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Low molecular weight heparin in prevention of perioperative

thrombosis

A Leizorovicz, M C Haugh, F-R Chapuis, M M Samama, J-P Boissel

Abstract

Objective—To determine whether prophylactic
treatment with low molecular weight heparin reduces
the incidence of thrombosis in patients who have had
general or orthopaedic surgery.

Design— Meta-analysis of results from 52 ran-
domised, controlled clinical studies (29 in general
surgery and 23 in orthopaedic surgery) in which low
molecular weight heparin was compared with
placebo, dextran, or unfractionated heparin.

Subjects—Patients who had had general or
orthopaedic surgery.

Intervention—Once daily injection of a low
molecular weight heparin compared with placebo,
dextran, or unfractionated heparin.

Main outcome measures—Incidence of deep
venous thrombosis, pulmonary embolism, major
haemorrhages, and death.

Results—The results confirm that low molecular
weight heparins are more efficacious for the pro-
phylactic treatment of deep venous thrombosis than
placebo (common odds ratio 0-31, 95% confidence
interval 0-22 to 0-43; p<0-001) and dextran (0-44,
0-30 to 0-65; p<<0-001). The results suggest that low
molecular weight heparins are also more efficacious
than unfractionated heparin (0-85, 0-74 to 0-97;
p=0-02), with no significant difference in the in-
cidence of major haemorrhages (1-06, 0-93 to 1-20;
p=0-62).

Conclusions—Low molecular weight heparins
seem to have a higher benefit to risk ratio than
unfractionated heparin in preventing perioperative
thrombosis. However, it remains to be shown in a
suitably powered clinical trial whether low molecular
weight heparin reduces the risk of fatal pulmonary
embolism compared with heparin.

Introduction

Patients undergoing surgery with prolonged general
anaesthesia or a period of limited mobility post-
operatively, or both, face the risk of thromboembolism.
From phlebography and measurement of the uptake of
fibrinogen labelled with iodine-125 the incidence of
deep venous thrombosis in patients over 40 who have
undergone general surgery is estimated to be between
20% and 30%; this incidence is much higher in patients
who have undergone orthopaedic surgery."* Although
in many cases deep vein thrombosis resolves without
sequelae once mobility is re-established, in some cases it
can lead to valvar damage and chronic venous insuf-
ficiency and in rare cases to non-fatal or fatal pulmonary
embolism from displacement of the thrombus.

Heparin, a naturally occurring oligosaccharide, has
been used to treat thrombosis since the mid-1930s, and
more recently it has been extensively evaluated in
numerous clinical trials as a possible prophylactic
treatment for deep vein thrombosis and pulmonary
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embolism in patients undergoing surgery. The in-
cidence of pulmonary embolism is low, thus in many
studies the incidence of deep vein thrombosis, which
occurs more frequently, has been used as a surrogate
end point.

Initially, major haemorrhagic complications were
found to be a serious problem, but the use of a low dose
regimen—that is, 5000 IU two or three times daily—
has reduced these. A recent overview of the results
from more than 70 clinical trials with subcutaneously
administered unfractionated heparin concluded that
patients receiving treatment had a reduced incidence
compared with control patients, of both deep vein
thrombosis (9:0% v 22:4%; reduction of odds 67-0%
(£4%); p<0-001) and pulmonary embolism (1:7% v
3:0%; reduction of odds 47-0% (20%); p<<0-02).*

Dextran has also been used as a prophylactic
treatment in this indication, and evidence suggest that
it can reduce the incidence of pulmonary embolism in
patients undergoing orthopaedic surgery.’ There is a
low risk of anaphylactic reactions, but this is com-
pensated by the haemodilution properties of dextran,
which reduce the need for blood transfusion.’

In recent years a better understanding of heparin’s
structure and mechanism of action has led to the
development of new molecules of heparin with a lower
molecular weight. These are obtained from native,
purified heparin by one of four methods,* and they
have a molecular weight varying from 3000 to 10000
daltons, depending on the manufacturer (unfraction-
ated heparin is usually a mixture ranging from 5000 to
30000 daltons, with a mean of 12000 to 15000
daltons). These newer molecules have both biological
and practical advantages—for example, they have an
improved antithrombotic effect to bleeding ratio in
animals,”® which is attributed to their ability to inhibit
factor Xa, and affect the activated partial thrombo-
plasmin time minimally. Low molecular weight
heparins have a smaller disruptive effect on platelets
compared with unfractionated heparin,' and they are
less effectively neutralised by platelet factor 4." From a
practical point of view these molecules have an in-
creased bioavailability compared with unfractionated
heparin (85% v 10%) and a half life that can vary from 3
to 18 hours—for example, in one study the half life for
a particular low molecular weight heparin, fragmin,
was found to be 3:7h, with activity remaining after
10h."2" In clinical medicine these differences enable
the newer molecules to be administered once daily,
unlike treatment with unfractionated heparin, which
requires two or three injections a day.

These results gave rise to a hypothesis that the low
molecular weight heparins could be more efficacious
than unfractionated heparin for the prophylactic treat-
ment of thrombosis, with a lower incidence of haemor-
rhagic complications and therefore a higher benefit to
risk ratio. Many randomised, clinical trials have been
undertaken to compare these molecules with placebo,
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dextran, and unfractionated heparin, and the ap-
parently disparate results obtained may be explained
by the low statistical power of the individual studies.
Thus, the relative prophylactic efficacy of low mole-
cular weight heparin compared with the other available
treatments remains to be established.

We therefore reviewed all the available data from
clinical trials comparing a low molecular weight heparin
with placebo, unfractionated heparin, or dextran in
patients undergoing general or orthopaedic surgery.
Our aim was to examine the inherent and relative
efficacy of these new heparin molecules in the prophy-
lactic treatment of deep vein thrombosis in patients
undergoing general and orthopaedic surgery.

Methods
DATA COLLECTION

We performed a literature search, both manual and
computer aided (MEDLINE), for clinical trials
evaluating a low molecular weight heparin in patients
undergoing either elective or non-elective general
or orthopaedic surgery from 1984 to 1991, with no re-
striction on the language of the paper. We searched
meeting abstracts, checked the International Society
for Thrombosis and Haemostasis register," scanned
the reference lists in reviews and studies, and asked
colleagues, investigators, and the manufacturers of
these products for any unpublished or missing studies.
When studies were published both as an abstract and
an original paper, only the paper was considered, and
care was taken to eliminate duplicate reports.

Our inclusion criteria selected randomised, con-
trolled studies which had used venous thrombosis of
the lower limbs (detected by the fibrinogen uptake test,
the thermographic DeVeTherm test, Doppler ultra-
sonography and phlebography) or pulmonary embo-
lism, or both, as the clinical end point(s). We selected
only trials with a control group, either untreated or
treated with placebo, unfractionated low dose heparin,
or dextran, .and therefore dose ranging studies were
excluded. Trials with at least one group treated with
low molecular weight heparin were selected, but those
evaluating the heparinoid OR10172 (Organon) were
not because this preparation contains mainly un-
fractionated heparin sulphate and dermatan sulphate,
with only a small proportion of low molecular weight
heparin.

The data from the individual trials were extracted
independently by two of us (AL and MCH), using the
following end points: venous thrombosis of the lower
limbs, pulmonary embolism (both non-fatal and fatal),
major bleeding, and total mortality. The definitions of
venous thrombosis and pulmonary embolism, as
specified in each report, were used for the individual
studies. The definitions of major bleeding events used
in the original papers were heterogeneous and we,
therefore, decided to use the author’s definition, when
given, and to include bleeding requiring blood trans-
fusion, reoperation, permanent discontinuation of
treatment, or leading to death, or a combination of
these four criteria, when no definition was given in the
report. It would have been both impracticable and
artificial to have attempted to obtain empirically a more
standardised definition for major bleeding and so we
chose a more pragmatic approach which we believe is
closer to the clinical reality. The definitions of minor
bleeding events were even more heterogeneous and
thus more difficuit to assess; because these events have
fewer consequences in terms of therapeutic strategy
they were not considered in the analysis.

STATISTICAL METHODS

The results from each trial were summarised on
an intention to treat basis in two by two tables for

each end point. A comparison of control groups
between trials was performed using descriptive
statistical methods and y’ tests. The meta-analysis
was performed using various techniques—that is,
the combined logarithm of the odds ratio (both exact
and approximate), Mantel-Haenszel, Cochran, Peto,
percentage difference (both fixed and random effects
models)." ' The results obtained from the different
methods were similar and therefore only the results
from the exact combined logarithm of the odds
ratio method, with the corresponding 95% confidence
intervals, are presented. An odds ratio equal to 1
indicates no difference between the treatments;
less than 1 indicates that low molecular weight heparin
is better—that is, an odds ratio of 0-80 indicates
a 20% relative risk reduction—and greater than 1
indicates that the control treatment is better. Associa-
tion and heterogeneity tests were performed for
each meta-analysis.” A p value of 0-05 or less from
an association test is usually taken to be significant
in the association test. In a meta-analysis the results
of the individual studies may be considered as being
heterogeneous when the p value from the heterogeneity
test is less than or equal to 0-05. A non-significant
value—that is, p>0-05—does not, however, indicate
similarity—that is, homogeneity—but rather failure
to detect a difference.

Meta-analyses were performed using data from trials
comparing low molecular weight heparin with placebo
in general, orthopaedic, and all types of surgery. A
comparison of low molecular weight heparin with
dextran in orthopaedic surgery was also performed (no
trials in general surgery were found). Other meta-
analyses were performed comparing low molecular
weight heparin with unfractionated heparins with data
from general, orthopaedic, and both types of surgery.
Another analysis was performed after removal of all
data on the doses of low molecular weight heparin that
are currently considered to be too high (increased risk
of side effects) or too low (decreased efficacy) in the
studies involving comparison with unfractionated
heparin in both types of surgery. This was done
to evaluate the range of doses which are currently
recommended by each manufacturer, and therefore,
the exact dose was dependent on the type of heparin.
An additional analysis was performed using the data
from results in which the first injection was given at
least 12 hours before or after the operation because it
has been suggested that this may reduce the incidence
of bleeding.

An exploratory analysis of the results in terms of year
of publication was performed for all surgery comparing
low molecular weight heparin and unfractionated
heparin to see when the cumulative result from the
studies became stable. This type of analysis can also
show the influence of past protocols on new ones—for
example, the elimination of particularly high or low
doses.

Results

We found nine studies in which low molecular
weight heparin was assessed in comparison with
placebo®* and 39 with unfractionated heparin®*
(M Samama, unpublished data); three of the studies
with unfractionated heparin were reported by Samama
et al.¥ We also found four studies in which the efficacy
was compared with that of dextran.®* The 52 studies
(29 for general surgery and 23 for orthopaedic surgery)
found by our literature search are listed in table I
with a summary of the basic characteristics of each
study. Two reports were written in French,”* four in
German,**#** and the rest in English. Eight of these
had appeared only as abstracts,'® 232 %5 % one was
unpublished, and the rest were original reports. Two
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TABLE 1 — Brief description of study design and summary of results for clinical trials in meta-analyses

Daily regimen
dose*: first injectiont; duration of treatment |

End point i no of events/no of patients randomised in group)

Deep vein thrombosis Biceding Pulmonary embolism “Total mortality
Comparison for low molecular Name of heparin “Type of surgery LMWH group Control group End point assessment LMWH  Control  LMWH  Control  LMWH  Conrol  LMWH  Control
weight heparin treatment BrOUP  group  group  group  Rrup  group  group  group
General surgery
Placebo:
Le Gagneux 1987 Enoxaparin Prostatectomy 1x60 mg: 12h before: Placebo FUT phlebography 0/44 045 8144 6/45 044 0/45 ND
Ockelford 1989 Fragmin General 1% 2500; 1-2h befor: 5-9 days Placebo FUT 102 1495 47102 4195 0102 2195 0/102 295
Pezzuoli 1989 Fraxiparine General 1+ 7500: 2h before; 7-21 days Placebo Pulmonary embolism ND 17312247 69/2251 212247 82251 82247 1812251
Valle 1988 Fluxum General 147500 2h before: 7 days Placebo Dopper/phicbography 050 50 650 650 050 0/50 ND
Unfractionated heparin:
16600 3% 5000; 2h before: 7 days 27160 19147 711160 647147 0160 VT 2/160 0147
Samama 1988 Enoxapanin General 1x4400; 3 % v 241127 16/123 451127 48/123 0127 0123 1127 0123
1x2200; y "5000 h before: 7 days 15/168 211167 717168 58/167 /168 0/167 1/168 0167
Ve i 1988 N 5 I 1=4000; 2h before: 7 days 2>5000; 2h before; 7 days FUT/Doppler/SGP 10/308, 19/302 3308 11302 17308 37302 ND
erardi 1988 Fluxum General 1 1x8000: 2h before: 7 days 3% 5000: 2h before: 7 days
Bergqvist 1986 Fragmin Abdominal 1x5000; 2h before; 5-7 days 25000: 21 before: 5-7 davs g 13215 9217 ssais Isa7 o o021s 217 5215 217
Koller 1986 Fragmin Visceral 1% 2500: 2h before; =5 days 2.x5000: 2h before; =5 days FUT/phiebography 2475 175 5/75 2178 07s 1175 075 075
Onarheim 1986 Fragmin Abdominal 1<5000; 2h before: 7 days FUT/phlcbography 225 227 225 1727 o2s 027 o025 027
Bergqvist 1988 Fragmin Abdomunal 12 5000: 12h before: days R S y FUT/phlebography 28/505 411497 30/505 15/497 0/505 17497 IO/‘»()S 101497
Borstad 1988 Fragmin Gynaecological 1=5000: 1h before: 7 days 2 5000; 1h before: 7 days Plethysmography/ 0108 w110 611105 §5/110 0105 0110
phicbography
Bricl 1988 Fragmin Gynaecological 22500 dav 1. 1 = 5000 days 2-8 25000 + 0-5Smg DHE: 8 davs DeVe therm/phlebography 199 1101 399 21101 ND ND
Caen 1988" Fragmin General 1= 2500: 2h before: 7 days 2 5000; 2h before; 7 days FUT/phlebography 6195 719% 11195 8190 0195 1190 2198 190
Fricker 1988 Fragmin Oncological 22500 day 1, 1 = 5000 davs 2-10; 3x5000; 2h before; 10 days FUT/phlebography w40 040 240 140 040 2140 w40 040
2h before
Hartl 1990 Fragmin Abdomunal 1% 2500; 2h before; 7 days 2% 5000; 2h before: 7 davs FUT/phlebography 6/126 6124 1126 3124 17126 1124 5126 3124
Kakkar 1985" Fraxiparinc Abdominal 1 7500: 2h before; =7 days 25000: 2h beforc: =7 days FUT/phlcbography S0 15200 10200 7200 07200 1200 51200 6/200
EFS Group 1988™ Fraxiparine Abdominal 1% 7500: 2h before: 7 days 3> 5000: 2h before: 7 days FUT/phlcbography 27968 42941 1501968 1441941 2968 5941 117968 121941
Dahan 1989 Fraxiparine Oncological 7500 days 1-3, 10000 days 4-7: 3x 5000 days 1-3, ND days 3-7; 2h before FUT/phiebography 0/50 0/50 350 2/50 /50 0/50 ND
12h before
Samama (unpublished) Logiparin General 1% 2500; 2h before: 7-10 days 2% 5000; 2h before; 7-10 days FUT 018 019 0/18 119 ND 118 w19
Leizorovicz 191" Logiparin General Zhbeforcand 1Zhafter;  2x5000; 2h before o 12h after; 7-10 days FUT/phichography 237861 7429 22861 14429 S/86l 2429 20861 91429
I(.ld.lv\ 1% 3500: 2h before 1o 12h
after: 7-10 days
Schmutz-Huebner 1984° Sandoz Abdominal 3 s 3= 500: 2h before: 7 days 384 042 11784 0/42 084 042 1/84 042
Adolf 1989 Sandoz Abdominal avs FUT/phlcbography 25200 24202 63201 4K202 0202 2202 ND
Heilmann 1989 Sandoz Gynaecological 1% 6000; 2h before; v Phicbography 2/150 6/150 3/150 21150 ND 0/150 0/150
Sasahara 1986* Sandoz +0-5mg DHE  Abdomunal 1x6300; 2h before v FUT/phiebography 14137 13132 19137 32 0/137 2132 2137 50132
Voigt 1986~ Sandoz +0'Smg DHE  Abdomunal 1> 6300: 2h befor Vs Phlebography 11103 197 3103 197 0103 197 4103 697
Baumgartner 1989* Sandoz +0-Smg DHE  Abdominal 1x6300; 2h before: 6-10 days FUT/phicbography 699 702 099 o102 1199 11102 199 2102
Kakkar 1989 Sandoz +0 Smg DHE  Abdonunal 1%6300; 2h before: 7 days 2 5000: 2h before; =7 FUT/phlebography BI88 1091 0/88 091 2i88 091 ND
Orthopaedic surgery
Placebo:
Turpie 1986 Enoxaparin Elective hip 2% 2400 12-24h after; 14 days Placebo FUT/phlebography 6/50 2150 1/50 250 0/50 0/50 0/50 150
Leclerc 1991 Enoxaparin Knee 2> 30 mg; 12-24h after: ND Placeba FUT/phlebography 11765 37164 4/65 5/65 ND ND
Jorgensen 1989 Fragmin Hip fracture 2% 2500: 2h before 1o 12h after: Placebo FUT/phiebography 9/30 22i38 NS§ 0/30 1138 0/30 138
15000: 6 days
Torholm 1991 Fragmin Elective hip 2%2500: 2h before o 12h after;. Placebo FUT/phlebography 9is8 19/54 NS 0/58 154 1158 0/54
1% 5000: 6 days
Lassen 1989 Logiparin Elective hip 1 %50 U/kg: 2h before: ND Placebo Phlcbography 27190 457102 0% 17102 ND 1% 1102
Dextran:
DES Group 1991 Enoxaparin Elecuve up 1~ 3900: 12h before: 7 davs 60 mg/ml; S00 mi: twice on day 0. Phicbography T2 24126 NS 0120 0126 1120 0126
once on days | and 3
Enksson 1988 Fragmin Elective hup 2> 2500: 2h before: 7 days Dextran 70 2 > 500 mi day 0. FUT/phlebography 1050 2250 0/50 0/50 2150 250 0/50 wso
1> 500 ml days | and 3
Martzsch 1988" Logiparin Elective hip 1 = 35 kg: 2h betore; 7 days Dextran 70 500 ml before and after FUl/phlebography 1348 1952 048 052 0/48 052 048 052
surgery and on davs 1. 3,and §
Matzsch 1991+ Logipann Elective hip 1+ S0kg: 2h before: 7 days Dextran 70 500 mi before and after FUT/phlebography 22120 36/123 4120 107123 6/120 0123 0120 0123
surgery and on davs 1. 3. and §
Unfractionated heparin
Planes 1988 Enoxaparin Elective hip 1= 3200; 12h betore: = 14 davs. 3= 5000: 2h before = 14 days Phicbography 15124 273 2124 03 01124 1713 0124 (RS
Levine 1991~ Enoxaparin Elective hip 224001 12-24h after: > 14 days 257500 UL 12 or 24h before: =14 davs FUT/phlethysmography/ §7/333 63/332 117333 19/332 0333 20332 0333 0332
phlcbography
Chiapuzzo 1988 Fluxum El(\ll\’l hip 2= 7500; 2h before: 7 days 3+5000: 2h bdorc 7 davs Doppler/FUT 570 7170 070 070 070 0/70 ND
Pini 1989 Fluxum 2= 7500 before: + 14 days cf FUT /\ 5 28 7124 025 024 0.25 124 0125 124
Haas 1985 Fragmin l leulu hip 2+ 2500 day 0. 1 = 5000 days i-15: *0(]) + l)" 221 heiurt 15 davs 1 6/65 7165 NS 165 0/65 ND
2h before
Binsack 1986 * Fragmin Llective lup 2+ 2500 day 0. 1+ 500 ND: 2h before 3 = S000: 2h before; ND FU T phicbography 548 647 w48 047 ND ND
Barre 1987 Fragmin Electve hip 2% 2500: 2h before: 10 davs. 3+ 5000 U: day 0 \D«h\\ 1-10: Phlcbography 70 440 640 440 040 0/40 040 040
2hbe
Dechavanne 1989 Fragmin Electve hip 2% 2500 for 10-13 days., or 2 x 2500 2 5000; davs 1-2 ' Nl)day\ 313 FUT/phlebography §/82 440 082 040 ND 082 0/40
days 1-2. 1% 5000 days 3-13: 2h bdurc h before
Eriksson 1989 Fragmin Elective hip 1> 5000; 12h before: 1+ 5000; 2h before: 10 days Phicbography 1967 25/69 167 569 Ri67 19/69 067 1169
Monreal 1989 * Fragmin Hip 12500 dav 13 2h l’xlun 1~ W)O() 3> 5000: 2h before: 9 days Phlcbography 14746 6/44 2136 144 6/46 0/44 246 344
davs 2
Leyvraz 19917 Fraxiparine Elective hip 1x41/kg davs 1-3. 1 A()’/kg davs 4-10; ND: 24h before: 10 days Phicbography 22203 28/206 17203 3206 17203 4206 1203 21206
12h before’
Haas 1987 Sandoz +0-5mg DHE  Elective hip 1-6280: 2h before: -7 days 2 S000: 2h before;, days 15/80 15/80 26/80 1380 0/80 1780 0/80 080
© Lassen 1988 Sandoz +0-5mg DHE  Elective hup 1 %6000, 2h before: 7 days 2« 5000: 2h befo days 99m T c-plasmin/phlebography 351K 347122 96/118 98122 08 0122 08 0122
Lassen 1989 Sandoz +0-Smg DHE  Hip fracture 176300: 2h before: 7 days 2+ 5000: 2h before: 7 days 99m Te-plasmin/phlcbography 1468 27 NS 1168 071 468 2m

LMWH- low molccular weight heparin: ND = no details given: NS = not significant: FUT fibrinogen uptake test: DHE = dihydroergotamine: SGP - train gauge plethysmuography

* IU 1anu-Xa umits ) except where indicated.
+ Time before or after surgery
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studies in which dihydroergotamine was given to only
one group were not included® *® as this resulted in non-
comparable groups.

A summary of the results for the four end points is
also given in table I. Although some letters were sent to
investigators, not all information was retrievable or
available—that is, not given in the reports or indicated
as not significant—which is denoted in table I. Data on
a total of 18543 patients were collected; 14567 had
undergone general surgery (29 studies) and 3976
orthopaedic surgery (23 studies). Studies comparing
low molecular weight heparin with placebo involved
5479 patients (4884 (four studies) and 595 (five studies)
undergoing general and orthopaedic surgery, respec-
tively) and those comparing low molecular weight and
unfractionated heparins involved 12 375 patients (9683
(25 studies) and 2692 (14 studies) undergoing general
and orthopaedic surgery, respectively). Only 689
patients were included in four studies comparing
dextran with low molecular weight heparin in patients
undergoing orthopaedic surgery. The total, unadjusted
results for the various end points for the different type
of surgery and type of control treatment used are
summarised in table II.

VERSUS PLACEBO

Only one of the four studies in general surgery
showed a significant reduction in deep vein thrombosis
(a fifth study did not use deep vein thrombosis as an
end point). All five studies in orthopaedic surgery
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showed a significant reduction between the treated and
control groups.

The results obtained from the meta-analyses for the
four end points are presented in table III. The
incidence of deep vein thrombosis was significantly
reduced for both types of surgery, with a common odds
ratio of 0-25 (95% confidence interval 0-09 to 0-70;
p=0-008) for general surgery and 0-32 (0:22 to 0-46;
p<0-001) for orthopaedic surgery (fig 1). The overall
odds ratio from the combined data was 0-31 (0-22 to
0-43; p<0-001) (figs 1 and 2). The p value for
homogeneity was found to be high for each analysis
(p>0-1), indicating that the treatment effect was not
different, although the low molecular weight heparins
used in the various studies had been produced by
different companies, and the study populations were
different.”

The odds ratio for the incidence of pulmonary
embolism in patients having general surgery was 0-33
(0-09 to 1-12) and in those having orthopaedic surgery
0-64 (0-08 to 5-03) (table III), but these results were not
significant (p=0-07 and p=0-67, respectively). The

" analysis for the combined results gave an odds ratio of

0-39 (0-13 to 1-12), which was not significant (p=0-08)
because of the very large 95% confidence interval (table
III). Although this is a clinically important result, the
total number of patients included in these analyses, in
other words the statistical power, was not sufficient to
show a significant decrease, even if it existed.

The incidence of bleeding was significantly higher in
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TABLE 11— Proportions* (percentages) of patients having various outcomes (end points) in studies used for meta-analyses

End point
Deep vein thrombosis Pulmonary embolism Major bleeding Total mortality
Control treatment LMWH group  Controlgroup LMWHgroup  Controlgroup LMWHgroup  Controlgroup LMWHgroup  Control group
General surgery
Placebo 4/196 (2-:04) 17/190 (8-95) 2/2443 (0-09) 10/2441 (0-41)  191/2443 (7-82)  85/2441 (3-48) 8/2349(0-34)  20/2346 (0-85)
Unfractionated heparin 248/5108 (4-86)  267/4575 (5-84) 12/4841(0-25)  25/4305(0-58) 649/5108 (12:71) 596/4575 (13-03) 71/4253(1-67)  60/3719(1-61)

Placebo
Unfractionated heparin
Dextran

Orthopaedic surgery
62/293(21-16)  144/308 (46:75)  0/138
224/1369 (17-82) 256/1323 (19-35)  17/1239(1-37)
52/338(15-38)  101/351 (28-77) 8/338 (2:37)

2/142 (1-41)
28/1236 (2-27)
2/351(0-57)

5/205 (2-44)
145/1236 (11-73)
4/218(1-83)

8/217 (3-69) 2/228 (0-88) 3/244 (1-23)
2/351(12-05)  7/1186 (0-59) 9/1141(0-79)
10/225 (4-44) 0/338 0/351

*Number of patients with outcome/total number of patients randomised.
LMWH=Low molecular weight heparin.

TABLE 111 —Summary of meta-analyses results with data from studies comparing low molecular weight heparin with placebo, unfractionated heparin, and dextran

End point
Deep vein thrombosis Pulmonary embolism Bleeding Total mortality
QOdds ratio (95% Odds ratio (95% Odds ratio (95% Odds ratio (95%
No of studies/No confidence No of studies/No confidence No of studies/No confidence No of studies/No confidence

Type of surgery of patients interval) of patients interval) of patients interval) of patients interval)

Placebo
General 3/386 0-25(0-09 10 0-70) 4/4884 0-33(0-09t0 1-13) 4/4884 2-35(1-80 10 3-06) 2/4695 0-42(0-19 10 0-95)
Orthopaedic 5/601 0-32(0-22 10 0-46) 3/280 0-64 (0-08 to 5-03) 3/422 0-69(0-22102-11) 4/472 092 (018 t0 4-62)
Both 8/987 0-31(0-22100-43) 7/5164 0-39(0-13t0 1-12) 715306 2:20(1-70 10 2-85) 6/5167 0-50 (0-24 10 1-02)

Unfractionated heparin

General 25/9683 086 (0-72 to 1-04) 22/9146 0-62(0-33t0 1°15) 25/9683 1-02 (0:90 10 1-16) 19/7972 0-96 (0-68 to 1-36)
Orthopaedic 14/2692 0-83(0-68 10 1-02) 12/2475 0-53(0-27 10 1-03) 12/2423 109 (0-76 to 1-58) 11/2327 0-88 (0-:37 10 2:07)
Both 39/12375 0-85(0-74100-97) 34/11621 0-59 (0-37 10 0-93) 37/12 106 1:06 (093 10 1-20) 30/10299 0-95(0-69 10 1-31)

Dextran
Orthopaedic 4/689 0-44 (0-30 10 0-65) 3/443 1-88 (0-46 t0 7-74) 3/443 0-45(0-15t0 1-35)

TABLE 1V—OQccurrence of major bleeding in studies wil
patients with outcomeltotal

of patients rand.

Time of injection (before

Low molecular weight

Reference or after surgery) heparin group Control group
General surgery
v Placebo:
Le Gagneux™ 12h before 8/44 6/45
o Unfractionated heparin:
Bergqvist” 12h before 30/505 15/497
Orthopaedic surgery
v Unfractionated heparin:
Planes"” 12h before 2/120 0/108
Eriksson" 12h before 1/67 5/69
Leyvraz® 12h before 1/203 3/206
v Placebo:
Turpie’” 12h after 1/50 2/50
Leclerc” 12h after 4/65 5/65
v Unfractionated heparin:
Levine® 12h after 11/333 19/332
the treated group compared with the control group in
patients having general surgery (odds radio 2-35 (1-80
to 3:06); p<0-001), whereas in patients having ortho-
paedic surgery the difference, although indicating an
excess in the low molecular weight heparin group, was
not significant (odds ratio 0-69 (0-:22 to 2-11); p=0-52).
The analysis of the incidence of total mortality in both
types of surgery gave an odds ratio of 0-50 (0-24 to
1-:02; p=0-053), which is on the borderline of signifi-
cance.
VERSUS DEXTRAN
Only four studies comparing low molecular weight
heparin with dextran in 689 patients undergoing
orthopaedic surgery were found. Two of these studies
showed a significant reduction in the incidence of deep
vein thrombosis in the low molecular weight heparin
group, but no difference was reported for the other end
points. Meta-analysis showed a highly significant
reduction for deep vein thrombosis in the patients
receiving low molecular weight heparin, with an odds
ratio of 0-44 (0-30 to 0-65; p<0-001), and a non-
significant trend for a reduction in bleeding (odds ratio
916

th early or late first injection. Values are numbers of
seod

0-45 (0-15 to 1-35); p=0-15). The incidence of
pulmonary embolism was higher in the low molecular
weight heparin group (odds ratio 1-88), but the 95%
confidence interval was large (0-46 to 7-74; p=0-61),
the difference seeming to be due to one trial.*

VERSUS UNFRACTIONATED HEPARIN

Four of the 25 general surgery studies®*** and
three of the 14 orthopaedic surgery studies” *" ** showed
a significant reduction (p<<0-05) in the incidence of
deep vein thrombosis, as reported in the publications.
The meta-analysis using the results from the trials for
both types of surgery combined showed a significant
reduction in the incidence of deep vein thrombosis in
favour of the low molecular weight heparin group, with
an odds ratio of 0-85 (0:74 to 0-97; p=0-02). A non-
significant trend towards a reduction in the risk of deep
vein thrombosis in patients treated with low molecular
weight heparin was observed in patients undergoing
general surgery (odds ratio 0:-86 (0-72 to 1-:04);
p=0-12) and in those undergoing orthopaedic surgery
(odds radio 0-83 (0-68 to 1-01); p=0-07) (table III).

We also considered the results from trials involving
orthopaedic surgery in which phlebography was
systematically used for the confirmation of deep vein
thrombosis as the fibrinogen uptake test is generally
considered to be unsuitable in these patients. After the
removal of four trials from the initial analysis,™** we
found the odds ratio unchanged at 0-83, with a
marginally different 95% confidence interval (0-68 to
1-02) and p value (p=0-09).

When the data for general and orthopaedic surgery
patients were combined, the odds ratio for pulmonary
embolism was 0-59 in favour of the low molecular
weight group (0-37 t0 0-93; p=0-02). The reduction in
the incidence of pulmonary embolism in patients
having orthopaedic surgery (odds ratio 0-53 (0-:27 to
1-02); p=0-06) was not significant because of the low
incidence of the event coupled with the insufficient
number of patients. For patients undergoing general
surgery the result was similar, and although there were
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General
(n = 386)

Orthopaedic
(n=601)

Both
(n=987)

General
(n = 4884)

Orthopaedic
(n = 422)

Both
(n = 5306)

almost four times as many patients in the analysis, this
number was still not sufficient (odds ratio 0-62 (0-33 to
1-15); (p=0-12). No significant differences were found
between the two groups for bleeding complications
(p>0-6) and total mortality (p>0-55) (table III).

In an analysis performed using data corresponding
to the manufacturer’s current recommended doses of
the various low molecular weight heparins and for both
types of surgery we found an odds ratio of 0-83 (0-72 to
0-95; p=0-007) for deep vein thrombosis and an odds
ratio of 1-05 (0-93 to 1:20) for major bleeding compli-
cations. The results for general surgery were similar,
with the result for deep vein thrombosis being signifi-
cant (odds ratio 0-80 (0-66 to 0-97); p=0-02) whereas
that for major bleeding complications was unchanged
(odds ratio 1-05 (0-91 to 1-21)) in comparison with the
result for all doses (table III).

Five studies, two in general surgery'* and three in

.orthopaedic surgery”* * had a first injection 12 hours

(a) v Placebo

before surgery and three others* #** had a first injection
12 hours after orthopaedic surgery (table IV). We
performed a meta-analysis using the data on the
incidence of major bleeding from three orthopaedic
surgery trials in which the first injection was given 12
hours before surgery”*** and compared the result
with that from a meta-analysis using similar data from
trials in which this injection was given two hours before
surgery.’' 323455575806l The first analysis showed a non-
significant trend (p=0-24) in favour of low molecular
weight heparin (odds ratio 0-44), but the 95% confi-
dence interval was large (0-11 to 1:77). The second
analysis gave an odds ratio of 150 (0-96 to 2:32), which
is slightly more in favour of unfractionated heparin,
compared with the result for all data (odds ratio 1-09

(b) v Unfractionated heparin

1 0.25(0.09 to 1.70) =3 4 0.86(0.72 to 1.04)
p=0.008 p=0.12

L 0.32(0.22 to 0.46) B A 0.83(0.68 to 1.02)
p<0.0000001 (n=2692) p=0.07

- 031(0.22 to 0.43) ) 0.85(0.74 t0 0.97)
p<0.00000001 (n=12375) 'I' p=002

I

(c) v Placebo

_|._.___

(1.80 to 3.06)
p<0.0000001

2.20(1.70 to 2.85)
p<0.0000001

(d) v Unfractionated heparin

1.02(0.90 to 1.16)
p=0.55

(n=9683) o

(n = 2423) -i—
(n=12106) -|}

06902210 2.11)
p=052

1.09(0.76 to 1.58)
p=0.65

1.06(0.93 to 1.20)
p=0.62

1.0 20

Odds ratio

| 1 I I I T 1
3.0 4.0 0 1.0 20 3.0 4.0

Odds ratio

FIG 1—Graphical representation of results from meta-analyses (exact odds ratio method) for deep venous
thrombosis ((a) and (b)) and major bleeding in ((c) and (d)) in general surgery, orthopaedic surgery, and both
types of surgery. Odds ratio of <1 indicates that low molecular weight heparin is better than unfractionated
heparin and of > 1 that unfractionated heparin is better than low molecular weight heparin. Horizontal lines
represent 95% confidence intervals; if value of 1 is included results are not significant
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Study No of patients
Schmitz-Huebner* L >—|— 126
Kakkar*® —— : 400
Haas®> —— 130
Sasahara® —_—— 269
Koller®® . | f— 150
Bergqist | 432
Onarheim o |- 52
Samama (unpublished) » ot 37
Binsack >t 95
# -
Haas —_———
Barre } ° | 80
Borstad b | 215
Bergqvist -1 1002
Fricker™® ¢ i 80
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EFS Group39 —! 1909
Samama 60 7 — 307
Samama 407 :—o— 250
Samama 20 — 335
Briel* {200
Verardi®® —— 610
ChiapuzzoSI —_—r 140
Lassen —_—1— 240
Planes —-— 237
Adolf* 348 —_—— 404
Kakkar —_—— 179
Heilmann** —— 300
Dahan* * — 100
Lassen® ——t 139
Dechanvanne®® —_—— 122
Eriksson’ e — 136
Monreal®® ' {— 90
Pini? —_— 49
Baumgar‘ten47 —_—le 201
Hart®/ < 250
Leizorovicz ' 1290
Leyvraz59 _.Il_ 409
Levine*® —OI— 665

- 12 375

f T T T 1
0.00 1.00 200 3.00 4.00
Odds ratio

FIG 2—Graphical representation of results from meta-analysis (exact
odds ratio) for risk of deep vein thrombosis using data from studies of
general and orthopaedic surgery. Vertical bars represent odds ratios;
value of <I indicates that low molecular weight heparin is better than
the unfractionated heparin and >1 that unfractionated heparin is
better than low molecular weight heparin. Horizontal lines represent
95% confidence intervals (if value of 1 is included results are not
significant) and broken line indicates that upper confidence limit is >4.
Common odds ratio=0-85 (0-74 10 0-97), p=0-02.

(0:76 to 1-58)) but is non-significant (p=0-07). None
the less, the data from these studies were not sufficient
to allow any conclusions to be drawn about either the
effect of low molecular weight heparin or the treatment
schedule on major bleeding events as there were too
few patients.

CHRONOLOGICAL EVOLUTION OF RESULTS

The chronological evolution of the odds ratios for
deep vein thrombosis (both general and orthopaedic
surgery) was investigated. After the disappointing
results from the first study in 1984 using high doses and
few patients the results seemed promising in 1985, and
then the cumulative result became less significant in
1986 and 1987. From 1988 onwards the cumulative
result showed an improvement, which seems to have
remained stable, with the 95% confidence interval
becoming smaller (fig 3), the odds ratio decreases
drastically from 1984 to 1985 and then remains
relatively stable, at between 0-5 to 0-9. The number of
patients included in the papers published in 1988
account for about half of the total number of patients
and from this year onwards the odds ratio is apparently
stable, at about 0-8.
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FIG 3—Graphical repr ion
of results from meta-analysis
(exact odds ratio) for risk of deep
vein thrombosis in patients
undergoing general and
orthopaedic surgery. Odds ratio
(-@-) is cumulative. From
1988 it is stable, around 0-8, and
almost half of all the patients are
included in this year. 95%
Confidence intervals (horizontal
lines) are reduced over time.
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Discussion

The efficacy of low molecular weight heparins has
been assessed in comparison with placebo and other
prophylactic treatments, but in many cases the results
have been ambiguous, often because of an inadequate
sample size. If we assume that a clinically significant
risk reduction would be a 30% difference in the
incidence of deep vein thrombosis between the treat-
ment and control groups for patients receiving general
surgery, with a type I (a) error of 5% and a power
(1 = B) of 95% in a two tailed test, we would need 9400
patients, given that the incidence of deep vein throm-
bosis is 5% with unfractionated heparin and 3-5% with
low molecular weight heparin. The number of patients
required if these incidences were 4% and 2-8%,
respectively, would be 11900. Thus no single study
had a sample size sufficient 1o be able to detect a
significant difference under this hypothesis.

Meta-analysis is a technique that allows the system-
atic, quantitative summary of data from individual
studies, and it may supply the answer which individual
trials cannot because of the increased statistical power
afforded by the larger number of subjects. Even with
the techniques used in meta-analysis, the power may
remain too low so that no conclusions can be drawn, as
was the case in previous meta-analyses. In our analysis
there were insufficient data on the incidence of
pulmonary embolism, so the analysis lacks power for
this particular end point.

The efficacy of any meta-analysis can be influenced
to a large extent by publication bias. This bias can arise
when a study gives non-significant results, leading to
reluctance by investigators and journal editors to
submit and publish the results.”””? Many studies are
published only in the form of an abstract, which means
that the methods are difficult to judge and the results
are often only intermediate or not very detailed, or
both. This point is important to remember when the
results of a meta-analysis are considered. Some manu-
facturers seem to be reluctant to disclose data that have
not already been divulged. In our search, thanks to one
pharmaceutical firm, we located only one, small,
unpublished study; perhaps others exist, but we were
unable to locate them.

COMPARISONS WITH PLACEBO, DEXTRAN, AND
UNFRACTIONATED HEPARIN

We identified only four studies comparing low
molecular weight heparin with dextran in patients

undergoing orthopaedic surgery, whereas placebo

controlled studies were found for both general and

orthopaedic surgery. Our results confirm previous
findings that low molecular weight heparins are
superior to placebo for the prophylactic treatment of
deep vein thrombosis in patients who have had surgery.
The results for pulmonary embolism and total mortality
are not as convincing, mainly owing to insufficient
numbers of patients.

Dextran has been widely used as a prophylactic
treatment in general and orthopaedic surgery in
Scandinavian countries. It was significantly superior
to placebo in preventing deep vein thrombosis,
pulmonary embolism, and death in clinical trials in
more than 5000 patients.” Dextran has also been
compared with unfractionated heparin in a few studies,
unfractionated heparin being more effective in patients
undergoing general surgery and dextran in those
undergoing orthopaedic surgery.” Our analysis sug-
gests that low molecular weight heparin is more
efficacious than dextran for the prophylactic treatment
of deep vein thrombosis. We should be cautious,
however, before extrapolating these results to pulmon-
ary embolism and death because of the insufficient
amount of data currently available. .

We have shown that low molecular weight heparins,
compared with unfractionated heparins, reduce the
risk of deep vein thrombosis significantly in patients
undergoing both general and orthopaedic surgery.
This end point was measured using various techniques,
but in many general surgery studies the technique used
was the fibrinogen uptake test, which is not as accurate
a diagnostic procedure as phlebography. The true
positive rate for detecting thrombosis has been
estimated as 99-6% and the false positive rate as about
9-7% among patients undergoing general surgery.’™
Although we used rates of phlebographically confirmed
deep vein thrombosis in our analysis, when available,
this close agreement between the methods suggests
that the fibrinogen uptake test can give acceptably
reliable estimates of the true postoperative rates
of deep vein thrombosis. In the majority of the
orthopaedic surgery studies phlebography was used for
the confirmation of the diagnosis of deep vein throm-
bosis, which is important as fibrinogen uptake is less
reliable in this indication.

DOSAGE

Although the adjusted dose regimen for unfraction-
ated heparin may have a higher efficacy than a fixed
dose regimen in orthopaedic surgery patients,” ™ this
technique is not widely used, probably because of its
more onerous workload. This explains why we found
only a few studies comparing adjusted dose heparin
with low molecular weight heparin,”** making it
impossible to compare these two treatments.

Controversial problems remain about the possibility
of a class effect and the lack of a standard for defining
the concentrations and comparing the different
preparations. The introduction of an international unit
system—that is, antifactor Xa units—has reduced the
second problem, but this unit system is not always
quoted in publications, which can lead to difficulties
when comparing results from different studies. The
official reference for the determination of the concen-
tration in terms of anti-Xa units, was not always used,
especially in the earlier trials, even when the concen-
tration is quoted in these units. The low molecular
weight heparins also differ in terms of molecular
weight distribution and the ratio of activities of anti-Xa
and anti-Ila. This ratio is inversely proportional to
the molecular weight and may be related to the anti-
thrombotic activity of these products. Although the
clinical relevance of these biochemical differences has
not yet been established, it is perhaps incorrect to
consider only the anti-factor Xa units when determining
the prophylactic dose, but as the reports did not often
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give other values, we have used anti-Xa units when
possible. The range of the observed p values for
heterogeneity (0-18-0:-84) does not suggest that
the different low molecular weight heparins have
quantitatively different effects. However, caution
should be used when considering all these products as
equal because only direct comparison, in a randomised
controlled trial, will enable this hypothesis to be
substantiated. Therefore, physicians wishing to use a
low molecular weight heparin in their practice should
take into consideration the results from the individual
study in the choice of the appropriate drug and dose.

The prevention of deep vein thrombosis is important
in patients at risk as deep vein thrombosis is a risk
factor for pulmonary embolism. Although the in-
cidence of pulmonary embolism is low, an efficient
prophylatic treatment is needed because pulmonary
embolism is sometimes disabling or fatal. The diagnosis
of fatal and non-fatal pulmonary embolism is difficult
and so we combined both in one end point. In an
overview comparing unfractionated heparin with
placebo the reduced incidence of deep vein thrombosis
in heparin treated patients was similar to the observed
reduction in the incidence of pulmonary embolism
when the results were combined but not in individual
trials.* Therefore, the validity of deep vein thrombosis
as a surrogate end point for pulmonary embolism has
not yet been firmly established. We should consider
the benefit to risk ratio because treatment with any
type of heparin leads to increased risk of bleeding
complications and, therefore, a patient’s risk factors
should be carefully examined before taking the decision
to administer heparin.

The incidence of major bleeding might be reduced if
the first injection is given a long time before or after the
operation. In most of the studies identified for this
analysis the initial injection was given two hours before
surgery, although some had an initial injection at least
12 hours either before or after the operation. No
conclusions about the effect of this on the incidence of
bleeding could be drawn from the analysis performed
with these available data because of the low power of
the test, although a non-significant reduction was
observed in trials with the first injection given 12 hours
before surgery. A comparison of the incidence of
bleeding in these different studies would be illegal, so it
is not possible to say which is best, giving the first
injection 12 or two hours before surgery or 12 hours
after surgery; thus a large scale trial should be
performed to answer this question.

A single daily dose of low molecular weight heparins
certainly offers practical advantages to hospital staff
and convenience for the patients. This is not sufficient
because treatment is expensive, and therefore, we must
also be sure that its efficacy is at least comparable, if not
better, than that of existing treatments. Though an
unequivocal answer has not been obtained in the
individual studies, the results from our meta-analysis
suggest that low molecular weight heparins are more
efficacious than unfractionated heparins for the prophy-
lactic treatment of deep vein thrombosis and pulmonary
embolism.

CONCLUSIONS

Meta-analysis is an undeniably powerful tool, but
care should be taken when assessing the results from
this type of analysis. In terms of the efficacy for
prophylactic treatment of deep vein thrombosis, our
results, though indicating the superiority of low
molecular weight heparins over unfractionated
heparins, cannot be used as a substitute for a large scale
clinical trial. This polemic shows the value of meta-
analysis when the end point of interest is rare or
difficult to measure. A large scale randomised trial to
assess the efficacy of this treatment in the prophylactic
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_ treatment of venous thrombosis in general and ortho-

paedic surgery with pulmonary embolism as the main
end point needs to be performed. This would require
the inclusion of several thousand patients, and two
such trials with an expected sample size of 7500
patients are underway" and may provide the data to
confirm the prophylactic efficacy of heparin for this
indication. In addition, a trial to investigate the
benefits of low molecular weight heparin in preventing
fatal pulmonary embolism and death from other causes
is needed. This trial would be even larger, but is, none
the less, feasible and well worth performing.
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Correction

The role of non-steroidal anti-inflammatory drugs in acute

liver injury

An authors’ error occurred in this paper by Garcia Rodriguez et al
(10 October, p 866). In table II there should be no reference to
sulindac in line seven, which should read:

Indomethacin 1 100 1982 M76 Yes
This does not affect the information in other tables or in the text.
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