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To evaluate the thromboproph}'lactic use of 1011' molecular 11!eight
heparins (LMWHs), publications fi"om 27 orthopaedic trials -and 35
studies of patients undergou1g general or gynaecological surgerj' 11'ere
scrutulized and subjected to a partial meta-anal)'sis. In orthopaedic
surgery, LMTVHs 11!ere superior to placebo or de.\"tran and at least as
efficient as ul¡jI"actionated heparill il1 the prerention of Jeep vein
thrombosis (D VT). Compared 11'ith ul¡jI.actionated heparin, one of the
LMWH preparations significantly reduced the total incidence of DVT.
The rafe of non-fatal pulmonary embolism 11:as 0.49 per cent in patients
receiving L.l¡.fTVH and 1.22 per cent in controls. Seren orthopaedic
patients (0.15 per cent) died fi.om puhnonary embolism, none of 1\'homreceived LMWH. -, -.

~ w1jl'actionated
, did marta/ir}' rafe, nor

did they cause haemorrhage. LMWHs proz."ide sale and efficient
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suppression of platelet aggregation by LMWHs8 and their
affinity for several plasma proteins are less pronounced9.

During the past 7 years, se\eral clinical studies using
LMWHs for thromboprophylaxis in surgical patients have been
published. Controlled trials ha\e been carried out with the
following LMWH products: Fluxum (Alfa LMWH; Alfa
Farmaceutici, Bologna, Italy), C]exane (Enoxaparin; Rhóne-
Poulenc Rorer, Gennevilliers, F rance), F ragmin (Dalteparin;
Kabi Pharmacia, Stockholm, S\\'eden), Fraxiparin (CY 2]6;
Sanofi, Paris, France), Logiparin (Tinzaparin; Novo Nordisk,
Bagsvrerd, Denmark) and Sandoparin (Sandoz LMWH;
Sandoz, Nuremberg, Germany). Although there are differences
between the LMWHs usedlO, the type of operations and the
methods of screening for DVT, the present aim is to obtain an
overall impression of the clinical value of LMWHs in
thromboprophylaxis by analysing the available data.

Methods

To diminish the risk of publication bias! 1, this analysis tried
to include all published reports, including abstracts from
conferences, of randomized control]ed trials using LMWHs for
thromboprophylaxis in orthopaedic, general or gynaecological
surgery. Trials in which the recently developed heparinoids or
dermatan sulphates were evaluated were not included. The
survey ofthe literature included a computer-aided MEDLINE
search from 1980 to 1991, a search of the reference lists of
relevant papers by two of the authors (L.N.J., P.W.-J.)
independently, and a contemporary computer-aided search of
Current Contents (field: Clinical Practice and Life Sciences)
until the end of 1991. The following keywords were used: low
molecular weight heparin, heparin, deep venous thrombosis,
thromboembolism, pulmonary embolism, surgery and ortho-
paedic surgery. When data were missing from published reports,
the authors responsible for correspondence were contacted. If
no answer was received, a reminder wa5 sent after 1 month. If
the data were still not forthcoming, the study was excluded

The use of conventionallo\\'.dose unfractionated heparin is a
well established method in the prevention of postoperative
thromboembolic complications. The administration of low
doses of heparin has reduced the incidence of postoperative
deep vein thrombosis (DVT) and even fatal pulmonary
embolismJ.2. Ho\\.ever, some types of surgery, especiaIJy
orthopaedic, stiIJ carry an unacceptably high risk of DVT,
reported by some to be about 30 per cent despite the use of
unfractionated heparin in combination with dihydroergotamine
(DHE )3. Furthermore, the administration of unfractionated
heparin is associated with certain side-effects such as an
increased bleeding tendency (albeit seldom of clinical
significance), aIJergic manifestations, aIteration of plateIet
function and changes in levels of lipoprotein lipase and liver

lipase4.
Unfractionated heparin is a heterogeneous mixture of

molecules of different molecular weights, ranging from 3 to
40 kDa, and with varying amounts of specific biological activity
depending on molecular structure and size. Low molecuJar
weight heparins (LMWHs) are derived from unfractionated
heparin by either enzymatic cracking or filtration; LMWHs
are believed to possess les ser effects on overaIJ clotting as
reflected in activated partial thromboplastin and thrombin
clotting time assayss.

Experimental studies have led to the theory that antifactor
Xa actiyity correlates with antithrombotic efficacy, whereas
antifactor lIa activity relates to the influence on bleeding.
LMWHs have ]ess abi]ity to inactivate thrombin re]ative to
their capacity to inhibit factor Xa, as the inactivation of
thrombin by heparins is dependent on the size of the heparin
mo]ecu]e. The specific antifactor Xa:antifactor lIa activity ratio
for LMWHs is thus higher than for unfractionated heparin.
Therefore, in equipotent antithrombotic doses, LMWHs should
cause less bleeding than unfractionated heparin; this has been
verified on]y in animal mode]s6. 7. Compared with unfractionated
heparin, LMWHs exhibit a different pharmacokinetic profile
with a longer half-]ife and higher bioavailability. Also, the
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Table 1 Dl:finition o/ high-qualit)' studies (011 criterio must be met)

DVT diagnosis
Orthopaedic surgery

l. Venography
2. J 2-'I-radiolabelled fibrinogen uptake test with or without

impedance plethysmography, or plasmin scintimetry if
positive results are verified with venography for all the tests

General or gynaecological surgery
l. Venography
2. 12~I-radiolabelled fibrinogen uptake test

Follow-up
~ 7 days for regular DVT screening and ~ 30 days for verification
of symptomatic DVT, symptomatic pulmonary embolism or death

Completion of trial
l. No or limited selection of patients
2. < 15% of patients drop out after inclusion

Bleeding and transfusion
Complete data on amount and type of bleeding, and transfusion

, requirements
,

DVT. deep vein thrombosis

of follow-up and drop-out rate (Table 1), a separation was
made into two cJasses of scientific quality (high and low). When
different studies had uniform selection of patients and dose
regimen, some results were evaluated by combining the data
in 2 x 2 tables (Mantel-Haentszel-Pet02.12.13 method); this
allows comparison across studies to obtain an overview of the
efficacy and safety of LMWHs compared with different control
treatments. Only results from trials with uniformity in the
selection of patients and dose regimen were analysed in this
way. For each study, the number of observed events (O) (DVT
or pulmonary embo)ism) in patients treated \\-ith LMWH was
compared with the number expected (E) if the treatment
had an effect that was identical with that in the control group.
With reference to the variapce (V ar) of each trial, the
differences (O -E) were summed and a X2 test applied to evaluate
whether the number of observed events differed significantly
from the number expected if the treatments did not differ.
Two-tailed analyses were used, irrespective of the fact that
one-tailed statistics had been employed in some publications.
Typical odds ratios derived from exp[}:; (O-E}}:; Var(O-E)],
with the 95 per cent confidence interval derived from
exp[}:; (O -E)!}:; Var(O -E)]:t 1'96/}:; \Tar(O -Ef/2, are

presented2.
Tests for heterogeneity have not been performed, since these

lack statistical power and a certain degree of heterogeneity is
always present2.14. Instead, heterogeneity has been evaluated
from the graphical presentation ofthe odds ratios for each trial.
The overall typical odds ratios are presented in this forro only
when derived from studies of similar design using identical

pharmaceutical products.
In the evaluation of the prophylactic effect on DVT, each

drug was tested separa tely against each main group of controls:
placebo, dextran and unfractionated heparin. Three patient
populations were assessed, undergoing: elective major ortho-
paedic operations, hip fracture surgery, and general surgery
incJuding abdominal, thoracic, vascular, urological and
gynaecological procedures. Studies in which the dose of the
respective LMWH tested differed considerably from the
recommendations of the manufacturer were excJuded from the
analysis. No regard was made to supplementary prophylactic
treatment (e.g. compression stockings or DHEJ if it \vas used
in both the LMWH-treated and control groups. Two sets of
analyses \vere carried out: the first incJuded all studies
irrespective of quality and the ~cond evaluated only
high-quality investigations. The same I methods \vere applied
when the effects on the incidence of pulmonary embolism and
death were examined.

Results

Orthopaedic surgery
Reports of 27 investigations were found. In most trials, patients
undergoing elective hip arthroplasty or hip fracture surgery
were studied. Without prophylaxis these patients are considered
to carry a risk of DVT of approximately 50 per cent, and a
risk of pulmonary embolism and fatal pulmonary embolism of
1-2 per cent and 2-10 per cent respectively15.

Controls receiring placebo. Compared with placeta, three
LMWHs have in separate trials pro ved to be significantly
superior with respect to prophylaxis of DVT 'in patients
undergoing elective hip arthroplasty3.16, knee arthroplasty or
tibia!. osteotomyl7, or repair of femoral neck fracture18
(Table 2). Although not all the trials show significant
differences, the individual odds ratios all point towards a
thromboprophylactic effect of the LMWH that is better than
that of placeta, irrespective of the quality rating (Figure 1). In
two studies3.19 the LMWH was supplemented with DHE;
graded compression stockings were used in both treatment
groups in one triaI2°. In all studies reporting the incidence of
proximal DVT, a reduction was found in the active treatment
group3.16.17.20; this was statistically significant in three3.r6.17.


