Libby Vaughn

Evidence Table

HBOT and Estim

PICO: Does hyperbaric oxygen therapy show improved healing of recalcitrant wounds, as measured by wound volume, than high-voltage pulsed current electrotherapy in adults with lower-extremity diabetic neuropathy?

HBO=Hyperbaric oxygen; SWC=Standard wound care; GF=Growth factor; LE=Lower extremity; DM/NIDDM=Type II diabetes; ES=Electrical stimulation;  HVES= High voltage electrical stimulation, SWM=Semmes-Weinstein monofilament, NS=Non-smoker, S=smoker, 

	Author, Year, Journal, Title
	Purpose, Design
	Subjects
	SWC, GF, ES or HBO Intervention
	Outcome Measures
	Results
(p<0.05)
	Application to PICO Question
	Comparison/ Notes

	Lyon, K. C. 2008

J Wound Ostomy Continence Nurs.
The case for evidence in wound care: Investigating advanced treatment modalities in healing chronic diabetic lower extremity wounds
	Compares healing rates for LE ulcers in patients with DM: growth factor therapy and HBO therapies to SWC.
Case control
	SWC group: n=25, beg. wound size 4,500 mm3
GF group: 

n=26, beg. wound size 4,800 mm3
HBO + SWC group

n=13, beg. wound size 13,000 mm3
HBO + GF group
n=25, beg. wound size 31,000mm3
Mean age = 68.5(13.8; range 40-94
	SWC group: Either papain urea debriding ointment or papain urea chlorophyllin complex covered with adaptic or hydrogel pads, gauze, and conform
GF group: becaplermin or Apligraf)

HBO group: 100% O2 with no other info given
	% wound change by vol. from baseline

Tested at: Baseline, Weekly for 8 weeks
	SWC group:
4 weeks: ( 14%

8 weeks: ( 15%

GF group:

4 weeks: ( 66%

8 weeks: ( 82%

HBO+SWC:
4 weeks: ( 45%

8 weeks: ( 30%

HBO+GF:
4 weeks: ( 60%

8 weeks: ( 72%


	HBO sig. ( wound vol. compared to GF and SWC
	Tx was decided by wound size - HBO+GF treated largest wounds, SWC tx for smallest wounds.

No synergistic effect HBO + other tx.

SWC and GF groups had small wound sizes

HBO wound sizes 13 cm2 and 31 cm2

	Lundeberg TC, Eriksson SV, Malm M.  1992 

Ann Plast Surg 

Electrical nerve stimulation improves healing of diabetic ulcers.
	Compares effects of adjunctive ES therapy + SWC to SWC with sham ES therapy.

RCT
	SWC + ES group: n=32, sex (m/f) 18/13, mean age 66(7.9, mean ulcer area 22(9.6 (cm2), deep:superficial 6:26

SWC + sham ES group: n=32, sex (m/f) 18/13, mean age 67.5(8.6, mean ulcer area 24.2(12.6 (cm2), deep:superficial 4:28


	SWC: paste bandage + elastic bandage

ES: 80Hz, 1ms, evoke strong paraesthesia, 20 mins daily for 12 wks
	% Change in wound area  

Testes at baseline and every two weeks until 12 weeks
	SWC+ES:
42% complete healing

61% ( in wound area

SWC+sham ES:
15% complete healing

41% ( wound area


	Patients with diabetic ulcers may see an increased benefit to ulcer healing with e-stim.  

ES increases peripheral blood flow to ischemic tissue.
	Supports adjunctive ES

Small sample size

13 people withdrew, problem with tx?

Wound sizes 22 cm2, 24.2 cm2

	Peters EJ, Lavery LA, Armstrong DG, Fleischli JG. 2001 

Arch Phys Med Rehabil

Electric stimulation as an adjunct to heal diabetic foot ulcers: a randomized control trial
	To evaluate the efficacy of electrical stimulation as an adjunct to heal diabetic foot ulcers.

Double-blind RCT with placebo control


	ES group: n=20, beg. wound area 3.54(5.56 cm2, sex (m/f) 16/4, ulcer duration (mos.) 5.5(13.0, hx of DM (yrs.) 17.0(7.5, SWM 1.9(2.4

Placebo group: n=20, beg. wound area 1.63(1.51 cm2, sex (m/f) 19/2, ulcer duration (mos.) 5.0(6.4, hx of DM (yrs.) 16.4(11.6, SWM 3.2(3.0


	ES group: 50V, 80 twin peak monophasic PPS, 100(s for 10 mins, followed by 40 minutes of off-time for 8 hours.  

Placebo group: followed same protocol with sham device

Both groups received SWC

	% change in wound by area

Tested at baseline and every week for 12 weeks
	ES group: 71% (10/14) of compliant participants fully healed, 50% (3/6) of non-compliant participants fully healed. 5 did not heal completely.

Placebo group: 39% (5/13) of complaints fully healed, 29% (2/7) of non-compliants were fully healed. 10 did not heal completely

Compliance=20 hours/wk
	HVES is an effective adjunctive therapy for treating diabetic ulcers.
	Low levels of compliance, SWC alone healed 25% (10/40) patients. 

71% fully healed with 20 hrs/wk tx.  Practical? 

Wound sizes: 3.54 cm2, 1.63 cm2


	Londahl M, Katzman P, Nilsson A, Hammarlund C. 2003. 

Diabet. Med.
Hyperbaric oxygen therapy facilitates healing of chronic foot ulcers in patients with diabetes.
	Evaluates effectiveness of HBO in the management of chronic diabetic foot ulcers.

Double-blinded, placebo-controlled RCT

	HBO group: n=38, Age (yrs) 67(11, sex (m/f) 76/24%, hx of DM (yrs) 22(12, ulcer hx (mos) 11.9(10.3, ulcer size 3.4(5.1 cm2. 

Placebo group: n=37, Age (yrs) 71(6, sex (m/f) 86/14%, hx of DM (yrs) 21(30, ulcer hx (mos) 10.3(6.4, ulcer size 2.8(2.2 cm2
	HBO group: 95 mins. HBO chamber - 5 minutes comp/ decomp, 85 mins. 2.5 ATA, 100% O2 - for 5 days/wk for 8 wks = 40 tx. 

Placebo group: Same parameters in the HBOT chamber but breathed normal air.

All received SWC by outside source 


	% change in wound by area, 

Measured at baseline, every wk for 8-10 wks, at 12 mos.  

SF-36 measured at baseline and at 12 mos.
	HBO group:

23/38 patients (61%) completely healed, 1 pt died, 2 amputations
Placebo group:
10/37 patients (27%) completely healed, 3 deaths, 1 amputation

SF-36 scores improved for pt with healed ulcers, esp in physical, vitality and social functioning


	HBOT increased healing rates and saw lower fatal outcomes than standard treatment alone.
	15 dropouts - problems with time-intensive tx

Difficulty scheduling HBO

Wound sizes: 3.4 cm2, 2.8cm2


	Silva EFH, Martins CC, Guirro ECO, Guirro RRJ. 2010

Anais Brasileiros De Dermatologia
High voltage electrical stimulation as an alternative treatment for chronic ulcers of the lower limb.
	To describe the effects of high voltage electrical stimulation (HVES) on treatment of lower extremity chronic ulcers.

Prospective consecutive case series
	Pt #1=58 YO male, NS, ulcer duration(yrs) 15, ulcer size 20.1 cm2, no periwound pain

Pt #2=55 YO female, S, ulcer duration (yrs) 8, 25.26 cm2,↓sensation, ↑pain 

Pt #3=49 YO female, NS, ulcer duration (yrs) 23, 10.4 cm2, ↑ pain
	Tx: two 30-minute VES sessions/wk, cathodal stimulation, min tension of 100V.
	% change in wound by area

Decrease in pain (VAS)

Tested at baseline and again after 30 treatments/15 weeks 
	Pt #1: final ulcer size 16.3 cm2, (↓ 19%), no change in pain VAS

Pt #2: final ulcer size 17.8 cm2 (↓ 30%), 55%↓ pain VAS.

Pt. #3: final ulcer size 1.6 cm2 (↓ 85%), 43%↓ pain VAS.

Mean % change wound area ↓36% 
	15 weeks of ES can ↓ pain and wound area (mean change 36%)
	No randomization, no control, very small sample size, sampling bias.

Consider how rates differ (19%-85%)

Wound sizes: 20.1 cm2, 25.26 cm2, 10.4 cm2

	Kalani M, Jorneskog G, Naderi N, Lind F, Brismar K. 2002.

Journal of Diabetes and It’s Complications

Hyperbaric oxygen (HBO) therapy in treatment of diabetic foot ulcers. long-term follow-up.
	Investigates long-term effects of adjunctive HBO therapy in the treatment of chronic foot ulcers in diabetic patients with peripheral hypoxia.

Prospective, comparative, non-randomized cohort study
	HBO group: n=17, sex (m/f) 12/5, Age (yrs) 54(14, DM duration (yrs) 28(12, ulcer area (cm2) 1.08(1.52, S/NS 4/13

Control group: n=21, sex (m/f) 18/3, Age (yrs) 65(11, DM duration (yrs) 26(17, ulcer area (cm2) 0.45(0.92, S/NS 4/13
	HBO group: 90 mins in HBO chamber at 2.5 ATA, 100% oxygen, 5 days/wk for 8-12 wks = 40 or 60 treatments, based on HBO availability, non-weightbearing shoes, tx for infection, debridement, and wound dressing.

Control group: Non-weightbearing shoes, tx for infection, debridement, and wound dressing.


	Complete healing, partial healing, amputation, death

Initial wound meas. at baseline.  Measure at 3 yrs.
	HBOT group: 

13/17 patients (76%) completely healed by 3 years

2/17 patients (11%) had BK amputations

2/17 patients (11%) died 

Control group:

10/21 patients (48%) completely healed by 3 years

7/21 patients (33%) had BK amputations 

3/21 patients (14%) died

1 patient showed improved healing


	HBOT showed ( healing, ( amputation rates, and ( deaths indicating improved treatment outcomes with HBOT.
	No randomization, no blinding

Considers LT change only

Wound sizes: 1.08 cm2, 0.45 cm2 

Very small wound sizes

	Golman RJ, Brewley BI, Golden MA. 2002

Advances in Skin and Wound Care

Electrotherapy reoxygenates inframalleolar ischemic wounds on diabetic patients
	To retrospectively evaluate the ability of HVES to improve wound healing.

Retrospective case series

	Pt #1: 76 YO F, W, DM hx (yrs) 4, ucler area (cm2) 1.6   

Pt #2: 56 YO M, B, DM hx (yrs) 7, ucler area (cm2) 0.2

Pt #3: 58 YO M, W, DM hx (yrs) 8, ucler area (cm2) 6.1

Pt #4: 52 YO M, W, DM hx (yrs) 40, ucler area (cm2) 10.2

Pt #5: 71 YO F, W, DM hx (yrs) 16, ucler area (cm2) incision

Pt #6: 52 YO F, W, DM hx (yrs) 17, ucler area (cm2) 2.4
comorbidities: HTN (5/6), S (1/6), CAD (3/6), renal transplant (2/6), previous amputation (4/6)
	HVES 1 hr/day, 7 days/week until wound closure or amputation. 100V increased until sensory or 330V was reached.  Neg polarity, 80-100 pps via 100 cm2 electrodes. 

SWC= protective dressing, silver ointment, antibiotic ointment, becaplermin ointment and debridement.
	Complete healing or amputation. 

Initial wound area measured at baseline.

End results at 1 wk-8mos
	Pt #1: 9 mos HVES, completely healed

Pt #2: 6 mos. HVES, completely healed

Pt #3: 5 mos. HVES, completely healed

Pt #4: 9 mos. HVES, completely healed

Pt #5: 1 mo. HVES, amputation

Pt #6: 1 mo. HVES, amputation
	HVES improves microperfusion in ischemic skin and tends to promote healing, although a clinical trial is needed to confirm these findings.
	Very small sample size.

Only 2 outcomes measured: healed or amputation

7 hrs HVES/wk large commitment

Wound sizes: 3.43(6.77 cm2 

	Chen CE, Ko JY, Fong CY, Juhn RJ. 2010

Foot Ankle Surg
Treatment of diabetic foot infection with hyperbaric oxygen therapy
	Evaluates the effectiveness of HBO in the tx of the infected diabetic foot and to assess the dose relationship of HBOT.

Two case-control groups in a retrospective study 
	<10 sessions group: n=21, Age (yrs) 68(11, sex (m/f) 11/10, DM hx (yrs) 11.48(10.11, HbA1c (%) 9.23(2.91, 10 grade III wounds, 11 grade IV wounds

>10 sessions group: n=23, Age (yrs) 68(11, sex (m/f) 11/10, DM hx (yrs) 13.22(7.55, HbA1c (%) 9.8(1.92, 7 grade III wounds, 16 grade IV wounds 


	HBO tx: 2 hours at 2.5 ATA alternating between 25 mins of 100% O2 and 5 mins room air, 5 days/wk. 

Pt completed either <10 weeks or >10 wks tx.  
	No amputation, improvement in Wagner Classification
	<10 sessions group:

7/21 (33%) patients had healed wounds 

10/21 (48%) patients required amputation

4/21 (19%) patients underwent subsequent treatment

>10 sessions group:

18/23 patients (78%) had healed wounds

4/23 patients (17%) required amputation

1/23 patients (4%) underwent subsequent treatment


	Adjunctive HBO has improves wound healing in conjunction with medical and surgical treatments in patients with infected diabetic foot ulcers, although it does appear dose-dependent.


	No definition wound healing was given.

No wound size by area.

Only study to use Wagner Classification for documenting wound size.

No end Wagner classification was provided


