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Goals and Objectives 

• By the end of this lecture, attendees should be able to: 

– Develop an understanding of how to use GRADE 

methodology to evaluate the existing HBOT literature 

– Evaluate the preliminary recommendations from the DFU 

CPG Review Committee 

– Understand where future research needs to be directed 



Overview 

• The UHMS is creating a set of Clinical Practice 

Guidelines 

• GRADE methodology is being used to 

conduct the meta-analysis 

• UHMS plans on creating CPGs for multiple 

indications to publish on www.guidelines.gov 



How UHMS is creating CPGs 

• CPG Oversight Committee 

– Enoch Huang, MD (Chair, Publications) 

– John Feldmeier, DO (BOD) 

– Ken LeDez, MD (International) 

– Jeannie Le, MD (QUARC) 

– Richard Moon, MD (Oxygen Therapy Committee) 

– Hassan Murad, MD (GRADE Working Group) 

– Jaleh Mansouri, MD (Contracted Scientific Writer) 





IOM Standards 

1. Transparency 

2. Management of Conflict of Interest 

3. Guideline Development Group Composition 

4. CPG – Systematic Review Intersection 

5. Establishing Evidence Foundations for and Rating Strength of 

Recommendations 

6. Articulation of Recommendations 

7. External Review 

8. Updating 



CPG Review Committees 

• Diabetic Foot Ulcers 

– Eugene Worth, MD* (HBOT, Anesthesiology) 

– Bill Tettelbach, MD* (HBOT, Infectious Disease) 

– Enoch Huang, MD (HBOT, EM) 

– Michael Strauss, MD (HBOT, Orthopedics) 

– Warren Joseph, DPM (Podiatry, Infectious Disease) 

* Indications Chapter Author 



CPG Review Committees 

• Chronic Radiation Tissue Injury 

– John Feldmeier, DO* 

– James Holm, MD 

– Laurie Gesell, MD 

* Indications Chapter Author 



CPG Review Committees 

• Compromised Flaps/Grafts 

– Richard Baynosa, MD* 

– George Pedrizet, MD 

– Lisa Gould, MD 

– Bruce Derrick, MD 

* Indications Chapter Author 



CPG Review Committees 

• Carbon Monoxide Poisoning 

– Jeannie Le, MD 

– Neil Hampson, MD 

– Stephen Thom, MD 

* Indications Chapter Author 
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Formulate  recommendations: 
• For or against (direction) 
• Strong or weak (strength) 

 

By considering: 
 Quality of evidence 
 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 

Courtesy of Dr. Yngve Falck-Ytter 



Status of CPGs 
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Formulate  recommendations: 
• For or against (direction) 
• Strong or weak (strength) 

 

By considering: 
 Quality of evidence 
 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 

Courtesy of Dr. Yngve Falck-Ytter 



Formulating the Question 

• PICO Format 

– Population 

– Intervention 

– Comparison 

– Outcomes 



Question 1 of 7 

• For a patient with a Diabetic Foot Ulcer, is 

HBOT with Standard Wound Care more 

effective than Standard Wound Care alone for 

the outcomes below?  



Question 2 of 7 

• For a patient with a moderate - severe (IDSA) 

clinically infected Diabetic Foot Ulcer, is 

HBOT with Standard Wound Care more 

effective than Standard Wound Care alone for 

the outcomes below?  



Question 3 of 7 

• For a patient with a non-infected or mildly 

infected (IDSA) Diabetic Foot Ulcer, is HBOT 

with Standard Wound Care more effective 

than Standard Wound Care alone for the 

outcomes below?  



Question 4 of 7 

• For a patient with a moderate - severe (IDSA) 

clinically infected Diabetic Foot Ulcer, is 

immediate use of HBOT more effective than 

delayed (30 days) use of HBOT for the 

outcomes below?  



Question 5 of 7 

• For a patient with a Diabetic Foot Ulcer and 

TCOM < 30 mmHg, is HBOT plus Standard 

Wound Care more effective than Standard 

Wound Care alone for the outcomes below?  



Question 6 of 7 

• For a patient with a Diabetic Foot Ulcer and 

TCOM > 30 mmHg, is HBOT plus Standard 

Wound Care more effective than Standard 

Wound Care alone for the outcomes below?  



Question 7 of 7 

• For a patient with a healing Diabetic Foot 

Ulcer, is a set number of treatments as 

effective as an indefinite number of 

treatments for the outcomes below?  



PICO Questions 

PICO # Population Intervention Comparison 

1 Diabetic Foot Ulcers (all) HBOT + SC SC 

2 IDSA Mod-Severe DFU HBOT + SC SC 

3 IDSA None-Mild DFU HBOT + SC SC 

4 IDSA Mod-Severe DFU 
Immediate 
Inpatient  

HBOT + SC 

Delayed HBOT 
+ SC 

5 DFU + TCOM < 30 mmHg HBOT + SC SC 

6 DFU + TCOM > 30 mmHg HBOT + SC SC 

7 DFU (All) Set #HBOT 
Indefinite # 

HBOT 
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Formulate  recommendations: 
• For or against (direction) 
• Strong or weak (strength) 

 

By considering: 
 Quality of evidence 
 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 

Courtesy of Dr. Yngve Falck-Ytter 



Selecting Outcomes 

• CPG Review Committee debated the merits of 

different clinical outcomes and selected ten 

outcomes of interest 

• GRADE recommends a maximum of 7 

outcomes to focus on the most important 

ones 



Outcomes of Interest 

• Major Amp Rate  

• Complete Healing @ 1 year  

• Cost Effectiveness  

• Resolution of Infection  

• Healing Durability  

• Mortality  

• Quality of Life (Mobility/SF36) 

• Time to Heal  

• Minor Amp Rate  

• Adverse Events 



Rating Importance of Outcomes 

• For each outcome, reviewers rate how critical 

that outcome is on a 1-9 scale 

– (7-9) Of Critical Importance 

– (4-6) Important 

– (1-3) Not important 

 



Outcomes of Interest 

• Major Amp Rate – 9 (Critical)   

• Complete Healing @ 1 year – 8 (Critical)  

• Cost Effectiveness – 8 (Critical)  

• Resolution of Infection – 8 (Critical)  

• Healing Durability – 7 (Critical)  

• Mortality – 7 (Critical)  

• Quality of Life (Mobility/SF36) – 7 (Critical)  

• Time to Heal – 6 (Important)  

• Minor Amp Rate – 5 (Important)  

• Adverse Events – 4 (Important)  



Outcomes of Interest – Patient Survey 

• Major Amp Rate – 9 (Critical)   

• Complete Healing @ 1 year – 9 (Critical)  

• Cost Effectiveness – 9 (Critical)  

• Resolution of Infection – 9 (Critical)  

• Healing Durability – 9 (Critical)  

• Mortality – 9 (Critical)  

• Quality of Life (Mobility/SF36) – 9 (Critical)  

• Time to Heal – 9 (Critical)  

• Minor Amp Rate –  9 (Critical)   

• Adverse Events – 9 (Critical)   

All 9’s 



Outcomes of Interest 

• How important is the outcome with regard to 

making a recommendation for patients 

• Recommendations are made based on the 

lowest level of evidence for critical outcomes 



Outcomes of Interest 

• Major Amp Rate –  (Critical)   

• Complete Healing @ 1 year –  (Critical)  

• Healing Durability – (Important)  

• Quality of Life (Mobility/SF36) –  (Important) 

• Time to Heal –  (Important)  

• Cost Effectiveness –  (Important)  

• Minor Amp Rate –  (Important)  

• Adverse Events –  (Important)  

• Resolution of Infection –  (Important)  

• Mortality –  (Not Important) 



Which Outcomes to Use? 

• Take top 7? 

• Take top 7 with evidence? 



Cost Effectiveness 

• Removed from outcomes of interest because 

it is not its own goal, but is a consideration 

only after Critical Outcomes are considered  



Adverse Events 

• Only one study reported Adverse Events that 

were not specific to HBOT, and that was 

because it was double-blinded 

• Elected to use published papers on HBOT 

specific adverse events 
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 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 
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Outcomes Across Studies 

• Literature Search 

– Randomized Controlled Trials 

– Observational Studies 

– Meta-Analyses 

• Determination of whether paper included the outcome of 

interest or not 

• Determination of whether paper included the PICO 

population or not 
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Create Data Abstraction Matrix 
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PICO Questions 

PICO Population Intervention Comparison RCT OBS 

1 Diabetic Foot Ulcers (all) HBOT + SC SC 7 7 

2 IDSA Mod-Severe DFU HBOT + SC SC 0 0 

3 IDSA None-Mild DFU HBOT + SC SC 0 0 

4 IDSA Mod-Severe DFU 
Immediate 
HBOT + SC 

Delayed 
HBOT + SC 

0 0 

5 DFU + TCOM < 30 mmHg HBOT + SC SC 0 0 

6 DFU + TCOM > 30 mmHg HBOT + SC SC 0 0 

7 DFU Set # HBOT 
Indefinite # 

HBOT 
0 0 



PICO Questions (Revised) 

PICO Population Intervention Comparison RCT OBS 

1 All DFU HBOT + SC SC 6 7 

2 DFU (≥30 days, Wagner ≥3) HBOT + SC SC 1 of 4 0 

3 DFU (≥30 days, Wagner ≤2) HBOT + SC SC 3 of 6 5 

4 
DFU (immediate surgical 
intervention, Wagner ≥3) 

Immediate 
HBOT + SC 

SC 2 4 

5 
DFU + TCOM (SL) < 30 mmHg 

and TCOM (HBOT) ≥200 mmHg 
HBOT + SC SC 0 0 

6 DFU + TCOM > 30 mmHg HBOT + SC SC 0 0 

7 DFU Set # HBOT 
Indefinite # 

HBOT 
0 0 



PICO Questions (Revised) 

PICO Population Intervention Comparison RCT OBS 

1 All DFU HBOT + SC SC 6 7 

2 DFU (≥30 days, Wagner ≥3) HBOT + SC SC 1 of 4 0 

3 DFU (≥30 days, Wagner ≤2) HBOT + SC SC 3 of 6 5 

4 
DFU (immediate surgical 
intervention, Wagner ≥3) 

Immediate 
HBOT + SC 

SC 2 4 
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Formulate  recommendations: 
• For or against (direction) 
• Strong or weak (strength) 

 

By considering: 
 Quality of evidence 
 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 

Courtesy of Dr. Yngve Falck-Ytter 



Data Abstraction 



Creating Evidence Profiles 
• Forest Plots 

– Generated for each PICO question and each Outcome 

– Graphical representation of data from multiple studies 

• Studies with higher “n” have more influence on results 

• Weighted Average generated based on individual studies 

– I2 measures heterogeneity 

• higher number has increased heterogeneity (bad) 

• Lower number has increased homogeneity (good) 
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Major Amputation 
PICO #1 (All DFU , HBOT +SC vs. SC)

START 4 

Risk of Bias -1 

Inconsistency -1 

Indirectness 0 

Imprecision 0 

Publication Bias 0 

Large Effect 1 

Dose Response 0 

Confounders 0 
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Complete Healing at 1 Year 
PICO #1 (All DFU, HBOT +SC vs. SC) 
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Resolution of Infection 
PICO #1 (All DFU, HBOT +SC vs. SC) 
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Quality of Life 
PICO #1 (All DFU, HBOT +SC vs. SC) 
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Minor Amputation 
PICO #1 (All DFU, HBOT +SC vs. SC) 
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Rate Quality of Evidence 
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Major Amputation Rate 4 -1 -1 0 0 0 1 0 0 3 

Complete Healing (1 year) 4 -1 -1 0 0 0 1 0 0 3 

Resolution of Infection 4 -1 -2 -2 0 0 0 0 0 1 

Quality of Life (SF36) 4 -1 0 0 -2 0 0 0 0 1 

Minor Amputation Rate 4 -1 -1 0 0 0 0 0 0 2 



Further research is very unlikely to change our 

confidence in the estimate of effect 
High 

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 

Moderate 

Further research is likely to have an important impact on 

our confidence in the estimate of effect and may change 

the estimate 

Very low Any estimate of effect is very uncertain 

Courtesy of Dr. Yngve Falck-Ytter 

Categories of Evidence 

+ + + + 

+ + + 

+ + 

+ 



Level of Evidence 
PICO #1 (All DFU, HBOT +SC vs. SC) 

Outcome Final Score 
GRADE Level of 

Evidence 

Major Amputation Rate 3 Moderate 

Complete Healing (1 year) 3 Moderate 

Resolution of Infection 1 Very Low 

Quality of Life (SF36) 1 Very Low 

Minor Amputation Rate 2 Low 



Formulate Recommendations 

• For or Against an intervention 

• Strong or Conditional Recommendation 

• Considering the following 

– Quality of Evidence 

– Balance of Benefits / Harms 

– Values and Preferences 

– Resource Use (Cost) 



 Population: Most people in this situation would want 

the recommended course of action and only a small 

proportion would not 

 Health care workers: Most people should receive the 

recommended course of action 

 Policy makers: The recommendation can be adapted as 

a policy in most situations 

Courtesy of Dr. Yngve Falck-Ytter 

Implications of a Strong 
recommendation 



 Population: The majority of people in this situation would 

want the recommended course of action, but many would 

not  

 Health care 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 

Courtesy  of Dr. Yngve Falck-Ytter 

Implications of a Conditional 
recommendation 



Level of Evidence 
PICO #1 (All DFU, HBOT +SC vs. SC) 

Outcome Final Score 
GRADE Level of 

Evidence 
Strength of 

Recommendation 

Major Amputation Rate 3 Moderate Conditional 

Complete Healing (1 year) 3 Moderate Conditional 

Resolution of Infection 1 Very Low 

Quality of Life (SF36) 1 Very Low 

Minor Amputation Rate 2 Low 

In patients with diabetic foot ulcers, we suggest adding Hyperbaric Oxygen Therapy 
to the Standard of Care with regard to preventing major amputation and promoting 
complete healing at 1 year (moderate, conditional). 



Major Amputation 
PICO #2 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC)

START 4 
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Complete Healing at 1 Year 
PICO #2 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC) 
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No Stopping Early for Benefit 

Strict Allocation Concealment 

None Lost to Follow-up 

Blinded Study 

Used Intention to Treat 

START 4 
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Indirectness 0 

Imprecision -2 
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Large Effect 1 

Dose Response 0 

Confounders 0 
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Minor Amputation 
PICO #2 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC) 

Randomized  
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Blinded Study 
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START 4 
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FINAL 4 



Rate Quality of Evidence 
 PICO #2 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC) 

Outcome 
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Major Amputation Rate 4 0 0 0 -1 0 0 0 0 3 

Complete Healing (1 year) 4 -1 -1 0 0 0 1 0 0 3 

Resolution of Infection 0 0 0 0 0 0 0 0 0 0 

Quality of Life (SF36) 0 0 0 0 0 0 0 0 0 0 

Minor Amputation Rate 4 0 0 0 0 0 1 0 0 4 



Outcome Final Score 
GRADE Level of 

Evidence 
Strength of 

Recommendation 

Major Amputation Rate 3 Moderate Conditional 

Complete Healing (1 year) 3 Moderate Conditional 

Minor Amputation Rate 4 Low 

Evidence and Recommendations 
PICO #2 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC) 

In patients with Wagner ≥3 diabetic foot ulcers, we suggest adding Hyperbaric 
Oxygen Therapy to the Standard of Care with regard to preventing major amputation 
and promoting complete healing at 1 year (moderate, conditional). 



Major Amputation 
PICO #3 (DFU ≥ 30 days & Wagner ≤2, HBOT +SC vs. SC)

START 4 

Risk of Bias -1 

Inconsistency 0 

Indirectness 0 

Imprecision -2 

Publication Bias 0 

Large Effect 0 

Dose Response 0 

Confounders 0 
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Complete Healing (1 year) 
PICO #3 (DFU ≥ 30 days & Wagner ≤2, HBOT +SC vs. SC)

START 4 

Risk of Bias 0 

Inconsistency 0 

Indirectness 0 

Imprecision -2 

Publication Bias 0 

Large Effect 0 

Dose Response 0 

Confounders 0 
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Minor Amputation 
PICO #3 (DFU ≥ 30 days & Wagner ≤2, HBOT +SC vs. SC)

START 4 

Risk of Bias 0 

Inconsistency 0 

Indirectness 0 

Imprecision -2 

Publication Bias 0 

Large Effect 1 

Dose Response 0 

Confounders 0 
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Rate Quality of Evidence 
 PICO #3 (DFU ≥ 30 days & Wagner ≥3, HBOT +SC vs. SC) 

Outcome 
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Major Amputation Rate 4 -1 0 0 -2 0 0 0 0 1 

Complete Healing (1 year) 4 0 0 0 -2 0 0 0 0 2 

Resolution of Infection 0 0 0 0 0 0 0 0 0 0 

Quality of Life (SF36) 0 0 0 0 0 0 0 0 0 0 

Minor Amputation Rate 4 0 0 0 -2 0 1 0 0 3 



Outcome Final Score 
GRADE Level of 

Evidence 
Strength of 

Recommendation 

Major Amputation Rate 1 Very Low Conditional 

Complete Healing (1 year) 2 Low 

Minor Amputation Rate 3 Low 

Evidence and Recommendations 
PICO #3 (DFU ≥ 30 days & Wagner ≤2, HBOT +SC vs. SC) 

In patients with Wagner ≤2 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 at 1 year (very low, conditional). 



Major Amputation - RCT 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC)

START 4 

Risk of Bias -1 

Inconsistency 0 

Indirectness -1 

Imprecision 0 

Publication Bias 0 

Large Effect 1 

Dose Response 0 

Confounders 0 
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Major Amputation - OBS 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC)

START 2 

Risk of Bias 0 

Inconsistency 0 

Indirectness 0 

Imprecision 0 

Publication Bias -1 

Large Effect 1 

Dose Response 0 

Confounders 0 

FINAL 2 



Major Amputation – RCT+OBS 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC)

RCT Grade 3 
OBS Grade 2 



Resolution of Infection 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC) 
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Minor Amputation 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC) 

START 4 

Risk of Bias -1 

Inconsistency 0 

Indirectness -1 

Imprecision 0 

Publication Bias 0 

Large Effect 0 

Dose Response 0 

Confounders 0 

FINAL 3 
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Rate Quality of Evidence 
 PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC) 

Outcome 
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Major Amputation Rate 4 -1 0 -1 0 0 1 0 0 3 

Healing % (1 year) 0 0 0 0 0 0 0 0 0 0 

Resolution of Infection 4 -1 0 -2 0 0 0 0 0 1 

Quality of Life (SF36) 0 0 0 0 0 0 0 0 0 0 

Minor Amputation Rate 4 -1 -1 0 0 0 0 0 0 2 



Rate Quality of Evidence 
 PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC) 

Outcome 
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Major Amputation Rate 2 0 0 0 0 -1 1 0 0 2 

Healing % (1 year) 0 0 0 0 0 0 0 0 0 0 

Resolution of Infection 0 0 0 0 0 0 0 0 0 0 

Quality of Life (SF36) 0 0 0 0 0 0 0 0 0 0 

Minor Amputation Rate 0 0 0 0 0 0 0 0 0 0 



Evidence and Recommendations 
PICO #4 (Surgical DFU, Immediate HBOT+SC vs. SC) 

Outcome Final Score 
GRADE Level of 

Evidence 
Strength of 

Recommendation 

Major Amputation Rate 3 Moderate Strong 

In patients with Wagner ≥3 diabetic foot ulcers that require immediate surgery, we 
recommend adding immediate, inpatient Hyperbaric Oxygen Therapy to the 
Standard of Care with regard to preventing major amputation and promoting 
complete healing at 1 year (moderate, strong). 



Systematic review 

CC 

Guideline development 
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Summary of findings 
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Rate   
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1. Large effect 
2. Dose  

response 
3. Confounders 

Very low 

Low 

Moderate 

High 

Formulate  recommendations: 
• For or against (direction) 
• Strong or weak (strength) 

 

By considering: 
 Quality of evidence 
 Balance benefits/harms 
 Values and preferences 

 

Revise if necessary by considering: 
 Resource use (cost) 

• “We recommend using…” 
• “We suggest using…” 
• “We recommend against using…” 
• “We suggest against using…” 

Courtesy of Dr. Yngve Falck-Ytter 



Recommendations 

• In patients with diabetic foot ulcers, we suggest adding Hyperbaric 

Oxygen Therapy to the Standard of Care with regard to preventing major 

amputation and promoting complete healing at 1 year (moderate, 

conditional). 

 

• In patients with Wagner ≥3 diabetic foot ulcers, we suggest adding 

Hyperbaric Oxygen Therapy to the Standard of Care with regard to 

preventing major amputation and promoting complete healing at 1 year 

(moderate, conditional). 



Recommendations 

• In patients with Wagner ≤2 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 at 1 

year (very low, conditional). 

 

• In patients with Wagner ≥3 diabetic foot ulcers that require immediate 

surgery, we recommend adding immediate, inpatient Hyperbaric Oxygen 

Therapy to the Standard of Care with regard to preventing major 

amputation and promoting complete healing at 1 year (moderate, strong). 



Generate CPG 

• List Recommendations 

 

• Add Technical Comments and Discussion 



Directions for Future Research 

• Methodology 

– CONSORT compliant 

– Reduce Risk of Bias 

• PICO 

– Subgroups with no data 

• Better DFU Classification 

System 

 

– Outcomes of interest 

• Time to Heal 

• Cost Effectiveness 

• Healing Durability 

• Quality of Life 

• Resolution of Infection 

– Interventions 

• Standardize 

• Interventions 



Final Steps 

• External Review 

– Transparency via Public Presentation 

– Pre-course at next ASM? 

– UHMS Publications Committee 

– Public Comment Period 

• Publish on www.guidelines.gov 



Goals and Objectives 

• By the end of this lecture, attendees should be able to: 

– Develop an understanding of how to use GRADE 

methodology to evaluate the existing HBOT literature 

– Evaluate the preliminary recommendations from the DFU 

CPG Review Committee 

– Understand where future research needs to be directed 



Announcement 

• CPG Reviewers meeting at Noon today 

• Mills 3 



Questions? 
 

enoch.huang@mac.com 
jalmans400c@gmail.com 


