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Intermittent pneumatic compression for the treatment of
lower extremity arterial disease: a systematic review
Nicos Labropoulos, Carl Wierks and Brian Suffoletto

Abstract: This study aimed to identify the role of intermittent pneumatic compression in treating
peripheral arterial disease and to investigate the types of treatment programs that are most
effective. Data was sourced from English-language articles which were identi�ed by a computer
search using MEDLINE from 1966 to 2001, followed by extensive bibliography review. Studies
were included if they contained pertinent material involving a compression device and arterial
�ow dynamics in lower limbs. A total of 26 English-language studies were identi�ed that met
the inclusion criteria. The diverse patient criteria and methods used in the studies provided an
opportunity to examine the effectiveness of each, but made it dif�cult to compare one study
with another. To assist in focusing on overall trends in improvement, patient type and treatment
type disparities must be identi�ed. In conclusion, it is evident that an intermittent pneumatic
compression program appears promising and may be used in patients with severe peripheral
arterial disease who are not candidates for revascularization using surgery or percutaneous
angioplasty. It is now the goal to establish randomized, prospective, controlled trials to clarify
the most bene�cial regimen for treating such disease.

Key words: acute effects; clinical outcomes; intermittent pneumatic compression; peripheral
arterial disease

Introduction

The biennial incidence rates of intermittent claudication is
currently 26.6 per 1000 men and 13.3 per 1000 women,
both of which are expected to increase in the coming dec-
ade.1 Peripheral arterial disease (PAD) is currently the lead-
ing cause of morbidity in elderly people.2

Previous studies have shown that alternating high and
low pressure around the lower extremity, a process called
intermittent pneumatic compression (IPC), is effective in
increasing arterial �ow to distal limbs, and may be a rel-
evant treatment for patients with PAD. Although both inter-
ventional and conservative treatments are currently
implemented in treating these patients the practicality and
low cost of IPC make it a favorable alternative.

Percutaneous transluminal angioplasty is frequently inap-
plicable, yielding poor long-term patency rates; surgical
intervention is only undertaken in cases of severely debilit-
ating claudication and may result in further complications.3

Historically, the classes of drugs used to treat claudication
include rheologic agents, vasodilators, antiplatelet agents,
and anticoagulants. Recently, designer drugs, such as pen-
toxifylline and cilostazol have shown minimal success in
only a small subset of select patients.2 Conservative man-
agement of diabetes, hypertension and hyperlipidemia may
slow atherosclerotic progression, but unfortunately do not
change existing symptoms or cause regression. Exercise
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therapy is useful in improving claudication distance and
while walking is not physically possible in more severe
cases of PAD, upper body exercise may provide similar
bene�ts.4

Conservative means to increase blood �ow are needed
in cases of multiple revascularization procedures, limbs
with graft infections, and when distal arterial beds offer no
suitable site for anastomosis.5 In ischemic limbs, IPC can
increase blood �ow, relieve rest pain, and limit tissue dam-
age. IPC placed on foot and calf, referred to as arterial
assist device (AAD), has shown to generate a three- to four-
fold augmentation in popliteal artery blood �ow.6 AAD
may also maintain uncertain graft �ow, reduce swelling and
compartmental pressure after injury, and act as a prophy-
laxis of venous thrombosis. The mechanisms for this action
include a decreased local vascular resistance because of the
release of vasodilatory substances such as nitric oxide and
prostacyclins, and the transient suspension of the arteriov-
enous re�ex as well as an increased arterial-venous pressure
gradient in dependent patients.

It is now necessary to establish a clinical protocol under
which there might be shown substantial proof of IPC’s
effectiveness on patients with leg ischemia. The goal of this
meta-analytic study was to evaluate from the literature the
most effective program of IPC on patients with lower limb
arterial disease and to assess whether a prospective ran-
domized trial is warranted.

Methods

Literature search
Literature was included from 1966 through 2001 using
MEDLINE and an extensive manual search was carried out
using bibliographiesof reviews and full articles. The princi-
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pal terms for inclusion were: IPC or other form of lower
limb pressure device and arterial hemodynamics. Other
minor search terms were: claudication and PAD. Papers
were chosen by their cohesion and relevance of data. Stud-
ies were excluded from the database if they did not contain
relevant terms. A total of 26 studies were included in the
database.

Data analysis and abstraction
Studies were ordered chronologically and divided between
acute (Table 1) and variable length (Table 2). Three compo-
nents were recorded from each study that formed the datab-
ase of the meta-analysis: (1) subject pro�le, (2) treatment
type, and (3) measurements of vascular change. Not every
study contained complete components of measurement nor
correlated with other study dimensions. Subject pro�les
considered were mean age, duration of symptoms, number
of legs affected, ankle pressure, resting ankle–brachial
index (r-ABI), clinical presentation of symptoms and out-
standing inclusion or exclusion requirements. Treatment
types considered were type of pump, duration of treatment,
pattern of pump pressure cycles and concomitant use of
aspirin. Since patients varied on how long their symptoms
persisted, the overall treatment periods varied drastically
even within a single study and thus were not reported.
Some measurements of vascular changes included initial
claudication distance (ICD), absolute claudication distance
(ACD), r-ABI, post-exercise ankle–brachial index (p-
eABI), popliteal artery volume �ow, peak venous velocity,
skin blood �ow, laser Doppler �ow (LDF), transcutaneous
oxygen pressure (tcpO2), venous pressure via cannulation,
and skin temperature.

Weaknesses
The primary weakness is the paucity of comparisons among
studies on the effects of compression on lower limb arterial
blood �ow. This is due to differently engineered devices
(foot versus calf versus foot and calf), differences in cycle
length and duration of treatment, criteria for patient treat-
ment (stage of disease), means of �ow measurement and
endpoint analysis. Therefore, it was crucial to form a table
that emphasized generalized trends, allowing differences to
be documented without losing the uniqueness of each
study.

Of all studies directly pertaining to compression treat-
ment of PAD, three2 4 ,2 6 ,2 7 were prospective-randomized.
Sample sizes for the three controlled studies as well as most
other studies were relatively low. Two tables were used to
make generalized comparisons and extrapolate trends that
exhibit the effects of IPC on PAD.

Results

Various methods, measurements and subjects were used in
the studies reviewed and the combinations of them varied
in every study, making direct comparison dif�cult. Despite
this, however, trends were observed from papers that util-
ized similar outcomes, comparing, when possible, subjects
and methods used.

Lower extremity arterial �ow increased from between
13% and 240% as measured in the popliteal,1 0 ,1 2 ,1 3 ,1 5 ,1 6
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anterior, posterior and peroneal arteries.2 1 The greatest
increases were seen in studies that used concomitant foot
and calf compression.1 2 ,1 3 ,1 6 The lowest increases were in
studies using only foot compression.1 2 ,1 5 ,1 6 ,2 6

Intermittent compression increased the �ow of arterial
blood measured by laser Doppler from 57% to 246% in
non-normals.1 1 ,1 2 ,1 4 ,1 8 The lowest increase was with the use
of felt boots and plastic casting compression1 1 and the gre-
atest increase measured foot skin perfusion and used an
AAD covering the foot.1 2 AAD covering the foot and calf
also demonstrated consistent signi�cant increases in
�ow.1 1 ,1 2 ,1 4

Velocity of arterial �ow increased from between 15%
and 320% in non-control patients.4 ,1 5 – 1 7 In studies that com-
pared the effect of AAD compression in two areas of the
lower limb to that of one, the compression of two areas
provided the greatest increase in arterial velocity,1 6 ,1 7

Peak systolic velocity, end diastolic velocity and pulse
volume all increased in their respective compression stud-
ies.1 3 ,1 6 ,1 7 ,2 0 ,2 9 Unfortunately, the results were reported
using different parameters so individual results were not
compared.

Rest pain and claudication distance were also improved
across the spectrum of trials performed. Resting pain was
relieved in varying percentages from 100% of patients with
arteriosclerosis obliterans to 16% complete and 42% partial
relief of patients with atherosclerosis involving the foot.1 9

Other studies reported results qualitatively as modest or sig-
ni�cant improvement,2 0 or just relieved.7 ,2 3 ICD and ACD
increased from 146% to 197% and from 106% to 212%
respectively in patients suffering from mild PAD to those
with non-healing necrosis.2 2 – 2 4 ,2 6 ,2 7

Two studies measured the healing of ulcers. One reported
the healing of nine of 12 ulcers in patients with otherwise
non-healing ulcers.2 3 The other study reported the healing
of partial to full ulceration in refactory stasis ulcer or com-
bined venous and arterial disease patients.2 1

Limb salvage was reported in 94% of 38 legs with
ischemia, necrosis and failure of conservative treatment.2 2

In another study, nine of 14 limbs were salvaged in patients
with critically ischemic legs.2 9

Resting ABI increased between 17% and 26% in stable
claudicants.2 4 ,2 6 ,2 7

Discussion

Although the pneumatic devices, treatment parameters and
resulting measurements differ between most, if not all of
the studies, they all present favorable effects of increasing
limb hemodynamics. It was a matter of separating patients
into diseased and healthy, unifying treatment types into
compression treated versus untreated, and relegating short-
and long-term results into improved �ow versus unchanged
or worsening �ow. By examining the studies in a chrono-
logical fashion it may be easier to see where the future of
compression devices for leg ischemia lies.

The �rst studies that addressed the issue of ischemic rest
pain observed that taking a more erect posture or walking
around could relieve patients. This led to early studies1 0 ,1 2

that used rudimentary pressure devices. The problem was
that they took a long time to reach sub-optimal pressures,
only maintained lower pressures for short periods, and were
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impractical for an outpatient setting because of size and
dif�culty of use. The focus of bene�t was the limiting of
ulceration, which was attributed to the formation of col-
lateral vessels.

After the cursory bene�ts of pavaex (passive vascular
exercises), which placed the foot above the heart for treat-
ment, were shown,1 9 a more advanced pump that changed
pressures rapidly with the patient placed in a dependent
position resulted in better outcomes.7 The quantitative
physiological effect of compression to increase blood �ow
in an additive manner with an erect posture was then
shown.8

Long-lasting (6 months and 2 years) improvements in
vascular tests were shown with the use of a compression
system that initiated pulses coordinated with the diastole of
the heart.2 0 Improvements in re-channeling of blood
through previously obstructed arterioles or else some
�brinolytic activity was thought to be the mechanism of
improvement.2 1 It was at this point that cardiosynchronous
limb compression (CLC) was thought to be used as a poss-
ible adjunct to surgery, and possibly as a more cost-effec-
tive alternative2 2 for some patients.

The cause of hyperemia after compression was identi�ed
as the lowering of peripheral vascular resistance following
the liberation of endothelial-derived relaxing factors.1 0 ,1 1

Looking at how different areas of compression affect
hemodynamic changes, it was found that the coordinated
effect of foot and calf pumps, known as AAD, may have
the greatest overall bene�t.1 2 Further studies using AAD
indicated a drop in the peripheral resistance and aug-
mentation of the limb blood �ow,1 3 and that blood was get-
ting into microcirculation to feed ischemic tissue.1 4

In a series of con�rmation studies using AAD, it was
suggested that the vasoactive response of the vessel walls
to increasing pressure is slightly debilitated in arteri-
opaths.3 0 ,3 1 It was also found that the greatest improvement
in several vascular and walking tests occurred in the �rst 3
months of treatment.2 6 Blood �ow remained elevated above
baseline following treatment,1 5 ,2 7 but a single treatment was
shown to be insuf�cient to produce this effect.1 8 Optimum
treatment variables were found to be compression of foot
and calf at 120 mmHg for 3–4 s, three times a minute with
the calf compressed 0.5–1 s after the foot.2 ,6

A recent review article studying the physiological mech-
anisms of IPC devices concluded that their effects are not
purely mechanical and that the release of biochemical
mediators may play an important role.3 2

Another recent study achieved complete healing in 25
patients who could not undergo any other treatment than
amputation.2 8 In fact, four of those patients had a tcpO2 of
less than 20 mmHg and another seven had a tcpO2 between
20 and 40 mmHg. This is in contrast with an earlier study
from the same center which showed such values were
unlikely to heal their amputations.3 3 Bene�cial use of CLC
in inoperable patients was augmented by a study over 3
months of at-home use for 2.38 hours a day, which salvaged
legs that would otherwise be amputated.3 3

Three of the studies were prospective-randomized and
thus likely report the most reliable data. The earliest was
conducted by Mehlsen and colleagues,2 4 and the later two
by Delis and colleagues.2 6 ,2 7 The �rst,2 4 a double-blind
study, used intermittent suction and pressure to relieve
stable intermittent claudication in 25 patients compared to
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placebo in another 25. The study was conducted for 2
months. The signi�cant improvement in the treated group
with no improvement in the placebo group showed that
further studies should be conducted. The small scale and
brevity of the study, however, prevented conclusions from
being made about absolute and long-term bene�ts of ther-
apy.

The �rst Delis prospective study2 6 was slightly better
designed. Similar to Mehlsen’s study, it also used a popu-
lation of stable claudicants but matched them for age, sex,
risk factors and claudication distances as well as lasting for
a longer 4.5 months.2 6 The Delis study used a foot pump
for compression that provided only positive pressure. The
results of this study, while encouraging, were not as spec-
tacular as those from Mehlsen. Two possible explanations
are the difference in compression device used or the differ-
ence in study design.

Testing the long-term effects of foot and calf com-
pression on stable claudicants, Delis designed his second
prospective randomized study similarly to his �rst, compar-
ing strati�ed treatment groups with controls for the duration
of 5 months.2 7 This is likely the strongest study reviewed
in this paper because of its design. The results, which are
similar to those of other studies reviewed in this paper,
show improvement in both lower extremity arterial �ow
and symptoms. This is encouraging for the use of IPC as
a treatment for those with lower extremity arterial disease.
What is lacking, however, are large-scale, prospective, ran-
domized studies with longer follow-up to show with greater
authority the ef�cacy of such treatment.

Conclusion

This systematic review demonstrates that an IPC program
appears promising and may be used in patients with severe
PAD who are not candidates for revascularization using
surgery or percutaneous angioplasty. Although the history
of limb compression is varied and small in size, the studies
considered demonstrate conclusive physiological bene�ts.
Evident, yet indirect bene�ts include low cost of treatment,
ease of outpatient care in the clinic by CLC or at home
with AAD, and avoidance of costly and dangerous surgery.
Large-scale, randomized, double-blind trials will be neces-
sary to clarify the most bene�cial regimen for increasing
lower limb blood �ow and improving the quality of life of
patients with PAD.

Acknowledgements

The authors declare that they have no �nancial interest in
any of the intermittent pneumatic compression devices, nor
have they received money from or worked as consultants
for any of these companies.

References

1 Bevan JA, Kaley G, Rubanyi GM. Flow-dependant regulation of vas-
cular function. Clinical physiology series. Oxford: Oxford University
Press, 1995.

2 Delis KT, Azizi ZA, Stevens RJG, Wolfe JHN, Nicolaides AN. Opti-



148 N Labropoulos et al

mum intermittent pneumatic compression stimulus for lower-limb
venous emptying. Eur J Endovasc Surg 2000; 19: 261–69.

3 Gardner AW. Exercise rehabilitation programs for the treatment of
claudication pain. A meta-analysis. JAMA 1995; 274: 975–80.

4 Walker RD, Nawaz S, Wilkinson CH, Saxton JM, Pockley AG, Wood
RFM. In�uence of upper- and lower-limb exercise training on cardio-
vascular function and walking distances in patients with intermittent
claudication. J Vasc Surg 2000; 31: 662–69.

5 Van Bemmelen PS, Mattos MA, Faught WE et al. Augmentation of
blood �ow in limbs with occlusive arterial disease by intermittent calf
compression. J Vasc Surg 1994; 19: 1052–18.

6 Delis KT, Slimani G, Hafez HM, Nicolaides AN. Enhancing venous
out�ow in the lower limb with intermittent pneumatic compression. A
comparative hemodynamic analysis on the effect of foot vs. calf vs.
foot and calf compression. Eur J Endovasc Surg 2000; 19: 250–60.

7 Landis EM, Gibbon JH. The effect of alternative suction and pressure
on blood �ow to the lower extremities. Ann Intern Med 1934; 8:
282–95.

8 Gaskell P, Parrott JCW. The effects of a mechanical venous pump on
the circulation of the feet in the presence of arterial obstruction. Surg
Gynecol Obstet 1978; 146: 583–92.

9 Salzman EW, McManama GP. Effect of optimization of hemodynam-
ics on �brinolytic activity and antithrombotic ef�cacy of external
pneumatic calf compression. Ann Surg 1987; 206: 636–41.

10 Morgan RH, Carolan G, Psalia JV, Gardner AMN, Fox RH, Woodcock
JP. Arterial �ow enhancement by impulse compression. Vasc Surg
1991; 19: 1052–58.

11 Abu-Own A, Cheatle T, Scurr JH et al. Effects of intermittent pneu-
matic compression of the foot on the microcirculatory function in
arterial disease. Eur J Vasc Surg 1996; 172: 130–35.

12 Eze AR, Comerota AJ, Cisek PL et al. Intermittent calf and foot com-
pression increases lower extremity blood �ow. Am J Surg 1996; 172:
130–35.

13 Labropoulos N, Watson WC, Mansour MA, Kang SS, Littooy FN,
Baker WH. Acute effects of intermittent pneumatic compression on
popliteal artery blood �ow. Arch Surg 1998; 133: 1072–75.

14 Van Bemmelen PS, Weiss-Olmanni J, Ricotta JJ. Rapid intermittent
compression increases skin circulation in chronically ischemic legs
with infra-popliteal arterial obstruction. VASA 2000; 29: 47–52.

15 Delis KT, Labropoulos N, Nicolaides AN, Glenville B, Stansby G.
Effects of intermittent pneumatic compression on popliteal artery hem-
odynamics. Eur J Endovasc Surg 2000; 19: 270–77.

16 Delis KT, Nicolaides AN, Labropoulos N, Stansby G. The acute
effects of intermittent pneumatic foot versus calf versus simultaneous
foot and calf compression on popliteal artery hemodynamics: a com-
parative study. J Vasc Surg 2000; 32 (part 2): 284–92.

17 Delis KT, Husmann MJW, Chesire NJ, Nicolaides AN. Effects of
intermittent pneumatic compression of the calf and thigh on arterial
calf in�ow: a study of normals, claudicants, and grafted arteriopaths.
Surgery 2001; 129: 188–95.

Vascular Medicine 2002; 7: 141–148

18 Ubbink DTh, van Iterson V, Legemate DA. Acute effect of intermittent
foot–calf compression on skin microcirculation in patients with severe
leg ischemia. Presented at the World Congress of Microcirculation,
Sydney, Australia; August 19–22, 2001.

19 Herrmann LG, Reid MR. The conservative treatment of arteriosclerotic
peripheral vascular diseases. Ann Surg 1934; 100: 750–60.

20 Dillon RS. Effect of therapy with the pneumatic end-diastolic leg com-
pression boot on peripheral vascular tests and on the clinical course
of peripheral vascular disease. Angiology 1980; 5: 63–66.

21 Dillon RS. Treatment of resistant venous stasis ulcers and dermatitis
with end-diastolic pneumatic compression boot. Angiology 1986; 37:
47–56.

22 Dillon RS. Successful treatment of osteomyelitis and soft tissue infec-
tions in ischemic diabetic legs by local antibiotic injections and end-
diastolic pneumatic compression boot. Ann Surg 1986; 204: 643–49.

23 Steinberg J. Cardiosynchronous limb compression: effects of non-
invasive vascular tests and clinical course of the ischemic limb. Angi-
ology 1992; 43: 453–61.

24 Mehlsen J, Himmelstrup H, Himmelstrup B, Winther K, Trap-Jensen
J. Bene�cial effects of intermittent suction and pressure treatment in
intermittent claudication. Angiology 1993; 44: 16–20.

25 Dillon RS. Fifteen years of experience in treating 2177 episodes of
foot and leg lesions with the circulator boot. Angiology 1997; 48 (part
2): S17–S34.

26 Delis KT, Nicolaides AN, Wolfe JHN, Stansby G. Improved walking
ability and ankle brachial pressure indices in symptomatic peripheral
vascular disease with intermittent pneumatic compression: a prospec-
tive controlled study with one-year follow-up. J Vasc Surg 2000; 31:
650–61.

27 Delis KT, Nicolaides AN, Cheshire NJ, Wolfe JHN. Presented at the
29th Annual Meeting of the Society for Clinical Vascular Surgery,
Boca Raton, Florida; April 4–8, 2001.

28 Vella A, Carlson L, Blier B, Felty C, Kuiper J, Rooke T. Circulator
boot therapy alters the natural history of ischemic limb ulceration.
Vasc Med 2000; 5: 21–25.

29 Van Bemmelen PS, Gitlitz DB, Faruqi RM et al. Limb salvage using
high-pressure intermittent compression arterial assist device in cases
unsuitable for surgical revascularization. Arch Surg 2001; 136:
1280–85.

30 Delis KT, Nicolaides AN, Stansby G. Effect of posture on popliteal
artery hemodynamics. Arch Surg 2000; 135: 265–69.

31 Delis KT, Lennox AF, Nicolaide AN, Wolfe JH. Sympathetic auto-
regulation in peripheral vascular disease. Br J Surg 2001; 88: 523–28.

32 Chen AH, Frangos SG, Kilaru S, Sumpio BE. Intermittent pneumatic
compression devices – physiological mechanisms of action. Eur J Vasc
Endovasc Surg 2001; 21: 383–92.

33 Bacharach JM, Rooke TW, Osmundson PJ, Gloviczki P. Predictive
value of transcutaneous oxygen pressure and amputation success by
use of supine and elevation measurements. J Vasc Surg 1992; 15:
558–63.

jcarberry
Text Box
For more information about getting this product for your patient's, please call Medical Solutions Supplier @ 800-734-0422.




