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Why Does Prophylaxis With External Pneumatic
Compression for Deep Vein Thrombosis Iail?

Anthony J. Comerota, Mp, Mira L. Katz, mra, rvT, John V. White, MD, Philadelphia, Pennsylvania

External pneumatic compression (EPC) devices are
increasing in popularity for deep vein thrombosis
(DVYT) prophylaxis. Patients who have these de-
vices applied postoperatively are assumed to have
effective prophylaxis, although a number of exten-
sive postoperative DVT complications have been
observed. This study evaluates the proper applica-
tion of EPC devices in patients in intensive care
units and regular nursing floor units and assesses
whether dedicated in-service instruction can im-
prove proper use.

In a prospective study of 138 patients with 2 or
more risk factors for postoperative DVT, it was
found that patients on routine nursing units had
properly functioning EPC devices during 48% (306
of 6306) of the visits compared with 78% (312 of
398) of the visits in the intensive care unit (ICU)
(p <0.0001). Follow-up of patients transferred
from an ICU to a regular nursing unit showed that
functional application: decreased from 82% (129 of
157) to 33% (40 of 122) (p <0.005). The com-
pression sleeves were not applied in 84% of the
nonfunctional devices and were properly in place
but the pump nonfunctional in 16%. Unfortunately,
dedicated in-service instruction did not improve the
proper use of EPC.

Although proper application of EPC is better in
the ICU compared with regular nursing units, im-
proper use is {requent and failure of DVYT prophy-
laxis with EPC devices inay be due to improper use,
rather than failure of the method itself.
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ostoperative deep venous thrombosis (DVT) re-

mains a major problem in the United States [/]. The
early consequences of venous thromboembolic disease are
serious, and significant long-term morbidity can also cc-
cur. Effective and safe prophylaxis in high-risk patients is
desirable. Pharmacologic means of DVT prophylaxis
have proven efficacy [2-4], but acceptance has been slow
in many medical communities. This is likely due to the
clinical silence of postoperative DVT and the low inci-
dence of clinically significant pulmonary embolism (PE),
coupled with the fear of bleeding complications from
these drugs [5].

External pneumatic compression (EPC) devices have
proven to be effective in general surgical, urologic, obstet-
ric, gynecologic, neurosurgical, and orthopedic patients
(Table 1) [4,6-15]. In 1986, the National Institutes of
Health (NIH) Consensus Development Conference on
the Prevention of Venous Tlirombosis and Pulmonary
Embolism endorsed EPC as an effective prophylactic
measure [/]. EPC is an attractive alternative to pharma-
cologic prophylaxis because these mechanical devices
have no inherent risk.

After release of the NIH Consensus Report, EPC
devices were purchased, and a program for their use was
developed for the surgical services at Temple University
Hospital. Within a short period of time, however, an
unexpectedly high number of patients experienced post-
operative venous thromboembolic complications, despite
EPC devices being used for prophylaxis. These cases
raised physician concern and created doubt about the
efficacy of EPC. Observing several patients who had
EPC ordered led us to question whether these devices
were being properly used, in which case it might not be a
failure of the prophylactic method but rather a failure of
the proper application of the technique. This prospective
study was designed to answer the following questions: (1)
How often are EPC devices properly applied and func-
tioning? (2) Is there a difference in compliance between
patients in intensive care units and routine nursing ser-
vices? and (3) Does nursing education increase the proper
application and use of EPC devices?

PATIENTS AND METHODS

One hundred thirty-eight patients having 2 or more
risk factors for DVT and who had EPC devices ordered
for prophylaxis of postoperative DVT were prospectively
studied. Risk factors included male sex, age over 40 years,
an operation lasting more than 2 hours, a major orthope-
dic procedure or neurosurgical procedure, obesity, neo-
plasm, congestive heart failure, or a previous history of
venous thrombosis or pulmonary embolism. The Kendall
Sequential External Pneumatic Compression Device
{model 5320) was used, which has an 11-second sequen-
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TABLE |
Comparatlive Studles Using Intermittent Exiernal
Pneumatic Compression (EPC) for Postoperative Deep
Veln Thrombosis (DVT) Prophylaxis

% Incidence of DVT

Reference  Patients Patient Group Control EPC
(6] 310 Crthopedic 49 24
(7] 128 Neurosurgery 19 2
(8] 107 Gynecology 35 13
{9} 1C4 Orthopedic 19 2
{10} 100 General surgery 30 12
1t 96 General surgary —_ 4
[12] 95 Neurosurgery 25 9

[4) 168 Mixed 36 11
[13} 61 Orthepedic 66 6
[14] 53 Urology 25 7

(5) 146 Neurosurgery 18 6

S

TABLE 11
Overall Results in 138 Patlents Recelving External
Pneumatic Compression Devices

Func- Yo
No.of Na.of tion- Com-
Jatients  Visits  ing  pliancs
Hosgnal room 84 636 306 48
Intensive care unit! 54 398 312 78 p <0.0001°
Total 138 1.034 618 60

*x? analysis with one degree of fraedom.
'Patients iollowed tom intensive care unit to hospitai room (1 = 21) had
LCDﬂID“aﬂCB faitfrom 82% {129 of 157) 10 33% {4001 122) (p < 0.005").

TABLE 11
Resulits in 85 Patlents Who Received an External
Pneumatic Compression Device and Who Were Aftended
by Minimally Trained Nursing Staff

Func- %
Mo.of No.of tion- Com-
Patients Visits  ing  plianca

Hospital room 51 466 230 49

Intensive care unit! 34 307 237 77 p <0.0001"

*x? analysis with one degrae of frsedom.
'Patients lollowed Irom intensive care unit o hospital room (n = 11) had

i compliance fall Irom 82% (94 of | 15) 10 20% (21 of 71},

tial compression phase followed by a 60-second vent

phase. Kendall Anti-Em stockings (Kendall Co, Boston,
MA) were applied to the patients' legs under the inflat-
able sleeves. The stockings and EPC devices were applied
in the operating room after induction of anesthesia. The
compression pump was set 3t 35to 55 mm Hg pressure at
e ankle.

Daily rounds were made on each patient at random

times. Patients were visited no more than twice in | day.
Patients were followed until they became fully ambulato-
ry, at which time EPC was discontinued. During each
patient visit, the EPC device was checked for proper
application of the inflatable sleeves and proper function-
ing of the EPC pump.

Patients were divided into two groups depending on
their hospital location. Patients in the intensive care unit
(ICU) were compared with patients sent directly to rou-
tine nursing units,

The results were also analyzed according to nursing
education. Group I ccnsisted of patients whose nurses
received routine but minimal instructions on the proper
application and the importance of EPC. After an evalua-
tion of the results of the initial cohort of patients, an
educational program was developed and presented to the
nursing units involved. Group II consisted of patients
whose nurses received dedicated in-service training ses-
sions, which emphasized the importance of DVT prophy-
laxis and in which printed instructions on the proper
application and use of EPC devices were distributed.

Statistical analysis of the data was performed with the
x? test with one degree of [reedom.

RESULTS .

Table Il summarizes the results of this study. Patients
(groups I and 1I) on routine nursing units had the EPC
device properly applied and functioning 48% (306 of 636)
of the time compared with 78% (312 of 398) of the time
for ICU patients. The difference between the two loca-
tions was statistically significant (p <0.0001). In a cohort
of 21 patients followed from the ICU to a routine nursing
unit, compliance dropped from 82% (129 of 157) to 33%
(40 of 122) (p <0.005).

The data in Table Il summarize the group I patients
who were treated by nurses receiving only briel instruc-
tion for the rationale and proper application of EPC.
Table 1V summarizes group |1 patients who were treated
on nursing units receiving formalized instruction includ-
ing in-scrvice sessions and printed malerials. Although
therc was consistently better performance in the ICU
setting compared with the routine nursing units, there
was no difference in compliance in group I patients com-
pared with group 11 patients, indicating that nursing edu-
cation programs did not lead to improved application of
EPC.

The status of the EPC devices in all patients is sum-
marized in Table V. Interestingly, of the patients with
nonfunctioning EPC devices, 21% (18 of 86) in the ICU
and 15% (50 of 330) on routine nursing units had sleeves
properly applied but the compression pump was not func-
tioning (either the pump was not plugged into the electri-
cal outlet, the power switch was not turned on, or the air
hose connecting the pump to the sleeve was compressed).

COMNMENTS

EPC is becoming increasingly popular for DVT pro-
phylaxis. It has been shown to be effective for a broad
spectrum of patients at risk for venous thromboembolic
complications, and there are only two reported cases of

266 THE AMERICAN JOURNAL OF SURGERY YOLUME 164 SEPTEMBER 1992



FAILURE OF EXTERNAL PNEUMATIC COMPRESSION

TABLE 1V
Resuits In 53 Patients Wha Recelived an External
Pneumatic Campression Device and Who Were Attended
by Comprehensively Trained Nursing Staff

TABLE V
Overall Resuits of Application of External Pneumatic
Compression (EPC): intensive Care Unit (ICU) Versus
Hosgital Room

'Patients lollowed from intensive care unit 1o hospital room (n = 10) had
compliance lall trom 83% (35 of 42)1037% (19 0t 51).

Func- % % of Visils
No.of No.of tion- Com- % ol Visils {ICU) (Hospital Room)
Patients Visits  Ing pliance EPC Status {n = 398) (n = 636)
Hospital room 33 170 78 45 EPC functioning 78 (312)* 48 (306)*
Intensive care unitt 20 91 75 82 p <0.0001* EPC not functioning 22 (86) 52 (330)
Slesves off 17 (68) 44 (280)
*x? analysis with one degree of freedom, Sleaves on/pump off 5(18) 8 (50)

“Numbers in parentheses reprasent actual numbar of visits.

associated complications [16,17). Low-dose subcutane-
ous heparin has been shown to reduce postoperative DVT
amd fatal pulmonary embolism [2]; however, EPC has
been shown to be more effective in some studies, and
physicians need not worry about potential bleeding com-
plications [4,74]. Therefore, it is not surprising that EPC
has been rapidly accepted for DVT prophylaxis.

The efficacy of intermittent EPC s achieved through
three mechanisms: (1) by increasing the velocity of ve-
nous return, thereby reducing stasis; (2) by stimulating
regional fibrinolytic activity, thereby reducing hyper-
coagulability; and (3) by reducing or preventing opera-
live venodilation, thereby reducing endotheljal damage.
Nicolaides and colleagues [18] demonstrated that EPC
devices minimize stasis by significantly increasing the
velocity of femoral venous flow and that sequential com-
pression increased velocity more than single-chamber
compression. EPC has also been shown to increase endog-
enous [fibrinolytic activity in the treated limb, and the
Iytic effect has been detected systemically [/9,20]. The
magnitude of the fibrinolytic response correlated with the
volume of tissue compressed. The application of elastic
compression also has been shown to reduce the diameter
of the medial gastrocnemious vein during general surgical
operations [2/]. In separate studies, operative venodila-
tion directly and significantly correlated with venogra-
phically proven postoperative DVT [22], and, in the ca-
nine model, operative venodilation led to venous
endothelial damage [23]. Therefore, EPC can potentially
affect all three limbs of Virchow’s triad, by avoiding
stasis, by modifying hypercoagulability, and by reducing
endothelial damage.

Salzman and colleagues [24] demonstrated in urolog-
ic patients that equivalent protection from postoperative
DYVT can be obtained from short-term EPC application
(operating and recovery room) compared with long-term
application, when convalescence was short and patients
resumed full ambulation in the carly postoperative peri-
od. The prospect of short-term application providing pro-
tection to some patients is appealing, because the princi-
pal obstacle to the broader use of EPC prophylaxis is
rejection by patients who find the inflatable sleeves un-
comforiable, Unfortunately, many patients are not fully
ambulatory in the early postoperative period, and their

venous thromboembolic risk extends well beyond the re-
covery room. In someé patients, effective prophylaxis may
be required for weeks, since the risk of developing venous
thromboembolic complications is related to the duration
of bed rest and their underlying illness.

This study addresses the issue of the compliance rate
of mechanical devices for DVT prophylaxis. We were
surprised at the high percentage of improperly applied
and/or nonfunctional EPC devices on routine nursing
units. These observations differ from those of a previous
report that documented only a 6% noncompliance rate
[6]. In other studies, the lack of EPC compliance was due
mainly to patient discomfort. We found that in 16% of the
nonfunctional units, the sleeves were properly applied.
However, there were other technical reasons for nonfunc-
tion. Either the devices were not turned on or were not
plugged into electrical outlets, or the hose connecting the
sleeves to the pump was compressed by the wheels of the
hospital bed. These errors should be easily corrected;
however, removal of the sleeves by patients when a nurse
is not in attendance remains problem.

By the very nature of this study, we did not expect
100% compliance; however, we thought an 80% to 90%
compliance rate was reasonable. It was not surprising to
find significantly better utilization in the ICU setting,
since the nurse is in constant attendance with the patient,
and patients are more critically ill, sedated, and less likely
to object to the inflatable sleeves.

The observation that nursing education failed to im-
prove proper use of the EPC devices was initially discour-
aging, although not entirely unexpected. This can be
partly explained by patients removing the devices because
of discomfort or inconvenience after the nurse has left the
room. Additionally, since the devices are relatively simple
to apply, it is unlikely that confusion about their applica-
tion or use leads to poor compliance.

In summary, although EPC devices have demon-
strated cfficacy, venous thromboembolic complications
occurring during their use may be due toa high frequency
of noncompliance, especially in patients on routine nurs-
ing care units. When mechanicul prophylaxis is ordered
for patients at high risk for postoperative DVT, and espe-
cially for those patients who have nosafe alternative form
of prophylaxis, physicians and nursing personnel should
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recognize the likelihood of noncompliance and extend
their efforts to insure proper functional application of
these devices. We believe that patient education is impor-
tant, and, with additional effort in this area, the compli-
ance rate of EPC should improve.
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