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Abstract: IBD (inflammatory bowel disease) characterized by chronic inflammation of the
gastrointestinal (GI) tract is one of the chronic diseases the prevalence of which has been
increasing globally. In the past few decades, significant improvements were made in the
treatments relating to IBD which have reduced the hospitalization and mortality rates;
however, there is still room for improvement with other alternative therapies. HBOT
(hyperbaric oxygen treatment) is one of the effective therapies used in treating various
conditions including wounds, decompression sickness, stroke, etc. Several studies have
reported the role of HBOT as an adjunctive treatment to IBD, while adopting conventional
treatment procedures. There is an increasing trend of research in this particular area. Studies
have shown that HBOT reflects its therapeutic effect by controlling inflammation, reducing
oxidation stress, improving the process of cleaning damaged cells and recruiting the cells
involved in repair; thereby improving the immunity response system. In this context, the
purpose of this review is to summarize past clinical and experimental studies and to under-
stand the role of hyperbaric treatment for IBD. The findings from the review have suggested
that hyperbaric therapy can be an effective adjunctive approach for IBD, based on which
some ideas for future clinical and research work are provided.
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Introduction

Inflammatory bowel disease (IBD) is a chronic condition, which is characterized by
chronic inflammation of the gastrointestinal (GI) tract. IBDs mainly comprise
Crohn’s disease and ulcerative colitis, whose symptoms mainly include abdominal
pain, rectal bleeding, diarrhea and fatigue. These conditions have a detrimental
impact on patient quality of life and are associated with a high-cost burden,
especially in the case of moderate to severe disease.' The treatment for IBD focuses
on maintaining long-term remission by healing the gut mucosa for delaying the
progression of disease and related complications.> While the exact causes of IBD
are not known, it is linked to the defective immune system.’ The exact causes of
IBD are not known, but the studies have identified various causes such as genetic
factors and disruptions in immune response systems, etc. The common damage of
both types of IBD results in inflammation of mucosa (inner lining of the intestinal
tract), which may cause ulcers, bleeding, and electrolyte loss.* Also, genetic factors
such as deficits in autophagy (cleaning out damaged cells in order to regenerate
newer and healthier cells) may play a role.>® Furthermore, in relation to disruptions
in immune response, cytokines, which are responsible for communication between

cells, bind to different receptors, which may alleviate the condition leading to
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chronic inflammatory process.”® Various types of treat-
ment procedures including antibiotics, immunomodulators,
and surgical intervention reflect a decrease in the rate of
hospitalization.'*!!

Furthermore, the prevalence of IBD has been rapidly
increasing in the past few years. A recent study'” investigated
the IBD cases from 1990 to 2017, and identified that the age-
standardized global prevalence rate increased from 79.5 per
100,000 population in 1990 to 84.3 per 100,000 population in
2017. The US had the highest age-standardized prevalence
rate of IBD of 464.5 per 100,000 population, followed by the
UK with 449.6 per 100,000 population. Similarly, it was
assessed that IBD prevalence is found to be higher in devel-
oped countries and urban regions, and lower in developing
regions and rural areas.'’ However, a systematic review of
147 studies related to IBD found that the prevalence was
higher in Europe and North America, and the prevalence
rates in newly industrialized countries in Asia have been
slowly rising, which is a cause for concern.'® Furthermore,
over 700,000 physician visits and 100,000 hospitalization
cases were related to IBD in 2012 in the US alone.” As per
2015 estimates, 1.3% of US adults (accounting for 3 million
people) were diagnosed with IBD in 2015."* The hospitaliza-
tion rates of IBD in the US have increased significantly in the
past few years, which has led to an increase in healthcare
costs: an average hospitalization cost of $13,000 per person,
which reflects an annual increase of 4% in healthcare costs.'
Moreover, IBD is associated with various chronic and infec-
tious conditions; preventive care is thus an essential aspect of
lifelong disease management.

Most of the studies focused on treatment with medica-
tion, such as salicylates, corticosteroids, immunosuppres-
sants and immunomodulators, nutritional interventions,
leukocytapheresis, etc.'” 2 Procedures such as oxygen
therapy can have various advantages such as increasing
immunity, detoxing blood, stimulating brain activity, and
enhancing recovery from inflammation and wounds.*' >
However, there is a lack of research on analyzing the role
of the hyperbaric treatment procedure, which aims to
increase oxygen supply to the damaged areas (intestinal
ulcers, inflammation) for quick recovery.”* Considering
this gap, this study focuses on reviewing the role of
hyperbaric treatment for IBD, the complications associated
with it, and possible areas for future research.

Methods

There are two standard types of review identified in
research studies: systematic reviews and narrative reviews.

It is identified that, in medical literature, the number of
narrative articles has significantly surpassed that of sys-
tematic reviews.”> The purpose of narrative reviews is to
identify studies that describe a problem of interest and
discuss it; there are no predetermined research questions,
search strategies or protocols to guide the review.?
A narrative review may be organized in different formats:
in a chronological order, with a summary of the history of
research when clear trends are identified, or presented as
a “conceptual framework”, where the contents are sepa-
rated according to dependent or independent variables and
their relationships, or discussing the concepts related to
a particular topic of interest.”” As this paper focuses on
investigating the role of hyperbaric treatment for IBD,
where there is a need to identify the articles relating to
the treatment procedures, types of IBD, and the impact of
procedures, there is a need to select and analyze papers in
different contexts and, at the same time, to link the hyper-
baric treatment procedures and IBD types. For this pur-
pose, a narrative review method was adopted to review the
relevant papers and discuss their findings in relation to the
topic of interest, which is to review the role of hyperbaric
treatment for IBD. Accordingly, the next part of the paper
focuses on reviewing the different types of IBD, presents
an overview of hyperbaric treatment procedures and,
finally, discusses the applicability of the treatment proce-
dures for IBD.

Hyperbaric Oxygen Treatment
(HBOT)

IBD treatments mainly focuse on reducing the inflamma-
tion in the damaged area, thereby accelerating the healing
process. Hyperbaric treatment is one such approach,
which focuses on increasing the oxygen supply in the
blood to accelerate the healing process. The hyperbaric
treatment procedure has a long history, since its first use
1834
conditions.”® In the early 20th century, HBOT was used

by Junod in in France to treat pulmonary
to treat a variety of conditions in Europe and the US.* It
is also used for radiation injuries, gas gangrene, carbon
monoxide poisoning, and decompression sickness.***°
HBOT is provided for patients in specialized chambers
which are at 1.5 to 3 times higher than normal pressure at
sea level. The chambers are filled with pure oxygen and
aim to fill the blood with enough oxygen to repair tissues
and improve the healing process. There are two types of

chamber: a mono-place chamber (a long tube-like
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chamber into which a patient slips down while the cham-
ber is slowly pressurized with 100% oxygen) and a multi-
place chamber (a chamber or room that can fit two or more
people, which has pressure greater than atmospheric pres-
sure, where the patients breathe pure oxygen through
masks).? There are also several portable size chambers
that can be used at home for treatment. These portable
chambers are referred to as mild personal hyperbaric
chambers, which have low pressure compared to hard
chambers that are used in hospitals and clinics. In the
US, these mild chambers are categorized as Class II med-
ical devices which require a prescription to purchase.>
HBOT increases the oxygen supply to the damaged tis-
sues, which can accelerate the healing process. Usually
injuries damage the blood vessels, which in turn release
fluids that leak into tissues, which leads to swelling.
Swelling disrupts the oxygen supply to the damaged
cells and tissues, as a result of which they start to die. In
this context, HBOT increases the blood supply to the
tissues and reduces the swelling in a pressurized chamber.
In addition, hyperbaric treatment boosts the immune sys-
tem by disabling the toxins produced by certain types of
bacteria by increasing the oxygen supply to the tissues,
which helps them to resist the infection. Also, the hyper-
baric therapy improves the ability of white blood cells to
identify the invaders and destroy them in the body.
Furthermore, hyperbaric therapy stimulates cells to pro-
duce certain substances such as vascular endothelial
growth factor, which attract and stimulate endothelial
cells leading to the formation of new connective tissues
and also new skin cells.>! However, there are certain
potential risks associated with the treatment, which
include: middle ear injuries, eardrum injuries, fluid and
blood leakage, temporary myopia, lung collapse, etc. due
to changes in air pressure; seizures in the central nervous
system due to increased oxygen levels or oxygen toxicity;
and lowering of sugar levels in diabetic patients treated
with insulin.>*> One of the major drawbacks of the
treatment is high costs. Hyperbaric therapy is used for
treating various conditions in different countries, and the
price for the treatment varies across the countries. While
few countries such as the UK provide the treatment for
free through National Health Service outlets, in the US,
the treatment is covered in Medicare, whereas in
Australia, it is not covered in Medicare insurance scheme.
For effective treatment results, there is a need for 20-40
sessions of therapy, and one session usually costs $300 in
and about $2000 36-38

private clinics in hospitals.

Therefore, the treatment may not be affordable for all
and not for all conditions, which is one of the major

drawbacks.

HBOT for Inflammatory Bowel
Disease (IBD)

HBOT has been used to treat a variety of diseases, includ-
ing decompression sickness and healing of problem
wounds, etc. Studies have analyzed the use of HBOT in
treating IBD and various results have been identified. As
IBD is associated with immune response malfunctioning,
HBOT can be used to improve immunity by increasing the
oxygen supply to the cells and tissues. Focusing on this
aspect, a systematic review”® of 19 studies (13 related to
Crohn’s disease and six related to ulcerative colitis) ana-
lyzing the impact of HBOT on IBD were analyzed.
Findings have shown that participants in all studies were
treated with corticosteroids, immunomodulators and anti-
inflammatory medications. About 78% of patients (31/40)
with Crohn’s disease in 13 studies showed improvement
with HBOT, and all patients (39/39) with ulcerative colitis
in six studies showed improvement, indicating the positive
and significant impact of HBOT on both types of IBD.
Furthermore, decrease in pro-inflammatory cytokines (IL-
1, IL-6 and TNF-alpha), and markers of inflammation or
immune dysregulation including TNF-alpha, IL-1beta,
neopterin and myeloperoxidase activity was observed
among the patients after HBOT. This systematic review”’
has identified that HBOT can lower the markers of inflam-
mation and oxidative stress, and ameliorate IBD.
Similarly, effect of HBOT on the production of pro-
inflammatory cytokines, nitric oxide and hypoxia-
inducible factor lalpha was studied in vitro,** which has
identified that HBOT significantly prevented the pro-
inflammatory cytokine production; affected myeloperoxi-
dase activity, in the expression of inducible nitric oxide
synthase and cyclooxygenase-2; and attenuated the sever-
ity of acute distal colitis. Another study*' investigating the
safety and efficacy of HBOT for IBD reviewed 17 studies
including 613 patients, out of which 286 were diagnosed
with Crohn’s disease and 327 with ulcerative colitis.
Analyzing the 8924 treatments, nine adverse events were
identified, of which six were serious; and the rate of
adverse events when using HBOT for IBD was lower
than using BOT for other indications. Therefore, HBOT

is not only effective for treating IBDs but also safe.
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As IBD is associated with the production of reactive
species that target cysteine redox switches in proteins, and
intermediary metabolism, it has been identified in the
research®” that HBOT can reduce oxidative stress, thereby
reducing the impact of IBD. HBOT was also proved to be
effective in treating the other conditions caused by IBD
treatments, such as proctectomy (removal of complete or
part of rectum). Persistent perineal sinus (wound remain-
ing unhealed more than 6 months after abdominoperineal
resection) after proctectomy for IBD affected more than
50% of the patients; and it remained unhealed for two
years in 33% of the cases despite optimal conventional
therapy.*® To assess the impact of HBOT on these cases,
a study™’ has investigated four patients with extreme per-
sistent perineal sinus who were given preoperative and
postoperative HBOT treatment, and identified that com-
plete healing was observed in all of them.

HBOT is also identified to be effective on both types of
IBD including Crohn’s disease and ulcerative colitis.
A study™ has investigated the impact of HBOT on a patient
with extremely debilitating complication of Crohn’s disease
which has not been cured for eight years. The disease wor-
sened even after surgery and medical treatment (sulfasala-
zine, steroids, 6-mercaptopurine, metronidazole, antibiotics).
HBOT was instituted while the patient was continued on
metronidazole. After four courses of the therapy, the patient
has become asymptomatic and the wounds are cured to
a greater extent compared to the condition before the therapy.
Similarly, HBOT was also identified to be effective in treat-
ing ulcerative colitis, as 100% clinical remission was
achieved in a study.*> Therefore, HBOT can be effective
for both types of IBD.

HBOT was also considered as an adjuvant or complimen-
tary therapy for treating IBD. A recent study*® has investi-
gated the efficacy of hyperbaric therapy as an alternate
therapy for treating patients with severe ulcerative colitis.
A randomized controlled trial with 20 patients divided into
two equal groups (intervention and control) was conducted.
The patients in the intervention group received 10 sessions of
HBOT (five times per week) for two weeks along with
400 mg hydrocortisone and intravenous (IV) fluids, while
the control group only received 400 mg hydrocortisone and
intravenous (IV) fluids. Inflammatory markers including
ESR, CRP, faecal calprotectin, rectal bleeding score (RBS),
stool frequency score (SFS) and Mayo endoscopic score
(MES) were used to evaluate the therapeutic effect. At the
end of the two-week study, a significant decrease in ESR,
CRP, faecal calprotectin, RBS, SFS and MES levels were

identified in the intervention group compared to the control
group. As HBOT can increase neovascularization, inhibition
of bacterial growth, improved intestinal mucosal healing and
increased intestinal motility, by improving the supply of
oxygen to the tissues, it can be used as complementary and
alternative therapies for IBD and other gastrointestinal tract
disorders.*’

HBOT was identified as an adjunctive therapy for
treating IBD, but not considered as the main treatment,
as the results from various studies varied and bias was
observed. In a study®® focusing on the effect of HBOT on
complicated Crohn’s disease (in the patients who were
refractory to conventional treatment practices), it was
identified that HBOT was effective on patients with var-
ious complications including perianal fistulizing Crohn’s
disease (pCD) (80% healing rate), enterocutaneous fistulas
(ECF) (84.6%), or pyoderma gangrenosum (PG) (100%).
Similarly, HBOT was also identified to be an effective
adjunctive approach for treating metastatic Crohn’s
disease.*” Furthermore, HBOT treatment can result in
achieving clinical remission within a week of starting the
treatment and can restrict the progression to second-line
therapy during the hospitalization.”®

Focusing on the efficacy, safety, and feasibility of
HBOT, studies have shown varying results. A recent
study’' investigated the efficacy, safety, and feasibility of
HBOT in IBD patients with rectovaginal fistulas. Nine
patients who had unsuccessful medical and/or surgical
treatments for their RVF were treated with HBOT for
three months and no patient showed any improvement in
their condition. Similarly, another recent study’” identified
that HBOT was effective in treating chronic antibiotic-
refractory pouchitis and other gastrointestinal inflamma-
tory conditions. A significant reduction in the mean
mPDAI symptom sub-score from 3.19 to 1.91 after
HBOT (p < 0.05) was observed among the 46 patients
included in the study. Therefore, focusing on the efficacy,
safety, and feasibility, it can be assessed that there are
conflicting results among the various studies. Limited
high-quality evidence suggests that HBOT is considered
to be safe; however, the need for extensive research in this
area is recognized.’>>* There are other benefits of HBOT
for IBD, as it is identified to reduce the risk of re-
hospitalization, and mortality by over 30%. In addition,
it was identified that though HBOT costs more, it also
yields higher quality-adjusted life years (QALYSs), reflect-
ing that hyperbaric therapy is more cost-effective than the
standard of care.’> However, a recent systematic review™>
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including 18 studies identified that clinical remission was
identified in 83.24% of patients with ulcerative colitis and
81.89% of patients with Crohn’s disease from all studies,
with no major adverse events identified; indicating the
safety, reliability and efficacy of the hyperbaric treatment
for IBD.

Conclusion

Various studies were reviewed to identify the various
types of IBD and other relevant conditions. The review
has identified that there is a lack of research related to
the analysis of efficacy, safety, reliability, and cost-
effectiveness of hyperbaric treatment for different types
of IBD conditions (IBD along with other related condi-
tions). However, there are studies which have identified
the impact of HBOT on tissue damage such as inflam-
mation of mucosa. Clinical, experimental, and systematic
review studies analyzed in this study have identified that
HBOT reflects its therapeutic effect by controlling
inflammation, reducing oxidation stress, improving the
process of cleaning damaged cells and recruiting the
cells involved in repair; thereby improving the immunity
response system. Overall, hyperbaric treatment can be
considered as an effective adjuvant approach for treating
IBD; however, there is a need for further research in
future in relation to the analysis of the impact on IBD
with other relevant risk factors or conditions. Future
studies can also focus on analyzing the impact of hyper-
baric treatment for injuries by risk factors associated
with IBD. Furthermore, hyperbaric treatment may be
integrated with eHealth technology, for remotely moni-
toring the patients using mild hyperbaric chambers at
home, which can also guide the future research.
Finally, for the patients with IBD, the specific mechan-
isms underlying the therapeutic effect of HBOT are still
unclear due to the lack of experimental studies; as
a result, future studies can focus on well-defined experi-
mental studies.
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