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Background: Colorectal cancer is the third most common form of cancer and colorectal surgery is the treatment of choice in 
local disease. Anastomotic leakage following colorectal surgery is a major complication with a high incidence and mortality. 
Adjuvant hyperbaric oxygen treatment (HBOT) may be associated with reduction of anastomotic leakage. A systematic 
review was conducted regarding HBOT as an adjunctive therapy to colorectal surgery.
Methods: Systematic review (1900–2017) using PubMed, Cochrane, EMBASE, Web of Science and EMCARE. All original 
published studies on the effect of HBOT as an adjunctive therapy for colorectal surgery with the creation of an anastomosis 
were considered. 
Results: Thirteen small animal trials were included for qualitative synthesis. We found no human trials. Eleven trials 
used bursting pressure whilst eight used hydroxyproline levels as a marker for collagen synthesis as primary outcome to 
assess the strength of the anastomosis. A meta-analysis performed for normal and ischaemic anastomoses showed that 
postoperative HBOT improves bursting pressure and hydroxyproline levels significantly in both normal (P ≤ 0.001 and 
P = 0.02 respectively) and ischaemic anastomoses (P ≤ 0.001 and P = 0.04 respectively).
Conclusion: Postoperative HBOT has a positive effect on colorectal anastomoses in rats. Further research should focus on 
a larger systematic animal study.

Introduction

Colorectal cancer is the third most common form of cancer 
with an incidence of almost 1.4 million cases in 2012 
according to the WHO.1  Colorectal surgery is the treatment 
of choice in local carcinoma.2,3  A major complication 
following colorectal surgery is anastomotic leakage (AL) 
with a reported incidence of 10–13% and a mortality of up to 
33%.4  A recent meta-analysis showed that AL is associated 
with local recurrence and reduced survival.5  Hyperbaric 
oxygen treatment (HBOT) has been suggested as adjunct 
therapy to reduce the risk of AL.

HBOT involves breathing 100 percent oxygen at two to three 
times normal atmospheric pressure and results in elevated 
oxygen tension in arteries and tissue.6  HBOT is already 

being used widely as a treatment for a variety of indications 
as set out in published recommendations of the Undersea and 
Hyperbaric Medical Society and the European College of 
Hyperbaric Medicine.7,8  HBOT has a variety of mechanisms 
of action: it improves tissue oxygenation; inhibits the pro-
inflammatory reaction by reducing cytokines; improves 
neo-vascularization; has a bacteriostatic effect on anaerobic 
bacteria and stimulates stem cells and growth factors.9  
HBOT is considered a low-risk therapy. Described side 
effects are middle ear barotrauma (up to 43%, usually mild), 
myopia, aerosinusitis, (acute and chronic) oxygen poisoning 
including seizures and lung failure.10,11

Preconditioning with HBOT might be useful as an 
adjunct for various types of surgery. For instance, a better 
outcome in left ventricular function was demonstrated 
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after on-pump coronary artery bypass surgery after 
pretreatment with three HBOT sessions,10 whilst in patients 
undergoing pancreaticoduodenectomy, a single preoperative 
HBOT appeared to improve outcome.12  Furthermore, 
preconditioning with HBOT is associated with a reduction 
in the interleukin inflammatory markers IL-6 and IL-10.12

The effect of HBOT on cancer depends highly on the type 
of cancer; it might even have an inhibitory effect on certain 
types of cancer.13  The current consensus is that there is 
no scientific evidence that HBOT has a cancer-promoting 
effect.13,14  including in colorectal cancer.15  The latter study 
concluded that HBOT does not promote the growth or 
recurrence of colorectal cancer, but that treating colorectal 
cancer solely with HBOT does not seem to have a beneficial 
effect.

Although strong evidence is still lacking, HBOT could 
potentially be an adjunct in the treatment of colorectal 
cancer. The primary aim of this systematic review and meta-
analysis is to provide the best evidence to date regarding the 
effects of HBOT as an adjunctive therapy on anastomotic 
healing after colorectal surgery.

Methods

The protocol for objectives, literature search strategies, 
inclusion and exclusion criteria, outcome measurements, 
and methods of statistical analysis was prepared a priori, 
according to the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) statement,16,17 and 
is described in this section. 

Figure 1
PRISMA flow chart for meta-analysis
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LITERATURE SEARCH STRATEGY

A systematic review (1900–2017) was performed in PubMed, 
Cochrane, EMBASE, Web of Science and EMCARE. The 
keywords used in the search were “hyperbaric oxygenation” 
and its synonyms in combination with “colorectal surgery”, 
“colectomy” and their equivalents. Also, the combination 
of “surgery” and its synonyms, with “colon”, “rectum”, 
“sigmoid” and their equivalents was used. The search was 
limited to original studies published in English.

Inclusion and exclusion criteria, data extraction and 
outcomes of interest

Two authors (RJB, ACE) independently identified the 
studies for inclusion and exclusion and extracted the data. 
The accuracy of the extracted data was further confirmed 
by a third author (RH). Studies were included when they 
used colorectal surgery, including the formation of an 
anastomosis, in combination with HBOT.

QUALITY ASSESSMENT

The quality of trials was assessed using the Systematic 
Review Center for Laboratory Animal Experimentation 
(SYRCLE) risk-of-bias tool.17  This tool is designed to assess 
bias in animal studies and contains ten items to investigate 
bias in selection, performance, detection, attrition and 
reporting. Ten points are scored for every item complied 
with. No points are awarded when the study does not meet 
the criterium or when documentation is unclear. The total 
score ranges from 0 to 100 with 0 being the worst, with a 
high chance of bias, and 100 being the best score, seemingly 
free from bias.

OUTCOME MEASURES

The main outcome measures of the included studies were 
bursting pressure (BPR) and hydroxyproline levels (HP). 
BPR involves a measurement whereby air is instilled in 
a closed segment of bowel with the anastomosis, and 
established by means of a sudden decline in pressure or 
visualization of air bubbles in a submerged anastomosis. 
Hydroxyproline is formed during the synthesis of collagen 
and has proven to be a good predictor for AL.18  Other 
outcomes measured in some studies were histopathological 
analysis (HA), various biochemical analyses and the total 
energy of rupture biomechanical test (ETR).

STATISTICAL ANALYSIS

The software package Review Manager 5.3,19 was used to 
perform a meta-analysis of the primary outcome sources, 
which was determined after careful study of the results. An 

inversed variance test was used for the meta-analysis. In 
all cases, P < 0.05 (two-sided) was considered statistically 
significant.

Results

The PRISMA literature search and study selection are 
shown in Figure 1. Thirteen animal trials were included 
for qualitative and quantitative synthesis (Table 1).4,20–31, 
Appendix A* identifies where each item in the PRISMA 
checklist may be found in this report. In addition,
Appendix B* presents the full electronic search strategy 
such that it could be repeated.

STUDY PROTOCOLS

All animal trials reported the effect of HBOT on colonic 
anastomoses in rats (Table 1). Ten studies20–22,24–29,31 used 
postoperative HBOT, one study used a combination of pre-
and postoperative (combined) HBOT,4 one had two study 
groups researching postoperative and combined HBOT30 and 
the last study had three study groups analyzing preoperative, 
postoperative and combined HBOT.23  All studies performed 
open surgery with one exception which used a laparoscopic 
technique.30  There is wide variation in the HBOT protocols 
in terms of the treatment intervals, durations of treatment, 
length of the HBOT courses and pressures.

QUALITY ASSESSMENT

The quality assessment using the SYRCLE tool is shown 
in Table 2. None of the studies met all quality criteria. Six 
studies4,24,26,29–31 randomized the study and control groups, but 
none of the studies provided baseline statistics, potentially 
concealing selection bias. None of the studies randomly 
selected the animals for outcome assessment or described 
blinding the outcome assessor. In only one study were the 
investigators blinded.30  In all but one23 of the seven studies 
that included pathologic analysis,4,23,24,27–29,31 the outcome 
assessor for the analysis was blinded, decreasing the chance 
of detection bias. Overall, the included studies generally 
lacked steps in their protocols to minimize the chance of 
(any kind of) bias.

NON-ISCHAEMIC ANASTOMOSIS

Ten4,20,21,23,25,27–31 of the thirteen studies focused on non-
ischaemic anastomosis in normal conditions (Table 3). One 
study used three study groups − preoperative, postoperative 
and combined HBOT,22 whilst another used two study groups 
− postoperative and combined HBOT,29 resulting in a total 
of thirteen different study groups. Of these thirteen study 
groups, five study groups from five different studies reported 
a significant improvement of the anastomosis after HBOT 

* Footnote: Follow this link to Appendices A and B. Alternatively these files may be obtained from the corresponding 
author at: rjbrouwer@alrijne.nl
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treatment.4,20,25,27,30  In the other eight study groups, analyzed 
by six different studies, any observed improvement of the 
anastomosis did not reach statistical significance.21,23,28–31  
There was no association between HBOT and anastomosis 
strength in the study groups assessing preoperative or 
combined HBOT.4,23,30

The BPR was measured in twelve study groups, from nine 
different studies, and was higher in the HBOT group in 
all study populations.4,20,21,23,27–31  A significant increase of 
BPR was observed in three study groups, analysed by three 
different studies.20,27,30  HP was measured in ten study groups 
from seven different studies.20,21,23,25,29–31  Of these ten study 
groups, HP was significantly higher in seven study groups, 
analysed by five different studies.20,21,23,25,30  There was a 
marked variation in HP levels (Table 3). Six studies20–22,25,30,31 
measured HP in grams in tissue, while two studies23,29 
measured HP molarity in tissue. One study22 measured 
HP in wet tissue, whilst another31 dried the tissue for
24 hours before analysis. The remaining six studies20,21,23,25,29,30 
measuring HP did not describe how they prepared the tissue 
for analysis.

HISTOPATHOLOGICAL ANALYSIS

The histopathological analysis varied between studies. 
Three studies assessed anastomotic line fibrosis and found 

no significant difference between any groups.23,24,29  Another 
assessed the formation of a mucosal layer and the severity 
of inflammation at the anastomosis and found no significant 
differences.30  Three studies found a significant increase 
in neovascularization in the HBOT group.4,27,28  The same 
three studies assessed collagen deposition, but only one 
found a significant increase in collagen deposition in the 
HBOT group.26  No significant differences were found in 
necrosis, epithelialization or granulation.26,27  All tissue 
biochemical markers changed in the study group that 
received only postoperative HBOT.29  Malondialdehyde 
(MDA), an indicator of fat oxidation, and myeloperoxidase, 
an indicator of inflammation, were lowered and superoxide 
dismutase and glutathione peroxidase, both indicators of the 
antioxidant response, were elevated.29  In the study group 
that received both pre- and postoperative HBOT, only MDA 
was significantly lower.29  In another study measuring nitric 
oxide, MDA and catalase in serum and tissue, a significant 
decrease was demonstrated only in serum MDA in the 
HBOT group.30

ISCHAEMIC ANASTOMOSES

Seven study groups from five different studies assessed 
the influence of HBOT on ischaemic anastomoses (Table 
4).20,22,23,25,27  In six groups from the five studies, HBOT had 
a positive effect on the anastomosis. The only exception was 

Table 2
Quality assessment using the SYRCLE risk of bias tool; 1 = yes, 2 = no, 3 = unclear; 10 points are scored for every item complied with 
and no points are awarded when the study does not meet the criterium or when documentation is unclear; total score ranges from 0−100, 

0 being the worst, with a high chance of bias, and 100 being the best score, seemingly free from bias

Author SYRCLE tool17 question number

1 2 3 4 5 6 7 8 9 10 Yes Unclear No Score

Hamzaoglu20 3 3 3 2 3 3 3 1 1 2 2 2 6 20

Erenoglu21 3 3 3 2 3 3 3 1 1 2 2 2 6 20

Guzel22 2 3 2 1 2 3 3 1 1 2 3 4 3 30

Yagci23 3 3 3 1 3 3 3 1 1 2 3 1 6 30

Sucullu24 1 3 3 1 3 3 3 1 1 2 5 1 4 50

Azevedo25 3 3 3 1 3 3 3 1 3 2 2 1 7 20

Rocha26 1 3 3 1 3 3 3 1 3 2 3 1 6 30

Adas27 3 3 3 1 3 3 3 1 1 2 3 1 6 30

Kemik28 3 3 3 1 3 3 3 1 1 1 4 0 6 40

Yildiz29 1 3 3 1 3 3 3 1 1 2 4 1 5 40

Poyrazoglu30 1 3 3 2 3 3 3 1 1 2 3 2 5 30

Boersema4 1 3 3 2 3 3 3 1 1 1 4 1 5 40

Emir31 1 3 1 1 1 3 3 1 1 2 6 1 3 60
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the group that received preoperative HBOT only.23  
Five study groups analyzed by four studies, found 
a significant improvement in the BPR.20,22,23,27  
Three study groups from three of these studies, 
also found a significant improvement in HP.20,22,23

ANASTOMOSES DURING PERITONITIS

Two studies24,26 investigated the effect of HBOT 
on colonic anastomoses created during peritonitis. 
One24 observed an improvement in the anastomosis 
during peritonitis with a significantly higher 
BPR, but this observation using ETR as outcome 
measure was not supported by the other.25

META-ANALYSIS

Meta-analyses on the studies using BPR and HP as 
outcome measures were performed and included 
the studies assessing normal and ischaemic 
anastomoses.4,20–23,25,27–31  The results are displayed 
as Forest plots in Figures 2 through 5. Only one 
study analyzed the effect of preoperative HBOT 
on both normal and ischaemic anastomoses, 
and the effect of combined HBOT on ischaemic 
anastomoses.23  Therefore, this meta-analysis will 
not provide extra insights for these groups. For the 
BPR group, the mean difference (MD) is displayed. 
Because of the variety in the test determining HP, 
a standardized mean difference (SMD) was used 
and because of the high variance of the HBOT 
protocols between the studies, a random effect was 
chosen for this meta-analysis. For meta-analysis 
including the studies using BPR to assess normal 
anastomoses, a low statistical heterogeneity was 
found (I

2
 = 12%). The other three meta-analyses 

showed high statistical heterogeneity (I
2
 = 74%, 

88% and 84% respectively) and, therefore, should 
be interpreted with caution.

The BPR and HP in the postoperative group 
of normal anastomoses are significantly 
improved as shown in Figure 2 and 3
(MD = 20.8 mmHg (14.4, 27.3), P ≤ 0.001;
SMD = 1.2 (0.20, 2.23), P = 0.02). The 
BPR and HP of the studies performing 
combined HBOT do not show a significant 
improvement (MD = 6.8 mmHg (-6.3, 19.9),
P = 0.31, SMD = 0.7 (-0.20, 1.51), P = 0.14). The 
postoperative group of ischaemic anastomoses 
(Figures 4 and 5) show significant improvement in 
both BPR and HP (MD = 29.8 mmHg (17.9, 41.7), 
P ≤ 0.001, SMD = 2.6 (0.11, 5.13), P = 0.04).
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Discussion

This is the first meta-analysis describing the effect of 
HBOT on the outcome in colorectal surgery and shows 
significant improvement of BPR and HP in both normal and 
ischaemic anastomoses in rats after postoperative HBOT. 
HP is considered a reliable marker for the strength of the 
anastomosis and risk of AL in a rabbit model.18  Therefore, 
these results could be useful in the complex pathophysiology 
regarding HBOT and oncology in humans.

The exact mechanism of HBOT in the improvement of 
colorectal anastomoses is unknown. However, some steps 
within this pathway are becoming more clearly defined:
• HBOT reduces the risk of AL by lowering the pro-

inflammatory response;9

• Elevated immune parameters like IL-1, IL-6, IL-10 and 
tumour necrosis factor (TNF-α) are associated with 
AL, indicating a connection between AL and a pro-
inflammatory response;32

• HBOT reduces the risk of AL by improvement of 
neovascularization.4,26,27

Only three studies used preoperative HBOT as a part of 
their HBOT protocol.4,23,30  Of these, a significant difference 
was only found in the combined HBOT group of one study 
assessing ischaemic anastomoses,23 but not in the other 
two.4,30  The meta-analysis for postoperative HBOT showed 
a stronger association between HBOT and the prevention of 
AL than that for preoperative HBOT. The reasons for this 
difference are not yet identified. Regarding the results shown 
in Figure 2, preoperative HBOT might possibly prevent the 
positive effect of postoperative HBOT.

The major limitation of the current review is the quality of 
the available evidence. According to the SYRCLE tool there 
is a risk of bias in most of the included studies. Also, the 
protocols varied between studies, making it problematic to 
combine them in a meta-analysis. Different HBOT doses 
(pressure and time) might influence outcome. Furthermore, 
the statistical heterogeneity between included studies was 
high, and only the meta-analysis of the subgroup using BPR as 
outcome measure for postoperative HBOT in non-ischaemic 
anastomoses could be regarded as trustworthy. The results of 
the other three subgroups should be interpreted with caution. 
Finally, most colorectal resections are performed on patients 
with a malignancy, whereas these studies are performed on 
rats without a malignancy. Although the current consensus 
is that HBOT does not promote cancer, further research 
might be needed before recommending HBOT as a routine 
for patients with colorectal cancer.

There is only one reported human HBOT case series of 
five patients who underwent an ultra-low anterior resection 
with a temporary loop ileostomy and who developed AL 
with chronic pelvic sepsis.32  All five received postoperative 
HBOT (90 minutes at 203–243 kPa, five days per week for 

six weeks), four also receiving adjuvant chemo-radiotherapy. 
All the patients showed improvement in the degree of 
anastomotic separation and sepsis.32

Conclusion

This meta-analysis provides some evidence to suggest HBOT 
may be a useful adjunct in colorectal surgery. Postoperative 
HBOT increases the strength of the colorectal anastomosis in 
rats without a malignancy, this effect appearing to be stronger 
in ischaemic anastomoses. To investigate the full potential 
of HBOT to prevent AL in human patients undergoing 
colorectal surgery, a pilot study should be performed. Since 
it would be hard to obtain the large numbers of human 
patients that would be necessary, further research should 
focus primarily on a larger systematic animal study using 
postoperative HBOT and with AL as the primary outcome 
measure.
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