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Abstract

Introduction Remote ischaemic preconditioning (RIPC) which consists of repeated brief episodes of non-lethal limb isch-
aemia is associated with organ protection and improved clinical outcomes through complex pathophysiological pathways.
The aim of this meta-analysis was to evaluate the postoperative effects of RIPC in bowel recovery and surgical morbidity
after colorectal surgery.

Methods In strict adherence to the PRISMA guidelines, a systematic literature search was performed for studies comparing
the postoperative effect RIPC in colorectal surgery. Data from eligible studies were extracted, qualitatively assessed, and
included. Odds ratios (OR) and standardized mean differences (SMDs) with 95% confidence intervals (Cls) were calculated.
Results Four studies with a total of 311 patients were included. RIPC resulted in reduced rates of postoperative ileus (POI)
(OR 0.42,95% CI1 0.21-0.85, p=0.02) and lower postoperative TNF-a levels (SMD —1.01, 95% CI -1.59,-0.43, p=0.0007).
There were no significant differences between the two groups in other clinical outcomes such as anastomotic leak, surgical
morbidity and length of hospital stay.

Conclusions RIPC demonstrated significantly reduced POI rates and TNF-a levels in colorectal surgery and could be a
potential supportive strategy to promote less tissue trauma and thus enhance bowel recovery. Larger randomized controlled
trials with standardized study protocols are needed to validate the results presented here.

Keywords Postoperative ileus - RIPC - Colorectal surgery - Morbidity

Introduction

Remote ischaemic preconditioning (RIPC), first presented
Maria Chara Stylianidi and Sascha Vaghiri contributed equally to this in 1993 by Przyklenk et al. in an ischaemic dog heart model,
work. is a phenomenon in which repeated, non-lethal episodes of
ischaemia to an organ or limb can protect against subse-
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RIPC are not fully understood, but based on current knowl-

2 Department of Surgery II, Witten/Herdecke University,
Witten, Germany

Department of Surgery, , Katholisches Klinikum Essen,
Teaching Hospital of Duisburg-Essen University,

Philippusstift, Essen, Germany edge, information transfer involves neural, humoral and
4 Department of Surgery (A), Medical Faculty, Heinrich- syst.emlc pathways [7]..In add.ltlon, the positive cardiopro-
Heine-University, University Hospital Duesseldorf, tective effect of RIPC in cardiac surgery has been demon-
Moorenstr. 5, Bldg. 12.46, Duesseldorf 40225, Germany strated, resulting in reduced release of myocardial injury
5 Department of Surgery, Katholisches Klinikum Essen, biomarkers and thus an improved prognosis for patients [8—
Teaching Hospital of Duisburg-Essen University, 10]. However, its routine application in the daily context is

Huelsmannstrasse 17, Philippusstift, Essen 45355, Germany

Published online: 08 September 2025 €\ Springer


https://doi.org/10.1007/s00423-025-03864-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s00423-025-03864-9&domain=pdf&date_stamp=2025-9-5

268 Page 2 of 13

Langenbeck’s Archives of Surgery (2025) 410:268

limited as several consecutive studies failed to prove a con-
sistent benefit of RIPC in cardioprotection and clinical out-
comes [ 11-13]. At the same time, studies analysing vascular
and non-vascular abdominal procedures such as hepatic
resection show inconclusive results [14—18]. Furthermore,
in experimental animal studies, RIPC did not significantly
affect enhanced anastomotic bowel healing [19, 20]. Post-
operative ileus (POI) is a common iatrogenic condition fol-
lowing abdominal surgery that slows patient recovery and
increases the length and cost of hospitalization after surgery
[21, 22]. Despite the introduction of enhanced recovery pro-
tocols such as ERAS, the incidence of postoperative ileus
still lies between 10 and 30% [23, 24]. The pathophysiology
of POI is not fully understood because of its multifactorial
nature, including neurohormonal, inflammatory and phar-
macological factors [25]. Another important complication
in colorectal surgery with broad range impact is anastomotic
leakage (AL), a defect in the bowel wall at the site of the
anastomosis that leads to communication between the extra-
and intraluminal spaces [26]. The incidence of anastomotic
leak varies from 1 to 19% and has several risk factors such
as type of anastomosis, local blood flow, ASA>III, obesity,
male gender, perianastomotic drain placement, prolonged
operative time, emergency surgery, malnutrition, immuno-
suppression, and diabetes [27, 28].

At present, there is a relevant lack of pooled evidence
that would justify the routine use of RIPC in colorectal sur-
gery. Therefore, the aim of this meta-analysis was to evalu-
ate the effect of RIPC in the outcomes of colorectal surgery
and more specifically in the incidence of POI, AL, and over-
all morbidity.

Materials and methods

This meta-analysis was performed according to the cur-
rent PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement and according to
the latest version of the Cochrane Handbook for Systematic
Reviews of Interventions [29, 30].

Eligibility Criteria and Group Definition.

This meta-analysis includes all studies that compared the
postoperative clinical outcomes of patients who underwent
colorectal surgery after RIPC versus the control group who
received Sham RIPC (comparator). The protocol of RIPC
in the included was trials adapted based on previous animal
and human proof of concept studies [1, 9]. To avoid het-
erogeneity, studies were selected for final analysis if they
included patients with elective colorectal surgery for any
reason. Outcomes of particular interest were overall post-
operative morbidity and colorectal surgery specific com-
plications including POI, AL, and length of postoperative
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hospital stay. Other analysed continuous parameters include
GI-motility recovery indices such as, time to first stool or
flatus, time to first solid diet and NG-tube reinsertion. Stud-
ies had to report at least one of the outcomes listed above
to be included in the analysis. All types of published studies
involving human participants within the defined inclusion
criteria were considered eligible (e.g. randomized controlled
trials (RCTs) and prospective or retrospective comparative
cohort studies). Disagreements or differing conclusions in
the selection of studies were resolved either by consensus
or by consultation with an independent third author (D.P.).

Literature search

Two authors (S.V. and D.P.) independently conducted the
literature research that systematically collected all relevant
studies up to September 2024 in the Pubmed (Medline), the
Cochrane Central trials register, and google scholar data-
bases. No langue or time restrictions were imposed. The
following search terms were used in combination with the
Boolean operators AND or OR: “remote ischemic precon-
ditioning” AND (“colon” OR “rectum” OR “colorectal”).
In addition, the reference list of retrieved articles (including
systematic reviews, case reports, editorials, or experimental
studies, which were excluded from the outset) was manually
reviewed to identify potentially relevant citations for analy-
sis. In case of duplicate or overlapping articles published by
the same institution and authors, the most recent study was
selected for inclusion.

Data extraction and outcome measures

Two authors (S.V. and M.C.S.) independently abstracted
all available and relevant data from studies meeting the
inclusion criteria using a self-administered electronic data
extraction form. Study, patient, and operative-specific
information included country of origin, year of publica-
tion, study design, inclusion and exclusion criteria, enrol-
ment period, RICP and control group protocols, number of
patients enrolled per group and their demographics (age,
sex, body mass index (BMI), (American society of anaes-
thesiologist) ASA class and comorbidities), indication for
surgery, type of procedure, proportion of minimal invasive
and open surgery cases, duration of surgery and anaesthe-
sia (min), intraoperative blood loss, fluid administration,
and urine output (ml). The primary endpoint was the rate
of postoperative overall complications and AL. The second-
ary outcome analysis included the following objectives:
Gl-recovery parameters (time to first postoperative bowel
movement, flatus, diet intake in hours), length of postopera-
tive hospital stays (days), TNF-a levels at the first postoper-
ative day (ng/ml), amount of intraoperative blood loss (ml),
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NG-tube reinsertion, reoperation, total parenteral nutrition,
and postoperative ileus/GI-dysfunction rates. It should be
noted that we have based our definitions of POI and AL on
the respective studies and their definitions of these results
(Table suppl. 1). Again, discrepancies in data extraction
were resolved by consensus or reassessment by an indepen-
dent third author (D.P.) to ensure consistency and accuracy.

Quality and certainty assessment

The risk of bias of the for the included randomized trials
was assessed independently by two authors (S.V. and D.P.)
using the RoB 2 criteria [31]. Briefly, this recommended
tool categorizes randomized trials into low to high risk of
bias based on signalling questions derived from five poten-
tial bias domains (randomization process, deviations from
the intended intervention, missing outcome data, measure-
ment of the outcome, and selection of the reported results).
The revised AMSTAR 2 instrument was used to critically
appraise this meta-analysis [32]. The reviewers were not
blinded to the study authors. Disagreements in the study
bias assessment were discussed and resolved by consensus
or consultation of a third author (M.C.S.). The Grading of
Recommendations, Assessment, Development, and Evalu-
ation (GRADE) methodology was applied to adequately
document the strength and certainty of evidence using four
levels for significant outcome parameters (high, moderate,
low, and very low) [33].

Statistical analyses

Statistical analysis was performed using RevMan software
(version 5.3; Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). Pairwise meta-analy-
ses were performed. For each endpoint of interest, summary
treatment effect estimates with 95% confidence intervals
(CIs) were calculated. For dichotomous endpoints, the odds
ratio (OR) was chosen as the effect measure while standard-
ized mean differences (SMDs) were calculated for continu-
ous parameters. For continuous variables, the available data
on medians and IQRs have been converted into means and
standard deviations using the method proposed by Luo et
al. [34]. Of note, continuous values were expressed in hours
(time to first bowel movement/flatus/diet intake) or in days
(length of hospital stay). Using the Cochrane Q test (chi-
squared test; chi2) and the measurement of inconsistency
(1%), the degree of heterogeneity among the included studies
was interpreted as follows [29]: 0%—40% low Heterogene-
ity and may not be important, 30%—60% moderate Hetero-
geneity, 50%—90% substantial heterogeneity, >75% high
heterogeneity [35]. When heterogeneity was low or mod-
erate (I°<50%), summary estimates were calculated using

a fixed-effects method. If I>>50%, the randomised model
was used. If heterogeneity was low or moderate (I><50%),
summary estimates were calculated using a fixed-effects
method. Where appropriate, subgroup analyses were per-
formed to examine heterogeneity in the results. Tests for
publication bias or funnel plots were omitted because of the
small number of included studies as recommended. P-val-
ues <0.05 of pooled data were considered significant.

Results
Study and patient characteristics

The initial database query Yielded in 4630 results. After crit-
ical review and selection of the included reports, 11 full-text
articles were screened for eligibility and four randomized
monocentric-studies were included in the final qualitative
and quantitative data analysis [36—39]. The detailed selec-
tion process is depicted in the PRISMA Flowchart (Fig. 1).
A total of 311 patients (RIPC: n=156, Control: n=155)
form the final study cohort. Three studies originated from
China [36-38], while one study was from Germany [39].
In all studies, the intervention of interest (RIPC) was per-
formed based on the same protocol of three cycles of five
min upper arm cuff inflation (pressure 200 mmHg) followed
by a five min deflation period before skin incision. In the
control group, the cuff was left deflated. All the study par-
ticipants including the medical stuff and study assessors
were blinded. Adherence to fast track postoperative recov-
ery protocols was documented in two studies [36, 39]. All
patients underwent elective colorectal cancer surgery. Two
studies only included minimally invasive cases [36, 37], one
study just an open approach [38], and one study a mixture of
open and minimally invasive cases [39]. Left-sided and rec-
tal resections were performed most frequently (73.3%) fol-
lowed by right-sided colectomies (23.5%) and total/subtotal
colectomies (3.2%). In one study the side of resection was
not available [38]. The study, patient-and operative charac-
teristics are summarized in detail in Tables 1 and 2.

Study quality and risk of bias

The overall risk of bias in the four included randomized
studies was low with some concerns in in studies by He et al.
and Hardt et al. (Fig. 2) [38, 39]. The methodological qual-
ity of the present meta-analysis was determined as "high’
using the AMSTAR 2 quality assessment tool. Of note, the
definition of GI-recovery and POI outcomes varied among
the included studies, and not all outcomes of interest were
available in each study.

@ Springer
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Fig. 1 PRISMA diagram of study identification and selection for review analysis
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Records identified:
Medline (n = 14)
Cochrane Trials (n = 16)
Google Scholar (n = 4600)

Records screened

(n = 4630)
I

Reports sought for retrieval

(n=11)
'

Reports assessed for eligibility
(n=11)

Studies included in review
(n=4)

Reports of included studies
(n=4)

Records removed before
screening:
Duplicate records removed
(n=30)

> Records excluded

(n = 4589)

Reports not retrieved
(n=0)

— 3| Reports excluded:

RCT protocol (n = 1)
Abdominal cancer (n = 1)
Non-human subject research
(n=5)
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Table 2 Patient and operative characteristics

Author Groups No.of Age(years) Gen- BMI ASA score Type of Procedure ~ MIS/ Duration of Duration of
patients mean+=SD  der (kg/m?) Open Surgery (min)  Anaesthe-
(M/F) mean+SD mean+SD sia (min)
mean+SD
Yang RIPC 40 55.42+1.32 27/13 23.8+34 I: 6 Right-sided: 18 40/0  206.83+19.40 NA
etal. I: 23 II: 11 Left-sided/rectal: 19
(36) Total colectomy: 3
Control 40 55.17£2.75 24/16 23.8+34 I: 5 Right-sided: 15 40/0 206.89+33.87 NA
I: 25 111: 10 Left-sided/rectal: 21
Total colectomy:4
Yiet RIPC 44 64.6+6.8 23/21 23.14£2.6 I: 0 Right-sided: 9 44/0  167.8+61.1 199.9+59.4
al. (37) 1I: 33 Left-sided/rectal: 35
III: 11
Control 43 63.9+£7.7 24/19 24.0+2.8 I:'1 Right-sided: 10 43/0  165.5+46.1 203.9+£49.1
11:32 Left-sided/rectal: 33
I1:10
Heet RIPC 45 68.73+£2.89 23/22 23.63+1.43 1. 12 1II: 33 NA 0/45 102.56+8.83 136.04+7.65
al. 38) Control 45 68.33+3.21 28/17 23.71+ I 1611:29  NA 0/45 105.67+10.15 138.51£8.77
0.99
Hardt RIPC 27 58.85+11.8 22/5 26.135+ I: 4 Right-sided: 0 22/5 374.11+131.55 NA
etal. 6.030 11:19 Left-sided/rectal*:
39) 11:4 27
Control 27 63.7+£13.32 15/12 27.834+ I:3 Right-sided: 0 25/2 63.3+133.06 NA
6.87 I:19 Left-sided/rectal*:
III:5 27

RIPC Remote ischemic preconditioning, AS4A American Society of Anesthesiologists, BMI Body Mass Index, N4 Not available, MIS minimally

invasive * only (low) anterior and abdominoperineal resection

Outcome analysis
Primary endpoints

All studies reported the outcomes of primary interest with
a total of 311 patients [36—39]. Meta-analysis demonstrated
no statistically significant difference between the two groups
regarding AL (OR 1.14, 95% CI 0.43-3.05, p=0.79). The
level of heterogeneity was notably low (I°=0%, Chi2 test:
p=0.65). Furthermore, pooled meta-analysis revealed no
statistically significant superiority of RIPC versus control
in terms of overall morbidity (OR 0.84, 95% CI 0.34-2.09,
p=0.71). Of note, the level of heterogeneity was substantial
(I’=63%, Chi2 test: p=0.04). Subsequent subgroup analy-
sis demonstrated that studies with exclusively anterior rectal
and abdominoperineal resections [39] do not appear to ben-
efit from RIPC (OR 0.55, 95% CI 0.31-1.00, p=0.05). The
heterogeneity level was low (I>=0%, Chi2 test: p=0.88)
(Fig. 3a and b).

Secondary outcomes

The results of the secondary outcomes analysis revealed
a significantly lower rate of POI in the RIPC group with
249 patients from three studies (OR 0.42, 95% CI 0.21-
0.85, p=0.02) (Fig. 4) [36-38]. The level of heterogeneity
was low (I?=0%, Chi2 test: p=0.88) and the certainty of

evidence according to GRADE was moderate (Table suppl.
2).

TNF-a levels on postoperative day one were reported in
three studies with 149 patients [36-38]. A statistically signif-
icant difference was noted favouring the patient group with
RIPC (SMD =-1.01; 95% CI —1.59 to —0.43, p=0.0007;
12 =79%, Chi2 test: p=0.009). The source of heterogene-
ity was identified in the study by He et al. with open cases
[38]. The subsequent subgroup with low heterogeneity still
demonstrated a statistically significant effect favoring the
RIPC patient group (SMD =—0.73; 95% CI —1.09 to —0.36,
p=0.0001; ’=23%, Chi2 test: p=0.26) (Fig. 5). Notewor-
thy, based on GRADE judgement the level of evidence was
low (Table suppl. 2). Analysis of other secondary endpoints
including Gl-recovery parameters (time to first bowel move-
ment/flatus/diet intake), intraoperative blood loss, length of
hospital stay, reoperation, NG-tube reinsertion, and total
parenteral nutrition demonstrated no statistically significant
difference between the RIPC and control groups. A detailed
summary is shown in Table 3.

Discussion
To the best of our knowledge, this is the first meta-analysis

to investigate the role of RIPC on outcomes in colorectal
surgery, with a particular focus on postoperative ileus and

@ Springer
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Risk of bias domains

Study

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported resuit

Overall risk of bias

®@ ©
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© @

® O
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® O

Judgement

= Some concerns

' Low

>

0%

25% 50% 75% 100%

.La\trlk

l l Some concerns

Fig. 2 Risk of bias summary of the included studies based on the RoB 2 tool

anastomotic leakage. The results of this meta-analysis with
four included studies indicate that there was a significantly
lower rate of POI in the RIPC group and no difference
between the control and the RIPC groups in terms of AL
and overall morbidity. Furthermore, our subgroup analysis
revealed that the potential effect of RIPC on lowering post-
operative morbidities diminished if just rectal resections
were performed. Interestingly, despite the statistically sig-
nificant results for POI, there was no difference between the
control and RIPC groups in other Gl-recovery parameters
such as time to first bowel movement/flatus/diet intake. In
addition, no significant effect on clinical outcomes includ-
ing length of hospital stay, intraoperative blood loss, reoper-
ation, NG tube reinsertion and total parenteral nutrition was
observed in patients with RIPC. Regarding TNF-a levels,

@ Springer

our analysis showed favourable results for the RIPC group
by means of reduced postoperative inflammatory cytokine
release.

In surgical procedures, RIPC has been studied primar-
ily in cardiovascular surgery. A benchmark study published
by Hausenloy et al. demonstrated that adult patients under-
going elective coronary artery bypass graft surgery could
benefit from remote ischaemic preconditioning, as RIPC
resulted in lower troponin levels [9]. Xie et al. showed in
a meta-analysis of 30 included studies that RIPC reduces
troponin I/troponin T release after cardiac surgery [40].
Stather et al. examined the effect of RIPC in vascular sur-
gery. In their meta-analysis of 13 studies, they found that
RIPC did not significantly affect mortality, renal dysfunc-
tion, myocardial infarction, myocardial injury or length of
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RIPC Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
He 2017 0 45 0 45 Not estimable 2017
Yang 2023 0 40 1 40 19.8% 0.33[0.01, 8.22] 2023 =
Yi 2023 5 44 3 43 36.0% 1.71[0.38, 7.64] 2023 —_—T
Hardt 2024 4 25 4 26  44.1% 1.05 [0.23, 4.74] 2024
Total (95% CI) 154 154 100.0% 1.14 [0.43, 3.05]
Total events 9 8

ity: Chi? = = = R = t } t }
Heterogeneity: Chi* = 0.87, df = 2 (P = 0.65); I’ = 0% o1 o1 10 100

Test for overall effect: Z = 0.27 (P = 0.79)

b

Favours RIPC Favours control

RIPC Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
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Fig. 3 Forest plots of primary outcomes (RIPC versus control): (a) anastomotic leak and (b) overall morbidity
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Fig.5 Forest plot of secondary outcome (RIPC versus control): TNF-a level on POD1
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Table 3 Non-significant secondary outcomes

Outcomes No. of included studies ~ No. of included SMD/OR P-value  Heterogeneity

patients [95% CI] Level

RIPC Control 12(%)  P-value
Length of hospital stay (days) 3(36,38,39) 107 109 —0.19 [-0.46,0.08]  0.16 0 0.76
NG Tube reinsertion 3(36,38,39) 112 112 0.77 [0.28, 2.10] 0.61 0 0.36
Reoperation 4 (36,37,38,39) 156 155 1.00[0.14, 7.32] 1.00 0 1.00
Time to first bowel movement (hours) 2 (36,37) 79 80 -0.70 [-2.12,0.73]  0.34 94 <0.0001
Time to first flatus (hours) 2(36,37) 84 83 0.19 [-0.51, 0.90] 0.59 81 0.02
Time to first solid diet (hours) 2(36,37) 84 83 -0.51[-1.63,0.60] 0.37 92 0.0004
Total parenteral nutrition 2 (36,38) 85 85 1.37[0.29, 6.56] 0.69 NA NA
Blood loss intraoperatively (ml) 4(36,37,38,39) 156 155 —0.04 [-0.46,0.38]  0.85 71 0.02

OR Odds ratio, SMD Standardized mean difference, NA not applicable, NG-tube nasogastric tube

stay [41]. One randomized control trial by Papadopoulou
et al. demonstrated a positive effect of RIPC on postopera-
tive surgical and pulmonary complications but no impact in
cardiac morbidity in patients with intra-abdominal cancer
surgery [14]. Antonowicz et al. conducted a double-blinded,
sham-controlled trial in patients undergoing elective gas-
trointestinal surgery or complex abdominal wall surgery to
investigate the effect of RIPC on perioperative myocardial
injury. In this study, RIPC did not reduce the incidence or
severity of perioperative myocardial injury [42]. Van Zeg-
geren et al. showed in a randomised clinical trial that there is
no effect of RIPC in postoperative cardiac and inflammatory
biomarkers in patients undergoing pancreatic surgery [43].
A topic of interest in many recent published studies has been
the effect of RIPC in liver surgery as local ischemic precon-
ditioning has been shown to be a protective strategy against
hepatic ischemia-reperfusion injury during hepatectomy.
Zhang et al. showed in a meta-analysis of seven studies that
alanine aminotransferase (ALT) and Aspartat-Aminotrans-
ferase (AST) levels in patients undergoing liver resection
were lower in the RIPC group. There was no difference in
bilirubin levels. However, as noted by the authors, the stud-
ies included in this meta-analysis were very heterogeneous
and therefore these results should be interpreted with cau-
tion [44].

Currently, to our knowledge only the four studies included
in this meta-analysis explicitly investigate the role of RIPC
in colorectal surgery. The results on the effect of RIPC on
anastomotic integrity are similar to the results of the pub-
lished animal studies [19, 20]. Of note the effect of RIPC on
POI and GI-dysfunction rates were reported in three studies
[36-38], while time to first bowel movement and first fla-
tus were mentioned in just two studies [36, 37]. Therefore,
meta-analysis of the continuous Gl-recovery parameters
was not meaningful and conclusive. The prokinetic effect on
the intestine is possibly due to the anti-inflammatory mech-
anisms induced by RIPC [37]. Indeed, it has been demon-
strated that inflammatory markers in the abdominal exudate
(such as procalcitonin (PCT), TNF- a, IL-6, and IL-1B)

@ Springer

were elevated in the scenario of POI after colorectal surgery
[45, 46]. TNF-a level measurement was reported in three of
the included studies [36—38]. Pooled meta-analysis showed
that the expression of TNF-a at the first postoperative day
was significantly lower in the RIPC group compared to the
control group. This effect was even more pronounced and
homogenous in the subgroup of patients undergoing mini-
mally invasive approaches. Furthermore, these results are
similar with a recently published meta-analysis indicating
lower inflammatory reactions in laparoscopic surgery due
to less severe operative trauma [47]. Of note, RIPC is a
harmless procedure with very low reported side effects [48,
49]. Only in one vascular trial, RIPC was associated with
acute ischaemic complications in invasive lower limb arte-
rial occlusion [50]. Another important fact to mention is the
extent to which anaesthetic regimens and confounders such
as drugs and patients characteristics could attenuate the
RIPC effect on organ protection [51-53]. The limited data
provided in the four analyzed studies did not allow us to
investigate these aspects.

When interpreting the results, several limitations must
be taken into account: firstly, despite randomisation, the
included studies have a small sample size (median sample
size: RIPC n=42, control n=41.5). In addition, the exclu-
sion criteria of the trials varied considerably within the
monocentric design setting. Although the trials included
only colorectal patients, the proportion of open versus mini-
mally invasive procedures, the extent of surgical resection,
and the type of anastomosis performed, which are important
factors in the development of ileus, were not evenly distrib-
uted and not fully displayed respectively. In addition, the
included trials showed considerable heterogeneity in report-
ing gastrointestinal motility parameters and two trials did
not use an enhanced recovery protocol. For example, the
I-FEED score was only applied in one study [37] to define
postoperative Gl-recovery while the proposed composite
GI-2 outcome [54] as a validated and evidence-based mea-
sure was not used in any of the included studies.
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Conclusion

Although the effect of remote ischaemic preconditioning
has been extensively studied in many cardiac and non-
cardiac procedures, its value in colorectal surgery remains
undetermined. However, RIPC demonstrated significantly
reduced POI rates and TNF-a levels after colorectal surgery
and could be a potential supportive strategy to promote less
tissue trauma and thus enhanced bowel recovery. Larger-
scaled high quality RCT’s are needed to ensure in depth
exploration of the RIPC effect in colorectal surgery.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00423-0
25-03864-9.

Acknowledgements Not applicable.

Author contributions Study conception and design: S.V. and D.P,,
Literature search and study selection: S.V., M.C.S., and D.P., Acqui-
sition of data: S.V. and M.C.S., Analysis and interpretation of data:
S.V. and D.P., Statistical analysis: D.P., Drafting of manuscript: S.V.,
M.C.S., and D.P., Critical review and revision of manuscript: P.C.A.
and W.T.K. All the authors approved the final manuscript version.

Funding sources Open Access funding enabled and organized by Pro-
jekt DEAL.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical approval For this type of study, no ethical approval was re-
quired and obtained.

Competing interests The authors declare no competing interests.

Conflict of interest The authors declare that they have no conflict of
interest.

Informed consent For this type of study, informed consent was not
required.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

10.

11.

12.

13.

Przyklenk K, Bauer B, Ovize M et al (1993) Regional ischemic
preconditioning protects remote Virgin myocardium from subse-
quent sustained coronary occlusion. Circulation 87(3):893-899.
https://doi.org/10.1161/01.cir.87.3.893

Liu Y, Xu J, Zhao L et al (2021) Remote inflammatory precon-
ditioning alleviates Lipopolysaccharide-Induced acute lung
injury via Inhibition of intrinsic apoptosis in rats. J Immunol Res
1125199. https://doi.org/10.1155/2021/1125199

Zhao T, Li M, Yan Q et al (2024) Effect of remote ischemic pre-
conditioning intervention on serum levels of microRNA-582-5p/
HMGBI in patients with acute cerebral infarction. Clin Neurol
Neurosurg 241:108291. https://doi.org/10.1016/j.clineuro.2024.1
08291

Mieszkowski J, Stankiewicz BE, Kochanowicz A et al (2021)
Remote ischemic preconditioning reduces marathon-induced oxi-
dative stress and decreases liver and heart injury markers in the
serum. Front Physiol 12:731889. https://doi.org/10.3389/fphys.2
021.731889

Choi EK, Jung H, Jeon S et al (2020) Role of remote ischemic
preconditioning in hepatic ischemic reperfusion injury. Dose
Response 18:1559325820946923. https://doi.org/10.1177/15593
25820946923

Orlandi M, Masi S, Bhowruth D et al (2021) Remote ischemic
preconditioning protects against endothelial dysfunction in a
human model of systemic inflammation: a randomized clinical
trial. Arterioscler Thromb Vasc Biol 41:e417-e426. https://doi.or
g/10.1161/ATVBAHA.121.316388

Veighey K, Macallister RJ (2012) Clinical applications of remote
ischemic preconditioning. Cardiol Res Pract 620681. https://doi.
org/10.1155/2012/620681

Thielmann M, Kottenberg E, Kleinbongard P et al (2013) Cardio-
protective and prognostic effects of remote ischaemic precondi-
tioning in patients undergoing coronary artery bypass surgery: a
single-centre randomised, double-blind, controlled trial. Lancet
382:597-604. https://doi.org/10.1016/S0140-6736(13)61450-6
Hausenloy DJ, Mwamure PK, Venugopal V et al (2007) Effect
of remote ischaemic preconditioning on myocardial injury in
patients undergoing coronary artery bypass graft surgery: a ran-
domised controlled trial. Lancet 370:575-579. https://doi.org/10.
1016/S0140-6736(07)61296-3

Candilio L, Malik A, Ariti C et al (2015) Effect of remote isch-
aemic preconditioning on clinical outcomes in patients undergo-
ing cardiac bypass surgery: a randomised controlled clinical trial.
Heart 101:185-192. https://doi.org/10.1136/heartjnl-2014-30617
8

Meybohm P, Bein B, Brosteanu O et al (2015) A multicenter trial
of remote ischemic preconditioning for heart surgery. N Engl J
Med 373:1397-1407. https://doi.org/10.1056/NEJMoal413579
Hausenloy DJ, Candilio L, Laing C et al (2012) Effect of remote
ischemic preconditioning on clinical outcomes in patients under-
going coronary artery bypass graft surgery (ERICCA): rationale
and study design of a multi-centre randomized double-blinded
controlled clinical trial. Clin Res Cardiol 101:339-348. https://do
1.0rg/10.1007/s00392-011-0397-x

Benstoem C, Stoppe C, Liakopoulos OJ et al (2017) Remote
ischaemic preconditioning for coronary artery bypass grafting
(with or without valve surgery). Cochrane Database Syst Rev
(5):CD011719. https://doi.org/10.1002/14651858.CD011719.pu
b3

Papadopoulou A, Dickinson M, Samuels TL et al (2022) Remote
ischaemic preconditioning in Intra-abdominal cancer surgery
(RIPCa): a pilot randomised controlled trial. J Clin Med 11:1770.
https://doi.org/10.3390/jcm11071770

@ Springer


https://doi.org/10.1161/01.cir.87.3.893
https://doi.org/10.1161/01.cir.87.3.893
https://doi.org/10.1155/2021/1125199
https://doi.org/10.1016/j.clineuro.2024.108291
https://doi.org/10.1016/j.clineuro.2024.108291
https://doi.org/10.3389/fphys.2021.731889
https://doi.org/10.3389/fphys.2021.731889
https://doi.org/10.1177/1559325820946923
https://doi.org/10.1177/1559325820946923
https://doi.org/10.1161/ATVBAHA.121.316388
https://doi.org/10.1161/ATVBAHA.121.316388
https://doi.org/10.1155/2012/620681
https://doi.org/10.1155/2012/620681
https://doi.org/10.1016/S0140-6736(13)61450-6
https://doi.org/10.1016/S0140-6736(07)61296-3
https://doi.org/10.1016/S0140-6736(07)61296-3
https://doi.org/10.1136/heartjnl-2014-306178
https://doi.org/10.1136/heartjnl-2014-306178
https://doi.org/10.1056/NEJMoa1413579
https://doi.org/10.1007/s00392-011-0397-x
https://doi.org/10.1007/s00392-011-0397-x
https://doi.org/10.1002/14651858.CD011719.pub3
https://doi.org/10.1002/14651858.CD011719.pub3
https://doi.org/10.3390/jcm11071770
https://doi.org/10.3390/jcm11071770
https://doi.org/10.1007/s00423-025-03864-9
https://doi.org/10.1007/s00423-025-03864-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

268

Page 12 of 13

Langenbeck’s Archives of Surgery (2025) 410:268

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Eerik K, Kasepalu T, Kuusik K et al (2022) Effects of RIPC on the
metabolome in patients undergoing vascular surgery: a random-
ized controlled trial. Biomolecules 12:1312. https://doi.org/10.33
90/biom12091312

Wahlstrom KL, Bjerrum E, Gogenur I et al (2021) Effect of
remote ischaemic preconditioning on mortality and morbidity
after non-cardiac surgery: meta-analysis. BJS Open 5:zraa026. ht
tps://doi.org/10.1093/bjsopen/zraa026

Gutiérrez Castillo D, San Norberto Garcia EM, Garcia Rivera
E et al (2022) Effect of remote ischemic preconditioning on the
incidence of contrast-induced nephropathy in patients undergo-
ing endovascular aneurysm repair (Remote ischemic precondi-
tioning-Endovascular aneurysm repair Study). Ann Vasc Surg
86:338-348. https://doi.org/10.1016/j.avsg.2022.05.018
Jakubauskiene L, Jakubauskas M, Stiegler P et al (2021) Ischemic
preconditioning for liver transplantation: a systematic review and
meta-analysis of randomized controlled trials. Visc Med 37:329—
337. https://doi.org/10.1159/000516608

Holzner PA, Kulemann B, Kuesters S et al (2011) Impact of
remote ischemic preconditioning on wound healing in small
bowel anastomoses. World J Gastroenterol 17:1308—1316. https
://doi.org/10.3748/wjg.v17.110.1308

Zheng M-Y, Dybro PT, Moller S et al (2024) Short cycles of
remote ischemic preconditioning had no effect on tensile strength
in small intestinal anastomoses: an experimental animal study. J
Gastrointest Surg 28:1777-1782. https://doi.org/10.1016/j.gassur
.2024.08.008

Cannon WB, Murphy FT (1906) IV. The movements of the stom-
ach and intestines in some surgical conditions. Ann Surg 43:512—
536. https://doi.org/10.1097/00000658-190604000-00004

Park JH (2021) Are peri-operative inflammatory markers useful
in predicting post-operative ileus?? J Neurogastroenterol Motil
27:451-452. https://doi.org/10.5056/jnm21174

Venara A, Neunlist M, Slim K et al (2016) Postoperative ileus:
pathophysiology, incidence, and prevention. J Visc Surg 153:439—
446. https://doi.org/10.1016/j.jviscsurg.2016.08.010

Chapuis PH, Bokey L, Keshava A et al (2013) Risk factors for
prolonged ileus after resection of colorectal cancer: an observa-
tional study of 2400 consecutive patients. Ann Surg 257:909-915.
https://doi.org/10.1097/SLA.0b013e318268a693

Wells CI, Milne TGE, Seo SHB et al (2022) Post-operative ileus:
definitions, mechanisms and controversies. ANZ J Surg 92:62—
68. https://doi.org/10.1111/ans.17297

Flor-Lorente B, Noguera-Aguilar JF, Delgado-Rivilla S et al
(2023) The economic impact of anastomotic leak after colorectal
cancer surgery. Health Econ Rev 13:12. https://doi.org/10.1186/s
13561-023-00425-y

Zarnescu EC, Zarnescu NO, Costea R (2021) Updates of risk fac-
tors for anastomotic leakage after colorectal surgery. Diagnostics
(Basel) 11:2382. https://doi.org/10.3390/diagnostics11122382
Saur NM, Paulson EC (2019) Operative management of anas-
tomotic leaks after colorectal surgery. Clin Colon Rectal Surg
32:190-195. https://doi.org/10.1055/s-0038-1677025

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page
MJ, Welch VA (eds) (2024) Cochrane Handbook for Systematic
Reviews of Interventions version 6.5 (updated August 2024).
Cochrane, Available from www.training.cochrane.org/handbook
Moher D, Liberati A, Tetzlaff J et al (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Open Med 3:e123-130

Sterne JAC, Savovi¢ J, Page MJ et al (2019) RoB 2: a revised tool
for assessing risk of bias in randomised trials. BMJ 366:14898. ht
tps://doi.org/10.1136/bm;j.14898

Shea BJ, Reeves BC, Wells G et al (2017) AMSTAR 2: a critical
appraisal tool for systematic reviews that include randomised or

Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

non-randomised studies of healthcare interventions, or both. BMJ
358:j4008. https://doi.org/10.1136/bmj.j4008

Guyatt GH, Oxman AD, Kunz R et al (2011) Grade guidelines:
7. rating the quality of evidence—inconsistency. J Clin Epidemiol
64:1294-1302. https://doi.org/10.1016/j.jclinepi.2011.03.017
Luo D, Wan X, Liu J, Tong T (2018) Optimally estimating the
sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat Methods Med Res 27:1785-1805. https:/
/doi.org/10.1177/0962280216669183

Grant J, Hunter A (2006) Measuring inconsistency in knowledge-
bases. J Intell Inform Syst 27:159—184. https://doi.org/10.1007/s
10844-006-2974-4

Yang X, Tian C, Gao Y et al (2023) Effect of remote ischemic pre-
conditioning in patients undergoing laparoscopic colorectal can-
cer surgery: a randomized controlled trial. Scand J Gastroenterol
58:634-642. https://doi.org/10.1080/00365521.2022.2153344
YiM, Wu Y, Li M et al (2023) Effect of remote ischemic pre-
conditioning on postoperative gastrointestinal function in
patients undergoing laparoscopic colorectal cancer resection. Int
J Colorectal Dis 38:68. https://doi.org/10.1007/s00384-023-0434
6-4

He Z, Xu N, Qi S (2017) Remote ischemic preconditioning
improves the cognitive function of elderly patients following
colon surgery: a randomized clinical trial. Medicine (Baltimore)
96:¢6719. https://doi.org/10.1097/MD.0000000000006719
Hardt J, Seyfried S, Brodrecht H et al (2024) Remote ischemic
preconditioning versus sham-control for prevention of anasto-
motic leakage after resection for rectal cancer (RIPAL trial): a
pilot randomized controlled, triple-blinded monocenter trial. Int
J Colorectal Dis 39:65. https://doi.org/10.1007/s00384-024-0463
7-4

Xie J, Zhang X, Xu J et al (2018) Effect of remote ischemic
preconditioning on outcomes in adult cardiac surgery: a system-
atic review and meta-analysis of randomized controlled studies.
Anesth Analg 127:30-38. https://doi.org/10.1213/ANE.0000000
000002674

Stather PW, Wych J, Boyle JR (2019) A systematic review and
meta-analysis of remote ischemic preconditioning for vascular
surgery. J Vasc Surg 70:1353-1363e3. https://doi.org/10.1016/}.j
vs.2019.03.025

Antonowicz SS, Cavallaro D, Jacques N et al (2018) Remote
ischemic preconditioning for cardioprotection in elective inpa-
tient abdominal surgery - a randomized controlled trial. BMC
Anesthesiol 18:76. https://doi.org/10.1186/s12871-018-0524-6
van Zeggeren L, Visser RA, Vernooij LM et al (2021) The effect
of remote ischaemic preconditioning on postoperative cardiac
and inflammatory biomarkers in pancreatic surgery: a random-
ized controlled trial. BJS Open 5:zrab015. https://doi.org/10.109
3/bjsopen/zrab015

Zhang H, Zhang T, Zhong F, Xia X (2021) Effects of remote isch-
emic preconditioning on liver injury following hepatectomy: a
systematic review and meta-analysis of randomized control trials.
Surg Today 51:1251-1260. https://doi.org/10.1007/s00595-020-0
2205-1

Zhu P, Jiang H, Fu J et al (2013) Cytokine levels in abdominal
exudate predict prolonged postoperative ileus following surgery
for colorectal carcinoma. Oncol Lett 6:835-839. https://doi.org/1
0.3892/01.2013.1465

Zhu P, Liang Z, Fu J et al (2013) Procalcitonin in abdominal exu-
date to predict prolonged postoperative ileus following colorectal
carcinoma surgery. Int J Biol Markers 28:187-191. https://doi.or
2/10.5301/jbm.5000028

Bohne A, Grundler E, Kniittel H et al (2024) Impact of laparo-
scopic versus open surgery on humoral immunity in patients with
colorectal cancer: a systematic review and meta-analysis. Surg


https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1016/j.jclinepi.2011.03.017
https://doi.org/10.1177/0962280216669183
https://doi.org/10.1177/0962280216669183
https://doi.org/10.1007/s10844-006-2974-4
https://doi.org/10.1007/s10844-006-2974-4
https://doi.org/10.1080/00365521.2022.2153344
https://doi.org/10.1007/s00384-023-04346-4
https://doi.org/10.1007/s00384-023-04346-4
https://doi.org/10.1097/MD.0000000000006719
https://doi.org/10.1007/s00384-024-04637-4
https://doi.org/10.1007/s00384-024-04637-4
https://doi.org/10.1213/ANE.0000000000002674
https://doi.org/10.1213/ANE.0000000000002674
https://doi.org/10.1016/j.jvs.2019.03.025
https://doi.org/10.1016/j.jvs.2019.03.025
https://doi.org/10.1186/s12871-018-0524-6
https://doi.org/10.1093/bjsopen/zrab015
https://doi.org/10.1093/bjsopen/zrab015
https://doi.org/10.1007/s00595-020-02205-1
https://doi.org/10.1007/s00595-020-02205-1
https://doi.org/10.3892/ol.2013.1465
https://doi.org/10.3892/ol.2013.1465
https://doi.org/10.5301/jbm.5000028
https://doi.org/10.5301/jbm.5000028
https://doi.org/10.3390/biom12091312
https://doi.org/10.3390/biom12091312
https://doi.org/10.1093/bjsopen/zraa026
https://doi.org/10.1093/bjsopen/zraa026
https://doi.org/10.1016/j.avsg.2022.05.018
https://doi.org/10.1159/000516608
https://doi.org/10.3748/wjg.v17.i10.1308
https://doi.org/10.3748/wjg.v17.i10.1308
https://doi.org/10.1016/j.gassur.2024.08.008
https://doi.org/10.1016/j.gassur.2024.08.008
https://doi.org/10.1097/00000658-190604000-00004
https://doi.org/10.5056/jnm21174
https://doi.org/10.1016/j.jviscsurg.2016.08.010
https://doi.org/10.1097/SLA.0b013e318268a693
https://doi.org/10.1097/SLA.0b013e318268a693
https://doi.org/10.1111/ans.17297
https://doi.org/10.1186/s13561-023-00425-y
https://doi.org/10.1186/s13561-023-00425-y
https://doi.org/10.3390/diagnostics11122382
https://doi.org/10.1055/s-0038-1677025
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898

Langenbeck's Archives of Surgery

(2025) 410:268

Page 130f 13 268

48.

49.

50.

51,

Endosc 38:540-553. https://doi.org/10.1007/s00464-023-10582
-0

Le Page S, Prunier F (2015) Remote ischemic conditioning: cur-
rent clinical perspectives. J Cardiol 66:91-96. https://doi.org/10.
1016/j.jjcc.2015.01.009

Healy DA, Clarke Moloney M, McHugh SM et al (2014) Remote
ischaemic preconditioning as a method for perioperative cardio-
protection: concepts, applications and future directions. Int J Surg
12:1093-1099. https://doi.org/10.1016/].ijsu.2014.08.352

Walsh SR, Sadat U, Boyle JR et al (2010) Remote ischemic pre-
conditioning for renal protection during elective open infrarenal
abdominal aortic aneurysm repair: randomized controlled trial.
Vasc Endovascular Surg 44:334-340. https://doi.org/10.1177/15
38574410370788

Kleinbongard P, Neuhduser M, Thielmann M et al (2016) Con-
founders of cardioprotection by remote ischemic preconditioning
in patients undergoing coronary artery bypass grafting. Cardiol-
ogy 133:128-133. https://doi.org/10.1159/000441216

52.

53.

54.

Kottenberg E, Musiolik J, Thielmann M et al (2014) Interference
of propofol with signal transducer and activator of transcription 5
activation and cardioprotection by remote ischemic precondition-
ing during coronary artery bypass grafting. J Thorac Cardiovasc
Surg 147:376-382. https://doi.org/10.1016/j.jtcvs.2013.01.005
Zhou C, Bulluck H, Fang N et al (2017) Age and surgical com-
plexity impact on renoprotection by remote ischemic precondi-
tioning during adult cardiac surgery: a meta analysis. Sci Rep
7:215. https://doi.org/10.1038/s41598-017-00308-3

Chapman SJ, Thorpe G, Vallance AE et al (2019) Systematic
review of definitions and outcome measures for return of bowel
function after Gastrointestinal surgery. BJS Open 3:1-10. https://
doi.org/10.1002/bjs5.102

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jtcvs.2013.01.005
https://doi.org/10.1038/s41598-017-00308-3
https://doi.org/10.1002/bjs5.102
https://doi.org/10.1002/bjs5.102
https://doi.org/10.1007/s00464-023-10582-0
https://doi.org/10.1007/s00464-023-10582-0
https://doi.org/10.1016/j.jjcc.2015.01.009
https://doi.org/10.1016/j.jjcc.2015.01.009
https://doi.org/10.1016/j.ijsu.2014.08.352
https://doi.org/10.1177/1538574410370788
https://doi.org/10.1177/1538574410370788
https://doi.org/10.1159/000441216

	Titelblatt_Prassas_final
	Prassas_the role
	﻿The role of remote ischaemic preconditioning (RIPC) in colorectal surgery: a meta-analysis of randomized-controlled studies
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Literature search
	﻿Data extraction and outcome measures
	﻿Quality and certainty assessment
	﻿Statistical analyses

	﻿Results
	﻿Study and patient characteristics
	﻿Study quality and risk of bias
	﻿Outcome analysis
	﻿Primary endpoints
	﻿Secondary outcomes


	﻿Discussion
	﻿Conclusion
	﻿References



