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Abstract

Purpose The purpose of this paper was to provide an
evidence-based evaluation of the safety and effectiveness of
hyperbaric oxygen therapy (HBOT) for the treatment of non-
neurological soft tissue radiation-related injuries (STRI).
Methods Systematic searches of medical bibliographic data-
bases, the Internet, and lists of references were conducted in
December 2010 and April 2013 to identify relevant primary
studies. Inclusion and classification of papers was resolved
through the application of a predetermined protocol. Informa-
tion on both the safety and effectiveness of HBOT was
analyzed.

Results Forty-one articles were included, with 11 comparing
HBOT to a regimen without HBOT. Comparative evidence
varied considerably in methodological quality, and numerous
limitations were identified. Absolute data showed that serious
adverse events after HBOT were rare, while more common
adverse events were minor and self-limiting. Compared to
observation, conventional, or sham therapies, evidence of
benefit in clinical outcomes was shown for HBOT for radia-
tion proctitis and wounds in irradiated soft tissue of the head
and neck, but not for postirradiation soft tissue edema or
radiation cystitis. Clinical outcomes differed little between
HBOT and argon plasma coagulation for radiation proctitis
and between HBOT and hyaluronic acid for radiation cystitis.
Conclusions HBOT is a safe intervention which may offer
clinical benefits to patients suffering from radiation proctitis
and non-neurological STRI of the head and neck. However,
differing clinical responses across STRI demonstrate a need
for further well-designed clinical trials to validate the use of
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HBOT for individual STRI, both as an adjunct to conventional
treatments and relative to definitive treatments.
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Introduction

Radiotherapy is a common and well-established treatment of
malignancies across a variety of anatomical areas. However,
anatomical structures surrounding a cancer, such as soft tissue,
are also irradiated during the course of therapy. Radiotherapy
is associated with a broad spectrum of normal tissue reactions,
and it is impossible to cure a tumor by radiotherapy without
risk of injury to normal tissues [1, 2]. One potential conse-
quence of radiotherapy is serious soft tissue radiation-related
injury (STRI) that can develop months or years posttreatment
[2-4]. When an STRI occurs, soft tissues undergo deteriora-
tion in microvascularity with accompanying fibrosis, a pro-
cess which continues until there is insufficient oxygenation to
maintain tissue integrity and normal function. Damage may
eventually reach a critical point where tissue breaks down and
an ulcer or area of radionecrosis results. This process can be
exacerbated by secondary damage from infection or surgery in
the affected area, even long after irradiation [2]. The effects of
STRI are progressive and do not spontaneously reverse [5—7].

While the pathological processes of STRI are similar
throughout the body, some tissues appear more susceptible
to injury than others. The pelvis, particularly the rectum, and
the skin and mucosa of the head and neck region are especially
sensitive [2]. While estimates vary, review articles have re-
ported STRI incidence rates ranging from 3 to 18 % across a
range of anatomical areas. This includes rectal complications
following prostate brachytherapy [4], complications following
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radiotherapy of gynecological malignancies [8], and damage
to the mouth and mandible following brachytherapy for head
and neck cancer [9].

It has been proposed that the enhanced oxygen delivery
offered by hyperbaric oxygen therapy (HBOT) may prevent
breakdown of irradiated tissue, promote healing, and improve
tissue quality where healing processes are otherwise inhibited
by insufficient oxygen supply [10]. Although minor variations
in clinical practice occur, HBOT commonly involves patients
inhaling 100 % oxygen via face mask, head tent, or endotra-
cheal tube while inside a treatment chamber pressurized at 2 to
2.5 atmosphere absolute (ATA) [11]. Sessions are generally 60
to 120 min in duration, delivered up to twice daily for approx-
imately 30 to 60 sessions, depending on patient response.
Experimental and clinical studies have indicated that HBOT
can reverse the histopathological changes of STRI, improving
vascularity and inducing fibroplasia and angiogenesis in irra-
diated tissue [6, 12, 13]. However, neurological tissue appears
resistant to HBOT and is generally not considered appropriate
for treatment [10, 14, 15].

Although HBOT has been utilized for the treatment of
STRI for many years, previous health technology assessments
and systematic reviews have questioned the quality of evi-
dence supporting its clinical effectiveness [16-21, 15,22, 23].
However, since 2007 there has been an increase in the number
and quality of comparative studies published, to the point a
recent Cochrane review of randomized controlled trial (RCT)
evidence concluded that HBOT is associated with improved
outcomes for people with STRI of the head, neck, anus, and
rectum [10].

The current paper is an updated précis of a systematic
review assessing HBOT for the treatment of non-
neurological STRI and chronic nondiabetic wounds, commis-
sioned to inform public funding considerations within the
context of the Australian healthcare system [24]. It presents
only results relating to non-neurological STRI, and has been
revised to incorporate evidence published subsequent to the
original review. It expands on the aforementioned Cochrane
review by additionally including relevant non-RCT evidence.

Methods
Search strategy

A review protocol was developed with input and approval
from an advisory panel that included clinical experts on
HBOT [24]. The search strategy was developed for maximum
comprehensiveness, and is detailed in the original review [24].
The strategy incorporated a combination of text terms and
subject headings relating to STRI and HBOT (Table 1) de-
rived from previous systematic reviews of HBOT and clinical
expert advice. Due to the requirements of the original review,
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Table 1 Search terms applied

Area of enquiry Search terms
Non-neurological soft tissue Subject headings
radiation injuries Radiotherapy
Text words

radiation*, radiotherap*,
damage*, injur*, wound*,
destruction, necrosis, edema,
oedema, proctitis, enteritis,
cystitis, radionecrosis

Hyperbaric oxygen therapy Subject headings
Hyperbaric oxygenation
Text words

hyperbar*, high pressure,
oxygen*, HBO*, multiplace
chamber, monoplace chamber

the original strategy also incorporated terms relating to non-
diabetic wounds.

A systematic search of electronic databases (CINAHL, the
Cochrane Library, Embase, PubMed, University of York Cen-
ter for Reviews and Dissemination) was conducted in Decem-
ber 2010 and updated in April 2013. Database searches were
augmented with searches of registers of research and clinical
trials, health technology assessment (HTA) websites, and
bibliographies of retrieved articles. The searches were con-
ducted without language restrictions. The updated search did
not employ the terms relating to nondiabetic wounds. The lead
author conducted the search, retrieval, and selection process,
with advice provided by the second author in case of any
uncertainty regarding study suitability. Where needed, clinical
expert feedback was used to advise or confirm any remaining
issues regarding study selection.

Study inclusion and exclusion criteria

Studies were included if clinical data relating to patients with
preexisting non-neurological STRI could be extracted. Per
clinical expert opinion and to reflect standard clinical prac-
tices, HBOT was defined as exposure to 100 % oxygen at>1.5
ATM for at least 60 min in an appropriate hyperbaric chamber.
RCTs, other controlled or comparative studies, and experi-
mental studies were all considered for inclusion. Any study
that directly compared HBOT to a regimen not using HBOT
(e.g., observation, definitive treatments, conventional treat-
ments, and sham procedures) was considered for the assess-
ment of safety and effectiveness. Any noncomparative study
(e.g., case series) was considered for the assessment of safety
alone, and was only included if it reported adverse event
occurrence. Noncomparative studies were restricted to studies
where enrolment was consecutive, or the study included all
patients treated within a specified time period. Foreign
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language articles were excluded unless they provided a level
of evidence at least equivalent to the highest level English-
language evidence. In the case of clear duplicate publications,
the latest and most complete article was included.

Outcomes assessed

Safety was assessed through adverse events including mortal-
ity, decompression illness, oxygen toxicity, barotrauma, my-
opia, and claustrophobia. Clinical outcomes of interest for
assessing effectiveness included rates of healing, time to
healing, symptom reduction, radiation-induced morbidity,
and quality of life.

Data extraction and synthesis

Data were extracted by the lead author using extraction tables
in which all relevant study information could be included in a
tabulated and standardized manner. Each table was compared
for accuracy against the original paper by a second researcher.
Included studies were allocated a level of evidence as defined
by the National Health and Medical Research Council [25],
while all comparative studies, both randomized and
nonrandomized, were critically assessed for quality according
to the Cochrane reviewers’ handbook [26] and CONSORT
statement [27].

Where possible, descriptive statistics were extracted or
calculated for each safety and effectiveness outcome, with a
qualitative synthesis of the results performed. Due to consid-
erable variation across studies with regards to STRI, method-
ology, outcomes reported, and duration of and losses to
follow-up, meta-analysis was not possible.

Results
Description of studies

A total of 41 articles were included for assessment (Fig. 1).
This included seven articles reporting six separate RCTs
[28-30, 13, 31-33]; the results of one RCT were reported
within two articles [32, 33]. Four nonrandomized comparative
studies were also included [34-37]. The remaining 30 studies
were noncomparative, employing HBOT alone [38-67].

Details of included comparative studies are provided in
Table 2. Treated STRI included radiation proctitis [34, 28,
32, 33], irradiated soft tissues of the head and neck [30, 13,
37], radiation cystitis [36, 31], and postirradiation soft tissue
edema [35, 29]. Treatment protocols involved HBOT at 2.0 to
2.5 ATA, with sessions 60 to 100 min in duration. While two
comparative studies failed to report the HBOT protocol
employed [30, 32, 33], both had been included in the recent
Cochrane review [10], and were included in the present re-
view on clinical expert advice. The majority of studies com-
pared HBOT to observation or variously-defined conventional
treatments without HBOT, although sham treatment [28],
intravesical instillation of hyaluronic acid [31], and argon
plasma coagulation (APC) [34] were also employed.

Methodology of included studies

The methodological quality of the included comparative evi-
dence varied considerably, and numerous limitations were
identified. Only one comparative study reported power calcu-
lations [29], and only two included more than 40 patients per
treatment arm [28, 30]. Two comparative studies did not

Fig. 1 Flowchart demonstrating
the selection of articles

(n=10,155)

Potentially relevant articles identified in the
evidence search and screened for retrieval

Duplicate articles excluded (n=2,467)

A

A

\ 4

based on citation

Articles retrieved for evaluation of eligibility
information (n=7,688)

Foreign language excluded (n=1,795)

A

A

A 4

Ineligible on review of citation (n=5,667)

Articles potentially appropriate to be
included in the assessment

Articles excluded from this review (n=185)

e|nappropriate population ,e.g. non-

A

A

A 4

diabetic wounds, STRI patient data

(n=4)

Non-neurological soft tissue radiation
injury articles included in this review (n=41)

eRandomised controlled trials (n=7)
eNon-randomised comparative studies

eNon-comparative studies(n=30)

could not be extracted (n=42)
e|nappropriate intervention (n=7)
eInappropriate outcomes reported
(n=21)
e|nappropriate study design , e.g.
reviews, case reports (n=110)
e Article could not be obtained (n=5)

@ Springer



Support Care Cancer (2014) 22:1715-1726

1718

SuIpas|q Jo uonnjosay

ured J1A]o
Kouanbaxy
SuIproA Joppejg
SnNs£o JO uonnjosax
[enxed 1o 9jo1dwio)

(21095 A3sjourey)
JUOWISSasse T00)

(VINOS-LNAT

Anprqrow
paonpur-uoneIpey
spnooid jo Sureoyq

(z1-ds *O1da)
JUAWISSASSe T00)
(VINOS-LNAD
Lyprqrow
PpoonpuI-uoneIpeY
snnooid jo
JuowoAoxdu 1o Sureoy

panmnbar suorsnjsuer],

s1e9A 9—T oSuer
‘syjuowr g UBdA

syuowr g1

syuow 9

Juaureasod
AJoyerpawuur
PAPI0IAI SAWOAN()

pauiodar JudWBaou0d
7e JdWoyEe OU JUSW[BIIUOD UOLRIO[[Y
SOIISLISIORIBYO [BOIUI[O
pue orydeiSowdp ur Is1xd Aoy
sarouedoarosip :sdnoid jo Aiqeredwo)
(pajou dn-mofjo3 03 sassof ou) syuaned
I1e 10 papiaoid sowodno ‘payrodar
[1om Ajererspout :3untodar swoonQ
pauodar Surpurq je ydwope ou :Jurpurg
payodar Juaweaduod
12 1dWoNEe OU JUSW[BIOUOD UOIBIO[[Y
papiaoid [rejop
oy :ssd001d uoneziwopuey

papraoid sowooino juaned [e
jou ‘dn-mo[[0J 0} SOSSO] JUBIIUTIS
‘panodar Aj1ood :Zunodar swonQ
pauodar urpurq je ydwope ou :Furpurg
pajodar JuowIeaoU0d
18 1dwone ou :JUSW[BIOUOI UOHRIO[[Y
papraoxd
[1e39p 9N :ss9001d uonEZILIOpUBY
pajuasaxd synsar JoQ)
ou Ing ‘pajoNpuod SISA[RUE JBI1)-0)
-uonuur ‘syusned [[e 10y papraod
SOWONO ‘yudunedn 93o[duiod jou
pip syuaned jo zequunu juedruss
‘partodar [jom :Suniodar swodinQ
PapuI[q Y10q SIOSSISSe
Qoo pue syuoned :Furpurjg
s10je3nsoAUT pue sjuaned woly
PO[BIJUOD JUIW[BIIUOD UONBIO[[Y
Jjeudoidde pue pajess
AJ1ea[) :ssed01d uonezrwopuey]
(parou dn-mof[oy 03 sesso] ou) syuaned
[1e 10} popraoid sowooino payrodor
1o Aarerapowt :3unzodar swoonQ
pauodar Surpurq je ydwope ou :Jurpurg

JUSUIIBAT) JOYLINY

OU [JIM UOIBAISSqO

S[IuoOW 7 JUIMO[[O]

Y} 19A0 AJquout uay)
puow ISI1J Y Ut Apjeom
Sw (f ‘wone[sUI proe

JIUOIN[BAY [BIISOABIU]

Juaunean
onewo)dwAs,,

Se PaqLIdSa(]

(oeom 10d )

SUOISS3S () 10 (O

(U 06 VIV I'T
Je Jurypealq Ire)

JuSUIEST) WRYS

(ream 12d 1)  :Iojeredwo))

SUOISSas ()¢ 01 :LO9H
PpoZIuopueIuOU

urw 09 VIV §°C 2An0ddsonY

(foam 1ad 1) 91 :J0jeredwo))
SUOISSIS ¢ 0¢ -LO9H
U 09 VIV §°C NFo). |

¢¢ 1ojeredwo))

SUOISSIs Q[ WNWIUTIA ¢ 1LOdH
pauodar jou
[ooojord 1OGH 10¥

(foam 13d g)
SUOISSas () 10 ()¢

. :10jeredwo))
9L “:LO9H

U 06 VIV 07 LOY 10ueonniy

suoIssas ((qS) 1 :0jeredwo))

[oc] o102

14! V-1V peWtieyoN

9¢ [1€] z10T OkYS

Synsa> uoyvipvy

§9 [g¢ “zel LooT Mprs

oSt [82] 800T aperd

S[OA9] uIqO[SOWwoH payiodar JuawEadUu0d SuoISsas (S) [F€ UBdN SFSE UBOIN L1 :109H
(VINOS-LNAT) Je jdwone Ou JUSTU[LIOUOD UOTBIO[[Y M 09 e 9Je1 MO[j
Aypigiowt sonsLRloRIRYd [ROIUl[o pue drydeiowop /T 9] “1e5eyred
paonpur-uoneIpey ssoxoe d[qeredwod sdnoi3 ‘yuoredde JIOJoWRIp W ¢'7 un (g = POZIWOpUBIUOU [yl 1102
Surpag)q Jo uonnjosay sypuout ¢ uona9as ou :sdnoid jo Ajiqeredwo) “DdV 198IU0OUON VIV S'707C ‘oanoodsord  [¢ SES[[IA-OIBATY
syipooid uoyvipvy
SOINSEAW WO dn-mofjoq A3ojopoyiowr Apmg Jojeredwo)) uonuoAIUl [ OgH u3isop Apmis u RRlicl el |

JUOWISSOSSE I0J PApN[oUT SAIpNys dAnereduros Jo Arewuung g d[qeL,

pringer

Qs



1719

Support Care Cancer (2014) 22:1715-1726

(VINOS-LNAT

Aypigrow
PoonpuI-uUOHEIPEY
swojdwAs Jo uonnjosay

(payou dn-mo[[oj 03 sesso] ou) syuarjed
I1e 1oJ papiaoid sawono pajrodar
[1om Ajdrerspouu :Sunrodar swoonQ

8¢—¢ 23uer pauodar Surpurq 1e ydwope ou :Furpurg
‘sypuow / partodar JuawBaOUu0d

uerpoul 1e JdWoye OU JUSW[BIOUOD UOHEIO[[Y
:10yeredwio) surpaseq Je sdnoi3 jo Ayjiqereduwod uo
7¢—1 9Suex payodar uoneuwoul (NI {LO9GH
‘sypuow 11 pasnya1 oym syuaned sem dnoid

ueipaw ;] O9H Jojeredwos :sdnoid jo Apiqeredwo))

papiaoid sowooino juaned
I1e ‘payodar [jom :Junrodar swoon

JUSWIYRAT) JOUINY

OU JIM UOIBAISSqO

(foam 12d g)
09— d8uex
‘SUOISSAs G UBIPIN

71 :Jojeredwio))

¢ -LO49H
PAZIOpULIUOU

U 06 ‘VIV LET

‘QAnoadsoly vt

[s¢l 100z 18D

A2OUDD JSD2UQG AOf UOYDIPD.LIL SUINO]]Of DUIDP2 aNSST] IO

pawodar Surpurq je ydwope ou :Jurpurg -0 oSuer
pajodar juoweaduod ‘K1o8msysod G :loyeredwo))
1e 1dwone ou :JUSW[BIOUOD UOLBIO[[Y SUOISSAS ¢ UBDIA S1 :LO9H
SOSLIA)ORIBYD [BIIUI[O puk drydeiSowap ur [onu0d
sypuouwr Js1x0 Aew sorouedardsip ‘pajrodar jou LOGH moypim [BOLIOISIY (IIM
9—1 a3ue1 dnoi3 [013U09 [BOLI0)SIY JO UOTII[OS A1031INS [IM pojRn paziwopueruou
spunom Jo Sureayq ‘Surreay mun 10§ eLIOYLD :sdnoid jo Aypiqeredwo)) dnoi3 [01u09 [BOLI0)STH urn G/, ‘VIV Ly’ ‘Qanpadsonoy  0¢  [L€] L661 Sn1A0aN
(parou dn-mofjoj 03 sesso] ou) syuaned
I1e 103 papiaoid sowogno ‘payrodar
[1om Ajejeropowr :Junrodar swoon) A1931ns 19y SAep (]
payodar Surpurlq je 3dwane ou :Surpurg 10} AJrep sown Inoj
pajodar juoweaouod  uryomuad [AyowAxouayd (feom 12d 9 10 )
je 3dwone ou JUOW[LIOUOD UONRIO[[Y  Sw )§ A10TIns a10j0q  uondENX9)sod SUOISSIs
spunom auraseq Je sdnoid jo Apiqeredwos uo 0 urporuad snoanbe 01 ‘uonoenxoard L€ :Ioreredwio)
JO)00S UONIBIX panodar uoneuiojur ou ‘papraoid S)un UorIu | yum SUOISSIS ()7 L€ :109H
[euap jo Suresy syuowt 9 [rejop ou :ss3001d UOHRZIIOPUEY  ‘UONIBIIXD [JOO) PIEPUE)S UIW 06 ‘VIV 7 LD 9Nudonmiy . [c1] s861 xrey
dn-morjoy Jo
spouad SuLayip woiy Afenusjod
nq ‘papraoid sowooino jusned [e
‘panrodar Ajrood :Junrodar swoonQ
panodax Surpurlq je 3dwane ou :Surpurjg
pajodal JuswI[BIOU0d SUOISSIS
Je 3dwone ou :JUSW[BIOUOD UOLBIO[[Y A13msysod (] 08 :10jeredwo)
Sureay pakepq qurjaseq Je sdnoisd jo Aiqereduwos 109H ‘suorssas A103msaxd (g 08 :LO9H
QOUDOSIYIP PUNOA uo papodar uorewojur ou ‘papraoid noyim A103Ins yum payodar jou
UONOJUI PUNOA pauodar JoN [1e1op ou :ssao01d uonezIwopuey parean dnoi3 jonuo) [000j01d 1OgH 1049 091 [o€] 6661 x1BIN
101324 Yo2u pup pvaYy dYj [0 oSS 1JOS PAVIPD.LIL Ul SPUNQY
(pajou dn-mofjo3 03 sassof ou) syuoned
I1e 103 papiaoid sawoono ‘paryrodor
[1om Aporerdpouw :Surodar swonQ
payodar urpuryq je jdwene ou :Surpur g
SOINSEAUW AUWI0NN() dn-morog A3ojopoyiowr Apmyg Jojeredwo)) uonuoAIU JOgH uSisop Apms  u 0UAIJY

(ponunuoo) 7 AqeL

pringer

As



1720

Support Care Cancer (2014) 22:1715-1726

Outcome measures

Follow-up

Study methodology

HBOT intervention Comparator

Study design

n

Table 2 (continued)

Reference

@ Springer

Change in arm volume

QoL assessment

12 months

Randomization process: clearly stated

Best standard care

Multicentre RCT 2.4 ATA, 100 min

Gothard 2010 [29]

and appropriate
Allocation concealment: concealed

without HBOT

30 sessions (5 per week)

HBOT: 38

(lymphedema

Comparator: 20

QoL scale, SF-36)

from patients and investigators
Blinding: no attempt at blinding reported

Outcome reporting: well reported; all

patient outcomes provided, but no

QoL results presented

APC argon plasma coagulation, A74 atmosphere absolute, EPIC expanded prostate cancer index composite, HBOT hyperbaric oxygen therapy, LENT-SOMA late effects normal tissues - subjective,

objective, management, analytic scale, QoL quality of life, RCT randomized controlled trial, SD standard deviation, SF-12 short form-12 health survey, SF-36 short form-36 health survey

report patient inclusion or exclusion criteria [30, 37], and three
reported little or no information regarding patient baseline
characteristics [35, 30, 13]. Four studies reported comparative
outcomes more than 6 months after treatment [35, 29, 36, 31].
Where reported, completeness of follow-up ranged from 61.3
to 100 % of patients. Only one comparative study reported
analyses on an intention-to-treat basis [28].

With regards to evidence from randomized trials, two
RCTs did not report randomization procedures employed
[30, 13]. Only two RCTs described randomization procedures
in detail [28, 29]. These were also the only RCTs to report
concealment of treatment allocation, with the RCT comparing
HBOT to sham treatment employing a double-blind method-
ology [28]. Although the remaining RCTs utilized comparator
treatments that were considerably different to HBOT, none
reported blinding outcome assessors to patient treatment allo-
cation. One RCT was published as a book chapter, and the
peer-review process to which it was subject is uncertain [30].
In two RCTs where it was suggested that some quality of life
outcomes did not favor HBOT, detailed results were not
reported [28, 29].

Among noncomparative studies, populations were small,
with only 10 studies reporting more than 20 patients with
STRI [40-42, 44, 49, 52, 54, 59, 62, 63]. Follow-up length
varied, but was greater than 12 months in most of these
studies. Most noncomparative studies did not conduct or
report patient follow-up at uniform time points.

Safety

Seventeen studies comprising of 468 patients reported on
occurrence of patient mortality during follow-up [38, 40, 41,
28,43-46, 50, 55, 56, 58, 60, 32, 33, 63, 64, 66]. While a total
of 69 mortalities were reported across these studies (14.7 %),
no mortalities were attributed to HBOT. Where stated, mor-
talities occurred well after HBOT and were due to recurrence
or progression of malignancy, progression of STRI after treat-
ment failure, or other causes unrelated to HBOT.

A total of 29 studies comprising of 700 patients reported
details of nonfatal adverse events associated with HBOT
(Table 3) [38-40, 35, 41, 28, 42, 45-48, 29, 51-55, 36, 37,
57-65, 67]. Serious adverse events associated with HBOT
were rare. Oxygen toxicity of the central nervous system
(CNS), manifesting most commonly as seizures or convul-
sions, was reported in 11 studies [38, 41, 28, 42, 47, 48, 53,
54, 37, 57, 67], occurring in 1.7 % of patients within those
studies, and 0.9 % of patients across all studies reporting
adverse events. No other potentially serious adverse events
(e.g., pulmonary edema, pneumothorax, arterial gas embo-
lism, and pulmonary oxygen toxicity) were reported.

The most common adverse events associated with HBOT
were ear barotrauma and oxygen-induced vision changes.
These were generally transient and resolved without
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Table 3 Summary of HBOT-related adverse events reported by all studies included for assessment

Adverse event Studies Patients N Incidence n Rate where Rate across total
reported (%) number of patients (%)

Ear barotrauma® 18 510 77 15.1 11.1

Vision change” 10 343 44 12.8 6.3
Claustrophobia/anxiety 5 176 9 5.1 1.3

CNS oxygen toxicity® 11 343 6 1.7 0.9

Sinus barotrauma 1 120 1 0.8 0.1
Hemoptysis 1 32 1 3.1 0.1

Angina episode 1 18 1 5.6 0.1
Exacerbation of aminodarone-induced pulmonary fibrosis 1 10 1 10.0 0.1
Hypertension 1 9 1 11.1 0.1

No adverse events related to HBOT 7 134

Total 29 700

CNS central nervous system, HBOT hyperbaric oxygen therapy

 Includes patients reporting significant ear equalization problems, or requiring myringotomy and/or tympanostomy tubes

® Includes any mention of “vision change” or “myopia™; description of severity of vision changes included “transient” and “significant”

¢ Includes patients described as experiencing “oxygen toxicity seizure,” “hyperbaric oxygen-induced seizure,

intervention, and rarely required cessation of HBOT. Ear
barotrauma, which for purposes of the current review included
patients with ear equalization problems or requiring
myringotomy and/or tympanostomy tubes, was reported in
18 studies [41, 28, 42, 46, 47, 29, 51, 53-55, 37, 57-59, 62,
64, 65, 67], occurring in 15.1 % of patients within those
studies and 11.1 % of patients across all studies reporting
adverse events. Vision change and myopia was reported in
ten studies [28, 42, 45, 46, 48,29, 52, 54, 57, 65], occurring in
12.8 % of patients within those studies and 6.3 % of patients
across all studies reporting adverse events. Claustrophobia or
anxiety in the treatment chamber was reported in five studies
[28,46,48,37,57], occurring in 5.1 % of patients within those
studies and 1.3 % of patients across all studies reporting
adverse events. Seven studies comprising of 134 patients
explicitly stated that no adverse events associated with HBOT
occurred [39, 40, 35, 36, 60, 61, 63].

An additional single-center case series of 525 patients, of
which 463 had STRI and met the inclusion criteria for this
review, found CNS oxygen toxicity manifested as seizure in
two patients (0.4 %), temporary tympanostomy tube place-
ment was necessary in approximately 5 % of patients, and
approximately 11 % of patients experienced symptomatic
oxygen-induced myopia [49]. This study was not incorporated
into Table 3 as explicit patient numbers were not provided for
all adverse events.

Comparative studies
One RCT found incidence of urinary tract infection at 6-

month follow-up was greater in patients who received
hyaluronic acid for radiation cystitis than those who received

2 ¢,

tonic-clonic seizure,” and “convulsions”

HBOT (42.8 vs. 10 %, p=0.034), which was attributed to
repeated urethral catheterization [31]. This difference was
nonsignificant at 12- and 18-month follow-up.

No other comparative studies provided a comparison of
adverse events for HBOT and comparator patient groups. One
nonrandomized comparative study noted that 5 of 14 patients
(35.7 %) experienced minor complications of rectal pain and
ulcer after receiving APC for radiation proctitis, but did not
report adverse events for HBOT patients [34]. Five studies
reported adverse event data for HBOT only [35, 28, 29, 36,
37]; this data was incorporated into Table 3.

Effectiveness

Given the diversity in STRI treated and resultant differences in
clinical outcomes reported, results relating to the effectiveness
of HBOT are presented separately for each STRIL

Radiation proctitis

Two RCTs [28, 32, 33] and one nonrandomized comparative
study [34] examined HBOT for treatment of radiation
proctitis. A well-designed RCT comparing HBOT to sham
treatment reported that a significantly greater proportion of
HBOT patients demonstrated at least “moderate” healing of
proctitis immediately after completion of treatment (87.5 vs.
62.5 %, p=0.0009) [28]. Although a considerable number of
patients in both groups failed to complete treatment, this
benefit held true in intention-to-treat analyses. A small num-
ber of HBOT patients experienced complete healing of
proctitis (7.8 %), while no patient in the sham treatment group
experienced complete healing (no statistical analysis
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reported). The second RCT reported that treatment with
HBOT significantly decreased the prevalence of radiation
proctitis compared to symptomatic treatment alone at 6-
month follow-up (76.9 vs. 42.9 %, p=0.026), although a
considerable number of patients had been lost to follow-up
[33]. The nonrandomized comparative study found HBOT
patients required statistically more blood transfusions than
APC patients at 1-month (3.4 vs. 0.6, p=0.03) and 2-month
follow-up (2.5 vs. 0.7, p=0.04) [34]. This difference was
nonsignificant after 3 months. By the end of follow-up, the
study found no difference between groups with regards to the
number of patients with persistent rectal bleeding.

All three comparative studies reported radiation-induced
morbidity using the late effects normal tissues-subjective,
objective, management, and analytic (LENT-SOMA) scale.
The well-designed RCT reported that HBOT and sham treat-
ment patients both experienced statistically significant im-
provements (i.e., reductions) in LENT-SOMA score from
baseline levels immediately following treatment (»p<0.0001)
[28]. HBOT patients reported significantly lower LENT-
SOMA scores (p=0.0150) than patients receiving sham treat-
ment, indicating greater improvement following HBOT. The
second RCT reported LENT-SOMA scores improved signif-
icantly more after HBOT than symptomatic treatment at 2-
month (»p<0.001) and 6-month follow-up (p=0.008) [32]. The
nonrandomized comparative study found HBOT patients re-
ported significantly lower LENT-SOMA scores than APC
patients at 1-month (»p=0.01) and 2-month follow-up (p=
0.03) [34]. The difference was nonsignificant after 3 months.

With regards to quality of life measures, the well-designed
RCT found HBOT patients experienced a statistically signif-
icant improvement on the “bowel bother” subscale of the
expanded prostate cancer index composite (EPIC) immediate-
ly after treatment (14.1 %, p=0.0007), while sham patients did
not (5.8 %, p=0.1521) [28]. However, no between-groups
statistical comparison was reported, and HBOT patients were
reported as having worse subscale scores at entry to the trial.
No differences between groups were reported for the EPIC
“bowel function” subscale or the Short Form-12 health survey.
The second RCT reported significantly greater improvement
in Karnofsky score among HBOT patients than those receiv-
ing symptomatic treatment at 2-month (p<0.001) and 6-
month follow-up (p=0.007) [32].

Radiation cystitis

An RCT comparing HBOT to instillation of hyaluronic acid
found no statistical difference between treatment groups in
resolution of cystitis or degree of self-reported pain through
18 months of follow-up [31]. Hyaluronic acid patients experi-
enced a greater reduction in frequency of bladder voiding than
HBOT patients at 12-month follow-up (p=0.002), but no dif-
ference was found at 6- or 18-month follow-up. A small
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retrospective nonrandomized study found the cure rate of radi-
ation cystitis in HBOT patients to actually be lower than the rate
of spontaneous resolution observed in a control group without
HBOT, although the difference was not statistically significant
[36]. Findings from this study were potentially confounded by
HBOT patients being considerably older than those in other
comparative studies, and patients being allocated to the control
group if they were physically unfit to undergo HBOT.

Wounds in irradiated soft tissue of the head and neck region

Two RCTs [30, 13] and one nonrandomized comparative study
[37] examined HBOT for the treatment of wounds in irradiated
soft tissue of the head and neck. An RCT examining patients
who had soft tissue flaps surgically introduced into irradiated
tissue reported that patients who underwent HBOT before and
after surgery were significantly less likely to develop wound
infections (p=0.0019), wound dehiscence (»p<0.0001), and
delayed wound healing (p<0.0001) than patients who did not
receive HBOT [30]. The second RCT compared pre- and
posttreatment HBOT to penicillin for the treatment of socket
wounds after dental extractions from irradiated soft tissue [13].
At 6-month follow-up, significantly more socket wounds had
healed in HBOT patients (97.4 vs. 77.4 %, p<0.0001), and
significantly more HBOT patients had healing of all socket
wounds (94.6 vs. 70.3 %, p=0.006). A retrospective
nonrandomized study that examined the healing of wound
complications following surgery in irradiated soft tissue of the
head and neck found that 80.0 % of HBOT patients had
complete healing of their wound after 5 months, compared to
46.7 % of patients in the control group treated without HBOT
[37]. This difference neared statistical significance (p=0.06).

Soft tissue edema following irradiation for breast cancer

Awell-designed RCT that compared patients receiving HBOT
adjunctive to standard treatment to patients receiving standard
treatment alone reported no statistically significant differences
in improvement of arm lymphedema, related physiological
response measures, or patient quality of life at 12-month
follow-up [29]. A nonrandomized study comparing HBOT
to an observational control group utilized a modified LENT-
SOMA scale, reporting significantly greater improvements in
levels of pain, edema, and erythema of the chest wall
(»<0.001) in HBOT patients [35]. Differences were not seen
for tissue fibrosis or telangiectasia, although both groups had
very low baseline scores on these measures.

Discussion

HBOT has long been used for the treatment of STRI, with the
earliest study included in this review dating back to 1976 [50].
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However, previous health technology assessments and sys-
tematic reviews have consistently questioned the utility of the
available clinical evidence. Some concluded that the paucity
of high-quality evidence precluded the effectiveness of HBOT
from being definitively established [16-21, 15,22, 23]. Others
have offered tentative support for the treatment of specific
STRI, based on lower-grade evidence such as noncomparative
case series [68, 69, 14, 70, 71, 1, 11].

A recent Cochrane review concluded that HBOT is asso-
ciated with improved outcomes for people with STRI of the
head, neck, anus, and rectum [10]. Although the Cochrane
review included 11 RCTs, it examined late radiation injuries to
all tissues, including neurological tissues and
osteoradionecrosis. The current review included the five per-
tinent RCTs from the Cochrane review, additional published
data from one RCT [33], and one RCT published subsequent
to the Cochrane review [31]. It also included 4 nonrandomized
comparative studies to further inform the assessment of clin-
ical safety and effectiveness, and 30 noncomparative studies
to assess the occurrence of adverse events.

Despite a recent increase in comparative studies published,
the current systematic review once again highlights the limi-
tations of the available evidence justifying the use of HBOT
for non-neurological STRI. The methodology of comparative
studies, including RCTs, was generally of moderate to low
quality, or could not be verified. The majority had small
patient populations, and it is unclear whether they were ade-
quately powered. The comparative studies also commonly
reported short follow-up periods. This raises concerns regard-
ing the durability of the results, given that longer-term out-
comes were generally less favorable for HBOT, and that some
studies have shown potential for STRI recurrence after initial-
ly successful HBOT [72, 73, 28, 45, 41]. While it is acknowl-
edged that blinding patients to treatment allocation poses a
challenge [74], other aspects of high-quality comparative
studies such as appropriate randomization, concealment of
allocation from investigators, and blinded assessment of out-
comes were not consistently conducted or reported. Effect
sizes in RCTs are commonly overestimated if key methodo-
logical parameters such as these are not met [75]. These
methodological issues necessitate the cautious interpretation
of study results, and undermine the strength of conclusions
that can be made regarding the effectiveness of HBOT.

Appraisal of the safety of HBOT was confounded by
heterogeneity in the definition and reporting of adverse
events. For example, some studies reported ear equalization
problems as an adverse event, while others reported only
patients requiring placement of myringotomy or
tympanostomy tubes. A small number of studies stated that
no “major” adverse events related to HBOT occurred without
further definition, rendering these data unacceptable for the
analysis of safety. The most commonly reported adverse
events related to HBOT were barotraumas and visual changes.

These were generally minor events that rarely led to discon-
tinuation of HBOT and resolved shortly after cessation of
therapy. Although claustrophobia or anxiety in the treatment
chamber was reported in a small number of studies, treatment
in multiplace hyperbaric chambers is becoming more com-
monplace and may reduce the incidence of such events. Ox-
ygen toxicity of the central nervous system, a potentially more
serious adverse event that manifests as seizures or convul-
sions, was reported in less than 1 % of patients. These seizures
are believed to cause no residual effects [76], and rarely led to
discontinuation of treatment. While an assessment of the
safety of HBOT relative to other treatment regimens was not
possible due to a lack of comparative evidence, absolute data
indicates that HBOT is a safe and well-tolerated intervention
for treatment of non-neurological STRI.

With respect to effectiveness, comparative evidence sug-
gests that HBOT may provide clinical benefits as an adjunct to
conventional treatment for particular non-neurological STRI
over conventional treatment without HBOT. For radiation
proctitis, RCT evidence indicated that patients with adjunctive
HBOT had higher probability of healing and greater improve-
ments in radiation-induced morbidity and quality of life, albeit
over short periods of follow-up. RCT evidence also showed
some clinical benefit for HBOT as an adjunct to conventional
treatments in patients requiring surgery to irradiated soft tissue
of the head and neck. However, these results should be con-
sidered with caution due to concerns regarding the methodo-
logical quality of the evidence base, and the circumscribed
nature of the wounds treated (i.e., myocutaneous grafts and
tooth socket wounds).

Favorable results for the effectiveness of HBOT were not
found for all STRI. Evidence from a well-designed RCT
examining the treatment of radiation-induced soft tissue
lymphedema showed no significant improvements in clinical
outcomes or quality of life after HBOT. This suggests that soft
tissue lymphedema may possess a resistance to HBOT similar
to that found in neurological tissue, and that treatment with
HBOT may not be appropriate. Comparative evidence also
failed to show a clinical benefit for HBOT for treatment of
radiation cystitis, although this evidence was of low method-
ological quality and possibly impacted by patients receiving
HBOT being considerably older than those included in other
studies. These findings highlight the potential risk in assuming
that all STRI respond to HBOT with comparable degrees of
success.

While HBOT may offer clinical benefits as an adjunct to
conventional therapy for particular STRI, the findings of two
recently published comparative studies, including one RCT,
provide results regarding its value relative to more definitive
STRI treatments [34, 31]. These studies found equivalent
clinical outcomes between HBOT and instillation of
hyaluronic acid for radiation cystitis, and between HBOT
and APC for radiation proctitis.
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Given the current global constraints on health resources
and growing concerns about the appropriate use of medical
technologies, it is crucial for technologies to demonstrate both
clinical- and cost-effectiveness in appropriate areas of appli-
cation. This issue is especially pertinent to hyperbaric medi-
cine due to HBOT commonly being employed as an adjunc-
tive treatment, and health economics in this area having been
noted to be deficient [77, 21]. It is crucial for appropriate cost-
effectiveness evidence to be available for policy makers to
make objective judgments regarding resource allocation, lest
this may negatively impact on acceptance and funding of
HBOT for specific indications or the field as a whole [78,
79]. One such example is an economic analysis based primar-
ily on high-quality RCT evidence derived from the current
review [28], which found HBOT to be a cost-effective alter-
native to usual care for the treatment of radiation proctitis [80,
24].

In summary, the findings of this evidence-based review
indicate that HBOT may offer some clinical benefit to patients
suffering from radiation proctitis and STRI of the head and
neck. However, there remains a need to further validate the
potential benefits of HBOT for individual types of non-
neurological STRI, including the aforementioned conditions,
both as an adjunct to conventional treatments and relative to
definitive treatments. To ensure that relevant data is produced
and potential benefits of HBOT for treatment of STRI are
maximized, it is recommended that additional well-designed
clinical trials be conducted via collaborative research efforts
among institutions, practitioners, and researchers. These stud-
ies will be required to have appropriate statistical power to
report outcomes of interest, longer-term follow-up to validate
durability of response to HBOT, comprehensive reporting of
adverse events to allow a determination of relative safety, and
where possible should also include cost-effectiveness data and
analysis. The HORTIS project, which included the RCT by
Clarke and colleagues [28] as one of eight planned trials,
appears to have been terminated due to low recruitment [81],
highlighting one of the key challenges to be overcome. How-
ever, it is encouraging to note that a number of other clinical
trials, including HOPON (prevention of osteoradionecrosis),
RICH-ART (radiation cystitis), and HOT-II (STRI following
radiotherapy for pelvic cancer), are in progress, with their
results awaited with anticipation.
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