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Abstract: To determine the potential effects of pulsed radio frequency field (PRFF) treatment on
peri-ulcer microcirculation, this preliminary study measured laser Doppler (LD) red blood cell (RBC)
perfusion, volume and velocity, and skin temperature in 15 subjects with diabetes (DM), each of whom
had an ulcer on the foot or toe of one limb for at least eight weeks duration. These measurements were
made at a peri-ulcer site and contralateral nonulcerated limb site prior to and at the end of a single 45
minute PRFF treatment protocol. The contralateral site was used to control for any systemic changes that
might occur during treatment interval unrelated to the treatment itself. All subjects had DM = five years
and nine of these had lower extremity arterial disease in the ulcer bearing limb as judged by noninvasive
vascular testing which included measurements of ankle brachial indices (ABI) and total leg pulsatile
flow measured by magnetic resonance flowmetry. The overall data on this initial group of patients
showed that at the peri-ulcer site, the single treatment produced an increase in LD perfusion which
occurred mainly due to an increased volume component; there was no significant increase in any LD
parameter at the contralateral control site nor was there an increase in skin temperature at either site.-
The LD increase occurred even though the peri-ulcer pretreatment perfusion and volume were much
greater than at the contralateral control site. This suggests peri-ulcer vasodilation, perhaps in response
to ulcer metabolic needs. Nonetheless, PRFF still caused a further increase in perfusion. Since volume
component of the LD measurement is related to the microvessel number with active RBC flow, its
increase due to PRFF suggests either further arteriolar dilation and/or selective recruitment of previous-
ly non-perfused vessels. These preliminary findings may suggest that if resting perfusion is marginally
inadequate to promote timely ulcer healing, the incremental perfusion might potentially aid the healing

process. More work to specifically relate PRFF treatment to perfusion changes and ulcer healing out-
comes is clearly indicated. ’
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Introduction

There is increasing evidence suggesting the
possible beneficial effect of pulsed electromagnet-
ic fields as an aid in the treatment of certain types
of chronic wounds.}2 The mechanisms whereby
such effects may be realized have remained allu-
sive. There is some data suggesting that positive
effects on cellular processes related to the wound
healing cascade may be involved. These include
acceleration of collagen formation and angiogene-
sis,® and increased activation of neutrophilst and
monocytes.” There is also evidence of electrical
augmentation of epidermal cell locomotioné and
fibroblast motility.” Effects of pulsed radio fre-
quency fields on ion fluxes, particularly calcium
ion,® appear to play a role in vascular processes
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Table 1
Summary of overall laser Doppler and skin temperature findings
ULCR Site CONT Site ULCR vs CONT
Parameter (p values)
Pre Post Pre Post  Pre Post
Perfusion 10.7 12.0¢ 4.3 46  0.006 0.003
(2.9) (2.5) (1.0) (0.9)
[0.049] [0.173]
Volume 1.37 1.92* 0.93 120 0.002 0.001
(021)  (0.20) 0.16)  (0.13)
[0.017) [0.776]
Velocity 1.56 1.62 1.19 1.20 0280 0.057
(0.25) (0.20) (0.10) (0.15)
[0.142] [0.543]
Skin Temp 31.2 31.7 31.3 31.3
(0.8) (0.7) (0.5) (0.5)
[0.398] [0.485]
Data: mean and S.EM. from 15 subjects with lower limb ulcers; values are five minutes
average before PRFF treatment (PRE) and near the end of a 45 minute treatment (PST).
LD parameters: Perfusion, Volume, and Velocity in arbitrary units; Skin Temp (°C). [J=p
value between PRE and PST, *=p<0.05.

(CONT) was detected indicating the absence of
systemic or other confounding effects which
might be responsible for the perfusion increase
noted at the ulcer site. The pretreatment levels of
both perfusion and volume at the ulcer site were

significantly greater than values at the contralat-
eral sites (p<0.001).

Discussion

A single 45 minute PRFF treatment of lower
extremity ulcer sites in this diabetic group result-
ed in a significant increase in peri-ulcer laser
Doppler RBC perfusion as measured during the
final five minutes of the treatment interval. This
increase occurred in spite of the fact that as a
group, the peri-ulcer pretreatment LD perfusion
and volume were much greater than at the corre-
sponding contralateral non-ulcer sites. This likely
indicates that the peri-ulcer microvasculature
was significantly vasodilated; perhaps as a physi-
ological response to meet the increased metabolic
needs of the ulcer and/or associated with a local-
ized inflammatory response. Similar findings
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have been reported for the peri~ulcer microcircu-
lation in patients with venous ulcers,16 However,
in the present group there was neither a history
or any evidence for the presence of venous dis-
ease in any subject and all ulcers treated were dis-
tal to the malleolus. In the 15 subjects studied, in
spite of the already vasodilated state of the
peri-ulcer skin, PRFF treatment was still able to
produce a further increase in RBC perfusion, The

‘primary response noted was associated with an

increase in the volume component. The physio-
logical significance of this component is related to
the number of microvessels with an active RBC
flow within the tissue measurement area. An
increase in this parameter subsequent to PRFF
treatment may indicate further arteriolar dilation
and/or selective recruitment of previously non-
perfused capillaries and/or other microvessels.
Since no significant increase in the velocity com-
ponent was detected, a significant increase in
local arteriolar vasodilation is unlikely, suggest-
ing that microvessel recruitment may be the pri-
mary mechanism for the observed perfusion
increase. Under conditions in which non-aided
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leading to field-induced vasodilation,? a finding
which is consistent with emerging links of calci-
um ion to endothelial cell-mediated dilation.10
Previous studies by authors on the effect of
pulsed radio frequency field (PRFF) on the micro-
circulation of forearm skin of normal subjects
demonstrated an increase in red blood cell (RBC)
flux as measured by laser Doppler (LD) fluxme-
try.1! However, since the composite LD signal
includes components which are dependent on the
mean speed of moving RBC as well as their num-
ber density within the sampled volume,'?-14 the
question as to which perfusion component was
affected was left unanswered. Differential
responses of these two components may give fur-
ther clues as to the involved mechanisms.!>-16 In
addition, it is unclear if the response to PRFF
treatment of volar forearm of normal subjects
could reliably be extrapolated to other sites or to
patients with coexistent tissue or circulatory com-
promise. The present preliminary study was
undertaken to deal with these specific issues as
related to diabetic patients with coexisting lower
extremity ulcers by evaluating the LD response to
a single PRFF treatment in the region of the ulcer.

Methods

Experimental. Laser Doppler (Vasamedics,
model BPM2) RBC perfusion,17-22 the separate
volume (RBC concentration) and velocity compo-
nents, and skin temperature (Baily, BAT8) were
measured in 15 diabetic (DM) subjects with lower

extremity ulcers. Subjects studied had only one

ulcer present which was located either on the foot
or toe. Measurements were made on the
peri—ulcer skin using a plastic laser probe posi-
tioned approximately one centimeter from the
ulcer margin and also at a corresponding skin site
on the contralateral non-ulcerated limb.
Measurements were made at both sites prior to
PRFF treatment of the ulcer bearing site and near
the end of 45 minutes of continuous treatment.
The contralateral site was used to control for any
systemic changes that might occur during the
treatment interval unrelated to the treatment
itself. The settings of the PRFF unit (EPi,
SofPulse) which uses a frequency of 27.12mHz
were set to maximum pulse rate (600 pulses/sec)
and maximum peak power with the actuator con-
taining the coil positioned 1.5¢m from the surface
of the ulcer. Separate measurements indicate that
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under these conditions the RMS magnetic field
strength during each 65 psec pulse is about one
Gauss near the skin surface. All subjects studied
had diabetes mellitus for at least five years and
had an ulcer with a duration not less than eight
weeks; five were female, and the group age
(mean and S.E.M.) was 62.3 £ 3.4. Prior to treat-
ment, each subject’s leg arterial status was evalu-
ated by measuring the ankle-brachial systolic
blood pressure index (ABI) using Doppler ultra-
sound and by measuring pulsatile leg blood flow
using the method of magnetic resonance flowme-
try23-25 (MRF, Metriflo model AFM100). Leg
blood flow was measured at five below-knee
sites as previously described? and an arterial sta-
tus index (ASI) was derived from the blood flow
measurement. This index, which is sensitive to
both the amplitude and width of leg blood flow
pulse has been shown to permit stratification as
to the presence of lower extremity arterial disease
(LEAD) or normal leg status (NORM)?” and cor-
relates with resting ABI. Of the 15 subjects evalu-
ated, nine were classified as having LEAD
according to both ABI and ASI criteria (ABI < 0.9,
ASI < 4.5). It should be noted that microvascular
deficits could exist in any DM subject in spite of a
normal ASI or ABL

Analysis. Laser Doppler data reported are the
five minute averages obtained prior to treatment
and during the last five minutes of treatment at
the peri-ulcer site and the corresponding con-
tralateral non-ulcerated site. Statistical testing for
differences between measurements on the same
leg before and at the end of treatment were done
using the nonparametric Wilcoxon test with a
rejection of the null hypothesis (no difference) at
the p=0.05 level. Additional tests were done to
compare the LD values at the ulcer site vs. the
contralateral site during these same time inter-
vals. All LD data is reported in arbitrary units
(AU) since acceptable calibration procedures
have not yet been fully developed.t*

Results

The main results of this study are summarized
in Table 1. A significant increase in LD perfusion
mainly due to a treatment-related increase in the
volume component was found for the treated
ulcer site (ULCR); no significant increase in skin
temperature was detected. No increase in any LD
parameter of the contralateral control site
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perfusion is marginally inadequate to promote
timely ulcer healing, the increased perfusion may
potentially be useful as an aid to the healing
process. These initial preliminary findings using a
single PRFF treatment provide the basis and sug-
gest the need for an expanded study in which the
relationship of PRFF treatment can be related to
perfusion changes and ulcer healing outcomes.
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