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WHAT IS ALREADY KNOWN ABOUT
THE TOPIC
• Patients undergoing major orthopaedic surgery are at high risk

of venous thromboembolism.
• Medical thromboprophylaxis is effective to reduce this risk and

in large trials, fondaparinux proved superiority over low
molecular weight heparin (LMWH) in this indication with the
downside of higher complication rates.

• Patients in clinical trials are a selected subpopulation and
efficacy and safety results need to be confirmed in large cohorts
of unselected patients.

WHAT THIS STUDY ADDS
• In unselected patients undergoing major orthopaedic surgery,

thromboprophylaxis with fondaparinux was equally effective to
prevent major venous thromboembolism (VTE), but inferior to
prevent distal deep vein thrombosis (DVT) compared with low
molecular weight heparin.

• The rates of bleeding complications or blood transfusions were
similar for patients receiving fondaparinux and LMWH, but use
of fondaparinux was associated with significantly lower rates of
surgical complications, which contributed to a shorter hospital
stay.

• Overall, we found much higher rates of symptomatic VTE and
bleeding events in our large cohort of unselected patient in
daily care compared with results of large phase III trials
evaluating anticoagulants in this indication, indicating a
selection bias in these prospective trials.

AIMS
In large randomized trials, thromboprophylaxis with fondaparinux in major orthopaedic surgery (MOS) has
been shown to be superior to low molecular weight heparin (LMWH) prophylaxis with comparable safety.
However, patients treated under trial conditions are different from unselected patients and efficacy and
safety outcomes may be different in unselected patients in daily practice. We performed a retrospective
cohort study to compare the efficacy and safety of venous thromboembolism (VTE) prophylaxis with
fondaparinux or LMWH in 3896 consecutive patients undergoing major orthopaedic surgery at our centre.

METHODS
All patients undergoing MOS between January 2006 and December 2009 were retrospectively analyzed
using patient charts, hospital admission and discharge database, quality management database,
transfusion unit database and VTE event documentation. VTE standard prophylaxis at our institution was
LMWH (3000–6000 aXa units once daily) from January 2006 to December 2007 or fondaparinux 2.5 mg
from January 2008 to December 2009. In these two large cohorts of unselected consecutive patients,
in-hospital incidences of VTE, surgical complications, severe bleeding and death were evaluated.

RESULTS
Symptomatic VTE was found in 4.1% of patients in the LMWH group (62/1495 patients; 95% CI 0.032, 0.052)
compared with 5.6% of patients receiving fondaparinux (112/1994 patients, 95% CI 0.047, 0.067; P = 0.047).
Distal deep vein thrombosis (DVT) was significantly more frequent in the fondaparinux group (3.9%, 95%
CI 0.031, 0.048; vs. 2.5%; 95% CI 0.018, 0.034; P = 0.021). No significant differences in the rates of major VTE
or death were found. Rates of severe bleeding, transfusion of RBC concentrates, plasma and platelet
concentrates were comparable between both treatment groups. However, patients receiving fondaparinux
had significantly lower rates of surgical revisions (1.6%, 95% CI 0.011, 0.022 vs. 3.7%, 95% CI 0.028, 0.047; P <
0.001). Multivariate analysis revealed previous VTE (HR 18.2, 95% CI 11.6, 28.5; P < 0.001) and female gender
(HR 1.9, 95% CI 1.3, 2.7; P < 0.001), but not fondaparinux prophylaxis (HR1.3, 95% CI 0.9, 1.7; P = 0.184) to be
associated with significantly increased VTE risk.

DISCUSSION
Thromboprophylaxis with fondaparinux is less effective to prevent distal VTE than LMWH in unselected
patients undergoing MOS, but is equally effective with regard to rates of major VTE and death. However,
differences in efficacy of LMWH or fondaparinux are of little relevance compared with a history of VTE or
female gender, which were found to be the main VTE risk factors in MOS. The safety profile of fondaparinux
was comparable with LMWH with regard to rates of severe bleeding complications, but patients receiving
fondaparinux had significantly less surgical complications requiring surgical revisions. Both our efficacy and
safety findings differ from data derived from large phase III trials testing fondaparinux against LMWH in MOS,
where overall rates of symptomatic VTE were lower and the safety profile of fondaparinux was different.

CONCLUSION
We conclude that the strict patient selection and surveillance in phase-III trials results in lower VTE and
bleeding event rates compared with unselected routine patients. Consequently, the efficacy and safety
profile of thromboprophylaxis regimens needs to be confirmed in large registries or phase IV trials of
unselected patients.
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Introduction

Patients undergoing major orthopaedic surgery are at
high risk for venous thromboembolism (VTE) including
deep vein thrombosis (DVT) and pulmonary embolism (PE)
[1, 2]. Pharmacological prophylaxis with low molecular
weight heparins (LMWH) reduces VTE rates [3, 4].Their use,
however, is associated with an increased bleeding risk.
Other side effects include allergic skin reactions and
heparin-induced thrombocytopenia as LMWH are derived
from animal sources.The indirect selective factor Xa inhibi-
tor fondaparinux is a synthetic pentasaccharide. It has
been developed to provide a selective anticoagulant effect
and to overcome some side effects of LMWH such as aller-
gic reactions [5–11].

A meta-analysis of large randomized controlled trials
(RCTs) of VTE prophylaxis in major orthopaedic surgery [12,
13] found a 50% risk reduction for any VTE using fonda-
parinux 2.5 mg once daily compared with the LMWH enox-
aparin (at doses of 40 mg once daily or 30 mg twice daily).
Overall, the rates of bleeding, surgical complications and
mortality were not different [12].

Based on these data, our institution switched from
LMWH to fondaparinux for VTE prophylaxis in patients
undergoing major orthopaedic surgery.

Translating results of RCTs into clinical practice is
limited by the fact that selected study populations may not
be representative for cohorts of unselected every day
patients due to selection bias. Only selected institutions,
often academic or academia-affiliated, participate in clini-
cal trials and may not be representative for all institutions
performing the intervention under investigation. At these
sites, patients eligible for study participation are selected
from all patients treated for this indication.The motivation
of patients to or not to participate in a trial may also con-
tribute to selection bias [14–17]. Finally, patients included
in a trial have to fulfil strict inclusion and exclusion criteria
and, therefore, are more homogenous than the whole
group of patients [16, 18]. Consequently, results of RCTs
have to be confirmed in large cohorts of unselected
patients.

The objective of this retrospective cohort study was to
compare the efficacy and safety of VTE prophylaxis with
fondaparinux or LMWH in 3896 consecutive patients
undergoing major orthopaedic surgery at our centre.

Methods

Patients
All patients undergoing major orthopaedic surgery at the
University Clinic ‘Carl Gustav Carus’ in Dresden, Germany
between January 2006 and December 2009 were retro-
spectively analyzed.

Patients were identified using the hospital admission
and discharge database and patient characteristics (age,

gender, type of surgery, length of hospital stay) were
extracted. For all patients, the performed surgical proce-
dure was confirmed by cross-comparison with the quality
management database of the Clinic of Orthopaedic
Surgery. In this database, all complications such as postop-
erative VTE, amount of transfusions of red blood cells, fresh
frozen plasma, platelet concentrates and fibrinogen con-
centrates, and surgical revisions are exactly documented.
These data were extracted and cross-checked by compari-
son with the VTE database of the Department of Vascular
Medicine and the transfusion database of the blood tran-
fusion unit of our hospital. Pre- and intra-operative proto-
cols of the Department of Anaesthesiology were reviewed
for demographic parameters (age, height and body
weight, co-morbidities, co-medication) and for surgical
complications. Again, these data were cross-checked with
the quality management database of the Clinic of Ortho-
paedic Surgery. From the laboratory database, pre-
operative laboratory coagulation values of platelet count,
INR, activated partial thromboplastin time as well as crea-
tinine were imported into the database. For a final cross-
check, discharge letters were reviewed for consistency
of VTE and bleeding complications, co-morbidity,
co-medication and outcome for all patients. The flowchart
of data analysis is given in Figure 1.

VTE prophylaxis
From January 2006 to December 2007, hospital guidelines
recommended VTE prophylaxis with LMWH 3000 to 6000
aXa units once daily for patients undergoing major ortho-
paedic surgery, who had no contraindications for LMWH
prophylaxis. Substance and dosage were chosen by the
attending surgeon according to regulatory approval as
well as national and hospital VTE prophylaxis guidelines.
VTE prophylaxis with LMWH was started on the evening
before surgery. In January 2008, hospital guidelines were
changed to recommend VTE prophylaxis with fonda-
parinux 2.5 mg in major orthopaedic surgery starting on
the evening after surgery. For all patients undergoing
major orthopaedic surgery, continued thromboprophy-
laxis was recommended until day 35 post surgery. Patients
with contraindications for LMWH or fondaparinux prophy-
laxis received other pharmacological interventions or
mechanical thromboprophylaxis. These patients were also
identified in our registry but excluded from further analy-
sis.Therefore, two large cohorts of unselected, consecutive
patients receiving thromboprophylaxis with either LMWH
or fondaparinux were investigated in our study with
regard to in-hospital incidences of VTE, surgical complica-
tions, severe bleeding and death.

Surgical procedures
Surgical procedures classified as major orthopaedic
surgery included primary and secondary total hip and
knee replacement. Surgical techniques and selection of
prosthetic devices did not change substantially during the
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observational period. Furthermore, the standards and pro-
cedures of our Department of Anaesthesia for patients
undergoing major orthopaedic surgery were not changed
between 2006 and 2009.

Efficacy endpoints
Due to the retrospective design, only symptomatic VTE
events were used as efficacy endpoints.

For all patients with suspected VTE events, reports and
images of venous compression ultrasound, CT scans and
ventilation perfusion scintigraphy were reviewed.

According to our hospital guidelines, all patients with
clinical suspicion of DVT underwent immediate (within
24 h) bilateral complete compression ultrasound (CCUS) in
our vascular unit by vascular specialists experienced in
compression ultrasound using a standardized CCUS proto-
col [19, 20].Proximal DVT was defined as any DVT occurring
in a vein of the deep vein system of the lower extremity at
the level of the popliteal vein or above. Distal DVT was
defined as any DVT occurring in a vein of the deep vein
system below the level of the popliteal vein, PE was
defined as PE objectively confirmed in computed tomog-
raphy (CT) or ventilation-perfusion (VQ) scan and major
VTE was defined as the combination of symptomatic proxi-
mal DVT and symptomatic PE.

The adjudication criteria for VTE and VTE-related death
were:

• symptoms leading to CCUS, CT scan or VQ scan
• presence of a thrombus in objective testing
• autopsy confirmed VTE as cause of death
• any sudden unexplained death.

For all patients dying during the postoperative period
until hospital discharge, death certificates and autopsy
reports were reviewed.

The efficacy endpoint was the rate of all VTE events.
Furthermore, rates of VTE subtypes such as proximal or
distal symptomatic DVT or symptomatic PE were evaluated
at hospital discharge.

Safety endpoints
The primary endpoint for safety analysis was the rate of
severe bleeding complications using a modification of the
ISTH standard definition for ‘major bleeding’ [21]. Since
most patients develop a significant drop in haemoglobin
levels after major orthopaedic surgery and time of postop-
erative blood sampling or blood transfusion are not stan-
dardized for a retrospective analysis, we excluded the
standard criterion ‘asymptomatic drop of haemoglobin of

2006 – 2007
hospital standard 

in MOS
LMWH > 3000 aXa/d OD

Hospital database:
1495 MOS patients

Hospital database:
1994 MOS patients

Hospital database:
92 MOS patients

Hospital database:
284 MOS patients

31 MOS
patients

2008 – 2009
hospital standard 

in MOS
fondaparinux 2.5 mg OD

2006 – 2009
GFR < 30 ml/min

hospital standard in MOS
UFH 5000 IU TID

2006 – 2009
bridging indicated hospital

standard in MOS
LMWH 100 aXa/kg OD/BID

2006 – 2009
other VTE
prophylaxis

Hospital database: total of 3896 patients undergoing MOS in 2006–2009

Anaesthesiological database, quality management database, review of all discharge letters, review of radiology documents for VTE
patient characteristics, thromboprophylaxis used, lenght of hospital stay, documented VTE at discharge,

rate of surgical revisions, documented rate of transfusions (RBC, thrombocytes, plasma, fibrinogen)

Rate of confirmed VTE: cross-check comparison with database of vascular department (patient-wise)
rate of transfusions: cross-check comparison with database of  Transfusion unit (patient-wise)

Import of coagulation lab values (pre-surgical values day of admission) from laboratory database

Plausibility control of all data entries

Statistical analysis

Figure 1
Flowchart of data analysis. Review of efficacy and safety of venous thromboembolism (VTE) prophylaxis in 3896 patient undergoing major orthopaedic
surgery (MOS) between 2006 and 2009. LMWH = low molecular weight heparin; UFH = unfractionated heparin; aXa day-1 = anti Factor Xa units day–1; OD =
once daily; BID = twice daily; TID = three times daily; GFR = glomerular filtration rate; RBC = packed red blood cell concentrates

LMWH or fondaparinux in orthopaedic surgery
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at least 2 g dl–1’ from our analysis. Therefore, the endpoint
of severe bleeding was defined as an overt or suspected
bleeding with either

• a documented transfusion of at least 2 units of packed red
blood cells (RBC),

• a surgical revision due to bleeding or
• a bleeding into critical site such as intracranial, intra-

ocular, intra-articular, retroperitoneal and overt gas-
trointestinal bleeding.

As strict hospital standards for transfusion tresholds
have been established at our institution for years we ana-
lyzed transfusion requirements for all patients. The docu-
mentation of blood transfusions at our centre is complete,
since all transfusion units have a track record and need to
be documented patient-wise in the transfusion unit data-
base of our hospital as well as in discharge documenta-
tions of every patient. Therefore, the transfusion rates of
RBC units, plasma and platelet concentrates could be
exactly determined for every patient and were used as a
surrogate parameter to evaluate severe bleeding compli-
cations.

Secondary safety endpoints were

• any transfusion of RBC, platelet or thrombocyte
concentrates

• any surgical revision
• death from any cause
• the length of hospital stay

The rate of surgical revisions (related and unrelated to
bleeding complications) and other post surgical complica-
tions such as bleeding into a critical site are documented in
the quality management database of the Clinic of Ortho-
paedic Surgery and could be determined exactly with
detailed reports available. All safety endpoints were evalu-
ated until hospital discharge.

Statistics
The two treatment groups were investigated for differ-
ences in baseline variables. Binary data were compared by
Fisher’s exact test, continuous data were examined for dif-
ferences in means by Student’s t-test and ANOVA.The treat-
ment groups differed with regard to the mean age and the
proportions of men and women. Therefore, all compari-
sons were carried out using ANCOVA including interaction
effects. Binary data were analyzed in the same way using
logistic regression models. 95% confidence intervals for
proportions are given according to Blyth Still Casella.

For further analyses age, gender and BMI were consid-
ered to be potential confounders and were standardized
by using the overall cohort’s mean as the standard.The risk
for VTE was modelled using Cox proportional hazard
models. The proportional hazard assumption was not vio-
lated. In a first step, the crude hazard ratio was estimated. In

a second step, this hazard ratio was adjusted for confound-
ing factors. In a third step, both potential risk factors and
their interaction terms were included into the model. In the
last step, model terms contributing no significant effect to
the model were removed.

Length of hospital stay was analyzed by Kaplan–Meier
estimation and assessed by log-rank testing for the total
cohort.Of note, subgroups with or without VTE or bleeding
complications were also assessed by Kaplan–Meier estima-
tion, but results are of descriptive value only, since interfer-
ence of confounding factors, such as early discharge policy,
did not allow for log-rank testing.

All statistical analyses were carried out using the IBM®
SPSS® Statistics Version 19 and the StatXact 8.

The study protocol was approved by the local ethics
committee. Due to the retrospective nature of our study
and the strict pseudonymization of patient data, the local
ethics committee and data protection authority did not
request the patient’s informed consent.

Results

Of the 3896 patients undergoing major orthopaedic
surgery between January 2006 and December 2009, 2439
patients underwent hip arthroplasty (69.9%), 1278
patients underwent knee arthroplasty (36.6%) and 179
patients underwent surgery for explantation of artificial
hip or knee joint (5.1%). During the observational period,
all 3896 patients received VTE prophylaxis according to
guidelines and hospital standard. Of these, 1495 patients
(38.4%) received LMWH prophylaxis (hospital standard
2006–2007), 1994 patients (51.2%) received fondaparinux
(hospital standard 2008–2009) and 407 patients (10.4%)
received other prophylaxis (study drugs, unfractionated
heparin due to renal insufficiency, therapeutic anticoagu-
lation due to underlying disease) (Table 1). In the LMWH
group, VTE prophylaxis was with certoparin 3000 IU once
daily (62.3%), nadroparin 3000 IU once daily (14.7%),
nadroparin 4000–6000 IU once daily (14.4%), enoxaparin
4000 IU once daily (8.5%) or tinzaparin 3500 IU once daily
(0.1%). Of note, dose adjustments in the LMWH group were
necessary, since certoparin is approved at a dosage of
3000 IU once daily, nadroparin at dosages of 3000, 4000
and 6000 IU day-1 (according to body weight and time
after surgery), enoxaparin at 4000 IU once daily and tinza-
parin at 3500 IU once daily.

Patients in the fondaparinux group were more often
female (63.8 vs. 55.4%), were older (66.8 vs. 62.3 years), had
lower platelet counts (207 vs. 232 Gpt l-1) and a higher INR
(1.2 vs. 1.1) compared with patients receiving prophylactic
LMWH. These differences were statistically significant
(Table 1). Of note, the number of patients with a history of
VTE was low in both groups, since hospital standard at that
time recommended therapeutic dosages of LMWH for
these patients (Table 1).
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Group differences in age, gender and BMI were
regarded as clinically significant and in the following
analyses, event rates were adjusted according to these
parameters.

The rate of all symptomatic VTE events was 4.1% in the
LMWH prophylaxis group (62/1495 patients, 95% CI 0.03,
0.05) and 5.6% in patients receiving fondaparinux (112/
1994 patients, 95% CI 0.05, 0.07; P = 0.047). Between both
treatment arms,no significant differences in rates for major
VTE and death were found (Table 2A). Patients receiving
thromboprophylaxis with fondaparinux had a significantly
higher rate of distal DVT (3.9%,95% CI 0.03,0.05) compared
with patients treated with LMWH (2.5%, 95% CI 0.02, 0.03;
P = 0.021).

The safety of fondaparinux prophylaxis was compa-
rable with LMWH prophylaxis with regard to the primary
safety endpoint of severe bleeding as well as for the sec-
ondary safety endpoints, transfusions of units of RBCs,
platelets or plasma concentrates (Table 2B). However,
patients receiving LMWH prophylaxis had significantly
more surgical complications leading to revision surgery
(3.7%, 95% CI 0.03, 0.05 vs. 1.6%, 95% CI 0.01, 0.02; P < 0.001;
Table 2B).

Interestingly, efficacy and safety of LMWH and fonda-
parinux thromboprophylaxis differed in subgroups of
patients according to the length of hospital stay (Table 3).
Rates of VTE, bleeding and surgical complication events
increased with prolonged hospitalization, indicating a

Table 1A
Patient characteristics and type of VTE prophylaxis in all patients undergoing major orthopaedic surgery between January 2005 and December 2009

Prophylactic
LMWH
> 3000 aXa
once daily
mean � SD

Fondaparinux
2.5 mg once
daily
mean � SD

t-test
P value

UFH
5000 IU three
times daily
mean � SD

Therapeutic
LMWH
100–200
aXa kg-1 day-1

mean � SD

Other
pharmacological
or mechanical
VTE prophylaxis
mean � SD

n 1495 1994 92 284 31
Male/Female 667/828 721/1273 <0.001 (Chi squared) 47/45 149/135 12/19
ratio 0.8 0.6 1.0 1.1 0.6

History of VTE 0.94% 0.95% >0.999 3.4% 24.6% 6.5%
yes/no

% (n)
14/1481 19/1975 3/89 70/214 2/31

Age (years) 62.3 � 13.3 66.8 � 11.9 <0.001 72.1 � 11.6 71.3 � 9.9 67.7 � 11.5

Height (cm) 168.5 � 9.4 167.0 � 9.7 <0.001 167.7 � 10.6 169.1 � 10.0 168.8 � 6.4
Weight (kg) 79.4 � 16.5 80.9 � 18.4 0.008 80.2 � 18.3 84.4 � 17.8 84.2 � 14.1

BMI (kg m–2) 27.9 � 5.2 29.0 � 5.8 0.945 28.5 � 5.9 29.4 � 5.5 29.5 � 5.3
Platelet count (Gpt l–1) 232.2 � 83.0 207.1 � 66.6 <0.001 212.2 � 120.2 205.7 � 76.4 250.7 � 58.0

INR 1.07 � 0.12 1.11 � 0.12 <0.001 1.1 � 0.2 1.2 � 0.4 1.1 � 0.2
aPTT (s) 28.9 � 4.5 28.6 � 7.1 0.181 31.6 � 8.2 30.9 � 5.1 28.4 � 3.3

Creatinine (mmol l–1) 64.1 � 23.1 63.1 � 19.8 0.198 187.8 � 146.9 72.0 � 27.2 94.1 � 108.6

LMWH = low molecular weight heparin; aXa = anti-Factor Xa units; UFH = unfractionated heparin.

Table 1B
Patient characteristics and type of VTE prophylaxis in patients receiving LMWH or fondaparinux prophylaxis between January 2005 and December 2009.
ANOVA group comparisons using covariate analysis for type of thromboprophylaxis, gender and demographic parameters as variables

Parameter Gender
LMWH n = 1495 Fondaparinux n = 1994

P valueMean 95% CI Mean 95% CI

History of VTE [%] Male 0.31 0.05, 1.06 0.56 0.19, 1.39 0.751
Female 1.46 0.82, 2.48 1.11 0.65, 1.81

BMI [kg m-2] Male 28.0 27.6, 28.3 29.1 28.7, 29.4 <0.001
Female 27.8 27.5, 28.2 28.9 28.6, 29.2

Platelet count (Gpt l-1) Male 220.1 215.3, 224.8 195.6 191.0, 200.1 <0.001
Female 239.7 235.4, 244.1 215.2 211.4, 219.0

INR Male 1.074 1.07, 1.08 1.117 1.11, 1.12 <0.001
Female 1.068 1.06, 1.08 1.11 1.105, 1.12

aPTT (s) Male 29.0 28.6, 29.4 28.6 28.2, 29.0 0.044
Female 28.9 28.6, 29.3 28.5 28.2, 28.8

Creatinine (mmol l-1) Male 73.22 71.94, 74.51 72.36 71.13, 73.59 0.211
Female 57.99 56.81, 59.17 57.12 56.10, 58.14

LMWH = low molecular weight heparin; aXa = anti-Factor Xa units.
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causal relationship. However, significant differences
between LMWH and fondaparinux prophylaxis were only
seen in subgroups of patients. While VTE event rates were
only numerically higher in fondaparinux patients dis-
charged up until day 9, this difference became more pro-
nounced and statistically significant in patients discharged
later than day 9. On the other hand, bleeding complica-

tions were significantly more common in fondaparinux
patients discharged before day 9 compared with LMWH
prophylaxis. Finally, surgical revisions were more often
seen in patients receiving LMWH prophylaxis and dis-
charged after day 9.

Three patients died during hospital stay (one treated
with LMWH and two treated with fondaparinux). All deaths

Table 2A
Efficacy endpoints in all patients receiving prophylactic LMWH or fondaparinux for thromboprophylaxis after major orthopaedic surgery (95% Blyth-Still-
Casella confidence intervals)

Efficacy endpoints
LMWH n = 1495 Fondaparinux n = 1994

P value% (n) 95% CI % (n) 95% CI

All VTE 4.15 (62) 3.19–5.23 5.62 (112) 4.67–6.68 0.047
Proximal DVT 1.07 (16) 0.64–1.69 1.30 (26) 0.85–1.87 0.639
PE 0.54 (8) 0.23–1.03 0.50 (10) 0.27–0.89 0.999
Distal VTE 2.47 (37) 1.78–3.37 3.91 (78) 3.10–4.83 0.021

Table 2B
Safety endpoints in all patients receiving prophylactic LMWH or fondaparinux for thromboprophylaxis after major orthopaedic surgery (95% Blyth-Still-
Casella confidence intervals)

Safety endpoints
LMWH n = 1495 Fondaparinux n = 1994

P value% (n) 95% CI % (n) 95% CI

Severe bleeding 12.58 (188) 10.94, 14.35 11.13 (222) 9.80, 12.59 0.202
Transfusion > 2 RBC concentrates 11.57 (173) 9.99, 13.27 10.58 (211) 9.27, 11.97 0.547
Surgical revisions due to bleeding complications 1.34 (20) 0.85, 2.03 1.10 (22) 0.69, 1.65 0.535
Bleeding into critical site 0.07 (1) 0.001, 0.37 0.05 (1) 0.001, 0.28 0.999

Any surgical revision 3.68 (55) 2.81, 4.75 1.61 (32) 1.10, 2.23 <0.001

Transfusion of plasma concentrates 7.09 (106) 5.84, 8.49 5.97 (119) 4.97, 7.06 0.186
Transfusion of platelet concentrates 1.34 (20) 0.85, 2.03 0.70 (14) 0.41, 1.14 0.080

Any death 0.07 (1) 0.001, 0.37 0.10 (2) 0.02, 0.35 0.999
Length of hospital stay (days) 11.1 10.6, 11.3 9.3 9.1, 9.5 <0.001

Length of hospital stay (days) Median (25th and 75th percentile) 9 (8, 11) 9 (8, 9) <0.001

Table 3
Event rates for VTE, bleeding complications and surgical revisions according to type of thromboprophylaxis and length of hospital stay. Rates of events
increased in all groups according to duration of hospitalization, indicating causal relationship. Of note, significant differences between LMWH and fonda-
parinux prophylaxis were only seen in subgroups of patients

Event Length of hospital stay (days)

Type of thromboprophylaxis

P value
LMWH (n = 1474) Fondaparinux (n = 1973)
n % 95% CI n % 95% CI

Any VTE 0–8 6/502 1.20 0.4, 2.6 13/903 1.44 0.8, 2.4 0.813
9 19/487 3.90 2.4, 6.0 30/583 5.15 3.5, 7.3 0.380

>9 35/485 7.22 5.1, 9.9 65/487 13.35 10.5, 16.7 0.002
Severe bleeding 0–8 11/502 2.19 1.1, 3.9 41/903 4.54 3.3, 6.1 0.027

9 20/487 4.11 2.5, 6.3 38/583 6.52 4.7, 8.8 0.103
>9 150/485 30.93 26.8, 35.3 140/487 28.75 24.8, 33.0 0.483

Surgical revision 0–8 2/502 0.40 0.0, 1.4 3/903 0.33 0.1, 1.0 0.999
9 1/487 0.21 0.0, 1.1 3/583 0.51 0.1, 1.5 0.630

>9 50/485 10.31 7.7, 13.4 26/487 5.34 3.5, 7.7 0.004
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were caused by septic complications leading to multi-
organ failure. One of the two patients treated with fonda-
parinux who died, was a 74-year-old lady with Alzheimer’s
disease and septic hip infection who developed relevant
wound haematoma as well as proximal DVT after surgery,
both of which which did not cause death.

The mean length of hospital stay was significantly
shorter in the fondaparinux group (9.3 days, 95% CI 9.1, 9.5
vs. 10.9 days, 95% CI 10.6, 11.3; P < 0.001). This finding was
caused by a statistically significant difference in the 75th
percentile (Table 2B) between both treatment groups, who
had the same 25th and 50th percentile for length of hos-
pitalization. Furthermore, subgroup analyses were carried
out describing the influence of complications or type
of thromboprophylaxis on length of hospitalization
(Figure 2). Of note, due to the interference of confounding
factors such as early discharge policy, the Kaplan–Meier
curves in Figure 2 are of descriptive nature only and were
not statistically tested for significance. A difference in
length of hospitalization was found in patients without
any VTE, bleeding or surgical complications (Figure 2A),
indicating that the existing trend to early discharge due to
economic considerations contributed to this finding. Inter-
estingly, the occurrence of VTE complications contributed
to a comparable prolongation of hospitalization in both
treatment groups (Figure 2B).

In contrast, in cases of bleeding or surgical complica-
tions, our analysis indicated that these patients had longer
hospitalizations with LMWH than with fondaparinux pro-
phylaxis (Figure 2C,D), which also contributed to the
finding of a shorter hospital stay in the fondaparinux
group.

Risk factors for VTE
Using the type of thromboprophylaxis as co-variables, a
multivariate analysis using a Cox logistic regression model
was used to evaluate potential risk factors for the occur-
rence of VTE complications. A total number of 3447
patients had complete data for this analysis (1474 LMWH
and 1973 fondaparinux), who experienced a total of 168
VTE events (60 and 108, respectively).

The first step of the risk analysis included type of
thromboprophylaxis only and found the use fondaparinux
to be related to an increased risk for VTE (HR 2.29, 95% CI
1.66, 3.16). After adjustment for age- and gender-related
differences, the HR decreased to 1.80 (95% CI 0.52, 6.24),
which failed to reach statistical significance.

The third step included ‘platelet count’,‘positive history
of VTE’ and ‘BMI’, which improved analysis. The last step
excluded group-specific age- and gender-corrections from
analysis. The results of multivariate analysis are given in
Table 4.

A positive history of VTE (HR 18.3) followed by female
gender (HR 1.9) were found to be the most relevant inde-
pendent risk factors for VTE in our cohort. In contrast,

fondaparinux use (HR 1.3) was not an independent VTE risk
factor.

Discussion

High rate of symptomatic VTE in unselected
routine patients
The rate of symptomatic VTE in these large unselected
cohorts of routine patients presented was 4.1–5.6% (1.6–
1.8% major VTE, 0.5% PE) and thereby nearly 10-fold higher
compared with phase III trials evaluating fondaparinux or
LMWH (symptomatic VTE rate about 0.5%, PE rate 0.2%)
[12, 13].

A possible explanation for the low incidence of symp-
tomatic VTE in phase III trials might be that screening of
asymptomatic patients around day 11 established asymp-
tomatic DVT and led to therapeutic interventions, which
may prevent thrombus extension and development of
symptomatic VTE [22]. On the other hand, the high rate of
distal symptomatic DVT in our study cohorts suggests that
a large proportion of VTE events in major orthopaedic
surgery patients become symptomatic in the early phase
of thrombus development.This would have been expected
to occur to a similar extent before screening on day 11 in
prospective phase III trials. The high rate of symptomatic
VTE in our cohorts was not due to insufficient prophylaxis,
since strict hospital guidelines assured that dosage of pro-
phylaxis was chosen according to regulatory approval and
national and hospital guidelines. LMWH prophylaxis was
started the evening before surgery and fondaparinux
started within 12 h after surgery. All patients received
graduated compression stockings (if not contraindicated)
and early mobilization. Differences in VTE rates were also
not explained by different observation periods. Our retro-
spective evaluation documented symptomatic VTE events
until hospital discharge (mean 10.5 days), while phase III
trials in this indication evaluated symptomatic VTE events
until day 11 [8, 10, 11].

Another explanation for the different results obtained
in a retrospective comparison of two consecutive cohorts,
the latter one using a new compound may also be that
doctors are more cautious if a patient claims symptoms
with the new drug, thereby indicating more ultrasound
examinations, which could account for the higher rate of
DVT detected in the second cohort. However, the annual
rate of CCUS examinations was fairly constant around 13 to
15% of all patients undergoing MOS in our hospital
throughout the observation period.

We conclude that the significantly higher rates of
symptomatic DVT and PE in unselected routine patients
compared with patients in prospective phase III trials are
most likely due to different population characteristics.This
is supported by the fact that phase III trials of thrombopro-
phylaxis mainly included selected patients undergoing
elective hip and knee arthroplasty, whereas in clinical
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practice at major reference centers a significant proportion
of major orthopaedic surgery consist of revision arthro-
plasty in unselected patients with relevant comorbidities,
who are at higher risk of VTE.

Prevention of VTE with fondaparinux or LMWH
In our cohorts of patients undergoing major orthopaedic
surgery VTE prophylaxis with fondaparinux resulted in
comparable rates of symptomatic proximal DVT and major
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Figure 2
Kaplan–Meier analysis of hospital discharge (length of hospital stay in days) according to treatment group (A), subgroups with and without VTE (B),
subgroups with and without severe bleeding (C) and subgroups with and without surgical revisions (D). , LMWH; , fondaparinux; , LMWH without
symptomatic VTE; , LMWH with symptomatic VTE; , fondaparinux without symptomatic VTE; , fondaparinux with symptomatic VTE; , LMWH
without severe bleeding; , LMWH with severe bleeding; , fondaparinux without severe bleeding; , fondaparinux with severe bleeding; , LMWH
without revision; , LMWH with revision; , fondaparinux without revision; , fondaparinux with revision
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VTE events. However, patients receiving fondaparinux had
a higher rate of distal symptomatic DVT compared with
patients receiving LMWH. This contrasts to the results of a
meta-analysis of phase III trials evaluating fondaparinux
compared with enoxaparin for this indication [12, 13], in
which fondaparinux resulted in a 50% risk reduction for
any VTE event. This was mainly due to a reduction in
asymptomatic DVT whereas the rate of symptomatic DVT
did not differ. Interestingly, we found that efficacy of fonda-
parinux was comparable with LMWH until day 9, but was
significantly inferior to LMWH prophylaxis in patients with
prolonged hospitalization. The reasons for the lower effi-
cacy of fondaparinux compared with LMWH in the preven-
tion of symptomatic distal VTE and in patients with
prolonged hospitalization in our cohorts remain unclear.
On the other hand, most VTE events presented as distal VTE
and the clinical and prognostic relevance of isolated distal
DVT is still a matter of debate [23–26], especially since a
benefit of anticoagulant treatment has not yet been
proven.

Safety of thromboprophylaxis with
fondaparinux or LMWH
The rates of severe bleeding complications were similar
between both treatment groups. However, we found a
trend towards higher transfusion rates of plasma concen-
trates and platelet concentrates in patients treated with
LMWH. In addition, we found a significantly lower rate of
surgical complications leading to secondary surgery in
patients receiving fondaparinux compared with LMWH.
This is in contrast to published data from prospective RCTs:
bleeding complications were more frequent in patients
receiving fondaparinux compared with enoxaparin, but
the rates of postoperative complications were comparable
[12]. These differing findings cannot be explained by dif-
ferences in trial design, observational period or study-
related interventions.While in a retrospective analysis, data
on complications might be documented incompletely, the

information used for our analysis was directly extracted
from the quality management database of the Clinic of
Orthopaedic Surgery, in which all treatment-associated
complications are prospectively entered during hospital-
ization and reviewed at discharge.This led to a nearly com-
plete set of data. Review of surgical procedures and
standards at our hospital did not identify a change of indi-
cations for surgical revisions, surgical technique or exper-
tise during the study period. Therefore, the influence of
confounding factors on safety outcomes was limited.

On the other hand, some of the observed findings may
have been influenced by the LMWH regimen used in our
study. Patients in the LMWH cohort were treated with the
approved dosages of either certoparin, nadroparin, enox-
aparin or tinzaparin and recommendations of LMWH sub-
stance and dosage had been implemented for patients
undergoing major orthopaedic surgery during the obser-
vational period. However, we cannot completely rule out
that subjective risk assessment lead treating physicians to
use another LMWH or a different dosage in individual
patients. Furthermore, also secondary joint replacements
and explantation surgery were included in our study. In
contrast to this, large RCTs routinely use highly standard-
ized thromboprophylaxis with enoxaparin 40 mg once
daily or 30 mg twice daily only and exclude explantation
surgery.

Patients receiving fondaparinux were found to have a
significantly shorter hospital stay compared with the
LMWH group. As the length of hospital stay in general has
decreased over the years mainly due to health economic
reasons the analysis of two cohorts of consecutive patients
covering a time period of 4 years may have been influ-
enced by this development. The analysis of the Kaplan–
Meier curves of hospital stay overlapped for about 70% of
all patients treated with LMWH or fondaparinux. The 25th
and 50th percentiles of the length of hospital stay were not
different between both cohorts, but the 75th percentile of
hospital stay was significantly longer in the LMWH cohort.
Interestingly, patients receiving fondaparinux had a
shorter hospitalization also in the subgroup of patients
without any VTE, bleeding or surgical complications
(Figure 2A), indicating that the trend to early discharge due
to economic considerations contributed to this finding. On
the other hand, the observed difference in the length of
hospital stay was also found in a subgroup analysis of the
last 500 patients treated with LMWH (end of 2007) and the
first 500 patients treated with fondaparinux (beginning of
2008), which indicated that differences in hospitalization
were seen in much shorter time intervals, which can hardly
be explained by a trend to earlier discharge due to eco-
nomic considerations alone and further Kaplan–Meier
analysis indicated, that also lower rates of revisions and
earlier discharge of patients with bleeding or surgical com-
plications in the fondaparinux cohort rather than a change
in discharge policy alone led to the shorter duration of
hospitalization in this group.

Table 4
Multivariate analysis using Cox logistic regression model to evaluate
potential risk factors for the occurrence of VTE in patients receiving pro-
phylactic LMWH or fondaparinux for thromboprophylaxis after major
orthopaedic surgery (n = 3447)

Patients with/without VTE
HR 95% CI P value

Use of fondaparinux 1.25 0.90, 1.75 0.184
Female gender 1.89 1.30, 2.75 0.001

Age (per year) 1.03 1.01, 1.04 <0.001
Platelet count 0.99 0.99, 1.00 0.024

Previous VTE 18.21 11.64, 28.48 <0.001
BMI (per unit) 1.05 1.02, 1.08 <0.001

HR = hazard ratio.
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A possible explanation for the higher rates of surgical
complications in the LMWH group could be the timing of
thromboprophylaxis.Whereas fondaparinux is started 12 h
after surgery, LMWH prophylaxis in major orthopaedic
surgery requires initiation of anticoagulant therapy the
evening before surgery according to European recommen-
dations and drug approval. Therefore, patients receiving
LMWH are operated while on treatment, which may
increase surgical complications. Our data do not allow an
estimate of the impact of pre or post surgical initiation of
LMWH thromboprophylaxis on surgical complication rates
as all patients in the LMWH group received the first dose of
anticoagulation the evening before surgery. However, our
data provide reliable insight into the complication rates of
large cohorts of unselected receiving LMWH started pre-
surgery and fondaparinux started post-surgery.

Limitations
There are several limitations of our study. First, the retro-
spective design does not allow for randomization. There-
fore significant differences of certain demographic
characteristics exist between both groups. Patients in the
fondaparinux group were older, had a higher INR and
lower platelet counts, which may result in an increased risk
of surgical complications. However, patients receiving
fondaparinux had lower rates of surgical complications.
Therefore, our analysis may even have underestimated the
safety benefit of fondaparinux. Furthermore, in uni- and
bivariate analysis, no significant influence of gender, INR or
platelet count on the efficacy and safety results of both
LMWH and fondaparinux could be found. Therefore, the
lower rate of complications in this group has not been
caused by the differences in baseline characteristics.
Second, due to the retrospective, non-concurrent cohort
study design, changes in patient management over time
besides changes in thromboprophylaxis need to be con-
sidered. During the 4 years study period no significant
changes in surgical technique or anaesthesia were intro-
duced. Therefore, differences between treatment arms
cannot be explained by such bias. Third, the standard defi-
nition of bleeding complications including drop in haemo-
globin values as used in large prospective phase III trials
could not be used. Most patients developed a drop of hae-
moglobin and times of blood sampling (during surgery,
post surgery or post transfusion) were not predefined.
Therefore, haemoglobin values over time could not be
analyzed. However, in our cohort of nearly 3500 patients as
many as 40% received RBC concentrates and 11% required
transfusions of more than 2 units of RBC. Hospital stan-
dards regarding indications for transfusions did not
change over time. Therefore, the rate of transfusions could
be used as a surrogate parameter for bleeding complica-
tions. Furthermore, the standard criteria of ‘bleeding
requiring intervention or surgical revision’ and ‘bleeding
into a critical organ site’were also included in our endpoint
definition.

Finally, no information on the rates of VTE, bleeding
complication and death were available for the post dis-
charge period. Therefore, the total event rate might be
even higher than found in our in-hospital analysis.

The strengths of our study are first the size of our
cohort, comparing nearly 1500 patients treated with
LMWH with about 2000 patients receiving fondaparinux,
which compares with the sample size of RCTs. Second we
used clinically relevant endpoints (objectively confirmed
symptomatic VTE, severe bleeding complications, surgical
revisions, length of hospital stay).

In conclusion, thromboprophylaxis with fondaparinux
was numerically less effective in preventing symptomatic
distal VTE than LMWH in unselected patients undergoing
major orthopaedic surgery, but was equally safe in pre-
venting major VTE and death in these patients. However,
the lower efficacy of fondaparinux to prevent distal VTE
was statistically significant only in a subgroup of patients
with prolonged hospitalization and in multivariate analysis
of all patients, the use of fondaparinux was not an inde-
pendent risk factor for VTE. Furthermore, we found fonda-
parinux prophylaxis to be equally safe with regard to
severe bleeding and surgical complications.These findings
are in contrast with the results of large phase III trials, in
which fondaparinux prophylaxis was associated with a
reduction of VTE events and similar rates of surgical com-
plications compared with LMWH. Differences in trial and
real world populations and differences in the management
of trial and real world patients are most likely the main
confounding factors for these findings.Therefore, results of
clinical trials evaluating efficacy of VTE prophylaxis need to
be confirmed in large registries or phase IV trials of unse-
lected patients, since both prospective RCTs and data from
unselected patients in daily care provide valuable informa-
tion for a balanced appreciation of drug effects.
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