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N OFAFAX|E Mechanisms

Primary Secondary

Dose, frequency, Accumulative
duration, effects effects




TABLE 7. MECHANISMS OF HYPERBARIC OXYGEN

P"’\_IJ Secondary

\)

) ==\asoconstriction

- Host Responses

-Fibroblast function
-WBC oxidative killing
R R A TP -Angiogenesis
«|Hyperoxygenation -Bone remodeling
=Microbiological Effects
-Killing/inhibition
-Cessation of toxin formation
-Inactivation of toxins
Pressurization -Additive to antibiotics
BubbleiReduction — Impede Reperfusion Injury
== Augment RBC Deformability*

== Cross Blood-brain Barrier*

*Theoretical and/or limited clinical data : -
to support the effectiveness of these Gas waShOUt St
secondary mechanisms. == |sobaric Counter Diffusion*




© XX 1AL ZHH(Necrotizing
soft tissue infection) 0Of| CHSt
OIALK E XI
o 1 — O




Terminology

- Necrotizing soft tissue infection

- Gas gangrene/Clostridial myonecrosis

- Necrotizing fasciitis

- Fourniere’s gangrene

- Mixed aerobic and anaerobic infection
- Ischemic gangrene with tissue infection




Ne

e Aerobic / Anaerobic / Mixed bacterial floras

* Immune-compromised

« Underlying systemic disease
« DM, malignancy, vascular insufficiency, alcoholism

 Transplantation : immunosuppressive drug
« Neutropenia

After trauma

Surgical wound : around foreign body

Spontaneously : /e. Fournier’s gangrene

Post op. : C-sec (without risk factors), even after “sterile” op.

Korean Academy of
Undersea and Hyperbaric Medicine
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Pathophysiology

Deep fascial layerdj| infective process (anaerobe)
Phlegmon(abscess) with edema and necrosis

Blood supply to skin is affected
Skin: Perfusion pressure |, ischemia 1

— Rapid progression of Infection
(hypoxia induced PML dysfunction)

Local hypoxia with Up-regulation of endothelial
adherence molecule

. leukocyte adhesion, endothelial cytotoxicity
Tissue necrosis, purulent discharge, gas production
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« Morbidity
* Mortality

» Early recognition
* Etiology * From 20%

« Bacteriology » Up to 70-80% t&,ﬂ&

e Clinical course . « older, debilitated, diabetic
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Anatomy

Skin

Subcutaneous
tissue

Deep fascia

Muscle

Syndrome
Erysipelas
Impetige

Ecthyma
Folliculitis

Furunculosis

Celluitis

Anaerobic cellulitis

Meleney gangrene

Necrotizing fasciitis

Clostridial myonecrosis

Nondostridial synergistic myonecrosis

Pyomyuositis

Etiology
Group A Streptococcus

Group A Streptococcus
Staphylococcus aureus

Group A Streptococcus
Pseudomonas aeruginosa

S aureus; P aeruginosa
(whirlpools); rarely Candida

S aureus; group A Streptococcus
Paeruginosa

Group A Streptococcus

S aureus (MSSA or

MRSA)

Occasionally gram-negative enteric bacilli
Aeromonas hydrophila; Vibrio vulnificus
Clostridium perfringens

Bacteroides, Peptostreptococcus,
Peptococcus, Prevotella +

aram-negative enteric bacilli

(E coli, Klebsielia, Proteus)

Saureus or Proteus and
microaerophilic streptococci

Mixed gram-positive and
negative organisms (S aureus,
E coli, Klebsiella, Proteus)

and anaerobes (Bacteroides,
Peptostreptococcus,
Peptococcus, Prevotella)
Group A Streptococcus
Saureus (MRSA)

C perfringens (sometimes
non-perfringens species)

As for necrotizing fasciitis

S aureus; rarely group A
Streptococcus; P aeruginosa

Source: Jesse B. Hall, Gregory A. Schmidt, John P. Kress: Principles of Critical Care, 4th Edition: www.accessmedicine.com
Copyright © McGraw-Hill Education. All nights reserved.
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CLASSIFICATION

» Assumed causative microorganism
e Involved tissue

* Required therapy

* Rate of progression

e Initial clinical findings

Amsterdam classification




Progressive
bacterial
gangrene

Amsterdam classification

Anaerobic
-—E Aerobic
Mixed

Necrotizing
fasciitis

Anaerobic
—E Aerobic
Mixed

— Anaerobic —[

Myositis and
MYyOnecrosis

o [

Clostridial
Nonclostridial

Clostridial
Nonclostridial
(streptococcal)

Aerobes
Viruses
Parasites

Stratum Crust Hanr Vesicle ~ Eschar Bulla
corneum folhcle
Dermal _\ Z/: \
papillae 7N E |
Stratum ‘ ryS|pe =
germinatlvum AL - ‘ Sebaceous
Post-capillary 3 gland
venule % A Cellulitis
Subcuta- —M \ e
neous fat ! e/ Necrotizing
\ < fasciitis
Deep fascia—e—e .
Vin : Lymphatic
Artery channel
| + Myositis
:‘;v \—Muscle

' _:\__mml Bone

Source: J.L. Jameson, A.S. Fauci, D.L. Kasper, S.L. Hauser, D.L. Longo,
J. Loscalzo: Harrison's Principles of Internal Medicine, 20th Edition
Copyright © McGraw-Hill Education. All rights reserved.
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DIAGNOSIS

generalized fever
elevated WBC
systemic reaction




« Simple model — necrotizing fasciitis vs. nonnecrotizing ST infection At

admission
Table 1. LRINEC Score
\/ WBC > 15,400 Variable Result Score

C-reactive protein (mg/L) <150 0

\/ + < =150 4
Na 135 mm0|/L White blood cell count <15 0
(=< 10%/L) 15-25 1

Hemoglobin (g/dL) >13.5 1

11-135 2

<11 0

Sodium (mmol/L) =135 0

<135 2

Creatinine (mcg/L) =141 0

>141 2

Glucose (mmol/L) <10 0

=10

LRINEC: Laboratory Risk Indicator for Necrotizing
Fasciitis. Source: References 1, 2.

—_

« A total score of 8 or more is strongly predictive of an NSTL

e Gram S — (

<

« Sonography / CT / MRI : to clarify involved anatomic site ) Cjoraoto|BHY]
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Progressive Bacterial Gangrene

anaerobic crepitant / clostridial cellulitis
pyoderma gangrenosum

erysipelas

gangrenous / necrotizing erysipelas
symbiotic gangrene

phagedena geometrica

Postoperative progressive bacterial synergistic gangrene
Cullen’s ulcer
chronic infectious skin gangrene

directly related to skin infection

epidermis, dermis, SQ tissue, lymphatics, hair follicle,

<

group A streptococci, S. aureus

anaerobic microorganism : Bacteroides spp., Clostridium spp.,
Enterobacteriaceae, Proteus, Pseudomonas...

. A bi Clostridial
Progressive |_ naerobic Nonclostridial
bacterial B Aerobic
gangrene Mixed

(0) theraeropory)
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Progressive Bacterial Gangrene

- Always, Very painful!

« Infection = marginal cellulitis & centrifugal necrosis skin SQ
patchy, purplish discoloration

 Extensive ST damage, vascular insufficiency
- true clostridial myositis / myonecrosis

(0) theraeropory)
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Necrotizing Fasciitis

hemolytic streptococcal gangrene
Meleney'’s ulcer
acute dermal gangrene

Deep fascia 2> SQ tissue, skin

rapidly spreading along deep fascial plane
mo’ extended than visible change

Fade-out margin : pathognomonic feature

Surgical wound, injured site, spontaneously

. — Anaerobic
Necrotizing Aerobic
fasciitis L Mixed

) CigEagtejete

Korean Academy of Undersea and Hyperbaric Medicine
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Nonclostridial Myonecrosis

* vs. Gas gangrene?

- Greenish necrotic muscle
cf. gas gangrene: black necrotic muscle

- More inflamed appearance than gas gangrene
- Less gas amount

Myositis and
Myonecrosis

— Anaerobic —

— Qthers —E

Nonclostridial
(streptococcal)

Aerobes
Viruses
Parasites

rean Academy of Undersea and Hyperbaric Medicine
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THERAPY

e Surgical debridement

» Appropriate antibiotics
 Nutritional support

« Optimal oxygenation — HBO,




SURGICAL THERAPY

Progressive

bacterial _ necrotomy & skin grafting

gangrene 1&D

NECIPtIZII‘Ig — “fillet” procedure (excision of necrotized fascia)
fasciitis

Myosiie anFl — muscle removal

Myonecrosis

["UI-_IOI- __|o|-g|

cademy of Undersea and Hyperbar




© XX 1A} ZHH(Necrotizing
soft tissue infection)0j| A
AKX 29| A 7|t
ol AFX X.20] CHst o|sH

0o 1 710




Rationale & Mechanism of adjunctiveHBO,

* MAIN GOALS = host defense & repair mechanisms

1 tissue PO,

1 phagocytic function

| edema

1 circulation

1 fibroblast growth .
1 collagen formation

Hypoxic leukocyte dysfunction= 7| /M
« Enhance oxygen diffusion
-Provide oxygen to ischemic area
-Limiting spread of infection
« Enhance antibiotic penetration into target bacteria
(eg, Aminoglycoside)

» Bacteriostatic/Bactericidal effect

« Hyperoxygenation — preservation of flaps



Necrotizing fasciitis HBO, positive report

Necrotizing fasciitis
Wilkinson and Doolette (2004 Arch surg)
- Retrospective cohort study, 44 patients
- HBO, increased survival (odd ratio 8.9)
Devaney (2015 Anaesth Intensive Care)
- 341 pts, retrospective case controlled study, 2758 HBO,A|2H
- Mortality: HBOT group 12 % Vs. non-HBOT group 24.3%
Fourniere's gangrene
Hollabaugh, retrospective 26 cases (1998 Plast Reconstr Surg)

Mortality: HBOT group 7% Vs. non-HBOT group 42 %(p=0.04)

(0) theraeropory)
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Necrotizing fasciitis HBO, positive report

Surg Infect (Larchmt). 2014 Jun 1; 15(3): 328-335. FMCID: PMC4596431
doi: 10.106%/sur.2012.135

Not Just Full of Hot Air: Hyperbaric Oxygen Therapy Increases Survival
in Cases of Necrotizing Soft Tissue Infections

Joshua J. Shaw ™2 Charles Psoinos, ! Timothy A Emhoff,' Shimul A_Shah ? and Heena P. Santry"2

Author information = Copyright and License information »

This article has been cited by other articles in PMC.

Abstract Go to:

Background: The utility of hyperbaric oxygen therapy (HBOT) in the treatment of necrotizing soft tissue
infections (NSTIs) has not been proved. Previous studies have been subject to substantial selection bias
because HBOT 1s not available universally at all medical centers, and there 1s often considerable delay
associated with its initiation. We examined the utility of HBOT for the treatment of NSTI in the moderm era
by 1solating centers that have their own HBOT facilities.

Methods: We quened all centers in the University Health Consortium (UHC) database from 2008 to 2010
that have their own HBOT facilities (n=14). Cases of NSTI were 1dentified by International Classification
of Diseases, Ninth Revision (ICD-9) diagnosis codes, which included Fournier gangrene (608.83),
necrotizing fasciitis (728 86), and gas gangrene (040.0). Status of HBOT was identified by the presence
{HBOT) or absence (control) of ICD-9 procedure code 93.95. Qur cohort was nisk-stratified and matched
by UHC's validated severity of 1llness (SOI) score. Comparisons were then made using univariate tests of
association and multivariable logistic regression.

Results: There were 1,583 NSTI cases at the 14 HBOT-capable centers. 117 (7%) cases were treated with
HBOT. Univariate analysis showed that there was no difference between HBOT and control groups 1n
hospital length of stay, direct cost, complications, and mortality across the three less severe SOI classes
(minor, moderate, and major). However, for extreme SOI the HBOT group had fewer complications (43%
vs. 66%; p=0.01) and fewer deaths (4% vs. 23%; p=<0.01). Multivariable analysis showed that patients who
did not recetve HBOT were less likely to survive their index hospitalization (odds ratio, 10.6; 95% CI 5.2
-25.1).

Conelusion: At HBOT-capable centers, recerving HBOT was associated with a significant survival benefit.
Use of HBOT in conjunction with current practices for the treatment of NSTI can be both a cost-effective

and life-saving therapy, i particular for the sickest patients.

Cipraeroforyl
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Necrotizing fasciitis HBO, negative report

George ME (Surg Infect: 2009)
- Retrospecitve 78 case

- HBO does not improve outcome in NSTI

Massey PR (J surg Res; 2012)

- Retrospective, 80 case

- HBO does not appear to decrease in-hospital mortality
Hassan Z (Undersea Hyperb Med,; 2010)

- Retrospective, 67 case

(0) theraeropory)

rean Academy of Undersea and Hyperbaric Medicine

- No difference in mortality
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2 o

 Although RCT’s do not exist, the mechanism of HBO
make sense in mitigating(2t2}) the pathophysiology of

these conditions

O HBO, is always an adjunct to
antibiotics and surgery
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« Diabetes has a constellation of pathologies
- Autonomic neuropathy = Mechanical Deformities (e.g., clawfoot)
- Sensory neuropathy = Loss of protective sensation
- Hyperglycemia
= Osmotic diuresis

= Limits neutrophil functioning
= Increased catabolism

- Microvascular disease
= Lack of hyperemic response to injury
= Decrease oxygen diffusion across basement membrane

- Macrovascular disease
= Increased atherosclerosis of lower extremity vessels

20) tHeragrefets

rean Academy of Undersea and Hyperbaric Medicine



DFUs (Diabetic foot ulcer) Epidemiology

DM = Approximately 25.8 million people, or roughly 8.3% of the U.S. population

National diabetes fact sheet. national estimates and general information on diabetes and
prediabetes in the United States. 2011, U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention: Atlanta, GA.

More than 60% of non-traumatic amputations in the US occur in people with DM

- DM foot ulcer (DFU) precedes 85% of lower-limb amputations in patients with DM.

Cowie Catherine C. Diabetes: 1996 vital statistics. 1996, University of Michigan:
American Diabetes Association.

Contralateral leg amputation = 56% of patients within three to five years

NIH Cancer Fact Sheet. 2010, National Institutes of Health.

The five-year mortality rate for DM who have had a single-leg amputation =
60% 1 the overall five-year mortality rate of all cancers combined (32%)

(0) Tgragtelery)
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The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

Julie R. Ingelfinger, M.D., Editor

Diabetic Foot Ulcers and Their Recurrence

David G. Armstrong, D.P.M., M.D., Ph.D., Andrew | M. Boulton, M.D.,
and Sicco A. Bus, Ph.D.

r

r Diabetes mellitus

Motor neuropathy Sensory neuropathy Autonomic neuropathy
Foot deformity Loss of protective Decreased sweating
sensation

Biomechanical Dry skin
abnormalities

Q Callus formation g

\
)
) g =SS

Peripheral
artery
disease

Repetitive
external or
minor trauma

Subcutaneous
hemorrhage) \

= b

Figure 1. Common Pathway of Diabetic Foot Ulcer Occurrence and Recurrence.
Diabetic foot ulcers and their recurrences are caused by a number of factors
that ultimately lead to skin breakdown. These factors include sequelae related

to sensory, autonomic, and motor neuropathies.

Cigragtofets
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Vibration perception threshold =25 V

Presence of a preulcerative lesion

Presence of peripheral artery disease

Presence of a preulcerative lesion

Presence of ulcer on the plantar foot

Presence of previous ulcer at plantar hallux

Presence of osteomyelitis

Geriatric Depression Scale score =10

C-reactive protein =15 mg/liter

Glycated hemoglobin =7.5

Loss of protective sensation

Mo in-shoe peak pressure <200 kPa and footwear adherence »80%
Barefoot dynamic peak plantar pressure {per 100 kPa)
Day-to-day variation in step activity (per 100 strides)
Day-to-day variation in step activity (per 100 strides)

Cumulative duration of previous foot ulcers (per mo)

0 2 4 [ i 10 12 14
0Odds Ratio

Figure 3. Risk Factors Independently Associated with Ulcer Recurrence.

Data are from five studies that reported an odds or risk ratio.?®*+42*%5 According to Monami et al.# (blue), risk factors
for ulcer recurrence are a vibration perception threshold greater than 25 V and a Geriatric Depression Scale score of
10 or higher (scores range from 0 to 15, with higher scores indicating more severe depression). According to Peters
et al.* (orange), risk factors for ulcer recurrence are the presence of peripheral artery disease and location of the
previous ulcer at the plantar hallux. According to Dubsky et al.”® (purple), a plantar location of the ulcer, the pres-
ence of osteomyelitis, and elevated blood levels of C-reactive protein and glycated hemoglobin (all of which were
determined at the time of study enrollment for patients with an active foot ulcer) are independent predictors of re-
currence of foot ulcers. According to Reiber et al.* (gray), loss of protective sensation is a risk factor for recurrence
of an ulcer on the plantar surface of the foot. According to Waaijman et al.,*? risk factors for recurrence of an ulcer
on the plantar surface of the foot (yellow) include the presence of a preulcerative lesion, low day-to-day variation in
step activity, and a long cumulative duration of previous foot ulcers; risk factors for recurrence of a pressure-related
plantar ulcer (green) include the presence of a preulcerative lesion, lack of both in-shoe peak pressure below 200 kPa
and therapeutic-footwear adherence higher than 80%, high barefoot dynamic peak plantar pressure, and low day-te-
day variation in step activity.

The NEW ENGLAND JOURNAL of MEDICINE

“ REVIEW ARTICLE ”

Julie R. Ingelfinger, M.D., Edior

Diabetic Foot Ulcers and Their Recurrence

Cifg+agrojorel
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DFUs Oj®t 8! X|& 1}

DFU Prevention:
Patient education

Annual footexam
Glycemic control [A1c<7%)
Therapeutic footwear

Semmes-Weinstein test

Patient developed ulcer

ABl atage 50
Vascular risk factor management

Assess for ischemia,

infection and neuropathy

ABl+ TcPO2
PTB + plain XR

Comprehensive wound
care

-Debridement and follow
upg 1-4wk

Offloading

-moist wound bed, | |

control exudate, and |
avoid maceration

total contact cast or
irremovable fixed ankle
walking boot

non-plantar
relieves pressure at the
site of the ulcer

Suspected soft tissue
abscess or osteomyelitis Clinically significant PAD
MRI (if not possible, Revascularization {either
leukocyte or surgical bypass or
antigranulocyte scan + endovascular therapy)
bone scan) 4

Osteomyelitis
Bone debridement, biopsy
and culture

Antibiotics
HBO

Healed l
No response in 4 wks
adjunctive wound
therapy (HBO, NPWT,
cellular and extracellular
agents)

dressing changes

removable cast

Alternative for frequent

Fig. Algorithm for prevention and care of diabetic foot. ABJ, Ankle-brachial index; DFU, diabertic foot ulcer; HBO,
hyperbaric oxygen; MR I, magnetic resonance imaging; NPWT, negative pressure wound therapy; P4 D, peripheral
arterial disease; PT'B, probe to bone; TclPo,, transcutancous oxygen pressure; XR, radiography.

Cigragtofets
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« The International Working Group on the Diabetic Foot
(IWGDF) guidelines for the best practice treatment of
DFUs

- Revascularization if appropriate and feasible (V)

- Off-loading to minimize trauma to the ulcer site (O)

- Treatment of underlying infection (I)

- Management of the wound bed to promote healing (D)

V - Vascular O - Offloading I - Infection D - Diabetes Control




Figure 3 Risk categories

Risk category
0

MNormal Plantar
Sensation

LOW RISK

Risk evaluation

Risk category
3

LOPS with either
High Pressure or Poor History of Ulceration,
Circulation or Structural Amputation or
Foot Deformities or Neuropathic Fracture
Onychomycosis

VERY HIGH RISK

IDF Clinical Practice Recommendations
on the Diabetic Foot — 2017

A guide for healthcare professionals



Prevention

Semmes-Weinstein Monofilament Test

Apply Pressure

Release
Until Monofilament
Buckles

Fifth 3
Metatarsal

Sites Shown to Identify 909%
of Patients With Abnormal
Monofilament Test*®

Other Recommended Sites

Cipraeroforyl
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Prevention

» Educating the patients and their family (1C)
— Check shoes before putting on
— Change shoes daily if possible
— Not check bathwater with their feet
— Wash feet daily
— Not use perfumed soaps
— Keep feet moisturized with creams but not between the toes
— Never walk barefoot
— Wear shower shoes

— Self-inspection criteria

Redness

Blister

Callus e
Open sore (ulcer) Nl
Swelling ‘Z's‘,, }
Dryness ’ ___

Nail thickness, length or tenderness

» Use specialized therapeutic footwear in average risk (2C)
* Use custom therapeutic footwear in high-risk (1B)

(0) theraeropory)

Korean Academy of Undersea and Hyperbaric Medicine




Prevention

* HbA1C < 7% (2B)

* Against prophylactic arterial revascularization (1C)

— Indication
= Severe claudication
= Rest pain
= Tissue loss (1B)




Off loading DFUs

Offloading Devices

‘\'b

Plantar DFU with TCC (1B)

DFU with frequent dressing remov
able cast walker (2C)

— Against post-op shoes

With nonplantar wounds anything J g l

to relieve pressure (1C)
For high-risk with healed DFU, we L ’ &

ar therapeutic footwear (1C)




Diagnosis of diabetic foot osteomyelitis

» Diabetic foot infection (DFI) with an open wound

— Probe to bone test (20)
« Diagnosis of OM
— 60% sensitivity
—  91% specificity
— Plain X-ray (20C)
— 54% sensitivity
—  68% specificity
— MRI (1B)
—  90% sensitivity
—  79% specificity
— Leukocyte or antigranulocyte scan (2B)
« For MRI contraindicated
— 81% sensitivity
—  28% specificity
— Bone biopsy (10)
* When debridement done
— Limited studies
— Diagnostic bone biopsy (2C)
« Bone culture
« Only when empirical treatment fails

) CigEagtejete
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Wound care

* Requires frequent inspection with irrigation and debride
ment, protective dressings, inspection and inflammation
control, and plantar off-loading.

* Preserve a moist, non-infected wound environment.

Bleeding Inflammation Proliferation Remodeling
Freshly healed
Blood clot Scab epidermis
Blood vessel | Macrophage Fibroblasts Freshly healed dermis

Fibroblast proliferating



Wound care

* Frequent evaluation at 1 to 4 weeks (1C)

— Wound size reduction

* Early predictor of treatment outcome
— 10%-15% per week or more than 50 in 4 weeks

» Decreased complication and amputation

— Initial surgical intervention for abscess, gas or necrotizing fasciitis (

* Use dressing products that maintain a moist wound bed, contr
ol exudate, and avoid maceration. (1B)
— Non-adherent dressings

— Silmazine, honey, etc
7 o) :"omor __|mg|
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Human fibroblast-derived
dermal substifute

« Debridement (1B) Nl - emugrft

— Drainage of exudate

— Removal of nonviable tissue

— Assess the wound

— Removal of surrounding callus material

« Method of debridement

— Surgical, Larva, hydrotherapy, ultrasound, hydrogel, enzy
matic

— NO more saline-soaking gauze

« Adjunctive therapy

— For DFU with no improvement after 4 weeks
* Negative pressure (2B)
» PDGF (2B), living cellular (2B), amniotic membrane
« HBOT (2B) — reduced amputation rate, increased healing rate

) Cigagtefets
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PAD

ABI measurement from 50 years of age (2C)
— <0.8 : increased risk of limb loss

Pedal perfusion assessed by ABI, pedal doppler arte

rial waveforms, toe systolic pressure or TcPO2 (1B)

Ankle systolic pressure
ABl = ———
Brachial systolic pressure

. —
Right brachial fral .\ Left brachial
systolic pressure ‘sy.\'loli( pressure
Interpretation of ABI
Y‘ >1.30: uncompressible
5 10.91~1.29: normal
0.41~0.90: mild-to-moderate
peripheral arterial
diseases

— Toe Systolic pressure <30 mmHg : increased risk

DFU with PAD

<0.41: severe peripheral
arterial diseases

DP|eft ankle
S pT systolic pressure

— Surgical or endovascular therapy (1B)

Right ankle DI
Ankle-brachial pressure index systolic pressure | py. 23§
Medlical diagnostics

- @ systolic pressure recorded
] e beachiaianery
By o the anm
e

(20) theragterote)

Korean Academy of Undersea and Hyperbaric Medicine
Synonyms Ankle-brachial index

) RT COMMON FEM ART RESTING

Purpose Detection of peripheral artery disease







Hyperbaric oxygen ?




Timeline of

RCT]

|non-RCT

Studies

Cianci 1994 Waunderlich 2000
PR | Bakker 2000
o Senior 20000  Cianci 2004
i Brakora 1995
Cochrane 2004
o Wiliams 1997 |
= Neal 2001

Huang 2015
Goldman 2009
Cochrane 2012
Bishop-Mudge 2012
Tiaka 2012
Game 2012 |

Liu 2013
Londahl 2013




Study Co-Morbidities
Study Population Addressed Strength of | Generalizable
Sk Design N (Wagner al20B{H (Eiled! Evidence Results
grade) viojp1 b
Hart 1979 RCaS 11 NS NS Low Low
Davis 1987 RCaS 168 NS w w | W™ NS Low Moderate
Baroni 1987 PCoT 18 vs 10 234 w| % & | 2528Daiy Low Moderate
Oriani 1990 RCoT | 62vs18 4 %% & | 2528Daiy Low Moderate
Wattel 1991 PCaS 59 234 w|a 2.5BID Moderate High
Doctor 1992 RCT 15vs 15 34 L AR AR . Atypical Moderate Low
Faglia 1996 RCT 35vs 33 234 | B | 5 | & | 2.2-2.5 Daily High Moderate
Zamboni 1997 PCoS 5vs5 34 o o | - 2.0 Daily Moderate Moderate
Faglia 1998 RCoT 51 vs 64 234 Wt | 5F | &F | &F | 2.2-2.5 Daily Moderate Moderate
Lin 2001 RCT 17 vs 12 12 i o 2.5 Daily High Moderate
Kalani 2002 PCoT 17 vs 21 12 = | S 2.5 Daily Moderate Moderate
Fife 2002 RCaS 774 12345 w 2-2.5 Daily Moderate Moderate
Abidia 2003 RCT 9vs 9 12 = | S 2.4 Daily High Moderate
Kessler 2003 RCT 14 vs 13 123 AR AR AR 2.5BID Moderate Low
Fife 2007 RCaS 971 12345 w 2-2.5 Dally Moderate Moderate
Duzgun 2008 RCT 100 234 o | - Atypical Moderate Moderate
Londahl 2010 RCT 38 vs 37 234 =SS 2.5 Daily High High
Ma 2013 RCT 18 vs 18 123 "4E 3K 3 2.5 BID High Moderate I:"'Ul'_IOI'Q_l'Ul'E'
Margolis 2013 | RCoT | 793vs5466 | 234 || @ || | 2-25Daiy Low Low e =

RCT - Randomized Controlled Trial PCoT - Prospective Cohort Trial PCaS - Prospective Case Series RCoT - Retrospective Cohort Trial RCoS - Retrospective Case Series



Baroni 1987

The Question Does HBO: improve healing in DFU?
_ Study Population 5 3 4
Study Design Prosp_ectlve_ Cohort | (wagner grade)
Trial (N=28) _
Comparison 18 HBO2 vs. 10 PHBO:
Co-Morbidities v O | D 2.5-2.8 ATA x90 min
HBO: Protocol
Addressed a_ % W | O 6/7 days (34+21 Tx)
Strength of L Moderate - all
Evidence Low EenelElzZEllliy patients hospitalized
HBO: significantly improved healing rate (89% vs. 10%,p=.001)
and decreased amputation rate (11% vs. 40%, p=.001).
The Answer

It suggests faster healing as decreased hospital LOS
(62 days vs 82 days, NS).

Well Addressed Moderately Addressed W Poorly Addressed Not Addressed

rean Academy of Undersea and Hyperbaric Medicine

(0) theraeropory)



Oriani 1990

The Question Does HBO: improve healing in DFU?
. Retrospective Cohort | Study Population 4
Study Design . a
Trial (N=80) Comparison 62 HBO: vs 18 PHBO>
) i \V/ O | D 2.5-2.8 ATA x 90 min
COAOI\IZ?LZ'SSAGS = = HBO: Protocol 5-6 days/wk
LAR AR ER (72129 Tx)
Strength of L Moderate - all
Evidence Low CremeiE el patients hospitalized
N : : 0 o
The Answer HBO: significantly improved healing rate (96% vs. 67%,p<.001)

and decreased amputation rate (5% vs. 33%, p<.001).

"UI-_IOI'__"Ul-El

cademy of Unders: d Hyperbari




Faglia 1996

ORIGINAL ARTICLE

Adjunctive Systemic Hyperbaric Oxygen
Therapy in Treaiment of Severe
Prevalently Ischemic Diabetic Foot Ulcer

A randomized study

Ez10 FAGLIA, MD GIORGIO ORIANI, MD

FABRIZIO FAVALES, MD MICHAEL MICHAEL, MD RESEARCH DESIGN AND
ANTONIO ALDEGHI, MD PiETRO CAMPAGNOLI, MD METHODS

PATRIZIA CALIA, MD ALBERTO MORABITO, PHD

ANTONELLA QUARANTIELLO, MD Study Design

From August 1993 to August 1995, 70 dia-

betic subiects consecutivelv hosnitalized in

20) T agrepte)

rean Academy of Undersea and Hyperbaric Medicine



Faglia 1996

The Question Does HBO:2 improve healing and decrease amputation rate in DFU?
; . e Study Population 5 3 4
Study Design | - hiinded Trial (N=68) _
Comparison 35 HBO2 vs 35 BHBO:
Co-Morbidities V O | D 2.2-2.5 ATA X 9g min
Addressed = — . HBO: Protocol 5-7 days/w
(38+£8 Tx)
Strength of : L Moderate - all patients
Evidence Al eEneElEllly hospitalized

HBO: group had less major amputations (9% vs 33%, p=.002) and
The Answer |greater increase in PicO2 (14 mm Hg vs. 5 mm Hg, p=.00002) than
the control group

(0) theraeropory)

rean Academy of Undersea and Hyperbaric Medicine



* All patients in the study were admitted to the hospital at the
start of the study period
-Wagner IV (Full-thickness gangrene)
-Wagner Il (Abscess)
-Wagner Il (if ulcer was large and infected and

showed a defective healing in 30 days of outpatient

therapy)

* Aggressive and radical debridement
* Dressing changes with debridement carried out not less than
twice a day when necrosis or exudate were present, daily when

ulcer was clean, and every 2 days during granulation period e ) Cjoroto|oty)

orean Academy of Undersea and Hyperbaric Medicine




Offloading in hospital was addressed with an orthotic insert in an extra
deep shoe

Empirical broad-spectrum antibiotics were started and then adjusted
based on culture results

Diabetes was controlled with oral hypoglycemic agents or SQ insulin
based on blood glucose checks (7 times/day)

-Blood glucose of >22 mmol (396 mg/dL) started on IV insulin until
blood glucose < 9.9 mmol (178 mg/dL)

-Hba1c checked at time of admission and at discharge

If ABI (ankle-brachial index) <0.9 and/or P«O2 <50 mmHg, therapy
with prostacyclin was established and angiography performed

If arteriography showed >50% focal stenosis, then PTA or BPG

If arteriography showed occlusion of >10cm then BPG if a patent
vessel in continuity with the foot was present

26 subjects had revascularization during the study (13 in each arm)

£0) LTt ero|oty]

rean Academy of Undersea and Hyperbaric Medicine



Limb considered salvaged when plantar support was preserved and the

ulcer healed despite minor amputation

- Reduction in major amputations in Wagner IV DFU (9.1% vs. 55%, p=0.002)

- No difference in major amputations in Wagner III DFU (25% vs. 0%, p=0.33) or

Wagner II DFU (0% vs. 0%)

Pivotal Study for CMS (Centers for Medicare & Medicaid Services)

approval of HBO2 for DFU in the US

() tetagrerete)

Korean Academy of Undersea and Hyperbaric Medicine
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Londahl 2010/2011

Clinical Care/Education/Nutrition/Psychosocial Research
ORIGINAL ARTICLE

Hyperbaric Oxygen Therapy Facilitates
Heuling of Chronic Foot Ulcers in Patients
With Diabetes

» 2 ‘
MAGNUS LONDAHL, MD' ANDERS NILSSON, MD”~ 3 grade 1 and 2 ulcers. Therefore, the clin-
Per KATZMAN, MD, PHD' CHRISTER HAMMARLUND, MD, PHD ical utility of HBOT in treating diabetic
foot ulcers was not established. The final




Londahl 2010/2011

The Question

What is the effect of HBO2 on healing of DFU?

Study Design

Randomized, Double- | Study Population

2 3 4

Blinded, Placebo- _
Controlled Trial (N=75) | Comparison

38 HBO2 vs 37 HBAIr

) — V O | D 2.5 ATA X 90 min
CEAMnelEs HBO: Protocol 5 days/week
Addressed
up to 40 Tx
Strength of : . :
Evidence High Generalizability High
HBO:2 group had significantly better healing at 1 year than the
control group (52% vs. 29%, p=0.03) using intention-to-treat
The Answer

(ITT) analysis. Per protocol analysis showed even stronger

results (61% vs 27%, p=.009).

“UI-_I%I'Q_I'UI-EI
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Fedorko 2016, Diabetes Care

Diabetes Care

Hyperbaric Oxygen Therapy Does
Not Reduce Indications for
Amputation in Patients With
Diabetes With Nonhealing Ulcers
of the Lower Limb: A Prospective,
Double-Blind, Randomized
Controlled Clinical Trial

DWOL: 10 2337/ de1 5-2:00d

Cressiark

Lurdhusik Fedarka,” lames M. Bowen,™
Wilhelmine fanes,® George Oreapaulos,”
Ron Gosres, > Robert B. Hopking, ™ and
Daria 1. O Railly™




Fedorko 2016 (negative)

The Question Does HBO: reduce indication for amputation of DFU?
Randomized, Double- | Study Population 2 3 4
Study Design Blinded, Placebo- _
Controlled Trial (N=103)| Comparison 49 HBO2 vs 54 Sham
Co-Morbidities v O | D 29 N EID [T
HBO: Protocol 5 days/week
Addressed i o - -
: : : : up to 40 Tx
Stre_zngth o Moderate Generalizability Low
Evidence
Criteria for major amputation were met in 13 of 54 patients in the
sham group and 11 of 49 in the HBOT group (odds ratio 0.91
The Answer

[95% CI 0.37, 2.28], P = 0.846). Twelve (22%) patients in the
sham group and 10 (20%) in the HBOT group were healed.

“UI-_I%I'Q_I'UI-EI
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Primary Outcome

* Meeting criteria of need for amputation or

undergoing amputation

« Lack of significant progress in wound healing

* Persistent deep infection involving bone/tendon
« Inability to bear weight on affected limb

 Pain causing significant disability




Letters to the editor

COMMENT ON FEDORKO ET AL.

Hyperbaric Oxygen Therapy Does Not Enoch T. Huang
Reduce Indications for Amputation in

Patients With Diabetes With Nonhealing

Ulcers of the Lower Limb: A Prospective,
Double-Blind, Randomized Controlled

Clinical Trial. Diabetes Care

2016;39:392-399

Diabetes Care 2016;39:e1-e2 | DOI: 10.2337/dc16-0196

The Process of Set Up for
Education Program and
Accreditation for Hyperbaric

Medicine in the US

Enoch Huang
(Legacy Emanuel Med:c al Cente

["UI-_IOI- __|o|-g|
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Santema 2018

Diabetes Care 1

Hyperb arj_c Oxygen Therapy in the Katrien T.B. Santema,’

Robert M. Stoekenbroek,i

Tre atment Of ISChem]_C LOWer Mark J.W. Koelemay,® Jim A. Reekers,?

Laura M.C. van .Dorl“.'m:'m*,3 Arno Oomen,“’

Extremity Ulcers in Patients With — tmes ot wee wio
Diabetes, Results Of the behalf of the DAMO,CLES Study Group”
DAMO,CLES Multicenter

Randomized Clinical Trial

https://doi.org/10.2337/dc17-0654

["UI-_IOI- __|UI-§|
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Santema 2018 (negative)

The Question at 12 months?

Does HBO:2 improve wound healing and limb salvage of DFU

Randomized = Stuldg 0 2 3 4
Study Design Controlled Trial OpHiatio 50 SC O» Vs 60
~ ) + HBO2 vs
(N=120) Comparison SC
) — V O | D 2.5 ATA X 90 min
Co-Morbidities HBO- Protocol 5 days/week
Addressed o - » o
Strength of : L :
o ¢ High Generalizability High

No difference between groups after 12 months (28 index wounds were healed in
the SC group vs. 30 in the SC+HBOT group). Limb salvage was achieved in 47
patients in the SC group vs. 53 patients in the SC+HBOT. Amputation-free survival

The Answer |(AFS) was achieved in 41 patients in the SC group and 49 patients in the SC+HBOT

group Patients who completed HBOT had significantly less major amputations and

HBOT protocol as planned.

higher AFS. In the SC+HBOT group, 21 patients (35%) were unable to complete the

) Cigagtefets
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Letters to the editor

Diabetes Care Volume 41, April 2018 ebl
@ Check for

updates
COMMENT ON SANTEMA ET AL.
Hyperbaric Oxygen Therapy in the Enoch Huang

Treatment of Ischemic Lower-Extremity
Ulcers in Patients With Diabetes: Results
of the DAMO,CLES Multicenter
Randomized Clinical Trial. Diabetes Care
2018:41:112-119

Diabetes Care 2018;41:€61 | https.//doi.org/10.2337/dc17-2440




UHM 2015,VOL. 42,NO. 3 - CLINICAL PRACTICE GUIDELINE FOR HBO, TO TREAT DFU

A clinical practice guideline for the use of hyperbaric oxygen therapy
in the treatment of diabetic foot ulcers

CPG Authors: Enoch T. Huang, Jaleh Mansourt, M. Hassan Murad, Warren S. Joseph, Michael B. Strauss,
William Tettelbach. Eugene R. Worth

UHMS CPG Oversight Committee: Enoch T. Huang, John Feldmeier, Ken LeDez, Phi-Nga Jeannie Le,
Jaleh Mansouri, Richard Moon, M. Hassan Murad

CORRESPONDING AUTHOR: Dr. Enoch T. Huang - enoch. huang(@mac.com




Table 2. Steps of the GRADE review methodology|
= Formulate question (PICO format)
= Select ouicomes of importance
= Rate importance of outcomes (1-9)
» Literature review
« create evidence profile of outcomes across studies
« summary of findings and estimate of effect for each outcome
= 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
= 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)

e Qutcomes of interest

e Critical outcomes
* Major amputation

« Incomplete healing at
one year

* Importance outcomes
 Resolution of infection
« Quality of life (SF36)
« Minor amputation

E.T. Huang, J. Mansouri, M.H. Murad, et al. UHM 2015, Vol. 42, No. 3

) CigEagtejete
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Table 9. Outcomes reported by study

type

RANDOMIZED CONTROLLED TRIALS

OBSERVATIONAL TRIALS

study

bodor 1992
Faglia 1996
Lin 2001

major
amputation

OUTCOME REPORTED

incomplete
!lgaling (] !!)

minor
amputation

persistent
infection

no change in
i gualiw "',l,i,',e

Abidia 2003

Kessler 2003

Duzgun 2008

Londahl 2010

Kaur 2012

Ma 2013
Hart 1979
Davis 1987

Baroni 1987

Oriani 1990
Oriani 1992
Wattel 1991

Cianci 1994

Zamboni 1997

Faglia 1998
Kalani 2001

Grolman2001 |

Fife 2002 J
Strauss 2002

Niiikoski2003 |

Fife 2007
f)ubre 2007
Ong 2008
Lyon 2008
Kaya 2009
Chen 2010

Margolis 2013 I

Tongson 2013
Bishop 2013

COMMENTS

included
included

excluded: abstract only without any
outcomes of interest

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

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

i included

included: data on qhalrty of life V/e}e able

to be included

excluded: did not include populations of interest

and did not include outcomes of interest

excluded: did not include outcomes of interest
excluded: did not include outcomes of interest
excluded: did not include outcomes of interest

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

excluded: did not include non-HBO2 comparison grp
excluded: did not include non-HBO2 comparison grp
excluded: did not include any outcomes of intereél
included

excluded: did not include non-HBO, comparison grp
|ﬁc|uded

excluded: did 'not include any outcomes of interest
excluded: did not include non-HBO, comparisonrgrp
excluded: did not include non-HBO, comparison grp
excluded: did not include any outcomes of interest
excluded: did not include any outcomes of interest
excluded: did not include non-HBO, comparison grp

excluded: did not include non-HBO2 comparison grp

excluded: did not include any outcomes of interest

excluded: did not iﬁc|ude non-Hde comparison brp

excluded: did not include any outcomes of interest

included
excluded: did not include any outcomes of interest
excluded: did not include non-HBO; comparison grp

e Initial review
-9 RCTs
-21 observational studies

« Subsequent formal
review
-655 references

-Not identify any
additional RCTs

Cipraeroforyl
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Wagner Grades

DYSVASCULAR FOOT BREAKDOWN-
NATURALI HISTORY

| I T T 1
GRADE O GRADE | GRADE 2 GRADE 3 GRADE 4 GRADE 5

’ l
‘ GANGRENE

NO OPEN  SUPERFICIAL DEEP ABSCESS GANGRENE ENTIRE
LESION ULCER ULCER  OSTEITIS FOREFOOT FOOT

| |
| |

g - — -
@:;{. 'I{r ." éﬁ; . ) I,E?‘I I ) .
| / e 'E') {/‘jf AV
\ Y \ II" \ IfI \ J \ IE'I
"u__.-"' ".‘\_H_.-" M_,.-' 1._.\“.;. \_J

Fig. 1. Grading of fool lesions. The arrow indicates that all grades
excep!t Five can be converted to a G_radﬂ Zero foot.

Wagner, FW The Dysvascular Foot, Foot & Ankle 2(2) 1981



e “standard wound care”
-The optimal management of surgical debridement
-Mechanical off-loading

-Infection control

-Revascularization

-Metabolic control




Tabhle 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

Table 7. Levels of evidence

. . . recommended course of action, and only a small
High Furtr]er resgarch Is very unlikely to change our g b ¥
confidence in the estimate of effect. HealiicEiaidatie
Most people should receive the recommended course
IO . of action.
Moderate Further research is likely to have an important ffogamalum
impact on our confidence in the estimate of effect The recommendation can be adapted as a policy

in most situations.

and may change the estimate of effect.

CONDITIONAL
: : : Population
Low Further research is very likely to have an important The majority of people in this situation would want the
ImpaCt on our Confldence in the estimate Of eﬁect recommended course of action, but many would not.
i : Healthcare workers
and is likely to change the estimate of effect. Be prepared to help people to make a decision that

is consistent with their own values/decision aids
and shared decision-making.

Very low Any estimate of effect is very uncertain. Pollcyiakrs

There is a need for substantial debate and involvement

of stakeholders.




« These four questions

- For a patient with a diabetic foot ulcer, is HBO, with standard wound care more

effective than standard wound care alone for the outcomes of interest?

- For a patient with a Wagner Grade 2 or lower DFU that has not shown significant
improvement after 30 days of treatment, is HBO, with standard wound care more

effective than standard wound care alone for the outcomes of interest?

- For a patient with a Wagner Grade 3 or higher DFU that has not shown significant

improvement after 30 days of treatment, is HBO, with standard wound care more

effective than standard wound care alone for the outcomes of interest?

- 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

necrotizing soft tissue infection), is acute postoperative HBO, with standard wound care Y Cjetnoto|sty]

Korean Academy of Undersea and Hyperbaric Medicine

more effective than standard wound care alone for the outcomes of interest?



PICO 1
Incomplete Healing

HBO2 Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Abidia 2003 4 9 9 9 23.4% 0.47 [0.24, 0.95] 2003 =
Duzgun 2008 17 50 50 50 37.2% 0.35[0.24, 0.51] 2008 L
Londahl 2010 24 49 33 45  39.4% 0.67 [0.48, 0.93] 2010 -
Total (95% CI) 108 104 100.0% 0.48 [0.30, 0.77] <&
Total events 45 92
Heterogeneity: Tau? = 0.11; Chi’ = 6.58, df = 2 (P = 0.04); I* = 70% ' f f {
Test for overall effect: Z = 3.07 (P = 0.002) O.OFlavo?s-l[HBOZ] ]L - %gontrglc])o

Quality assessment N: of patients Effect
Relative Quality Importance
Ns of Study Risk of Other Absolute
studies design blas Inconsistency | Indirectness | Imprecision considerntions HBO+SC SC (%':;6 (95% C1)
Incomplete Healing (follow up: 1 years)
3 randomised | serious 2 not serious | not serious | none 45/108 | 92/104 | RR0.48 460 CRITICAL
trials 1 Seriow (41.7%) | (88.5%) | (0.30 to fewer @(‘?.90
0.77) per 1000
(from
203
fewer to
619
fewer)

MD - mean difference, RR - relative risk E"'?'_I-_Tl_oul'_o_l'grgl

Korean Academy of Undersea and Hyperbaric Medicine

1, Rated down because of unclear methodology for allocation concealment in 2/3 studies, patients lost to follow-up in 1/3 studies, no blinding in 1/3 studies, and
unclear intention to treat analysis in 1/3 studies,
2. The data for Incomplete Healing shows some Inconsistency as the 12 was >50%, resulting in rating down 1 point




No Recommendation

* Level of Evidence was Low
 Populations too heterogeneous
* Elected to look at more homogenous populations




PICO 2
Incomplete Healing

HBO2 Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Year Peto, Fixed, 95% CI
Duzgun 2008 0 6 12 12 100.0% 0.01 [0.00, 0.11] 2008
Total (95% CI) 6 12 100.0% 0.01 [0.00, 0.11] o
Total events 0 12
Heterogeneity: Not applicable f t t i
Test for overall effect: Z = 4.12 (P < 0.0001) Oiol?a{/ors [()l-iéOZ] lFavolr(: [contlrggo

Quality assessment N: of patients Effect
Relative Quality Importance
Ns of Study Risk of Other Absolute
studies design blas Inconsistency | Indirectness | Imprecision considerations HBO+SC SC (QCSi;S (95% CI)

Incomplete Healing (follow up: 1 years)

1 randomised | serious | not serious not serious | very none 0/6 0/12 RR 0.48 | O fewer @OOO CRITICAL
trials 2 serious 1 (0.0%) |(0.0%) | (0.30to | per 1000 | “yeet vons
0.77) (from 0
fewer to
0 fewer)

MD - mean difference, RR - relative risk

1. Wde confidence intervals in a single study with small number of events
2. Study was not blinded

Cigragtofets

Korean Academy of Undersea and Hyperbaric Medicine

2. Wide confidence 'i;\"t'é}'\;'a'is‘rn"a‘;i}\aig 's't:;ay with small number of events




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




PICO 3
Incomplete Healing

HBO2

Control

Risk Ratio

Study or Subgroup

Events Total Events Total Weight M-H, Random, 95% ClI

Year

Risk Ratio
M-H, Random, 95% Cl

Duzgun 2008 13 44 38 38 100.0%

0.30[0.19, 0.48] 2008

Total (95% CI)
Total events

44 38 100.0%

13

38

0.30 [0.19, 0.48]

Heterogeneity: Not applicable
Test for overall effect: Z = 5.21 (P < 0.00001)

4

0.001

0.1 1 10 1000

Favors [HBO2] Favors [Control]

Quality assessment N: of patients Effect
Relative Quality | Importance
ot m’““" Risk of | inconsistency | Indirectness | imprecision | Other | ypossc| sc (95% m(mcn

Incomplete Healing (follow up: 1 years)

1 randomised | serious | not serious not serlous | not serious | none
1

trials P

13/44 38/38 RR 0.30
(29.5%) | (100.0%) | (0.19 to

0.48)

700 CRITICAL
fewer | MODERATE

MD - mean difference, RR - relative risk
1. Study was not blinded

Cigragtofets
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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 reduce the risk of major amputation and
iIncomplete healing

- Moderate-level evidence, conditional recommendation




PICO 4
Major Amputation

HBO2 Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Doctor 1992 2 15 7 15 35.8% 0.29[0.07, 1.16] 1992 —
Faglia 1996 4 36 11 34 64.2% 0.34[0.12, 0.98] 1996 —-
Total (95% CI) 51 49 100.0% 0.32 [0.14, 0.74] <
Total events 6 18

. 25 e o A - o <12 } t t 1
Heterogeneity: Tau - 0.00; Chi* = 0.04,df = 1 (P = 0.84); I = 0% 0.001 01 1 10 1000
Test for overall effect: Z = 2.66 (P = 0.008) Favors [HBOZ] Favors [CO"(I’OI]

Quality assessment N: of patients Effect
Relative Quality Importance
Nz of Study Risk of Other Acute Absolute
studles | design | bias | 'nconsistency | Indirectness | Imprecision | congiderations | HBO | € | (%% | (esw cn
Major Amputation
2 randomised | serious | not serious not serious | not serious | none 6/51 18/49 | RR0.32 250 @@@O CRITICAL
trials 1 (11.8%) | (36.7%) | (0.14 to fewer MODERATE
0.74) per 1000
(from 96
fewer to
316
fewer)

MD - mean difference, RR - relative risk

1. 1/2 studies unblinded and 1/2 had single blinding, 2/2 had unclear allocation concealment, 1/2 had unclear patients lost to follow-up, 1/2 had unclear
intention-to-treat analysis and 1/2 had no intention-to-treat analysis

Cigragtofets
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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; I&D of

deep space abscess; or necrotizing soft tissue infection), we
suggest adding acute post-operative hyperbaric oxygen therapy
to the standard of care to reduce the risk of major amputation

-Moderate level evidence, conditional recommendation




AMERICAN DIABETES ASSOCIATION

" STANDARDS OF
MEDICAL CARE
IN DIABETES—2018




« Hyperbaric oxygen therapy (HBQOT) in patients with diabetic foot
ulcers has mixed evidence supporting its use as an adjunctive

treatment to enhance wound healing and prevent amputation.

« The Centers for Medicare & Medicaid Services currently covers
HBQOT for diabetic foot ulcers that have failed a standard course of

wound therapy when there are no measurable signs of healing for

at least 30 consecutive days.

« HBOT should be a topic of shared decision making before treatment

is considered for selected patients with diabetic foot ulcers.

Huang ET, et al. Undersea Hyperb Med 2015;42:205-247




UHMS Indications Manual (14t edition)

Available evidence supports HBO, for DFU

2 — 2.5 ATA for 90 — 120 minutes once or twice daily

-Serious infection may require IV abx, surgical intervention and glycemic cont

Utilization review after 30 days of treatment

-At least every 30 days subsequently

Use of TCOM to risk stratify patients
-Warrants at least 1 tx to measure PtcO, in chamber

-If values low, appropriate to treat 10-15 sessions (2-3 weeks) to see if values

increase (neovascularization)

-If no change in 2-3 weeks, further HBO, not warranted
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Algorithm for the use of HBO,

Insufficient data
to make a
recommendation

) CigEagtejete

y Korean Academy of Undersea and Hyperbaric Medicine

All DFU
\ YES ( Suggest against
Wagner <2 ? adding HBO,
J &(very low, conditional)
NO
Wagner = 3 with \ YES Suggest adding HBO;
acute surgical urgently after surgery
intervention ? J k(moderate, conditional)
NO
“Hasnct et I (e i
o standard of care
after 30 days ? J umoderate, conditional)
NO




DIONYSIUS trial

(Does Increasing Oxygen Nurture Your Symptomatic
Ischemic Ulcer Sufficiently?/ 2020 2 E A&

Patient selection

Wagner class 2 wounds N=800-1000 Wagner class 3 or 4 wounds

HBOT 30 | HBOT 40
sessions | sessions grou sessions | sessions

N=400-500

- Interim analysis and selection of study arms that will continue

vV Y vV vV VvV vV

— Final analysis of remaining study arms
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o
Mechanisms of HBO to DFUs
The major trials on the use of HBO, for DFU
The strengths/weaknesses of the two newest
randomized controlled studies on the use of
HBO, for DFU
Know the Undersea and Hyperbaric Medical

Society Clinical Practice Guideline on the use of
HBO, for DFU
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Thank you
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