
Medical Compression: Effects on Pulsatile Leg Blood Flow 
 

H. N. Mayrovitz1 and J.M Macdonald2 
1Nova Southeastern University, College of Medical Sciences, Ft Lauderdale, FL, USA 

2Miller School of Medicine, University of Miami, Miami, FL, USA 
 

The paper is based on a presentation given at a meeting of the International Compression Club 
(ICC) in Lucca, Sept. 2008.  This congress was dedicated to the problem of the assessment 
of effects of compression therapy on the human extremities  and all presenters were invited to 
submit their articles to International Angiology. 

 
Short Title:   Compression effects on pulsatile blood flow 
 
Correspondence and Proofs to: 
Harvey N. Mayrovitz, PhD 
College of Medical Sciences 
Nova Southeastern University 
3200 S. University Drive 
Ft. Lauderdale, Florida 33328 
954-262-1313 
mayrovit@nova.edu 

 

 
 1



ABSTRACT 
 

Background: Leg compression bandaging is the mainstay of venous ulcer treatment, yet little is 
known about the impact of therapeutic compression levels on arterial haemodynamics. In this 
study, the effect of foot-to-knee, four-layer compression bandaging on below-knee arterial 
pulsatile blood flow was assessed by nuclear magnetic resonance flowmetry.  

Methods: In 14 healthy supine subjects, bilateral pulsatile blood flow measured at five below-
knee sites without compression; and during compression of one leg to an average malleolar sub-
bandage pressure of 40·7±4·0 mmHg. 

Results: The forefoot-to-knee compression bandaging caused a highly significant (P<0.001) 
increase in the bandaged leg pulsatile blood flow due to increases in both peak flow and pulse 
width.  

Conclusions: It is hypothesized that arteriolar vasodilatation, induced either myogenically by 
reduced transmural pressure or by vasodilatory substance release triggered by increased venous 
shear stress and veno-arterial interactions, possibly combined with altered vascular compliance, 
produce the observed compression-related phenomenon. Whatever the mechanism(s), the finding 
of a compression-associated pulsatile flow increase suggests an arterial linkage, which may play 
a role in the well-documented beneficial effects of compression bandaging in venous ulcer and 
lymphedema treatment. Possible beneficial effects of the arterial flow-pulse increase on venous 
ulcer outcome may be related to a decrease in leukocyte effects in the distal microvasculature.   
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INTRODUCTION 

As a therapeutic modality external compression of the limbs is used on an intermittent 
basis for edema and lymphedema reduction and sustained compression bandaging is the 
mainstay of effective treatment of venous conditions and the treatment of venous ulcers. In 
conjunction with the latter there has been interest and experimental work regarding the effect of 
compression therapy on venous hemodynamics. However, there is very little known with regard 
its effect on arterial hemodynamics, especially leg pulsatile blood flow. Since the magnitude of 
pressures routinely used are about 40 mmHg, and in some cases higher, it was reasoned that even 
though these pressures are less than arterial diastolic pressure there might be an impact on leg 
pulsatile blood flow. Because the magnitude and pattern of leg flow pulses depend on arterial 
compliance, peripheral vascular impedance and complex reflected wave phenomena that might 
be influenced by external compression, this study was done to provide data on the type and 
nature of alterations in leg pulsatile blood flow features that might be associated with medical 
compression bandaging. For this purpose nuclear magnetic resonance flowmetry  (NMRF) was 
used to measure pulsatile blood flow bilaterally at five below-knee sites before and during 
application of a four-layer compression bandage to one of the legs.  
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METHODS 
Subjects and Preliminary Evaluations 

Healthy volunteer subjects (N=14, seven female, age 42 ± 5.3 years) were studied after 
signing an Institutional Review Board approved informed consent. Subjects were free of  
diabetes and lower extremity venous or arterial disease. Measured systemic blood pressures 
showed that the group was normotensive (systolic 126 ± 4.7, diastolic 84 ± 3.2 mmHg).  
 
Leg Pulsatile Blood Flow Methodology 

Pulsatile blood flow (PBF) was measured under resting supine conditions by nuclear  
magnetic resonance flowmetry (NMRF) in which a subject is placed on a moveable table that is 
advanced so as to position a specific leg site within the center of  a tubular measurement section 
of  the NMRF system  Within this section a 0.1 Tesla fixed magnet causes hydrogen nuclei of 
fluids within the leg to precess with an NMR sensor detecting the amount of precession. The 
main NMR signal detected and processed is due to precession of hydrogen nuclei of 
intravascular water.  This signal is proportional to the number of precessing hydrogen nuclei and 
is thus proportional to the amount of vascular water flowing into and out-of the measurement 
section. Non-pulsatile flow produces small contributions which are filtered out by the system. 
The measured PBF depends on a flow-induced adiabatic tipping of the nuclear magnetization in 
all flows within the limb cross section. Blood perfusion information is generated by dividing 
cross-sectional flow rate by the volume of tissue distal to the cross section. Calibration to obtain 
absolute PBF is done with a pulsatile flow pump which drives water doped with a paramagnetic 
solute to simulate the NMR characteristics of blood through a phantom limb. The phantom has 
simulated vessels which are positioned within the NMRF measurement region. Further technical 
details and theoretical aspects regarding this method may be found in the literature (1-4).  
 
Leg External Compression 

Leg compression was produced by wrapping one leg from fore-foot to knee with a four-
layer bandaging system designed and used therapeutically for treatment of venous ulcers. In all 
subjects, bandaging was done by the same person who had extensive experience. Prior to 
bandaging a pressure sensor was placed on the medial aspect of the leg 4-5 cm. proximal to the 
malleolus to record sub-bandage pressures. The sub-bandage pressure recorded for the group was 
40.7 ± 4.0 mmHg which is near the target level recommended for therapeutic use (40 mmHg).   
 
Blood Flow Procedure and Parameters 

PBF (ml/min) was measured at five below knee sites located 10%, 25%, 50%, 75% and 
90% of the measured length between the lateral malleolus and the tibia tubercle with the 
malleolus as the 0% reference. Each pulse waveform was integrated over a cardiac cycle and 
ensemble averaged for 15-20 beats.  PBF at each site includes the sum of all pulsatile arterial 
flow passing peripherally through the leg cross section within an axial segment five cm in length. 
Pulsatile perfusion (ml/min/100cc) was calculated by dividing PBF by the leg volume distal to 
the measurement site. An estimate of the relative broadness (width) of the flow pulse at each site 
was determined by measuring its width at one-half of the flow pulse maximum amplitude. Flow 
parameters were compared with respect to differences before compression bandaging and with 
compression in place. Also, paired-leg parameter ratios (compressed leg/control leg) were 
compared with respect to before and after bandaging differences. Nonparametric statistical tests 
(Wilcoxon) were used with a level of 0.05 taken as statistically significant. 
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RESULTS 
A typical response to compression bandaging is illustrated in figure 1. 

 

Figure 1   Pulsatile blood flow (PBF) before and during leg compression bandaging   Flow 
waveforms at five below knee sites in a subject before compression (A)  and during compression 
(B)  show an increase in flow-pulse amplitude and width at all sites. The 90% site is closest to 
the knee and the 10% site closest to the ankle. PBF values (ml/min) are shown at the top left for 
each site. Heart rate (BPM) are shown at the top left during recording for each site. PBF values 
are the ensemble average of 15 consecutive beats.  

 
PBF waveforms before compression are shown in A and during compression in B. There 

was a generalized increase in flow during compression with the flow-pulse peak and width 
showing an increase at every measured site. Flows increased without an appreciable change in 
average heart rate which for this subject was 59 bpm before and 58 bpm during compression.  
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The composite group data, shown in figure 2, indicates that PBF during compression was 
significantly greater (p<0.001) at all sites save the 10% site, with a tendency for a greater flow 
differential at the more proximal leg sites.  Considering total below-knee arterial PBF perfusion, 
compression bandaging caused a highly significant (p<0.001) increase, with PBF perfusion 
increasing from 1.64 ± 0.11 to 2.11 ± 0.14 ml/min/100cc. Contrastingly, during compression of 
one leg, the contralateral unbandaged leg showed a slight (p<0.05) decrease from 1.69 ± 0.11 to 
1.55 ± 0.08 ml/min/100cc. Separate analyses of the flow-pulse peak amplitude show that the 
compressed leg / control leg ratio was significantly increased at all sites and the flow-pulse width 
was significantly increased at the more proximal sites.  

 

 
Figure 2:    Compression effect on pulsatile blood flow at each below-knee site.   Leg sites are 
shown as percentages of the distance between the lateral malleolus and the tibia tubercle with the 
malleolus as the zero reference. Except for the most distal site (10%), compression produced a 
significant increase in all measured sites *p<0.001.  Error bars are ± 1 SD. 
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Figure 3 shows a posterior tibia artery duplex Doppler ultrasound recording made in one 
subject illustrating the peak blood velocity increase associated with bandaging. 
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Figure 3:  Posterior tibia artery blood velocity without and with leg bandaging  
ith Doppler ultrasound recording (one subject) made prior to compression bandaging (A) and w

bandaging in place (B) shows a blood velocity increase consistent with the overall findings using 
the nuclear magnetic resonance flowmetry method. In the illustrative case shown, when the 
bandage was removed the blood velocity returned to its pre-bandage levels within two minutes. 

 

DISCUSSION 
   The findings demonstrate a significant increase in arterial PBF produced by fore-foot to knee 
compression bandaging at pressure values routinely used therapeutically. Analysis of flow-pulse 
waveform morphology shows the flow increase is due to increased peak flow and flow-pulse 
broadening. These findings raise several physiological and clinically related questions. From the 
physiological side there is the question of operative mechanisms and a prime clinical question is 
if and how such pulsatile flow augmentation impacts treatment outcomes.  
  Because the PBF waveform is dependent on various interactive factors not intrinsically studied, 
the underlying mechanisms responsible for the flow increase are speculative. It is the author’s 
view that the observed compression-related alteration in the PBF waveform is consistent with 
changes in arterial pulse-wave phenomena caused by compression-related changes in arteriolar 
resistance and arterial compliance. PBF waveforms at any leg cross-section depend on the 
summed forward and reflected flow waves within the set of arterial vessels at the cross-section. 
Normally, the leg distal vasculature presents a resistance to the forward moving wave that is high 
compared to the characteristic impedance of the artery (5-7). The impedance mismatch produces 
reflected flow-waves nearly 180o out-of-phase with incident waves, which destructively 



interferes with forward waves. When the arteriolar vasculature dilates reflected flow-waves are 
thus reduced in magnitude and altered in phase causing the measured composite PBF wave 
pattern to increase in peak and demonstrate pulse widening. Since this pattern is observed due to 
compression bandaging in every subject who was tested, it is plausible that an arteriolar 
vasodilation is involved, for which two broad possibilities may be offered. One relates to a 
reduced arteriolar resistance subsequent to a compression-related reduction in arteriolar 
transmural pressure and one relates to arteriolar vasodilation induced by compression-related 
effects on the venous system.   
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ossible Venous Effects triggered by Compression:  Increased blood flow velocity in veins of the 

role in 

The impact of such arteriolar dilation, whether due to myogenic, venous or other factors, 
on the m

ered 
e.  

Possible Myogenic Effects Triggered by Compression: Because of the small diameter and thick-
walled structure of arterioles, compression pressure values as used in this study would not 
mechanically reduce arteriolar 
diameters as would occur for 
veins or lymphatic vessels. But, 
whereas limb exposure to sub-
atmospheric pressures causes 
increased transmural pressure 
(8), increased extravascular 
tissue pressure due to external 
compression reduces arteriolar 
transmural pressure and sets the 
stage for an adaptive myogenic 
vasodilatory response (9-12). 
Experimental evidence for this in 
humans at external pressures 
between 10-30 mmHg has been 
reported (13, 14) and increases in 
skin blood perfusion produced b
regional leg compression has also
been documented (15). Figure 4A schematizes the way this possible mechanism might work
 
P
lower extremity has been demonstrated with external compression between 30-50 mmHg (16-
18).  Increased endothelial shear stress due to such velocity increases may elicit release of 
vasodilatory substances (19) which subsequently impact the arteriolar vasculature (20).  
Evidence for such venous-arteriolar linkages has been described (21, 22) and may play a 
the well documented effects of static (23, 24) and possibly intermittent (25-28) compression 
therapy. Figure 4B schematizes possible ways in which this venous-arteriolar process might 
work.  

easured flow-pulse wave would be expected to cause an increase in peak flow 
associated primarily with the forwardly transmitted flow-pulse into a distal region of low
vascular resistance and to reduce the reflected wave thereby resulting in a broadened flow-puls
An additional factor that probably contributes to the augmentation of the PBF wave is a change 
in artery dynamic compliance associated with a compression-related reduction in arterial 
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