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A randomized, prospective clihical trial of 70 patients 
undergoing craniotomy was performed to compare and 
evaluate two forms of mechanical prophylaxis of deep 
vein thrombosis. Thirty-eight patients received antiem- 
bolism stockings, whereas 32 patients received external 
pneumatic compression. Prophylaxis was begun pre- 
operatively and continued intraoperatively and post- 
operatively until the patients were ambulatory. Imped- 
ance plethysmography was used to detect deep vein 
thrombosis both preoperatively and postoperatively. Two 
patients, one from each group, developed thromboem- 
bolic complications postoperatively. Impedance plethys- 
mography showed false-positive findings in two addi- 
tional patients. There were no deaths. The data suggest 
that either form of mechanical prophylaxis is effective 
against the development of deep vein thrombosis in this 
high-risk patient population. 
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Despite the recent advances in the treatment of neuro- 
surgical disorders, the prevention of thromboembolism 
in the postoperative patient remains challenging. The 
incidence of deep venous thrombosis (DVT) in this 
group of patients has been reported to be as high as 
29% and 43% 114,281. 

Various pharmacological and mechanical methods 
have been used in the prevention of DVT [2-4,6- 
8,10,13,15-19,22,24,27}. Although the methods dif- 
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fer, the data indicate that prophylaxis reduces the 
incidence of DVT in the high-risk patient when com- 
pared to that in controls. 

The detection of DVT includes both invasive and 
noninvasive methods such as ‘251-fibrinogen scanning, 
impedance plethysmography (IPG), Doppler ultraso- 
nography, and venography; however, the accuracy of 
each remains controversial [ 11,12,23}. Clinical evalu- 
ation alone, however, appears to be unreliable as many 
patients harbor silent DVT [21,25]. 

This study examines the efficacy of mechanical pro- 
phylaxis of DVT in a high-risk neurosurgical patient 
population. 

Materials and Methods 

Between November 1985 and April 1987, 70 adult 
patients undergoing craniotomy at the University of 
Michigan Hospitals were randomized to receive either 
external pneumatic compression (EPC) or antiembolism 
gradient elastic stockings (ANTI-EM, JOBST Institute, 
Inc., Toledo, Ohio). Prior to randomization, informed 
consent was obtained from each patient according to the 
regulations of the Human Use Committee at the Uni- 
versity of Michigan. After consent was obtained, base- 
line IPG studies were performed on each lower extrem- 
ity. Patients were excluded from this study for the 
following reasons: if they had abnormal preoperative 
IPGs or a history of DVT or thromboembolism, if they 
were unable to give their own consent, or if they chose 
not to participate. Patients were excluded if they had 
been at bed rest for 48 hours or longer prior to 
admission to the hospital in an attempt to eliminate 
those patients harboring silent deep venous thromboses 
in the preoperative state. Thirty-eight patients received 
ANTI-EM, whereas 3.2 patients received EPC. Mechan- 
ical prophylaxis was administered after randomization 
and baseline IPGs and continued not only through the 
duration of surgery but also postoperatively until the 
patients were ambulatory. The average length of post- 
operative prophylaxis was 3 to 7 days (range 3-22 
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Table 1. Diagnosis of 70 Randomized Patients 
Undergoing Craniotomy 

Diagnosis Number 

Glioma 17 
Aneurysm 15 
Meningioma 10 
Intractable seizures 8 
Arteriovenous malformation 5 
Pituitary adenoma 4 
Metastatic neoplasm 4 
Acoustic neuroma 2 
Third ventricular neoplasms 2 
Other 3 

days). Impedance plethysmographic studies were ob- 
tained twice in the first week postoperatively unless 
patients were discharged home prior to postoperative 
day 7. The two groups were matched with respect to 
age, sex, diagnosis, and preoperative risk factors for 
deep venous thrombosis. Medical conditions were simi- 
lar between the two groups. 

The diagnoses of the patients are listed in Table 1. 
Brain tumors were the most prevalent finding in the 
patients studied. Patients with vascular pathology were 
divided between those with asymptomatic lesions and 
those with subarachnoid hemorrhage. 

The length of operation ranged between 23 and 84 
hours. All patients received general anesthesia. 

Results 

Three patients developed abnormal postoperative IPGs 
(Table 2). Two of the three were asymptomatic; subse- 
quent venography in these two patients was negative 
(false-positive rate of 2.9%). Patient JS had a normal 
postoperative IPG, however, subsequently developed a 
pulmonary embolus requiring pulmonary angiography 
and placement of an inferior vena cava (IVC) filter 
(false-negative rate of 1.4%). Patient EJ developed an 
abnormal IPG; venography confirmed a DVT. She also 
underwent placement of an IVC filter. 

During the study period, one patient who elected not 
to participate died of a fatal pulmonary embolus post- 
operatively. Otherwise, there were no deaths in this 
patient population. 

The overall rate of thromboembolic complications in 
this study population was 2.9%. 

Discussion 

Recent reports regarding the incidence of DVT in 
neurosurgical patients range between 2.3% and 43% 
[2,3,7,8,14,19,24,25,27,28]. Although pulmonary em- 
bolism (PE) is more life threatening than DVT, its 
incidence is lower in this patient population, ranging 
between 1.8% and 25% [3,20,25]. The rates vary 
according to method of prophylaxis, method of detec- 
tion, and presence of risk factors. 

Coon [9J reviewed the epidemiology of venous 
thromboembolism and identified the following risk 
factors: surgery, age, heart failure, previous DVT, lower 
extremity trauma, obesity, use of oral contraceptives, 
sepsis, malignancy, and limb weakness. Increased dura- 
tion of the surgical procedure correlated with an in- 
creased risk of DVT. Puls et al C20) noted that pro- 
longed patient immobilization was a significant factor in 
the development of PE in 25 % of neurosurgical pa- 
tients. Risk factors in patient EJ included age (65 years), 
obesity, and length of operation (84 hours). How- 
ever, patient JS had only surgery (3; hours) as a risk 
factor. 

The mechanism of protection from mechanical pro- 
phylaxis of DVT appears to involve both local and 
systemic factors. The antistasis effect of gradient elastic 
stockings (ANTI-EM) and EPC has been well docu- 
mented [4,13,16]. Elastic support of 16 to 20 mm Hg 
decreases venous stasis and increases venous return, as 
documented by venography [ 13,161. Leg wrappings and 
stockings without a pressure gradient are ineffective in 
the prevention of DVT in hospitalized patients [6,2 1). 

Significant increases in fibrinolytic activity have been 
associated with EPC [1,15,26]. The period of “fibrino- 

Table 2. Data Representing Patients with Abnormal IPGs and Thromboembolic Complications 

Length Post-q 
Patient Age Diagnosis Prophylaxis of surgery IPG Investigation 

JS 36 Glioma Anti-EM 31 h - + Pulmonary 
angiogram 

EJ 65 Meningioma EPC 82 h + + Venogram 

MN 42 Glioma Anti-EM 3t h + -Venogram 
CL 66 Meningioma EPC 4t h + - Venogram 

Abbreviations: Anti-EM, Antiembolism gradient elastic stockings; EPC, external pneumatic compression; WC, inferior vena cava. 

Treatment 

IVC 
filter 

ICV 
filter 

- 
- 
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lytic shutdown” following surgery appears to be re- 
versed with intermittent calf compression periopera- 
tively. Intermittent compression of the arms produces 
similar effects, further supporting the hypothesis that 
venous occlusion stimulates the fibrinolytic activity of 
blood in an occluded limb, an effect that is seen 
systemically [ 11. 

Pharmacological prophylaxis of DVT has been 
shown to decrease the incidence of postoperative 
thromboembolic complications [&lo, 19,22,281. Low- 
dose heparin, aspirin, coumadin, and dextran have been 
used with varying degrees of success. Cerrato et al E8l 
compared 50 control patients undergoing craniotomy 
with 50 patients who received 5000 units of heparin 
subcutaneously preoperatively and postoperatively and 
noted a decrease in DVT from 34% to 6% as detected 
by “‘I-fibrinogen scanning. Moser et al [lS] reported 
that mechanical prophylaxis was as effective as pharma- 
cological prophylaxis in 227 patients receiving either 
heparin, heparin and dihydroergotamine, or EPC plus 
physiotherapy. Recent reports of pharmacological pro- 
phylaxis combined with antistasis devices greatly re- 
duced the incidence of postoperative DVT [4,17]. 

The timing of prophylaxis remains controversial. 
Bynke et al f7] reported using EPC intraoperatively 
only on 31 patients undergoing craniotomy and found 
that there was no need to extend the treatment beyond 
the operating room. In the current report, mechanical 
prophylaxis was begun preoperatively and continued 
intraoperatively and postoperatively. 

Although many methods of detection of DVT exist, 
IPG was used in this clinical trial because it has been 
shown to be both noninvasive and highly reliable, 
especially with serial testings { 11,121. The false-positive 
rate of 2.0% and false-negative rate of 1.47~ obtained in 
this trial support the clinical utility of IPG. 

Patients undergoing high-risk operations such as 
craniotomy are exposed to a higher risk of DVT 
[5,27,28]. Reports of DVT as high as 34% in control 
groups undergoing craniotomy and receiving no pro- 
phylaxis ISI are unacceptable and precluded the use of a 
control group in this clinical trial. Similarly, patients 
with a prior history of DVT and those placed at bed rest 
longer than 48 hours prior to randomization were 
excluded to avoid experimental basis. 

The incidence of thromboembolic complications in 
this study was 2.9%, which is comparable to recent 
reports of mechanical prophylaxis in neurosurgical pa- 
tients [2,3,7,24,27). There was no difference in those 
patients treated with ANTI-EM versus those treated 
with EPC. Both methods are safe and reliable and can 
be used throughout the perioperative period without 
the potential risk of hemorrhage that exists with certain 
anticoagulants. The authors recommend mechanical 

prophylaxis of DVT in neurosurgical practice, especially 
in patients undergoing craniotomy. 

This study was partially supported by the JOBST Institute, Inc., of 
Toledo, Ohio. The authors are grateful to Ms. Yvonne Jones for her 
skillful preparation of the manuscript. 
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