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Background: The risk of major hepatic resection in patients with hepatic steatosis remains controversial.
A meta-analysis was performed to establish the best estimate of the impact of steatosis on patient outcome
following major hepatic surgery.
Methods: A systematic search was performed following Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) guidelines. Risk ratios (RRs) for complication and mortality rates were
calculated for patients with no, less than 30 per cent and at least 30 per cent steatosis, and a meta-analysis
was carried out.
Results: Of six observational studies identified, four including a total of 1000 patients were subjected
to meta-analysis; two others were tabulated separately. Compared with patients without steatosis,
those with less than 30 per cent and at least 30 per cent steatosis had a significantly increased risk of
postoperative complications, with a RR of 1·53 (95 per cent confidence interval (c.i.) 1·27 to 1·85) and
2·01 (1·66 to 2·44) respectively. Patients with at least 30 per cent steatosis had an increased risk of
postoperative death (RR 2·79, 95 per cent c.i. 1·19 to 6·51).
Conclusion: Patients with steatosis had an up to twofold increased risk of postoperative complications,
and those with excessive steatosis had an almost threefold increased risk of death.
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Introduction

Non-alcoholic fatty liver disease comprises a variety
of pathological states ranging from hepatic steatosis to
non-alcoholic steatohepatitis, cirrhosis and, ultimately,
liver failure1. Mostly unrecognized before 1980, it is
now estimated that up to 30 per cent of the Western
adult population has some degree of steatosis2. Today,
non-alcoholic fatty liver disease is the most com-
mon chronic liver disease in Western countries, and
its prevalence has mirrored the increasing epidemic
of obesity and the metabolic syndrome2,3. The preva-
lence in non-Western countries is also expected to
increase, mainly as a result of globalization of the West-
ern diet.

Hepatic surgery is the only curative treatment option
for patients with primary and secondary hepatobiliary
malignancies4–6, and liver resection is increasingly being
performed for living donor liver transplantation7. Advances
in surgical technique and improvements in preoperative

evaluation of liver function in selected patients have
resulted in a decline in the perioperative mortality rate
to as low as zero8,9. The risk of morbidity and mortality
associated with hepatic surgery, however, is closely related
to the volume and function of the remnant liver10. It is
estimated that about 20 per cent of patients undergoing
liver resection and up to 25 per cent of donors for liver
transplantation have some degree of steatosis11. Extensive
surgery can be performed safely on healthy livers, but the
risk of major hepatic resection in patients with steatosis
remains unclear12,13.

Although steatosis is an established risk factor for
primary non-function of hepatic allografts11,14,15, the
literature with respect to surgical outcome following a
major hepatectomy has not been reviewed systematically.
The aim of this systematic review was to assess the impact of
hepatic steatosis on complications and mortality following
major hepatic surgery for either hepatic neoplasms or living
liver donation.
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Methods

Literature search strategy

A systematic search of PubMed, Embase, Science Citation
Index, CINAHL and the Cochrane Library was performed
for articles published between January 1994 and May
2009 (cut-off date 1 May 2009) relevant to steatosis as
a risk factor in major hepatobiliary surgery for either
hepatic neoplasms or living liver donation. Before 1994,
the literature offered little to no clinical data on the
impact of steatosis on surgical outcome. The MeSH
headings ‘surgical procedures, operative’ and ‘fatty liver’
were used in PubMed. Keywords used in other databases
included ‘steatosis’ and ‘surgery’. Manual reference checks
of accepted papers in recent reviews and included
papers were performed to supplement the electronic
searches.

Literature screening

Studies were evaluated for inclusion by two independent
reviewers for relevance to the subject. Study selection
was accomplished through three levels of study screening
(Fig. 1). At level 1, studies were excluded for the
following reasons: reviews, letters, case reports, editorials
and comments; animal or in vitro studies; fewer than
ten patients in the study; and languages other than
English. At level 2, abstracts of all studies accepted
at level 1 were reviewed for relevance. The full text
was obtained for relevant papers and any citations
for which a decision could not be made from the
abstract. For level 3 screening, inclusion required
that studies described patients who underwent major
hepatobiliary surgery, defined as a resection of at least

Level 1 selection
Papers identified after initial search

n = 3837

Studies excluded n = 2016

Studies excluded n = 1797

Studies excluded n = 18

Level 2 selection
Abstracts screened for relevance

n = 1821

Level 3 selection
Full-text review for final inclusion

n = 24

Studies included in the analysis
Cohort studies n = 6

Case–control studies n = 0

Fig. 1 Flow diagram showing selection of articles

three liver segments, for either hepatic neoplasms or
living liver donation; measured steatosis by histology
and assessed the degree of steatosis independently;
described surgical outcomes (morbidity and/or mortality)
and stratified outcomes by degree of steatosis; and
described the outcomes of the donor, not the recipient,
in studies of living liver donation. These selection
criteria were assessed independently by the reviewers
and scored on a standardized form. Any discrepancies
in inclusion were resolved by discussion between the
reviewers.

Data extraction and critical appraisal

Data, including study design, study population, presence
or not of steatosis and grade if present, and outcomes,
were extracted in duplicate from each included article
using a standard form. Because differences in underly-
ing parenchymal disease and associated co-morbidities
might affect homogeneity, articles that described out-
comes for patients who underwent major hepatic resection
for either hepatic neoplasms or living liver donation
were tabulated separately to allow more accurate risk
assessment. Kin relationships, defined as multiple pub-
lications describing the same or overlapping series of
patients, were identified and the data included only
once to avoid double counting of patients. The level of
evidence of each article was scored using the Oxford
Centre for Evidence-based Medicine Level of Evidence
scale16 and the quality of articles was assessed accord-
ing to the Newcastle–Ottawa Scale for observational and
case–control studies, which scores selection, comparability
and outcome17.

Statistical analysis

Risk ratios (RRs) and 95 per cent confidence inter-
vals (c.i.) were calculated from raw data using
patients without steatosis as the reference group.
Where possible, outcome data resulting from mul-
tivariable analysis were extracted from the identified
manuscripts. For univariable analysis, statistical signifi-
cance between groups was assessed using Fisher’s exact
test.

A meta-analysis was performed with complications
and mortality as outcome measures using Review
Manager (RevMan) software (version 5.0.21; The Nordic
Cochrane Centre, Copenhagen, Denmark). Each study
was weighted by sample size. Studies were not weighed
for study quality (quality of allocation concealment).
The complications and mortality associated with the
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different degrees of steatosis (no steatosis versus less
than 30 per cent steatosis, and no steatosis versus at
least 30 per cent steatosis) were estimated as a pooled
RR with 95 per cent c.i. using the random-effects
model of DerSimonian and Laird18. Overall effects
were determined using the Z test. Two-sided P <

0·050 was considered statistically significant. Statistical
heterogeneity was explored by inspecting the forest
plot, and from χ2 and inconsistency (I2) statistics; an
I2 value of 50 per cent or more represented substantial
heterogeneity19.

Sensitivity analysis showed that the overall estimates
using the fixed-effects model were virtually identical,
indicating relatively little variation between included
studies. Other sensitivity analyses included removal of one
study at a time to determine whether the conclusion was
driven by any single study, cumulative meta-analysis to
determine sensitivity to publication date, and assessment
of the width of the confidence interval around a summary
effect size to determine the robustness of a quantitative
estimate. The meta-analysis was carried out in accordance
with the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) guidelines20.

Results

Quantity and quality of evidence

Among 3837 articles identified by the initial search, six fell
within the scope of the study (Fig. 1)13,21–25. Four articles

described outcomes for patients who underwent major
hepatic resection for hepatic neoplasms (Table 1)21–24,
whereas two described patients who underwent major
surgery for living liver donation (Table 2)13,25. All identified
studies followed an observational design, scored 7 or more
(of 9) on the Newcastle–Ottawa Scale and provided level
2b evidence on the Oxford Level of Evidence scale.

Complications

On univariable analysis, Gomez and colleagues23, Kooby
and co-workers22 and McCormack et al.24 found that
patients with any degree of steatosis had a significantly
increased risk of postoperative complications following
hepatic surgery (P < 0 · 00122,23 and P = 0·01224). Multi-
variable analysis revealed that, when adjusted for potential
confounders such as presence of co-morbidity, extent of
hepatic resection and amount of intraoperative blood loss,
any degree of steatosis remained associated with total post-
operative complications, with RRs ranging from 1·24 to
3·8422–24. In addition, Kooby and colleagues22 reported
that patients with any degree of steatosis were more likely
to suffer from infective, wound-related, hepatobiliary and
gastrointestinal postoperative complications. Gomez and
co-workers23 also noted that patients with any degree of
steatosis had an increased risk of infective complications.

In contrast, Behrns and colleagues21, Cho and co-
workers13 and Nagai et al.25 did not find a significant
association between overall complications and steatosis

Table 1 Characteristics, outcome measures and major findings of studies describing patients who underwent major hepatic surgery for
benign or malignant neoplasms

Reference Year Country Study type Steatosis n NOS Evidence Primary outcome Major findings

Behrns et al.21 1998 USA Retrospective No steatosis 72 7 2b Complications/death Patients with steatosis:
cohort Total steatosis 63 within 30 days or Complication rate↑

< 30% 56 before discharge Bilirubin leak↑
≥ 30% 7

Kooby et al.22 2003 USA Prospective No steatosis 160 9 2b Complications/death Patients with steatosis:
cohort Total steatosis 325 within 60 days or Complication rate↑

< 30% 223 before discharge Mortality not↑
≥ 30% 102

Gomez et al.23 2007 UK Prospective No steatosis 192 8 2b Complications/death Patients with steatosis:
cohort Total steatosis 194 before discharge; Complication rate↑

< 30% 122 blood loss; length of Mortality not↑
30–60% 60 ICU stay; liver failure Blood loss↑
> 60% 12 Length of ICU stay↑

McCormack et al.24 2007 USA Prospective No steatosis 58 9 2b Complications/death Patients with steatosis:
cohort Total steatosis 58 within 90 days; Complication rate↑
(matched) 10–30% 44 blood loss; length of Mortality not↑

> 30% 14 ICU stay Blood loss↑
Length of ICU stay↑

NOS, Newcastle–Ottawa Scale; ICU, intensive care unit; ↑, increased.
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Table 2 Characteristics, outcome measures and major findings of studies describing patients who underwent major hepatic surgery for
living related liver donation

Reference Year Country Study type Steatosis n NOS Evidence Primary outcome Major findings

Cho et al.13 2006 Korea Prospective No steatosis 36 7 2b Complications/death Patients with steatosis:
cohort Total steatosis 18 Complication rate not↑

5–30% 18 Mortality not↑
Early regeneration impaired
Long-term regeneration not

impaired
Nagai et al.25 2009 Japan Prospective No steatosis 31 8 2b Complications/death; Patients with steatosis:

cohort Total steatosis 10 liver regeneration; Complication rate↑
5–20% 10 liver function Long-term regeneration not

impaired
Hyperbilirubinaemia↑

NOS, Newcastle–Ottawa Scale; ↑, increased.

Reference

Complication rate

< 30% steatosis

8 of 56
106 of 223

Overall

Behrns et al.21

Kooby et al.22

Gomez et al.23

McCormack et al.24
43 of 85
22 of 44

179 of 408

Test for heterogeneity: χ2 = 2·21, 3 d.f., P = 0·53, I2 = 0%
Test for overall effect: Z = 4·51, P < 0·001

7 of 72
56 of 160
37 of 128
15 of 58

115 of 418

0·1

Favours <30% steatosis Favours no steatosis

0·2 0·5 1 2 5 10

No steatosis Risk ratio

3·81·47 (0·57, 3·81)
1·36 (1·06, 1·75)
1·75 (1·24, 2·47)
1·93 (1·14, 3·27)

1·53 (1·27, 1·85)

54·4
29·3
12·5

100·0

Weight (%)

Fig. 2 Forest plot of complication rates in patients with less than 30 per cent steatosis versus those with no steatosis. Risk ratio estimates,
shown with 95 per cent confidence intervals, were calculated using the random-effects model. The diamond represents the overall
treatment effect from the pooled studies spanning the 95 per cent confidence interval. No steatosis was defined as no hepatocytes
containing fat infiltration21 – 23 and less than 10 per cent of hepatocytes with fat droplets24

in patients who underwent hepatic resection. Behrns and
colleagues21 described patients who underwent hepatic
resection for hepatic neoplasms, whereas Cho and co-
workers13 and Nagai et al.25 described the outcome of
living liver donation. On univariable analysis, Behrns
and colleagues21 found that patients with steatosis were
more likely to develop hyperbilirubinaemia and increased
aspartate aminotransferase levels following hepatic surgery.
Logistic regression analysis by Nagai and co-workers25

corroborated this result by demonstrating that steatosis was
associated with the development of hyperbilirubinaemia
in living liver donors with mild steatosis (5–20 per cent)
following hepatectomy (odds ratio 7·94, 95 per cent c.i.
1·17 to 54·03; P = 0·034). In contrast, Cho et al.13

found that biliary leakage was the most common
major complication among living liver donors following
hepatectomy, although rates for patients with and without

steatosis were not significantly different (RR 1·27,
95 per cent c.i. 0·94 to 1·72; P = 0·100).

A meta-analysis was subsequently conducted to investi-
gate steatosis as a risk factor for complications following
major hepatic resection (at least three segments). Four stud-
ies were included in the meta-analysis21–24, all of which
examined patients who underwent hepatic resection for
primary or secondary malignancies. For studies that also
included patients having resection of fewer than three seg-
ments, only data for those who underwent resection of at
least three segments were included in the meta-analysis. A
total of 1000 patients was analysed, including 418 patients
with no steatosis, 408 with less than 30 per cent steatosis
and 174 with at least 30 per cent steatosis. Two studies13,25

were excluded to avoid introduction of heterogeneity
because the authors studied living liver donors who, by def-
inition, did not have underlying liver pathology. There was
no substantial heterogeneity when comparing complication
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rates in patients with either less than or at least 30 per cent
steatosis with patients without steatosis (I2 = 0 per cent).
The summary RR of patients with less than 30 per cent
steatosis compared with patients without steatosis was 1·53

(95 per cent c.i. 1·27 to 1·85; P < 0·001) (Fig. 2). The sum-
mary RR of patients with more severe steatosis (at least
30 per cent) compared with patients without steatosis was
2·01 (95 per cent c.i. 1·66 to 2·44; P < 0·001) (Fig. 3).

Reference

Complication rate

≥ 30% steatosis

2 of 7
63 of 102

Overall

Behrns et al.21

Kooby et al.22

Gomez et al.23

McCormack et al.24
36 of 51
7 of 14

108 of 174

Test for heterogeneity: χ2 = 2·66, 3 d.f., P = 0·45, I2 = 0%
Test for overall effect: Z = 7·12, P < 0·001

7 of 72
56 of 160
37 of 128
15 of 58

115 of 418

0·01

Favours ≥ 30% steatosis Favours no steatosis

0·1 1 10 100

No steatosis Risk ratio

2·02·94 (0·75, 11·52)
1·76 (1·36, 2·29)
2·44 (1·77, 3·38)
1·93 (0·98, 3·82)

2·01 (1·66, 2·44)

54·7
35·3
8·0

100·0

Weight (%)

Fig. 3 Forest plot of complication rates in patients with at least 30 per cent steatosis versus those with no steatosis. Risk ratio estimates,
shown with 95 per cent confidence intervals, were calculated using the random-effects model. The diamond represents the overall
treatment effect from the pooled studies spanning the 95 per cent confidence interval. No steatosis was defined as no hepatocytes
containing fat infiltration21 – 23 and less than 10 per cent of hepatocytes with fat droplets24

Reference

Mortality rate

< 30% steatosis

4 of 56
8 of 223

Overall

Behrns et al.21

Kooby et al.22

Gomez et al.23

McCormack et al.24
3 of 85
3 of 44

18 of 408

Test for heterogeneity: χ2 = 1·36, 3 d.f., P = 0·71, I2 = 0%
Test for overall effect: Z = 1·49, P = 0·14

2 of 72
5 of 160
2 of 128
1 of 58

10 of 418

0·01

Favours <30% steatosis Favours no steatosis

0·1 1 10 100

No steatosis Risk ratio

21·22·57 (0·49, 13·54)
1·15 (0·38, 3·44)

2·26 (0·39, 13·24)
3·95 (0·43, 36·74)

1·79 (0·83, 3·84)

48·4
18·7
11·8

100·0

Weight (%)

Fig. 4 Forest plot of mortality rates in patients with less than 30 per cent steatosis versus those with no steatosis. Risk ratio estimates,
shown with 95 per cent confidence intervals, were calculated using the random-effects model. The diamond represents the overall
treatment effect from the pooled studies spanning the 95 per cent confidence interval. No steatosis was defined as no hepatocytes
containing fat infiltration21 – 23 and less than 10 per cent of hepatocytes with fat droplets24

Reference

Mortality rate

≥ 30% steatosis

1 of 7
6 of 102

Overall

Behrns et al.21

Kooby et al.22

Gomez et al.23

McCormack et al.24
2 of 51
2 of 14

11 of 174

Test for heterogeneity: χ2 = 1·59, 3 d.f., P = 0·66, I2 = 0%
Test for overall effect: Z = 2·37, P = 0·02

2 of 72
5 of 160
2 of 128
1 of 58

10 of 418

0·01

Favours ≥ 30% steatosis Favours no steatosis

0·1 1 10 100

No steatosis Risk ratio

14·05·14 (0·53, 49·86)
1·88 (0·59, 6·01)

2·51 (0·36, 17·34)
8·29 (0·81, 85·03)

2·79 (1·19, 6·51)

53·5
19·3
13·3

100·0

Weight (%)

Fig. 5 Forest plot of mortality rates in patients with at least 30 per cent steatosis versus those with no steatosis. Risk ratio estimates,
shown with 95 per cent confidence intervals, were calculated using the random-effects model. The diamond represents the overall
treatment effect from the pooled studies spanning the 95 per cent confidence interval. No steatosis was defined as no hepatocytes
containing fat infiltration21 – 23 and less than 10 per cent of hepatocytes with fat droplets24
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Mortality as an outcome

None of the six studies in the systematic review found a sig-
nificant difference in mortality rates between patients with
or without any degree of steatosis on univariable analysis,
with RRs ranging from 1·00 to 1·0813,21–25.

The meta-analysis of steatosis as a risk factor for mor-
tality following major hepatic resection (at least three
segments) was limited to four studies21–24. There was no
substantial heterogeneity when comparing mortality rates
in patients with either less than or at least 30 per cent
steatosis with rates in patients without steatosis (I2 = 0
per cent). The summary RR for mortality in patients
with less than 30 per cent steatosis compared with that
in patients without steatosis was increased, but not sig-
nificantly, to 1·79 (95 per cent c.i. 0·83 to 3·84; P = 0·14)
(Fig. 4). The summary RR, however, increased significantly
when patients with more severe steatosis (30 per cent or
more) were compared with those without steatosis (RR
2·79, 95 per cent c.i. 1·19 to 6·51; P = 0·02) (Fig. 5).

Discussion

Obesity, diabetes mellitus, the metabolic syndrome
and associated non-alcoholic fatty liver disease are
reaching epidemic proportions throughout the world,
but the full impact of hepatic steatosis on postoperative
outcome is only beginning to be understood. Although
the scientific evidence is relatively scarce, steatosis is
commonly considered as a significant risk factor in
hepatic surgery1,12,26,27. The results of the present
systematic review and meta-analysis revealed a significant
association between degree of steatosis and increased risk
of postoperative complications and mortality.

In the systematic review, four publications reporting
on patients undergoing hepatic resection for benign
or malignant neoplastic disease and two reporting
outcome of living liver donors following resection
were identified13,21–25. Because differences in underlying
parenchymal disease and associated co-morbidities could
possibly affect homogeneity, studies of living liver donors
were excluded from the meta-analysis. Interestingly, Cho
and colleagues13 demonstrated that living liver donors
with less than 30 per cent steatosis did not have increased
postoperative complication and mortality rates; more
importantly, long-term regeneration was not impaired.
Nagai and co-workers25 also demonstrated that liver
regeneration was not impaired; however, mild steatosis
(5–20 per cent) was associated with hyperbilirubinaemia.

As the severity of steatosis and extent of resection
appeared to be important predictors of postoperative
complications in patients undergoing hepatic resection

for benign or malignant neoplastic disease21–24, data for
those who had a resection of at least three segments
were extracted for meta-analysis. It was demonstrated
that the risk of developing postoperative complications
and of death increased in parallel with the severity
of steatosis. Several potential limitations of this study,
however, warrant discussion.

This meta-analysis was limited by the availability
of observational studies only, which are more prone
to confounding factors and bias28. Therefore, explicit
inclusion and exclusion criteria were applied and study
quality was analysed strictly, focusing on extracting the
best available. In the systematic review process, many
papers were excluded because of limitations in study
design, most commonly because of poor definition of
complications or degree of steatosis. As a result of these
rigorous selection criteria, the review was limited to a
disappointing number of six studies with level 2b evidence.
However, all studies scored at least 7 of 9 points on the
Newcastle–Ottawa Scale, indicating good quality17. This
resulted in not incorporating study quality as a weighting
factor in the meta-analysis; furthermore, such weighting
by study quality remains controversial29.

Although only papers assessing degree of steatosis
according to the current ‘gold standard’ were included,
recent evidence suggests that the histological evaluation
of steatosis, even when performed on large wedge
biopsies and assessed by expert pathologists, may be
unreliable30. This inconsistent assessment of hepatic
steatosis may be worrisome; however, until alternatives
such as computerized analysis are validated to assess
degree of steatosis, liver biopsy and subsequent histological
evaluation remain the standard.

All postoperative complications were included in the
analysis and no attempt was made to classify outcomes
according to validated complication classification systems,
such as the Clavien–Dindo classification or the Accordion
severity grading system31,32. There was a lack of uniformity
in presentation and definition of complications among
the studies. Furthermore, the appropriate format of a
scoring system to classify surgical complications is still
under debate33.

Selective use of Pringle’s manoeuvre (inflow clamping
of the porta hepatis)34 may predispose the remnant liver to
an additional ischaemic insult that by itself may be a factor
for complications26. It has been proposed that steatotic
liver may be more vulnerable to temporary interruption of
blood flow26,27; however, a recent Cochrane meta-analysis
concluded that vascular occlusion did not significantly
affect morbidity and mortality following major hepatic
resection35. Behrns and colleagues21 reported that the
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inflow occlusion time was shorter in patients with at
least 30 per cent steatosis, whereas it was comparable
between groups in two other reports22,24. The use of
inflow occlusion was not related to postoperative outcome
in these three papers. The use of vascular occlusion was not
mentioned specifically in the other three reports13,23,25.

Co-morbidities, such as diabetes mellitus, may have
confounded the results, as this risk factor is independently
related to poor surgical outcome36. Studies examining
the impact of obesity on surgical outcomes have yielded
conflicting results, although the two largest studies
concluded that obesity is not a risk factor for death
or complications in patients undergoing elective general
surgery37,38. Two studies23,24 demonstrated significant
correlations between the presence of steatosis and diabetes
and obesity, whereas the presence of steatosis was related
only to obesity in three reports13,21,22. Multivariable
analysis in two of the studies22,24, however, did not show
an association between body mass index and presence of
diabetes and surgery-related morbidity and mortality.

Preoperative chemotherapy is linked to the development
of hepatic steatosis, and translates into increased post-
operative infection rates39,40. Of the four studies in which
patients were treated for hepatic malignancies, only Kooby
and colleagues22 reported that patients with steatosis were
more likely to have received preoperative chemotherapy.
As the other studies did not find a significant association
between preoperative chemotherapy and presence of
steatosis, the effects of preoperative chemotherapy as a
potential confounder may be negligible, but cannot be
ruled out.

Substantial heterogeneity between studies may preclude
a pooled comparison. The preformulated hypothesis and
comprehensive search of multiple biomedical databases
minimized the presence of publication bias41. In addition,
a clinically meaningful patient group was selected and
the degrees of steatosis were clearly defined. In exploring
heterogeneity using funnel plots and χ2 and inconsistency
(I2) statistics, significant heterogeneity was not observed.

This is the first systematic review and meta-analysis to
investigate steatosis as a risk factor in hepatic resection. In
a previous narrative review, data were summarized from
experimental and clinical studies regarding steatosis as
a risk factor in liver surgery12. The authors concluded
that steatosis was a major determinant of patient outcome
after hepatic surgery. However, only two of the five
clinical studies included in the previous review remained
after applying rigorous selection criteria in the present
analysis21,22. The other three papers were excluded because
of poor definition of steatosis and because the papers used
overlapping patient populations (kin relationships). In the

present paper, four other articles that have been published
since publication of the earlier review were identified
and included. Another narrative review summarized the
literature regarding liver surgery in the presence of
cirrhosis and steatosis, but no attempt was made to establish
an effect estimate of steatosis as a risk factor following
hepatic surgery27.

Given the increased risk of complications and death
in patients who underwent a major hepatic resection
in parallel to the severity of steatosis, and with the
rising prevalence of steatosis in patients undergoing liver
resection, surgeons should be aware of the potential risks,
inform their patients and, if feasible, intervene before
surgery.
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Commentary

Systematic review and meta-analysis of steatosis as a risk factor in major
hepatic resection (Br J Surg 2010: 97: 1331–1339)

A public health crisis is now present in North America and Western Europe, where up to 40 per cent of the population is
obese, diabetes mellitus is increasing and a variety of chemotherapeutic regimens used in the treatment of colorectal cancer
have resulted in an alarming increase in the rates of non-alcoholic fatty liver disease (NAFLD). The presence of NAFLD
and hepatic steatosis in the livers of patients requiring resection as part of a treatment plan for benign and malignant liver
disease can significantly complicate their postoperative course, may limit the extent of resection and, finally, make them
ineligible for further cycles of chemotherapy.

In this systematic review and meta-analysis the authors address an increasingly common issue in the planning of liver
resection in this patient population. This paper attempts to answer two very important questions that must be addressed
when the hepatobiliary surgeon is discussing the risks and benefits of liver surgery with the patient. What is the risk of
morbidity and mortality in patients undergoing hepatic resection who have steatotic livers?

A comprehensive review of all the literature was carried out with screening at three levels by two of the authors. Starting
with 3837 articles, the final analysis was carried out on six observational studies: two papers from the living related liver
donation literature and four studies in which a major liver resection (defined as three or more segments) was carried
out. All had steatosis defined by histology rather than through imaging, and patients were divided into three groups:
no steatosis, less than 30 per cent steatosis and at least 30 per cent steatosis. The authors found a significantly increased
risk of postoperative complications in those with any degree of steatosis, and that this risk increased with the degree of
steatosis. The postoperative mortality risk increased significantly in patients with at least 30 per cent steatosis.

As the analysis of morbidity and mortality in this patient set is not amenable to the ‘gold standard’ of a multicentre
randomized controlled study, observational studies with their inherent limitations are all that we may hope to use to
answer these questions. The authors address all the limitations in their data set, and their conclusion should be considered
valid. This paper will allow hepatobiliary surgeons to have a truly informed discussion with their patients about the risks
of major hepatic surgery in those with steatotic livers.
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