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clinically evident VTE, critical bleeding or postoperative 
death occurred during the study period. Drain output was 
associated with transfusion requirement (p  !  0.001), obesity 
(p  !  0.02) and longer operation duration (p  !  0.001). The se-
quential compression devices were well tolerated by 63% of 
the patients, in that the sleeves were judged as being pleas-
ant (72%) and nonoppressive (79%). Patients reported both-
ersome insomnia (23%) and noise (44%), and early removal 
was required in 3%.  Conclusions:  Combined mechanical 
and pharmacological thromboprophylaxis was highly effec-
tive, well tolerated, and safe. The device tested showed a 
high comfort and tolerability profile. The use of combined 
modalities for VTE prophylaxis is justified in patients at very 
high risk of VTE, such as those undergoing radical retropubic 
prostatectomy.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Pulmonary embolism (PE) is a leading cause of death 
among hospitalized patients, accounting for about 10% of 
hospital-related deaths. The risk of venous thromboem-
bolism (VTE) overall is increasing because hospitalized 
patients today are older, have multiple comorbidities, and 
are undergoing more major surgical procedures. Among 
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 Abstract 

  Objectives:    The risk of developing venous thromboembo-
lism (VTE) in urologic patients undergoing major surgery 
without thromboprophylaxis is high (up to 40%). The aims 
were to study the acceptability rate of and overall patient 
satisfaction with an automatic sequential leg compression 
system and the short-term effectiveness of a combined VTE 
prevention modality.  Methods:  One-hundred and eighty-
four consecutive patients undergoing radical retropubic 
prostatectomy were postoperatively treated with enoxapa-
rine and intermittent pneumatic compression of the thigh. 
By completing a questionnaire, the patients were prospec-
tively studied to evaluate the comfort and tolerability of a 
compression device (SCD Response Compression System; 
Covidien, Gosport, UK). The patients were monitored for 
complications and development of VTE for up to 4 weeks 
postoperatively. The device used ensures customized and 
effective compression therapy matching the patient’s indi-
vidual vascular refill by sequential, gradient, circumferential 
microprocessor-controlled compression cycles.  Results:  No 
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hospitalized medical patients without VTE prophylaxis, 
the absolute risk of VTE is 10–20%  [1] . This risk is higher 
in surgery patients who have not received prophylaxis 
(range from 15% to  1 80%)  [1, 2] . The risk of developing 
VTE in urologic patients undergoing major open or lapa-
roscopic procedures without thromboprophylaxis varies 
between 10 and 40%  [1, 2] .

  Despite the prevalence of VTE among surgical pa-
tients, thromboprophylaxis has often been underutilized 
 [3, 4] . A survey of orthopedic surgeons showed that only 
55% placed all patients on a VTE prophylactic regimen 
 [3] . A Medicare study confirmed that only 38% of elder-
ly patients undergoing abdominal or thoracic surgery
received VTE prophylaxis  [3] . A recent Italian survey 
showed that in-hospital thromboprophylaxis was given 
in about 72% of urologic patients (including endoscopic 
and open surgical procedures), whereas post-discharge 
prophylaxis was given in 32.5% of all cases  [4] . The au-
thors also reported the late occurrence of 1 VTE and 1 
death in 111 radical prostatectomy patients after the dis-
continuation of pharmacologic thromboprophylaxis. 
Moreover, they described that only 5% (35/685) of all uro-
logical patients were protected against the risk of throm-
boembolism using a combination of stockings with phar-
macologic prophylaxis  [4] . Moreover, the approach to 
VTE prophylaxis related to surgery for prostate cancer is 
one area in which practices differ markedly. It is interest-
ing that the vast majority of European urologists (100% 
in Great Britain and 50% in Ireland) routinely prescribe 
the use of pharmacologic deep vein thrombosis and/or 
PE prophylaxis, whereas the wide majority (about 75%) of 
North American urologists do not use pharmacologic 
prophylaxis unless patients are at the highest risk for VTE 
or PE  [5] .

  Patients undergoing radical retropubic prostatectomy 
(RRP) had multiple risk factors for VTE (advanced age, 
malignancy, and pelvic surgery with or without lymph 
node dissection, duration of surgery, hypotension), and 
were classified as being at very high risk both by the NICE 
 [1]  and ACCP guidelines  [2] . These guidelines recom-
mended that mechanical prophylaxis should be offered 
to high-risk urologic surgical patients, adding a low-mo-
lecular weight heparin for the very high-risk patients 
 [2] .

  Available methods for VTE prophylaxis include un-
fractionated or low-molecular weight heparin, graduat-
ed elastic compression stockings, lower extremity se-
quential compression devices (SCDs) and a combination 
of these. The rationale for low-molecular weight heparin 
use is well known  [1, 2] . The rationale for the use of a SCD 

is to enhance venous flow at the sites of vascular trauma 
or in areas of venous stasis. Specifically, the SCD Re-
sponse Compression System (Tyco Healthcare/Covi dien, 
Gosport, UK) ensures customized and effective com-
pression therapy matching the patient’s individual vas-
cular refill  [6] . Because thromboprophylaxis achieved by 
combined modalities (mechanical and pharmacological) 
is strongly recommended for patients at very high risk 
for VTE  [1, 2] , we decided to investigate and grade both 
the acceptability rate and overall satisfaction of the SCDs 
from a patient-oriented perspective. Additionally, we 
evaluated the short-term effectiveness of such a com-
bined VTE prevention regimen in patients undergoing 
RRP for cancer.

  Patients and Methods 

 Consecutive patients with clinically localized prostate cancer 
(T1–3, N0, M0) undergoing RRPs by 1 surgeon (L.S.) were con-
sidered candidates for inclusion in the present study. Exclusion 
criteria included advanced prostate cancer not suitable for RRP, 
clinically localized prostate cancer treated with modalities differ-
ent than RRP, thrombocytopenia (platelet count  ! 60,000/mm 3 ), 
coagulopathy (prolonged prothrombin time  1 20 s, or partial 
thromboplastin time  1 45 s), contraindications to SCD use (severe 
arteriosclerotic or other ischemic lower extremity vascular dis-
ease, suspected acute venous thrombosis, or previous pulmonary 
edema from congestive heart failure, extreme deformity of leg), 
use of oral anticoagulants, or inability to collaborate with the phy-
sician or nurses. Each patient had deep vein thrombosis risk as-
sessment performed preoperatively according to the NICE and 
ACCP guidelines ( table 1 )  [1, 2] .

  Patients routinely deposited 1 or 2 units of autologous blood 
1–3 weeks before surgery, and were admitted the day before sur-
gery. Thromboprophylaxis was based on a SCD that uses thigh-
high sleeves (SCD Response Compression System, Tyco Health-
care/Covidien) and enoxaparine 4,000 IU s.c. 1 h prior to surgery, 
continuing postoperatively once daily until day 21; anti-embo-
lism stockings were not used. Mechanical thromboprophylaxis 
was initiated immediately before RRP with the sleeves being 
placed on both lower extremities before inducing anesthesia. A 
standard RRP through a lower midline incision was performed. 
Bilateral iliac-obturator pelvic node dissection was performed. A 
pelvic drain was routinely inserted; drain output being measured 
upon tube removal. The compression system remained active 
night and day until full ambulation, which usually occurred on 
the 2nd day after RRP, with the patients being strongly encour-
aged to start ambulation. Early removal of the sleeves was defined 
as the suspension of compression during the 1st postoperative 
day. Correct functioning of the system and proper application of 
the sleeves were controlled several times each day. The patients 
and clinical staff (physicians, nursing staff) were informed of the 
need for compliance.

  On postoperative day 1, all patients were given a structured 
questionnaire with six questions on parameters related to compli-
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ance with the SCD (see Appendix), and also patient willingness 
to discontinue using the SCD, based on their answers to these six 
questions. This questionnaire used a four-grade scale to investi-
gate tolerability, pleasantness, oppressive sensation, and the noise 
level of the device, and also the presence of dyspnea and insomnia 
as a result of using the device.

  The presence of VTE events during hospitalization was noted. 
Suspected postoperative PE was investigated by performing pul-
monary CT angiogram. Color-coded duplex ultrasound was per-
formed in the case of suspected deep venous thrombosis. Patients 
were usually discharged on enoxaparin 4 or 5 days after the RRP, 
and the Foley catheter was removed after 10–12 days. Following 
discharge from hospital patients were advised to continue the 
dorsiflexion exercises started in the afternoon of the surgery, to 
elevate their legs when sitting, and to walk frequently. Patients 
had their first postoperative visit at 4 weeks, or earlier if necessary. 
If there was clinical suspicion of deep vein thrombosis, lower ex-
tremity venous ultrasound was performed. Patients were seen at 
3, 6 and 9 months, and at 6-month intervals thereafter, for onco-
logical and functional follow-up.

  Statistical Analysis 
 All data were entered into a Microsoft Office Excel database 

(Microsoft Inc., Redmond, Wash, USA) and analyzed with SPSS 
14.0 for Windows (SPSS Inc., Chicago, Ill., USA). Factor analysis 
(principal component analysis using the Varimax rotation meth-
od with Kaiser normalization) was used to determine which ques-
tionnaire variables were interrelated (carried the same informa-
tion). Categorical data were analyzed with the  �  2  or Fisher’s exact 
test, where appropriate; numerical data were analyzed using the t 
test or Mann-Whitney test, where appropriate. A p value of  ! 0.05 
was considered as statistically significant. Two-tailed statistical 
tests were always used.

  Results 

 During a 27-month period (February 2004 to April 
2006 inclusive) a total of 190 patients underwent RRP. We 
excluded 2 patients due to psychosis and 4 because they 
were on oral anticoagulants, which left 184 patients in the 
study. Patient characteristics are shown in  table 2 . Our 
population was very homogenous for indication (clini-
cally locally confined prostate cancer), age, type and du-
ration of anesthesia (general anesthesia in 95.5%; all pro-
cedures lasted more than 120 min), standard preopera-
tive and postoperative management from the same team. 
All 184 patients (100%) were classified as being at very 
high risk for postoperative VTE due to the presence of 
multiple risk factors (pelvic surgery in 100%, age  1 40 
year in 100%, malignancy in 100%, long duration of an-
esthesia in 12%, active smoking in 28%, obesity in 29%, 
presence of varicose vein in 14%).

  There was no operative or postoperative mortality. In-
traoperative or excessive postoperative bleeding was not 
encountered, with a mean drain output of 228  8  104 
(range 40–600) ml. The heterologous and autologous 
blood transfusion rate was 5.4 and 38%, respectively; 
there was a significant association between drain output 
and transfusion requirement ( fig. 1 ; all p  !  0.001). Me-
dian (interquartile range, IQR) drain output in patients 
with obesity was 250 (200–300) ml, compared to 210 
(140–270) ml in non-obese patients (p = 0.02). Median 

Variables Prophylactic strategies

Low risk Minor surgery in patients <40 years 
with no additional risk factors

No specific prophylaxis; early 
and ‘aggressive’ mobilization

Moderate risk Minor surgery in patients <40 years 
with additional risk factors;
Surgery in patients aged 40–60 
years with no additional risk factors

FH, or GCS or IPC

High risk Surgery in patients >60 or 40–60 
years with additional risk factors 
(prior VTE, cancer, molecular
hypercoagulability)

FH or IPC

Very high risk Surgery in patients with multiple 
risk factors (age >40 years, cancer, 
prior VTE)

FH, fondaparinux, oral VKAs 
(INR 2–3), or IPC/GCS + FH

FH = Fractioned heparin; VKA = vitamin K antagonists; IPC = intermittent pneu-
matic compression; GCS = graduated compression stockings. Modified from Geerts et 
al. [2].

Table 1. Levels of thromboembolism risk 
in surgical patients without prophylaxis
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(IQR) drain output in patients with an operative duration 
of  1 3 h was 305 (285–410) ml, compared to 210 (140–263) 
ml in patients with operative duration of  ! 3 h (p  !  0.001). 
Median (IQR) drain output in patients who requested 
early removal of the SCD (see below) was 165 (108–218) 
ml, compared to 230 (170–290) ml in patients who did not 
require early removal of the SCD (p = 0.11).   Up to week 4 
postoperatively, no patient developed VTE.

  The factor analysis results of the questionnaire are 
shown in  table 3 . This revealed that questions on tolera-
bility, pleasantness and oppressive sensation carried the 
same information. The same was the case for those ques-
tions on the noise level of the device and insomnia. The 
SCDs were well tolerated by 63% of the patients (10% were 
completely unsatisfied). Moreover, the sleeves were 
judged pleasant and nonoppressive by 72 and 79% of the 
patients, respectively ( fig. 2 ). Patients who were not able 
to tolerate the device at all were significantly older (me-
dian age 72, IQR 70–77 years) than the remainder (me-
dian age 69, IQR 65–72 years; p = 0.003). Forty-three sub-
jects (23%) reported bothersome insomnia. Eighty-one 
patients (44%) reported that the SCD caused a bother-
some noise. Six patients (3%) requested early removal of 
the sleeves during the 1st postoperative day mainly (66%) 
because they could not tolerate the noise that the device 
made. These patients were significantly older than those 
who did not have their device removed (74, IQR 70–77 
years, and 69, IQR 66–72 years, respectively; p = 0.046, 
Mann-Whitney test). Early removal was associated with 
low tolerability and unpleasantness, oppressive sensation 

Table 2. Patient characteristics

Mean age, years 6984.1
Clinical stage

T1 106 (58%)
T2 68 (37%)
T3 10 (5%)

Subjects at very high risk for VTE 184 (100%)
Smokers 52 (28%)
Obesity (BMI >25) 55 (30%)
Varicose veins 27 (15%) 
ASA class

1 6 (3%)
2 101 (55%)
3 66 (36%)
4 11 (6%)

Type of anesthesia
General 175 (95.5%)
Spinal supplemented by sedation 9 (4.5%)

Duration of anesthesia
<180 min 162 (88%)
>180 min 22 (12%)

SCD activity time
Until postoperative day 1 6 (3%)
Until postoperative day 2 159 (87%)
Until postoperative day 3 19 (10%)

Unless otherwise indicated the values are the number of pa-
tients with percentages in parentheses. VTE = Venous throm-
boembolic events; ASA = American Society of Anesthesiology; 
SCD = sequential compression device; BMI = body mass index.
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  Fig. 1.  Relationship between drain output and need for blood 
transfusion. AU = Autologous unit; HU = heterologous unit. 

  Fig. 2.  Answers (%) to the question ‘Do you consider this de-
vice ...’. 
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and insomnia (all p  !  0.001) but not the noise level or dys-
pnea (p = 0.33 and 0.10, respectively).

  Discrete dyspnea occurred in 3% of the patients and 
exclusively in those with preoperative ASA class 3 and 4 
(p  !  0.001); PE was excluded with pulmonary CT angio-
gram.

  Discussion 

 VTE is considered to be one of the most critical and 
potentially fatal complications after major urological 
procedures  [2] . Most of the epidemiological studies on 
the risk of VTE in urologic populations were performed 
in the early 1970s  [7–9] . Subsequent changes in surgical 
options (laparoscopy, mini-invasive techniques, endo-
urology), nurse care, early ambulation protocols, and 
possibly wide use of prophylaxis reduced the rates of VTE 
 [2, 3, 10] . Nearly all hospitalized patients have some risk 
factors for VTE. Specifically patients undergoing major 
urologic surgery (like RRP) have multiple risk factors as 
confirmed by the current series.

  Despite the variety of safe and effective pharmacolog-
ic and nonpharmacologic thromboprophylactic methods 
available nowadays, these are sometimes underutilized 
in the real world  [3, 4, 11, 12]  for a variety of reasons in-
cluding issues with bleeding, severe peripheral occlusive 
disease, patient compliance and physician education. Al-
though pharmacologic methods seem to be associated 
with a small risk of bleeding complications, it is well 
known that prophylactic administration of low-dose un-

fractionated heparin, low-molecular weight heparin, or a 
vitamin K antagonist does not increase the rates of clini-
cally important bleeding  [2] . In fact, in our experience the 
mean output drain and the blood transfusion rates (al-
most exclusively autologous blood) were consistent with 
larger series.

  On the other hand, mechanical methods have no as-
sociated bleeding risk  [1, 2] , but graduated compression 
stockings are considered uncomfortable  [1, 2] , and the 
foot pump, although tolerated better than compression 
devices  [13] , has poor patient compliance  [14, 15]  and rel-
evant variability in VTE prevention efficacy  [15, 16] . In a 
unique randomized clinical trial evaluating the patient’s 
view about mechanical thromboprophylaxis with a foot 
pump or SCD, no significant differences were found 
among the 2 groups with regard to comfort, but a wide 
range of responses was reported  [17] . Recent evidence 
suggests that combined modalities were more effective 
than single modalities in VTE prophylaxis, endorsing the 
concept of the need for multimodality prophylaxis in 
high-risk patients  [2, 18, 19] .

  We developed and used a non-validated original ques-
tionnaire in order to investigate the comfort and tolera-
bility of the device from a patient-oriented perspective. 
An overall favorable applicability of the thromboprophy-
laxis multimodal prevention strategy was found which 
was probably related to the high comfort and tolerability 
profile of the SCD Response Compression System Tyco 
Healthcare devices. The majority of our patients gave an 
overall positive opinion about the procedure and the de-
vice, especially when a good relationship with the care-
givers (surgeons and nurses) was established  [1–20] . Sil-
bersack et al.  [21]  and Maxwell et al.  [22]  reported an high 
rate (27%) of premature discontinuation of intermittent 
pneumatic compression and a not negligible (26%) per-
centage of patients being disturbed by the pneumatic 
compression; in contrast in our series we found that the 
majority of patients accepted the SCD sleeves and only a 
small percentage (3%) did not tolerate the pneumatic 
compression, requiring early removal. These discrepan-
cies could be explained by the different pneumatic com-
pression devices; the different postoperative mobiliza-
tion protocol, and the different surgical specialty (i.e. or-
thopedic vs. abdominal). In the present study about a 
quarter of all patients consider the SCD as a factor of in-
somnia. Considering the mean age of our population (69 
 8  4.1 years) and the prevalence of short ‘hours of undis-
turbed sleep’ related to the lower urinary tract symptoms 
(notably nocturia)  [23, 24] , the recorded rate of men suf-
fering from insomnia (23%) appears not surprising. 

Table 3. The rotated component matrix derived from factor anal-
ysis (principal component analysis using the Varimax rotation 
method with Kaiser normalization)

Parameter Component

1 2

Tolerability 0.929 –0.028
Pleasantness 0.856 –0.211
Oppressive sensation 0.857 –0.035
Insomnia –0.145 0.852
Noise –0.200 0.816
Dyspnea –0.108 –0.137

Rotation converged in 3 iterations. Parameters in bold carry 
the same information, i.e. tolerability, pleasantness and oppres-
sive sensation are highly intercorrelated and similar to insomnia 
with noise. D
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Moreover, the diagnosis of prostate cancer and its treat-
ments (surgery and radiation therapy) are considered a 
cause of insomnia itself  [25] . In fact, the prevalence of in-
somnia in the prostate cancer population after diagnosis 
is about 30  [25]  versus 23% recorded in the present study. 
Based on these findings, we do not think that the use of 
the SCD Response Compression System increases the 
prevalence of insomnia in the subset of hospitalized and 
operated patients, and encourage the use of ear plugs or 
a narcotic in these patients.

  Forty percent of the patients did not complain about 
the compressor noise at all, whereas another 44% report-
ed a moderate (32%) to high (12%) noise level. The data 
on noise should be critically evaluated. Even if there is 
room for improvement in noise production by the com-
pressor, we believe that the device itself did not disturb 
our patients’ sleep and did not represent a relevant cause 
of early removal of the sleeves. The comparison of noise 
perception between groups (moderate to high versus 
poor to not at all groups) did not reach statistical signifi-
cance (p  1  0.10), probably because what the patient re-
ferred to was considered postsurgical impatience (combi-
nation of noise, insomnia and low tolerability). As report-
ed by others, we found that 4/6 subjects among those 
requiring the early discontinuation of the compression 
attributed it to the noise. This is consistent with the few 
data from the literature showing that sleep disturbances 
attributed to noise was the more frequent reason (69–
81%) for premature termination  [16–26] .

  Finally, as previously suggested, we confirm that 
thromboprophylaxis achieved by combined modalities 
(sequential compression and enoxaparine) is reliable, ef-
fective and safe  [18, 21] , even if in a randomized clinical 

setting. Herein, we show that the tested devices demon-
strated a high comfort and tolerability profile.

  Considering that (i) Ramirez et al.  [27]  in a different 
population considered prophylaxis for perioperative VTE 
solely with SCD as a ‘viable option for patients classified 
as highest risk under ASCRS parameters’; (ii) the ACCP 
and the ASCO strongly encouraged the thromboprophy-
laxis  [2, 28] ; (iii) Roderick et al.  [29]  conclude their sys-
tematic review stating that physical methods (graduated 
compression stockings, intermittent pneumatic com-
pression or foot pumps) reduced the risk of VTE by about 
two thirds when used as monotherapy and by about half 
when added to a pharmacological method, and (iv) the 
National Collaborating Centre for Acute Care  [1]  recom-
mended that at least mechanical prophylaxis should be 
offered to patients undergoing major urological surgery, 
we suggest the routine use of this device in patients un-
dergoing RRP, taking also into account the few contrain-
dications, the absence of adverse potentially fatal events, 
its cost-effectiveness and the good tolerance profile.

  Our study shows that in postoperative settings the ma-
jority of patients well tolerated the method of throm-
boembolism prophylaxis administered. In conclusion, 
external pneumatic compression associated with low-
molecular weight heparin can be easily provided with ac-
ceptable compliance and safety, justifying routine use af-
ter RRP.
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Questionario

Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Sopportabili
Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Causa di insonnia
Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Rumorosi
Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Causa di dispnea
Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Gradevoli
Ritiene che i cosciali applicati siano Per nulla Poco Discretamente Molto Oppressivi

Si sarebbe fatto togliere i cosciali prima del previsto Si, perchè No

 Appendix  The appendix shows the original questionnaire (in Italian) administered to all patients in order to evaluate the 
compression device. 
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