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Abstract
Although endoscopic retrograde cholangiopancreatography (ERCP) is an
important procedure for the diagnosis and treatment of pancreaticobiliary
diseases, post-ERCP pancreatitis (PEP) is the most frequent adverse event that
can sometimes be fatal. However, prophylactic pancreatic stent (PS) insertion has
been performed to prevent PEP in high-risk patients. In some randomized
controlled trials (RCTs) and meta-analyses, the efficacy of prophylactic PS
insertion has been shown to prevent PEP. In addition, several types of stents have
been used to decrease PEP. In this review, we introduce the details of these RCTs
and meta-analyses and reveal the specifications for stent placement, for example,
the stent diameter and length and the pancreatic region into which the stent
should be inserted.
Key words: Endoscopic retrograde cholangiopancreatography; Post-endoscopic retrograde
cholangiopancreatography pancreatitis; Prophylactic pancreatic stent
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Post-endoscopic retrograde cholangiopancreatography pancreatitis (PEP) is the
most frequent adverse event that can sometimes be fatal. Pancreatic stent (PS) insertion
is recommended to prevent PEP based on some randomized controlled trials (RCTs) and
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meta-analyses. Currently, several types of PS have been used. In this review, we
introduce these RCTs and meta-analyses and reveal what stent should be used.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is an important procedure
for the diagnosis and treatment of pancreaticobiliary diseases but is sometimes a
dangerous procedure. Several adverse events related to ERCP have been reported
(duodenal perforation, bleeding, etc)[1-4]. Among them, post-ERCP pancreatitis (PEP) is
the most frequent adverse event and is sometimes fatal. According to past reports,
PEP occurs in 0.4%-5.6% of patients[5-12], and the mortality rate of PEP is 0-0.1%[8,10-12].
The risk factors of PEP that have been specified in past reports were history of
previous PEP, more than two contrast injections into the pancreatic duct, sphincter of
Oddi dysfunction (SOD), age less than 50 years, female gender, difficult biliary duct
cannulation, biliary sphincter balloon dilation, precut sphincterotomy, and a history
of previous pancreatitis[11-19]. As prophylaxis for PEP in high-risk patients with these
risk factors, pancreatic stent (PS) insertion is a preventative option. In this review, we
present our investigations on the efficacy of PS placement for preventing PEP, and we
disclose what stent should be selected and how the PS should be inserted.

SEARCH STRATEGY
The studies included in this review were retrieved from PubMed using the following
keywords: “Post-ERCP pancreatitis” and “pancreatic stent”. Furthermore, studies
written in English were selected. Only randomized controlled trials (RCTs) and metaanalyses that examined the efficacy of PS for preventing PEP were selected for further
analysis. Studies that compared different stents (flanged or unflanged, diameter,
length) were analyzed to determine which PSs should be used.

ADAPTATION OF PROPHYLACTIC PS INSERTION
As mentioned above, patients with high risk factors become candidates for prophylactic PS insertion. The patients recommended PS insertion had a history of
previous PEP, SOD, difficult biliary duct cannulation, biliary sphincter balloon
dilation, precut sphincterotomy or sphincterotomy, pancreatic duct cannulation or
contrast agent injection to the pancreatic duct, or endoscopic ampullectomy[20].

RCTs
In an RCT in 1993, Smithline et al [21] reported first prophylactic PS insertion for
preventing PEP. In the report, the risk factors of PEP were acinarization, precutting,
and a history of pancreatitis. The report could not prove the efficacy of PS insertion
and did not recommend PS for PEP (PEP rate: Stent group 14% (6/43) vs 18% (9/50),
P = 0.299). However, several additional RCTs were performed, and the total number
of RCTs on this topic increased to eleven from 1993 to 2016[21-31] (Table 1). Except for
the first report written by Smithline, all reports indicated the efficacy of PS insertion
for preventing PEP, and severe PEP did not occur in patients who received a PS[22-31].
Although a significant difference was not observed, the PEP rate was lower in the
stent group than in the no stent group in the report written by Tsuchiya et al[25] [stent
group 1/32 (3.1%) vs no stent group 4/32 (12.5%), P > 0.05].
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Table 1 Randomized controlled trials of prophylactic pancreatic stent insertion for preventing post-endoscopic retrograde
cholangiopancreatography pancreatitis
Sample number
Author

Yr

PEP n (%)

Country

Risk factors
Stent

No stent

Criteria for PEP
Stent/no stent

Smithline et
al[21]

1993

United States

43

50

Acinarization,
pre-cutting,
history of
pancreatitis

Total 6 (14)/9
(18), P = 0.299;
Mild 5 (12)/5
(10), P = NA;
Moderate 1
(2)/2 (4) P =
NA; Severe 0
(0)/2 (4), P =
0.264

Cotton

Tarnasky et
al[22]

1998

United States

41

39

SOD

Total 1 (2)/10
(26), P = 0.003;
Mild 0 (0)/5
(13), P = NA;
Moderate 0
(0)/5 (13), P =
NA; Severe 0
(0)/0 (0), P =
NA

Cotton

Fazel et al[23]

2003

United States

38

36

Difficult
cannulation
SOD

Total 2 (5.3)/10 Cotton
(28), P < 0.05;
Mild 2 (5.3)/5
(14), P = NA;
Moderate 0
(0)/2(6), P =
NA; Severe 0
(0)/3 (8), P =
NA

Sofuni et al[24]

2007

Japan

98

103

IDUS, biopsy,
EPBD, SOD,
POCS,
Duodenal
diverticulum,
acinarization,
initial
pancreatography,
difficulty of
cannulation

Total 3 (3)/14
Cotton
(13.6), P =
0.019; Mild 2
(2)/8 (7.8), P =
0.139; Moderate
1 (1)/6 (4.6), P
= 0.156; Severe
0 (0)/0(0), P =
NA

Tsuchiya et
al[25]

2007

Japan

32

32

EST, IDUS,
EPBD, SOD,
pancreatic duct
cannulation

Total 1 (3.1)/4
(12.5), P > 0.05;
Mild 1 (3.1)/2
(6.3), P = NA;
Moderate 0
(0)/1 (3.1), P =
NA; Severe 0
(0)/1 (3.1), P =
NA

Cotton

Ito et al[26]

2010

Japan

35

35

History of
pancreatitis,
history of PEP,
pancreatic duct
opacification,
EST, IDUS,
EPBD, cytology
of pancreatic
juice, biopsy of
pancreatic duct

Total 1 (2.9)/8
(23) (perprotocol) 0
(0)/9 (24), P =
0.0096; Mild 1
(2.9)/8 (23);
Moderate and
severe 0

Cotton

WJMA

https://www.wjgnet.com

261

June 30, 2019

Volume 7

Issue 6

Sugimoto M et al. Pancreatic stents for PEP: A review
Sofuni et al[28]

2011

Japan

213

213

History of
pancreatitis,
SOD,
pancreatography, EST,
precut
sphincterotomy, EPBD,
CBD tissue
sampling,
pancreatic duct
tissue
sampling,
biliary drainage
without EST,
ENBD without
EST, IDUS,
difficulty of
cannulation,
long procedural
time

(Intention to
Cotton
treat) Total 20
(9.4)/31 (14.6),
P = 0.076; Mild
16 (7.5)/22
(10.3), P = 0.24;
Moderate 4
(1.9)/8 (3.8), P
= 389; Severe 0
(0)/1 (0.5), P =
1.00; (Full
analysis set)
Total 16
(7.9)/31 (15.2),
P = 0.021;
Moderate 12
(5.9)/22 (10.8),
P = 0.77; Mild 4
(1.97)/8 (3.92),
P = 0.952;
Severe 0 (0)/1
(0.5), P = 1.00

Pan et al[27]

2011

China

20

20

History of
pancreatitis,
pancreatic duct
cannulation,
pancreatography,
difficult
cannulation,
hyperamylasemia

Total 4 (20)/14 Cotton
(70), P < 0.01;
Mild, moderate,
severe NA

Kawaguchi et
al[29]

2012

Japan

60

60

History of PEP,
SOD, difficult
cannulation,
pre-cutting,
pancreatic duct
biopsy, IDUS of
pancreatic duct

Total 1 (1.7)/8 Modified Cotton
(13.3), P =
0.032; Mild 1
(1.7)/8 (13.3), P
= 0.032

Lee et al[30]

2012

Korea

50

51

Difficult biliary
cannulation,
pancreatic
cannulation

Total 6 (12)/15 Cotton
(29.4), P =
0.031; Mild 5
(10)/12 (23.5), P
= NA;
Moderate 1
(2)/2 (3.9), P =
NA; Severe 0
(0)/1 (2), P =
NA

Yin et al[31]

2016

China

104

102

History of PEP,
cannulation
difficulty,
periampullary
diverticulum

Total 8 (7.7)/18 NA
(17.7), P =
0.031, Mild,
Moderate,
severe NA

RCT: Randomized controlled trial; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis; SOD: Sphincter of Oddi dysfunction; IDUS:
Intraductal ultrasonography; EPBD: Endoscopic papillary balloon dilation; POCS: Peroral cholangioscopy; EST: Endoscopic sphincterotomy; CBD:
Common bile duct; ENBD: Endoscopic nasobiliary drainage; NA: Not available.

PS FOR AMPULLECTOMY
In 2005, Harewood et al[32] reported on prophylactic PS placement for endoscopic snare
excision of the duodenal ampulla. In this study, 19 patients were enrolled, and 10
received a PS. Although the number of participants was small, postprocedure
pancreatitis was significantly higher in patients without PS than in patients with PS
[33% (3/9) vs 0% (0/10), P = 0.02].

META-ANALYSES
Among the eleven RCTs, PEP occurred more in patients without PS than in patients
with PS. PS insertion was recommended for preventing PEP. Additionally, severe PEP
did not occur in any patient who received a PS in all eleven RCTs. However, the
frequency of severe PEP was not significantly different between the stent group and
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the no stent group in any of the RCTs. The results of severe PEP referred to the small
sample size in each RCT and far fewer patients with severe PEP. These facts indicated
that prophylactic PS might prevent not only total PEP but also severe PEP.
The usefulness of prophylactic PS placement for preventing severe PEP was not
statistically recognized within each RCT. However, six meta-analyses were previously
performed on prophylactic PS placement to prevent PEP[33-38] (Table 2). Among them,
two of the six meta-analyses reported that prophylactic PS insertion did not statistically prevent severe PEP[33,35]. As more cases of prophylactic PS were reported, the
second-most recent meta-analysis was conducted by Shi et al[37]; however, the efficacy
of prophylactic PS for preventing severe PEP could not be proven. As a cause, the
meta-analysis involved only full text articles and excluded articles with only abstracts,
and the number of cases became small. On the other hand, two meta-analyses written
by Mazaki et al[34,36] involved both full-text articles and articles with only abstracts;
therefore, the number of cases was large. In the two meta-analyses written by Mazaki
et al[34,36], the efficacy of prophylactic PS insertion for preventing severe PEP was
indicated (2010: Stent group 0/336 vs no stent group 7/344, P < 0.04, 2014: Stent group
0/694 vs no stent group 13/718, P = 0.01). Furthermore, in the most recent metaanalysis written by Fan et al[38], severe PEP was significantly lower in patients with a
PS than in patients without a PS (stent group 0/493 vs no stent group 13/516, P <
0.01).
From a meta-analysis, it became apparent that prophylactic PS might be efficient
for preventing not only PEP but also severe PEP.

WHAT STENT SHOULD BE USED?
As described above, PEP is reduced by PS insertion. However, several forms,
diameters, and lengths of PSs exist. What stent should we use (Table 3)?

Internal flanged or unflanged
In 2018, He et al[39] compared 5-Fr 3 cm internal unflanged stents with a single pigtail
on the duodenal side and 5-Fr 3 cm internal flanged stents with a single pigtail on the
duodenal side. The PEP rates were not different between the two types of stents
[unflanged stents 5.07% (7/138) vs flanged stents 7.97% (11/138), P = 0.329]. However,
spontaneous PS displacement at 5 d was significantly higher in the internal unflanged
stent group than in the internal flanged stent group [unflanged stent 47.72% (63/138)
vs flanged stent 15.67% (21/134), P < 0.001]. Furthermore, spontaneous PS
displacement at 14 d was significantly higher in the internal unflanged stent group
than in the internal flanged stent group [unflanged stent 84.21% (112/133) vs flanged
stent 42.65% (58/136), P < 0.001]. When the internal unflanged stent with a single
pigtail on the duodenal side was used, an additional endoscope insertion to remove
the PS was avoided.

PS diameter
In past reports, the diameter of the PS makes a difference not only in the occurrence of
PEP but also in usability. In 2004, Rashdan et al[40] wrote a retrospective study about
prophylactic PS placement in 2940 cases. They described that small-diameter stents
(i.e., 3-4-Fr) were more effective than were 5-Fr or 6-Fr stents in preventing PEP [PEP
rate: 3-4-Fr stent 8.7% (213/2447) vs 5-6-Fr stent 11.0 % (54/493), P = 0.0471].
However, Zolotarevsky et al[42] reported that there was no significant difference in the
PEP rate between patients who received a 3-Fr PS and patients who received a 5-Fr
PS. However, insertion of a 5-Fr stent was faster (9.2 min vs 11.1 min, P = 0.355), easier
[mean modified 5-point Likert scale[41,42]: 1.8 (5-Fr) vs 3.4 (3-Fr), P < 0.01], and required
fewer wires [1.5 (5-Fr) vs 1.9 (6-Fr), P = 0.002] than insertion of a 3-Fr PS[43]. Pahk et al[44]
reported that spontaneous passage was more frequent with 4-Fr PSs than with 5-Fr
PSs [95.8% (115/137) vs 68.7% (134/209), P < 0.001 (by log-rank test)]; therefore, the
need for additional endoscopy to retrieve the PS was reduced by using a 4-Fr PS.
However, the incidence of PEP was not significantly different between the 4-Fr PS
group and the 5-Fr PS group. An additional report stated that insertion of a PS with a
diameter > 5-Fr was effective in preventing PEP (PEP rate: > 5-Fr > 5 cm 1.4% vs ≤ 5-Fr
≤ 5 cm 9.4%, P = 0.0252)[45].
Based on the above results, whether the diameter of PS influences the occurrence of
PEP remains controversial. According to past reports, thin stents (i.e., 3-Fr or 4-Fr)
should be used with the expectation of spontaneous dislodgment, and a 5-Fr stent
should be used in cases that were difficult to insert PS.

PS length
Few reports have described the length of PSs (Table 3). In 2009, Chahal et al [46]
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Table 2 Meta-analyses of prophylactic pancreatic stent insertion for preventing post-endoscopic retrograde cholangiopancreatography
pancreatitis
Author

Yr

Number of included
studies

Type of included
studies

PEP rateStent/no
stent

PS insertion for
preventing PEP

Singh et al[33]

2004

5

Full text

n = 206/275

Recommended

Abstract

Total 12/43, P = 0.001
Mild to moderate 12/36,
P = 0.001; Severe 0/7, P
= 0.15

Full text

n = 336/344

Abstract

Total 19/64, P < 0.001;
Mild to moderate 19/55,
P < 0.001; Severe 0/7, P
< 0.04

Full text

n = 322/334

Abstract

Total 16/66, P < 0.00001

Full text

n = 751/781

Abstract

Total 49/133, P < 0.001;
Mild to moderate
49/120, P < 0.001;
Severe 0/13, P = 0.01

Mazaki et al[34]

2010

8

Choudhary et al[35]

2011

8

Mazaki et al[36]

2014

14

Recommended

Recommended

Recommended

Shi et al[37]

2014

10

Full text

n = 561/584; Total
34/117, P < 0.001; Mild
24/70, P < 0.001;
Moderate 6/24, P =
0.004; Severe 0/6, P =
0.077

Recommended

Fan et al[38]

2015

15

Full text

n = 1233/1277

Recommended

Abstract

Total 49/133, P <
0.00001; Mild 49/120, P
< 0.00001; Severe 0/13,
P < 0.00001

PS: Pancreatic stent; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.

compared the occurrence of PEP between 5-Fr, 3 cm long unflanged PSs and 3-Fr, 8
cm or longer unflanged PSs. PEP was less frequent in the 5-Fr, 3 cm stent group than
in the 3-Fr, long-stent group [PEP rate: 3-Fr 8 cm 14% (18/133) vs 5-Fr 3 cm 9%
(11/116), P = 0.30]. However, significant differences between these two groups were
not observed. Fujisawa et al[47] compared PS lengths (unflanged straight stent, 5-Fr at 3
cm vs 5-Fr at 5 cm) and reported that the PEP rate and the median time until stent
dislodgement were both lower in the 3 cm group than in the 5 cm group (PEP rate: 3
cm 2.0% vs 5 cm 8.8%, P = 0.035, median period until spontaneous PS dislodgement: 3
cm 2 d vs 5 cm 4 d, P < 0.001). In this report, earlier stent dislodgement of the 3 cm PS
might contribute to preventing PS obstruction-induced PEP. However, Olsson et al[45]
reported that a PS with a length > 5 cm and a diameter > 5 Fr is the most effective in
preventing PEP. In this report, the frequency of PEP was not significantly different
between patients who received a PS ≤ 5 cm and patients who received a PS > 5 cm.
These results regarding the influence of PS length on PEP varied, and we propose
two explanations for these inconsistencies. Perhaps the diameters of PS were not
matched, except for in the second report written by Fujisawa et al[47]; although in this
report the pancreatic region into which the PS was inserted was not investigated, and
only PS length was investigated. Pancreas size differs among people; therefore, both a
3 cm and 5 cm stent can be inserted into the pancreatic head depending on the patient.
However, spontaneous dislodgement could contribute to preventing PEP if both a 3
cm and 5 cm PS were inserted in or near to the pancreatic head.

Location in the pancreas of PS insertion
As described in the previous section, the PEP rate was compared between patients
who received a PS ≤ 5 cm and patients who received a PS > 5 cm in a report written by
Olsson et al[45]. In comparison, the PEP rate was not significantly different between the
two groups. In patients who received a PS > 5 cm, the stent might reach the pancreatic
body or the tail. However, the pancreatic regions into which the stents were inserted
were not described.
However, Sugimoto et al[48] compared hyperamylasemia and the PEP rate between
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Table 3 Comparison of stent type
Author, yr

Stent type

n

Results

Internal unflanged 5-Fr 3 cm stent
with a single pigtail on the duodenal
side vs internal flanged 5-Fr 3 cm
stent with a single pigtail on the
duodenal side

138/138

Spontaneous migration was more
frequent with the internal unflanged
stent (migration at five days: 47.72%
vs 15.67%, P < 0.001, migration at 14 d
84.21% vs 42.65%, P < 0.001)

Flanged or unflanged
He et al[39], 2018

Comparison of stent diameter
Rashdan et al[40], 2004

3-4-Fr, 3-8 cm without internal flange 2447/493
vs 5-6-Fr, NA, with internal flange

The 3-4-Fr stent was more effective in
preventing PEP than the 5-6-Fr stent
(PEP rate: 3-4-Fr stent 8.7%
(213/2447) vs 5-6Fr 11.0% (54/493), P
= 0.0471)

Zolotarevsky et al[43], 2011

5-Fr 5 cm vs 3-Fr 6 cm

38/40

PEP rates did not differ. 5-Fr PS
placement was easier [mean modified
5-point Likert scale[40,41]: 1.8 (5-Fr) vs
3.4 (3-Fr), P < 0.01)], faster [9.2 (5-Fr)
vs 11.1 minutes (3-Fr), P = 0.355], and
required fewer wires [1.5 (5-Fr) vs 1.9
(6-Fr), P = 0.002]

Pahk et al[44], 2011

4-Fr vs 5-Fr, both stents were 2 to 11
cm, unflanged

137/209

PEP rates did not differ. Spontaneous
migration was more frequent with
the 4-Fr stent [95.8% (115/137) vs
68.7% (134/209), P < 0.001 (by logrank test)]

Olsson et al[45], 2016

≤ 5-Fr, ≤ 5 cm vs > 5-Fr, > 5 cm

241 (≤ 5-Fr)/135 (> 5-Fr)

The > 5-Fr, > 5 cm stent was more
effective in preventing PEP (> 5-Fr, >
5 cm 1.4% vs ≤ 5-Fr, ≤ 5 cm 9.4%, P =
0.0252)

Chahal et al[46], 2009

5-Fr 3 cm, unflanged vs 3-Fr 8 cm or
longer, unflanged

116/133

Spontaneous migration was more
frequent with the 5-Fr 3 cm stent (5Fr 98% vs 3-Fr 88%, P = 0.0001).
Failure of PS placement was
observed more often in the longer 3Fr stent group (5-Fr 0/116 vs 3-Fr
11/133, P = 0.0003). PEP rates did not
differ

Fujisawa et al[47], 2016

5-Fr 3 cm vs 5-Fr 5 cm, both stents
were unflanged and straight

98/102

The 5-Fr 3 cm stent was more
efficient for preventing PEP (3 cm
2.0% vs 5 cm 8.8%, P = 0.035). The
period until spontaneous
dislodgement was significantly
shorter for the 3 cm stent than for the
5 cm stent (3 cm 2 d vs 5 cm 4 d, P <
0.001)

Pancreatic head vs pancreatic body or 131/16
tail

After ERCP, the level of the
pancreatic isozyme of serum amylase
was higher in the head group than in
the body/tail group [head group
138.5 (7.0-2086) IU/L vs body/tail
group 78.5 (5.0-1266.5) IU/L, P <
0.03]

Comparison of stent length

Part of the pancreas in which the stent was inserted
Sugimoto et al[48], 2018

ERCP: Endoscopic retrograde cholangiopancreatography; PEP: Post-ERCP pancreatitis.

patients who had a PS inserted into the pancreatic head (the head group) and patients
who had a PS inserted into the pancreatic body or tail (the body/tail group).
Although a significant difference was not observed, the PEP rate was lower in the
body/tail group than in the head group [0% (0/16) vs 9.2% (12/131), P = 0.363]; PEP
was not observed in the body/tail group. Furthermore, after ERCP, the level of the
pancreatic isozyme of serum amylase was significantly higher in the head group than
in the body/tail group [138.5 (7.0-2086) IU/L vs 78.5 (5.0-1266.5) IU/L, P = 0.03].
Proteinase activation, which exacerbates pancreatitis, is induced by difficult
pancreatic duct drainage[49]; therefore, stent placement up to the pancreatic body or
tail contributes to greater pancreatic drainage than stent placement in the pancreatic
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head does.

CONCLUSION
The results of several RCTs and meta-analyses have revealed that PS is efficient for
preventing PEP. However, PEP can occur in patients who underwent stent placement.
Currently, the main argument is which PS should be used. Additional endoscopic
insertion to remove the PS could be avoided by using an internal unflanged PS. The
diameter of PS is controversial because thin stents easily migrate, and thick stents are
easily inserted in some cases. With respect to the length of the stent, a 3 cm stent may
be more efficient than a 5 cm stent in preventing PEP. However, the risk of PEP may
be altered according to the pancreatic region into which the PS is inserted.
Overall, there remain few cases in which a prophylactic PS was utilized; therefore,
the accumulation of additional cases is necessary.
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Abstract
BACKGROUND
Multivisceral resections (MVR) are often necessary to reach clear resections
margins but are associated with relevant morbidity and mortality. Factors
associated with favorable oncologic outcomes and elevated morbidity rates are
not clearly defined.
AIM
To systematically review the literature on oncologic long-term outcomes and
morbidity and mortality in cancer surgery a systematic review of the literature
was performed.
METHODS
PubMed was searched for relevant articles (published from 2000 to 2018).
Retrieved abstracts were independently screened for relevance and data were
extracted from selected studies by two researchers.
RESULTS
Included were 37 studies with 3112 patients receiving MVR for colorectal cancer
(1095 for colon cancer, 1357 for rectal cancer, and in 660 patients origin was not
specified). The most common resected organs were the small intestine, bladder
and reproductive organs. Median postoperative morbidity rate was 37.9% (range:
7% to 76.6%) and median postoperative mortality rate was 1.3% (range: 0% to
10%). The median conversion rate for laparoscopic MVR was 7.9% (range: 4.5% to
33%). The median blood loss was lower after laparoscopic MVR compared to the
open approach (60 mL vs 638 mL). Lymph-node harvest after laparoscopic MVR
was comparable. Report on survival rates was heterogeneous, but the 5-year
overall-survival rate ranged from 36.7% to 90%, being worst in recurrent rectal
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cancer patients with a median 5-year overall survival of 23%. R0 -resection,
primary disease setting and no lymph-node or lymphovascular involvement
were the strongest predictors for long-term survival. The presence of true
malignant adhesions was not exclusively associated with poorer prognosis.
Included were 16 studies with 1.600 patients receiving MVR for gastric cancer.
The rate of morbidity ranged from 11.8% to 59.8%, and the main postoperative
complications were pancreatic fistulas and pancreatitis, anastomotic leakage,
cardiopulmonary events and post-operative bleedings. Total mortality was
between 0% and 13.6% with an R0 -resection achieved in 38.4% to 100% of
patients. Patients after R0 resection had 5-year overall survival rates of 24.1% to
37.8%.
CONCLUSION
MVR provides, in a selected subset of patients, the possibility for good long-term
results with acceptable morbidity rates. Unlikelihood of achieving R0 -status,
lymphovascular- and lymph -node involvement, recurrent disease setting and the
presence of metastatic disease should be regarded as relative contraindications
for MVR.
Key words: Colorectal cancer; Gastric cancer; Primary; Recurrent; Multivisceral resection;
Hyperthermic intraperitoneal chemotherapy; Morbidity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Multivisceral resections constitute a huge challenge for an interdisciplinary
team. Proper patient selection, combined perioperative systemic treatment and en-bloc
resection of adherent organs can provide acceptable morbidity-, mortality- and long-term
survival rates.

Citation: Nadiradze G, Yurttas C, Königsrainer A, Horvath P. Significance of multivisceral
resections in oncologic surgery: A systematic review of the literature. World J Meta-Anal
2019; 7(6): 269-289
URL: https://www.wjgnet.com/2308-3840/full/v7/i6/269.htm
DOI: https://dx.doi.org/10.13105/wjma.v7.i6.269

INTRODUCTION
Patients with locally advanced primary and recurrent cancers constitute a challenge
for the interdisciplinary treatment team because the only chance for cure and
prolonged survival is complete resection of the tumor with clear margins. Invasion of
adjacent organs occurs in 10%-20% of patients suffering from colorectal cancer and
gastric cancer. The prerequisite for long- and short-term results is completeness of
surgical resection. This aggressive surgical concept is accompanied by pre- and
postoperative systemic treatment schedules, consisting of chemotherapy, radiotherapy and chemoradiotherapy. Due to the lack of sufficient and reliable preoperative data the decision in favor of multivisceral resections (MVR) is often made
intraoperatively. MVR is defined as the en-bloc resection of the tumor and the adjacent
organs including reproductive organs and organs of the urinary tract. MVR should
therefore always be taken into account if macroscopic complete resection is
achievable. Adherence of the primary or recurrent tumor to adjacent structures does
not necessarily predict true malignant invasion. Winter et al[1] stated that up to twothird of cases are postoperatively classified as inflammatory adhesions rather than
true malignant invasion. Furthermore, lysis of adhesions or separation of the adjacent
organ from the tumor dramatically increases the risk of recurrence and should be
avoided. The significance of palliative MVR for patients with obstruction, fistula and
pain is not clearly defined but the data presented in this review suggest that noncurative MVR does not improve patient outcome. Leijssen et al[2] showed that patients
with a T4 -tumor not undergoing MVR had a poorer outcome regarding overall-,
disease-free-, and cancer-specific survival. The indication in favor of MVR for patients
with metastatic disease is also common in the current literature but the true benefit of
MVR for stage IV disease is unclear.
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This review aims to systematically evaluate the current literature on outcomes
following MVR for colorectal and gastric cancer and for patients undergoing MVR
and HIPEC for peritoneal metastasis of gastrointestinal, especially colorectal, origin.

MATERIALS AND METHODS
A systematic review was conducted with reference to the PRISMA statement and the
current methodological literature[3,4]. Electronic medical literature databases were
screened for appropriate publications from 2000 to 2018. Databases were searched
using the following terms: “multivisceral” AND “colon cancer”, “multivisceral” AND
“rectal cancer”, “multivisceral” AND “gastric cancer”, “multivisceral AND
“cytoreductive surgery”, and “multivisceral” AND “hyperthermic intraperitoneal
chemotherapy”. Comments and case reports were excluded. Furthermore, publications that did not report performance of MVR, morbidity and mortality rates,
oncologic outcome and publications that included unspecified cancer types were also
not included in this systematic review.
For the search terms “multivisceral” AND “colon cancer” and “multivisceral” AND
“rectal cancer” 211 records were provided. After the abstracts were screened (level 1
screening) independently by two reviewers 165 publications excluded (Figure 1).
For the search terms “multivisceral” AND “gastric cancer” 93 records were
provided. After the abstracts were screened (level 1 screening) independently by two
reviewers 71 publications excluded.
After level 2 screening, 37 publications for “Multivisceral resection for colon cancer
and rectal cancer”, 16 publications for “Multivisceral resection for gastric cancer and 3
publications for “Multivisceral resections with hyperthermic intraperitoneal chemotherapy” were included.
MVR were defined as resection of more than two organs.

RESULTS
MVR for colon cancer and rectal cancer (n = 37).

Study design
After full-text screening 37 studies were selected that met the inclusion criteria. Of
these 37 included studies, 36 were retrospective.

Demographics
In total 3112 patients underwent MVR for colon and rectal cancer (1095 for colon
cancer, 1357 for rectal cancer and in 660 patient’s origin of primary tumor was not
specified (Table 1). Of the 36 studies ten included patients with recurrent colon and
rectal cancer. The remainder dealt only with primary colon and rectal cancer.
Included studies were published after 1999 to the present time and all but one was
retrospective. In total five publications presented patient- and treatment-related data
after minimally-invasive MVR. The decision for or against suspected MVR, according
to preoperative imaging modalities like CT, MRI, EUS and PET-CT, was made
intraoperatively. Every verified adhesion of the primary tumor to adjacent structures
was classified as a cT4b -situation. All but seven publications did not report the true
pT4b -rate. There were 17 studies that included patient with Stage IV disease. Another
seven studies did not specify whether or not patients with metastatic disease were
included.

Pathological features
In the event of adhesion of adjacent structures to the primary tumor, these adhesions
should definitely not be separated intraoperatively. For the surgeon it is not possible
to distinguish between inflammatory and malignant adhesions. Hunter et al[5] showed
that patients with adherent colon cancer and lysis of adhesion, had a local recurrence
rate of 69% and a 5-year overall survival rate of only 23%. Of the included studies, 30
publications report the histopathologically confirmed malignant invasion rate. The
true pT4b -rate varied from 23% to 77%. Three publications performed multivariate
analysis in order to determine whether true malignant invasion into adjacent
structures is of predictive value for overall- and progression-free survival [6-8] .
Rosander et al[7] and Lehnert et al[8] did not find malignant invasion to be a predictive
factor in multivariate analysis. Rosander et al [7] found female sex, adjuvant chemotherapy, low tumor stage and R0-resection to be associated with better overall
survival. On the other hand, Lehnert et al[8] found intraoperative blood loss, age older
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Figure 1

Figure 1 Preferred reporting items for systematic reviews and meta-analyses diagram.

than 64 years and UICC stage to be predictive. Contrary to the aforementioned results
Chen et al[6] found adhesion pattern (inflammatory vs malignant) to be highly significantly associated with reduced overall survival for both, colon and rectal cancer
patients.
Concerning resection status, 27 studies report R0 rates, ranging from 65% to 100%.
In the vast majority of publications R0 vs R1 -status was of significant prognostic
impact (Table 2). Data show a trend towards decreased R0 -rates in patients undergoing MVR for recurrent cancers, especially rectal cancer. Nielsen et al[9], Rottoli et
al[10] and Vermaas et al[11] reported resection status in primary and recurrent rectal
cancers and showed decreased R0 -rates for recurrent rectal cancer without being statistically significant (66% vs 38%; 71% vs 56% and 82% vs 58%).

Morbidity and mortality
There was heterogeneity in reporting total complication rate, degree of complications
and specification of different complications, so that the focus was set on complications, which were reported in the vast majority of publications. The postoperative morbidity rates ranged from 7%[12] to 76.6%[13]. Only one study reported that
the occurrence of perioperative complications was an independent predictor of
shorter overall survival (HR 3.53)[14].
Anastomotic insufficiency: Twelve studies did not report occurrence of anastomotic
insufficiency (AI). The remainder reported AI-rates ranging from 0.8%[15] to 19%[16].
There was no structured report on management of AI in the studies included.
Surgical site infection: Surgical site infections (SSI) were one of the most common
complications ranging from 2.5%[15] to 53%[13]. The differentiation into superficial and
deep SSI was inconsistently used in the studies included. Kumamoto et al[15] reported
the lowest rate of SSI including 118 patients undergoing minimally-invasive MVR.
The other studies, looking at minimal-invasive MVR, reported SSI -rates ranging from
12%-17%. The study by Kim et al[17] found no statistically significant difference in the
occurrence of SSI between the open and the minimally-invasive group.
Intraabdominal abscess: Intraabdominal abscess (IAA) formation was not reported in
17 studies. The remainder reported IAA rates ranging from 1% [18] to 21% [19] .
Documentation of IAA management was again inconsistently reported in the included studies.
Re-operation: The rate of necessary surgical re-intervention was again not reported in
17 studies. In the remaining studies the re-operation rate ranged from 0%[14] to 20%[19].
Mortality: In total 15 studies reported mortality rates of 0% and the median mortality
rate was 1.3%. The highest reported perioperative mortality rate, namely 10% was
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Table 1 Patient demographics
Study/Yr

n

Disease

Site

Cukier et al[24], 2012

33

Primary

Colon

Hallet et al[20], 2014

15

Recurrent

Colon

Kumamoto et al[15], 2017

118

Primary

Colon

Leijssen et al , 2018

103

Primary

Colon

López-Cano et al[49], 2010

113

Primary

Colon

Rosander et al[7], 2018

121

Primary

Colon
Colon

[2]

[12]

Takahashi et al

84

Primary

Tei et al[23], 2018

, 2017

29

Primary

Colon

Chen et al[6], 2011

287; Colon (152); Rectum (135)

Primary recurrent

Colorectal

Eveno et al[58], 2014

152; Colon (81); Rectum (71)

Primary

Colorectal

[29]

Fujisawa et al

35; Colon (19); Rectum (17)

Primary recurrent

Colorectal

Hoffmann et al[21], 2012

, 2002

78; Colon (52); Rectum (26)

Primary

Colorectal

Gezen et al[18], 2012

90; Colon (43); Rectum (47)

Primary

Colorectal

Kim et al[17], 2012

54; Colon (32); Rectum (22)

Primary

Colorectal

[56]

Laurence et al

660; Colon/Rectum not specified

Primary

Colorectal

Lehnert et al[8], 2002

, 2017

201; Colon (139); Rectum (62)

Primary

Colorectal

Li et al[16], 2011

72; Colon (28); Rectum (44)

Primary

Colorectal

[53]

Park et al

54; Colon (23); Rectum (31)

Primary

Colorectal

Rizzuto et al[57], 2016

, 2011

22; Colon (16); Rectum (6)

Primary

Colorectal

Winter et al[1], 2007

63; Colon (46); Rectum (17)

Primary

Colorectal

Bannura et al[55], 2006

30

Primary

Rectal

[25]

Crawshaw et al

61

Primary recurrent

Rectal

Derici et al[48], 2008

, 2015

57

Primary

Rectal

Dinaux et al[50], 2018

29

Primary

Rectal

Dosokey et al[30], 2017

34

Primary

Rectal

[28]

Gannon et al

72

Primary recurrent

Rectal

Harris et al[19], 2011

, 2007

42

Primary

Rectal

Ishiguro et al[54], 2009

93

Primary

Rectal
Rectal

[13]

Mañas et al

, 2014

30

Primary

Nielsen et al[9], 2012

90

Primary recurrent

Rectal

Pellino et al[14], 2018

82

Primary

Rectal

Rottoli et al[10], 2017

46

Primary recurrent

Rectal

[51]

32

Primary

Rectal

Shin et al[22], 2016

22

Primary

Rectal

Smith et al[47], 2012

124

Primary

Rectal

Vermaas et al[11], 2007

35

Primary recurrent

Rectal

Sanfilippo et al

, 2001

reported in the study by Manas et al[13].

Long-term outcomes
Table 3 shows overall (OS)- and disease-free survival (DFS) rates and depicts factors
associated with decreased OS and DFS after MVR for rectal and colon cancers. 5-year
OS rate ranged from 36.7%[13] to 90%[20], but the proportion of included patients with
metastatic disease differed between those two studies (20% vs 0%).
Local and distant recurrences: The local control rate expressed by the local recurrence
rate were reported in 27 publications and ranged from 1.8% to 66.7% [15] . The
aforementioned study and Rosander et al[7] showed higher rates of local recurrences
after R1 -resection. Distant recurrence rates varied from 10.9%[2] to 45.5%[17]. Patients
with metastatic disease, receiving MVR, were also included in the vast majority of
publications and the rate of patients with Stage-IV disease varied from 0% to 49%[21].

Operative approach
Laparoscopic vs open surgery: Five publications focused on the perioperative und
long-term results of minimally-invasive (laparoscopic and/or robotic) MVR (Table 4).
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Table 2 Patient- and treatment- associated parameters after multivisceral resection for colon and rectal cancers
Most
common
resected
organs

Lymph node
Age
involvement

Blood
loss(mL)

Preoperative
(Chemo)radiation

ComplicaPrognostic
tions
factors/con(AI;SSI;IAA)
clusions
(Re-OP)

N0: 79% N1:
21%

64

NR

RCTX:100%

6%; 18%; NR
(9%)

No statistical
difference in
terms of
disease-free
survival when
analyzing
subgroups
stratified by
nodal-status
ypN0 vs
ypN1: (P =
0.29)

Colon (87%)
N0: 70% N1:
Small bowel 30%
(47%) Bladder
(40%)

60.2

1500

RCTX:100%

NR

Neoadjuvant
RCTX for
recurrent
colon cancer
is feasible; no
addition of
toxicity
(radiation
plus MVR)

LR: R0: 1.8%
R1: 66.7%;
DR: NR

Small bowel N0: 62% N1:
(14%) Bladder 28% N2: 10%
(12%)
Colorectum
(11%)

64

48

CTX: 4.4%

(0.8%; 2.5%;
0.8%) (0%)

R1-resection
and N+ status
predictors of
poor
prognosis
Laparoscopic
approach:
Feasible, low
conversion,
low R1-rate

LR: 14.5%;
DR: 10.9%

Small
NR
intestine
(31%);
Reproductive
organs (9%);
Bladder (7%)

69

NR

NR

(1.8%; 3.6%;
NR) (2%)

Patients with
T4-cancer not
undergoing
MVR had a
significantly
poorer
outcome
regarding
overall-,
disease-free
and cancerspecific
survival

LR: 23%; DR:
19%

Small
N0: 35% N1:
intestine
32% N2: 34%
(42%)
Oophorectomy (28%)
Bladder (19%)

71

NR

0%

(NR; 10%;
NR) (8%)

Poorly
differentiated
tumors and
stage IV were
associated
with a poor
survival;
significant
predictors of
disease
progression:
Venous
invasion (RR
2.34) and four
or more
positive
lymph nodes
(RR 3.99)

Resection
margin (R0
vs R1)

Local and
distant
recurrence

Cukier et
al[24]

R0: 100%

LR: 6%; DR:
18%

Small bowel
(56%);
Bladder/
Ureter (54%)

Hallet et
al[20]

R0: 87%

LR: 13%; DR:
13%

Kumamoto
et al[15]

R0: 95%

Leijssen et
al[2]

R0: 89%

Study

López-Cano R0: 85%
et al[49]
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Rosander et
al[7]

R0: 93%

Takahashi et R0: 96%
al[12]

LR: R0: 7%
R1: 33% DR:
14%

Bowel (45%) N0: 71% N1:
Ovaries (24%) 19% N2: 10%
Bladder
(partial/total)
: 22%/19%
Uterus/Vagina (17%)

67

NR

CTX: 27% RT: (8%; 7%; 7%)
1% RCTX: 5% (14%)

LR: 2%

Bowel (38%); NR
Uterus/Ovari
-es (5%);
Bladder (11%)

68.5- 71.5

Lap.
completion:
50;
Conversion:
366; Lap
overall: 57.5;
open: 321

CTX: open:
25% lap: 6%

(4%; NR; NR) Overall- and
(NR)
disease-free
survival
(multivariate)
was shorter in
the males;
operative
approach did
not affect
overall- and
disease-free
survival

Female sex,
low tumor
stage, and
adjuvant
CTX, and N but not tumor
infiltration
per se, were
independently associated
with better
overall
survival

Tei et al[23]

R0: 93%-100% LR: NR; DR:
24%

Small
N0: 48% N1:
intestine
24% N2: 28%
(38%);
Bladder
(17%);
Ovaries (14%)

70

60-220

NR

(3%; 17%;
10%) (3%)

S-MVR and
M-MVR do
not differ
significantly
in terms of
blood loss,
operative
time and
number of
harvested
lymph nodes.
No difference
in occurrence
of
complications

Chen et al[6]

NR

NR

Colon cancer: NR
small bowel
(40%); Rectal
cancer:
Bladder (36%)

NR

NR

NR

NR

Multivariate
analysis
showed that
adhesion
pattern was
independently associated
with overall
survival
among both
colon (P =
0.00001) and
rectal (P =
0.0002) cancer
patients

Eveno et
al[58]

R0: 90%

NR

Vagina (25%); N0: 55% N1:
Small bowel 25% N2: 19%
(23%);
Bladder
(20%);
Ovaries/Uterus (each 19%)

63

NR

RT: 8%; CT:
2%; RCTX:
27%

(3%, 4%; NR)
(9%)

Patients with
resection of
multiple
organs had a
better
survival rate
than patients
with single
organ
resection (P =
0.0469)

Fujisawa et
al[29]

NR

NR

Bladder
NR
(partial/total)
: 54%/34%

59

NR

0%

NR

Complication
rate was
higher in pat;
undergoing
cystectomy vs
partial
cystectomy
(58.3% vs
10.5%)
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Hoffmann et R0: 95%
al[21]

LR: 2%

53%: 1 add.
Organ 27%: 2
add; organs

NR

69

NR

RCTX (rectal): (9%; 9%; NR)
35%
(19%)

No significant
differences in
overall
survial: Colon
vs rectal
cancer (P =
0839); lap vs
open (P =
0.610);
emergency vs
planned (P =
0.674), pN0 vs
pN1 (P =
0.658)

Gezen et
al[18]

R0: 91%

NR

Ovaries: 27%; NR
Bladder: 26%;
Small bowel:
21%; Uterus:
19%

59

450 (nonMVR: 250)

NR

MVR do not
alter the rates
of sphinctersaving
procedures,
morbidity
and 30-d
mortality

Kim et al[17]

R0: 71%

LR: 7.7% (lap)
and 27.3%
(open) P =
0.144) DR:
15.4% (lap) vs
45.5% (open)
P = 0.091)

Small bowel: NR
10%; Bladder:
10%; Seminal
vesicle: 13%;
Prostate: 6%

68

lap: 269; open: RCTX: 50% of (12%; 8%; NR) No adverse
638
rectal cancer (NR)
long-term
patients
oncologic
outcomes of
laparoscopic
MVR were
observed

Laurence et
al[56]

NR

NR

NR

NR

64

NR

RT: 62%

NR

Female
gender, tumor
grade 2, MVR
were
significant
protective
factors of
mortality

Lehnert et
al[8]

R0: 65% R1:
9% R2: 26%

LR: 7% DR:
Small bowel: NR
13% Both: 4% 29%; Bladder:
24%; Uterus:
13%

64

< 1000 mL:
37%; 10002000 mL: 13%;
> 2000 mL:
10%

RT/CT/RCT
X: 40% of R0
resected
patients

(5%; 9%; 1%)

Intraoperative
blood loss,
age older than
64 and UICC
stage but not
histologic
tumor
infiltration vs
inflammation
were
prognostic
factors

Li et al[16]

NR

LR at 5 years: Bladder
NR
15% DR: 14% (partial/total)
: 56%/19%

67

Partial
0%
cystectomy: 0;
Urologic
reconstruction:
1700

(19%; 25; 6%)
(4%)

Negative
prognostic
factors: Age
older than 70
years;
receiving
palliative
resection and
not
involvement
of the bladder
dome

Park et al[53]

NR

NR

Small bowel:
24%; Ovary:
17%; Bladder
14%

NR

64

NR

NR

(6%; 11%; 9%) MVR was
(NR)
associated
with a two
times higher
complications
rate
compared to
standard
resections

Rizzuto et
al[57]

R0: 91%

NR

Small bowel: N0: 50% N+:
36%; Bladder: 50%
27%;
Vagina/Uterus/Ovaries:
Each 22%

62

NR

RCTX: 28%

(11%; 14%;
5%) (NR)
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Winter et
al[1]

R0: 89%

LR: 14%

Bladder
(partial): 84%

N0: 65% N1:
35%

63

NR

RCTX: 37%

(3%; NR; NR) Bladder
(NR)
reconstruction is
achievable in
most patients;
margin- and
node-negative
patients
benefit the
most

Banamura et NR
al[56]

LR: 13%; DR.
23%: Both:
20%

APR: 30%;
PPE: 70%

NR

57

NR

RCTX: 20%

(3%; 27%; NR) PPE showed
(NR)
prolonged
operative
time, higher
postoperative
complications
, a trend
towards a
poor
prognosis in
recurrence
and survival

Crawshaw et R0: 87%
al[25]

LR: 16%

Bladder: 49%; NR
Vagina: 38%;
Prostate: 31%;
Uterus: 31%;
Ovaries: 20%;
Small bowel:
10%

62

800

RCTX: 90%

(NR; 7%; 12%) Sphincter
(NR)
perseveration
did not affect
oncologic
outcomes

Derici et al[48] R0: 75%

LR: 18%

Adnexa: 47%; NR
Uterus: 32%;
Bladder: 30%

60

NR

RCTX: 51%

(7%; 19%; NR) Lymph node
(NR)
status pN0 (P
= 0.007) and
R0 resection
(P = 0.005)
were
independently significant
factors in the
multivariate
analysis for
overall
survival

Dinaux et
al[50]

R0: 100%

LR. 3%; DR:
21%

Bladder: 28%; NR
Prostate: 21%;
Ovaries: 20%;
Uterus: 20%

55

NR

CTX. 100%;
RCTX: 97%

(3%; 14%; 3%) Chance of
(NR)
overall
mortality
significantly
increased for
patients; who
underwent
MVR, for
administration of
adjuvant
CTX, for Pn+
and ypN+
status

Dosokey et
al[30]

NR

LR. 3% DR:
11%

Vagina: 50%; NR
Prostate: 30%;
Bladder: 33%

66

549

CTX: 97% RT: (16%; NR;
92%
NR) (NR)
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Gannon et
al[28]

R0: 90%

Primary: LR:
9%, LR + DR:
13%, DR:
22%;
Recurrent:
LR: 4%, LR +
DR: 48%,
DR:15%

TPE: 47%
SLE: 47%
PPE: 33%

Harris et
al[19]

R0: 93%

LR: 7%

Ishiguro et
al[54]

R0: 98%

Mañas et
al[13]

R0: 73%

Nielsen et
al[9]

Pellino et
al[14]

52

NR

RCTX: 85%

(NR; 4%; 11%) A significant
(4%)
difference in
5-yr diseasefree survival
was found
between
primary and
recurrent
tumors (52%
vs 13%, P <
0.01)

Bladder+
N0: 52% N1:
Prostate: 55% 29% N2: 17%
Uterus: 24%
N3: 2%

62

NR

RCTX: 74%

(5%; 5%; 21%) Association
(20%)
with worse
overall
survival in
multivariate
analysis:
Metastatic
disease,
pT4N1 stage,
vascular
invasion

LR: 9% DR:
25%

Uterus+
Bladder+
Rectum: 89%

N0: 57% N+:
43%

55

NR

RCTX: 14%

(4%; 23%; 8%) Patients with
(9%)
positive
lateral pelvic
lymph node
had a higher
probability to
recur and a
decreased 5yr over all
survival

LR: 37% DR:
35%

Uterus/Ovari N0: 40% N1:
-es (each):
27% N2: 34%
53%; Vagina;
27%; Seminal
vesicle: 23%

68

NR

RCTX: 20%

(13%; 53%;
10%) (NR)

Primary:R0:
NR
66%
Recurrent: R0:
38%

TPE with
sacrectomy:
22%

NR

63

NR

RT: 65%

(4%; 20%; 7%) There was no
(NR)
statistically
significant
difference in
overall
survival
between
primary and
recurrent
disease when
comparing R0
resections

R0: 77%

Not clearly
specified

N0: 13% N1:
29% N2: 43%

62

NR

RT: 54%

(NR; 37%;
10%) (10%)
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Rottoli et
al[10]

Primary: R0
71%,
Recurrent: R0:
56%

Primary: LR:
18% DR: 29%
Both: 7%;
Recurrent:
LR: 22% DR:
33% Both:
17%

Sacrectomy:
N0: 41% N1:
Primary: 18% 15% N2: 37%
Recurrent:
22%)

57

Primary: 600
Recurrent:
750

65% (not
specified)

NR

Sanfilippo et NR
al[51]

LR: 20% DR:
44%

Vagina: 66%; N0: 72% N1:
Bladder/Pros 9% N2: 9%
-tate: 14%;
Bladder/Vagi
-na: 6%; Vagina/Uterus/O
-varies: 6%

55

NR

RCTX: 100%

(NR; 19%; 6%) No significant
(9%)
association
with pelvic
control rate
and age, sex,
cN-stage,
tumor
distance from
the anal
verge, clinical
tumor length,
tumor
circumference
, tumor
mobility,
obstruction,
grade,
neoadjuvant
CTX, and
MVR

Shin et al[22]

LR: 4%

Prostate: 36%; N0: 41% N1:
Vagina: 23%; 46% N2: 14%
Small bowel:
14%; Bladder
wall: 14%

54

225

RCTX: 82%

(NR; 17%;
17%) (13%)

LR: 19%

Vagina: 52%;
Uterus: 23%;
Bladder: 11%

63

NR

RCTX: 73%
RT: 2%

(6%; 19%; 6%) 5-yr overall
(at least 1%)
survival in
stage I-III:
Tumor
category (T3-4
vs T0-2: HR
2.80), Node
category (N12 vs N0: HR
1.75),
Involved
resection
margin: HR =
2.19),
lymphovascular invasion
(L0 vs L1: HR
1.56)

R0: 100%

Smith et al[47] R0: 85%
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The long-term
disease-free
survival of
patients
undergoing
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exenteration
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significantly
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the procedure
is performed
for recurrent
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regardless of
the tumor
involvement
of the
resection
margins

Robotic MVR
including
resection of
lateral pelvic
lymph nodes
is feasible
with
acceptable
morbidity
and no
conversion
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Vermaas et
al[11]

Primary:R0:
82%;
Recurrent: R0:
58%

LR at 5-yr:
Primary: 12%;
Recurrent:
40%

TPE: 83% TPE N0: 37% N1:
an sacral
6% N2: 6%
bone: 11%;
TPE with
coccygeal
bone: 6%

58

NR

RT: 97%

(NR; 26%;
NR) (9%)

Patients with
recurrent
rectal cancers
have a higher
rate of
complications
, a high
distant
metastasis
rate and a
poor overall
survival

CTX: Chemotherapy; MVR: Multivisceral resection; S-MVR: Single-port MVR; M-MVR: Multi-port MVR; HR: Hazard ratio; RR: Relative risk; APR:
Abdominoperioneal resection; PPE: Posterior pelvic exenteration; RCTX: Chemoradiotherapy; TPE: Total pelvic exenteration; LR: Local recurrence; DR:
Distant recurrence; AI: Anastomotic insufficiency; SSI: Surgical site infections; IAA: Intraabdominal abscess; RT: Radiotherapy; NR: Not reported.

Completeness of surgical resection was not impaired by minimally-invasive MVR and
the included studies showed no reduction in lymph -node harvest as compared to
open surgery. The conversion rate to open surgery varied from 4.5%[22] to 33%[23]. The
most common reasons for conversion were involvement of the small intestine,
intraperitoneal adhesions and the need for urologic reconstructive procedures. The
minimally-invasive approach offered a reduced length of stay, significantly reduced
blood loss but prolonged operative time.

Chemoradiotherapy
The number of patients receiving any kind of preoperative therapy, including
chemotherapy, radiotherapy and combined chemoradiotherapy, was mentioned in 31
studies. Preoperative chemotherapy was received by 129 (4%) patients, 591 (19%)
patients underwent preoperative radiotherapy and 423 (14%) patients were given
preoperative combined chemoradiotherapy. Two studies reported on applications of
chemoradiotherapy in primary and recurrent colon cancers [20,24] . Cukier et al [24]
reported that perioperative complication rates were not negatively impacted by
chemoradiotherapy. The same results were obtained by Hallet et al[20] who stated that
the addition of neoadjuvant chemoradiotherapy prior to MVR for recurrent adherent
colon cancer did not elevate toxicity-or complication rates.
Six studies reported on patients receiving intraoperative radiotherapy (IORT)
[11,22,24-27]
. All studies exclusively included patients with primary and or recurrent rectal
cancer. Indications for application of IORT were a minimal circumferential free
resection margin equal to or less than 2 mm in the study from Vermaas et al[11] and the
concern for close and/or involved radial margins in the study by Gannon et al[28] Only
12 patients in the study by Vermaas et al[11] received IORT but no improvement in
overall survival was seen.

Primary vs recurrent rectal cancer
In total seven publications included primary as well as recurrent rectal cancers [6,9-11,26,28,29] . The studies by Gannon et al [28] Nielsen et al [9] and Vermaas et al [11]
included 197 patients and only Gannon et al[28] reported that the disease setting was
the only significant prognostic factor in favor of primary rectal cancers. This is in line
with the results published by Rottoli et al[10] who also found the recurrent disease
setting to be a negative prognostic factor.
MVR for gastric cancer (n = 16).

Study design
A total of 93 articles were identified using the aforementioned search algorithm
(Figure 1). After full-text screening 16 studies were selected that met the inclusion
criteria.

Demographics
We identified 16 studies published between 1998 and 2019 describing MVR for a total
of 1600 patients with locally advanced gastric cancer (Table 5). One publication
reported patient- and treatment-related data after minimally-invasive MVR, whereas
the other authors either performed open surgery or did not mention whether an open
or laparoscopic approach was chosen[31]. The decision for or against suspected MVR,
according to preoperative imaging modalities like CT, MRI, EUS and PET-CT, was
made intraoperatively. Every verified adhesion of the primary tumor to adjacent
structures was classified as a cT4b -situation. Together with a gastrectomy, mainly
surrounding organs like spleen, pancreas or colon were resected. More rarely, the
gallbladder or parts of the small bowel or the liver had to be removed.
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Table 3 Morbidity, mortality and survival rates after multivisceral resection for colon and rectal cancer
Stage IV disease
(%)

True pT4b (%)

0

67

0

90%; 5-yr DFS: 63.5% 0

50

17.8

0.8

87%

12

45

25

0

5-yr OS (pT3): 63%;
5-yr OS (pT4): 70%

0

24

López-Cano et al[49] 74.9

47.8

7.1

48%; 5-yr DFS: 46.3
mo

20

65

Rosander et al[7]

28

37% (≥ Grade III)

5

60.8% for the
0
infiltration group;
86.9% for the
inflammation group

63

Takahashi et al[12]

48.4

LAP: 7 OPEN: 36

0

3-ys OS (open):
79.8%; (lap): 92.8%

25

50

Tei et al[23]

34

37.9

0

3-yr OS Stage II-III
(S-MVR/M-MVR):
81.8%/80.0% 3-yr
DFS Stage II-III (SMVR/M-MVR:
58.3%/70.0%

28

34

Chen et al[6]

NR

11.5

NR

59%
54
(Colon/inflammation) 39%
(Colon/invasion)
63%
(Rectum/inflammation); 42%
(Rectum/invasion)

55

Eveno et al[58]

48

12

1.3

77%; 3-yr OS
(without stage IV
disease): 89%; 5-yr
DFS: 58%

65

Fujisawa et al[29]

42 (mean)

NR

NR

3-yr OS
NR
(colon/bladder
sparing): 90%;
(colon/nonsparing):
67%; 3 yr OS
(rectal/bladder
sparing): 50%;
(rectal/nonsparing):
67%

NR

Hoffmann et al[21]

NR

34.6

7.7

55% (if curative)

49

63

Gezen et al[18]

25 (mean)

24.4

4.4

69.4%

12

34

Kim et al

35/40 (mean)

LAP: 21 OPEN: 44

0

LAP: 60.5%; OPEN
48%

33

44

Laurence et al[56]

NR

NR

NR

52.7%

3

NR

Lehnert et al[8]

71

33

7.5

51%

5

50

Li et al

64.3

61

5.6

50%; 59%: if curative 21

47

Park et al[53]

NR

35.2

3.1

58%

0

44

Rizzuto et al[57]

NR

55

0

3-yr OS (nonocclusive): 58.4%;
(occlusive): 33.3%

0

77

Winter et al[1]

84

18

1.5

57%; 61% (R0); 17%
(R1) 77% (R0, N0);
28% (R0, N+)

NR

54

Banmura et al[56]

32

50

0

Local recurrence
rate: 30%

33

63

Crawshaw et al[25]

27.8

57.4

0

49.2%; 5-yr DFS:
45.3%

0

39

Derici et al[48]

40.4 (mean)

38.6

3.5

49%; 3-yr OS: 81.6%

0

58

Dinaux et al[50]

38.2

72.4

0

OS: 45 mo

0

24

32 (mean)

39

0

67%; 5-yr DFS: 79%

0

NR

Study

Follow-up (mo)

Morbidity (%)

Mortality (%)

Survival1

Cukier et al[24]

36

36

0

3-yr OS: 85.9%; 3-yr
DFS: 73.7%

54

33.3

Kumamoto et al

32

Leijssen et al[2]

48.5

Hallet et al[20]
[15]

[17]

[16]

[30]

Dosokey et al
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Gannon et al[28]

40

43

0

48%; Primary: 65%
NR
Recurrent: 22%; 5-yr
DFS. 38%; Primary:
52% Recurrent: 13%

NR

Harris et al[19]

30

50

0

5-yr OS (R0): 48%;
R1/R2: 33%

14

52

Ishiguro et al[54]

40

39.8

2.2

52%; 5-yr DFS: 46%

NR

49

Mañas et al[13]

28.8

76.6

10

36.7%

20

67

Nielsen et al

12

51

2.2

5-yr OS (primary):
0
46%; (recurrent):17%

NR

Pellino et al[14]

NR

54.9

2.4

67%

70

Rottoli et al

32.5/56.6

33 Primary: 32%
Recurrent: 33%

4

5-yr DFS (primary): NR
46% (recurrent): 24%

NR

Sanfilippo et al[51]

NR

25

NR

4-yr OS: 69%

0

44

Shin et al[22]

30

41.7

0

80%

27

23

Smith et al

NR

47.6

0.8

53.3%; M0: 59%

20

44

Vermaas et al[11]

28 (mean)

69; Primary: 61;
Recurrent: 83

3

52% (primary); 3-yr
OS (recurrent): 32%

NR

43

[9]

[10]

[47]

NR

1

if not specified 5-yr OS is reported. S-MVR: Single-port laparoscopic multivisceral resection; M-MVR: Multi-port laparoscopic multivisceral resection; NR:
Not reported.

Pathological features
Prior clinically suspected T4-tumor was confirmed in 14% [32] -89.0% [33] of histopathological samples. Involvement of lymph nodes was described in 38.8% [33] 89.3%[34]) of patients.

Morbidity and mortality
The rate of morbidity ranged from 11.8%[35] to 59.8%[31] of patients who underwent
gastrectomy and MVR (Table 6). Main postoperative complications were pancreatic
fistulas and pancreatitis, anastomotic leakage, cardiopulmonary events and postoperative bleedings. Total mortality lay between 0%[35] and 13.6%[33]. R0-resections
were achieved in 38.4%[34]-100%[36] of patients.
Anastomotic insufficiency: Ten studies did not report the occurrence of anastomotic
insufficiency (AI). The remainder reported AI -rates ranging from 0%[37,38] to 19.4%[31].
There was no structured report on management of AI in the studies included.
Re-operation: The rate of re-operation was only mentioned in 4 publications and
ranged from 0%[37,38] to 13.8%[31].

Long-term outcomes
Patients after R0 resection had 5 year overall survival rates of 24.1%[38] to 37.8%[35]. In
the multivariate analysis, mostly incomplete resection status[34,39-42] as well as lymph
node involvement [31,34,36,39,40,42-45] were found to be negative prognostic factors for
survival. Further negative prognostic factors were metastasized stage[35,39], advanced
age[44] the number of resected organs[31,42,44,46], no adjuvant chemotherapy[31] and white
race[31].

DISCUSSION
MVR for locally advanced and adherent colorectal and gastric cancers seems to be a
feasible approach that is associated with an acceptable morbidity - and mortality -rate
and in a subset of patients good oncologic long-term results can be obtained [15,20,25,42,44,47] . Due to the reduced sensitivity and specificity of preoperative
imaging for prediction of true malignant adhesion, the decision in favor of performing
MVR is made intraoperatively in the vast majority of cases[1]. It is virtually impossible
for the surgeon to differentiate between inflammatory and true malignant adhesions,
so that every adherence to the tumor must be considered malignant and the
appropriate operative strategy has to be applied. Data on intraoperative lysis of adhesions to the primary tumor, which were proven malignant by histopathological
examination, revealed devastating overall survival rates and high local recurrence
rates (Hunter et al[5]). In this review the true pT4b -rate varied from 23% to 77% and
data on the impact of malignant invasion are heterogeneous with two studies[7,8]
reporting no impact on overall-survival if malignant adhesions were detected and one
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Table 4 Patient- and treatment- associated parameters of minimal-invasive multivisceral resection for colon and rectal cancer
Resection
margin (R0 vs
R1)

Lymph-node
harvest (n)

Conversion rate

Kumamoto et
al[15]

R0: 95%

26

6.8%

Takahashi et
al[12]

R0: 96%

34 Open: 33

Tei et al[23]

Operative time
(min)

LOS (d)

Excessive tumor 49
fixation (n = 4);
Suspicion of
invasion to the
duodenum (n =
2); Intraperitoneal
adhesion (n = 2)

254

11

12%

The conversion
50; Open: 321
rate was highest
in cases involving
the urinary tract
(40%)

279; Open: 255

14; Open: 22.5

R0: S-MVR: 100%; S-MVR: 30; MM-MVR: 93%
MVR: 25

S-MVR M-MVR:
14%; M-MVR
Open: 33%

Small intestine
involvement

S-MVR: 60; MMVR: 220

S-MVR: 222; MMVR: 255

S-MVR: 11; MMVR: 18

Kim et al[17]

R0: 71%

34; Open: 40

7.9%

NR

268; Open: 637

330; Open: 257

21.9; Open: 21

Shin et al[22]

R0: 100%

20

4.5%

Unable to tolerate 225
Trendelenburg
position and
intraperitoneal
adhesions

421

4.5

Study

Reason for
conversion

Blood loss (mL)

LOS: Length of hospital stay; S-MVR: Single-port multivisceral resection; M-MVR: Multi-port MVR.

study reporting the opposite[6]. It seems it is not the presence of proven malignant
infiltration into adherent adjacent organs but the presence other tumor- and
treatment-associated factors that are of prognostic importance. This review
emphasized the importance of microscopic complete surgical resection, as one of the
most predictive factors for overall- and recurrence-free survival[15,48]. These results are
further highlighted by the results presented by Nielsen et al[9] comparing primary and
recurrent rectal cancers. The authors stated that no statistically significant difference
in overall survival was seen regarding the disease setting when comparing R0resections. The remaining studies dealing with primary versus recurrent rectal cancer
found the disease setting to be of significant prognostic impact[10,28]. Patient selection
for MVR in the recurrent disease setting should be made on a case-by-case basis,
because achievement of R0 -resection in these patients can also produce acceptable
long-term results. The intraoperative assessment of truly preventing an R1 -resection
is virtually not possible, but nevertheless palliative MVR should not be performed as
shown by the data from Leijssen et al[2]. Authors reported for patients with proven T4 cancers not undergoing MVR the highest local recurrence rate, namely 21.5%
(compared to patients undergoing MVR: 14.5%) and the worst 5-year OS-and DFS
rates (46.3% vs 52.7% vs 70% and 74.1%, respectively).
Apart from the completeness of surgical resection factors like lymph -node and
lymphovascular involvement seem to be predictive for survival. López-Cano et al[49],
Smith et al[47] and Harris et al[19] showed that lymphatic spread was associated with
worse prognosis. Cukier et al[24] and Dinaux et al[50] discussed the significance of the
ypN -stage. Cukier et al[24] reported no statistical difference in terms of DFS when
comparing ypN0 and ypN1 patients. Contrarily, Dinaux et al[50] showed that ypN+
status was significantly associated with overall mortality. Hoffmann et al[21] found no
difference in terms of OS for pN0 versus pN1 patients after MVR for primary colorectal cancers.
The role of neoadjuvant and adjuvant chemo- (radio-) therapy in short- and longterm results was hardly assessable due to the heterogeneity of data provided. The
study by Sanfilippo et al[26] showed no significant association between application of
neoadjuvant chemotherapy and local pelvic control rate. Dinaux et al[50] even found
the performance of adjuvant chemotherapy to be significantly associated with overall
mortality.
The significance of minimally-invasive MVR was highlighted in a couple of studies
(Table 4). The laparoscopic approach for standard -resections for colon - and gastric
cancer has already become accepted with low morbidity rates and comparable
oncologic long-term results. The acceptance of laparoscopic or robotic MVR is low but
the minimally-invasive approach seems to harbor some advantages over the open
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Table 5 Patient- and treatment- associated parameters after multivisceral resection for gastric cancer

Study

Resection
margin (R0 vs
R1)

Most common
resected
organs

Carboni et al[39],
2005

R0 61.5%; R1
27.7%; R2 10.8%

Colen et al[37],
2004

NR

Other
prognostic
factors

Lymph node
involvement

Age

Blood
transfusion

Complications
(AI) (Re-OP)

Spleen: 48%;
Pancreas: 43%;
Colon: 25%

86.2%

61

NR

(1.5%) (1.5%)

Lymph-node
involvement and
metastatic disease

Spleen: 62%;
Pancreas 57%;
Colon: 24%

NR

67.5

NR

0% (NR)

NR

D'Amato et al[38], R0: 69%
2004

Pancreas: 62%;
Colon: 12%

NR

NR

NR

(0%) (NR)

NR

Jeong et al[43],
2009

Spleen: 47%;
Pancreas: 61%;
Colon: 24%

N+: 90.1%

59

NR

(6.7%) (11%)

Lymph-node and
lymphovascular
involvement

Kim et al[35], 2009 R0: 43%; R1: 15%; Spleen: 38%;
R2: 74%
Pancreas: 29%;
Colon: 56%

NR

NR

NR

(2.9%) (0%)

histologic type, M
stage, peritoneal
metastasis,
curability and
treatment groups

Martin et al[36],
2002

R0: 100%

Spleen: 67%;
Pancreas: 19%;
Colon: 6%; Liver:
4% Gallbladder:
7%

N0: 35% N+: 65% 66

NR

(NR) (NR)

Lymph-node
involvement and
> pT3

Oñate-Ocaña et
al[32], 2008

R0: 58.1%; R1:
18.9%; R2: 23%

Spleen: 68%;
Pancreas: 26%;
Colon: 12%;
Liver: 9%

NR

NR

NR

(NR) (NR)

NR

Ozer et al[44],
2009

NR

Pancreas: 54%;
Colon: 32%;
Liver: 18%

NR

58

NR

(8.9%) (NR)

Advanced age,
lymph node
involvement, and
resection of more
than 1 additional
organ were
significant
prognostic factors
for survival.

Persiani et al[46],
2008

R0: 320; R1: 39;
R2: 29%

Spleen: 84%;
Pancreas: 25%;
Colon: 10%

NR

63.4

NR

(NR) (NR)

Splenectomy, D2
lymphadenectomy, and age
greater than 64 yr
were the only
factors predictive
of overall
morbidity

Shchepotin et
al[33], 1998

NR

Spleen: 43%;
N+: 38.8%
Pancreas: 69%;
Colon: 45% Liver:
29%

NR

NR

(3.7%) (NR)

NR

Isozaki et al[45],
2000

NR

Pancreas +
N0 = 13%; N1 =
Spleen: 36%;
36%; N2 = 25%;
Pancreatoduoden N3 = 12%
ectomy: 7%

NR

NR

(NR) (NR)

Location of the
tumor, lymph
node metastasis,
histological depth
of invasion, and
extent of lymph
node dissection

Molina et al[40],
2019

R0: 94%

Pancreas (49%);
Spleen (34%)
Liver (29%).

N+: 80%

64,5

NR

(NR) (NR)

Lymph-node
involvement and
R1-status

Mita et al[42],
2017

R0: 82.5%; R1:
17.5%

Spleen 29.1%;
Pancreas: 46.6%;
Colon: 13.6%;
Liver: 11.7%

N+: 84.5%

70

NR

(NR) (NR)

Resection status

Vladov et al[38],
2015

R0: 75%

Spleen: 76.7%;
Pancreas:40%;
Colon: 18.3%;
Liver 15%

NR

NR

NR

(NR) (NR)

NR
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Tran et al[31],
2015

R1: 15.5

Spleen: 48%;
Pancreas:27%
Liver 14% Colon:
13%

N0: 34.5%

64

NR

(11.5%) (13.8%)

MVR with
pancreatectomy,
was significantly
associated with
decreased
survival, along
with T-stage, N
stage, perineural
invasion, and

Pacelli et al[34],
2013

R0: 38.4%

Pancreas 46;
Colon 43

N+: 89.3%

NR

NR

(7%) (NR)

Lymph-node
involvement and
incomplete
resection

MVR: Multivisceral resection; NR: Not reported; AI: Anastomotic insufficiency.

approach. Table 4 sums up the most important studies, highlighting the fact that
minimally-invasive MVR is associated with a reduced operative time, reduced blood
loss and transfusion requirement. The conversion rates were low by a comparable
lymph-node harvest. Prior to scheduling patients for minimal-invasive MVR, relative
contraindications like excessive small bowel- and urologic tract involvement should
receive attention.
Our analysis of the so far published results of MVR for patients with locally
advanced gastric cancer shows 5-year survival rates of 24.1%-37.8% for patients with
an R0-resection, while the rate of morbidity was 11.8% to 59.8% and the rate of
mortality 0-15%. The authors of these studies therefore consider MVR for locally
advanced gastric cancer to be a potentially beneficial procedure, especially if there is a
possibility of curative resection.
Comparable results can also be found for MVR of other abdominal tumor entities
such as neuroendocrine tumors or gastrointestinal stroma tumors[51]. Similar approaches were also investigated for locally advanced pancreatic adenocarcinoma and
colorectal cancer. With the acceptance of higher rates of morbidity and longer
operating times MVR for locally advanced pancreatic adenocarcinoma may lead to a
long -term survival comparable to that for standard resections of the pancreas[52].
In conclusion, the main limitation of this review is the mainly retrospective studies
included and the heterogeneity in reporting short- and long-term outcomes.
Nevertheless, MVR for primary cancers are of significant importance in oncologic
surgery providing acceptable morbidity- and mortality rates with good long-term
survival for selected patients. Negative selection criteria are incomplete surgical
resection, recurrent rectal cancer, and lymph-node and lymphovascular involvement.
Stage-IV disease should be regarded as a relative contraindication for MVR.
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Table 6 Morbidity, mortality and survival rates after multivisceral resection for gastric cancer
Study

n

Follow-up (mo) Morbidity (%)

Mortality (%)

Survival

Stage IV (%)

True pT4b (%)

65

13

27.7

12.3

OS: 21.8 mo

46

80

21

NR

39

10

OS: 30 mo

NR

38

D'Amato et al[38], 52
2004

NR

34.6

1.9

OS: 31 mo

NR

NR

Jeong et al[43],
2009

71

17.6

26.8

NR

3-yr OS: 36.4%

76

63

Kim et al[35], 2009 34

NR

11.8

0

OS: 37.8 mo

38

NR

268

NR

39.2

NR

OS: 63 mo

NR

21

Oñate-Ocaña et
al[32], 2008

74

NR

26.9

NR

OS: 30.5 mo

NR

14-38

Ozer et al[44],
2009

56

10.8

37.5

12.5

3-yr OS: 53.3%

62

66

Persiani et al[46],
2008

51

NR

16.2

2.3

NR

79

19.6

Shchepotin et
al[33], 1998

353

NR

31.2

13.6

5-yr OS: 25%

NR

89.0

Isozaki et al[45],
2000

86

NR

NR

NR

5-yr OS: 35%

NR

53

Molina et al[40],
2019

35

31

46

3

5-yr OS. 34%

NR

40

Mita et al[42],
2017

103

23.0

37.9

1.0

3-yr OS: 42.1%

0

57

Vladov et al[38],
2015

60

NR

28.3

6.7

5-yr OS: 24.1%

NR

70

Tran et al[31],
2015

159

NR

59.8

4.3

5-yr OS: MVR
with
pancreatectomy:
20%; MVR
without: 36%

0

67

Pacelli et al[34],
2013

112

18.7

33.9

3,6

5-yr OS: 27.2%

NR

88

[39]

Carboni et al
2005

,

Colen et al[37],
2004

[36]

Martin et al
2002

,

OS: Overall survival; NR: Not reported; MVR: Multivisceral resection.

ARTICLE HIGHLIGHTS
Research background
Multivisceral resections (MVR) still constitute a challenge for the interdisciplinary team. The
indications to perform MVR are not clearly defined.

Research motivation
Motivation was generated by the fact that there are no recommendations regarding MVR.

Research objectives
In order to define indications and factors associated with beneficial oncologic outcomes and
reduced perioperative morbidity and mortality this systematic review was conducted.

Research methods
We performed a PubMed-search from 2000 to 2018 including articles reporting on MVR in patients with colon-, rectal- and gastric cancer.

Research results
Available data shows that MVR from locally advanced colorectal and gastric cancer is a feasible
option which is associated with acceptable morbidity- and mortality-rates. Oncologic outcome is
favorable when clear resection margins can be obtained.

Research conclusions
Patients who are clinically fit and preoperative imaging does not reveal obvious contraindication
for radical surgery, the option of MVR should not be abandoned. Clear resection margins are the
main goal of aggressive surgical approach.

WJMA

https://www.wjgnet.com

286

June 30, 2019

Volume 7

Issue 6

Nadiradze G et al. Significance of MVR in oncologic surgery

Research perspectives
Perspectives are to evaluate more patient- and treatmenspecific parameters in order to define
more clearly patients who are likely to benefit from this approach.
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Abstract
BACKGROUND
Hip fractures are common with increasing age and is associated with decline in
mobility. Both the fracture and the surgery can lead to blood loss, resulting in
anaemia. However, it is uncertain at which time point haemoglobin is most
strongly associated with different clinical outcomes after hip fracture. Our
hypothesis is perioperative anaemia (admission, postoperative and discharge)
during hip fracture surgery is associated with poor clinical outcomes.
AIM
To determine the effects of perioperative anaemia during hip fracture surgery on
mortality, functional status and other clinical outcomes.
METHODS
Electronic databases will be searched to identify studies evaluating perioperative
anaemia and outcomes of hip fracture surgery. Reference lists of included studies
will also be searched to identify additional published studies. Eligibility criteria
are as follows: Population: People who underwent hip fracture surgery;
Exposure: Perioperative anaemia; Comparison: No anaemia before or after hip
fracture surgery; Outcome: Mortality, hospital length of stay, postoperative
complications, hospital readmission, change of discharge destination, quality of

https://www.wjgnet.com

290

June 30, 2019

Volume 7

Issue 6

Khow KS et al. Perioperative anaemia and outcomes after hip fractures
supplementary file.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
Manuscript

Received: April 28, 2019
Peer-review started: April 28, 2019
First decision: May 9, 2019
Revised: June 1, 2019
Accepted: June 17, 2019
Article in press: June 17, 2019
Published online: June 30, 2019
P-Reviewer: Petretta M
S-Editor: Cui LJ
L-Editor: A
E-Editor: Wang J

life and functional status. Risk of bias assessment will be assessed using the
Cochrane Collaboration’s tool for randomized controlled trials and the modified
version of the Epidemiological Appraisal Instrument for observational studies.
Data will be pooled for meta-analysis if deemed appropriate.
CONCLUSION
This review seeks to clarify outcomes associated with perioperative anaemia at
various time-points around hip fracture surgery. These findings will potentially
inform evidence-based clinical practice on interventions in those with anaemia.
Key words: Anaemia; Haemoglobin; Hip fracture; Length of stay; Mortality; Outcomes;
Perioperative; Readmission
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hip fracture is a growing public health problem because of population aging.
Recovery from hip fracture can be slow and complicated by morbidities and decline in
functional abilities. Perioperative anaemia is common with hip fractures. However, it is
uncertain at which time point haemoglobin level is most strongly associated with
different clinical outcomes after hip fracture surgery. Better understanding of the
relationship between perioperative haemoglobin and mortality, length of hospital stay,
functional status, postoperative complications, hospital readmission and admission to
residential care after discharge, is required.

Citation: Khow KS, Kee MW, Shibu PN, Yu SC, Chehade MJ, Visvanathan R. Relationship
between perioperative anaemia and outcomes in older people with hip fractures: A systematic
review and meta-analysis protocol. World J Meta-Anal 2019; 7(6): 290-296
URL: https://www.wjgnet.com/2308-3840/full/v7/i6/290.htm
DOI: https://dx.doi.org/10.13105/wjma.v7.i6.290

INTRODUCTION
Mobility is vital to older people, especially for maintaining functional independence
and good quality of life. Older people have identified that living in their own home as
long as possible is a priority for them. However, sustaining a hip fracture is a serious
life-changing event for many older people, which disrupts their ability to walk.
Hip fractures in the older population are associated with adverse outcomes which
may include prolonged hospitalisation, decline in functional status, long-term institutionalisation and excessive mortality[1-3]. For example, less than 50% of patients regain
their prior level of mobility at one year after hip fracture, and nearly 20% become
immobile [4] . The loss of independence after hip fractures result in older people
needing long-term residential care. In a meta-analysis of seventy-five studies involving more than 64000 subjects from multiple countries, the overall mortality at one year
was 24.5% and this increased to 34.5% at 2 years[5]. Therefore, the healthcare burden of
hip fractures is significant and strategies are needed to mitigate these adverse
outcomes.
One potential way to improve outcomes after hip fractures is to better manage
anaemia in patients with hip fractures. Hip fractures are associated with significant
blood loss, either from the fracture itself or from the surgery to repair it[6]. In the general population, anaemia is present in 10% of women and 11% of men over the age of
65 years[7]. This prevalence of anaemia is higher in older people who had hip fractures.
It is present in approximately 50% at the time of hospital admission[8], increasing to
more than 90% following hip fracture surgery[8]. Anaemia, independent of other
health conditions, places older people at risk of adverse health outcomes. The increased risk of mortality among those with anaemia is well documented[9,10]. However,
there is conflicting data about whether anaemia is an independent risk factor for poor
postoperative outcome or a marker of severity of comorbid diseases in patients with
hip fractures[9,11].
Preoperative anaemia is recognised as a risk factor for mortality, longer length of
stay and poorer functional status after hip fracture surgery[12]. It is also recognised as
one of the most important risk factor for blood transfusions[12,13]. In a systematic
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review published in 2015, preoperative anaemia was associated with a 64% increase in
risk of mortality after hip fractures[14]. One of the limitations of this systematic review
is that several studies published after 2015 were not included.
In a few studies, the effects of postoperative haemoglobin on clinical outcomes
have shown mixed results[15,16]. In addition, little is known about the effects of anaemia
prior to hospital discharge on outcomes. To date, only a small number of studies have
examined the association between anaemia on discharge with outcomes [8,17,18] .
Therefore, a more robust review is required to evaluate the relationship between perioperative anaemia and clinical outcomes in hip fracture surgery.
The primary aim of this systematic review is to determine the relationship between
perioperative (preoperative, postoperative and discharge) anaemia and mortality after
hip fracture surgery. Secondary aims are to evaluate the relationship between
perioperative anaemia and other clinical outcomes such as hospital length of stay,
postoperative complications, hospital readmission, rate of permanent transfer to
residential care after discharge, and functional status in terms of mobility or disability.

MATERIALS AND METHODS
This systematic review and meta-analysis will be performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocol
(PRISMA-P) statement[19].

Definitions
Anaemia refers to a reduced number of circulating red blood cells and is usually
based on haemoglobin measurements. Anaemia can occur at various time point of the
fracture, either preoperatively (prior to surgery) or postoperatively (up to 7 dafter
surgery). There is also interest in haemoglobin just before discharge following the
index surgery. These measurements are collectively referred to as perioperative haemoglobin.

Search strategy
We will search for relevant articles in the English language using MEDLINE/
PubMed, CINAHL, SCOPUS, EMBASE databases and Cochrane Library from
inception until August 2018. The search strategy is provided in Table 1. We will
perform a manual search of additional references of articles.

Eligibility criteria
Population: The population of interest is people with hip fractures undergoing
surgery. Examples of surgery for hip fractures include sliding hip screw, intramedullary nail and arthroplasty.
Exposure: Studies evaluating the effects of perioperative anaemia which are
defined as (1) at the time of admission or before surgery; (2) after surgery (within 7 d);
and (3) prior to hospital discharge (as defined by the authors) will be included.
Anaemia may be defined according to the World Health Organization criteria as
haemoglobin concentration less than 120 g/L for women and less than 130 g/L for
men[20]. For the purpose of this review, moderate and severe anaemia were defined as
haemoglobin of 80-100 g/L and less than 80 g/L, respectively, for both sexes.
Comparator/control: Participants who had hip fracture surgery without anaemia,
at different time points.
Outcomes: This review will consider studies that include any of the following
outcomes (1) mortality up to 12 mo post-surgery; (2) hospital length of stay; (3)
postoperative complications; (4) hospital readmission; (5) rate of permanent transfer
to residential care after discharge; (6) quality of life; (7) mobility or disability.
Study design: All peer-reviewed full-text studies or doctoral dissertations are
eligible for initial review. Observational studies designed as longitudinal cohorts,
case-control or cross-sectional studies and experimental studies designed as randomized controlled or non-randomized trials will be eligible for inclusion in this review.
Exclusion: This study will exclude case series, case reports and studies published in
a language other than English. Studies reporting outcomes of cohorts with (1)
acetabulum and fractures of the femoral shaft distal to the subtrochanteric region, (b)
high-energy traumatic fracture; (2) pathological fracture and (3) non-surgical
management of hip fracture will also be excluded.

Study selection process
Initially, two reviewers (KSK, MWK) will screen the titles and abstracts of all search
records independently. After screening, full texts of all potentially eligible studies will
be retrieved and examined according to the abovementioned eligibility criteria.
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Table 1 Search syntaxes
Database

Search syntax

PubMed

("anaemia" [All Fields] OR "anaemia" [MeSH Terms] OR "haemoglobin" [All
Fields]) OR ("haemoglobin" [MeSH Terms] AND ("hip fractures" [MeSH
Terms] OR ("hip" [All Fields] AND "fractures" [All Fields])

CINAHL

“hip fracture” AND (anaemia or haemoglobin)

Embase

“hip fracture” and (anaemia or haemoglobin)

Scopus

Hip fracture AND (anaemia or haemoglobin)

Disagreements at both screening levels (title/abstract and full text) will be adjudicated by a third reviewer (SY). A PRISMA-P flow chart will outline the study selection
process and reasons for exclusion.

Data extraction
Data will be extracted by two independent reviewers (KSK, MWK) using a standard
data abstraction form (Supplementary material). After determination of the study
eligibility, information will be extracted from each study regarding study identification (first author, year of publication, number and location where recruitment took
place), study design characteristics (sample size, follow-up duration, inclusion and
exclusion criteria, quality assessments), patient population (age, gender, medical
comorbidities) and haemoglobin levels (before, after surgery or prior to discharge).
Data on the following outcomes will be recorded: mortality up to 12 mo, hospital
length of stay, postoperative complications, hospital readmission up to 12 mo, rate of
permanent transfer to residential care after discharge, quality of life, mobility or
disability.

Quality assessment
The quality assessment for all studies will be assessed independently by two
reviewers (KSK, MWK). The Cochrane Collaboration’s tool will be used for assessing
risk of bias among RCT studies [21] . This tool addresses six domains of bias: (1)
Sequence generation; (2) Allocation concealment; (3) Blinding of personnel and
participants; (4) Completeness of data; (5) Selective reporting; and (6) Other source of
bias not covered in the other domains. Based on empirical and theoretical considerations, RCTs with inadequate random sequence generation, allocation concealment,
incomplete outcome data, selective reporting, or with other sources of bias will be
considered as high risk of bias[21]. When sufficient information was not provided on
these three domains of bias to allow a definite judgement, we will consider the risk of
bias as unclear. When a study is potentially free of these biases, we will consider the
risk as low.
The quality of observational studies will be assessed using the Epidemiological
Appraisal Instrument (EAI)[22], a validated and reliable tool. This instrument addresses
five domains of bias risk: Reporting, subject selection, measurement quality, data
analysis, and generalisation of results. Each of the 43 questions in the EAI was scored
as yes (= 2), partial (= 1), no or unable to determine (= 0) with the highest possible
score being 86. Each total score will be stratified by quartiles. Quartile 1 (Q1) will be
70-86 (the highest quality), quartile 2 (Q2) will be 46-69, quartile 3 (Q3) will be 24-45
and quartile 4 (Q4) will be 0-23 (the lowest quality). Any disagreement regarding the
quality of a study will be resolved by a third reviewer (SY).

Data synthesis
Detailed description of all included studies will be tabulated. Study identification
(first author, year of publication, number and location where recruitment occurred),
study design and characteristics (observational or experimental, sample size, duration
of follow-up), patient population (age, gender), haemoglobin at different time points
and clinical outcomes (mortality at different time points, hospital length of stay,
hospital readmission at different time points, postoperative complications, rate of
admission to residential care after discharge, quality of life, mobility or ability to
perform activities of daily living) will be qualitatively described.

Statistical analysis
We will use RevMan 5.3 to conduct the meta-analyses. Meta-analyses of pooled data
will not be performed for secondary outcomes or when the number of studies were
small or highly heterogenous. The summary effect measures may include hazard
ratios (HR), relative risk (RR) or odds ratios (OR). When data are available to be
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pooled together, we will use a random-effects model to estimate of effect size. Where
possible, we will aggregate each included study’s outcome data as HR, RR, or OR
with the associated 95%CI as these are assumed to measure the same underlying
effect[23]. When the effect size estimate was not reported in the paper, the RR or OR
and associated 95%CI will be calculated using the raw data available. In the first
instance, the unadjusted effect sizes for each outcome (permitting age and sex
adjustment) will be pooled together. In the second instance, the unadjusted and most
adjusted effect sizes for each outcome will be pooled together.

RESULTS
Heterogeneity and publication bias
Heterogeneity among included studies will be evaluated using the I2 statistic, which
will describe the proportion of variability in effect size estimates that is due to the
difference between studies rather than by chance [21] . According to the Cochrane
Handbook for Systematic Reviews[24], I2 of 0% to 60% can be considered as not important to moderate, while I2 >60% indicates substantial heterogeneity.
Funnel plots will be used to assess for any publication bias (eyeball test). Egger’s
test will be used to identify any funnel plot asymmetry arising from publication bias if
present[24].

DISCUSSION
This systematic review aims to add to the existing literature by aggregating data on
specific outcomes after hip fracture surgery in relation to perioperative anaemia. Our
review is broader in scope and considers many more clinical outcomes compared with
previous systematic reviews that have predominantly focused on postoperative
mortality. Understanding the relationship between perioperative anaemia in hip
fracture surgery and clinical outcomes is important from a clinical perspective
because clinicians find it challenging to know when to transfuse with RBC. Therefore,
this review will inform the evidence-based recommendations for this area of clinical
practice.
It is common when undertaking such reviews and meta-analysis that gaps in
methodology will be identified and as part of quality improvement, strategies to
address these design gaps will be identified. Additionally, areas where knowledge
gaps remain may be identified to guide future research directions for the benefit of
the clinical care of people with hip fractures.
It can be hypothesized that this review will encounter several limitations. This
review may not be able to generalize the findings because studies may potentially
define anaemia by different haemoglobin cut-offs leading to variation in interpretation. Therefore, the proposed review may be limited by the pooling together of
perioperative anaemia studies with varying levels of validity and heterogeneity.
Another limitation concerns the length of stay and functional status endpoints, and it
is possible that different studies may have utilized different methods to determine
these outcomes, each with varying levels of validity.
In conclusion, given that the links between anaemia and clinical outcomes at
different time-points before or after hip fracture surgery are complex and the lack of a
comprehensive systematic review in this area, the proposed review will help to
provide a summary of the available evidence. These findings will assist the development of future clinical practice and policy in this field.
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ARTICLE HIGHLIGHTS
Research background
Perioperative anaemia in hip fracture is a common problem that can influence clinical outcomes.
However, it is uncertain which outcomes will be affected and if anaemia before or after surgery
will have different effects.
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Research motivation
A better understanding of how perioperative anaemia influences clinical outcomes after hip
fracture surgery will help to develop more timely interventions.

Research objectives
To determine the effects of perioperative anaemia during hip fracture surgery on mortality,
hospital length of stay, postoperative complications, hospital readmission, change of discharge
destination, quality of life and functional status.

Research methods
Electronic databases will be searched for studies evaluating perioperative anaemia and outcomes
of hip fracture surgery. Data on study characteristics, patient demographics, timing of anaemia
and clinical outcomes will be extracted. Comparison will be made between participants with
anaemia and those without. Data will be pooled for meta-analysis for the primary outcome.

Research conclusions
This systematic review seeks to clarify the outcomes associated with perioperative anaemia at
various time-points among patients who had hip fracture surgery. An evaluation of the
outcomes associated with perioperative anaemia in hip fracture surgery will potentially inform
evidence-based clinical practice on the effectiveness and timing of interventions in those with
reduced haemoglobin.

Research perspectives
In presence of small studies evaluating perioperative anaemia among older people having hip
fracture surgery, a systematic review and meta-analysis will provide important directions for
future research and clinical practice in this field. This protocol will provide an important
methodological foundation for the systematic review.
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Abstract
BACKGROUND
Rumination syndrome (RS) is characterized by recurrent effortless postprandial
regurgitation of recently ingested food from the stomach to the oral cavity and
has been associated with quality of life impairment and malnutrition. There is a
general lack of consensus on the most appropriate treatment options for RS.
AIM
To summarize the literature on treatment options for RS.
METHODS
We conducted a systematic review according to PRISMA guidelines. We searched
Medline (1946 to February 2019), EMBASE (1947 to February 2019), PsycINFO
(1806 to February 2019) and Cochrane central register of controlled trials for
articles discussing treatment options for adult patients (> 18 years) with RS. All
relevant articles were accessed in full text. We extracted data on study designs,
patient profiles, duration of symptoms, follow up periods, date, diagnostic
criteria, interventions and outcomes. Risk of bias assessment was carried out
independently by 3 reviewers via Cochrane Risk of Bias tool and Newcastle
Ottawa Scale for randomized controlled trials and Cohort studies respectively.
RESULTS
Twelve articles were identified. A total of 254 patients were included in the
analysis, with a mean age of 36.1 (range 18-89). 185 patients (72.8%) were females.
5 studies looked into behavioral therapies, primarily diaphragmatic breathing
(DB) 2 studies looked at baclofen, 1 fundoplication and 1 supportive lifestyle
changes. 3 studies looked at a combination of therapies involving
pharmacological, behavioral and psychotherapies.
CONCLUSION
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Although evidence for treatment options is still limited, the strongest evidence
point towards the use of DB and Baclofen, and both should be considered
depending on their availabilities.
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Core tip: Rumination syndrome (RS) is a relatively common but underdiagnosed
gastroenterological condition. Due to recent advances in research, we have decided to
perform the first systematic review on treatment options for RS. Our results show that
diaphragmatic breathing has the strongest data for efficacy in this condition.
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INTRODUCTION
Rumination syndrome (RS) is characterized by recurrent effortless postprandial
regurgitation of recently ingested food from the stomach to the oral cavity [1,2] .
Although rumination was historically described mainly in children or adults with
impaired mental development, it is now recognized in adults regardless of mental
state[2,3]. Although not considered to be life-threatening, RS has been associated with
quality of life impairment and even malnutrition[2].
Currently, the diagnosis of RS in adults is based on careful history and subsequently applying the Rome IV criteria[4], often also supported by postprandial High
Resolution Impedance Manometry (HRIM) findings of reflux episodes associated with
a preceding abdominal pressure increase of > 30 mmHg[5]. These findings also allow
RS to be discriminated from gastroesophageal reflux disease (GERD), a common
competing diagnosis in these patients, often resulting in several years of delay before
the diagnosis of RS is made.
There is a general lack of consensus on the most appropriate treatment options for
RS. Therefore, the aim of this systematic review is to summarize the literature on
studies that looked into treatment options for adult RS patients, and ascertain what is
most evidence-based approach in treating them.

MATERIALS AND METHODS
Literature search
We followed PRISMA guidelines and the medical literature was searched using OVID
within the databases Medline (1946 to February 2019), EMBASE (1947 to February
2019), PsycINFO (1806 to February 2019) and Cochrane central register of controlled
trials. Searches were based on controlled vocabulary including medical subject
heading terms (MeSH) where possible (e.g., “rumination syndrome” and “eructation”). In addition, a combination of keywords, free text terms and database-specific
subject headings for rumination, RS, eructation, postprandial regurgitation, feeding
disorder, treatment, therapy, behavioral therapy, non-pharmacological treatment
were included. In case of multiple reports of one trial were found, we selected the
most updated one.
Abstracts of the papers identified by the initial search were evaluated by the lead
reviewer (AO) for appropriateness to the study question, and all potentially relevant
papers were obtained and evaluated in detail. In order to identify potentially eligible
studies published only in abstract form, conference proceedings (Digestive Diseases
Week, American College of Gastroenterology, United European Gastroenterology
Week, Federation of Neurogastroenterology and Motility) between 2001 and 2019
were also hand-searched.
The bibliographies of studies included in the final analysis as well as relevant
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reviews were also screened for additional relevant articles. The website ClinicalTrials.gov was also searched to look for trials not included in the mentioned
databases.

Data extraction and analysis
We included studies evaluating management of adults over 18 with a diagnosis of RS.
Articles involving pediatrics or patients with eating disorders, and those with no
mention of treatment strategies or without identifiable outcomes were excluded.
Editorials, case reports of single cases, letters, qualitative studies, clinical guidelines
and narrative reviews were also excluded. Articles were restricted to English
language. Titles and abstracts were then screened by 3 independent reviewers (Ong
AML, Wang YT, Tay SW) onto a Microsoft (Richmond, VA) Excel spreadsheet. Using
a standardized form, the 3 reviewers independently extracted data and assessed study
risk of bias and quality using the Cochrane Risk of Bias tool [6] for randomized
controlled trials (RCTs) and Newcastle Ottawa Scale (NOS)[7] for cohort studies. A trial
was judged with low risk of bias when all six domains of the Cochrane risk of bias
tool were classified as low risk of bias for RCTs. Studies that achieved at least six stars
for the NOS were considered studies of high quality[7]. No attempts at assessing study
quality was made for studies with case series. Any disagreements were resolved by
consensus. No studies in the search were discarded because of assessed quality.
Data on study design, location, patient profile, duration of symptoms, follow up
periods, date, diagnostic criteria, intervention, outcome, and follow-up were
extracted. Due to significant heterogeneity among studies such as study design,
treatment and outcome measurements, no head to head comparisons or meta-analysis
was performed.

RESULTS
We retrieved 298 articles based on our search criteria (Figure 1). After excluding
duplicates (n = 85), pediatric studies (n = 111), studies involving eating disorders (n =
27), singular case reports (n = 22) and studies without mention of treatment strategies
(n = 41), we arrived at 12 studies for analysis (Figure 1). These studies consist of 2
RCTs, 1 prospective cohort, 5 prospective observational, 2 mixed retro-spective/prospective observational and 2 retrospective observational studies.
A total of 254 patients were included in the analysis, with a mean age of 36.1 (range
18-89). 185 patients (72.8%) were females. 5 studies looked into behavioral therapies,
primarily diaphragmatic breathing (DB), where 2 studies were done with electromyography (EMG) guidance[8,9], 1 study was done with HRiM guidance[10] and the other 2
without any visual guidance[11,12]. 2 studies looked at the utility of baclofen[13,14], 1
looked at utility of fundoplication[15] and 1 looked at supportive lifestyle changes[16]. 3
studies looked at a combination of therapies involving pharmaco-logical, behavioral
and psychotherapies[2,17,18]. Characteristics of the studies can be found in Table 1.

Assessment of bias for studies
Using the Cochrane risk of bias tool[6], the RCT by Barbal[8] had low risk of bias for the
following domains: Allocation, missing outcome data, outcome measures, selection of
reported results. However, there were some concerns of bias via deviations from
intended interventions as study patients may be aware, they were given placebo.
Also, the interaction with a health care professional may improve symptoms and
adherence to treatment. There was also no mention of compliance rates in treatment
as well as some concerns of bias in outcome measurement due to lack of blinding of
outcome assessors. For the RCT by Pauwels[14], there was low risk of bias for the
following domains: Allocation, deviation from intended intervention, missing
outcome data, outcome measurement and selection of reported results. The cohort
study by Barba[9] scored 6 on the NOS with a star given for the following domains:
representativeness, selection, ascertainment of exposure, demonstration of outcome
not present as start, adequate follow up duration and adequacy of follow up.

DISCUSSION
We performed a systematic review looking at adult patients diagnosed with RS, and
identified 12 articles evaluating the efficacy of various treatment modalities for RS
and ranked them in order of level of evidence (Table 2).
The studies with the strongest evidence were the 2 RCTs looking at EMG-guided
biofeedback and Baclofen. In the former[8], 12 patients who underwent 3 biofeedback
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Figure 1 Flow diagram of assessment of studies identified.

sessions had 74% reduction in rumination symptoms compared to 1% reduction in the
placebo group with oral simethicone. The improvements with biofeedback appeared
sustainable in the long-term with improvement of symptoms at each subsequent
follow up. The study when assessed for quality based on the Cochrane Risk of Bias
tool[6] had generally low risk of bias, although there were some concerns about the
lack of blinding of outcome assessors as well as the placebo group being aware they
were in the placebo arm. The other RCT[14] showed that Baclofen at 5-10 mg three
times daily reduced the number of symptoms of regurgitation via event markers on
HRIM and overall treatment evaluation via questionnaire where 63% of patients
improved on Baclofen compared to 26% of patients on placebo treatment (P < 0.0001).
The study quality was assessed to also have low risk of bias apart from having a
heterogonous population of RS and supragastric belching, although this more
accurately mimics real-world situations where there is significant overlap in presentation for these 2 conditions.
The exercises that were part of the biofeedback protocols[8,9] were essentially abdominal breathing exercises otherwise known as DB[19]. DB was further supported by
other non-RCT studies included in this analysis. There were variations on how these
were performed, from using EMG guidance[8], HRiM guidance[10] or just delivered
without visual aids[11,12]. Some of the studies showed that even a single session of DB
training can improve symptoms, but as these symptoms tend to recur over time,
compliance to home exercises is likely important to maintain sustainability of
response.
Many of the studies analyzed performed physiological tests prior to the treatment
and post-treatment, thus allowing an insight into possible mechanisms of the origin of
symptoms in these patients. Although the exact pathogenesis of RS is still unknown,
the primary initiating mechanism is commonly a post-prandial gastric pressurization [10,11] that possibly results from anterior abdominal muscle contractions [9] .
However, a low esophageal sphincter (LES) pressure is also required to facilitate the
upward movement of gastric contents as Halland[10] showed that high intragastric
pressure waves led to rumination episodes only when accompanied by reduction in
esophagogastric junction (EGJ) pressure. Furthermore, post-prandially patients
demonstrated contraction of intercostals muscles to facilitate a negative intra-thoracic
pressure[9]. It is likely this combination of increased intra-abdominal pressure coupled
with negative intra-thoracic pressure and a permissive EGJ that allows rumination to
take place. The significance of a low LES pressure has also been highlighted in some
of the studies. Patients with low LES baseline pressures were shown to have a poorer
outcome to treatment for RS[17]. Reasons for this low LES pressure can be a learned
prolonged postprandial voluntary relaxation of the diaphragmatic crura or increased
TLESRs [20] . Other suggested possibilities include increased abdominal pressure
displacing the EGJ proximally away from the crura thus losing the crural contribution
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Spain

Site

301

et al [14]

Pauwels Belgium

Barba et

al [8]

Study

n

RCT, Placebo 10
controlled

RCT, Placebo 12
controlled

Type of study

6 (60)

7 (58)

Fem (%)

Physiological
tests done

Mean 42
(18-61)

Treatment

Description of treatment

EMG+ guided Pre-meals, patients were
biofeedback
trained to control the
activity of the abdominothoracic muscles under
visual control of EMG+
recordings displayed on
a monitor. Specifically,
they were instructed to
voluntarily reduce the
activity of intercostal
and anterior abdominal
muscles and to increase the
activity of the diaphragm.
After each biofeedback
session, patients were
instructed to perform the
same exercises daily at
home for 5 min before and
after breakfast, lunch, and
dinner. At the end of the
treatment period, patients
were encouraged to
continue practicing these
same exercises over time.
3 such sessions performed
over 10 d
Rome 4
5 mg tds first week then
Oesophageal Baclofen
rumination HRiM+ done
increased to 10 mg tds
syndrome PRE and
second week, followed
POST
and/or
by 1 wk washout period,
suprabefore 2 wk crossover to
gastric
alternative treatment
belching

Diagnostic
criteria

Median 42 Rome 3
EMG+
(19-69)
rumination activity of
syndrome abdominothoracic
muscles,
done PRE
and POST

Age (yr)
(range)

Table 1 Characteristics of studies included in analysis

Number of
symptoms of
regurgitation
via event
marker
on HRiM+
and overall
treatment
evaluation
(OTE)

Reduction in
rumination
episodes
measured over
10 d, patient
reported

Modified basal postprandial
muscular tone; Possibly
increase awareness in patients
to suppress rumination

Proposed mechanism of action

Median number of times Increased LES+ pressure:
Postprandial LES+ pressure
that the “regurgitation”
significantly higher in the
marker was pushed
baclofen arm compared to
significantly lower in
baclofen group compared placebo [17.79 (12.72–22.68)
to placebo [4 (0–14) vs 6 vs 13.06 (7.16–16.91) mm
Hg (P = 0.0002)]. Borderline
(0–19), P =0.04] Patients
negative correlation between
reported significantly
postprandial LES pressure
better OTE ratings after
and the number of rumination
baclofen compared to
placebo [mean score 1 (0– episodes in the baclofen
2) vs 0 (−1–1), P =0.03]. On condition (P = 0.056, r = −0.54).
baclofen treatment, 63% Reduced TLESR+: Postprandial
of patients improved on TLESRs was significantly
Baclofen compared to 26% lower after baclofen compared
to placebo [4 (1–8) vs 7 (3–12),
on placebo (P < 0.0001)
P = 0.017].

Regurgitation episodes
decreased by 74 ± 6% in
the biofeedback group
(n = 12) but only by 1
± 14% in the placebo
group (n = 11; P < 0.001).
Biofeedback significantly
reduced the activity of
the abdominothoracic
muscles, whereas the
placebo had no effect;
Number of daily
rumination episodes
decreased to 7.7 ± 1.9
immediately after
biofeedback, 3.0 ± 1.1 by
1 mo, 1.2 ± 0.5 by 3 mo,
and 0.7 ± 0.4 by 6 mo (P
< 0.001)

Primary outcome Main Results

No long
term
follows
up

Follow
up period
(mo)
6 mo
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et al [10]

Halland

al [9]

United
States

Spain

Prospective
observational

Prospective
cohort with
controls

16

24

9 (56)

17 (71)

Mean 37

14-76

EMG+ guided
biofeedback

Pre-meals, patients were Not defined
trained to control the
activity of the abdominothoracic muscles under
visual control of EMG+
recordings displayed on
a monitor. Specifically,
they were instructed to
voluntarily reduce the
activity of intercostal
and anterior abdominal
muscles and to increase
the activity of the
diaphragm. After each
biofeedback session,
patients were instructed
to perform the same
exercises daily at home
for 5 min before and
after breakfast, lunch,
and dinner. At the
end of the treatment
period, patients were
encouraged to continue
practicing these same
exercises over time. 3
such sessions performed
over 10 d
Rome 3
Oesopha-geal HRM+ guided Behavioral therapy
Not defined
rumination HRiM+ done biofeedback
delivered by a
PRE, during therapy
single subspecialist
and POST
gastroenterologist where
treatment
he placed his hand on
the patient’s abdomen
and instructed patients
in diaphragmatic
breathing, which entails
abdominal rather than
chest motion. Patients
were also instructed
+
to observe the HRM
monitor to observe
the impact of DB on
reduction in gastric
pressurizations and
regurgitation.

Rome 3
EMG+
rumination activity,
syndrome done PRE
and POST
treatment

Rumination episodes
reduced from a median
of 5 (2–10) to 1 (0–2) (P
< 0.001) during, and 3
(1–5) after (P < 0.001 vs
during) diaphragmatic
breathing.

Post-biofeedback session,
patients experienced a
decrease in the number
of regurgitation events
(8 recorded vs 18 in the
basal challenge test; P <
0.001). The improvement
observed during the
first biofeedback session
was strengthened by the
following biofeedback
sessions. Regurgitation
events had decreased by
70% (P < 0.001). By the
end of the 3 biofeedback
sessions, postprandial
abdominal symptoms
were reduced (1.6 score;
P < 0.001 vs basal).
Further reductions in the
number of rumination
events during the 6-mo
observation period while
controls had no changes

Diaphragmatic breathing
increased EGJ pressure (P <
0.001) and restored a negative
gastroesophageal pressure
gradient [20 mmHg (80-7)]
by reducing postprandial
intragastric pressure. DB
may also alter vagal acticity
and reduce TLESR whilst
increasing LES tone

Nil

Modified basal postprandial 6 mo
muscular tone; Possibly
increase awareness in patients
to suppress rumination
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Retrospective and
Prospective
observational

Retrospective observational

United
States

United
States

Soykan

Vijayvargiya

Tucker et United
Kingdom

al [11]

et al [12]

et al [18]

Prospective
observational

Retrospective and
Prospective
observational

United
States

O’Brien

et al [2]

46

57

10

36

34 (74)

54 (95)

6 (60)

29 (81)

18-68

Mean 30.3
(14-62)

Mean 28.5
(16-63)

Mean 27

303
HRM+
criteria
(Rommel)

Rome 3 for
rumination
syndrome
and rectal
evacuation
disorder

Not defined

Diaphragmatic Via behavioural
Not defined
psychologist with
breathing
instructions onf
diaphragmatic breathing
to abort or control
regurgitation

5 biofeedback; 2
Not defined
prokinetics;1 prokinetic
and acid blockade; 1
leuprolide acetate and
antacid; 1 no treatment

6 prokinetics 7 antacids
3 behavioural therapy
(e.g. biofeedback);
2 psychotherapy; 2
combined behavioural
and psychotherapy

Diaphragmatic All patients received
All had
Not defined
a 20 min behavioural
oesophageal breathing
intervention
HRM+ PRE
treatment
immediately after HRM+
investigation. This
included a description of
the abnormal findings,
cause of symptoms
and explanation
of the rationale for
behavioural therapy.
Behavioural instruction
was focused on deep
muscle relaxation and
diaphragmatic breathing

11 oesophageal
manometry,
45 gastric
emptying, 3
pH studies,
6 barium
oesophagogram, 12
+
SPECT . All
done PRE
treatment

Not
All had
Various
elaborated oesophageal manometry, 20 had pH
studies. Tests
done PRE
treatment
Rome 2 for All had
Various
rumination oesophageal
syndrome manometry,
electrogastrography,
gastric
emptying
study. All
done PRE
treatment
N/A

Complete improvement N/A
in rumination in
20/46 (43%). Partial
improvement in 13 (28%)

Not reported

12/16 patients reported N/A
subjected improvement,
but not broken down
to individual treatment
options. No therapy
deemed effective enough
compared to another
all 5 undergoing
N/A
biofeedback improved,
1 taking prokinetic
improved

Median 5
(3-11)

N/A

Mean
31.2
(6-72)

Mean 25
(7-74)
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United
States

South
Korea

304

United
States

21

Retrospective 5
observational

Prospective 12
observational

Prospective 5
observational

Prospective
observational

3 (60)

8 (67)

4 (80%)

8 (38.1%)

Mean 26.8
(18-43)

45 (18-89)

Mean 40.6
(18-61)

Mean 41.9
All had
Various
oesophageal
HRM+,
pH study
and gastric
emptying
tests PRE
treatment

Clinical
diagnosis

Clinical
diagnosis

1 barium
Lifestyle
oesophachanges
gogram;
1 gastric
emptying
test; all done
PRE

All had
Baclofen
oesophageal
HRiM+ PRE
and POST
treatment

Rome 2 for All had
Fundoplirumination oesophageal cation
syndrome manometry
and pH
studies PRE
treatment

Modified
Rome 2 for
rumination
ayndrome

Not defined

All advised to eat slowly, Not defined
chew completely,
avoid food triggers,
regular exercises,
weight reduction, stress
management strategies

10 mg TDS+ for a week

All given levosulpride
Not defined
25 mg TDS+; supportive
psychotherapy,
education and
reassurance given
monthly, with 15
min sessions over a
minimum of 6 mo via
therapists experienced
in eating disorders
1 laparoscopic, 4 open
Not defined
Nissen fundoplication

All 5 had complete
cessation of symptoms

Patients on baclofen
recorded significantly
fewer symptoms during
the study [6 (2–22); P 0.01).
The number of symptom
markers for regurgitation
was significantly reduced
from 9 (0–11) to 1 (0–13)
(P 0.01); The total number
of flow events was
significantly reduced from
473 to 282 (39.2%) during
baclofen treatment (P 0.02)

Increase in LES+ function
and reduction in TLESR+;
Possible central mechanism
of action to reduce sensitivity
of stomach during distension
and reduction of compulsive
behaviour of straining; The
number of TLESR+s during
the postprandial period was
significantly reduced from 15
(9-19) in baseline conditions
to 7 (6-15) during baclofen
treatment (P 0.03). The number
of strains was reduced from 32
(17-48) in baseline conditions
to 17 (2-70) during baclofen
treatment (P 0.1).
reduction in behavioural
and cognitive processes that
may develop and maintain
symptoms; improvement
in coping mechanisms for
symptoms

N/A
8 (38.1%) showed
improvement, 47.6%
unchanged while 3
(14.3%) worsened. Those
who improved were
statistically more likely
to have undergone
treatment for > 6 mo and
less likely to have low
+
mean LES pressure
Restoration of LES+
all had resolution of
dysfunction
symptoms;3/5 had
pathological acid
exposure, 4/5 had
hypotensive LES+, 3/5
had hiatal hernias

Mean
34.4
(22-43)

No long
term
follows
up

Median 6
mo, 2 wk
- 1 yr

Mean 19
(15-24)

EMG: Electromyography; HRiM: High resolution impedance manometry; LES: Lower esophageal sphincter; TLESR: Transient lower esophageal sphincter relaxation; TDS: Three times daily; HRM: High resolution manometry;
SPECT: Single photon emission computed tomography.
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Table 2 Summary of treatment options for rumination syndrome
Treatment

Strength of evidence

Treatment outcome

Diaphragmatic Breathing

RCT[8]

Regurgitation episodes decreased by 74% in the
biofeedback group compared to 1% in placebo (P
< 0.001)

Prospective cohort with controls[9]

Regurgitation events decreased by 70% (P < 0.001).

Prospective observational[10]

Median rumination episodes reduced from 5
(2–10) to 1 (0–2) (P < 0.001)

Retrospective observational[12]

Not reported

Prospective observational[11]

Complete improvement in rumination in 43%.
Partial improvement in 28%

RCT[14]

Median regurgitation events lower with baclofen
compared to placebo [4 (0–14) vs 6 (0–19), P = 0.04]

Prospective observational[13]

Median regurgitation events significantly reduced
from 9 (0-11) to 1 (0-13) (P 0.01)

Prospective observational[15]

100% (5/5) resolution of symptoms

Baclofen

Surgery

[17]

Psychotherapy

Prospective observational

38.1% showed improvement. 47.6% unchanged.

Retrospective observational[16]

100% (5/5) resolution of symptoms

to the EGJ. An unrecognized central mechanism may also be involved since healthy
adults are not able to induce rumination[21].
The physiology tests also allow us to understand the rationale for these treatment
options, especially in DB, where the evidence appears strongest in terms of quantity
and quality. In the study by Halland[10], they demonstrated that DB may improve
crural function via several mechanisms. DB can directly augment the tone of the LES
by voluntary contraction of the crural diaphragm. DB can also prevent the increased
intra-gastric pressure from displacing the EGJ proximally, thus not allowing a
permissive EGJ during such episodes. Also, DB may alter vagal activity and prevent
TLESRs from happening and thus maintain a more prolonged high pressure LES tone.
DB also likely competes with the need for the learned behavior of gastric straining,
and this abolishes the trigger to ruminate when performed post meals[22]. Barba[8]
showed that EMG guided-biofeedback, of which DB was part of the intervention,
significantly reduced the activity of the abdominothoracic muscles, whereas the
placebo had no effect, and this correlated with reduction of rumination symptoms.
Based on their EMG findings pre and post, they postulate that patients with RS have
an abnormal level of abdominothoracic muscular tone. They then showed it was
possible to specifically target the relevant muscles and unlearn this coordinated
abdominothoracic maneuver which generates rumination (e.g., reducing activity of
intercostals and anterior abdominal muscle while increasing activity of diaphragm
reduces rumination symptoms).
Other studies not involving DB also shed light on mechanisms of RS and its
treatment. 2 studies[13,14] showed that baclofen reduced the number of rumination
episodes possibly by reduction in TLESRs and increasing postprandial LES pressure
which were both significantly different in the intervention group compared to
placebo. These mechanisms are similar in those postulated to take place post-DB.
Baclofen may have other mechanisms of action as well, as shown by[13] where baclofen
reduced voluntary gastric straining events and the authors postulate that this could be
either related to central mechanisms of reducing compulsive behaviours of straining
or by reducing the mechanosensitivity of the stomach as studies[23] have shown that
patients with RS often have increased gastric sensitivity to distension.
There are likely psychosocial and cognitive processes in play that initiate and
perpetuate symptoms in RS as evident by patients reporting onset of symptoms
following acute illness [24] , surgeries [18] , psychological stress [18] and major life
events[11,18,24]. Comorbid psychiatric disturbances such as depression, anxiety and
somatoform disorders[12,18] were frequently found in RS patients, and it is not entirely
clear whether these are causes or consequences of RS. Pediatric studies[25] have shown
that successfully treating psychiatric disorders, when present, is helpful for RS. It is
not unreasonable to think that the same applies to adult patients as patients with
psychiatric disorders may have a lack of motivation which interferes with compliance
to behavioral treatments [12] , and therefore needs to be addressed. Behavioral
treatments targeting stress reduction and improving coping mechanisms to symptoms
have also been shown to be helpful in reducing symptoms in RS[16]. A single open
label study looked at 21 adults with RS [17] and looked the effect of supportive
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psychotherapy together with a prokinetic leveosulpiride. Only 38% of patients
showed improvement, so perhaps psychotherapy itself is not efficacious but possibly,
a more targeted form of psychotherapy in association with behavioral treatments may
be effective. As such, investigators are currently actively recruiting patients and
looking into using a form of Cognitive Behavioral Therapy to treat this condition
(https://clinicaltrials.gov/ct2/show/NCT03113682).
Interestingly, it has been suggested that refractory cases of rumination be treated
with surgery such as fundoplication[15]. In this study, all 5 patients had complete
cessation of symptoms post-surgery, although 4 out of 5 patients had a hypotensive
LES while 3 out of 5 had hiatal hernias and pathological acid exposure, thus
improvement in their symptoms could have been due to improvement in their GERD.
It is therefore not recommended to treat RS patients with surgery without concomitant GERD or structural abnormalities at this point without further evidence.
However, this study showed the likely contribution of an incompetent LES in the
overall picture manifestation of RS.
There were some limitations to our analysis. We only included studies in English,
and we also excluded pediatric studies since our focus was on adult patients.
However, some of the results from pediatric studies could still be relevant in
understanding the efficacy of RS treatment. Even though most of the studies included
some form of physiological testing, the studies were heterogenous and tests such as
gastric emptying studies or 24-h pH impedance studies were often not performed.
Thus, the diagnosis of GERD and gastroparesis may be missed in some of these
patients labeled as RS, and therefore caution needs to be exercised in interpreting
some of the study results. It was difficult to make strong conclusions based on the
strength of the data as only 3 studies were controlled and only 2 were randomized
interventions. In view of the limited literature available in this field, we retained
observational studies despite knowing that they were prone to bias, and thus our
recommendations are not based on strong evidence, but rather a summary of what is
available in the literature (Tables 2 and 3).
In conclusion, RS may present similarly to other conditions such as GERD and
gastroparesis and is likely under-recognized, therefore clinicians need to be aware of
this syndrome in their differential diagnosis. Although evidence for treatment options
is still limited, the strongest evidence points towards the use of DB and Baclofen, and
both should be considered depending on their availabilities. Most of the studies
analyze are limited by the small sample sizes and variability in delivery of biofeedback. Therefore, further studies are needed to tackle these knowledge gaps.
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Table 3 Suggested approach in treatment of rumination syndrome
Condition

Treatment

Initial treatment

Extensive explanation of condition and underlying mechanism together with
reassurance of benign nature of condition[2,20]
Diaphragmatic breathing by trained personnel (with EMG guidance or
HRiM if available)
If no response to diaphragmatic breathing after ensuring compliance,
Baclofen 5-10 mg three times daily

For refractory cases

Consider alternative diagnosis (GERD, gastroparesis, functional dyspepsia,
supragastric belching) and treat appropriately
Since both DB and baclofen appear to be effective and work via different
mechanisms, we postulate that a switching to the other therapy or a
combination of these therapies could be useful in cases refractory to either
treatments
Address psychological illness, if present. Consider adjunctive psychological
therapies to correct cognitive processes that may perpetuate symptoms

EMG: Electromyography; GERD: Gastroesophageal reflux disease; DB: Diaphragmatic breathing.

ARTICLE HIGHLIGHTS
Research background
Rumination syndrome (RS) is a relatively common yet underdiagnosed condition.

Research motivation
There is no consensus on how to treat patients diagnosed with runination syndrome.

Research objectives
Our objectives are to systematically review the literature on the efficacy of treatment options for
adults with RS.

Research methods
We conducted a systematic review according to PRISMA guidelines. We searched Medline (1946
to February 2019), EMBASE (1947 to February 2019), PsycINFO (1806 to February 2019) and
Cochrane central register of controlled trials for articles discussing treatment options for adult
patients (> 18 years) with RS. All relevant articles were accessed in full text. We extracted data on
study designs, patient profiles, duration of symptoms, follow up periods, date, diagnostic
criteria, interventions and outcomes. Risk of bias assessment was carried out independently by 3
reviewers via Cochrane Risk of Bias tool and Newcastle Ottawa Scale for RCTs and Cohort
studies respectively.

Research results
12 articles were identified. The strongest evidence pointed towards diaphragmatic breathing
(DB), and less so for baclofen. A total of 254 patients were included in the analysis.

Research conclusions
DB has the strongest evidence for efficacy in adults with RS.

Research perspectives
The quality of the evidence is still weak. More research needs to be done in this field.
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Abstract
BACKGROUND
Pancreatic cancer is one of the most common and lethal malignancies worldwide.
The common treatment options for resectable pancreatic cancer include surgery
alone, neoadjuvant chemotherapy (CT), neoadjuvant chemoradiotherapy (CRT),
adjuvant CT, and adjuvant CRT. However, the optimal treatment is still
controversial.
AIM
To identify the most effective approach for pancreatic cancer using network
meta-analysis.
METHODS
Eligible studies were searched from PubMed, MEDLINE, EMBASE, Cochrane
database, and Google scholar. We searched and included randomized controlled
trials reporting on neoadjuvant and adjuvant therapies. For direct comparisons,
standard pairwise meta-analysis was performed using the inverse variance
DerSimonian-Laird random-effects model. For indirect comparisons, Bayesian
network meta-analysis was used to combine direct and indirect evidence. We
used relative hazard ratios (HRs) to estimate death difference of different
treatments, and relative odds ratios (ORs) for toxic effects. Treatment effects were
ranked based on their efficacy for improving survival or reducing toxicity using
rankogram. The quality of evidence of estimates from direct comparison and
network meta-analysis was evaluated following the GRADE approach.
RESULTS
We included 13 high quality trials with 1591 participants in this network metaanalysis. Compared with surgery alone [pooled HR = 0.7, 95% confidence
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interval (CI): 0.62-0.79] and surgery with adjuvant CRT (pooled HR = 0.6, 95%CI:
0.54-0.72), surgery with adjuvant CT had a higher rate of overall survival. In
contrast, standard pairwise meta-analysis showed a statistically significant
survival advantage of surgery with adjuvant CT compared with surgery alone
(pooled HR = 0.75, 95%CI: 0.63-0.89; P < 0.001). Rankogram showed that surgery
with adjuvant CT was most likely to rank the best in terms of overall survival
(probability: 94.2%), followed by surgery alone (probability: 5.8%). No significant
differences in overall toxicity or haematological toxicity were found between all
the therapies. High quality evidence supported surgery with adjuvant CT over
surgery alone for increasing overall survival. Moderate quality evidence
supported surgery with adjuvant CT over surgery with adjuvant CRT for
increasing overall survival.
CONCLUSION
Surgery with adjuvant CT prolongs overall survival compared with surgery
alone and surgery with adjuvant CRT, suggesting surgery with adjuvant CT is
the optimal treatment for resectable pancreatic cancer.
Key words: Pancreatic cancer; Surgery; Network meta-analysis; Adjuvant therapy;
Neoadjuvant therapy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: No consensus is available in previous studies about the most beneficial
treatment option for resectable pancreatic cancer. This is the first network meta-analysis
comparing the efficiency of surgery alone, neoadjuvant chemotherapy (CT), neoadjuvant
chemoradiotherapy (CRT), adjuvant CT, and adjuvant CRT. We investigated these
treatment options in terms of overall survival and toxicity. We found that surgery with
adjuvant CT prolonged overall survival compared with surgery alone and surgery with
adjuvant CRT. Surgery with adjuvant CT is the optimal treatment for resectable
pancreatic cancer.

Citation: Shen P, Huang KJ, Zhang CZ, Xiao L, Zhang T. Surgery with adjuvant or
neoadjuvant treatment vs surgery alone for resectable pancreatic cancer: A network metaanalysis. World J Meta-Anal 2019; 7(6): 309-322
URL: https://www.wjgnet.com/2308-3840/full/v7/i6/309.htm
DOI: https://dx.doi.org/10.13105/wjma.v7.i6.309

INTRODUCTION
Pancreatic cancer is one of the most common and lethal malignancies[1]. Surgical
resection is the only potential curative treatment for pancreatic cancer. However, even
after radical removal of the tumor (R0), the prognosis remained poor, with the 5-year
survival rate being less than 25% and the median survival time being 14-21 mo[2-4].
High incidence of both locoregional and distant recurrences is responsible for the
poor prognosis. Thus, a multimodal approach is needed to decrease the high recurrence rate as well as increase overall survival[5,6].
Several neoadjuvant or adjuvant therapies have been shown to be beneficial in
selected patients. These therapies are neoadjuvant chemotherapy (CT), neoadjuvant
chemoradiotherapy (CRT), adjuvant CT, and adjuvant CRT. However, there are debates over which therapy can benefit patients mostly. Regarding neoadjuvant therapy,
recent meta-analysis found no significant difference in the overall survival between
neoadjuvant CRT and surgery[7]. With regard to adjuvant therapy, the benefit of
adjuvant therapy for resectable pancreatic cancer is still controversial, especially the
impact of adjuvant CRT. Adjuvant CRT using fluorouracil is considered standard of
care in the United States. However, the EORTC trial demonstrated no benefit of
adjuvant CRT over observation in patients with resected pancreatic cancer (median
survival: 1.3 year vs 1.0 year)[8]. Thus, more powerful and comprehensive evidence is
needed to evaluate the best treatment strategy for resectable pancreatic cancer.
There have been several traditional meta-analyses comparing the benefit of
neoadjuvant therapy or adjuvant therapy. However, all of the previous meta-analyses
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only addressed neoadjuvant therapy[7,9-11] or adjuvant therapy alone[12-14]. Thus, it is
interesting and meaningful for us to perform this network meta-analysis, that is, to
compare both neoadjuvant and adjuvant therapies with surgery alone. The advantage
of network meta-analysis is that it can compare different treatments without direct
clinical trials. That is, if we have only clinical trials comparing A to B and B to C, we
can estimate A to C using network met-analysis. Besides, treatment options can be
ranked based on their efficacy for improving survival or reducing toxicity in network
meta-analysis.
The aim of this network meta-analysis was to identify the most effective treatment
for resectable pancreatic cancer by comparing overall survival and toxic effects after
neoadjuvant or adjuvant CT and CRT.

MATERIALS AND METHODS
The protocol of this network meta-analysis was registered with the prospective
register of systematic reviews, PROSPERO (CRD42017057053). This network metaanalysis was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses[15] and Cochrane guidelines[16].

Search strategy
Eligible studies were searched from PubMed, Medline, EMBASE, Cochrane database,
and Google scholar, using a combination of following terms “pancreatic cancer”,
“pancreatic neoplasm”, “neoadjuvant therapy”, and “adjuvant therapy”. A manual
search through published articles was performed additionally. No publication year
was restricted in the search. The search was carried out independently by two authors.

Inclusion and exclusion criteria
The following inclusion criteria were used: (a) Randomized controlled trials; (b)
Studies investigating surgery alone, neoadjuvant therapies, or adjuvant therapies for
resectable pancreatic cancer; and (c) Studies that had at least one of the following
outcomes: Survival and toxicity. Single-arm studies, nonrandomized cohort studies,
and studies comparing different ways of adjuvant or neoadjuvant treatment were not
included in this network meta-analysis.

Data extraction and quality assessment
The information on study design, methods, patient characteristics, treatment
protocols, and outcome (overall survival and toxicity) was extracted independently by
two authors. We extracted reported adjusted hazard ratios (HRs) to measure overall
survival. When HRs were not reported, we estimated them from summary statistics
(Kaplan-Meier curves) in accordance with practical methods for incorporating
summary time-to-event data into meta-analysis[17]. If there was no enough information
to estimate HRs, median survival durations would be used in this network metaanalysis[18]. Only grade 3 or 4 toxicities (overall toxicities and haematological toxicities)
were extracted and analyzed in this network meta-analysis. The quality of randomized control study was assessed by the Cochrane Collaboration’s tool[19]. Data
collection and study quality assessment were performed following the Quality of
Reporting of Meta-Analyses statement.

Data synthesis and analysis
The study outcomes were overall survival and toxicity after neoadjuvant or adjuvant
therapies. For network meta-analysis of overall survival, the preferred outcome
measure was reported HRs, followed by estimated HRs and median survival durations. Relative treatment effects (HRs) in multi-arm trials were converted to armspecific outcomes [18] . For network meta-analysis of toxicity (overall toxicity and
haematological toxicities), we used odds ratios (ORs) as outcome measures. ORs were
calculated from the summary number of reported toxicity events and summary
number of exposure patients in each trial. Since the definition and reporting type of
toxicity were diverse in the included studies, we only summarize seven toxicity
events [nausea/vomiting, infection/fever, asthenia/fatigue, diarrhea, hematological
toxicity (leukopenia, thrombopenia, and anemia)] as overall toxicity.
For direct comparisons, standard pairwise meta-analysis was performed using the
inverse variance DerSimonian-Laird random-effects model. Heterogeneity was
quantified using I-squared statistic. Publication bias was evaluated using the funnel
plot. Traditional pairwise meta-analysis was performed using REVIEW MANAGER
(version 5.0 for Windows; the Cochrane Collaboration, Oxford, United Kingdom).
For indirect comparisons, we conducted random-effects Bayesian network meta-
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analysis using Markov chain Monte Carlo methods in The R Programming Language
3.3.2 [R Core Team (2016), R Foundation for Statistical Computing, Vienna, Austria].
Network meta-analysis assumes “consistency” of treatment effects across all included
randomized trials, that is, the direct and indirect estimates are the same effects.
Network consistency was evaluated by comparing the direct estimates to the indirect
estimates using the node splitting model. We used non-informative uniform and
normal prior distributions in network meta-analysis. And we used a thinning interval
of 500 for each chain and yielded 5000 iterations to obtain the posterior distributions
of model parameters. Convergence of iterations was assessed using Gelman-RubinBrooks statistic. Trace plot and density plot were used to assess the convergence of the
model. The summary effect of each comparison will be presented as point estimate
(HR) and the corresponding 95% confidence interval (CI). The probability of each arm
achieving the best rank among all the options was calculated and is presented as
rankogram. The efficacy of different treatments was ranked using rankogram.

Quality of evidence
We evaluated the quality of evidence of estimates from direct comparison and
network meta-analysis following the GRADE approach. The quality of evidence has
four levels orderly: High, moderate, low, and very low quality. In this approach, the
quality of direct evidence from RCTs is high initially and can be rated down based on
risk of bias, indirectness, imprecision, inconsistency, or publication bias. The quality
of indirect evidence starts at the lowest level of direct evidence that contributes as the
preferred loops to the indirect evidence, and can be rated down based on imprecision
or intransitivity. Network meta-analysis combines both direct and indirect evidence to
reach a more comprehensive result, thus, the quality of evidence from network metaanalysis is assigned with the higher level of the direct and indirect evidence.

RESULTS
Characteristic of included studies
We identified 350 potentially relevant articles without duplicates from database
searches and manual searches. After initial screening of these records, we excluded
252 articles because they investigated neither neoadjuvant nor adjuvant therapy of
pancreatic cancer. We detailedly assessed the remaining 98 articles by abstracts and
excluded 68 not reporting randomized control studies. After assessing full texts of the
potential eligible 30 articles, we included 14 articles[8,20-32] (13 trials) in the network
meta-analysis (Figure 1). If a single trial was reported in different publications, we
combined the data of the different publications. And if a single outcome in a same
trial was reported in different publications, the result of the latest publication would
be used. The ESPAC-1 trial[29] included three subgroups, as the subgroup with two-bytwo factorial design was updated in the following report[28]; this subgroup comparison
was recognized as ESPAC-plus trial[28] and the last two subgroups as ESPAC-1 trial[29]
in this meta-analysis. Also, we included data from ESPAC-3-v1[25] which was not
included in the ESPAC-1 trial to avoid duplication.
The methodological quality of the included 13 trials was high (Supplemental Table
1). Four trials did not report sequence and six trials did not report allocation
concealment. Although blinding was not reported in any trial, the primary outcome
(overall survival) would not be affected by blinding or not, and a low risk of bias was
recognized. Finally, we included 13 high quality trials with 1591 participants in this
network meta-analysis (Figure 2). A total of 1591 participants were randomized to
receive either neoadjuvant CRT with surgery (n = 51), surgery alone (n = 703), surgery
with adjuvant CT (n = 665), or surgery with adjuvant CRT (n = 172).
The characteristics of the 13 included trials are summarized in Table 1 and
Supplemental Table 2. All of the included trials were two-arm studies except the
ESPAC-1 plus trial[28], which was a four-arm trial using a two-by-two factorial design.
The recruitment period ranged from 3 to 8 years. Both pancreatic adenocarcinoma and
invasive ductal pancreatic cancer were included in this meta-analysis. For trials
including periampullary carcinoma, the data about periampullary cancer were
excluded [8] . The median age ranged from 57 to 71.5 years old. Most (> 90%) of
included participants had primary tumor stage T1-T3, and most of them had nodal
status N0-N1. The schedule of CT or CRT can be recognized briefly in Table 1.

Direct comparison meta-analysis of overall survival
Standard pairwise meta-analysis of direct comparisons was feasible for the following
comparisons: neoadjuvant CRT with surgery vs surgery alone (2 trials, n = 104),
surgery with adjuvant CT vs surgery alone (7 trials, n = 1080), and surgery with
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Figure 1

Figure 1 PRISMA flow chart of literature search showing the identification, screening, eligibility, and inclusion phases of the search.

adjuvant CRT vs surgery alone (3 trials, n = 254), and surgery with adjuvant CRT vs
surgery with adjuvant CT (1 trial, n = 90). Only surgery with adjuvant CT showed a
statistically significant survival advantage compared with surgery alone (pooled HR =
0.75, 95%CI: 0.63-0.89; P < 0.001) (Figure 3). No statistical difference was found in
other direct comparisons. Heterogeneity was found only in the comparison of surgery
with adjuvant CRT vs surgery alone (I2 = 72%). No publication bias was found using
the funnel plot.

Network meta-analysis of overall survival
All 12 trials reported information on survival and were included for Bayesian network
meta-analysis. Density plot, trace plot, and Brooks-Gelman-Rubin diagnosis plot in
Bayesian network meta-analysis of overall survival showed satisfied convergence of
network plot model (Supplemental Figure 1). We summarize the result of network
meta-analysis of overall survival in Figure 4. Surgery with adjuvant CT showed
statistically better overall survival compared with surgery alone (pooled HR = 0.7,
95%CI: 0.62-0.79), which is similar to the results in direct comparison. Surgery with
adjuvant CT also statistically improved survival compared with surgery with
adjuvant CRT (pooled HR = 0.6, 95%CI: 0.54-0.72). No significant results were found
between other comparisons (neoadjuvant CRT with surgery vs surgery alone, surgery
with adjuvant CRT vs surgery alone, surgery with adjuvant CT vs neoadjuvant CRT
with surgery, and surgery with adjuvant CRT vs surgery with adjuvant CT) (Figure
4).
Network meta-analysis results are consistent with the results from traditional
pairwise meta-analysis, suggesting no inconsistency between direct and indirect
evidence. We also compared the results of direct and corresponding indirect comparison using node-splitting model. No inconsistency was found (surgery with
adjuvant CT vs surgery alone, P = 0.789; surgery with adjuvant CRT vs surgery alone,
P = 0.562; and surgery with adjuvant CT vs surgery with adjuvant CRT P = 0.205).
Heterogeneity between studies was found using the random-effects model (I2pair =
59.9; I2cons = 67.6).
Rankogram (Figure 5) summarizes the ranking probability of the four treatment
strategies in terms of overall survival. Surgery with adjuvant CT had the highest
probability (94.2%) to rank the best in terms of improving overall survival, followed
by surgery alone (5.8%), neoadjuvant CRT with surgery (0%), and surgery with
adjuvant CRT (0%).
The results of grading the quality of evidence for overall survival are summarized
in Table 2. Based on network meta-analysis, high quality evidence supported surgery
with adjuvant CT over surgery alone for increasing overall survival. Moderate quality
evidence supported surgery with adjuvant CT over surgery with adjuvant CRT for
increasing overall survival.
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Table 1 Study characteristics of included studies
Study

Arms

Number

Period

Country

Schedule

Casadei et al[20], 2015

NCRT + S

18

2007-2014

Italy

2 cycles of gemcitabine
1000 mg/m2 on days 1
and 8 every 21 d, then
45 Gy radiation with
gemcitabine 50 mg/m2
twice weekly for 6 wk

Surgery

20

NCRT + S

33

2003-2009

Germany, Switzerland

8 Gy to 55.8 Gy (tumor)
or 50.4 Gy (regional
lymph nodes) radiation
with gemcitabine 300
mg/m2 and cisplatin 30
mg/m2 on days 1, 8, 22,
and 29

Surgery

33

S + ACT

179

1998-2004

Germany, Austria

3 cycles of gemcitabine
1000 mg/m2 on days 1,
8, and 15 every 4 wk

Surgery

175

S + ACT

45

1992-2000

Japan

2 courses of cisplatin 80
mg/m2 on the first day;
5-fluorouracil 500
mg/m2 daily for the first
5d

Surgery

44

S + ACT

58

2002-2005

Japan

3 cycles of gemcitabine
1000 mg/m2 on days 1,
8, and 15 every 4 wk

1984-1987

Norway

6 cycles of 5-fluorouracil
500 mg/m2, doxorubicin
40 mg/m2, and
mitomycin C 6 mg/m2
once every 3 wk

1987-1995

Europe

2 courses of 20 Gy
radiotherapy (2 Gy/d, 5
d/wk at weeks 1-2 and
5-6) and 25 mg/kg 5fluorouracil daily for 5 d

1974-1982

USA

2 courses of 20 Gy (5 d a
week) radiotherapy and
500 mg/m2 fluorouracil
daily for 3 d

2004-2007

France

2 cycles of gemcitabine
1000 mg/m2 weekly for
3 wk; followed by 50.4
Gy radiotherapy and
300 mg/m2 gemcitabine
weekly for two weeks

Golcher et al[21], 2015

Oettle et al[22,26], 2007,
2013

Kosuge et al[27], 2006

[24]

Ueno et al

, 2009

Surgery

60

Bakkevold et al[31], 1993 S + ACT

30

Surgery

31

S + ACDT

110

Surgery

108

S + ACDT

21

Surgery

22

S + ACDT

45

S + ACT

45

S + ACDT

73

S + ACT

75

Smeenk et al[8], 2007
Klinkenbijl et al[30],
1999

Kalser et al[32], 1985

[23]

Van Laethem et al
2010

,

Neoptolemos et
al[25,28,29], 2001, 2004,
2009 (ESPAC-1)
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4 cycles of gemcitabine
1000 mg/m2 weekly for
3 wk
1994-2000

Europe

2 courses of 20 Gy
radiotherapy and 500
mg/m2 fluorouracil on
days 1-3
6 courses of fluorouracil
425 mg/m2 and folinic
acid 20 mg/m2 daily for
5d
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ESPAC-1 plus

ESPAC-3 (V1)

S + ACT + ACDT

72

Surgery

69

S + ACDT

33

Surgery

36

S + ACT

97

Surgery

95

S + ACT

61

Surgery

61

2 courses of 20 Gy
radiotherapy and 500
mg/m2 fluorouracil on
days 1-3; then 6 courses
of fluorouracil 425
mg/m2 and folinic acid
20 mg/m2 daily for 5 d

1994-2000

Europe

2 courses of 20 Gy
radiotherapy and 500
mg/m2 fluorouracil on
days 1–3

6 courses of fluorouracil
425 mg/m2 and folinic
acid 20 mg/m2 daily for
5d

1994-2000

Europe

6 courses of fluorouracil
425 mg/m2 and folinic
acid 20 mg/m2 daily for
5d

NCRT + S: Neoadjuvant chemoradiotherapy with surgery; S + ACT: Surgery with adjuvant chemotherapy; S + ACRT: Surgery with adjuvant
chemoradiotherapy.

Network meta-analysis of toxicity
Data on toxicity were available in seven trials. We summarize all the reported toxicity
events [nausea/vomiting, infection/Fever, asthenia/Fatigue, diarrhea, and hematological toxicity (leukopenia, thrombopenia, and anemia)] in Supplemental Table
3. Neoadjuvant or adjuvant CT and CRT were well tolerated, and grade 3 or 4
toxicities occurred infrequently. We summarize the result of network meta-analysis
on overall toxicity and haematological toxicity in Figure 4. Density plot, trace plot,
and Brooks-Gelman-Rubin diagnosis plot showed satisfied convergence of network
plot model (Supplemental Figure 2). No significant differences in overall toxicity or
haematological toxicity were found between all the comparisons (neoadjuvant CRT
with surgery, surgery with adjuvant CRT, and surgery with adjuvant CT) (Figure 4).

DISCUSSION
This study is the first analysis to compare efficacy of neoadjuvant therapies, adjuvant
therapies, and surgery alone for resectable pancreatic cancer together in a single
analysis. In our network meta-analysis, we included 13 high quality trials with 1591
participants. We demonstrated three principal findings in our analysis: surgery with
adjuvant CT has better survival compared with surgery alone and surgery with
adjuvant CRT; neoadjuvant CRT with surgery shows no significant difference in
survival compared with surgery alone and adjuvant therapies; and toxicities after CT
or CRT are well tolerated and show no significant difference among the treatment
strategies included in this meta-analysis.
In our network meta-analysis, high quality evidence confirmed the survival
advantage of adjuvant CT over surgery alone. Although overall survival associated
with adjuvant CT had been evaluated in several head-to-head comparisons[22,24,25,27,31],
the absence of statistical significance led to equivocal conclusions[24,31]. Previous metaanalysis also demonstrated a survival difference when comparing surgery alone and
surgery with adjuvant CT [12-14] . However, the most recent meta-analysis [13] was
performed in 2007 and only included five randomized control studies. Moreover, it
used only median survival time and 5-year survival rate instead of HRs to estimate
survival difference, which was less precise. In our study, we estimated the survival
difference by combining direct and indirect comparisons of different treatments.
Moreover, we used both reported HRs and estimated HRs from all the included
studies to minimize the selection bias. Thus, we provided the most powerful and
reliable evidence that adjuvant CT is better than surgery alone in increasing overall
survival for resectable pancreatic cancer.
The survival difference between adjuvant CT and adjuvant CRT for resectable
pancreatic cancer remains controversial. Only a few studies demonstrated the
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Figure 2

Figure 2 Network plot. Network plot showing the following different treatment strategies for resectable pancreatic
cancer: neoadjuvant chemoradiotherapy with surgery (NCRT + S) (n = 51), surgery alone (S) (n = 703), surgery with
adjuvant chemotherapy (S + ACT) (n = 665), or surgery with adjuvant chemoradiotherapy (S + ACRT) (n = 172).

survival difference between adjuvant CT and adjuvant CRT[23,29]. A phase II randomized controlled study involving 90 participants compared the toxicity and
survival between adjuvant gemcitabine alone and gemcitabine-based CRT, and no
significant difference was found in survival due to small sample size[23]. The ESPAC-1
trial compared the survival using a two-by-two factorial design (observation, CRT
alone, CT alone, or both)[29]. However, the trial was not powered to compare these
four groups directly, and only found a potential benefit of adjuvant CT but not
adjuvant CRT. In our study, moderate quality evidence supported surgery with
adjuvant CT over surgery with adjuvant CRT for increasing overall survival. We
confirmed the survival benefit of adjuvant CT over surgery with adjuvant CRT for the
first time. Pancreatic cancer is a systemic disease and micrometastasis after surgery
may be responsible for high recurrence and low survival. Thus, adjuvant CT but not
CRT can benefit the survival of pancreatic cancer patients after surgery. However,
CRT in the included studies was performed mainly using external beam, and more
highly targeted radiotherapy is now available. The survival benefit between highly
targeted radiotherapy and adjuvant CT should be reevaluated in the future study.
CT agents for adjuvant CT are diverse. It is still controversial regarding the best CT
agents for adjuvant CT. The ESPAC-3 trial demonstrated that fluorouracil plus folinic
acid resulted in similar overall survival to gemcitabine in patients after complete
resection of pancreatic cancer [33] . A recent network meta-analysis showed that
adjuvant CT with fluorouracil or gemcitabine provided better overall survival than
observation[34]. S-1 is another new CT agent for pancreatic cancer. Recent randomized
control trials showed that S-1 was superior to gemcitabine, suggesting that S-1 is a
new standard care for resected pancreatic cancer[35-37]. In our study, CT agents for
adjuvant therapy included gemcitabine [ 2 2 , 2 4 ] , cisplatin [ 2 7 ] , 5-fluorouracil plus
doxorubicin plus mitomycin C[31], and fluorouracil plus folinic acid[31]. We combined
all of the adjuvant CT with different CT agents in a single arm in this network metaanalysis, because we assumed that the effect of different CT agents for adjuvant CT
was consistent. Besides, we tried to compare the effect difference of adjuvant CT with
adjuvant CRT and neoadjuvant CRT, and the effect difference was not affected by
different CT agents.
The necessity and survival benefit of neoadjuvant therapy for pancreatic cancer is
controversial. Borderline pancreatic cancer recently emerged as a category clinically
distinct from resectable or locally advanced disease. Neoadjuvant therapy is currently
recommended for borderline resectable disease in the National Comprehensive
Cancer Network guidelines [38,39] . However, only two reported RCTs access neoadjuvant CRT for resectable pancreatic cancer so far, and both two RCTs found no
survival benefit of neoadjuvant CRT. One of the included RCTs involving 38
participants chose R0 resection as the primary endpoint[20], and another RCT involving
66 patients was terminated early due to slow recruiting[21]. Neoadjuvant therapy is
also assessed in our network meta-analysis. Only neoadjuvant CRT with surgery was
assessed, as no RCTs about neoadjuvant CT can be found. We found no significant
result when comparing neoadjuvant CRT with surgery alone, adjuvant CT, and
adjuvant CRT. Now, several randomized controlled trials are ongoing to investigate
the survival benefit of neoadjuvant CRT for the treatment of borderline and resectable
pancreatic cancer[40-43]. Our result showed no survival benefit of neoadjuvant CRT.
Thus, we should be cautious with using neoadjuvant CRT for resectable pancreatic
cancer until other powerful evidence exists.

WJMA

https://www.wjgnet.com

316

June 30, 2019

Volume 7

Issue 6

Shen P et al. Treatment of resectable PC: A network meta-analysis

Table 2 Pooled hazard ratio of overall survival from direct and network meta-analysis
Intervention

Direct meta-analysis

Network meta-analysis

HR

Evidence

HR

Evidence

Neoadjuvant CRT + S

0.96 (0.68, 1.37)

Low1,2

1.10 (0.64, 1.90)

Low

S + adjuvant CT

0.75 (0.63, 0.89)

High

0.70 (0.62, 0.79)

High

Moderate

1.10 (0.97, 1.30)

Moderate

Compared to surgery alone

S + adjuvant CRT

0.88 (0.51, 1.54)

3

Compared to neoadjuvant CRT + S
S + adjuvant CT

-

-

0.63 (0.36, 1.10)

Low

S + adjuvant CRT

-

-

1.00 (0.57, 1.80)

Low

0.98(0.59, 1.64)

Low4

1.6 (1.40, 1.80)

Moderate

Compared to S + adjuvant CT
S + adjuvant CRT

1

Risk of bias: one of included trial did not report allocation concealment and random sequence generation.
Imprecision: small sample size.
3
Inconsistency: heterogeneity was found in this comparison (I² = 72%).
4
Imprecision: wide confidence interval. HR: Hazard ratio; CRT: Chemoradiotherapy; S: Surgery; CT:
Chemotherapy.
2

Our network meta-analysis has several strengths. It is the first comprehensive
analysis of all the major treatment strategies for resectable pancreatic cancer including
neoadjuvant therapy, surgery, and adjuvant therapy. We combined both direct and
indirect evidence to reach more precise conclusions, which also allowed us to
compare therapies indirectly and rank different therapies clearly. Furthermore, we
assessed both overall survival and toxicity of all the therapies. Our meta-analysis
provides comprehensive and clear evidence for the treatment of resectable pancreatic
cancer, which is great important and meaningful in clinical care.
The limitations of this meta-analysis also need to be acknowledged. First of all, the
RCTs included in this analysis were conducted over four decades, and changes in
CRT schedule, CT agents, schedules, and surgery techniques may affect the results.
However, transitivity assumption was met and there was no evidence of statistically
significant inconsistency in this network. This may have less effect on the result.
Second, we included both neoadjuvant and adjuvant therapies to offer a comprehensive overview. However, we included only a limited number of trials (n = 13),
and only two trials evaluated neoadjuvant therapies. Thus, although no sig-nificant
result about overall survival was found when comparing neoadjuvant therapies with
other treatments, this conclusion about neoadjuvant therapies should be interpreted
with some caution. Finally, since the definition and reporting type of toxicity were
diverse in the included studies, we only summarized seven typical toxicity events as
overall toxicity. Although some toxicity events may be neglected in this analysis, the
results should still provide effective estimates.
In conclusion, our network meta-analysis show that surgery with adjuvant CT
prolongs overall survival compared with surgery alone and surgery with adjuvant
CRT. Therefore, we recommend surgery with adjuvant CT as the optimal care for
resectable pancreatic cancer. Later research should be focused on the best agents for
adjuvant CT.
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Figure 3

Figure 3 Forest plot of direct comparison meta-analysis of overall survival. Squares and horizontal lines correspond to the study-specific HRs and 95% CIs,
respectively. The area of the squares correlates with the weight of each enrolled study, and the diamonds represent the summary HRs and 95% CIs. HRs: Hazard
ratios; CI: Confidence interval.
Figure 4

Figure 4 Network meta-analysis of overall survival (A), overall toxicity (B), and haematological toxicity (C). The column treatment is compared with the row
treatment. Overall survival was estimated using pooled hazard ratios and 95% confidence intervals. Toxicity was estimated using pooled odds ratios and 95%
confidence intervals.
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Figure 5

Figure 5 Rankogram of overall survival. The height of column represents the probability of ranking the first (1) second (2), third (3), and fourth (4). NCRT + S:
Neoadjuvant chemoradiotherapy with surgery; S: Surgery alone; S + ACT: Surgery with adjuvant chemotherapy; S + ACRT: Surgery with adjuvant chemoradiotherapy.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is one of the most common and lethal malignancies worldwide. The common
treatment options for resectable pancreatic cancer include surgery alone, neoadjuvant chemotherapy (CT), neoadjuvant chemoradiotherapy (CRT), adjuvant CT, and adjuvant CRT.
However, the optimal treatment is still controversial.

Research motivation
The optimal treatment for resectable pancreatic cancer is still controversial.

Research objectives
This study aimed to identify the most effective approach for resectable pancreatic cancer using
network meta-analysis.

Research methods
Eligible studies were searched from PubMed, Medline, EMBASE, Cochrane database, and
Google scholar. We searched and included randomized controlled trials reporting on neoadjuvant and adjuvant therapies. For direct comparisons, standard pairwise meta-analysis was
performed using the inverse variance DerSimonian-Laird random-effects model. For indirect
comparisons, Bayesian network meta-analysis was used to combine direct and indirect evidence.
We used relative hazard ratios (HRs) to estimate survival difference between different treatments, and relative odds ratios (ORs) for toxic effects. Treatment effects were ranked based on
their efficacy for improving survival or reducing toxicity using rankogram. The quality of
evidence of estimates from direct comparison and network meta-analysis were evaluated
following the GRADE approach.

Research results
We included 13 high quality trials with 1591 participants in this network meta-analysis. Compared with surgery alone (pooled HR = 0.7, 95%CI: 0.62-0.79) and surgery with adjuvant CRT
(pooled HR = 0.6, 95%CI: 0.54-0.72), surgery with adjuvant CT had a higher rate of overall
survival. In contrast, standard pairwise meta-analysis only showed a statistically significant
survival advantage of surgery with adjuvant CT compared with surgery alone (pooled HR =
0.75, 95%CI: 0.63-0.89; P < 0.001). Rankogram showed that surgery with adjuvant CT was most
likely to rank the best in terms of overall survival (probability: 94.2%), followed by surgery alone
(probability: 5.8%). No significant differences in overall toxicity or haematological toxicity were
found between all the therapies. High quality evidence supported surgery with adjuvant CT
over surgery alone for increasing overall survival. Moderate quality evidence supported surgery
with adjuvant CT over surgery with adjuvant CRT for increasing overall survival.

Research conclusions
Our network meta-analysis show that surgery with adjuvant CT prolongs overall survival
compared with surgery alone and surgery with adjuvant CRT.

Research perspectives
We recommend surgery with adjuvant CT as the optimal care for resectable pancreatic cancer.
Later research should be focused on the best agents for adjuvant CT.
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Abstract
BACKGROUND
A number of non-systematic reviews on the effects or mechanisms of probiotics
on improving dyslipidemia, fatty liver, and obesity have been available but
inconclusive to determine the independent effects of probiotics on each of the
three conditions.
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AIM
To perform a systematic review and meta-analysis on potential benefits of
probiotics among individuals with fatty liver or obesity or hyperlipidemia.
METHODS
A systematic literature search was performed using PubMed and Embase. Adult
participants of any gender without major comorbidities who received probiotics
were considered following these criteria: (1) Studies on a single genus of
probiotics with or without prebiotics; (2) Studies specifying the probiotic dosage
into colony-forming units (CFUs); and (3) Studies on food-based probiotics were
excluded. The primary outcome measures for fatty liver, obesity, and
dyslipidemia were fibrosis score (kPa), body mass index (BMI; kg/m2), and
serum lipid profiles (mg/dL), respectively. The secondary outcome measures for
fatty liver and obesity were liver enzymes (U/L) and subcutaneous fat area (cm2).
RESULTS
A total of 13 articles, published between 1997 and 2018, fulfilled the selection
criteria. Three probiotics were included, of which Lactobacillus was the most
commonly studied (10 studies), followed by Bifidobacterium (two studies) and
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Pediococcus (one study). Probiotics significantly reduced BMI (P = 0.013), total
cholesterol (P = 0.011), and low-density lipoprotein (P = 0.006) while increased
high-density lipoprotein (P = 0.028); high heterogeneities were observed. Only
Lactobacillus could decrease triglyceride level (P = 0.005) with low heterogeneity.
No included studies reported fibrosis score, liver functions, subcutaneous fat
outcomes.
CONCLUSION
Single probiotics, especially Lactobacillus, have a potentially beneficial effect on
improving obesity and dyslipidemia. Evidence on the fatty liver is limited.
Key words: Fatty liver; Obesity; Hyperlipidemia; Dyslipidemia; Probiotics; Non-alcoholic
fatty liver disease; Overweight
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: No consensus is available about the benefit of single probiotics on improving
dyslipidemia, fatty liver, and obesity. This meta-analysis investigated the effect of single,
non-food-based probiotics, with specified dosage and duration, on body mass index,
serum lipid profiles, fibrosis score, liver functions, and subcutaneous fat.
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INTRODUCTION
The gut microbiota is a diverse and dynamic collection of micro-organisms that live in
the human gastrointestinal tract. They are essential for maintaining the health of the
human host in the ″symbiosis″ state whereas a ″dysbiosis″ could lead to a number of
diseases or worsen health conditions[1]. Probiotics are live bacteria and yeasts that are
presented either in ″functional food″ (i.e., fermented food such as yogurt, cheese, miso,
kimchi, and kefir) or as supplements in several forms. Probiotics have been claimed to
boost the digestive system, support the immune system and reduce the risks associated with metabolic syndrome[2].
There are three main types of fat metabolism disorders: Dyslipidemia, fatty liver,
and obesity. Identified as a major risk factor for cardiovascular disease (CVD), dyslipidemia has been the main point of scientific interest affecting clinical practice
especially pharmacological intervention[3]. Metabolic activity of the gut microbiota has
been proposed as an influencer of the human serum lipid content[3]; it was estimated
that 1% reduction in serum total cholesterol level could yield as high as 3% reduction
in CVD risk[4]. Probiotics that exhibit a cholesterol reduction effect is of great interest
because they are safer and usually cheaper than chemical drugs. Potential
mechanisms for the cholesterol reduction effect of probiotics consumption have been
discussed in a recent review[3].
Non-alcoholic fatty liver disease (NAFLD) has been the most common chronic liver
disease along with the prevalent obesity worldwide. The alteration of gut microbiota
has been shown to promote the development of NAFLD by mediating processes of
inflammation, insulin resistance, bile acids, as well as choline metabolisms[5]. Probiotics are one of the common ways to manipulate the gut microbiota as part of NAFLD
management.
The number of overweight (body mass index; BMI 25-29.9 kg/m2) or obese (BMI ≥
30 kg/m2) individuals has been rising worldwide[6]. The gut microbiota synthesizes
short-chain fatty acids and amino acids, ferment otherwise indigestible carbohydrates,
and contribute to the energy supplied to the animal and human host[7,8]. Evidence on
the association between bacterial richness/dysbiosis and weight loss[9] suggested that
modifying gut microbiota including probiotics administration is a potential target for
obesity treatment[10].
Unlike other conventional interventions, the practical uses of probiotics have
greatly varied. As mentioned earlier, probiotics could be in functional food or as a
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supplement. They could be used as live organisms with the unclear quantified
amount; commonly measured in colony-forming units (CFU). Assessment of a single
probiotic is scientifically difficult since more than one genus/species/strains are
commonly offered simultaneously. Probiotics are usually regarded as supplements, so
their therapeutic effects do not require to be supported by robust scientific evidence
by the national food and drug authorities. Although conducting a randomized controlled trial (RCT) on this type of complex intervention is relatively more difficult than
other interventions, a substantial amount of clinical experiments on probiotics have
been prevalent in a variety of healthy and disease-specific study populations.
A number of non-systematic reviews on the effects or mechanisms of probiotics on
improving dyslipidemia[3], fatty liver[5], and obesity[10] have been available. However,
previous reviews could not determine the independent effects of probiotics on each of
the three conditions. Also, many reviews could not differentiate the effects of various
amounts of probiotics, especially when mixed and/or food-based probiotics were
explored.
This systematic review aimed to identify clinical trials on the use of probiotics alone
or in combination with prebiotics for improving fatty liver, obesity, or dyslipidemia.
The selected studies must quantify the number of probiotics and explicitly describe
the outcome measures. This review did not restrict to any specific kind of probiotics
or any country. Probiotics in functional foods or combined in a mixture with substances other than prebiotics were excluded.

MATERIALS AND METHODS
Protocol and registration
This systematic review has been registered in PROSPERO (CRD42019125511) and the
protocol ID=CRD42019125511.

Literature search
The conducting and reporting of this systematic review and meta-analysis followed
the PRISMA statement guidelines[11] whereas the inclusion criteria reporting followed
the PICOS scheme. A systematic literature search was performed by two independent
authors (KJ and YD) using PubMed and Embase. The search was limited to human
subjects and English language. Adult individuals of any gender who received
probiotics were considered as the intervention group whereas those who received
placebo were considered as the comparator group. Only controlled trials with and
without randomization were included. The search strategy was based on various
combinations of words for both database and focused on two main concepts:
probiotics and fat metabolism. The last search was conducted on March 1, 2019.
For the PubMed database the following combination was applied: ((Overweight[Mesh] OR overweight[tiab] OR obese[tiab] OR obesity[tiab] OR "body weight"[tiab]
OR "body mass index"[tiab]) OR ("Fatty Liver"[Mesh] OR "fatty liver"[tiab] OR
Fibroscan[tiab] OR Ultrasound[tiab] OR "liver function tests"[Mesh] OR "liver
function tests"[tiab] OR "Aspartate Aminotransferases"[tiab] OR "Alanine Transaminase"[tiab] OR "Alkaline phosphatase"[tiab] OR "gammaglutamyl
transpeptidase"[tiab] OR albumin*[tiab] OR bilirubin[tiab]) OR (Dyslipidemias[Mesh]
OR dyslipidemia*[tiab] OR Hyperlipidemia[tiab] OR Hyperlipoprote-inemias[tiab]
OR Hypertriglyceridemia[tiab] OR Hypercholesterolemia[tiab] OR Cholesterol[Mesh]
OR cholesterol[tiab] OR plasma lipids[tiab] OR Triglycerides[Mesh] OR
Triglyceride*[tiab] HDL[tiab] OR LDL[tiab] OR VLDL[tiab])) AND ((Probiotics[Mesh]
OR probiotics[tiab] OR probiotic[tiab] OR (Synbiotics[Mesh] OR synbiotics[tiab] OR
synbiotic[tiab]) OR (Lactobacillales[Mesh] OR Lactobacillales[tiab] OR
Lactobacillus[tiab] OR Pediococcus[tiab] OR Leuconostoc [tiab] OR Oenococcus[tiab]
OR Weissella[tiab] OR Lactococcus[tiab] OR Streptococcus[tiab]) OR
(Bifidobacteriales[Mesh] OR Bifidobacteriales[tiab] OR Bifidobacterium[tiab] OR
Aeriscardovia[tiab] OR Alloscardovia[tiab] OR Bifidobacterium[tiab] OR
Bombiscardovia[tiab] OR Galliscardovia[tiab] OR Gardnerella[tiab] OR
Neoscardovia[tiab] OR Parascardovia[tiab] OR Pseudoscardovia[tiab] OR
Scardovia[tiab]) OR (Saccharomyces[Mesh] OR Saccharomyces[tiab])) AND
(Humans[Mesh] AND English[lang]).
For the Embase database the following combination was applied: ('obesity'/exp OR
'adipositas':ti,ab OR 'adiposity':ti,ab OR 'alimentary obesity':ti,ab OR 'body weight,
excess':ti,ab OR 'corpulency':ti,ab OR 'fat overload syndrome':ti,ab OR 'nutritional
obesity':ti,ab OR 'obesitas':ti,ab OR 'obesity':ti,ab OR 'overweight':ti,ab OR 'body
weight'/exp OR 'body weight':ti,ab OR 'total body weight':ti,ab OR 'weight,
body':ti,ab OR 'body mass'/exp OR 'bmi (body mass index)':ti,ab OR 'quetelet
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index':ti,ab OR 'body mass':ti,ab OR 'body mass index':ti,ab OR 'fatty liver'/exp OR
'fat liver':ti,ab OR 'fatty liver':ti,ab OR 'fatty liver disease':ti,ab OR 'fatty liver
infiltration':ti,ab OR 'hepatic steatosis':ti,ab OR 'hepatosteatosis':ti,ab OR 'liver fatty
infiltration':ti,ab OR 'liver steatosis':ti,ab OR 'liver, fatty':ti,ab OR 'steatosis, liver':ti,ab
OR 'liver function test'/exp OR 'function test, liver':ti,ab OR 'hepatic function
test':ti,ab OR 'liver function test':ti,ab OR 'liver function tests':ti,ab OR 'test, liver
function':ti,ab OR 'echography'/exp OR 'doptone':ti,ab OR 'duplex echography':ti,ab
OR 'echogram':ti,ab OR 'echography':ti,ab OR 'echoscopy':ti,ab OR 'echosound':ti,ab
OR 'high resolution echography':ti,ab OR 'scanning, ultrasonic':ti,ab OR
'sonogram':ti,ab OR 'sonography':ti,ab OR 'ultrasonic detection':ti,ab OR 'ultrasonic
diagnosis':ti,ab OR 'ultrasonic echo':ti,ab OR 'ultrasonic examination':ti,ab OR
'ultrasonic scanning':ti,ab OR 'ultrasonic scintillation':ti,ab OR 'ultrasonography':ti,ab
OR 'ultrasound diagnosis':ti,ab OR 'ultrasound scanning':ti,ab OR 'aspartate
aminotransferase'/exp OR '1 aspartate 2 oxoglutarate aminotransferase':ti,ab OR '1
aspartate:2 oxoglutarate aminotransferase':ti,ab OR 'got':ti,ab OR 'aminotransferase,
aspartate':ti,ab OR 'aspartate amino transferase':ti,ab OR 'aspartate aminotransferase':ti,ab OR 'aspartate aminotransferases':ti,ab OR 'aspartate
transaminase':ti,ab OR 'aspartic aminotransferase':ti,ab OR 'aspartic transminase':ti,ab
OR 'e.c. 2.6.1.1':ti,ab OR 'glutamate aspartate transaminase':ti,ab OR 'glutamate
oxalacetate transaminase':ti,ab OR 'glutamate oxalacetic transaminase':ti,ab OR
'glutamate oxalate transaminase':ti,ab OR 'glutamate oxalic transaminase':ti,ab OR
'glutamate oxaloacetate aminotransferase':ti,ab OR 'glutamate oxaloacetate
transaminase':ti,ab OR 'glutamate oxaloacetic acid transaminase':ti,ab OR
'glutamatoxalacetate transaminase':ti,ab OR 'glutamic aspartic aminotransferase':ti,ab
OR 'glutamic aspartic transaminase':ti,ab OR 'glutamic oxal acetatic
transaminase':ti,ab OR 'glutamic oxalacetic acid transaminase':ti,ab OR 'glutamic
oxalacetic transaminase':ti,ab OR 'glutamic oxalacetic transferase':ti,ab OR 'glutamic
oxalic transaminase':ti,ab OR 'glutamic oxaloacetic acid transaminase':ti,ab OR
'glutamic oxaloacetic aminotransferase':ti,ab OR 'glutamic oxaloacetic transaminase':ti,ab OR 'glutamine oxaloacetic transaminase':ti,ab OR 'glutaminic oxalacetic
transaminase':ti,ab OR 'l asparate 2 oxoglutarate transaminase':ti,ab OR 'l aspartate 2
oxoglutarate aminotransferase':ti,ab OR 'l aspartate aminotransferase':ti,ab OR 'l
aspartate:2 oxoglutarate aminotransferase':ti,ab OR 'l aspartate:2 oxoglutarate
transaminase':ti,ab OR 'l aspatate:2 oxoglutarate aminotransferase':ti,ab OR 'levo
aspartate aminotransferase':ti,ab OR 'transaminase a':ti,ab OR 'alanine
aminotransferase'/exp OR 'gpt':ti,ab OR 'alanin aminotransferase':ti,ab OR 'alanine 2
oxoglutarate aminotransferase':ti,ab OR 'alanine 2 oxoisovalerate aminotransferase':ti,ab OR 'alanine alpha ketoglutarate transaminase':ti,ab OR 'alanine alpha
oxoglutarate transaminase':ti,ab OR 'alanine amino transferase':ti,ab OR 'alanine
aminotransferase':ti,ab OR 'alanine transaminase':ti,ab OR 'alanine transpeptidase':ti,ab OR 'alanine:2 oxoglutarate aminotransferase':ti,ab OR 'e.c. 2.6.1.2':ti,ab
OR 'glutamate alanine transaminase':ti,ab OR 'glutamate pyruvate aminotransferase':ti,ab OR 'glutamate pyruvate transaminase':ti,ab OR 'glutamate
pyruvatetransaminase':ti,ab OR 'glutamic alanine aminotransferase':ti,ab OR 'glutamic
pyruvate transaminase':ti,ab OR 'glutamic pyruvic aminotransferase':ti,ab OR
'glutamic pyruvic transaminase':ti,ab OR 'glutamopyruvic transaminase':ti,ab OR 'l
alanine 2 oxoglutarate aminotransferase':ti,ab OR 'l alanine:2 oxoglutarate
aminotransferase':ti,ab OR 'alkaline phosphatase'/exp OR 'alcalic phosphatase':ti,ab
OR 'alkali phosphatase':ti,ab OR 'alkalic phosphatase':ti,ab OR 'alkaline
monophosphoesterase':ti,ab OR 'alkaline phosphatase':ti,ab OR 'alkaline
phosphohydrolase':ti,ab OR 'alkaline phosphomonoesterase':ti,ab OR 'alkalinic
phosphatase':ti,ab OR 'basic phosphatase':ti,ab OR 'e.c. 3.1.3.1':ti,ab OR 'heat stable
alkaline phosphatase':ti,ab OR 'orthophosphoric monoester phosphohydrolase':ti,ab
OR 'phosphatase, alkaline':ti,ab OR 'gamma glutamyltransferase'/exp OR '(5
glutamyl) peptide:amino acid 5 glutamyltransferase':ti,ab OR '4 glutamyl
transferase':ti,ab OR 'alpha glutamyltranspeptidase':ti,ab OR 'e.c. 2.3.2.2':ti,ab OR
'gamma glutamyl transferase':ti,ab OR 'gamma glutamyl transpeptidase':ti,ab OR
'gamma glutamyltransferase':ti,ab OR 'gamma glutamyltranspeptidase':ti,ab OR
'gamma gt':ti,ab OR 'gammaglutamyltransferase':ti,ab OR 'gammaglutamyl
transpeptidase':ti,ab OR 'glutamate transpeptidase':ti,ab OR 'glutamic transferase':ti,ab OR 'glutamyl transferase':ti,ab OR 'glutamyl transpeptidase':ti,ab OR
'glutamyltransferase':ti,ab OR 'glutamyltranspeptidase':ti,ab OR 'levo glutamyltranspeptidase':ti,ab OR 'transpeptidase':ti,ab OR 'albuminoid'/exp OR 'albumin
derivative':ti,ab OR 'albuminoid':ti,ab OR 'albumins':ti,ab OR 'bilirubin'/exp OR '1, 3,
6, 7 tetramethyl 4, 5 dicarboxyethyl 2, 8 divinyl (b 13) dihydrobilenone':ti,ab OR
'bilirubin':ti,ab OR 'bilirubin acid':ti,ab OR 'bilirubin delta':ti,ab OR 'bilirubin ix
alpha':ti,ab OR 'bilirubin ixalpha':ti,ab OR 'bilirubin pigment':ti,ab OR 'bilirubin
sulfate isomer':ti,ab OR 'bilirubin sulphate isomer':ti,ab OR 'bilirubinate':ti,ab OR
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'bilirubine':ti,ab OR 'bilirubinoid':ti,ab OR 'calcium bilirubinate':ti,ab OR
'haematoidin':ti,ab OR 'hematoidin':ti,ab OR 'indirect bilirubin':ti,ab OR
'mesobilirubin':ti,ab OR 'unconjugated bilirubin':ti,ab OR 'dyslipidemia'/exp OR
'dyslipaemia':ti,ab OR 'dyslipemia':ti,ab OR 'dyslipidaemia':ti,ab OR
'dyslipidaemias':ti,ab OR 'dyslipidemia':ti,ab OR 'dyslipidemias':ti,ab OR 'lipidaemia,
dys':ti,ab OR 'lipidemia, dys':ti,ab OR 'hyperlipidemia'/exp OR 'hyperlipaemia':ti,ab
OR 'hyperlipemia':ti,ab OR 'hyperlipidaemia':ti,ab OR 'hyperlipidaemia type ii':ti,ab
OR 'hyperlipidaemia type iii':ti,ab OR 'hyperlipidaemia type v':ti,ab OR
'hyperlipidaemias':ti,ab OR 'hyperlipidemia':ti,ab OR 'hyperlipidemia type ii':ti,ab OR
'hyperlipidemia type iii':ti,ab OR 'hyperlipidemia type v':ti,ab OR
'hyperlipidemias':ti,ab OR 'hyperlipidemic':ti,ab OR 'lipaemia':ti,ab OR 'lipemia':ti,ab
OR 'lipidaemia':ti,ab OR 'lipidemia':ti,ab OR 'hyperlipoproteinemia'/exp OR 'essential
familial hyperproteinaemia':ti,ab OR 'essential familial hyperproteinemia':ti,ab OR
'familial hyperlipoproteinaemia':ti,ab OR 'familial hyperlipoproteinemia':ti,ab OR
'hereditary hyperlipoproteinaemia':ti,ab OR 'hereditary hyperlipoproteinemia':ti,ab
OR 'hyperlipoproteinaemia':ti,ab OR 'hyperlipoproteinaemias':ti,ab OR
'hyperlipoproteinemia':ti,ab OR 'hyperlipoproteinemias':ti,ab OR 'hypertriglyceridemia'/exp OR 'hypertriglyceridaemia':ti,ab OR 'hypertriglyceridemia':ti,ab OR
'idiopathic familiary hypertriglyceridaemia':ti,ab OR 'idiopathic familiary
hypertriglyceridemia':ti,ab OR 'mckusick 14575':ti,ab OR 'triglyceride storage
disease':ti,ab OR 'triglyceridemia':ti,ab OR 'hypercholesterolemia'/exp OR
'cholesteremia':ti,ab OR 'cholesterinemia':ti,ab OR 'cholesterolemia':ti,ab OR
'hypercholesteremia':ti,ab OR 'hypercholesterinaemia':ti,ab OR 'hypercholesterinemia':ti,ab OR 'hypercholesterolaemia':ti,ab OR 'hyperchole-sterolemia':ti,ab OR
'cholesterol'/exp OR '3 hydroxy 5 cholestene':ti,ab OR '3beta hydroxy 5
cholestene':ti,ab OR '3beta hydroxycholest 5 ene':ti,ab OR '5 cholesten 3beta ol':ti,ab
OR 'beta cholesterol':ti,ab OR 'cholest 5 en 3beta ol':ti,ab OR 'cholest 5 ene 3 ol':ti,ab
OR 'cholesterin':ti,ab OR 'cholesterine':ti,ab OR 'cholesterol':ti,ab OR 'cholesterol
release':ti,ab OR 'dythol':ti,ab OR 'nsc 8798':ti,ab OR 'plasma lipids':ti,ab OR
'triacylglycerol'/exp OR 'acylglycerol, tri':ti,ab OR 'fatty acid triglyceride':ti,ab OR
'triacyl glyceride':ti,ab OR 'triacylglycerol':ti,ab OR 'triglyceride':ti,ab OR
'triglycerides':ti,ab OR 'tryglyceride':ti,ab OR 'high density lipoprotein'/exp OR
'hdl':ti,ab OR 'alpha 7 lipoprotein':ti,ab OR 'alpha lipoprotein':ti,ab OR 'high density
lipoprotein':ti,ab OR 'high density lipoprotein phospholipid':ti,ab OR 'lipoprotein,
alpha':ti,ab OR 'lipoprotein, high density':ti,ab OR 'lipoproteins, hdl':ti,ab OR 'pre
alpha lipoprotein':ti,ab OR 'very high density lipoprotein':ti,ab OR 'low density
lipoprotein'/exp OR 'ldl':ti,ab OR 'beta lipoprotein':ti,ab OR 'lipoprotein, beta':ti,ab
OR 'lipoprotein, low density':ti,ab OR 'lipoproteins, ldl':ti,ab OR 'low density
lipoprotein':ti,ab OR 'very low density lipoprotein'/exp OR 'vldl':ti,ab OR
'lipoproteins, vldl':ti,ab OR 'pre beta lipoprotein':ti,ab OR 'prebeta lipoprotein':ti,ab
OR 'prebetalipoprotein':ti,ab OR 'very low density lipoprotein':ti,ab) AND ('probiotic
agent'/exp OR 'probiotic':ti,ab OR 'probiotic agent':ti,ab OR 'probiotics':ti,ab OR
'synbiotic agent'/exp OR 'synbiotic':ti,ab OR 'synbiotic agent':ti,ab OR 'synbiotics':ti,ab
OR 'lactobacillales'/exp OR 'lactobacillales':ti,ab OR 'lactobacillus'/exp OR
'betabacterium':ti,ab OR 'lactobacileae':ti,ab OR 'lactobacilleae':ti,ab OR
'lactobacillus':ti,ab OR 'lactobacteria':ti,ab OR 'lactobacilli':ti,ab OR 'pediococcus'/exp
OR 'pediococcus':ti,ab OR 'leuconostoc'/exp OR 'leuconostoc':ti,ab OR
'oenococcus'/exp OR 'oenococcus':ti,ab OR 'weissella'/exp OR 'weissella':ti,ab OR
'lactococcus'/exp OR 'lactococcus':ti,ab OR 'streptococcus'/exp OR 'streptococceae':ti,ab OR 'streptococcus':ti,ab OR 'streptococcus species':ti,ab OR 'streptococcal
component':ti,ab OR 'streptococci':ti,ab OR 'bifidobacteriales'/exp OR
'bifidobacteriales':ti,ab OR 'bifidobacterium'/exp OR 'bifidobacterium':ti,ab OR
bombiscardovia:ti,ab OR galliscardovia:ti,ab OR 'gardnerella'/exp OR
'gardnerella':ti,ab OR neoscardovia:ti,ab OR parascardovia:ti,ab OR
pseudoscardovia:ti,ab OR 'scardovia wiggsiae'/exp OR 'saccharomyces'/exp OR
'saccharomyces':ti,ab) AND 'randomized controlled trial'/exp.

Study selection
A systematic review management software, Covidence, was used. The titles and abstracts of the primary studies identified in the electronic search were screened by the
same two authors. The duplicate studies were excluded. The following inclusion
criteria were set for inclusion in this meta-analysis: (1) Controlled clinical experiments
with or without randomization on individuals of any gender at least 18 years of age
who received probiotics with or without prebiotics for improving fatty liver, obesity,
or dyslipidemia; and (2) Studies containing fibrosis score (kPa), body mass index
(BMI; kg/m 2 ), serum lipid profiles: Total cholesterol (TC; mg/dL), high density
lipoprotein (HDL; mg/dL), low density lipoprotein (LDL; mg/dL), triglyceride (TG;
mg/dL), liver enzymes: Alanine transaminase (ALT; IU/L), aspartate transaminase
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(AST; IU/L), alkaline phosphatase (ALP; IU/L), gamma-glutamyl transpeptidase
(GGT; IU/L), subcutaneous fat (%), subcutaneous fat area (cm 2 ). The following
exclusion criteria were set: (1) Review articles, letters, comments and case reports; (2)
Studies on food-based probiotics (e.g., yogurt, fermented/sour milk, soy product); (3)
Studies where it was impossible to convert the probiotic dosage into colony-forming
units (CFUs); and (4) Studies where it was impossible to calculate the outcomes of
interest. The trial authors were requested if incomplete data were reported. If the trial
authors did not respond within two weeks, only available data were used. Any
disagreement was resolved through discussion and the final determination was made
by the first author (KP).

Data extraction
The same two authors extracted the data for the following variables: (1) Authors, year
of publication, and study type; (2) Genus, species, and characteristics, including
dosage of the probiotics; and (3) Clinical outcomes, including fibrosis score, BMI,
serum lipid profile, liver enzymes, subcutaneous fat. All relevant text, tables, and
figures were examined for data extraction. Discrepancies between the two reviewers
were resolved by the first author (KP).

Risk of bias
Two authors (KJ and YD) independently assessed the risk of bias in the included trials
using the Cochrane Risk of Bias tool 2.0 in the following domains: bias arising from
the randomization process; bias due to deviations from intended intervention; bias
due to missing outcome data; bias in the measurement of the outcome; and bias in the
selection of the reported result. The reviewers resolved any disagreement by discussion and consensus.

Additional analysis
The analysis was performed by the following subgroups: Intake duration (< 12 weeks
vs 12 weeks), dose per day (< 100x108 CFU vs ≥ 100x108 CFU), and the presence of
prebiotics (with vs without).

Statistical analysis
Mean differences (MD) between the intervention and control groups, along with 95%
Confidence Interval (95%CI) were reported for continuous variables. Clinical and
methodological heterogeneity was assessed by examining participant characteristics,
probiotics type, duration of probiotics usage and dose, outcomes, as well as the design
of the study. Statistical heterogeneity was assessed using the I2 and X2 statistics. The
level of heterogeneity as defined in Chapter 9 of the Cochrane Handbook for Systematic Reviews of Interventions: 0% to 40% might not be important; 30% to 60% may
represent moderate heterogeneity; 50% to 90% may represent substantial heterogeneity; 75% to 100% considerable heterogeneity. For the X 2 test, statistical
heterogeneity of the included trials was assessed with a p-value of less than 0.05
(statistically significant). The random-effects meta-analysis by DerSimonian and Laird
method was used as clinical, methodological, and statistical heterogeneity was
encountered. The meta-analysis was performed using Stata/MP software version 15
(StataCorp 2017, College Station, TX, United States).

RESULTS
Study selection
The literature search yielded 3736 articles. After 287 duplicates were removed, 3449
titles and abstracts were screened, and 3293 irrelevant articles were removed. Of 156
articles selected for full-text screening, 143 were excluded for the following reasons:
23 were not controlled trials, 23 studies targeted irrelevant patient population, 49
studied focused on food-based probiotics and/or mixed probiotics, 12 did not specify
the probiotic doses, 36 did not have quantifiable outcomes of interest. Finally, a total
of 13 articles, dated between 1997 to 2018, fulfilled the selection criteria and were
included in this meta-analysis[12-24] (Figure 1).

Study characteristics
Included studies were published between 2006 to 2018 in various countries. All of the
included studies are Randomized Controlled Trials (RCTs). Participants were
randomly allocated to a control group or intervention group which reduce bias.
Participants are 18 years of age or older which was related to inclusion criteria. Treatment periods were divided from 63 days to the longest period of 168 days (Table 1).
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Figure 1

Figure 1 Study selection.

Probiotics
Ten studies used Lactobacillus, two studies used Bifidobacterium, and one study used
Pediococcus. Due to the low number of studies accessing the effect of Bifidobacterium
and Pediococcus, meta-regression for each genus was not performed. Especially, the
study by Childs et al. intervened subjects by Bifidobacterium and Bifidobacterium plus a
prebiotic. Meta-regression based on Childs’s study suggested that Bifidobacterium had
no significant impact on TC (SMD = 0.219; 95%CI: -0.213 to 0.651; P = 0.320) and LDL
(SMD = 0.00; 95%CI: -0.49 to 0.49; P = 1.000). However, Bifidobacterium’ s protective
effect on HDL (SMD = 1.49; 95%CI: 0.51-2.47; P = 0.003) and triglycerides (SMD = 0.40; 95%CI: -0.71 to -0.09; P = 0.011) was significant.

BMI
BMI was measured in seven trials before and after the administration of probiotic and
placebo products (Figure 2). Overall, meta-analysis showed that probiotics
significantly reduced BMI compared to placebo (SMD = -1.47; 95%CI: -2.63 to -0.13; P
= 0.013); however, between-study heterogeneity was high (I2 = 95.5%; P = 0.000).
Subgroup analysis based on the type of probiotic genus revealed that Lactobacillus
induced a great reduction in BMI (SMD = -1.56; 95%CI: -3.01 to -0.12; P = 0.034) (Table
2). However, heterogeneity between studies in Lactobacillus was still large (I2 = 96.1%;
P = 0.000).

TC
A total of 10 studies examined the effects of probiotic on TC (Figure 3). The
administration of probiotics was associated with significant decrease in TC levels
(SMD = -0.72; 95%CI: -1.28 to -0.16; P = 0.011), but with high heterogeneity (I2 = 92.3%;
P = 0.000) between the studies. Subgroup analysis with regards to probiotic genus
was performed. Lactobacillus significantly reduced TC levels (SMD = -0.72; 95%CI: 1.28 to -0.16; P = 0.011). However, it is worth noting the high heterogeneity between
studies (I2 = 93.4%; P = 0.000).

LDL
The overall estimate of the ten studies showed a huge reduction in LDL in the
treatment groups compared with the placebo groups (SMD = -0.85; 95%CI: -1.33 to 0.28; P = 0.006), but the heterogeneity was large (I2 = 91.3%; P = 0.000) (Figure 4). The
effect size was even larger in Lactobacillus group (SMD = -0.95; 95%CI: -1.62 to -0.28; P
= 0.006).

HDL
An overall significant increase after intervention was reported for HDL levels in ten
studies (SMD = 0.84; 95%CI: 0.09-1.59; P = 0.028) (Figure 5). The effect of probiotic on
HDL did not change much when it came to subgroup analysis for Lactobacillus (SMD
= -0.95; 95%CI: -1.62 to -0.28).

TG
The meta-analysis based on indicated a non-significant change in triglycerides post
intervention (SMD = -0.06; 95%CI: -0.505 to 0.385; P = 0.792) (Figure 6). However, an
analysis for Lactobacillus showed a significant decrease in triglycerides (SMD = -0.32;
95%CI: -0.54 to -0.095; P = 0.005) and with a low between-study heterogeneity (I2 =
7.7%; P = 0.363).
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Table 1 Characteristics of the included studies
Age range
(yr)

Treatment
period (d)

44

30-75

70

Randomized,
double blind,
placebocontrolled

32

18 years of age
or older

84

Canada

Randomized,
double blind,
placebocontrolled

127

20-75

63

-

Spain

Randomized,
double blind,
placebocontrolled

60

18-65

84

2014

-

Canada

Randomized,
double blind,
placebocontrolled

93

18-55

168

Childs

2014

2008-2009

United
Kingdom

Randomized,
double blind,
placebocontrolled,
factorial, crossover

42

25-65

21

Rajkumar

2015

-

India

Randomized,
single blind,
placebocontrolled

45

20-25

45

Ahn

2015

2012-2014

South Korea

Randomized,
double blind,
placebocontrolled

92

-

84

Higashikawa

2016

2013

Japan

Randomized,
double blind,
placebocontrolled

41

20-70

84

Fuentes

2016

2010

Spain

Randomized,
double blind,
placebocontrolled

60

18-25

84

Kim

2017

-

South Korea

Randomized,
double blind,
placebocontrolled

66

-

84

Costabile

2017

2015

United
Kingdom

Randomized,
double blind,
placebocontrolled

46

18-50

84

Inoue

2018

-

Japan

Randomized,
double blind,
placebocontrolled

38

66-78

84

First author

Year

Study period Country

Study design Participant, n

Simons

2006

2004-2005

Australia

Randomized,
double blind,
placebocontrolled

Ooi

2010

-

Malaysia

Jones

2012

-

Fuentes

2013

Sanchez

Ref.
[24]

[21]

[19]

[15]

[23]

[13]

[22]

[12]

[17]

[16]

[20]

[14]

[18]

Other outcomes
No included studies reported fibrosis score, liver functions, subcutaneous fat outcomes.

Risk of bias
The analyses of the risk of bias of the included studies were summarized in Figure 7.
Generally, all studies were classified as low risk of bias. Five articles clearly explained
the methods used for randomization, while eight studies did not describe the process
of randomizing. Twelve studies blinded the patients, researchers and outcome
assessors whereas Rajkumar’s study did not blind the patients and filed staff since the
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Table 2 Sensitivity analysis and subgroup analysis
Subgroup/sensitivity analysis

P-value Heterogeneity (I2, P-value)

No. of groups

SMD (95%CI)

< 12 wk

6

-0.535 (-0.782, -0.289) 0.000

95.1% (0.000)

= 12 wk

2

-0.220 (-0.920, 0.479)

0.537

98.1% (0.000)

0.900

94.4% (0.000)

BMI
Intake duration

8

Dose per day

Combined with or without
prebiotics

Low-dosage (< 100*10 CFU) 4

0.024 (-0.351, 0.399)

High-dosage (≥ 100*108 CFU) 4

-0.829 (-1.125, -0.532) 0.00

96.7% (0.000)

Probiotic alone

6

-0.481 (-0.730, -0.233) 0.000

95.4% (0.000)

Combined with prebiotics

2

-0.638 (-1.304, 0.027)

0.060

97.9% (0.000)

Total cholesterol
Intake duration

Dose per day

Combined with or without
prebiotics

< 12 wk

6

-0.225 (-0.443, -0.006) 0.044

86.9% (0.000)

= 12 wk

4

-0.665 (-0.906, -0.424) 0.000

94.9% (0.000)

> 12 wk

1

-0.200 (-0.607,0.208)

0.337

Low-dosage (< 100*108 CFU) 9

-0.496 (-0.664,0.328)

0.000

93.4% (0.000)

High-dosage (≥ 100*108 CFU) 2

0.031 (-0.310, 0.371)

0.860

0.00% (0.336)

Probiotic alone

9

-0.466 (-0.630, -0.303) 0.000

92.7% (0.000)

Combined with prebiotics

2

0.004 (-0.377, 0.386)

0.983

93.6% (0.000)

< 12 wk

4

-0.306 (-0.524, -0.088) 0.006

81.2% (0.000)

= 12 wk

6

-0.871 (-1.113, -0.628) 0.000

94.1% (0.000)

> 12 wk

1

-0.250 (-0.658, 0.159)

LDL
Intake duration

Dose per day

Combined with or without
prebiotics

0.213

Low-dosage (< 100*108 CFU) 9

-0.558 (-0.725, -0.391) 0.000

91.9% (0.000)

High-dosage (≥ 100*108 CFU) 2

-0.333 (-0.685, 0.020)

0.064

92.7% (0.000)

Probiotic alone

9

-0.609 (-0.774, -0.445) 0.000

92.0% (0.000)

Combined with prebiotics

2

-0.042 (-0.415, 0.331)

0.826

84.8% (0.010)

< 12 wk

4

0.557 (0.329, 0.784)

0.000

94.0% (0.000)

= 12 wk

6

0.273 (0.027, 0.520)

0.030

96.6% (0.000)

> 12 wk

1

-0.501 (-0.914, -0.087) 0.018

HDL
Intake duration

Low-dosage (< 100*108 CFU) 9

Dose per day

0.445 (0.272, 0.617)

0.000

95.7% (0.000)

High-dosage (≥ 100*10 CFU) 2

-0328 (-0.682, 0.025)

0.069

93.7% (0.000)

Probiotic alone

9

0.162 (-0.004, 0.329)

0.056

95.4% (0.000)

Combined with prebiotics

2

1.158 (0.735, 1.581)

0.000

96.2% (0.000)

< 12 wk

4

-0.277 (-0.493, -0.061) 0.000

0% (0.614)

= 12 wk

4

-0.135 (-0.411, 0.140)

0.336

93.0% (0.000)

Low-dosage (< 100*108 CFU) 6

-0.298 (-0.489, -0.107) 0.770

97.4% (0.000)

High-dosage (≥ 100*108 CFU) 2

0.055 (-0.314, 0.424)

0.069

0.0% (0.567)

Probiotic alone

6

-0.185 (-0.376, 0.006)

0.058

88.3% (0.000)

Combined with prebiotics

2

-0.368 (0.740, 0.004)

0.052

39.4% (0.199)

8

Combined with or without
prebiotics
Triglycerides
Intake duration

Dose per day

Combined with or without
prebiotics

SMD: Standard mead difference; CI: Confidence interval; CFU: Colony forming unit; BMI: Body mass index; HDL: High-density lipoprotein; LDL: Lowdensity lipoprotein.

capsules looked different. All studies explicitly explained the methods used for
dealing with incomplete outcome data. Three studies worked well in allocation
concealment whereas eight studies failed to make the process of allocation
concealment clear. Two studies might have a high bias from the predictable allocation
of intervention and placebo. At last, all studies had no problem with selective
outcome reporting.

DISCUSSION
This systematic review revealed that probiotics have a potentially beneficial effect on
improving obesity and dyslipidemia. Probiotics were found to significantly decrease
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Figure 2

Figure 2 Meta-analysis forest plot concerning body mass index (A) and body mass index by genus (B).

BMI, levels of TC and LDL as well as increase HDL level. However, the effect of
probiotics on TG was not statistically significant.
Our study filled the gap that previous studies assessing the effect of probiotics
focused more on multiple probiotic strains by including trials using the single strain
as treatment. Our results seem to be different from most of the previous studies. Sun’s
meta-analysis found that compared to multiple probiotic strains, a single strain did
not have a significant effect on TC, HDL, and triglyceride[25]. However, due to the
limited number of studies which intervened with a single strain included in their
meta-analysis, caution is required while coming to the conclusion. In our study, 13
studies that used single strain as treatment are enrolled. The considerable number of
trials enrolled guarantee more reliable results.
While existing studies showed that probiotics administered in different forms such
as fermented milk, bread, tablet, powder or capsule had different effects on lipid
profiles and BMI; in this meta-analysis, only studies not using food-based probiotic as
interventions are included. Therefore, compared to previous studies, this metaanalysis could isolate the effects of probiotics from other supplements better. Multiple
genera of probiotics could have different additive or synergistic effects in comparison
with the single genus of probiotics. Hence, caution is needed to extrapolate multiple
genera of probiotics’ significant effects on lipid profiles and BMI to a single genus of
probiotics. This meta-analysis fills the gap in this area. Thirteen studies are included
in this meta-analysis. Compared to previous studies, a sufficient number of studies
lead to more reliable conclusions.
Another impacted finding of this study is the daily consumption of probiotics more
than 100*108 CFU had a greater benefit on BMI reduction than daily dosage lower
than 100*108 CFU. Currently, there are no uniform standard regards to the among of
daily intake of probiotics. This study suggests that to ensure an effect on reducing
BMI, the number of probiotics may be more than 100*108 CFU.
Another awaiting-to-answer question is the range of intake duration. Among 13
included studies, six trials treated subjects for less than 12 weeks, while the other six
trials chose the exact 12 wk for intervention. Only one study intervened subjects for
more than 12 wk. Considering studies’ concentration around 12 weeks, we grouped
studies into ≤ 12 wk and > 12 wk. Omitting the study that was longer than 12 wk,
sensitivity analysis showed that ≤ 2 wk’ intake of probiotic has a significant effect on
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Figure 3

Figure 3 Meta-analysis forest plot concerning total cholesterol (A) and total cholesterol by genus (B).

TC, LDL, and HDL. Hence, although comparison among various lengths of administration terms should be done to further confirm the effect of administration term, we
could come to a preliminary conclusion that intake duration of no more than 12 wk
could ensure a significant effect of probiotics on TC, LDL, and HDL.
The meta-analysis revealed that probiotics did not significantly reduce the level of
triglycerides. Subgroup analysis showed that when restricting studies to those whose
duration of intake is less than 12 wk, the effect of probiotics on triglycerides became
significant. This result was in agreement with other studies[25,26].
A number of limitations of this study should be acknowledged. First, the findings
were limited to fat metabolism but not metabolic syndrome as a whole. Second, the
included studies did not report adverse effects, which indicates the safety and
tolerance of probiotic capsules. Hence, when making a clinical recommendation of
probiotic agents, adverse effects need to be taken into account and be carefully
investigated. Third, limited studies reported effects of probiotics combined with other
prebiotics. Two of the included studies reported synbiotics’ effects on lipid profiles.
Child’s study found that compared with using Bifidobacterium alone, the
combination with xylo-oligosaccharides resulted in a significant but modest change in
HDL. In addition, Rajkumar’s study showed a superior influence of synbiotics on
lipid profiles in comparison to using probiotics alone. A further meta-analysis of more
studies is required to confirm the augmentation of the impacts of probiotics alone on
serum lipid profiles. Last but not least, crossover studies and parallel studies were
included. Crossover studies have more methodological advantages and are easier to
control individual-varying confounders compared to parallel RCTs. However, crossover studies could introduce additional bias when studies have insufficient washout
periods. One of our included studies used crossover design with a washout period of
28 d. Whether the washout period is long enough to avoid additional bias needs
further study.
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Figure 4

Figure 4 Meta-analysis forest plot concerning low density lipoprotein (A) and low density lipoprotein by genus (B).

WJMA

https://www.wjgnet.com

334

June 30, 2019

Volume 7

Issue 6

Pongpirul K et al. Single strain probiotics for fat metabolism: A meta-analysis
Figure 5

Figure 5 Meta-analysis forest plot concerning high density lipoprotein (A) and high density lipoprotein by genus (B).
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Figure 6

Figure 6 Meta-analysis forest plot concerning triglycerides (A) and triglycerides by genus (B).
Figure 7

Figure 7 Risk of bias of the included studies.

ARTICLE HIGHLIGHTS
Research background
An imbalance of the microorganisms could lead to many human diseases including dyslipidemia, fatty liver, and obesity. Probiotic supplementation has been considered an alternative
treatment.
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Research motivation
Variety of probiotics has been available as ‘healthy’ products to consumers for many health
purposes. These over-the-counter probiotics usually comprised of multiple probiotic strains with
some health claims. Given limited evidence on the isolated effect of each probiotic strain, a
systematic approach to synthesize current scientific evidence is essential.

Research objectives
This study was aimed to identify clinical trials on the use of single probiotics alone or in combination with prebiotics for improving fatty liver, obesity, and dyslipidemia.

Research methods
This systematic review and meta-analysis was conducted using a rigorous methodology and
supported by the use of systematic review management software. Titles and abstracts of the
primary studies listed in PubMed and Embase databases were screened by two assessors using
standard sets of inclusion and exclusion criteria. Data from the included articles were extracted
in order to synthesize the effect of single probiotics on specific outcome measures.

Research results
A total of 13 randomized controlled trials were included. Three probiotics were included:
Lactobacillus (10 studies), Bifidobacterium (2 studies), and Pediococcus (1 study). Probiotics
significantly reduced BMI, reduced total cholesterol, reduced low-density lipoprotein, and
increased high-density lipoprotein, compared to placebo; high study heterogeneities were
observed. Only Lactobacillus could decrease triglyceride level with low heterogeneity. No
included studies reported fibrosis score, liver functions, or subcutaneous fat outcomes.

Research conclusions
This systematic review emphasizes the effects of single genus non-food-based probiotics on
decreasing BMI, total cholesterol and low-density lipoprotein as well as increasing high-density
lipoprotein levels.

Research perspectives
Evidence on single genus probiotics is still limited. Additional clinical trials are needed for each
of the single probiotics before combining two or more probiotics could be investigated.
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