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a b s t r a c t

Summary background data: Hepatic sinusoidal dilatation (SD) is a histopathological entity that occurs in
up to 75% of patients undergoing oxaliplatin-based chemotherapy for colorectal liver metastases (CRLM).
Objective: To study the influence of SD on outcome after partial hepatectomy in patients with CRLM.
Methods: Medline, Embase, CENTRAL, LILACS and CINAHL were searched for studies published between
01.01.2004 and 09.06.2015 with keywords: “sinusoidal obstruction syndrome”, “hepatic veno-occlusive
disease”, and “Stuart-Bras syndrome”. Studies comprising adults who underwent partial hepatectomy
for CRLM with grading of SD and registration of postoperative morbidity and/or mortality were included.
Risk of bias and quality of studies were evaluated with the Quality In Prognosis Studies Instrument
(QUIPS) and modified GRADE framework.
Results: Search strategies produced 2007 hits from which 23 and 13 articles were extracted for quali-
tative and quantitative analyses, respectively. Meta-analysis on the influence of SD grade 2e3 vs. SD
grade 0e1 on postoperative overall morbidity showed an odds ratio (OR) of 1.26 [95% CI 0.74,
2.15](p ¼ 0.40), an OR of 1.03 [0.15, 6.89](p ¼ 0.98) for liver failure, an OR of 1.21 [0.23, 6.35](p ¼ 0.82) for
overall mortality, and an OR of 3.52 [0.31, 39.91](p ¼ 0.31) for liver-related morbidity. QUIPS showed a
low to high risk of bias for studies, and GRADE showed very low quality of evidence per outcome.
Conclusions: No significant effect of SD grade 2e3 on short-term outcome after partial hepatectomy was
found. However, the data onwhich this conclusionwas based were not very robust and therefore no solid
conclusions could be drawn.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Sinusoidal dilatation (SD) is a common manifestation of hepa-
totoxicity that occurs in patients with colorectal liver metastases
(CRLM) after administration of oxaliplatin-based chemotherapy
[1e3]. Regimens based on the platinum containing agent oxali-
platin are used extensively as neo-adjuvant therapy to downsize
initially irresectable CRLM, with convincing response rates and
survival outcomes [4e6]. However, liver injury is demonstrated in
over 75% of patients [1,3].

SD is part of a broad range of liver injuries due to specific drugs,
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in conjunction with sinusoidal obstruction syndrome (SOS). SOS is
macroscopically identified as ‘blue liver’ and microscopically
characterized by injury of the sinusoidal endothelial cells (SECs),
parenchymal lesions (e.g. SD and peliosis), venular lesions, and
fibrosis. Various pathogenic factors have been described to
contribute to these histopathological changes [7]. Key features of
oxaliplatin-induced toxicity are its reaction with reduced gluta-
thione and F-actin depolymerization, which results in rounding up
and subsequent dehiscence of SECs and obstruction of sinusoidal
blood flow leading to SD and erythrocyte extravasation [1,8e12].
Activation of hepatic stellate cells (HSC) results in neodisposition of
collagen bundles in the perisinusoidal space which, in combination
with subendothelial fibroblast activation in the terminal hepatic
vein, leads to fibrotic venular occlusion. In the last stage of SOS,
dense perivenular fibrosis is observed and hepatic vein lumina can
no longer be identified [13].

The grading system of Rubbia-Brandt et al. classifies all histo-
logical features of SOS including SD, and is routinely used for
stipulating severity [1,2]. In most studies, SD functions as the
standard for liver damage. Reversibility of sinusoidal injury is dis-
cussed widely, and although human and animal models show
ceasing of pathological features at repeated hepatic resection [2,14],
other studies show persistence or progression of lesions even after
cessation of chemotherapy [15].

Clinical importance of SD is reflected in the development of
hepatomegaly, ascites, splenomegaly, thrombocytopenia, portal
hypertension, and systemic elevation of liver enzymes [16e19].
With regard to liver surgery, a diminished preoperative functional
reserve, (transient) postoperative liver failure, higher morbidity
rates and longer hospital stay, as well as impairment of post-
operative liver regeneration have been reported [20,21]. Numerous
studies have shown a negative influence of SD on postoperative
outcome [20,22,23], yet others could not reproduce this [24e29].
This systematic review with meta-analysis aimed to determine the
influence of SD on short-term outcome after partial hepatectomy in
patients with CRLM.
2. Methods

2.1. Criteria for considering studies for this review

An extensive study protocol can be found in Appendix 1
(Supplementary data). This review was conducted and reported
in compliance with the PRISMA and MOOSE guidelines, and fol-
lowed the Cochrane protocol for prognostic factor reviews [30e32].
Studies were considered eligible for inclusion in this review when
they met the following criteria: (I) studies comprising adults (�18
years old) with CRLM, (II) who underwent minor or major partial
hepatectomy, (III) with postoperative histological grading of SD in
liver tissue distant from the tumour according to the scoring system
of Rubbia-Brandt, (IV) and with registration of overall morbidity,
liver-related morbidity, liver failure, or overall mortality (�90 days
or in-hospital) after liver resection. Case reports, comments/edi-
torials, published abstracts, and reviews were rejected, in addition
to records not covering the subject or including non-adults (<18
years old). Cohort studies including patients who underwent liver
surgery for malignancies other than CRLMwere included albeit that
this group comprised less than 30% of the total study population.
No distinctionwasmade between first and repeated resections, and
studies with patients who underwent preoperative portal vein
embolization (PVE) were allowed for inclusion since an effect of
PVE on outcome in patients with SD was observed in a single study
only [33].
2.2. Search methods for identification of studies

Search strategies in international databases Medline, Embase,
Cochrane Central Register of Controlled Trials (CENTRAL), Latin
American and Caribbean Health Sciences Literature (LILACS) and
Cumulative Index to Nursing and Allied Health Literature (CINAHL)
were performed between 01.01.2004 and 09.06.2015 using the
following keywords (adjusted to the relevant database and
including synonyms): “sinusoidal obstruction syndrome”, “hepatic
veno-occlusive disease”, and “Stuart-Bras syndrome”. Publication
date of the search strategy was set from January 2004 onwards
because the widely used criterion for scoring SD from Rubbia-
Brandt et al. was developed in this year [1]. The Embase strategy
was independently peer reviewed by a second information
specialist using the Canadian Agency for Drugs and Technologies in
Health (CADTH) checklist [34]. No language restrictions or other
limitations were applied. Details of the search strategy can be found
in Appendix 2.

2.3. Data collection and analysis

Records were downloaded in EndNote® X7 and duplicates were
automatically and manually removed. All abstracts were screened
by two independent reviewers (KvM, JZ), and in the rare case of no
consensus the abstract was considered for full-text scanning. One
of the reviewers (KvM) screened citations of all full-text articles for
additional records on the base of title or abstract. Previous research
from the authors on this topic resulted in an extensive own library
which was also checked for references. Records considered for full-
text assessment were screened independently by two reviewers
(KvM, JZ). Full-text articles were screened for inclusion in qualita-
tive analysis and/or quantitative analysis. Articles without post-
operative mortality in the study population were described
qualitatively due to lack of contribution to quantitative analysis.

2.4. Data extraction and definitions

Data extractionwas performed independently by two reviewers
(KvM, JZ) using a data extraction form in Excel specifically created
for this study. Any dissimilarity in datawas discussed and solved by
consensus. Inter-observer agreement was calculated with Cohen’s
kappa coefficient. All information on study design and character-
istics, main outcomes and possible overlap in cohort data was
recorded. SD was defined according to the grading system of
Rubbia-Brandt et al. [2]. In short; SD 0: absence of signs of SD; 1:
mild SD (centrilobular involvement limited to one-third of the
lobular area); 2: moderate SD (centrilobular involvement extending
in two-thirds of the lobular area) and 3: severe SD (complete
lobular involvement or centrilobular involvement extending to
adjacent lobules with bridging congestion). In all analyses, ‘SD’was
defined as the presence of grade 2 or 3 SD whilst ‘no SD’ was
defined as grade 0 or 1.We considered SD grade 2e3 clinically more
relevant than grade 0e1, since rupture of sinusoidal wall integrity is
present in grade 2 and higher. Major liver resections were defined
as resection of �3 Couinaud segments. All outcomes were
measured between 30 and 90 days after partial hepatectomy or
during initial hospital admission (‘in-hospital’). Primary outcomes
were overall morbidity, liver failure, and overall mortality after liver
resection. Secondary outcome was liver-related morbidity after
partial hepatectomy. Overall morbidity was defined as any
complication (i.e. surgical and medical, excluding death) after liver
resection, irrespective of severity [35]. Mortality was defined as
death due to any cause after liver resection. Since consensus on the
definition of liver failure is lacking [36e38], definitions were
specified in the Results Section. Liver-related morbidity was
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defined as any liver-related complication (e.g. bile leakage, liver
abscess, liver failure) occurring after partial hepatectomy, regard-
less of severity [39].

2.5. Quality assessment

Risk of bias of individual studies was determined using the
Quality In Prognosis Studies (QUIPS) Risk of Bias Assessment In-
strument for Prognostic Factor Studies [40,41]. The QUIPS instru-
ment is a checklist composed of the domains study participation,
study attrition, prognostic factor measurement, outcome mea-
surement, study confounding, and statistical analysis and report-
ing, and produces an estimation of the risk of bias with help of a
rating (high, moderate or low risk) per domain. The following
definitions were chosen by the authors for rating the overall risk of
bias: ‘overall low risk of bias’ was �2 domains rated as moderate
risk and the remaining domains as low, ‘overall moderate risk of
bias’ was �3 domains rated as moderate risk and the remaining
domains as low, ‘overall high risk of bias’ was �1 domain rated as
high risk, independent of the rating of the remaining domains. The
quality of evidence per primary or secondary outcome was evalu-
ated using the modified Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework for prognosis
studies [30,42], which is composed of eight scoring fields and aims
to give an objective scoring of quality of evidence per outcome
specific for the hypothesis of the user. Its fixed scoring parameters
and rationale for downgrading described in the Summary of Find-
ings Table makes GRADE the most transparent and reproducible
method currently available. The starting score is based on the study
design and quality can be downgraded (and in specific cases
upgraded) per field. Quality of evidence is defined as (I) high
quality: the true effect lies close to the estimate of the effect, (II)
moderate quality: the true effect is likely to be close to the estimate
of the effect, but there is a possibility that it is substantially
different, (III) low quality: the true effect may be substantially
different from the estimate of the effect or (IV) very low quality: the
true effect is likely to be substantially different from the estimate of
effect [30].

2.6. Data handling and statistical methods

Meta-analyses of two or more studies per outcome were per-
formed in Review Manager 5.3 and depicted in forest plots. The
principal effect measures consisted of a pooled odds ratio (OR) with
95% confidence intervals (95% CI) calculated by the Mantel-
Haenszel test for dichotomous outcomes, which was chosen
because of low event rates and small sample sizes. A p-value <0.05
was considered significant. A random effects model was chosen
instead of fixed effects because the true effect size was expected to
vary between different studies. Statistical heterogeneity was eval-
uated with the Х2 test, I2, and comparison of point estimates be-
tween studies and overlap of 95% confidence intervals. Clinical
heterogeneity was investigated by comparing different patient
populations (SD 2e3 vs. SD 0e1; SD 1e3 vs. SD 0) and different
extents of liver resection (all resections vs. major resections only).
In case of significant heterogeneity, defined as an I2 � 65% and a Х2

test p-value of <0.10 (considered significant due to a potentially low
number of included studies in meta-analyses), the OR and 95% CI
were omitted from the forest plot.

3. Results

3.1. Search results

The conducted search resulted in a total of 2777 hits. Fig. 1
shows the selection process of included studies in detail. After
duplicate removal, 2007 hits remained. A total of 50 full-text arti-
cles were assessed for eligibility. Four more records were selected
for full-text article scanning during reference checking, and
another four potentially relevant records were selected from the
own library. After application of the predefined inclusion and
exclusion criteria on the total of 58 full-text articles by the two
reviewers (KvM, JZ), 23 articles were included in qualitative syn-
thesis. Inter-observer agreement kappa was 0.81 and dissimilarity
was solved by discussion. Of the included studies for qualitative
analysis, 13 studies contained data for quantitative analysis. Study
and patient characteristics, main outcomes andmain conclusions of
the studies are summarized in Table 1.

3.2. Included studies

A total of eight studies could be included in quantitative analysis
to estimate the effect of SD grade 2e3 vs. SD grade 0e1 on post-
operative outcomes after partial hepatectomy. All studies but two
were retrospective cohort studies which enrolled at least 50 pa-
tients [22,56]. Each study was published in an international, peer-
reviewed journal between 2006 and 2013. Postoperative
morbidity could be evaluated in two studies comprising a total of
248 patients [26,44], and in two studies encompassing a total of 319
patients, postoperative liver failure was studied [47,56]. Three
studies investigated postoperative mortality in a total of 702 pa-
tients [21,55,56], and postoperative liver-related morbidity was
evaluated in two studies with a total of 147 patients [22,26]. For
each of above outcomes, a single study addressed the effect of SD in
patients undergoing major liver resection [26,53].

3.3. Patient characteristics

All cohort studies included patients who underwent minor or
major hepatectomy and of whom liver quality was assessed post-
operatively according to the grading system of Rubbia-Brandt [1]. In
total 63% of patients who underwent surgery were male, and me-
dian agewas 61 years [range: 18 to 89]. CRLMwas the indication for
liver surgery in all patients.

3.4. Primary outcomes

3.4.1. Postoperative morbidity
A meta-analysis on the influence of SD grade 2e3 vs. SD grade

0e1 on postoperative morbidity was conducted and depicted in
Fig. 2A. The overall effect of SD vs. no SD on postoperativemorbidity
showed a p-value of 0.40 with an OR of 1.26 [95% CI 0.74e2.15].
Tests evaluating consistency of results showed an I2 of 0% and a Х2

test p-value of 0.74. Although the use of random effects was
deliberately chosen, testing with fixed effects did not have influ-
ence on the results (OR 1.26 [95% CI 0.73e2.15], p ¼ 0.40). SD was
no risk factor for morbidity in studies where original data was not
provided for quantitative analysis [21,24,50,55].

In patients undergoing major hepatectomy (n ¼ 59, hemi-
hepatectomy or extended hemihepatectomy), 17 out of 29 patients
(59%) with SD developedmorbidity vs.19 out of 30 patients (63%) in
patients without SD (not depicted in forest plot) [26].

3.4.2. Postoperative liver failure
The effect of SD on postoperative liver failure (PLF) could be

tested in two studies (Fig. 2B). In the study of Kishi et al., liver
failure was defined as peak total bilirubin value > 120 mmol/L in the
postoperative course [47], while Vigano et al. applied serum bili-
rubin >50 mmol/L and/or prothrombin time <50% on or after
postoperative day (POD) 5 [56]. An OR of 1.03 [95% CI 0.15e6.89]



Fig. 1. Selection process of included studies. This flowchart shows the exact steps that were taken from the search strategy until final inclusion of articles in qualitative and
quantitative analysis, respectively. SD; sinusoidal dilatation, CINAHL; Cumulative Index to Nursing and Allied Health Literature, CENTRAL; Cochrane Central Register of Controlled
Trials, LILACS; Latin American and Caribbean Health Sciences Literature, CRLM; colorectal liver metastases.
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was found with a p-value of 0.98 for SD. Significant heterogeneity
between studies was reflected in an I2 of 65% and p-value of Х2 test
of 0.09, and overlap in 95% CI was barely present. Totals were
subsequently omitted from the forest plot. One qualitative study
showed no PLF in both the patients with or without SD [23].

The study of Soubrane et al. was the only study that looked at
postoperative liver failure in major resections only, and defined
liver failure as a serum bilirubin >50 mmol/L and prothrombin time
<50% on POD5 [53]. Liver failure occurred in eight of 38 patients
with SD vs. zero in 13 patients without SD (not depicted in forest
plot).

3.4.3. Postoperative mortality
Three studies were available for examining the influence of SD



Table 1
Summary of study characteristics and risk of bias assessment. This table contains study and patient characteristics, main outcomes and main conclusions of the included
studies.

Name Year Country n Comparison Study
design

Quant/
Qual

QUIPS
score

Main outcome

Aloysius
[43]

2007 UK 50 3 vs. 2 vs. 1
vs. 0

RCohS Qual High Folfox-4 therapy is associated with SD and hepatic steatosis

Brouquet
[44]

2009 France 146 2e3 vs. 0e1 RCohS Quan High Morbidity rate is significantly increased in patients with CALI compared to patients without
CALI

Gomez-
Ramirez
[22]

2010 Spain 45 2e3 vs. 0e1 PCohS Quan Low Patients treated with oxaliplatin have a higher incidence of SOS, increase in liver
complications and longer mean hospital stay

Hubert [45] 2010 Belgium 114 3 vs. 0e2 RCohS Qual Low Neoadjuvant Ctx is significantly associated with SD but does not affect postoperative clinical
outcome

Imai [19] 2014 Japan 55 2e3 vs. 0e1 RCohS Qual High Ox-based Ctx is related to SD, and patients with SD have a significantly higher increase in
splenic volume

Kandutsch
[24]

2008 Austria 63 3 vs. 2 vs. 1
vs. 0

RCohS Qual High Sinusoidal dilatation is not associated with postoperative morbidity

Karoui [46] 2006 France 67 1e3 vs. 0 RCohS Qual Low Prolonged neoadjuvant Ctx alters liver parenchyma and increases morbidity after major
resection under total hepatic vascular exclusion

Kishi [47] 2010 Italy 219 2e3 vs. 0e1 RCohS Quan Low SI is not a risk factor for the development of liver insufficiency
Komori [25] 2010 Japan 27 3 vs. 2 vs. 1

vs. 0
RCohS Qual High Folfox-4 therapy is associated with SD. Ctx does not increase postoperative morbidity and

mortality in patients
Makowiec

[26]
2011 Germany 102 2e3 vs. 0e1 RCohS Quan Low Neither preoperative CTx nor liver injury increase perioperative morbidity

Mentha [15] 2009 Switzerland 23 3 vs. 2 vs. 1
vs. 0

RCohS Qual High Neoadjuvant Ctx followed by two-step hepatectomy with right portal vein occlusion is
feasible and safe

Miura [48] 2011 Japan 14 2e3 vs. 0e1 RCohS Qual High APRI and SVI help indicate the risk of CALI. The incidence of SD was significantly higher in the
SVI � 30% compared to the SVI < 30% group

Nakano [20] 2008 France 90 1e3 vs. 0 RCohS Quan Mod SI is significantly associated with higher morbidity and longer hospital stay in patients
undergoing a major hepatectomy

aNarita [33] 2011 France 42/
45

1e3 vs. 0 RCohS Quan Low SOS has a negative impact on hypertrophy following PVE and is associated with a higher risk
of postoperative liver failure after major hepatectomy

aNarita [49] 2012 France/USA 101 1e3 vs. 0 RCohS Quan Low Ox-based Ctx is associated with a significantly increased occurrence of SD, but SD does not
impair early postoperative outcome

Nguyen-
Khac [50]

2013 France 50 1e3 vs. 0 RCohS Quan Low Ctx of CRLM induces SD related to oxaliplatin, without impact on postoperative mortality

bPessaux
[51]

2010 France 52 1 vs. 2 RCohS Qual High The addition of cetu to neoadjuvant Ctx does not increase postoperative morbidity or the
occurrence of SD

bPessaux
[52]

2010 France 72 1 vs. 2 RCohS Qual High The addition of cetu or bev to neoadjuvant Ctx does not increase postoperative morbidity or
the occurrence of SD

Soubrane
[53]

2010 France 78 2e3 vs. 0e1 RCohS Quan Low High grade SI leads to an increased risk of postoperative complications following major
resection

Takamoto
[23]

2010 Japan 51 3 vs. 2 vs. 1
vs. 0

RCohS Qual Mod The amount of blood loss during surgery is significantly higher in patients with liver injury

Tamandl
[21]

2011 Austria 196 2e3 vs. 0e1 RCohS Quan High SD due to ox-based Ctx can lead to early recurrence and decreased survival

Van der Pool
[54]

2012 Netherlands 104 1e3 vs. 0 RCohS Quan Low Neither duration of ox-based CTx nor time interval between cessation of ox-based CTx and
surgery are associated with postoperative complications

Vauthey
[55]

2006 USA/Italy 406 2e3 vs. 0e1 RCohS Quan Low Preoperative ox-based Ctx is associated with SI but not with increased morbidity or mortality
rates

Vigano [56] 2012 Italy 100 2e3 vs. 0e1 PCohS Quan Low The rate of liver dysfunction is high among patients with moderate to severe CALIs
Wolf [57] 2013 USA 384 1e3 vs. 0 RCohS Quan Low No association is found between oxaliplatin use and SI or SI and postoperative morbidity

RCohS; retrospective cohort study, PCohS; prospective cohort study, Quan; quantitative and qualitative data, Qual: solely qualitative data, CALI; chemotherapy-associated liver
injury, Ctx; chemotherapy, APRI; aspartate transaminase to platelet ratio index, ox-based; oxaliplatin-based, cetu; cetuximab, bev; bevacizumab, SVI; splenic volume increase,
SOS; sinusoidal obstruction syndrome, SD; sinusoidal dilatation, SI; sinusoidal injury, mod; moderate.

a Considerable overlap between patient cohorts was confirmed by the authors. Larger sample size and broader inclusion criteria contributed to the decision to solely include
Narita (2012) in quantitative analysis.

b Considerable overlap between patient cohorts was confirmed by the authors. Larger sample size and broader inclusion criteria contributed to the decision to solely include
Pessaux (2010, n¼72) in qualitative analysis.
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on postoperative mortality (Fig. 2C), with a total of 17 events. The
test for overall effect showed a p-value of 0.82 with an OR of 1.21
[95% CI 0.23e6.35]. Statistical testing for heterogeneity showed an
I2 of 0% and p-value of 0.79. Assumption of fixed effects barely
influenced the results (OR 1.15 [95% CI 0.24e5.51], p ¼ 0.86).
Multiple studies described zeromortality in groups with or without
SD [15,19,22e25,43,48,52], or no increase in mortality rate in pa-
tients with SD [47].

As described before, Soubrane et al. presented a subgroup
analysis in patients who underwent major liver resection [53]. In
this study, two postoperative deaths occurred within 90 days in the
SD group that consisted of 38 patients (4%). Thirteen patients did
not have SD with zero mortality.
3.5. Secondary outcome

3.5.1. Liver-related morbidity
Two studies were available for estimating the influence of SD on

postoperative liver-related morbidity (Fig. 2D). The study of
Gomez-Ramirez et al. included the following complications: biliary
fistula, haemorrhage, abscesses, uninfected collections and liver
failure [22], while Makowiec et al. included hepatic insufficiency,
bilioma and/or symptomatic ascites requiring interventional or
medical treatment [26]. An OR of 3.52 [95% CI 0.31e39.91] was



Fig. 2. Postoperative short-term outcomes sd grade 2e3 vs. sd grade 0e1. Meta-analyses on the influence of sinusoidal dilatation (SD) grade 2e3 versus SD grade 0e1 on the
complication rate after partial hepatectomy for colorectal liver metastases. A. Postoperative overall morbidity. Meta-analysis on the influence of sinusoidal dilatation (SD) grade 2e3
versus SD grade 0e1 on the morbidity rate due to any cause after partial hepatectomy for colorectal liver metastases. B. Postoperative liver failure. Meta-analysis on the influence of
sinusoidal dilatation (SD) grade 2e3 versus SD grade 0e1 on the liver failure rate after partial hepatectomy for colorectal liver metastases. C. Postoperative overall mortality. Meta-
analysis on the influence of sinusoidal dilatation (SD) grade 2e3 versus SD grade 0e1 on the mortality rate due to any cause after partial hepatectomy for colorectal liver metastases.
D Postoperative liver-related morbidity. Meta-analysis on the influence of sinusoidal dilatation (SD) grade 2e3 versus SD grade 0e1 on the liver-related morbidity rate after partial
hepatectomy for colorectal liver metastases. SD; sinusoidal dilatation, M-H; Mantel-Haenszel, Random; random effects model, 95% CI; 95% confidence interval.
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found with a p-value of 0.31 for SD. I2 was 83% with a p-value of Х2

test of 0.01. Overlapping of intervals between included studies was
barely present; hence totals were omitted from the forest plot. In
major hepatectomy only, eight out of 30 patients without SD vs. 10
out of 29 patients with SD developed liver-related complications
[26].
3.6. Sub group analysis

Five studies compared SD grade 1e3 with SD grade 0. Analyses
on these subgroups were performed and resulting forest plots are
presented in Appendix 3. In summary, the effect of SD grade 1e3 on
the primary outcome postoperative morbidity could be tested in
three studies (n¼ 577) [20,54,57], liver failure in one study (n¼ 90)
[20], and mortality in two studies (n ¼ 433) [50,57]. Again, the risk
for postoperative overall morbidity after minor or major liver
resection in the SD group tended to be higher (OR 1.53, 95% CI
0.96e2.44, p ¼ 0.08) than in the group without SD (Appendix 3A).
There was limited evidence of effect (one study) of SD on PLF, and
therefore no meta-analysis was conducted on this outcome. This
study showed a higher incidence of PLF, which was defined as a
serum bilirubin >50 mmol/L and a prothrombin time <50% on POD5
or thereafter, in the SD group (three out of 38 patients with SD vs.
zero out of 52 patients without SD) [20]. Estimate points of effect
for postoperative mortality resulted in an OR of 0.51 and p-value of
0.54 (Appendix 3B). Statistical heterogeneity analysis revealed
I2 ¼ 0% and p-values of 0.77 and 0.40 for postoperative overall
morbidity andmortality, respectively. Nomortality was observed in
patient groups with and without SD in two studies [20,54]. Sec-
ondary outcome measure liver-related morbidity could be tested in
two studies [20,57] and yielded an OR of 2.22 (95% CI 0.34e14.32,
p ¼ 0.40) and an I2 of 64% (p ¼ 0.10) (Appendix 3C).

For major resections only, forest plots were constructed for
postoperative overall morbidity and liver failure (Appendix 4). Two
studies that included a total of 137 patients were available for a
meta-analysis on postoperative morbidity (Appendix 4A) [20,49].
An OR of 2.00 [95% CI 0.12e33.34] with a p-value of 0.63 for SD
were found. I2 was 83% with a p-value of Х2 test of 0.02, and totals
were omitted from the forest plot. The same two studies were
available for a meta-analysis on postoperative liver failure
(Appendix 4B). Whereas Nakano et al. defined postoperative liver
failure as a serum bilirubin >50 mmol/L and a prothrombin time
<50% on or after POD5 [20], Narita et al. defined this as a serum
bilirubin >50 mmol/L and a prothrombin time <50% on POD5 and/or
a postoperative serum bilirubin >120 mmol/L [49]. An OR of 2.67
[95% CI 0.94e7.53] with a near-significant p-value of 0.06 for SD
was found. No heterogeneity was detected as reflected in an I2 of 0%
with a Х2 test p-value of 0.73. No mortality in patients with or
without SD was observed in two studies on major hepatectomy
[20,46]. Liver-related morbidity was seen in the study of Nakano
et al. [20], with three patients showing liver-related morbidity in
the patient groupwith SD (n¼ 20) versus one patient in the patient
group without SD (n ¼ 16).
3.7. Quality of the included studies

3.7.1. Risk of bias assessment
Risk of bias was assessed using the modified QUIPS checklist

[40,41] and overall ratings are depicted in Table 1. Thirteen articles
showed an overall low risk of bias, two studies showed moderate
risk of bias and ten articles were appraised as having a high risk of
bias. The assessment of risk of bias per domain and sub domain for
individual studies can be found in Appendix 5.
3.7.2. GRADE assessment
Study findings were assessed with the modified GRADE check-

list [42,58] and are shown in the Summary of Findings
Table (Table 2). Footnotes provide detailed information about the
rationale for downgrading. In short, evidence for all outcomes was
rated as very low. Each outcome was downgraded on the base of
study design (phase 1 explanatory studies). Other reasons for
downgrading were indirectness in definition or time period of
outcome measures and imprecision in data as shown by forest
plots. Only QUIPS domain 1 to 4 were taken into account for
downgrading, since domains 5 and 6 assess quality of the statistical
analysis which did not influence quality of the current meta-
analysis because we extracted only raw data from the manu-
scripts. A detailed rating per domain can be found in Appendix 6. A
Summary of Findings Table for outcomes on SD grade 1e3 vs. 0 and
a detailed rating per domain can be found in Appendix 7 and 8.

4. Discussion

The present study found no significant influence of moderate to
severe SD (grade 2e3) in comparison to no or mild SD (grade 0e1)
on outcome after partial hepatectomy. Likewise, no influence on
postoperative outcome was apparent when comparing mild to
severe SD (grade 1e3) to no SD (grade 0). After data extraction, all
studies were subjected to assessment with the QUIPS and GRADE
tools to grade the quality of included evidence, strength of rec-
ommendations and risk of bias. Critical evaluation subsequently
showed a low to high risk of bias for individual studies and very low
quality of outcome-specific evidence, thereby leading to limited
confidence in the provided evidence with regards to our hypothe-
sis. An important explanation for less trust in the provided evidence
is the study design of included articles. All but one study consisted
of explanatory phase 1 studies, which are performed in early
phases of investigation to generate a hypothesis and are considered
weaker evidence than studies which confirm the independent ef-
fect of a specific prognostic factor on outcome (phase 2 studies), or
studies that explore the underlying mechanism for prognosis of
certain diseases (phase 3 studies) [30,59]. Moreover, variation in
inclusion criteria, sample size, wide confidence intervals crossing
the null value, and different definitions of outcomes, were factors
that negatively affected the quality of the evidence specified for our
hypothesis. In light of these findings, no solid conclusions can be
drawn and this study cannot provide clinical advice on the topic.

Some studies showed contrasting data, which may be partially
explained by different inclusion criteria. While patients who
received bevacizumab were intentionally excluded in some studies
[26,50], other studies did allow inclusion of these patients [22,47].
Bevacizumab, an angiogenesis inhibitor that inhibits tumour
growth by binding to vascular endothelial growth factor, is often
co-administered in oxaliplatin-based chemotherapy regimens for
patients with CRLM [60]. Apart from the ongoing discussion about
the potential benefit of prevention or reversibility of histological
injury [2,61], bevacizumab itself may induce relevant toxic side
effects which can affect recovery after partial liver resection
[62e64]. Moreover, it is usually advised to end chemotherapy,
particularly when bevacizumab is co-administered, at least five
weeks before liver surgery [65]. Studies included in this systematic
review report a range from 2 to 9 weeks for the interval between
the last cycle of chemotherapy and surgery. It is currently unclear
whether pathological characteristics of SOS are reversible, if a lower
grade of SOS is linked to a higher likeliness of reversibility, and in
which time frame this would occur. Patients with a long time in-
terval between chemotherapy cessation and surgery were observed
to have less SD compared to a short time interval [20], whereas
irreversibility of SOS and even deterioration in time have been



Table 2
Modified grade summary of findings table for the influence of SD grade 2e3 vs. SD grade 0e1 on outcome after partial hepatectomy. A table depicting the influence of
sinusoidal dilatation (SD) grade 2e3 versus SD grade 0e1 on morbidity, liver failure, mortality, and liver-related morbidity after partial liver resection. The grading of rec-
ommendations assessment, development and evaluation tool (GRADE) is applied per outcome and a subsequent rationale for the overall GRADE assessment score is given.

Patient or population: Patients with CRLM

Setting: Hospital

Prognostic factor: SD grade 2e3

Outcomes Number of participants Number of studies Estimated effect size (95% CI) GRADE assessmenta

Morbidity 248 2 OR 1.26 (0.74e2.15) Very lowb,c,f

Follow-up: 30e90 days or in-hospital
Liver failure 319 2 Omitted due to significant heterogeneity Very lowb,c,d,e,f

Follow-up: 30e90 days or in-hospital
Mortality 702 3 OR 1.21 (0.23e6.35) Very lowd,f

Follow-up: 30e90 days or in-hospital
Liver-related morbidity 147 2 Omitted due to significant heterogeneity Very lowb,c,d,e

Follow-up: 30e90 days or in-hospital

GRADE; Grading of Recommendations Assessment, Development and Evaluation, SD; sinusoidal dilatation, CRLM; colorectal liver metastases, CI; confidence interval, OR; odds
ratio.

a In the exemplar review for prognostic studies of Hayden et al. [30], phase 2 and 3 explanatory studies start with a high grade score (four points), whereas phase 1
explanatory studies start with a moderate score (three points). Since all outcomes consisted for �50% of phase 1 studies, the starting score for all outcomes was set on three
points.

b The definition of the outcome was not clearly stated in all included articles or there were differences in outcome definition between the included studies for this outcome.
c The time period for measurement of the outcome was not clearly stated in �50% of the included studies.
d (Almost) no overlap in 95% confidence intervals and estimate points of effect could be found on both sides of the null line in meta-analysis for this outcome.
e There was significant unexplained heterogeneity for this outcome as defined by an I2 � 65% and a p-value < 0.10.
f This outcome contains imprecise results, defined as an inclusion of only two studies and/or an insufficient sample size, wide confidence intervals or confidence intervals

crossing the null value in �50% of studies.
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described by Mentha et al. [15].
Likewise, a link between the number of administered cycles of

chemotherapy and grade of liver injury is uncertain, and the me-
dian number of administered cycles in this meta-analysis ranged
from 6 to 12. Whereas Karoui et al. found that the morbidity rate
was correlated with the number of chemotherapy cycles [46], this
correlationwas not confirmed by Van Der Pool et al. who compared
patients who received less than six cycles with those who received
six or more cycles [54]. One could speculate that patients with
longer duration of chemotherapy may have had more extensive
disease and therefore more complex surgical interventions. Almost
all studies corrected for the extent of liver resection, but extrahe-
patic procedures and vascular reconstructions were not taken into
account in more than half of studies. The impact of these pro-
cedures on outcome can be substantial [66,67].

In patients with a critical future liver remnant due to anticipated
extensive surgery, portal vein embolization (PVE) is the preferred
procedure to induce preoperative enlargement of the future liver
remnant [68]. The effect of SD on liver regeneration after PVE has
been investigated in one study, in which PVE had a negative effect
on postoperative liver regeneration [33]. Moreover, post-PVE his-
topathological changes in a previous report were the rationale for
Vauthey et al. [55] and Brouquet et al. [44] to exclude these patients
from their cohorts [69]. This resulted in a less complete reflection of
the general surgical population. However, inclusion of these pa-
tients may have an impact on postoperative outcomes either by a
diminished hypertrophic response or because this group of patients
often undergoes extended hepatectomies and is already at higher
risk.

With regard to variations in definitions, outcome after liver
resection was expressed in numerous terms and time frames.
Mortality was assessed within 30, 60, or 90 days after surgery or
during hospital admission, and morbidity was described as overall,
medical, surgical, liver-related or infectious, with no consensus on
employed definitions. This underscores the necessity of a uniform
outcome set after liver surgery in order to ensure clear and
consistent clinically relevant data, and to allow comparison be-
tween future trials and cohort studies in meta-analyses [39].
On the basis of stated differences in inclusion criteria and
outcome, which all might have influenced the outcome after liver
resection to an unknown extent, ideally a phase two study inwhich
all confounders are corrected for in a statistically appropriate way
should be conducted. Our group recently initiated such a study in
the form of an individual patient data meta-analysis [70].
5. Conclusion

This study aimed to evaluate the influence of moderate to severe
SD on outcome in patients undergoing partial hepatectomy for
CRLM. Although many individual studies suggest a negative impact
on postoperative (liver-related) morbidity, liver failure and mor-
tality, the present meta-analysis could not confirm this data.
However, trust in the obtained evidence was low and therefore no
solid conclusions can be drawn. This study emphasizes the
importance of critical risk of bias assessment and evaluation of
quality in meta-analyses, to provide the most robust level of evi-
dence for clinical decision making. It also highlights the need for
unambiguous definitions of outcome in surgical oncology.
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