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Hepatic Steatosis Is a Risk Factor for Postoperative
Complications After Major Hepatectomy

A Matched Case-Control Study

Lucas McCormack, MD,* Henrik Petrowsky, MD,* Wolfram Jochum, MD,† Katarzyna Furrer, MD,*
and Pierre-Alain Clavien, MD, PhD, FACS, FRCS*

Objective: To assess the impact of microsteatosis (MiS) and mac-
rosteatosis (MaS) on major hepatectomy.
Summary Background Data: While steatosis of a liver graft is an
established risk factor in transplantation, its impact on major hepa-
tectomy remains unclear.
Methods: Fifty-eight steatotic patients who underwent major hep-
atectomy were matched 1:1 with patients with normal liver according
to age, gender, ASA score, diagnosis, extent of hepatectomy, and need
of hepaticojejunostomy. Steatosis was evaluated quantitatively and
qualitatively. Primary endpoints were mortality and complications.
Results: Pure MaS and MiS were present in only 10 and 3 patients,
respectively, while mixed steatosis was noted in 45 patients. Forty-
four patients had mild (10%–30%) and 14 moderate/severe (�30%)
steatosis. Steatotic patients had significantly higher serum transam-
inase and bilirubin levels, and lower prothrombin time. Blood loss
(P � 0.04) and transfusions (P � 0.03), and ICU stay (P � 0.001)
were increased in steatotic patients. Complications were higher in
steatotic patients when considered either overall (50% vs. 25%, P �
0.007) or major (27.5% vs. 6.9%, P � 0.001) complications.
Patients with pure MaS had increased mortality (MaS: 20% vs. MiS:
6.6% vs. mixed: 0%; P � 0.36) and major complications (MaS: 66%
vs. MiS: 50% vs. mixed: 24%; P � 0.59), but not significantly.
Preoperative cholestasis was a highly significant risk factor for
mortality in patients with hepatic steatosis.
Conclusion: Steatosis per se is a risk factor for postoperative
complications after major hepatectomy and should be considered in
the planning of surgery. Caution must be taken to perform major
hepatectomy in steatotic patients with preexisting cholestasis.

(Ann Surg 2007;245: 923–930)

High-volume centers have convincingly reported a dra-
matic decrease in perioperative mortality after liver re-

section over the past 2 decades.1,2 As a result, indications for
liver surgery and the extent of liver resection have loosened,
and currently major liver resections are routinely performed
despite underlying liver disorders. While extensive hepatic
resection (up to 70%) can be safely performed on healthy
livers,3 the risk of such resection in patients with underlying
hepatic disease remains unclear. Data correlating the extent
of resection and outcome are almost exclusively available in
patients with established cirrhosis,4–6 but are sparse in those
with other conditions such as steatosis. In a retrospective
study of a large series of hepatic resections covering a decade
(1991–2001), liver steatosis was found to be the most com-
mon underlying hepatic abnormality.1 Only a few studies
have focused on liver steatosis as a risk factor for postoper-
ative complications after liver resection.7,8

Whether the type of liver steatosis such as microsteato-
sis (MiS) and macrosteatosis (MaS) affects the postoperative
outcome in patients undergoing liver resection is unknown.
Experimental data suggest that both types of steatosis can
have deleterious effects on ischemic injury and regeneration,9

although in one study MaS caused worse injury.10 To address
this issue, we designed a case-matched study in noncirrhotic
patients to assess how hepatic MaS versus MiS may influence
postoperative outcome following liver resection.

MATERIALS AND METHODS

Study Design
All patients who underwent liver resection for malig-

nant or benign diseases in the University Hospital of Zurich
from May 2000 to May 2004 were included in a prospectively
collected database. Fifty-eight patients with steatosis in the
nontumoral liver specimen were identified and included in the
study based on the following inclusion criteria: liver resection
�3 segments, acceptable clotting profile (platelet count �100 �
109/L and prothrombin activity � 60%) and minimum of 6
months follow-up. Liver steatosis was defined as diffuse
accumulation of fat droplets affecting �10% of the hepato-
cytes. Exclusion criteria included underlying liver cirrhosis,
patients receiving additional ablation therapies (cryosurgery
or radiofrequency), preoperative planning of total vascular
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exclusion based on tumor location, laparoscopic resection,
and simultaneous major extrahepatic procedures (ie, simulta-
neous colorectal resection or pancreatoduodenectomy). A
control group of patients with nonsteatotic, noncirrhotic liver
parenchyma who meet the inclusion/exclusion criteria were
randomly selected from the large pool of patient available in
the database in a blinded fashion regarding intraoperative and
postoperative outcome. Patients were selected by a one-to-
one case-matched methodology, where each patient with
steatosis was matched with a patient displaying normal he-
patic parenchyma (control group) according to the following
matching criteria: age (classified according to decades of
ages), gender, ASA (American Society of Anesthesiologists)
score, diagnosis (benign or malignant), extent and type of
liver resection, and need of a bilioenteric reconstruction.

The extent and type of liver resection were defined
according to the Brisbane 2000 Terminology of Liver Anat-
omy & Resections.11,12 Major liver resection was defined as
resection of 3 or more liver segments (minimal criterion for
inclusion in this study). To properly match the extent and
type of liver resection, major liver resections were catego-
rized in 2 groups: less than hemi-hepatectomy and hemi-
hepatectomy or more.

Histologic Evaluation
Liver resection specimens were evaluated by a single

pathologist (W.J.) for the presence of steatosis using hema-
toxylin and eosin-stained sections. The degree of total steato-
sis was graded as mild (10%–30%), moderate (30%–60%), or
severe (�60%) based on the percentage of hepatocytes with
fat droplets.13 To investigate a possible impact of steatosis
type, steatotic liver tissue was further characterized for the
percentage of hepatocytes with macrovesicular (MaS) and
microvesicular (MiS) steatosis (Fig. 1). Pure steatosis was con-
sidered when only one type of steatosis was present. Mixed
steatosis was categorized as equivalent MaS/MiS, when the
difference between the degree of MaS and MiS was �10%.
Dominant MaS or dominant MiS was diagnosed when the
difference between the degree of MaS and MiS was �10%.
Liver fibrosis was quantified according to the METAVIR
score using Sirius red stained sections14: absent (F0), portal
fibrosis without septa (F1), portal fibrosis with rare septa
(F2), numerous septa (F3), and cirrhosis (F4). Furthermore,
histologic evaluation included the screening for the hallmarks
of steatohepatitis (steatosis, hepatocyte ballooning, lobar in-
flammation, Mallory’s hyaline). Histologic analysis was per-

formed without knowledge of the perioperative outcome in
patients.

Preoperative Patient Data
Demographic data included age, gender, ASA score,

body mass index (BMI), and diagnosis. Other relevant clin-
ical conditions, such as diabetes and obesity (defined as BMI
� 30 kg/m2), were also recorded. Preoperative chemotherapy
was defined as chemotherapy used for downstaging or neo-
adjuvant treatment of liver tumors. In patients with a future
remnant left liver of �25% of total liver volume, a right
portal vein embolization was indicated 4 to 6 weeks before
hepatectomy. The following biochemical blood variables
were assessed preoperatively: prothrombin time, total biliru-
bin, alanine aminotransferase (AST), aspartate aminotrans-
ferase (ALT), alkaline phosphatase (AP), albumin, and cre-
atinine. Cholestasis was defined as serum bilirubin levels
�35 �mol/L (�2 mg/dL).

Surgical Procedure
An abdominal approach with a bilateral subcostal inci-

sion was used in most of the patients, using a midline
extension only when was needed. Each patient underwent an
intraoperative ultrasound to define the localization of the
tumor in relation to major vascular and biliary structures.
Anatomic hemi-hepatectomy was performed in a standard-
ized manner with a selective devascularization of the resected
specimen as previously described.15 All resection were per-
formed under a low central venous pressure anesthesia (0–5
mm Hg). A stapler device was used for the transection of the
hepatic veins, only.

Continuous portal triad clamping (hepatic artery and
portal vein through a Pringle maneuver) was used depending
on the liver transection technique: systematically in associa-
tion with clamp crushing technique and selectively (ie, inflow
occlusion used only in the presence of significant bleeding
during liver parenchyma transection) when other transection
devices such as cavitron ultrasonic surgical aspirator (CUSA,
Tyco Healthcare, Mansfield, MA), Hydrojet (Hydro-Jet,
Erbe, Tubingen, Germany), and dissecting sealer (Tis-
sueLink, Dover, NH) were used according to a previous
study.16 Liver resections were performed under supervision
of one senior surgeon (P.-A.C.). Prophylactic postoperative
drainage was only used when a bilioenteric anastomosis was
performed.

FIGURE 1. Hematoxylin and eosin-
stained sections from the liver speci-
men of patients with mixed pattern of
liver steatosis with predominant mi-
crosteatosis (A) and macrosteatosis (B)
(original magnification �40).
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Postoperative Course
Patients undergoing major liver resection or having

intraoperative adverse events such as major bleeding or
cardiac arrhythmia were admitted to the Intensive Care Unit
(ICU). Fresh frozen plasma or benzodiazepines were not
administered after liver resection to monitor liver function.
Postoperative surveillance included clinical examinations
during hospitalization and daily laboratory tests during the
first week including prothrombin time, total bilirubin, AST,
ALT, AP and creatinine. After the first week, blood analysis
was done according to the clinical outcome. Abdominal
ultrasound or computed tomography was performed in cases
of suspicion of postoperative intra-abdominal fluid collection
and systematically after 3 months of the operation.

Outcome Measures
All patients were followed for a minimum of 6 months.

Primary end points were mortality and postoperative compli-
cations. Mortality was defined as death within 90 days after
surgery and complications were graded according to a ther-
apy-oriented severity system.17 Special emphasis was placed
on the occurrence of postoperative bile leaks, abdominal fluid
collections and postoperative liver failure defined according
to the 50-50 criteria at 5th postoperative day (POD).18 Bili-
oma was defined as a symptomatic biliary fluid collection
requiring external drainage.

Secondary end points were intraoperative variables
such as operative time, blood loss and transfusion require-
ment. The indications for blood transfusion were massive
hemorrhage (�1500 mL) during surgery or a hemoglobin
level �7 g/dL within 24 hours following surgery. In addition,
demographic data including BMI, change in biochemical
profiles, ICU, and hospital stay were analyzed. Change in
biochemical profiles was defined as the difference between
the postoperative peak and the preoperative value.

Statistical Analysis
Data are expressed as mean � SEM or median (range).

All variables were included into a univariate analysis using
the two-tailed Mann-Whitney and �2 test. Fisher exact test
was used where appropriate. Significant variables in the
univariate analysis were taken forward to a stepwise logistic
regression analysis (multivariate analysis) to identify inde-
pendent factors that were associated with postoperative mor-
bidity. To adjust variables for multiple comparisons, the
Bonferroni correction was used. Correlations were assessed
using Spearman test. P value less than 0.05 indicated statis-
tical significance. Statistically analysis was performed by
SPSS 11.5 for Windows computer software (SPSS Inc.,
Chicago, IL).

RESULTS

Were the Steatotic and Lean Groups
Comparable?

The preoperative performance status did not differ
between both groups in terms of demographics, preoperative
liver and kidney function as well as nutritional status. As
expected, BMI was significantly higher in patients with liver

steatosis compared with those with normal liver (24.2 kg/m2

vs. 26.7 kg/m2, P � 0.001). Although obesity was more
frequent in patients with liver steatosis (1.7% vs. 25.8%, P �
0.001), there was no strong correlation between the degree
(total amount, r2 � 0.09) and the quality (MiS, r2 � 0.17;
MaS, r2 � 0.43) of steatosis and BMI. In 8 patients (3 in
steatotic and 5 in lean group, P � 0.71), a right portal vein
embolization was used 4 to 6 weeks before hepatectomy to
increase the left remnant liver. Other clinical conditions such
as preoperative cholestasis, diabetes, as well as the presence
and type of previous chemotherapy were similar between the
2 groups (Table 1).

Was the Surgical Strategy Different in Patients
With Liver Steatosis?

The extent and type of liver resection were comparable
in the steatotic and control group as described under matching
criteria. Both groups were also comparable regarding opera-
tive time and use of a Pringle maneuver (67% vs. 50%,
respectively; P � 0.09) with similar hepatic ischemia times.
Therefore, the ischemic insult to the liver was similar in both
groups (Table 2).

What Underlying Type of Steatosis Was
Present in the Steatotic Livers?

Among the 58 patients with liver steatosis, 44 patients
had mild and 14 patients had marked steatosis (moderate in
10 and severe in 4 patients) (Table 3). Although the presence
(45% vs. 78%, P � 0.06) as well as the severity of fibrosis
based on the METAVIR score were higher in the group with
moderate/severe steatosis, this difference did not reach sta-
tistical significance.

TABLE 1. Demographic, Clinical, and Preoperative Data of
Patients With Normal and Steatotic Liver

Lean
(n � 58)

Steatosis
(n � 58) P

Demographic and clinical data

Age* 56.8 � 1.7 58.5 � 1.6 0.39

Gender (M/F)* 37/22 37/22 1

ASA score (I/II/III)* 4/40/14 4/40/14 1

Malignant/benign* 45/13 45/13 1

Body mass index (kg/m2) 24.2 � 0.3 26.7 � 0.7 0.001

Obesity (�30 kg/m2) 1 (1.7%) 15 (25.8%) 0.001

Diabetes 4 (6.8%) 7 (12%) 0.526

Cholestasis (�35 �mol/L) 5 (8.6%) 4 (6.8%) 1

Previous chemotherapy 21 (36%) 22 (38%) 1

Oxaliplatin and/or irinotecan† 8 8 1

Biochemical profile

Bilirubin (�mol/L) 17.7 � 3.4 20.95 � 5.7 0.53

Prothrombin time (%) 97.8 � 0.7 96.7 � 1.1 0.57

Creatinine (�mol/L) 82.6 � 1.8 84.2 � 2.6 0.51

Albumin (gr/L) 37.6 � 1.2 39.1 � 0.8 0.39

Continuous variables are expressed as mean � SEM.
*Matching criteria.
†Referred to previous chemotherapy.
ASA indicates American Society of Anesthesiologists.
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Pure MiS and MaS were present in only 3 and 10
patients, respectively, while a mixed pattern of steatosis
(combined MiS and MaS) was noted in the other 45 patients
(77%). Patients with mixed steatosis were also grouped in
those with dominant MiS (7 patients), equivalent MiS/MaS
(19 patients), and dominant MaS (19 patients) (Fig. 1).
Although some patients had portal inflammation suggesting
unspecific hepatitis, no patient had steatohepatitis. No asso-
ciation was detected between liver steatosis and diabetes,
obesity, and chemotherapy.

Did the Presence of Liver Steatosis Influence
Transfusion Requirement, Postoperative
Hepatocyte Injury, and Liver Function?

Mean intraoperative blood loss (581 mL vs. 395 mL,
P � 0.04) and red blood cells (RBC) units transfused (1.28
units vs. 0.33 units, P � 0.02) were statistically higher in
patients with steatotic livers compared with the control group
(Table 2) . Although there was a trend toward a higher
transfusion rate in the steatotic group, this difference failed to
reach statistical significance (27% vs. 12%, P � 0.06).

The degree of hepatic injury in patients with fatty liver
assessed by postoperative serial measurements of serum
AST, ALT, and AP was significantly increased compared
with the control group (Table 4). Additionally, postoperative

hepatocyte function assessed by prothrombin time and bili-
rubin was significantly impaired in patients with steatotic
livers undergoing liver resection. At the 5th POD, a pro-
thrombin time �50% (15% vs. 1.7%; P � 0.02) and a serum
bilirubin �50 �mol/L (48% vs. 18%; P � 0.002) were more
likely to occur in patients with a steatotic liver compared with
the control group. However, the combination of these 2
parameters, ie, 50-50 criteria for definition of postoperative
liver failure,18 did not reach statistical differences (8.6% in
steatotic and 1.7% in the lean group, P � 0.21).

How Did the Presence of Liver Steatosis
Impact on Postoperative Outcome?

Six patients died within 1 month following surgery: one
in the lean group (mortality, 1.7%) and 5 in the steatotic
group (mortality, 8.5%). While different, these figures did not
reach statistical significance (P � 0.21) (Table 5). The death
in the lean group occurred on the 16th POD due to multiorgan
failure (MOF) in an obese patient who underwent an ex-
tended liver resection. In the steatotic group, 1 patient devel-
oped a mesenteric infarction at the 5th POD, 3 others died
from sepsis and MOF (on 6th, 7th, and 11th POD), and the
fifth patient died due to cardiac failure and eventually MOF
on the 53rd POD. Patients with moderate/severe steatosis had
a higher mortality rate compared with the others (moderate/
severe, 14%; vs. mild, 6.8%; vs. lean, 1.7%), but without
reaching statistical significance (P � 0.13). Although the
mortality rate was higher in patients with pure MaS compared
with those with mixed steatosis and pure MiS (pure MaS,
20%; vs. pure MiS, 6.6%; vs. mixed, 0%), this difference was
also not significant (P � 0.36).

Complications were ranked according to our recently
reported classification system of surgical complications17

(Table 5). The overall complication rate was higher in the
group of steatotic livers compared with the lean group (50%
vs. 24%, P � 0.007). Although there were no significant
differences regarding minor complications between the 2
groups (5% in steatotic vs. 19% in control; P � 0.31), major
complications (ie, grades 3–5) were more frequent in patients
with a fatty liver (27% vs. 5%; P � 0.001). Although mean
hospital stay was comparable between both groups (15.1 days

TABLE 2. Comparative Analysis of Intraoperative Data in
Patients With Normal and Steatotic Liver

Lean
(n � 58)

Steatosis
(n � 58) P

Hemihepatectomy or more* 42 (73%) 42 (73%) 1

Hepaticojejunostomy* 12 (20%) 12 (20%) 1

Pringle need 29 (50%) 39 (67%) 0.09

Pringle time (min) 29 � 2 32 � 2 0.28

Operative time (min) 287 � 12 302 � 15 0.78

Intraoperative blood loss (mL) 394 � 41 581 � 71 0.044

Blood loss �1000 mL 4 (6.8%) 16 (27%) 0.006

RBC transfusion (units) 0.3 � 0.1 1.2 � 0.5 0.029

FFP transfusion (units) 0.2 � 0.1 0.6 � 0.3 0.11

Need of transfusion 7 (12%) 16 (27%) 0.06

Continuous variables are expressed as mean � SEM.
*Matching criteria.

TABLE 3. Pathologic Analysis of the Nontumoral Liver
Specimen in Patients With Mild (10%–30%) and Moderate/
Severe (�30%) Steatosis

10%–30%
Steatosis
(n � 44)

>30%
Steatosis
(n � 14) P

Total steatosis (%) �median (range)� 15 (10–30) 40 (35–90)

Macrosteatosis (%) �median (range)� 7.5 (0–15) 30 (0–70)

Microsteatosis (%) �median (range)� 5 (0–20) 20 (5–50)

Presence of fibrosis (%) 20 (34) 11 (78) 0.06

Metavir F1 or portal fibrosis (%) 9 (15) 6 (43) 0.18

Metavir F2-3 or bridging fibrosis (%) 11 (19) 5 (36) 0.39

TABLE 4. Comparative Analysis of Postoperative
Biochemical Profile* in Patients With Normal and Steatotic
Liver After Major Hepatectomy

Lean
(n � 58)

Steatosis
(n � 58) P

AST (UI/L) 412 � 63 534.9 � 70 0.012

ALT (UI/L) 410 � 57 516.9 � 58 0.041

Bilirubin (�mol/L) 28.8 � 5.2 52.7 � 10 0.032

AP (IU/L) 61.3 � 17.7 93.8 � 17 0.021

Prothrombin time (%) 19.7 � 2.1 28.1 � 2.4 0.018

Creatinine (�mol/L) 5.6 � 2.8 31.8 � 12.1 0.13

Continuous variables are expressed as mean � SEM.
*Delta values defined as difference between the postoperative peak and the

preoperative value.
AP indicates alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase.
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in steatotic group versus 12.5 days in control group; P �
0.31), patients with liver steatosis had a longer mean ICU stay
(3 vs. 1.5 days; P � 0.01). When steatosis was quantitatively
evaluated, patients with mild and moderate/severe steatosis
had equal incidence of overall complication (50% vs. 50%) as
well as major postoperative complications (29% vs. 21%;
P � 0.97). The qualitative analysis demonstrated that patients
with pure MaS had increased overall (pure MaS, 70%; vs.
pure MiS, 66%; vs. mixed, 44%; P � 0.28) and major
complication rates (pure MaS, 66%; vs. pure MiS, 50%; vs.
mixed, 24%), but these differences were not significant (P �
0.09). Among patients with mixed steatosis, the incidence of
overall complications was 42% for dominant MaS, 42% for
equivalent MaS/MiS, and 57% for those with dominant MiS
(P � 0.84). The incidence of major complications was
comparable among the 3 groups: 21% in patients with dom-
inant MaS, 26% in equivalent MaS/MiS, and 28% in those

with dominant MiS (P � 0.89). There was no significant
linear correlation between the degree and quality of mixed
steatosis as well as the severity of liver fibrosis with the
presence and severity of postoperative complications.

The overall incidence of postoperative abdominal com-
plications was not statistically different in patients with lean
and steatotic livers (8.6% vs. 18.9%; P � 0.1). Despite a
more frequent occurrence of bilioma and bile leak after liver
resection in steatotic patients (15.5% vs. 5.1%; P � 0.1), the
difference did no reach statistical significance. Other compli-
cations such as intra-abdominal abscess and postoperative
bleeding were equally distributed between the groups (data
not shown).

Is Liver Steatosis an Independent Risk Factor
of Morbidity and Mortality Following Major
Hepatectomy?

Statistical analysis was performed in all 116 patients to
identify independent prognostic factors that were associated
with postoperative morbidity and mortality. Many parameters
were evaluated, including demographics and clinical, opera-
tive, histologic, and preoperative and postoperative biochem-
ical variables (Tables 1–4). The multivariate analysis for
postoperative morbidity revealed that the association of a
hepaticojejunostomy, the requirement of RBC transfusions
and the presence of liver steatosis were independent risk
factors for postoperative complications (Table 6). Only the
presence of obesity and the need of RBC transfusion were
independent risk factors for mortality in these patients (Table 7).

Which Are the Risk Factors/Postoperative
Complications in Patients With Liver Steatosis?

Among the group of patients with liver steatosis (n �
58), additional histologic factors such as the degree and type
of liver steatosis and the severity of fibrosis were also
included in the univariate and multivariate analysis. The
multivariate analysis revealed that preoperative cholestasis
and the need for RBC transfusions were independent risk
factors for the development of postoperative complications
(Table 6), while preoperative cholestasis and intraopera-
tive blood loss were independent predictors of mortality
(Table 7).

TABLE 5. Postoperative Complications in Patients With
Normal and Steatotic Liver After Major Hepatectomy

Complications
Lean Livers

(n � 58)
Steatotic Livers

(n � 58) P

Overall complications 15 (25%) 29 (50%) 0.007

Grade 1

Wound infection 5 5

Bile leak* 1 0

Ascites 1 1

Atelectasis/pleural effusion 1 1

Cardiac arrhythmia 2 1

Fever 0 1

Paralytic ileus 0 1

Grade 2

Anemia with transfusion 0 1

Arterial hypertension 1 0

Pneumonia 0 1

Urine infection 0 1

Total minor complications
(grade 1 � 2)

11 (19%) 13 (22%) 0.81

Grade 3

Bilioma 2 5

Intra-abdominal bleeding 1 0

Empyema 0 1

Small bowel obstruction 0 1

Grade 4

Renal failure 0 3

Pulmonary embolism 0 1

Grade 5

Death 1 (1.7%) 5 (8.6%) 0.21

Total major complications
(grade 3 � 4 � 5)

4 (6.9%) 16 (27%) 0.001

Complications are expressed as number of patients. Complications were briefly
defined as follows17: grade 1, any deviation from the normal postoperative course
without the need of specific drugs treatment or intervention; grade 2, requiring specific
pharmacological treatment; grade 3, requiring surgical, endoscopic, or radiological
intervention; grade 4, life-threatening complications requiring ICU management; grade
5, death of a patient due to a complication.

*Transitory bile leak documented through the abdominal drain.
Bilioma indicates symptomatic biliary fluid collection requiring external drainage;

renal failure, patient requiring hemofiltration or dialysis.

TABLE 6. Significant Factors on Multivariate Analysis
Associated With Postoperative Complications

Univariate Multivariate
Risk Ratio
(95% CI)

In 116 patients undergoing
major liver resection:

Steatosis 0.007 0.013 3.38 (1.29–8.88)

Hepaticojejunostomy 0.006 0.003 6.64 (1.91–23.07)

Need of RBC transfusion 0.001 0.001 7.63 (2.24–26.05)

In 58 patients with steatotic
liver

Hepaticojejunostomy 0.005 0.046 9.45 (1.04–85.68)

Need of RBC transfusion 0.007 0.043 4.66 (1.05–20.61)

CI indicates confidence interval; RBC, red blood cells.
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DISCUSSION
As convincing clinical data correlating liver steatosis

with postoperative morbidity after major liver resection are
sparse, we designed a case-matched study in a noncirrhotic
population comparing patients with steatotic and lean livers.
We found that the presence of liver steatosis per se regardless
of the quantitative and qualitative types of steatosis is the
most significant preoperative risk factor for postoperative
complications after major hepatectomy. We propose that the
presence of steatosis rather than MiS or MaS alone should be
taken into account in the preoperative evaluation prior to
extended liver resections.

The study protocol was designed with careful attention
to minimize potential bias. To properly select a population
with a significant underlying liver steatosis, patients with
minimal steatosis, ie, �10%, and/or focal fatty changes were
excluded from the analysis. We also excluded patients with
underlying cirrhosis, simultaneous major extrahepatic proce-
dures, and liver ablation procedures to secure homogeneity of
the study population. The steatotic group was compared with
an identical number of control patients who were carefully
matched one to one for important factors in terms of demo-
graphic data, operative risk, extent of liver resection, and
need of hepaticojejunostomy. Furthermore, the analysis of the
data indicated not only an adequate matching but also com-
parable parameters of nutritional status, the use of previous
chemotherapy, kidney function, cholestasis, and liver func-
tion between both groups. Finally, an experienced patholo-
gist, who was blinded for the perioperative outcome and has
a large experience in the field of liver pathology (W.J.),
performed all histologic assessments.

However, such study design is inherently associated
with some limitations. First, due to the retrospective nature of
the study, we failed to provide accurate data regarding a
reliable history of alcohol consumption, which is a well-
known causal factor for the development of steatosis and
other liver dysfunction. Second, only hematoxylin and eosin-
stained liver tissue was available for the histologic evaluation
of steatosis. Although hematoxylin and eosin staining is the
most popular staining, which enables an adequate detection

of MaS, this technique could underestimate the presence of
MiS.19 Third, meaningful conclusions of severe steatosis are
limited due to the small number of such patients who under-
went major liver resection.

Although the negative impact of liver steatosis remains
unclear, there is currently a consensus that steatosis increases
the risk of postoperative complications following major liver
resection.20 Behrns et al reported in a series of 135 patients
undergoing hepatic resection that patients with �30% mixed
steatosis developed more complications but had a similar
mortality rate compared with patients with mild steatosis or
normal liver parenchyma.7 This retrospective series, how-
ever, did not address complications according to their sever-
ity, and the number of patients with moderate/severe steatosis
was very limited. Although the presence of steatosis was not
an independent risk factor for postoperative complications in
a large single center series of liver resections,1 another large
series from France disclosed that patients with mixed steato-
sis involving �30% of hepatocytes have increased postoper-
ative morbidity compared with those with lean livers (22%
vs. 8%).2 Perhaps the most relevant study comes from the
Memorial Sloan-Kettering group, who designed a case-match
study with postoperative outcome as primary endpoint in
patients with liver steatosis.8 Interestingly, the authors
showed that steatosis was a predictor of postoperative com-
plications, but mainly due to minor complications. Major
complications, eg, requiring major therapeutic intervention or
mortality, were not affected by the presence of steatosis.
Information regarding the presence of concomitant risk fac-
tors, such as nutritional parameters, kidney function, and
cholestasis, were not included. Furthermore, the histologic
analysis did not differentiate between MiS and MaS or other
histologic features such as steatohepatitis or fibrosis.

In agreement with others,1,2,7,8 we failed to demonstrate
that liver steatosis is an independent risk factor for postop-
erative mortality after liver resection. The overall mortality
rate of 5.1% is in the range of previous reports from large
centers reporting on major hepatectomies,1,2,21 and was re-
lated, in all but 1 case, to a combination of major liver
resection involving more than one hemiliver in the presence
of steatosis. Of note, our study population was composed of
patients requiring a hemi-hepatectomy or more in about three
fourths of the cases, with the use of a bilioenteric reconstruc-
tion in a fifth of them.

Postoperative complications were assessed according
to a novel therapy-oriented severity grading system17 and
liver failure was defined based on the proposed 50-50 criteria
at the 5th POD.18 In contrast to previous studies,7,8,22 not only
overall but also major postoperative complications (grades
3–5) were significantly affected by the presence of steatosis
regardless of the quantitative and qualitative features on
histology (Table 5). Interestingly, patients with pure MaS
appear to have the highest mortality and major complication
rates compared with those with mixed and pure MiS. Al-
though various animal models are currently available to study
fatty liver, none of them offers a pure model of MaS or MiS,
since they all contain both types of steatosis.10 Probably, the
development of novel animal models or future studies in

TABLE 7. Significant Factors on Multivariate Analysis
Associated With Postoperative Mortality

Univariate Multivariate
Risk Ratio
(95% CI)

116 patients undergoing
major liver resection

Obesity 0.003 0.046 8.81 (1.04–74.47)

Need of RBC
transfusion

0.014 0.044 8.99 (1.06–76.36)

58 patients with
steatotic liver

Preoperative
cholestasis

0.034 0.023 22.62 (1.54–331.74)

Intraoperative blood
loss

0.008 0.013 1.00 (1.00–1.01)

CI indicates confidence interval; RBC, red blood cells.
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human with a larger sample size may provide additional
insight regarding the impact of pure MaS on postoperative
outcome.

We and others found that not only steatosis but also
transfusion requirement and preexisting cholestasis were in-
dependent predictors of postoperative complications.1,2,23 In-
terestingly, these last 2 factors were also independent predic-
tors for postoperative complications in the steatotic group. In
addition, intraoperative blood loss and cholestasis were inde-
pendent predictors of mortality after major hepatectomy.
While the parenchyma of steatotic liver is softer and more
friable making transection with control of biliary and vascular
structures more difficult, we did not observe increased
blood loss or local complications such as bile leak, intra-
abdominal abscess, or bleeding. This finding may be at-
tributed to a wide experience of a HPB center using
modern surgical techniques.16

Hepatic resection with inflow occlusion is associated
with both tissue loss and ischemic injury, which are potential
factors responsible for postoperative liver failure in steatotic
patients. We have experimentally demonstrated that liver
regeneration is markedly impaired in the remnant fatty liver
after hepatectomy.24 Impaired microcirculation has been pro-
posed as another important factor contributing to a decreased
ischemic tolerance of the steatotic liver.9,20 Although exper-
imental studies indicate that livers with predominant MaS
have a higher vulnerability to ischemic injury than those with
MiS,10 this clinical study suggests that hepatic injury as well
as liver function were significantly impaired in patients with
mixed steatotic livers. The 2 biochemical parameters at the
5th POD defining liver failure (ie, serum bilirubin and pro-
thrombin time) were more likely to occur in steatotic pa-
tients,18 although postoperative liver failure with combined
50-50 criteria were similar in both groups of patients.

The epidemiology of obesity is associated with a sig-
nificant increase in obesity-related health problems.25 In con-
trast to previously published autopsy series,22 we failed to
demonstrated any linear correlation between BMI and the
quantity/quality of steatosis. However, the mean BMI as well
as the proportion of obese patients in the group with steatotic
livers were significantly higher compared with controls. In
contrast to a previous series of general surgery procedures in
obese patients,26 we found that obesity is an independent risk
factor for mortality after major hepatectomy. Therefore, pre-
operative liver biopsies may be useful in obese patients
considered for major liver resection. It has been suggested
that conservative management of obesity improves liver ste-
atosis.27,28 A recent study showed that a short-term combi-
nation therapy for diet, exercise, and drugs effectively re-
duced liver steatosis in potential living donor liver transplant
candidates.29 This might be an effective preoperative strategy
to reduce steatosis-associated complications after major liver
surgery.

While obesity is a well-known risk factor for steatosis,
the role of chemotherapy is not well defined.8,30,31 In patients
with preexisting liver steatosis, however, chemotherapy as-
sociated steatohepatitis (CASH) may develop after aggressive
neoadjuvant treatment using novel agents such as oxaliplatin

or irinotecan.32,33 A recent study in patients with colorectal
liver metastases demonstrated that the occurrence of CASH is
rare (8%) but, when present, it is associated with an increased
risk of mortality after liver surgery.34 Although we included
many patients with previous systemic chemotherapy, we
failed to show significant data since the type and duration of
chemotherapy regimens were quite heterogeneous in our
series. Probably because only a small number of steatotic
patients received oxaliplatin, irinotecan, or both before
liver resection, none of them developed steatohepatitis in
our series.

Most of the surgeons agree that preoperative biliary
drainage must be performed to avoid severe cholestasis at the
time of major hepatectomy (eg, serum bilirubin �100 �mol/
L or �6 mg/dL). However, cholestasis can be often reduced
before surgery but sometimes does not reach normal bilirubin
levels at time of hepatectomy despite a successful drainage.
We found that the presence of preoperative jaundice in
patients with steatosis is an independent risk factor for mor-
tality. Consequently, efforts should be made either to post-
pone surgery until normalization of bilirubin or to minimize
the extent of liver resection in those patients (eg, economic
hepatectomy combined with ablation therapies, two-stage
hepatectomy). Another useful strategy may be the increment
of the future remnant liver volume through preoperative
portal vein embolization, as successfully reported in patients
with liver fibrosis or cirrhosis.4,35 Future prospective trials
using preoperative and postoperative volumetric assessment
of remnant liver volume will define a safe volume after major
hepatectomy in patient with liver steatosis, particularly in
those with preexisting jaundice.

CONCLUSION
Liver steatosis, regardless of the presence of MiS or

MaS, is the most significant preoperative risk factor for
postoperative complications after major liver resection and
should be considered for the planning of surgery. Further
randomized trials should focus on the evaluation of novel
preoperative strategies, such as short-term intensive medical
treatment of hepatic steatosis and preoperative portal vein
embolization, to minimize risk in these patients. Concomitant
cholestasis in patients with underlying liver steatosis should
alert surgeons for the high risk of postoperative mortality.
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