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Introduction

Hepatic resections are among some of the most complex 
operative interventions performed, and are fraught with 
risk and the potential for complications. Mortality rates 
after major hepatic resection have been reported to be 
as high as 30% (1,2) with post-hepatectomy liver failure 
(PHLF) representing the major source of morbidity and 
mortality after liver resection. Despite great improvements 
in outcomes after major liver resection due to refinements 
in operative technique and advances in critical care, PHLF 
remains one of the most serious complications of major liver 
resection, and occurs in up to 10% of cases (3,4). Several 
studies report a lower rate of PHLF in East Asian countries 
(1-2%), but when present, PHLF represents a significant 
source of morbidity and mortality (5). 

Definition

The definition of PHLF has varied widely among groups, 
making comparison of rates between studies challenging. 
Numerous definitions of PHLF exist in the literature, with 
variations by country and between hospitals within the same 
country. Many definitions include complicated formulas or 

obscure laboratory tests, such as hepaplastin or hyaluronic 
acid levels, limiting their utility (6). The Model for End-
Stage Liver Disease (MELD) score is one such definition 
that is widely used. The MELD score is calculated using 
serum creatinine, INR, and bilirubin, but requires a complex 
mathematical formula computation (7). The ‘50-50 criterion’ 
(PT <50% and bilirubin >50 µmL/L) have also been 
proposed as a simple definition for PHLF (8). However, 
this definition does not account for any clinical parameters, 
and relies only on two laboratory values. In 2011, the 
International Study Group of Liver Surgery (ISGLS) 
proposed a standardized definition and severity of grading 
of PHLF. After evaluating more than 50 studies on PHLF 
after hepatic resection, the consensus conference committee 
defined PHLF as “a post-operatively acquired deterioration 
in the ability of the liver to maintain its synthetic, excretory, 
and detoxifying functions, which are characterized by an 
increased INR and concomitant hyperbilirubinemia on or 
after postoperative day 5” (2). While other definitions of 
PHLF utilizing biochemical or clinical parameters are used 
by some centers, the ease with which the ISGLS definition 
can be calculated and used for comparison renders it the 
definition that ought to be standardized and used.

While PHLF is the most feared complication, the 
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severity of its clinical manifestation ranges from temporary 
hepatic insufficiency to fulminant hepatic failure. The 
ISGLS group advocated a simple grading system of PHLF, 
in which laboratory values, clinical symptoms, and need for 
increasingly invasive treatments define severity of PHLF. 
The mildest grade of PHLF, grade A, represents a minor, 
temporary deterioration in liver function that does not 
require invasive treatment or transfer to the intensive care 
unit. The most severe, grade C, is characterized by severe 
liver failure with multisystem failure and the requirement 
for management of multi-system failure in the intensive 
care unit (2) (Table 1). The peri-operative mortality of 
patients with grades A, B, and C PHLF as determined by 
this grading schema is 0%, 12% and 54%, respectively (9).

Predictive factors

Patient factors

Various patient-related factors are associated with increased 
risk of PHLF (Table 2). Operative mortality in patients with 
diabetes undergoing curative-intent hepatic resection for 
treatment of colorectal metastases has been shown to be 
higher than comparable patients without diabetes mellitus (6).  
In that series, operative mortality was 8% in diabetics 
compared to 2% in non-diabetics (P<0.02). Furthermore, 
80% of peri-operative deaths in diabetic patients were 

Table 1 ISGLS definition and grading of PHLF (2)

Grade Clinical description Treatment Diagnosis Clinical symptoms Location for care

A Deterioration in liver 

function

None • UOP >0.5 mL/kg/h None Surgical ward

• BUN <150 mg/dL

• >90% O2 saturation

• INR <1.5

B Deviation from 

expected post-

operative course 

without requirement 

for invasive 

procedures

Non-invasive: fresh frozen 

plasma; albumin; diuretics; 

non-invasive ventilatory 

support; abdominal 

ultrasound; CT scan

• UOP ≤0.5 mL/kg/h • Ascites Intermediate unit 

or ICU• BUN <150 mg/dL • Weight gain

• <90% O2 saturation despite 

oxygen supplementation

• Mild respiratory 

• Insufficiency

• INR ≥1.5, <2.0 • Confusion

• Encephalopathy

C Multi-system failure 

requiring invasive 

treatment

Invasive: hemodialysis; 

intubation; extracorporeal 

liver support; salvage 

hepatectomy; vasopressors; 

intravenous glucose for 

hypoglycemia; ICP monitor

• UOP ≤0.5 mL/kg/h • Renal failure ICU

• BUN ≥150 mg/dL • Hemodynamic Instability

• ≤85% O2 saturation despite 

high fraction of inspired 

oxygen support

• Respiratory failure

• Large-volume ascites

• Encephalopathy 

• INR ≥2.0

ISGLS, International Study Group of Liver Surgery; PHLF, post-hepatectomy liver failure.

Table 2 Predictive factors associated with increased risk of PHLF

Patient related

Diabetes mellitus

Obesity

Chemotherapy-associated steatohepatitis

Hepatitis B, C

Malnutrition

Renal insufficiency

Hyperbilirubinemia

Thrombocytopenia

Lung disease

Cirrhosis

Age >65 years

Surgery related

EBL >1,200 mL

Intra-operative transfusions

Need for vascular resection

>50% liver volume resected

Major hepatectomy including right lobectomy

Skeletonization of hepatoduodenal ligament

<25% of liver volume remaining

Post-operative management

Post-operative hemorrhage

Intra-abdominal infection

PHLF, post-hepatectomy liver failure.
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secondary to PHLF. Excess mortality seen in diabetic 
patients undergoing major hepatic resection is likely multi-
factorial, with alterations in liver metabolism, decreased 
immune function, and hepatic steatosis contributing to 
post-operative liver dysfunction (10).

Chemotherapy-associated steatohepatitis (CASH) is an 
increasing challenge in the era of novel chemotherapeutic 
and biologic agents. Many commonly-used chemotherapy 
agents cause damage to hepatocytes, including 5-fluorouracil, 
irinotecan, oxaliplatin, cituximab, and bevacizumab  
(11-14). Additionally, pre-operative malnutrition or renal 
insufficiency, hyperbilirubinemia, thrombocytopenia, 
presence of co-morbidities (lung disease), and advanced age 
are associated with increased risk of PHLF (15-18). 

Surgical factors

In addition to patient-specific factors, the performance 
of the surgical procedure itself influences risk of PHLF. 
Factors associated with increased risk are shown in Table 2  
and include operative estimated blood loss >1,200 mL 
(19,20), intra-operative transfusion requirement, need for 
vena caval or other vascular resection (21), operative time 
>240 minutes (13), resection of >50% of liver volume, major 
hepatectomy including right lobe (22), and skeletonization of 
the hepatoduodenal ligament in cases of biliary malignancy 
(23). In patients for whom <25% of the pre-operative liver 
volume is left post-resection, the risk of PHLF is 3 times that 
of patients with ≥25% of liver volume remaining (24). 

Post-operative factors

Issues of post-operative management influence the risk of 

PHLF, with post-operative hemorrhage (15) and occurrence 
of intra-abdominal infection (16) conferring increased risk 
(Table 2).

Pre-operative risk assessment 

Given the high mortality rate associated with PHLF, there 
has been great interest in techniques to pre-operatively 
identify patients at high risk for hepatic dysfunction or 
failure. CT-based volumetric analysis is an effective tool that 
utilizes helical CT scans to assess the volume of resection by 
semi-automated contouring of the liver. A study by Shoup 
et al. utilized this technique to show that the percentage 
of remaining liver was closely correlated with increasing 
prothrombin time (>18 seconds) and bilirubin level  
(>3 mg/dL) (24). In their analysis, 90% of patients 
undergoing trisegmentectomy with ≤25% of liver remaining 
developed hepatic dysfunction, compared to none of the 
patients who had >25% of liver remaining after the same 
operation (24). Furthermore, the percentage of remaining 
liver, as determined by volumetric analysis, was more 
specific in predicting PHLF than the anatomic extent of 
resection (24). 

Careful evaluation of pre-operative CT scan imaging 
should focus on liver attenuation. Liver attenuation that 
is lower than that observed in the spleen indicates fatty 
infiltration indicative of steatohepatitis (11,24,25) (Figure 1).  
Similarly, splenomegaly, varices, ascites, or consumptive 
thrombocytopenia should prompt the clinician to suspect 
underlying cirrhosis (11) (Figure 2A,B).  

Although ultrasound and 3-dimensional ultrasound has 
been advocated by some as a means by which to assess the 
pre-operative volume of the liver, CT or MRI provide more 
objective data that is less subject to operator-error. Both CT 
and MRI show excellent accuracy and precise quantification 
of hepatic volume (26-28), and are particularly useful in 
estimating the future liver remnant (FLR) (29). 

Numerous methods have been developed for calculating 
liver volume, using either CT or MRI images. The first 
technique involved manual tracing of the outline of the 
liver (30), but has been criticized its time-intensity. Most 
recently, automatic or semi-automatic techniques have been 
developed that utilize mathematical formulas to measure 
liver volumes obtained from CT scan images, utilizing 
commercially-available software programming. These 
software-based programs have been shown to correlate well 
with manual volume estimation, but are performed in a 
fraction of the time (31).

Figure 1 CT scan image of steatohepatitis, with liver attenuation 
lower than that of the spleen.
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Although pre-operative estimation of functional 
liver volume after resection remains the most advanced 
method for estimating hepatic functional reserve, newer 
techniques, such as indocyanine green (ICG) clearance and 
ICG retention rate (ICG R15) have been reported. Under 
normal conditions, nearly all ICG administered is cleared 
by the liver. Because the ICG reflects intra-hepatic blood 
flow, it has long been used to assess liver functional reserve 
in patients with cirrhosis (32). Only recently, however, 
have investigations begun into the application of ICG and 
ICG R15 to estimating functional hepatic reserve after 
resection of normal livers in the setting of malignancy. 
In this method, ICG elimination is measured by pulse 
spectrophotometry (32), and the indocyanine green plasma 
disappearance rate (ICG PDR) is determined. The study by 
de Liguori Carino and colleagues reported that when the  
pre-operative ICG PDR was less than 17.6%/min and the 
pre-operative serum bilirubin was >17 µmol/L, the positive 

predictive value for post-operative liver dysfunction was 
75%, and the negative predictive value was 90% (32). While 
additional study is needed, this method appears to be a non-
invasive tool for prediction of PHLF.

There is increasing interest in the use of 99mTc-
diethylenetriamine-pentaacetic acid-galactosyl human 
serum albumin (GSA) scintigraphy for the pre-operative 
evaluation of cirrhotic patients. In this technique, the 
molecule is taken up by the liver, reflecting the volume of 
functional liver (33). Uptake corresponds to bilirubin level, 
INR, and ICG clearance (33). In 9-20% of patients, the 
severity of liver disease is underestimated by ICG clearance 
testing, and better represented by GSA scintigraphy. This 
may be due to the fact that GSA scintigraphy is unaffected 
by hyperbilirubinemia (33). Use of GSA scintigraphy pre-
operatively allows for highly accurate estimation of FLR (33). 

Beyond imaging, a number of laboratory parameters 
have been shown to correlate with risk of PHLF, including 
prothrombin activity <70% and hyaluronic acid level  
≥200 ng/mL. When elevated pre-operatively, these values 
portend greater risk of PHLF (34), and can be used as 
indications for or against major hepatectomy (Table 3). 

Prevention

Treatment of PHLF hinges first on its prevention. In 
patients identified as high-risk by preoperative evaluation 
of underlying patient factors, presence of cirrhosis, pre-
operative laboratory values, volume of liver to be resected, 
or estimated functional liver volume after resection,  
consideration should be given to techniques to minimize 
the risk of PHLF. One such technique is portal vein 
embolization (PVE), which manipulates portal blood flow, 
by embolizing portal branches in the liver to be resected, 
directing blood flow to the intended remnant liver, and 
thereby inducing hypertrophy of the remnant liver before 
major hepatectomy (35). By increasing the volume of the 
intended remnant liver, the risk for PHLF is decreased, 
even after extended liver resection. Furthermore, pre-
operative PVE minimizes intra-operative hepatocyte injury 
that would otherwise be caused by the abrupt increase 
in portal venous pressure at the time of resection (35). 
Current guidelines recommend PVE for patients with 
underlying cirrhosis and an anticipated FLR of ≤40%, or 
patients with normal liver function and intended FLR of 
<20% (35). This procedure can be performed with minimal 
morbidity and mortality, and allows for improved safety 
of extended hepatectomies (36,37). Even when concurrent 

Figure 2 (A) CT scan demonstrating evidence of cirrhosis, with 
ascites, small liver, and splenomegaly; (B) CT scan demonstrating 
evidence of cirrhosis, with ascites, small liver, splenic varices, and 
splenomegaly.

A

B
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neoadjuvant chemotherapy is administered, sufficient 
hepatic hypertrophy occurs after PVE to allow for major 
liver resection (38). CT volumetry should be performed  
3-4 weeks after PVE to assess the degree of hypertrophy (35). 
A degree of hypertrophy >5% is associated with improved 
patient outcomes (39) (Figure 3A,B). 

Access to the portal system for PVE can be performed 
via transhepatic contralateral or transhepatic ipsilateral 
approach. The transhepatic contralateral approach 
accesses the portal system through the intended FLR, 
and is technically easier than an ipsilateral approach, but 
risks injury to the FLR. Additionally, access to segment 4 
for embolization is technically difficult when performed 
from a contralateral approach (35). While the transhepatic 

ipsilateral approach spares the FLR from potential injury, 
acute angulations of the portal branches may render this 
approach too technically difficult to be feasible (35). If an 
extended right hepatectomy is planned, segment 4 could be 
embolized first to minimize risk of dislodgement of embolic 
substances to the left liver during manipulation of the 
catheter (35). 

Because PVE is not always technically feasible and some 
patients may experience disease progression during the 
waiting time between PVE and surgery, the associating liver 
partition and portal vein ligation for staged hepatectomy 
(ALPPS) procedure has been advocated by some, particularly 
for patients requiring trisectionectomy for bilateral liver 
metastases, or intrahepatic cholangiocarcinoma. In this 

Figure 3 (A) Pre-portal vein embolization of right lobe of liver to induce hypertrophy of left lobe of liver; (B) six weeks post-portal vein 
embolization of right lobe of liver to induce hypertrophy of left lobe of liver. Line marks middle hepatic vein, dividing right and left 
hemilivers.

Table 3 Determinants of low vs. high risk for PHLF

Risk 

category
Imaging Laboratory data Patient factors

Number of safe segments 

for resection

Low • Predicted FLR >25% • Prothrombin activity ≥70% • No history of cirrhosis Up to 6 (80% of 

functional liver volume)• Normal splenic size, no 

vascular collaterals

• Hyaluronic acid <200 ng/mL • No previous hepato-toxic 

chemotherapy• Platelets >300,000/µL

• Indocyanine green plasma 

disappearance rate  

≥17.6%/min

• Normal serum bilirubin level

High • Predicted FLR ≤25% • Prothrombin activity <70% • History of cirrhosis No more than 3 (60% of 

functional liver volume)• Splenomegaly, presence of 

vascular collaterals

• Hyaluronic acid ≥200 ng/mL • Previous administration of 

hepato-toxic chemotherapy• Platelets <100,000/µL

• Steatohepatitis • Hyperbilirubinemia

• Indocyanine green plasma 

disappearance rate  

<17.6%/min

PHLF, post-hepatectomy liver failure.

BA
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procedure, blood supply to segments 4-8 is diminished 
by right portal vein branch ligation, combined with 
parenchymal transaction along the falciform ligament (40). 
This technique has shown a 74% increase in the volume of 
the FLR, but with high postoperative morbidity (68%) and 
mortality (12%) (41). Although there have been promising 
results in small series, with rapid liver hypertrophy and 
enlargement of the FLR, this technique requires additional 
study to refine its indications and place in the repertoire of 
techniques for minimizing the risk of PHLF (42). 

Beyond pre-operative techniques to enlarge the FLR, 
fastidious intra-operative technique and excellent post-
operative management contribute greatly to minimizing the 
risk of PHLF (Table 4). In cases of very heavy disease burden 
in the liver, when resection of all lesions would result in an 
FLR too small to avoid PHLF, a combination of resection 
and ablation may be used to minimize the amount of liver 
resected. Additionally, wedge resections with minimal 
tumor-free margins may be used to treat multi-focal disease, 
leaving sufficient liver intact to avoid PHLF.

Identification and management

When present, PHLF is manifest by progressive multi-
system organ failure, including renal insufficiency, 
encephalopathy, need for ventilator support, and need 
for pressor support. As hepatic function worsens, patients 
develop persistent hyperbilirubinemia and coagulopathy (43).  
The development of coagulopathy is a particularly 
poor prognostic indicator (20). Daily measurement of 
serum C-reactive protein (CRP) may help with the early 

identification of patients who are developing hepatic 
insufficiency after hepatectomy. A study by Rahman and 
colleagues showed that patients who developed PHLF had 
a lower CRP level on post-operative day 1 than patients 
who did not develop PHLF. A serum CRP <32 g/dL 
was an independent predictor of PHLF in multivariate 
regression analysis (44). Other tools for predicting PHLF 
include the ‘50-50 criteria’, MELD system, and Acute 
Physiology and Chronic Health Evaluation (APACHE) 
III. While the MELD system has a sensitivity of 55% 
for morbidity and 71% for mortality, the ISGLS criteria 
for PHLF perform particularly well in assessing the 
risk of increased mortality after hepatectomy (45). The  
50-50 criterion allows for early detection of PHLF, but is not 
a marker for increased morbidity after liver resection (45).  
The APACHE III  score  predicts  morta l i ty  a f ter 
hepatectomy, but has only been validated in patients with 
cholangiocellular carcinoma (46). 

The most effective treatment for PHLF is liver 
transplantation, but this is typically reserved for patients 
who have failed all other supportive therapies (47). Initial 
treatment of PHLF includes supportive care of failing 
systems, including intubation, pressors, or dialysis. 
Treatment includes infusion of albumin, fibrinogen, 
fresh frozen plasma, blood transfusion, and initiation of 
nutritional supplementation (20). 

Intra-hepatic cholestasis is a type of PHLF that warrants 
particular mention. It is characterized by a continued 
increase in serum bilirubin, in the absence of biliary 
obstruction, with preservation of the synthetic function 
of the liver (48). Biopsy confirming this entity should be 

Table 4 Techniques for preventing and minimizing the risk of PHLF

Period Techniques

Pre-operative Weight loss in obese patients

Nutritional supplementation

Aggressive management of co-morbid conditions

Portal vein embolization to enlarge FLR

Intra-operative Avoidance of skeletonization of hepatoduodenal ligament unless required for R0 resection

Minimize EBL (resection under low CVP conditions)

Avoidance of blood transfusions if able

Close attention to hemostasis to avoid post-operative hemorrhage

Post-operative Early recognition and treatment of post-op hemorrhage

Early recognition and treatment of biliary obstruction or leak

Early recognition and treatment of intra-abdominal infection

PHLF, post-hepatectomy liver failure; FLR, functional liver remnant.
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obtained at 2 weeks post-operatively, if the diagnosis remains 
uncertain. Although the course is protracted, PHLF nearly 
always occurs, with mortality rates approaching 90% despite 
best supportive care. 

Conclusions

PHLF remains a severe complication of hepatic resection, 
occurring in approximately 8% of patients undergoing 
major hepatectomy (49). It ranges from mild hepatic 
insufficiency, characterized by transient hyperbilirubinemia 
that does not alter the expected post-operative course, to 
liver failure resulting in multi-system failure requiring 
invasive treatment in an intensive care unit. Multiple factors 
increase the risk of PHLF, including obesity, diabetes, 
neoadjuvant treatment with chemotherapy, underlying 
cirrhosis, increased age, male gender, need for extended 
liver resection, and long operation with high intra-operative 
EBL. Risk of PHLF can be minimized by accurate pre-
operative assessment of the FLR to be left after resection, 
and the induction of hypertrophy of the liver remnant 
via PVE if the expected FLR is <20% in a person with a 
normal liver, <30% in a patient with steatosis, or <40% in 
a cirrhotic patient (50). Early recognition and initiation 
of supportive care is crucial to improving patient survival 
in the setting of PHLF. Despite great improvements in 
morbidity and mortality, liver surgery continues to demand 
excellent clinical judgement in selecting patients for surgery. 
Appropriate choice of pre-operative techniques to improve 
the functional liver remnant (FLR), fastidious surgical 
technique, and excellent post-operative management are 
essential to optimize patient outcomes.
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