ORIGINAL INVESTIGATION

Minor Injuries as a Risk Factor
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Background: Injuries increase the risk of venous throm-
bosis. So far, most research has focused on major inju-
ries that are accompanied by other risk factors for ve-
nous thrombosis, such as plaster casts and surgery. We
studied the association of venous thrombosis with com-
mon minor injuries, such as minor sural muscle rup-

tures and ankle sprains.

Methods: We performed a large, population-based, case-
control study (the Multiple Environmental and Genetic
Assessment of risk factors for venous thrombosis [MEGA]
study), including consecutive patients with a first deep
venous thrombosis of the leg or pulmonary embolism and
control subjects. Participants with malignant neo-
plasms, those who underwent surgery, and those who had
a plaster cast or extended bed rest were excluded.

of the questionnaire (controls). Venous thrombosis was
associated with previous minor injury (odds ratio ad-
justed for sex and age, 3.1; 95% confidence interval, 2.5-
3.8). The association was strongest for injuries that oc-
curred in the 4 weeks before thrombosis and was not
apparent before 10 weeks. Thrombosis was more strongly
associated with minor injuries located in the leg (odds
ratio adjusted for sex and age, 5.1; 95% confidence in-
terval, 3.9-6.7), while those located in other body parts
were not associated. A 50-fold increased risk was found
in factor V Leiden carriers with a leg injury compared
with noncarriers without injury (odds ratio, 49.7; 95%
confidence interval, 6.8-362.7).

Conclusions: Minor injuries in the leg are associated with
greater risk of venous thrombosis. Because minor inju-
ries are common, they could be major contributors to the

Results: Of 2471 patients, 289 (11.7%), and of 3534 con-
trols, 154 (4.4%) had a minor injury in the 3 months pre-
ceding the venous thrombosis (patients) or completion

occurrence of venous thrombosis.
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ENOUS THROMBOSIS 1S A
multicausal disease affect-
ing 1 to 3 per 1000 indi-
viduals each year." Known
risk factors are, among oth-
ers, surgery, immobility, and several pro-
thrombotic genetic variants.® So far, stud-
ies*!! have focused on major injuries in
hospitalized or deceased individuals; they
were found to be major risk factors for ve-
nous thrombosis. However, apart from the
injury itself, other risk factors for venous
thrombosis will be present because of the
major injury, such as surgery, a plaster cast,
hospitalization, and extended bed rest. The

For editorial comment
see page 14

risk of so-called minor injuries that do not
lead to these additional factors is un-
known. We set up a large, population-
based, case-control study into the cause of
venous thrombosis, the Multiple Environ-
mental and Genetic Assessment of risk fac-

tors for venous thrombosis (MEGA) study.
The present study had 4 main objectives: (1)
to estimate the relative risk of venous throm-
bosis after a minor injury; (2) to investi-
gate characteristics of minor injuries that
contribute most to this risk, such as loca-
tion and type of injury; (3) to estimate the
relative risk of venous thrombosis of com-
mon injuries; and (4) to identify high-risk
patients by assessing the joint effect of mi-
nor injuries with well-known genetic pre-
dispositions.

BN METHODS R

PARTICIPANTS

From March 1, 1999, until August 31, 2004,
all consecutive patients with a first episode of
venous thrombosis were recruited from 6 an-
ticoagulation clinics in the Netherlands. These
clinics monitor the anticoagulant treatment of
all patients within a well-defined geographi-
cal area.

All patients had a first episode of deep
venous thrombosis (DVT) in the leg or a
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Table 1. Characteristics of the Study Population?
Patients Control Subjects

Characteristic (n=2471) (n=3534)
Women, % 53.2 53.3
Age, y 47.8 (24.9-67.6)  46.2 (24.8-66.5)
BMI 27.0 (20.3-35.4)  25.4 (19.8-33.0)
Type of venous thrombosis®

PE 766 (31.0) NA

DVT 1454 (58.8) NA

DVT (leg) plus PE 251 (10.2) NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); DVT, deep venous thrombosis;
NA, data not applicable; PE, pulmonary embolism.

2Data are given as median (5th-95th percentile) unless otherwise
indicated.

PData are given as number (percentage) of patients.

pulmonary embolism (PE) between the ages of 18 and 70
years. Of the 6331 eligible patients, 276 died before they
were able to fill out a questionnaire, while 82 had a short life
expectancy and, therefore, did not participate in this study.
Of the remaining eligible individuals, 5051 (84.6%) partici-
pated.

Information regarding the diagnostic procedure was ob-
tained via hospital records and family physicians for 4059 pa-
tients. A DVT was considered definite when (Doppler) ultra-
sonography showed the presence of a thrombus in the deep
veins. A PE was considered definite when confirmed with a high-
probability ventilation-perfusion scan, positive spiral com-
puted tomographic findings, or positive angiographic find-
ings. A PE was considered probable when the diagnosis was
based on a low- or intermediate-probability ventilation-
perfusion scan, inconclusive spiral computed tomographic find-
ings, or inconclusive angiographic findings. For some pa-
tients, no information regarding the diagnostic procedure was
available, while other patients were registered at the antico-
agulation clinic with a different or additional diagnosis than
the one objectively confirmed. In those patients, the diagnosis
by which the patient was registered at the anticoagulation clinic
was added. For these patients, we considered a registered PE
as probable and a registered DVT as definite. Only 4958 pa-
tients were included in whom the diagnosis was considered defi-
nite or probable.

Control subjects were included from 2 sources: (1) by in-
viting partners of patients (81.6% of the partners participated)
and (2) by using a random-digit-dialing method (68.8% par-
ticipated).'? All participants gave written informed consent. This
study was approved by the Medical Ethics Committee of the
Leiden University Medical Center.

DATA COLLECTION

In a standardized questionnaire participants reported injuries,
surgical procedures, plaster casts, and immobilizations cover-
ing the period 1 year before the index date along with sport
activities, standing height and weight, and family history of ve-
nous thrombosis. Body mass index was calculated as weight
in kilograms divided by height in meters squared. The index
date was defined as the date of diagnosis of the thrombotic event
for the patients and the date of completing the questionnaire
for the controls. The questionnaire was sent to all participants
within a few weeks after registration at the anticoagulation clinic
or after we contacted the individuals in the random-digit—
dialing control group. During the first few months of the study,
a pilot questionnaire was used that did not contain questions

regarding injuries. These 156 patients and 41 controls were
excluded.

Participants were asked to report the most recent injury be-
fore the index date in a separate specific question related to mi-
nor injuries. The questionnaire listed 8 common injuries and
included an open text field for other injuries. The injuries were
categorized irrespective of patient or control status. Seventeen
patients who reported an injury after their venous thrombotic
event were excluded. Only injuries that occurred in the 3 months
before the index date were included in the present analysis. Sub-
jects who underwent surgery or had a plaster cast, a hospital-
ization, or extended bed rest at home for at least 4 days in the
year before the index date were excluded (1631 patients and
1004 controls), as were individuals who had ever been diag-
nosed as having malignant neoplasms before the index date (580
patients and 233 controls).

An additional 1396 partner controls were excluded be-
cause their corresponding patient was excluded for one of the
reasons previously mentioned.

DNA COLLECTION AND
LABORATORY ANALYSES

Patients and their partners who were included between March
1,1999, and May 31, 2002, and the random control group were
invited to the anticoagulation clinic for a blood draw. Patients
and their partners recruited from June 1, 2002, onward and par-
ticipants who were unable or unwilling to come to the antico-
agulation clinic were sent buccal swabs to collect DNA. Factor
V Leiden and the prothrombin 20210A mutation were mea-
sured simultaneously."

STATISTICAL ANALYSIS

Odds ratios (ORs) were calculated as estimates of the relative
risk of thrombosis with 95% confidence intervals (Cls). Odds
ratios were adjusted for sex and age (OR,qj). Partners were
matched to their patients to adjust for lifestyle factors, result-
ingin 1260 eligible couples in a matched analysis, while all 2538
patients were contrasted to the random-digit-dialing controls
(2331 subjects) in an unmatched analysis. For calculation of
the overall risk, we weighted the OR of the matched analysis
with the OR obtained by the unmatched analysis. This con-
tained an adjustment for patients included in matched and un-
matched analysis (the authors may be contacted for additional
information). When analyzing the risk in men and women sepa-
rately, only random control subjects were used; as in most
couples, partners were of the opposite sex.

The percentage of injuries per week was calculated by divid-
ing the number of individuals with an injury during a particular
week by the total number of individuals who did not have an in-
jury before that date. We calculated the proportion of calf vein
thrombosis events and Cls using the exact method. To assess the
joint effect of injuries and the factor V Leiden and prothrombin
20210A mutations, ORs were calculated in the presence of only
1 risk factor and in the presence of both risk factors, all relative
to those individuals with neither risk factor. We also performed
a case-only analysis, which results in a synergy index (SI). An SI
of 1 or more indicates synergy on a multiplicative scale. All analy-
ses were performed using SAS statistical software, version 9.1 (SAS
Institute Inc, Cary, North Carolina).

BEE  RESULTS e

Overall, 2471 patients and 3534 controls were included
in the present analysis. Their characteristics are shown
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Figure. Percentage of injuries per week before the index date, which was the diagnosis of venous thrombosis (in patients) or completion of the questionnaire (in
control subjects). The time window of the analysis concerned the first 13 weeks.

in Table 1. Control subjects with injuries were slightly
more often men (52.6% vs 46.6%) and younger (mean
age, 44.3 vs 40.9 years) compared with those without

injuries (data now shown).

Of the patients, 289 (11.7%) had a minor injury in the
3 months before the index date, as did 154 controls (4.4%).
Injury was associated with venous thrombosis (OR, 3.0;
95% CI, 2.4-3.6). Adjustment for sex and age did not change
this estimate (OR,g;, 3.1; 95% CI, 2.5-3.8) nor did further
adjustment for sport activities and body mass index (OR,g;,
3.5;95% CI, 2.8-4.3). Injury in 67 patients and 57 con-
trols who did not mention a specific date of the injury was
not associated with venous thrombosis (OR;, 1.2;95% CI,
1.1-1.3). These individuals were excluded from all analy-
ses. Random control subjects had injuries slightly more of-
ten (4.8%) than partner controls (3.6%) in the 3 months
before the index date, resulting in slightly different esti-
mates: the OR,; of random controls was 2.8 (95% CI, 2.3-
3.6) and that of partner controls was 4.2 (95% CI, 2.9-

6.0).

Thrombosis was more strongly associated with inju-
ries that occurred during the previous 4 weeks (OR.g;,
4.0; 95% CI, 2.8-5.9) than with less recent injuries
(Figure). Among patients, most injuries occurred in the
2 to 3 weeks before the venous thrombosis diagnosis,
while fewer events occurred in the week directly before

the venous thrombosis.

In the 3-month time window, ORs for minor injuries
were similar in men (OR,q;, 3.0; 95% CI, 2.1-4.1) and
women (OR,g;, 3.0;95% CI, 2.2-4.2), as were ORs for the
young vs old (young [aged 18-39 years]: OR,q;, 3.3 [95%
CI, 2.3-4.6]; middle aged [40-59 years]: OR.q;, 3.1 [95%
CI, 2.3-4.2]; and old [aged =60 years]: OR,q;, 3.3 [95%

CI, 1.5-7.4]).

LOCATION OF INJURY

Of the 289 patients with a minor injury, 237 (82.0%) had
their injury located in the leg, compared with 78 of 154
injuries (50.6%) among controls. Therefore, thrombo-
sis was more strongly associated with injury in the leg
than with injury located in other body parts (overall OR ;,

1.1, 95% CI, 0.8-1.6) (Table 2).

Table 2. Location of Injury and Risk of Venous Thrombosis

Patients Control Subjects  Odds Ratio (95%

Location (n=2471)2  (n=3534)2  Confidence Interval)?
None (no injury) 2182 3380 1 [Reference]
Leg 237 78 5.1 (3.9-6.7)
Arm 23 43 0.8 (0.5-1.4)
Trunk 14 24 0.9 (0.5-1.9)
Head 1 4 0.3 (0-2.4)
Unknown 14 5 3.0 (1.1-8.3)

2Data are given as number of individuals in each group.
b Adjusted for sex and age.

Injuries in the leg were mainly associated with greater
relative risk of an isolated DVT (OR,g;, 6.3; 95% CI, 4.7-
8.5). The relative risk of an isolated PE (OR,g;, 2.4; 95%
CI, 1.6-3.7) or a combination of PE and DVT (OR,4;, 5.3;
95% CI, 3.2-8.7) was also greater. For 1101 patients with
aDVT, information was available regarding the location
of the thrombus. Patients with a leg injury more often
had a DVT in isolated calf veins (26.3%:; 95% CI, 18.9%-
33.6%) compared with patients without an injury (14.5%;
95% CI, 12.3%-16.7%).

TYPES OF INJURY

(Partial) ruptures of muscles or ligaments in the leg were
more strongly associated with a venous thrombosis than
were other injuries, such as sprains and contusions. Mul-
tiple injuries occurring simultaneously were strongly as-
sociated with venous thrombosis (Table 3).

Specific injuries most strongly associated with throm-
bosis were ruptures of the sural muscle (“tennis legs”)
and knee ligament ruptures, while knee and ankle sprains
were associated to a lesser extent with venous thrombo-
sis (Table 4).

PROTHROMBOTIC FACTORS
In individuals who indicated having a first-degree fam-

ily member with a history of venous thrombosis, leg
injury was associated with an estimated 12-fold relative
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Table 3. Type of Injury in the Leg and Risk Table 4. Specific Injuries in the Leg and Their Risk
of Venous Thrombosis of Venous Thrombosis
Control Odds Ratio (95% 0dds Ratio (95%
Patients Subjects Confidence Control Confidence
Type of Injury (n=2419)2 (n=3458)2 Interval)® Specific Injury Patients? Subjects? Interval)®
No injury 2182 3380 1 [Reference] No injury 2182 3380 1 [Reference]
Muscle or ligament 70 11 10.9 (5.6-21.3) Rupture of the sural muscle 56 5 22.5 (8.3-61.5)
rupture (“tennis legs”)
Contusion 6 ® 2 0(0.5-7.6) Rupture of the knee ligaments 24 6 6.3 (2.6-15.0)
Sprain 77 40 1(2.1-4.6) Ankle sprain 39 24 2.6 (1.6-4.1)
Multiple types of injury 24 4 9 (3.3-29.6) Knee sprain or meniscus 47 16 5.1 (2.9-8.9)
Other 33 8 6 9 (3.1-15.0) problems
Unknown 27 10 4.6 (2.2-9.8)
2Data are given as number of individuals in each group.
aData are given as number of individuals in each group. b Adjusted for sex and age.
b Adjusted for sex and age.
Table 5. Joint Effect of Prothrombotic Mutations and Injuries in the Leg
Patients Control Subjects Odds Ratio
Prothrombotic Mutation Injuries (n=2243)2 (n=2639)2 (95% Confidence Interval)®
Factor V Leiden
Absent Absent 1623 2388 1 [Reference]
Present Absent 351 135 5.0 (4.0-6.2)
Absent Present 181 59 6.8 (4.9-9.4)
Present Present 39 1 49.7 (6.8-362.7)
Factor 11 20210A mutation
Absent Absent 1874 2477 1 [Reference]
Present Absent 100 46 3.4 (2.3-5.0)
Absent Present 206 55 7.0 (5.1-9.6)
Present Present 14 2 8.6 (1.9-37.9)

aData are given as number of individuals in each group.
Ad]usted for sex and age.

risk of venous thrombosis (OR,q;, 12.0; 95% CI, 5.9-
24.7) compared with no injury in individuals without a
family history. This finding suggests a joint effect with
genetic factors. The estimated relative risk in carriers of
the factor V Leiden mutation with an injury compared
with noncarriers without an injury was almost 50
(Table 5). Because the number of controls with an
injury and the factor V Leiden mutation was small, an
SI calculation in only patients was performed. This cal-
culation (SI=[1623 X 39]/[351 X 181]=1.0) suggested a
joint effect at a multiplicative level and a 30-fold
(1.0X5.0X6.8=34) relative risk for those having the
factor V Leiden mutation and a leg injury compared
with those having neither the factor V Leiden mutation
nor injuries. The prothrombin 20210A mutation was
associated with a 3-fold estimated relative risk of
venous thrombosis among those without an injury.
When both risk factors were present, the estimated rela-
tive risk of venous thrombosis was 9-fold compared
with individuals without injury and the prothrombin
20210A mutation. The SI calculation (SI=[1874 X 14]/
[206 X 100]=1.3) suggested interaction at a multiplica-
tive level and a 30-fold (1.3 X3.4X7.0=30) relative
risk for the joint effect of the prothrombin 20210A

mutation and leg injuries.

B covent [

Minor injuries that do not require surgery, a plaster
cast, or extended bed rest were associated with a 3-fold
greater relative risk of venous thrombosis. The associa-
tion appeared local because injuries in the leg were
associated strongly with thrombosis, while injuries in
other locations were not associated with thrombosis.
The association was strongest for injuries that occurred
in the month before the venous thrombosis, suggesting
a transient effect. The association of thrombosis with
leg injuries was strong in individuals with a genetic pre-
disposition.

Most studies have focused on major or even fatal in-
juries. Because these studies were performed in hospi-
tals, individuals who had an injury were also hospital-
ized and immobilized. Therefore, it is difficult to make
a distinction between the effect of hospitalization, sur-
gery, a plaster cast, and extended bed rest and the effect
of injury. In studies”'* that focused on major injuries,
an asymptomatic venous thrombosis was detected in 0.4%
to 12% of the trauma patients, despite prescribed pro-
phylaxis. One study' found a 3-fold increased risk of ve-
nous thrombosis after minor events. However, minor
events included, among others, travel, minor surgery, and
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minor trauma, and no information regarding minor
trauma alone was available. Therefore, the risk of minor
injuries could not be abstracted.

We found that the association of venous thrombosis
with minor injuries was transient and that the excess
risk disappeared after 10 weeks. Surprisingly, more
injuries were found in the 2 to 3 weeks before the
venous thrombosis compared with the week directly
before the venous thrombosis. Although the differences
were small and chance variation may have occurred,
this difference may be true. It may take time before a
clot becomes clinically apparent. However, this seems
less probable because venous thrombosis rates after air
travel were highest in the first week after air travel.'®
More likely, because of the symptoms of the injury
itself, the patient and physician may not recognize the
venous thrombosis at first because the clinical charac-
teristics are similar.

Injuries were strongly associated with venous throm-
bosis in individuals with genetic predisposition or a fam-
ily history of venous thrombosis. We found a 50-fold in-
creased relative risk estimate in individuals with a factor
V Leiden mutation and an injury. Because the risk asso-
ciated with venous thrombosis was highest in the first
month after the injury and decreased sharply thereafter,
we believe that many cases of venous thrombosis could
be prevented when high-risk individuals with injuries
would receive short-term prophylactic treatment. How-
ever, data are scarce and future research is needed to show
whether this would be safe.

Several reasons why injuries are associated with the
risk of venous thrombosis are conceivable. In 1856, Vir-
chow!” described 3 main risk factors for thrombosis: hy-
percoagulability, stasis of the blood, and damage of the
vessel wall. First, several studies'®!® have shown an in-
creased prothrombotic state in severely injured pa-
tients. However, this increased prothrombotic state was
not predictive of venous thrombosis in severely injured
patients.'” Because injuries not located in the leg were
not associated with a higher risk of venous thrombosis
in our study, we do not believe that a systemic reaction
to minor injuries explains the thrombotic risk. Second,
immobilization leading to stasis of the blood could play
an important role. To rule out this effect, we excluded
individuals with extended bed rest or immobilization due
to plaster casts. However, even minor injuries could have
led to reduced mobility, not necessarily bed rest, which
could have led to thrombosis. Obstruction of the vein by
edema may have caused stasis as well. Third, damage of
the vessel wall because of an injury may lead to local in-
creased risk of venous thrombosis.

Information on minor injuries was obtained after the
thrombotic event. Patients could link their injuries to the
thrombosis and, therefore, report the injury in the ques-
tionnaire, whereas controls do not have a specific event
through which they can remember their injuries and,
therefore, may not remember their injury (recall bias).
However, the questionnaire for controls covered the pe-
riod before filling it out. Because risks were only in-
creased up to 10 weeks, it seems likely that controls will
have remembered their minor events during this pe-
riod. A second reason why recall bias seems doubtful is

that the risk of PE was also markedly increased and pa-
tients probably do not link their leg injury to PE. Refer-
ral bias could have occurred if physicians would be more
likely to diagnose or refer an injured patient for venous
thrombosis examination. This would lead to an overes-
timation of the risk of venous thrombosis after injury.
One study,” also from the Netherlands, could not find a
higher risk of being referred for venous thrombosis among
women using oral contraceptives. However, we do not
know whether this is also true for minor injuries.

Our study showed that 4.4% of the controls had a mi-
nor injury in the 3 months before the index date. Be-
cause minor injuries are common, they can be respon-
sible for many cases of venous thrombosis, as can be
shown by the population-attributable fraction. Of the pa-
tients, 289 of 2471 (11.7%) had a minor injury. The risk
of venous thrombosis was 3-fold increased, resulting in
a population-attributable fraction of 7.9% ([11.7 X
{3.1-1}1/3.1=7.9). Because other injuries were not as-
sociated with venous thrombosis risk, this population-
attributable fraction was entirely due to injuries in the
leg (7.7%). This suggests that minor injuries in the leg
may be involved in 8% of the venous thrombotic events.
The risk of venous thrombosis was estimated after mi-
nor injuries that did not require a plaster cast, hospital-
ization, or extended bed rest. Because minor injuries are
common, they can be major contributors to the occur-
rence of venous thrombosis. Many individuals with mi-
nor injuries will have contacted the general practitioner
first. Therefore, there may be an important task for gen-
eral practitioners to identify subjects who are at a high
risk of developing venous thrombosis and subsequently
to provide prophylactic measures.
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