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thromboembolism with low
molecular weight heparins

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

6890007-1323,193/060689-=16 :r: 1m Butterworth-Heinemann Ltd



r¿¡¡¡
11111

Low molecular weight heparins: L. N. Jorgensen et al.

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.

from the respective statistical calculations, but still reported,
AIso excluded from the analysis were dose-finding studies
without a control group given another prophylactic treatment
for comparison.

The efficacy endpoints assessed were the objectively verified
incidences of DVT and pulmonary embolism. Only controlled
trials using objective paraclinical diagnostic methods, such as
venography, 12SI-radiolabelled fibrinogen uptake test, plethys-
mography, 99Tc-radiolabelled plasmin scintimetry and thermo-
graphy for the detection of DVT, and pulmonary scintigraphy,
pulmonary angiography and autopsy for the verification of
pulmonary embolism, were included; the authors are aware
that not all of these tests are adequate for diagnosis. The
incidence of DVT was based on results of venography in all
the studies that applied this method to a majority of patients
for the verification of DVT (after initial detection by screening
with another objective diagnostic method). In a substantial
proportion of studies, separation of results into proximal and
distal DVT was not presented: for this reason the total incidence
of DVT has been considered. Whenever the relevant data were
provided, the incidences of DVT, pulmonary embolism and
death were derived from the complete period of follow-up, not
just that ofthromboprophylaxis or hospital stay. The incidence
of DVT was based on patients completing the trial protocolo
Whenever possible, data describing the incidences of
postoperative pulmonary embolism, postoperative mortality,
bleeding complications and transfusion requirements were
derived from all patients randomized in the respective trials
(i.e. analysis on an intention to treat basis). This was done to
avoid the bias that occurs in certain trials from excluding
patients beca use of severe bleeding episodes or death before
completion of the trial.

Side-effects such as bleeding complications and requirement
for transfusion were not uniformly recorded in the different
trials. The studies were scrutinized for significant differences in
the total amount ofbleeding and transfusions given, irrespective
of. the time after operation. Bleeding complications included
intracranial and gastrointestinal episodes, wound haematoma
and significantly raised total blood loss (perioperative and
postoperative, including volume in drains). Injection haema-
tomas were not considered in the analysis. A distinction was
made between statistically significant differencesand tendencies
between treatment groups. Whenever there was a significant
indication of (1 ) a higher incidence of life-threatening bleeding
episodes, (2) wound haematoma requiring evacuation or
(3) discontinuation of prophylaxis because of bleeding,
differences between the groups were considered clinically
relevant. Transfusion was expressed as the total sum (calculated
as the number ofunits oferythrocyte-containing blood products
transfused) given during the period of prophylaxis.

In some analyses relating to diagnóstic methods, duration

Br. J. Surg., Vol. 80, No. 6, June 1993690
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a non-sígníficantly higher incidence of bleeding complications
in the LMWH-treated group, which did not lead to dis-
continuation of prophylaxis for any patient1S.l0. Similarly,
transfusion requirements were slightly higher in the group
receiving active treatment in these studies.
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Colltrols receiving dextrall. Three LMWHs have been
compared with dextran in patients undergoing hip arthro-
plasty23-26 (Table 3). The administration of C.lexane,Fragmin
and Logiparin caused a reduction in the incidence of DVT,
which was statistically significant for Clexane and Fragmin
(Figure 3). In one investigation25 only a limited reduction was
found (odds ratio 0'71), which may be related to use of an
insufficient dose of Logiparin (35 rather than the recommended
50 antifactor Xa unitsjkg daily). The incidence of proximal
DVT was not significantly lowered in any trial.

There were only a few pulmonary embolisms and deaths,
and no indication of a reduced incidence of either in
LMWH-treated patients. In two of the studies=3.=4 the amount
of bleeding was found to be significantly higher in patients
given dextran.

! 

I' i

0.01

Figure 1 Prophylacfic (:tf~cr I!fWII' molecular lI'eighr heparins (lI'i/h or
lI'i/houl dihydroergorallline) versus placebo lI'irh respecr lO Jeep rein
!Ihrombosi,~ in or/hopaedic ,~urger.1" Bar,f are 95 per cen/ colljidence
!inrerral,~, * Hip ,frac//lre ,~urgery
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Co/ltrols recen'ing unfractionated heparin I¡"ith or II"ÍthoUI
dihydroergotamine. The antíthrombotíc efficacy of LMWHs
compared wíth unfractíonated heparin has been evaluated ín
18 trials (Table 4), mostly on patíents undergoíng electíve híp
arthroplasty. Overall, LMWHs exhíbíted an effect on the
íncidence of DVT at least as great as that of unfractíonated
heparin. Indeed, ín 11 of 14 híp arthroplasty IríaIs the odds
ratío was < 1.0, favouring the useofLMWHs (Figure 4). When
a meta-analysís ofthe results from the two hígh-quality studíes
comparing Clexane wíth unfractíonated heparin 15000 units
per day was performed, a sígnificant reduction ín the DVT rate
was found ín patíents treated wíth Clexane (odds ratío 0,67
(95 per cent confidence ínterval (c.Í.) 0.47-0.96)). Treatment
of the control group ín the Fragmin studíes was not homo-
geneous, makíng stratíficatíon necessary. The typícal odds ratío
(95 per cent c.Í.) for the trials ofFragmín agaínst unfractíonated
heparin 5000 uníts subcutaneously three tímes daily was 0,54
(0'27-1.11)31.32 and 0.65 (0.27-1.57) (both P not signíficant)
for studies wíth controls receívíng unfractíonated heparin 5000
uníts plus DHE 0,5 mg subcutaneously twice daily33.34. Thus,
there is evidence that Fragmín ís at least as efficíent as these
conventíonal prophylactíc regímens.

Compared wíth unfractíonated heparin-DHE, Fragmín
appears to be at least as antíthrombotíc33.34 (T able 4). The
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It is worth noting that in two trials the prophylactic treatment
was initiated after surgeryI6.17. To the authors' knowledge these
studies, including that of Levine and colleagues21 , are the only
reports on postponing the start of LMWH prophylaxis until
after surgery.

With respect to the incidence of pulmonary embolism, no
overal1 tendency was detected between the groups when patients
undergoing elective surgery were analysed3.16.1 7,20,22; however,
the three cases of fatal pulmonary embolism were confined to
the placebo-treated group in the two hip fracture studiesl8,19
(Table 2).

When mortality was evaluated, great heterogeneity between
the trials was obvious and no overall tendency shown
(Figure 2). For this reason, meta-analysis was omitted.

In only one study was there a significantly higher operative
blood loss in patients receiving LMWH compared with that in
the placebo-treated group3 (Table 2). Two other trials reported

Figure 3 Effect o[ lo", molecu/ar ",eight heparins versus dextran on the
incidence o[ deep vein thrombosis in e/ective hip arthroplasly. Bars are
95 per cent confidenfe interva/s
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Figure 4 E.

dihy(lrllery()¡,

-101,' molecular weight heparins (with or Il'ithout
versus u/!fractionated heparin (Irith or lI'ithout

'nine) on the incidence I?f deep rein thrombosis in electire
'y- Bars are 95 per cent co/!fidence interrals- .T:.pical odds
per cent co/!fidence interral 0-47-0-96) (P < 0-05)

hipo!

cutaneously once daily appears at least as effective as that with
unfractionated heparin 5000 units plus DHE 0.5 mg sub-
cutaneously twice daily. In one study of patients with hip
fracture the thromboprophylactic action of Sandoparin was
tested against that of unfractionated heparin followed by the
administration of a vitamin K antagonist; no significant
difference was found between the groups37.

In eight of the nine trials reporting on the incidence of
proximal DVT the odds ratio was < 1.0, again in favour of
LMWHs (Figure 5). The typical odds ratio (95 per cent c.i.)
for the Clexane studies21.38 was 0.57 (0'34-0'97) (P < 0'05)
and for the two Sandoparin studies3.36 0.51. (O.28-"-Ü.94)
(P < 0,05).

Except for the reports of Eriksson et al.32 and Monreal and
colleagues41, no regular screening for pulmonary embolism was
performed in any trial. From 13 elective hip trials comparing
LMWHs and unfractionated heparin, the incidence of
pulmonary embolism could be obtained (T able 4). The results
favour the LMWHs, as seven studies showed a higher incidence
in the control group (odds ratio < 1) and none a higher
incidence of pulmonary embolism in LMWH-treated patients
(odds ratio >1) (Figure 6). In all the orthopaedic trials
reviewed, reporting the results from 4615 patients, fatal
pulmonary embolism was reported in seven cases (0.15 per
cent )18.19.37.39.4°, four of whom underwent femoral neck
repair. No patient with fatal pulmonary embolism was treated
with LMWH prophylaxis. Eleven cases ofpulmonary embolism
(0.49 per cent) were reported in 2230 patients receiving LMWH
compared with 23 (1.22 per cent) of 1884 controls receiving
either unfractionated heparin, unfractionated heparin-DHE,
dextran or unfractionated heparin-vitamin K antagonists. The
number of deaths was too small to permit comparison between

groups.
With respect to the rate ofbleeding complications, no overall

reproducible difference was found between groups. This was
algo the case when the data were analysed for each compound.
In one investigation comparing Fragmin with unfractionated
heparin, significantly less bleeding was observed in patients
receiving the LMWH32. The dose regimen was unique, as
prophylaxis was started 12 h before surgery instead of 2 h.

No obvious pattern was detected when transfusion require-
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Figure 5 Effect of 1011' molecular lI'eight heparins (1I1th or lI'ithout
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dih)'droergotamine) on the incidence ofpro inlal Jeep rein thrombosis
in electit'e hip arthroplast)'. Bars are 95 per cent confide/lce inten'als-
Typical odds ratio (95 per cent co/Ijidence interva/): .0-57 (0-34-0-97)
(P < 0-05); tO'51 (0'28-0-94) (P < 0-05)
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efficacy of a combination of Sandoparin and DHE compared
with unfractionated heparin -DHE has been investigated in four
trials3.19,3S,36 (Table 4). A meta-analysis performed on the
three studies of patients undergoing elective hip arthroplasty
showed no significant difference in antithrombotic effect
between the two regimens (odds ratio 0.89 (95 per cent c.i.
0.58-1-36)). Similar results were found in patients undergoing
hip fracture surgery19. Prophylaxis of postoperative DVT using
Sandoparin 4800 units combined with DHE 0.5 mg sub-

Figure 6 Effecl of /ow mo/ecu/ar weighl heparins (,..ilh or ,..ilhoUl
dihydroergolamine) versus unfraClionaled heparin (,.'ilh or wilhoul
dihydroergolamine) on lhe incidence of pu/monary embo/ism in e/eclive
hip arlhrop/asly. Bars are 95 per cenl confidence inlerva/s. * Al/easl 30

da}'S' fo//o}t'-up
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ments in each treatment group wcre analysed (Table 4).
Clinically relevant differences were observed in only two trials.
Eriksson and co-workers32 reportcd that Fragmin- and
unfractionated heparin-treatcd paticnts required a mean of 2.3
and 3,3 red cell units respectively, whercas Haas and
colleagues34 found the opposite effect. The regimens tested
were, however, not identical.
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General and gynaecological surgery

Controls receiving placebo. Of the thrce studies available,
regular screening for DVT with an acceptable method was
carried out only by Ockelford and co-workers42 (Table 5).
Prophylactic treatment with Fragmin 2500 units subcutaneously
once daily reduced the rate of DVT diagnosed by the fibrinogen
uptake test from 17.0 per cent (95 per cent c.i. 10.7-25.0 per cent)
to 4.2 per cent (95 per cent c.i. ).4-9.5 per cent) (P < 0.01).
There was no difference in the bleeding tendency. Fatal
pulmonary embolism was assessed as the endpoint in a
large-scaIe assessor-blind study randomizing 4498 patients to
treatment with placebo or Fraxiparin 2500 units once daily44.
Four patients in the placebo-treated group and two receiving
LMWH died from pulmonary embolism. The total morta)ity
rate was reduced from 0.80 to 0,36 per cent.
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Controls receiving UlifraCliol/ated heparil/ Il'ilh or 11'ithout
dihydroergotamine, The prophylactic use of low-dose unfrac-
tionated heparin has been intensively studied. With this
treatment the incidence of DVT, pulmonary embolism and
fatal pulmonary embolism is approximately 10, 0,5 and
0,2 per cent respectively4S. Most trials in which the prophylactic
effect of LMWHs was investigated were conducted .using
unfractionated heparin for controls- From 32 studies, 38
comparisons between LMWHs and unfractionated heparin
have been published, with supplementary DHE administered
to both treatment groups in six investigations46-S1 and
exclusively to the unfractionated heparin-treated group in oneS2
(Table 6)- In all studies, the incidence ofDVT was the endpoint.
The diagnostic method most often used was the fibrinogen
uptake test, sometimes with verification by venography- A
significant reduction in the incidence of DVT by administration
of a LMWH was obtained in three studies. The treatment
regimens were Fragmin 5000 units subcutaneously once daily,
Fraxiparin 2500 units subcutaneously once daily and
Sandoparin 8000 units plus DHE O-S mg subcutaneously once
daily47,S6,S7 and the respective odds ratios (95 per cent c.i.)
O-53 (0.31-0.90),0-26 (0.10-0-69) and 0-31 (0-12-0-82).

The odds ratios for all the trials were < 1.0 in 15, 1-0 in nine
and > 1-0 in six; these generally favour the use of LMWHs
(Figure 7). If only the high-quality studies are included, the
corresponding numbers of trials with these odds ratios are four,
three and three, with some of the largest studiesS6,S8-60
belonging to the group favouring LMWHs- Many of the
Fragmin studies were not homogeneous and so do not allow
proper meta-analysis. This is so even after stratification with
respect to clase regimens in the LMWH-treated and control
groups of patients. Three studies compared unfractionated
heparin 5000 units subcutaneously three times daily with
Sandoparin 4800 units subcutaneously once daily60-62 , for
which a typical odds ratio of 0.73 (95 per cent coi. 0,44-1.23)
was found, a non-significant reduction in the DVT rate in

Sandoparin-treated patients.
The total incidence of symptomatic pulmonary embolism

reported for patients receiving LMWH and unfractionated
heparin was 0.16 per cent (fatal embolism 0.02 per cent) and
0,60 per cent (fatal embolism 0-13 per cent) respectively
(Table 6). In none of the studies was regular screening for
pulmonary embolism performed. Data on the incidence of
pulmonary embolism could be obtained in 27 of the 32
published studies, often only by direct communication with the
authors, As the number of observations ofpulmonary embolism
in each trial was small, the confidence intervals for each odds
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Low molecular weight heparins: L. N. Jorgensen et al
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Figure 7 E.ffecl C!f 1011' molecular lI'eighl heparins (lI'Ílh or Il'ilhoUl dih)'droergolamine) versus unfraClionaled heparÚl (lI'Írh or lI'Írhoul
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regimens related to the prophylactic use of Fragmin have been
intensively studied in patients undergoing general surgery.
Bergqvist et al.63 foundthat Fragmin 5000 units daily initiated
2 h before surgery was significantly more haemorrhagic
(excessive peroperative bleeding, wound haematomas and
number of reoperations for bleeding) than conventional heparin
5000 units twice daily. Similar findings were made by Borstad
el al.65 using a similar dose re gimen in gynaecological patients.
If the time of the first 5000-unit Fragmin dose was advanced
to 12 h before surgery, the regimen was sti]l more likely to cause
bleeding than the use of unfractionated heparin, but the
bleeding episodes were only minor and efficacy was
maintained56. Another safe and efficient approach57,64 has been
to reduce the dose of Fragmin given 2 h before surgery to 2500
units, repeated after 12 h. Koller et a./.66 and Schmitz-Huebner
and colleagues67 used higher LMWH doses than now
recommended in some of their studies (Fragmin 7500 units
daily, Sandoparin 5600 units twice daily) and experienced a
significantly higher number of clinically relevant bleeding
complications, leading to interruption of the study of Koller el
al. Prophylaxis with Fluxum 5000 units once daily68-71,
Clexane 1600 units (20 mg) once daily 72, Fraxiparin 2500 units
once daily57.58. 73. 74, Logiparin 3500 units once daily"5 or

Sandoparin 4800 units (with or without DHE) o\}ce daily has
pro ved to be efficient without causing significantly more
bleeding than standard low-dose heparin46.48-51.60-62."76. It
appears, however, that there is no basis for the claim that the
prophylactic use of LMWHs as a group causes fewer bleeding
complications than that of unfractionated heparin (Table 6).

Higher transfusion requirements in Fragmin-treated patients
than in those receiving unfractionated heparin were found in
two studies65.66 (Table 6) in which Fragmin 5000-7500 units
was given 2 h before surgery. Lowering the preoperative dose
to 2500 units, but withholding a 5000-unit daily dose in the
days after operation, led to the elimination of this tendency52.64.

ratio appear wide, especially if few patients were allocated in
the respective trial (Figure 8). In 13 studies the odds ratio was
< 1.0 (in favour ofLMWH), whereas a ratio > 1.0 was observed
in only three. In ten investigations no case of pulmonary
embolism occurred, leading to an apparent odds ratio of 1.0.
If one includes only the high-qua1ity studies, a higher
homogeneity appears with no odds ratio > 1.0. There were no
cases ofpulmonary embolism reported in the three Sandoparin
trials. Prophylaxis with Fragmin, Fraxiparin or Logiparin led
to a reduced risk of pulmonary embolism although without a
clear statistical significance in each single investigation.
Meta-analysis ofthe three high-quality studies56.63,64, in which
the LMWH-treated patients received the high-risk patient clase
of Fragmin 5000 units daily, showed a typical odds ratio of
0.13 (95 per cent c.i. 0'04-0'42) (P < 0'01), suggesting an
overall reductive effect on the incidence of postoperative
pulmonary embolism of Fragmin compared with that of
unfractionated heparin.

There were even fewer cases of postoperative fatal
pulmonary embolism; in 21 of 28 trials there were no fatal
pulmonary embolisms, leading to an apparent odds ratio of
1.0 in each (Figure 9). Again, no trial showed a significant
difference between treatment groups. However, there is a weak
visual impression of an overall superior prophylactic efficacy
of LMWHs ayer unfractionated heparin. Meta-analysis of the
three Fragmin studies mentioned above showed a lower
incidence of fatal pulmonary embo1ism in the Fragmin-treated
group that was not statistically significant (typical odds ratio
0.13 (95 per cent c.i. 0'01-2,15)),

With respect to total postoperative mortality, no clear
overall difference was found between treatment groups, either
for all studies available or for those ofhigh quality (Figure 10).

A significantly increased amount of bleeding in LMWH-
treated patients was observed in five studies56.63.65-67 and
considered clinically relevant in four (Table 6). Different clase
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No increase in transfusion requirements of Fragmin-treated
patients was observed in any study using this LMWH at 2500
units daily59.66.77 or in the second trial of Bergqvist et al.56,
in which the preoperative 5000-unit Fragmin dose was
administered 12 h before surgery. No clear difference in
transfusion requirements between the treatment groups was
observed in the large studies with Clexane 72, Fraxiparin58 and
Logiparin 75. The Sandoparin trials are difficult to evaluate
beca use of inconsistent treatment regimens in both unfraction-
ated heparin- and LMWH-treated groups. Most of the studies
on Fluxum lack information on transfusion. If the studies are
considered as a whole, disregarding the type and dose regimens,
there is no indication of a transfusion-saving effect associated
with LMWHs.

In this analysis the main type of surgery and treatment of
the control group have been stratified. Instead of performing
meta-analysis of inhomogeneous data, which should be
avoided 14, graphical presentation of the risk reduction in each
trial has been preferred. As the LMWHs show different
pharmacodynamic profiles1o, a regular meta-analysis of a set
of trials was carried out only when the same type of LMWH
in comparable doses was tested against a uniform control
group. Only in such a setting do we regard meta-analysis to
be statistically ,alid, contrary to the recent reviews of
Nurmohamed el al.78 and Leizorovicz and co-workers"9 in
""hich meta-analyses were performed without differentiation
between drugs. The methodology used in the above two re,iews
differs from that in the present in several other aspects: the
definition of high-quality studies 78 was different, some

orthopaedic trials21.36.37.39.40 were not assessed in both
reviews, the follow-up period was often restricted to 7-14 days
after surgery, results were pooled irrespective of the LMWH
dose given 79, heterogeneous groups of bleeding complications
(sometimes including postoperative transfusion requirements)
were summed, and asymptomatic (screened by the use of
scintigraphy in some of the studies) and symptomatic cases of
pulmonary embolism were pooled. In addition, not all patients
with reported pulmonary embolism had the diagnosis
objectively verified, and embolism rate and mortality Tale for
elective hip surgery and hip fracture repair were assessed in
the same analysis. The conclusions from different overvie""s of
the same subject may differ substantially; compared with the
two above reviews, the results of the present analysis for
calculation of the incidence of pulmonary embolism were more
in favour o[ LMWHs than unfractionated heparin in both
orthopaedic and general surgery. A higher incidence of
embolism (especially in patients undergoing orthopaedic
surgery and receiving LMWH) was found by both Nurmohamed
et al.78 and Leizorovicz and associates 79. We feel that it is
justifiable to consider only those cases of symptomatic

Discussion
During the past two decades the need to prevent postoperative
thromboembolic complications has gained wide acceptance, the
final goal being to eradicate the 'silent killer' -fatal pulmonary
embolism -which, despite the use of prophylaxis, is still a majar
concern. Postoperative DVT causes considerable morbidity,
with the potential risk of later chronic venous insufficiency.
There is no doubt that the use of proper prophylaxis reduces
both the postoperative morbidity and mortality rate from
thromboembolism. A simple prerequisite is that prophylactic
treatment should not be forgotten. Many regimens are not
applied in daily practice beca use of fear of bleeding
complications and the burden of such extra therapy to the
patient. The development ofthe LMWHs offers some promising
aspects; the drugs are effective on a once-daily basis and do
not require paraclinical monitoring. When used in equivalent
antithrombotic clases, LMWHs theoretically should, based on
animal experiments, cause less bleeding than conventional
unfractionated heparin as they cause less inhibition of
thrombin6. 7.
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pulmonary embolism that have been verified by objective
measures; this leads to a much lower incidence and pro vides
a more reJiable comparison between unfractionated heparin
and LMWHs.

In a review by Bergqvist80, data were compiled without
app.lication of meta-analysis methodology, excluding the
possibility of a statistical comparison bet\\'een treatment
groups, It was concluded in that paper that LMWHs are at
least as effective as unfractionated heparin. In the present
review, it is not known whether publication bias from not
publishing negative results is presento Having included all
abstracts from conferences, it can only be hoped that such bias
is minimized,

Duration of diagnostic follow-up is a keystone of study
quality; this is especially true for postoperative fatal pulmonary
emboJism, since most deaths occur >7 days after surgery81.
Indeed, Bergqvist and Fredin82 found that patients \\ho suffered
fatal pulmonary embolism after hip fracture repair died at a
median of 31 days after operation. RecentJy, Huber and co-
\\'orkers83 reported the incidence of postoperative pulmonary
emboJism to be increased by 30 per cent if all cases occurring
\\'ithin 30 days of hospital discharge \\'ere algo included. The
results of a substantial proportion of the published studies are
erroneously based on a short-term follow-up \\'hen thrombo-
embolic complications, injection haematoma and bruising are
described;only limited, ifany, attention is given to the incidence
oflate pulmonary embolism. This information must be collected
directly from the authors but is not always possible to obtain,

Some LMWHs are more efficient than placebo and dextran
in the prevention of DVT in both elective and acute hip surgery.
It is algo clear that LMWHs are at least as efficient as
unfractionated heparin in elective orthopaedic operations.
Meta-analysis has shown that Clexane significantly reduces the
incidence of DVT compared with unfractionated heparinll,38.
The combination of DHE and unfractionated heparin, t\\'O
drugs with synergistic action, has been used widely, especial1y
in hip surgery, Although the prophylactic use of this
pharmaceutical combination has be en reported to be safe84,
DHE has been withdrawn in many countries as a consequence
of reported severe arteriospastic side-effects8S, On the basis of
several trials of the prophylactic use of DHE, these side-effects
must be considered extremely rare3,35,46-SI, and the use of
LMWH \\ith DHE may still appear attractive as a potential
alternative, as the daily dose of DHE may be halved. On tbe
other band, it seems that LMWH \\ithout DHE is as effective
as unfractionated heparin in combination with DHE33,34,86,

This paper has reviewed 27 trials in which LMWHs were
administered to 2230 patients undergoing orthopaedic surgery,
The reported bleeding complications and transfusion require-
ments give an overall impression that LMWHs are safe in
comparison with placebo, dextran or unfractionated heparin
with or without DHE. It must be stressed that there is no
evidence of fewer bleeding complications in LMWH-treated
patients than in those given unfractionated heparin with or
without DHE, unlike reports from experimental studies.

Which LMWH has the highest efficacy:side-effect ratio
when applied to orthopaedic patients is unknown. Comparisons
between compounds will probably never be performed because
ofthe large number ofpatients needed for such a study. Efficacy
and safety must be documented for each LMWH in different
surgical situations. It has been claimed for Clexane that tbere
is a close relationship between the antifactor Xa level and tbe
clir.cal outcome. Tbe optimal antifactorXa concentration is
narrow because levels <0.1 unitsjml are related to the
development of DVT and those >0.2 unitsjml to bleeding
complications87, Whether LMWHs are more efficient tban
other regimens in preventing pulmonary embolism in ortho-
paedic surgery cannot be assessed with current knowledge,
although the present review points towards a reductive effect
compared with unfractionated heparin with or without DHE.
The easy once-daily administration of LMWHs, possibly
leading to a higher compliance rate, combined with a probable
gain in efficacy against DVT, argues for tbe use of LMWHs

for prophylaxis in orthopaedic surgery. Whether a synergistic
prophylactic effect is obtained from the supplementary use of
mechanical devices (graded compression stockings or inter-
mittent pneumatic compression) has Jet to be shown.

In general surgery the results again show a tendency towards
an overall better antithrombotic prophylactic effect using
LMWHs compared with unfractionated heparin. So far,
LMWHs have not been tested in acute general surgery. It is
natural to believe that LMWHs are at least as effective as
unfractionated heparin, which is of pro ven effect, especially
when combined with compression stockings88. The combination
of graded stockings and LMWHs was used in only two
studies58.67; further evaluation of Ibis combination is lacking.
By analogy with the synergistic effect of the combined use of
unfractionated heparin and mechanical devices in patients
undergoing elective surgeryS9, better prophylaxis might be
expected by combining LMWHs with compression stockings,
but this has so far not been documented.

In some older studies, significantly more bleeding was
observed in LMWH-treated patients63.65-67, but these
problems have been solved by altering the clase regimens56.66.67.
As in the orthopaedic trials, there is no overall indication that
LMWHs are associated with fewer bleeding complications than
unfractionated heparin, but serious bleeding complications are
un usual when recommended clases are employed.

When the high-quality studies in general surgery were
analysed, it was found that Fragmin reduced the incidence of
symptomatic pulmonary embolism compared with unfraction-
ated heparin. That this could not be shown statistically for the
other compounds is probably related to the limited number of
investigations rather than to a real difference between the
efficacy of different compounds. The incidence of fatal
pulmonary embolism was not significantly reduced by any
LMWH. To pro ve a reduction in the number offatal pulmonary
embolisms with LMWHs in general surgery compared with
unfractionated heparin, a study of over 50000 patients is
needed. To prove a reduction in total perioperative mortality
rate, even larger numbers are required. This does not seem
feasible, and it must still be remembered that the clinical
interpretation of such a study would require a thorough analysis
of cost-effectiveness, facing the fact that LMWHs are still more
expensive than unfractionated preparations. The biggest
apparent advantage of LMWHs in general surgery is their
efficacy by once-daily administration.

It has recently been stated that prophylaxis of DVT with
LMWH will benefit orthopaedic but not general surgical
patients 78.9°. The present review is partly supportive of this;
the percentage reduction in the risk ofDVT appears comparable
in the two groups of patients, but the incidence of such
throm bosis is higher in orthopaedic surgery, leading toa greater
absolute number of cases of DVT prevented. Thus, use of a
LMWH may be more cost effective in orthopaedic surgery
despite the higher price of the drug. If future large-scale trials
confirm the tendency in the present literature of a reduced
incidence of pulmonary embolism through the use of LMWHs
in general surgery, the statement above may have to be
modified.

The clases in LMWH prophylactic regimens have been
widely examined. The present recommendations for orthopaedic
surgery are: 3200 units once daily or 2400 units twice daily
(Clexane), 5000 units once daily or 2500 units twice daily
(Fragmin), 30-50 unitsjkg once daily (Fraxiparin) and
50 unitsjkg once daily (Logiparin). For general surgery, the
recommended clases are: 1600 units once daily (Clexane),
2500-5000 units once daily (Iow- and high-risk patients,
Framin), 2500 units (equivalent to 7500 Institute Choay Units)
once daily (Fraxiparin) and 3500 units once daily (Logiparin).
Even though the optimal plasma concentration of antifactor
Xa is 0.1-0.2 units/ml, the differences between the drug clases
recommended are considerable and may reflect the pharmaco-
logical inhomogeneity of the preparations and the variation in
present clinical documentation. Much concern has been
expressed on the antifactor Xa:antifactor IIa ratio of LMWHs
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12.

13.

14.

15.

16.

with regard to the bleeding risk and antithrombotic efficacy.
Whether this ratio is clinica\ly relevant today is a matter of
debate. It has been shown that the plasma antifactor Xa level
does not correlate with the incidence of thromboembolism32
or with that of excessive bleeding in patients undergoing hip
surgery91. Clinical results have shown that the early findings
in animal models of a reduced bleeding tendency with LMWHs,
compared with unfractionated heparin in equiantithrombotic
clases, should not be extrapolated to humans.

Despite the considerable accumulation of literature on
LMWHs, some problems must sti\l be solved. The optimal time
for beginning and especia\ly forstopping prophylaxis has to be
established. Too few data on the efficacy of combinations with
mechanical methods of prophylaxis are available. Although it
seems safe to combine lumbar extradural or spinal anaesthesia
with a LMWH, a review of reported cases of intraspinal
bleeding complications in this situation is particularly needed.

17.

18.

19.
Conclusions
The use of LMWHs for prophylaxis against post opera ti ve
thromboembolic complications has not been fully evaluated.
In orthopaedic surgery, LMWHs are at least as efficient as
other regimens in the prevention of DVT and pulmonary
embolism. In general surgery, there mar be a better
prophylactic efficacy against DVT and pulmonary embolism
compared with unfractionated heparin. However, no difference
between LMWHs and unfractionated heparin with respect to
the number of fatal cases could be detected. With the
recommended clases, the routine use of the drugs is gafe with
respect to bleeding complications and transfusion requirements.
A major advantage of LMWHs is that they are efficient when
administered once daily: this benefits nursing routines.
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