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ABSTRACT

Pulmonary embolism is the most common preventable cause of death in hospital patients and preven-
tion of venous thromboembolism (VTE) is cost-saving in high-risk patients. Low-dose anticoagulation
is very effective at preventing VTE but increases bleeding. Graduated compression stockings and
intermittent pneumatic compression devices are also used to prevent VTE and do not increase bleeding,
which makes their use appealing in patients who cannot tolerate bleeding, such as patients with acute
stroke. Studies that evaluated mechanical methods of preventing VTE were small and mainly used
asymptomatic deep vein thrombosis (DVT), detected using screening tests, as the study outcome.
The recently published CLOTS Trial 1 (Clots in Legs Or sTockings after Stroke) compared thigh-level
compression stockings with no stockings in about 2500 patients with stroke and immobility, and
found that thigh-level stockings were not effective. Indirectly, the findings of this study question
the ability of stockings to prevent VTE in other patient groups, including those after surgery. CLOTS 1
compared thigh-level and below-knee stockings in about 3000 patients with acute stroke. Given that
thigh-level stockings were ineffective in CLOTS 1, it is surprising that they were more effective than
below-knee stockings in CLOTS Trial 2. A possible explanation is that below-knee stockings increase
DVT, although this seems unlikely. CLOTS 1 and CLOTS 2 question whether graduated compression
stockings prevent VTE and suggest the need for further trials evaluating their efficacy in medical
and surgical patients.

Venous thromboembolism (VTE), which includes
deep vein thrombosis (DVT) and pulmonary em-
bolism (PE), is a major cause of morbidity and
mortality. After recurrent stroke and myocardial
infarction, PE is the most common cause of vas-
cular death, and PE is the most common cause
of preventable death in hospitalized patients.! In
addition, about one-third of patients with symp-
tomatic DVT develop the post-thrombotic syn-
drome, which is often disabling and is associat-
ed with substantial costs to patients and to soci-
ety. About half of all episodes of VTE are associ-
ated with hospitalization, with a similar number
of patients having been admitted to surgical and
medical wards.Z Of these episodes of VTE, about
half occur while patients are in hospital and half
occur after discharge. Because most fatal PE are

either not associated with preceding symptoms,
or such symptoms are not recognized, active pre-
vention of VTE rather than clinical screening is

the most effective way to prevent fatal PE. Pre-
vention of VTE in hospitalized patients is there-
fore a high priority, because it has the potential

to reduce the burden of VTE, including fatal ep-
isodes, by about one-third.

Virchow identified hypercoagulability, sta-
sis, and vessel wall injury as the most impor-
tant pathogenic mechanisms of thrombosis,
and 2 components of this triad are targeted by
methods to prevent VTE. Anticoagulant medi-
cations induce hypocoagulability, and mechani-
cal methods of prophylaxis reduce venous stasis.
Anticoagulants are the most widely used and ef-
fective way to prevent VTE; however, they have
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the disadvantage of increasing bleeding."3 Me-
chanical methods include graduated compres-
sion stockings, which reduce pooling of blood
in the deep veins by applying greater pressure
at the ankle than higher up the leg, and inter-
mitted pneumatic compression devices, which ac-
tively promote venous return by cyclical inflation
and deflation. The great advantage of graduated
compression stockings and intermittent pneu-
matic compression devices is that they do not
increase bleeding, which makes their use par-
ticularly appealing in patients who have a high
risk of bleeding, or if any bleeding is poorly tol-
erated. Patients with acute disabling stroke fall
into this category, especially those with intrac-
erebral hemorrhage. While these patients have
a high risk of developing VTE, there is a compet-
ing concern that anticoagulant therapies are as-
sociated with an increase in intracerebral hemo-
rrhage in patients with ischemic stroke, and an-
ticoagulants are contraindicated in patients with
primary acute intracerebral hemorrhage (about
20% of stroke).* Based on the evidence of their
efficacy in surgical patients® and on a single small
study suggesting that they are effective in pa-
tients with stroke,® graduated compression stock-
ings are often used to prevent VTE in patients
with stroke.b’ However, the results of 2 large
randomized trials,?®? including CLOTS Trial 2
(Clots in Legs Or sTockings after Stroke),? prompt
a re-evaluation of the role of graduated compres-
sion stockings for the prevention of VTE in pa-
tients with acute stroke and, by implication, in
other patient populations.

The CLOTS Trials are a series of 3 trials evalu-
ating mechanical interventions to prevent VTE in
patients with acute stroke. CLOTS Trial 1, which
compared thigh-level compression stockings to
control in about 2500 patients, found that thigh-

-level stockings did not appear to prevent the com-

bined outcome of asymptomatic proximal DVT
(detected by routine ultrasound examinations)
and symptomatic VTE (odds ratio 0.98, 95% con-
fidence interval [CI] 0.76 to0 1.27).8 CLOTS Trial 2,
which compared thigh-length stockings to be-
low-knee stockings in about 3000 patients with
acute stroke, found less VTE (same composite out-
come as in CLOTS 1) with thigh-level than with
below-knee stockings (odds ratio 0.69, 95% CI
0.53 to 0.91).% CLOTS Trial 3, which is ongoing,
is comparing intermittent pneumatic compres-
sion with control.

While interpretation of the findings of CLOTS 1
and, seperately, of CLOTS 2 appears straightfor-
ward, the combined interpretation of the 2 stud-
ies is more difficult. If thigh-level stockings are
ineffective (CLOTS 1), why are thigh-level stock-
ings more effective than below-knee stock-
ings (CLOTS 2)? One possibility considered by
the CLOTS investigators is that below-knee stock-
ings increase the risk of VTE. However, in the few
studies that assessed below-knee stockings in sur-
gical patients, and in long-distance air travellers,
below-knee stockings appeared to be effective.®0

Another possible explanation for the findings of
CLOTS 1 and 2 is that thigh-level stockings re-
duce VTE by about 20%. This modest reduction
could have been missed in CLOTS 1 and would
be consistent with the findings of CLOTS 2, if
below-knee stockings neither increased nor de-
creased the risk of VTE.

It does not appear that differences in study
design are likely to reconcile the findings of
CLOTS 1 and 2. Although there were differences
in the clinical centers that enrolled patients into
CLOTS Trials 1 and 2, the patient populations
in the 2 studies, the type of thigh-level stock-
ings used, follow-up after enrollment, the prima-
ry outcome to assess efficacy, and how this was
ascertained, were similar in the 2 studies. Also,
it seems unlikely that, independently of a truly
higher prevalence of thrombosis, a shorter stock-
ing would result in more leg symptoms or signs
that would prompt a search for DVT, or would re-
sult in more frequent diagnosis of DVT when ul-
trasound examination was performed (i.e., lead
to an increase in ascertainment of DVT).

Given the findings of CLOTS 1 and 2, how
should VTE be prevented in patients with acute
stroke? CLOTS 1 and 2 suggest that graduated
compression stockings are, at best, modestly ef-
fective at preventing venous thromboembolism in
patients with stroke and immobility, and their use
is associated with skin break down in about 5%
of patients.?? Intermittent pneumatic compres-
sion may be an effective alternative that is also
not associated with bleeding; however, this will
not be known until completion of CLOTS Trial 3.
Despite some concerns that low-dose unfraction-
ated heparin and low-molecular-weight heparin
increase intracerebral bleeding, as these agents
reduce VTE by about 75%, guidelines from a num-
ber of organizations recommend their use in pa-
tients with acute ischemic stroke and immobili-
ty who do not have additional contraindications
to anticoagulants.'"'2 Lack of a clearly effective
alternative to unfractionated heparin and low-

-molecular-weight heparin, in the form of grad-
uated compression stockings or other mechani-
cal methods, lends support to the use of these
agents in patients with acute ischemic stroke.
In patients with ischemic stroke who are consid-
ered unsuitable for anticoagulants (e.g., hemo-
rrhagic transformation) and in those with acute
intracerebral hemorrhage, it is reasonable to use
thigh-level stockings or intermittent pneumatic
compression, provided care is taken to avoid as-
sociated skin breakdown.

The unexpected finding from CLOTS 1 and 2
was that thigh-level stockings are not very ef-
fective at preventing VTE and that below-knee
stockings might even increase thrombosis. It sug-
gests that the efficacy of graduated compression
stockings for the prevention of VTE in general
(i.e., surgical and medical patients) needs to be
re-evaluated. Most of the evidence supporting
the efficacy of graduated compression stockings
in high-risk situations was obtained in studies
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of surgical patients."? These studies usually as-
sessed if stockings reduced the frequency of as-
ymptomatic DVT detected by screening of post
-operative patients with fibrinogen leg scanning.
This outcome has a number of important limita-
tions. First, fibrinogen leg scanning has limited
accuracy for the diagnosis of postoperative DVT
(i.e., associated with random error).'3 Second,
graduated compression stockings, by reducing
venous stasis, may reduce the frequency of ab-
normal fibrinogen leg scans more than it reduc-
es the presence of DVT (i.e., associated with sys-
tematic error or bias). Third, many of the DVT
that were detected by fibrinogen leg scanning
were confined to the distal veins. Fourth, asymp-
tomatic DVT, unless it progresses to acute symp-
tomatic DVT or PE, or causes the post thrombotic
syndrome, is not of importance to patients. In or-
der to overcome the limitations of previous stud-
ies, future studies evaluating graduated compres-
sion stockings should be large enough to assess
the frequency of symptomatic VTE, an outcome
that is clearly of importance to patients. Based
on current evidence, anticoagulant therapies are
preferred over mechanical methods for the pre-
vention of VTE in most high-risk hospitalized pa-
tients.! If anticoagulants are contraindicated, or if
graduated compression stockings are used in con-
junction with an anticoagulant agent, CLOTS 2
suggests that thigh-level stockings are prefera-
ble to below-knee stockings.
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STRESZCZENIE

Zatorowo$¢ ptucna jest najczestszg przyczyng zgondéw szpitalnych, ktérej mozna zapobiegac, a prewencja
zylnej choroby zakrzepowo-zatorowej (ZChz2) ogranicza koszty leczenia u pacjentéw wysokiego ryzyka.
Leki przeciwzakrzepowe stosowane w matej dawce sa bardzo skuteczne w zapobieganiu ZChZZ, zwigk-
szaja jednak ryzyko krwawienia. W zapobieganiu ZChZZ stosowane s3 takze poiczochy o stopniowanym
ucisku i urzadzenia generujgce przerywany ucisk, ktore nie zwigkszajg ryzyka krwawienia. Ich uzycie jest
korzystne w grupie pacjentdw, u ktérych krwawienie wigze sie z duzym ryzykiem zgonu, np.: u chorych
ze $wiezym udarem mézgu. Badania oceniajace mechaniczne metody zapobiegania ZChZZ sg nieliczne,
a ich punkt koncowy stanowi gtéwnie bezobjawowa zakrzepica zyt gtebokich, potwierdzana za pomoca
testéw przesiewowych. Niedawno opublikowane badanie CLOTS 1 (Clots in Legs Or sTockings after
Stroke), w ktérym wséréd ok. 2500 unieruchomionych pacjentéw z udarem mdézgu poréwnano grupe
stosujgcg udowe ponczochy o stopniowanym ucisku z grupa niestosujacg ponczoch, nie wykazato ich
skutecznosci. Posrednio wyniki tego badania budzg watpliwo$¢ co do skuteczno$ci ponczoch ucisko-
wych w zapobieganiu ZChZZ u innych grup pacjentéw, w tym u pacjentéw po przebytych operacjach
chirurgicznych. W badaniu CLOTS 2 oceniano zastosowanie poficzoch uciskowych zaktadanych na cata
konczyne dolng i podkolanowych u ok. 3000 pacjentéw ze $§wiezym udarem mézgu. Wobec wynikéw
badania CLOTS 1 wskazujacych, ze poriczochy uciskowe zaktadane na cata konczyne dolng sg nieskuteczne,
wyniki badania CLOTS 2 dowodzace wigkszej skuteczno$ci poiiczoch zakiadanych na catg koriczyne dolng
w poréwnaniu z podkolanowymi sg zaskakujgce. Chociaz wydaje sige to mato prawdopodobne, mozli-
wym wyttumaczeniem jest fakt, ze poriczochy podkolanowe zwiekszaja ryzyko ZChZZ. Badania CLOTS 1
i CLOTS 2 podaja w watpliwo$¢, czy ponczochy o stopniowanym ucisku zapobiegaja wystepowaniu
ZChZZ i wskazuja na potrzebe prowadzenia kolejnych badan oceniajacych ich skuteczno$é u pacjentéw
internistycznych i chirurgicznych.
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