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Abstract Deep venous thrombosis (DVT) after major

orthopaedic surgery is a substantial concern. We asked

whether the single or combined presence of thrombo-

philic genetic polymorphisms might further increase the

already high risk for venous thrombosis and pulmonary

embolism (PE) after THA. We therefore compared the

prevalence of factor V Leiden, prothrombin G20210A,

methylenetetrahydrofolate reductase (MTHFR) C677T

and A1298C, and plasminogen activator inhibitor 4G/5G

polymorphisms between 50 patients with symptomatic

DVT within 3 weeks after elective THA and an

asymptomatic control group of 85 patients. We found no

major difference for the presence of a single mutation

between the groups. Factor V Leiden and homozygous

MTHFR C667T mutations were of borderline signifi-

cance with odds ratios (95% confidence intervals) of

3.73 (0.89–15.63) and 2.93 (0.92–9.29), respectively.

Patients with homozygous or combined heterozygous

status of MTHFR C677T and A1298C mutation had a

higher frequency of DVT after elective THA (odds ratio,

2.86; 95% confidence interval, 1.32–6.35) than those

with wild-type. The presence of a single mutation may

not further increase the already high risk for symptom-

atic DVT after THA, whereas combinations of mutations

of distinct polymorphisms might be important. However,

prospective studies with a larger number of patients are

needed before we would recommend preoperative

screening.

Level of Evidence: Level III, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Major orthopaedic surgery is associated with a high risk of

postoperative DVT with or without PE. Despite routinely

performed prophylactic chemical and mechanical measures

during the perioperative period, a considerable number of

patients still experience DVT after major orthopaedic sur-

gery [18, 21, 29]. The residual risk for venographically

diagnosed DVT after THA remains within a range of 9%

to 36% [17, 18, 21, 29]. This risk is even higher after
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TKA, with risks of as much as 52% [18]. Less than 10% of

all DVT, however, may become symptomatic [18]. Fur-

thermore, the type of DVT varies after these different

orthopaedic procedures with a higher rate of distal DVT

(89% versus 60%) and a lower rate of proximal DVT (9%

versus 37%) after TKA compared with THA [18]. This

probably is related to local tissue trauma at the site of

surgery, manipulation of the knee during surgery, and the

use of a tourniquet with subsequent distal venous stasis

[18].

Therefore, optimization of perioperative antithrombotic

management is still required. However, intensifying peri-

operative anticoagulation might be associated with a higher

risk of bleeding. Therefore, more aggressive antithrom-

botic measures should be performed only for patients

having an additionally increased thrombophilic risk. Pre-

operative identification of such patients would enable the

orthopaedic surgeon to target intensified antithrombotic

measures individually accepting a higher bleeding risk in

the perioperative setting.

Several exogenous thrombophilic risk factors are

known and may be analyzed easily without the need for

additional laboratory tests, such as higher age, obesity,

intake of estrogens, cancer, infection, smoking, former

thromboembolic events, or a positive family history. For

other and especially endogenous thrombophilic risks,

additional laboratory tests are necessary. Several genetic

polymorphisms such as factor V Leiden or prothrombin

G20210A mutation have been associated with a sub-

stantially increased risk for DVT in general [9, 24, 27,

28]. For other genetic markers, such an association is

suspected and discussed controversially, eg, methylene-

tetrahydrofolate reductase (MTHFR) C677T and/or

A1298C and plasminogen activator inhibitor 1 (PAI-1)

4G/5G polymorphisms [1–3, 10, 11, 16, 22, 30, 32, 34,

37, 44]. Results of former studies are conflicting

regarding whether the single or combined presence of

such genetic mutations may further increase the already

very high risk for DVT after major orthopaedic surgery,

justifying costly preoperative screening and additional

antithrombotic prophylactic measures in these patients

[5, 6, 8, 18, 20, 21, 23, 29, 31, 36, 40–43]. One reason

for the conflicting results may be found in the different

clinical end points set in the studies varying among

venographically diagnosed DVT, clinically symptomatic

DVT with or without PE, or symptomatic PE only.

Most of these authors found no association between one

of the previously named genetic polymorphisms and the

incidence of symptomatic or asymptomatic DVT after

major orthopaedic surgery [18, 21, 23, 29, 31, 36,

40, 42]. When concentrating their analysis on symp-

tomatic DVT, however, results are conflicting [5, 6, 8,

20, 31, 40, 41]. Asymptomatic DVT diagnosed by

venogram may be associated with an increased risk

for asymptomatic and symptomatic PE or have an

increased mortality rate compared with those without

thrombosis [15, 38]. Nonetheless, as long as no routine

screening for postoperative asymptomatic DVT is

implemented, only symptomatic events have an impact

on daily practice leading directly to additional thera-

peutic measures.

We therefore asked whether the presence of one of the

previously named genetic polymorphisms may further

increase the already high postoperative risk for symptom-

atic DVT in patients undergoing elective THA.

Additionally, we asked whether a combined mutation sta-

tus may even further increase this risk.

Materials and Methods

We retrospectively studied patients who underwent elec-

tive THA between 1996 and 2003. The observation group

consisted of 34 patients from the Waldkrankenhaus

Erlangen, Germany, and 16 patients from the Clinic for

Rehabilitation, Herzogenaurach, Germany. All patients had

acute ascending thrombosis up to the popliteal or more

proximal veins with or without PE (four and 46 patients,

respectively) developed within 3 weeks postoperatively.

No patient had isolated PE. Recruitment of the patients

participating in this study was different in the two hospitals

as described subsequently.

We recruited patients from Waldkrankenhaus Erlangen

by retrospectively screening the patient files of 1966

patients who underwent elective THA between 1996 and

2003. All patients were included who had acute symp-

tomatic ascending DVT at least up to the popliteal vein

confirmed by complete compression ultrasound within

3 weeks after elective THA. Thirty-six patients met these

inclusion criteria and were contacted by mail or phone and

informed about the aim of the study. One patient had

developed cancer and one patient had died. Therefore, 34

patients were able to participate in the study and provided

informed consent.

The patients of the Clinic for Rehabilitation Herzog-

enaurach were recruited by screening all patient files

between 1996 and 2003 for diagnosis of proximal DVT,

PE, and THA according to the International Classifica-

tion of Diseases, Tenth Revision, developed by the

World Health Organization and translated into German

by the German Institute for Medical Documentation and

Information [14]. Twenty-three patients fulfilled the

inclusion criteria and were contacted by mail or phone

and informed about the aim of the study. One patient did

not provide informed consent, one patient had died, and

five patients were lost to followup. The remaining 16
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patients provided informed consent and participated in

the study.

The control group consisted of 85 randomly selected

age-matched patients who underwent elective THA at the

Waldkrankenhaus Erlangen with no symptomatic or clini-

cally suspected DVT up to 6 months after the operation.

We did not routinely screen asymptomatic patients of the

control group for DVT or PE. All patients in both institu-

tions and both groups received perioperatively the same

standardized antithrombotic prophylactic treatment with

compression stockings and subcutaneous application of

nadroparin (FraxiparinTM; GlaxoSmithKline, Munich,

Germany) in high prophylactic dosage starting approxi-

mately 12 hours preoperatively as recommended by the

manufacturer. The second dose of nadroparin was given

within 6 to 12 hours postoperatively. No intermittent

pneumatic calf compression was used for any patient in this

study. All patients in the observation and control groups

were of Caucasian origin.

All patients in the observation group presented with

symptomatic proximal DVT within 3 weeks after elective

THA. The diagnosis of proximal DVT was confirmed by

complete compression ultrasound. Four patients had addi-

tional clinical symptoms of PE. The diagnosis of PE was

confirmed by conventional pulmonary angiography. DVT

occurred within 8.96 ± 4.85 days (mean ± standard

deviation) postoperatively (maximum, 21 days; minimum,

2 days). Because the patients were not fully mobilized

within 3 weeks postoperatively, all DVTs occurred while

being on treatment with low-molecular-weight heparin in

high prophylactic dosage and wearing compression stock-

ings. No patient in the control group had any clinical

symptoms of DVT within 6 months after elective THA.

None of the patients participating in the study had a

malignant disease or any other chronic illness, especially

no chronic cardiovascular disease except for varicose

veins.

The patients in the observation group and the control

group were similar regarding gender, body mass index,

smoking habits, varicose veins, hormone intake (women),

medical history, family medical history for DVT, and age

(Table 1).

All patients answered a standardized questionnaire

(Appendix 1); the following data were collected: age,

height, weight, smoker or nonsmoker, personal and family

medical history with a special focus on former DVT events,

and the intake of hormones (women only).

For the genetic testing, we took a sample of 10 mL

0.05 M EDTA-anticoagulated blood. DNA was extracted

according to a standard salting-out procedure. For DNA

analysis, we used commercially available kits and the

procedure was performed in accordance with the manu-

facturer’s instructions. Mutation status (normal,

heterozygous, homozygous) was determined for all muta-

tions. We performed the analysis of factor V Leiden and

prothrombin G20210A mutations, and PAI-1 variants,

using Genespector KitTM (Variom Biotechnology, Berlin,

Germany). For determination of the mutation status of the

MTHFR C677T and A1298C mutations, we used PCR

amplification and restriction fragment length polymor-

phism analysis was performed according to Frosst et al.

[13] and van der Put et al. [39], respectively. The 677C[T

mutation introduces a new HinfI restriction site that results

in digestion of a 198-bp PCR amplicon into 175-bp and 23-

bp fragments. The 1298A[C mutation abolishes a MboII

restriction site resulting in a 163-bp amplicon that is

digested into four fragments of 84, 31, 30, and 18 bp. The

wild-type 1298AA genotype yields an amplicon digest of

five fragments of 56, 31, 30, 28, and 18 bp. Digested PCR

fragments were separated electrophoretically using a 10%

polyacrylamide gel.

To be able to exclude influence of risk factors, we tested

the observation and control groups for differences in gen-

der, smoking habit, varicose veins, personal and family

history for thrombosis, intake of hormones, and diabetes

using the chi square test. Differences in age and body mass

index between these groups were determined with the

Mann-Whitney U test. The differences in prevalences of

MTHFR, factor V Leiden, prothrombin G20210A, and

PAI-1 mutations between patients and control subjects

were tested using Fisher’s exact test. Furthermore, we

calculated sample odds ratios (ORs), their 95% confidence

intervals (CIs), and p values. Fisher’s exact test also was

used to determine differences in the prevalence of com-

bined mutation status between both groups. Because our

sample size was not very large, we performed a power

Table 1. Demographic and clinical data of patients

Parameter Observation

group

Control

group

p Value

Number of patients 50 85

Gender: female (%) 72 73 [ 0.9

Age* (years; mean ± SD) 68.1 ± 6.4 66.3 ± 7.3 0.15

Body mass index

(kg/m2;, mean ± SD)

28.7 ± 5.9 27.2 ± 4.3 0.35

Smoker (%) 12 18 0.53

Varicosis (%) 38 42 0.75

Former venous thrombosis (%) 20 14 0.51

Positive family history

for venous thrombosis (%)

12 5 0.22

Type 2 diabetes mellitus (%) 0 6 0.20

Intake of hormones� (%) 14 18 0.34

* Age at the time of the THA; �women only; SD = standard

deviation.
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analysis regarding the Fisher tests. We calculated the

power of our study to detect ORs as high as 3.0 for a

Bonferroni corrected alpha of 0.006 for single genetic

polymorphisms and 0.01 for combined genetic polymor-

phisms. Additionally, the sample sizes required to detect

differences in the prevalence of factor V Leiden and

homozygous MTHFR C677T mutations between observa-

tion and control groups based on observed prevalences

were calculated. The computations were performed using

the statistical programming language R 2.7.1 [25] and

SPSS1 for Windows1 (Release 11.5.0; SPSS Inc,

Chicago, IL).

Results

The presence of only one of the studied genetic polymor-

phisms did not increase the risk of symptomatic DVT after

elective THA. Compared with the control group, the

prevalence of each studied genetic polymorphism was not

considerably higher in the observational group (Table 2).

For factor V Leiden and MTHFR 667TT mutations, how-

ever, the higher number of carriers in the patient cohort

was of borderline significance with ORs of 3.73 (95% CI,

0.89–15.63, p = 0.08) and 2.93 (95% CI, 0.92–9.29,

p = 0.08, Bonferroni corrected alpha = 0.006), respec-

tively. Our post hoc power analysis showed a sample size

of 205 would be needed to detect a major difference in the

proportions of factor V Leiden mutations between the

observation and the control groups calculated with a power

of 80% for a Bonferroni corrected alpha of 0.006. The

required size of the groups to determine differences in

homozygous MTHFR C677T mutations was 125. The

power for detecting an OR of 3.0 comparing the prevalence

of mutations of factor V Leiden, prothrombin G20210A,

MTHFR C677T, MTHFR A1298C, and PAI-1 was calcu-

lated for a Bonferroni corrected alpha of 0.006 for the

single genetic polymorphisms (Table 3).

Except for the two MTHFR mutations, a combined

positive status of the studied genetic polymorphisms does

not further increase the risk for symptomatic DVT after

elective THA (Table 4). Compared with patients negative

or no more than simple heterozygous status for both

MTHFR mutations, patients with at least one homozygous

or two heterozygous mutations of MTHFR C677T and

A1298C polymorphism, hereafter referred to as MTHFR*,

had increased risk for symptomatic DVT after elective

THA with an OR of 2.89 (95% CI, 1.40–5.96; p = 0.006,

Bonferroni corrected alpha = 0.01). The sample OR cal-

culated for a combination of MTHFR* and factor V Leiden

was the highest of all combinations, albeit not significant

(OR, 5.36; 95% CI, 0.54–53.01; p = 0.143, Bonferroni

corrected alpha = 0.01). The power for detecting ORs as

high as 3.0 with combinations of these genetic polymor-

phisms was calculated for a Bonferroni-corrected alpha of

0.01 (Table 5).

Table 2. Comparison of the prevalence of the single tested genetic polymorphisms

Genetic polymorphism Observation group Control group Odds ratio 95% confidence

interval

p Value (Fisher’s

exact test)

Factor V Leiden (%)* 12 4 3.73 0.89–15.63 0.08

Prothrombin G20210A (%) 6 4 1.74 0.34–8.99 0.67

MTHFR C677T (C/T) (%) 38 42 1.03 0.48–2.20 [ 0.9

MTHFR C677T (T/T) (%) 18 7 2.93 0.92–9.29 0.08

MTHFR A1298C (A/C) (%) 42 44 1.06 0.50–2.23 [ 0.9

MTHFR A1298C (C/C) (%) 14 8 1.86 0.58–6.00 0.36

PAI–1 4G/5G 58 49 1.32 0.55–3.14 0.66

PAI-1 4G/4G 20 26 0.87 0.31–2.47 [ 0.9

* One patient of the observation group was homozygous for factor V Leiden mutation; MTHFR = methylenetetrahydrofolate reductase; PAI-

1 = plasminogen activator inhibitor 1; Bonferroni-corrected alpha = 0.006.

Table 3. Power for detecting odds ratios

Genetic polymorphism Power

Factor V Leiden 10%

Prothrombin G20210A 10%

MTHFR C677T (C/T) 52%

MTHFR C677T (T/T) 20%

MTHFR A1298C (A/C) 52%

MTHFR A1298C (C/C) 22%

PAI-1 4G/5G 32%

PAI-1 4G/4G 22%

MTHFR = methylenetetrahydrofolate reductase; PAI-1 = plasmin-

ogen activator inhibitor 1.
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Only one patient who presented with DVT already on

Day 2 postoperatively was positive for the factor V Leiden

(homozygous) and prothrombin G20210A mutation

(heterozygous).

Discussion

Carriers of several genetic polymorphisms such as factor V

Leiden or prothrombin G20210A mutation are known to

have an increased thrombophilic risk in general [9, 24, 27,

28]. For other genetic markers, such as MTHFR C677T

and/or A1298C and PAI-1 4G/5G polymorphisms, a con-

troversial discussion regarding the relevance as

thrombophilic risk factors is ongoing [1–3, 10, 11, 16, 22,

30, 32, 34, 37, 44]. It is unclear, however, whether the

presence of such genetic mutations could further and

independently increase the already high thrombotic risk in

major orthopaedic surgery. We therefore asked whether the

presence of one of the previously named genetic poly-

morphisms might increase the postoperative risk for

symptomatic DVT in patients undergoing elective THA.

We also asked whether a combined mutation status might

even further increase this risk.

Our study has several limitations. First, the number of

patients is low resulting in relatively wide 95% CIs when

calculating the ORs. The result of our power calculation

confirms this drawback. Second, we missed determining

homocysteine levels in our patients in parallel to testing for

the MTHFR mutations. The presence of a homozygous,

combined heterozygous, and to a lesser extent, single het-

erozygous state of the MTHFR polymorphisms might

predispose to elevated homocysteine levels, especially

when levels of folate, vitamin B6, and/or vitamin B12 are

low [12, 33]. The resulting hyperhomocysteine is supposed

to cause endothelial damage and is associated with an

increased risk for arterial and venous thromboembolic

events [7, 12, 19, 26]. It also is unclear whether the pres-

ence of a heterozygous and especially a homozygous state

of MTHFR C677T and/or A1298C polymorphism might

result in an increased risk for DVT independently from

homocysteine levels. Only the latter would imply the need

for screening for the MTHFR mutations before THA.

Otherwise, determination of fasting homocysteine levels

might be sufficient. Third, we did not test our patients and

control subjects for further thrombophilic conditions, such

as deficiency of antithrombin, proteins C and S, or the

presence of antiphospholipid antibodies or elevated factor

VIII activity. However, none of our patients was known to

have inheritable deficiency of antithrombin or protein C or

S. Additionally, because the average age of our study

population was well above 60 years, it is unlikely these

patients would sustain such a severe inheritable risk. Those

risk factors are rare in an unselected population and fre-

quently result in venous thromboembolic events at a young

age [4, 35]. Finally, we concentrated our analysis on

symptomatic DVT as the clinical end point. However,

focusing on one distinct clinical setting, such as the inci-

dence of symptomatic DVT after elective THA despite a

definite antithrombotic prophylaxis, might increase the

relevance of our data.

We found no major association between the presence

of one single mutation and an increased risk for

Table 4. Comparison of the combined prevalence of tested genetic polymorphisms

Genetic polymorphism Observation

group

Control group Odds ratio 95% confidence

interval

p Value (Fisher’s

exact test)

MTHFR* (%) 56 31 2.89 1.40–5.96 0.006�

MTHFR* and factor V Leiden (%) 6 1 5.36 0.54–53.01 0.143

MTHFR* and PAI-1 4G/4G (%) 42 25 2.21 1.05–4.66 0.053

Factor V Leiden and PAI-1 4G/4G (%) 8 2 3.61 0.64–20.46 0.194

Prothrombin G20210A and PAI-1 4G/4G (%) 4 2 1.73 0.24–12.67 0.627

* Both heterozygous or at least one homozygous; �significant; MTHFR = methylenetetrahydrofolate reductase; PAI-1 = plasminogen activator

inhibitor 1.

Table 5. Power for detecting odds ratios

Genetic polymorphism Power

MTHFR* 67%

MTHFR* and factor V Leiden 4%

MTHFR* and PAI 4G/4G 64%

Factor V Leiden and PAI 4G/4G 9%

Prothrombin G20210A and PAI 4G/4G 9%

MTHFR* 67%

MTHFR* and factor V Leiden 4%

MTHFR* and PAI 4G/4G 64%

* Both heterozygous or at least one homozygous; MTHFR = meth-

ylenetetrahydrofolate reductase; PAI = plasminogen activator

inhibitor 1.
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symptomatic DVT after elective THA. However, we

found borderline differences for hetero-homozygous fac-

tor V Leiden and the homozygous MTHFR C677T

mutation, which might have become significant with an

increased sample size of 205 and 125 patients in both

groups, respectively. Overall, our results are in agreement

with most of the currently available published data which

are rare, except for those for factor V Leiden mutation.

When comparing our results with published results,

however, it is important to be aware of the different

clinical end points set in the different studies. Whereas

some authors concentrated their analysis on all DVTs

with or without PE, others used symptomatic DVT as the

clinical end point, which might lead to different results as

discussed subsequently for the factor V Leiden mutation.

Except for Svensson et al. [36] who reported an associ-

ation with an OR of 4.2 for a subgroup of patients on

short-term prophylaxis, others found no association

between the incidence of all DVTs after major ortho-

paedic surgery and the presence of factor V Leiden

mutation or resistance to activated protein C [18, 21, 23,

29, 36, 40]. Using symptomatic DVT and/or PE as the

clinical end point, however, data are more conflicting.

Three groups did not find an association between the

presence of factor V Leiden mutation and symptomatic

DVT with and without PE or isolated PE after THA or

TKA [8, 31, 41]. In contrast to these authors, Lindahl

et al. [20] investigated 645 patients after THA or TKA

and estimated an OR of 5.0 (95% CI, 1.9–12.9) for the

association between activated protein C and symptomatic

postoperative DVT. Recently, Baba-Ahmed et al. [5]

reported an association (OR, 10.5; 95% CI, 1.3–86)

between factor V Leiden mutation and symptomatic DVT

and/or PE in patients who underwent major orthopaedic

surgery, including THA. As indicated by the large 95%

CI, the number of cases in this specific subgroup was low.

Furthermore, the authors did not analyze their data sep-

arately for the incidence of symptomatic DVT in the

subgroup of patients undergoing THA. Similar to factor V

Leiden, some authors have reported no increased risk for

all DVT and PE after elective THA or TKA for carriers

of prothrombin G20210A mutation [18, 40]. For symp-

tomatic DVT and PE, some authors have reported an

association [31, 40, 41], but others, including us,

found none [8]. No association between homozygous

MTHFR C677T mutation and an increased incidence of

DVT with or without PE after major orthopaedic surgery

has been reported by authors who have addressed this

issue [18, 31, 41].

We found patients with a double heterozygous status

for the two MTHFR mutations or at least one homozy-

gous mutation of either MTHFR mutation had a higher

risk for symptomatic DVT after elective THA compared

with patients with the wild-type for these two MTHFR

mutations (OR, 2.89). Facing the conflicting published

data on a possible and independent association of the

presence of the homozygous state of these polymor-

phisms and DVT with or without PE in general [1–3, 10,

11, 16, 22, 30, 32, 34, 37, 44], our data may be not that

surprising. We are aware of only one group of authors

who compared the prevalence of both MTHFR poly-

morphisms and elevated homocysteine levels (15 lmol/L

or greater) between patients without or with symptomatic

DVT and PE after THA [31]. Those authors reported no

difference for either parameter in their small retrospec-

tive study.

Based on our current and limited data, we do not

recommend testing for genetic polymorphisms before

elective THA because the presence of a single mutation

seems not to increase risk of postoperative risk symp-

tomatic DVT. The borderline differences for hetero-

homozygous factor V Leiden and homozygous MHTFR

C677T mutations, and the results of the combined anal-

ysis for these two polymorphisms, including also the

MTHFR A1293C mutation, however, may justify focus-

ing on these polymorphisms in future prospective studies

with a larger number of patients. In these studies, the

determination of the homocysteine level is important to

further clarify whether the presence of hetero-homozy-

gous MTHFR C677T and/or A1298C polymorphism

might result in an increased risk for DVT independent of

homocysteine levels.
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