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Abstract

Objective: To compare the effectiveness of calf-thigh sequential pneumatic compression devices with the
effectiveness of plantar venous intermittent pneumatic compression devices in prevention of venous
thrombosis after major trauma.

Subjects and Methods: We evaluated 181 consecutive patients after major trauma without lower extremity
injuries that precluded the use of pneumatic compression devices. We randomly assigned 149 patients to
either calf-thigh sequential pneumatic compression or plantar venous pneumatic compression. After
blinding the observers to the method of prophylaxis against deep-vein thrombosis, we performed bilateral
compression ultrasonography on or before day 8 after randomization.

Results: Among 149 randomized patients, 62 who received calf-thigh sequential pneumatic compression
and 62 who received plantar venous intermittent pneumatic compression devices completed the trial.
Thirteen patients randomized to plantar venous intermittent pneumatic compression (21.0%) and 4 patients
randomized to calf-thigh sequential pneumatic compression (6.5%) had deep-vein thrombosis (p = 0.009).
Seven of 13 patients with deep-vein thrombosis after prophylaxis with plantar venous intermittent
pneumatic compression had bilateral deep-vein thromboses, whereas all 4 patients with deep-vein
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thrombosis after prophylaxis with calf-thigh sequential pneumatic compression had unilateral deep-vein
thrombosis.

Conclusion: Calf-thigh sequential pneumatic compression prevents deep-vein thrombosis more effectively
than plantar venous intermittent pneumatic compression after major trauma without lower extremity
injuries.

Key Words: Deep-vein thrombosis, Pulmonary embolism, Trauma, Pneumatic compression devices.

Venous thromboembolism commonly complicates major trauma. [1-4] In a prospective study, Geerts et al.
identified deep-vein thrombi by contrast venography in 58% of 349 trauma patients. [1] Thrombi involved
the proximal deep veins of 18% of these patients. Pulmonary embolism can complicate the course of major
trauma, having been reported in 2 to 22% of patients after major trauma. [3-5] Furthermore, pulmonary
embolism is a common cause of death in patients who survive initial traumatic injuries. [1-2,4]

Investigators have defined the effectiveness of methods to prevent venous thromboembolism for a number
of high-risk situations. [6] However, there is limited information with respect to the effectiveness of
methods to prevent venous thromboembolism after major trauma. [6,7] Geerts et al. found that low-
molecular-weight heparin was more effective than low-dose unfractionated heparin for the prevention of
venous thromboembolism after major trauma. [7] Anticoagulants were not given to patients who had
intracranial blood on computed tomograms or patients with bleeding that remained uncontrolled 36 hours
after the injury. Approximately one of seven major trauma victims cannot receive anticoagulant
prophylaxis against venous thromboembolism because of the risk of additional bleeding. [6,8] Intermittent
pneumatic compression devices are often used to prevent venous thromboembolism for such patients. [5-
7,9,10] Recent studies in orthopedic patients suggest that pneumatic devices that forcibly eject blood from
the plantar venous plexus of the foot can prevent deep-vein thrombosis. [11] However, the relative
effectiveness of pneumatic compression devices for the prevention of venous thromboembolism after major
trauma remains uncertain. Therefore, we compared the effectiveness of calf-thigh sequential pneumatic
compression with the effectiveness of plantar venous intermittent pneumatic compression in patients with
major trauma. The primary outcome measure was deep-vein thrombosis detected by bilateral compression
ultrasonography on or before day 8 after randomization.

PATIENTS AND METHODS
The study protocol was approved by the LDS Hospital institutional review board, and patients or their
surrogates were asked to provide written informed consent.

Patients

We assessed the eligibility of consecutive patients who had sustained major trauma and who were admitted
to the Shock Trauma-Respiratory Intensive Care Unit of the LDS Hospital. Eligible patients included those
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who were more than 13 years old and who had recent (within 24 hours) severe head injuries (Glasgow
Coma Scale score < 9) and/or major trauma and were expected to be bedridden for more than 72 hours.
Patients with external fixation devices or casts that precluded the use of calf-thigh sequential pneumatic
compression devices on either or both legs, patients who were not expected to live more than 24 hours, and
patients whose injuries occurred more than 24 hours before admission to the Shock Trauma-Respiratory
Intensive Care Unit were not eligible.

Study Design and Interventions

We conducted a randomized clinical trial in which the patients were stratified before randomization by the
presence or absence of femoral venous catheters. Assessment of eligibility and randomization were
performed by research nurses (N.K. and S.Y.) in consultation with the principal investigators (T.M.D. and
C.G.E.). The random assignment system was developed by the statistical data center at the LDS Hospital
(D.H.). Eligible individual patients without exclusions were assigned randomly (on the basis of a
computerized random numbers table) to receive either calf-thigh sequential pneumatic compression devices
(Kendall, SCD Compression System, Mansfield, Mass) or plantar venous intermittent pneumatic
compression devices (PlexipulseR, NuTech, San Antonio, Tex). Random assignments were blocked in
groups of four to control for the presence of femoral venous catheters. Individual prophylaxis assignments
were written on cards and placed in sealed opaque envelopes with only the order of assignment and
stratification displayed. The statistical data center maintained a paper record of random assignments.

The calf-thigh sequential pneumatic compression devices consisted of four calf and two thigh plastic
chambers that inflate sequentially to a pressure of 45 mm Hg. The calf chambers inflated sequentially from
the ankle to the knee at 5-second intervals (as recommended by the manufacturer). The two thigh chambers
then inflate sequentially in a proximal direction. All chambers remain inflated for 5 seconds, then deflate
simultaneously. The PlexipulseR has a single chamber that inflates for 2 seconds and cycles every 20
seconds. The chamber pressure was set to 160 mm Hg (as recommended by the manufacturer).

Saline solutions maintained the patency of intravenous access devices. We prohibited the use of dextran,
desmopressin acetate, heparin, oral anticoagulants, fibrinolytic agents, dipyridimole, or aspirin until the
efficacy end point had been evaluated. Graduated compression stockings were not permitted. A member of
the study team monitored compliance with the study protocol daily by checking proper application and
fitting of the plastic sleeves and proper functioning of the pump. No patients were excluded for
noncompliance.

Detection of Venous Thrombosis

On day 8 (or earlier if death or transfer were imminent), each patient underwent bilateral compression
ultrasonography (duplex) according to previously described methods. [12] The examination included the
common femoral, saphenous, superficial femoral, popliteal, and calf veins. Compression ultrasonography
was performed with a high resolution gray-scale instrument (Ultra Mark 9 with High Definition Imaging,
Advanced Technology Lab, Bothell, Wash). Immediately before these examinations, we removed the calf-
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thigh sequential pneumatic compression devices or plantar venous intermittent pneumatic compression
devices from the patient and the patient's room to maintain an assessment that was blinded to the method of
venous thromboembolism prophylaxis. Compression ultrasonography was performed by registered vascular
technologists who were blind to the method of prophylaxis. Compression ultrasonography was interpreted
by a physician (S.M.), who was blind to the method of venous thromboembolism prophylaxis. Deep-vein
thrombosis was diagnosed when a venous segment could not be compressed by gentle pressure from the
ultrasound probe. Deaths during the first 2 weeks after trauma were reviewed independently by three
physicians (J.F.O., T.P.C., L.W.) who did not know the method of venous thromboembolism prophylaxis.
They reviewed all clinical and radiologic records. When autopsies or medical examiner investigations were
performed, this information was provided to the physician reviewers. They identified the cause of death as
well as whether or not venous thromboembolism was suspected or proven. They also characterized the
death as insidious or abrupt. [13]

Outcome Measures

The principal end point was deep-vein thrombosis, which was detected by compression ultrasonography.
Venous thrombosis was classified as proximal deep-vein thrombosis when the thrombus involved or
extended into deep veins proximal to the trifurcation of calf veins.

Statistical Analysis

We compared proportional characteristics of the two prophylaxis groups with the Pearson chi squared test;
and we compared continuous characteristics (e.g., age), with the Mann-Whitney test. We calculated the
predicted risk for venous thromboembolism without prophylaxis for each patient according to a previously
derived prediction equation. [7]

Two analyses that used logistic regression were planned in advance. The first analysis compared rates of
venous thrombosis in patients who completed the study protocol after randomization to calf-thigh
sequential pneumatic compression with rates of venous thrombosis in patients who completed the study
protocol after randomization to plantar venous intermittent pneumatic compression (completer analysis).
This analysis adjusted for the stratification variable as well as potential confounders with statistically
significant imbalance at baseline (i.e., coma score and blood transfusions). The method of venous
thromboembolism prophylaxis was withheld from the data analyst by identifying the two groups as "A" and
"B" until the data analysis was completed.

The second analysis compared the rates of deep venous thrombosis in patients who were randomized to
calf-thigh sequential pneumatic compression with rates of deep venous thrombosis in patients who were
randomized to plantar venous intermittent pneumatic compression (intent to treat analysis). This analysis
adjusted only for the stratification variable (i.e., presence of a femoral venous catheter), and it assumed
treatment failure (i.e., deep-vein thrombosis) for all patients who did not undergo compression
ultrasonography. Because treatment failure is unlikely for all patients who did not undergo compression
ultrasonography, sensitivity analysis was performed. We examined the logistic regression results when the
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percentage of prophylaxis failures varied from 0 to 100% for patients who did not undergo compression
ultrasonography.

Before the study, we estimated that a study sample of 130 evaluable patients was needed to obtain 80%
power at an alpha level of 0.05 (two tailed) to detect a 20% difference in the two prophylactic methods
(Fleiss' estimate with continuity correction). We estimated a 15% "lost to end point" rate, and we planned
to enroll 149 patients. The study had 90% power at the 5% significance level to distinguish a prophylaxis
failure rate of 8.5% versus 31% in a two-sided intention-to-treat analysis, and 80% power to similarly
distinguish failure rates of 11% and 31%.

RESULTS

Between February 14, 1994, and August 10, 1996, 181 eligible patients were admitted to the Shock
Trauma-Respiratory Intensive Care Unit who had sustained major trauma resulting in a coma score less
than 9 and/or injuries anticipated to cause immobility for more than 72 hours (Figure 1). During the same
time period, 102 patients were admitted with multiple trauma and leg fractures that precluded the use of
calf-thigh sequential pneumatic compression devices, and 36 patients were admitted after multiple trauma
who were not expected to live 24 hours. One hundred forty-nine patients were assigned randomly to either
calf-thigh sequential pneumatic compression devices (n = 74) or plantar venous intermittent pneumatic
compression devices (n = 75). Two patients who were assigned calf-thigh sequential pneumatic
compression and two patients who were assigned plantar venous intermittent pneumatic compression
erroneously received the opposite device. Four patients assigned to plantar venous intermittent pneumatic
compression devices and two patients assigned to calf-thigh sequential pneumatic compression devices had
the protocol violated when they were given subcutaneous heparin. Seven patients assigned to plantar
venous intermittent pneumatic compression could not undergo compression ultrasonography (five patients
died and one patient was transferred before compression ultrasonography could be performed, and one
patient refused compression ultrasonography). Eight patients assigned to calf-thigh sequential pneumatic
compression were withdrawn (six patients died, one patient was transferred before compression
ultrasonography could be performed, and one patient refused compression ultrasonography).

The general aspects of the study protocol were followed. No patient wore graduated compression stockings,
and no patient received aspirin, Coumadin, or dextran.

A total of 149 patients compose the intent to treat group (Table 1). Both prophylaxis groups were young,
predominately male, and most patients had sustained closed head injuries as the result of motor vehicle
crashes. The two treatment groups had similar risks for venous thromboembolism, as estimated by the
Equation derivedby Geerts et al. [7] Patients prophylaxed by plantar venous intermittent pneumatic
compression had a higher coma score and were less likely to have received blood transfusions than patients
prophylaxed by calf-thigh sequential pneumatic compression. These same differences were noted in the 124
patients who completed the study protocol and underwent bilateral lower extremity compression
ultrasonography (Table 2).

http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?QS2=434f4e1a73d37e8cac9293c431158c11fd07026601129a1a8e10cbaa39f1749f806b9b5d7c0f264c27b0e36555ee7cade0c03aadf5084f8406472a971ec7110bc40fb8141b59aa1b800f8a37d4253f99843c368199a5232f129db8e9137556b57c2c7178ef00fe2304beb3a8062cb2efb9046536e500e49dc73b2004cc249a702ce0095753c451a434cfe0d2fcaeb9d58a3380a619ad77440aa149b83c848b12f45530c924a71662e4990c43b72d14fe1226ba9192fadecc9ffdebfae2df209730f367a068cbaec692ac0c8a33bc04519614de6d4e348c9be74bf300a5bd51092d7238e28da621ab3327
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?QS2=434f4e1a73d37e8cac9293c431158c11fd07026601129a1a8e10cbaa39f1749f806b9b5d7c0f264c27b0e36555ee7cade0c03aadf5084f8406472a971ec7110bc40fb8141b59aa1b800f8a37d4253f99843c368199a5232f129db8e9137556b57c2c7178ef00fe2304beb3a8062cb2efb9046536e500e49dc73b2004cc249a702ce0095753c451a434cfe0d2fcaeb9d58a3380a619ad77440aa149b83c848b12f45530c924a71662e4990c43b72d14fe1226ba9192fadecc9ffdebfae2df209730f367a068cbaec692ac0c8a33bc04519614de6d4e348c9be74bf300a5bd51092d7238e28da621ab3327
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?QS2=434f4e1a73d37e8cac9293c431158c11fd07026601129a1a8e10cbaa39f1749f806b9b5d7c0f264c27b0e36555ee7cade0c03aadf5084f8406472a971ec7110bc40fb8141b59aa1b800f8a37d4253f99843c368199a5232f129db8e9137556b57c2c7178ef00fe2304beb3a8062cb2efb9046536e500e49dc73b2004cc249a702ce0095753c451a434cfe0d2fcaeb9d58a3380a619ad77440aa149b83c848b12f45530c924a71662e4990c43b72d14fe1226ba9192fadecc9ffdebfae2df209730f367a068cbaec692ac0c8a33bc04519614de6d4e348c9be74bf300a5bd51092d7238e28da621ab3327
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?QS2=434f4e1a73d37e8cac9293c431158c11fd07026601129a1a8e10cbaa39f1749f806b9b5d7c0f264c27b0e36555ee7cade0c03aadf5084f8406472a971ec7110bc40fb8141b59aa1b800f8a37d4253f99843c368199a5232f129db8e9137556b57c2c7178ef00fe2304beb3a8062cb2efb9046536e500e49dc73b2004cc249a702ce0095753c451a434cfe0d2fcaeb9d58a3380a619ad77440aa149b83c848b12f45530c924a71662e4990c43b72d14fe1226ba9192fadecc9ffdebfae2df209730f367a068cbaec692ac0c8a33bc04519614de6d4e348c9be74bf300a5bd51092d7238e28da621ab3327


Review of the hospital course of those patients who died did not reveal evidence of venous
thromboembolism (Table 3). No patient had a vena cava filter placed before compression ultrasonography,
and no patient underwent venography, ventilation, and perfusion lung scanning or pulmonary angiography
for clinically suspected acute pulmonary embolism. However, five patients (three patients prophylaxed with
calf-thigh sequential pneumatic compression and two patients prophylaxed with plantar venous intermittent
pneumatic compression) underwent compression ultrasonography before day 8 because of clinically
suspected deep-vein thrombosis. None of these studies revealed deep-vein thrombosis.

Deep-Vein thrombosis

Thirteen of 62 patients (21.0%) who completed prophylaxis with plantar venous pneumatic compression
devices and 4 of 62 patients (6.5%) who completed prophylaxis with calf-thigh sequential pneumatic
compression devices had deep-vein thrombi detected by compression duplex ultrasonography (p = 0.009).
Seven of 13 patients with deep-vein thrombosis after prophylaxis with plantar venous intermittent
pneumatic compression had bilateral deep-vein thromboses, whereas all 4 patients with deep-vein
thrombosis after prophylaxis with calf-thigh sequential pneumatic compression had unilateral deep-vein
thrombosis. Proximal deep-vein thrombi were detected in 1 of 62 patients (1.6%) prophylaxed with calf-
thigh sequential pneumatic compression devices, and 3 of 62 patients (4.8%) prophylaxed with plantar
venous intermittent pneumatic compression devices (Table 4). A subgroup analysis of the two prophylaxis
groups showed that 2 of 12 patients (16.7%) who had femoral venous catheters and were prophylaxed with
plantar venous intermittent pneumatic compression devices developed proximal deep-vein thrombi,
whereas no proximal deep-vein thrombi were detected in 9 patients who had femoral venous catheters and
were prophylaxed with calf-thigh sequential pneumatic compression devices.

Thirteen patients prophylaxed with plantar venous intermittent pneumatic compression had a varied
distribution of deep-vein thromboses. Bilateral thromboses were observed in soleal sinuses (n = 3), left
popliteal and right peroneal veins (n = 1), soleal and peroneal veins (n = 1), right posterior tibial and left
peroneal veins (n = 1), and right peroneal and left peroneal and posterior tibial veins (n = 1). Unilateral
thromboses were observed in the left common femoral vein (n = 2), right greater saphenous vein (n = 1),
right soleal and peroneal veins (n = 1), left peroneal vein (n = 1), and right soleal sinuses (n = 1). Four
patients prophylaxed with calf-thigh sequential intermittent pneumatic compression had unilateral deep-
vein thromboses. Thrombi were identified in the left soleal sinus (n = 1); left posterior tibial vein (n = 1);
right peroneal and posterior tibial veins (n = 1); and the left popliteal, peroneal, and superficial femoral
veins (n = 1).

Intent to treat analysis assigned treatment failure (i.e., deep-vein thrombosis) to patients for whom
compression ultrasonography was not obtained. With this method, 18 of 75 patients (24.0%) assigned to
plantar venous intermittent pneumatic compression and 12 of 74 patients (16.2%) assigned to calf-thigh
sequential pneumatic compression devices either had deep-vein thrombosis detected by compression
ultrasonography or had this end point assigned because outcome data were not available (p = 0.0593).
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Sensitivity analysis that varied the proportion of assigned outcomes from 100% prophylaxis failures (i.e.,
deep-vein thrombi assigned to all patients who did not undergo compression ultrasonography) to 0%
prophylaxis failures (i.e., no deep-vein thrombi assigned to patients who did not undergo compression
ultrasonography) showed that the p value ranged from 0.029 to 0.059 as the proportion of assigned
outcomes varied from 0 to 100%.

Bleeding

Overall, 1 of 149 randomized patients (0.7%) and none of the 124 patients who completed the trial had
major bleeding. No episode of major bleeding occurred among 75 patients assigned to plantar venous
intermittent pneumatic compression devices; and 1 episode of major bleeding occurred among 74 patients
assigned to calf-thigh sequential pneumatic compression devices. This episode of major bleeding resulted
from a ruptured aorta 4 days after randomization.

Other

Although case reports have described complications with the use of pneumatic compression devices, [14-
16] we did not identify complications attributable to either device during this study.

DISCUSSION

The results of this study suggest that calf-thigh sequential pneumatic compression is more effective than
plantar venous intermittent pneumatic compression for the prevention of deep-vein thrombosis after major
trauma that does not involve the lower extremities. We observed lower overall rates of deep-vein
thrombosis when calf-thigh sequential pneumatic compression devices were used, and we found bilateral
deep-vein thrombi more often when plantar venous intermittent pneumatic compression devices were used.
To the best of our knowledge, this is the only randomized controlled trial that has compared pneumatic
compression devices used to prevent deep-vein thrombosis after major trauma. A clinical trial, which
randomized trauma victims with lower risks for bleeding and more lower extremity orthopedic injuries,
showed that a low-molecular-weight heparin more effectively prevented deep-vein thrombosis than low
doses of unfractionated heparin. [7] The present study complements the comparison of low-molecular-
weight heparin and unfractionated heparin by providing comparative data for methods used to prevent
venous thromboembolism in patients with injuries that preclude anticoagulant prophylaxis, e.g., patients
who have closed head injuries. Because plantar venous intermittent pneumatic compression devices often
can be applied (and calf-thigh sequential pneumatic compression devices cannot) in the setting of trauma
that involves the lower extremities, plantar venous compression devices may be useful with or without
anticoagulants when lower extremity injuries preclude the use of calf-thigh sequential pneumatic
compression.

Study procedures minimized bias. We identified consecutive eligible patients and randomly assigned the
majority to either calf-thigh sequential pneumatic compression or plantar venous intermittent pneumatic
compression within 24 hours of major trauma. To ensure that femoral venous catheters were used with
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equivalent frequencies in both groups, we stratified the random assignments for the presence of these
catheters. The two patient groups were not significantly different with respect to most baseline
characteristics that were not controlled by stratification. The majority of patients in both groups were young
males who had sustained major head trauma in a motor vehicle crash, although the plantar venous
pneumatic compression group had higher coma scores and were less likely to have received a blood
transfusion during the first 24 hours of hospitalization. Our analysis of the patients who completed the
study protocol adjusted for these baseline differences. We avoided diagnostic suspicion bias by performing
compression ultrasonography in high proportions (83% and 84%) of both groups without knowledge of the
prophylactic method. We avoided interpretation bias by interpreting compression ultrasonography without
knowledge of clinical findings or the method of prophylaxis against venous thrombosis.

The comparison of prophylaxis methods by intention-to-treat analysis was marginally statistically
significant (odds ratio = 0.47, p = 0.0593), whereas the analysis of completers showed a significant
difference in favor of calf-thigh sequential pneumatic compression (odds ratio = 0.15, p = 0.009).
Sensitivity analysis indicated that the rate of deep-vein thrombosis assigned to noncompleters influenced
the p value for the intention-to-treat analysis, e.g., an assigned deep-vein thrombosis rate of 50% results in
p = 0.0381. Post hoc power calculations indicate that the study had 47% power to detect the observed
reduction in the rate of deep-vein thrombosis. Thus, the data suggest a type II error in the intention-to-treat
analysis. This suggestion may lead some to conclude that calf-thigh sequential pneumatic compression
prevents deep-vein thrombosis at least as effectively as plantar venous pneumatic compression. We
concluded that the data were more compatible with the interpretation that calf-thigh sequential pneumatic
compression prevents deep-vein thrombosis more effectively than plantar venous pneumatic compression
after major trauma without lower extremity injuries.

Both calf-thigh sequential pneumatic compression and plantar venous intermittent pneumatic compression
prevent deep-vein thrombosis after high risk surgical procedures. In small clinical trials of patients who
underwent hip or knee replacement procedures [11,17-19] or who sustained hip fractures, [20] plantar
venous intermittent pneumatic compression prevented deep-vein thrombosis more effectively than no
prophylaxis, aspirin, graduated compression stockings, or combinations of these methods. Calf-thigh
sequential pneumatic compression prevents deep-vein thrombosis more effectively than no prophylaxis
after hip replacement [21] or orthopedic trauma, [22] but these devices may not prevent proximal deep-vein
thrombosis as effectively as warfarin after total hip replacement. [23] Our observations suggest that the
risks of trauma patients without lower extremity injuries are similar to patients with intracranial disease, in
whom calf vein thrombi occur more often than proximal deep-vein thrombi and in whom intermittent
pneumatic compression is effective. [24] The effectiveness of calf-thigh sequential pneumatic compression
in the trauma population that we studied may not be generalizable to trauma populations with orthopedic
trauma (e.g., pelvic fractures) for which proximal deep-vein thrombosis is more likely. Subcutaneous
enoxaparin effectively reduces the rate of proximal deep-vein thrombosis for such patients, but permits a
relatively high rate of calf-vein thrombosis. [7]

Differences in the basic mechanisms of action of pneumatic compression devices may explain the relative
ineffectiveness of plantar venous intermittent pneumatic compression. In general, intermittent pneumatic
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compression devices relieve venous stasis by accelerating venous blood flow. [25,26] They may also
induce fibrinolytic activity in the veins. [27-30] However, intermittent pneumatic compression devices
differ significantly. For example, investigators have reported that a knee-high single-pulse pneumatic
compression device produces greater venous blood flow augmentation than calf-thigh sequential pneumatic
compression. [31] However, calf-thigh sequential pneumatic compression more effectively enhances
fibrinolytic activity than uniform compression, [28] and devices that compress more tissue produce greater
local fibrinolysis. [28] Thus, increased local fibrinolysis or differences in venous flow acceleration may
explain the lower rates of deep-vein thrombosis that we observed when calf-thigh sequential pneumatic
compression was used to prevent deep-vein thrombosis.

The rates of deep-vein thrombosis and major bleeding that we observed after major trauma are not directly
comparable to those reported previously. [7,9,32] Differences in patient characteristics and in methods used
to detect deep-vein thrombosis invalidate such comparisons. The present study excluded patients with
lower extremity injuries that precluded the use of calf-thigh sequential pneumatic compression devices.
This characteristic is a strong risk factor for the development of deep-vein thrombosis after major trauma,
and its absence from the study population likely explains the observation that our patients' predicted risk for
deep-vein thrombosis was lower than that in the population studied by Geerts et al. [7] Furthermore, we
used compression ultrasonography to detect deep-vein thrombosis. Compression ultrasonography is less
sensitive than contrast venography for the detection of asymptomatic deep-vein thrombosis after elective
hip or knee arthroplasty. [33] Thus, it is likely that additional deep-vein thrombi would have been detected
if the present study had used bilateral contrast venography rather than compression ultrasonography,
although the sensitivity of compression ultrasonography for the detection of asymptomatic deep-vein
thrombi after major trauma is not known. However, the rates of deep-vein thrombi that we report are
comparable to those reported for similar populations studied with compression ultrasonography, [5,34-36]
and the bias of nondetection should apply evenly to the two treatment arms of our clinical trial. Clinical
(symptomatic) deep-vein thrombosis did not occur during the study protocol, nor subsequently, although
formal follow-up for symptomatic venous thromboembolism was not performed. The absence of
symptomatic venous thromboembolism is not surprising, given the low rates reported when prophylaxis is
administered to similar high risk populations. [37,38] Major bleeding complications occurred infrequently,
despite potentially serious risks for bleeding complications

.In summary, the results of this randomized controlled clinical trial suggest that calf-thigh sequential
pneumatic compression prevents deep-vein thrombosis more effectively than plantar venous intermittent
pneumatic compression after major trauma without lower extremity injuries. These findings are clinically
relevant for patients who have contraindications for anticoagulant prophylaxis, and they may also
contribute to the design of studies that evaluate combinations of mechanical and anticoagulant prophylaxis
for patients at high risk for venous thromboembolism after major trauma.
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Figure 1

Figure 1. Study profile. Of 181 eligible patients, 32 did not qualify for randomization. Twenty-five patients (13

patients assigned to plantar venous pneumatic compression and 12 patients assigned to calf-thigh pneumatic

compression) did not complete the trial. One patient in each intervention group refused compression ultrasonography.



Table 1

Table 1. Characteristics of 149 patients who were assigned deep-vein thrombosis prevention randomly



Table 2

Table 2. Clinical characteristics of 124 patients who completed the study

Table 3

Table 3. Causes of deaths as adjudicated independently by three physician reviewers (a)



Table 4

Table 4. Rates of deep-vein thrombosis for 124 patients who completed the study
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