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Background. Posthepatectomy liver failure is a feared complication after hepatic resection and a major
cause of perioperative mortality. There is currently no standardized definition of posthepatectomy liver
failure that allows valid comparison of results from different studies and institutions. The aim of the
current article was to propose a definition and grading of severity of posthepatectomy liver failure.
Methods. A literature search on posthepatectomy liver failure after hepatic resection was conducted. Based on the
normal course of biochemical liver function tests after hepatic resection, a simple and easily applicable definition of
posthepatectomy liver failure was developed by the International Study Group of Liver Surgery. Furthermore, a
grading of severity is proposed based on the impact on patients’ clinical management.
Results. No uniform definition of posthepatectomy liver failure has been established in the literature
addressing hepatic surgery. Considering the normal postoperative course of serum bilirubin concentration
and International Normalized Ratio, we propose defining posthepatectomy 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 and concomitant hyperbilirubinemia (according to the normal
limits of the local laboratory) on or after postoperative day 5. The severity of posthepatectomy liver failure
should be graded based on its impact on clinical management. Grade A posthepatectomy liver failure requires
no change of the patient’s clinical management. The clinical management of patients with grade B posthepatectomy liver failure deviates from the regular course but does not require invasive therapy. The need for
invasive treatment defines grade C posthepatectomy liver failure.
Conclusion. The current definition of posthepatectomy liver failure is simple and easily applicable in
clinical routine. This definition can be used in future studies to allow objective and accurate comparisons
of operative interventions in the field of hepatic surgery. (Surgery 2011;149:713-24.)
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LIVER RESECTION is used increasingly for the management of a variety of benign and malignant conditions.1,2 These data have paralleled substantial
advances in perioperative management and operative techniques that have improved the safety of,
and extended the indications for, liver resection
over the past 2 decades3,4 Extended liver resections, liver resections in diseased liver or liver parenchyma affected by chemotherapy, and repeat
or staged liver resections are being used to achieve
curative resection and extend long-term survival.
The resulting small functional remnant liver
volumes and compromised liver function in these
patients increase the risk for the development of
posthepatectomy liver failure (PHLF). Despite
the introduction of functional and imaging measures to assess preoperatively the size and function
of the future liver remnant, as well as the use of
portal vein embolization as a preventive intervention,5,6 PHLF remains a major concern and has
been shown to be a predominant cause of
hepatectomy-related mortality.3,7-10
The incidence of PHLF in the literature varies
between 1.2% and 32% partly as a result of differences in the studied patient populations and
performed procedures.7,8,11-16 An additional reason for the observed range might be the lack of
a universally accepted definition of PHLF.17,18 Because of the increasing relevance of PHLF and its
impact on perioperative outcome, a uniform definition of this complication is needed to enable a
valid comparison of results between different studies across multiple institutions and countries. To
gain wide acceptance and application in clinical
as well as scientific practice, such a definition
needs to be easily applicable to a broad spectrum
of patients. In an attempt to standardize the definition of major complications after liver resection,
we propose a definition and severity of grading
of PHLF.
MATERIALS AND METHODS
Literature search. An extensive search of the
English literature was carried out within the
Medline database. Studies on hepatic resection
published within the past 5 years were reviewed to
assess whether a standard definition of PHLF has
been accepted already among hepatic surgeons.

The literature search was carried out among 12
leading surgery journals: Journal of the American College of Surgeons, American Journal of Surgery, The British Journal of Surgery, Annals of Surgery, Journal of
Gastrointestinal Surgery, Archives of Surgery, Journal of
Clinical Oncology, World Journal of Surgery, Langenbeck’s Archives of Surgery, Surgery, Annals of Surgical
Oncology, and Liver Transplantation. The search
terms included ‘‘liver/hepatic resection,’’ ‘‘hepatectomy’’ in association with the following terms
‘‘liver/hepatic failure,’’ ‘‘liver/hepatic insufficiency,’’
‘‘liver/hepatic dysfunction,’’ ‘‘complications,’’ ‘‘morbidity,’’ and ‘‘mortality.’’ Studies on patients who
underwent hepatic resection that provided a definition of PHLF were eligible for inclusion. There
were no restrictions regarding the indication for
hepatectomy, the underlying status of the liver, or
the applied abdominal access (ie, open or laparoscopic hepatectomy). Studies on liver failure after
liver transplantation were excluded, as were studies
on liver resection in children.
The literature search was conducted independently by 2 authors (N.R. and M.K.), who identified relevant studies and extracted the definitions
provided. The retrieved abstracts were screened,
and in case of potentially relevant studies, full
articles were obtained for detailed evaluation. Any
disagreements during the processes of selection,
extraction, and assessment were resolved by discussion with a third author (J.W.).
Study group. From August 2008, drafts of the
definition and severity grading of PHLF were sent
to the members of an International Study Group
of Liver Surgery (ISGLS) for a critical review. The
revised versions of the definition were recirculated
among all members for approval and further
comments. The proposed definition and grading
of PHLF was discussed in detail at a consensus
conference during the annual meeting of the
Australian and New Zealand Hepatic, Pancreatic
and Biliary Association Inc (ANZHPBA) at the
Sunshine Coast, Queensland, Australia in October
2008. The decision was made to base the proposed
definition on actual patient data. In November
2009, a first revision of the manuscript was sent to
the members of the ISGLS. After all comments
were considered, a second revision of the manuscript was sent to the members of the study group
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in February 2010. In March 2010, the manuscript
was recirculated among the authors for final
approval.
RESULTS
Terminology. The literature review revealed
‘‘liver/hepatic failure’’ and ‘‘liver/hepatic insufficiency’’ as the terms applied most commonly for
the description of PHLF. Some authors used ‘‘dysfunction’’ and ‘‘failure’’ to grade the severity of
PHLF. To illustrate that the reported liver failure
developed as a complication of hepatic resection,
some authors used the prefix ‘‘postresectional’’ or
‘‘postoperative.’’ We propose to standardize the
terminology of this complication by using the term
‘‘posthepatectomy liver failure.’’
Available definitions. The literature search
yielded a total of 1,928 references. The review of
studies on hepatic resection revealed many different definitions of PHLF. This finding confirms
that, based on the recently published literature,
currently there is no generally accepted and applied definition or grading of severity of PHLF.
Qualitative definitions of PHLF included 1 or
multiple symptoms of postoperative impairment
of liver function, such as coagulopathy, hyperbilirubinemia, ascites, and encephalopathy.17,18 Most
frequently, PHLF was defined quantitatively on
the basis of postoperative laboratory tests using various cut-off values of serum bilirubin concentration and international normalized ratio (INR) or
prothrombin time/index. Some authors considered the development of clinical symptoms, such
as encephalopathy and ascites, in combination
with results from liver function tests for the diagnosis of PHLF (Table I).19-64 Few studies provided
a grading of PHLF,20,28,40,55 and few studies aimed
to define PHLF actually identified predictors of
death caused by PHLF. Balzan et al49 published a
study in 2005 with the intention to standardize
the definition of PHLF and predict ultimately
patient mortality. Their analysis of 704 patients
who underwent partial hepatectomy identified
PHLF characterized by the combination of prothrombin time index <50% and serum bilirubin
>50 mmol/L (ie, 2.9 mg/dL) on POD 5 to be a
strong predictor of postoperative mortality.49
Another study of 1,059 noncirrhotic patients by
Mullen et al15 was designed to provide a standard
definition of PHLF in a population of patients
with normal preoperative liver function. These authors found that a peak serum bilirubin concentration >7 mg/dL predicted strongly liver-related
death and worse postoperative outcomes after
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major hepatectomy.15 In contrast to the above definitions, Schindl et al65 provided a classification for
the severity of PHLF; their score included 4 parameters (total serum bilirubin concentration, prothrombin time, serum lactate concentration, and
grade of encephalopathy) and classified PHLF
into 4 grades of severity.
Consensus definition of posthepatectomy liver
failure. An analysis of the normal postoperative
course of biochemical liver tests after hepatectomy
demonstrated that in most patients, serum bilirubin concentration and INR return to levels within
the normal range on postoperative day 5, including patients with major resections.66 Based on
these data, we have defined PHLF as a postoperatively 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. Increased INR
and hyperbilirubinemia are defined according to
the normal range of cut-off levels of the local laboratory. This definition applies to patients with normal and abnormal preoperative liver function. To
relate these changes to an insufficient functional
capacity of the remnant liver, other obvious causes
for the observed biochemical and clinical alterations, such as biliary obstruction, should be excluded. Importantly, in patients with preoperatively
increased INR or increased serum bilirubin concentration, PHLF is defined by an increasing serum bilirubin concentration and increasing INR on or
after postoperative day 5 compared with the values
of the previous day. Furthermore, the need for clotting factors such as fresh frozen plasma (FFP) to
maintain normal INR on or after postoperative day
5 in combination with hyperbilirubinemia is considered PHLF.
Grading of severity of posthepatectomy liver
failure. PHLF may present as a transient, postoperative impairment of liver function that recovers
as the liver regenerates and liver volume increases.
In other cases, liver function can deteriorate to a
potentially life-threatening condition. In addition
to the previous definition for the diagnosis of
PHLF, we recommend that a grading system is
used to classify the severity of this complication.
The parameters to be considered for the definition
and grading of PHLF are displayed in Table II. A
patient’s PHLF is graded by the worst identified
criteria (ie, by fulfilling at least 1 criterion of noninvasive or invasive intervention, patients are classified to have PHLF grade B and C, respectively).
Grade A posthepatectomy liver failure: Grade A
PHLF represents a postoperative deterioration of
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Table I. Applied definitions of posthepatectomy liver failure in studies on hepatic resection
Study

Year

n

Definition

Suda et al19

2009

111

Zorzi et al20

2008

65

Kawano et al16
Rahman et al21

2008
2008

134
138

Ercolani et al22

2008

1260

Reddy et al23
Hemming et al24

2008
2008

96
830

Nakano et al25

2008

90

Harbrecht et al26
Vigano et al27

2008
2008

80
593

Torzilli et al28

2008

207

Adam et al29

2007

151

Gomez et al30

2007

386

Ribero et al31

2007

112

Ferrero et al32

2007

119

McCormack et al14
Pawlik et al33
Mullen et al15
Dinant et al12

2007
2007
2007
2007

116
212
1059
46

Thia et al34

2007

77

Figueras et al35

2007

300

Postoperative liver dysfunction was assessed in terms of postoperative
hyperbilirubinemia and subsequent fatal outcome. Postoperative
hyperbilirubinemia was defined as an increase in serum total bilirubin greater
than 10 mg/dL, without a hemolytic or obstructive mechanism, within 2
weeks after surgery.
Hepatic dysfunction: Peak postoperative bilirubin level >3 mg/dL or a
prothrombin time >18 s.
Hepatic insufficiency: Peak postoperative bilirubin level >7 mg/dL.
Patients with a maximum postoperative serum total bilirubin level >10 mg/dL.
Empirical markers of liver failure on postoperative day 7, including persistent
hyperbilirubinemia (serum bilirubin level >4.1 mg/dL, coagulopathy (INR
>2.5, despite early attempted correction with clotting factors), abdominal
ascites (drainage volumes >500 mL/day), and encephalopathy with
hyperbilirubinemia, and exclusion of other acute confusional states.
Transient jaundice with a bilirubin level >5 mg/dL associated with severe
alteration of coagulation factors.
Postoperative bilirubin >7.0 mg/dL.
Requiring FFP to maintain an INR <2.0 after the first 48 h postresection,
encephalopathy, ascites requiring paracentesis or diuretics longer than 2
weeks, or a rise in bilirubin >7 mg/dL. Use of an INR of 2.0 and bilirubin
>7 mg/dL.
Liver failure was defined by a prothrombin time index of less than 50% of
normal in addition to serum bilirubin more than 50 mmol/L on
postoperative day 5 or thereafter.
Hepatic dysfunction was defined as a bilirubin $2 mg/dL.
Liver dysfunction: both a prothrombin time index <50% and a serum bilirubin
level >5 mg/dL for 3 or more consecutive days.
Liver failure was considered mild when the serum total bilirubin level ranged
from 2 to 5 mg/dL for more than 3 days after surgery, medium when it
ranged from 5 to 10 mg/dL for more than 3 days after surgery, and severe
when it was above 10 mg/dL for more than 3 days after surgery.
Increase in the serum bilirubin >50 mmol/L (ie, 2.9 mg/dL) and a decrease in
prothrombin time index to <50%.
Patients who developed signs of encephalopathy or became jaundiced, with
coagulopathy after surgery, were considered to have developed liver
failure.
Peak postoperative bilirubin level >171 mmol/L (ie, 10 mg/dL) unrelated to
biliary obstruction and/or clinically significant ascites or hepatic
encephalopathy.
Liver dysfunction: prothrombin time index <50% and serum bilirubin level >5
mg/dL for 3 or more consecutive days.
50-50 criteria at fifth postoperative day.
Peak postoperative bilirubin >6 mg/dL.
Postoperative peak bilirubin >7.0 mg/dL.
Increased bilirubin plasma levels (>50 mmol/L; ie, 2.9 mg/dL), prolonged
prothrombin time (>15 s), and increased plasma ammonia levels, combined
with signs of hepatic encephalopathy or hepatorenal syndrome, requiring
intensive care.
Hepatic decompensation: new onset of encephalopathy or ascites, increase in
prothrombin time by >3 s of the preoperative level or an increase in bilirubin
level to twice the normal upper limit (bilirubin reference range: 3–24 mmol/L;
ie, 0.2–1.4 mg/dL) if initially normal, or twice the baseline level if initially
abnormal.
Prothrombin time index <50% of normal and/or by serum bilirubin >50 mmol/L
on postoperative day 5 or thereafter and/or encephalopathy.
(continued)
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Table I. (continued)
Year

n

Definition

Pessaux et al36

2007

200

Taura et al37

2007

293

Truant et al38

2007

31

Nagino et al39
Menon et al40

2007
2006

423
517

Cucchetti et al41

2006

200

Benoist et al42

2006

305

Sano et al43

2006

102

Ogata et al44

2006

36

Capussotti et al45

2006

126

Cucchetti et al11

2006

154

Chen et al46

2006

118

Azoulay et al47

2006

60

Karoui et al13

2006

214

Ohwada et al48

2006

75

Balzan et al49

2005

775

Nagano et al50
Figueras et al51

2005
2005

212
80

Azoulay et al52

2005

69

Chouker et al53
Kimura et al54

2005
2004

75
64

Simultaneous presence of a prothrombin time index <50% and a serum
bilirubin level >50 mmol/L (2.9 mg/dL) on day 5 after surgery.
Hepatic insufficiency included rupture of esophageal varices or hepatic
encephalopathy.
Prothrombin time index (expressed as a percentage of the normal level of
prothrombin activity) <50% and total serum bilirubin level >50 mmol/L
(ie, 2.9 mg/dL) after postoperative day 4.
Serum total bilirubin concentration exceeding 10 mg/dL.
Hepatic dysfunction: Prothrombin time >18 s or serum bilirubin concentration
>30 mmol/L (ie, 1.7 mg/dL).
Hepatic failure: Persistently raised level of bilirubin >100 mmol/L (ie,
5.8 mg/dL), Prothrombin time >24 s (or requiring daily FFP), and rising
levels of aminotransferase with associated encephalopathy.
Postoperative irreversible liver failure: growing impairment of liver
function after hepatectomy that led to patient death or required
transplantation.
Postoperative liver failure: Association of prothrombin time index <30% of
normal and serum bilirubin >50 mmol/L (ie, 2.9 mg/dL) on postoperative
day 5.
Hepatic failure: Serum total bilirubin concentration >10.0 mg/dL during the
postoperative period.
Liver failure was defined by a prothrombin time index of <50% (of normal) and
serum bilirubin >50 mmol/L (ie, 2.9 mg/dL) on postoperative day 5.
Postoperative liver failure was defined as a serum bilirubin concentration
greater than 5.0 mg/dL or a prothrombin time index of 50% or less,
3 days or more after operation.
Irreversible liver failure: Growing impairment of liver function after resection
that led to patient death or required transplantation.
Postoperative hepatic insufficiency: prothrombin time index <50% of normal
and/or by serum total bilirubin >2.9 mg/dL and/or encephalopathy.
Postoperative liver insufficiency: total bilirubin concentration >90 mmol/L
(ie, 5.3 mg/dL) or prothrombin time index was <30% of the normal level
within 7 days of operation. Asterixis and alteration of consciousness not
related to the effects of drugs were considered signs of liver failure, even
when isolated.
Liver failure: prothrombin time index <50% of normal and/or serum bilirubin
>50 mmol/L (ie, 2.9 mg/dL) on postoperative day 5 or thereafter.
Any one of the following criteria: persistent hyperbilirubinaemia (total bilirubin
level >5 mg/dL) for more than 5 days after surgery, refractory massive ascites
or pleural effusion (>2000 mL/day) for more than 7 days after surgery,
hyperammonemia greater than 150 mg/dL (normally <40 mg/dL) and
hepatic encephalopathy.
Prothrombin time index <50% and serum bilirubin >50 mmol/L (ie, 2.9 mg/
dL) on postoperative day 5 (50-50 criteria).
Liver failure: Total serum bilirubin concentration >10 mg/dL.
Prothrombin time index of less than 50% of normal and/or by serum bilirubin
more than 50 mmol/L on postoperative day 5 or thereafter and/or
encephalopathy.
At least 2 of the following parameters: total bilirubin $60 mmol/L (ie, 3.5 mg/
dL), prothrombin time index #30% of normal level, and massive ascites
(abdominal drain output >500 mL per day during more than 3 days).
Asterixis and alteration of consciousness after exclusion of drug effect were
considered as signs of liver failure, even when isolated.
Prothrombin time index values of less than 60% on the first postoperative day.
Serum bilirubin level >240 mmol/L (ie, 14 mg/dL).

Study

(continued)

718 Rahbari et al

Surgery
May 2011

Table I. (continued)
Study

Year

n

Lodge et al55

2005

38

Vauthey et al56
Huo et al57

2004
2004

127
241

Hemming et al58

2004

22

Scatton et al59

2004

41

Kubo et al60

2004

251

Parikh et al61
Lang et al62

2003
2003

108
218

Imamura et al63

2003

915

Hemming et al64

2003

39

Definition
Hepatic dysfunction: Prothrombin time over 18 s or serum bilirubin
concentration greater than 30 mmol/L.
Hepatic failure: Persistently raised level of bilirubin >100 mmol/L (ie, 5.8 mg/
dL), prothrombin time greater than 24 s (needing daily support with FFP),
and increasing levels of aminotransferase with associated encephalopathy.
Total bilirubin >10 mg/dL or an INR >2.
Hepatic decompensation: sustained increment of the Child-Pugh score by 2
points or more (equivalent to Child-Pugh class B or C) during the follow-up
period.
Liver failure was defined arbitrarily as requiring FFP to maintain an INR >2.0
after the first 48 h postresection, encephalopathy, ascites requiring
paracentesis or diuretics longer than 2 weeks, or an increase in bilirubin to 10
mg/dL or above that persisted longer than 10 days post resection.
Severe hepatic dysfunction: encephalopathy, ascites (volume >500 mL/d),
prothrombin time ratio lower than 50% of normal on day 5 or lower than 30% of
normal at any moment, and bilirubin level greater than 50 mmol/L on day 5.
Hepatic coma with hyperbilirubinemia (total serum bilirubin concentration
>5 mg/dL for more than 5 days), intractable pleural effusion or ascites
requiring use of diuretics or thoracocentesis, or abdominal paracentesis on 2
or more occasions or institution of continuous drainage, or variceal bleeding.
Total serum bilirubin $10 mg/dL.
Appearance of hepatic encephalopathy, progressively worsening
hyperbilirubinemia, and decreasing activity of blood coagulation as assessed
by the prothrombin time.
Serum bilirubin concentration greater than 5.0 mg/dL (>85 mmol/L), a
prothrombin time rate of less than 50% for 3 or more consecutive days, or
both.
Development of encephalopathy, ascites requiring sustained diuretics or
paracentesis, or coagulopathy unresponsive to vitamin K requiring FFP after
the first 24 h postresection.

liver function that does not require a change in the
patient’s clinical management. This grade of PHLF
is diagnosed based on deterioration from the preoperative baseline in routine laboratory tests indicating a postoperative impairment of liver
function. These patients have no clinical symptoms
deviating from a normal, expected postoperative
course, do not require additional diagnostic evaluation, and can be managed on the regular ward.
Grade B posthepatectomy liver failure: Patients are
diagnosed with grade B PHLF if there is a deviation from the regular, postoperative clinical pathway, but they can be managed without invasive
treatment. Noninvasive treatment may include
administration of FFP, albumin, daily diuretics,
and noninvasive ventilation. Furthermore, the
transfer to the intermediate or intensive care
unit, which is related directly to the abnormal
hepatic function, should be considered a criterion
for grade B PHLF. These patients commonly need
additional diagnostic evaluation, such as abdominal ultrasonography or computed tomography
(CT), to exclude biliary obstruction and the

presence of intra-abdominal fluid collection, respectively. If signs of infection (eg, leucocytosis and
fever) are present, additional investigation by chest
radiography and culture of sputum, blood, and
urine should be entertained seriously. A brain CT
may be considered to exclude other causes of
altered mental status. Patients with grade B PHLF
may present with clinically relevant ascites, weight
gain, and mild respiratory insufficiency. Mild symptoms of encephalopathy may occur. These patients
require management usually in an intermediate/
intensive care unit; however, management on the
regular ward by a team of experienced nursing
staff may be justified.
Grade C posthepatectomy liver failure: Patients who
develop PHLF requiring an invasive procedure
are classified as having grade C PHLF. Invasive
procedures include hemodialysis, intubation and
mechanical ventilation, extracorporeal liver support, rescue hepatectomy, and transplantation.
Furthermore, patients who require circulatory
support (ie, vasoactive drugs) because of PHLF
should be diagnosed with grade C PHLF, as
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Table II. Consensus definition and severity grading of posthepatectomy liver failure (PHLF) by the
International Study Group of Liver Surgery (ISGLS)
Definition

Grade
A
B
C

A postoperatively acquired deterioration in the ability of the liver (in patients with
normal and abnormal liver function) to maintain its synthetic, excretory, and
detoxifying functions, characterized by an increased INR (or need of clotting factors
to maintain normal INR) and hyperbilirubinemia (according to the normal cut-off
levels defined by the local laboratory) on or after postoperative day 5. If INR or
serum bilirubin concentration is increased preoperatively, PHLF is defined by an
increasing INR (decreasing prothrombin time) and increasing serum bilirubin
concentration on or after postoperative day 5 (compared with the values of the
previous day). Other obvious causes for the observed biochemical and clinical
alterations such as biliary obstruction should be ruled out.
PHLF resulting in abnormal laboratory parameters but requiring no change in the
clinical management of the patient.
PHLF resulting in a deviation from the regular clinical management but manageable
without invasive treatment.
PHLF resulting in a deviation from the regular clinical management and requiring
invasive treatment.

should patients who require glucose infusion for
persistent hypoglycemia. Patients with grade C
PHLF are in a critical clinical condition and
should be monitored in an intensive care unit.
The clinical presentation of these patients might
be characterized by large volume ascites, generalized edema, hemodynamic instability, advanced
respiratory failure, and encephalopathy. Furthermore, PHLF grade C patients are susceptible to
infection, and prophylactic administration of antibiotics may be helpful, although subsequent evidence is required to support this course of action.
Table III summarizes the criteria for grading of
PHLF.
Validation of the definition and grading of
posthepatectomy liver failure. In a study on 835
patients who underwent liver resection at the Department of General, Visceral, and Transplantation
Surgery, University of Heidelberg, Germany between January 2002 and January 2008, the clinical
applicability of the proposed definition and grading
of PHLF was assessed. The proposed definition
could be applied in 576 patients in whom data on
serum bilirubin concentration and INR on postoperative day 5 were available. A total of 65 patients
(11%) fulfilled our criteria to diagnose PHLF. Of
these, 5 patients (8%) had an uneventful postoperative hospital stay and were thus diagnosed with
grade A PHLF. Some 47 patients (72%) had grade B
PHLF, because they required a change in their
clinical management without need for invasive
therapy. Grade C PHLF was diagnosed in 13 patients
(20%). The perioperative mortality of patients with
PHLF grades A, B, and C was 0%, 12%, and 54%,
respectively.66

DISCUSSION
The development of PHLF is a major cause of
postoperative morbidity and mortality after elective hepatic resection.3,7-10 The clinical relevance
of PHLF within surgical practice has increased because extended resections are carried out more
frequently, even in patients who have received potentially hepatotoxic systemic therapy. With
smaller remnant liver volume and impaired functional capacity in some of these patients, there is
an increased risk of PHLF.15,49 Despite the growing
relevance of PHLF in the postoperative management of patients with hepatic resection, there is
no standardized definition of this complication.
Our review of the hepatic surgery literature failed
to identify a uniform definition of PHLF that has
been accepted among hepatobiliary surgeons. In
most studies, PHLF was defined by hyperbilirubinemia and/or impaired coagulation using various
cut-off values of serum bilirubin concentration
and/or INR (prothrombin time/index) at different postoperative time points. The cut-off values
were chosen rather arbitrarily, whereas some studies applied the ‘‘50 – 50’’ criteria that is, the combination of prothrombin time index <50% and
serum bilirubin >50 mmol/L (ie, 2.9 mg/dL) on
postoperative day 5 as suggested by Balzan et al.49
Alternatively, hyperbilirubinemia alone has been
used as a definition of hepatic insufficiency to predict death from liver failure. Mullen et al15 defined
hepatic insufficiency as peak serum bilirubin >7
mg/dL using an analysis of receiver operating
curves in 1,059 noncirrhotic patients who underwent major hepatectomy.15 When the 50 – 50 criteria definition was tested, it was found less accurate
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Table III. Criteria for grading of PHLF*
Criteria for PHLF
Grade A

Criteria for PHLF
Grade B

Specific
treatment

Not required

Fresh-frozen plasma
Albumin
Daily diuretics
Noninvasive ventilation
Transfer to intermediate/
intensive care unit

Hepatic
function

Adequate coagulation
(INR <1.5)
No neurological
symptoms

Renal function

Adequate urine output
(>0.5 mL/kg/h)
BUN <150 mg/dL
No symptoms of uremia
Arterial oxygen saturation
>90%
May have oxygen supply
via nasal cannula or
oxygen mask
Not required

Inadequate coagulation
(INR $1.5 <2.0)
Beginning of neurologic
symptoms (ie, somnolence
and confusion)
Inadequate urine output
(#0.5 ml/kg/h)
BUN <150 mg/dL
No symptoms of uremia
Arterial oxygen saturation
<90% despite oxygen
supply via nasal cannula
or oxygen mask

Pulmonary
function

Additional
evaluation

Abdominal ultrasonography/CT
Chest radiography
Sputum, blood, urine cultures
Brain CT

Criteria for PHLF
Grade C
Transfer to the intensive care unit
Circulatory support
(vasoactive drugs)
Need for glucose infusion
Hemodialysis
Intubation and mechanical
ventilation
Extracorporeal liver support
Rescue hepatectomy/liver
transplantation
Inadequate coagulation
(INR $2.0)
Severe neurologic symptoms/
hepatic encephalopathy
Renal dysfunction not manageable
with diuretics
BUN $150 mg/dL
Symptoms of uremia
Severe refractory hypoxemia
(arterial oxygen saturation
#85% with high fraction
of inspired oxygen)
Abdominal ultrasonography/CT
Chest radiography/CT
Sputum, blood, urine cultures
Brain CT
ICP monitoring device

*The patient’s PHLF is graded by the worst identified criteria in required treatment.
BUN, Blood urea nitrogen; ICP, intracranial pressure.

in predicting liver failure with sensitivity and specificity of 50% and 97%, respectively compared to
peak serum bilirubin >7 mg/dL alone (sensitivity
93% and specificity 94%). Recently, a peak serum
bilirubin of 7 mg/dL was validated to predict liver
failure in patients with a small future liver remnant
among 301 patients who underwent an extended
right hepatectomy.67
The difficulty of assessing liver function postoperatively together with the limited availability of
data regarding the kinetics of biochemical liver
function tests after hepatic resection may explain
why a standardized definition of PHLF has not yet
been established. In a recent analysis that included
patients who underwent a primary elective liver
resection with no extrahepatic resection and who
did not experience any complication postoperatively, the natural kinetics of biochemical liver
function tests after hepatic resection have been
described in a large cohort of patients.66 This analysis revealed that median serum bilirubin

concentration and INR return to levels within the
normal range on postoperative day 5, even in patients who underwent major liver resection. Based
on these data, we suggested that PHLF be defined
as a postoperatively acquired deterioration in the
ability of the liver to maintain its synthetic,
excretory, and detoxifying functions, which are
characterized by an increased INR together with
hyperbilirubinemia (according to the local laboratory) on or after postoperative day 5. It should be
noted that the current definition does not provide
general cut-off levels and does not use the patient’s
preoperative values to define increased INR and
hyperbilirubinemia. These are, rather, determined
using the normal range of INR and serum bilirubin concentration according to the local laboratory, and the current proposal is, therefore,
unlikely to be subject to confounding because of
various reference ranges at different laboratories.
Serum bilirubin concentration and INR (prothrombin time/index) are well-known measures of
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hepatic function68 and represent components of
established liver function scores, such as the CTP
(Child–Turcotte–Pugh) score and the model for
end-stage liver disease (MELD) score.69-72 Furthermore, the cut-off values for serum bilirubin concentration and INR (prothrombin time/index)
have been identified as predictors of mortality
from PHLF in previous studies.15,49 These parameters were used in most individual definitions of
PHLF as revealed by our literature search. Because
serum bilirubin concentration and INR are, moreover, used commonly in clinical practice, they may
allow the reliable and easy evaluation of hepatic
function after hepatectomy.
Compared with previous definitions of surgical
complications,73-76 the current proposal was based
on a large dataset of patients (ie, the actual course
of serum bilirubin concentrations and INR after
hepatic resection). A few reports have examined
the postoperative course of biochemical liver tests
after hepatectomy. Most of these studies, however,
do not allow clear conclusions on the changes of
these variables because they included patients
with preoperative biliary obstruction as well as patients who developed complications and received
clotting factors, respectively. Suc et al77 described
changes of biochemical and liver function tests after hepatic resection in a homogenous cohort of
33 patients who received no transfusion postoperatively and who had an uneventful postoperative
course with normal residual liver on histologic
analysis. These authors, however, did not report
liver function tests for postoperative day 5 or relate these to the extent of resection at various
time points during the postoperative period.77
Based on a more recent analysis of the normal
course of liver function tests after hepatic resection, we chose postoperative day 5 and beyond
to define PHLF.66 The biologic importance of
this time point is confirmed by the recently proposed ‘‘50–50’’ criteria.49 It should be noted that
the current definition is applicable regardless of
the extent of resection and patients’ underlying
liver disease. Although patients with extended resections and underlying liver abnormality are
more likely to fulfill the criteria of PHLF even in
cases of an uneventful postoperative course, this
finding should be considered to reflect a transient
insufficiency of the liver remnant to maintain
function.
There have been previous attempts to assess and
grade liver function after liver resection. The use
of scoring systems, such as the CTP score and
MELD score, to evaluate liver function after liver resection has been unclear. Preoperative use of the
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CTP score to predict postoperative prognosis after
hepatic resection is established,78 whereas its use
postoperatively may be confounded by biliary obstruction, administration of FFP and albumin, lymphatic fistula, biliary leakage, and the impact of
anesthesia. The MELD score is calculated by a formula including serum creatinine, serum bilirubin
concentration, and INR. It has, however, been designed for risk assessment of patients with cirrhosis
scheduled for transjugular intrahepatic portosystemic shunt and subsequently gained wide
acceptance to prioritize candidates for liver transplantation.71,72,79 The value of the MELD score is
that this score is a preoperative risk index for
patients scheduled for liver resection and is controversial,11,78 as is its use as a postoperative measure
of liver function,41 because the postoperative
changes in liver function tests were not considered. Recent studies aimed to standardize the definition of PHLF based on cut-off values for certain
liver function tests, such as total serum bilirubin
concentration and INR (prothrombin time index)
as predictors of liver failure and mortality after
hepatectomy.15,49,65 These criteria may not detect
all patients with PHLF and do not provide a grading of the severity of PHLF. They may still be useful
for clinical decision making because they possibly
enable the early identification of patients at high
risk, and their use is recommended in addition
to the proposed definition and grading of PHLF.
Their use as predictor of outcome, however, requires subsequent validation within independent
patient cohorts.
The current review of the hepatic surgery literature revealed that only few of the various definitions of PHLF provided a grading of severity. In
these cases, the authors stratified the severity of
PHLF using different cut-off values of serum
bilirubin concentration and/or INR (prothrombin time index). In most cases, these values were
chosen arbitrarily and do not necessarily reflect
the patient’s clinical condition. Indeed, the degree of PHLF may range from mild hepatic dysfunction to severe hepatic failure with clinical
signs of systemic inflammatory response syndrome, hemodynamic instability, and ultimately,
multiple organ failure. Similar to previous definitions of specific surgical complications and classifications of general operative complications, the
severity of PHLF is best determined by its impact
on patients’ clinical management. It is defined
less accurately by the degree of change in liver
function tests, though these parameters are useful
to diagnose this complication. Clearly, the proposed grading may be subject to variation
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according to differences in treatment preferences
and the lack of uniform guidelines for the treatment of PHLF and its associated sequelae.18 We
decided, however, to choose patient management
to grade severity; we are convinced that the severity of organ dysfunction correlates well with the extent and invasiveness of therapy. Furthermore, the
proposed grading of severity is easily applicable in
daily practice as well as for the purpose of retrospective analyses and, thus, is likely to gain rapid
acceptance among hepatobiliary surgeons. Using
the current proposal, the development of PHLF
was evaluated in a large cohort of patients who underwent liver resection.66 Subsequent studies providing prospective validation of this proposed
definition and grading of severity of PHLF are
required.
In summary, the current proposal offers a simple, reproducible and generally applicable definition and grading of severity of PHLF. We suggest
that this definition be used in future studies to
standardize the reporting of this complication and,
thus, enable more accurate comparisons between
different studies involving hepatic resection.
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