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ABSTRACT

Background: The role of hyperbaric oxygen (HBO2) for 
the treatment of diabetic foot ulcers (DFUs) has been 
examined in the medical literature for decades. There are 
more systematic reviews of the HBO2 / DFU literature than 
there have been randomized controlled trials (RCTs), but 
none of these reviews has resulted in a clinical practice 
guideline (CPG) that clinicians, patients and policy-makers 
can use to guide decision-making in everyday practice.

Methods: The Undersea and Hyperbaric Medical Society 
(UHMS), following the methodology of the Grading of 
Recommendations Assessment, Development and Evalua-
tion (GRADE) Working Group, undertook this systematic 
review of the HBO2 literature in order to rate the quality of 
evidence and generate practice recommendations for the 
treatment of DFUs. We selected four clinical questions for 
review regarding the role of HBO2 in the treatment of 
DFUs and analyzed the literature using patient populations 
based on Wagner wound classification and age of the 
wound (i.e., acute post-operative wound vs. non-healing 
wound of 30 or more days). Major amputation and incom-
plete healing were selected as critical outcomes of interest. 

Results: This analysis showed that HBO2 is beneficial in 
preventing amputation and promoting complete healing 
in patients with Wagner Grade 3 or greater DFUs who have 
just undergone surgical debridement of the foot as well as 
in patients with Wagner Grade 3 or greater DFUs that 
have shown no significant improvement after 30 or more 
days of treatment. In patients with Wagner Grade 2 or 
lower DFUs, there was inadequate evidence to justify the 
use of HBO2 as an adjunctive treatment.

Conclusions: Clinicians, patients, and policy-makers 
should engage in shared decision-making and consider 
HBO2 as an adjunctive treatment of DFUs that fit the criteria 
outlined in this guideline. The current body of evidence 
provides a moderate level of evidence supporting the use of 
HBO2 for DFUs. Future research should be directed at 
improving methods for patient selection, testing various 
treatment protocols and improving our confidence in 
the existing estimates.

______________________________________________________________________________________________________________________________________________________

Recommendation 1: In patients with Wagner Grade 2 
or lower diabetic foot ulcers, we suggest against using 
hyperbaric oxygen therapy (very low-level evidence in  
support of HBO2, conditional recommendation).

Recommendation 2: In patients with Wagner Grade 3 or 
higher diabetic foot ulcers that have not shown significant 
improvement after 30 days of treatment, we suggest adding 
hyperbaric oxygen therapy to the standard of care to re-
duce the risk of major amputation and incomplete healing 
(moderate-level evidence, conditional recommendation).

Executive Summary: Recommendations for the use of hyperbaric oxygen therapy in diabetic foot ulcers

Recommendation 3: In patients with Wagner Grade 3 
or higher diabetic foot ulcers who have just had a surgical 
debridement of an infected foot (e.g., partial toe or ray 
amputation; debridement of ulcer with underlying bursa, 
cicatrix or bone; foot amputation; incision and drainage 
[I&D] of deep space abscess; or necrotizing soft tissue 
infection), we suggest adding acute post-operative hyper-
baric oxygen therapy to the standard of care to reduce the 
risk of major amputation and incomplete healing (moderate-
level evidence, conditional recommendation).
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Introduction
The Centers for Disease Control (CDC) estimates that 
approximately 25.8 million people, or roughly 8.3% 
of the U.S. population, are affected by diabetes 
[1]. More than 60% of non-traumatic amputations in 
the United States occur in people with diabetes, and 
a foot ulcer precedes 85% of lower-limb amputations 
in patients with diabetes. Contralateral leg amputation 
follows for 56% of patients within three to five years, 
and the five-year mortality rate for diabetic patients 
who have had a single-leg amputation is 60% [2]. 
This figure is higher than the overall five-year mortal-
ity rate of breast cancer (10%), bladder cancer (19%), 
colorectal cancer (33%), and all cancers combined 
(32%) [3].
	 Examination of the literature provides nine random-
ized controlled trials (RCTs) [4-12], over 20 observa-
tional (OBS) studies [13-36], and nearly a dozen 
review articles [37-48]. These studies are hampered 
by small sample sizes, inconsistent treatment proto-
cols, and less-than-rigorous methodology, leading to 
continuous debate about the role of hyperbaric oxygen 
(HBO2) for the treatment of DFUs. What is not debated 
is that HBO2 should be considered an adjunctive treat-
ment and cannot take the place of surgical removal of 
devitalized tissue and high-quality wound management. 
	 The use of comprehensive foot care programs that 
included early screening and evaluation of problems, 
foot care education, preventive therapy and referral 
to specialists has been shown to reduce amputation 
rates by 49%-85% [49]. After reviewing the litera-
ture, it is obvious that “standard wound care” is highly 
variable. The International Working Group on the 
Diabetic Foot (IWGDF) guidelines for the best practice 
treatment of DFUs includes four tenets: treatment of 
underlying infection; revascularization if appropriate 
and feasible; offloading to minimize trauma to the ulcer 
site; and management of the wound bed to promote 
healing [46]. Failure to address these tenets obviates 
any discussion about the utility of HBO2 for DFUs. 
	 One difficulty in analyzing the existing body of 
literature lies in the heterogeneity of the patient popula-
tions being studied, the interventions being used and 
the outcomes being compared. Wound classification is 
not standardized, comorbidities are not screened con-
sistently, and subgroups of patient acuity are not con-

sistently reported. Modern use of the Wagner classifica-
tion system (Table 1) grades wounds on observations 
such as deformity, depth, infection, gangrene and 
location [51]. The University of Texas classification 
system (Table 1) combines the presence or absence 
of infection plus perfusion in a vertical scale and the 
depth of the wound on a horizontal scale to generate 
a 16-choice matrix [52]. The Infectious Disease So-
ciety of America (IDSA) bases its classification 
system (Table 1) on the severity of diabetic foot in-
fections and has shown an increased trend for more 
frequent and higher levels of amputation with the 
seriousness of infection [53]. It is difficult to find a 
single classification system that addresses all of the 
relevant comorbidities contributing to the pathology 
of a diabetic foot ulcer, but the IWGDF attempted to 
do this by developing a classification system (Table 1) 
for research purposes based on five key categories: 
perfusion; extent/size; depth/tissue loss; infection;  and 
sensation (PEDIS) [54,55].
	 Strauss described a similar system (Table 1) 
but adds an assessment of the wound base using a 
0 to 10 scoring system to make logical decisions 
between limb salvage or major amputation [56]. A re-
cent guideline by the Society for Vascular Surgery 
(Table 1) published similar risk stratification based 
on three major factors that impact amputation risk 
and clinical management – wound, ischemia  and foot 
infection (WIfI) – to generate a matrix of 32 per-
mutations of wound categories that generally have 
worse outcomes as one moves down and to the 
right [57].
	 Despite consensus between foot and ankle surgeons 
and hyperbaric physicians that the Wagner grade is 
archaic and inadequate, most of the historical and 
contemporary studies and most reimbursement deter-
minations with regard to the use of HBO2 for DFUs 
are based on the Wagner DFU wound appearances. 

Methods
The Institute of Medicine published eight standards for 
the development of reliable Clinical Practice Guidelines 
[58]. These standards include conducting a systematic 
review, appropriate management of existing conflicts 
of interest, transparent guideline development process 
and clearly articulated recommendations derived and 
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_____________________________________________________________________________________________________________________________________________________________

Table 1. Features of wound grading systems
	G RADING	G RADE TIER	G RADING SYSTEM
	 CLASSIFICATION
_____________________________________________________________________________________________________________________________________________________________

	 Classic Wagner	 6 grades based	 Grade 0 	 no open lesion, may have healed lesions
	 Grading System	 on anatomy and	 Grade 1 	 superficial ulcer without penetration to deeper layers
		  presence of 	 Grade 2	 deeper ulcer, reaching tendon, bone, or joint capsule
		  infection	 Grade 3	 deeper tissues are involved, and there is abscess, osteomyelitis, or tendonitis
			   Grade 4	 there is gangrene of some part of the toe, toes, and/or forefoot
			   Grade 5	 gangrene involves the whole foot or enough of the foot that 
				    no local procedures are possible and BKA is indicated
_____________________________________________________________________________________________________________________________________________________________

	 University of Texas	 4 stages based on 	 Stage A	 no infection
	 Health Science	 absence or presence	 Stage B	 infection
	 Center at	 of ischemia and	 Stage C	 ischemia
	 San Antonio	 infection	 Stage D	 infection and ischemia
		  ___________________________________________________________________________________________________________________________________

		  4 grades based on 	 Grade 0	 epithelialized wound
		  extent and depth	 Grade 1	 superficial wound	
		  of wound	 Grade 2	 wound penetrating tendon or capsule
			   Grade 3	 wound penetrating bone or joint
_____________________________________________________________________________________________________________________________________________________________

	 IDSA (Infectious 	 4 grades	 Grade 1	 infection with at least two of following criteria: localized swelling, erythema, pain, 
	 Disease Society	 4 IDSA levels of 		  warmth, purulent discharge; PEDIS 1; IDSA infection severity: uninfected
	 of America)	 based on severity	 Grade 2 	 local infection involving only skin and subcutaneous tissue with erythema 
		  of severity of 		  >0.5 cm and < 2 cm around ulcer; PEDIS 2; IDSA infection severity: mild
		  infection	 Grade 3 	 local infection with erythema > 2 cm or involving structures deeper to skin and
				    subcutaneous tissue with no signs of systemic inflammation; PEDIS 3: 
				    IDSA infection severity: moderate
			   Grade 4 	 local infection with systemic inflammation response signs (SIRS) with two or more		
			    	 of the following criteria:  temp > 38 degrees or < 36 degrees, heart rate > 90 beats/min, 
				    respiratory rate > 20 breaths/min or PaCO2 < 32 mm Hg, white blood count (WBC) > 
				    12,000 or < 4000 cells/microliter or > 10% immature band forms; PEDIS 4: 
				    IDSA infection severity: severe
_____________________________________________________________________________________________________________________________________________________________

continued >

rated in a standardized fashion.  The review and the 
guideline should be developed by a multidisciplinary 
group of content and methodological experts (Guideline 
Development Group), followed by external assessment 
of recommendations, and frequent regular updates.
	 The Undersea and Hyperbaric Medical Society has 
sought to adhere to these standards by using the 
following protocol:

Oversight Committee
The Oversight Committee consists of a representative 
from the UHMS Board of Directors, the UHMS Oxygen 
Therapy Committee, the UHMS Quality, Utilization, 
Authorization and Reimbursement Committee, the 
UHMS Publications Committee, the UHMS Interna-
tional Membership and a member of the GRADE 
Working Group. The Oversight Committee is tasked 

with the development of a series of clinical practice 
guidelines (CPGs) for the appropriate use of HBO2. 
The Oversight Committee invites potential members 
of the CPG review committee based on individual 
areas of expertise, which may or may not include 
HBO2. The Oversight Committee reviews curriculum 
vitae of potential members and evaluates each candi-
date for potential conflicts of interest using responses 
to a questionnaire detailing the potential reviewers’ 
financial interests involving the HBO2 indication in 
question. Any reviewer who is deemed to have an 
unacceptable conflict of interest is not included 
on the review committee. In addition, the Over-
sight Committee also serves in the internal review 
process of manuscripts for publication resulting from 
the systematic reviews.
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_____________________________________________________________________________________________________________________________________________________________

Table 1. Features of wound grading systems  (continued from previous page)

	G RADING	G RADE TIER	G RADING SYSTEM
	 CLASSIFICATION
_____________________________________________________________________________________________________________________________________________________________

	 International 	 Five categories, 	 Perfusion
	 Working 	 scored based	 Grade 1	 no signs/symptoms of PAD	
	 Group on the 	 on different	 Grade 2	 symptoms or signs of PAD, but not of critical limb ischemia (CLI)
	 Diabetic Foot	 criteria	 Grade 3	 critical limb ischemia as defined by systolic ankle blood pressure <50 mm Hg or systolic toe		
					     blood pressure <30 mm Hg or TcPO2 < 30 mm Hg.
				    ________________________________________________________________________________________________________________

			   Extent/size
    		  No scoring system was provided. Recommendations were that wounds should be measured after 
			   debridement and that the frequency distribution of the size of the ulcers should be reported 
			   in each study as quartiles.
				    ________________________________________________________________________________________________________________

			   Depth/tissue loss
   		  Grade 1	 superficial full-thickness ulcer, not penetrating any structure deeper than the dermis.
		   	 Grade 2	 deep ulcer, penetrating below the dermis to subcutaneous structures, involving fascia, 		
					     muscle or tendon
   		  Grade 3	 all subsequent layers of the foot involved, including bone and/or joint (exposed bone, 
					     probing to bone)
				    ________________________________________________________________________________________________________________

			   Infection
   		  Grade 1	 no symptoms or signs of infection
   		  Grade 2	 infection involving the skin and the subcutaneous tissue only (without involvement of 
					     deeper tissues and without systemic signs)
   		  Grade 3	 erythema >2 cm plus one of the items described above (swelling, tenderness, warmth, 
					     discharge) or infection involving structures deeper than skin and subcutaneous tissues such
					     as abscess, osteomyelitis, septic arthritis, fasciitis. No systemic inflammatory response signs, 
					     as described below
   		  Grade 4	 any foot infection with the following signs of a systemic inflammatory response syndrome. 
					     This response is manifested by two or more of the following conditions: temperature >38°C 		
					     or <36°C; heart rate >90 beats/minute; respiratory rate >20 breaths/minute; PaCO2 <32-mm Hg; 		
					     white blood cell count >12.000 or<4.000/cu mm; 10% immature (band) forms.
				    ________________________________________________________________________________________________________________

			   Sensation
   		  Grade 1	 no loss of protective sensation on the affected foot detected, defined as the presence 
					     of sensory modalities described below.
   		  Grade 2	 loss of protective sensation on the affected foot is defined as the absence of perception 
					     of one of the following tests in the affected foot:  
	 	 	 	 	 • Absent pressure sensation, determined with a 10-g monofilament, on two out of three sites on
						      the plantar side of the foot, as described in the International Consensus on the Diabetic Foot.  
	 	 	 	 	 • Absent vibration sensation, (determined with a 128-Hz tuning fork) or vibration threshold 
						      >25 V (using semi-quantitative techniques), both tested on the hallux.
_____________________________________________________________________________________________________________________________________________________________

continued >

Review Committee
CPG review committee members were oriented to the 
review process and GRADE methodology using slide 
presentations, reading lists and webcasts. Review 
committee members were then asked to participate in  
the multistep process outlined below.

GRADE methodology
The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) framework is based 
on the clear separation between quality of evidence and 

strength of recommendations, an explicit evaluation 
of the importance of outcomes or alternative manage-
ment strategies, explicit and comprehensive criteria for 
downgrading and upgrading the quality of evidence 
rating, a transparent system of moving from evidence 
to recommendations, explicit acknowledgment of val-
ues and preferences of patients and clear, pragmatic 
interpretation of strong versus conditional recom-
mendations for clinicians, patients, and policy-makers 
(Table 2) [59-73]. This methodology has been adopted 
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_____________________________________________________________________________________________________________________________________________________________

Table 1. Features of wound grading systems  (continued from previous page)

	G RADING	G RADE TIER	G RADING SYSTEM
	 CLASSIFICATION
_____________________________________________________________________________________________________________________________________________________________

	 Strauss	 Five assessments, each	 Appearance (wound base)
	 Wound	 graded 0 – 2 points	 2 	points for red
	 Score	 (half points used for	 1 	point for white (biofilm-fibrous membrane)/yellow (exudate) 
		  mixed or intermediate	 0 	points for black (necrotic, wet gangrene or fluctuant eschar)
		  findings)
		  __________________________________________________________________________________________________________________________________________

		  Healthy wound	 Size		
		  7.5 – 10 points	 2 	points for less than the surface area of patient’s thumbprint
   		  1 	point for thumbprint to fist-size
   		  0 	points for larger than fist size
				    ________________________________________________________________________________________________________________

		  Problem wound	 Depth (including maximum depth of probe)
   	 3.5 – 7 points	 2 	points for skin coverage and 1.5 points for subcutaneous tissue
   		  1 	point for muscle and/or tendon
   		  0 	points for bone and/or joint
				    ________________________________________________________________________________________________________________

		  Futile wound	 Bioburden
   	 0 – 3 points	 2 	points for colonized
   		  1 	point for cellulitis, maceration, and/or deep infection (bone, joint, bursa, or cicatrix)
   		  0 	points for septic (unstable blood sugars, leukocytosis, positive blood cultures, fever, chills)
				    ________________________________________________________________________________________________________________

			   Perfusion (use secondary findings of color, temperature & capillary refill if exam obscured 
				    by edema, scar, hidebound skin and/or previous surgery)
			   2 	points for palpable pulses
			   1 	point for biphasic or triphasic dopplerable pulses (cool, pale or dusky, capillary refill 2-5 secs)		
			   0 	points for monophasic or imperceptible pulses (cold, black/cyanotic/purplish, capillary refill >5 secs)
_____________________________________________________________________________________________________________________________________________________________

		  4 grades for each	 Wound
		  of three criteria of 	 Grade 0 	 no ulcer or gangrene
	  	 wound, ischemia	 Grade 1 	 shallow ulcer; no gangrene
	  	 and foot infection	 Grade 2 	 deeper ulcer with exposed joint or tendon; gangrene limited to digits
		  (WIfI)			  Grade 3	 deep ulcer involving forefoot, midfoot, heel; extensive gangrene involving forefoot,  		
	  					     midfoot, or heel
					     _____________________________________________________________________________________________________________________

					     Ischemia
   				    Grade 0	 ABI ≥ 0.80; arterial systemic pressure >100 mm Hg; and/or TcPO2 ≥ 60 mm Hg
   				    Grade 1	 ABI 0.6-0.79; arterial systemic pressure 70-100 mm Hg; and/or TcPO2 40-59 mm Hg
  					    Grade 2	 ABI 0.4-0.59; arterial systemic pressure 50-70 mm Hg; and/or TcPO2 30-39 mm Hg
   				    Grade 3	 ABI ≤ 0.39; arterial systemic pressure 50-70 mm Hg; and/or TcPO2 <30 mm Hg
					     _______________________________________________________________________________________________________________________

					     Infection
   				    Grade 0	 uninfected: no signs or symptoms
   				    Grade 1	 local infection: erythema > 0.5 cm and ≤ 2 cm with pain, warmth, purulent discharge (mild)

   				    Grade 2	 local infection with > 2 cm erythema; involves deeper structures (moderate)
   				    Grade 3	 local infection with signs of SIRS (refer to IDSA definition) (severe)
_____________________________________________________________________________________________________________________________________________________________

by over 70 organizations including the Cochrane 
Collaboration, the World Health Organization (WHO), 
the Centers for Disease Control (CDC), and the Agency 
for Healthcare Research and Quality (AHRQ).

Formulation of questions and selection of outcomes
The first task of the Review Committee is to create a 
list of clinically relevant questions to be answered in 

the guideline. These questions are created using the 
Patient, Intervention, Comparison and Outcomes 
(PICO) format. This allows for the creation of a clearly 
defined patient population, an intervention to be 
compared with an alternative treatment, and a set of 
clinical outcomes rated on a nine-point scale defining 
that outcome as critical, important, or not important. 

Society for
Vascular
Surgery
Wound
Ischemia
Foot Infection 
(WIfI) System
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____________________________________________________________________________

Table 2. Steps of the GRADE review methodology

	 n	 Formulate question (PICO format)

	 n	 Select outcomes of importance

	 n	 Rate importance of outcomes (1-9)

	 n	 Literature review
	 	 •	 create evidence profile of outcomes across studies
	 	 •	 summary of findings and estimate of effect for each outcome

	 n	 Rate quality of evidence for each outcome using 
		  criteria in Table 3
	 	 • rate overall quality of evidence across outcomes based 
			   on the lowest quality of critical outcomes

	 n	 Formulate recommendations
	 	 • 	for or against
	 	 • 	strong or conditional
			   • 	taking into account quality of evidence, balance of harms 
	 			   vs. benefits, and the values and preferences of patients 
				    and clinicians
			   • 	recommendations may also take into account resource 
				    use (cost)
____________________________________________________________________________

The term “standard wound care” is meant to represent 
the optimal management of surgical debridement, 
mechanical offloading, infection control, revascular-
ization and metabolic control. Pre-HBO2 treatment of 
Wagner Grade 3 and 4 DFUs is assumed to include sur-
gical excision of all devitalized tissues. These four 
questions were formulated by the Review Committee:

1.	For a patient with a diabetic foot ulcer, is HBO2 with 
	 standard wound care more effective than standard 
	 wound care alone for the outcomes of interest? 
2.	For a patient with a Wagner Grade 2 or lower DFU 
	 that has not shown significant improvement after 
	 30 days of treatment, is HBO2 with standard wound 
	 care more effective than standard wound care alone 
	 for the outcomes of interest? 
3.	For a patient with a Wagner Grade 3 or higher DFU 
	 that has not shown significant improvement after 
	 30 days of treatment, is HBO2 with standard wound 
	 care more effective than standard wound care alone 
	 for the outcomes of interest? 
4.	For a patient with a Wagner Grade 3 or higher DFU 
	 who has just had a surgical debridement of the foot 
	 (e.g., partial toe or ray amputation; debridement of 
	 ulcer with underlying bursa, cicatrix or bone; foot 
	 amputation; I&D of deep space abscess; or necro-
	 tizing soft tissue infection), is acute postoperative 
	 HBO2 with standard wound care more effective than
	 standard wound care alone for the outcomes of 
	 interest? 

Outcomes of interest
The outcomes of interest selected by the Review Com-
mittee are listed in Table 3. Each member of the 
Review Committee rated outcomes for clinical impor-
tance using a nine-point scale. A consensus on critical 
outcomes was then obtained via group discussions.

Search strategy
We identified published systematic reviews of HBO2 
for DFU [37-47] and cross-referenced them to identify 
RCTs and OBSs of interest (Table 4). Observational 
studies (OBSs) included any non-randomized compar-
ative studies using either historical or contemporary 
control groups. We decided to include OBSs because 
the number of available RCTs was small and was un-
likely to answer all our questions about the various 
types of patients included in the scope of this guide-
line. We then performed a subsequent librarian-assisted 
search of the Medline, Embase and Cochrane data-
bases to identify if there were any RCTs that were not 
included in the published systematic reviews. Search 
dates included articles published up through April 
2015. Medical Subject Headings (MeSH) terms were 
used. The keywords “leg ulcers,” “diabetes” and “hy-
perbaric oxygenation’ were used, along with their 
synonyms. A detailed search strategy is included in 
Appendix A. 

Trial selection
Titles and abstracts from the search results were inde-
pendently reviewed by two panelists (E.H. and E.W.) 
to select potentially relevant articles. The inclusion 
criteria were RCTs comparing patients with diabetic 
foot ulcers with a control group. We eliminated 
studies if they did not include the populations as defined 
by the PICO questions, if they did not include the  
outcomes of interest, or if they did not include a com-
parison group. 

____________________________________________________________________________

Table 3. Outcomes of interest

	 n	 Critical outcomes
		  •	 major amputation
		  •	 incomplete healing at one year

	 n	 Important outcomes
		  •	 resolution of infection
		  •	 quality of life (SF36)
		  •	 minor amputation
____________________________________________________________________________
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	 Systematic	D atabases used	 RCT	N on-
	 review			   RCT
___________________________________________________________________________

	 Wunderlich 	 Medline	 Doctor	 Baroni
	 et al.  		  Faglia	 Oriani
	 2000			   Wattel
				    Zamboni
___________________________________________________________________________

	 Wang	 Medline	 Doctor	 Baroni
	 2003 		  Faglia	 Faglia
				    Oriani
				    Wattel
				    Zamboni
___________________________________________________________________________

	 Roeckl-	 Medline, Embase, 	 Abidia	 none	
	 Wiedmann	 Cochrane Library,	 Doctor
	 et. al.	 DORCTHIM	 Faglia			 
	 2005		  Kessler
			   Lin
___________________________________________________________________________

	 Goldman	 Ovid Medline	 Abidia	 Baroni
	 2009		  Doctor	 Faglia
			   Faglia	 Fife
			   Kessler	 Kalani
				    Oriani
				    Zamboni
___________________________________________________________________________

	 Kranke, et al.	 Central, Ebsco 	 Abidia	 none	
	 2012	 Ovid Medline	 Doctor
		  Ovid Embase	 Duzgun		
		  CINAHL	 Faglia
			   Kessler
			   Lin
			   Löndahl
___________________________________________________________________________

	 Bishop and	 PubMed	 Abidia	 Baroni	
	 Mudge	 CINAHL	 Duzgun	 Cianci
	 2012		  Faglia	 Faglia	
			   Kessler	 Fife
			   Löndahl	 Kalani
				    Lyon
				    Ong
				    Oriani
				    Oubre
				    Zamboni
				    Zgonis
___________________________________________________________________________

Data extraction
Two panelists (E.H. and E.W.) independently extracted 
the data using predetermined criteria and presented the 
summary of evidence to the remainder of the panel to 
reach consensus. We attempted to contact authors of 
studies to obtain original trial data if we could 
not identify clear patient groups, but we did not 
receive any replies to our inquiries.
 

	 Systematic	D atabases used	 RCT	N on-
	 review			   RCT
___________________________________________________________________________

	 Game, et al.	 Medline	 Duzgun	 Chen
	 2012	 Embase	 Löndahl
___________________________________________________________________________

	 Liu, et al. 	 Medline	 Abidia	 Baroni
	 2013	 Embase	 Doctor	 Kalani
		  Cochrane Library	 Duzgun	 Oriani
			   Faglia	 Zamboni
			   Kessler
			   Löndahl	
___________________________________________________________________________

	 Löndahl 	 Not given	 Abidia	 Baroni
	 2013		  Doctor	 Chen
			   Duzgun	 Kalani
			   Faglia	 Kaya
			   Kessler	 Lyon
			   Löndahl	 Margolis
				    Oriani
				    Wattel
				    Zamboni
___________________________________________________________________________

	 Murad 	 Medline	 Abidia	 none	
	 2013	 Embase	 Doctor	
		  Cochrane Library	 Duzgun	
		  Scopus	 Faglia	
			   Kessler	
			   Löndahl	
___________________________________________________________________________

	 O’Reilly, et al.	 Medline  	 Abidia	 Baroni
	 2014 	 Embase	 Doctor	 Faglia
		  CINAHL	 Duzgun	 Kalani
		  PubMed	 Faglia	 Lyon	
		  Biosis	 Kessler	 Oriani
		  Cochrane Library 	 Löndahl	 Zamboni
___________________________________________________________________________

	 Stoekenbroeck  	Medline	 Abidia	 none	
	 et al. 2014	 Embase	 Doctor	
		  Cochrane Library	 Duzgun	
			   Faglia	
			   Kessler	
			   Löndahl
			   Ma
___________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________________

Table 4. Systematic reviews of HBO2 as adjunctive treatment for DFU

Statistical techniques
Meta-analysis of relevant RCTs and observational 
studies was carried out using the Revman software 
package (Review Manager, version 5.2). A description 
of statistical terms is provided in Table 5. We pooled 
outcome data using the number of events and sample 
size of the control and experimental groups reported in 
published manuscripts. The results were depicted in a 
forest plot showing the individual effect sizes as well 
as the weighted pooled summary effect size with con-
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___________________________________________________________________________________________________________________________________________________________

TABLE 5.  Summary of statistical techniques in forest plots 1

	 Statistical/	D efinition/Purpose	 Application in GRADE methodology
	 parameter 
	 technique		
___________________________________________________________________________________________________________________________________________________________

	 Forest plot	 A graphical representation of the individual results of	 Used to evaluate for GRADE criteria
		  each study included in a meta-analysis together with 	 including imprecision inconsistency
		  the combined meta-analysis result.	 and large effect size
___________________________________________________________________________________________________________________________________________________________

	 Odds ratio 	 The ratio of the odds of an event in one group to the odds 	 Used for dichotomous data.
		  of an event in another group. In studies of treatment effect, 
		  the odds in the treatment group are usually divided by the 
		  odds in the control group. An odds ratio of one indicates 
		  no difference between comparison groups. For undesirable 
		  outcomes an OR that is less than one indicates that the 
		  intervention was effective in reducing the risk of that outcome. 
		  When the risk is small, odds ratios are very similar to risk ratios. 		
___________________________________________________________________________________________________________________________________________________________

	 Risk ratio	 The ratio of risks in two groups. In intervention studies, it is 	 Used for dichotomous data.
		  the ratio of the risk in the intervention group to the risk in the 
		  control group. A risk ratio of one indicates no difference 
		  between comparison groups. For undesirable outcomes, 
		  a risk ratio that is less than one indicates that the intervention 
		  was effective in reducing the risk of that outcome.
___________________________________________________________________________________________________________________________________________________________

	 Confidence	 A measure of the uncertainty around the main finding of a 	 Wide confidence intervals suggest
	 intervals	 statistical analysis. Estimates of unknown quantities, such 	 imprecision; non-overlapping
		  as the odds ratio comparing an experimental intervention 	 confidence intervals suggest
		  with a control, are usually presented as a point estimate 	 inconsistency (heterogeneity)
		  and a 95% confidence interval. This means that if someone 
		  were to keep repeating a study in other samples from the 
		  same population, 95% of the confidence intervals from those 
		  studies would contain the true value of the unknown quantity.
___________________________________________________________________________________________________________________________________________________________

	 Tests of 	 A measure used to quantify heterogeneity. It describes the	 I 
2 statistic used to determine level

	 heterogeneity: I 
2	 percentage of the variability in effect estimates that is due 	 of inconsistency across studies

		  to heterogeneity rather than sampling error (chance). 	 (i.e., degree of heterogeneity)
		  A value greater than 50% may be considered to represent 
		  substantial heterogeneity.
___________________________________________________________________________________________________________________________________________________________

	 Random effects	 A statistical model in which both within-study sampling error 	 Used in meta-analysis when there
	 model 	 (variance) and between- studies variation are included in the 	 is variation in effect size
		  assessment of the uncertainty (confidence interval) of the 
		  results of a meta-analysis.
___________________________________________________________________________________________________________________________________________________________

	 Fixed effects	 A model that calculates a pooled effect estimate using the 	 Used in meta-analysis when there is
	 model 	 assumption that all observed variation between studies is 	 similarity in effect size
		  caused by the play of chance.
___________________________________________________________________________________________________________________________________________________________

	 Peto method/	 A way of combining odds ratios that has become widely	 Peto odds ratio effect size used in
	 odds ratio	 used in meta-analysis. It is a fixed-effects model.	 meta-analysis with experimental or 		
	 analysis		  control groups with low or zero 
			   number of events
___________________________________________________________________________________________________________________________________________________________

	 1 Definitions of statistical terms provided are taken from the Glossary of Terms in the Cochrane Collaboration 
		  (Version 4.2.5, Cochrane Collaboration, 2006). (https://www.cochrane.org/sites/default/files/uploads/glossary.pdf)
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___________________________________________________________________________

Table 6. Factors that affect the rating 
of the quality of evidence

	 n	 Rate Down 	
		  •	 risk of bias
			   • 	 lack of blinding
			   • 	 stopping early for benefit
			   • 	 no allocation concealment
			   • 	 patients lost to follow-up
			   • 	 no intention to treat analysis
		  •	 inconsistency
		  •	 indirectness
		  •	 imprecision
		  •	 publication bias

	 n	 Rate Up
	 	 •	 large magnitude of effect
	 	 •	 evidence of dose-response effect 
	 	 •	 all plausible confounders would increase 		
			   confidence in the magnitude of effect
___________________________________________________________________________

___________________________________________________________________________

Table 7. Levels of evidence

	High 	 Further research is very unlikely to change our 		
		  confidence in the estimate of effect.

	Moderate 	 Further research is likely to have an important 
		  impact on our confidence in the estimate of effect 
		  and may change the estimate of effect.

	Low	 Further research is very likely to have an important 
		  impact on our confidence in the estimate of effect 
		  and is likely to change the estimate of effect.

	Very low	 Any estimate of effect is very uncertain.
___________________________________________________________________________

fidence intervals. We calculated the I2 as a measure of 
heterogeneity. The I2 statistic represents the proportion 
of variability that is attributable to heterogeneity rather 
than chance or random error. The higher the I2 statistic 
is, the greater the degree of heterogeneity. When het-
erogeneity was judged to be substantial, we rated down 
the quality of evidence. There is no specific I2 cutoff 
point above which the evidence is rated down for het-
erogeneity. An arbitrary cutoff of 50% is often used, 
but this is paired with a judgment of whether the major-
ity of studies support a specific action and whether the 
observed heterogeneity is clinically meaningful (i.e., a 
very high I2 may not be important if the difference in 
effect size is not clinically important across studies).
	 We presented results using risk ratios (i.e., relative 
risk) for binary outcomes and mean differences for 
continuous outcomes. Peto odds ratio was used when 
events were rare (small or zero events). Considering 
the heterogeneity of available studies, we decided 
a priori to use the random effects model for meta-
analysis. The random effects model takes into account 
the variation in effect size between studies. In cases 
where there was only one study to analyze, we calcu-
lated a simple odds ratio and confidence interval.

Rate quality of evidence for each outcome
The committee constructed summary of evidence tables 
and assessed the risk of bias of the studies. Whenever 
possible, we used intention-to-treat analysis (even if 
the original manuscripts did not report it in this man-

ner) by using a worst-case scenario assuming healing 
in the control group and failure to heal in the study 
group. This data matrix allowed reviewers to extract 
evidence profiles for each of the five outcomes from the 
entire body of literature. Randomized controlled trials 
and observational studies were both analyzed, and the 
body of literature (RCT vs. OBS) with the highest level 
of evidence was used for decision-making. If there 
was equivalent level of evidence and the magnitude 
of effect was similar, the RCT and OBS studies were 
analyzed together. If there was equivalent level of 
evidence but the magnitude of effect was dissimilar, 
only the RCT studies were used.
	 The committee applied the relevant factors out-
lined in the GRADE methodology to rate the quality 
of evidence up (more reliable) or down (less reliable) 
(Table 6), and assigned a final rating for each outcome 
for each PICO question. In many analyses, the effect 
size was large or very large (i.e., two to five times re-
duction in relative effect). We opted to rate up only 
one level (as opposed to two for very large effect). 
It is also reasonable to not rate up in the presence of 
factors that lead to rating down. This decision is explicit 
in the tables that describe our judgments and process. 
This semi-quantitative “score” corresponds to an over-
all quality of evidence rating using the four-tiered 
GRADE quality levels (very low; low; moderate; and 
high) (Table 7). 

Formulating recommendations
A final rating of the quality of evidence (across all out-
comes) was given based on the critical outcome with 
the lowest level of evidence. The Review Committee 
then formulated recommendations for each PICO 
question. This step required assigning a level of strength 
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for each recommendation using the two-tiered 
GRADE levels (conditional or strong) (see Table 8).  
The final recommendations were agreed upon by 
consensus.

External review
The UHMS Oversight Committee reviewed the docu-
ment before undergoing additional review by content 
experts. Content experts included specialists who treat 
DFUs but who do not provide HBO2. Once the 
review committee addressed any concerns, the docu-
ment was posted for public comment. After the 
review committee addressed any public comments, 
the manuscript was submitted for publication. All 
public comments and committee responses are posted 
on the UHMS website (www.uhms.org/cpg).

Patient engagement
Two groups of patients with DFU were invited to 
participate in the formulation of this guideline. Both 
patients who had received HBO2 and patients who 

___________________________________________________________________________

Table 8. Strength of recommendations and 
implications for the general population, 
healthcare workers and policy-makers

	 Strong
		  Population
		  Most people in this situation would want the 
		  recommended course of action, and only a small 
		  proportion would not.

		H  ealthcare workers
		  Most people should receive the recommended course 
		  of action.

		  Policy-makers
		  The recommendation can be adapted as a policy 
		  in most situations.

	 Conditional
		  Population
		  The majority of people in this situation would want the 
		  recommended course of action, but many would not.

		H  ealthcare workers
		  Be prepared to help people to make a decision that 
		  is consistent with their own values/decision aids 
		  and shared decision-making.

		  Policy-makers
		  There is a need for substantial debate and involvement 
		  of stakeholders.
___________________________________________________________________________

had not received HBO2 were included. The first group 
was recruited from a wound and hyperbaric medicine 
clinic to answer an online survey rating the outcomes 
selected by the Review Committee using a nine-point 
scale. This was an IRB-approved approach. The sec-
ond group was recruited from a wound and hyperbaric 
medicine clinic to attend a face-to-face meeting with 
members of the Review Committee using video 
conferencing technology. The CPG development pro-
cess and recommendations were presented to the 
patients. The Review Committee solicited patient 
perspective on multiple issues ranging from their 
fears and concerns at their initial consultation to 
their view of the successes and failures of their treat-
ment course. The values, opinions and perspectives 
of these patients are reported below.

Results
Patient survey results
An IRB-approved survey was offered to all diabetic 
patients of one of the authors’ hospital system. Six 
patients completed the online survey. No patients had 
any financial relationship with a hyperbaric chamber 
manufacturer or hyperbaric operations. Three patients 
had a DFU and three did not. By chance, all three 
patients with a DFU had received HBO2 or were 
scheduled to receive HBO2. One patient had an in-
complete course of HBO2 based on a clinical decision 
regarding the wound progress. No patients had any 
portion of their foot amputated. When rating the 
outcomes of interest for importance, three of the 
three patients who answered this question rated all 
of the outcomes nine of nine (of critical importance).

Evidence review
The review committee used published systematic re-
views to identify nine randomized controlled trials 
and 21 observational studies for initial review. The 
subsequent formal review included 655 references 
but did not identify any additional RCTs that were 
not previously identified from the systematic reviews. 
Studies were eliminated from consideration if they 
did not report data on the outcomes of interest or 
did not include patients in the specific study popula-
tions (Table 9). 
	 Five of the RCTs (Doctor 1992, Faglia 1996, 
Abidia 2003, Duzgun 2008, and Löndahl 2010) were 
included for this analysis (Table 10). Of note, the Doc-
tor study did not report the number of patients in each 
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______________________________________________________________________________________________________________________________________________________________________

Table 9. Outcomes reported by study 
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_______________________________________________________________________________________________________
		  outcome reported	c omments
______________________________________________________________________________________________________________________________________________________________________________

	 type	 study 	 major	 incomplete	 minor	 persistent	 no change in
			  amputation 	 healing (1 yr)	 amputation 	 infection	 quality of life
		  ________________________________________________________________________________________________________________________________________________________________________

		 Doctor 1992						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Faglia 1996						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Lin 2001						      excluded: abstract only without any 
								       outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Abidia 2003						      included: data on quality of life were
								       not able to be included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Kessler 2003						      excluded: reported only for short-term
								       outcomes (< 6 weeks)
		 ________________________________________________________________________________________________________________________________________________________________________

		 Duzgun 2008						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Löndahl 2010						      included: data on quality of life were able		
								       to be included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Kaur 2012						      excluded: did not include populations of interest	
								       and did not include outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Ma 2013						      excluded: did not include outcomes of interest
______________________________________________________________________________________________________________________________________________________________________________

		 Hart 1979						      excluded: did not include outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Davis 1987						      excluded: did not include outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Baroni 1987						      included: these studies may have had overlapping
								       patients, so the last dataset for 1990 was used
		  Oriani 1990						      for analysis					   
	 ___________________________________________________________________________________________________________________________________________________________

		 Oriani 1992						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Wattel 1991						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Cianci 1994						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Zamboni 1997						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Faglia 1998						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Kalani 2001						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Grollman 2001						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Fife 2002						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Strauss 2002						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Niinikoski 2003						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Fife 2007						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Oubre 2007						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Ong 2008						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Lyon 2008						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Kaya 2009						      excluded: did not include non-HBO2 comparison grp
		 ________________________________________________________________________________________________________________________________________________________________________

		 Chen 2010						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Margolis 2013						      included
		 ________________________________________________________________________________________________________________________________________________________________________

		 Tongson 2013						      excluded: did not include any outcomes of interest
		 ________________________________________________________________________________________________________________________________________________________________________

		 Bishop 2013						      excluded: did not include non-HBO2 comparison grp_______________________________________________________________________________________________________



________________________________________________________________________________________________________________________________________________________________
	Study	 Treatment groups	 Results	O utcomes – HBO2 group vs. Standard care group*	 Comment
		H BO2 protocol 		
________________________________________________________________________________________________________________________________________________________________
	Doctor 	 15 HBO2 	 Sub-	 Major	I ncomplete	 Minor	 Persistent	N o change in	
	1992	 vs. 15 SC	 groups	 amputation	 healing	 amputation	 infection	 quality of life	
		  _______________________________________________
			  All	 2/15 vs. 7/15	 1/11 vs. 3/11
		 ___________
		  	 Wagner 2
		 ___________
			  Wagner 3	
		 ___________
			  Wagner 4
________________________________________________________________________________________________________________________________________________________________

	Faglia 	 36 HBO2 	 Sub-	 Major	I ncomplete	 Minor	 Persistent	N o change in	  
	1996	 vs. 34 SC	 groups	 amputation	 healing	 amputation	 infection	 quality of life	
		  ____________________________________________________________________________________________________
			  All	 3/36 vs. 11/34		  21/35 vs. 12/33	 9/35 vs. 16/33
		 _____________________________
		   	 Wagner 2	 0/4 vs. 0/5
		 _____________________________
			  Wagner 3	 1/4 vs. 0/8		
		  _____________________________
			  Wagner 4	 2/22 vs. 11/20
________________________________________________________________________________________________________________________________________________________________

	Abidia 	 9 HBO2 vs. 	 Sub-	 Major	I ncomplete	 Minor	 Persistent	N o change in	  
	2003	 9 HBAir (sham) 	 groups	 amputation	 healing	 amputation	 infection	 quality of life	
		  ________________________________________________________________
			  All	 1/9 vs. 1/9	 4/9 vs. 9/9	 1/9 vs. 0/9
		 ________________________________________________________________
		   	 Wagner 2	 1/9 vs. 1/9	 4/9 vs. 9/9	 1/9 vs. 0/9
		 ________________________________________________________________
			  Wagner 3			 
		  ___________
			  Wagner 4	
________________________________________________________________________________________________________________________________________________________________

	Duzgun 	 50 HBO2 	 Sub-	 Major	I ncomplete	 Minor	 Persistent	N o change in	  
	2008	 vs. 50 SC	 groups	 amputation	 healing	 amputation	 infection	 quality of life	
		  ________________________________________________________________
			  All	 0/50 vs. 17/50	 19/50 vs. 50/50	 4/50 vs. 24/50
		 ________________________________________________________________
		   	 Wagner 2	 0/6 vs. 0/12	 6/6 vs. 12/12	 0/6 vs. 4/12
		 ________________________________________________________________
			  Wagner 3	 0/19 vs. 0/18	 6/19 vs. 18/18	 1/19 vs. 17/18
		 ________________________________________________________________
			  Wagner 4	 0/25 vs. 17/20	 7/25 vs. 20/20	 3/12 vs. 3/18
________________________________________________________________________________________________________________________________________________________________

	Löndahl 	 49 HBO2 vs. 	 Sub-	 Major	I ncomplete	 Minor	 Persistent	N o change in	  
	2010	 45 HBAir (sham)	 groups	 amputation	 healing	 amputation	 infection	 quality of life	
		  ____________________________________________________________________________________________________
			  All	 3/49 vs. 1/44	 24/49 vs. 33/45	 4/49 vs. 4/45		  26/49 vs. 35/45
		 ________________________________________________________________
		   	 Wagner 2	
		 ___________
			  Wagner 3			 
		  ___________
			  Wagner 4	
________________________________________________________________________________________________________________________________________________________________

	* Whenever possible, intention-to-treat analysis was used if denominator of each group could be extrapolated from the manuscript.			 
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__________________________________________________________________________________________________

Table 11. Risk of bias table

_________________________________________________________________________________________________________________________________________________________________

Table 10. Summary of evidence table (included randomized controlled trials)

Patients were all inpatients.
HBO2 protocol is not 
a standard treatment 

protocol.
3 atm abs 
x 45 min,  

4 treatments 
over 2 weeks

2.2-2.5 atm abs 
x 90 min, 

5-7 days/week

Patients were all inpatients.
Wagner subgroup analysis 

did not use intention-to-treat 
analysis, resulting in 
discrepancy in the 

denominator.

2.4 atm abs 
daily x 90 min, 
5 days/week
vs. 30 sham

Double-blinded trial with 
use of sham hyperbaric 

air treatments.

2.2-2.5 atm abs 
x 90 min, 

5-7 days/wk

2.2-2.5 atm abs 
x 90 min, 

5-7 days/wk

Double-blinded trial with 
use of sham hyperbaric 

air treatments.

2/15 vs. 7/15			   4/15 vs. 2/15	 3/19 vs. 12/16

study arm [5]. For the purposes of 
this analysis, we assumed an equal dis-
tribution in each group. The remain-
ing studies were excluded because 
they did not report data on the pre-
selected outcomes. Risk of bias was 
evaluated for the remaining RCTs using 
five criteria (Table 11). An indeter-
minate score was assigned if a study 
did not explicitly state whether it did or 
did not adhere to one of the criteria.

Randomized trial of HBO2 
or SC, but no sham 

treatments or blinding 
of investigators.

__________________________________________________________________________________________________

		D  octor 1992	 Faglia 1996	 Abidia 2003	D uzgun 2008	L öndahl 2010
__________________________________________________________________________________________________	
	 no stopping early
	 for benefit
__________________________________________________________________________________________________	
	 strict allocation 
	 concealment
__________________________________________________________________________________________________	
	 none lost
	 to follow-up
__________________________________________________________________________________________________	
	 blinded study
__________________________________________________________________________________________________	
	 intention-to-treat
	 analysis
__________________________________________________________________________________________________	
	risk  of bias	 MOD	 MOD	 MOD	 MOD	 LOW
__________________________________________________________________________________________________
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______________________________________________________________________________________________________________________________________________________________________

Table 12. Summary of evidence table (included observational studies)
___________________________________________________________________________________________________________________________________________________________
			O   utcomes  (HBO2 group vs. Standard group)
___________________________________________________________________________________________________________________________________________________________
	 study	 treatment groups	 major	 incomplete	 minor	 persistent	 no change in	 comment
		H  BO2 protocol 	 amputation	 healing	 amputation	 infection	 quality of life
___________________________________________________________________________________________________________________________________________________________
	 Oriani 1990	 2.8/2.5 atm abs	 3/62 vs. 6/19					     Surgical staff performing debridements were
		  x 90 min						      blinded to treatment group; all patients were
		  multiplace						      admitted for duration of study; inpatients only
___________________________________________________________________________________________________________________________________________________________
	 Zamboni 1997	 2.0 atm abs	 0/5 vs. 0/5		  0/5 vs. 0/5			   All wounds > 6 months old; only 5 patients	
		  x 120 min						      in each group
___________________________________________________________________________________________________________________________________________________________
	 Kalani 2001	 2.5 atm abs	 2/17 vs. 7/21	 4/17 vs 11/21				    Followed patients out to 3 years; all Wagner <2
		  x 90 min						      as none had deep space infection or gangrene
___________________________________________________________________________________________________________________________________________________________
	 Margolis 2013	 2.0 or 2.4 atm abs	 26/793 vs.		  27/793 vs.			   Healing was reported at Week 16
		  x 90 min	 70/5466		  45/5466			 
___________________________________________________________________________________________________________________________________________________________

	 Two of the observational studies (Baroni 1987 and 
Oriani 1990) may have had overlapping datasets, so 
only the larger data set (Oriani 1990) was evaluated. 
Five of the observational studies (Oriani 1990, Zam-
boni 1997, Faglia 1998, Kalani 2001 and Margolis 
2013) were included for this analysis (Table 12). 
The remaining studies were excluded because they 
either did not report data on the preselected out-
comes or failed to provide a comparison group. 
	 GRADE analysis was applied to the body of lit-
erature of both RCTs and OBSs, and the higher 
quality body of evidence was used to derive the re-
commendations (analysis of the observational studies 
is provided in the Supplemental Data section). The 
rationale as to why certain studies were included or 
excluded, as well as the justification for the GRADE 
scores that were used to arrive at the final GRADE 
level of evidence assignments is discussed below.  

Question 1 
	 For a patient with a diabetic foot ulcer, 
	 is HBO2 with standard wound care more 
	 effective than standard wound care alone 
	 for the outcomes of interest? 

RESPONSE
There were five randomized controlled trials (Doctor 
1992, Faglia 1996, Abidia 2003, Duzgun 2008, and 
Löndahl 2010) and four observational studies 
(Oriani 1990, Zamboni 1997, Kalani 2001, and Mar-
golis 2013) reviewed for this question. After com-
paring the final GRADE levels of evidence for both 
of the critical outcomes, the RCTs provided a higher 

quality of evidence and were used for decision-
making (Supplemental Figures 1 and 2). 
	 This patient population represented the most hetero-
geneity of all the groups, as it involved patients 
with diabetic foot ulcers of widely varying severity. 

Critical Outcome: 
Major amputation (Figure 1)
Five RCTs (Doctor 1992, Faglia 1996, Abidia 2003, 
Duzgun 2008, and Löndahl 2010) reported data on 
major amputation. One study (Faglia 1996) reported 
that one patient from each study arm was lost to follow-
up. Their analysis did not include either of these 
patients, so was not by intention to treat (ITT). We 
were able to perform ITT analysis by assuming a 
worst-case scenario (i.e., assuming healing in the 
control group and failure to heal in the study group). 
In one study (Faglia 1996), the investigators were 
unblinded, but the surgeon who made the clinical 
decision to amputate or not was blinded. For this 
reason, this study received an indeterminate score 
for the risk of bias category for blinding. The 
heterogeneity in the major amputation rate be-
tween the Löndahl 2010 study and the remaining 
RCTs could be the result of stricter exclusion 
criteria in that study [10].
	 Forest plots using random effect risk ratio as well 
as Peto odds ratio were compared. The overall 
estimate of effect favoring HBO2 was not significantly 
different (Supplemental Figure 1).
	 The final rating of the quality of evidence was 
moderate. Of note, there was a large magnitude 
of effect for this outcome (Figure 1). 
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___________________________________________________________________________________________________________________________________________

Figure 1. Forest plots and GRADE analysis for Question 1: For a patient with a diabetic foot ulcer, is HBO2 
with standard wound care more effective than standard wound care alone for the outcomes of interest? 

	 HBO2	 Control	 Peto Odds Ratio	 Peto Odds Ratio

	 HBO2	 Control	 Risk Ratio	 Risk Ratio

Favors [HBO2]  Favors [Control]

Favors [HBO2]  Favors [Control]

Critical Outcome: Incomplete healing at one year 
(Figure 1)
All RCTs reported the proportion of ulcers healed at 
various time points, but only three (Abidia 2003, 
Duzgun 2008, and Löndahl 2010) reported healing at 
one year. 
	 All studies reported results as the rate of complete 

healing. However the review committee felt that 
for the sake of consistency, the data should be re-
ported as the risk of adverse outcomes (i.e., risk 
of incomplete healing or wound persistence). This 
analysis did result in differences in the estimate of 
effect, but ultimately had no difference in the overall 
quality of evidence (Supplemental Figures 2 and 3).
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Question 2
	 For a patient with a Wagner Grade 2 diabetic 	  
	 foot ulcer that has not shown significant 
	 improvement after 30 days of treatment, is HBO2 
	 with standard wound care more effective than 		
	 standard wound care alone for the outcomes 
	 of interest? 

RESPONSE
There were three randomized controlled (Faglia 1996, 
Abidia 2003, and Duzgun 2008) and one observational 
study (Kalani 2001) that were reviewed for this ques-
tion. While it did not specify that it included only 
patients with Wagner Grade 2 or lower DFUs, the 
Kalani study reported that none of the patients in that 

	 The final rating of the quality of evidence was 
moderate. Again, there was a large magnitude of 
effect present (Figure 1). 

Outcome: Minor amputation 
(Supplemental Figure 4) 
Five RCTs reported data on minor amputation, defined 
as amputation distal to the ankle (Doctor 1992, Faglia 
1996, Abidia 2003, Duzgun 2008, and Löndahl 2010). 
Forest plots using both random effects risk ratio and 
Peto odds ratio were constructed. The use of Peto 
OR resulted in a slightly more significant estimate of 
effect (0.96 vs. 0.72) and narrower confidence inter-
vals. Neither the risk ratio nor odds ratio estimate of 
effect for minor amputation was statistically significant. 
	 The final quality of evidence for this outcome 
was very low.

Outcome: Persistent infection 
(Supplemental Figure 5)
Two RCTs (Doctor 1992, Faglia 1996) addressed the 
outcome of persistent infection. Both of these studies 
used wound cultures as a surrogate marker for infec-
tion instead of the IDSA criteria for clinical infection. 
This feature of these studies resulted in down-
grading the quality of evidence for indirectness.  
	 The final quality of evidence for this outcome 
was very low.

Outcome: Quality of life
Two studies (Abidia 2003, Löndahl 2010) addressed 
the outcome of quality of life, but data were not 
available to conduct a meta-analysis. 

study had a deep infection or gangrene. Additional 
studies included patients with Wagner Grade 2 or lower 
DFUs (Löndahl 2010, Margolis 2013) but the data 
were not reported in such a way that it could be ana-
lyzed. The quality of evidence of both study designs 
was equal, but the effect sizes were not similar; thus, 
they were not combined and only the RCTs were 
included (Supplemental Figures 6 and 7).  

Critical Outcome: Major Amputation (Figure 2)
Three RCTs (Faglia 1996, Abidia 2003, and Duzgun 
2008) reported rates of major amputation. Two of the 
studies (Faglia 1996 and Duzgun 2008) had zero inci-
dences of major amputation, and the remaining study 
(Abidia 2003) had equal number of amputations in 
each group. There was no evidence that HBO2 had  
any effect on major amputation in this population.
	 Results were similar using a risk ratio or Peto odds 
ratio (Supplemental Figure 8).
	 The final GRADE quality of evidence for this 
outcome was very low.

Critical Outcome: Incomplete healing (Figure 2)
Only one RCT reported this outcome (Duzgun 2008). 
It may be noted that although the estimate of effect 
was very large, there was a wide confidence interval 
and no blinding of the study participants, leading 
to concerns about increased risk of bias. If this out-
come was presented as complete healing (instead 
of the reciprocal, incomplete healing), the results 
are the same (Supplemental Figure 8).
	 The final GRADE quality of evidence for this out-
come was very low.

Outcome: Minor amputation 
(Supplemental Figure 9)
One RCT (Duzgun 2008) reported the outcome of 
minor amputation. A simple odds ratio was used 
for analysis.
	 The final GRADE quality of evidence for this out-
come was low.

Outcome: Persistent infection
There were no RCTs or OBS studies that reported 
this outcome.

Outcome: Quality of life
There were no RCTs or OBS studies that reported 
this outcome.
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Question 3
	 For a patient with a Wagner Grade 3 or higher	
	 diabetic foot ulcer that has not shown significant 
	 improvement after 30 days of treatment, is HBO2 
	 with standard wound care more effective than 
	 standard wound care alone for the outcomes 
	 of interest? 

RESPONSE
There was one randomized controlled trial (Duzgun 
2008) and two observational studies (Zamboni 1997 
and Kalani 2001) that were reviewed for this question. 
After comparing the quality of evidence, data from 
RCTs were used for the analysis (Supplemental 
Figures 10-12).

Critical Outcome: Major amputation (Figure 3)
While additional RCTs (Löndahl 2010 and Faglia 
1996) included patients with these criteria, the data 

were not reported in such a way that they could be 
analyzed. As a result, only one RCT was analyzed. 
This RCT had the largest number of subjects and had 
zero major amputations in the HBO2 group. There is 
some concern about risk of bias, as this single study 
was unblinded. The remaining criteria for risk for 
bias were low, leading to an intermediate risk of bias.
	 The final quality of evidence for this outcome was 
moderate.

Critical Outcome: Incomplete healing (Figure 3)
The same RCT (Duzgun 2008) was also analyzed for 
the outcome incomplete healing. This study showed 
that no patients in the standard wound care group had 
complete healing at one year. The analysis for wound 
healing had similar odds ratios when reported as 
complete healing (Supplemental Figures 11 and 12).
	 The final quality of evidence for this outcome was 
moderate.

____________________________________________________________________________________________________________________________________________________________

Figure 2. Forest plots and GRADE analysis for Question 2: For a patient with a Wagner Grade ≤ 2 diabetic foot ulcer that has not healed in 
30 days of treatment, is HBO2 with standard wound care more effective than standard wound care alone for the outcomes of interest? 

	 HBO2	 Control	 Peto Odds Ratio	 Peto Odds Ratio

Favors [HBO2]  Favors [Control]
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Figure 3. GRADE analysis for Question 3: For a patient with a Wagner Grade ≥ 3 diabetic foot ulcer that has not healed in 
30 days of treatment, is HBO2 with standard wound care more effective than standard wound care alone for the outcomes of interest? 
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Outcome: Minor amputation
There were no RCTs or OBS studies that reported this 
outcome. 

Outcome: Persistent infection
There were no RCTs or OBS studies that reported this 
outcome. 

Outcome: Quality of life
There were no RCTs or OBS studies that reported this 
outcome. 

Question 4
	 For a patient with a Wagner Grade 3 or higher	
	 diabetic foot ulcer who has just had a surgical 
	 debridement of the foot (e.g., partial toe or ray
	 amputation; debridement of ulcer with underly-
	 ing bursa, cicatrix or bone; foot amputation; I&D 	
	 of deep space abscess; or necrotizing soft tissue 
	 infection), is acute post-operative HBO2 with 
	 standard wound care more effective than 
	 standard wound care alone for the outcomes 
	 of interest? 

RESPONSE
There were two randomized controlled trials (Doctor 
1992 and Faglia 1996) and one observational study 
(Oriani 1990) that were reviewed for this question. 
The effect sizes of the two study designs were 
similar; thus, they were combined (Figure 4). 

Critical Outcome: Major amputation (Figure 4)
In all three of the studies analyzed, patients were 
treated as inpatients with lengthy hospital stays. This 
in and of itself did not lead to a high level of indi-
rectness, as the advantages of extended inpatient care 
were for enforced offloading, glycemic control, ag-
gressive surgical debridement, and infection control 
– all of which are tenets of optimal wound care. All 
of these studies included HBO2 as part of an aggres-
sive surgical algorithm, where patients would be treated 
with HBO2 soon after surgery, as opposed to having a 
delay of 30 days. One of the studies (Doctor 1992), 
however, had an atypical treatment protocol using only 
four 45-minute treatments at 3 atmospheres absolute 
(atm abs) in a two-week span. As a result, there may 
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Figure 4. Forest plot and GRADE analysis for Question 4: For a patient with a Wagner Grade ≥ 3 diabetic foot ulcer who has just had a surgical 
debridement of the foot (e.g., partial toe or foot amputation, incision and drainage of deep space abscess, progressive necrotizing soft tissue 

infection), is acute post-operative HBO2 with standard wound care more effective than standard wound care alone for the outcomes of interest? 

be an element of indirectness, as the treatment profile  
in this study is not the one used in current practice. 
	 When a meta-analysis of a combination of RCTs and 
OBSs was conducted, the effect size was slightly larger 
(lower relative risk) favoring HBO2 over standard 
wound care. This effect size was statistically signifi-
cant and the I2 was 0%, indicating homogeneity of the 
results.

	 HBO2	 Control	 Risk Ratio	 Risk Ratio

	 HBO2	 Control	 Risk Ratio	 Risk Ratio

Favors [HBO2]  Favors [Control]

Favors [HBO2]  Favors [Control]

	 The final quality of evidence for this outcome 
was moderate.

Critical Outcome: Incomplete healing
There were no RCTs or OBS studies that reported 
this outcome.
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Outcome: Minor amputation 
(Supplemental Figure 13)
Only two RCTs (Doctor 1992 and Faglia 1996) re-
ported data on minor amputation rate in this patient 
population. 
	 It is important to note that there were other studies 
that included patients with Wagner Grade 3 or higher, 
but these patients were not stratified in the study, so 
subgroup analysis was not possible. The outcome of 
minor amputation was actually more common in the 
HBO2 group. This result is consistent with what is 
found in clinical practice, as patients in this group may 
often undergo minor amputation instead of major 
amputation.  
	 The final quality of evidence for this outcome 
was low.

Outcome: Persistent infection
There were no RCTs or OBS studies that reported 
this outcome.

Outcome: Quality of life
There were no RCTs or OBS studies that reported 
this outcome.  

From Evidence to Recommendations
This guideline starts with the assumption that practi-
tioners have aggressively addressed revasculariza-
tion of the ischemic foot, debrided devitalized tissue, 
managed deformities by offloading the neuropathic 
foot, and utilized anti-infective therapies either before 
or concurrently with adjunctive hyperbaric oxygen 
therapy. 
	 We have summarized how each RCT addressed these 
four tenets in their study protocol (Table 13). Pre-
viously published clinical practice guidelines have 
outlined the necessity of these interventions as 
part of the best practices treatment of diabetic 
foot ulcers [50,74-77], and readers are referred 
to these guidelines for further clarification of this 
issue.
	 For patients with diabetic foot ulcers, we were able 
to find moderate level evidence that hyperbaric oxygen 
therapy reduced major amputations and promoted 
complete healing. We considered studies that included 
patients with the broadest definition of DFU, including 
Wagner Grade 2 through Wagner Grade 4 ulcers. These 
studies included inpatient and outpatient HBO2 treat-
ment groups, which resulted in the increased hetero-

geneity of both patient populations and interventions. 
With regard to other outcomes of interest, there was 
a very low quality of evidence that HBO2 reduced 
infection, reduced minor amputation, or improved 
quality of life. We opted to not provide an overarching 
recommendation based on Question 1 due to the 
heterogeneity of included population and attempt 
to better stratify patients (questions 2-4) to develop 
more implementable recommendations. Nevertheless, 
the quality of evidence derived from Question 1 
was supportive of subsequent recommendations.
	 The Review Committee’s next step was to try to 
standardize patient populations by using variations 
of the PICO question. Experts disagree on the best 
method of classifying diabetic foot ulcers and infec-
tions, as there are inherent strengths and weaknesses 
to these various systems [78]. The review committee 
felt that the Wagner scale was an inadequate tool by 
which patients should be stratified, so we attempted 
to stratify patients using different clinical grading 
systems in order to create stronger recommendations 
(Table 14). This attempt to reclassify patients using 
other systems was impossible based on the limited 
information reported in the source documents. As a 
result, we were left with only the Wagner classifi-
cation system for review. Recent publications have 
shown that there is an incomplete understanding of 
the Wagner scale, even by experienced hyperbaric 
practitioners [79]. First, there is a failure to recognize 
that a Wagner Grade 3 DFU includes either deep space 
abscess or tendonitis and not solely osteomyelitis, 
and the hyperbaric oxygen community (with CMS en-
dorsement) has utilized Wagner’s original DFU clas-
sification system differently than originally proposed. 
Assigning a Wagner Grade to a foot ulcer is an incom-
plete utilization of Wagner’s classification system, as 
Wagner intended the Grade to be incorporated into a 
decision-making algorithm. Aggressive surgical man-
agement for the Wagner Grade 3 or greater DFU is 
recommended by Wagner’s algorithm as opposed to 
conservative medical management (Figure 5). We 
recommend that if one is to use the Wagner classifi-
cation system, one should follow the management 
algorithms of the Wagner system while supple-
menting with HBO2 if indicated [51].
	 Current clinical practice among many practitioners 
is to risk-stratify patients using periwound transcutane-
ous oximetry measurements (PtcO2) [25,80]. Data from 
multiple studies showed that for patients who had a 
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DFU, PtcO2 > 200 mm Hg under hyperbaric conditions 
predicted whether the wound would heal with 75% to 
80% accuracy when hyperbaric oxygen was used 
as an adjunct to wound management [19,25]. 
Unfortunately, we were not able to find any publi-
cations that provided comparative outcome data strat-
ified on this variable, and PtcO2 stratification is not 
included in these CPGs.

RECOMMENDATION 1
	 In patients with Wagner Grade 2 or lower 
	 diabetic foot ulcers we suggest against using 
	 hyperbaric oxygen therapy (very low, conditional)

Six of the RCTs included patients with Wagner Grade 
2 DFUs, but we were able to extract data from only 
three of these studies for analysis. These three studies 
showed no evidence that HBO2 reduced major ampu-
tation or increased complete healing of DFUs in this 
population. The quality of evidence for these studies 
was very low, and we did not feel that adjunctive HBO2 

had any regular role in the treatment of DFUs. This 
conclusion mirrors clinical practice for the majority of 
hyperbaric physicians; however, a recent retrospective 
review of a national wound management database 
showed that over 50% of patients who received HBO2 
had a Wagner Grade 2 DFU [22]. This is an alarming 
statistic, as it would seem to indicate an unsubstanti-
ated use of HBO2 and highlight the concern that some 
have had regarding the potential overuse of HBO2 [81]. 
The Review Committee did feel that there might be se-
lected clinical situations where patients with a previous 
DFU of greater severity presenting with a subsequent 
Wagner Grade 2 DFU may be candidates for HBO2, 
but this would be the exception rather than the rule.

RECOMMENDATION 2
	 In patients with Wagner Grade 3 or higher 
	 diabetic foot ulcers that have not healed after 
	 30 days of treatment we suggest adding 
	 hyperbaric oxygen therapy to the standard 
	 of care with regard to preventing major 
	 amputation and promoting complete healing 		
	 (moderate, conditional).

The biggest discrepancy between the classic Wag-
ner scale and the modern utilization of Wagner’s 
grading system is defining which patients meet the 
Wagner Grade 3 criteria [79]. The source of this con-
fusion is unclear, but the Wagner Grade 3 cutoff is one 
that has been utilized in algorithms of hyperbaric 
physicians because of United States reimbursement 
guidelines. Although four of the RCTs included 
patients with Wagner Grade 3 or higher DFU, we were 
able to exclude only Wagner Grade 2 or lower DFU 
from one of these RCTs, leading to an analysis of a 
single RCT for this patient population. Based on this 
analysis, we did find moderate-quality evidence that 
HBO2 reduced major amputation rates and increased 
complete healing. We also noted a decrease in the 
rate of minor amputations, although this was not one 
of the critical outcomes upon which we based this 
recommendation. The potential for overuse of HBO2 
is of concern, as patients may receive a prolonged 
course of therapy before ultimately getting an ampu-
tation [22]. One of the greatest clinical challenges is 
identifying patients who have confounding factors 
such as uncontrolled deformities, deep infections, 
wound ischemia/hypoxia or combinations of these 
that need to be managed to achieve satisfactory out-

____________________________________________________________________________

Figure 5. Wagner’s Grade 3 DFU algorithm

Algorithm for Grade 3 foot – deep abscess or osteomyelitis.
Used with permission from Wagner FW Jr. The Dysvascular Foot: 

A System for Diagnosis and Treatment. Foot and Ankle 2(2):64-122, 1981. 

↓

↓

↓



UHM 2015, Vol. 42, No. 3 – CLINICAL PRACTICE GUIDELINE FOR HBO2 TO TREAT DFU 

E.T. Huang, J. Mansouri, M.H. Murad, et al.  227

UHM 2015, Vol. 42, No. 3 – CLINICAL PRACTICE GUIDELINE FOR HBO2 TO TREAT DFU 

comes. Hyperbaric oxygen is an intervention that ad-
dresses wound hypoxia. For this reason, the wound 
characteristics with confounding factors must be  
documented before making decisions about HBO2.

RECOMMENDATION 3
	 In patients with Wagner Grade 3 or higher 
	 diabetic foot ulcers who have just had a surgical 
	 debridement of the foot (e.g., partial toe or 
	 ray amputation; debridement of ulcer with 
	 underlying bursa, cicatrix or bone; foot 
	 amputation; I&D of deep space abscess; or 
	 necrotizing soft tissue infection), we suggest 
	 adding acute postoperative hyperbaric oxygen 
	 therapy to the standard of care with regard to 
	 preventing major amputation and promoting 
	 complete healing (moderate, conditional).

The review of the DFU literature revealed a historical 
shift in the treatment of DFUs from a primarily surgical, 
inpatient-based approach to a less surgical outpatient-
based approach. Treatment paradigms seemed to follow 
an arbitrarily mandated delay in initiation of HBO2 
based on reimbursement-related issues such as insur-
ance coverage. While this CPG is intended to avoid 
reimbursement-driven recommendations, it is possible 
that financially motivated practice patterns may have 
influenced the evidence-based practice of hyperbaric 
medicine. Analysis of patients who were treated using 
the classic Wagner DFU treatment algorithm shows 
that aggressive surgical intervention, revascularization, 
metabolic control, infection control and initiation of 
HBO2 soon after I&D, debridement or amputation of 
a limb with Wagner Grade 3 or higher DFU had supe-
rior results with regard to reducing major amputation 
rates and increased wound healing [7]. Conversely, 
there was an increase in the minor amputation rate, but 
this trend was recognized as an acceptable alternative  
to major amputation rather than as a negative result.
	 While HBO2 has many antimicrobial properties (i.e., 
enhancing leukocyte-killing activity, direct bacterio-
static effect on anaerobic organisms) [82], a common 
misconception in the community is that the primary 
role of HBO2 is intended to help resolve the diabetic 
foot infection. This impression is illustrated by com-
ments from physicians that a patient does not require 
HBO2 after amputation of an infected toe “because the 
infected bone is gone.” In such situations the rationale 
for hyperbaric oxygen changes to salvaging limbs by 

preserving flaps threatened by reduced perfusion, heal-
ing of the residual ischemic wound, or a combination 
of the two. This misconception is the result of the re-
quirement by many insurance companies that patients 
fit into a pigeonhole of being diagnosed with a Wagner 
Grade 3 DFU in order to receive HBO2, with the defin-
ing characteristic of a Wagner 3 DFU as the presence 
of osteomyelitis (although the classic Wagner classifi-
cation would also include abscess and tendonitis). 
A deeper understanding of the original Faglia study 
shows that infection is only the instigating event for 
immediate surgical intervention of the dysvascu-
lar foot, and the actual benefit of HBO2 is to allow 
the wound to heal and avoid major amputation by 
providing oxygenation of ischemic tissue. 
	 This recommendation is in direct contrast to what 
is commonly practiced, namely the utilization of 
HBO2 in an outpatient setting for DFUs that have not 
shown significant healing after 30 days. The reason 
for this may be economically driven, as reimburse-
ment policies may have unfortunately abrogated clinic 
decision-making. The lack of acute, inpatient HBO2 
for Wagner Grade 3 or higher DFUs may also be the 
reason that more recent trials have shown an increase 
in wound healing but no improvement in major am-
putation rate. This factor may also be the reason that 
the Margolis study did not show the effectiveness of 
HBO2 [22], although numerous studies have demon-
strated superior efficacy compared to standard of care.

Adverse events
We considered benefits and harms when developing 
recommendations. The analysis of the RCTs for oc-
currence of adverse events yielded few meaningful 
results as the overall incidence of adverse events was 
very low, and the sample size of these studies was too 
low to be useful. The RCTs included in this analysis 
predominantly reported adverse events only related to 
HBO2, although there were several studies that reported 
non-HBO2-related side effects. In general, large retro-
spective studies are more useful for identifying serious 
adverse events related to HBO2. National registries like 
the U.S. Wound Care Registry as well as proprietary 
databases from for-profit management companies also 
allow for reporting of adverse events related to HBO2 
from a larger sample of patients treated with HBO2.
	 There are obviously some adverse events that 
are solely related to HBO2 and would not be seen in 
patients treated with alternative therapies (i.e., baro-
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trauma, central nervous system oxygen toxicity, hyper-
oxic myopia). Data from one management company 
revealed 463,293 monoplace hyperbaric chamber treat-
ments of 17,267 patients from 2009-2010. In 2009, 
there were 916 adverse events reported for 207,479 
treatments in 7,781 patients (adverse event rate of 
0.44%), and in 2010 there were 954 adverse events 
reported for 255,814 treatments in 9.296 patients (ad-
verse event rate of 0.37%). In order of decreasing 
rate of occurrence were ear pain (20 per 10,000 treat-
ments), confinement anxiety (eight per 10,000), hypo-
glycemic events (five per 10,000), shortness of breath 
(two per 10,000), seizures (two per 10,000), sinus pain 
(one per 10,000), and chest pain (one per 10,000).  
Overall, the risk of adverse events from HBO2 can 
be considered to be very low and self-limited when 
they do occur [83].

Cost-effectiveness
Few studies have been published regarding the cost-
effectiveness of HBO2 in the treatment of DFUs. 
Cianci reported in a cohort study of 41 patients that the 
estimated cost (in 1991 dollars) of below-knee ampu-
tation (US$40,000) plus rehabilitation (US$30,000) 
was greater than the cost of HBO2 to salvage a limb 
(US$31,265) [16]. Bennett reported 2003-2004 Austra-
lian data that the average cost for wound care and 
HBO2 was AUS$14,928 for each amputation pre-
vented, and that HBO2 might decrease the overall cost 
of health care when the costs of amputation and re-
habilitation were considered [85]. Chuck used 2008 
Canadian data on DFU prevalence and HBO2 efficacy 
data to create a computer model that estimated the 
12-year cost for patients receiving HBO2 was 
CND$40,695, compared with CND$49,786 for stan-
dard care alone. This study concluded that adjunc-
tive HBO2 for DFU was cost-effective when com-
pared to standard care [86]. Only a single RCT 
prospectively addressed the cost-effectiveness of 
the use of HBO2 in the treatment of DFUs (Abidia 
2003). This study evaluated the cost of ulcer dress-
ings per visit per patient for one year in both the 
treatment and control groups and found an average 
savings of UK£2,960 per patient treated with HBO2. 
This analysis took into account the additional costs of 
HBO2 and treatment of any associated complications. 
The Review Committee was unable to obtain the raw 
data for this study to include it in our GRADE analysis.   
	 Due to recent trends in insurance coverage and 

reimbursement policies, the cost-effectiveness of 
HBO2 is likely to become an important factor in any 
discussions focusing on the use of HBO2 in clinical 
practice. Cost-effectiveness studies are often con-
ducted using decision modeling and simulations 
(e.g., Markov, Monte Carlo) due to the complex 
economic variables and uncertainty involved. Thus, 
it is somewhat challenging to interpret the signifi-
cance of cost-effectiveness data using these existing 
studies. 

Patient perspective
Two patients (one who received HBO2 and one who 
was eligible for – but did not receive – HBO2) were 
invited to attend a CPG Committee Meeting to give 
their perspective on several aspects of the process. 
Neither patient had a financial interest in any hyper-
baric chamber manufacturer or operations. The patients 
were given a brief overview of the scope and nature 
of the purpose and methodology of this CPG. The 
patients were given the opportunity to describe their 
impressions of the outcomes of interest and rank-order 
them without knowing what reviewers had chosen. The 
patients were in agreement that major amputation rate 
and healing percentage at the one-year mark ranked 
high in their lists, but they also felt that mortality, 
quality of life, healing durability and time to heal were 
also important outcomes. Once revealed, they concurred 
with the committee’s rank order of the outcomes and 
the reasons some outcomes of interest were not deemed 
as critical as others. Specifically, they understood that 
a minor amputation could be an acceptable outcome 
when done to prevent a more serious proximal limb 
amputation and that a healed wound at the one-year 
mark was a surrogate measure for healing durability. 
These opinions are in contrast to the online survey 
results (rating all outcomes as critical), which high-
light the importance of having a conversation 
between patient and provider.
	 The patients’ comments about the components of 
standard care indicated that while it was easily under-
stood why each component was important, it could 
be very difficult to carry out in practice. Overall, they 
agreed that the CPG would be an important tool for 
clinicians and patients, but stressed that the greatest 
need was information about their treatment options 
presented in language that was understandable to the 
patient. While patients would in most cases defer to 
the recommendations of the medical professionals, 
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their comfort level in the treatment choice was influ-
enced greatly by the amount of information provided 
to them at the time of the decision. They understood 
that the CPG was designed to provide busy clinicians 
a summary of the data in a way that could be passed 
along to patients. This perspective reinforces the con-
cept that shared decision-making between the patient 
and provider is an essential part of any CPG.

Differences from other technology reviews 
and potential for bias
The UHMS advocates for the responsible, evidence-
based use of hyperbaric oxygen therapy. As experts 
in the field, we possess the experience to analyze the 
hyperbaric literature with clinical perspective. Non-
hyperbaric physicians are included in the review 
committee to provide even more objectivity in the 
analysis. The results of this review, utilizing the same 
source material, differs from similar reviews conducted 
by Cochrane and the Canadian Program for Assess-
ment of Technology in Health (PATH) because of 
differences in purpose and judgment. The Cochrane 
review is a summary of the evidence that does not 
seek to make clinical recommendations. The PATH 
review based their inferences on statistical significance 
(p-values), whereas we considered how precise the 
estimates were to support a particular decision. The 
GRADE methodology, and the transparency that is 
employed in this extensive statistical analysis, allows 
others to make their own judgments and compare  
them with the conclusions of this review committee.

Technical Comments 
RECOMMENDATION 1
	 In patients with Wagner Grade 2 or lower 
	 diabetic foot ulcers we suggest against adding 
	 hyperbaric oxygen therapy to the standard of 
	 care with regard 	to preventing major amputation 
	 and promoting complete healing  (very low, 
	 conditional).

Patients with Wagner Grade 2 or lower DFU should 
receive optimal wound care, but HBO2 should not 
typically be part of the treatment plan. There may be 
cases where a patient has previously required HBO2 
for a Wagner Grade 3 or higher DFU and is now 
presenting with another ulcer. In rare cases, it may 
be advisable to incorporate HBO2 before the ulcer 
progresses, but this should be the exception and not 

the rule. As in all other cases, this will be in com-
bination with addressing mechanical offloading, opti-
mizing revascularization, elimination of infection, 
debriding devitalized tissue, and improving metabolic 
control.

RECOMMENDATION 2
	 In patients with Wagner Grade 3 or higher 
	 diabetic foot ulcers  who have not shown 
	 significant improvement after 30 or more days, 
	 we suggest adding hyperbaric oxygen therapy 
	 to the standard of care with regard to preventing 
	 major amputation and promoting complete 
	 healing (moderate, conditional).

Patients who have not shown significant improvement 
after 30 days of optimal wound care should receive 
adjunctive HBO2. Treatment pressure of 2.0-2.4 atm abs 
is recommended for 90-120 minutes. A course of 
30 sessions is recommended but is dependent on 
ensuring that other barriers to healing (i.e., infection, 
vascular status, removal of devitalized tissue, etc.) 
have been adequately addressed. Additional HBO2 
can be considered if there has been improvement in 
the wound, but concerns about the above factors have 
not been resolved completely. It should be explained 
to patients that HBO2 is only a part of the treatment 
plan and will not necessarily be used until the DFU is 
completely healed. Patients who receive HBO2 should 
have continued offloading, optimization of revascular-
ization, elimination of infection, debridement of de-
vitalized tissue, and excellent diabetes management. 

RECOMMENDATION 3
	 In patients with Wagner Grade 3 or higher 
	 diabetic foot ulcers that require immediate 
	 surgery, we suggest adding inpatient post-
	 operative hyperbaric oxygen therapy to the 
	 standard of care with regard to preventing 
	 major amputation and promoting complete 
	 healing (moderate, conditional).

Patients who require surgery for a Wagner Grade 3 or 
higher DFU should receive HBO2 within 24 hours of 
the time of surgery. Treatment pressure of 2.0-2.4 atm 
abs is recommended for 90-120 minutes. A course of 
30 sessions is recommended, but is subject to the 
goals being sought, such as survival of a flap (seven 
or less days of treatments, angiogenesis (two weeks 
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of treatments), or refractory osteomyelitis (30 to 40 
treatments). Additional HBO2 can be considered if 
there has been improvement in the wound, but con-
cerns about the above factors have not been resolved. 
It should be explained to patients that HBO2 is only a 
part of the treatment plan and would not necessarily 
be used until the DFU was completely healed. 
Patients who receive HBO2 should have continued 
offloading, optimization of revascularization, elim-
ination of infection, debridement of devitalized 
tissue, and excellent diabetes management.

Conclusions
The use of HBO2 for DFU is founded on the assump-
tion that practitioners have aggressively addressed re-
vascularization of the ischemic foot, debridement of 
devitalized tissue, offloading of the neuropathic foot 
lesion, and appropriate anti-infective therapies before 
utilizing adjunctive HBO2. Hyperbaric oxygen should 
be included as part of a comprehensive diabetic foot 
ulcer program. The level of evidence is of moderate 
quality, and the Review Committee felt that taking 
patient values and preferences into account justified 
conditional recommendations to add HBO2 to the 

standard of wound care management of diabetic 
foot ulcers. Proper selection of patients should pair 
these guidelines with clinical acumen to identify 
patients who will heal without HBO2 and exclude 
patients  who will not heal even after receiving HBO2. 
	 An algorithm that incorporates all of the recom-
mendations is provided in Figure 6.

Research recommendations
This analysis of the HBO2 / DFU body of literature indi-
cates that further research is likely to have an important 
impact on our confidence in the estimate of effect and 
may change the estimate of effect. This echoes numer-
ous systematic reviews that call for “more studies.” 
Other than the Cochrane Review, those reviews lacked 
specific recommendations to guide future research. 
We provide some specific recommendations here.

Methodology
Future studies need to be scientifically rigorous and 
well-designed. GRADE penalizes RCTs that have 
high risk of bias. Future studies should be designed 
with strict allocation concealment, blinding of study 
groups, and intention-to-treat analysis. Data reporting 
should follow the Consolidated Standards of Report-
ing Trials (CONSORT) so that outcome data can be 
more easily interpreted. 

Study populations
In order to better establish the efficacy of HBO2 for the 
various populations of patients with DFUs, future 
studies must include discrete subgroups of patients 
upon which treatment groups are stratified. While 
imperfect, the Wagner classification is the most widely 
used. If alternative wound classification systems are to 
be accepted as criteria for utilizing HBO2, future 
studies will need to be randomized on these new 
wound classifications.

Treatment standards
Both hyperbaric treatment standards and “standard 
wound care” need to be better defined. A standard 
treatment pressure, length, frequency and duration 
should be chosen for future studies. Hyperbaric air 
(sham) therapy should be standardized so that all 
studies can be properly blinded. Standard wound care 
needs to be clearly defined for future studies and should 
include optimization of vascular status, offloading of 
the neuropathic foot, diabetes control, aggressive sur-

____________________________________________________________________________

Figure 6. Algorithm for the use of HBO2
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gical debridement, and infection control. Adherence 
to standard wound care should also be reported, as the 
patient contributors to this CPG have indicated that it  
is difficult to follow recommendations all of the time. 

Outcomes of interest
Critical outcomes of major amputation and incomplete 
healing should be reported for all future studies. Ad-
ditional data on minor amputation rate, quality of life, 
and persistence of infection should be reported so that 
more evidence can be collected about these outcomes. 
Cost-effectiveness studies are needed to provide more 
concrete analysis rather than through extrapolations 
based on limited data from surrogate markers of 
healthcare costs.

Treatment of infection
As noted above under Recommendation 3, a common 
misconception in the community is that the primary 
role of HBO2 is intended to help resolve the diabetic 
foot infection. Surprisingly there is little to no direct 
evidence to support the role of HBO2 in the treat-
ment of infection. The studies that did include infected 
patients did not stratify the severity of the infection 
by any one of the recognized systems (i.e., IDSA or 
PEDIS). Some used surrogate markers [5,7] such as 
changes in culture results as opposed to more widely 
accepted clinical endpoints such as the presence or 
absence of clinical signs and symptoms of infection. 
Before a recommendation can be made in the ef-
fectiveness of HBO2 specifically for the treatment of 
diabetic foot infection, we believe that a well-designed 
trial, utilizing widely recognized evidenced-
based diagnostic criteria and endpoints, is needed.

Proposed studies
Recommendation 3 identifies that there is a population 
of DFU patients who should receive acute post-
operative HBO2 without waiting 30 days from the 
time of diagnosis. A study that would confirm this 
could be designed to randomize all patients who have 
	•	 an incision and debridement (Group A) 
	• 	amputation at level of the metatarsal-phalangeal 
		 joint (Group B)
	• 	amputation at the metatarsal level (Group C) 
to either HBO2 or to HBAir (sham) therapy. Outcomes 
of major amputation and incomplete healing would 
be recorded for all patients using intention-to-treat 
analysis. Additional outcomes of cost-effectiveness, 
quality of life, persistence of infection and minor 
amputation would be recorded as well.
	 Patient selection based on tissue oxygenation 
(PtcO2) stratification has been proposed to allow 
more judicious use of HBO2. This has not been evalu-
ated prospectively, but a study that would allow for 
this to be tested would be to take patients with a 
Wagner Grade 3 or higher DFU and stratify them 
based on baseline sea-level air PtcO2 greater than 
40 mm Hg (Group I) or 40 mm Hg or less (Group 2). 
Group 2 could be then stratified on whether a single 
in-chamber PtcO2 at 2.0 atm abs rises over 200 mm Hg 
(Group 2a) or fails to rise over 200 mm Hg (Group 
2b). Each group would then be randomized to HBO2 or 
HBAir (sham) therapy. Outcomes of major amputation 
and incomplete healing would be recorded for all 
patients using intention-to-treat analysis. Additional 
outcomes of cost effectiveness, quality of life, persis-
tence of infection and minor amputation would be 
recorded as well.			   n
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Appendix A: Detailed search strategy

PubMed 4/30/15 Total: 377
(Diabetic Foot[Mesh] OR Foot Ulcer[Mesh] OR Leg Ulcer[Mesh] OR ((diabetes[tiab] OR diabetic[tiab]) 
AND (foot[tiab] OR feet[tiab] OR ulcer*[tiab] OR wound*[tiab])) OR (foot[tiab] AND ulcer*[tiab]) OR 
(feet [tiab] AND ulcer*[tiab]) OR plantar ulcer*[tiab] OR leg ulcer*[tiab] OR ulcus cruris[tiab] OR crural 
ulcer*[tiab]) AND (Hyperbaric Oxygenation[Mesh] OR (hyperbaric[tiab] AND oxygen*[tiab]) OR HBO[tiab] 
OR HBOT[tiab] OR (oxygen* [tiab] AND (high pressure[tiab] OR high tension[tiab])) OR hyperbaric 
chamber*[tiab]) NOT case report

Embase 4/30/15 Total: 200
(‘leg ulcer’/exp OR ‘foot ulcer’/exp OR ‘diabetic foot’/exp OR ‘diabetic feet’:ti,ab OR (diabetes NEAR/3 
ulcer*):ti,ab OR (diabetic NEAR/3 ulcer*):ti,ab OR (diabetic NEAR/3 wound*):ti,ab OR (diabetes NEAR/3 
wound*):ti,ab OR (leg* NEAR/3 ulcer*):ti,ab OR (foot NEAR/3 ulcer*):ti,ab OR (ulcer* NEAR/3 feet):ti,ab 
OR (plantar* NEAR/3 ulcer*):ti,ab OR ‘ulcus cruris’:ti,ab OR ‘crural ulcer’:ti,ab OR ‘crural ulcers’:ti,ab OR 
(diabetic NEAR/3 foot):ti,ab OR (diabetic NEAR/3 feet):ti,ab) AND (‘hyperbaric oxygen’/exp OR (hyper-
baric NEAR/1 oxygen*):ti,ab OR hbo:ti,ab OR hbot:ti,ab OR ‘hyperbaric chamber’:ti,ab OR ‘hyperbaric 
chambers’:ti,ab OR (oxygen* and (‘high pressure’ OR ‘high tension’)):ti,ab) NOT ‘case report’/exp AND 
[embase]/lim NOT [medline]/lim

Cochrane 4/30/15
		  Search Terms
_____________________________________________________________________________________________________________________________________________________________________

	 #1	 [mh “diabetic foot”] or [mh “foot ulcer”] or [mh “leg ulcer”]	 1228
_____________________________________________________________________________________________________________________________________________________________________

	 #2	 (diabet*:ti,ab,kw and (foot:ti,ab,kw or feet:ti,ab,kw or ulcer*:ti,ab,kw or 				  
		  wound*:ti,ab,kw)) or “plantar ulcer*”:ti,ab,kw or “ulcus cruris”:ti,ab,kw 
		  or “crural ulcer”:ti,ab,kw		  1884
_____________________________________________________________________________________________________________________________________________________________________

	 #3	 #1 AND #2		  2546
_____________________________________________________________________________________________________________________________________________________________________

	 #4	 [mh “hyperbaric oxygenation”]	 379
_____________________________________________________________________________________________________________________________________________________________________

	 #5	 (hyperbaric:ti,ab,kw and oxygen*:ti,ab,kw) or hbo:ti,ab,kw or hbot:ti,ab,
		  kw or oxygen*:ti,ab,kw or “high pressure”:ti,ab,kw or “high tension”:ti,ab,kw
		  or “hyperbaric chamber*”:ti,ab,kw	 28857
_____________________________________________________________________________________________________________________________________________________________________

	 #6	 #4 or #5		  28857
_____________________________________________________________________________________________________________________________________________________________________

	 #7	 #3 and #6		  150
_____________________________________________________________________________________________________________________________________________________________________
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Supplemental Figure 1. Alternate forest plots and GRADE analysis for Question 1: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 2. Alternate forest plots and GRADE analysis for Question 1: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 3. Alternate forest plots and GRADE analysis for Question 1: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 4. Forest plots and GRADE analysis for Question 1: Non-critical outcome of minor amputation
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Supplemental Figure 5. Forest plots and GRADE analysis for Question 1: Non-critical outcome of persistent infection
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Supplemental Figure 6. Alternate forest plots and GRADE analysis for Question 2: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 7. Alternate forest plots and GRADE analysis for Question 2: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 8. Alternate forest plots for Question 2
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Supplemental Figure 9. Additional GRADE analysis for Question 2: Non-critical outcome of minor amputation
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Supplemental Figure 10. Alternate forest plots and GRADE analysis for Question 3: 
Comparison of observational studies vs. randomized controlled trials

	 HBO2	 Control	 Peto Odds Ratio	 Peto Odds Ratio

	 HBO2	 Control	 Risk Ratio	 Risk Ratio

Favors [HBO2]  Favors [Control]

Favors [HBO2]  Favors [Control]

242 E.T. Huang, J. Mansouri, M.H. Murad, et al.

UHM 2015, Vol. 42, No. 3 – CLINICAL PRACTICE GUIDELINE FOR HBO2 TO TREAT DFU 



E.T. Huang, J. Mansouri, M.H. Murad, et al.  243

____________________________________________________________________________________________________________________________________________________________

Supplemental Figure 11. Alternate forest plots and GRADE analysis for Question 3: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 12. Alternate GRADE analysis for Question 3: 
Comparison of observational studies vs. randomized controlled trials
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Supplemental Figure 13. Forest plots and GRADE analysis for Question 4: Non-critical outcome of minor amputation
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