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Intermittent Pneumatic Compression for the
Prevention of Venous Thromboembolism after
Total Hip Arthroplasty
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Background: Venous thromboembolism (VTE) is a relatively common and potentially life threatening complication after major
hip surgery. There are two main types of prophylaxis: chemical and mechanical. Chemical prophylaxis is very effective but causes
bleeding complications in surgical wounds and remote organs. On the other hand, mechanical methods are free of hemorrhagic
complications but are less effective. We hypothesized that mechanical prophylaxis is effective enough for Asians in whom VTE
occurs less frequently. This study evaluated the effect of intermittent pneumatic compression (IPC) in the prevention of VTE after
major hip surgery.

Methods: Incidences of symptomatic VTE after primary total hip arthroplasty with and without application of IPC were compared.
A total of 379 patients were included in the final analysis. The IPC group included 233 patients (106 men and 127 women) with a
mean age of 54 years. The control group included 146 patients (80 men and 66 women) with a mean age of 53 years. All patients
took low-dose aspirin for 6 weeks after surgery. IPC was applied to both legs just after surgery and maintained all day until dis-
charge. When a symptom or a sign suspicious of VTE, such as swelling or redness of the foot and ankle, Homans' sign, and dys-
pnea was detected, computed tomography (CT) angiogram or duplex ultrasonogram was performed.

Results: Until 3 months after surgery, symptomatic VTE occurred in three patients in the IPC group and in 6 patients in the control
group. The incidence of VTE was much lower in the IPC group (1.3%) than in the control group (4.1%), but the difference was not
statistically significant. Complications associated with the application of IPC were not detected in any patient. Patients affected by
VITE were older and hospitalized longer than the unaffected patients.

Conclusions: The results of this study suggest that IPC might be an effective and safe method for the prevention of postoperative
VTE.
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Venous thromboembolism (VTE) comprising deep vein  thrombosis (DVT) and pulmonary embolism (PE) is one
of the major complications after major hip surgery."” PE
occurs much less frequently than DV, but it is a major
cause of death after major hip surgery.” The injury of soft
tissue including the vessel wall during operation and pa-
tient immobilization after a hip surgery are inevitable and
known to increase the risk of VTE.” The incidence of VTE
in Western countries after total hip arthroplasty (THA)
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without any prophylaxis is reported to range from 45% to
57%.”

Because of the high incidence, rare but possible
fatality, and subsequent post-thrombotic syndrome, ac-
tive prophylaxis of VTE is strongly recommended in the
perioperative period.*” There are two main categories of
prophylaxis: chemical and mechanical. Chemical prophy-
laxis uses anticoagulants. Newly developed anticoagulants
such as low molecular heparin and factor Xa inhibitors
(pentasaccharide) are widely used instead of heparin and
wafarin.* Anticoagulants are very effective in VTE pro-
phylaxis but have the risk of bleeding in the operation site
and other sites such as intracranial and gastrointestinal
sites.*”

For mechanical prophylaxis, graduated compression
stockings and intermittent pneumatic compression (IPC)
devices are used.” Mechanical methods have no risk of un-
expected bleeding and can be applied to the contralateral
leg during operation. After surgery, these methods can be
applied any time regardless of drain status. However, there
have been debates on the efficacy of mechanical methods
in VTE prevention. The American College of Chest Physi-
cians (ACCP) recommended mechanical methods alone
primarily in patients at high risk of bleeding until the 8th
edition of its guidelines.”

It has been considered that VTE occurs less fre-
quently in Asians and surgeons have not recognized the
necessity of perioperative prophylaxis."'*"" However, in
2005, two multicenter studies conducted in Asian coun-
tries reported that the incidence of postoperative VTE was
not low in Asians, and it was consistent with that in West-
ern countries.” The two reports prompted interest in
perioperative VTE and its prophylaxis in Asian surgeons,
some of whom started to insist on aggressive prophylaxis
using anticoagulants. Resultantly, the use of chemopro-

phylaxis has increased. However, its use for Asian patients
who have a relatively low VTE incidence has been contro-
versial because of the bleeding risk.”” Therefore, mechani-
cal methods using intermittent pneumatic pumps have
been gaining popularity, and variable results on their ef-
fectiveness have been reported in Asian countries."*"”

We have routinely used low-dose aspirin (100 mg
qd) in hip surgery patients. Since March 2010, this mono-
therapy has been augmented by IPC in some patients.
Since December 2010, both methods have been applied to
all patients after major hip surgery unless contraindicated.
In this study, we evaluated the prophylactic effect of IPC
by comparing the incidences of symptomatic VTE before
and after the use of IPC and analyzed the characteristics of
the patients who were affected by VTE.

METHODS

This study was approved by the Institutional Review Board
of the Seoul National University Hospital (No. H-1403-
050-565). The incidences of VTE of the IPC group and
control group were compared retrospectively. The IPC
group included consecutive patients who underwent pri-
mary THA between January 2011 and December 2012. In
these patients, IPC was used in addition to low-dose aspi-
rin. The control group included consecutive patients who
underwent THA between March 2008 and February 2010.
In these patients, only low-dose aspirin was used. For both
groups, patients were excluded if they were younger than
17 years, taking anticoagulant stronger than aspirin for
any reason, had history of previous VTE, could not take
aspirin for any reason, and were followed up for less than 3
months after surgery.

THA was performed by one of the two senior sur-
geons (HJK and JJY) usually under spinal anesthesia. Ad-

Fig. 1. Main body with accessories (A)
and cuff (B) of the intermittent pneumatic
pump used in this study.
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ministration of low-dose aspirin (100 mg po qd) started
after removal of drainage at postoperative 2 or 3 days and
continued for 6 weeks. IPC was started after operation
and continued until discharge using a mechanical pump
(Kendall SCD EXPRESS; Covidien, Mansfield, MA,
USA) (Fig. 1). Both calves were compressed all day long
except when patients were out of bed. All patients started
active leg muscle contraction exercise when recovered
from anesthesia and started crutch walking as soon as pos-
sible. Patients were discharged when they could walk with
a walker or crutches. The average period of hospitalization
was 10.1 days in the IPC group and 11.9 days in the con-
trol group.

Postoperatively, patients were observed closely for
VTE. When any symptom or sign suspicious of VTE was
observed, computed tomography (CT) angiography was
performed to detect DVT and PE. Suspicious symptoms
and signs included swelling or redness in the foot and an-
kle, pain or tenderness in the leg, Homans’ sign, and dys-
pnea. If CT angiography was contraindicated because of
the patient's condition, such as renal insufficiency, duplex
ultrasonography was performed. Patients were followed
up at postoperative 6 weeks, 3 months, 9 months, and an-
nually thereafter. At every follow-up, CT angiography or
ultrasonography was performed if VTE was suspected.

The VTE incidences until 3 months after THA were
compared between the two groups and risk factors associ-
ated with the development of VTE were determined."®'"”
For statistical analyses, Fisher exact test and independent
t-test were used depending on data, with statistical signifi-

Table 1. Patient Demographics

Demographic Control group  IPC group  p-value

No. 146 233
Sex (male:female) 80:66 106:127 0.091
Age (yr) 529+14.3 53.8+14.1 0.551
Body mass index (kg/m?) 244 +36 242+35 0.650
Comorbidity index 0.889

0 90(61.6) 130 (55.8)

1 46 (31.5) 69 (29.6)

2 10(6.8) 26(11.2)

3 0 7(3.0)

4 0 1(0.4)

cance set at p < 0.05.

RESULTS

There was no notable difference between the two groups
in sex ratio, age distribution, body mass index (BMI), co-
morbidity index, underlying disease for THA, method of
anesthesia, and operation time (Tables 1-3). There was a
significant difference in the hospitalization period: it was
longer in the control group (11.9 + 5.3 days) than in the
IPC group (10.1 £ 2.8 days) (p < 0.001).

In the IPC group, there was no case of complication
related with IPC application, such as skin bullae or ulcer
and compartment syndrome. Most patients had some in-
termissions in applying IPC, but patient's compliance was
generally good.

In the IPC group, symptomatic VTE developed in
three cases (distal DVT with PE, proximal DVT with PE,

Table 2. Etiologic Disease of Total Hip Arthroplasty

Variable Controlgroup  IPC 998 pvalue
Avascular necrosis 84 (57.5) 136 (58.4) 0915
Degenerative arthritis 32(21.9) 47(20.2) 0.698
Septic hip sequelae 8(5.5) 15(6.4) 0.826
Dysplasia 5(3.4) 14 (6.0) 0.337
Rheumatic disease 7(4.8) 10(4.3) 0.804
LCP sequelae 6(4.1) 7(3.0) 0574
Miscellaneous 4(27) 4(1.7) 0.491

Values are presented as number (%).
|PC: intermittent pneumatic compression, LCP: Legg-Calve-Perthes disease.

Table 3. The Comparison of Operation Related Factors

Variable Contro graup  1PC 91040 vaiue
Operation time (min) 104.3+30.1 105.3+255 0.747
Hospitalization period (day) 11.9+53 10.1£28 <0.001
Anesthesia 0.539

Spinal 129 (88.4) 196 (84.1)
Epidural combined 2(1.4) 5(2.1)
General 15(10.3) 32(13.7)

Values are presented as mean + standard deviation or number (%).
|PC: intermittent pneumatic compression.

Values are presented as mean + standard deviation or number (%).
IPC: intermittent pneumatic compression.
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Table 4. Incidence of Venous Thromboembolism

Variable Co(n;rgl&gc))up Irnczggg:l;l)p p-value
VTE 6(4.1) 3(1.3) 0.093
PE 0 2(0.9) 0.525
DVT 6(4.1) 3(1.3) 0.093
Proximal DVT 3(21) 3(1.2) 0.680
Distal DVT 6(4.1) 1(0.4) 0.015

Values are presented as number (%).
IPC: intermittent pneumatic compression, VTE: venous thromboembolism, PE:
pulmonary embolism, DVT: deep vein thrombosis.

Table 5. Anatomical Sites of Thrombi in Venous Thromboembolism

of Each Patient

Group PE DVT Proximal DVT Distal DVT

Control X 0 0 0*
X 0 0 0
X 0 0 X
X 0 X 0
X 0 X 0
X 0 X 0

IPC 0 0 0 0
0 0 0 X
X 0 0 X

PE: pulmonary embolism, DVT: deep vein thrombasis, IPC: intermittent
pneumatic compression.

*Distal venous thrombi were present on both sides of limb of the unilaterally
operated patient.

and proximal DVT only). In the control group, symptom-
atic VTE developed in six cases (three cases of distal DVT,
one case of proximal DVT, and two cases of proximal and
distal DVT). There was no case combined with PE (Table 4).
VTE was detected at an average of 39 days (range, 6 to 78
days) after surgery: during hospitalization in 3 cases and
after discharge in 6 cases. All DVT developed in the oper-
ated leg except in one case in which both legs were affect-
ed (Table 5). The incidence of VTE was 1.3% in the IPC
group and 4.1% in the control group, but the difference
was not statistically significant (p = 0.093). The incidence
of proximal DVT was lower in the IPC group and the in-
cidence of PE was lower in the control group, but the dif-
ferences were not statistically significant. The incidence of

Table 6. Risk Factors of VTE

Variable |(\|n023v7$ (rYIEg) p-value

Sex (male:female) 184:186 2:7 0.175
Age (yr) 532+ 142 636+7.9 0.030
Body mass index (kg/m’) 243+35 250+43 0.532
Hospitalization period (day) ~ 10.7 +4.0 14121 0.013
Operation time (min) 105.0+275 1024+ 185 0.785
Underlying disease index 0.088

0 218(58.9) 2(22.2)

1 110(29.7) 5 (55.6)

2 34(9.2) 2(22.2)

3 7(1.9) 0

4 1(0.3) 0

Values are presented as mean =+ standard deviation or number (%).
VTE: venous thromboembolism.

distal DVT was significantly lower in the IPC group (0.4%)
than in the control group (4.1%) (p = 0.015) (Table 5).

Patients affected by VTE were older and hospital-
ized longer with statistical significance (p = 0.030, p = 0.012
respectively). However, sex, BMI, comorbidity index, and
operation time were not associated with the development
of VTE (Table 6).

Among the patients affected by VTE, 3 cases were
treated by anticoagulant for 3-13 months, 1 case was treat-
ed by thrombectomy and anticoagulant for 3 years, and
the other cases were simply observed.

DISCUSSION

In this study, the incidence of VTE in the IPC group was
less than 30% of that in the control group. This remarkable
difference suggests the effectiveness of IPC in prevention
of VTE even though the difference was not significant sta-
tistically. Foot or low leg pneumatic pump has been used
for the prevention of VTE for 30 years and there have been
many reports of its effectiveness.””*” However, the ACCP
guidelines had not recommended single use of IPC except
for patients with high bleeding risk because of the absence
of well-controlled prospective studies on IPC. In 2012,
the ACCP included IPC as a single modality for the pre-
vention of VTE after major orthopaedic surgery.” Then
effectiveness of this strategy has been confirmed in meta-
analyses of previous reports and prospective studies.”***”
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There have been a few reports on preventive effect of IPC
in Asians. Sugano et al." and Yokote et al.'"” reported its
effectiveness in Japanese people, Mehta et al."” in Singa-
pore people, and Jo et al."” in Korean people.

Patient compliance with IPC is known to be very
good.”*”” Some complications of IPC have been reported;
most are minor and include skin bullae and itching from
the compression pad. One case report described compart-
ment syndrome, but serious complications are rare.”® In
this study, no patient stopped IPC because of discomfort
and no IPC-related complications occurred.

In South Korea, the reported incidence of symptom-
atic VTE after THA ranges from 0% to 2.2%."*” The inci-
dence of VTE in this study was high compared with that
of previous studies, even though low-dose aspirin was ad-
ministered. This study was not a prospective one, but CT
angiography or ultrasonography was performed whenever
suspicious symptoms and signs were detected, even if they
were not eminent but vague. Of the 39 patients examined
by CT angiography or ultrasonography, only a few patients
had calf tenderness or Homans’ sign. This might have re-
sulted in the higher detection rate.

Many factors have been reported to be associated
with the occurrence of VTE. These include history of
previous VTE, cardiovascular disease, comorbidity index,
obesity, old age, varicose vein, and prolonged bed rest."*"”
In this study, only old age and long admission period were
associated with the occurrence of VTE, whereas sex, obe-
sity, operation time, and comorbidity were not. The num-
ber of VTE cases (n = 9) might have been too small for a
risk factor analysis.

This study has some limitations. It is a retrospective
study with a relatively small number of cases and only the
patients with suspicious symptoms or signs were examined
by CT angiography or ultrasonography. Therefore, the true
incidence of VTE was unknown. However, consecutive
patients who received constant perioperative management
in a single institute were included in the analysis. There-
fore, the limitations did not have a substantial effect on the
evaluation of the effectiveness of IPC in the prevention of
VTE.

In this study, the incidence of symptomatic VTE
after THA was 1.2% in patients receiving IPC in addition
to low-dose aspirin. For Western people, the incidence of
symptomatic VTE after THA has been reduced to 1%-2.5%
using chemoprophylaxis.**” Considering the bleeding
complications of chemoprophylaxis, low-dose aspirin with
IPC can be suggested as an effective and safe option to
prevent postoperative VTE for Asians.

In conclusion, the results of this study suggest IPC
might be an effective method to prevent postoperative
VTE, although statistical significance was not observed.
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