
reserve. The authors have demonstrated that low postoperative 
LiMAx values correlate with an unacceptable risk of postopera-
tive morbidity and pre-operative measurement of the LiMAx 
can be used to calculate the likely postoperative LiMAx and 
functional reserve volume of liver. Another technique for 
assessing the functional reserve of the liver is hepatobiliary 
scintigraphy using 99mTc-mebrofenin. De Graaf et al. reported 
use of 99mTc-mebrofenin scintigraphy prior to liver resection 
to judge patients at high risk of postoperative complications. 
At present, none of these technologies have been adequately 
characterized in patients with steatohepatitis prior to liver 
resection. Based on the currently available evidence it appears 
that cross sectional imaging like MRI with above mentioned 
newer techniques needs to be validated to assess the extent of 
hepatic steatosis and functional liver reserve in patients with 
CASH prior to liver resection. 
 We advocate that major hepatectomy should be avoided 
in presence of jaundice due to CASH. It is advisable to wait 
for sufficient time till liver biochemistry normalizes or shows 

TABLE 4: Common chemotherapy agents associated with 
CASH

Irinotecan

Cisplatin

Oxplatin

5-Flurouracil
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Some have suggested waiting 3-6 month after neoadjuvant 
chemotherapy to assess the response to chemotherapy prior to 
resection, although there is no hard data to support or refute 
this approach. We believe this is a reasonable approach since it 
might also give time for CASH to resolve.  
Finally, the extent of liver resection and type of chemotherapy 
regimen should be carefully individualized, including a consid-
eration for BMI and related comorbidities and different surgi-
cal strategies like preoperative portal vein embolization or two 
stage hepatectomy may be explored in CASH per expertise of 
the center.

CONCLUSION
In an absence of cirrhosis, NASH does not appear to signifi-
cantly affect surgical outcomes; however, the presence of cir-
rhosis can result in postoperative hepatic decompensation. 
Surgeons should proceed with caution when performing a liver 
metastatectomy  on patients with CASH until a higher qual-
ity of evidence emerges. The general rule of hepatic resection 
should be strictly followed and resection of more than 70% of 
liver volume should be avoided.

SALIENT POINTS
•  NAFLD is the most common cause of chronic liver disease in Western countries due to an epidemic of obesity. NAFLD is 

a spectrum of disease ranging from bland steatosis or non-alcoholic fatty liver (NAFL) to steatohepatitis (NASH).
•  NASH is diagnosed by four main components as evidence of steatosis, absence of significant alcohol intake (20 g/day in 

males and 10 g/day in females), exclusion of other causes of fatty liver disease, and presence of inflammation as shown on 
blood test or biopsy.

•  Patients with NASH should be carefully selected for surgery. All efforts should be made to diagnose and grade cirrhosis 
preoperatively.

•  Risk of developing postoperative complications are more after hepatic resection if > 30% hepatocytes are affected with 
steatosis. In patients with NASH, efforts should be made either to postpone surgery until normalization of bilirubin or to 
minimize the extent of liver resection.

•  High index of suspicion should be kept for presence of CASH particularly in patients who have received multiple cycles of 
neo adjuvant chemotherapy containing irinotecan, cisplatin, 5 FU before hepatic metastatectomy.  

•  Extent of liver resection and type of chemotherapy regimen should be carefully individualized, including a consideration 
for BMI and related comorbidities. 

•  In patients who have proven hepatic injury, surgical approach should be considered carefully knowing possibility of an 
impaired functional liver reserve with subsequent risk of postoperative liver failure.
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CASE SCENARIO

A 63-year-old Caucasian female with an incidental ultrasound diagnosis of multiple hepatic cysts 10 years ago presents 
to the emergency department with severe epigastric pain. On abdominal exam, the patient is found to have a protuber-
ant abdomen with palpable/tender hepatomegaly. Her past medical history is significant only for gastroesophageal 
reflux disease. Metabolic/liver function panel as well as serum creatinine are unremarkable. Tumor markers including 
CA19-9 and alpha-feto protein levels are within the normal range. Repeat ultrasound demonstrates interval enlarge-
ment of all hepatic cysts. A quadruple phase CT scan (Figure 1) is performed documenting diffuse hepatic involvement 
with multiple small hepatic cysts. The entire left lobe of the liver is occupied with cystic disease. In the posterior right 
lobe, there is a 5 cm cyst causing biliary obstruction with intrahepatic duct dilatation. There is no evidence of cysts 
in the kidneys. The patient undergoes an exploratory laparotomy with total left hepatic lobectomy, fenestration of the 
right posterior hepatic cyst, and cholecystectomy. The patient has an uncomplicated hospitalization and is discharged 
on postoperative day 5. Final pathology report demonstrates benign hepatic cysts with no evidence of malignancy and 
minimal hepatic steatosis or fibrosis. The patient remains asymptomatic 4 years after surgery.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: A patient with multiple hepatic cysts who presents to the emergency department with severe epigastric pain. 1A) demon-
strates cysts occupying the entire left lobe of the liver with abutment of the lesser curvature of the stomach. 1B) is the same patient once 
again demonstrating replacement of the left lobe of the liver but also a dominant right lobe cyst. Not demonstrated in these images is the 
biliary obstruction caused by the right dominant cyst.
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This chapter will focus on the management of syndromic 
polycystic liver disease (PCLD) with the goal of providing the 
hepatobiliary (HPB) surgeon a practical approach in therapeu-
tic decision-making when dealing with such a patient. We will 
review the epidemiology, pathogenesis, clinical presentation, 
classification, various surgical treatment options, and finally 
conclude with a proposed management algorithm for PCLD.
Although once considered a rare entity, advances in diagnostic 
imaging techniques have demonstrated a frequency of simple 
hepatic cysts in up to 24% of the general population. Many of 
these patients remain asymptomatic and therefore rarely pres-
ent to a physician or surgeon for treatment. Most often, these 
lesions are detected incidentally for conditions unrelated to 
the cyst. PCLD represents a syndromic spectrum of disease 
which differs from the simple cyst not only in absolute num-
ber but also genetic makeup. Indeed, simple hepatic cysts can 
be multiple and PCLD can vary in its extent from minimal to 
complete liver involvement with subsequent hepatic dysfunc-
tion and failure. PCLD, like simple cysts, arises from atypical 
biliary epithelium which lack communication with the biliary 
tree. The prevalence of PCLD ranges from 0.001%-0.2% and 
similar to simple cysts, the majority are asymptomatic. 
 PCLD is inherited in an autosomal dominant fashion 
and can be associated with autosomal dominant polycystic 
kidney disease (ADPKD). Mutations occur in PKD1 and less 
commonly in PKD2. In this condition, the renal phenotype 
predominates and accounts for the majority of patient comor-
bidity. Isolated syndromic PCLD, conversely, is associated with 
greater hepatic involvement with minimal or absent renal dis-
ease. There exists a considerable level of genetic heterogeneity 
in disease pathogenesis but loci of interest include PRKCSH, 
SEC63, and LRP5. Although ADPKD and isolated PCLD have 
unique genetic changes, their clinical courses are similar if not 
identical. For this chapter, both syndromes are considered as a 
single entity.
 The hallmark of PCLD is numerous, usually >20, hepatic 
cysts that differ in size and location. Suspicion for a syndromic 
cause is often raised with patients who present with ≥5 hepatic 
cysts, though a unified diagnostic guideline is lacking. Cysts 
may be dispersed throughout the liver or aggregate in a single 
lobe or section. Cysts tend to predominate in females, and thus 
an association with estrogen secretion has been hypothesized. 
Furthermore, cyst size and number tend to increase with 
advancing age and, in patients with ADPKD, with worsening 
of renal disease. 
 Clinical presentation can be divided into: 1) symptoms sec-
ondary to organ mass effect caused by cyst(s) or 2) symptoms 
secondary to cyst complications such as torsion, hemorrhage, 
or infection. Even though cysts may enlarge to substantial 
sizes, clinical manifestations secondary to mass effect remain 

uncommon. Symptoms may include abdominal distension 
(possibly manifesting as a protuberant abdomen observed by 
the clinician), early satiety secondary to gastric compression, 
dyspnea due to diaphragmatic restriction during inspiration, 
pedal edema secondary to inferior vena cava compression, 
jaundice from biliary obstruction, and, finally, complications 
stemming from portal (PV) or hepatic vein (HV) compression. 
Complications of the cyst proper may cause intermittent, recur-
rent abdominal pain as seen with cyst hemorrhage or torsion 
and fever in cases of cyst infection. Unfortunately, symptoms 
are generally nonspecific, and therefore, other etiologies must 
be considered prior to attributing them to the patient’s PCLD. 
Cyst growth also results in expansion of entire liver volume, 
and thus massive hepatomegaly is not infrequently appreci-
ated on clinical exam. Despite extensive liver growth, synthetic 
function remains preserved though hepatic failure, causing 
ascites, denutrition, or pleural effusions. Increased liver volume 
and fluid retention may result in weight gain. As such, other 
markers of patient nutritional status should be obtained such as 
serum prealbumin/albumin levels or assessment of abdominal 
wall or psoas musculature, radiologically.

DIAGNOSIS AND CLASSIFICATION OF PCLD
Cysts are often detected incidentally on ultrasound (US) imag-
ing performed for abdominal pain or other suspected HPB/
renal pathology. Cysts appear as multiple thin-walled lesions 
which, depending on number and extent of hepatic replace-
ment, may give a false impression of septation. More com-
monly, cysts are detected on CT imaging as hypodense, well-
demarcated, fluid-filled lesions with no uptake of intravenous 
contrast material, if administered. Although CT scans are 
frequently performed, MRI imaging can be useful when CT or 
US are unclear or for detection of small subcentimeter cysts. 
Cysts also appear as well-demarcated, nonseptated lesions that 
are hypointense on T1 weighted images and hyperintense on 
T2 images.
 Numerous classification schemes have been devised; how-
ever, there exists no unified consensus as to the most effective 
or practical model between institutions. The most commonly 
utilized and well-accepted classification was described by Gigot 
and divides disease into three types based on CT findings: 1) 
Type I: limited number of cysts (<10) with size >10 cm, 2) 
Type II: diffuse hepatic disease with medium-sized cysts, how-
ever large areas of normal parenchyma between cysts can be 
appreciated, and 3) Type III: diffuse hepatic involvement with 
small- to medium-sized cysts with scant areas of normal liver 
between cysts (Figure 2). The Gigot classification was initially 
developed to assist the surgeon in selecting patients for opera-
tive fenestration. Today it has also been broadly applied to help 
identify patients that may benefit from resection ± fenestration 

BACKGROUND
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FIGURE 2:  Gigot’s Classification of PCLD: 1) Type I: limited number of cysts (<10) with size >10 cm, 2) Type II: diffuse 
hepatic disease with medium-sized cysts however large areas of normal parenchyma between cysts can be appreciated, 3) 
Type III: diffuse hepatic involvement with small- to medium-sized cysts with scant areas of normal liver between cysts
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FIGURE 3:  Mayo’s Classification of PCLD. 
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More recently, the Mayo classification (Figure 3) was 
developed to further clarify which patients should be consid-
ered for hepatic resection versus liver transplantation. This 
classification divides disease into 4 groups, Types A-D. The 
classification considers whether patients are symptomatic, the 
extent of cystic disease and magnitude of hepatic parenchy-
mal preservation, and finally whether PV or HV thrombosis 
is present in regions that are spared of disease. The accuracy 
of the Mayo classification in directing treatment has not been 
validated nor has it been compared to the Gigot model for reli-
ability in management recommendations.
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MANAGEMENT OF PCLD
Although diagnostic imaging may demonstrate variable 
hepatic disease, this is loosely correlated with the presence of 
symptoms or the extent of liver dysfunction. Therefore, in the 
asymptomatic patient, no further management is required. 
As the risk of malignancy is negligible, our institution advo-
cates no ongoing surveillance for the hepatic disease in PCLD. 
Evidence-based guidelines, however, are lacking, and there-
fore this practice may vary between institutions and whether 
patients have renal involvement. The natural history of PCLD 
is that of slow progression, and therefore patients are coun-
selled on potential symptoms which would prompt a repeat 

FIGURE 4: Algorithm for the management of PCLD. Mayo Type B=Gigot Type 1, Mayo Type C=Gigot Type 2, Mayo 
Type=Gigot Type 3, PCLD: Polycystic Liver Disease; ADPKD: Autosomal Dominant Polycystic Kidney Disease; mTOR: 
mammalian Target of Rapamycin; HAE: Hepatic Artery Embolization (Adapted from Schnelldorfer T, Torres VE, Zakaria 
S, Rosen CB, Nagorney DM. Polycystic liver disease: A critical appraisal of hepatic resection, cyst fenestration, and liver 
transplantation. Ann Surg. 2009;250(1):112-118). 
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FIGURE 5: Axial T1 weighted (A) and T2 weighted (B) MRI images of a patient with multiple dominant hepatic cysts. 
The patient presented with chronic abdominal pain without a known cause and presumed to be secondary to PCLD. The 
challenge in these patients is often determining which cyst is the causative lesion of the symptoms.

surgical assessment (See Background section). Although 
beyond the scope of this chapter, the reader should be aware 
of various nonsurgical options for symptomatic disease that 
include somatostatin analogues, mTOR inhibitors, avoidance 
of estrogens, hepatic arterial embolization, and percutaneous 
sclerotherapy. In general, these treatment options are reserved 
for high-risk patients who would not be suitable, otherwise, for 
an operation.

SURGERY FOR PCLD
The overarching goal and principle in the surgical management 
of PCLD is hepatic parenchymal preservation. As previously 
highlighted, symptoms arise from cyst size and/or secondary 
to increased hepatic volume. Surgical options include cyst fen-
estration, hepatic resection ± fenestration, or liver transplanta-
tion. Unfortunately, no consensus exists on the most optimal 
timing for or type of surgery and patient. An algorithmic 
approach to the management of PCLD is provided in Figure 
4.  As a word of caution, in patients with PCLD, decompressive 
procedures such as ERCP with sphincterotomy, percutaneous 
insertion of biliary catheters, and the creation of biliary-enteric 
anastomoses should be avoided where possible. In the authors’ 
experience, such procedures have a substantial risk of cyst 
contamination leading to infections that are difficult to treat, 
require long-course antibiotics, and have a high frequency of 
recurrence.

CYST FENESTRATION
Fenestration involves operative aspiration of cysts, deroofing, 
and partial removal of cyst wall, allowing for subsequent spon-

taneous drainage of cyst fluid into the peritoneal cavity. From 
our experience, this approach best serves patients with Gigot 
Type I disease (Mayo Class B) whereby symptoms are caused 
by one or multiple dominant cysts (Figure 5). The challenge in 
management, however, is determining which cyst(s) among 
many putative candidates are at the root cause of symptoms. 
One advantage of this approach is that multiple “dominant” 
cysts can be tackled in the same operation. A possible strategy 
for the surgeon who is unclear on whether symptoms are due 
to liver cyst,s or in deciding which dominant cyst to fenestrate, 
is by performing a radiologic-guided percutaneous aspiration 
of candidate cyst(s). If symptoms subside, these cyst(s) can be 
targeted during surgery. A similar approach can be undertaken 
in patients with Gigot Type II (Mayo Class C) disease who also 
present with large dominant cysts suspected of causing symp-
toms. Fenestration can resolve symptoms in 92% of cases with 
recurrence documented in up to 25% of patients. Although 
perioperative mortality is <2%, complications including bile 
leaks, hemorrhage, and ascites may occur in up to 25% of 
patients.
 The choice between an open and laparoscopic approach 
depends on location of disease (superficial or deep) and on 
comfort level of the operating surgeon. With greater experi-
ence and advancements in laparoscopy, it is anticipated that 
this approach will be preferred in carefully selected patients. 
Studies comparing these two techniques have shown equiva-
lent results, although selection bias and the lack of randomized 
controlled trials limits their general applicability. The authors 
believe that an initial laparoscopic attempt at fenestration is 
reasonable in patients with superficial dominant cysts, pref-
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FIGURE 6: Coronal T2 weighted MR image (A) and postcontrast T1-weighted MR image (B) show marked enlargement 
of both kidneys (arrows) and replacement and enlargement of the liver due to polycystic kidney and liver disease. At time of 
transplant (C), the explanted liver was markedly enlarged with a volume of 10.5 L. The patient underwent combined liver/
kidney transplantation. (Images courtesy of and with permission from Dr. William Chapman, Washington University in 
St. Louis).

erably in the anterior segments, although access to posterior 
segments is possible with a transthoracic port or by placing the 
patient in a left lateral decubitus position.

Hepatic Resection ± Fenestration
Which patient to select for hepatic resection remains one of the 
biggest challenges and dilemmas in the management of PCLD. 

We cannot over-emphasize that surgeons must proceed with 
the principle of preserving hepatic parenchyma even though, 
paradoxically, the purpose of resection is liver volume reduc-
tion. Challenges faced by the surgeon embarking on hepatic 
resection include the extent of cystic disease, hepatomegaly, 
hepatic fibrosis/cyst rigidity, and, finally, derangements to 
conventional intrahepatic anatomy due to cyst mass effect. 
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The surgeon must be cognizant of distortions to biliary and 
vascular anatomy and of the potential presence of inter-lobar 
venous collateralization. These “surgical traps” substantially 
increase the technical complexity of the operation. Conven-
tionally, this surgical approach is considered in patients with 
Gigot Type II or III disease (Mayo Class C or D). From our 
experience, hepatic resection ± fenestration is best utilized in 
patients where most of the disease is confined to a single lobe 
or a group of 2-3 contiguous segments, and thus the bulk of 
cysts will be removed (Gigot Type II/Mayo Class C). Fenestra-
tion is useful in this scenario on cysts located in the remnant 
segments to help further minimize or eliminate symptoms. In 
large cysts present on segments that will be ultimately resected, 
initial fenestration may also facilitate subsequent dissection.
 Contrary to cyst fenestration, studies examining laparo-
scopic hepatic resection in PCLD are lacking likely due to sur-
geon discomfort arising from technical factors. As such, we are 
not able to provide a recommendation for surgical approach, 
and this should be based on patient specific factors and insti-
tutional practices and surgeon capabilities. In general, hepatic 
resection is associated with a mortality of approximately 3%; 
however, morbidity ranges from 10%-63%. Complications 
include intraoperative hemorrhage requiring transfusions, bile 
leaks, ongoing hepatic vein obstruction that requires radiologic 
guided stenting, ascites, pleural effusions, renal failure and 
worsening of malnutrition. General contraindications to sur-
gery include preoperative severe renal dysfunction (GFR<30 
ml/min), malnutrition, or the presence of ascites. It is our prac-
tice and recommendation to discuss all cases considered for 
hepatic resection with a transplant surgeon, as transplant may 
be the more suitable option for management either currently 
or in the future. In patients highlighted as potential future liver 
transplant candidates, avoidance of hepatic resection now may 
simplify surgery later. In summary, symptomatic patients with 
Gigot Type II/III (Mayo Class C/D) disease who would not 
qualify for transplant (see below) and where the bulk of disease 
can be removed (disease confined to a lobe or 2-3 contiguous 
segments), we recommend hepatic resection ± fenestration.

Liver Transplantation
Whereas the aim of cyst fenestration and hepatic resection is 
symptomatic control, orthotopic liver transplantation (OLTx) 
represents the only curative therapy for PCLD. Obviously, this 
treatment option is limited by the scarcity of available donors 
and the need for postoperative immunosuppression. Periop-
erative mortality for OLTx may reach 17%, which far exceeds 
hepatic resection, and this must be considered when deciding 
between resection. Although hepatic parenchymal involve-
ment can be quite extensive and symptoms may be debilitating 
(and potentially life-threatening), disease is marked by an indo-
lent natural course and a lack of hepatic cirrhosis. Therefore, 
patients with PCLD considered for OLTx are “handicapped” 

when applied to the current criteria for donor graft allocation. 
As such, a series of model for end-stage liver disease (MELD) 
exception criteria have been developed to facilitate reprioritiza-
tion of patients with PCLD. Although a detailed description of 
the MELD exception points system is beyond the scope of this 
chapter, further information can be obtained in the references 
provided. 
 Briefly, transplantation is considered in Gigot Type III 
(Mayo Class D) patients and in Gigot Type II (Mayo Class C) 
patients with hepatic decompensation, severe ascites/malnu-
trition, and severe renal dysfunction, or in those patients that 
have failed or are not candidates for resection (ie, portal vein 
or hepatic vein occlusion in the putative preserved segments). 
Once again, it is imperative, from the authors’ perspective, that 
surgeons should consult with a transplant surgeon early on 
in disease management to best determine the suitable course 
of treatment. Combined hepatic/renal transplantation is per-
formed in patients with ADPKD with a GFR <30 ml/min, 
whereas in patients with GFR >60 ml/min, only liver trans-
plantation is recommended with postoperative non-nephro-
toxic immunosuppression. Single hepatic or combined renal/
hepatic transplantation for patients with GFRs 30-60 ml/min 
remains controversial. Finally, the reader should be aware that 
living donor liver transplants have been described with good 
outcomes; however, reports in the literature are scarce.
 OLTx for PCLD remains a challenge technically second-
ary to liver size, rigidity, number and size of liver cysts, and, 
finally, distortion of biliary and vascular anatomy (Figure 6). 
This is further complicated by extensive adhesions in patients 
with previous open operations in the abdomen and particu-
larly the liver. Graft viability following OLTx for PCLD remains 
excellent with 5-year survival exceeding 80%. In addition, there 
are no differences in outcomes between liver transplantation 
and combined liver/kidney transplantation.
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SALIENT POINTS
•  Asymptomatic patients (Mayo Class A) with syn-

dromic PCLD do not require further management or 
surveillance.

•  Symptomatic patients are generally considered for fen-
estration, resection ± fenestration, or liver transplanta-
tion unless medical unfitness or patient preference 
limits an operative approach.

•  Where possible, ERCP with sphincterotomy, percu-
taneous biliary catheters, and biliary-enteric anasto-
moses should be avoided due to the elevated risk of 
infection and difficulty in treatment.

•  Fenestration is appropriate for symptoms caused by 
“dominant cysts” (Gigot/Mayo Class I/B) although 
this can be difficult to determine and patients should 
be counselled on the possibility of ongoing symptoms 
post-operatively.

•  Symptomatic patients with Gigot Type II and III 
(Mayo Class C and D) disease should be discussed 
with a liver transplant surgeon to determine the most 
suitable course of treatment.

•  Hepatic resection ± fenestration is a reasonable 
approach in Gigot Type II (Mayo Class C) disease 
where cysts are confined to a single lobe or 2-3 
contiguous segments. The surgeon must balance the 
need for disease clearance and maintenance of hepatic 
parenchyma.

•  Although outcomes with liver transplantation are 
excellent, scarcity of donors, technical challenges, high 
peri-operative mortality, and the need for life long 
immunosuppression limit this treatment option.
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CASE SCENARIO

A 55-year-old gentleman presents to the emergency department with high-grade fever for the past 4-5 days, along with 
pain in the right hypochondrium. The pain is made worse with deep breathing and coughing over the past 2 days. His 
past medical history was significant for a visit to Mumbai, India, 3 weeks prior to presentation. He also gave history of 
having loose stools for the past 2 weeks. On examination, his vitals were stable. There was deep tenderness in the right 
hypochondrium. Investigations reveal a white blood cell count of 18000/mm3, and an ultrasonography (USG) showed 
a 7-cm well-defined hypo echoic lesion in segment V of the liver, with internal echoes suggestive of a liver abscess. USG 
guided diagnostic aspiration drew anchovy sauce pus without growth on culture. An Indirect Hemagglutination test 
was positive for Amoebiasis. The patient was started on Metronidazole 750 mg TDS. He showed a dramatic response 
within 48 hours. A follow up sonography done 10 days later showed a reduction in the size of the liver abscess.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Amoebic and pyogenic liver abscesses are uncommon con-
ditions. They present as both diagnostic and therapeutic 
challenges. Early recognition, advances in diagnostic, and 
therapeutic radiology and improved treatment regimens have 
improved patient outcomes.

INCIDENCE, PREVALENCE & EPIDEMIOLOGY OF 
AMOEBIASIS
Entamoeba histolytica, an anaerobic parasite that causes 
amoebiasis is endemic worldwide. It is most prevalent in India, 
Africa, the Far East, and Central and South America. Amoe-
bic liver abscess (ALA) is the most common extra-intestinal 
complication of amoebiasis. Such abscesses, though rare in 
the developed world, exceeds pyogenic abscesses on the global 
scale. ALA occurs most frequently during the third and fourth 
decades of life. Though the incidence of amoebic dysentery 
is equal in males and females, ALA incidence is 7-12 times 
higher in males than in females. These gender differences are 
attributed to differences in availability and storage of iron; sex 
hormones may also play a role.

ETIOLOGY
As mentioned previously, amoebiasis is an infection of the 
human gastrointestinal tract caused by Entamoeba histolytica. 

E histolytica exists as cysts and trophozite with the latter caus-
ing invasive disease. The cysts are shed in stools of asymptom-
atic individuals. Infection with the organisms usually occurs 
after ingestion of contaminated water or vegetables. The cysts 
are broken down by trypsin as it passes down the small intes-
tine, and trophozites are released which colonize in the cecum. 
Most trophozoites are small and noninvasive, and an infected 
individual can remain asymptomatic or progress to develop 
amoebic dysentery (Figure 1). The liver gets infected by entry of 
E histolytica into mesenteric venules. Amoebae thereby enter 
the portal circulation and travel to the liver where microscopic 
multiple sites of thrombosis, cytolysis & liquefaction develop, 
a process termed amoebic hepatitis. If these multiple sites 
coalesce, then they form an amoebic liver abscess.

PATHOLOGY
The abscess contains reddish brown fluid that classically 
resembles “anchovy paste,” because of digested liver tissue and 
red blood cells. Unlike any type of pyogenic abscess, this col-
lection is sterile and odorless. The collection is surrounded by 
shaggy necrotic liver tissue often containing viable trophozo-
ites, the active growing stage of the parasite. The involvement 
of the right lobe of the liver is more common than the left. The 
abscesses tend to be superficial and solitary. 
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CLINICAL PRESENTATION
Most patients present with an acute illness with abdominal 
pain, fever and anorexia. Abdominal pain is usually moderate 
and localized to the right upper quadrant or to the epigastrium. 
Pain increases with coughing, walking, deep breathing, and 
when patients rest on their right side. Fever is of moderate 
degree in most instances, while high fever with chills is sugges-
tive of secondary bacterial infection.
 Patients with ALA frequently report a history of ante-
cedent diarrhea. Though jaundice is less frequent in amoebic 
disease than in pyogenic abscesses, one-third of patients may 
develop clinical jaundice. Severe icterus is usually due to a large 
abscess or multiple abscesses, or to an abscess situated at the 
portahepatis.
 Pulmonary symptoms are present in 18-26% of cases. The 
most frequent symptoms are cough and chest pain, which may 

represent a sign of secondary pulmonary involvement by the 
abscess rupturing in the pleural cavity. Development of bron-
chopleural fistula results in coughing out of anchovy paste like 
material.
 A typical fining on examination is tender hepatomegaly, 
specifically point tenderness over the liver, below the ribs, or in 
the intercostal spaces, which is present in up to 80% of patients. 
Upper abdominal guarding and rigidity may be present. Pres-
ence of signs of peritoneal irritation, like rebound tenderness, 
guarding and absence of bowel peristalsis suggest free rupture 
of abscess in the peritoneal cavity.

DIAGNOSTIC INVESTIGATIONS
Laboratory Evaluation
In 70% of patients with ALA, leukocytosis is present. Hyper-
bilirubinemia is seen in one third of the cases. In acute liver 
abscess, the alkaline phosphatase level tends to be within 

FIGURE 1:  Life Cycle of Entamoeba Histolytica (https://www.cdc.gov/dpdx/amebiasis/index.html)
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normal limits and the aspartate aminotransferase (AST) level 
tends to be elevated. The trend reverses in long standing ALA. 
The levels of serum proteins may be altered with hypo albumi-
naemia, a consistent finding in chronic cases. A stool analysis, 
even when the sample is obtained with a proctoscope, is not a 
dependable method of diagnosis since cysts and trophozoites 
are identified in only 15-40% of patients with ALA. 

Radiology
Plain X-rays of the chest show abnormality in a form of a raised 
hemi diaphragm, pulmonary infiltrates or pleural effusion in as 
many as two thirds of the patients. Ultrasonography (US) is the 
modality of choice with the lesions appearing hypoechoic with 
low-level internal echoes. There is absence of significant wall 
echoes. The lesions tend to be round or oval and situated near 
the liver capsule (Figure 2).
 The sensitivity of contrast-enhanced Computed Tomog-
raphy (CT) is close to 100%. On CT, amoebic abscess usually 
appears as well demarcated hypo dense lesions with enhanc-
ing irregular wall and a peripheral zone of edema around the 
abscess. The lesion has an attenuation value indicative of the 
presence of complex fluid (15–30 HU) (Figure 3 and 4). The 
central abscess cavity may show multiple septa or fluid-debris 
levels and, rarely, air bubbles or hemorrhage.
 Magnetic Resonance Imaging (MRI) is quite sensitive in 
detecting amoebic abscess and may show early response to 
therapy. On MR imaging, amoebic abscess has homogeneous 
low signal intensity and high signal intensity on T1- and 
T2-weighted images, respectively. Perilesional edema is seen 
on T2-weighted MR images in 50% of cases. 
 Nuclear imaging with Technetium-99m helps in differ-
entiating an amoebic from pyogenic liver abscess. Because an 
amoebic liver abscess does not contain leukocytes, it appears as 
cold spot with a hot halo. In contrast, a pyogenic liver abscess 

contains abundant leukocytes and appears as hot lesions on 
nuclear imaging However with modern serological testing 
readily available, technetium is becoming obsolete, especially 
since it does not save time and adds significantly to the costs of 
treatment.

Serology
Differentiating a pyogenic abscess from an ALA is often dif-
ficult if based only on clinical criteria, routine lab tests, and 
radiological scans. Therefore, serological procedures are a must 
to confirm the diagnosis of amoebiasis. Serum antibodies to E. 
histolytica become positive after one week of onset of symp-
toms and may remain positive for up to 6 months or more. 
About 10% of the patients with acute ALA may have negative 
serological findings. 

Current available tests are:
1.  Indirect HemAgglutination (IHA) test: It is considered 

positive if dilutions exceed 1:128, which occurs in 95% 
of patients with ALA. IHA is also specific for invasive 
amoebic disease. However, positive results may persist for 
months to years after eradication of infection.

2.  Enzyme Linked Immunoassay (ELISA): This has now 
largely replaced IHA. ELISA is a relatively simple test. It 
is easy, quick to perform, and the kit is stable and inex-
pensive. The ELISA test detects antibody specific for E 
histolytica in approximately 95% of patients with extra 
intestinal amoebiasis. The tests revert to normal in 6-12 

FIGURE 2:  US of an Amoebic Abscess (Courtesy of Dr. 
Hany Dabbous)

FIGURE 3: Classical CT appearance of Amoebic Liver 
Abscess: Hypodense lesion in right lobe with thick irregular 
wall showing enhancement
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months after eradication of infection.

COMPLICATIONS
Despite the availability of highly effective drugs to treat ALA, 
complications do frequently occur. Common sites for perfora-
tion of ALA are pleuro-pulmonary space (74%), subphrenic 
space (14%), peritoneal cavity (10%), and pericardial space 
(2%). The pleuropulmonary system is the most frequent site 
involved when an ALA ruptures. This typically occurs for 
lesions located in the right lobe. Once it perforates the dia-
phragm, it can subsequently progress to develop a pleural effu-
sion, empyema, pulmonary abscess or pneumonia (Figure 5). 
Bronchopleural, biliopleural, and biliobronchial fistulas may 
ensue. Most pleuropulmonary complications respond to anti-
biotics, postural drainage, and percutaneous drainage of col-
lections. Rarely a thoracotomy with decortication is required.
 Peritoneal involvement is either in the form of free per-
foration leading to generalized peritonitis or a localized per-
foration in the subhepatic space. Though localized perforation 
may be managed by percutaneous drainage, free perforation 
is best managed by laparotomy, peritoneal toilet and drainage. 

Other less common complications are intra-biliary rupture and 
rupture into the stomach, duodenum, or colon. Involvement 
of the hepatic veins and IVC, either by direct rupture or com-
pression or thrombosis, has also been described. In fact ALA is 
reported to bean important cause of Budd-Chiari syndrome in 
the Indian subcontinent.
 Pericardial rupture is a dangerous complication of ALA 
and is typically seen with left lobe abscess. It may cause pericar-
dial tamponade. Treatment comprises of prompt drainage of 
the pericardial cavity through a subxiphoid route under USG 
guidance. 
The abscess occasionally ruptures through the parietal wall on 
the abdominal skin resulting in chronic granulomatous lesion 
of the skin called ‘Amoeboma cutis.’

TREATMENT
Diagnostic Aspiration
Routine diagnostic aspiration is rarely done nowadays as sero-
logical data are usually available within a day or two. Most 
diagnostic aspirations are performed to rule out pyogenic liver 
abscess when amoebic serology results are negative. 

FIGURE 4: CT scan showing multiple Amoebic Liver 
Abscesses. Note the thick walls with enhancement and 
septations.

FIGURE 5:  CT scan showing Amoebic Liver Abscess with 
right pleural rupture
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Medical Therapy
Most of the uncomplicated amoebic liver abscesses can be 
treated successfully with amoebicidal drug therapy alone. 
Nitroimidazoles (metronidazole, tinidazole) are effective in 
more than 90% of cases. Therapy should be continued for at 
least 10 days. The dose of metronidazole is 750 mg, 3 times 
a day (40 mg/kg/day). Intravenous metronidazole is effective 
in critically ill patient or those with severe nausea. Tinidazole 
has been used in a dosage of 1.2 g per day for 7 days. It is well 
tolerated by patients, and can be administered once daily. 
Symptomatic improvement occurs within days of treatment 
and imaging studies reveal a decrease in abscess size within 7 
to 10 days. The usual adverse effects of metronidazole include 
nausea, headache, metallic taste in mouth and intolerance to 
alcoholic beverages. The newer imidazoles have also been tried 
in the treatment of ALA. Secnidazole is as effective in treating 
ALA as metronidazole.
 Emetine, Dehydroemetine and chloroquine are useful for 
complicated ALA or when metronidazole therapy fails. Because 
these drugs eliminate invasive organisms only, simultaneous 
administration of an intestinal amoebicidal agent (diloxanide 
furoate, iodoquinol) is necessary. Unlike imidazoles, emetine 
and dehydroemetine require intramuscular administration. 
Their toxicity includes cardiac arrhythmias, precordial pain, 
muscle weakness, vomiting, and diarrhea. Dehydroemetine 
is less toxic than emetine. The usual dose of emetine is 1 mg/
kg/d and for Dehydroemetine, it is 1-1.5 mg/kg/d for 8-10 days.  
Lower and less toxic doses of these compounds are effective 
when given concurrently with metronidazole. Chloroquine in 
doses of 500 mg salt (300-mg base) bid for 2 d, followed by 
250 mg salt (150-mg base) bid for 2-3 weeks is less potent and 
produces fewer side effects than emetine or dehydroemetine. 
Currently chloroquine is administered in combination with 
low dose emetine for metronidazole resistant strains.

Therapeutic aspiration
Aspiration has been indicated in the following circumstances:
1.  Lack of clinical improvement in 48-72 hours after drug 

initiation
2.  Large left lobe abscess
3.  Large abscess > 10 cm
4.  Thin rim of liver tissue around the abscess (< 10 mm)
5.  Seronegative abscess
6.  Metronidazole therapy is contraindicated e.g. pregnancy

 In the patients with uncomplicated amoebic liver abscess, 
anti-amoebic therapy alone is just as effective as routine needle 
aspiration combined with anti-amoebic therapy.

Percutaneous Drainage
Percutaneous drainage is most useful for managing pulmonary, 

peritoneal, and pericardial complications of ALA, as catheter 
drainage often eliminates the need for operative intervention. 
The high viscosity of ALA fluid requires a large diameter cath-
eter for adequate drainage (8-12 French), and the average dura-
tion of drainage is 7 days (3-20 days). 

Surgical Drainage
Surgery has largely been replaced by antibiotic therapy and 
most complications can be managed by either aspiration or 
percutaneous drainage. The common indications for surgery 
are:
1.  Free perforation into the peritoneal cavity with frank gen-

eralized peritonitis.
2.  Erosion into surrounding organs (partial resection and 

closure of the involved organ is necessary)
3.  Septicemia from amoebic abscesses secondarily infected, 

especially when percutaneous drainage fails.
4.  Failed conservative management of abscesses 
The principle of surgery is to drain the ruptured amoebic liver 
abscess as well as provide a good peritoneal lavage. Opening 
the abscess cavity, breaking down the locations, irrigating 
and providing dependent drainage is important principle for 
success. Laparoscopy guided drainage has also been used suc-
cessfully, obviating the need for a formal laparotomy with its 
attendant potential complications.

PROGNOSIS
The mortality from ALA has been historically low (~4%). Bili-
rubin level >3.5 mg/dl, encephalopathy, large volume of abscess 
cavity, hypoalbuminemia (serum albumin level <2.0 g/dl), and 
the number of abscesses are independent risk factors for high 
mortality.

FOLLOW UP
Recovery from ALA usually takes a few weeks. Though radio-
logical response of resolution is seen within a week of starting 
treatment, it may take as long as 6-12 months for complete 
disappearance of the lesion on imaging.

CASE SCENARIO FOR PYOGENIC LIVER ABSCESS
A 65-year-old gentleman with poorly controlled diabetes mel-
litus presents to the ED with high-grade fever, chills, and pain 
in the right hypochondrium for 2 weeks. He has associated 
anorexia. He gives a history of pain in the left lower abdo-
men and passing bloody stools intermittently over the past 2 
weeks. On examination, the patient appears toxic. There was 
tenderness in the right hypochondrium and left iliac fossa with 
an indistinct mass in the left iliac fossa. Investigations reveal 
leukocytosis, deranged liver function tests with high transami-
nases. The USG reveals two well-defined hypo echoic lesions in 
the right lobe of the liver measuring 3 and 4 cm, respectively. 
Contrast enhanced CT scans confirms these two well defined 
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enhancing walls.  In addition, there was an inflamed, thickened 
sigmoid colon with multiple diverticula. An USG guided aspi-
ration of the hypo echoic lesions reveals pus, which grew E.coli 
that was sensitive to Ceftriazone. A diagnosis of diverticulitis 
with pyogenic liver abscess was made. The patient responds 
well to intravenous antibiotic treatment. 

INCIDENCE, PREVALENCE AND EPIDEMIOLOGY OF 
PYOGENIC LIVER ABSCESS
Pyogenic liver abscesses (PLA) are an uncommon condition. 
Its overall rate in the United States is estimated to be between 
5 and 20 per 100,000. PLA represents approximately 80% of 
all cases of liver abscess in the United States and other western 
countries. It is a rare cause of liver abscess in India and other 
developing countries. Prior to the antibiotic era, persons in the 
fourth and fifth decades of life were most commonly afflicted, 
primarily as a complication of appendicitis. With the develop-
ment of better diagnostic techniques, availability of antibiotics 
and the improved life expectancy of the general population, the 
age incidence has shifted towards the sixth and seventh decades 
of life. In the past, PLA occurred more frequently in men, but 
currently no gender predilection exists.

ETIOLOGY
PLA occurs when the protective barrier function of the Kupffer 
cells in the liver is overwhelmed by various factors. The causes 
for PLA can be divided in the following groups.
1.  Biliary Disease: This accounts for approximately 40-60% 

of cases of PLA. It usually occurs in the presence of both 
biliary obstruction & bacterobilia. Most of the cases have 
partial or complete obstruction of the biliary tract, allow-
ing bacterial proliferation and ascending cholangitis. This 
ultimately leads to the development of PLA. Cholecystitis, 
choledocholithiasis, benign or malignant biliary stricture 
and primary sclerosing cholangitis account for the major-
ity of the cases. Biliary manipulations including endo-
scopic retrograde cholangiography (ERCP), percutaneous 
transhepatic cholangiography (PTC), use of biliary stents 
and bilioenteric anastomosis have increased the frequency 
of PLA. Abscesses tend to be multiple with biliary infec-
tion and they occur with equal incidence in both lobes of 
the liver.

2.  Infection via the portal system (portal pyaemia): The 
portal vein becomes a source of infection secondary to 
an intestinal pathology and presently accounts for about 
20% of cases of PLA. Appendicitis with consequent pyle-
phlebitis was the predominant cause in the pre -antibiotic 
era. Now it accounts for only 2% of PLA. Diverticulitis, 
perforated colonic cancer, inflammatory bowel diseases 
and ischemic bowel disease are the predominant causes of 
spreading infection via the portal vein to the liver.  Puru-

lent collection or abscesses in the spleen, ischiorectal fossa, 
pancreas and pelvis are other originating sites of liver 
abscess via the portal vein. These abscesses though initially 
multiple, usually coalesce into a solitary one and they are 
commonly seen in the right lobe.

3.  Hematogenous (via the hepatic artery): This etiology 
accounts for about 15% of cases. The majority of these 
cases are seen as a complication of a systemic infectious 
illness such as endocarditis, otitis media, osteomyelitis, 
pneumonia and pyelonephritis. Intravenous drug abuse 
also accounts for a significant number of cases. As seen 
with a biliary source, the abscesses are usually multifocal 
and distributed equally in both lobes of the liver.

4.  Trauma: Approximately 4% of PLA result from traumatic 
injuries to the liver. Penetrating trauma is responsible in 
the majority of these abscesses with the skin flora as the 
culprit as it seeds the necrotic liver tissue. Radiofrequency 
ablation of liver tumors can also cause PLA as it provides a 
bed for bacteria seeding.

5.  Direct Extension: Contiguous spread from an infected 
adjacent organ, such as gall bladder perforated peptic 
ulcer and subphrenic abscess, can give rise to PLA in 
approximately 5% of the cases.

6.  Secondary infection: PLA has been reported resulting 
from a secondary infection of amoebic abscess, hydatid 
cystic cavities, or metastatic and primary hepatic tumors. 
This accounts for approximately 5% of the cases.

7.  Cryptogenic: Despite advances in diagnostic imaging, 
cryptogenic causes account for approximately 20% of 
cases. Typically, these patients have coexisting disease or 
are otherwise ill. Diabetes, malignancy anywhere in the 
body, and other immunosuppressed states have been asso-
ciated with cryptogenic abscesses. The majority of such 
PLA are solitary.

PATHOLOGY
Generally, portal, traumatic, and cryptogenic abscesses are 
solitary and large whereas biliary and arterial abscesses are 
multiple and small. In these cases, the right hepatic lobe is 
affected in 65% of cases with bilateral involvement occurring 
in 23% of cases. The involvement of the left lobe alone is seen 
in 12% of cases. Bilateral disease occurs in 90% of cases when 
biliary or arterial is the source of the infection.

BACTERIOLOGY
Polymicrobial involvement with aerobes and anaerobes is 
usually the rule. Gram-negative enteric bacteria, including 
Escherichia coli, Klebsiella, Enterobacter and Proteus species 
are isolated from 50-75% of abscesses. Anaerobic bacteria such 
as Bacteroides, Clostridium, Fusobacterium, Actinomyces and 
Peptostreptococcus can be cultured in 40-50% of patients. 
Gram-positive aerobes, Staphylococcus and streptococcus are 
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seen in 30% of abscesses.
 Species of organisms found in PLA are related to the 
etiology. Thus, gram-negative rods such as Escherichia coli, 
Klebsiella predominate in abscesses following biliary etiology, 
as these organisms are frequently present in the infected bile. 
Similarly enteric pathogens such as Escherichia coli, Entero-
coccus and anaerobic bacteria are frequently isolated when 
PLA results from a disorder of the digestive tract. Cryptogenic 
abscesses often contain anaerobic bacteria. Staphylococcus 
aureus abscesses usually result from hematogenous spread of 
organisms involved with distant infections, such as endocar-
ditis. Fungal species, Candida albicans and Aspergillus spe-
cies, are being isolated with increasing frequency, especially 
in patients with leukemia and lymphoma, or those receiving 
chemotherapy for other malignancy. Mycotic infection is also 
common in patients with long indwelling biliary stents who 
are receiving prolonged courses of antibiotics. Mycobacterial 
infection occasionally affects the liver and, through caseous 
necrosis, causes hepatic abscess, especially in the immune-
compromised patients. 

CLINICAL PRESENTATION
Acute presentations are less common with PLA than with their 
amoebic counterparts. The majority of patients with PLA have 
symptoms of less than 2 weeks duration, though one-third 
can be affected for a month or longer. Fever and right upper 
quadrant pain are the most common complaints in patients 
with pyogenic liver abscess. Less than 25% of patients report 
classical spiking fever pattern associated with other abdominal 
abscesses. Anorexia, weight loss, malaise, nausea, vomiting, 
and mental confusion are also common symptoms. Pruritus, 
secondary to obstructive jaundice, and diarrhea are rare but 
important presentations of PLA. The most notable physical 
examination findings the right upper quadrant tenderness. 
Hepatomegaly, liver mass, and jaundice are also common. 

DIAGNOSTIC INVESTIGATIONS
Laboratory Evaluation
Leukocytosis with a left shift is present in two-thirds of the 
patients. Anemia and hypoalbuminemia are also quiet com-
mon, particularly in those with chronic disease. Unlike ALA, 
abnormal liver functions are observed in most patients with 
PLA and are sensitive markers of the disease. Elevations of 
alkaline phosphatase and gamma-glutamyl transpeptidase 
occur in almost 90% of patients. Hyperbilirubinemia, a mani-
festation of underlying biliary tract disorder, is seen in more 
than one third of patients. Peripheral blood cultures are posi-
tive in more than half the patients, especially if collected prior 
to starting antibiotic therapy.

Radiology
Plain films of the chest are abnormal in as many as 50% the 

patients.  X-rays show an elevated right dome of diaphragm: 
subdiaphragmatic air fluid level, pneumonitis extending to 
consolidation, or presence of air in liver, biliary tree, or air fluid 
levels in the liver. 
 CT and US can reliably help detect more than 90% of PLA. 
The major benefits of US are its portability and diagnostic util-
ity in patients who are too critical to undergo prolonged radio-
logic evaluation or to be moved out of a monitored setting. Ini-
tially, the abscess may be hyper echoic and indistinct; but with 
maturation and pus formation, it becomes hyper echoic with a 
distinct margin. Thick pus or multiple small lesions might be 
confused with solid lesions. Larger abscesses have an appear-
ance ranging from hypo echoic to hyper echoic, with varying 
degrees of internal echoes and debris. Gas in hepatic abscesses 
causes high-intensity linear echoes with acoustic shadowing 
or reverberation artifacts. Ultrasonography may highlight 
underlying biliary tract pathology (gallstones, ductal dilation, 
or solid lesions).
 CT is the procedure of choice for the initial assessment 
of a suspected PLA as it offers several advantages over US, 
including better diagnosis of lesions < 2cm and detecting con-
current causative pathology. On contrast enhanced CT, micro 
abscesses appear as multiple small, well-defined hypo attenuat-
ing lesions. Faint rim enhancement and perilesional edema can 
be seen, findings that help to differentiate them from hepatic 
cysts (Figure 6). Larger abscesses are generally well defined and 
hypo attenuating; they may be unilocular with smooth margins 
or complex with internal septa and an irregular contour. Unlike 
ALA, rim enhancement is relatively uncommon, as is the pres-
ence of gas.
 On MR imaging, pyogenic abscesses have variable signal 
intensity on T1- and T2-weighted images, depending on their 
protein content. Perilesional edema, characterized by subtly 
increased signal intensity, can be seen on T2-weighted MR 

FIGURE 6: CT scan showing well defined irregular multi-
locular lesion with mildly enhancing wall & internal septa 
suggestive of coalescing small pyogenic liver abscess
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Radio nucleotide sulfur colloid scan can help to reliably detect 
masses more than 2 cm in size.  The modality is accurate up to 
50-80%; but they are not specific. ERCP, PTC may be indicated 
in patients with biliary tract as a source of the abscess. Similarly 
barium contrast studies may be indicated in patients in which 
gastrointestinal tract is suspected as a cause of the liver abscess.

COMPLICATIONS
Approximately 40% of patients with PLA develop complica-
tions. Generalized sepsis is the most common systemic com-
plication. Pulmonary complications such as pleural effusion, 
empyema and pneumonia frequently occur. Intraperitoneal 
rupture, though rare, is frequently fatal. Hemobilia and hepatic 
vein thrombosis are rare complications.

TREATMENT
Appropriate antibiotic therapy and prompt drainage of puru-
lent collection is the cornerstone in management of PLA. 
Identifying and treating the source of abscess is imperative for 
a successful cure.

Antibiotics
While the culture reports are awaited, the drug used should be 
most effective against common organisms involved. Regimens 
consisting of broad-spectrum third generation cephalosporin, 
an aminoglycoside and metronidazole will cover organisms 
found in the majority of PLA. Metronidazole should be the 
primary choice for anaerobic coverage since it offers the advan-
tage of also treating what may prove to be an amoebic abscess. 
Newer broad-spectrum antibiotic combinations such as imipe-
nem/cilastin, piperacillin/tazobactum, ampicillin/sulbactum 
and ticarcillin/clavulanate are also efficacious for early manage-
ment of such abscesses. For confirmed fungal infections, both 
fluconazole and amphotericin B are effective agents. 
 The duration of treatment remains an area of debate. Con-
ventionally, a prolonged course of intravenous antibiotics last-
ing 4 to 6 weeks or an initial 2 week course of injectable antibi-
otics followed by 4 weeks of oral antibiotic therapy is given to 
address the relatively avascular walls of the abscess cavities and 
also to treat concurrent but undiagnosed purulent collections 
in the liver. Short courses (2 week) of therapy after successful 
percutaneous drainage, however, have also been effective. Mul-
tiple abscesses and fungal abscesses are more problematic and 
may require therapy up to 12 weeks. The duration of the treat-
ment should be guided by clinical and radiographic improve-
ment in the patient. 
 In most patients, antibiotic therapy must be accompanied 
by adequate drainage of abscess cavity. However, patients with 
multiple small abscesses (<1.5 cm), uncomplicated by concur-
rent surgical disease, or patients with multiple miliary fungal 
abscesses are best treated by antibiotics alone.

Aspiration
Aspiration provides valuable diagnostic and bacteriologic data. 
Percutaneous needle aspiration alone, in combination with 
systemic antibiotics, has been reported for the treatment of 
solitary large PLA in an otherwise healthy young patient with 
no coexisting intra-abdominal pathology. 

Percutaneous Drainage
This modality was introduced in the 1970s as an alternative to 
surgery. Percutaneous drainage, US or CT guided, presently 
is the recommended initial management for essentially all 
patients with PLA. The highest success rates for percutaneous 
drainage are seen in patients with solitary, uniseptate abscess. 
The procedure is successful in 70-90% with the duration of 
catheter drainage lasting from 11-19 days.
 Absolute contraindications include coexistence of intra-
abdominal disease that requires operative management, coag-
ulopathy, ascites and inaccessible location. Multiple abscesses 
and multiloculated abscesses are relative contraindications. 
Complications include sepsis, hemorrhage, contamination of 
pleural or peritoneal spaces and bowel perforation. Catheter 
displacement and related pain are minor complications.
Surgical Drainage
With the advent of successful aspiration and percutaneous 
drainage of PLA, surgical drainage procedures are performed 
less frequently than in the past. However, the indications for 
open surgical drainage are
1.  Coexistence of intra-abdominal disease (biliary or bowel) 

that requires operative management.
2.  Patients with loculated or multiple abscesses that are not 

amenable to percutaneous drainage because of location.
3.  Failure/contraindication of percutaneous aspiration or 

drainage.
4.  Signs of peritonitis resulting from intraperitoneal rupture 

of PLA.
The approaches to open drainage of pyogenic liver abscess are 
extra peritoneal (transpleural or retroperitoneal) and trans-
peritoneal. The extraperitoneal approach avoids the peritoneal 
cavity and was the preferred approach in the pre-antibiotic era. 
However, the transperitoneal approach is preferred  as it allows 
thorough inspection of the peritoneal cavity, liver and biliary 
tree and permits the performance of biliary surgery, bowel 
resection, and drain placement as indicated.
 A midline incision is usually preferred. After thorough 
exploration and management of the infectious source, the 
PLA is drained. Successful drainage requires mobilization of 
liver, isolation of abscess from the rest of the peritoneal cavity, 
opening the abscess cavity, breaking up of loculations, irriga-
tion, and dependent drainage. Biopsy from the abscess wall 
should be obtained to rule out amoebic disease or concurrent 
malignancy. Partial hepatectomy may be considered for both 



            89AMOEBIC AND PYOGENIC LIVER ABSCESS

H
E

P
A

T
IC

single and multiple abscesses in the presence of severe hepatic 
destruction by an abscess or a stone. Recently, laparoscopic 
drainage has been used. The laparoscopic approach eliminates 
access trauma and can help detect and treat predisposing 
pathology.

PROGNOSIS
Untreated pyogenic liver abscess is associated with 100% mor-
tality. With early diagnosis, appropriate drainage, and long-term 
antibiotic therapy, the prognosis has improved markedly, with 
mortality rates in the range of 15-20%. Female gender, rupture 
on presentation, emergency laparotomy, management without 
aspiration or catheter drainage, presence of malignancy, hyper-
glycemia, hyperbilirubinemia, elevated prothrombin time, and 
elevated activated partial thromboplastin time are factors that 
are significantly associated with hospital mortality. An associa-
tion of polymicrobial bacteremia increases hospital mortality 
rate.

SALIENT POINTS
Amoebic
•  Third and fourth decades of life
•  M: F – 7-12:1
•  Resident of endemic area or recent travel to endemic 

area
•  Preceding recent attack of dysentery
•  Acute presentations more common
•  Jaundice/deranged LFTs less frequently seen
•  85% lesions solitary
•  CT: irregular thick wall with enhancement
•  Aspirate classical anchovy sauce with no growth on 

culture

Pyogenic
•  Sixth and seventh decades of life
•  M: F – 1:1
•  Resident of Industrialized countries
•  Preceding diarrhea uncommon
•  Indolent presentations more common
•  Jaundice/deranged LFT frequently seen
•  Multiple lesions frequently (>90% in cases with biliary 

etiology)
•  CT: Thin wall with little or no enhancement
•  Aspirate purulent with typical polymicrobial growth 

on culture
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CASE SCENARIO

An 80-year-old woman presents with metachronous right colorectal liver metastasis. The patient was initiated on che-
motherapy with three-month interval treatment response, and was subsequently referred to hepatobiliary surgery. In 
clinic, she reports a 10-pound weight loss and some fatigue. She is appropriate but quiet and defers to family. She is 
oriented but cannot recall specifics about her chemotherapy. After work-up, the patient undergoes open right hepatec-
tomy. Postoperatively, she has delirium and confusion. She develops hypoxia and is suspected of aspiration. Ultimately, 
she recovers after a prolonged hospitalization, but requires discharge to inpatient rehabilitation.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

As life expectancy continues to increase worldwide and cancer 
incidence increases with age, so does the number of elderly 
patients presenting with primary or secondary liver malig-
nancy with indications for liver resection. In fact, half of all 
surgical procedures are being performed on patients aged 
65 and older, and this population will increase in number by 
53% between 2001 and 2020.(1) Furthermore, as the median 
age increases, our definition of elderly is changing over time, 
originally as age 65 or older and now often as 75 or 80 or older 
in the medical literature. As such, many have studied safety 
and outcomes of elderly patients undergoing hepatectomy with 
specific attention to hepatic functional reserve, postoperative 
liver regeneration, and ability to rescue from complications.
 Multiple previous retrospective cohort studies and 
systematic reviews on hepatectomy in elderly patients have 
concluded that hepatectomy is safe with similar postopera-
tive complication rates and disease-free survivals for elderly 
patients who are judiciously selected for hepatectomy based 
on preoperative functional status, comorbidities, and operative 
planning for adequate functional liver remnant. A recent large 
cohort study of hepatectomy in 168 elderly patients compared 
those <75 versus ≥75 years of age undergoing resection for 
treatment of hepatocellular carcinoma.(2) Though age ≥75 
was found to be an independent risk factor for developing 
Clavien-Dindo complications grade 2 or higher, there was no 
difference in length of stay, 90-day postoperative mortality, or 
5-year recurrence-free survival. Another recent cohort study 

matching 54 patients undergoing hepatectomy for colorectal 
liver metastasis <80 years to 54 patients ≥ 80 years found that 
major complications were twice as high in the older group 
and there were 4 deaths in the older group and none in the 
younger group; however, none of these findings were statisti-
cally significant.(3) There was no difference in recurrence of 
disease, cumulative incidence of death from disease, median 
overall survival, or 5-year survival. In contrast, a broader multi-
institutional comparison of 6,727 hepatectomy patients <75 
versus 894 patients ≥75 years of age in the American College 
of Surgeons National Surgical Quality Improvement Program 
(ACS-NSQIP) Participant Use File (PUF) demonstrated that 
older patients had more comorbidities and underwent smaller 
magnitude resections, but had higher rates of complications 
and mortality than their younger counterparts. A last study 
examined hepatectomy patients with “borderline operability,” 
defined as age ≥75 years, dependent function, lung disease, 
ascites/varices, history of myocardial infarction or stroke, ste-
roid use, weight loss >10%, and/or sepsis, in the setting of more 
relaxed criteria for resection due to advances in preoperative 
optimization, surgical safety, advanced surgical techniques, 
and enhanced postoperative care. Even with equal magnitude 
of hepatectomy, patients meeting borderline criteria had higher 
rates than non-borderline patients of severe complication 
(23.3% vs 15.3%) and mortality (3.7% vs 1.2%). Furthermore, 
among patients who experienced a severe complication, the 
mortality rate in borderline patients was almost double that 
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in non-borderline patients (14.1% vs 7.3%). Within the group 
of borderline patients, rates of morbidity and mortality were 
higher in those patients meeting multiple criteria for border-
line operability.
 The main finding of this study was that elderly patients 
who do not have postoperative complications can achieve 
similar outcomes to younger patients; however, with compli-
cations, elderly hepatectomy patients have significantly worse 
outcomes.  From these data we conclude that although age is 
not itself a contraindication to operative intervention, it does 
introduce potential risks that may be difficult to remediate.

ASSESSMENT OF THE OCTOGENARIAN PATIENT
Obviously the key to successful hepatectomy in octogenar-
ians is twofold: patient selection and detail-oriented care.  
With regard to patient selection, we emphasize an orderly 
determination of resectability, especially in elderly patients, 
as this group has poor physiologic reserve. All patients must 
undergo careful preoperative evaluation and be considered 
operative candidates from first a medical, then an oncologic, 
and finally a technical standpoint, prior to hepatectomy  
(Figure 1).

 Even in an oncologic liver surgery practice, the evaluation 
of the octogenarians starts with a physiologic and overall medi-
cal assessment. It is known that older patients generally have 
more comorbidities, but what is more relevant is the number 
of uncontrolled comorbidities.  These must be balanced with 
age when deciding which patients are acceptable surgical can-
didates. 
 After the core medical evaluation, the focus shifts to frailty 
evaluation. There are multiple tools available to evaluate frailty 
in octogenarians, including nutritional, physical, and cogni-
tive deficits.  For a screening evaluation, which we consider 
mandatory for all octogenarians, we prefer tests that can be 
administered in the surgery clinic room.  These include grip 
strength, the Timed Up and Go test, and the Mini-Cog with 
clock drawing test. Certainly there are higher technology tools 
to identify physical frailty, particularly in the identification of 
sarcopenia.  Unpublished data examining sarcopenia in elderly 
hepatectomy patients as a measure of frailty, from Kim et al. 
at our institution, demonstrated that those with lower skeletal 
muscle volume had significantly higher 30-day mortality and 
other post-operative complications (Figure 2).
 An additional important consideration is cognitive func-
tion. Delirium, as defined as an acute change in mental state, 
which may wax and wane over the course of the day, is the 

most common postoperative complication after 
surgery in elderly patients. Postoperative cognitive 
dysfunction is a separate diagnosis from delirium, 
which is a more transient phenomenon, and is a 
change in cognitive performance tending to have a 
more protracted course. Mental changes are more 
common in patients undergoing major as com-
pared to minor procedures, and thus it is especially 
important to screen hepatectomy patients. These 
complications affect both quality of lifeand ability 
to perform activities of daily living and are dev-
astating to the patient as well as to their families/
caregivers. Additionally, patients with delirium or 
postoperative cognitive dysfunction have higher 
rates of postoperative complications and mortal-
ity, longer length of hospital stay, and higher costs. 
Deficits in cognitive function, particularly hypo-
activity, which is a common manifestation of this 
problem in elderly patients, may be so subtle that 
they are often missed by the provider. As such, it is 
important to actively assess the patient with tools 
such as the Mini Mental State Examination, the 
Mini-Cog with Clock Drawing Test (Table 1), or 
other established assessments of cognitive func-
tion. 
 Additionally, though age is the biggest pre-
dictor of postoperative cognitive dysfunction and 

Figure 1: Care of the Octogenarian Liver Resection Candidate.
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Mini-Cog™ Instructions for Administration & Scoring

Step 1: Three Word Registration

Step 2: Clock Drawing

Step 3: Three Word Recall

Scoring

Look directly at person and say, “Please listen carefully. I am going to say three words that I want you to repeat back 
to me now and try to remember. The words are [select a list of words from the versions below]. Please say them for 
me now.” If the person is unable to repeat the words after three attempts, move on to Step 2 (clock drawing).

The following and other word lists have been used in one or more clinical studies.1-3 For repeated administrations, 
use of an alternative word list is recommended.

Say: “Next, I want you to draw a clock for me. First, put in all of the numbers where they go.” When that is completed, 
say: “Now, set the hands to 10 past 11.”

Use preprinted circle (see next page) for this exercise. Repeat instructions as needed as this is not a memory test. 
Move to Step 3 if the clock is not complete within three minutes.

Ask the person to recall the three words you stated in Step 1. Say: “What were the three words I asked you to 
remember?” Record the word list version number and the person’s answers below.

Word List Version:  _____     Person’s Answers:  ___________________        ___________________        ___________________

Version 1
Banana
Sunrise

Chair

Version 4
River

Nation
Finger

Version 2
Leader
Season

Table

Version 5
Captain
Garden
Picture

Version 3
Village
Kitchen

Baby

Version 6
Daughter
Heaven

Mountain

Word Recall: ______  (0-3 points) 1 point for each word spontaneously recalled without cueing.

Clock Draw: ______  (0 or 2 points)

Normal clock = 2 points. A normal clock has all numbers placed in the correct 
sequence and approximately correct position (e.g., 12, 3, 6 and 9 are in anchor 
positions) with no missing or duplicate numbers. Hands are pointing to the 11 
and 2 (11:10). Hand length is not scored.
Inability or refusal to draw a clock (abnormal) = 0 points.

Total Score: ______  (0-5 points)

Total score = Word Recall score + Clock Draw score.

A cut point of <3 on the Mini-Cog™ has been validated for dementia screening, 
but many individuals with clinically meaningful cognitive impairment will score 
higher. When greater sensitivity is desired, a cut point of <4 is recommended as 
it may indicate a need for further evaluation of cognitive status.

Mini-Cog™ © S. Borson. All rights reserved. Reprinted with permission of the author solely for clinical and educational purposes. 
May not be modified or used for commercial, marketing, or research purposes without permission of the author (soob@uw.edu).

v. 01.19.16

ID: ______________   Date: ________________________

Table 1. Mini-CogTM  is a brief 3 minute instrument used to detect cognitive impairment in elderly adults. (Published with 
permission from Soo Borson, MD, Professor Emerita, University of Washington School of Medicine and Affiliate Professor, 
School of Nursing)
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Figure 2: Transverse CT image at the level of L3 showing cross-sectional analysis for the calculation of skeletal muscle, visceral 
adipose, and subcutaneous adipose indices. Left: representative image of a patient without sarcopenia. Right: Representative 
image of a patient with sarcopenia. Note in particular the relative difference in psoas muscle area (arrows).

delirium, there are many other contributing factors that may 
be addressed to minimize risk. Preoperatively, it is important 
to correct hypoalbuminemia, anemia, and electrolyte distur-
bances. Further, careful evaluation of medications and poly-
pharmacy is important. 
Regardless of screening modality, the identification of nutri-
tional, physical performance and/or cognitive deficits warrants 
complete evaluation.  The purpose of this evaluation is to detect 
rapidly remediable issues that have the potential to lower the 
risk of surgery.  When non-remediable issues are defined, this 
information is also valuable to provide fully informed consent 
regarding the risks of hepatectomy.  In some cases, these inves-
tigations will uncover contraindications for surgery in elderly 
patients.
 Of note, given the magnitude of hepatic surgery and the 
inherent lack of reserve or tolerance for complications, it is crit-
ical to preoperatively discuss goals of care with the octogenar-
ian candidate.  In particular, a discussion should be had about 
potential for loss of independence.  Although the mortality 
rate between selected older and relatively unselected younger 
patients may not be clinically significantly different, the rate of 
loss of independence is dramatically higher in older patients, 
who frequently need home health or placement in skilled nurs-
ing or rehabilitation at discharge.

PERIOPERATIVE CARE
Intraoperatively and postoperatively, patients can be optimized 
by avoiding anticholinergic medications and benzodiazepines, 
hypotension, hypoxemia, polypharmacy, long duration of 
anesthesia, reoperation, and postoperative infection.  Proac-
tive screening for delirium and fall risk and early detection 
of complications are especially crucial in the octogenarian 
patient. (Figure 1) Screening for postoperative delirium should 
be performed, as well as soliciting the help of other caregivers 

such as family and ancillary staff for continued monitoring of 
more subtle clues of cognitive dysfunction. Fall risk should be 
assessed using nurse-validated screening tools with occupa-
tional and physical therapy support as indicated. For patients 
identified to be higher risk, precautions include clearly labeling 
the patient chart, giving the patient a fall risk bracelet, lowering 
the bed height, and assisting the patient to get out of and back 
into bed. Goal-directed fluid therapy and judicious transfusion 
policies are critical to avoid hypo- and hypervolemic complica-
tions.  In our practice we use daily BNP to guide this therapy 
and other diagnostic interventions, such as echocardiogram, 
to detect diastolic dysfunction or even frank heart failure in 
patients with high BNPs in the setting of euvolemic resuscita-
tion.
 Another tool that we commonly employ in borderline 
octogenarian hepatectomy candidates is diagnostic laparos-
copy with intraoperative ultrasound. Given that most of these 
patients are candidates for resection due to GI malignancy, 
there are a significant number that may have occult metastatic 
disease and/or abnormal livers.  The diagnostic laparoscopy 
serves to confirm adequate liver parenchyma, resectability of 
tumors, and lack of peritoneal disease.  Equally important, the 
patient is subjected to a moderate stressor and general anesthe-
sia that may unmask functional deficits and poor reserve that 
would lead to catastrophic outcomes with larger magnitude 
and longer anesthesia/surgery.

ENHANCED RECOVERY PROGRAMS (ERP) AND 
PATIENT-REPORTED OUTCOMES (PROS)
Enhanced recovery programs (ERP) have been widely adopted 
at our institution and have resulted in lower postoperative 
pain scores, fewer complications, decreased length of stay, and 
perhaps most importantly, faster return to intended oncologic 
therapy (Table 2). Our ERP protocol includes interventions 
at the pre-, intra-, and postoperative stages, such as preop-
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erative education; preoperative IV saline lock; opioid-sparing 
analgesia before, during, and after surgery; goal-directed fluid 
management; minimization of surgical drains and nasogastric 
tubes; and early ambulation and oral intake. Elderly liver sur-
gery patients are certainly eligible for ERP with a few important 
modifications. Elderly patients should not receive gabapen-
tanoids and care must be taken with certain non-steroidal anti-
inflammatory drugs (NSAIDs), but all other elements of ERP 
are acceptable. (Figure 1) Furthermore, narcotic reduction may 
significantly improve cognitive function and mobility, avoiding 
complications. 
 To measure quality of life, we find it important to measure 
patient-reported outcomes (PROs) pre- and postoperatively 
using a validated instrument.  We use the MD Anderson Symp-
tom Inventory for gastrointestinal surgery patients (MDASI-

GI). This allows us to incorporate patient-centered quality into 
our global assessment of outcomes, including post-operative 
complications, death, readmission and return to intended 
oncologic therapy.

SUMMARY
In conclusion, octogenarians tend to have more comorbidi-
ties and certainly have lower physiologic reserve than younger 
patients. As such, it is especially important to perform a thor-
ough preoperative evaluation and to optimize patients as much 
as possible prior to surgery. When proper preoperative evalua-
tion is coupled with optimal surgical technique and postopera-
tive care, excellent hepatectomy outcomes are achievable.

Table 2. Enhanced Recovery in Liver Surgery vs. Traditional Pathway (Reprinted with permission from Elsevier in Day R, et al.  
Patient-reported outcomes accurately measure the value of an enhanced recovery program in liver surgery. JACS 2015;221:1023-
30.)

 Factors Enhanced Recovery Traditional 

Pre-operative 

Education 
Open and MIS liver surgery patient education material provided, as well as, 
ER Specific Patient Education material provided includes information about 
ER principles, patient and care-giver expectations and pain management. 

Open and MIS liver surgery patient 
education material provided. 

Fluid Management Saline lock IV in pre-op holding KVO IV 

Preoperative Fasting Solids up to 6 hours prior to surgery. Clear liquids permissible up to 2hrs 
before surgery  

Clear liquids after lunch day prior to 
surgery, NPO post midnight. 

Bowel  State No mechanical bowel preparation required Mechanical bowel preparation used 
selectively 

Preventive Analgesia 
Celecoxib 400 mg PO, Pregabalin 75 mg PO (Avoid, Age>65), Tramadol ER 
300 mg PO morning of surgery. Anxiolytics and anti-nausea medication as 
needed 

Anxiolytics and anti-nausea medication as 
needed 

Intra-operative 

Perioperative 
Steroids Dexamethasone 10mg intravenous on induction of anesthesia  No 

Opioid Sparing 
Anesthesia Yes No 

Total Intravenous 
Analgesia 

Dexamethasone 10 mg IV at induction; IV Acetaminophen 1 gram q 6 hours; 
Propofol as main anesthetic agent; IV Dexmedetomidine;  IV Ketamine; IV 
Lidocaine; Infusions titrated by anesthesiologists per patient as needed  

Combined protocol with narcotics and 
inhalational agents 

Fluid Management  Goal directed: monitor stroke volume Goal directed: unmonitored 

Regional Analgesia 
MIS: Local anesthetic wound infiltration with long-acting  liposomal 
bupivacaine. 
Open: Epidural preferred over PCA 

MIS: Local anesthetic wound infiltration 
with short-acting lidocaine/bupivacaine. 
Open: Epidural or PCA 

Drains Limit to only when absolutely indicated Selectively used 

Post-operative 

Opioid Sparing 
Analgesia 

Yes. Pregabalin 75 mg po BID, start pm POD0 x 48h; Acetaminophen 500 mg 
po x 1 POD0; Celecoxib 200 mg PO BID, start POD1; Tramadol 50mg PO 
q6h, start POD1 x 48h; Hydromorphone 0.5 mg IV q 30 minutes prn 
breakthrough pain not relieved within 30 mins of oxycodone; No PCA unless 
failure of Epidural. 

Epidural, PCA hydromorphone, 
hydrocodone, acetominophen 

PRN Analgesia 
Epidural patient: titrated per pain service; Non-epidural patient: Mild pain 
(1-3): Acetominophen 500 mg PO q6h; Moderate pain (4-6): Tramadol 50 mg 
PO q6h; Severe pain (7-10): Hydromorphone 0.5 mg q15 min x 2 

hydromorphone, tramadol, hydrocodone 
and surgeon discretion 

Tubes No NGT Selective NGT 

Early Ambulation Yes. Day of surgery: Sit on edge of bed; POD1 Out of bed to chair and 
ambulation at least 4 times daily 

Yes. Day of surgery: Sit on edge of bed; 
POD1 Out of bed to chair and selective 
ambulation at least 4 times daily 

Fluid Management Hepatobiliary fluid protocol, Minimize IVF rate, SL after 600cc PO Hepatobiliary fluid protocol, Minimize 
IVF rate. 

Early Oral Intake Patients allowed clear liquids on day of surgery. Regular diet POD1 NPO with Ice POD0, POD1 clears, POD2 
regular 

Ready for discharge 
criteria 

Formalized: Independently ambulatory, good pain control, tolerating diet, 
bowel function, no infections, comorbidities under control At surgeon discretion 
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SALIENT POINTS
•  As life expectancy continues to increase worldwide, 

the number of elderly patients is increasing, and more 
octogenarian patients are presenting for consideration 
of hepatectomy.

•  Older patients have more comorbidities than younger 
patients, but most risky are elderly patients with 
uncontrolled comorbidities.

•  Older patients have less physiologic reserve, do not 
tolerate complications as well, and are at significantly 
higher risk of loss of independence.

•  Physical function, nutrition, and cognitive frailty must 
be actively screened for.

•  When possible, deficits detected preoperatively should 
be remediated.

•  Octogenarian hepatectomy patients are eligible for 
enhanced recovery protocols, with some adjustments.

•  Patient-reported outcomes are an important tool to 
measure postoperative function and recovery.

•  When proper preoperative evaluation is coupled with 
optimal surgical technique and postoperative care, 
excellent hepatectomy outcomes are achievable.
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CASE SCENARIO

Patient is a 73-year-old Jehovah’s Witness, with a past medical history of atrial fibrillation on Coumadin, hyperten-
sion, diabetes, who presents with a 2-month history of epigastric pain, new onset jaundice, bloating, and weight loss. 
CT scan shows dilated common bile and pancreatic ducts. No discreet pancreatic mass is seen. Upper endoscopy and 
endoscopic ultrasound reveals a 1.5 cm ampullary lesion. Patient is staged as clinical T1N0M0. FNA result is non-diag-
nostic. Hemoglobin is 15 g/dL, Hematocrit 44%, Platelet 151,000. Bilirubin 0.7 mg/dL, Ca 19-9 is 20 U/mL. The patient 
refuses any perioperative blood products or alternatives including albumin, clotting factors or immunoglobulins.  
This case brings up several key points for consideration:

1.  The tumor is potentially curable with surgical intervention.
2.  There are two potential surgeries – pancreaticoduodenectomy or ampullectomy. The choice of surgery may 

be influenced by the potential for blood loss. Is the oncologic outcome different between the two choices? In 
choosing a surgical procedure, should the surgeon sacrifice better oncologic outcome in exchange for the lesser 
potential for blood loss?

3.  How does the surgeon handle the anticoagulation in this patient, given the real risk of stroke of anticoagulation? 
How would the surgeon reverse the elevated INR preoperatively, and with what agents, and when would be the 
most optimal time to restart anticoagulation postoperatively?

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Jehovah’s Witnesses are individuals who refuse blood products 
and transfusions as a matter of faith, even in extremis. For sur-
geons facing a complex surgery with potential for substantial 
blood loss, their refusal presents a significant challenge. The 
Watchtower Bible and Tract Society, as the church’s legislating 
body, instituted this policy of refusal of transfusions in 1945. 
One reason for this policy is based on the belief that “blood, 
irrespective of the manner of consumption, serves as a nutri-
ent,” and acceptance would be defying divine precepts. While 
Jehovah’s Witnesses are not permitted to accept any blood 
substitute that is derived from human or animal blood, such as 
red and white blood cells, platelets and plasma, acceptance of 
blood product alternatives and/or components, such as albu-
min, and clotting factors were deemed “minor fractions” and 
allowed. However, this changed in 2000, when policy changes 
were instituted. According to this change, “when it comes to 
fractions of any of the primary components (such as albumin, 

all clotting factors, all immunoglobulins, interferons and inter-
leukins), each Christian, after careful and prayerful meditation, 
must conscientiously decide for himself.” (Transfusion Hand-
book 2014). This shift in policy further complicates medical 
care of Jehovah’s Witness since now it is up to each individual 
to determine what blood product alternatives and/or compo-
nents they will and will not accept. The refusal of transfusions 
of whole blood (including preoperative autologous donation) 
and primary blood components – red cells, platelets, white 
cells, and unfractionated plasma – remain nonnegotiable for 
nearly all Jehovah’s Witnesses.
 The reason that this topic is so relevant in hepatopancre-
aticobiliary (HPB) surgery patients is that blood loss during 
pancreatic and liver resections can be substantial. A recent 
retrospective study by Konstantinidis et al reported a median 
blood loss of 400 mL (Range 100 – 1500 mL) after 28 minor 
and major hepatectomies and a median blood loss of 400 mL 
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(Range 250 – 1800 mL) after 10 pancreaticoduodenectomies 
and distal pancreatectomies/splenectomies all performed 
on Jehovah’s Witness patients. Multiple retrospective cohort 
studies have shown an increased mortality with decrease in 
hemoglobin level, with the greatest risk of mortality for those 
patients with hemoglobin less than 7 g/dL. In the setting of 
major abdominal operations with potential for fatal blood loss, 
it is imperative to have specific protocols in place to optimize a 
patient preoperatively, complete a meticulous operation, and to 
have an uneventful postoperative course. Moreover, a detailed 
discussion with the patient and his/her family must be under-
taken with the specific question: “Would you rather die rather 
than receive blood?” The family becomes critical as they will be 
making the ultimate decision if this scenario is encountered. 
This can be especially challenging if the family are not Jehovah’s 
Witnesses and if they disagree with the premise of no transfu-
sion.

PREOPERATIVE STRATEGIES
The perioperative management of Jehovah’s Witnesses requires 
a multidisciplinary strategy compatible with their religious 
beliefs. It is imperative for the surgical team to meet preopera-
tively with the anesthesiologist, hematologist, and other medical 
disciplines to discuss preoperative optimization, intraoperative 
strategies and postoperative blood conservation and bleeding 
surveillance plans. The hematologist can be an important ele-
ment as they can augment any vitamin or mineral deficiencies 
that could exacerbate blood loss. Depending on the co-morbid-
ities of the patient, we often get cardiology and/or pulmonary 
services involved to stratify risk and optimize patients for their 
operation. Cardiac risk is relevant because relative ischemia 
can be made worse with hemodilution and decreased oxygen 
carrying capacity. Similarly, impaired pulmonary function can 
lead to potential challenges for the patient if there is decreased 
oxygen carrying capacity with blood loss and anemia. 

SURGEON’S ROLE
Before taking on a case involving a Jehovah’s Witness patient, 
the surgeon has to be willing to take on the risk themselves. 
It is imperative that the surgeon asks himself/herself if he/she 
is willing to accept the higher chance of death in the surgery 
involved. It is the authors’ experience that truly devout Jeho-
vah’s Witnesses will ask the surgeon if he/she is “okay with 
proceeding?” This question usually informs the surgeon that 
the patient has a clear understanding that there is a contract 
between the patient and the surgeon that is riskier than usual. 
 Not all surgeons are willing to take on this additional risk. 
In the event of an outcome that could have been altered by the 
addition of blood elements, one has to be very secure in one’s 
decision to operate on the patient. There are many factors that 
impact this decision. Some critical elements are listed below:

1.  The likelihood of death without surgery. In the authors’ 

opinion, this has to be a high chance in order to take on 
the risk of a surgery in a Jehovah’s Witness patient.

2.  The likelihood of death from bleeding with the surgery. 
This is of great importance in HPB surgical procedures 
as they are all at high risk for bleeding. Certainly liver 
surgery is the highest risk for intraoperative bleeding. 
However, pancreatic surgery can pose specific problems 
in the post-operative period i.e. gastroduodenal artery 
blowout being a prime example.

3.  The relationship between the surgeon and the patient. 
This has to be excellent and the surgeon may choose to 
have more detailed and frequent preoperative counsel-
ling with the Jehovah’s Witness patient. Documentation 
is important and having the Liaison (see below) present 
may be helpful.

4.  Importance of comorbidities. The impact of comorbidi-
ties that may be especially affected by anemia or inability 
to correct blood coagulation may be of greater impor-
tance in the Jehovah’s Witness patient. One such factor 
may be the presence of chronic liver disease (CLD). One 
could perhaps get away with a segment 2/3 liver resec-
tion in the well compensated CLD patient knowing that 
platelets and FFP are available should there be an issue. 
However, one’s decision may be altered in a Jehovah’s 
Witness patient.

5.  The option of other modalities that may require less 
blood products. The surgeon must consider other 
options such as chemotherapy and radiation therapy 
that might be as effective in the condition being treated. 
Such consideration is critical in a patient with CLD 
where ablation may be the second best option in the 
surgeon’s mind compared to resection. However, in 
a Jehovah’s Witness patient, ablation might rise to the 
top of the list in order to provide a safer option for the 
patient with significantly less potential for bleeding.

6.  Are there options to decrease bleeding ahead of surgery? 
The use of adjuncts to assist in blood loss intraopera-
tively should be investigated. The surgeon must not feel 
that the use of these measures, mainly interventional 
radiology (IR), makes them any “less” of a surgeon. An 
example of a surgeon adjunct would be the use of trans-
arterial chemoembolization of a lesion prior to surgery. 
While this seems attractive at first glance, there is a pay-
off in that there is an increased inflammatory response 
to TACE that can make the dissection more technically 
challenging. Other techniques are Y90 treatment of the 
resected segment of the liver or use of portal vein embo-
lization to augment functional liver remnant.

INFORMED CONSENT
A patient has the legal right to decide to forego treatments that 
are clinically necessary if the patient is deemed to be competent 
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cussion with the patient and obtain an informed consent.  The 
authors often follow an informed consent form with emphasis 
on discussion of complications that would normally require 
transfusion of blood products. Such a check list is crucial in 
comprehensively reviewing with the patient all the available 
options for optimizing, correcting and repleting the patient’s 
hemoglobin level (Table 1). As stated before, each Jehovah’s 
Witness patient may differ on what hematopoietic agents he/
she will consent to. It is imperative for the clinician to explain 
what each medication or solution is comprised of so that the 
patient can make an informed decision on what he/she will 
allow to be infused into their body.
 Before speaking with the patient, all relevant documents 
are reviewed and special attention is paid to the patient’s 
advanced directive if there is one. Then the procedure is 
explained in detail, highlighting the steps where bleeding may 
be an issue. Each type of blood products are reviewed with the 
patient and we take note of whether the patient would approve 
of products like fresh frozen plasma, cryoprecipitate, and/or 
platelets. Colloid solutions are all reviewed to see whether the 
patient would permit infusion. Various hematopoietic medica-
tions (iron, folic acid, vitamin B12, erythropoietin), as well as 
anticoagulation medications, are reviewed and are approved 
by the patient. Intraoperative hemostatic devices and agents 
are reviewed. All other complications are discussed in detail 
with the patient. Potential benefits, alternative treatments 
other than the proposed surgical procedure and outcomes if 

the procedure is not performed is all reviewed with the patient. 
Perhaps the most important portion of the consent is to convey 
to the patient that there may be a real risk of death and that the 
patient would prefer death rather than consenting to a lifesav-
ing transfusion. Then our consent is signed by the patient, the 
physician and a staff witness. 
 It is imperative that the entire family must be included in 
all discussions. There is little conflict when the patient and the 
family are all Jehovah’s Witnesses. However, when some or all 
members of the family are not Jehovah’s Witnesses, real con-
flict can arise. The issue becomes who has the right to decide 
to allow blood products if the patient is in extremis. It is vital 
that the surgeon and the team have a clear discussion with all 
involved and make it clear that the patient’s wishes will be hon-
ored should there be an issue of profound anemia that could 
lead to death. Indeed, the authors have experience where the 
family wanted transfusion when the Jehovah’s Witness patient 
did not. The family called for the ethics team to get involved. 
This can be a tough situation that can create friction between 
the treating physician and the family. Our practice is to have the 
patient work with the Jehovah’s Witness liaison. This is a quali-
fied officer whose main aim is to ensure that the patient can 
make an informed decision regarding the blood components 
that they would be willing to receive. The liaison will generally 
present a checklist that will be filled out with the patient.
 Legal and ethical standards regarding the autonomy of 
Jehovah witness minors (patients under the age of 18) can be 
confusing to the medical community. It is important to note 

TABLE 1.  Informed Consent Tailored for Jehovah’s Witness Checklist

1. Check to see if patient has Advanced Directive
2. Explanation of procedure
3. Explanation of all risks
 a. Discuss potential for significant and/or fatal hemorrhage

 i.  Confirm that patient will not consent to blood products (packed RBC, WBCs, FFP, Cryoprecipitate, Platelets)
 ii.  Determine whether patient consents to synthetic colloid solution (albumin, hetastarch, dextran, gelatin), hemoglobin 
based substitutes (perfluorocarbons) and recombinant proteins (erythropoietin, activated factor VII)
 iii.  Preoperative strategy – Iron sulfate, Folic acid, Vitamin B12, Erythropoietin, Granulocyte-colony stimulating factor, 
Hyperbaric oxygen therapy
 iv.  Intraoperative strategy – Hemostatic agents (Gelfoam, Surgicel, Evarrest, etc.), Injectable agents (desmopressin, 
ε-Aminocaproic acid, Tranexamic acid, Vitamin K), Acute Normovolemic Hemodilution, Intraoperative blood salvage (Cell 
Saver)
 v.  Postoperative strategy – Same as above

 b. Discuss potential for acute kidney injury
 i.  Closed circuit usually employed with no blood prime used, no blood storage

4. Explanation of potential benefits
5. Explanation of alternative treatment
6. Explanation of outcome if surgery was not performed
7. Discuss with patient his/her wishes if fatal massive hemorrhage is encountered. Is the patient willing to die rather than 
receive life-saving transfusion?
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that although the patient’s parents may be devout Jehovah’s 
Witnesses, the minor might not be. Federal statute gives phy-
sicians the authority to provide emergency medical care to 
minors including blood transfusions without the consent of the 
parents or without a court order, provided that the physician 
determines that there is: (a) an immediate need for treatment 
and (b) that a second physician concurs. All surgeons should 
be encouraged to find out their respective state’s laws regarding 
treatment of minors in other medical circumstances. In most 
cases, emancipated minors can consent to their own proce-
dures. Non-emancipated minors are generally granted right 
to seek treatment in specific medical situations (i.e. pregnancy, 
psychiatric disturbance, substance abuse, treatment of sexually 
transmitted diseases). 

MANAGEMENT OF PREOPERATIVE ANEMIA
Preoperative optimization of a Jehovah’s Witness patient must 
start weeks to months prior to surgery if possible. Early blood 
samples should be taken to evaluate the patient’s baseline blood 
count and chemistry. Many of these non-transfusion strate-
gies take days to weeks to see the effect; thus, careful planning 
and early intervention to optimize the patients is crucial. The 
authors routinely use iron, folic acid, Vitamin B12 and/or 
erythropoietin to replenish the patient’s blood storage. Hema-
tology is involved early to help optimize management. If fur-
ther therapy is needed and the patient is agreeable, granulocyte 
colony stimulating factor or other hematopoietic agents such as 
erythropoietin can be considered.
 Iron comes in both oral and IV form and can be used to 
slowly correct anemia. Tablet form comes in variety of forms: 
Polysaccharide iron complex 15 mg/dl oral solution, Ferrous 
fumarate 325 mg tablet, Ferrous gluconate 240 mg and 325 
mg tablets, and Ferrous sulfate 325 mg tablets or 75 mg/mL 
oral solution. Multiple IV iron formulations are also available. 
GI side effects after iron administration is the most common. 
Typically, hemoglobin levels will rise after a week or two, with 
a rise of approximately 2 g/dL seen at three weeks. Patients 
with moderate to severe anemia will see the most benefit. It is 
reasonable to use iron supplementation in patients with mild 
anemia if they are iron deficient.
 Deficiency of folic acid and vitamin B12 leads to megalo-
blastic erythropoiesis, which leads to impaired maturation of 
red blood cells. With repletion of these substances, if the patient 
is anemic, there will be reticulocytosis within 3 to 4 days with 
a rise in hemoglobin seen generally within 10 days. Again, it is 
the author’s practice to check these levels and replace any vita-
mins that are deficient.
 Recombinant erythropoietin (rHuEPO, rhEPO, epoietin 
alpha, darbepoietin alfa, Procrit, Epogen) can be used preop-
eratively to achieve near normal hemoglobin levels. Dosages 
vary widely. For epoetin alfa: if the patient has more than three 
weeks before surgery, they will receive 4 doses weekly with the 

last dose given on the day of surgery. If less than three weeks, 
the patient is given a total of 15 shots at lower dose per injection 
starting 10 days before surgery and continuing postoperatively. 
Given that the iron, folic acid and vitamin B12 levels are nor-
mal, the onset of action for recombinant erythropoietin is 4-6 
days. 
 If the patient is on anticoagulation, interventions to reverse 
the anticoagulant affects are initiated. This aspect can be espe-
cially challenging, as there are scenarios where the surgeon 
will accept a less than perfect coagulation profile knowing that 
they can use blood components to correct these abnormalities. 
With the Jehovah’s Witness patients, the surgeon has to take 
a calculated risk in stopping the anticoagulants. Usually the 
risk of clotting is a greater concern than the risk of bleeding as 
long as there is the option to transfuse. In the Jehovah’s Witness 
patients where there is no such option, the surgeon may have 
to accept a higher risk of a clotting phenomenon in order to 
minimize the risk of bleeding. Patients can be taken off their 
anticoagulation medication at appropriate times preoperatively 
for the effects to wear off. Appropriate services, such as car-
diology, are contacted beforehand so that we can safely take 
the patient off their medications. If the patient has a history 
of deep vein thrombosis (DVT) or pulmonary embolism (PE), 
the authors routinely obtain venous duplex ultrasound of the 
lower extremities. Inferior vena cava (IVC) filter can be placed 
in the preoperative setting if there is any pre-existing DVT or 
there is significant risk of developing DVT.

INTRAOPERATIVE STRATEGIES
Surgical Techniques
Surgical planning with the anesthesiologist and the OR staff is 
crucial. The authors routinely meet and discuss care regarding 
our patients prior to the operative day, aiming for minimal 
blood draws during procedures and focusing on intraoperative 
monitoring devices to assess the patient’s condition. Appropri-
ate lines, such as arterial and central venous lines, are planned 
to be placed with minimal blood loss for monitoring purposes. 
Foley is placed to trend urine output as a measure of resusci-
tation. Permissive hypotension is employed in the operating 
room to minimize blood loss. This is especially the case during 
liver resections where the aim is low central venous pressure 
(CVP) anesthesia to minimize the bleeding from hepatic veins. 
The authors also routinely meet with our OR circulators and 
staff prior to the operation to make sure all medications and 
equipment are ready in the OR prior to starting the case. 
 Meticulous attention to hemostasis and minimizing tech-
nical blood loss during procedures is crucial. Detail oriented 
surgical technique is employed for liver and pancreatic surger-
ies while striving for hemostasis throughout the planned pro-
cedure. Liver resections are performed with standard technique 
utilizing low CVP less than 5 cm H20 anesthetic principles. 
The portal triad can be dissected and encircled and selective 
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performed more liberally in Jehovah’s Witness patients in order 
to reduce bleeding from the portal structures. Techniques of 
complete hepatic isolation can be used where the infra- and 
supra-hepatic vena cavas are clamped and Pringle maneuver is 
employed during parenchymal transection. The authors rarely 
use this technique but certainly this is one way to transect in a 
“bloodless field.” It is the author’s experience that the hemody-
namic changes and the bleeding on reperfusion make this less 
useful in a Jehovah’s Witness patient. 
 For parenchymal transections, there are a number of 
agents available in the market. The authors have a specified 
technique of pre-coagulation with microwave energy (Covi-
dien) followed by the use of bovie electrocautery to transect 
the ablated zone. It is the author’s experience that there is more 
finite ablation zone with microwave energy compared to radio-
frequency energy and therefore, the microwave technique is 
the favored technique. Advanced energy devices, such as the 
Harmonic (Ethicon), along with crush and clamp techniques 
using linear staplers to continue parenchymal transection is 
favored by the authors. Other energy devices, such as Ligasure 
device (Covidien), are also used for parenchymal dissection. 
Other popular devices, such as ultrasonic surgical aspirator 
(Cavitron), hydrojet dissector (VersaJet, HydroCision Inc.), 
and radiofrequency energy and saline sealers (Aquamantys, 
Medtronic), are also available. We recommend that each sur-
geon use devices that they have the most experience with and 
that are the most comfortable. For dealing with ongoing bleed-
ing from cut surfaces, the authors employ suture ligation, argon 
beam, and fibrin sealants (Evicel, Ethicon). A new fibrin seal-
ant patch called Evarrest (Ethicon) is especially efficacious in 
significantly reducing and stopping heavy parenchymal bleeds, 
even if the source is a major hepatic vein. Since these sealants 
are composed of human fibrinogen, it is important to have had 
a discussion with the patient regarding its possible use during 
informed consent.
 For pancreatic procedures, we employ similar techniques 
as described above with meticulous dissection and careful 
hemostasis. The best guard against bleeding is sound surgi-
cal technique. Each vein is carefully dissected out and suture 
ligated or controlled with hemostatic devices or staplers. Each 
artery is encircled and controlled with vessel loops prior to 
ligation. Ongoing bleeding is suture ligated or controlled with 
hemostatic devices or agents described above. 
Careful surgical planning and proper imaging prior to surgery 
often gives the surgeon a roadmap to follow and allows him/her 
to anticipate any variations in blood vessel distribution, such as 
the often-encountered replaced right hepatic artery coming off 
of the superior mesenteric artery during a Whipple procedure. 
The routine use of intraoperative ultrasound to locate major 
vessels during liver and pancreatic surgeries is critical. Antici-
pating major blood vessels prior to encounter will ensure that 

those vessels will not be accidentally clipped or ligated prior to 
proximally and distally controlling those vessels.

Acute Normovolemic Hemodilution
Acute Normovolemic Hemodilution (ANH) is an autologous 
blood collection and volume management technique that may 
have a role in managing Jehovah’s Witness patients intraopera-
tively. The rationale for this technique is that if the hematocrit 
level is lowered before any blood loss, lower concentration 
of red blood cells will be lost if there is any hemorrhage. The 
patient’s blood is removed at the time of surgery before any 
acute blood loss occurs, and acellular fluid, either crystalloid or 
colloid, is used to maintain circulating intravascular volume. If 
colloid is used, a one to one replacement ratio is used for every 
1 mL of blood withdrawn. If crystalloid is used, then a two or 
three to one replacement ratio is used. Ideal replacement fluid 
is unknown at this time, but a number of crystalloid (normal 
saline and lactated ringers) or colloid fluids (albumin, dextran 
and hetastarch) have been reported. ANH has been shown 
to be well tolerated irrespective of the type of fluid used. It is 
important to note that some Jehovah’s Witness may refuse col-
loid infusion, in which case the only option for ANH would 
be crystalloid replacement. Normally the blood that has been 
removed is in continuous circuit with the patient via an outflow 
and inflow tubing connected from the patient to the blood col-
lection bag. Given that the blood is in continuous circuit, some 
Jehovah’s Witness patients may decide that this technique does 
not conflict with their faith (Figure 1).
 Memorial Sloan Kettering Cancer Center is currently 
conducting a prospective randomized clinical trial compar-
ing ANH to standard intraoperative management in patients 
undergoing major hepatic resection and pancreaticoduode-
nectomy.

Intraoperative Blood Salvage
The intraoperative cell salvage (ICS) is another possibility for 
volume management in Jehovah’s Witness patients. The ICS 
machine, commonly called a “Cell Saver”, separates, washes, 
and concentrates collected red blood cells (RBCs). Several 
steps are involved (Figure 2). Blood is collected from the sur-
gical field and mixed with an anticoagulant, typically heparin. 
If there is concern about heparin-induced thrombocytopenia 
(HIT), a citrate based solution (citrate-phosphate-dextrose or 
citrate-phosphate-dextrose-adenine) is used. It is important 
to stress that citrate is normally metabolize in the liver. In a 
patient with impaired liver function, or in those undergoing 
liver resection, it is important to monitor for hypocalcemia 
since citrate can bind with calcium.
 The aspirated blood is collected in a sterile filtered res-
ervoir. When the amount collected is sufficient (375 to 750 
mL), the salvaged blood is centrifuged to collect concentrated 
RBCs. This is then washed with an isotonic solution to further 
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separate free hemoglobin, inflammatory mediators and other 
cellular debris. If heparin is used as an anticoagulant, majority 
of it is washed out at this stage so that iatrogenic anticoagula-
tion does not occur. The processed concentrated RBCs are col-
lected in a cell salvage bag and is ready for reinfusion. The Cell 
Saver machine can typically process a full reservoir of blood 
in approximately 3 min, resulting in 55 to 225 mL of RBCs 
with hemoglobin concentration of greater than 17 g/dL. It is 
important to note that the partially filled reservoir can also be 
processed if necessary but resulting hemoglobin will be less in 
concentration. 
 Just like ANH, the blood that has been removed can also 
be in continuous circuit with the patient via an outflow and 
inflow tubing connected from the patient to the Cell Saver 
machine. Again, given that the blood is in continuous circuit, 
some Jehovah’s Witness patients may decide that this technique 
does not conflict with their faith.
 There are few reports discussing the risk of cancer recur-
rence after autologous transfusion. Although no data exists 
regarding cancer cells that are collected during intraoperative 
blood salvage after liver or pancreatic surgeries, flow cytom-
etry analysis of blood collected during abdominal surgery for 
metastatic spinal tumors showed presence of cancer cells in the 
collection. Even after the collected blood was washed through 
a filter, cancer cells were still observed. This would suggest that 
when autotransfused, the patient would be at risk of dissemina-
tion and recurrence of their malignancy. However, thus far, all 
available studies report that the risk of cancer recurrence does 

not increase with blood salvage techniques. 
 Data regarding ICS related cancer recurrence after liver 
or pancreatic surgeries is even more limited. Araujo and col-
leagues retrospectively analyzed 158 patients over a 10 year 
period who underwent liver transplantation for hepatocellular 
carcinoma. Multivariate analysis revealed that intraoperative 
blood salvage did not affect overall or recurrent free survival, 
even when outcomes at over 3 months after surgery were ana-
lyzed. 
 Thus far, there is no evidence to suggest that ICS increases 
the risk of cancer recurrence. More randomized control studies 
are needed.

POSTOPERATIVE STRATEGIES
Multiple studies have shown that surgical patients can toler-
ate an acute drop in hemoglobin, although levels less than 5 g/
dL have been associated with increased mortality. Our overall 
postoperative approach in managing Jehovah’s Witness patients 
are to:

1. Minimize bleeding and blood loss
2. Optimize physiological tolerance of anemia and
3. Encourage hematopoiesis. 

 The first, and most important, step in dealing with acute 
anemia in our postoperative Jehovah’s Witness patients is early 
vigilance and intervention. Early recognition of any bleeding 
episodes and intervention is crucial in minimizing blood loss. 
Experienced clinical judgment is crucial to determine whether 
the patient needs to return to the operating room or whether 
the bleeding will stop on its own. 
 Jehovah’s Witness patients are routinely placed in the 
ICU setting in the early postoperative period for hemody-
namic monitoring. Initially, permissive hypotension is again 
employed. The routine use of measures such as heart rate, blood 
pressure, CVP, and urine output (as long as the patient does 
not have ESRD) as markers of resuscitation is highly recom-
mended. Antihypertensive medications, such as beta blockers 
or calcium channel blockers, can be employed to keep the blood 
pressure under control. The authors generally aim for a MAP of 
55 to 65. Crystalloid solutions are used to replete intravascular 
volume if extreme hypotension and/or tachycardia ensues. If 
the patient consents to colloids, solutions such as albumin and 
hetastarch are options for resuscitation and volume repletion. 
Blood substitutes such as hemoglobin-based oxygen carriers 
(Hemapure) and perfluorocarbon emulsions are under devel-
opment. Although protocols are in place in select centers for 
use of Hemapure (HBOC-201 – bovine hemoglobin), this is 
not FDA approved.
 Blood conservation techniques should extend to the post-
operative period. Multiple past studies have shown significant 
daily phlebotomy losses in the medical/surgical ICUs. We 
minimize daily phlebotomies, drawing daily blood on postop-
erative days 1 and 2 and then drawing blood only as needed 

FIGURE 1:  Acute normovolemic hemodilution (ANH) : Blood 
conservation technique where blood is removed shortly after 
induction of anesthesia with normovolemia maintained using 
crystalloid and/or colloid replacement. The removed blood 
can be maintained in continuous circuit with the patient and 
re-infused into the patient during or shortly after the surgical 
procedure. Some Jehovah’s witnesses may accept this technique 
since blood remains connected at all times to them via intrave-
nous tubing.
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depending on the patient’s clinical picture. In addition, the use 
of pediatric tubes and/or ISTAT devices can minimize blood 
losses due to blood draws.

The authors minimize antiplatelet medications (i.e. aspi-
rin, non-steroidal anti-inflammatory drugs) immediately 
after surgery. Patients are encouraged to get out of bed and 
ambulate, starting a few hours after coming out of surgery, and 
anti-embolic stockings and/or sequential compression devices 
are employed while the patient is in bed for DVT prophylaxis. 
Chemical prophylaxis is started after day 2 after ensuring that 
the patient does not have any ongoing postoperative bleed. Low 
weight molecular heparin is preferred for chemical DVT pro-
phylaxis as long as the patient’s renal function is acceptable. 

  Any symptomatic decreases in hemoglobin levels are 
treated with a combination of iron, folic acid, vitamin B12 and/
or erythropoietin (See preoperative strategies section). Any 
coagulopathies are aggressively treated. Elevation in INR can 
be treated with vitamin K injections and any platelet dysfunc-
tion secondary to uremia can be treated with desmopressin. If 
the patient is coagulopathic and bleeding, 4-factor prothrom-
bin complex (Kcentra) or factor VII can be given, as long as 
those agents are approved by the patient during informed 
consent. Other injectable agents such as ε-Aminocaproic acid 
and transexamic acid are also options although very few stud-
ies exist regarding their use in Jehovah’s Witness patients in the 
setting of postoperative bleeding after complex GI surgeries. 

FIGURE 2:  Cell Saver : The cell salvage machine, otherwise known as cell saver, collects, isolates and washes red blood cells (RBCs). 
Several steps are involved, including collection of blood from the surgical field, addition of an anticoagulant, filtration to separate, 
wash and concentrate RBCs and eventual reinfusion to the patient. Just like in ANH, some Jehovah’s witnesses may accept this 
technique since blood lost does not leave the operating room and remains connected at all times to them via intravenous tubing.
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 If the patient cannot oxygenate sufficiently despite all 
interventions from severe anemia, the alternative is to reduce 
the clinical need for oxygenation. The patient may need intuba-
tion with mechanical ventilation, sedation or pharmacological 
paralysis and permissive hypothermia. Supplemental oxygen 
supplementation may need to be entertained. Intermittent 
hyperbaric chamber therapy has been shown to increase dis-
solved oxygen in plasma and aid in oxygenation. 

WRAP-UP OF CASE SCENARIO
The patient underwent an extensive preoperative workup, 
receiving vitamin B12 and folic acid injections prior to the pro-
cedure. The patient’s cardiac risk was estimated to be low, per 
the cardiologist. A preoperative meeting was held with anes-
thesia and the OR staff, and an informed consent process was 
begun. The patient refused any blood products, albumin, or 
any perioperative blood salvage techniques. Therefore, we lim-
ited the patient’s blood draw during our preoperative workup. 
Her preoperative hemoglobin was 15 g/dL and in the operating 
room, the patient underwent a transduodenal ampullectomy as 
an initial procedure. However, the frozen section was positive 
for adenocarcinoma, so the Whipple procedure was performed. 
Meticulous surgical technique was employed and total blood 
loss was approximately 300 mL. The patient’s postoperative 
course was complicated by sepsis secondary to clostridium dif-
ficile infection, which was treated with antibiotics. She also had 
some delayed gastric emptying requiring TPN for a few days. 
The patient was discharged in good condition on postop day 
16. Her postoperative hemoglobin never decreased below 7.6 
g/dL. She was given iron, vitamin B12, and folate supplemen-
tation postoperatively. The final pathology was pT2N0M0R0, 
well-differentiated intra-ampullary adenocarcinoma.

CONCLUSION
Surgical management of Jehovah’s Witness, especially when 
they require complex liver or pancreatic procedures with risk of 
substantial blood loss, continues to be a huge challenge. Since 
each Jehovah’s Witness patient has the freedom to determine 
which hematopoietic agents he/she will allow, having a detailed, 
informed consent is crucial prior to taking the patient to the 
operating room. A multidisciplinary approach to the patient’s 
care, optimizing the patient’s condition preoperatively, having a 
plan of action to minimize blood loss intraoperatively, and hav-
ing e protocols in place in case massive bleeding is encountered, 
are crucial elements to have a good outcome. Close vigilance 
and early intervention are the best guards against postoperative 
complications. With careful planning and execution, surgeons 
can expect a great outcome despite the challenges of operating 
on a Jehovah’s Witness patient. And although this chapter was 
written in context of Jehovah’s Witness patients, perioperative 
techniques to minimize blood loss and transfusions should be 
employed for all patients.

SALIENT POINTS 
•  Each Jehovah’s Witness patient may differ in what 

resuscitative solutions and hematopoietic agents he/
she will allow to be given. Therefore, it is important to 
have a detailed and comprehensive informed consent 
regarding each of those agents. 

•  During informed consent, it is imperative that the 
patients understand the risk of death and that they 
clearly express their desire that they would rather die 
rather than receive life-saving transfusions.

•  The surgeon must look at all angles and weigh alterna-
tive treatments balancing the risk of death related to 
the bleeding against other treatments.

•  Multidisciplinary care and preoperative planning with 
all necessary departments are crucial to optimize the 
patient.

•  Meticulous surgical technique to minimize blood loss 
and having protocols in place in case massive bleeding 
is encountered intraoperatively are important aspects 
in treating for Jehovah’s Witness patients. 

•  Early vigilance and intervention in the postoperative 
period are the best ways to minimize blood loss and 
safely guide the Jehovah’s Witness patients through 
recovery.

•  Perioperative techniques to minimize blood loss and 
transfusions should be employed in all patients, not 
just Jehovah’s Witness patients. 
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CASE SCENARIO

The patient is a 53-year-old male who presented to his gastroenterologist with complaints of weight loss, diarrhea, and 
intermittent hematochezia. A colonoscopy was performed identifying two near obstructing masses in the sigmoid 
colon, which were biopsy proven adenocarcinoma (Figure 1).  The patient completed a metastatic workup including 
computed tomography (CT) of the chest, abdomen, and pelvis, and lab evaluation with carcinoembryonic antigen 
(CEA).  The patient’s CEA level was significantly elevated at 1902 and CT showed multiple liver lesions (Figure 2).  The 
patient was referred to medical oncology for adjuvant chemotherapy and interventional radiology for regional hepatic 
therapy with radioembolization with Yttrium-90 therapy.

BACKGROUND

Colorectal cancer remains a significant cause of morbidity 
and mortality.  Despite continued screening, approximately 
25% of patients with colorectal cancer present with synchro-
nous hepatic metastases.  Patients who present with resect-
able metastases, and are surgical candidates, can be managed 
with either liver or primary first management.  Those with 
unresectable lesions at presentation are much more diffi-
cult.  Management of these patients continues to present a 
dilemma for surgeons around the world.  Sparse data can be 
found in the literature supporting several courses of manage-
ment, but as of this time there are no randomized clinical 
trials published to support any of these options.

EVALUATION

Patients newly diagnosed with colon cancer require an exten-
sive workup prior to any intervention.  History and physical 
exam are required and can help to separate those patients 
who are symptomatic and asymptomatic.  Initial evaluation 
with a complete blood count, basic metabolic panel, liver 
function test, and CEA level are also important.  Patients 
should undergo a full colonoscopy to assess the primary and 
to determine the presence of synchronous lesions.  Radiologic 
evaluation should include a CT of the chest, abdomen, and 
pelvis to assess for metastatic disease.  Magnetic resonance 
imaging can be used to further assess the liver if any discrep-
ancies are noted on the CT.  Additionally, PET/CT should be 

considered in patients being considered for metastasectomy, 
as the presence of additional metastatic disease portends a 
poor outcome.

DEFINING RESECTABLE

Resectability can be defined by two principles: oncologic and 
technical.  Oncologic resectability with respect to hepatic 
disease is evaluated by the ability to remove all viable disease 
with negative margins.  Oncologic principles also take into 
account the presence of extrahepatic disease.  If the patient 
presents with extrahepatic disease that isn’t resectable, there 
will be little benefit to hepatic resection.  However, if the 
patient has solitary pulmonary metastases, localized perito-
neal disease, or peri-portal adenopathy that can be resected, 
the oncologic principle can be satisfied.  Paraaortic lymph-
adenopathy, however, can be associated with extremely poor 
outcomes and therefore should exclude any additional surgi-
cal intervention.
 Technical resectability involves evaluation of the hepatic 
anatomy and function in relation to the metastatic disease to 
determine if intervention can proceed.  Again, the ability to 
achieve negative margins is required.  A minimum of 2 con-
tiguous segments with adequate vascular inflow, outflow, and 
biliary drainage is required. Additionally, the quality of future 
liver remnant needs to be assessed with cirrhotic patients and 
those with liver damage secondary to chemotherapy or 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas
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radiation needing more volume preserved than a patient with 
normal function. 

CHEMOTHERAPY
Chemotherapy remains the staple for management of meta-
static disease and is no different with colorectal cancer.  There 
are multiple regimens that can be used in chemotherapy for 
naive and pretreated patients. These regimens use various com-
binations of 5-fluoruracil, leucovorin, oxaliplatin, capecitabine, 
irinotectan, bevacizumab, cetuximab, and other biologics and 
immunologics.  All patients with unresectable colon cancer at 
presentation should receive chemotherapy.  Patients with unre-
sectable disease can be converted to resectability with upfront 
chemotherapy.  Pozzo et al demonstrated that up front chemo-
therapy with 5-fluorouracil and folinic acid, combined with 
irinotecan in previously unresectable patients, allowed 32.5% 
to undergo surgical re-section for curative intent.  This resulted 
in a 14-month progression free survival and 19-month overall 
survival for these patients.  Despite the success of this study 
in converting patients, there is no optimal chemotherapy for 
treatment of these patients and better results have been noted 
with other combinations.  Many of these regimens cause hepa-
totoxicity, and, therefore, patients should be evaluated early and 
often for potential resectability before the liver is too damaged 
for possible intervention, because, as was noted above, patients 
with damaged liver will require a higher volume of liver to 
maintain normal function.

REGIONAL HEPATIC THERAPY

Regional therapy is delivered specifically to metastatic disease 
in an involved organ and can take many different forms.  In 
the case of hepatic metastases from colorectal cancer, these 
forms include: intrahepatic radiation therapy, transarterial 
chemoembolization (TACE), immunotherapy, ablation, and 
hepatic artery infusion chemotherapy.  Each of these modali-
ties have been successful in controlling tumor and improving 
progression free survival. In some cases, these modalities can 
be combined with resection and provide similar outcomes to 
resection.  Additional adjuncts, such as portal vein emboliza-
tion/ligation and staged hepatectomy, can make patients that 
were considered unresectable a viable candidate for resection.

SYMPTOMATIC PATIENTS
The course of management for patients with synchronous 
hepatic metastases is often determined by the primary 
tumor.  Patients who are symptomatic from their primary 
often require surgical intervention involving the colon prior 
to any chemotherapy.  Symptomatic tumors can be divided 
into three categories: obstruction, bleeding, and perforation. 

OBSTRUCTION

Tumors remain the most common cause of colonic obstruc-
tion. Obstructing tumors are most likely to occur in the 
rectum and sigmoid colon but can occur throughout the 
colon. Tumors causing complete obstruction should be 
surgically resected on presentation, before complications 
ensue, regardless of the presence of unresectable hepatic 

metastases.  In sigmoid and rectal 
cancers, resection will often involve 
rectosigmoid resection either with 

or without an end colostomy. The end 
colostomy prevents a leak and, hence, 
allows for rapid initiation of systemic 
chemotherapy for metastatic disease.  
Patients with near obstructing tumors 
may require emergent surgery as well.  
In certain situations these patients can 
be palliated with a colonic stent, but 
this is not universally recommended 
due to complications such as stent 
migration. 

BLEEDING

Bleeding is a common presentation 
for colorectal cancer.  This can come 
in many forms.  The first is anemia 
in an asymptomatic patient with a 
colonic source identified by fecal 
occult blood testing or colonoscopy.  
The second is acute gastrointesti-
nal bleeding identified with gross 

FIGURE 1. Colonoscopy showing two near obstructing sigmoid masses
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instability.  There are also variations 
in between.  In some instances, the 
bleeding can be managed endoscopi-
cally and with transfusion allowing 
for initiation of chemotherapy.  Other 
patients will have acute or chronic 
bleeding that requires interruption of 
chemotherapy and resection.  Those 
with acute bleeding may require 
urgent or emergent surgical interven-
tion.

PERFORATION
Perforation involves rupture of the 
colonic or rectal wall, resulting in 
gross contamination of the perito-
neum with stool and tumor.  This can 
be the result of direct tumor growth 
through the wall of the large intes-
tine, perforation of normal intestine 
proximal to an obstructing tumor, 
or necrosis of the tumor secondary 
to chemotherapy.  The latter is rare, 
but has been reported in patients 
receiving bevacizumab. No matter 
the cause, perforation is a surgical emergency and requires 
immediate intervention.  As with obstructing tumors, the 
minimal procedure necessary to resect the tumor and control 
contamination and sepsis is required.  This likely will involve 
a resection with an end colostomy or diverting ileostomy.  
After recovery, this will allow for patients to receive systemic 
chemotherapy for their metastatic disease.

ASYMPTOMATIC PATIENTS
A frequent presentation for colon cancer is the asymptomatic 
patient with incidentally identified synchronous liver metas-
tases.  Of the different scenarios for management of colon 
cancer, this creates the greatest dilemma.  Traditional teach-
ing was resection of the primary followed by chemotherapy 
for systemic disease. This more traditional approach was born 
out of the belief that patients presenting without symptoms 
would be likely to develop symptoms during treatment and 
require urgent surgical intervention, resulting in higher 
morbidity and mortality.  Many of these patients never went 
on to receive systemic treatment after surgical intervention.  
This has caused providers to question this approach.  Several 
studies have shown that a chemotherapy first approach results 
not only in successful treatment of the metastatic disease, but 
it can also have an effect on the primary tumor. This also 
showed that the risk of delaying surgical resection of the pri-
mary had little effect on outcome.  
 Current management of these patients involves upfront 

chemotherapy for management of systemic disease with the 
hope of conversion.  Management of the primary remains 
debatable in this scenario.  Studies have shown a survival 
benefit with resection of the primary despite the inability to 
resect metastatic liver disease. As with other studies showing 
this benefit, there remains significant concern over selection 
bias.  A Cochrane Review trying to answer the same question 
was unable to identify a survival advantage in resection of the 
primary tumor.  At present there are several trials attempt-
ing to accrue patients to be randomized to answer this very 
difficult question.  As was noted above, patients that receive 
upfront chemotherapy should be routinely re-evaluated for 
resectability, as many will ultimately be able to proceed to 
resection.  Additionally, patients who were deemed unre-
sectable and converted, may be able to receive definitive 
treatment of their hepatic disease through combination 
therapy such as resection, ablation, radioembolization, or 
TACE.  Combining these treatments can result in effective 
management of metastatic disease and make resection of the 
primary tumor feasible to improve outcome.  Current treat-
ment options including chemotherapy and regional hepatic 
therapy are extending survival of patients with stage IV dis-
ease to greater than 2 years in many cases.  These patients, 
even though asymptomatic, are likely to benefit from resec-
tion of their primary tumor.

FIGURE 2. CT showing bilobar colorectal liver metastases that were unresect-
able at presentation
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SPECIAL CIRCUMSTANCES
As with all decisions in medicine there are several special 
circumstances that should be considered when deciding 
the management of the primary tumor in patients with 
unresectable liver metastases (Table 1). Patients who are not 
medically fit for surgery will require other treatment options.  
Patients unable to tolerate chemotherapy may require surgi-
cal intervention to prevent the above noted complications of 
obstruction, bleeding, and perforation.  Patients who present 
with paraaortic or other nonregional adenopathy have poor 
overall survival and surgery of an asymptomatic primary 
is unlikely to provide any significant benefit.  Patients with 
unresectable extrahepatic disease will likely progress quickly 
and achieve no benefit from surgical intervention.  Patients 
with locally advanced rectal cancer are at higher risk of 
developing debilitating pain secondary to their tumor and 
may benefit from surgical palliation of the primary.  Finally, 
molecular testing of patients with synchronous metastases 
should be considered as it may impact the chemotherapy 
regimen and the need for surgical palliation.

Factor Surgical Recommendation

Medically unfit for surgery
Consider non-operative 
management

Medically unfit for chemo-
therapy

Consider resection of the 
primary

Aortocaval adenopathy No indication for resection

Unresectable extra-hepatic 
disease

No indication for resection

Molecular testing
Variable based on genetic 
profile

Locally advanced rectal cancer
Consider resection of the 
primary

TABLE 1. Special circumstances to consider prior to 
surgical intervention in asymptomatic patients

SALIENT POINTS

• Patients who present with synchronous colorectal 
metastases should undergo an exhaustive workup prior to 
surgical intervention to assess the extent of disease.

• Management strategies are best broken down into symp-
tomatic and asymptomatic patients with synchronous 
hepatic metastases (Figure 3).

• Symptomatic patients often will require upfront surgical 
intervention prior to chemotherapy.

• Asymptomatic patients to proceed to chemotherapy first, 
but should be continually reassessed for conversion to 
resectability.

• Patients who do not convert can be managed with 
regional hepatic therapies for definitive treatment of their 
metastases.

• Asymptomatic patients who receive definitive treatment 
for their hepatic metastases and have no untreatable 
extra-hepatic metastases, should be considered for surgi-
cal management of their primary tumors.

• Special circumstances should always be considered prior 
to surgical intervention for any patient with stage IV 
colorectal cancer.
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CASE SCENARIO

A 52-year-old Caucasian man with HCV cirrhosis, genotype 1a, treatment-naïve, presented with a 7.2 cm enhancing 
lesion in segment 6 of his liver, consistent with hepatocellular carcinoma (Figure 1).  He had grade 1 esophageal varices 
and a history of encephalopathy.  His total bilirubin was 2.1 mg/dl, creatinine 1.3 mg/dl and INR 1.6, giving him a cal-
culated MELD score of 16.  His platelet count was 63,000/μL, albumin 2.1 g/dl and alpha-fetoprotein 78 ng/ml.  Given 
his advanced liver disease, he was not felt to be a candidate for surgical resection.  He did not qualify for exception 
MELD points for transplant, as his tumor was > 5cm.
 On further work-up, there was no evidence of extra-hepatic disease and he had no significant comorbid condition.  
The primary lesion was targeted with trans-arterial Yttrium-90 embolization after appropriate planning studies.  Three 
months after the procedure, the tumor had decreased to 4.8cm with central necrosis and a small rim of peripheral 
enhancement (Figure 2).  His total bilirubin remained stable at 2.2 mg/dl and alpha-fetoprotein decreased to 34 ng/ml.  
 At 6 months post-embolization, there was no clinical or radiological progression of disease.  His brother had been 
evaluated and approved as a living liver donor.  He underwent an uneventful living donor liver transplant, receiving a 
right lobe graft.  Anterior sector venous outflow was established using deceased donor aortic conduit to reconstruct 
segment 5 and 8 hepatic veins, and a duct to duct biliary anastomosis was performed (Figures 3-6).
 At 2 years post-transplant, he received ledipasvir/sofosbuvir treatment for HCV with a sustained viral response at 
12 weeks.  At 5 years post-transplant, he is alive with no evidence of tumor recurrence.

Liver transplantation for cirrhotics with unresectable hepato-
cellular carcinoma (HCC) has been an accepted treatment for 
over two decades.  Outcomes are excellent in recipients with 
Stage 1 (single lesion < 2cm) or Stage 2 (single lesion 2-5cm 
or up to 3 lesions all ≤ 3cm) disease.  Equivalent survival has 
also been achieved in individuals with more extensive disease 
applying the so-called ‘expanded-criteria.’  In the US, patients 
with Stage 2 HCC are prioritized for transplant by awarding 
‘exception’ MELD (Model for End Stage Liver Disease) points 
equivalent to a 15% 3 month mortality risk, and points are 
increased every 3 months equivalent to a 10% 3 month mortal-
ity.  However, there is much regional variation in the US as to 
how long candidates wait to receive a transplant.  In our region, 
wait times can be up to 18 months for candidates with HCC.  
Candidates who have higher than stage 2 disease,  or ‘beyond 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Milan criteria’, received no exception points for transplantation 
and as such,  living donor liver transplantation (LD LT) is their 
best hope of receiving a transplant
 Early experience in the US suggested the rates of HCC 
recurrence were higher after LDLT than after deceased donor 
transplant.  This was likely due to more advanced disease as 
well as a shorter interval to transplant in the LDLT group, thus 
selecting patients with biologically more aggressive disease. 
We believe that carefully selected candidates who are beyond 
Milan criteria for transplant can be successfully downstaged 
and receive liver transplants after an appropriate period of 
observation. There is currently no consensus as to what is 
appropriate for downstaging in terms of number and size of 
tumors.   A conference in the US proposed a single tumor not 
greater than 8 cm or up to three tumors, none greater than 5 
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Figure 1: A 7.2cm HCC in segment 6 of liver. Figure 2: Three months post Yttrium-90 embolization

cm with a total tumor burden of less than or equal to 8 cm.  The 
Kyoto group in Japan considers candidates for transplant with 
up to 10 tumors, all ≤ 5cm and others place no restriction on 
tumor number as long as none are > 5cm. 
 There is general consensus that there should be an 
appropriate waiting period between diagnosis and transplant.  
However, the optimal duration of this time period is less clear. 
We prefer to wait at least three months to allow a response to 
downstaging and to ascertain the true biology of the disease as 
supported by our past experience.  Candidates with extrahe-
patic disease, single tumors > 8cm, more than 3 tumors, mac-
rovascular invasion, and alpha-fetoprotein levels > 400 ng/ml 
are excluded.  Less than a three month interval between tumor 
ablation and transplantation and des-γ-carboxyl prothrombin 
(DCP) concentration ≥ 300 mAU /ml have also been shown to 
be independent predictors of worse recurrence free survival.
 Many techniques are currently available and in use for 
tumor downstaging, including local ablation with radio fre-
quency, microwave or  percutaneous ethanol injection, or tran-
sarterial embolization with drug eluting beads or radiolabeled 
microspheres. Our preferred approach for larger lesions, such 
as in this case, is using Yttrium-90 radioembolization (Y90). 
There is level two evidence that Y90 may be superior to tran-
sarterial chemoembolization (TACE) with a higher likelihood 
of downstaging to within stage two. Cross-sectional imaging is 
repeated at 1 and 3 months post-embolization and candidates 
are fully ‘restaged’ prior to being accepted as transplant candi-
dates.
 A comprehensive living donor selection evaluation is per-
formed, as has been previously described by us.  The recipient 
operation is always started first, in the event that there may be 

extrahepatic tumor precluding transplant. This avoids unnec-
essary donor surgery.  After careful inspection for extrahepatic 
malignancy, recipient hepatectomy is performed in the stan-
dard way, minimizing handling of the area of tumor. The retro-
hepatic vena cava is preserved and the recipient liver dissected 
off that structure to allow for ‘piggybacking’ of the new liver 
graft.  Venovenous bypass may be used if necessary.
 On the donor side, the right lobe is procured.  Care is 
taken not to devascularize the bile duct.  We strive to preserve 
as much length as possible of the portal vein and right hepatic 
artery.  We prefer to stay to the right of the middle hepatic vein, 
saving that structure for the donor, and reconstructing any sig-
nificant narrowing of segment five or eight veins of the donated 
liver on the back table.  The right hepatic artery is not dissected 
behind or to the left of the bile duct to prevent biliary ischemia.   
The graft is flushed with University of Wisconsin solution via 
the portal vein and hepatic artery (Figure 3).  Our preference is 
to reconstruct the anterior sector veins using deceased-donor 
aortic conduit if available (Figure 4). We found that the aortic 
conduit is easy to sew to and does not compress like the vein.  
Implantation of the graft begins with anastomosing the donor 
right hepatic vein directly to the cava or widened orifice of the 
recipient right hepatic vein followed by portal vein anastomosis 
and reperfusion of the liver.  The conduit draining the anterior 
sector veins can then be implanted directly into the cava or the 
orifices of the recipient middle and left hepatic veins as is our 
practice.  An end-to-end right hepatic artery to right hepatic 
artery anastomosis is then performed followed by a duct to 
duct biliary anastomosis whenever feasible (Figure 5). We have 
employed both cryopreserved IVC and aortic conduit for our 
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Figure 3: Right Living Donor Graft.  The stumps of the Right 
Hepatic Vein, Right Portal Vein, Right Hepatic Artery, and 
Right Common Hepatic Duct are shown.   Also depicted are 
two large anterior sector hepatic veins (segments 5 and 8).

Figure 4: Backtable reconstruction of anterior sector hepatic 
veins using deceased donor aortic conduit.

Figure 5:  Implantation of Liver.  Donor Right Hepatic Vein 
is drained into the widened orifice of the recipient Right 
Hepatic Vein.  Anterior sector veins are drained via the aortic 
conduit into the recipient Middle and Left Hepatic Veins.

Figure 6: Backtable.  Reconstruction of anterior sector veins 
with deceased donor aortic conduit.
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recurrence over a one year follow-up.
 In instances where the suprahepatic 
vein branches or retrohepatic vena cava 
of the recipient are compromised either 
because the HCC is very close to them 
or a reaction to Y90 is so severe that it 
makes anastomosing to these venous 
structures unsafe, we proceed with sta-
pling the suprahepatic vein branches 
and retrohepatic cava and the diseased 
liver and involved venous structures are 
then removed en-bloc.  Reconstruction 
of the venous outflow tracts can be done 
using either cryopreserved IVC (Figure 
7) or ABO compatible cadaveric tho-
racic aorta that was saved from previous 
donor procurement procedures (Figure 
8).  The cryopreserved IVC is obtained 
from LifeNet Health Transplant Ser-
vices Division, a federally designated 
Organ Procurement Organization that 
coordinates the recovery and transplant 
of organs in Virginia and part of West 
Virginia.  
 We switch to mTOR- based immu-
nosuppression whenever possible at 
around three months using either evero-
limus or sirolimus for its theoretical 
antitumor properties. Careful screening 
for HCC recurrence with cross-sectional 
imaging is performed every three 
months for the first year post transplant 
and then less frequently subsequently. 
Screening should be continued for at 
least five years post-transplant.

Figure 7: This is a depiction of a cryopreserved ABO matched IVC used to sew to the 
recipient IVC at the level of the right renal vein. 

Figure 8: ABO matched cadaveric thoracic aorta conduit was used to reconstruct 
the middle and right hepatic veins tract as a single outflow conduit, which is then 
reanastomosed in a triangulated side to side fashion to the recipient’s IVC 
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SALIENT POINTS 
•  LDLT is an excellent option for candidates with HCC 

who do not qualify for exception MELD points or live 
in regions where wait times for transplant are long.

•  Candidates for transplant must be carefully selected 
based on tumor size, number and other factors such as 
macrovascular invasion and serum AFP levels.

•  Tumors can be downstaged using local ablative or 
embolic techniques.  An observatory period of at least 
3 months is recommended prior to transplant.

•  In appropriately-selected recipients, outcomes with 
LDLT for HCC are equivalent to those achieved with 
deceased donor transplants.
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CASE SCENARIO

A 54-year-old male presents for consultation regarding a 4.5 cm hepatocellular carcinoma (HCC).  He has a history of 
non-alcoholic steatohepatitis (NASH) diagnosed 6 years ago and was found to have a liver mass on ultrasound during 
surveillance imaging.  Subsequently, a contrast enhanced magnetic resonance imaging (MRI) was performed and con-
firmed that the lesion was a LI-RADS 5 HCC lesion located in segment 8 with evidence of cirrhosis with mild ascites, 
normal bilirubin and platelet count.  He otherwise did not have any significant co-morbidities and appears healthy, 
with good physical activity status. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of the liver and is the 5th and 7th most com-
mon cancer in men and women respectively.  Worldwide, it is 
the 3rd most common cause of cancer related mortalities with 
an incidence of over 500,000 per year.  The majority (90%) of 
HCC occurs in the background of chronic liver disease (CLD) 
secondary to hepatitis B virus (HBV), alcohol, hepatitis C 
virus (HCV), or fatty liver disease.  The median survival of all 
patients is approximately 1 year with a <20% 5-year survival 
in patients without any treatment.  In select subsets of patients 
with early stage HCC that undergo treatment, a 5-year disease 
free survival of nearly 90% can be achieved.  
 There is continued debate as to the most ideal manage-
ment of patients with HCC.  The debate has many critical 
elements, including:  the stage of the HCC; the presence or 
absence of cirrhosis and or hepatic decompensation; spe-
cific tumor biology; and the presence or absence of high risk 
tumor attributes.  After these have been addressed, there are 
additional factors that influence treatment selection for cura-
tive intent: surgical resection versus orthotopic liver transplant 
(OLT).  These factors include the patient’s co-morbidities, his/
her socioeconomic status, and the availability of organs for 
transplant.  Within the subset of HCC patients for whom OLT 
is deemed to be the most appropriate option, other equally 
important issues that must be addressed are timing of trans-
plantation, appropriately characterizing and staging the HCC 
based on imaging and AFP, the most effective and appropriate 

downstaging methods, and determining the type of donor the 
patient should have (living donor versus deceased donor trans-
plantation).  
 Our understanding of the biology, diagnostic tools, and 
management options of HCC has significantly improved over 
the last decade but it still lacks high quality randomized con-
trolled trials (RCT).  Most studies comparing resection to OLT 
do not have similar cohorts since patients with HCC often have 
cirrhosis and are not ideal candidates for resection, and those 
who do undergo resection either do not have cirrhosis or have 
well compensated disease. Conversely, those who receive OLT 
tend to have more favorable disease as reflected by a variety of 
our currently used criteria (i.e. Milan criteria) used to select 
patients.  Hence, much of our current understanding and treat-
ment is guided by observational or modeling studies, retro-
spective data, systematic reviews, and a few small sample size 
RCT. 
 When considering the entire HCC population, current 
data support the fact that overall survival and tumor free sur-
vival are best with OLT.  But there is also evidence to suggest 
that specific subsets of patients may fair similarly with other, 
less aggressive treatments, such as surgical resection and/or 
ablation.  Recently, some studies have shown that early trans-
plantation within the first 6 months of diagnosis is associated 
with increased recurrence rates, and solitary lesions in patients 
without cirrhosis or early stage cirrhosis whom have under-
gone resection or ablation have achieved similar 5-year tumor 
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free survivals to transplant.  
 The persistent debate as to the “best” treatment for HCC, 
resection vs OLT, is driven in large measure by one factor: a 
shortage of transplantable hepatic allografts.  Nearly 90% of 
patients who develop HCC do so in the presence of CLD, but 
only 25% to 40% of patients are ever candidates for curative 
treatments.  Each year, approximately 7000 patients with HCC 
are added to the United Network of Organ Sharing (UNOS) 
waitlist and  ~15% die waiting for an organ.   It must also be 
recognized that a large number of patients on the UNOS liver 
transplant waitlist who do not have HCC also die without ever 
receiving a new liver.  Unable to meet the demands of OLT, and 
with the mandate to balance equity and utility, other treatment 
options for patients with HCC must be considered if acceptable 
survival rates and risk can be achieved.  
 For these reasons, the “debate”, should exist to appropri-
ately determine, on a case-by-case basis, which curative intent 
treatment is to be utilized in the management of HCC.  In this 
chapter, we will review the current guidelines for HCC man-
agement; debate hepatic resection vs transplant, presenting the 
merits and limitations of the respective therapies; and discuss 
the role of living donor liver transplant (LDLT) and locore-
gional therapies for patients with HCC. 

CURRENT MANAGEMENT GUIDE-
LINES
A variety of HCC staging systems have been described, includ-
ing: Child-Turcotte-Pugh (CTP) (Table 1), Tumor-Node-
Metastasis (TNM, AJCC), Cancer of Liver Italian Program 
(CLIP), Chinese University Prognostic Index (CUPI), Japanese 
Integrated System (JIS), Biomarker JIS (bm-JIS), and Barcelona 
Clinic Liver Cancer System (BCLC) (Figure 1). Further discus-
sions of these different systems can be found in Chapter 8 by 
John Gibbs et al.  Guidelines for HCC management, in contrast 
to most cancer staging systems, must uniquely incorporate the 
life risks secondary to not only HCC, but also chronic liver 
disease.  There are several published treatment strategies that 
define the role of LR and OLT for HCC in patients with and 
without cirrhosis, including: American Association for the 
Study of Liver Diseases (AASLD - America), Asian Pacific 
Association for the Study of Liver Disease (APASL -  Asia), 
Japan Society of Hepatology (JSH - Japan), European Associa-
tion for the Study of Liver (EASL - Europe), European Society 
of Medical Oncology (ESMO - Europe), Sociedad Espanola 
de Oncologia Medica (SEOM - Spain), Deutsche Gesellschaft 
fur Verdauungs- und Stoffwechselkrankheiten e. V. (DGVS - 
German), Associazione Italiana di Oncologia Medica (AIOM 
– Italy).   These guidelines tailor treatment to the stage/charac-
teristics of the HCC and the patient’s underlying chronic liver 
disease.   
 The joint American Hepatopancreaticobiliary Association 
and American Joint Committee on Cancer (AHPBA/AJCC) 

Second Consensus Conference in 2010 concluded that no 
single staging system was applicable to all patients with HCC.  
Both the AASLD and EASL most recent updated guidelines on 
management of HCC recommend using the BCLS staging sys-
tem rather than other regional ones.  The main advantages of 
the BCLS criteria over others is that it simultaneously accounts 
for outcomes, treatment options, flexibility, and is continu-
ally updated to incorporate new data.  Variations in regional 
treatment guidelines have developed due to cultural attitudes 
toward transplant vs resection, differences in rates of LDLT 
and deceased-donor liver transplant (DDLT), socioeconomics, 
disparities in health care resources, and liver transplant waitlist 
times.  
 Although staging and management is variable between 
guidelines, each uses the CTP scoring system in some fashion 
to prioritize treatment options.  In the absence of cirrhosis, 
all guidelines recommend LR as first line therapy for HCC if 
an R0 resection with adequate hepatic remnant liver can be 
achieved.  Only the German and Italian S3 guidelines have 
clearly described “unresectable” HCC without underlying 
cirrhosis as presence of extrahepatic tumor, patients’ multiple 
general comorbidities, tumor infiltration into all three hepatic 
veins, or too small liver remnant (< 25-30%), and have given 
recommendations for liver transplantation (LT) in such sce-
narios in the absence of metastatic disease.  Although other 
guidelines may implicitly have the same recommendation for 
unresectable cancer, they are not stated clearly and are rather 
indications for LT are only given in patients with underly-
ing cirrhosis.  Also, there is evidence to support re-resection 
in select cases, following the same algorithm suggested for 
de novo HCC.  Specifically, the Italian guidelines allow LT in 
unresectable HCC recurrences 1 year post primary LR, while 
the German recommendation allows LT with recurrence of 
fibrolamellar cancer without nodal metastasis.  
 In 6 of the 8 guidelines for patient with CTP A cirrhosis 
and any size solitary HCC, the first line therapy is resection 
when technically possible and with adequate hepatic func-
tion expected post-resection.  Risk factors for liver failure after 
hepatic resection in the setting of CTP A include < 30-40% 
hepatic remnant, preoperative hepatic venous pressure gradi-
ent (HVPG) > 10 mmHg, elevated bilirubin, low platelet count 
(PLT) < 100 000/mL, and poor general health status (high 
ECOG performance status).  The AIOM and S3 guidelines rec-
ommend LT for all solitary lesions within Milan Criteria unless 
unsuitable for transplant or unifocal HCC > 5 cm, in which 
case resection is to be considered.  In cases of 2-3 tumors, each 
< 3 cm, only the Asian and Japanese guidelines continue to rec-
ommend LR over LT.  Only the JSH guideline recommends LT 
with 2-3 tumors even if the lesion is > 3 cm, while no guideline 
recommends LR nor LT if there are more the 4 tumors.  
 The guidelines for CTP B patients with HCC are similar 
to those described for CTP A patients.  The major difference is 
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Clinical And Lab Criteria
Points*

1 2 3

Encephalopathy None Grade 1 or 2 Grade 3 or 4

Ascites None Mild to moderate
(diuretic responsive) Severe (diuretic refractory)

Bilirubin (mg/dL) < 2 2-3 > 3
Albumin (g/dL) > 3.5 2.8-3.5 < 2.8

Prothrombin time
      Seconds prolonged

      INR
< 4

< 1.7
4-6

1.7-2.3
> 6

> 2.3
*Child-Turcotte-Pugh Class obtained by adding score for each parameter (total points)

Class A = 5-6 points
Class B = 7-9 points

Class C = 10-15 points

FIGURE 1: Barcelona Clinic Liver Cancer (BCLC) System. Child-Turcotte-Pugh (CTP), Hepatocellular Cancer (HCC), 
Performance status or ECOG (PS), Orthotopic liver transplant (OLT) ((Reprinted with permission from Elsevier in Llovet 
J, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet 2003;362:1907-17). 

TABLE 1: Child-Turcotte-Pugh Classification for Severity of Cirrhosis
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that more patients are likely to present with CTP B and have a 
combination of elevated bilirubin, HVPG > 10 mmHg, PLT < 
100 000/mL, and ECOG 1-2. Hence, LR is less likely to be a safe 
option and LT listing will be the most suitable treatment. 
 Interestingly, in CTP C cirrhosis, the AASLD, SEOM, 
EASL-EORTC score recommends neither LR or LT, but rather 
best supportive care.  The other guidelines recommend LT 
in cases of poor liver synthetic function with tumor burden 
within Milan criteria, and those without radiological evidence 
of distant metastasis or vascular invasion.  Poor prognostic 
signs of recurrence include HCC number and size, AFP lev-
els, degree of vascular involvement, and tumor differentiation.  
The Japanese guidelines recommend against LT in patients > 65 
years old.  In patients with tumor burden exceeding the Milan 
criteria, no guideline advocates for LT.  The EASL-EORTC both 
state that no recommendations exist for tumors outside Milan 
criteria (single tumor ≤ 5 cm, or 2-3 tumor none exceeding 3 
cm and no vascular invasion and/or extrahepatic spread) but 
some data support LT in the “up-to-seven” criteria without 
microvascular invasion (MVI) as proposed by Mazzaferro et al 
but still require further studies.  
 In North America, LT for patients with HCC is guided 
by UNOS policies and bylaws.  UNOS guidelines regarding 
treatment options for HCC originated in 2002 and have been 
modified multiple times since.  Soon after the Model for End-
stage Liver Disease (MELD) was adopted by UNOS, a MELD 
exception scoring pathway for patients with HCC was insti-
tuted based on the risk of tumor progression and long term 
survival predications.  Over time, it was noted that LT for HCC 
accounted for an unexpectedly large percentage of all liver 
transplants performed.  To address this, a series of adjustments 
to the HCC-exception scoring algorithm   have been made to 
more equitably allocate DDLT between HCC and non-HCC 
patients.  Significant changes in UNOS HCC MELD exception 
listing policy took into consideration the importance of tumor 
biology and the organ shortage crisis.  UNOS allows listing of 
patients regardless of CTP stage or ECOG status, but there are 
strict guidelines regarding tumor characteristics and AFP lev-
els.  Priority MELD listing for HCC requires lesions to be T2 
(2-3 cm) that have undergone 1 or more locoregional therapies 
(LRT) and awaited 6 months from diagnosis, at which point 
a MELD of 28 is initiated and extended every 3 months with 
a maximum MELD of 34. If the AFP is over 1000, exception 
points are not assigned unless it is reduced to < 500 after LRT.  
An additional UNOS policy change was made in cases of origi-
nal HCC presentation beyond Milan criteria in which single 
lesions beyond 5 cm but < 8 cm, or 2-3 lesions each < 5 cm 
with a total diameter of ≤ 8 cm, or 4-5 lesions each < 3 cm 
with a total diameter of ≤ 8 cm undergo LRT to become within 
T2 criteria allowing LT listing with the same 6-month period 
before MELD exception is granted.  
 Although the BCLC criteria are the mostly widely used 

management guidelines for HCC in America and most of 
Europe, they do have limitations.  The BCLC criteria, if strictly 
followed, appear to be overly restrictive in applying curative 
intent for liver resection (LR), LT, and ablation.  In most centers 
across the world, patients with Stage B and even Stage D disease 
are being offered LT in contrast to the locoregional and best 
supportive care treatments per BCLC guidelines.  Addition-
ally, BCLC does not include criteria for LR or LT in patients 
who undergo preoperative downstaging therapies, nor does 
it mention preoperative strategies for medical therapy and 
other techniques to improve remnant liver quality and size (i.e. 
portal vein embolization (PVE), prior to LR).  Finally, it does 
not address the role of LDLT in LT but rather only recognizes 
DDLT. 
 Our understanding of HCC tumor biology as a predic-
tive element for disease recurrence is limited as is our ability 
to quantify the relationship between chronic liver injury and 
the risk of future de novo or recurrent HCC.  Our insights into 
HCC pathogenesis and molecular subclasses have improved in 
the last decade and now include knowledge of Wnt, S1-TGF-
beta, S2-EpCAM, and inflammation classes.  In addition, gene 
profiling of not only the tumor, but also the surrounding non-
tumoral tissues is being studied in order to differentiate sub-
groups of good and poor outcomes.  As HCC tumor biology 
becomes well delineated, its impact on disease progression and 
treatments will become paramount in updating our treatment 
guidelines.  

THE DEBATE
Resection for Hepatocellular Cancer
The 5-year overall survival after LT is as high as 74%.  In a sub-
set of patients with HCC, surgical resection can achieve at least 
a comparable survival rate.  Liver resection should be first line 
therapy in patients with limited hepatic dysfunction in which 
an R0 resection can be performed with adequate remaining 
liver remnant.  In regions of the world with a higher predisposi-
tion for HBV and excellent screening compliance, over 30% of 
cases of HCC fall into this category.  In this subset of patients, 
we can divide HCC recurrence types into two broad groups 
dependent on either aggressive tumor biology or cirrhosis, 
which are considered early vs late recurrence, respectively.  
Risk of recurrence is one of the major limitations of LR and 
is a key factor in determining if LT is the best option.  Based 
on the BCLC system, patients with very early Stage 0 disease 
(ECOG 0, CTP A, single tumor < 2 cm or carcinoma in situ) 
who undergo resection have 5-year survival rates of 80-90% 
after LR or LT and 70% after ablation.  Early HCC BCLC stage 
A (single tumor > 2 cm or 3 nodules < 3 cm, ECOG 0, CTP A 
or B) have 5-year survival rates of 50-70%.  Even in cases of 
single tumors greater than 5 cm, resection has been shown to 
have favorable outcomes in carefully selected patients in which 
there is no evidence of vascular invasion and good hepatic syn-
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of HBV related HCC favoring a more benign tumor biology.  
 Selection criteria remain paramount in having good peri-
operative outcomes with decreased recurrence rates.  Under-
standing the extent of cirrhosis, and which candidates will have 
adequate liver functional reserve, has changed from basing 
decisions on the highly subjective and poorly discriminating 
CTP score to include more objective measures of synthetic 
function by measuring indocyanine green (ICG) retention 
rate at 15 minutes or Li-Max study, and quantifying portal 
hypertension via HVPG and platelet measurements.  Portal 
hypertension (PHTN) is a clearly validated prognostic factor 
in patients undergoing LR, in which a HVPG > 10 mmHg 
portends a significantly higher risk of postoperative liver fail-
ure.  As a surrogate marker of PHTN, thrombocytopenia of < 
100 000/mL with splenomegaly can be utilized if HVPG is not 
readily available.  With PHTN, HCC resectability rates are < 
10%.  Recently, a few studies have shown that resected patients 
with a MELD ≥ 10 have 5-year survivals of < 50% which is 
significantly less than if the same patients underwent LT.  That 
being said, if LT is not an option LR should still be considered. 
 Although the BCLC criteria differentiate treatment options 
based on tumor number and size (tumor morphology), several 
studies have shown a limited difference if LT is offered over 
LR.  In Asia, LR is still the mainstay for multifocal disease.  This 
finding is likely due to the fact that the same tumor biology 
equally affects recurrence regardless of curative intent option.  
An additional major risk factor for recurrence and survival 
is microvascular invasion (MVI).  It is associated with histo-
logical differentiation—more likely with poorly differentiated 
HCC, and the size of nodules: 20% in 2 cm, 30-60% in 2-5 cm, 
and 60-90% in > 5 cm lesions.  Median survival of resected 
patients with single tumors who have 0-1 risk factors is 87 
months vs 38-71 months without and with MVI.  Survival is 
8-12 months with 2 risk factors and MVI.  A recent study found 
MVI had a more pronounced negative impact on survival in 
patients undergoing LT as compared to LR.  This may be due 
to increased recurrence from immunosuppression, but such a 
cause and effect relationship is speculative at this time.  
 In our modern era, overall 5-year survival rates after 
resection for BCLC stage 0 and A disease of nearly 60-80% 
have been reported.  This survival rate competes with LT as the 
first line therapy as curative intent treatment. Furthermore, the 
perioperative mortality has significantly decreased from nearly 
15% in the 1980’s to now <5% in tertiary level hospitals, with 
some reports of zero mortality. Coupled with this is a major 
decrease in blood transfusion requirements from 80-90% to 
now < 10%.  These perioperative successes are due to dramatic 
improvements in hospital ICU/general ward care and surgical 
technique, preoperative imaging which aids in more precise 
anatomical resections, intraoperative experience such as the 
use of Pringle maneuver, surgical instrument technology, and 

modified anesthesia practices such as low central venous pres-
sure maintenance, etc.  These advances, in addition to onco-
logical principles of resections based on Couinaud segments 
and resections margins, have further decreased early HCC 
recurrence and have improved survival.  
 Recurrence after LR is reported to be as high as 80% 
and thus is a major cause of increased trends toward LT; but 
this is not necessarily considered failure of therapy. In 40% 
of cases, such recurrences can be treated with curative intent 
achieving prolonged survival with re-resection or ablation.  
Guidelines for management of recurrence generally follow 
the same approach as those for primary occurrence of HCC.  
Most studies have shown similar perioperative mortality and 
3- and 5-year survival rates after resection.  Studies have also 
compared the 3- and 5-year survival of those undergoing LT 
after LR recurrence, “salvage LT”, to those undergoing LT as 
primary treatment.  The results are conflicting with some stud-
ies showing no difference and others with significantly worse 
outcomes in salvage vs primary LT.  
 The major drawback of LT for HCC is the dropout rate of 
over 20% during time spent on the waiting list.  This dropout 
rate is rarely incorporated in LT outcome data on an intention-
to-treat basis as this would likely significantly lower long-term 
survival.  With nearly 7000 LT waitlist mortalities yearly in 
the US, the disparity of organ allocation between HCC and 
non-HCC received greater scrutiny.  Major recent changes 
in UNOS HCC policy have decreased the overall number of 
LT performed for HCC and such challenges will further push 
patients towards the LR option.  These facts must be factored 
into the treatment selection algorithm of HCC patients as LR 
in a subset of patients yields similar survival rates as LT and 
even among the  slightly more “sick” population, outcomes for 
LR is only slightly worse.  However, in the setting of challenges 
facing LT, lower, but acceptable, survival rates after LR is likely 
the best option for the population as a whole.
 In our case scenario, the patient is a suitable candidate for 
LR:  He has an ECOG 0, is CTP A, has a solitary < 5 cm HCC, 
a normal bilirubin and platelet count.  Based on BCLC criteria, 
he is Stage A and would have a low operative risk and good 
5-year survival.   
  
Transplant for Hepatocellular Cancer 
Orthotopic liver transplant is the best treatment modality for 
curing patients with HCC.  It has clear advantages over LR by 
not only removing the tumor, but also by entirely removing the 
native diseased liver, thus minimizing the risks of postopera-
tive liver failure from insufficient hepatic remnant following LR 
and nearly eliminating the remnant’s proclivity for recurrent 
disease.  Nearly all studies would conclude that short and long-
term survival is significantly better after LT compared to LR 
for those with HCC.  Patients with cirrhosis and HCC within 
Milan criteria have an overall 5 and 10-year survival rate after 



            119RESECTION OR TRANSPLANTATION OF HCC

H
E

P
A

T
IC

LT as high at 74% and 54%, respectively compared to 47% and 
15% after LR.  In addition, the HCC 10 year recurrence rate is 
10-20% after LT compared to 60-80% after LR.   A meta-anal-
ysis including 62 studies comparing LT to LR demonstrated, 
respectively: improved overall survival in favor of the LT group 
with OR=1.77; 95% CI: 1.45-2.16, recurrence-free survival 
with OR=5.58; 95% CI: 4.12-7.55, and decreased recurrence 
with OR=0.2; 95% CI:0.15-0.28.   LT for HCC can be either 
from a living or a deceased donor.  A more thorough discussion 
of living-related liver transplantation for HCC is discussed by 
Robert Fisher, MD in the next chapter.  A recent meta-analysis 
including 633 LDLT and 1232 DDLT showed that overall sur-
vivals were similar, but HCC recurrence was higher after LDLT.  
 The Milan criteria have been widely accepted as the 
standard of care for allocating organs from deceased donors.  
The application of Milan criteria for LT for HCC has yielded 
overall 5-year survival rates comparable to rates for LT for 
non-HCC disease (~ 65%), and hence confirms the utilitarian 
argument favoring LT for HCC.  Because of the reliability of 
these outcomes, the Milan criteria have been incorporated into 
the BCLC algorithm and are the cornerstone of UNOS organ 
allocation for HCC.  The BCLC staging system uniquely com-
bines tumor status, liver function status, and general health 
status.  It has been externally validated and forms the basis of 
the consensus guideline recommendations promulgated by the 
AASLD and EASL.  
 Predictive survival models have found large tumor size and 
increased numbers of tumor nodules to be highly significant in 
predicting recurrence and survival post-transplant.  Associated 
with these factors are MVI, poor tumor differentiation, and 
microsatellite deposits, all of which are markers of aggressive 
HCC biology.  A criticism of the Milan criteria is that they are 
too restrictive and unnecessarily exclude patients whom would 
equally benefit from LT, even those with increased tumor size 
and numbers.  To address these shortcomings, the University 
of San Francisco (UCSF) criteria was proposed that expanded 
the spectrum of HCC that would qualify for LT; it increased 
tumor size to single lesions < 6.5 cm or a maximum of 3 nod-
ules with each being < 4.5 cm with a total diameter size ≤ 8 
cm.  Some would argue that the UCSF criteria lack sufficient 
data to support its adoption as UNOS policy.  Although tumor 
size and number are essential predictors of survival, they do 
have limitations since they can only be measured at single time 
points over the course of disease.  In contrast, research now 
has focused on identifying dynamic tumor characteristics that 
might more accurately reflect biology such as serum tumor 
markers and responses to loco-regional therapies.  Recently, 
UNOS HCC policy was amended to require candidates to have 
had a pre-LT alpha-fetoprotein (AFP) level below 1000 ng/ml 
on initial listing.  If AFP is above 1000 ng/ml, it must fall below 
500 ng/ml following loco-regional therapy.  Poor outcomes 
have also been shown with increases of AFP > 15 ng/ml per 

month.  In addition, evidence suggests that patients with com-
plete or partial tumor response to TACE have improved 5 year 
survivals.  
 Reviewing the above mentioned HCC consensus recom-
mendations, liver transplantation is the first-line treatment for 
patients with single tumors < 5cm or ≤ 3 nodules  ≤ 3 cm not 
suitable for resection (HVPG > 10 mmHg or elevated bilirubin 
or thrombocytopenia)  with CTP A-B, PS 0.  A major limitation 
of BCLC is its recommendations for patients within Milan cri-
teria who have higher CTP scores, worse PS, or “associated dis-
eases”.  The current BCLC guidelines for such patients include 
loco-regional, medical, or supportive treatment options but 
exclude curative intent therapies.  This is entirely contradictory 
to the current standard of care supported by UNOS and other 
transplant programs around the world.  Many patients deemed 
unsuitable for LT based on BCLC actually undergo successful 
LT with acceptable 5-year graft and patient survivals.  
 Many patients with HCC do not have hepatic decompen-
sation. Hence their priority for DDLT based on the “native” 
MELD (MELD calculated on the basis of bilirubin, creatinine 
and INR) would be low and the risk of HCC progression while 
waiting for an organ would be prohibitively high. In order 
to fairly prioritize cadaveric organs for LT to patients with 
HCC and to decrease the risk of waitlist dropout, patients are 
given exception MELD scoring which is closely monitored 
and increased over time in a highly structured method.  The 
specifics of HCC MELD exception scoring has continuously 
evolved over time as the understanding of tumor biology and 
treatment options have changed.  Attempts at preventing HCC 
dropout by providing MELD exception has not been without 
consequences.  This “advantage” has led to HCC patients hav-
ing higher “tumor” MELD scores and dramatically driving up 
the median MELD score for non-HCC patients at the time 
of transplant.  Due to wide geographic variations in donor 
organ supply, the median MELD at the time of LT for those 
with non-HCC cirrhosis has increased to > 30 in many regions 
and approaches 40 in the most disadvantaged regions.  The 
end result of this shift to transplanting sicker patients is higher 
postoperative risks and increased morbidity and mortality.
 In Japan, LT for HCC is prioritized on grade of liver 
damage, tumor number, and diameter.  Also, in contrast to 
the AASLD and APASL guidelines, the JSH does not exclude 
patients with extrahepatic spread or macrovascular disease, 
although this appears to have been done for simplicity reasons, 
as very little evidence exits for LT in these cases.  Age > 65 years 
is an exclusion criteria in JSH while no other guideline has age 
restrictions. In addition, hepatic function plays an obvious role 
in decision making for treatment options and yet only the JSH 
mentions quantitative liver function tests and includes ICG 
and Li-Max tests.  
 In western countries, HCC in the absence of underlying 
liver disease is unusual.  It is also rare for patients with HCC 
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a short wait period.  Hence, in the majority of patients with 
HCC, loco-regional therapy (LRT) plays a crucial role.  The 
most common LRT include transarterial chemoembolization 
or radioembolization (TACE/TARE), and ablation techniques.  
Multiple studies have compared LRT to resection and con-
cluded that in the vast majority of cases, resection has better 
survival and lower recurrence rates.  In cases of solitary or 
limited multifocal nodules, median survival after TACE is as 
high as 40 months with < 5% risk of post-embolization syn-
drome and liver failure.  When reviewing studies comparing 
LRT with resection, patients’ characteristics were dissimilar; 
patients undergoing resection were either not cirrhotic or have 
lower CTP status, and were younger than those who had abla-
tion.   Similarly, there is a lack of adequate data to demonstrate 
superiority of TACE vs TARE vs ablation as studies are limited 
by small sample size and non-randomization.  Most often, LRT 
is considered as more of a downstaging technique that prevents 
LT waitlist dropout.  It is an essential part of the multidisci-
plinary approach in bridging people to receive a curative-intent 
LT. 
 In our case scenario, the patient is a suitable candidate for 
LT.  He has a large solitary HCC with underlying cirrhosis and 
is decompensated in the form of ascites.  His recurrence rate 
and 5-year survival can be optimized with LT and bridging 
LRT can be employed to prevent a 20% risk of dropout during 
the waitlist period. 

SALIENT POINTS
•  Overall, 5 year-survival is better after liver transplant 

than resection; but, in subsets of patients, outcomes 
are comparable for both approaches.

•  Socioeconomic, cultural, demographic, geographic, 
organ supply, and demand issues continue to prevail 
across the globe and play an important role in decid-
ing which treatment modality is best for HCC.

•  Limited RCT exist comparing treatment options (LR, 
LT, ablation, TACE, TARE) for HCC.

•  Both the major American (AASLD) and European 
(EASL) societies for managing liver disease follow the 
BCLC guidelines for management of HCC: without 
cirrhosis, first line therapy is often resection; but, 
with cirrhosis, the ECOG score, CTP score, HVPG, 
bilirubin, and platelet count help determine risks of 
liver failure and resection is usually not possible for 
those at high risk for liver failure.

•  A limitation of the BCLC guidelines is in the manage-
ment of HCC patients with advanced cirrhosis in 
which non-surgical management is recommended, 
despite a high survival rate with transplantation in 
this subgroup and that transplantation is increasingly 
performed around the world as either DLDT or LDLT.
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CASE SCENARIO

A 62-year-old healthy male with a history of rectal bleeding undergoes a colonoscopy that identifies a single sigmoid 
mass occupying partial circumference of the colon without evidence of obstruction. Biopsies are taken and histo-
pathological examination reveals moderately differentiated adenocarcinoma. Further staging imaging reveals bilateral 
liver metastases (Figure 1). There is no evidence of extrahepatic disease in the rest of the abdomen or the chest. The 
carcinoembryonic antigen (CEA) level is 188 μg/L. He has a body mass index (BMI) of 31 and a past medical history 
of hypertension, but no coronary artery disease or other major comorbidities. The patient is presented at a multidis-
ciplinary tumor board conference in order to determine resectability. Knowing that the primary tumor presents little 
risk for causing significant lower gastrointestinal bleeding or colonic obstruction, and that the liver metastases are 
advanced, he receives systemic neoadjuvant chemotherapy with six cycles of FOLFOX chemotherapy in order to assess 
tumor biology and the possibility of future resection. The repeat imaging demonstrates evidence of radiographical 
response to chemotherapy with a decrease in diameter of the largest hepatic lesions, a response in the primary tumor, 
and a drop in CEA to 64; however, the future liver remnant (FLR) is < 20% and his primary tumor remains in situ.

BACKGROUND

The management of patients with colorectal cancer and syn-
chronous colorectal liver metastases (CRC and CRLM) poses 
a unique challenge due to the presence of two malignant dis-
ease sites. Regardless of treatment, patients with synchronous 
liver metastases have shorter survival following treatment than 
those with metachronous metastases, and optimizing their 
care requires input from a multidisciplinary team including 
colorectal surgeons, hepatobiliary surgeons, medical oncolo-
gists, radiation oncologists, and radiologists. 
 A variety of treatment approaches exists for the manage-
ment of the patient with CRC and synchronous CRLM, and 
currently there is no consensus on the optimal sequence of 
care. Three possible sequences exist: 

1. The classical approach (colorectal resection first)
2. The reverse approach (liver resection first)
3. The simultaneous approach (colorectal and liver resection 

during same operation)
 The classical approach involves staged resection of the 
primary colorectal malignancy, leaving the hepatic metastases 
to be addressed during a second operation, typically several 

weeks later. Conversely, the reverse approach consists of liver 
resection first, removing the metastatic disease and leaving the 
colorectal primary in situ until a second operation. Lastly, there 
has been a recent growth in enthusiasm for simultaneous resec-
tion of both disease sites in selected patients during a single 
operation. Regardless of the surgical treatment sequencing, 
timing of chemotherapy may vary significantly with chemo-
therapy administered before surgery, after completion of surgi-
cal treatment, or both before and after surgery at the discre-
tion of the medical and surgical oncology team. Additionally, 
induction chemotherapy may be given between colorectal and 
liver resections during the classical and reverse sequences, but 
the survival benefit of this treatment remains unproven, and 
additional cycles may increase the perioperative morbidity 
and/or mortality of subsequent liver resection. 
 The optimal approach must be individualized and 
depends on both patient and tumor factors. The performance 
status of patients, their age, their comorbidities, the primary 
tumor location, the characteristics of the primary tumor, and 
the number and size of liver metastases must be taken into 
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account. Patients with symptomatic primary tumors, includ-
ing those with bleeding, obstructing, or perforated colorectal 
cancers, who require an urgent or emergent colorectal resec-
tion are most suitably managed with a classical approach. 
Inversely, the reverse approach is best applied in patients with 
asymptomatic primary cancers and a significant burden of 
liver metastases for whom addressing the hepatic tumor load 
is of foremost importance. This reverse strategy has been par-
ticularly advocated in patients with rectal cancer and extensive 
liver metastases. In this population, a delay to hepatic resection 
due to neoadjuvant treatment of the primary tumor or man-
agement of complications following rectal surgery may result 
in interval progression of the liver lesions to unresectability. 
This is especially true when a long-course chemoradiotherapy 
strategy is applied, since a several-week neoadjuvant treatment 
period followed by a several-week delay to surgery is required 

in order to reduce the risk of local recurrence. In this setting, the 
administration of 5-FU-based radiosensitizing chemotherapy 
without the addition of oxaliplatin does not adequately address 
the systemic disease, while the addition of oxaliplatin results 

in significantly elevated treatment toxicity. In the remaining 
patients, with asymptomatic colorectal primary tumors and 
a low-to-moderate burden of oligometastatic disease in the 
liver, simultaneous resection is an attractive option with sev-
eral potential advantages. 

RATIONAL FOR A SIMULTANEOUS APPROACH
Typically, simultaneous resection has been recommended for 
patients with colon cancer and low tumor burden in the liver. 
In this setting, limited hepatic resection combined with colon 
surgery does not significantly increase the perioperative mor-
bidity or mortality while facilitating complete removal of all 
macroscopic tumor in a single operation. This has a number 
of hypothetical benefits: 
1. Simultaneous resection of all macroscopic disease 

eliminates the interstage time period of the classical or 
reverse approaches during which disease progression 
may occur. 

2. Simultaneous resection simplifies adjuvant chemother-
apy by avoiding the unanswered question of whether 
patients should receive a second course of induction 
chemotherapy prior to the second operation of a staged 
approach. 

3. Simultaneous resection may reduce the total treatment 
time, reduce perioperative morbidity by reducing over-
all anesthetic time, reduce length of hospital stay, reduce 
cost of care, and minimize the overall time off chemo-
therapy. 

 Despite the existence of several hypothetical benefits with 
simultaneous resection, the existing evidence is varied in 
quality and outcome, with no experimental studies compar-
ing the efficacy and safety of the various approaches. The 

current evidence is largely comprised of retrospective observa-
tional studies, many of which are single-center case series. With 
this in mind, pooled analyses of the literature have found no 
clear advantage in perioperative outcomes or survival for any 
of the three surgical approaches. In general, complication and 
30-day mortality rates appear similar. However, it is important 
to recognize that in many of the available studies, the disease 
burden in patients who had simultaneous resection was lower 
on average than in those who had staged resection with fewer 
liver lesions, smaller lesion sizes, and a smaller proportion of 
patients with bilobar metastases in the simultaneous resection 
cohorts. In the absence of a randomized trial, these differences 
may result in unadjusted confounding in the existing analyses 
and have contributed to conservative recommendations which 
suggest limiting combined resection to patients requiring only 
minor liver resections. Until high-quality evidence is avail-

Figure 1: Extensive bilobar colorectal liver metastases. 
Lesions in segment 2 (5.6 x 3.4 cm), segment 4A (3.9 x 3.2 
cm) contacting the middle hepatic vein, segment 7 (0.8 x 1.3 
cm), and segment 5/6 (8.2 x 6.5 cm). 
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Figure 2:. Illustration demonstrating extensive, challenging colorectal liver metastases. The dotted line demarcates the future 
liver remnant. Resection of metastases in the future liver remnant (left lateral section) and colorectal resection is performed 
during the first stage of two-stage hepatectomy. Embolization of the right portal vein and segment IV portal vein branch is then 
performed, as illustrated. Extended right hepatectomy is performed during the second stage. 

able, there will continue to be ongoing concerns regarding the 
safety of the simultaneous approach, particularly in patients 
with significant disease burden who require major liver resec-
tion. At the author’s institution, simultaneous resection has 
been applied in patients undergoing major liver surgery with 
increasing frequency, but we have relied on meticulous patient 
selection, with respect to performance status, to identify candi-
dates who can safely undergo this technique. 
 Several other potential disadvantages of a simultaneous 
approach exist. Major hepatic resection may result in impaired 
post-operative liver function with an adverse impact on 
colorectal anastomotic healing. As such, the extent of hepatic 
resection may need to be limited in those patients undergoing 
simultaneous resection. Furthermore, in cases during which 
low central venous pressure is practiced in order to limit bleed-
ing during liver resection, visceral hypoperfusion may also 
contribute to an increased risk of anastomotic complications. 
Alternatively, if there is inflow control of the portal vein (Prin-
gle maneuver), increased portal pressure may result in venous 
congestion in the bowel and adversely impact creation of the 
anastomosis. 
 Despite the enduring uncertainty, simultaneous resection 
has been performed in patients with extensive hepatic metasta-
ses. It has even been applied in cases requiring two-staged liver 
resection, with simultaneous colorectal resection performed 
during the first stage  (Figure 2 & 3). Notwithstanding the inher-

ent biases of retrospective case series, the available evidence 
supports the safety of the combined approach in these patients. 
Moreover, some centers have even extended the application 
of this technique to include patients undergoing associating 
liver partition and portal vein ligation for staged hepatectomy 
(ALPPS), including those who require concomitant rectal sur-
gery. In the senior author’s experience, two-stage hepatectomy 
can be safely combined with colorectal resection. We advocate 
strict patient selection: choosing motivated patients, focus-
ing on performance status, and collaborating with a specialist 
gastrointestinal oncology group, including colorectal surgeons, 
medical oncologists, and radiation oncologists. All patients are 
discussed in a multidisciplinary case conference, and we typi-
cally treat patients with six cycles of induction chemotherapy 
in order to control systemic disease and assess tumor biology, 
requiring evidence of stability or response to chemotherapy 
prior to proceeding with two-staged resection. If patients are 
considered technically resectable and have good performance 
status with no major perioperative risk factors, we often select 
the simultaneous approach. We believe that this minimizes the 
time off chemotherapy and consolidates the risk of three sepa-
rate major operations (staged liver resection plus colorectal 
resection).  However, patient selection and multidisciplinary 
team expertise are essential factors in simultaneous major liver 
resection in order to minimize perioperative risk and ensure 
optimal oncological outcomes. 
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SIMULTANEOUS APPROACH IN PATIENTS WITH REC-
TAL CANCER
The role of simultaneous surgery in patients with rectal cancer 
constitutes an even greater challenge, and its use should be 
individualized carefully. Optimizing the timing of neoadju-
vant chemoradiotherapy and surgery for patients with rectal 
cancer complicates surgical decision-making concerning the 
liver metastases, depending on the location, size, and depth 
of invasion of the rectal cancer. Patients with locally advanced 
rectal tumors require additional considerations, and optimal 
treatment involves minimizing the risk of local recurrence with 
radiation, chemotherapy, and sedulous adherence to the prin-
ciples of total mesorectal excision. Neoadjuvant long-course 
pelvic radiation combined with 5-FU or capecitabine is cur-
rently advocated in order to improve local disease control; how-
ever, significant concerns exist due to the several-week length 
of treatment required and the reduced effectiveness of 5-FU or 
capecitabine alone at controlling the systemic disease. There-
fore, if the simultaneous surgical approach is contemplated in 
patients with rectal cancer, an alternate approach to neoadju-
vant therapy is required. A number of options exist, including 
short-course radiation, long-course chemoradiotherapy with 
the addition of oxaliplatin, or systemic oxaliplatin-containing 
chemotherapy alone without radiation. Each has advantages 
and disadvantages and should be considered on a case-by- case 
basis in a multidisciplinary case conference setting. Specifi-
cally, short-course radiation alone is thought to be inferior to 

long-course treatment for local pelvic disease control and is 
not felt to be safe when combined with systemic chemotherapy 
according to expert consensus guidelines. Meanwhile, addition 
of oxaliplatin to the long-course chemoradiotherapy regimen 
results in increased treatment toxicity, and omitting radiation 
entirely in favor of systemic oxaliplatin-containing chemo-
therapy alone poses the potential risk of an elevated locore-
gional recurrence rate. The most effective strategy has not been 
clarified, and future studies are necessary in order to identify 
which approach optimally balances treatment for both local 
and systemic disease sites. The senior author’s practice is to 
obtain multidisciplinary case conference input from colorectal 
surgeons, medical oncologists, and radiation oncologists, and 
to determine neoadjuvant treatment on a patient-by-patient 
basis.
 The effectiveness of chemoradiotherapy at treating rectal 
cancer has also resulted in a unique dilemma for surgeons 
treating patients who experience complete clinical response in 
the rectum. In this cohort, a wait-and-watch approach could 
be warranted following resection of the liver metastases. Some 
experts have suggested that only liver resection is necessary 
in those patients whose primary tumors have complete clini-
cal response. Close surveillance is necessary to identify local 
recurrences, but patients may be spared the additional morbid-
ity of rectal surgery. 

PATIENT SELECTION
Judicious patient selection is essential in light of the potential 

Figure 3: Illustration demonstrating the future liver remnant after two-stage hepatectomy (extended right hepatectomy) and 
the colorectal anastomosis following resection of synchronous bilobar colorectal liver metastases and primary colorectal cancer. 
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for increased perioperative morbidity and mortality from the 
combination of two major operations. This is especially true if 
major liver resection is required and/or is combined with rectal 
surgery.  A number of patient factors should be evaluated prior 
to combined resection. Several preoperative variables are asso-
ciated with elevated morbidity and mortality following liver 
resection, including American Society of Anesthesiologists 
(ASA) class 3 or higher, presence of ascites, dyspnea, severe 
COPD, previous cardiac operation, and low serum albumin. 
The presence of these comorbidities should not preclude con-
sideration of liver resection, or even simultaneous resection, 
but the potential for increased postoperative morbidity should 
be acknowledged. The Eastern Cooperative Oncology Group 
(ECOG) score provides additional preoperative stratification 
and should be routinely recorded and considered in conjunc-
tion with patient comorbidities. It is unclear whether the risks 
of a single extended operation are greater than the cumulative 
risk of two major staged surgeries, and the limitations of the 
existing literature preclude a firm recommendation; however, 
the current trend is to reserve simultaneous resection for 
patients without major comorbidities and 
with good performance status.
 Patients with an elevated BMI, while 
not necessarily at increased perioperative 
risk, pose unique technical consider-
ations. In this population, surgical expo-
sure may be challenging, particularly in 
patients who require low rectal surgery 
and right hepatectomy. A laparoscopic 
approach to either colorectal resection, 
hepatectomy, or both may be warranted 
in these patients, but further research 
evaluating the safety and efficacy of major 
laparoscopic liver resection is necessary. 
Simultaneous laparoscopic resection 
should therefore be limited to centers with 
significant expertise until its safety is bet-
ter established. 
 Since the main limitation of major 
liver resection is the risk of postoperative 
liver failure, preserving adequate FLR 
function is essential. Preoperative assess-
ment of the FLR size and function is 
necessary. Computed tomography (CT) 
volumetry should be obtained to measure 
the size of the FLR and indocyanine green 
retention rate at 15 minutes or 99mTc-
mebrofenin hepatobiliary scintigraphy 
(HIDA) scan may further stratify the risk 
of post-hepatectomy liver failure (PHLF). 
Special attention is required in patients 
with steatosis, fibrosis, cholestasis, and 

those who have received induction chemotherapy. The inci-
dence of steatosis is rising due to an increasing prevalence of 
obesity and more widespread use of preoperative chemother-
apy. These patients may be at greater risk of developing PHLF, 
resulting in higher rates of morbidity and mortality. 

MULTIDISCIPLINARY MANAGEMENT
Due to the importance of multidisciplinary management, 
all patients with CRC and synchronous CRLM should be 
discussed at a multidisciplinary tumor board. The imaging 
should be reviewed in order to determine resectablity and plan 
the approach to the colorectal and liver resection. Triphasic 
CT of the chest, abdomen, and pelvis is necessary. Magnetic 
resonance imaging (MRI) of the liver is considered the gold 
standard and is particularly useful in patients with steatosis or 
after chemotherapy since sensitivity is higher for identification 
of metastases with MRI compared to CT. Positron emission 

Figure 4: Portal vein embolization following stage one, and 
hypertrophy of the left lateral section (FLR) following stage 
two of two-stage hepatectomy for CRLM. 
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where there are indeterminate extrahepatic lesions; however, 
PET scans performed during chemotherapy may result in false 
negative results.  Extrahepatic lesions must be carefully scru-
tinized to ensure the absence of extrahepatic metastases, par-
ticularly in patients who would require a major liver resection 
for curative surgery. The presence of extrahepatic metastases 
does not necessarily preclude a simultaneous approach to liver 
and colorectal resection; however, extrahepatic lesions in the 
lungs or adrenals must be resectable at a subsequent operation. 
If patients have received induction chemotherapy, response 
based on size and morphological criteria should be assessed 
as it has implications for the extent of resection required, the 
adequacy of the future liver remnant, and the postoperative 
prognosis. 
 Tumor board discussion also facilitates involvement of a 
specialist colorectal surgeon who will perform the colorectal 
resection. Furthermore, a consensus regarding the surgical 
sequencing can be reached preoperatively with input from 
both colorectal and liver surgeons. If simultaneous resection is 
planned, it is recommended that a specialist colorectal surgeon 
perform the colorectal surgery since an adequate resection 
margin, lymph node harvest, and total mesorectal excision is 
necessary for minimizing local recurrence and improving sur-
vival. 

TIMING OF CHEMOTHERAPY
Although upfront simultaneous resection may be considered 
in some patients, induction chemotherapy is recommended 
since patients with CRC and synchronous CRLM are known 
to have higher recurrence rates and lower survival compared to 
those with metachronous metastases. In patients with CRLM, 
perioperative chemotherapy improves progression-free sur-
vival (PFS) and may help to identify patients with a favorable 
prognosis. Induction chemotherapy may also downsize liver 
lesions, facilitating parenchymal-sparing liver resection. When 
considering the length of induction treatment, it is important 
to avoid hepatic toxicity; therefore, the number of preopera-
tive induction cycles should be limited to four to six. Prolonged 
systemic chemotherapy may increase the risk of liver resection, 
particularly if combined with major colorectal surgery and, 
while improvements in PFS have been demonstrated, periop-
erative chemotherapy has not been shown to improve overall 
survival for patients with CRLM. Surgical resection should be 
delayed by four to six weeks after induction chemotherapy in 
order to reduce surgical morbidity. In addition to systemic che-
motherapy, hepatic arterial infusion chemotherapy has been 
used in some centers and may improve oncological outcomes; 
however, patient compliance can be challenging, and universal 
adoption of this technique has been limited. 

INTRAOPERATIVE CONSIDERATIONS
The simultaneous approach presents additional intraoperative 
considerations. The intraoperative sequence of resections may 
impact perioperative outcomes, but the optimal approach is 
unknown. If creation of the colorectal anastomosis precedes 
hepatic resection, the practice of volume restriction and low 
central venous pressure maintenance during the hepatic 
resection may result in visceral hypoperfusion and increase 
the risk of anastomotic complications. Conversely, if major 
liver resection is performed first, elevated portal venous pres-
sure following resection, or during surgery if inflow control is 
necessary using an inflow occlusion (Pringle) maneuver, may 
contribute to mesenteric venous congestion and increase the 
risk of morbidity during colorectal surgery. Regardless of the 
sequence, intraoperative ultrasound is essential in order to 
identify lesions which may have ben missed on preoperative 
imaging. Furthermore, it facilitates assessment of previously 
indeterminate lesions, and allows surgeons to practice paren-
chymal-preserving techniques when feasible, while achieving 
negative margins. 
 Laparoscopic surgery has a number of benefits when 
applied to colorectal surgery and is increasingly being employed 
in liver resection. Compared to open surgery, the laparoscopic 
approach is associated with less postoperative pain and shorter 
length of hospital stay, and it may reduce the long-term risks of 
small bowel obstruction and abdominal wall hernias. The lapa-
roscopic approach to liver resection is not as widely practiced, 
but as enthusiasm grows for minimally invasive liver surgery 
and further evidence corroborates its safety and oncological 
efficacy, it may be combined with laparoscopic colorectal sur-
gery for a totally laparoscopic simultaneous resection. Lastly, 
the role of robotic liver and colorectal resection is an area of 
current and future research.
 
RETURN TO THE CASE 
Following multidisciplinary case conference discussion, the 
simultaneous approach is selected due to the patient’s good 
functional status and absence of significant perioperative risk 
factors. Simultaneous resection is preferred over the classical 
or reverse approach in order to minimize the risk of disease 
progression during the interstage period and to minimize time 
off chemotherapy. During the first stage, clearance of the future 
liver remnant (left lateral section) is performed in conjunc-
tion with sigmoid resection. On postoperative day 3, prior to 
discharge, embolization of the right portal vein and segment 4 
portal vein branch is performed using embolic microspheres. 
After adequate hypertrophy of the FLR is confirmed (Figure 
4), right trisectionectomy is performed six weeks after the first 
operation for completion of two-staged hepatectomy. Post-
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SALIENT POINTS
•  The management of patients with colorectal cancer 

and synchronous liver metastases is challenging due to 
the presence of two malignant disease sites.

•  The simultaneous approach may be considered in 
patients with an asymptomatic primary tumor and 
resectable liver metastases, especially those who 
require only minor liver resection.

•  Simultaneous major liver resection can be safely 
combined with colorectal surgery if performed in 
patients with good performance status after discussion 
with a multidisciplinary team in centers with extensive 
experience.

•  Involvement of a multidisciplinary team including 
colorectal surgeons, medical oncologists, and radia-
tion oncologists is essential.

•  Laparoscopic and robotic simultaneous surgery are 
areas of current investigation.
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operative recovery is unremarkable and the patient receives 
adjuvant chemotherapy. Final pathology reveals moderately 
differentiated adenocarincoma with complete microscopic 
resection (negative margins). The patient remains disease-free 
over three years of follow-up.
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CASE SCENARIO

A 67-year-old female patient (165 cm; 84 kg) was referred to our service for surgical management of mid–rectal adeno-
carcinoma and synchronous liver metastases.  She had no significant past medical history and the cancer diagnosis was 
made after she had experienced a few episodes of rectal bleeding. The lower part of the tumor could be felt on digital 
rectal examination. The tumor was wild-type for BRAF, NRAS, and KRAS. CT scan demonstrated four right hepatic 
lesions and the liver MRI confirmed these lesions without additional lesions (Figures 1 & 2). The pelvic Magnetic 
Resonance Imaging (MRI) confirms a mid-rectum T3 tumor with a circumferential margin of 4 mm, and thoracic CT 
scan did not reveal any abnormalities. The patient’s laboratory values were as follow: CEA: 12 ng/ml (N < 5); CA 19-9: 
23 U/ml (N < 27).  Because of having multiple (N=4) synchronous hepatic metastases, the patient received 4 cycles of 
FOLFOX. She had a partial response and underwent a right hepatectomy through a subcostal incision. Her postopera-
tive course was uneventful. Pathological examination of the specimen revealed 5 hepatic lesions with a maximal tumor 
diameter of 4 cm, an average surface of necrosis/fibrosis of 80%, and cancer free margins. She received two additional 
cycles of FOLFOX with pelvic irradiation following her liver resection, and underwent a laparoscopic total mesorectal 
excision with a low colorectal anastomosis and a protective ileostomy. The histology of the rectal primary was ypT3N1, 
R0 resection. On last follow-up, she is disease-free 17 months after surgery. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1. Pelvic MRI FIGURE 2. CT scan of the liver
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EPIDEMIOLOGY
Based on the data from regional registry, it is estimated that 
synchronous colorectal liver metastases (CLM) are found in 
about 15% of patients who are initially diagnosed with colorec-
tal cancer.  Of these, about 75% are confined to the liver. Among 
patients with synchronous colorectal liver metastases, the pro-
portion of patients who underwent liver surgery remains low, 
ranging from 2% to 26% across centers in a large cohort from 
the Netherlands.

DEFINITION OF “SYNCHRONOUS”
According to the last international consensus meeting on the 
management of synchronous CLM, the term “synchronous” 
refers to liver metastases diagnosed at or before the diagnosis of 
colorectal cancer. Because, by definition, all metastases are syn-
chronous (occult or detectable at diagnosis), “synchronously 
detected liver metastases” should be used instead of synchro-
nous liver metastases. Metastases appearing after the diagnosis 
or surgery of the primary are classified as early metachronous 
lesions (within the 12 months) or late metachronous lesions 
(beyond 12 months). 

THERAPEUTIC ISSUES
The management of patients with synchronously detected CLM 
relies on cooperation of medical and radiation oncologists who 
deliver oncologic treatment (chemotherapy, radiotherapy) 
and the surgeon. The chance for cure or prolonged survival is 
increased with this so called “onco-surgical” approach.  
 There are three options for patients with synchronously 
detected CLM: (1) simultaneous resections of the primary and 
the CLM, (2) resection of the primary tumor followed by a 
hepatectomy (primary first), and (3) hepatectomy followed by 
resection of the primary tumor (reverse strategy or liver-first 
strategy). Whether which approach is best remains debatable 
since there is a lack of randomized trials. Regardless of the con-
troversy, what is generally accepted is that surgical resection of 
both primary and CLM is the only curative option for patients 
with synchronously detected CLM. Therefore, it is incumbent 
upon the surgeon to formulate a strategy that will select patients 
with favorable biology, to minimize surgical complications to 
avoid delays of systemic treatment, and to address the affected 
organs that might progress to become unresectable or is life-
threatening to the patient (i.e. colonic resection for impending 
obstruction, or hepatectomy for advanced liver metastases). 
The following questions should be considered when select-
ing the best surgical strategy for patients with synchronously 
detected CLM: 
 (1) What is the RAS/BRAF status of the cancer? 
 (2) Does the primary tumor cause symptom? 
 (3) Is it easily resectable, and are the liver metastases 

resectable? If yes, do they require a major hepatectomy? 
 The overall management of the patient has to be discussed 
at a multidisciplinary conference involving oncologists, radio-
therapists, radiologists, liver surgeons, and colorectal surgeons. 
It is important to note that the question of tumor resectability is 
best addressed by surgeons who specialized in the field. Preop-
erative imaging plays an important role in managing patients 
with synchronously detected CLM. Since preoperative MRI is 
better than CT scan at detecting small lesions and those with 
fatty livers, it should be part of the initial workup.   
Because of the lack of high level evidence for many of the issues 
surrounding management of patients with synchronously 
detected CLM, the following recommendations derived from 
a recent international expert consensus on the management of 
CRC with synchronously detected CLM are made. 

SHOULD CHEMOTHERAPY BE GIVEN FIRST? 
It is recommended that all asymptomatic patients with syn-
chronously detected CLM should undergo chemotherapy first. 
For those who present with asymptomatic primary tumor and 
unresectable CLM, neoadjuvant chemotherapy can potentially 
convert unresectable liver metastases to a resectable one by 
inducing sufficient tumor shrinkage. Optimal chemotherapeu-
tic regimen, either as doublets such as FOLFOX (5-FU/leucov-
orin + oxaliplatin) or FOLFIRI (5-FU/leucovorin + irinotecan) 
or triplets such as FOLFOXIRI (5-FU/leucovorin, irinotecan, 
and oxaliplatin) plus targeted therapies should be considered.
 The Epidermal Growth Factor Receptor (EGFR) signaling 
pathway appears to play a crucial role in tumor growth and 
progression in a variety of solid cancers, including colorectal 
cancer (Figure 3). The addition of anti-EGFR monoclonal 
antibody (Mab) such as cetuximab or panitumumab has been 
shown to increase the rate of morphological response, the rate 
of secondary resection, and survival. However, such effect is 
observed only among those that overexpress EGFR and those 
with wild-type KRAS and BRAF; those with either mutated 
KRAS (30%-50% of colorectal tumors) or mutated BRAF 
derived no benefits with the addition of these targeted therapy. 
A recent Cochrane review of 33 randomized trials on the role 
of EGFR inhibitors for metastatic colorectal cancer found that 
adding EGFR Mab to either chemotherapy or best supportive 
care resulted in improved progression-free survival, overall sur-
vival, and tumor response rate.  Similar effect, however, is not 
observed with EGFR tyrosine kinase inhibitor or anti-VEGF; a 
combination of EGFR Mab with bevacizumab (VEGF inhibi-
tor) did not yield any clinical value. One should be cognizant 
that many of the randomized trials addressing the role of tar-
geted therapy for metastatic CRC include a mix bags of patients 
with liver only disease as well as those with disease elsewhere. 
Ideally, one would have liked to have data that addresses liver 

BACKGROUND
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only disease. 
 Even among patients with upfront resectable liver metas-
tases, most experts agree to give 4 to 6 cycles of preoperative 
chemotherapy to assess response and select patients who may 
benefit from a hepatectomy. Specific chemotherapy regimen in 
this situation is not standardized, but the encouraging results 
of the EORTC trial suggest that oxaliplatin-based regimens 
should be considered as the first line of therapy.  
 For patients with stage II/III, low- or mid-rectal cancer, 
combined neoadjuvant radiotherapy is indicated since resec-
tion for this group is technically more complex and carries 
potentially higher risk of morbidity, compared to colonic 
cancers. Studies have shown that up to 27% of patients have 
delayed in receipt of adjuvant chemotherapy following rectal 
operation because of pelvic complications (i.e. anastomotic 
leakage).The consequence of such a delay is the progression of 
the liver metastases to the point that curative hepatectomy may 
not be possible. Although preoperative irradiation has inher-
ent morbidities, it should not be withheld since cure is possible 
only through surgical resection of both primary tumor and 
metastatic liver disease. 

IF CLM IS RESECTABLE, IS IT POSSIBLE TO PER-
FORM SIMULTANEOUS RESECTION OF THE PRIMARY 
TUMOR AND CLM? 
The feasibility of simultaneous liver and colorectal resec-
tion has been reported in various series. But, with hindsight, 

most surgeons agree that serious reservation should be given 
when considering a simultaneous resection that will require 
a major proctectomy and a major hepatectomy (resection ≥ 3 
segments) because of the increased morbidity and mortality. 
Obviously, a low anterior resection combined with a wedge 
resection of a peripheral liver lesion would be considered an 
acceptable approach given the low morbidity from a wedge 
resection. A more in-depth discourse of this approach is dis-
cussed by Roberto Hernandez-Alejandro and colleague in the 
previous section.

IF TWO-STAGE PROCEDURE IS BEING CONSIDERED, 
IN WHICH ORDER OF RESECTION SHOULD IT BE 
DONE? 
The classical approach for synchronously detected CLM con-
sists of resecting the primary tumor followed by resecting the 
liver metastases with chemotherapy given in the interval. This 
was justified by the fear of local complications from the primary 
tumor (obstruction, perforation). However, given the advances 
and preferences of neoadjuvant chemotherapy for the majority 
of these patients, such complications are rarely observed. On 
the contrary, as mentioned above, the risk of postoperative 
complications after colorectal surgery could delay treatment of 
the liver disease, resulting in the progression of the liver dis-
ease to the point of it becoming unresectable. These arguments 
provide the basis for the “reverse” strategy (Liver first). Several 
series have shown that the reverse strategy yielded similar out-
comes compared to the classical approach. However, its supe-
riority over the classical approach has not been clearly demon-
strated. It is likely that a randomized trial to compare these two 
approaches would not be feasible. Logically, we believe that the 
priority of which organ to resect first should go to the one that 
has a higher tumor burden and/or higher life-threatening risk 
of progression. In practice, the liver is more often than not the 
at-risk organ, thus favoring the liver-first approach. 

CONCLUSIONS
In conclusion, the reverse strategy is feasible and yields at least 
comparable survival compared to the “Primary first” approach. 
In Figure 4, we propose an algorithm for the management of 
patients with synchronously detected liver metastases. Liver-
first approach should be considered for those with low/mid 
rectal primary cancer, those who might require complex 
colorectal surgery, and those with advanced liver disease. 
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FIGURE 4. Proposed Algorithm for Patients with Synchronously Detected Colorectal Liver Metastases
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SALIENT POINTS
•  Simultaneous resection of the liver and the primary 

tumor should not be undertaken if a major hepatec-
tomy and a complex colorectal resection is needed. 

•  “Liver First” approach should be considered in cases 
of low/mid rectal cancer and/or in the presence of 
advanced liver disease that might progress to become 
an unresectable disease. 

•  Up-to-date loco-regional treatment of rectal cancer 
(i.e. radiotherapy for low and mid locations) should 
not be withheld because of liver metastases. 
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CASE SCENARIO

A 48-year-old woman presented with a 2-3 week history of progressively worsening constipation, now passing only 
loose stools. A colonoscopy revealed a near-completely obstructing mass in the sigmoid colon that was unable to be 
traversed endoscopically. Biopsies showed moderately differentiated adenocarcinoma. CT scan of the chest, abdomen, 
and pelvis revealed a large mid-sigmoid mass, without any retroperitoneal, bladder, or abdominal wall involvement. 
Two hypodense lesions with peripheral enhancement and washout on delayed phase were noted in segments 6 and 
8, consistent with metastatic disease. There was no evidence of metastatic disease outside the liver. The patient was 
evaluated in a multidisciplinary tumor board. Given the impending colonic obstruction, the recommendation was to 
proceed with resection of the primary followed by systemic therapy, restaging, and right hepatectomy. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
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BACKGROUND

Colorectal cancer is the third leading cause of cancer death 
in both men and women in the United States. Over the past 
several decades, there has been significant progress in the early 
detection and treatment of colorectal cancer, and as a result, 
both overall and stage-specific survival have improved signifi-
cantly. The primary treatment for colorectal cancer is surgical 
resection, with multimodality therapy for advanced-stage dis-
ease, particularly for rectal cancer. The treatment and outcomes 
of colorectal cancer depend on various factors, predominantly 
tumor location and stage.  
 Up to 25% of patients with colorectal cancer present with 
synchronous metastatic disease. The most common site of 
visceral metastatic disease is the liver, and almost two-thirds 
of these patients have liver-only metastatic disease. Patients 
with synchronous liver-only metastases fall into a unique cat-
egory of stage IV disease that is potentially curable. The overall 
approach to managing these patients emphasizes multimodal-
ity treatment that includes surgery, chemotherapy, and, for 
rectal cancer, radiation therapy as well. 
 There are several factors that determine the potential for 
cure, with the most significant being the potential resectability 
of all gross disease including the primary site. There has been 
considerable debate on how to manage patients with synchro-
nous liver metastases when curative treatment is an option. 
Much of the discussion centers on timing of resection of the 

primary versus the metastatic site, with potential options being 
simultaneous versus staged resection, and when staged resec-
tion is chosen, the timing of resection of the primary versus 
resection of the metastatic disease. 
 This chapter will focus on patients with stage IV colorectal 
cancer and synchronous liver metastases who are candidates 
for potentially curative surgical therapy. We will discuss the 
unique set of patient factors that allow for the “primary-first” 
approach, as well as relative contraindications to upfront pri-
mary resection.

MANAGEMENT PRINCIPLES
It is important that all patients with colorectal cancer with 
synchronous liver metastatic disease are worked up and staged 
appropriately prior to any treatment. All patients should 
undergo a complete colonoscopy, with appropriate tattoo 
marking of the primary lesion; CT scan of the chest, abdomen, 
and pelvis; selective evaluation with MRI of the liver; and selec-
tive PET-CT scanning to evaluate suspected but unconfirmed 
metastatic disease outside the liver.  In addition, patients with 
rectal cancer should undergo appropriate locoregional staging 
with endoscopic ultrasound and/or dedicated rectal MRI with 
determination of the planned circumferential resection margin. 
It is especially important to tattoo the mucosa immediately dis-
tal to the rectal cancer at the time of colonoscopy, particularly 
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disease in the liver, complete clinical response in the rectum 
does not obviate further surgical therapy. It is also important to 
mark the liver disease with fiducials or clips if the patient is to 
receive systemic therapy prior to liver resection. 
 Evaluation in a multidisciplinary tumor board is essential 
for all patients with synchronous colorectal cancer liver metas-
tases. Multidisciplinary discussion allows for the consideration 
of various patient- and disease-related factors prior to proceed-
ing with a tailored treatment plan for each individual patient. 
The factors that need to be considered include the patient’s 
overall health and ability to tolerate a major operation; patient’s 
nutritional status; the location of the primary tumor (colon 
versus rectum); the presence or lack of symptoms from the 
primary tumor; the extent of disease in the liver (location and 
number of lesions); the ease of resectability of both the primary 
and metastatic sites; the type and extent of resection that would 
be required; and the overall treatment goals (palliative versus 
curative). 
 With respect to the extent of liver resection, the surgeon 
should decide ahead of time whether future surgery will entail 
an anatomic resection vs nonanatomic resection(s), with or 
without ablation. Consideration must include volumetric 
measurement of the liver to be resected and the assessment of 
the functional status and quality of the liver (normal, steatosis, 
steatohepatitis, or cirrhosis). Some patients may require portal 
vein embolization prior to a planned major hepatic resection. 
Upfront planning in this manner will avoid confusion later in 
the treatment process, especially if there is significant radio-
graphic response in the liver. 

TREATMENT APPROACHES 
With the primary-first approach, resection of the colorectal 
primary precedes treatment of the patient’s metastatic disease. 
With colon cancer this generally entails a partial colectomy 
with or without an anastomosis. With a rectal primary, surgical 
resection entails an anterior resection with anastomosis with or 
without diverting ileostomy, or an abdominoperineal resection 
with an end colostomy. Surgery is then followed by systemic 
chemotherapy, restaging, and a second operation to resect or 
ablate the metastatic disease in the liver if it has not progressed 
to unresectability.
 The main rationale for the primary-first approach is to 
treat or prevent the symptoms and complications of the pri-
mary tumor prior to proceeding with systemic therapy. An 
additional, mostly anecdotal rationale is to remove the poten-
tial source of further metastatic disease. The main disadvantage 
of the primary-first approach is the potential for delay in the 
administration of or failure to complete appropriate systemic 
therapy, particularly in the setting of postoperative complica-
tions. This is a significant concern given that appropriate sys-
tematic treatment is critical to affecting prolonged long-term 

survival. 
 Even without surgical complications, the absence of sys-
temic therapy during the period of surgical planning can result 
in progression of liver disease to the point of unresectablity.  It 
has been demonstrated that only a minority of patients who 
undergo the primary-first approach complete the full sequence 
of planned treatment, whereas 80% of those recruited to the 
reverse strategy complete all planned treatment. Patient selec-
tion for the primary-first approach is therefore critical. 
 
METASTATIC DISEASE WITH PRIMARY TUMOR IN 
THE COLON
The primary-first approach is best suited for patients with 
symptomatic colon cancers who can be treated with a relatively 
low-risk partial colectomy, with or without anastomosis. The 
symptoms that are amenable to palliation with an oncologic 
resection are obstruction and ongoing bleeding, and resection 
is highly effective in these instances. At the time of surgery, the 
decision to perform an anastomosis is based on the patient’s 
underlying health and nutritional status. The goal should be to 
maximize the likelihood of a complication-free postoperative 
recovery so that the patient can move on to systemic therapy 
and resection of metastatic disease. For bulky colonic tumors 
that might necessitate multiorgan resection (eg, a Whipple 
operation for right-sided cancers or bladder resection with sig-
moid cancers), the surgeon should consider surgical diversion 
(loop ileostomy or colostomy) or surgical bypass (eg, ileotrans-
verse colonic bypass for bulky tumors invading the duodenum) 
rather than immediate resection. The intent, again, is to relieve 
the patient’s symptoms, avoid either a substandard or highly 
morbid oncologic operation, and to get the patient to systemic 
therapy as soon as possible. 

METASTATIC DISEASE WITH PRIMARY TUMOR IN 
THE RECTUM
A true primary-first approach is not as well suited for the treat-
ment of metastatic rectal cancer for multiple reasons. First, 
upfront surgery is not the oncologic standard of care for most 
stage II and III rectal cancers, as all but stage I tumors will 
typically receive some form of preoperative treatment (chemo-
radiation or chemotherapy). Additionally, unlike colon resec-
tions, anterior and abdominoperineal resections are associated 
with a much higher risk of organ-space surgical site infections, 
including anastomotic leaks. Such infectious complications can 
negatively impact the receipt of additional chemotherapy and, 
as a result, negatively impact long-term outcome. It is for this 
reason that symptomatic metastatic rectal cancers present such 
a treatment challenge. Symptomatic patients—who usually 
present with obstructing or nearly obstructing tumors—should 
initially be palliated with either endoscopic stenting or a rela-
tively low morbidity operation to place a decompressive loop 
ostomy. The goal is to allow the patient to get to and complete 
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multimodality therapy, primarily systemic therapy. 
 Once systemic therapy is completed, there are additional 
decisions to be made in the setting of rectal cancer. The decision 
will still remain whether to pursue surgery for the metastatic 
disease first or to pursue a modified primary-first approach 
with initial resection of the primary. As in all instances, this 
decision needs to be individualized and must take into account 
the size and location of the primary rectal tumor. Mid-to-low 
rectal tumors, those that continue to threaten the circumferen-
tial margin, and those that necessitate either perineal or multi-
organ resection should not be resected first, as these operations 
are associated with higher morbidity and can potentially derail 
the completion of the full sequence of treatment. Addition-
ally these lesions may benefit from preoperative chemoradio-
therapy, which may further increase operative morbidity, and 
should ideally be given after the systemic disease has been 
appropriately addressed. Using the reverse strategy in this 
instance also spares the patient the poor functional outcomes 
of rectal resections should the disease progress to incurability.
 The modified primary-first approach is, however, very 
reasonable for patients who have smaller, more proximal upper 
rectal tumors and nonthreatened circumferential margins 
who can undergo low morbidity resections, particularly if the 
surgical resection of metastatic disease entails a more morbid 

extended hepatectomy. Our general algorithm that incorpo-
rates the primary-first approach is depicted in Figure 1. 

TECHNICAL CONSIDERATIONS
When proceeding with upfront surgical resection, a number of 
technical considerations should be kept in mind.  Whether the 
primary resection is performed laparoscopically, robotically, 
or with traditional laparotomy, the liver and the peritoneal 
surfaces should always be examined with visualization and/
or palpation. If the technology and the expertise are available, 
intraoperative ultrasound of the liver should be performed in 
light of the fact that some patients will have radiographically 
undetected lesions that may render the disease incurable.
 Prior to the administration of systemic therapy, it is 
important to consider that a significant cohort of patients will 
have complete radiographic response to treatment in the liver. 
Complete radiographic response does not obviate the need for 
metastasectomy. Therefore, the extent of liver resection should 
be planned early, and if nonanatomic liver resections may be 
necessary, the metastatic lesions should be marked with clips 
or fiducials. Pretreatment and posttreatment volumetric assess-
ment of the liver can further aid operative decision-making. 
Further elaboration of managing disappearing colorectal liver 
lesion(s) can be found in Chapter 4 by Beal and Pawlik, “How 
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FIGURE 1: Our Approach for Colorectal Cancer Patients with Synchronous Liver Metastases
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CONCLUSION
The management of patients with potentially curable stage 
IV colorectal cancer with synchronous liver metastases is a 
challenging scenario that must be approached in a multidis-
ciplinary fashion. There are several strategies to effectively 
manage this scenario and no single strategy is best for every 
circumstance. The multidisciplinary team must determine the 
sequence of treatment that has the greatest potential for even-
tual complete resection of all disease, the lowest risk of morbid-
ity and impact on quality of life, and one that maximizes the 
ability to receive effective systemic therapy.  The primary-first 
approach is a reasonable strategy, particularly for symptomatic 
colon cancers where simultaneous resection is not possible. 
Because there remains no direct data that demonstrates the 
clear benefit of one approach, the treatment of these patients 
must be individualized. 

SALIENT POINTS
•  The “primary-first” approach (with initial resection 

of the colorectal primary) is best suited for patients 
with symptomatic intra-abdominal colonic primary 
tumors.

•  The goal of initial surgery should be to minimize 
postoperative morbidity in order to allow completion 
of the full sequence of planned treatment. 

•  High-risk anastomoses should be avoided, and place-
ment of ostomies should be considered.

•  At the time of primary tumor resection, the entire 
abdomen should be inspected, and when possible, the 
liver may be evaluated with intraoperative ultrasound.

•  The primary-first approach is less well suited for 
rectal lesions, the resection of which is associated with 
greater morbidity, particularly a higher risk of infec-
tious complications. 

•  In patients with symptomatic rectal cancers, initial 
palliation should be achieved either with endoscopic 
stenting or creation of a diverting ostomy, which can 
usually be performed with minimal morbidity.

•  In addition to systemic therapy, preoperative chemo-
radiotherapy should be considered prior to resection 
of a rectal primary (particularly in the mid or low 
rectum).

SELECTED REFERENCES 
1. Siegel R, DeSantis C, Jemal A. Colorectal Cancer Statistics, 

2014. CA Cancer J Clin 2014;64:104-17. 
2. McMillan DC, McArdle CS. Epidemiology of colorectal 

liver metastases. Surg Oncol 2007;16:3-5. 
3. Adam R, Gramont A, Figueras J, et al. Managing syn-

chronous liver metastases from colorectal cancer: a mul-
tidisciplinary international consensus. Cancer Treatment 
Reviews 2015;41:729-41. 

4. Ihnat P, Vavra P, Zonca P. Treatment strategies for colorec-
tal carcinoma with synchronous liver metastases: Which 
way to go? World J Gastroenterol 2015;1(22):7014-21. 

5.  C, Barwood N, Dorfmann G, et al. The incidence of anas-
tomotic leaks in patients undergoing colorectal surgery. 
Colorectal Dis 2007;9(1):71-9. 

6. Kockerling F, Rose J, Schneider C, et al. Laparoscopic 
colorectal anastomosis: risk of postoperative leakage. 
Risks of a multicenter study. Surg Endosc 1999;13(7):639-
44. 

7. Kirchhoff P, Clavien PA, Hahnloser D. Complications in 
colorectal surgery: risk factors and preventive strategies. 
Patient Saf Surg 2010;4:5. 



Eddie K. Abdalla, MD

Neoadjuvant Chemotherapy 
for Colorectal Liver 
Metastasis: Pro

H
E

P
A

T
IC19AC H A P T E R

            137

CASE SCENARIO

A 58-year-old male presented with left lower quadrant pain which increased over a period of weeks leading to evaluation. 
Laboratory studies revealed a slightly elevated serum alkaline phosphatase, and abdominal ultrasonography revealed 
liver lesions and an abdominal mass. Computed tomography confirmed at least 6 bilateral liver lesions and a sigmoid 
tumor with regional adenopathy.  Colonoscopy revealed a near-obstructing sigmoid tumor; it was possible to pass the 
tumor with the endoscope. Biopsy proved invasive, moderately differentiated adenocarcinoma.  The patient was other-
wise well--on no medications and with no other relevant medical or family history. Positron emission tomography con-
firmed more than 6 bilateral liver lesions, the rectosigmoid mass (liver and colon demonstrated intense FDG avidity), 
and millimetric lung nodules, 
(cold on PET, but numbering 5, 
no larger than 5 mm).  He was 
referred for evaluation. Imaging 
revealed resectable disease with 
classical 2-stage surgery with 
PVE, preserving segment IV as 
the future remnant liver.  Com-
plete resection would require 
right hepatectomy with cau-
date lobectomy and left lateral 
bisegmentectomy. RAS testing 
was wild-type.  Though resect-
able, the synchronous presenta-
tion, bilateral metastases, and 
suggestive lung nodules led to 
chemotherapy as the first step 
(Figure 1).
 Following 4 cycles of 
chemotherapy (FOLFOX + 
Erbitux), CEA fell from 222 to 
17.9, and radiographic response 
was evident.  First-stage opera-
tion was performed: left lateral 
bisegmentectomy, right portal 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: A total of 6 bilateral lesions were identified (4 depicted here; the 2 anterior 
lesions on upper panels are cysts). The caudate lesion mandated caudate lobectomy, 
the lesion involving right hepatic vein mandated right hepatectomy (and other lesions 
were in the right liver, not depicted); the segment II lesion involved the left hepatic vein 
mandating left lateral bisegmentectomy. Volumetry revealed the future liver remnant 
volume (segment IV only) to be 21% of the standardized total liver volume which would 
mandate portal vein embolization.
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Approximately 25% of patients with colorectal cancer (CRC) 
present with stage IV disease. Among those who develop 
colorectal liver metastases (CLM), up to 85% of patients are 
unresectable at presentation.  Within the minority who are can-
didates for liver resection, more than 50% develop recurrence.  
Despite this daunting reality, outcomes for patients treated 
with chemotherapy alone for CRC metastases are progressively 
improving with median survival now exceeding 2 years even 
in prospective trials.  In parallel, outcomes for liver resection 
have improved dramatically era by era from the early 1990s to 
present with many series reporting > 50% 5-year overall sur-
vival (OS) and median survival approaching and exceeding 5 
years following liver resection.  These combined findings are 
not isolated–and more patients with greater disease burden 
are undergoing surgery with improving outcomes. Multistage 
operations--conventional two-stage surgery, portal vein embo-
lization to remodel the liver prior to major resection, even radi-
cal approaches such as associating liver partitioning and portal 
vein ligation for staged hepatectomy or ALPPS--have gained 
a secure place in the armamentarium of tools used by hepa-
tobiliary surgeons to treat CLM.  It is unlikely that the biology 
of CRC or CLM is improving with time; rather, the therapies, 
sequencing, and combinations of treatments are leading to bet-
ter strategies to control this family of diseases.
 As liver surgeons/surgical oncologists take advantage of 
advances in medical oncology, chemotherapy is integrated 
into the treatment plan for CLM. There is little debate that 
chemotherapy and surgery should be combined when feasible 
in order to enable the best outcomes for patients with stage 
IV CRC, and specifically for eligible patients with CLM.  The 
debate rages, however, over treatment sequencing.
 Chemotherapy can be delivered before (neoadjuvant or 
preoperative chemotherapy, “preop”), after (adjuvant or post-
operative chemotherapy, “postop”), or before and after (peri-
operative chemotherapy, “periop”) liver resection for CLM (or 
not at all, though this has not been a recommendation of any 
group or panel).  Analysis of data examining the risk and utility 
of chemotherapy in these settings reveals that most, if not all, 

patients with stage IV colorectal cancer, and specifically those 
with CLM, benefit most from well-planned treatment includ-
ing chemotherapy used in a preop or periop fashion.  This brief 
report will develop the thesis that for most patients, starting 
with chemotherapy (preop or periop treatment) is the way for-
ward.

POSTOPERATIVE ADJUVANT CHEMOTHERAPY – 
START WITH SURGERY?
Some propose surgery first to avoid the potential negative out-
comes of chemo-first approaches including fear of progression 
beyond resectability during preop chemo, concern related to 
hepatotoxicity of chemotherapy leading to increased morbid-
ity of hepatectomy, or even that, overall, chemotherapy might 
reduce the pool of patients that could benefit from hepatec-
tomy during their course of care.   These issues are addressed 
below–with robust data showing that more patients are getting 
liver resection than ever, related in part to advances in liver sur-
gery techniques, but also allowing patients with more disease 
to be resected.
 There are in fact no data in the literature that support 
routine use of postop chemotherapy.  Two randomized trials 
used postop 5-fluorouracil after resection of CLM and found 
no significant advantage to adjuvant 5-FU. A third randomized 
postop adjuvant chemotherapy trial examined FOLFIRI vs 
5-FU, and again found no benefit (all are referenced in Nor-
dlinger et al., below).Though these trials showed a trend toward 
better disease-free survival after resection, they were unequivo-
cally negative trials.  Certainly, historical data show that long-
term survival can be achieved with surgery alone (see Table 
1A, about 1/3 of patients survive 5 years); however, survival 
in groups (generally with greater disease burden) that receive 
both surgery and chemotherapy is approximately double  that 
of patients in series wherein resected patients receive little or 
no chemotherapy (see Table 1B).  Thus there is little data to sup-
port no chemotherapy for stage IV CRC/CLM, and there is no 
other prospective data to analyze in this regard.  Finally, Nor-
dlinger et al comment on Table 5 in their EORTC 40983 report 

BACKGROUND

vein ligation with alcohol embolization, and sigmoid colectomy with anastomosis. Recovery was unremarkable.  Sub-
sequent imaging revealed FLR (Future Liver Remnant) volume increased only 3.4% with < 1% per week kinetic growth 
of the FLR. Reevaluation of imaging revealed complete embolization of the right liver without recanalization.  This was 
deemed a contraindication to second-stage resection, and chemotherapy was continued.
 After cycle 8, reassessment revealed no increase in FLR (Future Liver Remnant) volume, but tumors remained 
stable. ALPPS (defined below) was planned to salvage the failed embolization. The liver was partitioned including 
liberation of the caudate: the right portal vein was sectioned, and the patient recovered uneventfully. Nine days later, 
volumetry revealed 95% growth of the FLR from 21% to 41% of the standardized total liver volume. ALPPS second-
stage resection was completed day 10 after ALPPS stage 1 without complications. Three years post-second stage, the 
patient remains without evidence of recurrence in the liver.
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that, among the six papers that prospectively randomized 
patients to postop adjuvant therapy (not all reached accrual), 
none showed advantage with postop adjuvant therapy.  Thus at 
this time there are simply no clear data to support postopera-
tive therapy as an optimal approach to all/most patients with 
CLM.

PREOPERATIVE OR PERIOPERATIVE CHEMOTHERAPY 
– START WITH CHEMOTHERAPY?
Proponents of preop or periop chemotherapy identify three 
key arguments to support this approach. First, tumors can 
be downsized by chemotherapy to increase the curative (R0) 
resection rate and to enable more conservative surgery (pres-
ervation of a greater volume of healthy liver parenchyma).   
Second, administration of chemotherapy with disease in place 
allows assessment of response in the given patient, enabling 
patients to avoid ineffective treatment (proves efficacy of 
therapy in the given patient).  Simultaneously, significant data 
prove that progression on chemotherapy may contraindicate 
surgery (particularly in patients with 4 or more metastases). 
Third, prospective data prove that progression-free survival 
is prolonged by perioperative therapy (EORTC trial discussed 
below).  What are the data?
 Regarding preop (and periop) chemotherapy, many case 
series suggest that such therapy might be of advantage.  Mod-
ern series (Table 1B) show survival nearly double that pub-
lished in the pre-chemotherapy era (Table 1A).  In addition, 
one randomized trial is now available for analysis, the EORTC 
40983.  In this study, patients with limited, resectable CLM (1 to 
4 tumors, no extrahepatic disease detectable) were randomized 
to surgery alone vs surgery plus perioperative chemotherapy (6 
cycles of FOLFOX4 followed by surgery followed by 6 cycles 
of FOLFOX4).  Examination of the first part of the trial (sur-
gery vs preop chemotherapy + surgery alone) addresses many 
important questions. 1) The fear that chemotherapy would 
make the resectable patient unresectable was not realized in the 
prospective setting (151/182 patients allocated to periop che-
motherapy were resected vs 152/182 allocated to surgery first).  

There was not even a slight trend toward more resections in 
the surgery-first group.  2) Concern that chemotherapy would 
cause liver injury making surgery impossible was not evident 
with limited preoperative chemotherapy–note only 6 cycles 
were given preoperatively  (1 of 159 patients operated post-
chemotherapy was not resected due to the character of the liver 
discovered at laparotomy).  3) Complications were not higher 
in the chemotherapy group once the protocol allowed a proper 
period of break off chemotherapy before surgery (initially, 
surgery was mandated too close to chemotherapy; when the 
protocol was revised to allow a few week break off chemother-
apy according to the well-recognized standard, complications 
in the chemotherapy group matched the no chemotherapy 
group. 4) A very important finding in this study was that the 
rate of futile laparotomy (surprising finding of unresectability 
at laparotomy) was twice as high in the surgery-only group vs 
periop group; specifically 28 of 152 operated patients (11% ) in 
the surgery-first group had open-and-close operations without 
liver resection vs only 12 of 159 (7.5%) in the periop group.  
Thus selection for resection was better in the group receiving 
chemotherapy before surgery.
 When examining outcomes, the study is revealing.  Only 
half the patients got 6 cycles of postop chemo, a quarter got 
no postop, and a quarter < 6 cycles.  Thus this was not only 
primarily a preop trial, but it shows the difficulty of delivering 
chemotherapy after surgery of the liver.  Further, despite being 
primarily a preop trial, oncologic results (updated) revealed 
the chemotherapy group had significantly longer progression-
free survival (intent to treat) and longer time to progression 
irrespective of resection.  Three-year, progression-free survival 
for eligible patients with periop chemotherapy was 39% vs 30% 
with surgery only (p=0.035, updated results from Nordlinger et 
al., Lancet Oncol 2013; 14: 1208–15).
 Finally, analysis of the patients in this trial is critical to 
understanding the value of preop chemotherapy in patients 
with CLM.  Patients had limited disease.  Ninety-three percent 
of studied patients had 1 to 3 CLM, more than half had soli-

Reference # patients resected Additional information 5-year overall 
survival

Scheele et al. 1995 World J Surg 19:59-71 469 <7% adjuvant 33%

Fong et al. 1997 J Clin Oncol 15:938-946 456 OS with chemotherapy better 37%

Choti et al. 2002 Ann Surg 235(5):759-66* 93 *before 1992 31%

TABLE 1A: Series reporting hepatic resection with < 36% of patients receiving chemotherapy
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tary CLM, two thirds had metachronous disease, and lesions 
were small (the sum of largest diameters on imaging before 
chemotherapy was 5 cm). That is to say that the patients who 
benefited from only 6 cycles of preop FOLFOX were those with 
limited disease.  Multiple nonrandomized trials support this 
finding, a finding that was ultimately summarized in a recent 
meta-analysis of 18 studies and 6,254 patients that showed the 
pooled HR for 5-year OS favors neoadjuvant chemotherapy 
and suggests that the magnitude of benefit is greater in higher 
disease-burden patients. This suggests that the benefit seen in 
the EORTC study (patients with limited disease) may be even 
greater in patients with more extensive disease.
 It is well recognized that preop chemotherapy is needed 
in initially unresectable cases to ”downsize” to resectable, and 
that liver resection after downsizing in this group provides 
long-term benefit.  Thus it is no surprise that patients with less-
extensive disease benefit from chemotherapy as well.  

LEARNING MORE ABOUT THE PATIENT WITH 
NEOADJUVANT THERAPY
The holy grail of uncovering the biology of the individual 
patient’s cancer may be coming closer with recent advances in 
molecular diagnostics; however, no study or test can yet predict 
whether an individual patient should or should not undergo 
surgery.  Given that the majority of patients we see as clinicians 
have multiple factors to consider when designing the treatment 
plan (patient factors, liver factors, tumor factors, symptoms, 
prior chemotherapy exposure, and other factors), all must be 
taken into account before the decision of whether and when to 
operate is made.
 Data (include the periop data analyzed above) suggest that 
we select patients for surgery better without losing the oppor-
tunity to operate when some chemotherapy is delivered before 
surgery. It is clear that those with multiple lesions progressing 

on chemotherapy do poorly with hepatectomy.  Further, it is 
clear that those who require several lines of chemotherapy to 
establish response do much worse despite resection than those 
who respond early.  Thus there is a growing evidence base that 
chemotherapy before surgery provides surgeons and patients 
an advantage–and allows better postop therapy planning by 
the multidisciplinary team–to bring the best individual patient 
outcome possible.
 A great deal is learned by analysis of tumor resected fol-
lowing chemotherapy (Table 1C). The pathologic response to 
chemotherapy is the most powerful predictor of survival and 
may minimize other poor risk factors for outcome based on 
multivariable analysis including pathologic response to che-
motherapy (eg, primary tumor node status, number and size 
of tumors, disease-free interval, and other clinical prognostic 
factors).  Interestingly, administration or not of postop chemo-
therapy had no effect on survival whatsoever when pathologic 
response was considered in our study.
 Analysis of pathologic response data in the perspective of 
older outcomes is revealing.  First, survival is critically linked 
to pathologic response to chemotherapy independent of sur-
gery.  For resected patients with pathologic complete response, 
the 5-year OS was 75% in our study and 76% in the study by 
Adam et al. (Table 1C).   Remarkably, 31% of patients in Adam’s 
study had extrahepatic disease but contributed to the 75% OS 
(note this is the group with pathologic complete response in 
the liver lesions).  We also showed significantly different out-
comes base on pathologic response–best (above, 75% 5-year 
OS) with pathologic complete response (CR), good with major 
response (more than 50% of the tumor was nonviable based 
on pathologic analysis 56% 5-year OS), and low, 33% 5-year 
OS in those with minor response (< 50% pathologic response).  
It is remarkable to note that survival in the group with minor 
pathologic response matches the survival in the historical 

Reference # patients resected Additional information 5-year overall 
survival

Choti et al. 2002 Ann Surg 235(5):759-66* 133 *after 1992 58%

Abdalla et al. 2004 Ann Surg 239(6):818-27 190 58%

Strasberg et al. 2004 Ann Surg 240(3): 438-50 100 58%

Pawlik et al. 2005 Ann Surg 241(5):715-24 577 multicenter 58%

Imai et al. 2017 Br J Surg 104(5):570-579 124 61%

TABLE 1B: Series reporting hepatic resection with ≥ 60% of patients receiving chemotherapy
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no-chemotherapy group (Table 1C, Blazer, minor pathologic 
response 33% 5-year OS mirrors Table 1A, Scheele, 33% 5-year 
OS). Note that pathologic response and individual patient 
sensitivity to a given chemotherapy is unknowable unless treat-
ment is given preoperatively.
 Finally, the fear of chemotherapy-induced liver injury is 
justified, though avoidable (as shown in the prospective data 
from EORTC).  Patients receiving less than about 3 months 
of chemotherapy have a low risk of steatohepatitis (associated 
primarily with irinotecan) or sinusoidal injury (associated 
primarily with oxaliplatin) based on data from many centers.  
Rather, too much chemotherapy preoperatively is the problem, 
reinforcing the need for communication between surgeons and 
oncologists early in the trajectory of the patient’s care. Nonre-
sponders to chemotherapy do poorly regardless of surgery; 
even those who fail first line and go to second line to respond 
have disappointing outcomes despite surgery. The selection 
advantage of giving chemotherapy, obvious to most oncologic 
surgeons (especially to high-risk patients), is proven in the only 
prospective randomized trial and is supported by a wide range 
of retrospective data.
 Other complications of preop therapy include”disappearing 
lesions,” which can  be avoided with appropriate planning.  It 
is clear that radiologic complete response does not correlate 
to pathologic complete response. Thus if a potentially curative 
approach is planned for patients with CLM, resections of all 
sites of disease identified on preoperative imaging is manda-
tory.  Again, good planning can help to avoid losing lesions–
small lesions that might be hard to find post-chemotherapy 
can be marked with a radiologic coil placed by a percutaneous 
approach to facilitate intraoperative identification and resec-
tion of those sites, and facilitate pathologic analysis of the tiny 
lesions after explant.

SUMMARY
In summary, substantive data supporting postop adjuvant 
chemotherapy simply do not exist.  In contrast, periop (and 
based on the EORTC, primarily preop) chemotherapy does 
work.  Additional benefits of preop chemotherapy include bet-
ter patient selection for surgery, better oncologic outcomes, 
better prognostic information based on pathologic response, 
and early treatment of occult distant disease.  Important in this 
summary is that proper planning and limiting chemotherapy 
duration preop will help to avoid the problems that chemo-
therapy can cause, such as liver injury or making small lesions 
hard or impossible to find at the time of resection.
 At the end of the day, more patients need to be referred 
to expert HPB surgeons due to the expanding indications for 
resection of CLM. A message to referring oncologists to NOT 
GIVE chemotherapy is sure to lead to less, not more, referrals 
for surgery, and poorer, not improved, outcomes for patients.  
Given the extensive evidence of safety of limited chemother-
apy before surgery, we must send a clear message: It’s okay to 
start chemotherapy but refer to an experienced HPB surgeon 
early in the trajectory of care before too much chemotherapy 
is given. If “never surgery” is conceived, then the oncologist 
can plan accordingly. If “surgery only in the case of response/
downsizing,” is determined, chemotherapy can be optimized 
but limited to enable best response with the least toxicity. If 
“resectable” then surgery can be planned and completion che-
motherapy administered in a synchronized fashion (periopera-
tive chemotherapy).  Published international consensus clearly 
supports perioperative chemotherapy due to “better survival 
outcome” with strength of recommendation A. European Soci-
ety for Medical Oncology (ESMO) consensus clearly favors 
perioperative therapy for CLM. They limit surgery-first to the 
most favorable patients with best prognostic criteria, though 

Reference # patients resected Degree of pathologic 
response

5-year overall 
survival

Blazer et al. 2008 J Clin Oncol 25:5344-51 25 Complete response 75%

97 Major (≥ 50%) response 56%

149 Minor (< 50%) response 33%

Adam et al. 2008 J Clin Oncol 26:1635-41 29 Complete response 76%

758 Less than complete 45%

TABLE 1C: Outcomes based on pathologic response to chemotherapy (100% of patients received chemotherapy)
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with “favourable oncological and technical (surgical) criteria, 
who have not received perioperative chemotherapy, there is no 
strong evidence to support the use of adjuvant chemotherapy 
[Level IIC], whereas patients with unfavourable criteria may 
benefit from adjuvant treatment [Level IIIB].”   
 Clearly, not every patient needs chemo, and not every 
patient needs chemotherapy first. However, this approach 
maximizes realistic multidisciplinary decision-making and 
assures best care for all patients, improving access to patients 
not immediately adjacent to HPB surgery expertise.   The real-
ity is that not all centers have all the elements of the multidis-
ciplinary team needed to treat complex disease sitting in one 
clinic. We can, with such a paradigm, deliver excellent multi-
disciplinary care to patients, no matter where they are, respect-
ing patients, oncologists, surgeons, and other specialists in the 
process.

SALIENT POINTS
•  Based on existing data, perioperative chemotherapy 

appears better than no chemotherapy for CLM in 
most patients. (That means chemotherapy first for 
most patients.)

•  No prospective, randomized data exist to support a 
“surgery-first approach.”

•  Limited preoperative chemotherapy is not associated 
with increased morbidity or mortality of liver surgery, 
whereas extensive chemotherapy (eg, greater than 
three months, and certainly greater than 9 months) 
may increase risk.

•  Resectability is underestimated by non-HPB surgeons 
as the definition of resectability expands. A realistic 
approach to treatment including preoperative chemo-
therapy is likely to improve the outcomes for patients 
across the range of disease presentations.
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CASE SCENARIO

Two years after a right colectomy for T2N0Mx adenocarcinoma, a 60-year-old woman was found to have a rising CEA, 
and cross-sectional imaging demonstrated a new 3.4 cm, segment 7 hepatic metastasis (Figure 1). She was treated with 
six cycles of 5-fluorouracil, leucovorin and oxaliplatin (FOLFOX) with stable disease.  After her course of chemo-
therapy, the patient developed hepatic steatosis but had no evidence of portal hypertension and her hepatic synthetic 
function was normal.  The future liver remnant volume was predicted to be 40% of the total liver volume.  A right 
hepatectomy, preserving the middle hepatic vein, was performed. 
 Within 48 hours of surgery, the patient’s bilirubin increased to 5 mg/dL and the INR surpassed 2. The patient was 
tremulous and encephalopathic, requiring transfer to an intermediate care unit for supportive management of postop-
erative hepatic insufficiency. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Approximately 50% of patients with colorectal cancer will 
develop hepatic metastases during their disease course, but 
only 10-20% will be considered resectable. Untreated stage 
IV disease carries a median survival of six months. Modern 
systemic chemotherapy improves the median survival to two 
years, with five-year overall survival up to 5-10%. Complete 
resection of limited colorectal liver metastases (CRLM), how-
ever, is associated with five-year survival rates of 30-60% and 
a long-term, disease-free cure rate of approximately 20-25%. 
Despite margin-negative resection, approximately 75% of 
patients will ultimately experience recurrence of their disease.  
Approximately 75% of recurrences occur within two years, and 
90% within three years after surgery.
 The definition of resectable CRLM has not been standard-
ized and varies among institutions.  Nonetheless, most patients 
who undergo resection of CRLM have a limited number of 
metastases that are technically resectable, do not have extra-
hepatic disease, and have an adequate liver remnant volume 
with normal liver function. The treatment of patients with 
resectable CRLM typically includes complete resection and 
chemotherapy, which can be given preoperatively, postop-
eratively or perioperatively (before and after surgery).  For the 
purposes of this review, neoadjuvant chemotherapy is defined 

as therapy given to patients with resectable disease, prior to 
curative-intent resection, in an attempt to improve outcomes.  
Not included in this chapter is a discussion of conversion che-
motherapy, which is given to patients with unresectable CRLM 
in an effort to shrink tumors, thereby converting patients to 
resectable status and/or facilitating parenchymal preservation. 
The rationale for neoadjuvant chemotherapy in patients with 
resectable disease includes three main principles.  First, the 
chemotherapy is felt to improve survival, and it is argued that it 
is best to give prior to surgery when patients are more likely to 
receive the chemotherapy.  Theoretically, treating radiologically 
occult micrometastases up-front can impact long-term out-
comes. Second, the chemotherapy is felt to be safe when given 
preoperatively.  Third, neoadjuvant chemotherapy is given with 
the intent to help select patients who will benefit the most from 
resection.
 This chapter will review the facts that dispute the routine 
use of neoadjuvant chemotherapy, which includes three major 
arguments: (1) Chemotherapy, whether given before and/
or after resection, does not significantly improve survival; (2) 
Neoadjuvant chemotherapy results in hepatic toxicity and an 
increased rate of subsequent postoperative morbidity; and (3) 
Neoadjuvant chemotherapy is an inefficient method of select
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ing patients for surgery because only a very small subset of 
patients will progress and be excluded from surgery.  

MYTH #1: NEOADJUVANT/ADJUVANT 
CHEMOTHERAPY FOR RESECTABLE COLORECTAL 
LIVER METASTASES IMPROVES SURVIVAL

Multiple randomized trials of adjuvant chemotherapy have 
failed to demonstrate a survival advantage for systemic therapy 
after resection of limited CRLM (Table 1). Two early, random-
ized, controlled trials (FFCD 9002 and ENG) were conducted 
to answer the question of whether adjuvant 5-FU after com-
plete resection of CRLM improves survival. However, both 
of these trials closed prematurely due to poor accrual, and 
were underpowered to demonstrate a difference in survival. 
Therefore, Mitry and colleagues combined the data from these 
similarly conducted trials in an attempt to improve the power 
to identify a potential difference in outcomes. The pooled 
analysis included patients that underwent complete resection 

of colorectal liver or lung metastases, who were then random-
ized to either adjuvant 5FU/leucovorin or observation. With 
148 patients in the chemotherapy arm and 154 patients in the 
observation arm, progression-free survival and overall survival 
were analyzed. Although the median progression-free survival 
was 27.9 months in the chemotherapy arm, compared to 18.8 
months in the observation arm, this difference did not reach 
statistical significance (p=0.058). Similarly, the overall survival 
was not different (p=0.095), with median overall survival of 
62.2 and 47.3 months in the chemotherapy and observation 
cohorts, respectively. 
 A subsequent trial comparing adjuvant 5-fluorouracil and 
irinotecan chemotherapy (FOLFIRI) to 5FU/leucovorin failed 
to demonstrate an advantage to the modern regimen. Overall 
survival was nearly identical in both arms. An additional trial 
tested whether Cetuximab, the monoclonal antibody against 
EGFR with efficacy in KRAS wild-type colorectal cancer, com-
bined with standard adjuvant modern chemotherapy would 
improve survival after resection of CRLM.  This trial (EPOC 

FIGURE 1: CT scan of a patient who has a new 3.4 cm, segment 7 hepatic metastasis from colorectal cancer
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TABLE 1: Summary of adjuvant chemotherapy randomized trials for resectable colorectal liver metastases. PFS = progres-
sion free survival; OS = overall survival.

Author -
Journal, Year Intervention (I) vs Control (C) N

Median PFS 
in months 
(p-value)

Median 
OS in 

months 
(p-value)

Mitry, et al – 
JCO, 2008

I=Adjuvant Fluorouracil/ folinic acid
C= Observation

I= 148
C= 154

I= 27.9
C= 18.8

(p=0.058)

I=52.2
C=47.3

(p=0.095)

Ychou, et al – 
Ann Oncol, 2009

I= Adjuvant FOLFIRI 
C= Adjuvant Fluorouracil/folinic acid I= 153

C= 153

I= 24.7
C=21.6

(p=0.44)

Not 
reached
(p=0.69)

Nordlinger, et al – 
Lancet, 2008; 
Lancet Oncol, 2013

I= Perioperative FOLFOX
C= Observation

I= 182
C= 182

I=18.7
C=11.7

(p=0.058)

I=61.3
C=54.3

(p=0.34)

Primrose, et al – 
Lancet Oncol, 2014

I= Perioperative chemotherapy + Cetuximab
C= Perioperative chemotherapy – Cetuximab

I=119
C=117

I= 14.1
C= 20.5
(p=0.03)

I=39.1
C=32.0

(p=0.16)

2) demonstrated worse outcomes in the patients who received 
cetuximab. These data demonstrate that adjuvant chemo-
therapy provides little to no benefit after complete resection of 
CRLM.  While these trials were of reasonable size, it is pos-
sible that a small difference in survival could not be detected.  
Overall, however, if adjuvant chemotherapy impacts survival, it 
would be by a very small amount (Table 1).
 The role of perioperative chemotherapy, given before and 
after hepatic resection, was addressed in the EORTC Inter-
group Trial 40983, which included 364 patients from 78 inter-
national centers. Eligible patients were adults with as many as  
four resectable liver metastases, without extrahepatic disease. 
In this trial, 182 patients were randomized to perioperative 
FOLFOX, which included six cycles before and six cycles after 
surgery, and 182 patients were randomized to surgery alone. 
The perioperative chemotherapy arm had a borderline signifi-
cant (p=0.058) 7% improvement in the primary endpoint of 
progression-free survival, from 28.1% to 35.4% at three years 
(Figure 2A). Only among the subset of resected patients did 
this difference reach a statistically significant improvement of 
9.2% (p=0.025).   This was not the planned primary analysis.  
More recently, the long-term survival results of this trial were 
reported. The long-term follow-up similarly showed a sugges-
tion of improved progression-free survival, but did not show an 

improvement in overall survival, with five-year overall survival 
rates of 51% and 48% in the perioperative chemotherapy and 
surgery-only arms, respectively (Figure 2B). Many research-
ers in this field argue that this trial was inadequately powered 
to detect differences in overall survival.  However, this argu-
ment is flawed. More accurately, the statistics illustrate futil-
ity of perioperative chemotherapy for the outcome of overall 
survival, with a p-value of 0.3. Even if the EORTC 40983 trial 
had been powered with twice as many patients, such a p-value 
would likely have resulted in early termination at the time of 
the interim analysis due to futility.
 Based on these data demonstrating no improvement in 
overall survival with perioperative chemotherapy, combined 
with the knowledge gained from the adjuvant chemotherapy 
trials, there is no clear evidence that additional chemotherapy 
around the time of resection of limited CRLM improves overall 
survival.  

MYTH #2: NEOADJUVANT CHEMOTHERAPY FOR 
RESECTABLE COLORECTAL LIVER METASTASES IS 
SAFE AND DOES NOT INCREASE POSTOPERATIVE 
MORBIDITY

In addition to providing no overall survival advantage, preop-
erative chemotherapy puts patients at risk for significant 
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Perioperative chemotherapy with FOLFOX4 and surgery versus surgery alone for resectable liver metastases from colorec-
tal cancer (EORTC Intergroup trial 40983): a randomised controlled trial. Lancet 2008; 371(9617): 1007-16: Open Access].

FIGURE 2B: Overall survival for all randomized patients, reported in long-term analysis, 2013 [Reprinted with permission 
from Elsevier in Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative FOLFOX4 chemotherapy and surgery versus 
surgery alone for resectable liver metastases from colorectal cancer (EORTC 40983): long-term results of a randomised, 
controlled, phase 3 trial. The Lancet Oncology 2013; 14(12): 1208-15].



            147DOWNSIDE OF NEOADJUVANT CHEMOTHERAPY FOR RESECTABLE CRC METASTASIS

H
E

P
A

T
IC

morbidity and mortality after resection. Demonstrated in the 
EORTC 40983 trial, Nordlinger and colleagues reported more 
frequent postoperative complications in the perioperative che-
motherapy arm, compared to the surgery-only arm (25% vs 
16%, p=0.04). Included were twice as frequent biliary fistulae 
(8% vs 4%) and postoperative hepatic insufficiency (6% vs 3%), 
and over three times as frequent intra-abdominal infection (7% 
vs 2%) for patients that received chemotherapy before hepatic 
resection. 
 Chemotherapy results in direct hepatic toxicity, which 
likely accounts for the increase in morbidity observed after 
resection. Vauthey et al., in 2006, retrospectively analyzed 406 
patients that underwent hepatectomy. Preoperative chemo-
therapy was administered to 248 (61%) patients, of which 204 
patients (82%) were deemed resectable at presentation. Che-
motherapy was administered for a median of 16 weeks, and 
non-tumor-bearing liver parenchyma was reviewed by pathol-
ogists for evidence of hepatic injury, including steatosis, steato-
hepatitis, and sinusoidal dilatation. Compared to no chemo-
therapy, patients that were treated with neoadjuvant oxaliplatin 
had a nearly 10-fold increase in sinusoidal dilatation (19% vs 
2%, p=0.00001), and those treated with neoadjuvant irinotecan 
had a fivefold increase in steatohepatitis (20% vs 4%, p=0.0001) 
(Table 2). Furthermore, steatohepatitis alone was found to be 
predictive of postoperative hepatic insufficiency, found in 5.8% 
of patients with steatohepatitis, compared to 0.8% of patients 
without it (p=0.01). Steatohepatitis was also predictive of a 
nearly tenfold increase in 90-day mortality (14.7% vs 1.6%, 
p=0.001). In fact, hepatic injury of any type was associated with 
an increase in mortality to 6.5%, compared to 1.6% in patients 

without hepatic injury. We interpret these data to suggest that 
neoadjuvant chemotherapy for resectable CRLM is associated 
with a modestly increased risk of postoperative hepatic insuf-
ficiency and subsequent morbidity, and should be avoided if 
possible. 
 Within the body of literature, several studies do not show 
a difference in postoperative morbidity with neoadjuvant 
chemotherapy. However, we believe these data, including that 
from our own institution, report equivalent outcomes due to 
patient selection. Rather than performing major hepatic resec-
tion, high-risk patients are preferentially selected for alterna-
tive therapeutic strategies, including resection with paren-
chymal preservation (wedge or segmental resection), ablative 
and transarterial therapies, as well as the utilization of portal 
venous embolization.

MYTH #3: NEOADJUVANT CHEMOTHERAPY HELPS 
SELECT PATIENTS FOR OPERATION

A common rationale for giving chemotherapy before resection 
is to ‘test tumor biology.’  Patients that progress on chemother-
apy are generally considered to have more aggressive disease 
and would therefore have a worse prognosis compared 

Regimen
Sinusoidal 
dilatation 

(n=22)

Steatosis
 (n=36)

Steatohepatitis
(n=34)

No Chemo 3(2%) 14(9%) 7(4%)

5FU 0 9(17%) 3(5%)

Irinotecan 4(4%) 9(17%) 19(20%)*

Oxaliplatin 15(19%)* 3(4%) 5(6%)

FIGURE 3: Response to neoadjuvant chemotherapy does 
not predict long-term survival (Reprinted with permission 
from Springer in Gallagher DJ, Zheng J, Capanu M, et al. 
Response to neoadjuvant chemotherapy does not predict 
overall survival for patients with synchronous colorectal 
hepatic metastases. Ann Surg Oncol 2009; 16(7): 1844-51).

TABLE 2: Hepatic injury after chemotherapy (Extracted 
with permission from American Society of Clinical Oncol-
ogy from Vauthey JN, Pawlik TM, Ribero D, et al. Chemo-
therapy regimen predicts steatohepatitis and an increase 
in 90-day mortality after surgery for hepatic colorectal 
metastases. J Clin Oncol 2006; 24(13): 2065-72). * denotes 
p < 0.05. 

Table 2 is extracted from the following reference, manu-
script table 4: Vauthey JN, Pawlik TM, Ribero D, et al. 
Chemotherapy regimen predicts steatohepatitis and an 
increase in 90-day mortality after surgery for hepatic 
colorectal metastases. J Clin Oncol 2006; 24(13): 2065-72.
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with metastatic colorectal cancer may progress but still remain 
resectable.  Two studies have specifically analyzed this issue. 
Gallagher et al. retrospectively analyzed 111 patients who were 
treated from 1995 to 2003. The median overall survival for this 
series was 62 months.5 Patients with progressive disease that 
remained resectable had similar long-term outcomes to those 
that responded or had stable disease (Figure 3). The median 
survival of patients with a complete or partial response was 
58 months, compared to 52 months for stable disease patients 
and 61 months for patients that progressed on chemotherapy 
(p=0.98). In this cohort, response to neoadjuvant chemo-
therapy did not predict long-term outcomes, and patients with 
disease progression can still do quite well, as long as their meta-
static disease remains resectable. 
 It is important to note that over one-third (43/111) of 
patients in the Gallagher et al. study received adjuvant hepatic 
arterial infusion (HAI) pump therapy in addition to adjuvant 
systemic therapy. Overall survival and response to neoadjuvant 
chemotherapy was evaluated after stratifying by the utilization 
of adjuvant pump therapy. Although the survival outcomes 
were similar, there was a trend toward improved outcomes for 
patients that progressed after neoadjuvant therapy but received 
HAI therapy after resection (median OS = not reached), com-
pared to those that did not (median OS = 50 months). 
 While HAI therapy may contribute to the above findings, 
a German study by Neumann et al. analyzed outcomes for 160 
patients treated with neoadjuvant chemotherapy, followed by 
resection and adjuvant systemic chemotherapy only. Con-
sistent with Gallagher et al., the German group also reported 
that long-term survival was not impacted by tumor response 
to neoadjuvant chemotherapy: five-year overall survival was 
34% and 36%, and median overall survival was 3.1 years and 
3.2 years, for patients that responded and progressed on neo-
adjuvant chemotherapy, respectively. 
 Using chemotherapy prior to resection as a ‘test of time,’ 
with the goal to select out patients with aggressive tumor biology 
that precludes worthwhile resection is low yield.  The EORTC 
40983 study reported 12 patients (7%) in the perioperative 
chemotherapy arm that had progressive disease, but 4 of these 
patients were resected. Therefore, neoadjuvant chemotherapy 
in this randomized trial only selected out 8 patients (4.4%) that 
became unresectable. Similarly, an Austrian phase II nonran-
domized trial treated patients with oxaliplatin, capecitabine 
and bevacizumab prior to resection of CRLM.  In this cohort of 
56 patients, only 3 (5.4%) progressed on neoadjuvant therapy 
and were deemed unresectable. Based on these data, approxi-
mately 100 patients with resectable CRLM would need to be 
treated with neoadjuvant therapy to identify 5 patients that 
would become unresectable. In the context of chemotherapy 
that does not improve overall survival and increases periopera-
tive morbidity, this low yield is very hard to justify. 

CONCLUSION
Available data from studies reporting outcomes of periopera-
tive chemotherapy suggest that preoperative chemotherapy for 
resectable colorectal liver metastases is of little benefit, and can 
be a detriment to this patient population.  Therefore, neoadju-
vant chemotherapy should not be routinely administered for 
resectable CRLM in patients otherwise fit for surgery.

SALIENT POINTS
• Perioperative chemotherapy for resectable CRLM has 

no impact on overall survival.
• Neoadjuvant chemotherapy for resectable CRLM 

increases the risk of hepatic injury and subsequent 
postoperative morbidity and mortality.

• Radiologic response to neoadjuvant chemotherapy 
for resectable CRLM does not predict long-term 
outcomes, as long as the disease remains resectable, 
and excludes only a very small fraction of patients 
from surgery. 
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CASE SCENARIO

A 29-year-old male was referred to our unit with abdominal discomfort and obstipation. A CT-scan showed multiple 
bilobar liver metastases with a primary tumor in the sigmoid colon. The CEA level was 244 ng/ml. A PET-scan ruled-
out extrahepatic disease (Figure 1) and an endoscopic biopsy confirmed an adenocarcinoma with wild type K-ras 
status. After a total of 10 cycles of conversion chemotherapy (FOLFOX-Bevacizumab=7 / FOLFIRI-cetuximab=3), he 
presented a decrease in CEA level and in liver lesions size. He was deemed resectable by a right trisectionectomy with 
removal of 3 lesions in the left lateral lobe but the CT-volumentry showed an insufficient future liver remnant volume 
(FLR), which represented only 22% of total liver volume.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: PET-CT scan demonstrating multiple bilateral colorectal liver metastases. In total the patient had 9 liver 
lesions, 6 in the right lobe and segment 4, the largest being of 15 cm diameter. The remaining 3 lesions where located in the 
left lateral segment with a maximum size of 5 cm. 



150    ALVAREZ AND DE SANTIBAÑES

H
E

P
A

T
IC

As in the clinical case presented above, patients bearing locally 
extensive liver malignancies can, thanks to current advances, 
have a prolonged survival and even possibly be cured thanks 
to liver resection with complete tumor removal as the cor-
nerstone of the various multimodal treatments available. The 
patient presented in this chapter suffers from colorectal cancer 
liver metastases (CLM), which occurs in approximately half of 
patients with colorectal cancer during the course of their dis-
ease. Although not long ago the majority of patients with CLM 
(70-80%) were considered unsuitable for resection at diagnosis, 
nowadays a greater number of patients finally undergo surgery 
given the significant improvements in imaging modalities, 
surgical techniques, anesthesia, chemotherapy regimens, and 
the expansion of resectability criteria among surgeons. None-
theless, major hepatectomies are often required to achieve an 
R0 resection, and these are associated with substantial rates of 
morbidity and mortality. 
 Posthepatectomy liver failure (PHLF) is the main cause of 
death after major liver resections and is closely related to the 
volume and quality of FLR. In general, between 20% and 30% 
of total liver volume (TLV) should be left behind after a major 
liver resection in healthy livers, whereas it should be between 
30% and 40% when an underlying parenchymal disease preex-
ists (steatosis, cholestasis, fibrosis, or chemotherapy induced 
liver injuries). In case of cirrhosis, the minimum cut-off is set at 
40%, below which the risk of liver failure, infections, and liver 
mortality is significantly increased. Several strategies have been 
developed to minimize the risk of PHLF and expand resect-
ability. These strategies aim to either reduce the tumor burden 
(e.g., conversion chemotherapy, endovascular procedures such 
as intra-arterial chemotherapy or radioembolization, local 
ablation techniques) or to increase the size of the FLR (e.g. 
preoperative portal vein embolization, two-stage resection 
procedures). For patients whose FLR size is regarded as insuf-
ficient, portal vein occlusion of the tumor-bearing lobe has 
become the gold standard to induce hypertrophy of contralat-
eral healthy lobe. Right portal vein embolization (PVE) is best 
used before surgery when the FLR is tumor-free, while ligation 
(PVL) is usually applied as part of 2-stage hepatectomy (TSH) 
for patients with bilobar disease who initially require tumor 
removal in the FLR. Yet, when using these classical approaches 
of portal vein occlusion, up to 40% of patients never arrive to 
tumor resection either because of procedure-related complica-
tions, insufficient hypertrophy or most frequently due to dis-
ease progression during the long interval periods (4-12 weeks) 
typically required to achieve hypertrophy. Moreover, recent 
studies have shown that patients who do not undergo the sec-
ond stage have even worst prognosis than patients treated with 
chemotherapy alone. Recent studies have shown that age >70 
years, male gender, lesions >5 cm, serum carcinoembryonic 

antigen level before PVE greater than 200 ng/ml, three or more 
metastases in the FRL, progression during preoperative che-
motherapy, and extrahepatic disease were significant factors 
predicting failure to achieve completion of hepatectomy. 
 The most recent innovation in the field of staged liver 
resections was introduced to the international surgical com-
munity in 2012 and termed Associating Liver Partition and 
Portal vein occlusion  for Staged hepatectomy (ALPPS). This 
new approach aims to overcome the drawbacks of classical 
TSH by considerably accelerating FLR hypertrophy and reduc-
ing the time interval between stages. As originally described, 
the technique consists in right PVL combined with in situ split-
ting of liver parenchyma during the first stage, followed 7 to 10 
days after by a second stage in which resection of the diseased 
hemi-liver is completed (Figure 2).
 The clinical scenario presented at the beginning of this 
chapter introduces a current clinical dilemma for HPB sur-
geons: would a patient with multiple bilateral CLM benefit 
most from ALPPS or from a conventional TSH? In the pres-
ent chapter we will provide our viewpoint regarding, which we 
believe is the best strategy to manage a patient with this clinical 
problem.

MANAGEMENT PRINCIPLES
Preoperative multidisciplinary evaluation is mandatory for 
every patient with liver tumors, and they should be considered 
eligible for chemotherapy and/or surgery on a case-by-case 
basis taking into account risks, oncologic rationale and resect-
ability. When marginally resectable or unresectable CLM are 
detected at the time of diagnosis, preoperative chemotherapy 
is recommended with first-line therapy including doublets (i.e. 
FOLFOX, FOLFIRI, CAPOX) or triplets (i.e. FOLFOXIRI) 
combined with targeted therapy (monoclonal antibodies). 
Assessment of response to conversion treatment should be per-
formed every 2 months. Disease progression while undergo-
ing preoperative chemotherapy predicts a poor outcome, and 
a change to a second-line regimen is usually recommended. 
Surgery can be reconsidered if cross-sectional imaging demon-
strates a partial response to treatment or stable disease. Overall, 
a total duration of 6 months of preoperative and adjuvant che-
motherapy should be administered. In general, preoperative 
work-up for staged liver resections does not differ from that 
of other major liver resections. Liver volumetry (either by CT 
or MRI), including both TLV and FLR volume, is mandatory 
before planning any major liver resection. If tumor volume is 
small, TLV may be calculated by imaging-based volumetry, but 
we generally rely on the formula proposed by the MD Anderson 
group to calculate the theoretical TLV: -794.41cc + 1,267.28cc 
x body surface area (m2). Nuclear imaging techniques such 
as 99mTc-galactosyl serum albumin scintigraphy or 99mTc-

BACKGROUND
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mebrofenin hepatobiliary scintigraphy (HBS) have recently 
gained wider acceptance as they are capable of measuring 
both volume and sectorial FLR function, therefore potentially 
identifying patients at higher risk for PHLF. The group from 
the Academic Medical Center (AMC) in Amsterdam proposed 
a FLR function (FLR-F) cutoff corrected for the body surface 
area of 2.69%/min/m2 using anterior projections only, able 
to predict PHLF in patients submitted to major hepatectomy 
regardless of the type and severity of parenchymal liver disease.
 The patient presented in this chapter had both biological 
and morphological response to chemotherapy and therefore 
was considered a suitable candidate for liver resection in our 
center. The only possible approach was a right trisectionectomy 
with left lateral segment clean-up. Given that he suffered from 
multiple and bilateral CLM, where an extremely small FLR was 
going to result as consequence of tumor clean-up, we favored 
ALPPS instead of conventional TSH. 

SURGICAL APPROACH
The ALPPS approach is a staged major hepatectomy with a 
short interstage interval. The technique as originally described 
consists of a right PVL combined with in situ splitting of liver 
parenchyma as for a right trisectionectomy during the stage 1, 
followed by a completion surgery performed at surgeon discre-
tion once FLR volume has become sufficient, usually within 7 
to 10 days. This approach involves extensive liver mobilization, 
pedicle dissection and total (up to the inferior vena cava) paren-
chymal transection with a more invasive and time-consuming 
first surgical procedure, followed by a second procedure that is 
shorter and technically simpler. This strategy has been adopted 
by most centers as the classical ALPPS technique. 
 Given that this classical ALPPS approach has been associ-
ated in preliminary series with increased incidence of major 
complications and mortality, many different technical innova-
tions and refinements have been introduced with the aim of 
improving outcomes. The first major breakthrough was the 
introduction of partial parenchymal transection (to approxi-
mately the depth of the middle hepatic vein or 50% of total 
transection plane), which has demonstrated to offer similar 
FLR hypertrophy but with significantly lower morbidity than 
total transection (38.1% vs 88.9%; P= 0.049) and zero mortal-
ity. The middle hepatic vein should never be transected in order 
to assure a proper outflow of the diseased hemi-liver. Some 
other variations, with inconsistent evidence, have been intro-
duced over time with the objective of improving outcomes. 
For example, the application of a tourniquet around an small 
parenchymal groove, also known as associating liver tourni-
quet and portal ligation for staged hepatectomy (ALTPS), the 
substitution of parenchymal transection with radiofrequency 
or microwave ablation (RALPP, LAPS), or the application of 
percutaneous interval PVE instead of PVL as method of por-
tal vein occlusion, also known as “Hybrid ALPPS”. Finally, at 
Hospital Italiano de Buenos Aires we have recently introduced 
a new concept that inverts the current paradigm, transforming 
the classical large stage 1 into a much less invasive procedure 
that could even be performed by laparoscopy, and leaving the 
main surgical procedure for the stage 2. We labeled this ALPPS 
modification the “Mini-ALPPS”. This new proposal incorpo-
rates partial parenchymal transection and intraoperative PVE 
and avoids portal pedicle dissection and liver mobilization, with 
the aim of maximally reducing the surgical impact of ALPPS 
first stage to promote rapid patient recovery and facilitate stage 
2 (Figure 3). This new philosophy seems promising and could 
in the future improve both safety and oncological outcomes. 
Indeed, at the Hospital Italiano de Buenos Aires 5 patients have 
already been treated successfully by the mini-ALPPS, with an 
overall morbidity of 20% and no mortality, being nowadays our 
preferred ALPPS technique. The patient in the case presented 
finally underwent a mini-ALPPS procedure with FLR clean-up 
and simultaneous left colectomy during stage 1 (Figure 4). The 

FIGURE 2: Diagram of the procedures involved in the 
ALPPS approach.  a) The first stage comprises the division 
of the right portal vein, the resection of tumors in the FLR 
if present, and the splitting of the parenchyma.  b) In the 
second stage the right hepatic artery, the right bile duct and 
the right venous drainage are divided to allow resection of 
the tumor-bearing liver.

A.

B.
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FLR hypertrophy was 56% in 12 days and the FLR/TLV ratio 
passed from 22% to 35% before stage 2. Completion of right 
trisectionectomy was performed on postoperative day 13 and 
the patient was discharged 1 week after, without any complica-
tion. Histological analysis confirmed tumor-free (R0) resection 
margins. The patient received adjuvant chemotherapy with 
FOLFOX, and 12 months after surgery he is alive and free of 
disease.

BENEFITS AND DRAWBACKS 
After it was first performed in 2007 by the German surgeon 
Hans Schlitt, ALPPS gained rapid acceptance in Germany. 
Subsequently, after the first formal reports in 2011, its world-
wide spread triggered many debates amongst the surgical 
community regarding the potential benefits and drawbacks of 
the strategy. The increasing interest for the ALPPS approach 
and the great passion involved in its development prompted 
the initiation of the international ALPPS registry in 2012, with 
over 800 patients enrolled to date, and the celebration of the 
“1st ALPPS International Consensus Meeting” at Hamburg in 
February 2015. As for every approach, ALPPS has benefits and 
drawbacks when compared to other strategies, and these are 
summarized in Table 1. 
 In our opinion, ALPPS has the following benefits over the 

FIGURE 3: Diagram of the mini-ALPPS technique in a 
patient with bilateral colorectal liver metastases.

TABLE 1. Comparison of the different alternatives to induce future liver remnant hypertrophy. 

PVE, portal vein embolization; TSH, 2-stage hepatectomy; FLR, future liver remnant; PVL, portal vein ligation.  

 

Variables  PVE TSH ALPPS 

Accurate staging through laparotomy - +++ +++ 

FLR Clean-up - ++ +++ 

Adhesions  - +++ + 

FLR hypertrophy ++ ++ +++ 

Short interval - - +++ 

Rescue after failure of PVE/PVL - - +++ 

Resectability ++ ++ +++ 

Hospitalization (No of admissions) 2 2 1 

Morbidity - ++ +++ 

Mortality - ++ +++ 
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established methods:
•  Aggressive future liver remnant clean-up: One of the 

most important breakthroughs that came along with 
ALPPS was the fact of demonstrating, for the first time, 
that single liver segments can be safely left behind as suf-
ficient liver remnant. This constitutes an important para-
digm change in liver surgery, given that resectability has 
been traditionally defined as the complete tumor removal 
preserving at least 2 contiguous Couinaud’s segments with 
intact vascular inflow, outflow and biliary drainage.

•  Unparalleled future liver remnant hypertrophy: ALPPS 
induces a rapid and large future liver remnant hypertro-
phy. The mean FLR hypertrophy obtained with ALPPS is 
around 90% (range: 45% – 200%) within a median time 
interval of 7-10 days. This hypertrophy profile is clearly 
faster than with traditional strategies. A recent compara-

tive study from the Mayo Clinic demonstrated that ALPPS 
was significantly superior to PVE in terms of both the pace 
of hypertrophy (84.3% in 8 days vs 36% in 40 days; P < 
0.001) and the kinetic growth rate (32.7 cc/day vs 4.4 cc/
day; P < 0.001). Furthermore, increasing evidence both in 
animals and humans indicates that the rapid FLR volumet-
ric increase is accompanied by histological and molecular 
features of hepatocyte cell proliferation.

•  Fewer adhesions: the tremendous hypertrophy achieved 
in a brief period allows reducing classic interval periods 
of 8 to12 weeks to around 7 to 10 days. Therefore, early 
definitive resection is possible with less adhesion forma-
tion compared with classic 2-stage approaches.

•  Single hospitalization: in most patients, both stages are 
possible during the same hospital stay. The potential psy-
chological impact for the patient and the financial implica-

FIGURE 4: Mini-ALPPS. A) Resections of liver metastases in left lateral segment and partial parenchymal transection of 
about 3-5 cm depth without right liver mobilization. B) Control portagraphy after intraoperative right portal vein embo-
lization via the inferior mesenteric vein. C) Baseline CT-scan before stage 1. D) CT-scan before stage 2 showing the paren-
chymal groove (arrow) and the embolization material in right portal branches (arrowheads).  
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tions for the health system have not been evaluated yet.
•  Increased resectability: there is already strong evidence 

demonstrating that ALPPS has higher resectability rates 
compared with PVE or PVL in classic TSH. In a recent 
multicenter experience the complete tumor resection 
rate of ALPPS was 83% vs 66% for PVE/PVL (P=0.027). 
The higher resectability rate is explained by the fact that 
nearly all patients achieve sufficient hypertrophy, the short 
interval makes tumor progression between stages unlikely, 
and liver splitting prevents direct tumor infiltration of the 
future liver remnant. With regards to surgical margins, 
recent meta-analytic data from 6 studies including 295 
patients showed an R0 resection rate of 91%.

•  Rescue of futile portal vein occlusion: ALPPS has proven 
to be an effective salvage procedure to induce further 
hypertrophy and allow resection in patients who fail to 
achieve a sufficient FLR volume after PVE or PVL, which 
can occur in up to 10% of patients subjected to these clas-
sical approaches. Although there are other alternatives 
for this scenario, such as hepatic vein or hepatic artery 
embolization, nowadays it represents an unquestionable 
indication for ALPPS.

Despite these potential advantages, and although ALPPS has 
been increasingly applied to achieve tumor resection in patients 
with small FLR, the surgical community is still debating its 
clinical application owing to high morbidity and mortality 

rates in most early experiences published, as well as uncertain 
long-term oncological outcomes.

•  Complications: The relatively high morbidity and mortal-
ity rates have been associated in most ALPPS series with 
inappropriate patient selection, unsuitable timing of the 
second stage and errors in clinical judgment due to the 
lack of experience with the application of this new tech-
nique. Even though a meta-analysis including 295 patients 
with different tumor origins revealed a 90-day mortality of 
11% and major morbidity of 44%, more recent data from 
the ALPPS registry on 528 patients reveals better results, 
with an overall 90-day mortality of 8.9%. Moreover, CLM 
as tumor entity has shown the best safety profile in the 
International Registry, with a major morbidity rate of 
29% and a 90-day mortality of 5% in 228 patients (Table 
2). These results compare favorably with most reported 
series of TSH. For example, the morbidity and mortal-
ity of ALPPS do not appear significantly different to the 
recently reported 84% morbidity and 10% mortality from 
87 patients who underwent a major hepatectomy after 
PVE or PVL at the Beaujon Hospital in France for initially 
unresectable CLM. Among 65 patients who underwent a 
TSH at the MD Anderson Center in USA, a 49% morbid-
ity and 6.4% mortality were reported, and these figures 
included only the second stage. Similarly, the morbidity 
and mortality of TSH in 59 patients at the Paul Brousse 
Hospital in France was 59% and 7% respectively. Fur-

TABLE 2. Morbidity and mortality of TSH and ALPPS for colorectal liver metastases (CLM).

TSH, 2-stage hepatectomy.  

 
Author Year N° Morbidity (>) Liver Failure Mortality 

T
SH

 

Passot et al (MD Anderson) 2016 109 26% 7% 7% 

Nuzzo et al (Italian multicentric)  2014 130 20% 9% 4% 

Lamb et al (Systematic review) 2013 459 40% - 3% 

Belghiti et al (Beaujon) 2012 87 39% 9% 10% 

Brouquet et al (MD Anderson) 2011 65 29% 5% 6.4% 

Tsai et al (Johns Hopkins) 2010 45 28% 8.6% 8.8% 

Adam et al (Paul Brousse) 2008 59 59% 22% 7% 

A
L

PP
S 

Hospital Italiano Bs As  2017 26 38.5% 7.7% 0% 

Björnsson B et al (Scandinavia) 2016 26 39% - 4.5% 

ALPPS Registry 2015 228 29% 9% 5% 

Hernandez et al  2014 14 14% 29% 0% 
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thermore, a recently published study from this last group 
comparing match populations of ALPPS and TSH found 
non-significantly different 90-day mortality (0% vs 5%; 
P= 0.891) and major complication rates (41%vs 39%; P= 
0.999) between these strategies. 

Even though morbidity rates are similar after stage 1 and 2, 
>90% of deaths occur after stage 2 and PHLF remains one of 
the most important causes of death (up to 77% of deaths) in 
most series. Data from the International Registry showed that 
the reported incidence of PHLF ranges from 14% after stage 
1 to 31% after stage 2, even when theoretically sufficient FLR 
volumes are achieved. Age, biliary tumors, operative time 
more than 5 hours during stage 1 and the administration of 
red blood cell transfusions during either stage have been iden-
tified as significant risk factors for severe complications and 
90-day mortality. In addition, recent data from the ALPPS 
registry indicate that patients who develop PHLF after stage 1 
or have a MELD score ≥10 before stage 2 are at higher risk. 
Although advanced age per se is not an absolute contraindica-
tion to perform ALPPS, above the cutoff of 67-years-old there 
is a significantly higher risk of worse perioperative outcomes. 
In addition, ALPPS should also be used with utmost caution 
for indications other than metastatic liver tumors. The safety 
profile of ALPPS will most likely improve in the future as a con-
sequence of better patient selection and technical refinements 
as more experience is gained.

•  Oncological outcomes: probably the most important 

question still unanswered with regards to ALPPS is if 
the higher tumor resectability rates are latterly translated 
into improved overall (OS) and disease-free survivals 
(DFS). While the available evidence does not definitively 
answer this question, recent studies suggest that patients 
with CLM have similar short-term oncological outcomes 
compared with patients treated by traditional surgical 
approaches (Table 3). A recent multicenter study compar-
ing ALPPS with PVE/PVL showed that tumor recurrence 
occurred at a comparable rate in both groups at 12 months 
(52% vs 54%; P>0.05). The largest available data from the 
ALPPS registry in patients with CLM indicates so far a 1- 
and 2-year OS of 76% and 62% as well as a DFS of 59% 
and 41%, respectively, with a median DFS of 14 months. 
This median DFS is more than acceptable when compared 
to the 7.5 months of median DFS recently reported in the 
updated experience with TSH from the Paul Brousse Hos-
pital. Furthermore, the subgroup of CLM patients from 
the ALPPS Registry with age ≤60 years exhibited the best 
OS, being 88% and 74% at 1- and 2- years respectively, 
with a median survival of 24 months. Even though only 
short-term follow up is available, this survival figures (on 
an intention to treat basis) are similar or even better than 
that in the few existing series of TSH. Moreover, the 64% 
3-year OS in patients with CLM from the German group 
leaded by Hans Schlitt, compares favorably with that of 
conventional staged approaches. At the Hospital Italiano, 
we have treated 26 patients with CLM, of whom 96% had 
received preoperative chemotherapy and 62% received 

( ) 
Author Year N° 

 
OS (years) DFS (years) 

1 2 3 
 

1 2 3 
2-

ST
A

G
E
 

Lamb et al (Systematic 

review) 

2013 459 - - 59% - - 20% 

Brouquet et al (MD Anderson) 2011 65 
 

89% 80% 67% 
 

39% - 20% 

Tsai et al (Johns Hopkins) 2010 45 88% 74% 57% 85% 68% 45% 

Adam et al (Paul Brousse) 2008 41 
 

87% 76% 60% 
 

60% 40% 26% 

A
L

PP
S 

Hospital Italiano Bs As   2017 26  83% 70% 49%  56% - 9% 

Björnsson B et al 

(Scandinavia) 

2016 26  - 59% -  - 20% - 

ALPPS Registry  2014 141  88% 74% -  59% 41% - 

TABLE 3. Short-term oncological outcomes of TSH and ALPPS for colorectal liver metastases (CLM)
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3 years in our series of CLM is 49% and 9% respectively. 
Such results should not be surprising in the light of an 
aggressive tumor biology, as demonstrated by the fact 
that more than 80% of our patients had a node-positive 
primary cancers, synchronous presentation, and bi-lobar 
metastases. A recent study reported by the Paul Brousse 
group, aiming to compare the survival of ALPPS (n: 17) 
against TSH (n: 41) for CLM as intent to treat analysis, 
found that the estimated 2-year OS was lower after ALPPS 
than TSH (42% vs 77%; P=0.006), although DFS was not 
significantly different between both strategies. However, 
the results from this small sample study have to be inter-
preted carefully, as there could be selection biases inher-
ent to its retrospective design. Furthermore, the positive 
margin rate in ALPPS was 64% vs 29% in the TSH group, 
and later salvage surgery for liver recurrence was less often 
performed after ALPPS than after TSH. Therefore, in our 
opinion current evidence does not allow any firm conclu-
sion regarding the oncologic superiority or inferiority of 
ALPPS compared with classical approaches. Results of 
randomized controlled trials are necessary to clarify this 
important issue.

FUTURE PERSPECTIVES
Nowadays most research efforts are directed towards increas-
ing the safety of ALPPS, and patient management during the 
interval period between both stages is undoubtedly of para-
mount importance to reduce complications. Although volu-
metry is still the standard method for determining whether 
a patient can safely undergo a major liver resection, the fact 
that PHLF remains the most important cause of death in the 

ALPPS Registry indicates that the established volumetric cri-
teria being used to judge FLR sufficiency before reoperation 
might not be sufficient, particularly when taking into account 
that these volume measurements are applied to liver paren-
chyma that is growing extremely fast. Even though previous 
studies have observed proliferative and architectural changes at 
histological level accompanying macroscopic FLR hypertrophy 
in ALPPS, rapid liver volume growth may not correlate with 
an immediate corresponding equal increase in function. In 
line with this notion is the observation of histologic findings 
of hepatocyte immaturity in nontumorous FLR parenchyma. 
In such scenario the use of hepatobiliary scintigraphy (HBS), 
a more sophisticated tool capable of evaluating sectorial liver 
function, has been proposed to help determine the best timing 
for stage 2. At the Hospital Italiano de Buenos Aires we have 
recently developed a new formula to measure FLR function 
during ALPPS interval. The Hospital Italiano de Buenos Aires 
Index (HIBA-index) is a dynamic measure that represents the 
proportion of radionuclide accumulating in the FLR during the 
phase between 150-350 seconds post-injection and is calcu-
lated using the area under the time-activity curves (AUC) with 
the following formula expressed as percentage:  HIBA-index= 
(AUC liver-AUC blood pool) / (AUC field of view)  x  (FLR 
counts) / (Total liver counts). Between 2011 and 2016, 20 out of 
39 patients (51%) underwent HBS before completion of ALPPS 
stage 2 at the Hospital Italiano de Buenos Aires (Figure 5). After 
comparing different interstage HBS functional parameters, a 
HIBA-index with a cutoff value of 15% was found to be the 
most accurate parameter to predict clinically significant PHLF 
after ALPPS stage 2. The predicted risk of PHLF in patients 
with a HIBA-index lower than 15% was 80%, whereas no 
patient with a HIBA-index higher than 15% developed PHLF. 
This practical cutoff value may become of paramount impor-
tance to avoid futile indication of ALPPS stage 2, as current 
standard volumetric criteria have so far proved insufficient to 
adequately guide the safe timing of ALPPS stage 2. 

CONCLUSIONS
The ALPPS approach represents one of the ultimate advances in 
liver surgery to treat patients with locally advanced liver tumors 
considered unresectable by conventional means. ALPPS ben-
efits include: (1) robust FLR hypertrophy unparalleled in its 
rapidity; (2) the possibility of leaving single liver segments as 
sufficient FLR; (3) reduced interval between stages with fewer 
adhesions, easier definitive resection, and lower dropout rate 
from disease progression; (4) single hospitalization for both 
stages in the majority of patients; (5) hypertrophy induction 
even after unsuccessful PVE/PVL; and (6) higher resectability 
rates compared to classical approaches. With regards to the 
dilemma that motivated this chapter, and given the recent 
evidence indicating that ALPPS can be performed with accept-
able patient safety in experienced centers, in our opinion the 

FIGURE 5: Interstage hepatobiliary scintigraphy linked 
to CT-scan as a reference in the patient presented. The 
HIBA-index was 24.66%, which was deemed sufficient to 
undergo ALPPS stage 2.
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SALIENT POINTS
•  The ALPPS approach is a short-interval 2-stage strat-

egy that so far has demonstrated to provide higher 
hypertrophy and resectability rates than classical TSH.

•  It remains uncertain if the higher resectability rates 
translate into improved long-term survival compared 
with classical approaches. Randomized controlled tri-
als comparing ALPPS vs TSH for CLM are currently 
underway. 

•  Recent evidence indicates that ALPPS can be per-
formed with acceptable morbidity and mortality in 
experienced centers, comparable to that of classical 
TSH.

•  At present, the best candidates for ALPPS are patients 
with bilateral CLM, preferably younger than 70 years 
old.

•  Stage 2 should be undertaken only once volumetric 
and functional studies have demonstrated FLR suf-
ficiency and the patient has returned to good clinical 
condition, regardless of the number of days needed to 
achieve this status. In the presence of active complica-
tions, abnormal liver function or a MELD score >10, 
stage 2 should be delayed or even abandoned in order 
to avoid mortality.  

•  The use of HBS to quantify sectorial liver function is a 
promising tool to facilitate decision-making regarding 
the timing of the second stage. Preliminary studies 
indicate that an interstage HIBA-index of <15% 
predicts clinically significant PHLF after ALPPS stage 
2 and therefore should be strictly avoided.

•  The “Mini-ALPPS” technique represents a complete 
inversion of the classic ALPPS paradigm, minimizing 
the stage 1 impact to promote rapid patient recovery 
and leaving the main surgical procedure for the stage 
2. This new technique allows achieving the same goals 
of classical ALPPS (accelerated FLR hypertrophy and 
high resectability rates) but with negligible morbidity 
and no mortality.

benefits abovementioned favor it as a treatment option over 
classic TSH for patients with extensive bilateral CLM where an 
extremely small FLR (need of >65% hypertrophy) results from 
tumor clean-up, especially if future evidence demonstrates bet-
ter or equal long-term outcomes. 
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CASE SCENARIO

A 47-year-old female presented with synchronous bilobar liver metastases after sigmoid colectomy for RAS wild-type 
adenocarcinoma. The patient received 4 cycles of FOLFIRI and bevacizumab with response and was scheduled to 
undergo two-stage liver resection (TSLR) (Figure 1A-C). After  first-stage multiple partial resections of segments 2 and 
3, her standard future liver remnant ratio (sFLR) accounted for 13% (Figure 1D-F). Therefore, she underwent a right 
portal vein embolization (PVE) extended to segment 4 with subsequent satisfactory FLR hypertrophy (23%) followed 
by uncomplicated second-stage resection (Figure 2) (Table 1). The patient underwent repeat liver resection for liver 
recurrence 3 times after the second-stage resection, and died 50 months from recurrence after the second-stage resec-
tion.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: A 47-year-old patient with bilobar multiple liver metastases. Enhanced computed tomography images at 
restaging following 4 cycles of FOLFIRI and bevacizumab with improvement of disease, (A-C) and before the portal vein 
embolization following first-stage multiple partial resections of segments 2 and 3 (D-F). 
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Advances in perioperative management, operative procedures, 
and systemic chemotherapy have extended surgical bound-
aries and prolonged survival in patients with colorectal liver 
metastasis (CLM). Patients with multiple bilobar liver metas-
tases remain challenging even for experienced hepatobiliary 
surgeons. In such patients, surgeons hesitate to perform one-
stage major hepatic resection with multiple partial resection in 
the contralateral liver due to the risk of injury of the inflow or 
outflow of the remnant liver or insufficient remnant liver vol-
ume, which can lead to hepatic insufficiency and liver- related 
mortality.
 Portal vein embolization (PVE) has been proposed to 
induce compensatory hypertrophy of the contralateral future 
liver remnant (FLR) in order to decrease the risk of postopera-
tive liver insufficiency and associated mortality. TSLR in com-
bination with PVE has been introduced to allow for multiple 
hepatic resections while maintaining adequate hepatic func-
tion. TSLR has significantly improved outcomes for patients 
presenting with multiple bilobar CLMs, with 5-year survival 
rates of 49%-64% in patients completing the strategy (Figure 3).
 To overcome insufficient hepatic function of the liver rem

FIGURE 2: Portography (A) and enhanced CT images (B and C) after completion of the right portal vein embolization 
and segment 4 embolization. The branches of segment 4 were embolized with spherical particle and coils (arrow). The 
future liver remnant of segments 2 and 3 was markedly hypertrophied from 21.3% to 39.3%.

After 1st 
stage
Pre-PVE

Post emboli-
zation

Future liver remnant  
(FLR) volume
(Segment 1, 2, and 3), cm3

309 568

Standard TLV*, cm3 1444 1444
sFLR†, % 21.3 39.3
Regeneration rate§, % - 83.8
KGR‡, % per week - 7.02
PVE, portal vein embolization; TLV, total liver volume; 
sFLR, standard future liver remnant ratio.
KGR, kinetic growth rate.
* Calculated as following formula: TLV = -794.1 + 1,267.28 × 
body surface area (m2)
† Calculated as following formula: sFLR = FLR / sTLV 
§ Calculated as following formula: Regeneration rate (%) = 
volume increase of FLR / initial FLR
‡ Calculated as following formula: KGR (%) = regeneration 
rate / elapsed week

TABLE 1. Hypertrophy of future liver remnant and 
kinetic growth rateBACKGROUND
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therapy enrolled in two-stage liver resection (TSLR) strategy. Figure 3A demonstrates survival of patients undergoing first 
stage of TSLR vs treatment with chemotherapy only. Figure 3B demonstrates survival of patients stratified by completion 
of TSLR vs chemotherapy (Reprinted with permission from the American Society of Clinical Oncology in Brouquet A, 
Abdalla E, Kopetz S, et al.  High survival rate after two-stage resection of advanced colorectal liver metastases: response-
based selection and complete resection define outcome. J Clin Oncol. 2011;29:1083-1090) . 
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nant, associating liver partition with portal vein ligation for 
staged hepatectomy (ALPPS) strategy was introduced in 2012 
as a novel form of two-stage liver resection. In this strategy, the 
patient undergoes a first laparotomy with ligation of the portal 
vein and transection of the liver. The liver is left in situ to hyper-
trophy for 10-14 days, and then the patient undergoes a second 
laparotomy to complete the liver resection. Compared with 
TSLR strategy, ALPPS strategy is associated with rapid and 
major hypertrophy of the FLR. Although the functional quality 
of the FLR after ALPPS is unclear, the procedure is advocated 
to reduce dropout due to tumor progression between the 2 
stages of resection in the TSLR strategy. Here we review both 
the TSLR and ALPPS approaches to understand the optimal 
surgical strategy for multiple bilobar CLMs.

HYPERTROPHY RATE OF FLR
The initial experience with ALPPS reported by Schnitzbauer et 
al. demonstrated a higher FLR regeneration rate of 74% after 
first stage, compared with that after right portal vein emboli-
zation (PVE) or portal vein ligation (PVL) (40%-69%) (Table 
2). Although previously reported regeneration rates after PVE 
or PVL appear lower than those after the first stage in ALPPS 
strategy, we should point out a major issue that right PVE 
without segment 4 embolization prior to extended right hepa-
tectomy leads to the undesirable segment 4 regeneration at the 
expense of lesser regeneration of the left lateral bisegments. 
However, right PVE with segment 4 embolization is associ-
ated with a significant increase in hypertrophy of the left lateral 
bisegments, compared to right PVE without segment 4 embo-
lization (right with segment 4 vs right without segment 4, 26% 

vs 54% in regeneration rate). In addition, first-stage surgery in 
ALPPS strategy includes dissection of segment 4 Glissonean 
pedicles for in situ splitting between the segment 4 and left 
lateral bisegments combined with right PVL. Thus, to compare 
equivalent strategies, the sFLR or regeneration rate of ALPPS 
strategy should be compared with that of right PVE with seg-
ment 4 embolization. In our study, the regeneration rate of the 
FLR was 69% in patients undergoing right PVE with segment 4 
embolization using spherical particles, which is comparable to 
the data of ALPPS strategy (Figure 4).
 In addition to the volume of hypertrophy, the quality of 
the underlying liver parenchyma is also critically important. 
Among the patients undergoing PVE, volumetry predicts post-
operative liver insufficiency and liver-related mortality. In a 
series of 301 extended right hepatectomy, patients with sFLR ≤ 
20% had a significantly higher mortality of 11% compared with 
2.4% in patients with sFLR > 20% (P = 0.025). In contrast, after 
the first-stage ALPSS procedure, postoperative mortality was 
10%, 7%, and 5% in patients with sFLR < 30%, 30%-40%, and 
>40%, respectively, and did not correlate with the sFLR based 
on the volumetry of the hypertrophied liver after first-stage 
ALPPS (Figure 5). These results indicate that the volumetric 
study of the hypertrophied liver after ALPPS does not predict 
outcome, which is supported by the finding of immature regen-
erative hepatocytes upon histologic evaluation of the FLR prior 
to second step in ALPPS strategy.

FEASIBILITY AND SELECTIVITY
The second issue in comparing the strategies is the feasibility 
and selectivity of each procedure. The ALPPS strategy is associ

Author Year Strategy N Interval Regeneration rate 
(%)

Shnitzbauer 2012 ALPPS 25 9 days 74
Petrowsky Clavien 2015 ALPPS 18 7 days 61
Røsok 2015 ALPPS 36 6 days 67
Schadde 2014 ALPPS 202 7 days 80
Imai / Adam 2015 TSLR 125 13 weeks No description
Passot / Vauthey 2016 TSLR 109 9 weeks 60
Shindoh / Vauthey 2013 PVE 139 5 weeks 62
Madoff 2005 PVE 21 3–4 weeks 69
DeBaere 2005 PVE 107 4–8 weeks 69
Kianmanesh 2003 PVL 20 6 weeks 43
ALPPS, associate liver partition with portal vein ligation for staged hepatectomy.
TSLR, two stage liver resection
PVE, portal vein embolization
PVE portal vein ligation

TABLE 2. Reported data of intervals and hypertrophy of FLR 
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alcohol (PVA, 355–1000 μm in size) (A) and small spherical particles of tris-acryl microspheres (TAM, 100–700 μm in 
size) (B). 

ated with a high completion rate (or low dropout rate) com-
pared with TSLR strategy. In TSLR strategy, 20%–35% of the 
patients do not complete both stages due to tumor progression 
and/or insufficient liver hypertrophy; in contrast, 95%-100% of 
the patients complete both stages in ALPPS strategy. Although 
the higher completion rate in ALPPS strategy may extend the 
surgical indication for patients with multiple bilobar metasta-
ses, the timing may not allow for appropriate patient selection.
 In our most recent study of 109 candidates for two-stage 
hepatectomy, 20 (18%) patients did not undergo second-stage 
hepatectomy. Among those patients, 12 (60%) patients did not 
undergo  second-stage resection because of tumor progression, 
while only 4 (25%) patients did not because of insufficient 
regeneration. These results indicate that PVE is clearly effec-
tive, as only a very small proportion of patients (4/109 (3.7%)) 
do not proceeds to second stage due to insufficient regenera-
tion. In addition, the results also reflect that the patient popula-
tion with multiple bilobar CLMs typically has advanced cancer, 
often compounded by unfavorable tumor biology, and may 
progress in the interval between PVE and resection. In this 
regard, an appropriate interval can avoid unnecessary surgery 
in patients with unfavorable biology in TSLR strategy. 
 In contrast, recently reported registry data analyzing pre-
dictors of postoperative mortality after ALPPS indicated that 
age ≥ 60 years of age (odds ratio [OR], 14.3; 95% confidence 
interval [CI], 2.9–66.0; P=0.001) is an independent predictor 
of postoperative mortality, while sFLR prior to stage 2 is not 
(OR, 0.8; 95% CI, 0.18–3.7; P=0.794). The OR of 14.3 suggests 
that the ALPPS approach may not be appropriate for patients 
above age 60. However, the majority of patients undergoing 
liver resection for CLM are ≥ 60 years of age which would limit 
the population eligible for the ALPPS procedure. Additionally, 
even though higher regeneration rates have been advocated 

as a primary advantage of the ALPPS strategy, these results 
indicate that sFLR does not effectively guide the selection of 
patients who will tolerate second-stage resection. 

MORBIDITY AND MORTALITY
Perhaps most importantly, the literature suggests that the 
ALPPS procedure is associated with higher morbidity and 
mortality rates compared with TSLR strategy, likely a result of 
the physiologic effects of undergoing repeat laparotomy within 
a short interval. Initial experience of ALPPS strategy reported 
a high postoperative mortality (12%), which has not improved 
significantly with additional experience with the technique. 
Recently published data from ALPPS registry reported 9% 
postoperative mortality, even after excluding 20% of the reg-
istered patients with incomplete data. The Scandinavian group 
reported an improved mortality of 2.8% in patients undergoing 
ALPPS procedure (n = 36) including 25 CLMs patients. How-
ever, less than half of the patients had FLR < 20% and one third 
of the patients had only one lesion, suggesting that a regenera-
tive procedure may not have been necessary in many of these 
patients. 
 Overall morbidity and mortality rates are higher after 
ALPPS compared to TSLR (31%-43% and 3%-13% vs 10%-33% 
and 0%-6%, respectively) (Table 3). Although both procedures 
were originally intended to decrease the risk of postoperative 
liver dysfunction or liver-related death, the higher hypertrophy 
rate gained by ALPPS strategy does not appear to decrease the 
morbidity and mortality compared with the TSLR strategy.
 The role of volumetry is getting more important not 
only to predict the outcome but also to evaluate the underly-
ing hepatic function of the FLR in patients undergoing major 
hepatic resection with small FLR. In addition to the volume of 
FLR, we routinely evaluate the following parameters: degree of 
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FIGURE 5: Incidence of postoperative liver insufficiency (A) and death due to liver failure (B) according to preoperative 
sFLR reported by Kishi et al., and incidence of postoperative complication, post-hepatectomy liver failure, and 90-day 
mortality according to preoperative sFLR in ALPPS strategy (C) reported by Schadde et al. (Reprinted with permission 
from Wolters Kluwer Health, Inc. in Kishi Y, Abdalla EK, Chun YS, et al. Three hundred and one consecutive extended right 
hepatectomies: evaluation of outcome based on systematic liver volumetry. Ann Surg. 2009;250:540-548, and 
Schadde E, Raptis DA, Schnitzbauer AA, et al. Prediction of Mortality After ALPPS Stage-1: An Analysis of 320 Patients 
From the International ALPPS Registry. Ann Surg. 2015;262: 780-785).

Author Year Strategy N Grade III-V*
Morbidity (%) Mortality (%)

Dupre / Rivoire 2013 TSLR 54 9.8 0
Faitot / Scatton 2015 TSLR 50 18 2
Imai / Adam 2015 TSLR 125 33 2.4
Passot / Vauthey 2016 TSLR 109 26 5.5
Schadde 2014 ALPPS 202 40 9.4
Røsok 2015 ALPPS 36 31 2.8
Alvarez 2015 ALPPS 30 43 6.6
Truant 2015 ALPPS 62 40 13

TSLR, two stage liver resection.
ALPPS, associate liver partition with portal vein ligation for staged hepatectomy.
* According to the Clavien-Dindo classification

TABLE 3. Morbidity and mortality after ALPPS or TSLR strategy
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FIGURE 6: Overall survival from the first-stage 
resection in patients who underwent ALPPS or 
TSLR stratified by completed or failed TSH reported 
by Adam et al. (Reprinted with permission from John 
Wiley and Sons in Adam R, Imai K, Castro Benitez 
C, et al. Outcome after associating liver partition 
and portal vein ligation for staged hepatectomy and 
conventional two-stage hepatectomy for colorectal 
liver metastases. Br J Surg. 2016;103:1521-1529).

hypertrophy and kinetic growth rate. Degree of hypertrophy, 
which is calculated as the difference between the sFLR before 
and after PVE, should be ≥ 5% to ensure a postoperative out-
come with minimal postoperative hepatic dysfunction. Kinetic 
growth rate (KGR), the degree of hypertrophy divided by time 
(weeks) elapsed between the pre- and post-PVE measurements, 
has become an invaluable functional tool to assess the FLR. In a 
series of 103 patients undergoing major hepatectomy for CLM, 
a KGR ≥ 2% per week never experienced postoperative liver 
insufficiency or 90-day, liver- related mortality irrespective of 
prolonged preoperative chemotherapy. The result suggests that 
KGR predicts hepatic dysfunction or liver failure more pre-
cisely because this parameter comprehensively evaluates both 
functional reserve of the FLR and underlying ability of hepatic 
regeneration. 

ONCOLOGIC OUTCOME
TSLR strategy has been criticized for the long interval between 
stages based on the hypothesis that tumors in the deportalized 
liver are persistently exposed to hepatotrophic factors that 
may increase dropout due to tumor progression. Although a 
subset of the patients do not complete the second stage due to 
tumor progression in TSLR strategy, the long-term outcome of 

patients undergoing PVE after resection of CLM is similar to 
matched patients undergoing resection without preoperative 
PVE, suggesting that early fears regarding cancer growth due 
to the release of hepatotrophic factors are unfounded. 
 In our study, the overall survival of patients who under-
went at least the first stage in TSLR was significantly improved 
compared with patients who underwent only chemotherapy 
for advanced bilateral CLM (51% vs 15% 5-year survival) (Fig-
ure 3). Alternatively, recently reported survival data indicate 
that overall survival is significantly worse after ALLPS than 
after TSLR, even when dropout patients are included in analy-
sis (Figure 6). There is currently no long-term, follow-up data, 
and the oncological evidence in support of the ALPPS strategy 
is lacking.

CONCLUSIONS
In this chapter, we reviewed the two aggressive surgical strate-
gies for multiple bilobar CLMs: ALPPS and TSLR. Based on 
the current literature, the ALPPS approach strategy offers no 
definitive advantage and adds an increase in morbidity and 
mortality compared with TSLR strategy. Further investigation 
is critical to compare long-term oncologic survival between 
these two strategies. 
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SALIENT POINTS
•  Regeneration rate of the future liver remnant (FLR) 

in patients undergoing ALPPS is comparable to that 
in patients undergoing right portal vein embolization 
(PVE) with segment 4 embolization using spherical 
particles.

•  Volumetry data after PVE predicts postoperative 
liver insufficiency and liver mortality in TSLR while 
that after the first-stage surgery in ALPPS does not 
correlate with the outcomes. These findings imply that 
the quality of the hypertrophied liver parenchyma are 
different between the two strategies.

•  Compared to the high completion rate (95-100%) in 
ALPPS, 20-35% of the patients in TSLR do not com-
plete the strategy due to tumor progression between 
the stages. Although the higher completion rate in 
ALPPS strategy may extend the surgical indication, 
the timing may not allow for avoiding unnecessary 
surgery in patients with unfavorable tumor biology. 

•  Despite the higher hypertrophy rate gained by ALPPS 
strategy, overall morbidity and mortality rate are still 
higher after ALPPS compared to TSLR. 

•  Currently, there is no long-term follow-up data and 
the oncological evidence in support of the ALPPS 
strategy is lacking.  



Amar Gupta, MD, and Elijah Dixon, MD, BSc, MSc

A Patient with Liver Metastases 
from Neuroendocrine Tumor:  
Resection

H
E

P
A

T
IC 21AC H A P T E R

166    

CASE SCENARIO

A 68-year-old male presents 13 months after a distal 
pancreatectomy for a non-functioning pancreatic 
neuroendocrine tumor (NET). Pathology revealed a 
5.2 cm tumor, 4 mitoses/10hpf and Ki67 of 9%. The 
tumor was confined to the tail of the pancreas, and all 
22 resected lymph nodes were negative for disease. He 
had an uneventful post-operative course and received 
no adjuvant therapy. Routine CT of the abdomen and 
pelvis 12 months post-operatively demonstrated 3 
hypervascular liver lesions not present on preoperative 
imaging, consistent with NET liver metastasis (Figure 
1). 11Indium-octreotide scan confirmed the diagnosis 
of NET liver metastasis (Figure 2).

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

PREOPERATIVE CONSIDERATIONS
Our initial workup for neuroendocrine tumor (NET) 
begins with a detailed history and physical exam, with a 
focus on signs and symptoms of liver dysfunction, symp-
toms from a functional tumor, and overall medical suit-
ability for surgical intervention. Laboratory tests usually 
include chromogranin A and urinary 5-HIAA, as well 
as specific biochemical markers for functional tumors 
based on symptoms. The majority of patients referred 
to our service come with cross-sectional imaging; how-
ever, if the imaging is of inadequate quality or absent, we 
prefer contrast-enhanced MRI as our imaging modality 
of choice, especially when liver metastases are present. 
As 68Gallium-labelled positron emission tomography 
(Ga-PET) scanning is unavailable in our area, we rely on 
11Indium-octreotide scanning (Octreoscan) to identify 

Figure 1: CT scan with arterially enhancing lesion in seg-
ment 2 of the liver (black arrow).

Figure 2:. Octreoscan with octreotide avid lesion in segment 2 
of the liver consistent with NET liver metastasis (white arrow).
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distant disease (Figure 3). Furthermore, patients with tumors 
that are strongly octreotide-avid may be good candidates for 
adjuvant radiation therapy with radio-labelled somatostatin 
analogue. Whole-body imaging with Octreoscan may also aid 
in cases of NET liver metastasis with no identifiable primary 
on initial cross-sectional imaging. We do not routinely obtain 
core-needle biopsies of liver lesions suspicious for metastatic 
NET if they are readily resectable. However, in patients with 
unresectable disease, tissue acquisition is paramount for sys-
temic therapy. Once diagnosis has been confirmed, patients 
with NET liver metastases are frequently discussed in a NET-
focused, multi-disciplinary setting as they comprise some of 
the most challenging clinical scenarios we face.
 To date, there is no consensus amongst liver surgeons as 
to which patients should be offered resection for NET liver 
metastases. Although our group tailors our clinical decisions 
to each individual patient, our requirements to proceed with 
resection of NET liver metastases are much in line with those 
previously published in the literature. In general, these require-

ments, summarized in Table 1, are as follows: 
1. acceptable medical risk and performance 
status for liver surgery, including absence of carci-
noid heart disease, 
2. previous R0 resection of the previous tumor 
or radiographic evidence of resectable primary 
tumor, 
3. likelihood of achieving R0 resection or com-
plete ablation of all liver metastases while main-
taining adequate volume of future liver remnant, 
and 
4. absence of extra-hepatic disease. 
5. Patients with significant carcinoid heart 
disease may undergo resection once they have 
had appropriate treatment, often requiring 
valve replacement surgery, and resolution of any 
right heart failure. NET liver metastases that are 
strongly octreotide-avid on preoperative imaging 
may be further treated with radio-labelled soma-
tostatin analogues in an adjuvant setting. This may 
allow for a survival benefit, even in patients who 
undergo debulking liver resections. Furthermore, 
patients with clinically functional NET with liver 
metastasis may have a survival advantage with 
cytoreductive surgery if 80-90% of tumor bulk can 
be resected. Hence, patients with octreotide-avid 
liver metastases, or with significant symptoms 
may undergo debulking resection after extensive 

discussion in a multidisciplinary tumor board. 
 We do not immediately exclude patients with high grade 
(G3) NET liver metastasis for liver resection as is recom-
mended by some authors; however, it has been our observation 
that these patients rarely fit the above requirements for curative 
intent. Given the high rate of recurrence following liver resec-
tion for NET metastases to proceed with resection of NET, it 

Figure 3: (a) MRI demonstrating a large pancreatic tail 
NET. (b) MRI demonstrating multiple NET liver metastasis. 
(c) Octreoscan with arrows demonstrating highly octreotide-
avid lesions in the liver and pancreatic tail corresponding to 
MRI findings.

TABLE 1.  Preoperative requirements for surgical resection 
of neuroendocrine tumor liver metastases. PVE, portal vein 
embolization.

Acceptable medical risk and performance status for liver 
surgery 
Absence of carcinoid heart disease, or preoperative valve 
replacement/repair
Previous R0 resection of the previous tumor 
or Radiographic evidence of resectable primary tumor 
Likelihood of achieving R0 resection or complete ablation of 
all liver metastases 
Adequate volume of future liver remnant (may require pre-
operative PVE)
Absence of extra-hepatic disease 
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whenever technically feasible. When right or left hepatectomy 
must be considered to clear disease, a staged approach is often 
required given the bilobar distribution of most cases of NET 
liver metastases. It is not uncommon to require unilateral por-
tal vein embolization to promote contralateral hepatic hyper-
trophy in this circumstance.
 Preoperative fluid resuscitation and correction of any 
electrolyte imbalances is paramount before undergoing major 
liver resection. Furthermore, preoperative treatment of func-
tional NET with systemic octreotide analogues is a mainstay of 
our clinical practice.

INTRAOPERATIVE CONSIDERATIONS
Liver resection for NET liver metastasis is performed lapa-
roscopically for segment 2/3 resections or peripheral lesions 
that are easily accessible. Major resections, or those involving 
several separate segmental resections, are generally performed 
in an open fashion at our institution. We routinely ground 
patients for radiofrequency ablation in the event that the lesion 
is found not to be amenable to resection intra-operatively. 
Patients undergoing open resection are generally offered epi-
dural catheter placement by the anaesthesia team to facilitate 
post-operative pain management. After generalendotracheal 
anesthesia is induced, an arterial line and a foley catheter are 
generally placed. We do not routinely use central venous cath-
eters for liver resections; however, a restrictive fluid strategy 

is used intraoperatively to ensure low central venous pressure 
during liver resection. Pre-operative antibiotics and 5000 units 
of subcutaneous heparin are administered prior to incision. We 
begin abdominal exploration via a midline laparotomy, with 
extension to a right subcostal incision if required to optimize 
exposure. After the round ligament is ligated and divided, the 
falciform ligament is divided using electrocautery to expose the 
hepatic veins. The left triangular ligament is divided to facili-
tate right lobe mobilization. Although we do not use routine 
inflow occlusion during liver resection, a Rommel tourniquet 
is placed around the porta hepatis in case emergent inflow 
control is required. We then mobilize the right lobe from the 
diaphragm to allow for complete evaluation of the liver using 
intra-operative ultrasound (IOUS). We perform IOUS of the 
entire liver, making specific note of all lesions identified, as well 
as their relationship to vascular structures (Figure 4). Electro-
cautery is then used to incise the liver capsule along planned 
resection planes, and IOUS is then used to confirm adequate 
margins. Parenchymal transection is performed using the 
Aquamantys (Medtronic, Minnesota, MN, USA), saline-linked 
radiofrequency device to precoagulate tissue, followed by sharp 
transection using metzenbaum scissors. Larger vessels and bile 
ducts are controlled using titanium clips and staplers as needed. 
All resected specimens are inspected to ensure the cut surface 
is clear of gross tumor; however, no standard margin length is 
sought. Hemostasis is achieved using the Aquamantys device, 
electrocautery, and prolene sutures. All cut surfaces are exten-

Figure 4: (a) Intraoperative ultrasound demonstrating NET liver metastasis (white asterisk) and relationship to inferior vena 
cava (IVC), right hepatic vein (RHV) (black arrow), and middle hepatic vein (MHV) (white arrow). (b) Post-resection cavity 
with RHV (black arrow) and MHV (white arrow) sparred.



            169LIVER METASTASES FROM NEUROENDOCRINE TUMOR: RESECT

H
E

P
A

T
IC

sively inspected for bile staining, and any leaks are controlled 
using 5-0 prolene sutures. If right hepatectomy is performed, 
the liver remnant is resuspended by reapproximating the falci-
form ligament to prevent torsion. Drains are not routinely left.

POSTOPERATIVE CONSIDERATIONS
Immediate post-operative management of patient undergoing 
liver resection for NET liver metastasis does not differ from 
other indications. Our patients are admitted to the General 
Surgery High Observation Unit for 24 hours immediately 
post-operatively, and tend to follow an enhanced recovery after 
surgery (ERAS) protocol. Any significant deviation from the 
ERAS protocol, including persistent fevers, leukocytosis, liver 
dysfunction, and ileus are usually investigated with a CT scan 
of the abdomen and pelvis, and any collections suspicious 
for bilomas are percutaneously drained. Patients undergoing 
extensive resections are monitored closely for signs of post-
hepatectomy liver failure.
 Oncologic follow-up is performed in conjunction with the 
neuroendocrine medical oncology team. All patients undergo 
surveillance imaging using any combination of CT scan, MRI, 
and Octreoscan. Post-operative Chromogranin A levels are fol-
lowed, as are tumor-specific hormones in the case of functional 
NETs. Follow-up intervals are usually patient and tumor-spe-
cific, but often begin 6 months post-operatively for low-grade 
tumors and sooner for higher grade NETs.
 Patients with suspected recurrence of NET liver metastasis 
undergo a similar work-up as detailed in the previous section, 
including biochemical and imaging evaluation. Lesions fulfill-
ing the resectability criteria outlined in Table 1 are considered 
for re-resection, although in our experience, these represent 
the minority of patients.

SALIENT POINTS 
•  We perform contrast-enhanced MRI to evaluate the 

primary lesion and liver metastasis
•  Octreoscan is used to evaluate for extra-hepatic 

disease, and also evaluate for somatostatin uptake as 
a marker for suitability of radiolabeled therapy in the 
future

•  We do not obtain biopsies for resectable lesions
•  Patients with octreotide-avid liver metastases, or with 

significant symptoms may undergo debulking resec-
tion after extensive discussion in a multidisciplinary 
tumor board

•  Resection is performed with standard low-CVP 
protocols and heavy reliance on intraoperative US to 
ensure adequate margins and maximum preservation 
of residual liver volume

•  Follow up generally begins at 6 months and consists 
of cross-sectional imaging, Octreoscan, and Chromo-
granin A
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CASE SCENARIO

A 19-year-old Caucasian female patient was referred for evaluation of multiple liver metastases from a well-differen-
tiated neuroendocrine carcinoma of the ileum. Two years previously, the patient underwent an enterectomy with en 
bloc removal of a contiguous mesenteric mass and a liver nodule biopsy. The histopathological analysis showed a well-
differentiated neuroendocrine carcinoma of the ileum with subserosal invasion and 1 mitotic count per 10 High Power 
Fields. The mesenteric mass was identified as tumor metastasis, which was also present in 8 out of 25 lymph nodes. 
Biopsy of liver nodule confirmed metastatic disease. The immunohistochemistry profile revealed a Ki-67 index lower 
than 2% and was positive for chromogranin and synaptophysin. Patient was started on depot octreotide maintenance 
therapy to manage symptoms of carcinoid syndrome. During follow-up, the liver nodules reduced in size. A thorax/
abdomen CT scan and a 68Gallium-labeled analogue positron emission tomography (PET) showed no lesions outside 
the liver (Figure 1). What would be the best treatment option for this patient? 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: Multiple diffuse hypervascular lesions in the liver in intravenous contrast-enhanced CT image (arterial phase) 
(A and B). Lesions with reduced size after prolonged use of octreotide (C and D). 68Gallium-labeled analogue PET/CT with 
increased radiotracer uptake in liver lesions (E).
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Representing a large range of different histologies, neuroen-
docrine tumors (NETs) are neoplasms derived from the neu-
roendrocrine system in various anatomical locations. They 
include carcinoid tumors (found throughout the intestinal 
tract and bronchopulmonary tree), pancreatic islet cells tumors 
(gastrinoma, insulinoma, glucagonoma, vasoactive intestinal 
peptide-secreting tumors and somatostatinoma), paraganglio-
mas, pheochromocytomas, and medullary thyroid carcinomas. 
Small bowel (42%), rectum (27%), appendix (5%), and stom-
ach (9%) are the most frequent sites in the gastrointestinal 
tract. They are rare, with an annual incidence of 1 to 2 cases 
per 100,000 people. Even though metastatic process is very 
frequent at time of diagnosis (40-80% of cases), the indolent 
course of the disease makes it possible for an untreated case 
of metastatic NET to achieve a 5-year survival rate as high as 
32%. The liver is the most common site of metastasis (40-93%), 
followed by bone (12-20%) and lungs (8-10%). The majority 
of NETs are sporadic, except for some that are associated with 
familial syndromes such as multiple endocrine neoplasia type 1 
(MEN-1), von-Hippel-Lindau syndrome and neurofibromato-
sis-1. Treatment has still not been fully standardized, given the 
rarity of the disease and its heterogeneous biological behavior. 
This is especially the case of orthotopic liver transplantation 
(OLT), whose evidence is based mostly on retrospective series 
with diverse selection criteria and initially unfavorable out-
comes.

PRESENTATION
Clinical presentation of neuroendocrine liver metastases is 
variable. Most are nonfunctional tumors whose symptoms 
are nonspecific and based on mass effect of the tumor burden, 
such as abdominal discomfort, weight loss, and anorexia. Hor-
monally related symptoms may be present and are associated 
with the primary NET histology (eg, carcinoid syndrome from 
carcinoid primaries, hypoglycemic episodes from insulinomas, 
necrolytic migratory erythema from glucagonomas, etc.). Its 
presence and degree are directly associated with the extent of 
the hepatic disease burden, and they are associated with dete-
rioration in quality of life and worse long-term survival. The 
hormones produced and its metabolites may be measured in 
serum and urine and act as tumor markers (eg, serum and uri-
nary serotonin and urinary 5-hydroxyindoleacetic acid for car-
cinoids tumors). For nonfunctioning NETs, chromogranin A 
is a useful serum marker. Close to half of neuroendocrine liver 
metastases (NELM) is synchronous to the primary site and in 
the other half, metachronous liver metastases will develop over 
the course of the patient’s life. It is of paramount importance to 
obtain tissue samples of NELM as histopathological analysis is 
extremely important for treatment choice.   

CLASSIFICATION
The World Health Organization (WHO) 2010 classification 
is the most commonly used histopathological classification 
system for NETs, and takes into account specific amine or 
hormonal production, mitotic activity and proliferation index 
(Ki-67 immunohistochemistry index), with a consequent focus 
on tumor biological behavior. Although the cutoff values are 
different depending on pancreatic or gastrointestinal origin, 
NETs are divided in three categories:
•  Well-differentiated endocrine tumor with benign or 

uncertain behavior (carcinoid tumors arising in the gas-
trointestinal tract);

•  Well-differentiated endocrine carcinoma (malignant car-
cinoid tumors arising in the gastrointestinal tract); and

•  Poorly differentiated endocrine carcinoma.
 A grading system for NETs is shown in Table 1. Low- and 
intermediate-grade NETs (G1 and G2, respectively) are within 
the first two categories above and usually present a more 
indolent nature when compared to adenocarcinomas.High-
grade NETs (G3) represent poorly differentiated tumors with 
extremely aggressive behavior. 
 There is also a unified tumor-node-metastasis (TMN) sys-
tem for NETs irrespective of origin (pancreas or gastrointesti-
nal tract), which is less commonly used, as it does not consider 
tumor mitotic count, Ki-67 staining, or hormonal production. 
It fails to prognosticate metastatic NETs since all are encom-
passed in the same stage and therefore is of little value for 
NELM cases. 

IMAGING
For detection of metastatic lesions in the liver, the combina-
tion of abdominal computed tomography (CT)/magnetic reso-
nance imaging (MRI) with somatostatin receptor scintigraphy 
(Octreoscan) is typically used. MRI seems superior to the CT 
in detection of small nodules. It is a common clinical scenario 
to discover “new nodules” after performing an MRI in a patient 
previously scanned with a CT. The following patterns of imag-
ing may be recognized with NELM:
•  Simple pattern or type I (20-25%): confined to 1 or 2 adja-

cent liver segments, thereby usually amenable to surgical 
resection.

BACKGROUND

TABLE 1: Grading system for neuroendocrine tumor

Grade Mitotic count per 10 High 
Power Fields Ki-67 index

G1 <2 <2%
G2 2-20 3-20%
G3 >20 >20%
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satellitosis in contralateral lobe; some of them (10-15%) 
may be amenable to surgical resection associated with 
locoregional therapies.

•  Diffuse pattern or type III (60-70%): diffuse disease, with 
multifocal liver involvement, not amenable to surgical 
resection with curative intent. 

   Another important tool is the positron emission tomogra-
phy (PET) with the use of 68Gallium-labeled somatostatin ana-
logues, which has improved spatial resolution, tumor uptake, 
and acquisition time. It has much higher sensitivity for detect-
ing small metastases not identified by Octreoscan. As proper 
detection of disseminated disease outside the liver is paramount 
for pre-OLT evaluation in NELM, the use of 68Ga-labeled PET 
is recommended. It can in fact reveal the site of unknown NET 
in 40% of cases and alter the therapeutic decision in up to 60%. 
Other diagnostic techniques include pentetreotide labeled 
with 111Indium, 131Iodo-MIBG (metaiodo-benzylguanidine) 
scintigraphy, and PET with 18fluorodeoxyglucose or fluorinated 
dihydroxyphenylalanine. Laparoscopy or laparotomy are rarely 
necessary nowadays for assessing the stage of metastatic depos-
its; however, they should be used if doubt about extrahepatic 
disease persists, as it is critical to determine tumor burden 
before surgery. 

TREATMENT OPTIONS

SURGICAL RESECTION
Surgical resection is considered the standard treatment option 
for patients with NELM. Two strategies may be implemented: 
resection with curative intent and palliative cytoreductive 
surgery to reduce local and systemic effects of the disease. For 
curative intent liver surgery, it is of paramount importance to 
have an R0 resection of the primary NET as well as appropriate 
lymphadenectomy, which in the case of bowel NETs may be 
difficult to achieve owing to the adhesions or involvement of 
splanchnic vessels. 
 Even though curative surgical resection is associated with 
satisfactory 5-year survival rates of 61-76% and low morbidity 
and mortality, the main problem is that it is feasible in only 
10-25% of patients, even making use of portal vein emboliza-
tion and multistep liver resections, as most of them will present 
with multifocal and bilateral disease.. Hepatic cytoreduction 
may be considered for hormone-related symptomatic patients; 
however, at least 90% of the tumor bulk should be removed 
for symptom control. There seems to be an increase in survival 
rates in debulked patients, but data from the literature in this 
regard should be interpreted with caution. The best candidates 
for surgical resection are therefore patients with resectable low- 
volume disease or those with high-volume disease who are also 
symptomatic (debulking).
 A major issue remains the high recurrence rate among 

operated patients. In fact, recurrence seems almost universal 
since nearly 90% of patients may present with intrahepatic 
disease in follow-up, even those who were operated on for uni-
lobar or single metastatic spread without evidence of extrahe-
patic disease. This may be related to the underestimation of the 
true extent of NELM tumor burden in cross-sectional imaging. 
Compared to pathological specimens, this underestimation 
may be as high as 50%, especially for metastases smaller than 2 
mm. Therefore, OLT can offer an R0 resection with more cer-
tainty in diseases restricted to the liver.  

LOCOREGIONAL THERAPIES     
These include radiofrenquency ablations (RFA) and intra-
arterial therapy (IAT), including transarterial chemoemboliza-
tion (TACE), chemoembolization with drug-eluting beads, and 
Yttrium-90 resin-based/glass-based radioembolization. They 
can be used in combination with surgical resection in patients 
with multifocal disease (type II radiological pattern), as well as 
in those with type I pattern but with poor clinical status pre-
cluding them from undergoing liver resection. Another indica-
tion for locoregional therapy is for the treatment of recurrent 
disease after resection. For fewer lesions, RFA is recommended, 
unless they are larger than 5 cm, because the likelihood of 
complete treatment of the lesions is low. Symptom relief and 
survival are satisfactory, though usually lower than with surgi-
cal resection. On the other hand, oligosymptomatic patients 
with unresectable high burden of intrahepatic disease are bet-
ter managed with RFA/IAT than surgery, due to its minimally 
invasive approach and the impossibility of achieving cure with 
either treatment modalities.

SYSTEMIC THERAPY
Conventional cytotoxic chemotherapy has traditionally not 
been effective against NETs, the exception being poorly differ-
entiated NETs with high proliferative activity (Ki-67 > 20%), 
reflecting aggressive tumor biology similar to the one of small 
cell carcinoma. For this subset of tumors, surgical and locore-
gional therapies are usually not warranted because of the poten-
tial for subclinical metastases and aggressive clinical behavior, 
with systemic therapy with platinum-based regimen being 
the primary option. For low- and intermediate-grade NETs, 
however, systemic chemotherapy should only be considered 
when all other therapeutic modalities have been exhausted. 
Chemotherapy agents include streptozotocin, doxorubicin, 
5-fluorouracil, and more recently paclitaxel, gemcitabine, 
temozolomide, and topotecan. 

TARGETED THERAPIES
For unresectable NELM of low- and intermediate-grade NETs, 
the use of targeted therapy remains valuable. The most used 
targeted therapy is somatostatin analogues, since over 70% of 
NETs express somatostatin receptors that can be targeted. 
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They act by binding to the overexpressed somatostatin recep-
tors on neuroendocrine cells, limiting hormonal release. In 
fact, octreotide provides symptomatic benefit in about 85% 
of patients. However, in addition to symptom relief, octreo-
tide also slows tumor progression, as it induces apoptosis and 
decreases expression of tumor vascular endothelial growth 
factor (VEGF) and insulin-growth factor-1. Its use in asymp-
tomatic cases is thereby justified. For patients with disease 
refractory to octreotide, analogues with greater specificity for 
somatostatin receptors, such as pasireotide, may be used. 
 Several other targeted agents are currently under research 
and show promising results: sunitinib-a (multi-receptor tyro-
sine kinase inhibitor), bevacizumab-a (monoclonal antibody 
directed against VEGF), and everolimus (oral inhibitor of 
mammalian target of rapamycin). In the context of liver trans-
plantation, everolimus is also used for immunosuppression, 
therefore constituting an interesting development in the field. 
 Another option is targeted radiotherapy according to the 
receptors expressed by the tumors. Patients with a positive 
MIBG uptake scan may be treated with 131I-MIBG therapy.  
NETs with increased uptake on Octreoscan may be treated 
with emitting 90Yttrium-labeled and 177Lutetium-labeled soma-
tostatin analogues.        

LIVER TRANSPLANTATION 
Orthotopic liver transplantation (OLT) is classically indicated 
for patients with unresectable NELM with disease restricted to 
the liver. As R0 liver resections are rarely feasible, OLT becomes 
an appealing approach. The relative indolent nature of NETs, 
the propensity for liver-only metastases, and the high intrahe-
patic recurrence rate of operated NELM provide the rationale 
for advocating OLT. However, transplantation for NELM is 
rare in both Europe (0.3%) and USA (0.1%), and in the recent 
past, it was still a debatable indication. The reasons for this con-
troversy are the following:
•  Scarcity of large series as most data is derived from small, 

single-center casuistic studies.
•  Unfavorable outcomes reported in early experiences, due 

to the concept of OLT as a salvage therapy for an “indolent 
disease,” which often led to OLT being performed in very 
advanced cases with dismal outcomes. This resulted in 
high tumor recurrence rate, which showed that in reality, 
palliation rather than cure had been the aim of OLT.   

•  Heterogeneity of the transplanted population as no proper 
selection criteria is defined. 

•  Lack of multicentric studies focusing on selection criteria 
and disease-free survival (DFS).

•  Given the indolent course of the disease, some patients 
with favorable tumor behavior, and thus the ideal can-
didates for OLT, might have similar survival rates (albeit 
not DFS rates) if managed with locoregional and targeted-
therapies instead of transplantation.  

 Despite the difficulty in comparing studies using different 
treatment options and without standardization of patient char-
acteristics, recent data have shown that OLT for NELM may 
benefit selected patients. In fact, the reported posttransplanta-
tion 5-year survival and DFS ranges from 36-90% and 9-77%, 
respectively, thus reflecting patient selection bias. The 5-year  
survival rate after diagnosis of liver metastases may reach 
69-84% for patients who underwent OLT, while it is 20-30% for 
untreated patients with unresectable NELM. Given the world-
wide organ scarcity, transplantation for any malignancy should 
have a solid 5-year survival rate for it to be considered effective. 
An analysis of United Network for Organ Sharing (UNOS) 
data between 1988 and 2008 (n=150 patients) showed 1-, 3-, 
and 5-year survival rates of OLT recipients for NELM statis-
tically similar to HCC patients (81%, 65%, and 49% vs 83%, 
71%, and 62%, respectively), which is by far the most common 
indication for OLT in oncological cases. Therefore, these data 
corroborate OTL for NELM as a valid option. 

PATIENT SELECTION AND OUTCOME
The first larger series addressing OLT for NELM identi-
fied that gastrointestinal NETs have better prognoses than 
pancreatic ones. Furthermore, concomitant OLT and upper 
abdominal exenteration or Whipple’s procedure were associ-
ated with worse survival. Transplant for pancreatic NET with 
liver metastasis exceeding more than 50% of liver standard 
volume also showed poor results (5-year survival of 12%).  In 
2007, the Milan group, which previously described the Milan 
Criteria for OLT for hepatocellular carcinoma, reported excel-
lent results of OLT for NELM using very strict criteria in 24 
patients (Table 2): overall 5-year survival and DFS rates of 90% 
and 77%, respectively. The rationale for such strict criteria is to 
offer the precious resource of liver transplantation with a cura-
tive focus rather than a palliative intent towards symptomatic 
cases to which no other treatment can be proposed. Even with 
the remarkable outcome, the “Milan criteria for NELM” should 
be used with caution as they are overly restrictive. In fact, simi-
lar survival and DFS rates results have been reported by other 
groups using broader criteria, thereby some patients outside 
“Milan criteria” still benefit from OLT. Another issue would 
be that the patients within “Milan criteria” might have similar 
survival without transplantation given the restrictive selection 
criteria used. This topic, however, has been elucidated in a 
recent cohort by the Milan Group that compared two groups 
of patients within the “Milan Criteria”: those who underwent 
OLT (n=42 patients) versus those who were managed nonsur-
gically (n=46 patients). Transplanted patients showed higher 
5- and 10-year survival rates (97.2% and 88.8% vs 50.9% and 
22.4%, respectively), and transplant-related survival benefit 
increases over time, reaching its maximum at 10 years. These 
data support OLT as a beneficial therapy even for patients with 
extremely favorable tumor behavior.  
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 The largest cohort of OLT and NELM, compromising 213 
patients, was published in 2013 by Le Treut and colleagues 
using retrospective multicentric data from the European Liver 
Transplant Registry (ELTR). The overall 5-year survival rate 
from time of diagnosis of NELM was 73%. It reached 87% 
when analyzing only patients who have undergone OLT since 
2000 (n=106). Multivariate analysis revealed 3 independent 
predictors of poor prognosis: major resection in addition to 
OLT, poor tumor differentiation, and hepatomegaly (defined as 
enlargement of the explanted liver by 25% or more in relation 
to the patient’s predicted liver volume). The data obtained since 
2000 also identified an age of over 45 years and any resection 
concomitant to OLT as predictors of poor prognosis. Among 
these 106 patients, the 5-year overall survival and DFS rates 
were 79% and 57%, respectively, for patients with none or 1 
of these risk factors (n=58), whereas they were 38% and 19%, 
respectively, for those with 2 or 3 risk factors (n=48),  which led 
authors to propose a scoring system in which patients with 0 or 
1 of those risk factors can clearly benefit from OLT. Comparing 
the population transplanted before and after 2000, the authors 
noted a significant decrease in patients transplanted with 
hepatomegaly, fewer major resection or abdominal exentera-
tion performed during OLT, and fewer incidence of poorly dif-
ferentiated NETs, which ultimately reflects that fewer patients 
with the previous identified risk factors were transplanted after 

2000. Interestingly, if the “Milan criteria” had been used, only 
36 out of these 106 patients would have been selected, with 
5-year overall survival and DFS of 79% and 51%, respectively. 
Therefore, this finding supports the concept that “Milan cri-
teria” are overly restrictive and exclude patients who would 
benefit from OLT. 
 In 2015, Sher et al. published another multicenter study, 
composed mainly of American and Canadian centers, ana-
lyzing 85 patients. The 1-, 3-, and 5-year survival rates were 
83%, 60%, and 52%, respectively. Poorly differentiated tumors, 
transplantation before the year 2000, and additional surgical 
procedures to transplantation (multivisceral exenteration, pan-
creaticoduodenectomy, and distal pancreatectomy with bowel 
resection) were also associated with worse survival. Patients’ 
age, however, had no effect on survival, and liver tumor bur-
den could not be analyzed. Interestingly, large vessel invasion 
by NELM was also a predictor of unfavorable prognosis. A 
scoring system from 0 to 2 points using large vessel invasion 
and concomitant major surgical procedures with OLT reached 
statistical significance to predict patient’s survival.   
 Risk factors for recurrence usually considered for patient 
selection in OLT for NELM are depicted in Table 3 and wider 
criteria established by ENETS (European Neuroendocrine 
Tumor Society), in Table 4. Nevertheless, many of them remain 
contested among transplantation groups. That is the reason 
why management of NELM should be individualized and set 
in a multidisciplinary workup. Under no circumstances should 

TABLE 2: Milan Criteria for Orthotopic Liver Transplan-
tation for Neuroendocrine tumor metastases

INCLUSION CRITERIA

1.  Age ≤ 55 
2.  Well-differentiated / low-grade gastroenteropancreatic 
tumor (carcinoid tumor), confirmed by histology
3.  Ki-67 < 5%
4.  < 50% of liver parenchyma involvement by metastasis
5.  Absence of hepatic disease
6.  Stable disease for at least 6 months prior to transplanta-
tion
7.  Primary tumor must be located in gastrointestinal tract 
with portal drainage (distal stomach to sigmoid colon) and 
must be resected with curative intent (R0) prior to trans-
plantation, as well as all extrahepatic tumor deposits.

EXCLUSION CRITERIA
1.  Non-carcinoid tumors (small-cell carcinoma and high-
grade neuroendocrine carcinomas)
2.  Non-gastrointestinal carcinoids
3.  Gastrointestinal carcinoids not drained by the portal vein
4.  Pre-existing medical or surgical conditions contraindi-
cating liver transplantation

TABLE 3: Risk factors for neuroendocrine tumor recur-
rence after liver transplantation

  1.   Age > 50 years

  2.   Tumor burden and symptoms control as indication for 
transplantation
  3.   Primary pancreatic neuroendocrine tumor
  4.   Primary tumor outside portal vein drainage territory
  5.   Noncarcinoid tumor
  6.   Ki-67 > 10%
  7.   Aberrant E-cadherin expression
  8.   Large vessel invasion
  9.   Liver involvement > 50% of predicted liver volume
10.   Primary not resected before transplantation
11.   Extrahepatic lymph node invasion
12.   “Observation period” with stable disease < 6 months
13.   Poorly differentiated neuroendocrine tumor 
14.   Major extrahepatic resection

The factors in bold are the ones most commonly found 
(more than 4 case series)
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patients be denied OLT outright because of the presence of 
a few risk factors for recurrence (for instance, patients older 
than 50 years with hepatomegaly).  Favorable results have been 
demonstrated in patients with “expanded criteria,” such as 
larger tumor burden, increased age, and more elevated Ki-67 
index. It is paramount to determine the goal of offering OLT 
for patients with NELM: remove metastatic bulk with curative 
intent or offer symptom control for hormonally active disease 
refractory to medical management. Despite tumor burden and 
refractory symptoms being at increased risk for tumor recur-
rence, the benefit of OLT cannot be denied to these patients, 
provided other risk factors are also taken into consideration. 
Another example includes the threshold for Ki-67 index, which 
most centers set at 10%. However some groups allow higher 
levels, up to 20%, which happens to be the upper limit for G2 
NETs. In fact, many well-differentiated pancreatic NETs exhibit 
Ki-67 higher than 15%. Patients with unknown site of the pri-
mary NET should not be precluded from OLT as well. They 
represented 13% of transplanted patients in the ELTR study 
and achieved overall survival of 59%. Even for patients whose 
primary site was not discovered after OLT, the overall survival 
remained 54%.
 Another controversial issue is the timing for OLT. Many 
authors advocate that OLT should be indicated for patients 
who respond to medical treatment and/or have stable liver 
disease for at least 6 months. Others consider OLT for patients 
who are refractory to systemic medical treatment and present 
progressive hepatic tumor load. The current tendency favors 
a “period of observation” approach, as it is possible to gauge 
the aggressiveness of the tumor by watching the behavior of 
metastatic liver lesions after the resection of the primary NET. 
Pretransplantation management of the primary tumor reveals 
information about staging and prognostic factors and may 
guide the decision for performing OLT. In fact, the analysis of 
UNOS database showed better survival for patients who waited 
more than 2 months for OLT. In the ELTR analysis, not only the 
time between NELM diagnosis and OLT increased after 2000 

(17 vs 34 months), but also the number of patients undergoing 
surgical or locoregional therapies before OLT. Lengthening of 
the diagnosis-to-OLT interval therefore does not seem to affect 
outcome of OLT. Somatostatin analogues and other targeted 
therapy agents are recommended during this observational 
period or even while the patient is on the waiting list, as they 
aid in controlling symptoms and tumor growth.   
 Multistep resections are preferred to complex removal of 
primary tumor at time of transplantation because it allows the 
observation of both the natural progression of the metastatic 
disease and the response to medical therapies. Extrahepatic 
disease may also be managed with staged surgical proce-
dures. This does not preclude transplantation if all disease can 
be eliminated prior to surgery and it remains stable after an 
observation period.  A similar approach may also be applied for 
locoregional therapies as down-staging procedures, which may 
be used to reduce tumor deposits and possibly reconsider OLT 
at a later time.
 The only generally accepted contraindications for OLT 
are thoracic and duodenopancreatic tumors with extensive 
liver involvement, presence of extrahepatic disease other than 
regional lymph nodes, multivisceral resection needed at time 
of liver transplantation, and poorly differentiated/G3 NETs. 
These patients are better managed with cytoreductive surgery 
or IAT, combined with hormonal therapy or chemotherapy. 
How far we can push the boundaries for OLT in NELM is still 
to be determined. 

ORGAN ALLOCATION POLICY IN NELM 
Given the current organ scarcity, living donation and DCD 
(donation after circulatory death) could be an interesting option 
for NELM patients.  There are little data regarding living donor 
liver transplantation for NELM; the majority are case reports, 
preventing comparison with deceased donor liver transplanta-
tion. However, the favorable outcome of NELM transplanted 
patients justifies the 0.1-0.5% mortality risk posed to donors. 
 Most importantly, these patients should not be precluded 
from deceased donor grafts. As noncirrhotics, these patients 
carry a lower risk of postoperative mortality and have good 
rates of long-term survival. Therefore, they represent good 
candidates for the use of marginal grafts, namely, organs with 
increased risk of poor functionality but associated with good 
long-term outcomes if proper matching with low-risk recipi-
ents is made.  In fact, the 1-, 3-, and 5-year survival rates for 
transplanted NELM patients increased from 79.5%, 61.4%, and 
49.2% to 84.7%, 65%, and 57.8%, respectively, after the adop-
tion of the model of end-stage liver disease (MELD)/pediatric 
end-stage liver disease (PELD) scoring system in 2002. Due to 
the general satisfactory clinical status, split grafts may also be 
used. 
 In order to compete for deceased grafts on the waiting 
list, NELM patients must be given priority by gaining MELD 

TABLE 4: ENETS Liver transplantation criteria for neuro-
endocrine tumors liver metastases

 1.   Age < 55 years

 2.  Well-differentiated NET with Ki-67 proliferation index  
<10%
 3.  Primary tumor removed prior to transplantation (at 
least 6 months)
 4.  <50% liver involvement or <75% liver involvement in 
patients with refractory hormonal symptoms
5.  Diffuse unresectable disease confined to the liver 
confirmed by exhaustive investigation 
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NELM patients is variable. For instance, in the US, as there are 
no standardized criteria for awarding exception points to these 
patients, transplant centers must apply for “non-standardized 
exceptions”, which require review and approval by a regional 
review board. However, patients may be listed without board 
review if no exception points are desired. As regional boards 
have different priorities, the frequency with which additional 
points are given is variable across US regions. In Brazil, all 
NELM cases are analyzed by the regional review board before 
being listed, and given exception points if approved. Recent 
data from UNOS showed that patients who received MELD 
exception points were nearly twice as likely to be transplanted 
and half as likely to be removed from the waiting list for death 
or clinical deterioration. Outcome, nevertheless, was not 
affected. These data corroborate the need for a scoring system 
to allow MELD exception points for well-selected patients with 
NELM in order to improve their access to available organs.
 
TRANSPLANTATION PROCEDURE 
PARTICULARITIES AND 
POSTOPERATIVE OUTCOMES
The surgical technique for OLT in cases of NELM is similar to 
that traditionally performed for other etiologies. As an onco-
logical case, a careful laparotomy is paramount. Suspect lesions 
should be biopsied and undergo frozen section histopatho-
logical analysis. Although debatable, we recommend complete 
lymphadenectomy of the hepatic hilum and hepato-duodenal 
ligament at the time of OLT, even if no disease is detected. As 
patients do not have portal hypertension and spontaneous 
porto-systemic shunts, we recommend the piggyback tech-
nique with temporary portocaval anastomosis to maintain 
venous blood return during hepatectomy. 
 Liver transplantation represents a major surgical pro-
cedure, and although the surgical technique has been highly 
standardized, it still bears considerable morbimortality. In the 
ELTR multicenter analysis, 3-month postoperative mortal-
ity was 10% mainly due to surgical complications. The main 
risk factors included early retransplantation, upper abdominal 
exenteration, splenectomy, operative time longer than 10 hours, 
hepatomegaly, and OLT combined with other surgical proce-
dures. Other factors identified in the UNOS database analysis 
included high recipient serum total bilirubin (especially when 
higher than 1.3 mg/dL) and high donor serum creatinine, even 
though they are in fact predictors of unfavorable outcomes in 
regular transplantation cases.

IMMUNOSUPPRESSION REGIMEN 
AND POSTTRANSPLANT FOLLOW-UP
No immunosuppression regimen has been standardized spe-
cifically for NELM. Tacrolimus-based regimen is the most 
commonly used for OLT today. From previous experiences 

with HCC, it is known that higher plasma levels of immuno-
suppressants are correlated with tumor recurrence. Therefore, 
early steroid withdrawal and reduction in calcineurin inhibitors 
levels seems reasonable in NELM cases as well. The interest in 
everolimus as an immunosuppressant in liver transplantation 
is growing, given its protective effect against de novo neoplasia 
in transplanted patients and the nephrotoxicity of calcineurin 
inhibitors. Considering the potential role of everolimus as a 
targeted therapy for unresectable NETs, it emerges theoreti-
cally as the immunosuppressant of choice for liver transplanted 
NET patients, although no data is available to confirm this. 
Somatostatin analogues on the other hand should be discontin-
ued following transplantation unless recurrence is diagnosed. 
In this case, locoregional therapies may be considered as well. 
 The most clinically meaningful issue following OLT is 
tumor recurrence and de novo malignancies. Therefore, this 
should be the focus of follow-up. There is no standardized 
follow-up protocol. Patients should be carefully monitored 
with a multidisciplinary approach. We recommend patients to 
be followed-up during the first year at 3-month intervals with 
serum chromogranin A and tumor markers measurement as 
well as abdominal CT scan or MRI. After that, follow-up should 
be every 6 months for 5 years. An annual 68Gallium-labeled 
PET/CT or Octreoscan should be also be made. The long-term 
follow-up after 5 years should include at least annual imaging 
and serum tumor markers and chromogranin A measurement.

CONCLUSION
Liver transplantation is undoubtedly a valuable therapeutic 
option for neuroendocrine tumor liver metastases. Surgi-
cal resection remains the cornerstone treatment for resect-
able lesions, but unfortunately it is rarely feasible, and tumor 
recurrence rates are high. There are robust data confirming 
improvement in the outcome of liver transplantation over 
the last decade. In addition to developments in surgical tech-
nique and clinical management, the main explanation is bet-
ter patient selection and understanding of NET biological 
behavior. Poorly differentiated tumors, multivisceral resection 
required at time of transplantation, and extrahepatic spread are 
the main current contraindications. Liver transplantation may 
lead patients with diffuse and unresectable metastasis to cure, 
provided that they are selected properly.  
 The patient in the case scenario had an unresectable neu-
roendrocrine tumor liver metastasis with several predictors of 
favorable outcome for liver transplantation: age under 55 years, 
well-differentiated G1 NET, primary tumor resected prior to 
transplantation, stable disease for at least 6 months, and no 
extrahepatic disease. Given the patient’s good clinical status, 
she underwent orthotopic liver transplantation using a split 
graft (905 g) (Figure 2A and B) and the explanted liver weighed 
1.140 g. The left lateral segment had been removed for a pedi-
atric recipient. She had an uneventful postoperative course 
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FIGURE 2: Split graft aspect before and after implantation (A and B). Posttransplant abdominal CT scan showing ade-
quate graft vascularization (C). 

and was discharged on the 10th postoperative day. A CT scan 
performed eight months following transplantation showed no 
signs of recurrence (Figure 2C), and the patient is currently in 
good health 15 months after the procedure.     
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SALIENT POINTS
•  Liver transplantation is a viable option for patients 

with unresectable symptomatic or asymptomatic 
neuroendocrine liver metastases, even for those with 
recurrence following resection.

•  The disease must be limited to the liver at time of liver 
transplantation. Extrahepatic tumor deposits should 
be removed surgically prior to transplantation. 

•  Primary tumor should ideally be resected prior to liver 
transplantation; however, patients with undetectable 
primary tumor can also benefit from liver transplanta-
tion. 

•  Liver transplantation should not be performed with 
major extrahepatic resection, especially in the pancre-
atic head.

•  Liver transplantation should only be performed in 
well-differentiated neuroendrocrine tumors (histologi-
cal grade 1 or 2). 

•  Patients considered for liver transplantation should 
have stable disease for at least 6 months, especially if 
they are asymptomatic or symptoms are adequately 
controlled with systemic therapy, in order to gauge 
tumor aggressiveness. However, liver transplantation 
may also be considered for patients who are refractory 
to systemic medical treatment and present progres-
sive hepatic tumor load, depending on an individual 
analysis of tumor recurrence factors. 
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CASE SCENARIO

A 50-year-old female patient living in an area where entrails of sheep are commonly fed to sheepdogs presented to the 
hospital with right upper quadrant pain. An abdominal ultrasound (US) is shown below (Figure 1). What is the likely 
diagnosis? Note that the US images showed a cystic lesion with a double-contour sign and detached membrane. These 
features were pathognomonic for liver hydatid cyst, type CE 3a. To detect other possible CE lesions in other parts of 
the body, thoracic and abdominal computed tomography (CT) scans were performed (Figure 2). There are two options 
to treat this CE lesion: surgery or percutaneous drainage using the PAIR technique (puncture-aspiration-injection-re-
aspiration). We elected the percutaneous option because the WHO-IWGE guidelines and the literature support it as 
being the ideal option for CE1 and CE3a lesions. The PAIR technique was performed under US and fluoroscopy (Figure 
3), and the patient was discharged from the hospital the following morning without any complication.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: An abdominal ultrasound (US) of a 50-year-old woman living in an region that is endemic for hydatid cysts. 
US demonstrated a double-contour sign and detached membrane, typical of a CE3a cyst.

FIGURE 2: CT scan of the same woman with a CE3a cyst
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Until recently, open surgery was the only definitive treatment 
for liver cystic echinococcosis (CE), also referred to as hydatid 
cyst disease. The disadvantages with surgery include the high 
mortality, morbidity, recurrence rates, and prolonged hospital 
stay. Before 1980, different recurrence rates after surgery var-
ied from 3% to 11.3%, and in recent years, they are higher in 
series in which patients were followed- up by US and CT. The 
morbidity and mortality rates are higher for patients treated 
for recurrent disease than primary surgery. However, inter-
ventional radiological techniques have expanded treatment 
options for liver CE. In the past, percutaneous aspiration of 
liver hydatid cysts had been thought of as being a contraindica-
tion because of the concern of inducing anaphylactic shock and 
dissemination of cyst content into the abdomen. However, in 
the early 1980s, aspirations that were performed for diagnos-
ing liver, pulmonary, or abdominal cysts, some of which were 
hydatid cysts, resulted in no serious complications. With these 
experiences and the encouraging results from animal studies, 
percutaneous treatment had been utilized to treat liver CE for 
almost the last 32 years with great success. Nowadays, percuta-
neous techniques have become the first choice in the treatment 
of hepatic CE, especially in the pediatric patient group. In addi-
tion, it has already become an acceptable treatment alternative 
for some extrahepatic CE such as renal, splenic, peritoneal, 
adrenal gland, parotid gland, and soft-tissue. However, surgical 
approach remains the gold standard for extrahepatic CE such 
as lung, brain, and heart. 

INDICATIONS AND CONTRAINDICATIONS FOR 
PERCUTANEOUS APPROACH
The criterion to determine whether the liver CE lesions can be 
appropriately treated via the percutaneous approach depends 
on the morphologic appearance seen on imaging. Differ-
ent types of liver CE are classified based on the US findings. 
Until recently, more than 10 different classifications have been 
published in the literature; the most commonly accepted clas-
sification is the one proposed by Gharbi et al. in 1981. Accord-
ingly, liver CE was classified into 5 different types (Table 1). The 

World Health Organization (WHO) subsequently published its 
own ultrasonographic classification in 2001. This classification 
is essentially based on whether the cyst is active, in transition, 
or inactive (Table 2). Based on these classifications, the indica-
tions for percutaneous treatment of liver CE are as follows:
1.  The main indication includes active liver CE. These are the 

WHO CEI, CE2, and CE3 a/b; or Gharbi type I, type II, 
and type III cysts (Table 2). 

2.  CE4 (Gharbi type IV): excess fluid > 50% of the cavity vol-
ume.

3.  Others
a. Suspicious collections after surgery. 
b. Infected CE 
c. Recurrent cysts

Inactive cysts such as CE4 (Gharbi IV) and CE5 (Gharbi V) 
should be followed up by the ”wait and watch” approach as they 
do not need any further treatment. Annual US is appropriate 
management for these lesions. Contraindications for percuta-
neous treatment include patients whose liver CE has frankly 
perforated into the biliary system, peritoneum, or pleura.  The 
size, number, and location of the cysts within the liver are not 
considered as contraindications.

PRE-PROCEDURAL EVALUATION
Prophylactic albendazole should be started 1 week before the 
procedure and continued for at least 4 weeks after. The aim of 
albendazole is to prevent or reduce the risk of disseminating 
cystic content into the abdomen from leakage of crystal-clear 
fluid during the procedure, thereby preventing recurrence. 
Before the procedure, imaging modalities such as chest X-ray 
and CT or magnetic resonance imaging (MRI) of the abdomen 
are needed in order to determine the exact number and loca-
tion of the cyst. Patients should be fasted overnight before the 
procedure. Having an anesthetist in the interventional suite is 
essential as intubated patients should be monitored for possible 
risk of developing anaphylactic shock or allergic reaction. The 
procedure is performed under combined US and fluoroscopy 
guidance. The entry point and estimated puncture tract should 

FIGURE 3: PAIR procedure was performed for a 50-year-old woman with CE3a cyst

BACKGROUND
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TABLE 1: Gharbi  ultrasonographic classification of CE

TABLE 2: The World Health Organization (WHO) ultrasonographic classification of CE
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be determined by US. After applying standard sterile tech-
niques and administering local anesthesia to the entry point, 
an 18-G Seldinger needle under US guidance is used to estab-
lish the track. Ideally, the track to the cyst should preferably be 
established through normal liver parenchyma to minimize the 
effect of leakage directly into the abdominal wall (Figure 4). 

PROCEDURE OF PERCUTANEOUS TREATMENT
Three different techniques are used for percutaneous treatment 
of liver CE. The first one, first proposed by Ben-Amour et al. 
in 1986, is the PAIR technique (Puncture, Aspiration of cyst 
content, Injection of hypertonic saline or alcohol, and Reaspi-
ration of all fluid) (Figure 4). In this technique, puncture of 
the cyst is performed with an 18-G or 19-G Seldinger needle 
under US guidance. Twenty percent of the cyst volume is ini-
tially aspirated. Cystography should be obtained by injecting 
10% of the estimated volume of contrast medium. If there is 
no contrast extravasation outside the cyst, then as much of the 
cyst fluid as possible is aspirated, keeping the needle tip inside 
the cavity. Scolicidal solution such as hypertonic saline (30% 

NaCl) or alcohol (96%) should be injected into the cavity with 
approximately 30%-50% of the estimated volume of the cyst. 
All steps of the procedure should be monitored with US and 
fluoroscopy. We generally wait for approximately 10 minutes 
before completely reaspirating the cystic content.
 The second technique is the catheterization technique with 
hypertonic saline and alcohol as initially described in 1993 by 
Akhan O. et al. in an experimental sheep study. This technique, 
the “Standard Catheterization Technique,” is a modification of 
the PAIR technique (Figure 5). Following the PAI steps of the 
PAIR technique, instead of reaspirating immediately, a small 
caliber catheter (6F-8F) is placed into the cavity using the 
Seldinger technique under fluoroscopy. After irrigating with 
hypertonic saline (over 20% in concentration), the catheter is 
left in the cavity until drainage reduces to less than 10 cc per 
day at which time a cystogram is obtained under fluoroscopy to 
exclude the possibility of a cystobiliary communication. When 
there is no communication, sclerosing with 95% ethanol at an 
amount of 30%-50% of the aspirated cavity volume is injected 
into the cavity. After waiting for 5-10 minutes, all cystic con-
tents, including alcohol, is reaspirated before the catheter is 
removed. If the daily drainage is more than 10 cc, then the cath-
eter is kept in place until this amount has dropped, followed 
by sclerosing with 95% ethanol before the withdrawal of the 
catheter.
 The third technique is the MoCaT (modified catheter-
ization technique), which was also developed by Akhan O. et 
al. in 2002 and first published in 2007 (Figure 6).  The major 
advantage of MoCaT is that it removes the cystic contents as 
well as the cystic and solid (degenerated membranes and pieces 

FIGURE 4: Depiction of the PAIR procedure (Puncture, 
Aspiration of cyst content, Injection of hypertonic saline or 
alcohol, and Reaspiration of all fluid)

FIGURE 5: Depiction of the Standard Catherization Tech-
nique
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of daughter vesicles) components of the cyst. Under US guid-
ance, the cyst is punctured with an 18- or 19-gauge Seldinger 
needle. Contrast media is immediately injected into the cavity 
before advancing a 0.035-inch Amplatz guide-wire under the 
fluoroscopy guidance. The Amplatz guidewire is then used to 
mechanically destroy some of the daughter vesicles. Using serial 
dilators, the tract is dilated up to 14F at which time a 14F pigtail 
catheter is advanced over the guidewire and placed within the 
cavity (Figures 7-10). Approximately, 10-20 cc of isotonic saline 
(NaCl 0.9%) is injected into the cavity with a syringe, and the 
same amount is then immediately aspirated. By the action of 
aggressive injection and aspiration, some pieces of the mem-
branes are also removed along with the fluid content via the 
catheter. This action is repeated more than 100 times to have 
all the content evacuated. Alternatively, this maneuver can be 
performed over several sessions rather than at one setting. This 
type of irrigation is referred to as the “effective and aggressive 

irrigation of the cavity” by Akhan O., et al. Similar to the stan-
dard catheterization technique, sclerosing is achieve by inject-
ing 95% ethanol into the cavity under fluoroscopy if drainage 
is less than 10 cc/day.  In cases where the daily drainage is over 
200 cc, it is assumed that there is a cystobiliary fistula. If so, the 
patient is referred to our gastroenterologist for a papillotomy in 
order to reduce the biliary pressure and facilitate rapid closure 
of the fistula (Figures 7-9).

ALGORITHM OF THE TECHNIQUES
A stage-specific approach is valid for percutaneous technique 
since the technique we employ depends on the type of cysts 
being treated. WHO types CE1 and CE3a (Gharbi types I and 
II) are treated either by the PAIR or standard catheterization 
technique. We prefer to start with PAIR technique; however, 
there are two main reasons to choose the standard catheteriza-
tion technique over the PAIR: (1) if cysto-biliary communica-

FIGURE 6: Depiction of the MoCaT technique

FIGURE 7: WHO CE2 cyst was detected on abdominal US (a) and CT (b) examination of the 25-year-old female patient.
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tion (CBC) develops during the PAIR procedure, in which case 
the catheter is left in place to allow a control fistula to develop 
to allow the cysto-biliary communication to quickly resolve.; or 
(2) if any technical problem occurs with the PAIR technique, 
such as obstruction of the needle tip by the germinative mem-
brane which prevents aspiration of fluid or injection of hyper-
tonic saline (or ethanol).
 CE2 and CE3b according to WHO classification (Gharbi 
type III) are treated by MoCaT technique. For CE4 (Gharbi 
type IV) with excess amount of fluid, it should be treated by 

MoCaT as the presence of excess fluid has a higher probability 
of the cyst being viable. As mentioned above, inactive cysts 
such as CE4 and CE5 should be managed by the “wait and 
watch” approach.

RESULTS FOR LIVER CE1 AND CE3A 
CYSTS TREATED BY PAIR OR STANDARD 
CATHETERIZATION TECHNIQUE
As mentioned in the beginning of the chapter, percutaneous 
treatment for liver CE is now a highly recognized alternative to 

FIGURE 8: Percutaneous treatment was performed using MoCaT. Puncture was performed with an 18-G Seldinger needle 
under US guidance (A-B).  Contrast media was then injected into the cavity (C-D).  A 0.035-inch Amplatz guidewire was 
advanced under the fluoroscopy guidance (E). After tract dilatation, a 14F pigtail catheter was advanced over the guidewire 
and placed within the cavity (F). The procedure, “effective and aggressive irrigation of the cavity,” was performed after the 
catheterization of the cyst.

FIGURE 9: Cystobiliary fistula was detected 3 days after the procedure (a). The patient was referred to the gastroenterology 
department and endoscopic papillotomy and nosobiliary catheter placement were performed to reduce biliary pressure (b). 
Cystobiliary fistula was healed and the cavity totally collapsed 14 days after the endoscopic procedure (c). Amount of daily 
drainage dropped below 10 mL, and the catheter was withdrawn.
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surgery. The following are the results of percutaneous treatment 
for the different types of liver CE according to WHO-IWGE 
classification. Following the initial report of PAIR, several small 
case series reported short-term success with PAIR for CE1 and 
CE3a cystic subtypes. In 1996, the first paper to report long-
term results (mean follow-up of approximately 32.5 months) 
found a 10% major complication rate, 2% recurrence rate, and 
a 3-day hospital stay. Neither mortality nor dissemination was 
encountered; subsequent studies validated these results.  
 There is one prospective randomized trial that compared 
PAIR with traditional surgery for CE1 and CE3a cysts and con-
cluded that PAIR was associated with fewer complications (32% 
with PAIR versus 84% with surgery) and a shorter hospital stay 
(4.2 ± 1.5 days with PAIR and 12.7 ± 6.5 days with surgery). 
A meta-analysis comparing the results of 769 patients treated 
with PAIR and 952 patients treated surgically also concluded 
that PAIR was associated with lower frequency of major com-
plications (7.9% with PAIR versus 25.1% with surgery), lower 
frequency of recurrence (1.6% with PAIR versus 6.3% with sur-
gery), and shorter hospital stay (2.4 days with PAIR versus 15 
days with surgery). Therefore, percutaneous treatment of CE is 
a safe alternative to surgery for CE1 and CE3a cysts.

RESULTS FOR CE2 AND CE3B CYSTS TREATED BY 
MOCAT
Experience with PAIR or standard catheterization technique 
has also been published for CE2 and CE3b cysts. However, 
recurrence rate was high with one study reporting a recurrence 
rate of 61.5% with the PAIR technique.  In another study, 58 
multivesicular cysts (CE2 or CE3b) in 30 patients underwent 
double percutaneous aspiration and ethanol injection (D-PAI). 
Local recurrences were observed in 14 patients out of 30 with 
19 multivesicular cysts (out of 58). Therefore, recurrence rate 
was calculated for cysts as 32.2% (19/58) and for patients as 
46.6% (14/30) in this study.  

 Percutaneous treatment of CE2 and CE3b cysts has been 
a challenge since the early 1990s. While short-term results of 
percutaneous puncture, drainage, and curettage (PPDC) tech-
nique were promising, long-term follow-up (over 10 years) 
showed a high rate of recurrences. In 2002, percutaneous evac-
uation (PEVAC) technique was introduced and gained popu-
larity. With this technique, all solid components of the cyst are 
evacuated using a thick suction catheter. However, there was a 
high frequency of cysto-biliary fistulae with PEVAC. 
 The MoCaT technique was developed to address the chal-
lenges facing percutaneous treatment of CE2 and CE3b lesions 
and was first described by Akhan O., et al. In their recent paper, 
outcomes of 26 CE2 and CE3b patients treated with MoCaT 
were retrospectively compared with patients treated with PAIR 
(n = 26) or catheterization technique (n = 23). With a mean 
follow-up of 80.1 months, MoCaT resulted in lower recurrence 
rate than the other percutaneous techniques, although it had a 
higher complication rate such as cysto-biliary communication 
and abscess. Because of its superiority over other percutane-
ous techniques in terms of providing resolution of the cyst, the 
question then is whether it could supplant surgery, an approach 
against which all techniques are being measured.  We conclude 
that prospective studies are needed to compare MoCaT with 
surgery to determine the optimal approach to treating CE2 and 
CE3b hepatic cysts.

COMPLICATIONS
According to Society of Interventional Radiology criteria, com-
plications related to any procedure (percutaneous or surgery) 
are divided into two groups: major and minor complications. 
Major complications include hospitalization requiring treat-
ment, unplanned increase in level of care, prolonged hospi-
talization, permanent adverse sequelae, anaphylactic reaction, 
bleeding, abscess formation in the cavity, cholangitis, cysto-
biliary/cystoperitoneal/cystopleural rupture, and death. The 

FIGURE 10: Complete resolution of the cyst was seen on follow-up US (a) and MR (b). Images were obtained 36 months 
after percutaneous treatment.
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mortality rate which is generally related to anaphylactic shock 
is around 0.047% during or after percutaneous treatment. The 
incidence of other major complications is approximately 10%. 
Of note, abdominal dissemination or cholangitis has not been 
reported for the percutaneous approach.     
 If an abscess in the cavity occurs after the procedure, 
image-guided percutaneous drainage should be performed 
with appropriate antibiotic therapy. In the presence of a cys-
tobiliary fistula, endoscopic sphincterotomy and a stent in the 
common bile duct should be considered. This will decrease 
biliary fluid buildup in the cavity, thus allowing it to collapse.  
When the cavity is totally collapsed, the cystobiliary fistula 
should heal as reflected by a significant drop in the drainage 
output. The catheter should be left in place until the drainage 
output drops below 10 mL/day. 
 Short-term hospitalization (generally 1 night) without any 
sequelae besides minor symptoms that are readily relieved with 
medications is defined as a minor complication. Most observed 
patients are asymptomatic, and the most common minor com-
plications are rash and reversible hypotension unrelated to 
anaphylaxis. These symptoms are easily treated with antihista-
mine. In the majority of patients, fever, generally below 38.5°C, 
requires no intervention except for observation.

FOLLOW-UP AFTER TREATMENT
There is no consensus on the optimal follow-up protocol. How-
ever, there is a common opinion that long-term follow-up is 
needed. For us, ultrasound examination is recommended every 
3 months for the first year of follow-up, followed by every 6 
months in the second year of follow-up, and then annually 
thereafter. 

 We recommend continuing to follow these patients for at 
least 10 years to determine the long-term effectiveness of the 
treatment. CT does not have an obvious advantage over US 
when evaluating the results of percutaneous treatment. In US, 
alterations in dimension, volume, and content as well as wall 
structure should be evaluated. Healing criteria include signifi-
cant shrinkage in size and volume of the cyst(s), reduction in 
irregularity and thickening of the cysts’ wall, diminution of cyst 
content, and having a solid appearance over time.  This solid 
appearance is defined as a “pseudo tumour” as seen on US. 
Sometimes the remnant may disappear altogether. 
 In our case scenario, a 2-year follow-up with US is shown in 
Figure 11 (A: 3-month; B: 6-month; C: 9-month; D: 12-month; 
E: 24-month).

CONCLUSION
The 4 main aims of surgical treatment of hepatic CE are: (1) 
inactivation of the parasites, (2) evacuation of the cyst cavity, 
(3) removal of the germinal layer, and (4) obliteration of the 
residual cavity. All of these goals, except removal of the ger-
minal layer, can be achieved by percutaneous treatment with 
PAIR and standard catheterization for CE1 and CE3a. Using 
our modified catheterization technique (MoCaT) for CE2 and 
CE3, all 4 aims are achieved. Inactivation of the parasites is 
achieved by hypertonic saline (> 20%), ethanol (95%), or both; 
evacuation of the cyst cavity is achieved by percutaneous aspi-
ration; removal of the germinal layer is done by the modified 
catheterization technique; and obliteration of the residual cav-
ity is accomplished by sclerosis with 95% ethanol. 
 Percutaneous treatment of liver CE is an efficient and 
safe treatment alternative to surgical treatment. According to 
WHO-IWGE, CE1 and C3a (Gharbi type I and type II hydatid 

FIGURE 11: This is a 2-year US follow-up of the patient described in the case scenario.  (A: 3-month; B: 6-month; C: 
9-month; D: 12-month; E: 24-month).
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cysts) can be treated with either PAIR or catheterization tech-
niques. For these types, percutaneous techniques are associated 
with lower complication rates and shorter hospital stay than 
surgery. Type CE2 and CE3b (Gharbi type III cysts) can be 
successfully treated with the MoCaT technique, although com-
plications can be high. There is an obvious need to conduct a 
prospective randomized trial comparing MoCaT with surgery 
for type CE2 and 3b.

SALIENT POINTS
•  Percutaneous techniques are preferred as first choice 

for treating CE1 and CE3a.
•  Size, number, or location of the cysts within the 

liver are not factors that preclude the percutaneous 
approach.

•  Three different percutaneous techniques are used for 
treating liver CE (PAIR, standard catheterization, and 
MoCaT).

•  CE1 and C3a (Gharbi type I and type II) can be 
treated with either PAIR or catheterization technique. 
Percutaneous techniques are associated with lower 
complication rates and shorter hospital stay compared 
to surgery for these subtypes.  

•  CE2 and CE3b (Gharbi type III) can be treated 
with MoCaT technique as an alternative to surgery. 
However a randomized controlled trial is needed to 
compare MoCaT with surgery.
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CASE SCENARIO

A 45-year-old woman presented with acute cholangitis and a palpable right upper quadrant abdominal mass. Her 
laboratory tests revealed ALT 340 U/L, AST 525 U/L, alkaline phosphatase 1,200 U/L, and total bilirubin 14.6mg/dl. An 
ultrasound (US) and CT scan demonstrated a 20 cm multiloculated cystic mass involving the right liver, hypertrophy of 
the left lobe with intrahepatic biliary dilatation (Figure 1). After 24 hours of IV antibiotics, a left internal percutaneous 
biliary drainage was placed (Figure 2). At 15 days, a laparotomy was performed, and gauzes were placed surrounding 
the cyst to absorb possible spillage of the cyst. The cyst was then opened and aspirated, and the right bile duct was 
found to communicate with the cystic cavity. A plastic biliary stent from the posterior left duct could be seen (blue) 
(Figure 3). The left hepatic duct was sutured repair, and a right hepatectomy was performed (Figure 4). The patient was 
discharged on postoperative day 19 (Figure 5). 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Cystic echinococcus (CE) or hydatid cyst (HC) is a parasitic 
infection caused by Echinococcus granulosus (E. granulosus) 
in its larval stage. The life cycle of CE is shown in Figure 6. 
Global parasitic zoonosis is endemic in places such as South 
America, Turkey, Spain, Portugal, Australia, North Africa, 
New Zealand, Philippines, Northern China, Indian subcon-
tinent and the Mediterranean region.  Infections in Europe 
and the United States are usually the result of immigrants who 
emigrated from these endemic areas.
     There are 3 layers in a hydatid cyst (Figure 7): (1) pericyst, (2) 
ectocyst, and (3) endocyst.  The pericyst or adventitial layer is 
the outermost layer, which is entirely made up of host tissues in 
response to the expanding parasite.  As such it is comprised of 
liver parenchyma and fibrous tissue. The ectocyst is the middle 
layer, which is the laminated membrane resembling egg white.  
It allows passage of nutrients. As an elastic white covering, it is 
easily separable from the pericyst. Finally, the endocyst or the 
germinal epithelium is the innermost layer, which is the only 
living component of the cyst. It generates hydatid fluid, brood 
capsules (secondary scolex-containing cysts that are an infec-
tive agent when ingested by dogs), and is also responsible for 
the formation of the other layers.
     The most common sites for hydatid cysts (HC) are the liver 

FIGURE 1: Multilocular right hydatid cystic mass.

(50%-70%) and the lungs (25%). In 87% of the patients, a single 
organ is involved and 72% have a right hepatic solitary cyst.  
Cysts can remain asymptomatic for years, but as they increase 
in size, symptoms and complications can arise.  Up to a third of 
affected patients can develop complications such as cholangitis 
and/or allergic reactions from dissemination of cyst contents 
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into the pleura or abdominal cavity after spontaneous or trau-
matic rupture.  Also, as these cysts increase in size, they can 
form fistulas into the peritoneal cavity or into the biliary tree 
causing intrabiliary ruptures, scenarios that frequently require 
emergent surgery. Other complications include suppuration, 
combination of intrabiliary rupture and suppuration, and 
intrabronchial perforation.
     Although a benign entity, complicated liver HC may 
require multiple surgical interventions, a situation that could 
be avoided with early intervention.  Therapeutic options for 
liver HC include surgery, percutaneous treatment, and medical 
pharmacotherapy. In the present chapter, the surgical treat-
ment of liver HC will be discussed, emphasizing the dilemmas 
confronted in the preoperative, intraoperative, and postopera-
tive settings.  

PREOPERATIVE DILEMMAS
When liver cysts are detected on an ultrasound, questions will 
arise such as are we dealing with a liver HC or some other cys-
tic entities? If it is a liver HC, is it simple or complicated? Will 
pharmacological treatment be sufficient? Finally, should we 
treat an asymptomatic calcified cyst?

DIAGNOSIS 
Many patients with liver HC are asymptomatic and present 
with early stages of the disease; and the cysts are detected inci-
dentally. US is generally the first diagnostic tool that is both 
useful as a noninvasive diagnostic tool as well as for interven-
tion and follow-up. Cysts tend to grow at a rate of 1 cm in the 
first 6 months and then 2–3 cm per year thereafter. US criteria 
for classifying liver cysts were first developed by Gharbi in 1981 
(Table 1). Subsequently, several different classifying schemes 
were introduced, but the one proposed in 2003 by the World 
Health Organization Informal Working Group on Echinococ-
cosis (WHO-IWGE) is the most widely accepted. WHO-IWGE  
included cysts of unknown origin and the modified Gharbi 2 
and 3 subtypes (Table 2). WHO-IWGE also characterized the 
cysts into 3 groups: active, transitional, and inactive.
     There are a couple of principal dilemmas one faces when 
trying to differentiate liver HC from other cystic lesions of the 
liver. The first one is differentiating a CE1 cyst from a simple 
liver cyst (Figure 8), and second one is between a CE2 cyst 
and a cystadenoma (Figure 9). When US is equivocal because 
of patient factors such as obesity, abdominal wall deformities, 
and/or previous abdominal surgeries, CT should be ordered.  
Other indications for CT scans include large and/or compli-
cated cysts because they have a high sensitivity and specificity 
for diagnosing HC and complicated liver HC (Figure 10).
     Complicated liver HCs are not uncommon. One-third to 

FIGURE 2: Left percutaneous biliary drainage. FIGURE 3: Biliary rupture of a right liver hydatid cyst. 
Note the right bile duct opened into the cyst cavity. The 
blue plastic biliary stent from the left duct can be seen.

FIGURE 4: Right hepatectomy and intrahepatic biliary 
repair.
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FIGURE 6:  Life cycle of hydatid cyst (Courtesy of CDC and DPDx).
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Type 1 Type 2 Type 3 Type 4 Type 5 

Unilocular cyst, 
wall and internal 

echogenicities 

Cyst with 
detached 

membrane 
(water-lily sign) 

Multivescicular, 
multiseptated 
cyst, daughter 

cyst (honeycomb 
pattern) 

Heterogeneous 
cyst, no 

daughter 
vesicles 

Cyst with 
partially or 
completely 

calcified wall 

TABLE 1: Gharbi 1981 Classification of Hydatid Cyst

FIGURE 7:  Depiction of liver hydatid cyst.  There are 3 layers in a hydatid cyst: (1) pericyst, (2) ectocyst, and (3) endocyst.  
The pericyst or adventitial layer is the outermost layer that is entirely made up of host tissues in response to the expand-
ing parasite.  As such it is comprised of liver parenchyma and fibrous tissue. The ectocyst is the middle layer that is the 
laminated membrane resembling egg white.  It allows passage of nutrients. As an elastic white covering, it is easily separable 
from the pericyst. Finally, the endocyst, or the germinal epithelium, is the innermost layer that is the only living component 
of the cyst. It generates hydatid fluid, brood capsules (secondary scolex-containing cysts that are infective agent when 
ingested by dogs), and is also responsible for the formation of the other layers.
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Stage Active Active Transitional Transitional Inactive Inactive 

Description Unilocular, 
cystic 

lesion with 
uniform 
anechoic 
content 

Unilocular 
anechoic 

cystic lesion 
with double 

line sign 

Multiseptated, 
“rosette-like” 
honeycomb 

cyst 

Cyst with 
detached 

membranes 
(water-lily 

sign) 

Cyst with 
daughter 
vesicles in 

solid matrix 

Cyst with 
heterogeneous 

hypoechoic/ 
hyperechoic 
contents; no 

daughter 
vesicles 

Solid plus 
calcified 

wall 

Gharbi I III II II IV V 

TABLE 2: World Health Organization Informal Working Group on Echinococcosis (WHO-IWGE) Ultrasonographic Clas-
sification of Echinococcal Cysts; CL: Cystic Lesions; CE: Cystic Echinocococcosis (Source:  World Health Organization 
Informal Working Group on Echinococcosis).  

A B 

A B 

FIGURE 8: Differential diagnosis between a simple cyst (A; thin wall, homogeneous content) and CE1 cyst (B; thick wall 
and heterogeneous content).

FIGURE 9: Differential diagnosis between a cystadenoma (A; multilocular center hepatic cyst with thick walls with con-
trast), and 5 cm HC (B; thin wall without contrast and heterogeneous content).
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more than half of patients with echinococcal liver disease pres-
ent with complicated cysts. Between 30% and 60% of the cases 
are detected preoperatively. Complications include rupturing 
into the peritoneum, pleura, bronchial tree, and bile ducts 
where scolices (headlike part of a tapeworm that has hooks 
and suckers) can grow. The most common complications are 
peritoneal perforation (10% to 16%), intrabiliary rupture (9% 
to 25%), and pleural or bronchial communication and cystic 
infection (<5%).

INTRABILIARY RUPTURE
Cystobiliary communication (CBC) is the most common 
complication of liver HC. It is the result of the bile ducts being 
compressed by the gradually increasing pressure of the cyst, 
leading to bile stasis and fissure formation in the duct wall. 
There is an association between cyst size and the likelihood of 
having CBC; when cyst diameter is > 7.5 cm, the specificity and 
sensitivity for CBC is 73% and 79%, respectively. The implica-
tion here is that when a surgeon tackles these large cysts, he/

she should be prepared to address this potential complication. 
CBC may be minor or major. In minor CBC, cyst fluid, scoli-
ces, small daughter cysts, and minor fragments of the endocyst 
membranes can enter the biliary tree without causing symp-
toms. However, in major CBC, cyst contents such as hydatid 
debris, daughter cysts, and major fragments of the germinal 
membrane can be found in the common bile duct and manifest 
into serious clinical conditions such as obstructive jaundice 
and cholangitis. Obviously, the diagnosis of major CBC is read-
ily made when patients present with these symptoms.  
     Generally, CBC is commonly found in the right biliary tree 
(60%), which is probably a reflection of the cyst’s predilection 
for the right lobe of the liver. Jaundice is the most relevant sign 
of intrabiliary rupture, which can occur in 9% to 30% of all 
hepatic CE. An MRI is mandatory in establishing the diagno-
sis of intrabiliary rupture (Figure 11). When the diagnosis is 
made preoperatively, an ERCP sphincterotomy can decrease 
the incidence of developing postoperative external fistula from 
11.1% to 7.6%. However, routine use of preoperative ERCP and 
prophylactic endoscopic sphincterotomy in patients with sus-
pected minor CBC remains controversial. 

RECOMMENDATIONS FOR PREOPERATIVE ERCP 
AND SPHINCTEROTOMY
a.  Acute conditions, such as cholangitis and/or biliary obstruc-
tion.
b.  Risk of persistent biliary fistulae in the postoperative period.
c. Hydatid elements from the bile duct that needed to be 
removed.

PERITONEAL PERFORATION 
A hydatid cyst  rupturing into the abdominal cavity is a rare 
but serious complication. The rupture can occur after trauma 
or spontaneously as a result of increased intracystic pressure.  
Trauma is the most common cause of perforation.  Hydatid 
cyst rupture should be considered in the differential diagnosis 

 

FIGURE 10: CT scan of a right CE3 liver hydatid cyst.

FIGURE 11: MRI with biliary reconstruction. Common 
bile duct obstruction by daughter vesicles.
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of young patients from endemic areas who present with an 
acute abdomen since perforation may be the first clinical sign 
of a hydatid cyst. Emergency surgery is the mainstay treatment 
in such a situation. Anaphylactic reaction, a life-threatening 
complication, occurs in 1% to 12.5% of patients with intraperi-
toneal cystic rupture. 

BRONCHIAL OR PLEURAL SPACE COMMUNICATION
Liver HC located at the dome of the liver can grow and erode 
through the diaphragm to involve the thoracic cavity. Intra-
thoracic rupture is a serious complication that can damage the 
pleura, pulmonary parenchyma, and bronchi. US can make 
this diagnosis preoperatively  75% of the time. A thoracotomy 
and laparotomy is required but the order in which each is done 
does not make much of a difference in outcome (Figure 12). 
Cyst dimension and patient’s age (younger for peritoneal per-
foration and older age for intrabiliary rupture) are significant 
predisposing factors for developing complications. Bronchial 
or pleural rupture carries a 50% morbidity.

PHARMACOLOGICAL TREATMENT
Albendazole (ALB) and mebendazole (MBZ) have similar effi-
cacy, although MBZ requires higher doses for a longer period 
of time (ALB 10-15 mg/kg per day, MBZ 40-50 mg/kg per 
day). Both are contraindicated in pregnancy due to their tera-
togenic effects. A randomized controlled clinical trial (RCT) 
demonstrated ALB to be superior to MBZ. Three months of 
oral treatment appears to have better outcomes in terms of cyst 
degeneration and cure rates.  However, in 5 of the 7 clinical 
trials published, the cure rate for HC treated with ALB alone 
was less than 60%. Only trials that included 3 months of ALB 
plus surgery had cure rates exceeding 90%. Based on the results 
of these published RCTs, benzimidazole derivatives as single 
agent therapy is inadequate treatment, except for type CE1 and 

CE3 ≤ 5 cm. The current recommendations are:
a. Cyst type CE1 and CE3 ≤ 5cm, albendazole alone.
b. Cyst > 5cm, Puncture, Aspiration, Injection, Reaspiration    
    (PAIR) plus albendazole. 
c. Cyst type CE2 and CE3b, surgery.

CALCIFIED CYSTIC WALL
Calcification of cystic wall generally implies cyst inactivity 
(Figure 13).  However, calcification can also be seen in all stages 
of the disease (ie, it can occur in the active stage of the dis-
ease). The prevalence of calcified cyst after ALB treatment and 
its significance as a sign of cyst inactivity has been evaluated. 
Cyst wall calcification can be classified into 3 different types: 
sprinkled, eggshell-like, and circular. In general, if ALB is given 
for 3 years, one may not see any changes in the wall properties 
or cyst contents. Only 25% of treated patients will show signs 
of progressive cystic involution, but such involution can also be 
observed for CE of all stages. The completeness and stability of 

 

A 

 

B 

 

C 

FIGURE 12: CT scan. HC with pleura space communication (A), cyst content (daughter vesicles) from thoracic view (B), 
transdiaphragmatic HC communication-abdominal view (C).
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consolidation of cyst content over time is a more reliable sur-
rogate to predict cyst inactivity than involution alone.

INTRAOPERATIVE DILEMMAS:   
Surgical Treatment  
The goal of treating hepatic hydatid cyst is cure, but to achieve 
this, it might require radical intervention that is associated with 
higher intraoperative complications, albeit lower rate of recur-
rence.  Surgery remains the gold standard and is the most com-
mon approach for treating echinococcosis, although removal 
of the parasitic mass is not always 100% effective.  While non-
operative options can be used for uncomplicated cysts, surgery 
remains the cornerstone option for complicated cysts such 
as those that have ruptured, developed biliary communica-
tion, bled, caused superinfection, or compressed against vital 
structures.  In addition, large cysts that have multiple daughter 
vesicles or a high risk of rupturing are best managed by surgery. 
     The principles of hydatid surgery are to (a) remove all the 
infective cyst parts, (b) inactivate the cyst cavity, (c) avoid 

spillage of cystic contents into the abdomen, and (d) address 
the residual cystic cavity. To reiterate, major CBC will require 
surgical intervention.  Different surgical techniques have been 
proposed to address liver HC.  
     Surgical approaches for liver HC can be divided into the 
conservative approach or radical approach (Table 3). Con-
servative approach involves removing the cystic content 
but leaving the pericystic membrane behind.  This includes 
excising the hydatid membrane, partial resection of the cyst 
wall, followed by obliterative procedures such as capitonnage 
(suturing cystic wall), omentoplasty, and drainage procedures. 
Radical approach includes removing both the cyst and its peri-
cystic membrane with or without liver resection. It eliminates 
the pericyst and the parasitic contents and leaves no residual 
adventitia. While the conservative approach is simple, requires 
short operative time, and can be employed regardless of where 
the cyst is located, biliary fistulas and early recurrence are 
high. Total or subtotal pericystectomy and liver resection have 
shown to be more effective.

SURGICAL CONSERVATIVE APPROACH
The procedure begins with puncturing and aspirating cystic 
content to facilitate instillation of scolicidal agents. The inci-
sion is then enlarged and partially removed (Figure 14).  The 
advantage with this straightforward approach is that it can be 
performed in a low-complexity center. However, the disadvan-
tages are the risk for chemical cholangitis, especially if there is 
a biliary fistula, and anaphylactic reactions due to spillage of 
cystic contents. The recurrence rate is 20% and complications 
from having a residual cavity include abscess and biliary fistula.  

Conservative: Evacuation of the cyst, including hydatid 
membrane (with partial resection of the wall)
Radical: Pericystectomy (resection of the cystic wall with 
pericystic tissue) or liver resection (resection of the cyst 
with liver parenchyma)
Open (Laparotomy): The cyst could be treated either with 
the close technique (cyst wall is left intact) or open tech-
nique (partial roof excision)

 

A B C 

TABLE 3: Surgical Approaches to Hydatid Cysts

FIGURE 13: Different types of wall calcification.

FIGURE 14: Conservative Procedure.  Incise the roof of the cyst (A), Aspirate its contents (B), Extend the incision.
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SURGICAL RADICAL APPROACH
This approach involves resection of the pericystic membrane 
and the parasitic contents with or without a liver resection.  The 
technique, commonly referred to as pericystectomy, follows the 
periadventitial plane created by the cyst when it compresses and 
displaces the liver parenchyma. The goal is to remove as much 
of the adventitia surrounding the cyst as possible but without 
injuring vascular or biliary structures.  Ideally, a total cystec-
tomy should be attempted, although a subtotal cystectomy 
may be necessary to avoid injuring major vascular structures 
such as the suprahepatic veins. Anatomical or non-anatomical 
liver resection are radical techniques that may be necessary in 
selected cases, but one should always weigh the risk and ben-
efits of such radical procedures, keeping in mind that liver HC 
is a benign disease.  Along the same vein, when doing a hepa-
tectomy, parenchymal-sparing technique should be pursued, 
if possible. Conservative or radical surgical approaches can be 
done either as an open technique or a laparoscopic technique.

Open Technique
The ideal surgical approach for liver HC will depend on the 
location of the cyst and whether there are existing complica-
tions such as biliary ruptures. In general, radical surgical pro-
cedures can be divided as “close techniques,” which does not 
violate the cyst wall, and “open techniques,” which includes a 
partial or total wall excision (Figures 15, 16, 17).  As an exam-
ple, a peripherally located small liver HC can be addressed with 
a “closed total pericystectomy” whereas a big centrally located 
cyst can be treated with an “open subtotal pericystectomy.” A 
subtotal radical pericystectomy requires at least 80% removal 
of the cyst wall.  There is no difference in complication rates 
between the total and subtotal resections.  In patients with 
jaundice and evidence of major bile duct dilatations seen on 
US, a preoperative ERCP is mandatory to avoid the need for 
a surgical bile duct exploration. When a duct exploration is 
required, it remains controversial whether a T-tube or a cho-

FIGURE 15: Radical procedure. Close pericystectomy.

FIGURE 16: Radical procedure. Open pericystectomy.

 

A B
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ledochoduodenostomy should be performed. When biliary 
communication is detected during a radical or conservative 
procedure, we recommend performing a cholangiography and 
suturing the biliary duct (Figure 18).

Laparoscopic Technique
Laparoscopic management of hepatic HC has been a contro-
versial topic because of the concern for spillage. There are no 
RCT comparing the open and laparoscopic approaches. Lapa-
roscopic pericystectomy combines the advantages of a radical 
surgical resection and those of minimally invasive surgery 
(Figure 19). Early reports of laparoscopic treatments of HC 
were confined to simple conservative marsupialization, but 
recent refinements in laparoscopic techniques have allowed 
for conditions that traditionally would have been done by the 
open technique to be done laparoscopically (ie, pericystectomy, 
liver segmentectomy, and hepatectomy).  The ideal cases for a 
laparoscopic cystectomy are cysts that are located on the liver 
periphery and those that are in the anterior liver segments, 
away from major vessels, and ducts. Deep parenchymal cysts 
or those close to the main vasculature (ie, segment 1 or 7) are 
not amenable to being done laparoscopically. Globally, 90% of 
laparoscopic resections of liver HC were completed entirely 
laparoscopically with a recurrence rate of 1%, morbidity rate 
of 15%, and a mortality rate of 0.22%.  Compared to the open 
approach, the laparoscopic approach is less traumatic, resulted 
in faster recovery time, shorter hospital stay, and lower recur-
rence rate. Regardless of the approaches, one should be mind-
ful that radical surgical techniques should be performed in 
high-volume centers that have a great deal of expertise in HPB 
surgeries and laparoscopy. 

POSTOPERATIVE DILEMMAS
Surgical complications including biliary fistula, intra-abdom-
inal abscess, residual cavity abscess, wound infection, and 
hemorrhage are major problems in the postoperative period, 
but they are usually associated with complicated hydatid cyst 
(CHC). Other factors such as cyst location (posterior segments 
such as segments 7, 8, 4a), presence of  biliary communication, 
cyst size >10 cm, ASA classification, type of surgery (pericys-
tectomy or liver resection or conservative procedures), open 
surgery, age > 40 years, number of cysts > 3 have been identi-
fied as high-risk factors that increase surgical morbidity and 
mortality.

BILIARY FISTULA 
When biliary communication persists after the initial surgery, 
bile collections or leaks may develop and progress to a persis-
tent postoperative biliary fistula. This is a serious complication 
that often requires a second surgical procedure. Unlike biliary 
fistulas that can develop following a liver resection, biliary fis-
tulas from hydatid cysts arise from cystic compression and rup-

FIGURE 17:  Radical procedure. Subtotal pericystectomy.
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ture into the biliary tree. The liver manufactures between 600 
to 1000 ml of bile daily, therefore, it is appropriate to institute a 
wait-and-see strategy for patients who are clinically stable and 
those with low fistula output.  If the fistula output exceeds 300 
ml per day for more than 10 days, then an ERCP should be 
considered since it is associated with a 90% success rate (Figure 
20). Patients can also be discharged home with external drains, 
especially if the fistula is well controlled. 

RESIDUAL CAVITY ABSCESS
Residual hydatid cyst cavities can be a major problem, not only 
because they can become infected, but also because in some 
situations they can be difficult to differentiate from recurrence. 
Their management had been an issue in the past (Figure 21). 
Omentoplasty, capitonnage, simple closure, deroofing, and 
tube drainage were the most commonly used techniques to 
address residual cystic cavities (Figure 22). However, these 
techniques are not applicable for extremely large liver HC since 
a liver resection is indicated for such a situation. For hydatid 

cysts with biliary rupture, ERCP has emerged as a safe treat-
ment method since it can help obliterate the cavity by decreas-
ing the biliary pressure. In some instances, a total cystectomy 
may be required. Regardless of the options one chooses, the 
key to successfully treating liver HC is the surgeon’s knowledge 
about the different treatment options and his/her ability to 
select the operative technique that is most appropriate for the 
individual patient and the nature of the disease.

 

FIGURE 18: Radical procedure with biliary communication.

FIGURE 19: Laparoscopic conservative procedure.
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FIGURE 20: ERCP and endoscopic stent for liver HC biliary fistula.

FIGURE 21: Postoperative cystic cavity.      

FIGURE 22:  Management of cyst cavity.  Following resection (A), the cavity could be addressed with capitonnage (B) or 
omentoplasty (C).
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SALIENT POINTS
•  Human hydatid liver disease is a benign parasitic 

endemic disease.
•  Most patients are asymptomatic
•  Symptoms are caused by compression or displacement 

of other structures or organs.
•  Ultrasound is an important diagnostic tool.
•  Cystobiliary communication is the most frequent 

preoperative complication.
•  Hydatid liver cyst < 5 cm does not require surgical 

intervention. 
•  Albendazole for 3 months is appropriate treatment for 

all cysts, especially those < 5 cm.
•  Conservative surgical approach is an option for 

noncomplicated cyst in low-complexity centers in 
endemic areas.

•  Pericystectomy is a more complex surgical procedure 
with a low postoperative complication rate. However, 
it should be performed in high-complexity HPB 
center.

•  Liver resection is reserved for highly selected and 
complicated cases. 
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CASE SCENARIO

A 57-year-old man presents with bilateral leg swelling. The history was noncontributory apart from a 10-lb weight loss 
in the preceding 3 months.  Physical examination demonstrated bilateral pitting edema with notable venous collaterals 
in the abdominal wall, and no other abnormalities were noted.  His bloodwork was unremarkable with the exception of 
an elevated alkaline phosphatase of 300 units/L. Bilirubin, INR, platelets, albumin, and transaminases were all within 
normal limits. A CT scan of the abdomen was obtained and is shown in Figures 1 and 2. Alpha-fetoprotein and CEA 
were normal; CA 19-9 was elevated at 400 U/ml. Biopsy performed at an outside hospital demonstrated a cholangio-
carcinoma.

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1: CT scan demonstrating the large caudate 
tumor (arrow) compressing IVC and portal structures.

BACKGROUND

The preceding case scenario is typical for a hepatic tumor 
involving the inferior vena cava (IVC) with near complete 
or complete IVC obstruction. In many cases, however, there 
is lesser involvement of the IVC that produces no symptoms 
attributable to IVC involvement or, in fact, no symptoms at all. 
Often both liver tumor and IVC involvement are only detected 
after imaging has been performed in response to blood work 
abnormalities found while investigating other complaints.  
Patients that present with jaundice along with IVC involve-
ment will rarely be resectable. While any primary or secondary 
liver malignancy may involve the IVC, it has been the authors’ 
experience that cholangiocarcinoma has a predilection to 
occur in the caudate lobe and involve the IVC. IVC involve-
ment may represent true vascular invasion or may represent 
a fibrotic inflammatory reaction that makes separating the 
tumor from the IVC impossible without either leaving a posi-
tive margin or removing a portion of the vessel wall. Hepato-
cellular carcinoma often has true vascular invasion but in 
many cases, tumor extension into the IVC can be removed as 
a tumor thrombectomy, along with liver resection rather than 
a formal caval resection.  Colorectal and other liver metastases 
rarely involve the IVC; however, most series of combined liver 
and IVC resections contain a few such patients.   
 Chemotherapy options for primary and metastatic can-
cers to the liver have improved over the last decade; however, 

curative options remain limited with surgery, if possible, being 
the only route to cure.  With the limitations of treatment with 
chemotherapy and interventional radiology, more aggressive 
and creative surgical resection options have been developed.  
Nonanatomical and anatomical liver resections have become 
a standard practice including removal of 75 % of the liver in 
various extended hepatectomies, although the more recent 
trend is towards parenchymal-sparing resections, if at all pos-
sible.  However when tumors are located in difficult locations, 
surgeons have employed vascular resection with portal vein or 
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arterial reconstructions when needed. Outcomes for this have 
improved with experience, with at least portal vein reconstruc-
tion results being similar to the same hepatic resections not 
requiring portal vein resection. Arterial resection and recon-
struction is not widely employed because of its increased tech-
nical risk and it implies more advanced disease.   Tumors that 
invade the IVC or hepatic veins pose a particular problem that 
requires a variety of techniques to successfully resect.  While 
tumors involving the IVC needing complex vein resection 
and reconstruction have high morbidity and 5-15% mortality, 
long-term survival is possible.   In the more complex situations, 
liver resection techniques borrowed from liver transplanta-
tion techniques have been applied to successfully resect these 
complicated lesions.  In situ or ex vivo resection with cold 
perfusion remain the most dramatic of these complex resec-
tion techniques, and we have employed it for the most difficult 
tumors involving the IVC and hepatic veins.  

PREOPERATIVE ASSESSMENT
The preoperative assessment of patients with IVC involvement 
with tumor that are being considered for resection includes 
staging for extrahepatic disease as well as  precise cross- sec-
tional imaging with either CT or MR. These imaging modali-
ties are used to assess tumor location and liver anatomy to 
determine both the extent of liver parenchymal involvement 
as well as the level of IVC that is involved with tumor.  Spe-
cific attention is paid to the position of the tumor involving 
the IVC as it relates to the hepatic veins. Tumors that involve 
the lower 50% of the retrohepatic IVC are more easily resected 
than those tumors that involve the juxtahepatic vein portion of 
the IVC which, if involved, will at minimum require total vas-
cular exclusion (TVE) of the liver, the latter of which involves 
clamping of the portal triad and the vena cava above and 

below the liver. Calculation of the future liver remnant volume 
(FLR) is also an important part of preoperative assessment. 
In general, for liver resections that include vascular resection 
and reconstruction, and in particular TVE, we would want a 
standardized (s) FLR(4)  >35%  due to the perceived increase in 
ischemic injury that the liver undergoes with TVE r above and 
beyond that which occurs during a standard Pringle maneuver. 
If the sFLR is projected to be < 35% and vascular reconstruc-
tion is planned, we would perform portal venous embolization 
in order to increase the size of the liver remnant and increase 
the safety of the procedure. While there is little data available to 
support PVE for volumes less than 35% in the vascular resec-
tion setting, we would rather err on the conservative side and 
increase the liver remnant in those situations. 
 A large component of having successful outcomes lies in 
appropriate patient selection. In the authors’ series of com-
bined liver and IVC resections, the median age was relatively 
young, 52 years, indicating a definite selection bias to younger 
and lower comorbidity patients. Patients with more than mini-
mal comorbidities are likely not candidates for such extensive 
resection.  Additionally, the patient that will tolerate a right 
hepatectomy with caval resection that does not extend to the 
hepatic veins and can be resected with caval clamping without 
TVE does not have to be as quite as robust as a patient in whom 
planned resection will require cold perfusion with possible ex 
vivo reconstruction of IVC and replantation of hepatic veins. 
Balancing the extent of resection and degree of caval involve-
ment that can be technically performed, and its associated risk 
versus the benefit to the patient is often a preoperative dilemma 
that can be difficult to resolve. In patients that are being consid-
ered for TVE or cold perfusion, a careful preoperative assess-
ment of cardiac function is also prudent. We perform a stan-
dard transthoracic echocardiogram in addition to a functional 
test such as Dobutamine stress echo or nuclear medicine stress 
test in our patients who are being considered for more exten-
sive procedures. These patients must have essentially normal 
cardiac parameters to proceed with surgery.
 The role of preoperative chemotherapy is not entirely clear 
and will obviously be dependent on the underlying tumor type.  
The majority of patients with colorectal cancer liver metastases 
will have undergone systemic chemotherapy prior to surgery, 
with many patients that present with large tumors compressing 
the IVC subsequently shrinking in response  to chemotherapy, 
thus resulting in a much less technically difficult resection. We 
will frequently treat patients with cholangiocarcinoma that 
appears to involve the IVC with Gemcitabine/platinum com-
binations, both in an attempt to reduce the size of the tumor, 
and perhaps more importantly, to assess the biology of the 
disease. If the tumor progresses through chemotherapy, it is 
unlikely that the patient will benefit from an aggressive attempt 
at resection. In cases that are borderline resectable, even with 
techniques such as ex vivo liver resection, an hepatic artery 

FIGURE 2: CT scan of the patient from Figure 1 demon-
strating tumor extension to the right atrial IVC junction. T 
= tumor, RA = right atrium
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infusion ( HAI) pump can be placed with FUDR administra-
tion to attempt shrinkage of the tumor to improve resectability. 
Although we are speaking about relatively anecdotal data, we 
have had the occasional dramatic response with HAI therapy 
that has converted the unresectable patient into a potentially 
surgical curative situation.

SURGICAL PLANNING
A careful assessment of the level of IVC involvement allows 
planning for the conduct of the operation. Tumors that involve 
the lower 50% of the retrohepatic cava can generally be dealt 
with by dividing the liver parenchyma from anterior to poste-
rior with exposure of the IVC above and below the tumor prior 
to caval clamping, allowing placement of vascular clamps on 
the IVC with maintenance of hepatic inflow. However, occa-
sionally IVC involvement extends further than identified on 
imaging; therefore, the surgeon must be prepared to use TVE 
to safely resect and reconstruct the IVC. Our rule of thumb 
has been if 50% or more of the IVC circumference is flattened 
or has no plane demonstrated on preoperative imaging, then 

we plan for IVC replacement with probable total 
vascular exclusion. If lesions are centered on the 
hepatic veins and it appears that hepatic vein 
resection and reimplantation will be required, 
then we prepare for cold perfusion as well.
  Almost all patients with normal cardiac 
function will tolerate TVE, but occasionally, even 
with volume loading and inotropic support, the 
patient will not maintain sufficient cardiac out-
put. In these few cases, veno-veno bypass may 
be required, and this should be arranged to be 
available as part of preoperative planning (Fig-
ure 3). Cases that require in situ or ex vivo cold 
perfusion to resect IVC and hepatic veins require 
another level of preparation. The availability of 
preservation solutions, ice, and source of both 
IVC and suitable hepatic vein grafts should be 
contemplated prior to surgery. The need for veno-
venous bypass is more likely for both ex vivo or 
in situ cold perfusion, although alternate options 
of temporary caval replacement with or without 
portacaval shunt can be used to avoid using a 
bypass circuit; however, these options should be 
thoroughly considered prior to surgery.

SURGICAL APPROACH
Surgery can be performed through a right upper 
quadrant “hockey stick” incision, or bilateral 
subcostal incision with midline extension added 
if additional exposure is required. A median 
sternotomy is used where additional exposure 
is required to gain access to the suprahepatic, 

intrapericardial IVC. Although the intrapericardial IVC can 
be isolated from below the diaphragm without a sternotomy 
by opening the pericardium from below, larger bulky tumors 
may benefit from median sternotomy.   After mobilization 
of the liver, intraoperative ultrasound is performed. Without 
encroaching tumor planes, as much mobilization as possible of 
the liver off the vena cava is performed prior to hepatic paren-
chymal transection. In many cases, however, the bulky nature 
of the tumor inhibits the ability to safely rotate the liver off  the 
IVC, and a primary anterior approach to the IVC can be taken 
with little or no mobilization of the liver off the IVC. The best 
method of hepatic parenchymal division is often a source of 
debate, but in all likelihood should be the method  that the 
surgeon is most comfortable using. We have currently settled 
on the water jet since, at least in our hands, it allows for safer 
dissection and skeletonization of larger intrahepatic venous 
structures, followed by subsequent hepatic vein resection and 
reimplantation,  
 The approach to vena caval resection depends on the extent 
and location of tumor involvement. If the portion of vena cava 

FIGURE 3: Veno-veno bypass and in situ cold perfusion.  Cold solution 
using 4° Celsius University of Wisconsin preservation solution or HTK 
(histidine-tryptophan-ketoglutarate) solution is infused through the 
portal vein and vented through a venotomy in the infrahepatic inferior 
vena cava. Venting is done to remove excess amount of potassium con-
tained in the solution as well as to minimize risk of air embolism prior 
to release of vascular clamps. Cold perfusion is used to minimize liver 
ischemia while performing the suprahepatic caval anastomoses.
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involved with tumor is below the hepatic veins, then the paren-
chyma of the liver is divided in order to expose the retrohepatic 
IVC. Initially, in our experience, we performed the parenchy-
mal transection with intermittent inflow occlusion (Pringle 
maneuver). However, over time we have used inflow occlusion 
progressively less frequently.  Central venous pressure is kept at 
or below 5-cm H2O during parenchymal transection in order 
to minimize blood loss. Once the IVC is exposed, portal inflow 
occlusion is released if utilized, the patient volume loaded, and 
clamps placed above and below the area of tumor involvement 
on the IVC (Figure 4).  The portion of liver and involved IVC is 
then removed en bloc allowing improved access for reconstruc-
tion of the IVC. Placing clamps on the IVC below the hepatic 
veins allows for continued perfusion of the liver with portal 
and arterial circulation while minimizing the hepatic ischemic 
time. In very small resections of the IVC, a single clamp can be 
applied tangentially to the IVC with only partial caval clamping 
(Figure 5).  
 In cases where tumor involvement does not allow for the 
placement of clamps below the hepatic veins, we employ two 
different approaches. If there is only limited IVC and/or main 
trunk hepatic vein involvement, the hepatic parenchyma is 
divided back to the IVC, and then clamps are placed sequen-
tially on the infrahepatic IVC, the porta hepatis, and above 
the hepatic veins with the liver resection specimen and IVC 
removed en bloc (Figure 6). IVC/hepatic vein reconstruc-
tion then takes place under total vascular isolation and warm 
ischemic conditions.  If complex hepatic vein repair or caval 
reconstruction is required, cold perfusion can be utilized using 
4° Celsius University of Wisconsin preservation solution or 
HTK (histidine-tryptophan-ketoglutarate) solution through 
the portal vein. The remaining in situ portion of the liver can 
be rotated up and out of the patient allowing for repair or reim-

plantation of the hepatic veins under excellent visualization. 
 In patients where there is complex involvement of the IVC, 
hepatic veins (Figure 7) and / or portal structures, it may be that 
the only possible method for obtaining tumor-free margins is 
to use ex vivo resection techniques.  In these patients, minimal 
mobilization of the liver off  the IVC is attempted in situ.  Often 
these patients have some degree of outflow obstruction, and 
any small injury to the liver or veins or even liver parenchyma 
below the level of obstruction becomes the liver outflow, result-
ing in torrential hemorrhage.  The suprahepatic IVC is mobi-
lized with the phrenic veins divided and the intrapericardial 
portion of the IVC lowered. If necessary, the pericardium can 
be opened from below without a median sternotomy in order 
to obtain adequate length for clamp placement; however, a low 
threshold for a median sternotomy should be present given the 
excellent exposure and ease of distal control that it provides.   
The portal structures are exposed with adequate length dis-
sected for resection and replantation. The infrahepatic IVC is 
then clamped, and the patient is placed on the caval portion of 
veno-veno bypass. The liver is removed, flushed with Univer-
sity of Wisconsin solution, and placed in an ice bath for back 
table resection. The portal outflow is then included in the veno-
venous bypass circuit. Liver and vascular resections as well as 
reconstruction of hepatic veins and IVC are subsequently per-
formed on the back table. (Figure 8)  

APPROACH TO RECONSTRUCTION
Options for IVC reconstruction depend on the portion of IVC 
needing replacement. The IVC can be reconstructed primarily 
end-to-end when up to 3cm of IVC is removed. For larger seg-
ments of IVC, our preference is 20 mm ringed Gore-Tex tube 
grafts, though Dacron has certainly been used successfully. 
One of the key technical details in placing the graft is to cut 
the graft much shorter than one would think. A Gore-Tex graft 
sewn in place that appears exactly to bridge the defect without 
tension will be far too long once the retractors are released, 
resulting in kinking of the graft. To avoid this, we perform 
the superior anastomosis first and then cut the graft to length 
leaving a gap of approximately 2.5 cm between the lower graft 
and the lower IVC. The lower anastomosis is then performed 
by “parachuting” the back wall of the anastomosis, pulling the 
graft down at completion of the back wall and distributing the 
tension equally along the anastomosis. The anterior wall can 
then be done in standard fashion, or the front wall can also be 
parachuted if needed. This will give the impression of a graft 
under a small amount of tension that dissipates as the retractor 
is later released, but allows correct alignment of the graft.
 If only the anterior wall has been resected, Gore-Tex or 
bovine pericardial patches can be used to repair the defect. 
Early in our experience we resected one patient with primary 
lateral repair resulting in a 50% narrowing of the IVC, which 
is theoretically acceptable. Although the IVC remained patent, 

FIGURE 4: For tumors below the hepatic vein, vascular 
clamps are placed below the tumor and above the tumor 
but below the hepatic vein.  This allows maintenance of 
portal blood flow to the liver.
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the patient did have fairly persistent lower leg edema, there-
fore we have abandoned the technique unless only a very small 
section of IVC could be repaired transversely. Reimplantation 
of major hepatic veins can be done directly into the Gore-Tex, 
though care has to be taken to have a larger diameter defect in 
the Gore-Tex than one might expect to reduce the chance of 
stenosis. If possible we will transpose a portion of IVC to the 
superior portion of the graft to allow reimplantation into soft 
pliable vein rather than the stiff Gore-Tex.
 For tube graft placement in general, the superior anasto-
mosis of the graft is performed first, with clamps subsequently 
repositioned on the graft below the hepatic veins if necessary 
to allow for the release of portal inflow occlusion and reperfu-
sion of the liver. This is not the case in ex vivo liver resection 
in which, with the additional time allowed by cold preserva-
tion, the reconstructed graft is autotransplanted back into the 
patient in a similar sequence to transplantation with upper and 
lower caval anastomosis performed, followed by the portal 
anastomosis prior to reperfusion. After reperfusion, arterial 
and biliary anastomosis are performed.
 Prior to closing, we mobilize omentum and wrap the 
Gore-Tex tube graft, regardless of which technique was used.  
Infections of the Gore-Tex grafts are incredibly rare given 

the presence of the occasional bile leak or subphrenic abscess 
formation. However, it seems a prudent step to take. To our 
knowledge, the only reported graft infection was reported by 
Addeo and colleagues in a patient who had undergone a right 
hepatectomy with extrahepatic bile duct resection and IVC 
resection. The roux loop of the biliary reconstruction had fis-
tulized to the Gore-Tex graft and presented with graft infection 
and graft thrombosis 11 years after resection. This was success-
fully managed by graft resection and revision of the bilioenteric 
limb. 

POST-OPERATIVE CONSIDERATIONS
Almost as important as the surgery is the management of the 
patient in the perioperative period. A perfect technical proce-
dure can easily go awry after completion if attention to detail 
is not paid to the various aspects of deranged physiology that 
are present after these cases . The ex vivo procedures, in par-
ticular, require a large amount of attention since not only has 
there been a large reduction in liver volume performed but also 
that reduced volume of liver has sustained both some degree 
of cold ischemic injury as well as reperfusion injury. Ex vivo 
resection patients are managed in a very similar fashion to liver 
transplantation in patients that have received a marginal graft. 

FIGURE 5: A side-biting vascular clamp can be applied to 
the portion of the IVC that is involved with the tumor.  The 
IVC is primarily repaired.

FIGURE 6: For tumors involving the hepatic veins, vas-
cular clamps are placed above the tumor and above the 
hepatic veins. Clamps are also applied to the IVC below the 
tumor and the portal vein, thus interrupting portal blood 
flow to the liver.
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Initial attention is paid to correcting fluid and acid base abnor-
malities with maintenance of blood volume and coagulation. 
Over resuscitation is avoided since we feel that elevated CVP 
contributes to both bleeding and liver dysfunction. Our goal 
CVP is <10, and we would prefer low inotropic support over 
additional volume to maintain mean arterial pressure.  In the 
immediate postoperative period, we maintain an INR < 2.1 by 
administration of FFP, even in the absence of ongoing bleeding. 
An encouraging sign on postoperative days 1-3 is the presence 
of hypophosphatemia, which needs to be corrected aggressively 
but appears to be an indicator of liver regeneration.  With little 
evidence to prove efficacy, we place the patients with Gore-Tex 
grafts on a daily aspirin at the time of discharge.

OUTCOMES 
Combined resection of the IVC and liver has become fea-
sible with the application of innovative surgical techniques. 
It remains a considerable operative challenge with high risks 
of mortality and morbidity. The operative mortality in our 
reported series of 60 cases was 8%. While we did not show a 
statistically significant difference between our complex cold 
perfusion cases and other cases (14% vs 8%), the number of 
cold perfusion cases limited  the analysis. There is no doubt, 
however, that even with strict selection criteria, an ex vivo liver 
resection likely has higher mortality and morbidity than does 
a straightforward caval resection. Reported mortality in simi-
lar series ranges from 4%-33%. Series that include larger liver 
resections along with additional complexity in terms of either 
hepatic or portal venous reconstruction, not surprisingly, seem 

to have somewhat higher mortality than resecting the IVC 
alone.  The morbidity for these resections is also not incon-
sequential, with between 30%- 80% of cases having reported 
complications. Despite the high risk, for patients with tumors 
that are otherwise unresectable, it offers the only possibility of 
cure. In our series, we observed a 35% 5-year actuarial survival 
with a disparate group of underlying malignancies. Although 
our report was the largest series of combined liver and IVC 
resections reported to that time date, there were still not enough 
patients to assess whether there were differences in outcomes 
based on tumor type .Given the disparate tumor pathologies as 
well as operative techniques, there are limitations in any sur-
vival analysis. Reported 5-year survival rates of 22% - 38% after 
combined liver and IVC resection have been reported.  How-
ever, these reports also mix patients with a variety of tumors. 
With the variety of different tumor histologies in our series, it 
is difficult to comment definitively on the oncologic efficacy of 
this radical approach to resection.  However, overall actuarial 
1- and 5-year survivals of 89%  and 35%,  respectively, in our 
series suggest that we are having a significant impact on disease 
progression in what otherwise were incurable patients. 

SO WHAT HAPPENED TO OUR INITIAL CASE? 
Preoperative CT volumetric analysis demonstrated a planned 
future liver remnant (FLR) volume of 41% standardized FLR 
with right hepatectomy plus caudate and IVC resection. Oper-
ative planning included the availability of veno-venous bypass 
and involvement of our cardiac team for possible sternotomy if 
required. Although cold perfusion was not thought to be nec-
essary, preservation solution and supplies for either in situ or ex 
vivo perfusion were available. Reconstruction of the IVC was 
planned using a 20 mm ringed Gore-Tex graft. At surgery after 
a negative staging laparoscopy, a right upper quadrant hockey 
stick incision was created. No evidence of extrahepatic spread 
was noted, including assessment of portal and portacaval nodes. 
The liver was mobilized by dividing the left and right triangular 
and gastrohepatic ligaments.  Intraoperative ultrasound was 
performed, which demonstrated the tumor encompassing the 
IVC extending above the hepatic vein orifices posterior to the 
IVC but with the hepatic veins free anteriorly. The right lobe 
was mobilized back to the IVC but could not be mobilized 
off the IVC. Infrahepatic control of the IVC was established 
above the renal veins. The right adrenal gland was ligated and 
divided. Due to the bulky nature of the tumor, suprahepatic 
caval control could not be obtained below the diaphragm. A 
median sternotomy was performed giving excellent exposure 
to control the intrapericardial IVC. A cholecystectomy was 
performed. The right portal vein and right hepatic artery were 
divided.  An anterior approach to right hepatectomy without 
inflow occlusion was then performed dividing the liver paren-
chyma from anterior to posterior including the caudate in the 
resection.  The liver was completely transected until the left 

FIGURE 7: CT imaging demonstrating caudate tumor 
involving IVC (three arrows). Note the middle and left 
hepatic vein are involved, and the right hepatic vein is 
involved down to its first major branch point.( two arrows)  
(Reprinted with permission from Elsevier in Hemming 
AW, Mekeel KL, Zendejas I, Kim RD, Sicklick JK, Reed AI.  
Resection of the liver and inferior vena cava for hepatic 
malignancy. J Am Coll Surg 2013 Jul;217(1):page 115-24.) 
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lobe was separated from the right with the right lobe attached 
only by IVC and right hepatic vein (Figure 9).  The patient was 
volume loaded and the infrahepatic cava occluded with a vas-
cular clamp and the Pringle maneuver applied. After ensuring 
hemodynamic stability, the intrapericardial IVC/ right atrium 
was clamped. The infrahepatic IVC was transected,  followed 
by the division of the suprahepatic IVC at an angle that pre-
served the hepatic veins on the IVC anteriorly but extended to 
the right atrium posteriorly, allowing the removal of the right 
lobe, IVC, and tumor. A section of 20 mm ringed Gore-Tex 
graft was cut with a beveled angle superiorly and sewn in end 
to end to the suprahepatic IVC. A vascular clamp was placed 
on the graft below the hepatic veins and the graft flushed of air 
by opening the portal inflow temporarily with the suprahepatic 
clamp still in place.  The suprahepatic clamp and Pringle were 
then released, reestablishing inflow to the liver. The lower anas-
tomosis was then performed and the infrahepatic IVC clamp 
released (Figure 10). Total inflow occlusion time was 15 min-
utes. The patient received 2 units of packed red cells along with 

4L of crystalloid and 5% albumin.  Peak bilirubin was 4 mg/dl 
on postoperative day 3 with peak INR of 2.1 on postoperative 
day 2.The patient was discharged on postoperative day 8. Final 
pathology revealed moderately differentiated adenocarcinoma 
consistent with cholangiocarcinoma with microvascular inva-
sion. The IVC wall itself was not invaded by tumor. The patient 
received adjuvant Gemcitabine, cisplatinum postoperatively, 
and is alive without disease at 4 years post resection.

SUMMARY
In summary, it is apparent that application of combined resec-
tion of the liver and IVC expands the role of liver resection for 
malignancy and will benefit selected patients. The dilemma 
for the surgeon remains matching the techniques available for 
resection with the risk to the patient and weighing that risk 
against the benefit to resection, which may be relatively high 
in many of these patients with locally advanced disease. There 
is no doubt that the procedures are associated with substan-
tial morbidity.  Further development of improved adjuvant or 

FIGURE 8: Operative photo demonstrating the use of a bovine pericardial “fence” to join the branches of the right hepatic 
vein into a common outflow tract. The bovine pericardial fence is then sewn into the neo IVC constructed from 20 mm 
Gore-Tex tube graft.  (Reprinted with permission from Elsevier in Hemming AW, Mekeel KL, Zendejas I, Kim RD, Sicklick 
JK, Reed AI.  Resection of the liver and inferior vena cava for hepatic malignancy. J Am Coll Surg 2013 Jul;217(1):page 
115-246.).
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pericardial IVC. T = tumor , IVC = inferior vena cava (Reprinted with permission from Elsevier in Hemming AW, Mekeel 
KL, Zendejas I, Kim RD, Sicklick JK, Reed AI.  Resection of the liver and inferior vena cava for hepatic malignancy. J Am 
Coll Surg 2013 Jul;217(1):page 115-246.)

neoadjuvant protocols will hopefully shift the equation more 
towards the benefit side. The use of the techniques employed 
in resecting these tumors requires a specialized center where 
surgeons familiar with aspects of both complex hepatobiliary 
surgery and liver transplantation are available.

SALIENT POINTS
• Precise CT or MRI imaging to determine the level of 

IVC involvement with tumor is extremely important 
in preoperative planning for vascular control.

• Despite the importance of preoperative imaging, 
often the tumor extends further than initially thought; 
therefore, the surgeon should be prepared for the pos-
sibility and have the necessary elements in place before 
beginning the procedure. It is easier to have things 
available and not need them than to need things and 
not have them available.

• A technical point on using IVC grafts is to use a 
length of graft shorter than appears to bridge the gap 
and “parachute” the graft in place. This allows correct 
alignment of the graft when retractors are released.

• Combined resection of the IVC and liver should be 
considered a standard though uncommon procedure 
that can be performed at centers with experience in 
complex liver surgery.



            209HOW TO MANAGE TUMORS INVOLVING THE RETROHEPATIC INFERIOR VENA CAVA

H
E

P
A

T
IC

FIGURE 10: A  20 mm ringed Gore-Tex graft (WL Gore & Assoc) is used to reconstruct the IVC. Arrows demonstrate 
the Gore-Tex graft with the superior –posterior portion of the graft above the hepatic veins. PV = portal vein, RA = right 
atrium(Reprinted with permission from Elsevier in Hemming AW, Mekeel KL, Zendejas I, Kim RD, Sicklick JK, Reed AI.  
Resection of the liver and inferior vena cava for hepatic malignancy. J Am Coll Surg 2013 Jul;217(1):page 115-246.)
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CASE SCENARIO

A 37-year-old female is scheduled for a left hepatectomy because of two large (>5cm) hepatocellular adenomas in liver 
segments 3 and 4 not responding to lifestyle changes and withdrawal of oral contraceptives. She has an otherwise unre-
markable medical history and a BMI of 31 kg/m2. After laparotomy, the liver parenchyma appears markedly steatotic, 
with an estimated fat percentage of 50%. What is the preferred technique or device to use for parenchymal dissection 
and transection in this patient?

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Postoperative mortality rates after liver resection have declined 
because of advances in surgical technique and improvements 
in perioperative care. The risk of postoperative morbidity and 
mortality depends mainly on the volume and function of the 
remnant liver.  Blood loss is another important risk factor for 
postoperative morbidity and mortality. Parenchymal dissec-
tion and transection are typically responsible for most of the 
blood loss. Various techniques of liver parenchymal dissection 
and transection are available. 
 The method of liver parenchymal dissection and transec-
tion remains one of the controversial areas in liver surgery. 
Surgeons may have strong opinions about one technique over 
others, in the absence of strong scientific evidence. The pre-
ferred method may depend on the extent of hepatic resection, 
location of the tumor, and presence of hepatic steatosis or cir-
rhosis.  
 Parenchymal dissection and transection techniques that 
do not require special instruments are sharp dissection, finger 
fracture, and the crush-clamp technique. The crush-clamp 
technique allows for controlled dissection of the hepatic paren-
chyma and is generally considered the gold standard. Several 
technical innovations have been introduced for liver parenchy-
mal dissection and transection. Some techniques involve only 
dissection, such as the ultrasonic dissector and the water jet 
dissector. Other techniques combine dissection and transec-
tion, such as the harmonic scalpel, bipolar sealing, and vascu-
lar staplers. These devices aim to shorten parenchymal transec-
tion time, reduce blood loss, and reduce the incidence of bile 

leakage. Unfortunately, no good quality randomized evidence 
is available to assess superiority of these devices over the simple 
crush-clamp technique. 
 In this chapter, we discuss important considerations prior 
to the liver parenchymal transection phase, provide an over-
view of the different parenchymal transection techniques, and 
conclude with some recommendations.

CONSIDERATIONS PRIOR TO LIVER PARENCHYMAL 
TRANSECTION
Cross-sectional imaging should be meticulously studied to 
evaluate for vascular anomalies, as well as the relation of vas-
cular structures to the tumor(s). During the procedure, close 
collaboration with the anesthesiologist is necessary in order 
to decrease central venous pressure. Restrictive fluid man-
agement can lower the portocaval gradient (i.e., portal vein 
pressure minus central venous pressure) below 5 mmHg. This 
results in decreased filling pressures and reduced distention of 
hepatic veins, which may decrease blood loss during the tran-
section phase. Another blood conservation technique is acute 
normovolemic hemodilution. Using this strategy, whole blood 
is withdrawn to a target hemoglobin of 8.0 g/dL just prior to 
resection and is stored at room temperature in the operating 
room. Euvolemia is maintained by replacing the removed 
whole blood with albumin and crystalloids. When the intra-
operative transfusion trigger is reached (eg. hemoglobin <7.0 
g/dL), autologous blood is given first. And at completion of the 
procedure, all (remaining) autologous blood will be reinfused. 
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A combination of both strategies may lead to a decreased pro-
portion of patients requiring a blood transfusion. 
 A careful and systematic intraoperative ultrasound evalu-
ation may aid to identify the major vascular structures and 
their relation to the tumor. The information obtained with the 
ultrasound is frequently valuable in assessing the liver anatomy 
and in planning the resection. 
 Prior to parenchymal transection, control of the hepatic 
arterial and portal venous blood supply to the portion of liver 
to be removed as well as hepatic venous outflow control is 
mandatory in order to control for potential bleeding. Hepa-
tectomy, however, does not require vascular clamping. When 
used, vascular clamping can be either continuous or intermit-
tent. Intermittent inflow occlusion is usually maintained for 
periods of 15 minutes, interspersed by 5-minute periods of 
relief. Hepatic inflow control can be achieved by either total 
vascular occlusion (Pringle maneuver) or selective vascular 
occlusion (pedicular control). Total vascular inflow occlusion 
is performed by clamping the hepatoduodenal ligament and 
can be useful in the event of severe hemorrhage. Prior to the 
parenchymal transection phase, more selective clamping can 
be useful to allow demarcation of the anatomic boundaries by 
creating ischemic margins at the liver surface (Figure 1). Extra-
hepatic selective pedicle clamping, intraglissonian clamping 
of the relevant pedicles, or a combination of these techniques, 
can be used for devascularization of the corresponding hepatic 
parenchyma before transection(Figure 2). Adequate vascular 
control may decrease blood loss and thereby may potentially 
decrease blood transfusion requirement. 

LIVER PARENCHYMAL TRANSECTION TECHNIQUE
Methods to transect the liver parenchyma are divided in selec-
tive (sharp) dissection and non-selective (blunt) parenchymal 

transection. Selective parenchymal dissection aims for identi-
fying and ligating the vessels and bile ducts, while non-selective 
parenchymal transection is achieved without exposing these 
structures.

SELECTIVE PARENCHYMAL DISSECTION

Crush-clamp technique using clamp only
Following (temporarily) hepatic inflow occlusion, Glisson’s 
capsule is incised using diathermy or argon beam along the 
line of demarcation or proposed parenchymal transection. 
An open forceps, typically a Kelly clamp, is than introduced 
into the liver parenchyma and closed to crush the liver tissue 
in order to expose small vessels, biliary channels, and larger 
pedicles. If resistance is met when introducing the clamp, the 
clamp is reinserted with a more superficial or deeper route. 
Exposed structures can be secured and divided using a variety 
of techniques such as clips, bipolar diathermia, ligation, and 
vascular stapler devices depending on the size of the structure 
and personal preference.

Crush-clamp technique using energy devices
The crush-clamp technique can also be performed with an 
ultrasonic dissection scalpel or a bipolar sealing device. The jaw 
of the energy device can be used in a similar fashion as a Kelly 
clamp. Once exposed, vessels and bile ducts can be sealed and 
divided using the energy device. 

Ultrasonic surgical aspirator dissection device
An ultrasonic surgical aspirator dissection device uses ultra-
sonic frequencies to allow fragmentation of hepatic tissue while 
concurrently lavaging and aspirating material. The high-speed 
mechanical waves destruct all water-rich cells, such as hepa-

FIGURE 1: Demarcation of the left lobe and right anterior 
segment to perform extended left hepatectomy (left trisec-
tionectomy)

FIGURE 2: Demarcation of the right lobe after ligation of 
the right hepatic artery and right portal vein. The dissec-
tion plan is marked using argon beam coagulation.
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tissue is coagulated stepwise without selectively identifying the 
hepatic vasculature or bile ducts. This method can be applied to 
small hepatic wedge-excisions up to major hepatic resections. 

Bipolar radiofrequency coagulation dissection 
device
This device uses 4 electrodes to transmit bipolar radiofrequency 
energy to coagulate the liver parenchyma indiscriminately 
along the planned transection plane, followed by transection 
with a scalpel. It has been reported that the use of radiofre-
quency dissecting sealer compared to the crush-clamp method 
was associated with a higher proportion of serious adverse 
events without any evidence of benefits.

Saline-cooled radiofrequency coagulation dissec-
tion device
This device uses an integrated system of radiofrequency energy 
and saline to deliver controlled thermal energy to the tissue. 
This combination allows sealing and coagulation, with the 
hypothetical advantage of less charring of the instrument. 

Vascular stapler device
Vascular staplers have also been described as primary mode 
of hepatic parenchymal transection. The endoscopic variants 
are typically used because of the advantage of articulation. 
Although a very swift technique, it should be used carefully, 
because the risk of unintentional injury to vascular or biliary 
structures. 

TECHNICAL CONSIDERATIONS IN LAPAROSCOPIC 
LIVER SURGERY
The choice between transection devices is limited to those 
designed for laparoscopy. Endoscopic variants of the ultrasonic 

tocytes, preserving structures rich in collagen, such as blood 
vessels and bile ducts. Subsequently, the exposed intrahepatic 
vasculature and bile ducts can be secured and divided with 
coagulation, clips, suture ligation, and vascular stapler devices. 
This device is associated with improved vascular control and 
has potential advantages when used for living liver donation 
and for resection in the severely fibrotic or cirrhotic liver (Fig-
ures 3 and 4). 

Waterjet dissection device
A waterjet dissection device uses an extremely thin laminar jet, 
rotated in a helical fashion, to force softer, more water-soluble 
tissue (hepatocytes) to separate, while collagen-rich structures 
(vessels, bile ducts) are spared. The exposed intrahepatic vessels 
and bile ducts can subsequently be secured and divided using 
a variety of techniques. Similar to ultrasonic surgical aspirator 
dissection devices, this device provides good vascular control.

NON-SELECTIVE PARENCHYMAL TRANSECTION 
Cautery devices
Monopolar diathermy, monopolar argon beam coagulator, and 
bipolar diathermy can all be used for non-selective parenchy-
mal transection by coagulation of the hepatic parenchyma. This 
method is typically used for (small) hepatic wedge-excisions, 
or the first half-inch of parenchymal division. 

Energy devices
Energy devices, such as the ultrasonic dissection scalpel and 
the bipolar sealing device, can be used for non-selective paren-
chymal division. It is important that these instruments can be 
separately activated by a remote switch (either at the instru-
ment or using a foot pedal) to allow for activation of the instru-
ment before complete closure. Using this technique, the liver 

FIGURE 3: Start of the parenchymal dissection of the left 
lateral segment for living liver donation using cavitron 
ultrasonic surgical aspirator (CUSA) device.

FIGURE 4: Finished parenchymal dissection of the left lat-
eral segment for living liver donation using cavitron ultra-
sonic surgical aspirator (CUSA) device. The cranial yellow 
vessel loop identifies the segment 2/3 bile duct. The caudal 
yellow vessel loop identifies the portal vein to segment 2/3. 
The red vessel loop identifies the artery to segment 2/3.
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surgical aspirator dissection device, the ultrasonic dissection 
scalpel, and the bipolar sealing device exist. Also, laparoscopic 
bipolar diathermia may be useful to cauterize the hepatic 
parenchymal transection plane. 

RECOMMENDATIONS RELATED TO THE CASE
After dividing the falciform ligament and mobilization of 
the left lobe, we performed an intra-operative ultrasound to 
identify the middle hepatic vein and its relation to the tumors. 
We identified the left hepatic artery and left portal vein fol-
lowed by ligation. After demarcation of the left lobe the cap-
sule was incised with the argon beam coagulator. A stepwise, 
non-selective parenchymal transection was performed using 
a LigaSure™ Small Jaw Open (Medtronic, Minneapolis, MN, 
USA) bipolar sealing device and foot pedal switch, which we 
preferred over the crush-clamp method because of severe ste-
atosis. The first assistant was in charge of a syringe filled with 
saline to drip and moisturize the instrument’s jaw. This avoids 
carbonization, thereby improving coagulation and sealing. At 
the end of the parenchymal transection, the left hepatic bile 
duct was identified and ligated using non-absorbable suture 
and metal clip. A vascular stapler device (Endo GIA™ with Tri-
Staple™technology, Medtronic, Minneapolis, MN, USA) was 
used for the left hepatic vein intraparenchymally. This avoids 
potential compression of the middle hepatic vein. The resec-
tion plane was checked for hemostasis and bile leakage. Small, 
oozing vessels at the resection plane were coagulated using 
argon beam coagulation. Hemostatic agents or wound drain 
were not used (Figure 5).
 In a patient with liver cirrhosis we would have chosen 
an ultrasonic surgical aspirator dissection device such as the 
Cavitron Ultrasonic Surgical Aspirator (CUSA® Excel+ System, 
Integra LifeSciences, Plainsboro, NJ, USA ).

FIGURE 5: Remaining right lobe after left lobectomy using 
bipolair sealing device (Ligasure). The dissection plane was 
coagulated using argon beam coagulation. 

SALIENT POINTS
•  Improvements in patient selection, imaging tech-

niques, perioperative anesthesiology management, as 
well as surgical techniques have decreased morbidity 
and mortality of liver resection. 

•  The selection of liver parenchymal transection 
depends largely on personal preference in the absence 
of good quality evidence.

•  The simple crush-clamp technique may suffice in 
patients with normal liver parenchyma.

•  A bipolar sealing device could be considered in 
patients with severe steatosis for selective dissection as 
well as non-selective parenchymal transection.

•  An ultrasonic surgical aspirator dissection device can 
be particularly helpful in patients with severe fibrosis 
or cirrhosis, or when major vascular structures need 
to be dissected.
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CASE SCENARIO

A 60-year-old male with a history of metabolic syndrome including abdominal obesity (BMI=38 Kg/m2), type 2 dia-
betes, and arterial hypertension presents with 4 subcapsular metachronous colorectal liver metastases from resected 
left colon adenocarcinoma. After neoadjuvant chemotherapy using 6 cycles of FOLFOX, the 4 lesions remain stable 
(RECIST – 15%), and no new lesion is seen on MRI. These lesions are located in segment 3 (subcapsular, size: 30 mm), 
segment 5 (size: 25 mm), segment 4 (size: 48 mm), and segment 6 (size 20 mm) (Figure 1). Preoperative biopsy of the 
underlying liver shows features of nonalcoholic steatohepatitis. Given the number of lesions in a background of dam-
aged underlying liver disease, multiple wedge resections are planned. The approach is a J-shaped laparotomy. The liver 
pedicle is encircled and both right and left lobes are mobilized. Thereafter, 4 wedge resections with an intention-to-treat 
margin of 1 cm are performed using liver ultrasound. During parenchymal transection under low central venous pres-
sure, the steatotic liver is fragile and control of bleeding requires 8 periods of 15 minutes clamping to achieve resection 
of all 4 lesions. Operative duration is 360 minutes, and estimated blood loss is 700ml. 

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

FIGURE 1:  MRI showing multiple colorectal liver metastases in a 60-year-old male patient with a history of metabolic 
syndrome.
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Hemorrhage during liver resection leads to higher risk of post-
operative adverse events and may also favor tumor recurrence 
through increased transfusion rates. In this setting, control of 
bleeding remains one of the key issues in liver surgery, and the 
HPB surgeon should keep in mind that clamping is always bet-
ter than bleeding. Obviously, total vascular exclusion (TVE) 
would represent the ideal technique for clamping as it allows 
obtaining a fully bloodless field. However, its use is clearly 
limited by the poor tolerance of the liver after 1 hour or even 
less in case of underlying disease. In this setting, several less-
radical vascular control techniques, allowing for various types 
of clamping ranging from simple en bloc pedicular clamping 
to isolated total caval clamping with preserved remnant liver 
perfusion, have been developed in order to minimize the risk 
of bleeding during liver resection. These techniques may be 
used selectively or combined gradually during the same pro-
cedure depending on the effect that has been obtained or by 
anticipation of remaining technical difficulties. In this chapter, 
we present the different vascular control techniques that exist 
and then illustrate their use according to the clinical situation. 

ISOLATED INFLOW CLAMPING
Indications
Pedicular clamping (Pringle Maneuver) is the most frequently 
type of clamping used (Figure 2). It may be applied alone or in 
association with other types of clampings. In our experience 
it is particularly useful in patients requiring multiple non-
anatomical resections or isolated segmental resections during 
which segmental or selective inflow clamping are not relevant. 

Technical considerations
Inflow control implies encircling the hepatic pedicle. Adhesions 
to the gallbladder are freed, and the lesser omentum is opened 
at the level of the pars flaccida, taking care to avoid injury to the 
right gastric pedicle. A finger or a blunt dissector may thereaf-
ter be easily passed through Winslow’s foramen and the hepa-
toduodenal ligament is encircled with a tape. Clamping is easily 
achieved by a vascular clamp or a tourniquet, which should be 
closed until the pulse in the hepatic artery distal to the clamp 
is stopped. Excessive closure should be avoided, as it may oth-

BACKGROUND

FIGURE 2:  Hepatic Inflow Control (Pringle Maneuver).  The hepatic pedicle containing the portal vein, hepatic artery and 
bile duct is clamped to control hepatic inflow. 
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should be systematically searched as simultaneous occlusion 
of this artery should be performed to complete the vascular 
inflow control.
 In patients who have undergone previous abdominal sur-
gery, adhesions should be divided prior to pedicular clamping 
to avoid accidental injury to the vena cava or the duodenum. In 
this setting, a safe approach is to expose the IVC in its retropan-
creatic portion by a Kocher maneuver and to progress cranially.
In patients undergoing laparoscopic liver resection, we rec-
ommend systematically encircling the hepatic pedicle. This 
maneuver may be easily achieved using a right lateral port that 
allows passing straight under the hepatic pedicle and through 
the opening of the pars flaccida to retrieve one end of the tape. 
Both ends of the tape are then extracted outside and reinserted 
inside the abdomen along with the tourniquet. 

Continuous or intermittent clamping
Continuous pedicular clamping provides efficient control of 
bleeding but has several disadvantages compared with inter-
mittent clamping related to (i) prolonged splanchnic conges-
tion with bowel edema and release of toxic metabolites, and 
(ii) parenchymal ischemia allowing for a maximal duration 
of 60 minutes in normal livers and even less in patients with 
underlying diseased livers. On the other hand, intermittent 
clamping allows for prolonging the total clamping duration up 
to 3 hours. Indeed, intermittent inflow occlusion using mul-
tiple cycles of inflow clamping/intervals of reperfusion reduces 
the consequences of splanchnic congestion and decreases the 
ischemic injury to the liver parenchyma. Classically, each cycle 
comprises 15 minutes of clamping followed by 5 minutes of 
reperfusion. In patients with underlying cirrhosis, we usually 
shorten the clamping period to 10 minutes. 
 Genuine intermittent clamping requires a true period of 
unclamping, which implies that the surgeon should not con-
tinue transection during the period of unclamping. This inter-
val, during which the surgeon applies gentle compression of 
the transected surface, can be used to reexamine the adequacy 
of the transection line with respect to the vascularization and 
the oncologic margin. The period of revascularization gives the 
surgeon an opportunity to visualize the healthy color of the 
remnant liver. Intraoperative ultrasonography (US) can be per-
formed to confirm the adequacy of inflow and outflow of the 
remnant liver as well as to examine the progress and direction 
of transection in relation to tumor margin.   

SELECTIVE INFLOW CONTROL
Case scenarios
A 47-year-old woman without any medical history, apart from 
obesity (BMI=30.5 Kg/m2), shows a single right-sided 16 cm 
liver hemangioma (Figure 3) with Bornman syndrome requir-
ing increasing use of analgesics (daily use of morphine). In 

this setting, right hepatectomy is planned. The approach is a 
J-shaped laparotomy. The left liver is normal while the whole 
right liver is involved by the lesion. Anterograde cholecystec-
tomy is first performed. Then, the right branch of the hepatic 
artery is ligated after ensuring on Doppler ultrasound that 
adequate flows are present. Ligation of the right branch of the 
right hepatic artery allows for a softening of the lesion. There-
after, dissection and ligation of the right portal branch allow for 
visualization of the demarcation of the transection line. A stan-
dard liver hanging maneuver is then performed after dissection 
of the hepatocaval confluence. Parenchymal transection is then 
performed without pedicular clamping following the plane 
of the middle hepatic vein. The right hepatic duct is ligated 
in the liver parenchyma. At the end of parenchymal transec-
tion, the hanging maneuver allows for conserving the plane of 
the middle hepatic vein towards the hepatocaval confluence. 
Adherences between the liver and the inferior vena cava are 
then dissected allowing for dissection and stapling of the right 
hepatic vein. Finally, the right liver is fully mobilized by a sec-
tion of the right triangular ligament. Operative duration is 240 
minutes, and blood loss is 300 ml.
 A 72-year-old woman shows a 4 cm HCC located in seg-
ment VIII (Figure 4), developed on a background of compen-
sated Child A cirrhosis related to chronic HCV infection. The 
measured hepatic vein pressure gradient is 12 mm Hg. Given 
the significant portal hypertension, anatomical segment VIII 
resection is planned. The approach is a J-shaped laparotomy. 
The right liver is fully mobilized, and the hepatic pedicle is 
encircled. Under ultrasound guidance, the pedicle of segment 
VIII is identified and punctured. Thereafter, indigo-carmine 

FIGURE 3:  CT scan of a giant hemangioma in a 47-year-
old female patient with Bornman Syndrome.
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dye is injected into the vessel while the hepatic artery at the 
hepatic hilum is clamped. As the stained area becomes evident 
on the liver surface, it is marked with the electrocautery, and 
hepatic artery clamping is released. Control of bleeding dur-
ing parenchymal transection is achieved using three periods 
of 15 minutes of pedicular clamping followed by 5 minutes of 
declamping. Operative duration is 260 minutes, and blood loss 
is 450 ml. 

Indications
Selective inflow control interrupts the arterial and portal 
venous inflow to the part of the liver to be resected (Figure 5). 
The advantages of this procedure include (i) a clear demarca-
tion of the limits of resection, (ii) absence of ischemic injury of 
the remnant liver, and (iii) absence of splanchnic congestion 
and hemodynamic disturbances. Selective inflow of a single 
hemiliver is of interest in patients requiring hemihepatectomy. 
In this setting, extrahepatic vascular division prior to transec-
tion has been shown to limit the use of portal triad clamp-
ing. On the other hand, selective clamping is used in patients 
requiring anatomical segmental or subsegmental resections.

TECHNICAL CONSIDERATIONS
Selective inflow of a single hemiliver
Selective inflow clamping of a single hemiliver may be under-
taken using various approaches. Of these, the classical intrafas-
cial approach (or extrahepatic hilar approach), which involves 
the dissection of the appropriate branch of the portal vein and 
hepatic artery outside the liver parenchyma, is the most fre-
quently employed, has a success rate of almost 100%, and has 
been reported to be safe and efficient under laparoscopy. We 
do not advocate extrahepatic biliary dissection before paren-
chymal transection due to the risk for biliary injury. Whatever 
the situation, we recommend to briefly clamp the artery and 

the portal vein before division and ensure that adequate inflow 
is preserved in the remnant liver using Doppler examination. 
 For right hepatectomy, the pedicle is encircled, and chole-
cystectomy is performed. The right branch of the hepatic artery 
is dissected and ligated on the right side of the upper part of 
the pedicle. The portal vein is then approached posterolater-
ally from the right to avoid devascularization of the common 
bile duct. Care must be taken to avoid inadvertent injury to a 
right hepatic artery arising from the superior mesenteric artery. 
The main portal vein is dissected caudally to cranially on its 
anterior surface up to the bifurcation. During the dissection 
of its posterior surface, the consistent branch from the right 
posterior face of the right portal vein to the paracaval portion 
of the caudate lobe may be ligated. The portal bifurcation is 
identified and dissected. The posterior passage of the curved 
dissector in the bifurcation is facilitated by a slight caudal trac-
tion of the main portal trunk. The bifurcation of the portal vein 
is accessed from the right side usually. The right portal branch 
is then dissected and divided. 
 For left hepatectomy, the left branch of the hepatic artery 
is easily identified as it runs cranially on the anterior part of the 
left side of the hepatic pedicle. The left branch of the hepatic 
artery is dissected and ligated before its division between the 
branches for segments II-III and segment IV. After ligation of 
the artery, dissection of the left portal vein is easily performed 
as it runs just under the artery. Backward dissection of the left 
portal vein up to the portal bifurcation may be performed to 
ensure that the right portal vein has been preserved. When 
the caudate lobe is preserved, the dissection of the left branch 
of the portal vein should be accessed from the left side of the 
portal pedicle, with attention to 1 or 2 small portal branches to 
the left part of the caudate lobe. 
 The description of the fibrous sheath that envelops the 
entire portal triad and extends into the liver has led to the 
development of an alternative method of inflow control of the 
liver. This so-called Glissonian approach includes the dissec-
tion of the whole sheath of the pedicle directly after division of 
a substantial amount of the hepatic tissue to reach the pedicle, 
which is surrounded by a sheath derived from Glisson’s cap-
sule. Control of the intrahepatic portal triad is achieved by a 
hepatotomy near the corresponding portal pedicle. During this 
step, a Pringle maneuver is advisable to minimize blood loss. 
Thereafter, either the right or left portal pedicle are isolated 
and secured using a large curved clamp and encircled with a 
rubber tape. After assuring the good positioning of the clamp 
and adequate demarcation of the resected hemiliver, the cor-
responding pedicle is ligated and transected using a vascular 
stapler. The feasibility of this approach reaches 75% for patients 
requiring right hepatectomy and failures seem to be related in 
patients with portal vein variations, which should therefore be 
scrupulously evaluated preoperatively.

FIGURE 4:  CT scan of segment VIII HCC in a 72-year-
old female patient with HCV-related cirrhosis
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Segmental selective clamping
Segmental selective clamping can be useful for delineating the 
territory of some tumors that require segmental or subsegmen-
tal resection. Sectoral territories can be delineated using vari-
ous methods of control of the respective sectors. 
The classical approach for control of isolated segments involved 
US-guided portal branch puncture through a free-hand tech-
nique or with a proper device, followed by dye (usually indigo-
carmine) injection into the vessel while the hepatic artery at the 
hepatic hilum is clamped. As the stained area becomes evident 
on the liver surface, it is marked with the electrocautery, and 
hepatic artery clamping is released. More recently, intraportal 
injection of indocyanine green under US guidance with pho-
todynamic eye imaging has been shown to achieve adequate 
segmental staining in almost 90% of the patients requiring 
segmental resection. 
 Obviously, these approaches require a strong background 
in US-guided interventional procedures and specifically in 
echo-guided puncture; Torzilli and colleagues have developed 
an alternative technique of segmentectomy and subsegmen-
tectomy based on US-guided vessel finger compression. This 

approach that does not involve puncture of the feeding portal 
branches, dissection, or clamping, is totally reversible and thus 
decreases potential damage to surrounding structures that 
would lead to extending the resection area. 
 Finally, and similar to what may be performed for the 
resection of one hemiliver, the intrahepatic Glissonian access 
allows achieving resection of both right and left liver segments 
and subsegments based on specific landmarks as described by 
Machado and colleagues both using open and laparoscopic 
approaches. For right-sided resections, the intrahepatic access 
is performed through 3 small incisions: a first anterior inci-
sion in front of the hilum to disclose the anterior surface of 
the right hepatic pedicle, a second incision perpendicular to 
the hepatic hilum in segment VII, and a third incision on the 
right edge of the gallbladder bed. A large curved clamp inserted 
through the incisions allows approaching either the anterior or 
posterior sectors’ Glissonian pedicles. To access each segment’s 
Glissonian pedicle of the right liver to perform isolated seg-
mental resection, further blunt dissection deep in the paren-
chyma is required. Once identified, the right posterior pedicle 
is dissected on its anterior surface for 1 to 1.5 cm where it is 

FIGURE 5:  Selective inflow control interrupts the arterial and portal venous inflow to the part of the liver to be resected. 
In this figure, a right hepatectomy is being considered.
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possible to identify the bifurcation of segments VI and VII. 
At this time each segmental pedicle from segments VI or VII 
may be encircled individually and clamped, which results in 
ischemic delineation of the segment. The same maneuver can 
be used to identify the Glissonian pedicles of segments V and 
VIII. For left segmental resections, the technique also consists 
of small liver incisions following specific anatomic landmarks 
such as the Arantius and round ligaments. In this situation, the 
pedicles of segments II and III are accessible using 3 small inci-
sions: a first incision on the left margin of the round ligament, 
a second incision behind the caudal portion of the Arantius 
ligament, and a third incision midway between the first 2 inci-
sions. A large Mixter is then inserted through these incisions 
to encircle the Glissonian pedicles from segments II and/or 
III. Accessing the pedicle of segment IV requires an additional 
2 incisions. One incision is made on the right margin of the 
round ligament, and the other incision is made in front of the 
hilum. In cirrhotic livers, incisions for intrahepatic access are 
prone to bleed and caution must be taken; these incisions must 
be located precisely to avoid larger wounds and further bleed-
ing.

ISOLATED INFERIOR INFRAHEPATIC 
VENA CAVA OCCLUSION
Case scenarios
A 38-year-old woman without any medical history, apart from 
the use of oral contraceptives for 15 years, shows a 22 cm liver 
cell adenoma involving the right liver and segment 4 and 
requiring right hepatectomy extended to segment 4 (Figure 6). 
Preoperative portal vein embolization allowed increasing the 
future liver remnant from 22% to 33% of the total liver volume. 

The approach was a J-shaped laparotomy. Intrafascial division 
of the right branch of the hepatic artery and the right portal 
branch is performed after cholecystectomy as described above. 
A modified hanging maneuver is performed allowing for the 
tape to pass between the roots of the left and middle hepatic 
vein. Parenchymal transection is performed along the right side 
of the falciform ligament. During parenchymal transection, 
significant bleeding from the transection plane arising from 
collaterals of the hepatic veins is observed. The infrahepatic 
IVC is dissected above the renal veins and clamped continu-
ously until parenchymal transection is achieved. Overall, three 
periods of 15 minutes of pedicular clamping and 52 minutes of 
IVC clamping are necessary. Surgery duration is 360 minutes, 
and blood loss is 730 ml. 
 A 39-year-old woman shows 12 initially unresectable 
bilobar liver metastases arising from a left colon adenocarci-
noma. After 10 cycles of FOLFOX + cetuximab chemotherapy, 
the lesions decreased by 42% in size, showed sharper borders, 
and are homogeneously hypoattenuating (Figure 7A).  The 
main right-sided lesion involves the right and middle hepatic 
veins and is responsible for the development of significant 
hepatic vein collaterals (Figure 7B). In the left lobe, a single 2 
cm lesion is seen but is located in the vicinity of the left hepatic 
vein. A right hepatectomy with resection of the middle hepatic 
vein associated with treatment of the left lobe lesion will be 
required. APRI score is 0.45. Given an anticipated future liver 
remnant of 33% on a background of underlying chemother-
apy-associated liver injury, preoperative vein embolization 
is undertaken. Concomitant radiofrequency ablation of the 
left lobe lesion is performed. Four weeks after portal vein 

FIGURE 6:  CT scan of a giant hepatocellular adenoma in a 38-year-old female patient.
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embolization, the future liver remnant has increased to 44%, 
the left lobe lesion has been treated efficiently, and Doppler 
ultrasound confirms adequate flow in the left hepatic vein. The 
approach is a Mercedes-type laparotomy. Intrafascial division 
of the right branch of the hepatic artery and the right portal 
branch is performed after cholecystectomy as described above. 
The right liver is fully mobilized. Thereafter, the infrahepatic 
IVC is dissected, the right adrenal vein ligated, and a loop is 
passed around the IVC above the level of the renal veins. Then 
the suprahepatic IVC is dissected circumferentially just below 
the diaphragmatic hiatus, and a tape is passed around it well 
away from the level of the neoplasm. The common trunk of 
the middle and left hepatic veins is isolated by the Arantius’ 
ligament approach. A short hepatotomy is performed on the 
anterior surface of the liver between the roots of the middle 
and the left hepatic vein allowing for individual dissection of 
these latters. This maneuver allows for the passage of a blunt 
dissector and a tape under the root of the left hepatic vein and 
behind the suprahepatic IVC. Finally, parenchymal transection 
is started. At first, pedicular clamping allows limiting blood 
loss but the presence of significant intrahepatic collaterals leads 
to infrahepatic IVC clamping. This latter maneuver allows car-
rying on parenchymal transection with limited blood loss until 
reaching adhesions between the lesion and the retrohepatic 
portion of the IVC. Finally, isolated total caval clamping with 
“preserved remnant liver perfusion” is performed. Operative 
duration is 380 minutes, and blood loss is 710 ml. 

Infrahepatic caval clamping
The significant impact of caval pressure on blood loss dur-
ing liver resection has led some surgeons to propose isolated 
IVC clamping in order to decrease the central venous pres-
sure (CVP) (Figure 8). Indeed, isolated IVC clamping allows 
a further decrease in CVP by approximately 4 cm of H2O. In 

FIGURE 7:  CT scan of a 39-year-old female patient who presents with multiple colorectal liver metastases with significant 
intrahepatic collateral development.

this setting, it has been shown that infrahepatic IVC clamping 
was associated with significantly less intraoperative blood loss 
and reduced incidence of intraoperative hemodynamic insta-
bility than low CVP. Given the risk of kidney congestion, its 
use should nevertheless be limited to specific situations. In our 
experience this strategy is mainly used when the anesthesiolo-
gist cannot maintain a low CVP.

Isolated total caval clamping with “preserved rem-
nant liver perfusion” (Figure 9)
When at least one suprahepatic venous trunk is not involved by 
tumor that otherwise involves the vena cava, total caval preserv-
ing the outflow from the uninvolved venous trunk associated 
with clamping of the vena cava above renal veins may be used 
to maintain hemodynamic stability. The initial phase of the 
procedure consists of parenchymal transection by an anterior 
approach, usually under intermittent clamping after ligation of 
the hepatic pedicle to the tumor-bearing hemiliver. When the 
parenchymal transection reaches the anterior surface of vena 
cava, the tape that encircled the uninvolved venous trunk is 
passed behind the suprahepatic IVC. The IVC is clamped at 
the site of this caval tape after clamping the infrahepatic vena 
cava. Thus, the vena cava is isolated while the hepatic flow is 
maintained through the remnant liver. The maintenance of the 
flow to the suprahepatic vein through the “liver shunt” avoids 
splanchnic congestion, hemodynamic disturbances, and liver 
ischemia. Total caval clamping without liver ischemia allows 
comfortable caval resection and reconstruction. This proce-
dure, which is especially indicated and efficient when there is 
an involvement and resection of caudate lobe, further limits the 
indications of hepatic vascular exclusion (HVE) (Figure 10). 
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HEPATIC VASCULAR EXCLUSION
Case scenario
A 65-year-old woman shows a 10 cm centrally located cholan-
giocarcinoma (Figure 11). The lesion invades the retrohepatic 
IVC, involves the left and middle hepatic veins, and abuts the 
right hepatic vein. An extended left hepatectomy with resec-
tion and reconstruction of the anterior surface of the retrohe-
patic portion of the IVC is required. Given the size of the lesion 
and intimate contacts with major vascular structure, an HVE 
exclusion >60 mm is anticipated. In this setting, extended left 
hepatectomy with HVE and liver cooling using veno-venous 
bypass is planned. The approach is a reversed Mercedes-type 
incision, which allows for good exposure of the liver and the 
confluence of the hepatic veins and access of the lower GI com-
partment and inferior mesenteric vein cannulation. The right 
inguinal and left axillary regions are also kept in the operative 
field for cannulation of the right femoral and left axillary veins. 
Given the need for reconstruction of the anterior part of the 
retrohepatic IVC, the falciform ligament is divided close to 
the posterior side of the anterior abdominal wall. Then, the 
falciform ligament is harvested and preserved in saline solu-
tion. After full mobilization of the left lobe, the right liver is 
fully mobilized. As previously described, the infrahepatic and 
suprahepatic portions of the IVC are dissected and taped. 
The retrohepatic portion of the IVC is completely freed, and 

the right adrenal vein is ligated. The left branch of the hepatic 
artery and the left portal vein are dissected and divided allow-
ing for a clear demarcation between the right and the left liver. 
Therefore, parenchymal transection is started under selective 
inflow control and intermittent pedicular clamping. At the 
middle of the transection plane, significant adhesions between 
the lesion and the IVC require HVE. The inferior mesenteric 
vein is dissected, ligated in its lower part, and cannulated using 
a 12 French cannula. The femoral and axillary veins are punc-
tured under ultrasound guidance and cannulated using armed 
cannulas. Veno-venous bypass is then started. Perfusion of the 
remnant liver is achieved using 4°C preservation solution by 
cannulation through the stump of the left portal vein. Drainage 
of the perfusate is achieved after cannulation of the IVC. On 
the other hand, topical cooling might be achieved using either 
crushed ice placed in plastic bags or  cold water. The parenchy-
mal temperature is ideally monitored using a specific device. 
Parenchymal transection is then pursued. Intimate adhesion 
between the tumor and the right hepatic vein requires that this 
latter should be resected laterally. After removal of the speci-
men, the anterior part of the IVC and the lateral part of the 
right hepatic vein are reconstructed using the peritoneal patch 
from the falciform ligament. Finally, declamping is prepared 
using (i) blue dye injection through the inferior vena cava and 
portal vein to detect and ligate small holes before declamping; 
and (ii) liver rewarming using warm lactated ringer solution 

FIGURE 8:  Infrahepatic Caval Clamping allows further decrease in CVP by approximately 4 cm of H2O
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through the portal vein. Finally, removal of the veno-venous 
bypass and declamping are performed. Operative duration is 
520 minutes, blood loss is 1200 ml, and transfusion requires 2 
packed red blood cell units.  

Indications
HVE combines total inflow and outflow vascular occlusion of 
the liver. Total isolation of the liver from the systemic circula-
tion is intended during resection of large tumors adjacent to or 
involving the major hepatic veins and/or the IVC. This proce-
dure can also be considered when significant backflow bleed-
ing occurs due to persistently elevated central venous pressure 
despite efficient hepatic pedicle clamping (e.g. in a patient 
with tricuspid insufficiency). This procedure, which requires 
prolonged continuous clamping, is nevertheless also associ-
ated with significant hemodynamic disturbances, increased 
postoperative serum creatinine level, and risk of poor liver 
tolerance in patients with diseased liver, especially when HVE 
lasts for >60 minutes. To overcome these drawbacks two main 
refinements may be used: (i) HVE with caval flow preservation, 
which may be used in the absence of tumor involvement of the 
hepatocaval junction, and (ii) HVE with hypothermia, which 
should be considered when prolonged HVE is required and the 
hepatocaval junction is involved.

FIGURE 9:  Isolated total caval clamping with “preserved remnant liver perfusion”.  Infra hepatic vena cava is taped above 
the renal veins and supra hepatic cava just below the diaphragm, well away from the neoplasm (A). The common trunk 
of left and middle hepatic veins is dissected and the previously deployed supra hepatic tape is rotated to right side between 
vena cava and common trunk isolating right hepato caval confluence and juxta hepatic vena cava leaving common trunk 
and rest of vena cava free (B).  Isolated caval clamping with preserved remnant liver perfusion.  The infra hepatic vena 
cava is clamped; suprahepatically, a clamp is placed obliquely to occlude right hepato caval confluence and juxta hepatic 
vena cava.  The right pedicle structures are already divided, remnant liver acts as shunt for splanchnic venous return 
(arrows) (C) (Reprinted with permission from Elsevier in Varma D, Ogata S, Belghiti J.  Isolated total caval clamping with 
“preserved remnant liver perfusion” for combined hepatic and vencaval resection in tumors involving venacava.  Surgery 
2007;141:112-6).

TECHNICAL CONSIDERATIONS
Standard HVE
Effective technique of HVE requires a complete mobilization of 
the liver from its ligamentous attachments and all surrounding 
adhesions. The IVC is completely freed from the retroperito-
neum, which requires the ligation of the right adrenal vein. The 
IVC is mobilized above and below the liver and encircled. The 
hepatoduodenal ligament is encircled, as described above, and 
accessory or replaced hepatic arteries are searched. Thereafter, 
clamping of the hepatoduodenal ligament, the infrahepatic 
IVC, and the suprahepatic IVC is performed. Once the surgeon 
and the anesthesiologist agree that clamping is well tolerated, 
clamps are reapplied for up to 60 minutes in patients with nor-
mal liver. After completion of the parenchymal transection and 
prior to removing the clamps, the clamp on the infrahepatic 
vena cava can be partially released to flush air that might have 
been trapped and to test for caval integrity. The clamps are then 
removed in the reverse order of placement. 

Hepatic Vascular Exclusion with caval flow preser-
vation (Figure 12)
In this technique, exposure and control of the three main 
hepatic veins should be performed. Extrahepatic control of the 
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right hepatic vein (RHV) requires a complete mobilization of 
the right liver. Division of the falciform ligament is extended 
cranially to the upper peritoneal folds of the right and left trian-
gular ligaments. The gutter between the liver, the RHV, and the 
trunk of the middle and left hepatic vein (MHV) is dissected 
free to the anterior surface of the IVC. At this stage, dissection 
of a major hepatic vein from above is considered very hazard-
ous and should not be attempted. After mobilization of the right 
lobe, and upon complete exposure of the right and anterior side 
of the IVC, the liver is retracted medially and upward. The right 
half of the IVC is dissected caudally to cranially with ligation 
of short and small retrohepatic veins. When a significant right 
inferior hepatic vein is present, it is either encircled or ligated, 
and divided according to type of resection. Before reaching the 
RHV level, the hepatocaval ligament is encountered. This liga-
ment is dissected and divided between clamps; because it con-
tains small veins, it should be sutured. Only after this has been 
completed should the right hepatic vein be encircled and taped, 
which is achieved easily by placement of a clamp that passes on 
the anterior surface of the IVC toward the space between RHV 
and MHV. To facilitate the subsequent parenchymal dissection, 
a tape is inserted behind the RHV and passed along the ante-
rior surface of the IVC, and the right liver is released to lie in 
its anatomical position. This tape, which elevates the precaval 
space, the so-called hanging maneuver, facilitates subsequent 

FIGURE 11:  CT scan of a 65-year-old female patient with 
an intrahepatic cholangiocarcinoma involving the left and 
middle hepatic vein and abutting the right hepatic vein

FIGURE 10:  Hepatic Vascular Exclusion (HVE)
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division and hemostasis of the parenchyma. Extrahepatic con-
trol of the middle and left hepatic veins requires exposure of 
left border of IVC. Division of the peritoneal reflection above 
the caudate lobe exposes the left upper aspect of the IVC. The 
ligamentum venosum is ligated and divided to expose the 
junction of the left hepatic vein and the IVC. When the left 
phrenic vein drains directly into the left hepatic vein, the for-
mer is ligated and divided. A dissector is inserted from above 
in the previously dissected gutter between the right and middle 
hepatic veins and passed in close contact with the anterior 
surface of the IVC beneath the MHV. The common trunk is 
then encircled with a tape. When the confluence of the middle 
and left hepatic veins is extrahepatic, it is possible to separately 
encircle these two vessels; otherwise the common trunk of the 
middle and left hepatic veins can be encircled as a unit.
 The technical sequence of HVE with preserved caval flow 
then includes total pedicular clamping with subsequent clamp-
ing of the 3 major hepatic veins at their confluence with the 
IVC. This clamping procedure can be applied either continu-
ously or intermittently. It should be noted that the presence of 
large veins draining the caudate lobe may render this procedure 
inefficient since these latter are not isolated in this technique 
and can communicate intraparenchymally with other major 
veins, causing persistent backflow bleeding.

HVE with hypothermia
Initially described by Fortner and colleagues, this technique 
is now restricted to cases with involvement of the hepatocaval 
junction and when HVE longer than 60 min is anticipated. 
Classically, this strategy requires the use of a temporary cavo-
portal veno-venous bypass (VVB) even though we consider it 
may be employed without VVB in case of very good hemo-
dynamic tolerance of HVE. When VVB is employed, access 
to the IVC (through the femoral vein) and superior vena cava 
(through the jugular or axillary veins) is best performed under 
US-guided-puncture and Seldinger cannulation (Figure 13). 
Hypothermia is achieved using 4 to 8 liters of preservation 
solution chilled at 4°C, perfused through the portal vein and let 
out through a cavotomy above the inferior caval clamp or using 
the stump of the ligated right adrenal vein. To improve refrig-
eration, surface cooling using cold packs, ice, or cold water may 
be used. Intraparenchymal temperature should ideally be mon-
itorized using a fine needle with an objective ranging between 
14°C and 18°C.  While this renewed strategy seems attractive 
for difficult and complex liver resections in patients with dis-
eased liver, such procedures still represent a technical challenge 
with mortality and morbidity rates reaching up to 19.5% and 
70% of the patients, respectively. In particular, one of the major 
issues when performing hypothermic in situ liver resection is 
bleeding from the cut surface after declamping, which can be 
exacerbated by the patient’s general hypothermic state, acido-

FIGURE 12:  Hepatic Vascular Exclusion with caval flow preservation.
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sis, and subsequent coagulation disorders. In that sense, lim-
iting hemorrhage during the reperfusion phase could further 
improve the tolerance of these demanding procedures but also 
have a positive effect on overall oncologic outcomes in patients 
operated for malignancy. To such end, several technical refine-
ments might be undertaken. These include: 1) the two-surgeon 
technique, which allows anticipating the actions of other team 
members and also enhances watchfulness; 2) the isolated dis-
section of the portal vein, which allows achieving selective 
occlusion and declamping of the arterial and portal supplies 
but also keeps the arteriobiliary sheath intact without jeopar-
dizing the arterial supply of the common bile duct; 3) blue dye 
injection through the inferior vena cava and then through the 
portal vein to detect and ligate small vascular breaches before 
declamping; and 4) liver rewarming using warm lactated ringer 
solution through the portal vein before declamping.

FIGURE 13: Veno-Venous Bypass and in situ-hypothermia.  4-8 liters of preservation solution chilled at 4°C, perfused 
through the portal vein and let out through a cavotomy above the inferior caval clamp or using the stump of the ligated 
right adrenal vein. 
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SALIENT POINTS
• Keep in mind that the consequences of clamping are 

less dramatic than those of massive bleeding.
• Always communicate with the anesthesiologists before 

performing any clamping!
• Efficient total vascular exclusion requires full mobili-

zation of the whole liver and ligation of all retrohepatic 
IVC collaterals. 

• When performing total vascular exclusion, do not 
hesitate to ligate diaphragmatic veins and even achieve 
an intrapericardial approach in order to obtain a good 
positioning of the clamp. 

• Encircling the hepatic pedicle should be performed in 
every laparoscopic liver resection, even in easy minor 
anterior resections.  

• In case of persistent significant bleeding despite 
adequate inflow clamping, check for the presence of a 
left hepatic artery in the pars flaccida. 
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CASE SCENARIO

A 38-year-old male patient with a history of chronic cholecystitis underwent a laparoscopic cholecystectomy. Five days 
after surgery, he suffered abdominal pain and underwent a reoperation with a placement of a T-tube for a Strasberg 
E2 injury. Five months later, the patient was referred to us for evaluation for repeat episodes of cholangitis. A triphasic 
computed tomography demonstrated a damaged right hepatic artery. In addition, damage to the right biliary tree, with 
segmental stenosis and multiple cholangitic abscesses were found. After careful and deliberate evaluation, we deemed 
the right hepatic duct to be irreversibly damaged without the possibility of being reconstructed.  A right hepatectomy 
with a left hepaticojejunostomy was performed. The patient’s hospital course was uneventful except for a collection at 
the liver bed that was successfully managed with a percutaneous drainage. Postoperative compensatory growth of the 
left lobe was demonstrated (Figure 1).

Chu Q, Vollmer C, Zibari G, Orloff S, Williams M, Gimenez M (eds).   
Hepato-Pancreato-Biliary and Transplant Surgery: Practical Management of Dilemmas

BACKGROUND

Advances in liver imaging, as well as in surgical/interventional 
radiologic techniques, have established major liver resections 
as a routine procedure in most hepatopancreatobiliary (HPB) 
units. Indications of resection are ample for benign and malig-
nant disease. Here, we describe a case of a major liver resec-
tion after an iatrogenic bile duct injury (IBDI). IBDI remains 
a major health concern as its incidence has increased since the 
advent of laparoscopic cholecystectomy. In general, endoscopy 
is recommended as the initial treatment of IBDI, the second 
option being a surgical biliary reconstruction. However, in 
some patients with complex IBDI, a hepatectomy is required. 
 Hepatic resection had an impressive growth over time. 
Despite technical advances and high experience with liver 
resection at specialized centers, complications following hepa-
tectomies remain a serious issue. The most common compli-
cations are postoperative bleeding, bile leakage, biloma, liver 
abscess, and liver failure. These problems are closely related 
to surgical manipulations, anesthesia, preoperative evaluation 
and preparation, as well as postoperative management. Thus, 
IBDI is still a challenge for surgeons and it remains a major 
health concern, as its incidence has increased since the advent 
of laparoscopic cholecystectomy, one of the most commonly 
performed surgical procedures in the world. Early recognition 
and accurate diagnosis of IBDI is very important; unrecog-

nized IBDI can lead to serious complications such as biliary 
cirrhosis, hepatic failure and death.
 Endoscopic techniques are recommended as the initial 
treatment for IBDI; when endoscopic treatment is ineffective 
or if the case requires a different approach, surgical manage-
ment is considered. Although there are different surgical biliary 
reconstruction options, the most commonly employed is the 
Roux-Y hepaticojejunostomy. However, in some patients with 
complex IBDI, a hepatectomy is required.
 Nowadays, major liver resection is a common procedure 
performed worldwide. Indications for it have also evolved. 
Knowledge of the liver anatomy with preoperative and intraop-
erative imaging has assisted surgeons with safe planning of the 
operation and preventing complications. Major hepatectomy is 
generally defined as the removal of three or more Couinaud 
segments of the liver. Although complications are not uncom-
mon, they have diminished over the past years, which may be 
due to better patient selection and improved intraoperative 
management. 
 In the postoperative period, complications can be divided 
as patient- and procedure-related. Patient-related factors 
include comorbidities such as age, ASA class, BMI, hyperten-
sion, diabetes, smoking while procedure-related includes type 
and extensiveness of resection, surgical approaches (open 
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maneuver, transfusion, etc.
 Compared to the laparoscopic approach, the open pro-
cedure has higher wound complications (superficial, deep 
incisional, organ space, dehiscence), infection (sepsis, septic 
shock), and cardiopulmonary associated complications (pneu-
monia, thromboembolic events). However, this may be related 
to patient selection. Operative mortality, unplanned reopera-
tions, and readmissions are also factors that needed to be taken 
into consideration when embarking on major liver resection.
 As mentioned previously, hepatectomies are a complex 
surgical procedure, and, therefore, complications can unfortu-
nately occur. The most common postoperative complications 
of hepatectomy are postoperative bleeding, bile leak, biloma, 
liver abscess, and liver failure. 

POSTOPERATIVE BLEEDING
This complication remains one of the most feared by liver 
surgeons. It causes concern to patients, relatives, and surgeons 
alike. Nevertheless, it is by far the most preventable of all the 
complications. The surgeon has to take into consideration the 
risk of operating on very hard livers (cirrhosis) or very soft liv-
ers (steatosis). In both instances, achieving hemostasis can be 
difficult. The role of the anesthesiologist is particularly impor-
tant in major liver resection. The risk of bleeding, especially in 
those with cardiopulmonary diseases whereby a high central 
venous pressure is part of the condition, should be taken seri-
ously. It is well known that maintaining a low central venous 
pressure can prevent both intraoperative and postoperative 
bleeding.
 Many devices have been designed for sealing parenchymal 
vessels. Ultrasonic devices allow control of vessels with low 
diameter (≤ 5 mm) as well as bipolar devices. These devices, 
along with a well-planned surgery and careful and meticulous 
techniques, allow for adequate hemostasis. Usage of stapler 
devices (multiple or single) is also available to help surgeons 
to control bleeding. There are also many hemostatic agents 
available, with many different types of matrixes that allow for 
adequate hemostasis on rough liver surfaces, particularly in 
areas where sutures or other devices are difficult to place. The 
surgeon should not hesitate to re-operate if he/she is suspicious 
of postoperative bleeding. Control of coagulopathy and prompt 
re-intervention are very important steps to prevent or com-
pound complications. Careful and meticulous technique (with 
traction maneuver and devices according to the experience 
and preferences of the surgeon) is the best strategy to avoid this 
undesirable complication.
 The use of intraoperatively placed drainage is controver-
sial and many surgeons do not routinely use them. Although 
the drain can give us an idea of the volume it extracts, it is 
sometimes blocked and bleeding may not be detected. Each 
case must be individualized and hemodynamic follow-up must 

FIGURE 1A: Percutaneous cholangiography showing cys-
tic dilatation of the branch of the right duct. Sequelae of 
cholangitic abscesses and right arterial injury (absence of 
intrahepatic collaterals).

FIGURE 1B: CT scan demonstrating cholangitic abscesses

FIGURE 1C:Post-right hepatectomy with compensatory 
left lobe hyperplasia.
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be provided.

BILE LEAKAGE
Despite a decreasing mortality rate and rates of other complica-
tions, bile leak remains a considerable complication after liver 
resection. The term “bile leak” has many definitions, ranging 
from drainage of bile from the abdominal wound or intra-
abdominal collection identified from a drain or at the time of 
reoperation, and cholangiographic evidence of biliary leakage 
or stricture. A definition for bile leak was standardized by the 
ISGLS (International Study Group of Liver Surgery) as a bili-
rubin level in a drain 3 times the serum concentration on or 
after postoperative day 3 or the need for radiologic or operative 
intervention from a biliary collection or bile peritonitis. 
 Several retrospective studies have shown that the inci-
dence of bile leakage after hepatectomy occurs in 6-10% of the 
patients. The most relevant independent risk factors for bile 
leakage after hepatectomy are: multiple hepatectomies, trau-
matized liver surface > 57.5 cm2, intraoperative bleeding > 775 
mL and operating time > 300 min. Nagano et al. have classified 
postoperative bile leaks into four types: (1) Type A: minor leaks 
from small bile radicles on the surface of the liver which are 
usually self-limiting, (2) Type B: leaks from inadequate closure 
of the major bile duct branches on the liver’s surface, (3) Type 
C: injury to the main duct commonly near the hilum, (4) Type 
D: leakage due to a transected duct disconnected from the 
main duct.
 Type A leaks usually close spontaneously with external 
drainage although sometimes ERCP and sphincterotomy may 
be required. Types B and C leaks can be managed by ERCP and 
stenting combined with drainage of the bile collection. Type 
D leaks require surgery and bilioenteric anastomosis or, if the 
draining segment is small, fibrin glue occlusion or acetic acid 
ablation. Sometimes operative excision of the excluded seg-
ment may be required.

Resecting malignant tumors appears to yield a higher 
leak rate than benign tumors (9% vs 4%). This is likely because 
major bile ducts may have been encroached upon when sur-
geons attempt to obtain negative margins when resecting 
malignant tumors. This encroachment in lateral lesions or in 
continuity with the biliary tree can be managed with ERCP and 
stents. On the other hand, those lesions that remain discon-
nected from the biliary tree require another type of manage-
ment. If the affected segment leaks less than 100 ml a day, one 
can place a drain and wait until it spontaneously closes. If the 
leak exceeds 100 ml a day, it will most likely require a resection 
of the injured segment. We have tried selective embolization of 
the portal vein with the intention of inducing atrophy of that 
segment to stop the leak, but so far we have not been successful.

To detect a bile leak intraoperatively, one can perform a 
cholangiography with saline or methylene blue as this helps to 
detect leaks that would have gone unnoticed. Fibrin glue can 
help seal tiny leaks, but most of these close by themselves; in 
our experience fibrin glue has practically no utility.

Brauer et al have published a case series to help under-
stand the outcomes of intraoperative placement of drains after 
hepatectomy. Approximately 42.2% of the 2,583 hepatectomies 
had drain placement, and although drainage was not associated 
with major bile leaks, it was associated with increased inter-
ventions, a greater length of stay, and unplanned readmissions. 
They found that the benefit of routine use of intraoperatively 
placed drain is not well supported and therefore cautioned 
against its routine use.

In summary, bile leakage remains a major issue after 
hepatic resection, causing extended length of hospital stay, 
higher costs, and higher postoperative mortality. It is more 
likely to occur due to liver failure secondary to decompensation 
from preexisting cirrhosis. Table 1 summarizes the approach to 
managing postoperative bile leak based on the Nagano classifi-
cation.

TABLE 1:  Management of Postoperative 
Bile Leaks Based on Nagano’s Classification Postoperative Bile Leaks

Type BType A Type C Type D

ERCP and sphincterotomy 
combined with drainage

Surgical 
approach

External 
drainage

ERCP and 
sphincterotomy
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BILOMA 
The term biloma was first introduced by Gould and Patel in 
1979 to describe a collection of bile outside the biliary tree. 
Kuligowska et al. extended the term to include intrahepatic col-
lection of bile. Although bile collection in the peritoneal cavity 
is a well-described complication, sub capsular biloma is a rare 
complication.
 Bilomas are iatrogenic, traumatic or spontaneous rup-
ture of the biliary tree. Surgical procedures associated with 
bilomas are cholecystectomy, common bile duct exploration, 
choledocho-enteric anastomosis, and partial hepatectomy. 
When injury to the intrahepatic bile ducts occurs in association 
with a hepatic parenchymal injury, influx of bile into the hema-
toma may increase the pressure within the hematoma leading 
to necrosis of the surrounding liver tissue and formation of a 
biloma.
 Biloma is a rather unusual complication. A magnetic reso-
nance cholangiography and intraoperative US can help detect 
segmental pedicles so that one can try to minimize leakage, 
however, these modalities are not entirely successful in prevent-
ing all leaks. Biloma can be managed successfully by drainage 
catheter placement under ultrasound guidance; for persistent 
leak, non-operative interventional stenting of the common bile 
duct can be effective. To differentiate a biloma from a bile leak, 
one can aspirate the collection; a biloma generally resolves with 
aspiration while a bile leakage continues to drain through the 
catheter.

LIVER ABSCESS
Liver or hepatic abscesses were recognized as far back as the 
time of Hippocrates in 400 BC, who thought that prognosis was 
related to the type of fluid in the lesion. The three major forms 
of liver abscess, classified by etiology are pyogenic, amebic, and 
fungal; pyogenic hepatic abscesses being the most common.
 The incidence of abscess is three times higher in the right 
lobe than the left; this is probably due to the predominant flow 
from the superior mesenteric vein to the right lobe, as well as 
the right lobe being larger in size. Only 1% of patients present 
with bilobar abscesses. A patient who has had biliary instru-
mentation has a higher risk of having colonized bile with sub-
sequent development of an abscess. Leaving ischemic segments 
of the liver behind can lead to the formation of abscesses, and 
in our experience, these tend to be candida. The combination 
of antibiotics and closed percutaneous drainage is safe and 
effective in a high proportion of liver abscess, and a non-oper-
ative approach is the first line of treatment for both single and 
multiple abscesses. Ultrasonic guidance is useful to aspirate 
subphrenic fluid collections or evacuate liver abscesses.
 In summary, hepatic abscess remains an important clinical 
problem in developing countries with a significant mortality. 
US- or CT-guided percutaneous drainage of liver abscesses has 

proven to be a simple and effective modality, with a success 
rate of 80-87%. It is currently the gold standard for treating this 
condition.

LIVER FAILURE
Liver failure is perhaps the most devastating complication after 
liver resection. The ISGLS defines liver failure as the impaired 
ability of the liver to maintain its synthetic, excretory and 
detoxifying functions, which are characterized by an increased 
international normalized ratio (INR) and concomitant hyper-
bilirubinemia on or after postoperative day 5. The incidence 
of post-hepatectomy liver failure ranges from 4-19%. The best 
treatment for postoperative liver failure is prevention. This 
involves selecting the right patient, optimizing the patient’s 
comorbid conditions, limiting operative time with meticu-
lous operative technique, controlling blood loss, and careful 
monitoring of the postoperative liver enzymes, coagulation, 
and mental status. Once the patient sets on the course of liver 
failure, there are limited options to salvage the patient. 
 Some of the risk factors for high mortality are persistent 
and progressive elevation of total bilirubin, hypoglycemia, 
elongation of coagulation times, and manifestation of systemic 
deterioration such as cerebral edema and renal failure. Phos-
phorus levels are still under study and it is not clear if hypo-
phosphatemia has a direct predictive mortality value.
 Prevention of cardiopulmonary complication is difficult. 
Measures for preventing myocardial infarction and pulmonary 
thromboembolism are well known. Early mobilization, aggres-
sive respiratory therapy, and administration of prophylactic 
anticoagulants are mandatory and should be individualized.
 Wound infection, with its entire spectrum, is a common 
problem in HPB procedures. Preoperative endoscopic manipu-
lation of the biliary and pancreatic duct to relieve obstruction 
allows for bacteria colonization and constitutes a potential 
source of infection. Therefore, careful patient selection for 
preoperative drainage of bile ducts has to be individualized. 
Meticulous surgical technique diminishes the risk of infection 
and reduces the potential for devitalizing tissue and/or collec-
tions that promote the development of infections.
 In conclusion, hepatectomies still have significant associ-
ated complications and mortality. These problems are closely 
related to patient selection, surgical techniques, anesthesia, 
proper preoperative evaluation and preparation, and postop-
erative management of the patient. Severe complications result 
in mortality rates up to 20.1% for elderly patients and 10.8% for 
non-elderly patients. 
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SALIENT POINTS
•  The most common post-hepatectomy complications 

are postoperative bleeding, bile leakage, biloma, liver 
abscess, and liver failure.

•  One should not hesitate to re-operate if there is a 
suspicion for postoperative bleeding.

•  The most relevant risk factors for bile leakage are: mul-
tiple hepatectomies, traumatized liver surface > 57.5 
cm2, intraoperative bleeding > 775 mL and operating 
time > 300 min.

•  Routine use of drains is not well supported and one 
should be cautious against its routine use.

•  US- or CT-guided percutaneous drainage of liver 
abscesses has a success rate of 80-87%, and is currently 
considered the gold standard for this condition.

•  The following risk factors are predictive of a high 
mortality: persistent and progressive elevation of total 
bilirubin, hypoglycemia, prolongation of coagulation 
times, and manifestation of systemic deterioration 
(cerebral edema and renal failure).
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