Electric and Magnetic Stimulation

2LL

MI

Long-term Effects of Electrical Stimulation on Parameters of Postocclusive
Reactive Hyperemia in Patients with Peripheral Vascular Disease
Rudi Krageljl, Tatjana Erjavecz, Toma|Jarml, Marjeta Pre5ern-Strukelj2, and Damijan Miklavöiör
'Faculty of Electrical Engineering, University of Ljubljana, TrZaSka2S, SI-1000 Ljubljana, SLOVENLA
a
' Institute of the Republic of Slovenia for Rehabilitation, Linhartova 5 1 , SI- 1 000 Lj ublj ana, SLOVENIA
Abstract: A clinical study was conducted to examine the
effects of electrical stimulation on the parameters of blood
perfusion and tissue oxygenation in patients with peripheral

vascular disease. Electrical stimulation was applied
through electrodes placed on gastrocnemious muscle and
on the dorsal side of thefootfor 90 minutes per day infour
consecutive weel<s. A total of 17 patients with peripheral
vascular disease (Fontain II) were assigned into control
and treatment group. The fficts of electrical stimulation
were determined by analyzing the changes of parameters of
postocclusive reactive hyperemia measured by near
infrared spectroscopy and transcutaneous oximetry. Time
domain parameters of reactive hyperemia (time of recovery
and time to peak value of NIRS signals, and the half time of
the response of the TcpO2 signal), rate of reactive
hyperemia (relative HR and absolute lc6in change of the
N1R,S signal) and the absolute TcpO2 values were compared

during the four weeks of therapy. The changes of

the

measured PORH parameters in the treatment group during

of the applied therapy were not significantly
dffirent. The observed changes during this period can not
be attributed to the in/luence of the electrical stimulation on
the peripheral vasculature. The design of the study should
be studied completely regarding the number and levels of
vascular disorders in patients, amplitude of the stimulation,
positioning of the electrodes, and the period of the therapy.
the

four

weel<s

INTRODUCTION
The idea of applying electrical current for the healing
of chronic wounds arose in our environment

enhancement

while using functional electrical stimulation. Chronic
wounds, such as vascular wounds in patients with severe
lower limb ischemia or pressure ulcers in paralyzed
patients, healed rapidly and the amount of new wounds
developed

by patients who

received the therapy with

electrical stimulation was significantly less

tll.

The

physiological mechanisms of improved wound healing after
electrical stimulation are still not fully understood" A
possible answer seems to be improved blood flow in the
stimulated area[2].
The main purpose of our study was the evaluation of the
long term effects of electrical stimulation on parameters of

blood perfusion and tissue oxygenation. The parameters
were measured, using the test of postocclusive reactive
hyperemia (PORH), by means of near infrared spectroscopy

(NIRS) and transcutaneous oximetry (TcpO2).

MATERIALS AND METHODS

A group of 17 patients classified as having Fontain
stage II PVD were included in the study, after giving
informed consent. The study was approved by the Ethical
Committee of the Ministry of Health of the Republic of
Slovenia. The patients were randomly assigned into the
control and the treatment group. The control group
consisted of 7 patients (5 men and 2 women, mean age
64.I, range 55-77 years, mean TcpO2 value at rest 4l.l
mmHg, range 32-48, and mean ABI0.62, range 0.35-1.00).
The treatment group consisted of 10 age-matched patients
(8 men and 2 women, mean age 64.1, range 5l-74 years,
p:0.99, mean TcpO2 value at rest 37.7 mmHg, range 27 48,

p:0.46, and mean ABI 1.16, range 0.92

1.4, p:0.83). All
subjects were in a supine position during the measurement.

-

A NIRO2-X2 instrument (Keele University, UK) was used
for simultaneous monitoring of concentration changes of
oxy- and deoxy hemoglobin (HbO2 and Hb) as well as the
changes of the total hemoglobin (Hbtot) and the changes of
the difference of HbO2 and Hb signals. (OD. A
transcutaneous oxygen partial pressure meter (TCM2,
Radiometer, Denmark) was used for oxygen partial
pressure (TcpO2) monitoring. Arterial occlusion was
achieved by inflating a thigh cuff (CC17, Hokanson) to a
pressure of 30 mmHg above the value of the individual
systolic pressure of each subject. The cuff was placed
above the knee on the thigh and inflated to the pressure
needed for the arterial occlusion. A standard cuff inflator
(TD3l2, Hokanson) was used for this purpose. The cuff
remained inflated for 5 min and then rapidly released.

The therapy with the electrical stimulation was
performed on the patients of the treatment group five days a

week during the period

of four weeks. A pair of

self

adhesive (Axelgaard, Fallbrook, USA) was placed on the
gastrocnemious muscle and a pair on the dorsal side of the
foot. Biphasic, charge-balanced asymetrical current stimuli
were applied using dual channel electrical stimulator Decus
D5 (IJS, Ljubljana, Slovenia).
The electrical stimulation treatment was given for 90
minutes daily. The parameters of the PORH test were
measured on the patients of the treatment and the control
group before the start of the therapy, before the beginning
of the third week, and at the end of the therapy.
Different parameters obtained by the two noninvasive
methods were studied (Figure l): tp, time of recovery (s),
the time interval after release of the cuff until the initial
values of HbO2, Hb, and OI signals are reached; tr*.r, time to
peak value (s), the time interval after release of the cuff
until 95% of the signals peak values are reached; HR,
maximal hyperemic response (%), maximal change of the

3"o I rutrnNATroNAL Coru rrRrncE oN Bror ucrRoMAG
8-12 October 2000, Bled - SLOVENIA

N

ETrsM

Electric and Magnetic Stimulation

2L2
signal after the release of the cuff; expressed as the
percentage of the signal change during arterial occlusion;
Acnrp, maximal change of the NIRS signal during the phase
of reactive hyperemia expressed in pmol 100m1-t; TcpO2,
oxygen partial pressure value (mmHg) measured prior to
arterial occlusion; ts, half time of the response, the time
interval after release of the cuff until 50% of the initial
TcpO2 is reached. In each group of subjects mean values,
standard erors of oxygenation parameters were calculated.
Statistical significance between groups was tested by
Mann-Whitney Rank Sum test. Exact p values are given.

The statistically significant level of difference was
considered to be at p<0.05.
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Figure 1: Parameters of postocclusive reactive hyperemia
evaluated from NIRS and TcpO2 signals.

Table 1: Parameters of the PORH test calculated from the HbO2 and the TcpO2 signals. The parameters were measured on
the patients of the control and the treatment group before the start of the therapy (T0), before the beginning of the third
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of oxygenation and blood perfusion in

14.8

39.6
9.4

patients

with PVD.
Long-term effects

of electrical stimulation in patients

with PVD were monitored by NIRS and TcpO2 techniques.
The parameters of PORH test were calculated before the
start of the therapy, before the beginning of the third week,
and at the end of the four-week therapy. Mean values and
standard errors of the PORH parameters obtained from
HbO2 and TcpO2 signals in three different time moments
for the treatment and the control group are presented in

Table

l.

of the

PORH

Results of our study, considering the results of other
groups, raised new ideas about the study and the therapy
protocols. The long term effects of the therapy should be
observed during a period longer than four weeks. The
positioning of the electrodes on larger muscles and the
chosen amplitude of the electrical stimulation should be

studied.

groups

In the future, the study should include larger

of patients with

different levels

of

vascular

parameters
calculated from the HbO2 and TcpO2 signals are presented

obstructions as well as patients with different etiologies.

in Figure 3. Similar dynamics during the therapy can
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In our study we tried to observe the effects of the
electrical stimulation on parameters of oxygenation and
blood perfusion using the PORH test. At the end of the four
week therapy we expected shorter times (tp and ts) and
higher rates (HR and lc61o) of reactive hyperemia. The
results

of our

of the

Republic

of

Slovenia. The

measurements were performed at the Institute
Republic of Slovenia for Rehabilitation.

CONCLUSIONS

study (Table

1) did not

support this

hypothesis. The changes of the measured PORH parameters

in the treatment group during the four weeks of the applied

therapy were not significantly different. It could be
explained that the therapy with the electrical stimulation
does not have any influence on the improvement of

of

the
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