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Intermittent pneumatic compression: Physiologic
and clinical basis to improve management of

venous leg ulcers

Anthony J. Comerota, MD, Toledo, Obio; and Ann Arbor, Mich

Venous leg ulcers (VLUs) are a significant health problem that afflicts 1% of the population at some point during their
lifetime. Intermittent pneumatic compression (IPC) is widely used to prevent deep venous thrombosis. However, IPC
seems to have application to a broader base of circulatory diseases. The intermittent nature of pulsatile external
compression produces beneficial physiologic changes, which include hematologic, hemodynamic, and endothelial effects,
which should promote healing of VLUs. Clinical studies of the management of VLUs show that IPC increases overall
healing and accelerates the rate of healing, leading to current guideline recommendations for care of patients with VLUs.
Proper prescription of IPC to improve the management of patients with VLUs requires further definition. It seems that
application of IPC in combination with sustained graduated compression improves outcome in patients with the most

advanced venous disease. (J Vasc Surg 2011;53:1121-9.)

Intermittent pneumatic compression (IPC) is an effec-
tive treatment for a variety of circulatory disorders. Its use
for venous thromboembolism prophylaxis and treatment of
lymphedema are well established.* IPC also improves walk-
ing distance in patients with intermittent claudication and
is effective in patients with critical limb ischemia (CLI).
However, the focus of this discussion will be the utility of
IPC for the management of advanced chronic venous dis-
ease, specifically venous ulceration.’

Venous leg ulcers (VLUs) impose a major healthcare
burden on the patient and the healthcare system. The direct
and indirect costs of chronic venous disease (CVD) have
been estimated at one billion U.S. dollars per annum.? This
review addresses the etiology of VLUs, the importance of
compression in their management, the hemodynamic and
hematologic effects of IPC, and the clinical outcomes ob-
served when IPC is used to treat VLUs.
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CAUSES OF VENOUS LEG ULCERS

VLUs occur in approximately 1% to 2% of the popula-
tion.>® The underlying pathophysiology is ambulatory ve-
nous hypertension resulting from valvular incompetence,
obstruction of the vein lumen, or both. Valve incompe-
tence can result from a primary defect in the vein wall or be
secondary to the inflammatory and fibrotic sequelae of
venous thrombosis. Acute deep venous thrombosis (DVT)
can obstruct the vein, subsequently causing valvular dys-
function in nonthrombosed distal veins, and impair calf
muscle pump function. Prolonged immobility and obesity
also result in calf muscle pump dysfunction, venous pool-
ing, and chronic edema. Valvular dysfunction can occur
when individuals with a genetic predisposition for venous
insufficiency are exposed to risk factors, such as pregnancy
or periods of prolonged standing. Regardless of its etiol-
ogy, however, the ensuing venous stasis, which is charac-
terized by the formation of edema and a rise in tissue
pressure, plays a major role in the development of venous
ulcers.

PATHOPHYSIOLOGY OF VENOUS LEG
ULCERS

Two important hemodynamic pumps (the calt'and foot
pumps) propel blood proximately from their respective
venous reservoirs. Contraction of calf muscles activates the
calf pump, which drains blood from both calf and foot,
whereas pressure on the plantar arch (during ambulation)
empties blood from the plantar venous plexus through the
lateral plantar vein. Ineffective leg pumps, together with
incompetent venous valves, lead to elevated tissue pressure
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and edema. Individuals with associated venous obstruction
have the highest ambulatory venous pressure. Venous hy-
pertension increases capillary permeability, and the result-
ing blood and fluid leakage into tissue causes edema, pig-
mentation, and tissue fibrosis.®”

The mechanism by which prolonged venous hyperten-
sion causes venous ulcers is the subject of several theories.
Browse and Burnand® suggested that venous hypertension
resulted in a distended capillary bed and enlarged endothe-
lial pores, allowing fibrinogen to escape into the interstitial
fluid. They proposed a “fibrin-cuff” hypothesis based on
their observation that pericapillary fibrin formed a “cuff”
around an enlarged dermal capillary bed, with the fibrin
acting as a barrier to tissue oxygenation, causing hypoxia-
induced ulceration.

The “fibrin-cuft” hypothesis has been superseded by
more recent theories, indicating that chronic inflammation
plays a crucial role in the progression of CVD.? Although
the precise events that initiate this inflammatory response
are not known, it seems to involve leukocyte-endothelial
interactions triggered by abnormal venous return and ve-
nous hypertension.® Prolonged pooling of venous blood
distends the vein and distorts venous valves, allowing leak-
age through the valves. This pooling creates a region of low
flow and zero-shear stress. The resultant venous hyperten-
sion, leukocyte activation, and adhesion to and emigration
through the venous endothelium trigger inflammatory re-
actions, further increasing capillary permeability.!%-!!

Regardless of its etiology, however, prolonged venous
hypertension initiates the progression of a series of patho-
logic events, causing effects at a cellular level and resulting
in the clinical signs and symptoms of CVD, which can
ultimately result in skin breakdown and ulceration.

SUSTAINED COMPRESSION: THE
CORNERSTONE OF VENOUS LEG ULCER
TREATMENT

Sustained compression is the cornerstone of VLU ther-
apy, the goal of which is to promote ulcer healing and
prevent recurrence. However, the healing of venous ulcers,
especially those that are large and longstanding, may not
occur, even after many months of treatment.’® Several
randomized studies have shown that only 37% to 55% of
ulcers heal completely after 12 weeks of compression ther-
apy.'**3 The VenUS I trial, which randomized two types
of compression bandages for treating VLUs in 387 pa-
tients, found that 37% healed with short-stretch bandages
at 12 weeks vs 46% treated with four-component, multi-
layer bandages.'' The respective healing rates at 24 weeks
were 68% and 55% (P = .05). Short-stretch bandages retain
some elasticity, whereas four-component, multilayer ban-
dages are essentially inelastic and apply persistent pressure
to the limb, more when the patient is upright, less when
supine. In a trial of 200 patients with VLUs randomized to
treatment with either four-component bandages or usual
care (control group), O’Brien et al'? reported that the
healing rate at 3 months was 54% with four-component
bandages vs 34% with usual care (P < .001). However, only
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5 patients in the “usual care” group received compression,
which seems to be a common scenario in many medical
communities. Lyon et al'® treated 165 patients with
chronic venous ulcers with a hydrocolloid dressing and
application of an Unna boot. Healing was achieved in 55%
by 12 weeks. A subsequent analysis of the data by Phillips et
al'* suggested that ulcers that are large, longstanding, and
slow to heal after 3 weeks of optimal therapy are unlikely to
resolve rapidly and may benefit from alternative treatments.

Tinkler et al® found that 34% of ulcers treated with
three-component bandages and 32% of those treated with
four-component bandages healed by 12 weeks. Because the
degree of compression was likely similar with the two
bandaging techniques, similar results would be anticipated.

PHYSIOLOGIC EFFECTS OF INTERMITTENT
PNEUMATIC COMPRESSION

Table I summarizes the hemodynamic and hemato-
logic effects of IPC.

Hemodynamic effects. Sustained compression ap-
plied by multilayer bandages reduces venous hypertension;
however, it only passively promotes venous return com-
pared to IPC.? IPC actively compresses the leg, mimicking
the action of the leg muscle pumps. The device, which may
have one or more chambers, consists of a pneumatic pump
that inflates air into garments wrapped around the foot,
calf, thigh, or combinations thereof. Devices with multiple
chambers can provide sequential compression in an ascending
pattern up the limb. Pumps vary in their timing cycle and
amount of pressure produced, ranging from low-pressure,
slow-inflation to high-pressure, and rapid-inflation devices.

IPC reduces venous stasis and increases flow velocity in
the deep veins, resulting in favorable hemodynamic
changes such as decreased venous pressure and interstitial
edema.’” IPC produces increases in venous volume flow
and increased venous flow velocity, causing increased shear
stress.'® Research studies in animals have shown that these
mechanical forces result in endothelial cell responses that
contribute to the profibrinolytic, vasodilatory, and anti-
thrombotic effects of IPC."

Malone et al'® compared the effects of high-pressure,
rapid-inflation IPC vs low-pressure, slow-inflation IPC on
11 healthy subjects and 11 patients with postthrombotic
venous disease. Although both systems increased the veloc-
ity in femoral and popliteal veins in all study participants,
the high-pressure, rapid-inflation devices produced the
highest peak velocities (P < .05). All venous velocities,
both baseline and stimulated by IPC, were significantly
attenuated in postthrombotic patients.

Hematologic effects. The mechanisms by which IPC
induces hematologic alterations has been studied and clar-
ified. Changes in blood coagulation are attributed to in-
creased shear stress on the vein wall. This is consistent with
the results of studies in cell culture models showing that
increasing shear stress on endothelial cells increases produc-
tion of prostacyclin, endothelial-derived relaxing factor,
platelet-derived growth factor, and tissue-type plasmino-
gen activator.'”2°
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Table I. Physiologic effects of IPC

Potential direct
and indirect
benefirsh102425.28

Category Physiologic effect™1 18

Hemodynamic/ | Venous stasis | Venous pressure

hematologic 1 Flow velocity in deep 1 Interstitial edema
veins 1 Thrombogenicity
1 Fibrinolysis 1 Intravascular
coagulation
1 Blood volume flow 1 Venous emptying
1 Endothelial shear stress | Stasis
| A-V pressure gradient | Edema
1 Arterial inflow
1 Shear stress/on 1 Fibrinolysis
endothelial strain 1 Vasodilation
cells | Thrombosis
Potentinl divect
and indivect
Category Physiologic effect™2° benefits?0222425
Hemodynamic/ 1 Prostacyclin
hematologic production
(cont’d) | Endothelial-
derived relaxing
factor

| Platelet-derived
growth factor

Fibrinolytic/ 1 Fibrinolytic

hematologic activity
| tPA antigen 1 Endogenous
1 tPA activity fibrinolytic activity
| PAI-1 antigen
| PAI-1 activity
| FVIIa levels 1 Thrombosis
1 TEPI levels | Intravascular
coagulation
| Hypercoagulability
Potential direct and
Category Physiologic effect?®2¢ indirect benefits” ¢
Tissue oxygen 1 TcPO, levels 1 Oxygen diffusion
tension | Interstitial fluid barrier
volume | Leg edema
| Venous stasis 1 Skin temperature
Edema | Arteriovenous 1 Capillary
shunting perfusion
| Edema 1 Skin nutrition

A-V, Arterio-venous; FVIIa, factor; IPC, intermittent pneumatic compres-
sion; PAI-1, plasminogen activator inhibitor-1; TcPO,, transcutaneous oOx-
ygen tension; TFPI, tissue factor pathway inhibitor; #PA, tissue plasminogen
activator; VIla.

IPC alters fibrinolytic activity and seems to affect two of
the three limbs of Virchow’s triad: stasis and hypercoagu-
lability. Endogenous fibrinolysis results from the conver-
sion of plasminogen to plasmin through the action of one
of two activators, tissue-type plasminogen activator (tPA)
and/or urokinase-type plasminogen activator (uPA). Lytic
activity is neutralized when plasminogen activator is bound
by circulating plasminogen activator inhibitor-1 (PAI-1)
and when plasmin is bound by a-2-antiplasmin.

Comerota et al?* proposed the mechanism by which
IPC increases fibrinolytic activity based on the results of a
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controlled study evaluating normal subjects and patients
with post-thrombotic CVD. Fibrinolytic activity was as-
sessed using a calibrated fibrin-plate assay, which assesses
total fibrinolytic activity in the blood. Also studied were
tPA and PAI-1 antigen and activity, plasmin generation,
and von Willebrand factor (vWF) as a gauge of endothelial
stimulation. Interestingly, but not surprisingly, baseline
endogenous fibrinolytic activity was significantly attenu-
ated in postthrombotic patients (P < .01). IPC increased
endogenous fibrinolytic activity in all patients. However,
the increase of fibrinolytic activity of postthrombotic pa-
tients was attenuated, essentially reaching baseline levels
observed in healthy patients. Interestingly, IPC reduced
tPA antigen, whereas tPA activity significantly increased
tPA activity. IPC reduced PAI-1 antigen and activity; how-
ever, there was no change in VWEF. These observations
suggest that the increase in fibrinolytic activity is due to a
reduction in PAI-1, most likely resulting from increased
clearance. Unlike cell culture studies, there was no increase
in the release of tPA from endothelial cells.

Extending the findings of Comerota et al,>* Chouhan
et al*®> examined the onset of intravascular coagulation
through the tissue factor (TF) pathway. IPC reduced factor
VIIa (FVIIa) levels for both healthy patients and post-
thrombotic patients compared with their baseline values
(P<.001). There was a greater (P < .05) decrease in FVIIa
levels in healthy patients (18% to 24% of baseline values)
than in patients with postthrombotic venous discase (40%
to 43% of baseline values). Likewise, there was a greater
increase in tissue factor pathway inhibitor (TFPI) levels in
healthy patients than in post-thrombotic patients (P <
.001). An inverse relationship was found between FVIIa
and TFPI levels, demonstrating inhibition of the TE-
dependent pathway.

These findings suggest that IPC stimulates the release
of TFPI from the endothelial TFPI pool and indicate that
reduction of intravascular coagulation through inhibition
of the TF pathway may be a key mechanism for the anti-
thrombotic effect of IPC.

Effects on oxygen tension. When edema occurs and
increases extravascular pressure, perfusion pressure de-
creases, reducing dermal oxygen tension. Kolari et al*®
postulated that IPC would increase transcutaneous oxygen
tension (TcPO,) and contribute to ulcer healing by de-
creasing interstitial fluid volume and venous stasis. They
compared the effect of IPC in 10 patients with post-
thrombotic leg ulcers and 9 healthy patients and found that
TcPO, increased in 9 of 10 patients. Baseline TcPO, was
greater in healthy patients (P < .01) than in patients with
leg ulcers, both before and after IPC. The change in TcPO,
of patients directly correlated with a reduction of leg edema
and inversely correlated with skin temperature (P < .002).?
These results support the hypothesis that an oxygen diftu-
sion barrier is present in the tissue surrounding venous
ulcers and suggest that IPC increases tissue perfusion and
decreases interstitial fluid volume in the leg, resulting in
improved oxygen diffusion.
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A subsequent study by Nemeth et al** in patients with
venous ulcers and pitting edema failed to show an increase
of TcPO, with IPC. Nemeth et al?* and Kolari et al*® used
different devices, with markedly different inflation times
and cycles. The cycle times in the Kolari et al** study were
30 seconds (12-second inflation, 18-second deflation)
compared to 120 seconds (90-second inflation, 30-second
deflation) in the Nemeth et al?** study. Because normal
venous refill times are 25 seconds or less, it is understand-
able that a 30-second cycle time (two compressions,/min-
ute) would be superior to a 120-second cycle time (one
compression every 2 minutes). The shorter cycle time max-
imizes endothelial shear stress and emptying of venous
blood from the leg.

Effects on edema. A number of studies have shown
that IPC reduced edema in patients with CVD and VLUs.
Malanin et al?® investigated the hemodynamic and volu-
metric effects of IPC in patients with VLUSs and recorded
tibial artery Doppler scan waveforms and skin perfusion
with laser Doppler flux. IPC produced a significant reduc-
tion in leg volume in patients with VLUs compared to
healthy patients (P = .016). The authors suggested that
reduction of edema leads to a redistribution and increase of
skin blood flow favoring superficial capillary perfusion.

Effects of intermittent pneumatic compression on
arterial perfusion. Emptying of the venous blood from
larger veins and venules of the leg increases the arterial-
venous pressure gradient. By taking advantage of this prin-
ciple, IPC was studied as a method to improve arterial
blood flow.2%*? Early investigation using massage pumps
on the lower extremity of individuals in the upright posi-
tion demonstrated reduced venous pressures.>® The pres-
sure in arteries of the dependent lower extremity will in-
crease by an amount corresponding to their distance below
the heart. An arterial-venous pressure differential of 30 to
40 mm Hg or more can be produced with IPC resulting in
an increased perfusion pressure, which naturally leads to an
increase of total blood flow to the part of the extremity
being compressed. As early as 1957, Allwood*' demon-
strated that intermittent leg compression in the normal
individual could increase blood flow by 60% and by 30% in
patients with arterial occlusive disease.

Henry and Winsor?® also demonstrated increased foot
perfusion when they recorded rapid clearance of I-131
from tissues of the foot because of calf compression. Ve-
nous pressure and tissue pressure were reduced and oxygen
tension in blood from the veins of the dorsum of the foot
was increased. The authors speculated that if the foot and
calf were compressed, lower venous pressures and higher
arterial-venous pressure gradients would be achieved than
with calf compression alone, with a corresponding im-
provement in foot perfusion.

Eze et al*? studied the influence of combined foot and
calf compression on foot skin perfusion and popliteal artery
blood flow in normal volunteers and claudicants with su-
perficial femoral artery occlusion. High-pressure (120 mm
Hg), rapid-inflation (0.3 seconds) compression was used at
two cycles/minute. Skin blood flow to the great toe in-
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creased by 328% in control patients and 188% in claudi-
cants, whereas popliteal artery blood flow increased by
173% and 50% in controls and claudicants, respectively.
They found that foot skin perfusion was optimized with
foot compression alone, whereas optimal popliteal artery
blood flow was observed with combined foot and calf
compression. These authors went on to characterize the
source of improved foot skin perfusion that potentially
could be from increased arterial inflow or venous reflux
resulting from proximal compression. They found that 86%
to 93% of the increased foot skin perfusion was due to
improved arterial flow and 7% to 14% due to venous reflux.
Greater venous reflux was observed in individuals who
exercised (perhaps reflecting peripheral vasodilation),
whereas lesser reflux was observed in sedentary patients.

Investigators have used IPC to treat patients with in-
termittent claudication and CLI.3**® Randomized trials of
IPC in patients with intermittent claudication have demon-
strated improved walking distances associated with an in-
crease in their ankle-brachial index.

The degree of improved arterial perfusion is reduced in
patients with occlusive disease. However, substantial in-
creases in blood flow and foot skin perfusion have been
documented in patients with CLI. The number of patients
treated with IPC for CLI is limited and the studies are not
well controlled. However, investigators have reported bet-
ter than anticipated outcomes in patients with end-stage
CLI who had no options for revascularization.3*-3-*°

Because patients with venous leg ulcers have reduced
nutritional blood flow to the skin and reduced TcPO,>?,
improved arterial perfusion to the limb and improved skin
perfusion represent additional and important mechanisms
by which patients with venous ulcers benefit from IPC.

USE OF INTERMITTENT PNEUMATIC
COMPRESSION IN PATIENTS WITH VENOUS
LEG ULCERS

Ever since McCulloch*® suggested the use of IPC for
the treatment of venous ulcers in 1981, evidence has been
accumulating supporting IPC as an adjunctive method to
speed the healing of venous ulcers (Table IT). This review
only includes studies that report 10 or more patients. In
1981, Hazarika and Wright** reported a prospective, con-
trolled trial evaluating the effects of a single-chamber IPC
device on ulcer healing in 21 patients with VLUs. Nine
patients received IPC treatment and 12 served as controls.
IPC patients were allowed to select their pressure settings
(30-80 mm Hg) and were instructed how to use the device
at home for 2 to 3 hours daily. All but 1 of the IPC patients
exhibited subjective and /or objective healing of their ulcers
after 10 to 40 weeks of IPC treatment, whereas 11 of the 12
control patients showed no change or worsening of their
condition. Importantly, it was the patients with the most
severe and longstanding ulcers that showed improved ulcer
healing with IPC.

In a prospective, randomized, controlled study, Mc-
Culloch et al*® examined the effects of single-chamber IPC
on rates of venous ulcer healing. All 22 patients enrolled in
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Table II. Use of IPC in the treatment of VLUs: study summary
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No.

Investigator Study design patients IPC protocol Duration Results Comments

Hazarika and Wright**  Prospective, 21 2-3h/d IPC witha 44 wks 8/9 (89%) test  Case series; no ITT
controlled single-chamber subjects analysis;
trial. All sleeve. Inflation improved; inconsistent
patients to 30-80 mm 11/12 (92%) compliance.
previously Hg X 120s, control
treated with followed by 135 s subjects no
compression deflation. change or
bandages and worsening.
topical agents.

Outpatient
study.

McCulloch et al*® Randomized; 22 Single-chamber 6 mo Ulcer healing:  Control patients
controlled; 12 IPC 1 h 2X /wk 12/12 - IPC were older.

IPC + Unna at 50 mm Hg X 8,/10 — control Unclear whether
boot vs 10 90 s, followed by Healing rate: initial ulcer size
Unna boot 30 s deflation. 0.15 cm?/d - was comparable
alone. 1rC between groups.
Outpatient 0.06 cm? —
study. control (P =

.05).

Smith et al*® Randomized; 21 45 All subjects received 3 mo Ulcer healing: ~ Well-controlled
patients to 30-40 mm Hg 10/21 - IPC trial. IPC applied
wound care, graduated 1,/23 — control over
stockings plus compression P=0 compression
IPC; 23 stockings and Healing rate stocking. IPC
patients to routine wound (surface cycle time not
wound care, care. Sequential area/wKk): specified.
stockings; IPC applied up 19.8% — IPC
controlled; to 4 h/d: 2.1% - control
‘intention to Ankle — 50 mm Hg (P = .0406).
treat’ analysis. Calf - 45 mm Hg
Ulcers present Thigh - 40 mm Hg
<12 wks.

Outpatient
setting.

Mulder et al*” Open-label 10 Sequential IPC X ly All patients Small sample size;
cohort study; 1 hin the AM improved (P IPC cycle times
historical and 2 h in the <.01);1 not specified.
controls; PM: patient
chronic (<1y) Ankle - 50 mm Hg healed by 4
venous ulcers. Calf - 45 mm Hg mo. All
All patients Thigh - 40 mm Hg patients
had no healed by
improvement ly.
after 42 d of
Unna’s boot.

Schuler et al*® Randomized 54 IPC patients given 6 mo Ulcer healing:  Effects of IPC not
comparison. 30 mm Hg 20/28 —IPC evaluated in a
IPC + 30 mm elastic stocking. + stocking. controlled
Hg elastic Graduated 15/25 - setting. The 30
stocking vs compression Unna’s mm Hg stocking
Unna’s boot. IPC X 1 hin the boot. was probably less
Outpatient AMand 2 hin Healing rates effective than the
setting. the PM: similar and Unna’s boot for

Foot — 10 mm Hg
Calf to ankle - 50,
45,40 mm Hg at
2.5 s intervals.
12's
compression;
60 s deflation.

correlated
with
pretreatment
ulcer size.
Less pain (P
< .03) and
exudate (P
< .05)in
IPC group.

leg ulcer
treatment.




JOURNAL OF VASCULAR SURGERY

1126 Comerota April 2011
Table IT. Continued
No.
Investigator Study design patients IPC protocol Duration Results Comments
Alpagut and Dayioglu*®  Prospective, non- 235 1 h/d of single- 3 mo Time to heal: Study not
randomized chamber IPC at 20d-1rC randomized;
trial of 159 70 mm Hg 90 d - control initial ulcer size
patients with pressure. 1 min Return to not documented;
post- cycles: 20 s of activity: no statistical
thrombotic inflation, 20 s of 7 days — IPC analysis
venous ulcers sustained 25 days — performed.
given routine compression, and control 1 hr/day IPC
care of: leg 20 s of deflation. seems minimal
clevation,
compression
with elastic
stockings, oral
and IV
anticoagulants,
and systemic
antibiotics. 76
received IPC
in addition to
compression
stockings.
Inpatient and
outpatient
setting.
Nikolovska et al*® Randomized trial 104 1 h/d compression: 6 mo or until ~ Ulcer healing:  First study
(1:1) in 45 mm Hg ankle, complete 45/52 — rapid comparing 2
patients with 35 mm Hg calf ulcer 1rC different IPC
venous ulcers. + ankle; 30 mm healing. 32/52 —slow compression

Rapid Hg thigh in both
inflation/short groups. Rapid
cycle vs slow inflation: 0.5 s
inflation/long inflation, 6 s
cycle IPC. sustained
Routine care of compression,
hydrocolloid 12 s deflation.

dressings for
all, with no
other
compression.
Inpatient and
outpatient
setting.

Slow inflation:
60 s inflation,
30 s sustained
compression,

90 s deflation.

IPC (P =
.004)
Healing rate:
0.09 cm? -
rapid IPC
0.04 cm? -
slow IPC
(P =.0002).

cycles. Only
patients with
pure venous
ulcers were
enrolled.

d, Day; b/ d, hours/day; b, hour; IPC, intermittent pneumatic compression; IT7, intent-to-treat; IV, intravenous; 0, month; s, seconds; VLU, venous leg

ulcer.

this trial received local wound care and application of an
Unna boot. Twelve patients were randomized to IPC treat-
ment twice weekly for 1 hour per session. Follow-up visits
were conducted twice weekly for 6 months or until the
ulcers healed. Results showed that ulcer healing occurred in
all 12 of the patients who received IPC and in 8 of 10
control patients. Ulcer healing rate was more rapid in
patients receiving IPC (0.15 cm? per day) compared to
patients in the control group (0.08 cm? per day; P = .05).
It is interesting that benefit from IPC (speed of healing)
was observed in light of what most would consider minimal
use of IPC. Because edema occurs on a daily basis and is
worse in the later hours of the day, longer durations of IPC
delivered on a daily basis would mitigate the effects of
venous hypertension, increasing the likelihood of salutary
outcomes.

In a well-designed study, IPC was applied over 30 to 40
mm Hg elastic compression stockings in patients with
venous ulcers.*® Patients were randomly assigned to one of
two groups: compression stockings and routine wound care
(N = 24) or compression stockings, routine wound care,
and adjunctive home-based IPC for 3 months or until ulcer
healing (N = 21). IPC was used 3 to 4 hours per day. By
week 12, 48% of the IPC group had complete ulcer healing
vs 11% in the stocking alone group (P = .009). The median
ulcer healing rate for the IPC group was 19.8% area per
week vs 2.1% in the control group (P = .046).

Using patients as their own control, Mulder et al*’
studied the effect of a sequential compression device on 10
patients with chronic venous ulcers who failed to improve
after 42 days of therapy with an Unna boot and elastic wrap.
Patients were instructed to use the IPC device for 1 hour in
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the morning and 2 hours each evening, targeting healing at
120 days of treatment. Although only 1 patient healed by
the 120-day time point, all showed marked improvement.
Continued treatment resulted in complete healing ofall but
1 patient.

In a study conducted by Schuler et al,*® 53 patients
with chronic venous ulcers were randomly assigned to
receive either an Unna boot or sequential IPC with an
elastic stocking delivering 30 mm Hg compression at the
ankle. The stocking was worn all day, except during appli-
cation of the device. Follow-up was conducted once weekly
for 6 months or until ulcer healing was complete. Complete
ulcer healing was achieved in 15 of 25 patients (60%) in the
Unna boot group, and in 20 of 28 patients (71%) in the
IPC group. Although the difference between groups was
not significant, the authors suggested that the combined
use of IPC and elastic compression stockings might be
preferable to the use of the Unna boot. Recognizing that a
30 mm Hg stocking does not apply enough pressure in
patients with C-6 disease, and that Unna boot-type gar-
ments are inelastic and more effective than elastic garments,
this study probably underestimates the benefit of IPC in
patients with VLUs. Furthermore, the adjunctive use of
IPC is likely to be more effective when applied over the
compression garment (stocking) because compression is
additive.

In another study, 235 patients with venous ulcers re-
ceived either IPC using a compressor with full-leg cuffs plus
“classical” therapy (eg, elastic stockings, anticoagulants,
anti-infective dressings, antibiotics) or classical therapy
alone.*® Patients with IPC received 1 hour of IPC therapy
per day in addition to routine care. Ulcers healed faster in
the IPC group (mean, 20 days) than in the classical therapy
group (mean, 3 months). IPC shortened the duration of
treatment and facilitated return to an active life when
compared to routine care with compression stockings, thus
providing support for a wider application of IPC. However,
such observations might also reflect the inadequate com-
pression delivered by the stockings.

Nikolovska et al®° conducted the first study comparing
two different IPC regimens on ulcer healing, specifically
evaluating the speed of inflation and cycle times. They
randomized 104 patients with venous ulcers to rapid or
slow-compression IPC devices used for 1 hour daily. Both
devices applied the same pressure. No other compression
treatment was applied during the study period. The primary
endpoint of the study was the incidence of complete ulcer
healing by 6 months. The rapid-compression pump oper-
ated at three cycles/minute, whereas the slow compression
pump operated at one cycle every 3 minutes. Healing
occurred more often in patients treated with rapid IPC
(86% vs 61%; P = .004) and occurred sooner (P = .001).
This was the first study to demonstrate the clinical benefit
of rapid intermittent compression (three cycles/minute)
compared to slow intermittent compression, supporting
the concept that rapid cuff inflation with cycle times con-
sistent with venous filling times produces better clinical
results. Rapid inflation produces higher velocities and shear
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stress on the vein wall and produces higher arterial-venous
gradient. High-shear stress stimulates the endothelium to
release nitric oxide,”***> which in turn inhibits platelet
aggregation and platelet and monocyte adhesion. This
indicates that the shear stress produced by IPC induces
changes in endothelial cell function producing adaptation
of blood vessels, resulting in clinical effects that can be
measured, including improved arterial perfusion.

DISCUSSION

It is apparent that compression heals venous ulcers and
too few patients are treated with proper compression. Ar-
bitrary treatment duration of 12 or 16 weeks may not be
long enough to heal large and chronic venous ulcers;
however, with continued compression, success can be
achieved. Because VL Us are the sequelae of CVD, patients
with healed VLUs remain at risk for ulcer recurrence if the
underlying pathophysiology of their condition persists.
This observation is borne out by the results of the VenUS I
trial, in which 13% of ulcers that had initially healed in
patients treated with four-component bandages, and 25%
of ulcers treated with short-stretch bandages recurred after
12 months.'! This is likely the result of too little attention
to daily sustained compression. Although bandaging pro-
vides effective compression, IPC actively stimulates venous
return while favorably affecting a number of other physio-
logic processes.

The effects of IPC observed in patients with venous
ulceration alter the underlying pathophysiology, producing
an environment compatible with ulcer healing. Effects such
as increased venous return, reduced leg edema, increased
endogenous fibrinolysis, reduced intravascular coagulation,
and improved arterial (skin) perfusion resulting in increased
TcPO, combine to alter the wound environment in favor of
healing. Therefore, it should not be surprising that well-
designed clinical studies evaluating IPC added to standard
wound care and compression therapy show improved rates
of ulcer healing. The observations from these studies led to
the suggestions from the American College of Chest Phy-
sicians that IPC be used to speed healing large VLUs and
those recalcitrant to healing for =6 months.>?

Table II summarizes clinical studies demonstrating im-
provement in ulcer healing when IPC was added to routine
care. Although some reports are inconclusive, a review of
their methods reveals a disparity in IPC protocols, pres-
sures, and cycle times, making it difficult to compare one
treatment regimen with another. Most of these studies
were reported before guidelines for reporting the outcome
of venous ulcer treatment were published, emphasizing the
importance of complete ulcer healing in preference to
healing rate or percent healing. Clearly, there is a need for
additional, well-designed clinical trials, which evaluates
IPC as adjunctive treatment to standard care, which in-
cludes sustained compression.

Data suggest that the use of IPC as an adjunct to
sustained compression may be the optimal choice for treat-
ing patients with VLUs. However, a number of questions
remain with regard to its optimal use. For example, it is not
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clear whether there are advantages to the particular type of
compression. However, it seems clear that rapid inflation is
superior to slow inflation and that IPC which cycles at two
to three times per minute is superior to long cycle times
(one cycle per 2-3 minutes). Application of the device for 3
to 4 hours per day seems superior, although a critical study
on application times has not been performed. It seems
intuitive that the longer the application time per day, the
better the outcome should be.

Although healing of the ulcer is an important endpoint,
preventing recurrence, or, ideally, preventing the ulcer
from occurring in the first place, should be viewed as
optimal treatment. Proper (sustained) compression is im-
portant for the healing of ulcers and preventing their recur-
rence. Although compliance with IPC protocols has not
been an endpoint in previous studies, data suggest that
patients may prefer IPC to sustained, graduated compres-
sion.”* Ultimately, healing and preventing ulcer recurrence
will improve if compliance with compression therapy is
enhanced. The adjunctive use of IPC on the prevention of
recurrence has not been studied.

In conclusion, an overview of the literature suggests
that IPC speeds healing and increases the number of VL Us
healed by providing an environment favorable to wound
healing. Improved hematologic and hemodynamic effects
and reduced edema are likely major contributors. Well-
designed clinical studies in which IPC has been used have
demonstrated improved healing. Wider application of IPC
in patients with VLUs and further investigation in rigor-
ously controlled studies are warranted.

The author expresses appreciation to Jo Ann Mayer and
Marilyn Gravett for their assistance with the preparation of
this article.

REFERENCES

1. 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.

2. Weingarten MS. State-of-the-art treatment of chronic venous disease.
Clin Infect Dis 2001;32:949-54.

3. Nicolaides AN. Investigation of chronic insufficiency: a consensus state-
ment. Circulation 2000;102:¢126-¢63.

4. Clarke-Moloney M, Lyons GM, Burke PE, O’Keefte D, Grace PA. A
review of technological approaches to venous ulceration. Crit Rev
Biomed Eng 2005;33:511-56.

5. Tinkler A, Hotchkiss J, Nelson EA, Edwards L. Implementing evi-
dence-based leg ulcer management. Evid Based Nurs 1999;2:6-8.

6. Easterbrook J, Walker MA. The unilateral swollen lower limb: etiology,
investigation, and management. Int J Low Extrem Wounds 2002;1:
242-50.

7. Kumar S, Walker MA. The effects of intermittent pneumatic compres-
sion on the arterial and venous systems of the lower limb: a review. J
Tissue Viability 2002;12:58-60, 62-6.

8. Browse NL, Burnand KG. The cause of venous ulceration. Lancet
1982;2:243-5.

9. Bergan JJ, Schmid-Schonbein GW, Smith PD, Nicolaides AN, Boisseau
MR, Eklof B. Chronic venous disease. N Engl ] Med 2006;355:488-98.

10. Margolis DJ, Berlin JA, Strom BL. Risk factors associated with the
failure of a venous leg ulcer to heal. Arch Dermatol 1999;135:920-6.

11. Iglesias C, Nelson EA, Cullum NA, Torgerson DJ; VenUS Team.
VenUS I: a randomised controlled trial of two types of bandage for
treating venous leg ulcers. Health Technol Assess 2004;8:iii, 1-105.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

JOURNAL OF VASCULAR SURGERY
April 2011

O’Brien JF, Grace PA, Perry IJ, Hannigan A, Clarke Moloney M, Burke
PE. Randomized clinical trial and economic analysis of four-layer com-
pression bandaging for venous ulcers. Br J Surg 2003;90:794-8.

Lyon RT, Veith FJ, Bolton L, Machado F. Clinical benchmark for
healing of chronic venous ulcers. Venous Ulcer Study Collaborators.
Am ] Surg 1998;176:172-5.

Phillips T], Machado F, Trout R, Porter J, Olin J, Falanga V. Prognostic
indicators in venous ulcers. ] Am Acad Dermatol 2000;43:627-30.

. Lurie F, Awaya DJ, Kistner RL, Eklof B. Hemodynamic effect of

intermittent pneumatic compression and the position of the body. J
Vasc Surg 2003;37:137-42.

Malone MD, Cisek PL, Comerota AJ Jr, Holland B, Eid IG, Comerota
AJ. High-pressure, rapid inflation pneumatic compression improves
venous hemodynamics in healthy volunteers and patients who are
post-thrombotic. J Vasc Surg 1999;29:593-9.

Frangos JA, Eskin SG, McIntire LV, Ives CL. Flow eftects on prostacy-
clin production by cultured human endothelial cells. Science 1985;227:
1477-9.

Cooke JP, Stamler J, Andon N, Davies PF, McKinley G, Loscalzo J.
Flow stimulates endothelial cells to release a nitrovasodilator that is
potentiated by reduced thiol. Am J Physiol 1990;259(3 Pt2):H804-12.
Hsieh HJ, Li NQ, Frangos JA. Shear stress increases endothelial plate-
let-derived growth factor mRNA levels. Am J Physiol 1991;260(2 Pt
2):H642-6.

Nollert MU, Diamond SL, McIntire LV. Hemodynamic shear stress
and mass transport modulation of endothelial cell metabolism. Biotech-
nol Bioeng 1991;38:588-602.

Comerota AJ, Chouhan V, Harada RN, Sun L, Hosking J, Veermanol-
sunemi R, et al. The fibrinolytic effects of intermittent pneumatic
compression: mechanism of enhanced fibrinolysis. Ann Surg 1997;226:
306-13; discussion 313-4.

Chouhan VD, Comerota AJ, Sun L, Harada R, Gaughan JP, Rao AK.
Inhibition of tissue factor pathway during intermittent pneumatic com-
pression: a possible mechanism for antithrombotic effect. Arterioscler
Thromb Vasc Biol 1999;19:2812-7.

Kolari PJ, Pekanmiiki K, Pohjola RT. Transcutaneous oxygen tension in
patients with post-thrombotic leg ulcers: treatment with intermittent
pneumatic compression. Cardiovasc Res 1988;22:138-41.

. Nemeth AJ, Falanga V, Alstadt SP, Eaglstein WH. Ulcerated edema-

tous limbs: effect of edema removal on transcutaneous oxygen measure-
ments. ] Am Acad Dermatol 1989;20(2 Pt 1):191-7.

Malanin K, Kolari PJ, Havu VK. The role of low resistance blood flow
pathways in the pathogenesis and healing of venous leg ulcers. Acta
Derm Venereol 1999;79:156-60.

Henry JP, Winsor T. Compensation of arterial insufficiency by aug-
menting the circulation with intermittent compression of the limbs. Am
Heart J 1965;70:79-88.

Eze AR, Comerota AJ, Cisek PL, Holland BS, Kerr RP, Veeramasuneni
R, Comerota AJ Jr. Intermittent calf and foot compression increases
lower extremity blood flow. Am J Surg 1996;172:130-4; discussion
135.

van Bemmelen PS, Mattos MA, Faught WE, Mansour MA, Barkmeier
LD, Hodgson KJ, et al. Augmentation of blood flow in limbs with
occlusive arterial disease by intermittent calf compression. J Vasc Surg
1994;19:1052-8.

Morgan RH, Carolan G, Psaila JV, Gardner AMN, Fox RH, Woodcock
JP. Arterial flow enhancement by impulse compression. Vasc Endovasc
Surg 1991;25:8-16.

Abu-Own A, Cheatle T, Scurr JH, Coleridge Smith PD. Effects of
intermittent pneumatic compression of the foot on the microcirculatory
function in arterial disease. Eur J Vasc Surg 1993;7:488-92.

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.

Delis KT, Husmann M]J, Cheshire NJ, Nicolaides AN. Effects of inter-
mittent pneumatic compression of the calf and thigh on arterial calf
inflow: a study of normals, claudicants, and grafted arteriopaths. Sur-
gery 2001;129:188-95.

Delis KT, Nicolaides AN, Wolfe JH, Stansby G. Improving walking
ability and ankle brachial pressure indices in symptomatic peripheral


Mark
Highlight


JOURNAL OF VASCULAR SURGERY
Volume 53, Number 4

34.

36.

38.

39.

40.

41.

42.

43.

vascular disease with intermittent pneumatic foot compression: a
prospective controlled study with one-year follow-up. J Vasc Surg
2000;31:650-61.

van Bemmelen PS, Gitlitz DB, Faruqi RM, Weiss-Olmanni J, Brunetti
VA, Giron F, Ricotta JJ. Limb salvage using high-pressure intermittent
compression arterial assist device in cases unsuitable for surgical revas-
cularization. Arch Surg 2001;136:1280-5; discussion 1286.

. Dawson DL, Pevec WC. Commentary. Effect of intermittent pneu-

matic compression of foot and calf on walking distance, hemodynamics,
and quality of life in patients with arterial claudication. A prospective
randomized controlled study with 1-year follow-up. Perspect Vasc Surg
Endovasc Ther 2005;17:376-8.

Kakkos SK, Geroulakos G, Nicolaides AN. Improvement of the walking
ability in intermittent claudication due to superficial femoral artery
occlusion with supervised exercise and pneumatic foot and calf com-
pression: a randomised controlled trial. Eur J Vasc Endovasc Surg
2005;30:164-75.

. Delis KT, Nicolaides AN. Effect of intermittent pneumatic compression

of foot and calf on walking distance, hemodynamics, and quality of life
in patients with arterial claudication: a prospective randomized con-
trolled study with 1-year follow-up. Ann Surg 2005;241:431-41.
Ramaswami G, D’Ayala M, Hollier LH, Deutsch R, McElhinney AJ.
Rapid foot and calf compression increases walking distance in patients
with intermittent claudication: results of a randomized study. J Vasc
Surg 2005;41:794-801.

Louridas G, Saadia R, Spelay J, Abdoh A, Weighell W, Arneja AS, et al.
The ArtAssist Device in chronic lower limb ischemia. A pilot study. Int
Angiol 2002;21:28-35.

Kavros SJ, Delis KT, Turner NS, Voll AE, Liedl DA, Gloviczki P, Rooke
TW. Improving limb salvage in critical ischemia with intermittent
pneumatic compression: a controlled study with 18-month follow-up. J
Vasc Surg 2008;47:543-9.

Allwood MJ. The effect of an increased local pressure gradient on blood
flow in the foot. Clin Sci (Lond) 1957;16:231-9.

Eze AR, Cisck PL, Holland BS, Comerota AJ Jr, Veeramasuneni R,
Comerota AJ. The contributions of arterial and venous volumes to
increased cutaneous blood flow during leg compression. Ann Vasc Surg
1998;12:182-6.

McCulloch JM. Intermittent compression for the treatment of chronic
stasis ulceration: a case report. Phys Ther 1981;61:1452-3.

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Comerota 1129

Hazarika EZ, Wright DE. Chronic leg ulcers. The effect of pneumatic
intermittent compression. Practitioner 1981;225:189-92.

. McCulloch JM, Marler KC, Neal MB, Phifer TJ. Intermittent pneu-

matic compression improves venous ulcer healing. Adv Wound Care
1994;7:22-4, 26.

Smith PC, Sarin S, Hasty J, Scurr JH. Sequential gradient pneumatic
compression enhances venous ulcer healing: a randomized trial. Surgery
1990;108:871-5.

Mulder G, Robison J, Seeley J. Study of sequential compression therapy
in the treatment of non-healing chronic venous ulcers. Wounds 1990;
2:111-5.

Schuler JJ, Maibenco T, Megerman J, Ware M, Montalvo J. Treatment
of chronic venous ulcers using sequential gradient intermittent pneu-
matic compression. Phlebology 1996;11:111-6.

Alpagut U, Dayioglu E. Importance and advantages of intermittent
external pneumatic compression therapy in venous stasis ulceration.
Angiology 2005;56:19-23.

Nikolovska S, Arsovski A, Damevska K, Gocev G, Pavlova L. Evaluation
of two different intermittent pneumatic compression cycle settings in
the healing of venous ulcers: a randomized trial. Med Sci Monit
2005;11:CR337-43.

Chen LE, Liu K, Qu WN, Joneschild E, Tan X, Seaber AV, Stamler JS,
Urbaniak JR. Role of nitric oxide in vasodilation in upstream muscle
during intermittent pneumatic compression. ] Appl Physiol 2002;92:
559-66.

Cooke JP, Stamler J, Andon N, Davies PF, McKinley G, Loscalzo J.
Flow stimulates endothelial cells to release a nitrovasodilator that is
potentiated by reduced thiol. Am J Physiol 1990;259(3 Pt 2):H804-12.
Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota AJ;
American College of Chest Physicians. Antithrombotic therapy for
venous thromboembolic disease: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 2008;
133(6 Suppl):4545-5458S.

Rowland J. Intermittent pump versus compression bandages in the
treatment of venous leg ulcers. Aust N Z J Surg 2000;70:110-3.

Submitted Feb 23, 2010; accepted Aug 19, 2010.



	Intermittent pneumatic compression: Physiologic and clinical basis to improve management of venous leg ulcers
	Causes of venous leg ulcers
	Pathophysiology of venous leg ulcers
	Sustained compression: the cornerstone of venous leg ulcer treatment
	Physiologic effects of intermittent pneumatic compression
	Hemodynamic effects
	Hematologic effects
	Effects on oxygen tension
	Effects on edema
	Effects of intermittent pneumatic compression on arterial perfusion

	Use of intermittent pneumatic compression in patients with venous leg ulcers
	Discussion
	References


