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Venous thromboembolism (VTE) subsumes deep 
venous thrombosis (DVT) and pulmonary embo-
lism (PE). After craniotomy, up to 50% of all pa-

tients will develop VTE.11,17 In the majority of cases, this 
condition is asymptomatic. Still, symptomatic VTE is seen 
in 7.5% of patients undergoing craniotomy,1,7,37 and even 
asymptomatic VTE localized in distal muscle veins may 
progress to symptomatic thrombosis of the deep venous 
system.22,25,26,31 This may lead—directly and without clini-
cal warning—to PE in 7% of the affected patients.16 Such 
PE derives from DVT in > 90% of all cases,10 is seen in 
3.7% of all patients undergoing craniotomy, and is lethal in 
up to 50% of all affected neurosurgical patients.17,23

These numbers show that VTE is frequent and that 
it may severely impair or even kill without warning pa-
tients who have been successfully treated for intracranial 
pathology. Consequently, its prevention is of paramount 
importance in clinical management of neurosurgical pa-
tients. Postoperative chemoprophylaxis with low-molecu-
lar-weight heparin (LMWH) combined with compression 
stockings is in widespread use.30 However, the incidence 
of VTE has been measured to be 39.6% after craniotomy 
although these methods were used in a prospective study.29

The aforementioned study29 also demonstrated that du-
ration of surgery was an independent risk factor for VTE 
after craniotomy. Based on these findings, it was hypoth-
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esized that VTE develops during surgery. This is probably 
due to venous stasis in an immobilized patient in combi-
nation with the release of thrombogenic substances from 
cerebral parenchyma.18,36 As a consequence, prevention of 
VTE would appear to be most efficient by intraoperative 
means.

Intermittent pneumatic compression (IPC) of the lower 
extremity is known to be effective in prophylaxis of VTE 
in immobilized patients (e.g., on ICU wards) because it 
mimics physiological compression of lower-extremity 
veins by muscle contraction.6,19,32 The superiority of IPC 
over simple compression stockings has not been demon-
strated yet.3 However, consistent pre- and postoperative 
use of IPC was shown to lower the incidence of VTE in 
patients undergoing orthopedic surgery.33 Likewise, its 
combined intra- and postoperative use seemed to have the 
same effect in neurosurgical populations in retrospective 
analysis.14

In the present study, we prospectively scrutinized the 
potential of IPC to prevent DVT (and thus VTE) in neu-
rosurgical patients. The presence or absence of DVT was 
determined by Doppler sonography of the lower extrem-
ity pre- and postoperatively. Hypothesizing intraoperative 
development of VTE, IPC was exclusively used intraop-
eratively in the treatment group. The primary end point 
of this study was the incidence of postoperative VTE with 
respect to IPC. As a secondary end point, the influence of 
duration of surgery was to be determined.

Methods
Patient Population

From March 2013 until April 2015, a single-center con-
trolled randomized prospective study was conducted after 
approval by the university’s ethics committee. A total of 
108 consecutive patients were initially included; they gave 
informed consent and were randomized into the treatment 
group with IPC administration or the control group with-
out IPC. The initial sample size was calculated based on 
a VTE incidence of 40.6% observed in a previous study29 
and a published risk reduction regarding VTE in the range 
of 60% for postoperative administration of IPC.35 This 
calculation was performed by chi-square test, assuming a 
significance of 5% and a power of 80%.

Undergoing elective surgery for intracranial pathology 
via craniotomy served as the inclusion criterion. Exclu-
sion criteria were gravidity, age < 18 years, perioperative 
administration of blood products, abnormal blood coagu-

■ CLASSIFICATION OF EVIDENCE
Type of Question Therapeutic 
Study Design Randomized controlled trial 
Evidence Class I
Summary Statement
This underpowered class I study suggests that the addition of 
intraoperative intermittent pneumatic compression (IPC) re-
duces the risk of venous thromboembolism (VTE) in patients 
undergoing intracranial surgery, but the difference in outcome 
did not reach statistical significance after adjustment for dif-
ferences between treatment groups.
Classification of Evidence
Prell and colleagues deliver a rare commodity to the neu-
rosurgical literature: a class I randomized controlled trial. 
Although one might legitimately question several potential 
threats to the reliability of this study (e.g., 13% of randomized 
patients were not ultimately analyzed, and the majority were 
apparently lost from the intervention group), these do not 
warrant downgrading the level of evidence. The authors found 
that 26.4% of control patients developed a VTE. That number 
was reduced to 7.3% in the IPC treatment arm. This translates 
into a statistically significant risk difference of 19.1% (95% CI 
5.9%–62.1%) and an astoundingly good number needed to 
treat (5.24). Unfortunately, despite randomization, one impor-
tant difference between treatment groups persisted: duration 
of surgery (a known risk factor for VTE) was 255 minutes 
in the IPC group and 288 minutes in the control arm. The 
fact that the p value for this difference is 0.11 is unimportant 
and misleading. The p values only convey information about 
random error—how likely is the observed difference in dura-
tion due to chance. Because this is a randomized trial, this 
difference must be due to chance. The only relevant question 
is whether the difference is clinically important. To remedy 
this imbalance between treatment groups in a potentially 
important prognostic characteristic, the authors appropriately 
use a multivariate analytic technique (in this case, multivari-
ate logistic regression). When they do so, the p value for the 
difference between treatment arms, which was 0.029 in the 
univariate analysis, becomes 0.069 in the multivariate analy-
sis—no longer statistically significant. This does not mean 
that the trial is unimportant, and the reason for this failure to 
achieve statistical significance is instructive. A distressingly 
rare and important feature of this trial is an a priori sample 
size calculation. As often happens, however, the assumptions 
for that calculation (in this case, a 40.6% baseline risk of VTE 
and a 60% risk reduction to 16.2%) were not observed in the 
actual trial. The observed incidences were much lower. As a 
result, the trial enrolled too few patients to show a statistically 
significant difference in outcomes between treatment groups, 
even if a difference truly exists. Statisticians call this a type 
II error and would say that this trial is underpowered to show 
the a priori target reduction in VTE (from 40.6% to 16.2%). 
This does not mean that the trial is unimportant. These results 
certainly suggest that IPC is a potentially important interven-
tion. They also provide a strong rationale for performing a 
larger follow-up trial and provide improved information upon 
which to base a sample size calculation for that larger trial. 

Finally, given the lack of observed toxicity and minimal cost 
from IPC, clinicians who require guidance about how to man-
age their patients today might reasonably consider adopting 
this intervention while awaiting the results of the essential 
confirmatory trial. Even better, they should contribute patients 
to that new trial.

— Michael Glantz, MD
Hershey Medical Center 

Hershey, Pennsylvania
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lation (thrombocytes and/or plasmatic coagulation, anti-
platelet agents, preoperative C-reactive protein > 5 mg/L, 
liver disease), preoperative detection of DVT, varicosis, 
postthrombotic syndrome, peripheral artery occlusive 
disease, and unavailability of either pre- or postopera-
tive Doppler sonography. Randomization was carried out 
externally by the Coordination Center for Clinical Stud-
ies Halle (KKSH), which also conducted random sample 
monitoring. The study was registered in the German Clin-
ical Trials Register (https://www.drks.de), and its registra-
tion no. is DRKS00011783.

Fourteen patients were excluded after randomization. 
This was due to the lack of pre- or postoperative Dop-
pler sonography in 10 patients. In 1 patient with an inci-
dental intracranial aneurysm, the treatment modality was 
changed from clipping to coiling on short notice. One pa-
tient was excluded because the IPC sleeves had been mis-
takenly attached too late (after dura mater opening). One 
patient died before postoperative Doppler sonography be-
cause of an intraoperative complication unrelated to VTE, 
and 1 patient had been accidentally included twice.

Of the remaining 94 patients, 52 were female and 42 
were male. The mean age was 55 ± 13.8 years (mean ± 
SD), ranging from 21 to 83 years. The mean body mass 
index was 26.7. A total of 26.6% of the patients harbored 
gliomas (WHO grades I–IV). Meningiomas were diag-
nosed in 20.2%. Metastasis was seen in 5.3% and vestibu-
lar schwannoma in 38.3%. The remaining patients har-
bored cavernomas (n = 3), incidental aneurysms (n = 3), 
aneurysmal bone cyst (n = 1), and trigeminal neuralgia (n 
= 2). Table 1 summarizes all clinical variables.

All patients (in both the treatment and control groups) 
were treated with compression stockings starting from po-
sitioning for surgery and continuing until the 5th postop-
erative day, combined with subcutaneous administration 
of LMWH (3000 IU, certoparin), which was started on 
the 1st postoperative day and continued until discharge. 
When VTE was diagnosed, therapeutic anticoagulation 

was used, with administration of LMWH twice a day at 
a dosage depending on patient weight and the surgeon’s 
discretion.

Intraoperative IPC Administration
After induction of anesthesia and before patient po-

sitioning, standard calf-length IPC sleeves (multicham-
bered) were applied on top of the regular compression 
stockings (Fig. 1). Throughout the complete procedure 
until extubation, these were intermittently inflated to a 
maximum pressure of 45 mm Hg in standard thrombo-
prophylaxis mode by a standard air pulse generator: se-
quential compression (inflating distal chambers first, then 
continuing to the more proximal chambers in a wavelike, 
“milking” fashion) was used once every minute.

Doppler Sonography and Diagnosis of PE
All examinations were conducted with the same device 

(Sonoline Antares; Siemens Sector Healthcare) and by the 
same examiner (B.M.T., who has a level 3 certificate for 
vascular ultrasound from the German Society for Ultra-
sound in Medicine [www.degum.de] and who was blinded 
to the group status of all patients).

Examinations took place on the day before surgery and 
between the 3rd and 6th day postoperatively. Diagnosis of 
DVT was based on direct thrombus detection by incom-
plete compressibility of the vessel and/or observation of 
absent blood flow. All anatomical levels of the lower-ex-

FIG. 1. Administration of IPC sleeves. Calf-length sleeves were used 
in all patients. The picture shows the operative setup and the air pulse 
generator. Figure is available in color online only.

TABLE 1. Clinical variables and possible differences between the 
IPC and control group

Variable IPC Group Control Group p Value

No. of patients 41 53
Mean age in yrs ± SD 54.2 ± 10.9 55.8 ± 15 0.69
Male/female (% female) 17:24 (58.5) 25:28 (52.8) 0.29
Mean BMI ± SD 26.36 ± 4.6 26.94 ± 5.12 0.57
Mean duration of surgery in 

min ± SD
255 ± 73 288 ± 121 0.11

Histopathology
 Meningioma 10/41 9/53 0.334
 Schwannoma 15/41 21/53 0.768
 Glioma WHO grades III–IV 9/41 12/53 0.909
 Glioma WHO grades I–II 1/41 3/53 0.343
 Metastasis 2/41 3/53 0.834
 Other 4/41 5/53 0.870

BMI = body mass index.
Statistical significance was not reached.

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC



J Neurosurg Volume 130 • February 2019 625

J. Prell et al.

tremity venous system were thoroughly examined on both 
sides, including veins of the pelvis (A-sounds). Diagnosed 
DVTs were subdivided according to consensus terminol-
ogy5 into 2 subtypes: 1) proximal DVT either at the level 
of or cranial to the trifurcation of the popliteal vein; and 
2) DVT distal to this level in the deep veins of the lower 
leg or in muscle veins within the musculus triceps surae.

Statistical Analysis
Statistical analysis was done with IBM SPSS Statistics 

23 software (IBM Corp.). The incidence of VTE in the 
treatment and control groups was evaluated using Fisher’s 
exact test. Possible differences between the IPC and con-
trol groups regarding the pathology operated on were ana-
lyzed with the chi-square test of proportions.

Duration of surgery had been confirmed to be an inde-
pendent risk factor for VTE in a previous study.29 Thus, 
it was compared between both groups (t-test), and its in-
fluence on outcome measures was quantified by logistic 
regression. The latter was also used to determine the influ-
ence of IPC administration on the risk of VTE.

Results
Complications related to IPC use were not observed in 

this study. Its administration did not interfere with or pro-
long surgery.

Incidence of VTE
In the control group, 14 of 53 patients (26.4%) devel-

oped VTE. Six of these lesions (42.9%) were located prox-
imally. In contrast, only 3 of 41 patients (7.3%) in the treat-
ment group developed VTE, and none of these findings 
were located proximally (Fig. 2). The difference in VTE 
incidence between both groups as determined by Fisher’s 
test was significant (p = 0.029).

In the control group, 9 of 14 patients with VTE har-
bored thrombosis in both legs, whereas in the treatment 
group this was the case in 1 of 3 patients. To reflect this 
observation, a calculation was done for both legs of each 
patient separately, thus increasing the sample size from 94 
to 188. In doing so, the incidence of VTE in the control 
group was found to be 21.7%, whereas it was 4.9% in the 
treatment group (p = 0.0013) (Fig. 3).

In logistic regression analysis, the influence of IPC on 
the incidence of VTE was statistically significant (p = 
0.016) when each leg was accounted for separately, but did 
not fully reach significance (p = 0.069) when this was not 
done. Application of IPC led to a risk reduction regarding 
VTE to roughly one-quarter with both calculations: the 
factor was 0.28 with both legs and 0.25 with each leg ac-
counted for separately.

Duration of Surgery and Its Influence on VTE
The mean duration of surgery was 274 minutes, but it 

differed widely (range 68–620 minutes, SD 103 minutes). 
There was no significant difference in duration of surgery 
between the treatment and control groups, as determined 
by the t-test (p = 0.11).

In logistic regression, the influence of duration of sur-

gery on VTE incidence was significant (p < 0.01) and 
highly significant (p < 0.001) when each leg was addressed 
separately: each hour of surgery would increase the risk of 
VTE by a factor of 1.56 (no difference between each leg 
separately or combined).

Discussion
Findings and Limitations

The presented data support the hypothesis that intra-
operative use of IPC significantly lowers the risk of post-
operative VTE in a neurosurgical population. All in all, 
the risk was approximately quartered by this method in 
the present study. Control and treatment groups did not 
differ in a significant way in any of the preoperative clini-
cal variables. However, there was a difference regarding 
duration of surgery, which did not reach significance, but 
approximated a trend in terms of statistics (p = 0.11 after 
t-test) toward the patients in the IPC group having shorter 
surgeries. This may influence results because duration of 
surgery was confirmed to be a risk factor for VTE in this 
study. However, this influence was statistically eliminated 
by logistic regression analysis, which showed IPC to be an 
independent risk factor when each leg was taken into ac-
count separately (p = 0.016). When this was not done, sig-
nificance was not reached (p = 0.069). We believe that this 
is an effect of sample size, which is artificially raised by 
analyzing each leg separately. Studies with a higher num-
ber of patients may very well show a stronger significance 
in this regard. A similar effect was seen with Fisher’s test: 
the incidence of VTE was significantly lower in the IPC 
group (p = 0.029), and when each leg was accounted for 
separately, the significance was improved (p = 0.0013).

We insisted that all Doppler examinations of the pa-
tients in our cohort were to be performed by the highly 
qualified head of our angiology department (B.M.T.), and 
therefore 10 patients had to be excluded because in their 
cases this specific investigator was found to be unavailable 
on short notice. This fact additionally influenced the num-

FIG. 2. Bar graph showing incidence of proximal and distal DVT. The 
figure shows the difference between the IPC and control groups; the 
incidence of DVT was significantly higher in the control group. No proxi-
mal DVT was observed in the IPC group. Values on the y-axis denote 
percentages. Figure is available in color online only.
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ber of patients eligible for final data analysis in a negative 
way. However, the results were found to be significant de-
spite these limitations.

Last, an unusually large percentage of our patients 
(38.3%) were surgically treated for vestibular schwanno-
ma. This deviation from a standard neurosurgical patient 
population may also influence transferability to the situa-
tion in other institutions.

The Impact of IPC on VTE Incidence as Reflected by the 
Literature

Virchow stated as early as 1846 his “triad” of condi-
tions that may lead to VTE:4 1) stasis; 2) hypercoagulabil-
ity; and 3) endothelial injuries.

Although it is known that malignant disease is associ-
ated with an increased risk of VTE,27,28 brain surgery in 
itself seems to imply additional risks.36 In neurosurgical 
patients, hypercoagulability may be attributed to manipu-
lation of brain tissue, which contains high concentrations 
of thromboplastin.18 According to Heesen et al., the plasma 
concentration of the thrombin–antithrombin III complex 
will reach its peak 3 hours after the beginning of surgery.

As complex intracranial surgery may take many hours 
to complete, this peak will be reached almost routinely. In 
addition, patients are immobile for the whole duration of 
surgery, which implies venous stasis. Given the high inci-
dence of VTE in neurosurgical patients,11,17 it appears high-
ly plausible that many of these postoperative VTEs will de-
velop not after but during surgery itself. Reflecting this, a 
highly significant correlation between duration of surgery 
and the incidence of VTE had been demonstrated before.29 
In the present study, this correlation was confirmed. Each 
hour of surgery will increase the risk of postoperative VTE 
by a factor of 1.56 in logistic regression analysis.

Duration of surgery cannot always be reduced in re-
sponse to these findings; thus, risk management is bound 

to take different paths. We believe that the key to this is 
venous stasis, which may be influenced by comparatively 
simple means. With IPC of the lower extremity, the work 
of the skeletal muscle pump can be simulated,6 which will 
improve venous blood flow to the heart from the lower ex-
tremity3,32 and thus reduce venous stasis. In addition, IPC 
seems to increase fibrinolysis, which may contribute to the 
reduction of VTE risk.8,19 Surprisingly, despite these con-
sistent findings, the superiority of intraoperative IPC over 
standard compression stockings has not been proven yet.3

The highest-quality data available in the literature 
have been acquired from orthopedic patients. Based on 
> 2400 patients pooled from several surgical studies, the 
evidence-based clinical practical guidelines on VTE pre-
vention in patients undergoing orthopedic surgery13 state 
that IPC seems to have an “apparently large effect” when 
added to chemoprophylaxis; however, because of method-
ological limitations of the included studies, the guidelines 
advise careful interpretation of the data. In their conclu-
sions, they recommend perioperative dual use of IPC and 
chemoprophylaxis in patients undergoing major orthope-
dic surgery, even though the evidence level is considered 
to be no more than class IIc.

A Cochrane review of the surgical literature as a whole 
identified only 11 studies of sufficiently high quality for 
further analysis.20 Six of these had been performed on pa-
tients who underwent orthopedic surgery; the remaining 5 
studies dealt with patients undergoing urological, cardio-
thoracic, general surgery, and gynecological procedures. 
In this review, the authors concluded that IPC lowers the 
incidence of DVT in a significant way. They recommend-
ed its use especially in high-risk patients, and stated that 
more studies on this topic are urgently needed.

The Cochrane review was updated in 2016,21 and 22 
trials were included then. Studies in which IPC had only 
been used for a very short time (e.g., only intraoperatively, 
as in the present study) were systematically excluded from 
the review. In the present study, however, we were able to 
show that the positive effects of IPC are obviously avail-
able with intraoperative use only. This is important be-
cause compliance has been considered to be a major prob-
lem when patients were expected to wear IPC devices for 
several days postoperatively.9,33 Because of this important 
difference, the results and conclusions from the review 
may be only partially transferable to neurosurgical pa-
tients treated with IPC exclusively intraoperatively. On the 
basis of 11 of the 22 trials, the authors of the updated Co-
chrane review stated that IPC in combination with medi-
cation influences the incidence of PE in a positive way, but 
does not lower the incidence of DVT as compared with 
medication alone. Nevertheless, they recommended the 
combined use of IPC with medication despite “weak” to 
“moderate” quality evidence. The downgrade of evidence 
quality was due to the risk of bias and imprecision within 
the included studies.

Only 1 of the studies included in the Cochrane review 
actually dealt with neurosurgical patients. In this particu-
lar trial, IPC was not found to be superior to medication 
or combined therapy. The study was terminated due to 
adverse effects of enoxaparin initiated at the time of an-
esthesia.12

FIG. 3. Bar graph showing VTE incidence. This figure shows the inci-
dence of VTE for the IPC and control groups in general (the 2 left-hand 
bars) and with each leg taken into account separately (the 2 right-hand 
bars). According to the latter calculation, the difference between both 
groups reached high significance (p < 0.001). Figure is available in color 
online only.
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Therefore, strictly speaking, there is as yet only a weak 
evidence base for use of IPC in patients undergoing neu-
rosurgery. Available data that are supportive for IPC in 
patients who have undergone craniotomy are retrospective 
by nature,14 and there also exist prospective data obtained 
in neurosurgical patients that could not demonstrate the 
superiority of IPC over chemoprophylaxis alone or con-
ventional compression stockings.3,12,24 Nevertheless, de-
spite this equivocality, the data taken from other surgical 
subspecialties have obviously convinced practitioners in 
many neurosurgical departments to use IPC. This is es-
pecially true in the US; in a contemporary review of VTE 
prophylaxis in neurosurgery, the authors state that IPC was 
used as the main means for mechanical VTE prophylaxis 
in all US centers that contributed data to the review.2 How-
ever, in their conclusion they ultimately chose to recom-
mend mechanical prophylaxis (along with unfractionated 
heparin) without further differentiation between IPC and 
compression stockings: as yet, there is no proven superior-
ity of IPC over compression stockings in patients undergo-
ing neurosurgery.3

In the present study, such superiority has now been 
demonstrated by a controlled, prospective, and random-
ized single-center setup. The incidence of VTE was rough-
ly quartered after application of IPC. Moreover, proximal 
DVT, which has been shown to carry a significantly larger 
risk of potentially fatal PE,15,34 was not seen at all in the 
treatment group. Strictly intraoperative use of IPC was 
sufficient to evoke this effect.

Conclusions
Intraoperative use of IPC quarters the risk of VTE in 

patients undergoing craniotomy. Because hypercoagula-
bility and venous stasis are known risk factors for VTE, 
and because the risk of VTE is correlated with the du-
ration of surgery, this effect is most probably caused by 
improved blood flow in the lower extremity. As a conse-
quence drawn from the data shown, intraoperative use of 
IPC has become routine in our institution in cranial sur-
gery.

Future studies will hopefully confirm our observations 
with a higher number of patients, which would best be 
achievable in a multicenter setup.
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