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AANALS OF THE NEW YORX ACADENY OF SCIENCES Epidemiology

Jonsequences
Update on management of diabetic foot ulcers
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Diabetic Foot Ulcer:

9.1-26.1 million DM pts ulcerate annually

19-34% DM pts develop ulcers in lifetime

Review of published clinical research & reconciliation of conflicting data

DFU mortality > 40% at 5 yrs.

DFUs account for 1/3 of DM costs (US$176b)
20% remain unhealed at 1 yr.

Primary Training in Hyperbaric Medicine

Everett E, Mathioudakis N. Ann NY Acad Sci2018|

Columbia, South Carolina
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“Standard of care practices”
Prospective non-formally randomized; 18 HBO 10 no HBO

Vascular assessment....evaluated for arterial insufficiency * # Diabetic gangrene all inpt. HBO “drastically reduced leg amputations™

. Strength of recommendation... Strong * 2.8 ATA Oz “antibacterial effect” then 2.5 ATA 02 “reparative effect™
Infection control... Dx by inflammation & purulence * +
cultures obtained before ABN ~ * # Level of evidence ...High *
Moderate #

Glycemic control....optimize blood glucose control * + Low+

Baroni G, et al. 1987
Diabees Care 10;(1):81-86

Retrospective; 168 HBO most with soft tissue & bone infections

ridement...sharp debridementpreferred * # Mix of in-outpt. > 50 went to major amputation

Dressing choice....to allow moist environment & exudate control * » Most with angiographic eviderce of PVD & absent pedal pulses
Led to study of TCOMS in selection process

Wound off-loading. ..pressures should be distributed off wound * * Dave 6] 657
Ciiics Pod Med Surg 4(2)429437

Everet E, MathioudakisN
Ann NY Academy Sci 2018
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Prospective randomized trial

Retrospective non-formally randomized pts; 62 HBO 18 no HBO

70 consecuive adnitted ps.
35SC+HBO 33SC

Adiondtive Systemic Oxygen

Pnfv"onﬂy Ischemic Diabetic Foot Ulcer

Arandomized stdy

Diabetic gangrene all inpt; “significant reduction in amputation rate™

SC +HBO SC

Oriani G, et al. 1990

J Hyper Med;5(3):171-175 Major amps. 3(86%) 11 (33.3%)

Per Wagner Grade
1 05
1] 115 (25%) 08 p033
v 2022 (9.1%) 11120 (55%) p0.002

10 yr retrospective 151 pts

‘Table 4—TcPo, values of s-HBOT and non-s-HBOT groups at admission and at discharge;

Diabetic gangrene all inpt; “significant reduction in amputation rate™ comparison of increase between the two groups

Oriani G, etal. 1992
J Hyper Med;7(4):213-221

sHBOT group Pualue

‘non-s-HBOT group

Acadmission 2322107 2132107 046

A discharge 3732161 2632135 —

Variation 1402118 50254 0.0002
TcPo, (mmHg). ¥

Cest [Satterthwaite (13) degrees of freedom: 48.25]

FagliaE, et al. Diabetes Care 1996,19(12)
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Prospective, formally randomized, long-term flu; 17 HBO 21 no HBO

SEETIEEERRS All outpt. DFU's; effective healing in setting of reversible local hypoxia
Non-healing to SC > 6 weeks Kalani M, et al. 2002

T ey eas: s Do oind Fandomtnd convoted T J Diabetes Compis;16:153-158

A A Lo K . A Wi, P . o All underwentdx angiography
o RCT, although unblinded/no sham; 50 HBO 50 no HBO
Flow augmentation pts excluded

25 screened, 18 enrolled, 16 studied Infected DFU’s, all inpt; effective healing & reduced amputation rate

Ulcers healed: HBO _Sham

At6weeks 58 18 NS
At6months 508 28 NS
At 1-year 508 08 0026

e Duzgun AP, et al. 2008
Abidia A, et al. Eur J Vasc Endovasc Surg 2003(25f J Foot Ankle Surg;47(6)
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i 70
DFU > 3 months (mean 10 months)

o .
Hyperbaric Oxygen Therapy Facilitates Wagner grade 2-4 60
Healing of Chronic Foot Ulcors in Pationts
With Dl 164 assessed; 94 enrolled 50
5%
. allwith tissue hypoxia per tcp02 * 40 **p<0.01
- E Healed ulcers % m HBOT
- — b SC non-responders > 2 months 30 e + p<0.05
= - Randornized to SC + HBO vs. SC + sham 20
1 2 3 6 9 12

Placebolsham controls 10
25 ATA (mask) 02 vs. air x 40 sessions 0

Primary outcome complete healing 1 yr. o
Time (months)

Wagner Grade  Lesion )
Complete healing at one year:
nact skin

‘Superficial ulcer of skin/subcu tissue
Uicer extends ntotendon, bone, capsile Intention to treat analysis: 25/48 (52%) in HBO 12/42 (29%) Sham/SC P<0.03 NNT4
Deep ulcer with osteomyelitis or abscess
Gangrene of toes or forefoot

Midfoot or hindfoot gangrene Per protocol analysis: 23/38 (61%) in HBO 10/37 (27%) Sham/SC P <0.009 NNT3

* HBO does notinduce angiogenesis in normally oxygenated fissue Londahl M, et al. 2010
Diabetes Care;33:9

~"Londahl, M et al. Diabetes Care 20 0;33

Specialized Wound Care

We know that having a wound that won't close can be worrisome and affect your quality of life. We can help.

Here'swhat you can expect when you come to one of our wound centers:

Expertise

Ourwound care teams have specialized training in managing and assessing wounds of all types. With access to an ongoing national
database that fracks wound treatments and outcomes, we have access to the latest and best therapies.

Quality Outcomes

We have consistently excellent outcomes for wound healing.

We successfully close 94 percentof the wounds we treat, higher than the national healing rate of 91 percent
We're skilled at treating even the most complex cases

We preventlimb loss on a daily basis

We heal wounds faster than the national average - often in fewer than 30 days
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Longitudinal observational cohort study Trial Design

Single wound management company Hyperbaric Oxygen Therapy Does 157 assessed: 107 enrolled: data on 103
183 centers in 31slates Not Reduce Indications for : S 5 5
Amputation in Patients With =
11,301 DFU subjects; study imited 10 6,259 D il Nonhenng Do
Double-Blind, Randomize
Controlled Clinical Trial

$SC non-responders > 2 months

DFU > 4 months non-responding SC
Wagner grade 2-4

Wound duration (months) . . NS Randomized to SC + HBO or SC + sham
24 ATA 02 vs. 1.2 ATA air

Wagner grade > 3 (%) . <0.0001

Wound size first visit cm2 1.6 1 <0.0001

Wounds healed week 16 (%) 49.6 . <0.0001

Major amputation week 16 (%) 1.8 ; <0.0001

'_ Margolis DJ, ef al. Diabetes Care 2013

N ————
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Primary outcome measure Baseline Wagner Grade 3

Freedom from or meeting criteria for amputation at 12 weeks

Lack of significant healing; defined as open wound/sepsis risk
17 Week F/U
Persistent deep infection; hospitalization required ¢ “ Complete Healing

Inability to bear weight on affected limb

Pain causing significant disability
Post-Study Protocol; 12 Week F/U
Adjudicated for Amputation
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Baseline Wagner Grade 3 ‘Long-term follow-up...will occur at weeks 30 and 52..."

Both data points missing but 52-week outcomes reported elsewhere *

17/37 (46%) adjudicated for AMPUTATION

14/17 not amputated (83% error)

16 Week F/U
Complete Healing

. I N“ j' ¢ i 20/37 (54%) adjudicated for NO AMPUTATION

Post-Study Protocol; 12 Week F/U 18/37 not amputated (10% error)
Adjudicated for Amputation
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] o
e Diabetes Care e

Hyperbaric Oxygen Therapy in the 12% lnb sabvage diference ncreased fo 25% Specalcommentery

Treatment of Ischemic Lower-
Extremity Ulcers in Patients With e
o et SC vs SC +HBO

DAMO,CLES Multicenter 10 sham or blinding
Randomized Clinical Trial
i e B o Wagner IHV present 4 weeks (52% )

Incomplete tcpO2 testing 1 y
local hypoxia (<40 mmHg) no 02 challenge AMERICAN DIABETES AsSOCIATION

. STANDARDS OF
ITT: Amp rates: 12% SC + HBO vs. 22% SC (10% difference) MEDICAL CARE
PP: Amp rates: 5% SC + HBO vs. 22% SC (17% difference) | IN DIABETES—2018

epresenting 13 international hyperbaric societie:
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Diabetes Car i bty I

- Hyperbaric Medicine? Foot Care: Standards of Care in
2025

Now takes more measured view

Recognized one postive RCT

Identified two recent RCTs failed to corroborate

While noting trildesign defcencies partcpant cropouts not
evidentin the positve RCT
Made point HBO may lower amputation in chronic
e — ischemic ulcers

No benefit from non-ischemic ulcers
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CLINICAL PRACTICE GUIDELINE DOCUMENT Y

Global vascular guidelines on the management of e
ronic limb>threatening lscherni Hyperbaric oxygen therapy for nonischemic diabetic
ulcers: A systematic review

Recognizes HBO-DFU controversy
takes more pragmatic view vs. ADA

“From currently available evidence, it seems pts treated with HBO do not
achieve faster healing or benefit in terms of amputation prevention”

“May be a role for HBO to accelerate healing of chronic
neuropathic ulcers with low grade ischemia™

“The RCTs that demonstrate this are of good quality”

“HBO should not be used in setting of significant inflow dz.”

lLaIieﬁR, etal. Woun& Repair Reg 201§;2 266-27!

Conte MS, et al. Eur J Vasc Endovasc Surg 2019
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Evidence assessments

Health Quality
Ontario SC +HBO results in improved ulcer healing vs SC alone

ONTARIO HEALTH TECHNOLOGY
ASSESSMENT SERIES

Hyperbaric Oxygen Therapy for the Treatment of Diabetic Foot
Uldars: A Heait Tachnalogy Assessment

SC +HBO is safe as SC alone

Evidence shortcomings make it difficult to draw definitive

Large degree of uncertainty if SC + HBO cost-effective vs SC alone

Better pt selection methods required

&M

Ontario Quality Health 2017;17_(_5-. 34-143

COPYRIGHT" 2022 EDIZION MINERVA MEDICA

Influence of HBO on Major Amputations

> % domos ey

FERIPIERALARTERIAC DISERSE o 3 suwos10n

B Gupmor

The role of hyperbaric oxygen therapy i
in the treatment of diabetic foot ulcers:
a systematic review with meta-analysis
of randomized controlled trials on limb

amputation and ulcer healing

" . P=0.005
Moreira Da Cruz DL, et al, Int. Angiology 2022;41(1)

U Texas

‘The University of Texas Saging System or Diabetic Foot Ukers w 1

Grade! Grade Grade WOUND ISCHEMIA
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FOOT INFECTION

Hyperbaric oxygen therapy: Useless or useful? A battle

Magrus Lond125 | Androw 1. Bouon

Wagner FW. Foot Ankle 1981;2(2):64-122

‘Comparison of WIFi, University of Texas and Wagner

‘Admitted Diabetic Foot Patients: A Prospective Cohort
Study

Vera-Cruz PN, et al. Malay Ortho J 2020;14(3)
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Pl

Presence of microvasc dz; impaited bacterta killng. poor stem cellmobilization = HBO mechanisms
HBO increases (cpOz leves, such increases associated with improved b outcomes

Large number of supportive case serie, low EBM levelbut mirtorpre-cinica findings

CON
Recent reparts of HBO usage lead one 1o believe many remain in the era ofthe anecdote
Cochrane review cricalof HBO studies
~ lackof binding

~ lackof sham
~ lackof alocation o subjects 0 groups.
~ lackof ITT

Potentialbeneits come at igh cost & presently diffculto usty

High quality RCT's imperative.

DYSVASCULAR FOOT BREAKDOWN-
NATURAL‘ HISTORY

=
GRADE O GRADE | GRADE2 GRADE3 GRADE 4 GRATES

SUPERFICIAL DEEP  ABSCESS  GANGRENE
ULCER ~ WCER  OSTENTIS  FOREFOOT

GanGRENE
ENTRE.
00T

tﬁﬁ

C
Fig. 1. Grading of foot lesions. The arrow indicates that all grades
except Five can be converted o a Grade Zero foot

Intact skin
Superficial ulcer
Deep ulcer

Ulcer with bone i
Forefoot gangrene
Grade 5 Full-foot gangrene

Small (63 pt) prospective comparison study of admitted DFUs.

Al three classification systems good predicters of major amputations
with Wifi most predicive although not satistcally significant
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Table 1 The Lang Beach Wownd Scre

- B - - Onus on providers to select appropriately, practice diligently
e o, B =
- T -
R il — = = Resist commercial/financial pressure to “get patients in the tank”

st

sk Coverge Nisc Tendon s Hone

T - SO PO .- O e e : L
e i uion | 598 (ks dysycemi, Bond Comprehensive work-up - all etiologies identified
=Ly

Institute standard of care practices
consistent with initial review paper

=

s Deiswea
J sty

Failure to respond...reversible local hypoxia key to effective HBO use

Conser

)

HBO to normalize wound repair process vs. heal wound, per se

Ampuszson
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