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The results of randomized clinical trials evaluating commonly
used methods of deep vein thrombosis (DVT) prophylaxis in
moderate- and high-risk general surgery patients were pooled
to obtain an unbiased estimate of efficacy and risks. Low-dose
heparin (LDH), dextran, heparin-dihydroergotamine
(HDHE), intermittant pneumatic compression (IPC), and
graded elastic stockings significantly reduced the incidence of
DVT; aspirin was ineffective. In contrast to other methods,
elastic stockings have not been adequately studied to determine
their value in reducing DVT in high-risk patients, such as
those with malignancy. Only LDH and dextran were studied in
numbers of patients sufficient for demonstrating a clear reduc-
tion in pulmonary embolism (PE). In comparison studies, LDH
was superior to dextran in preventing DVT, but the two agents
were equivalent in protecting against PE. Although HDHE
was manally better than LDH in preventing DVT, it ap-
peared to have no advantage in preventing PE-at least in
moderate-risk patients. The incidence of major hemorrhage
was not increased with any of the prophylactic agents. How-
ever, wound hematomas occurred significantly more frequently
with LDH, an effect noted in the pooled data from double-blind
and open trials. In comparison trials with LDH, both dextran
and HDHE had significantly fewer wound hematomas. LDH
administered every 8 hours appeared more effective in reduc-
ing DVT than LDH administered every 12 hours; the incidence
of wound hematomas was equivalent with both regimens.

A LARGE BODY OF LITERATURE has developed
evaluating the benefits and risks of pharmaco-
logic and physical agents used to prevent post-

operative venous thromboembolism. Despite the con-
vincing evidence of the efficacy ofmany agents, surveys
conducted in the United States,' England2 and Sweden3
document wide practice variations among surgeons; ap-
proximately one half of surgeons in these countries use
specific prophylaxis in less than one fifth of their pa-
tients. Skepticism of prophylaxis has, in part, been en-
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gendered by perceived variations in the actual risk of
postoperative venous thromboembolism,4 fear of un-
desirable side effects (principally bleeding),7'8 and con-
cerns about costs.9"0 Much ofthe reluctance ofsurgeons
to use prophylaxis, however, stems from the confusing
and contradictory results of multiple clinical trials. Be-
wilderment is compounded by the large number of pro-
phylactic methods advocated (over 25 were found on a
recent review ofthe literature"), variations in end points
used to judge efficacy and side effects, the uncertainty of
the clinical relevance of end points such as calf vein
thrombosis, and the lack of comparative trials evaluat-
ing methods against each other.

Recently, a new type of research, termed meta-analy-
sis, has been developed to combine and analyze the re-
sults of randomized, controlled trials.'2 By pooling the
results of several clinical trials, meta-analysis increases
the statistical power for primary end points and for sub-
groups and helps resolve uncertainty when reports dis-
agree. The technique is particularly appropriate when an
endpoint is so rare that huge clinical trials are necessary
for definitive answers. Such is the case with postopera-
tive pulmonary embolism. While many trials demon-
strate that the incidence of leg vein thrombosis is re-
duced by prophylactic agents, very few are large enough
to show a definite reduction in pulmonary embolism.
One randomized, controlled trial, the International
Multicentre Trial, demonstrated a striking reduction in
fatal postoperative pulmonary embolism among general
surgical patients treated with low-dose heparin.'3 How-
ever, the findings were obscured by the contrary results
of one of the participating centers in this trial and the
ensuing controversy that played out in the medical liter-
ature.'4"5 Because uncertainties remain with regard to
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the ultimate value of perioperative low-dose heparin
and other prophylactic methods in preventing venous
thromboembolism, 16 and because there are a large num-
ber of published small and moderate-sized randomized
trials in general surgical and related patients, the benefits
and risks of prophylactic strategies are particularly well-
suited to meta-analysis.

Methods

A computer search of the English language medical
literature was carried out to obtain published reports of
randomized trials of methods of perioperative venous
thromboembolism prophylaxis in general surgery pa-
tients. The search scanned a 10-year period (up to Au-
gust 1986); in order to obtain earlier and additional
studies, this search was supplemented by checking the
bibliographies of comprehensive references'7'20 and the
bibliographies of articles obtained from the computer
search. Only trials evaluating antithrombotic drugs and
physical methods that are generally available and in
widespread use were chosen for meta-analysis. These
included low-dose heparin (LDH), dextran, low-dose
heparin-dihydroergotamine (HDHE), intermittant
pneumatic compression (IPC), graded compression
elastic stockings, and aspirin alone or in combination
with dipyridamole. For a patient to be considered for
this meta-analysis, at least four randomized trials had to
be available. Specifically excluded from review were
newer agents (such as low molecular weight heparin),
and combinations ofestablished methods (such as LDH
or dextran combined with elastic stockings or IPC), even
though these prophylactic methods appear promis-
ing.21-26 The former were not considered because they
are not available for general use, and the latter were
excluded because too few reported clinical trials were
available for analysis. Only randomized trials ofpatients
treated with a prophylactic method compared with con-
trol patients or compared with patients treated with an-
other prophylactic method were selected. The trials had
to be published in peer-reviewed journals; abstracts,
brief reports, and unpublished trials were not included
because of the possibility of unreliable data.'2
For purposes ofthis review, the term "general surgery

patient" is broad and refers to any patient over the age of
40 years undergoing major abdominal surgery. In most
trials, the bulk of these patients had elective gastrointes-
tinal (G.I.) surgery. In many, patients with gynecologic
and urologic conditions were included, and, in a few,
patients having mastectomy, pulmonary operations, or
vascular procedures were also studied. Because it is not
clear that the risk of perioperative venous thromboem-
bolism is substantially different among these subgroups
and because it was impossible to segregate these patients
in most trials, all were considered general surgical pa-

tients. On the other hand, patients having orthopedic
operations have different risks as well as different re-
sponses to prophylactic agents,'7"19 and these patients
were excluded from analysis. Also excluded were trials
of patients undergoing only inguinal hernia repair, vagi-
nal hysterectomy, transurethral prostate resection, or
minor operations. In some instances, these types of pa-
tients may have been included among much larger num-
bers of general surgery patients; in these trials, however,
such patients comprised a minority.
The following end points were considered for meta-

analysis: positive radioactive fibrinogen uptake test
(+FUT) for deep vein thrombosis (DVT), +FUT con-
firmed by phlebography, above-knee deep vein throm-
bosis (AK DVT), all pulmonary emboli (PE) (includes
nonfatal and fatal), fatal pulmonary emboli (FPE),
major hemorrhage, and wound hematoma. The clinical
diagnosis of PE had to be confirmed by lung scan, pul-
monary angiography, or autopsy. Cases in which PE was
not confirmed with objective tests were not counted. In
some trials, all patients had perfusion lung scans per-
formed after surgery. Because of the uncertain specific-
ity of abnormal perfusion lung scans in postoperative
patients having no other signs and symptoms ofPE, and
because ofthe large number ofabnormal results in these
trials that might skew the results, these cases were not
included for meta-analysis. AK DVT was considered
present when the FUT was unequivocally abnormal in
the thigh or when phlebography demonstrated
thrombus in the deep veins of the thigh. Major hemor-
rhage was defined as bleeding not due to faulty surgical
technique that led to reoperation, transfusion, or death.
Discontinuation of an antithrombotic drug because of
perceived excessive bleeding during surgery was not con-
sidered unless another criterion for major hemorrhage
was described. Although some trials used discontinua-
tion of an antithrombotic drug because of "excessive
bleeding" as an end point, this was considered too sub-
jective and poorly defined (particularly when described
in open trials where physicians knew which patients
were treated) to be used for meta-analysis. Wound he-
matoma was defined as an abnormal collection ofblood
in the surgical wound. In most trials, criteria for the
presence or absence of wound hematoma were not pre-
cisely defined. Descriptions varied all the way from
bruising about the wound to collections ofblood that led
to reopening the wound or wound infection. Because
investigators, in general, did not give separate account-
ing for these different manifestations of wound hema-
toma, all were counted for meta-analysis. Injection site
complications (usually mild bruising) were specifically
not considered wound hematomas. In at least four inde-
pendent studies, the statistical analysis involved the
comparison of end point or non-end point status for
treated versus control groups. The Mantel-Haenszel
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analysis allows the comparison across studies without
the direct comparison of subjects from different stud-
ies.27 To accomplish the analysis, the SAS package was

utilized on a VAX' 1 1/780 computer. As an estimate of
relative risk, odds ratios were computed for treated
versus controls, along with a 95% confidence interval for
each odds ratio.28
The data from each trial were analyzed in two ways.

First, end points in all patients randomized were

counted, even if patients didn't receive the assigned
treatment or were withdrawn from the study because of
protocol violations (intention-to-treat method). Second,
only end points occurring in patients who completed
protocols (dropouts, withdrawals, and protocol violators
excluded from final analysis) were counted (efficacy
method). When the final data were pooled and analyzed,
in no instance were the end results different, regardless
of whether efficacy or intention-to-treat methods were

used. Results based on efficacy are presented in Tables
1-7. Prophylactic methods are presented in descending
order of frequency of the number of trials (patients)
reported for a given method.

Results

Incidence of Thromboembolic End points Among Con-
trol General Surgery Patients

To assess the magnitude of the problem of venous

thromboembolism among general surgery patients, the
incidence ofthromboembolic end points was calculated
in control patients pooled from all trials of prophylactic

methods (Table 1). The overall incidence of DVT
(+FUT) was 25%; in trials in which the FUT was veri-
fied by phlebography, the incidence was 19. 1%. The
lower incidence from studies using confirmatory phle-
bography probably reflects the 10-20% false positive
rate with the FUT29 and is, therefore, more accurate. In
16 studies, it was possible to separate patients with ma-

lignant disease; the incidence of DVT (+FUT) was

29.1% among these patients. A discrepancy was noted in
the incidence of DVT (+FUT) between trials reported
from Europe and North America. The pooled results
from 37 European trials documented an incidence of
29.7%. In comparison, the incidence was approximately
one half this, 16.1%, from 14 North American trials.

Studies have documented that until leg vein thrombi
extend into the popliteal and more proximal veins, they
pose little embolic risk and are of small clinical conse-

quence.303' In assessing the more serious end point of
AK DVT, data were available in control patients from
16 trials (Table 1). The incidence ofAK DVT was 6.9%.
The overall incidence of PE (fatal and nonfatal) was

1.6%, and the incidence ofFPE was 0.87%.

Low-Dose Heparin

There were 29 trials in which over 8000 general sur-

gery patients were randomized to LDH or control
groups (Table 2). In all studies, heparin (5000 units) was
given subcutaneously 2 hours before operation and after
surgery, was continued every 8 or 12 hours for 7 days,
until patients were fully ambulatory or discharged. The
incidence ofDVT (+FUT) was 8.7% among treated pa-

TABLE 1. Venous Thromboembolism in Control General Surgery Patients

End Point No. Trials References No. Patients Incidence (95% CI)

DVT(+FUT) 54 13, 14,34-56,66-71,82-88, 1084/4310 25.1% (23.9-26.5)
90-97, 101, 111-114,
116-118

Confirmed DVT 20 34, 36, 39-41, 52, 56, 66-68, 288/1507 19.1% (17.1-21.1)
(+FUT, phlebogram) 83, 84, 86, 87, 95, 101,

113, 114, 116
DVT (+FUT) 16 37, 39, 42, 47, 48, 66, 67, 159/546 29.1% (25.3-32.9)

(Malignant disease) 70, 84, 87, 90, 94, 111,
116-118

DVT (+FUT) (Europe) 37 13, 14,35-37,42-47,49-51, 824/2775 29.7% (28.0-31.4)
53-55, 69-71, 82-85, 87,
88, 90-94, 96, 97, 111,
112, 114, 118

DVT (+FUT) (North 14 34, 39-41,48, 52, 56, 66,67, 178/1111 16.1% (13.9-18.3)
America) 95, 101, 113, 116, 117

AK DVT 16 14, 36, 39, 43, 49, 52, 66-71, 83/1206 6.9% (5.5-8.3)
83,91, 116, 117

All PE 32 13, 14, 32, 34-37, 39-42, 45, 82/5091 1.6% (1.3-1.9)
47, 48, 52, 53, 55, 66, 67,
69-71,82,83,85,88,91,
92,96, 101, 116, 117

FPE 33 13, 14, 32-37,40-42, 45, 47, 48/5547 0.87% (0.63-1.1)
48, 52, 53, 55, 66-71, 82,
83, 85, 88, 91, 96, 101,
116, 117
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PREVENTION OF VENOUS THROMBOEMBOLISM

tients versus 25.2% among controls (p < 0.001). In eight
trials, the FUT was confirmed with phlebography. Al-
though the overall incidence ofDVT was less in treated
(6%) and control (15.4%) groups, the significant (p
< 0.001) beneficial effect of LDH remained. Eleven
studies were double-blind trials in which control pa-
tients received saline placebo injections. The incidence
of DVT (+FUT) was 11.6% in treated patients versus
24.6% in controls (p < 0.001). In ten trials, the effect of
LDH in subgroups of patients with malignant disease
was noted. Among these patients, the incidence ofDVT
(+FUT) was 11.6% with LDH treatment and 24.6% in
controls (p < 0.001).
The effects ofLDH on the more serious end points of

AK DVT and PE were also assessed (Table 2). In 12
randomized trials, information was available for AK
DVT. The incidence of AK DVT was 1.4% in LDH-
treated patients versus 6.4% among controls (p < 0.001).
All PE, assessed in 20 trials, was halved by LDH treat-
ment; the incidence was 0.5% in treated patients com-
pared to 1.2% in controls (p < 0.001). Even more im-
portant, LDH reduced the incidence of FPE by two
thirds. The pooled data from 24 randomized trials docu-
mented a 0.2% incidence ofFPE among treated patients
versus 0.7% in controls (p < 0.001). The bulk ofthe data
concerning FPE came from three studies designed for
observing the effect ofLDH on this end point.'3'32'33 In
each of these studies, LDH significantly reduced the oc-
currence of FPE.

Information concerning hemorrhagic complications
was available from 21 trials (Table 2). Four were dou-
ble-blind studies, and the results from these were ana-
lyzed separately. The overall incidence of major hemor-
rhage was identical (0.33%) among LDH-treated and
control patients. Although the incidence was higher in
treated (1.8%) and control groups (0.8%) in double-blind
trials, the difference between the groups was not signifi-
cant. In contrast, wound hematomas were significantly
(p < 0.001) more frequent with LDH-treated patients
(6.3%), compared to controls (4.1%) (p < 0.001). This
relationship was confirmed by examining data from
double-blind trials in which the incidence ofwound he-
matomas was 8.0% with LDH treatment, as compared
to 2.3% among controls (p < 0.01).
An attempt was made to determine if there was a

dosage effect ofLDH in reducing DVT. Although there
were no randomized studies that directly compared
LDH that was administered every 12 hours with LDH
administered every 8 hours, there were 3421,22,3465 stud-
ies in which general surgery patients were treated with
the every-12-hours regimen and 15 studies13,1465-78 in
which patients were treated with the every-8-hours regi-
men. These studies included controlled trials evaluating
LDH, noncontrolled studies, and trials comparing LDH
with other prophylactic methods. These data were not

amenable to analysis with Mantel-Haenszel statistical
methods. The data were simply pooled to obtain a gross
proportion (incidence) with its 95% confidence interval.
In general surgical patients treated with LDH every 12
hours, 289 of 2446, or 11.8% (95% CI, 10.6-13.1%), had
DVT (+FUT); in patients treated with LDH every 8
hours, 153 of 2039, or 7.5% (95% CI, 6.4-8.6%), had
DVT (+FUT).
A separate analysis was performed to determine if

there was a difference in the frequency of hemorrhagic
complications between patients administered LDH
every 12 hours and those administered LDH every 8
hours. There were 18 studies* available in which the
frequency of major hemorrhage was noted for patients
administered LDH every 12 hours. Major hemorrhage
occurred in 36 of 3839 patients for an incidence of0.9%
(95% CI, 0.6-1.2%). In eight studies'4'67'68'69'73-76 in
which LDH was administered every 8 hours, 20 of 1142
patients, or 1.8% (95% CI, 1.0-2.6%), suffered major
hemorrhage. Although this number is higher in compar-
ison to that of patients who received LDH every 12
hours, the confidence intervals overlap, and it is doubt-
ful that the difference is real. With regard to wound
hematomas, the incidence was identical-with LDH
administered every 12 hours,t 226 of 3272 patients, or
6.9% (95% CI, 6-7.8%), had hematomas, and with LDH
administered every 8 hours,'3"4'67'68'73-76 211 of 3048 pa-
tients, or 6.9% (95% CI, 6-7.8%), had hematomas. Thus,
while there appeared to be a dosage effect with regard to
the beneficial effects ofLDH in reducing DVT, this was
no apparent increase in hemorrhagic complications.

Dextran

Ten randomized, controlled trials of dextran, involv-
ing over 1500 general surgery patients were available for
analysis (Table 3). In seven of these trials, dextran 70
(mean molecular weight, 70,000) was used;37'47'82'-
83,84,85,86 in two, dextran 40 (mean molecular weight,
40,000) was used;'4'87 and in another, both preparations
were evaluated.88 Because both are probably equally ef-
ficacious88 in preventing venous thromboembolism, the
data from all ten studies were pooled. In these studies,
dextran (500-1000 ml) was administered intravenously
over a period that began during operation and contin-
ued for 2-6 hours afterwards. It was then infused daily
(usually 500 ml) for 1-7 days.
The incidence of DVT (+FUT) was 15.6% among

treated patients and 24.2% in controls (p < 0.001)
(Table 3). In four trials, it was possible to analyze sepa-

References 21, 22, 32, 37,39, 41,42,48, 52, 54, 55, 58, 59, 61, 62,
72, 79.

t References 21, 22, 36, 39, 41,42,48, 52, 54, 55, 58, 59,61,62, 72,
78, 79, 81.
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rately patients with malignant disease. In these patients,
treatment with dextran reduced the incidence of DVT
(+FUT) from 43.7% in controls to 23.4% (p = 0.004).
There were too few trials that provided information
about AK DVT to analyze this end point. However,
many trials were designed to test the efficacy of dextran
in preventing PE. The incidence of PE was 1.2% in pa-
tients treated with dextran and 2.8% among controls (p
< 0.01). Dextran also prevented FPE; the incidence was
0.27% in treated patients versus 1.5% in controls (p
< 0.01). In two studies, the reduction in PE with dextran
prophylaxis was either significant85 or approached sig-
nificance,'4 and in one that was a double-blind trial, the
reduction in autopsy-verified FPE was significant.85 In
five trials, the frequency of major hemorrhage was
stated. Although the incidence was higher among dex-
tran-treated patients (0.25%) as compared to controls
(0%), this difference was not statistically significant.

Low-Dose Heparin Versus Dextran

Since the data from controlled trials suggest that LDH
and dextran prevent PE, it is instructive to analyze data
from trials in which the two antithrombotic agents are
directly compared. There were five such trials involving
over 4800 patients (Table 4). LDH proved superior to
dextran in preventing DVT (+FUT), the incidence of
which was 9.5% in LDH-treated patients versus 21.0% in
dextran-treated patients (p < 0.001). Most of this differ-
ence was accounted for by the greater frequency of leg
DVT among dextran-treated patients. In two trials,14.75
AKDVT was assessed, and in neither was there a signifi-
cant difference between LDH and dextran treatment.
Dextran was also equivalent to LDH in preventing PE.
In LDH-treated patients, the incidence of all PE and
FPE was 0.82% and 0.42%, respectively, and 0.68% and
0.31%, respectively, in dextran-treated patients. These
differences between agents were not significant.
Major hemorrhage was slightly more common in

dextran-treated patients. The incidence was 1.8%
among LDH-treated patients versus 2.5% in dextran-
treated patients. Although this difference approached
statistical significance (p = 0.07), most ofthe episodes of
major hemorrhage associated with dextran came from
one trial,75 and a similar trend was not observed in the
other studies. This, coupled with the information from
controlled trials (which fails to document an increase in
major hemorrhage with dextran treatment), suggests
that dextran and LDH are equivalent in this regard. By
contrast, there was a twofold increase in wound hema-
tomas with LDH treatment (Table 4). The incidence of
wound hematoma was 3.5% with dextran treatment and
7.0% with LDH treatment (p < 0.001). The increase in
wound hematomas with LDH treatment was observed
in four of the five studies.
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PREVENTION OF VENOUS THROMBOEMBOLISM

HDHE Versus Low-Dose Heparin

Nine randomized trials involving over 1600 general
surgery patients compared HDHE and LDH (Table 5).
In seven trials, 48,64,65,72,74,78,89 the HDHE combination
5000 units of heparin plus 0.5 mg ofdihydroergotamine
was administered subcutaneously 2 hours before and
every 12 hours after operation. In two trials, the heparin
dose in HDHE was reduced to 2500 units and the com-
bination agent administered after surgery every 873 or 12
hours.78 In the groups randomized to receive LDH
alone, the dose was 5000 units administered subcutane-
ously 2 hours before operation and every 12 hours (three
studies)48'64'65 or every 8 hours (six studies)42-81'85-87'89-99
after operation.
HDHE was superior in reducing the frequency of leg

vein thrombi; the incidence of DVT (+FUT) among

patients treated with HDHE was 9.0%, as compared to
14.5% in patients treated with LDH (p < 0.001) (Table
5). There were not enough data from these trials for
subgroup analysis to determine if there were differences
between HDHE and LDH in reducingAK DVT and the
incidence of DVT (+FUT) in patients with malignant
disease. However, the occurrence of PE was docu-
mented in eight of these studies. There was no signifi-
cant difference in the incidence of PE, which was 2.0%
in patients treated with HDHE and 2.8% in patients
treated with LDH (p = 0.37).
Of interest was an apparent difference in the fre-

quency of hemorrhagic complications. The incidence of
major hemorrhage was 0.26% in patients treated with
HDHE and 1.6% in those treated with LDH (p = 0.007).
Although this appears to be a dramatic difference, nine
of the 12 cases of major hemorrhage in patients treated
with LDH came from one trial74 and when these data
were excluded, the incidences were equivalent. Further-
more, the much larger body of data from randomized
controlled trials demonstrates that LDH, whether ad-
ministered every 12 or 8 hours, does not cause major
hemorrhage. The data concerning wound hematoma are
more convincing, however. There was a twofold in-
crease in wound hematoma in patients treated with
LDH (7.2%) as compared to those treated with HDHE
(3.2%) (p = 0.004) (Table 5). This finding was consistent
in that in four of the five trials that assessed this end
point, wound hematomas were observed more often in
patients treated with LDH. The remaining trial was the
smallest and no hematomas were seen in either group.73

14)
N

C4

I1..

U,Z

CIt
QU

Intermittant Pneumatic Compression

There were nine randomized trials involving more
than 900 general surgical patients (Table 6). Five of
these trials were controlled, and four were trials in which
patients treated with IPC were compared with patients

0

'0

CU

0.
4)

0

V3

0%0

CU

4)

IC

0%

04)

C.)

04)

cU

(A

6
-

ZEr

'004*o

c

O £ o o O
v v

Cl o6 eq6lt N e %0

N m

00 0 en
t IO

r- 0
N 0o mn

*i *; m

I.- I-,

0
N

-: Cl

tl _-_c _O

ON 'fn 0 0
o

o>
Oent---O

-0

0%

00

0en00

N1 0%

C

Uf _% N

_I

0%-

o.'U:Cl
o o

No

'ro0-

-

'U^ t

cl

*

0,% 00

Cl_-1 I.

00 00

00 "

e'0 00

(00

0 00

-

No o.

-

E E
+ X O E

Vol. 208 * No. 2 233



CLAGETT AND REISCH Ann. Surg. * August 1988

-

V

666
en O 0.InO

( 0 _

-% 0 -I--
.

I-- I--
t- It 5o t

m - It dst
N e O. N
lq 0 C1

00 !m %0 C1oo en
q
n6 N - 6

6666O

00

, 00

I 0o.I1

I--00

oo

*/-

00 %0 (
0s - 0-

-

00
1-
-4

N xo _"o. N
N N 'r'--

-'-

0 eli N

9 9eet)

_% e~ 0t

*R t Q

0 0 C >
Ct_ l

ci

cli

N el --

'Cl fA. N 000 t N 'I.)

100l II00-N
0 10 -00t-%0 %0 N 00 %0 \0 N

-N -N -N

00 00 00 00
'CtIll 'Cl It

(O 00 00 k.

R 5

0

.-
k

N

0

Q
.-
0
S:

E.

*.b

LL

Cu

H

3
'04a

a-

0

Cu

I-N

aR
vn

ON

r'4O0 X

0-%
u

W)

4)_

8

0

4.)
_q

19
I--

-l

0V

9

d ci

*
m

00 N %0
000

6 66N
CO) ) 00

In'
00
00

*~j .0

Cu

4)

4)
ow

I..¢

C-a-
4)b

0
P4

o. I

'-
N

_~ _%00 -0

_ _R

00 ON

08
m

1-

108

ON 0
_ -

N

--"

N

Ile

o o
ONi Rt

F- =S E-

234

X

.-I

0-0
CS

'1-.

Cu

4.

'0

Cu

ER
in

ICu

0%

0.

I
4)

V

9

07

4)

0
Vcn0

.l

N

:

.-
Not

a.

o

wA,.

Cu
'V-

-a
Z.C

o

0Cu



Vol. 208 * No.2 PREVENTION OF VENOUS THROMBOEMBOLISM 235

receiving LDH. In the literature, there are other trials in
which individual legs of patients were randomized to
receive IPC (with the other leg serving as the control), V

but these trials are not included in our report. Although -_
different devices were used by the investigators, all pro-
vided rhythmic external extremity compression (one
compression lasting about 10 seconds per minute) with
inflation pressures of 35-40 mmHg. Most devices were a o
applied only to the legs. In two studies, the device was a s o o
sequential system that compressed the legs and thighs

I-,

and was complemented by elastic stockings.77"0 In all .: m
studies, the device was used intraoperatively and con- d a o
tinued for 1-5 days after operation.
IPC was effective in reducing the frequency of leg C

DVT; the incidence of DVT (+FUT) was 9.9% in pa-
tients receiving IPC, as compared to 20.3% in control
patients (p < 0.001) (Table 6). IPC also appeared effec-
tive in patients with malignant disease. On subgroup u 8
analysis of the pooled data from four trials, the inci- X.
dence ofDVT (+FUT) was 12.8% in patients with ma- a
lignant disease receiving IPC, as compared to 21.0% in
controls (p < 0.04). There were too few data available to X o
analyze the effect of IPC on the end points ofAK DVT
and PE. X

In the four trials in which IPC was compared _4
with LDH, there were nonsignificant trends suggesting
that IPC was more effective in reducing DVT ° a ,

(+FUJT).4 7'78 In pooling the data (Table 6), a signifi- l _
cant difference was observed; the incidence of DVT 8
(+FUT) was 6.9% in patients receiving IPC and 13.3% a
among those treated with LDH (p < 0.04) (Table 6). °
Because the number of patients in these trials was small
and because the incidence of DVT in the patients re-

en enceiving LDH was higher than expected (the data of || 00 .
Table 2, shows an incidence of 8.7%), it cannot be reli- >
ably concluded that IPC is more effective than LDH in
preventing DVT (+FUT).

Elastic Stockings Ile

The results of four randomized trials evaluating elas-
tic stockings were pooled (Table 7). In these trials in- O °
volving over 500 patients, patients wearing periopera-
tive elastic stockings were compared to control patients z .C
not receiving specific prophylactic measures. Trials in
which one of any given patient's legs were randomized _
to receive elastic stockings (with the unstockinged leg
serving as the control) were not included. Stockings were
fitted and applied 1 day before surgery and were worn
throughout the operation and the postoperative period,
until the patient was fully ambulatory or discharged.
Except in one study where below-knee stockings were
worn, the stockings were ofthe graded compression type t

.m
and extended above the knee.95 The overall incidence of | 5|
DVT (+FUT) in patients wearing stockings was 9.3%, o <
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and 24.5% in controls (p < 0.001). The findings were
consistent in that all four trials demonstrated a reduc-
tion in DVT (+FUT). There were too little data to assess
other thromboembolic end points, and too few compar-
ative trials to assess whether elastic stockings were equiv-
alent to other prophylactic methods.

Aspirin

Five randomized, controlled trials ofaspirin involving
over 700 patients were available for analysis (Table 7).
In two of these trials, aspirin was combined with dipyri-
damole.5094 The dosage of aspirin was 1.0-1.3 g daily in
divided dses and was started before surgery in all but one
study.'01 The incidence of DVT (+FUT) was 20.4%
among aspirin-treated patients and 23.3% in controls (p
= 0.33). There were too few data to assess other throm-
boembolic end points. In the two studies in which
aspirin was combined with dipyridamole, a greater re-
duction in DVT (+FUT) was observed, and in one,94 the
reduction was significant.

Discussion
As shown in the pooled data of Table 1, venous

thromboembolism is common among patients not re-
ceiving prophylaxis. It should be recognized that the
incidences of thromboembolic end points among con-
trol patients from randomized trials are not applicable
to all general surgery patients. In most trials, only pa-
tients over the age of40 years having major surgery were
entered. In many trials, to increase the frequency ofend
points for analysis, attempts were made to enter only
those patients with risk factors for venous thromboem-
bolism. In this sense, these incidences represent those
expected in moderate-to high-risk general surgery pa-
tients. On the other hand, these data may cause the
incidence ofAK DVT and PE to be seriously underesti-
mated. This is because all patients were followed with
the FUT, so that when this test became positive, most
patients were treated with anticoagulant therapy. This
would have reduced proximal extension of DVT and
prevented PE. Intensive surveillance with noninvasive
tests is an effective, albeit expensive, strategy for pre-
venting PE,9 and the incidences of thromboembolic
complications in control patients reflect the results ex-
pected with this method ofprophylaxis. Presumably, the
incidence of PE would be higher in general surgery pa-
tients receiving neither surveillance nor specific prophy-
laxis.
Do North American general surgery patients have a

lower incidence ofvenous thromboembolism than their
European counterparts? This question is raised by the
data that demonstrate the twofold increase in incidence
ofDVT (+FUT) among patients from European studies

(Table 1). The discrepancy has been noted by
others6 7"102 and has never been satisfactorily explained.
It is unknown whether this represents selection bias in
entering patients into trials (with higher risk patients
entered in European trials), true regional differences in
the incidence of venous thromboembolism, or differ-
ences in standards of care. Because DVT (+FUT) may
be considered a marker for more clinically relevant
thromboembolic end points such as PE,'03 it is possible
that the risk of PE is lower in North American general
surgery patients. Although this has never been docu-
mented, the assumption that the risk of venous throm-
boembolism is lower in this country has been a major
obstacle to surgeons' acceptance ofroutine prophylaxis.4
Of the prophylactic methods evaluated, LDH has

been studied the most completely. From pooled analy-
ses (Table 2), LDH reduces significantly the incidence of
DVT (+FUT), AK DVT, PE, and FPE in general sur-
gery patients. The reliability ofthese conclusions is rein-
forced by the large number of studies using phlebogra-
phy to confirm the FUT, the consistency of the results
from double-blind studies, and the autopsy verification
of FPE in studies assessing this end point. The data
suggest that there is a dose effect in that LDH adminis-
tered every 8 hours is more effective in preventing DVT
(+FUT) than is LDH administered every 12 hours. Al-
though this conclusion is not supported by randomized
trials comparing LDH administered every 12 hours with
LDH administered every 8 hours, it is consistent with
reports demonstrating superior DVT prophylaxis with
increased doses of heparin in high-risk patients.63"4

Despite its effectiveness, LDH causes wound hema-
tomas. This conclusion is supported by meta-analysis of
open and double-blind trials that documents a 1.5-4-
fold increase in wound hematomas in patients treated
with LDH (Table 2). Although this finding is neither
surprising nor alarming, the potential seriousness of this
complication has not received appropriate emphasis in
the past. The frequency of wound hematomas is high
enough that the risk:benefit ratio must be carefully con-
sidered in many general surgery patients. These would
include patients with impaired hemostasis; patients in
whom prosthetic material is being implanted and where
a hematoma might become infected and lead to an in-
fected prosthesis; patients undergoing procedures in
which there is a high likelihood ofwound infection (con-
taminated and clean-contaminated cases) and where a
hematoma could lead to wound sepsis and impaired
healing; and patients with compromised immune func-
tion (from cancer, malnutrition, or active immunosu-
pression) who are prone to wound infection. Patients
such as these comprise a large proportion of general
surgery patients and, unfortunately, are frequently at
high risk of perioperative venous thromboembolism.

236 CLAGETT AND REISCH
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Physicians caring for such patients must carefully con-
sider, on an individual basis, the risks of hemorrhage
versus the risk of DVT and PE. Alternate methods of
prophylaxis that do not carry an increased risk for
wound hematoma should be considered.

Because it is expensive and cumbersome to use, dex-
tran has never been a popular antithrombotic agent for
general surgery patients. This is surprising because, next
to LDH, it is the most completely studied prophylactic
method in randomized trials and the results of meta-
analysis suggest that it is effective in preventing PE and
FPE (Table 3). Paradoxically, the pooled data from
comparative studies (Table 4) suggest that dextran and
LDH are equivalent in preventing PE, but that dextran
is significantly less effective in preventing leg DVT.
These data suggest that dextran prevents growth and
extension of venous thrombi but does not prevent the
onset of thrombosis. Such a view is consistent with the
finding that a principal action of dextran is interference
with fibrin polymerization,105'106 such that formed clots
are more easily lysed.I07 By contrast, LDH is thought to
inhibit thrombogenesis.108 Although both dextran and
LDH may interfere with hemostasis, wound hematomas
are significantly less common with dextran prophylaxis.
This advantage might offset the expense and cumber-
some aspects ofdextran treatment in selected patients in
whom hematomas would be particularly undesirable.
HDHE is more effective than LDH in preventing leg

DVT (+FUT). Does this mean that it is a superior pro-
phylaxis of the more serious problems ofAK DVT and
PE? From comparative data, LDH and HDHE appear
to have an equivalent effect on the incidence of PE
(Table 5). Most of the patients in these studies were
moderate-risk general surgery patients. HDHE has been
shown to be effective in preventing DVT in some high-
risk patient groups (orthopedics) where LDH alone is
relatively ineffective."3 This suggests, indirectly, that the
greatest advantage of HDHE over LDH in preventing
PE would be realized only in high-risk general surgery
patients.
The one half reduction in wound hematomas with

HDHE when compared with LDH (Table 5) is of inter-
est. Investigators have suggested that the lower incidence
observed with HDHE was due to the administration of
less heparin; in most comparative trials, HDHE was ad-
ministered every 12 hours (10,000 units/day), whereas
LDH was administered every 8 hours (15,000 units/
day).72'74'76 However, as shown by the pooled data of
LDH trials, there is no difference in the incidence of
wound hematomas between the two LDH regimens. It is
possible that dihydroergotamine may have a hemostatic
effect, presumably by vasoconstriction, that protects
against wound hematoma formation from subcutane-
ous heparin. In general surgery patients particularly vul-

nerable to wound hematomas and associated complica-
tions (wound sepsis and dehiscence), HDHE may be
preferable to LDH.
IPC is a very attractive method ofprophylaxis because

there is no risk ofhemorrhagic complications. It is not as
well studied in randomized trials as LDH, dextran, and
HDHE. However, according to available data, it is ef-
fective in reducing leg DVT (+FUT) in general surgery
patients and in high-risk patients with malignant disease
(Table 6). There is even a suggestion that IPC may be
marginally superior to LDH in preventing DVT
(+FUT), but this conclusion is not firm because of the
small numbers of comparative trials involving small
numbers of patients. It is unknown whether IPC can
prevent PE in general surgery patients, but if leg DVT
(+FUT) is a valid marker for PE,103 this would be the
case. IPC has also been shown to be highly effective in
other high-risk patient groups (orthopedics and neuro-
surgery). 104l 10
Graded compression elastic stockings reduce the inci-

dence ofleg DVT (+FUT) but too few data are available
to assess their protective effect on AK DVT and PE.
Patients with malignant disease and other high-risk con-
ditions have not yet been evaluated in sufficient num-
bers to allow any conclusion with regard to the efficacy
of elastic stockings in these clinical settings. In fact, in
two of the studies pooled in Table 7, some high-risk
patients were specifically excluded.' 1'96 Further clinical
trials are needed in order for us to know if elastic stock-
ings are effective in such patients. Because elastic stock-
ings are free of side effects and are relatively cheap, it
would also be important to know the efficacy of elastic
stockings in comparison with other methods of prophy-
laxis.

Aspirin alone or in comparison with dipyridamole
appears ineffective. While individual trials have re-
ported variable reductions in DVT (+FUT), the aggre-
gate data (Table 7) demonstrate no beneficial effect.

Because of limited clinical experience, new prophy-
lactic methods that may have greater antithrombotic
effectiveness and a lower incidence of hemorrhagic side
effects are not included in this meta-analysis. The use of
combinations of established methods (particularly at-
tractive because the prophylactic may be summative)
are also excluded. Since this analysis involves reworking
ofolder data and ignores these newer approaches, it may
be viewed as incomplete. However, the data base should
provide a framework that will be helpful in evaluating
newer approaches to prophylaxis in general surgery pa-
tients.

Another limitation of this report is that the conclu-
sions reached are weakened by inherent shortcomings of
meta-analysis. While these shortcomings are detailed in
a recent report," it is worth emphasizing that the meth-
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odology, as applied here, involves a retrospective look at
prospective data. As such, it can never be as scientifi-
cally sound as a well-designed, randomized prospective
clinical trial ofthe total number of patients presented in
the meta-analysis. The main shortcomings include the
probability of inhomogeneity of patient populations
among different studies, variations in expertize and
methods of detection and reporting of end points, and
the potential for bias because ofinclusion ofnonblinded
trials. Despite these and other limitations, meta-analy-
sis, applied properly, can provide new insights and clini-
cally relevant information where randomized trials
would be impractical or where randomized trials have
been performed but have yielded inconclusive or con-
flicting results.
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