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Summary  
Background: Current guidelines for the prevention of ve-
nous thromboembolism in surgical patients continue to rec-
ommend the use of graduated compression stockings in ad-
dition to low molecular weight heparins (LMWH). Nearly all 
the studies documenting a prophylactic benefit from these 
stockings were carried out before the introduction of LMWH. 
Patients, methods: We studied the rate of symptomatic 
venous thromboembolism (VTE) occurring in patients of a 
general surgery department during two consecutive time 
periods of 24 months with different prophylaxis regimen. 
During the first 24 months (Group A), preventive measures 
consisted of LMWH and graduated compression stockings. 
During the second 24 months (Group B) only LMWH was 
used. Results: In Group A there were 3181 patient with a 
total of 3050 operations. In Group B there were 2986 pa-
tients with a total of 2911 operations. 82.5% of the pa-
tients in Group A and 84.0% in Group B received VTE pro-
phylaxis (stockings and LMWH in A, LMWH only in B). 
Symptoms suggesting venous thromboembolism occured in 
44 patients in Group A and in 47 in Group B. Examinations 
of these patients revealed a VTE in 7 A and 5 B patients.  
Conclusions: The incidence of symptomatic venous throm-
boembolism in patients of a general surgery department 
was kept low with a simple, but strictly applied preventative 
protocol of LMWH. Graduated compression stockings did 
not yield additional benefits in our patients.  
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Zusammenfassung 
Hintergrund: Aktuelle Leitlinien zum Thema Thrombose-
prophlyaxe empfehlen nach wie vor den Einsatz von 
Thrombose prophylaxestrümpfen zusätzlich zu niedermole-
kularen Heparinen (NMH). Fast alle Studien, die einen 
Nutzen dieser Strümpfe aufgezeigt haben, sind vor der Ein-
führung der NMH durchgeführt worden. Patienten, Me-
thoden: Wir untersuchten die Inzidenz von symptomati-
schen Lungenarterienembolien und Beinvenenthrombosen 
bei Patienten einer allgemeinchirurgischen Abteilung über 
je zwei Jahre mit unterschiedlichen Prophylaxe-Schemata: 
Während der ersten 24 Monate (Gruppe A) erfolgte die 
Thromboseprophylaxe mit NMH und Kompressionsstrümp-
fen; während der zweiten 24 Monate (Gruppe B) wurde nur 
NMH eingesetzt. Ergebnisse: In Gruppe A wurden 3181 
Patienten behandelt mit insgesamt 3050 Operationen; in 
Gruppe B 2989 Patienten mit insgesamt 2911 Operatio-
nen. 82,5% der Patienten in Gruppe A und 84% in Gruppe 
B erhielten Thromboseprophylaxe (Kompressionstrümpfe 
und NMH in A, nur NMH in B). 44 Patienten in Gruppe A 
und 47 in Gruppe B entwickelten Symptome einer Beinve-
nenthrombose oder einer Lungenarterienembolie. Mit den 
weiteren Untersuchungen ließ sich in Gruppe A bei sieben 
Patienten und in Gruppe B bei fünf Patienten die Diagnose 
sichern. Schlussfolgerung: Mit einem einfachen aber 
strikt eingehaltenen Thromboseprophylaxeregime unter 
Verwendung von NMH läßt sich die Inzidenz symptomati-
scher Beinvenenthrombosen und Lungenarterienembolien 
in einer chirurgischen Abteilung sehr gering halten. Der 
Einsatz von Thromboseprophylaxestrümpfen bringt unter 
diesen Voraussetzungen keinen zusätzlichen Nutzen. 

Sind Kompressionsstrümpfe zur Thromboseprophy-
laxe in der Allgemeinchirurgie noch erforderlich? 

Mots clés 
Maladie thrombo-embolique veineuse, prophylaxie, 
héparines  à bas poids moléculaire, bas élastiques à 
compression  dégressive, embolie pulmonaire 

Résumé 
Historique: Les directives habituelles pour la prévention 
de la Maladie thrombo-embolique veineuse (MTE) en chi-
rurgie continuent de recommander l'usage de bas à com-
pression élastique dégressive associés à un traitement par 
héparines  à bas poids moléculaire (HBPM). La quasi-tota-
lité de ces études, qui ont montré un bénéfice par la com-
pression élastique, a été faite avant l'apparition des HBPM 
sur le marché. Patients et méthode: Nous avons étudié le 
taux de MTE symptomatique survenu dans un département 
de chirurgie générale au cours de 2 périodes consécutives 
de 24 mois avec différentes méthodes prophylactiques. Au 
cours des 24 premiers mois, (groupe A) on a utilisé des 
HBPM et des bas à compression dégressive. Au cours des 24 
mois suivants, (groupe B) seules des HBPM ont été utili-
sées. Résultats: Dans le groupe A 3181 patients ont été 
traités sur un total de 3050 opérations. Dans le groupe B 
2986 patients ont été traités sur un total de 2911 interven-
tions. 82,5% des patients du groupe A et 84% du groupe 
B ont reçu une prophylaxie de la MTE. Malgré tout, 44 pa-
tients ont présenté une symptomatologie suggérant une 
MTE dans le groupe A et 47 dans le groupe B. L'examen a 
révélé 7 cas de MTE dans le groupe A et 5 dans le groupe B. 
Conclusion: L'incidence de la MTE observé dans un dépar-
tement de chirurgie a été maintenue basse avec un proto-
cole de prévention simple mais appliqué de manière stricte 
avec HBPM. Des bas à compression élastique dégressive ne 
semblent pas avoir amené de bénéfice complémentaire 
chez nos patients. 

Les bas à compression élastique dégressive sont-ils 
essentiels pour la prophylaxie de la maladie 
thrombo- embolique en chirurgie générale?

* Diese Arbeit wurde anlässlich der 49. Jahres -
tagung der Deutschen Gesellschaft für Phlebolo-
gie in Mainz mit dem Oral Communication Award 
2007 ausgezeichnet. 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.234



Phlebologie 2/2008

62 

Schulz et al.

Venous thromboembolism (VTE) 
continues to account for consider-
able morbidity, mortality and 

medical care expense: In the USA the inci-
dence of deep venous thrombosis (DVT) is 
reported to be approximately 450 000 cases 
per year and the overall incidence of pul-
monary embolism (PE) to be about 355 000 
cases per year (8). Numerous studies have 
indicated that especially surgical and trau-
ma patients are at significant risk for devel-
oping venous thromboembolic compli-
cations, including pulmonary embolism. 
Without prophylactic treatment, the risk of 
VTE (12, 19, 50) is considered to be  
● 25–30% in general surgery (8, 13, 46), 
● 60% after major trauma (22, 23) and  
● up to 45–70% with hip or knee replace-

ments. 
 
Both physical and pharmacological 
measures aimed at preventing thromboem-
bolic events have been previously evaluated. 
In earlier studies graduated compression 
stockings were found to substantially re-
duce the incidence of VTE in surgical pa-
tients (2, 13, 30, 46, 60). During recent 
years, however, notable developments in 
pharmacological thromboprophylaxis have 
been achieved. The introduction of low mo-
lecular weight heparins (LMWH), in par-
ticular, has resulted in significant advances 
in treatment modalities so that today they 
have become the standard for VTE prophy-
laxis in most countries. The prophylactic 
properties of LMWHs have yielded equal or 
even slightly better outcomes than unfrac-
tionated heparins. Moreover, they have 
fewer side effects, do not require laboratory 
monitoring, and possess pharmacokinetic 
characteristics which permit their use as a 
subcutaneously administered, fixed daily 
dose. LMWHs are reported to reduce the 
overall incidence of deep vein thrombosis 
after general surgery by up to 70% (2, 33). 

In light of this progress, reevaluation of 
the concomitant use of graduated compres-
sion stockings, as it is still recommended in 
this setting, is warranted. 

Patients, methods 
Study population and design 

The study population consisted of all pa-
tients treated in a general surgery depart-
ment over a period of four years.  

With a prospective observational study 
design, the incidence of symptomatic deep 
venous thrombosis and pulmonary embol-
ism was investigated with two different VTE 
prophylaxis regimens: During the  
● first 24 months (group A) patients at risk 

received combined treatment for the pre-
vention of thromboembolism consisting 
of LMWH and graduated compression 
stockings, 

● second 24 month period (group B) only 
LMWH was used for prophylaxis. 

Treatment 
Prophylactic treatment was given to all pa-
tients undergoing major surgery (>30 min). 
The treatment was initiated the day before 
surgery and was continued for five days 
thereafter, or until complete remobilization 
was achieved. The prophylactic measures 
were also taken in patients with minor sur-
gery and patients who were not actually op-
erated on if they were expected to be immo-
bile for more than 6 hours during the day for 
more than two days. Patients under the age 
of 14 did not receive VTE prophylaxis.  

The thigh-length compression stockings 
(T.E.D.® Kendall) in group A were fitted to 
each patient's legs according to the manu-
facturer's instructions. The patients were ad-
vised to wear them 24 hours a day. Com-
pliance with the wearing of stockings was 
checked at least twice daily. Patients found 
without stockings or not wearing them prop-
erly on more than two occasions were cat-
egorized as noncompliant. Patients with 
known significant peripheral artery disease 
(intermittent claudication and/or ABI <0.7) 
did not receive stockings.  

The LMWH employed in both groups 
was enoxaparin. It was administered ac-
cording to a simple weight-adjusted proto-
col. Patients with a body mass index (BMI) 

of up to 30 kg/m2 received 20 mg of enox-
aparin and patients with BMI >30 kg/m2 re-
ceived 40 mg – subcutaneously, once daily. 
Patients in whom the use of LMWH was 
contraindicated (those with a history of or 
suspected active HIT II or allergic skin reac-
tions) were treated with 15 mg of hirudin 
subcutaneously, twice daily.  

In group B, no stockings were used. The 
prophylactic treatment consisted of LMWH 
(or hirudin) alone, administered following 
the same protocol as in group A.  

All patients in groups A and B were 
strongly encouraged to get out of bed and 
walk as early as possible. 

Outcomes  
In all patients with clinical symptoms sug-
gesting deep vein thrombosis colour-
Doppler ultrasonography of the pelvic and 
leg veins was done, including compression 
testing of the leg veins. The leg examination 
included all veins from the thigh down to the 
ankle. All sonographic examinations were 
carried out by two highly-skilled examiners 
with an ATL / Phillips HDI 3000 machine, 
using a 3–5 mHz curved array scanner for 
the pelvic veins and a 5–7 mHz phased array 
scanner for the leg veins. If this examination 
was temporarily not possible, or if the re-
sults were inconclusive, ascending phle-
bography followed. 

Patients with symptoms of pulmonary 
embolism underwent spiral computed to-
mography of the lungs. This was judged 
positive if it revealed distinct filling defects 
in large vessels. If the diagnosis remained 
inconclusive after this examination, a venti-
lation-perfusion lung scan (judged positive 
only in cases of „high probability“ results) 
and/or a pulmonary angiography was per-
formed.  

Results 
A total of 6167 patients (Tab. 1) were treated 
in the general surgery department during the 
study period, with a total of 5961 oper-
ations. 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.234



Phlebologie 2/2008

63 

Compression in VTE prophylaxis

Treatment group characteristics 
In group A (treated with stockings and 
LMWH), there were 3181 patients: 1742 
men and 1439 women, with a mean age of 48 
years. The mean duration of hospital stay 
was 7.3 days; 2720 of the A patients had sur-
gery with a total of 3050 operations (Tab. 1, 
Tab. 2). Four hundred sixty-one patients had 
no surgery. VTE prophylaxis (Tab. 3) was 
applied to a total of 2623 (82.5%) of the 
3181 patients of period A: to 2422 (89.1%) 
patients with surgery and to 202 (43.8%) pa-
tients without surgery. Fifteen patients in 
group A could not wear compression stock-
ings due to advanced occlusive artery dis-
ease and six others because of extreme obes-
ity. Twenty-eight patients were non-com-
pliant with wearing stockings. Three pa-
tients in group A needed to be treated with 
hirudin, instead of LMWH, due to contrain-
dications. 

In group B (only LMWH), 2986 patients 
were treated: 1691 men and 1295 women, 
with a mean age 49 years. The mean du-
ration of hospital stay was 6.2 days and 2553 
patients had a total of 2911 operations. Four 
hundred thirty-three patients had no sur-
gery. VTE prophylaxis was provided to 
2512 (84.0%) of the 2986 patients in period 
B: to 2305 (90.3%) patients with surgery 
and to 202 (46.6%) patients without surgery. 
Two patients had to be treated with hirudin, 
instead of LMWH. 

Outcomes (Tab. 4) 
Deep vein thrombosis 

Thirty-eight patients in group A and 40 in 
group B developed clinical symptoms sug-
gestive of a deep vein thrombosis which 
required further investigation. Thirty pa-
tients in A and 31 patients in B received 
color-duplex assisted compression so-
nography and eight patients in A and nine in 
B received phlebography. A DVT was con-
firmed in six patients in group A and in three 
patients in group B. 

Tab. 1  
Patient characteristics, 
types of surgery  

group A 

LMWH + stockings 

patient number, total 3181 

men 1742 

age (years) 0048 

days of stay 0007.3 

group B 

LMWH only 

2986 

1691 

0049 

0006.2 

women 1439 1295 

 

patients 

0119 

appendix lapr.  0099 0266 

anorectal 0278 0309 

colon 0215 0205 

liver 0005 0004 

gallbladder conventional 0044 0029 

gallbladder lapr.  0398 0386 

pancreatic 0003 0004 

herniotomy conventional 0357 0361 

herniotomy lapr.  0058 0044 

miscellaneous abdominal 0042 0033 

appendix conventional 

type of  
surgery 

vascular 

thyroid 

stomach 

small intestinal 

amputations 

abscesses 

violence (gunshot, knife wounds) 

skin (tumours, transplantation) 

wounds. wound revisions 

total 

0201 

0149 

0049 

0227 

0130 

0326 

0065 

0083 

0167 

3050 

0157 

0104 

0062 

0085 

0155 

0093 

0302 

0029 

0081 

0173 

2911 

miscellaneous 0035 0029 

number of  
operations 

group A 

LMWH + stockings 

1 2517 

5 0009 

6 0005 

8 0000 

10 0000 

group B 

LMWH only 

2349 

0009 

0010 

0001 

0001 

2 0127 0124 

3 0044 0045 

4 0018 0014 

p value 

0.659 

0.750 

0.684 

0.596 

0.893 

0.157 

0.302 

0.302 

Tab. 2  
Number of operations  
per patient 
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Pulmonary embolism 

A pulmonary embolism was suspected in 
six patients in group A and seven in group B 
during their hospital stay. 12 of these pa-
tients underwent spiral computed to-
mography of the lungs, one patient had a 
ventilation-perfusion scan and one needed 
an additional pulmonary angiogram. The 
pulmonary embolism was confirmed in one 
patient in group A and in three in group B. 

Characteristics of patients with VTE 

All the 12 patients (7 in group A, 5 in group 
B) with confirmed VTE were receiving pro-
phylaxis at the time the VTE event occurred. 
The mean duration of hospital stay in these 
patients was 38 days in group A and 39 days 
in group B. All patients with PE in both 
groups had malignant disease.  

Discussion 

This study, which took place over a period of 
four years and involved 6167 patients on a 
general surgery ward, revealed no signifi-
cant differences in the incidence of sympto-
matic venous thromboembolism whether 
graduated compression stockings were used 
in addition to LMWH prophylaxis, or not. 

A review of the literature over the last 
three decades shows that, despite signifi-
cant advancements in the prevention of ve-
nous thromboembolism, there is still a con-
siderable degree of variation in regard to 
risk group definition, the number of patients 
receiving prophylaxis, and prophylactic 
modalities. 

To achieve better standardization in VTE 
prophylaxis, several consensus conferences 
have generated guidelines which are aimed 
at promoting and attaining adequate VTE 
prophylaxis for the individual patient. Yet, 
even the latest guidelines concerning the 

prevention of thromboembolism in surgical 
patients, namely the updated ACCP guide-
lines from 2004 (24) and those of the Inter-
national Consensus Statement dating from 
2006 (46), are not completely concordant. 
In regard to general surgery patients, the for-
mer do not recommend a specific prophy-
laxis in low-risk patients, propose the alter-
native use of stockings or heparins in mod-
erate- and higher-risk patients, and recom-
mend combination therapy only in very 
high-risk patients. The latter consider the 
use of compression stockings in low risk pa-
tients, recommend stockings with intermit-
tent pneumatic compression as an alter-
native to LMWH in moderate risk patients 
with bleeding tendency and only consider 
compression stocking as an adjunct to 
LMWH in high risk patients. In other fields 
of surgery (for example urologic surgery or 
gynecologic surgery) there is even less evi-
dence for the necessity of compression 
stockings. In these fields the recommen-
dations are either extrapolated from general 
surgery or comments concerning the use of 
compression stockings are lacking – as is 
also the case in all recently published 
studies on VTE prophylaxis in medical pa-
tients (36, 41, 52). 

There are generally nine studies cited 
which substantiate significant VTE risk re-
duction following the use of graduated com-
pression stockings in general surgery (65). 
All of them were carried out 10 or more 
years ago (3, 5, 28, 43, 55, 56, 58, 63, 64). 
The study designs are rather heterogeneous 
and most of them included a total of less 
than 100 patients (5, 28, 55, 56, 58). Only 
two out of the nine studies (3, 28) compared 
the use of stockings with the absence of pro-
phylactic measures. These found a 50% re-
duction in the rate of venous thromboem-
bolism in patients who wore stockings. In 
the seven other studies, a combination ther-
apy was used consisting of either intermit-
tent pneumatic compression (43, 56) or 
pharmacological methods (dextran, low 
dose heparin, dihydroergotamine-heparin) 
together with graduated compression stock-
ings (5, 43, 58, 63, 64). In five of the studies 
the effectiveness of compression stockings 
was investigated on only one of the patient's 
legs; the other leg served as a control (5, 43, 
55, 56, 58).  

Tab. 3  
VTE prophylaxis  

Tab. 4  
Examinations and VTE 
rates  

VTE 
prophylaxis 

– 

+ 

group A 

LMWH + stockings 

2720  

2429 (89%) 

p value 

0.992 

0.121 

– 0461  0.992  

+ 0202 (43.8%) 0.395  

+ 2623 (82.5%) 0.115  

group B 

LMWH only 

2553  

2305 (90.3%) 

0433  

0202 (46.7%) 

02507 (84%) 

 

 

 

 

3181 2986   

 

patients 

with  
surgery 

without  
surgery 

total 

+(–): with (without) VTE-prophylaxis 

 group A 

LMWH + stockings 

examinations total/positive 

duplex 30/5 

phlebography 08/1 

pulm. CT 05/1 

group B 

LMWH only 

total/positive 

31/3 

09/0 

06/2 

p  
value 

 

vent.-perf. scan 01/0 00/0  

pulm. angiography 00/0 01/1  

total examinations 44/7 47/6 0.896  

patients with VTE  07 05 0.665  

event rate  00.22 00.20 0.87  
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Several studies in the following years 
have provided evidence that low dose hepa-
rin significantly reduced the incidence of 
postoperative VTE, and the benefit appear-
ed to increase with the additional use of 
compression stockings (11, 15, 31, 32, 45). 
Subsequently, low dose heparin in com-
bination with compression stockings be-
came the most widely adopted measures for 
VTE prophylaxis in general surgery – a 
regimen which has been used in many facil-
ities until today (4, 10, 12, 65). 

When LMWHs were introduced into 
VTE prophylaxis in the mid-1990s, they 
first proved their effectiveness in orthopedic 
surgery, namely with hip and knee replace-
ments. Later LMWHs were adopted in gen-
eral surgery and were combined with the 
compression stocking prophylaxis already 
in use. Only four studies can be found which 
show an advantage to the combination of 
LMWH with compression stockings over 
stockings alone – none of them in general 
surgery (1, 38, 42, 47). In all four studies the 
group employing compression stockings 
alone is categorized as a placebo group. 
However, the incidence of VTE in these 
placebo groups is actually about the same as 
in previous studies where no prophylactic 
measures were used. Only one single, rather 
small study has compared, as we have, the 
use of LMWH in combination with com-
pression stockings to LMWH alone for VTE 
prophylaxis. Kalodiki et al. (34), random-
ized 78 patients undergoing a total hip re-
placement into three groups:  
● a control group without prophylaxis,  
● a group which received enoxaparin once 

daily, 
● a group which received enoxaparin and 

wore graduated compression stockings 
(TED) for a period of 8–10 days.  

 
All patients had a preoperative perfusion 
lung scan and a postoperative perfusion-
ventilation scan, as well as bilateral ascend-
ing phlebography between days 8 and 12. 
The DVT rates were 93%, 38% and 25%, re-
spectively. No other study comparing 
LMWH with and without stockings has been 
published as of today – neither in general sur-
gery nor in any other medical specialty. 

The mechanism of action through which 
compression stockings prevent thrombo -

embolism remains unclear, though it is 
thought to be multi-functional with a reduc-
tion in venous diameter playing the key role. 
External compression was shown to reduce 
the overall cross-sectional area of the lower 
limb and increase the flow velocity within 
the veins. Compression also appears to im-
prove the evacuation and coaptation of in-
competent and incompletely emptied valvu-
lar cusps. Reduction in reflux-related stasis 
and augmented flow velocity could de-
crease the risk of thrombus formation by re-
ducing venous wall distension, local contact 
time, and the concentration of coagulation 
reactants (2, 14, 57, 61, 66).  

Despite their widespread use, there is 
also no agreement as to the most effective 
stocking design to achieve the above men-
tioned effects. Thigh-length TED stock-
ings, which are probably employed in most 
studies, have intended pressures of 18 
mmHg at the ankle, 14 mmHg at the calf, 8 
mmHg at the knee,10 mmHg above the 
knee, and 8 mmHg at the thigh. It is not 
known whether these pressures are opti-
mal. Moreover, some authors estimate 
calf-length stockings to be more effective 
than thigh-length and some prefer non-
elastic ones (2, 9, 26). Stocking design is 
not always specified in the study protocols 
and, particularly in some of the newer 
studies, it is not clear whether or not stock-
ings were used at all (18, 27, 39, 44, 59, 41, 
36, 52). 

Even those stockings believed to be 
ideally designed may not achieve the war-
ranted effects. A study measuring pressure 
gradients in patients wearing prophylaxis 
stockings showed that 98% of the stockings 
failed to produce the ideal pressure gradient 
of 18–14–8 from the ankle to the knee; 54% 
even produced an inverse gradient (7, 62).  

Given the recommended pressure gradi-
ents intended to be realized by the design of 
prophylaxis stockings, it remains obscure 
why other types of compression stockings, 
e. g., those recommended for the prevention 
of post-thrombotic syndrome following a 
deep vein thrombosis, achieve significantly 
higher pressure ranges (mostly 40–36–21 
mmHg) although they must be worn for 
much longer time periods. These higher 
pressure compression stockings fail, how-
ever, to prevent DVT recurrence, whereas 

prophylaxis stockings are claimed to reduce 
DVT incidence by 50% or more (9, 37). 

Finally, prophylaxis stockings were con-
ceived for supine patients (61). However, 
today most patients are mobilized within 
only a few hours after surgery. Nevertheless 
guidelines recommend stockings for 5–7 
days (61). 

Unlike most other studies, ours did not 
serially screen all our study patients for deep 
venous thrombosis or pulmonary embolism. 
The significance of an asymptomatic VTE 
detected by screening methods such as 125I 
fibrinogen marking, plethysmography, 
contrast phlebography, compression so-
nography, D-dimer testing, or ventilation-
perfusion scans is a matter of debate (6, 35, 
40, 54). Conclusive evidence that treatment 
of asymptomatic patients with VTE detected 
by these methods results in better outcomes 
is lacking, not only in regard to nonfatal or 
fatal pulmonary embolism (35), but also in 
regard to postthrombotic syndrome (25) and 
pulmonary hypertension (48). Recent study 
designs have begun to focus more, as we 
have, on symptomatic thromboembolic 
events as clinically relevant endpoints (41). 

Limitations 
We cannot rule out the possibility of diag-
nostic bias in our study, since the use of 
stockings cannot be blinded and for organiz-
ational reasons we were not able to perform 
randomization. It is possible that physicians 
were more likely to order an imaging test for 
patients who had not received compression 
stockings than for those who had. Neverthe-
less, the incidence of symptomatic VTE in 
our surgical patients was very low with both 
prophylaxis regimens.  

A decline in VTE rates in clinical medi-
cine has been anticipated in recent years 
(17, 29). Research in this area is lacking, but 
considering the still doubtless significance 
of the Virchow triad in regard to VTE patho-
genesis, the current prevailing concept of 
early mobilization is likely to be the most ef-
fective measure contributing towards the 
prevention of thromboembolism in all areas 
of medicine. New surgical techniques, es-
pecially endoscopic and fast track surgery 
and modern anesthesiologic methods, are 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.234



Phlebologie 2/2008

66 

Schulz et al.

also reported to reduce VTE rates (49, 51, 
53). Furthermore, complicated risk stratifi-
cation concepts are increasingly being dis-
regarded in favor of simple and effective 
protocols like the one we used with our sur-
gical patients (24) and finally, new, even 
more potent, anti-thrombotic agents are 
being developed (16, 20, 21, 59).  

Conclusion 
Our data showed that the rate of sympto-
matic venous thromboembolism in patients 
on a general surgery ward is kept low when 
a concept of early remobilization and a 
simple, but strictly applied protocol of pre-
ventative low molecular weight heparin is 
implemented. Graduated compression 
stockings did not yield an additional preven-
tive effect with this regimen.  

9. Brandjes D, Buller HR, Heijboer H, Huisman MV, 
de Rijk M, Jagt H et al. Randomized trial of effect 
of compression stockings in patients with sympto-
matic proximal vein thrombosis. Lancet 1997; 
349: 759–762. 

10. Caprini JA, Arcelsus J, Seghal LR, Cohen EB, 
Reyna JJ. The use of low molecular weight hepa-
rins for the prevention of postoperative venous 
thromboembolism in general surgery. A survey of 
practice in the United States. Int Angiol 2002; 21: 
78–85. 

11. Clagett GP, Reisch JS. Prevention of venous 
thromboembolism in general surgical patients. 
Results of meta-analysis. Ann Surg 1988; 208: 
227–240. 

12. Clagett GP. Prevention of postoperative venous 
thromboembolism: An update. Am J Surg 1994; 
168: 515–522. 

13. Colditz GA, Tuden RL, Oster G. Rates of venous 
thrombosis after general surgery: Combined re-
sults of randomised clinical trials. Lancet 1986; 2: 
143–146. 

14. Coleridge Smith PD, Hasty JH, Scurr JH. Deep 
vein thrombosis: effect of graduated compression 
stockings on distension of deep veins of the calf. 
Br J Surg 1991; 78: 724–726. 

15. Collins R, Scrimgeous A, Yusuf S, Peto. Reduc-
tion of fatal pulmonary embolism and venous 
thrombosis by perioperative administration of 
subcutaneous heparin: Overview of results of ran-
domized trials in general, orthopedic and urologic 
surgery. N Engl J Med 1988; 318: 1162–1173. 

16. Colwell CW, Berkowitz SD, Davidson BL, Lotke 
PA, Ginsberg JS, Lieberman JR et al. Comparison 
of Ximelagatran, an oral direct thrombin inhibitor, 
with enoxaparin for the prevention of venous 
thromboembolism following total hip replace-
ment. A randomized double-blind study. J Thromb 
Haemost 2003; 1: 2119–2130. 

17. Donat R, Mancey-Jones B. Incidence of throm-
boembolism after transurethral resection of the 
prostate (TURP) – a study on TED stocking pro-
phylaxis and literature review. Scand J Urol Neph-
rol 2002; 36: 119–123. 

18. Douketis JD, Eikelboom JW, Quinlan DJ, Willan 
AR, Crowther MA. Short-duration prophylaxis 
against venous thromboembolism after total hip 
or knee replacement: A meta-analysis of prospec-
tive studies investigating symptomatic outcomes. 
Arch Intern Med 2002; 162: 1465–1471. 

19. Eichinger S, Kyrle PA. Prevention of deep vein 
thrombosis in orthopedic surgery. Eur J Med Res 
2004; 9: 112–118. 

20. Eriksson BI, Bauer KA, Lassen MR, Turpie AG. 
Fondaparinux compared with enoxaparin for the 
prevention of venous thromboembolism after hip-
fracture surgery. N Engl J Med 2001; 345: 
1298–1304. 

21. Evans HC, Perry, CM, Faulds D. Ximelagatran / 
Melagatran: a review of its use in the prevention of 
venous thromboembolism in orthopedic surgery. 
Drugs 2004; 64: 649–678. 

22. Geerts WH, Jay RM, Code KI, Chen E, Szalai JP, 
Sabil EA et al. A comparison of low-dose heparin 
with-low molecular weight heparin as prophylax-

is against venous thromboembolism after major 
trauma. N Engl J Med 1996; 335: 701–707. 

23. Geerts WH, Heit JA, Clagett GP. Prevention of ve-
nous thromboembolism. Chest 2001; 119: 132S. 

24. Geerts WH, Pineo GF, Heit JA, Bergqvist D, 
Lassen MR, Colwell CW, et al. Prevention of ve-
nous thromboembolism: The Seventh ACCP Con-
ference on Antithrombotic and Thrombolytic 
Therapy. Chest 2004; 126: 338s-400s. 

25. Ginsberg JS, Turkstra F, Buller HR, Mac Kinnon 
B, Magier D, Hirsh J. Post-thrombotic syndrome 
after hip and knee arthroplasty; a cross sectional 
study. Arch Intern Med 2000; 160: 669–772. 

26. Hameed MF, Browse DJ, Immelman EJ, Goldberg 
PA. Should knee-length replace thigh-length grad-
uated compression stockings in the prevention of 
deep-vein thrombosis? S Afr J Surg 2002; 40: 15–16. 

27. Hillbom M, Erila T, Sotaniemi K, Tatlisumak T, 
Sarna S, Kaste M. Enoxaparin vs heparin for pre-
vention of deep-vein thrombosis in acute is-
chaemic stroke: a randomized double-blind study. 
Acta Neurol Scand 2002; 106: 84–92. 

28. Hollford CP. Graded compression for preventing 
deep venous thrombosis. Br Med J 1976; 2: 969–970. 

29. Horlander KT, Mannino DM, Leeper KV. Pulmon-
ary embolism mortality in the United States. 
1979–1998: an analysis using multiple-cause mor-
tality data. Arch Intern Med 2003; 163: 1711–1717. 

30. Jeffery PC, Nicolaides AN. Graduated compres-
sion stockings in the prevention of postoperative 
deep vein thrombosis. Br J Surg 1990; 77: 380–383. 

31. Kakkar VV, Corrigan T, Spindler J, Fossard DP, 
Flute PT, Crellin RQ, Wessler S, Yin ET. Efficacy 
of low doses of heparin in prevention of deep vein 
thrombosis after major surgery. A double blind 
randomised trial. Lancet 1972; 2: 101–106. 

32. Kakkar VV, Corrigan TP, Fossard DP, Sutherland 
I, Thirwell J. Prevention of fatal postoperative pul-
monary embolism by low doses of heparin. Re-
appraisal of results of international multicentre 
trial. Lancet 1977; 1: 567–569. 

33. Kakkar VV, De Lorenzo F. Prevention of venous 
thromboembolism in general surgery. Baillieres 
Clin Haematol 1998; 11: 605–619. 

34. Kalodiki EP, Hoppensteadt DA, Nicolaides AN, 
Fareed J, Gill K, Regan F et al. Deep venous 
thrombosis prophylaxis with low molecular 
weight heparin and elastic compression in patients 
having total hip replacement. A randomised con-
trolled trial. Int Angiol 1996; 15: 162–168. 

35. Kearon C. Noninvasive diagnosis of deep vein 
thrombosis in postoperative patients. Semin 
Thromb Hemost 2001; 27: 3–8. 

36. Kleber FX, Witt C, Vogel G, Koppenhagen K, 
Schomaker U, Flossbach W. A randomized com-
parison of enoxaparin with unfractionated heparin 
for the prevention of venous thromboembolism in 
medical patients with heart failure or severe re-
spiratory disease. (The Prince study group). Am 
Heart J 2003; 145: 614–621. 

37. Kolbach DN, Sandbrink MW, Hamulyak K, 
Neumann HA, Prins MH. Non-pharmaceutical 
measures for prevention of post-thrombotic syn-
drome Cochrane Database Syst Rev 2004; 1: 
CD004174. 

References 
1. Agnelli G, Piovella F, Buonchristiani P, Severi P, 

Pini M, D´Angelo A, et al. Enoxiparin plus com-
pression stockings compared with compression 
stockings alone in the prevention of venous 
thromboembolism after elective neurosurgery. N 
Engl J Med 1998; 339: 80–85. 

2. Agu O, Hamilton G, Baker D. Graduated com-
pression stockings in the prevention of venous 
thromboembolism. Br J Surg 1999; 86: 992–1004. 

3. Allan A, Williams JT, Bolton JP, Le Quesne LP. 
The use of graduated compressions stockings in 
the prevention of postoperative deep vein throm-
bosis. Br J Surg 1983; 70: 172–174. 

4. Amagiri SV, Lees TA. Elastic compression stock-
ings for prevention of deep vein thrombosis. 
Cochrane database Syst Rev 2000; 3: CD001484. 

5. Berqqvist D, Lindblad B. The thromboprophylac-
tic effect of graded compression stockings in com-
bination with dextran 70. Arch Surg 1984; 119: 
1329–1331. 

6. Bernstein R, Haim N, Brenner B, Sarig G, Bar-
Sela G, Gaitini D. Venous sonography for the diag-
nosis of asymptomatic venous thrombosis in pa-
tients with cancer undergoing chemotherapy. J 
Ultrasound Med 2004; 23: 655–658. 

7. . Best AJ, Williams S, Crozier A, Bhatt R, Gregg PJ, 
Hui AC. Graded compression stockings in elective 
orthopedic surgery. An assessment of the in vivo 
performance of commercially available stockings 
in patients having hip and knee arthroplasty. J 
Bone Joint Surg Br 2000; 82: 116–118. 

8. Bick RL, Kaplan BL. Thromboprophylaxis in sur-
gical patients. Eur J Med Res 2004; 9: 104–111. 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.234



Phlebologie 2/2008

67 

Compression in VTE prophylaxis

Correspondence to: 
Susanne L. Schulz 
Vivantes Medical Center Am Urban  
Department of Internal Medicine 
Cardiology – Angiology – Phlebology 
10967 Berlin, Germany 
Tel. +49/(0)30/1 30 22 53 32 
Fax +49/(0)30/1 30 22 51 04 
E-mail: Susanne.Schulz@vivantes.de

38. Lassen MR, Borris LC; Christiansen HM, Boll 
KL, Eiskjaer SP, Nielsen BW et al. Prevention of 
thromboembolism in190 hip arthroplasties. Com-
parison of LMW heparin and placebo. Acta Or-
thopScand 1991; 62: 33–38. 

39. Lassen MR, Borris LC, Nakov RL. Use of the low-
molecular-weight heparin Reviparin to prevent 
deep-vein thrombosis after leg injury requiring 
immobilization. N Engl J Med 2002; 347: 
726–730. 

40. Leclerc JR, Gent M, Hirsh J, Geerts WH, Ginsberg 
JS. The incidence of symptomatic thromboembol-
ism during and after prophylaxis with enoxaparin: 
A multicenter cohort study of patients who under-
went hip or knee arthroplasty. Canadian Collabor-
ative Group. Arch Intern Med 1998; 158: 
873–878. 

41. Leizorovicz A, Cohen AT, Turpie AG, Olson CG, 
Vaitkus PT, Goldhaber SZ. Randomized, placebo-
controlled trial of dalteparin for the prevention of 
venous thromboembolism in acutely ill medical 
patients. Circulation 2004; 110: 874–879. 

42. Levine MN, Gent M, Hirsh J, Weitz J, Turpie AG, 
Powers P et al. Ardeparin (low-molecular-weight 
heparin) vs graduated compression stockings for 
the prevention of venous thromboembolism. A 
randomized trial in patients undergoing knee sur-
gery. Arch Intern Med 1996; 156: 851–856. 

43. Mellbring G, Palmer K. Prophylaxis of deep vein 
thrombosis after major abdominal surgery. Com-
parison between dihydroergotamine-heparin and 
intermittent pneumatic calf compression and 
evaluation of added graduated static compression. 
Acta Chir Scand 1986; 152: 597–600. 

44. Mismetti P, Laporte-Simitsidis S, Tardy B, Cuche-
rat M, Buchmüller A, Juillard-Delsart D et al. Pre-
vention of venous thromboembolism in internal 
medicine with unfractioned or low molecular 
weight heparins: A meta analysis of randomized 
clinical trials. Thromb Haemost 2000; 83: 14–19. 

45. Nicolaides AN, Dupont P, Douglas N et al. Small 
doses of subcutaneous heparin preventing deep-
vein thrombosis in major surgery. Br J Surg 1972; 
59: 914. 

46. Nicolaides A, Fareed J, Kakkar A, Breddin H, 
Goldhaber S, Hull R, Kakkar V, Michiels J, Myers 
K, Samama M, Sasahara A, Kalodiki E. Fareed. 
Prevention and treatment of venous thromboem-
bolism. International Consensus Statement. Int 
Angiol 2006; 25: 101–162. 

47. Nurmohamed MT, van Riel AM, Henkens CM, 
Koopman MM, Que GT, d'Azemar P et al. Low 
molecular weight heparin and compression stock-

ings in the prevention of venous thromboembol-
ism in neurosurgery. Thromb Haemost 1996; 75: 
233–238. 

48. Pengo V, Lensing AW, Prins MH, Marchiori A, Da-
vidson BL, Tiozo F et al. Incidence of chronic 
thromboembolic pulmonary hypertension after 
pulmonary embolism. N Engl J Med 2004; 350: 
2257–2264. 

49. Prins MH, Hirsh J. A comparison of general an-
aesthesia and regional anaesthesia as a risk factor 
for deep vein thrombosis following hip surgery: a 
critical review. Thromb Haemost 1990; 64: 
497–500. 

50. Sagar S, Nairn D, Stamatakis JD, Maffei FH, Hig-
gins AF, Thomas DP, Kakkar VV. Efficacy of low-
dose heparin in prevention of extensive deep-vein 
thrombosis in patients undergoing total-hip re-
placement. Lancet 1976; 1: 1151–1154. 

51. Samama CM, Clergue F, Barre J, Montefiore A, 
ILL P, Samii K and the Arar Study Group. Low 
molecular weight heparin associated with spinal 
anaesthesia and gradual compression stockings in 
total hip replacement surgery. Br J Anaesth 1997; 
78: 660–665. 

52. Samama MM, Cohen At, Darmon JY, Desjardin 
L, Eldor A, Janbon C et al. A comparison of enox-
parin with placebo for the prevention of venous 
thromboembolism in acutely ill medical patients 
N Engl J Med 1999; 341: 793–800. 

53. Sarmiento A, Goswami AD. Thromboembolic 
prophylaxis with use of aspirin, exercise, and 
graded elastic stockings or intermittent compres-
sion devices in patients managed with total hip 
arthroplasty. J Bone Joint Surg Am 1999; 81: 
339–346. 

54. Schwarcz TH, Quick RC, Minion DJ, Kearny PA, 
Kwolek CJ, Endean ED. Enoxaparin treatment in 
high risk trauma patients limits the utility of sur-
veillance venous duplex scanning. J Vasc Surg 
2001; 34: 447–452. 

55. Scurr JH, Ibrahim SZ, Faber RG, Le Quesne LP. 
The efficacy of graduated compression stockings 
in the prevention of deep vein thrombosis. Br. J 
Surg 1977; 64: 371–373. 

56. Scurr JH, Coleridge-Smith PD, Hasty JH. 
Regimen of improved effectiveness of intermit-
tent pneumatic compression in deep venous 
thrombosis prophylaxis. Surgery 1987; 102: 
816–820. 

57. Sigel B, Edelstein AL, Savitch L, Hasty JH, Felix 
WR. Type of compression for reducing venous 
stasis. A study of lower extremities during inactive 
recumbency. Arch Surg 1975; 110: 171–175. 

58. Torngren S. Low dose heparin and compression 
stockings in the prevention of postoperative deep 
venous thrombosis. Br J Surg 1980; 67: 482–484. 

59. Turpie AG, Bauer KA, Eriksson BI, Lassen MR. 
Fondaparinux vs enoxaparin for the prevention of 
venous thromboembolism in major orthopedic 
surgery: A meta-analysis of 4 randomized double-
blind studies. Arch Intern Med 2002; 162: 
1833–1840. 

60. Wells PS, Lensing AW, Hirsh J. Graduated com-
pression stockings in the prevention of postoper-
ative venous thromboembolism. A meta-analysis. 
Arch Intern Med 1994; 154: 67–72. 

61. Wienert V, Waldermann F, Zabel M, Rabe E, 
Jünger M, Kahle B, Földi E. Leitlinie: Medizin-
ischer Prophylaxestrumpf. Phlebologie 2004; 33: 
135–138. 

62. Wildin CJ, Hui AC, Esler CN, Gregg PJ. In vivo 
pressure profiles of thigh-length graduated com-
pression stockings. Br J Surg 1998; 85: 
1228–1231. 

63. Wille-Jorgensen P, Thorup J, Fischer A, Holst-
Christensen J, Flamsholt R. Heparin with and 
without graded compression stockings in the pre-
vention of thrombembolic complications of major 
abdominal surgery: A randomized trial. Br J Surg 
1985; 72: 579–581. 

64. Wille-Jorgensen P, Hauch O, Dimo B, Christensen 
SW, Jensen R, Hansen B. Prophylaxis of deep ve-
nous thrombosis after acute abdominal operation. 
Surg Gynecol Obsest 1991; 172: 44–48. 

65. Wille-Jorgensen P, Rasmussen MS, Andersen BR, 
Borly L. Heparins and mechanical methods for 
thromboprophylaxis in colorectal surgery. Coch-
rane Database Syst Rev 2001; 3: CD001217. 

66. Zajkowski PJ, Proctor MC, Wakefield TW, Bloom 
J, Blessing B, Greenfield LJ. Compression stock-
ings and venous function. Arch Surg 2002; 137: 
1064–8. 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.phlebologieonline.de on 2012-05-28 | IP: 38.107.179.234


