
®

Comparison of Pulsed Acoustic Cellular Expression (PACE™) 
Technology versus Hyperbaric Oxygen Therapy (HBO)

Study by: Dr. Ching-Jen Wang
Chang Gung Memorial Hospital Taiwan

Investigational Device. Not for Sale in the U.S.



 
Introduction 
 
When a diabetic skin ulcer occurs, the current standard of care includes medical management 
of the systemic diabetes, offloading pressure points (casts, shoes, etc), debridement of  
necrotic or non-viable tissue, and wet-to-dry or wet-to-moist wound dressings.  When the 
standard of care does not prove effective, alternative treatments and adjunctive therapies are 
considered.  Pulsed Acoustic Cellular Expression (PACE™) Technology is a novel advanced 
modality that promotes healing.  In order to determine the performance ability of PACE  
Technology, a study was conducted to compare PACE treatment utilizing dermaPACE  
(SANUWAVE, Alpharetta, GA) to hyperbaric oxygen (HBO) therapy.  HBO therapy is a  
commonly used adjunctive therapy used to treat chronic wounds.   
 
Mechanisms of PACE and HBO 
 
HBO is based on hyperoxygenation resulting in angiogenic effects, vasodilation and fibroblast 
proliferation to treat chronic wounds.  It is considered safe and effective, and most insurance 
providers recognize HBO as an appropriate treatment for chronic wounds. PACE Technology 
is a proprietary form of Extracorporeal Shock Wave Technology (ESWT) utilizing  
engineering parameters and a treatment protocol specifically designed to optimize healing 
outcomes.  The dermaPACE is the first wound treatment device in the PACE Technology 
platform.  High-energy impulse waves applied by dermaPACE to the wound surface cause 
microstresses at a cellular level resulting in a biological cellular response which include the 
release of growth factors and cytokines (cellular expression) that lead to wound healing.  
Clinical publications have shown this biological response1,2 in acceleration of wound healing in 
burns,3 traumatic wounds and reconstructive skin flaps,4 as well as diabetic wounds.5  

Study Methods

This study was designed to evaluate the efficacy of PACE treatment in chronic skin ulcers and 
to compare the results with that of HBO therapy.  The treatment arms will be evaluated based 
on bacteriological study, local blood flow perfusion scan, histomorphological examination and 
immunohistochemical analysis. 
 
Seventy-one patients with 76 ulcerations persisting for at least 3 months (mean 18.7 months 
duration) participated in a comparison Institutional Review Board approved trial (Table 1).  
Patients with cardiac pacemakers, that were currently pregnant, skeletally immature, or with 
poor compliance were excluded.  Patients were divided into two treatment groups: 45 patients 
(45 wounds) were treated in the HBO group and 26 patients (31 wounds) were treated with 
dermaPACE.  All 45 patients in the HBO group were diabetic and 18 of the 26 patients in the 
dermaPACE group were diabetic.  All patients maintained a standard of care regiment in  
addition to the advanced modality treatment.  
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PACE treatments involved a total of six sessions of 500 impulses each over 3 weeks (2 per 
week, 6 treatments total) at the E2 setting on the dermaPACE device.  The HBO study arm 
received 1 daily treatment, 5 days a week for 4 weeks (20 treatments total) of 90 minutes at 
2.5 atmospheres (atm).

Patients were followed on average 5 to 6 months after their active treatment protocols were 
complete.  During the trial, the wounds were evaluated using the following assessments:

1. Clinical assessment including photo documentation of the ulcer status;
2. Bacteriological study;
3. Histomorphological examination & Immunohistochemical analysis; and
4. Local blood flow perfusion using PeriScan PIM II Laser Doppler Perfusion Imager and 
 LDPIwin software (Windows 95/98/2000) for data analysis and statistics.



 

Results 

Wound Healing Clinical Assessment
Clinical assessment of the ulcer status resulted in a statistically significant difference in healing 
between the PACE and HBO treatment groups.  Wounds were completely healed or improved in 
90% of the PACE group while 69% of the wounds healed or improved in the HBO group (Table 2).  
PACE treatment had an equal effect in diabetic and non-diabetic patients (Table 3).
 

 

Table 2.  Advanced modality effects on clinical wound healing.

 WOUND STATUS DIABETIC 
 

NON-DIABETIC 
 

P-VALUE 

Healed 55% 36%  0.40 
>50% Improvement 40% 45%  

Unchanged 5%  19%  

 
Table 3.  PACE treatment efficacy in diabetic and non-diabetic patients. 

-
-

WOUND STATUS PACE™ HBO P-VALUE 

Healed 48% (15 of 31) 18% (8 of 45) .008  

Improvement 42% (13 of 31) 51% (23 of 45) -

No Change 10% (3 of 31) 31% (14 of 45) -
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Histomorphological & Immunochemical Results

The cellular activity levels of all wounds were determined using hemotoxylin-eosin (HE) 
staining and magnification techniques.  After treatment the PACE group had increased 
cellular activity levels.  HBO treated wounds demonstrated some increase in cellular 
activity, however, the magnitude was significantly less than the PACE treated wounds.  
Levels of histomorphological and immunochemcial markers (eNOS, VEGF, PCNA and 
TUNEL) were measured before and after the advanced modality treatments (Table 5).  
At baseline, PACE and HBO groups had no statistically significant difference in these 
markers.  Changes in eNOS, VEGF, PCNA and TUNEL (apoptosis) were significantly 
different from baseline measurements after PACE treatment.  None of these 
histomorphological or immunochemical levels were changed significantly from baseline 
measurements after HBO treatment.  

Bacterial Analysis

Bacterial analysis was conducted by determining the bacterial levels of each wound prior 
to treatment and after treatment.  The bacterial scale was 0 for no growth, I slight growth, II 
moderate growth, III heavy growth, and IV for extremely heavy growth.  There was a 
significant decrease in bacteria counts following PACE treatment (p=0.018).  There was no 
significant decrease in bacteria counts following HBO treatment.  However, PACE treatment 
showed a significant decrease in bacteria count compared to that of HBO (p=0.034).

Table 4. Bacterial results before and after advanced modality treatment.

 

Bacteria 
Growth  0 I II III IV p-value 

PACE™ Before 2 2 4 21 2 - 

 After 12 0 1 18 0 0.018 

HBO Before 8 3 11 17 6 - 

 After 10 4 9 17 5 0.957 



Doppler Perfusion
Doppler imaging was used to determine the acute perfusion levels of each wound.  At baseline, 
there was no significant differences between the groups (Table 6).  After treatment, PACE groups 
had a significant increase in acute perfusion.  The changes noted after HBO were not significantly 
different from baseline measurements.

 Mean±SD (Range) Before treatment              After treatment          P-value-1 
eNOS     

dermaPACE 22.53±12.42 (8-50)            55.12±20.74 (11-80)         < 0.001  
HBO                         31.42±15.11 (9-58)                35.82±23.52 (6- 92)                0.230  
P-value             0.06                                     0.02 
 

VEGF    
dermaPACE  37.77±7.58 (32-59)       66.63±13.52 (40-98)         <0.001  
HBO                42.25±7.76 (28-55)        46.75±7.55 (30-56)             0.082  
P-value 0.079                                     0.001 
 

PCNA 
dermaPACE  27.21±12.68 (10- 45)              59.63±20.7 (27-98)           <0.001 
HBO       31.83±15.03 (15- 67)              37.58±15.01 (23-68)           0.198 
P-value 0.205                                      0.001  
 

TUNEL     
dermaPACE 65.9±21.25 (22-96)                28.64±17.06 (10- 64)            < 0.001 
HBO        57.92±25.81 (11-100)            57.69±24.7 (22- 100)            0.268 
P-value 0.213                                  <0.001 

 

    Table 5.  Histomorphological analysis of wound healing markers in PACE(TM) and HBO treatment groups. 
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Discussion 

dermaPACE is a device utilizing Pulsed Acoustic Cellular Expression (PACE) Technology, a refined 
form of ESWT.  ESWT has been shown to cause mechanical forces within tissues that initiate a 
biological response at a cellular level producing angiogenic growth factors, including eNOS, VEGF, 
and PCNA. These growth factors are known to be elevated during normal wound healing.6  These 
observations were supported during this study, but HBO therapy did not produce significant  
changes in these growth factors.  Using TUNEL (terminal deoxynucleotidyl transferase-mediated 
dUTP nick end-labeling) a decrease in apoptosis and an increase in tissue regeneration was  
observed after PACE treatment.  HBO treated wounds, however, did not exhibit a significant  
decrease in apoptosis.  Further reports suggest that there may be an antimicrobial effect following 
shock wave treatment.7  The bacterial counts made during this study show a significant decrease in 
bacterial counts in wounds treated with PACE but not in HBO wounds. Further research conducted 
at the Cleveland Clinic reported a 13% increase in functional capillary density without damage to 
the vessels or an increase in inflammatory infiltrates.8  The Doppler imaging conducted during this 
study supports this report.   

 
Clinical evidence of the safety and effectiveness of this novel treatment has begun to be reported.  
Type II diabetic patients with chronic foot ulcers treated with shock wave based technology  
resulted in complete healing in 50% of patients treated and improvement in the majority of the rest.1 
Again the treatment was reported as safe and well tolerated.  Using a slightly different protocol, 
diabetic patients with chronic leg ulcers achieved an average area reduction from 5.1+/-5.5cm2 
to 0.4+/-0.5cm2.9  All patients experienced improvement, and 63% of patients achieved over 92% 
closure within 27 days, 75% of patients achieved closure within 62 days.   Interestingly, this study 
reported that the initial wound size and depth, respectively, did not correlate with wound closure 
time.  The diabetic and non-diabetic patients in this study treated with PACE™ Technology had 
a higher rate of improved and completely healed wounds compared to reported standard of care 
rates.  Further, the PACE group at 90% improved and healed significantly better than the HBO rate 
of 69%.

Conclusions
 
Pulsed Acoustic Cellular Expression (PACE) Technology offers a significant increase in wound clo-
sure rates.  PACE offers an alternative treatment option that, in this study, showed better outcomes 
than current adjunctive treatments, such as HBO therapy.  PACE Technology offers a significant 
over all improvement in wound healing that exceeds both standard of care and current adjunct mo-
dalities such as HBO.
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