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Abstract

Purpose To determine the timing of symptomatic venous thromboemboli (VTE) in patients sustaining a pelvic and/or
acetabular fracture. Secondly, to evaluate for any factors that may influence this timing.

Methods A retrospective cohort of 47 patients with acetabular and/or pelvic ring injuries who developed VTEs at a single
academic level I trauma center were identified from 2012 to 2018. The chronology of VTE diagnosis in relation to date of
injury, initial surgery, final surgery, and date of discharge was evaluated. Patients who developed VTEs were then evaluated
based on known risk factors for VTE to determine if any of these affected timing.

Results Symptomatic VTEs were diagnosed in 3.8% of patients with pelvic and/or acetabular fractures. In patients who
developed a thromboembolism, diagnosis occurred on average 21.5 (+19.2), 20.7 (£ 19.9), 9.8 (£23.4), and 4.3 (+27.6)
days after injury, index procedure, final procedure, and date of discharge. 25% of patients developed VTE more than 4 weeks
after their initial injury. No known risk factors effected the timing of VTE.

Conclusion The 2015 OTA expert panel recommends 4 weeks of anticoagulation for orthopedic trauma patients at high
risk of VTE, which may be too short a duration. In our cohort, 25% of VTEs occurred greater than 4 weeks after injury.
Additional research is needed to clarify the exact duration of anticoagulation after pelvic and acetabular fractures; however,

surgeons may want to consider anticoagulating patients for greater than 4 weeks.

Level of evidence Level IlI—retrospective cohort.
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Introduction

Venous thromboemboli (VTE) are a commonly encountered
postoperative surgical complication that cause significant
morbidity and mortality. In trauma, pulmonary emboli (PE)
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are the most common cause of death more than seven days
after initial injury [1]. Risk factors that have been identified
as increasing the risk of postoperative deep vein thrombo-
sis (DVT) in trauma patients include age >40, extremity
injury, BMI > 30, head injury, ventilator days >3, venous
injury, spinal cord injury, pelvic fracture, and major surgery
[2—-11]. Patients with orthopedic injuries are at increased
risk of DVT, particularly those with pelvic and acetabular
fractures, with reports of rates from 0.21 to 41% for DVT
and 0-21.7% for PE [3, 11].

Literature evaluating VTESs in pelvic and acetabular frac-
tures has shown mixed results on whether there is a significant
difference in the rate between pelvic and acetabular fractures
[12—14]. However, they have demonstrated an increased inci-
dence of DVT in patients with associated acetabular fracture
patterns compared to elementary patterns and posterior ace-
tabular fractures requiring a Kocher-Langenbeck approach.
In pelvic ring injuries, vertical shear fractures were associated

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00590-023-03643-6&domain=pdf
http://orcid.org/0000-0002-2329-9573

European Journal of Orthopaedic Surgery & Traumatology

with increased development of DVT compared to lateral com-
pression and anterior—posterior compression injuries [13-15].

Although many studies exist which examine risk factors for
the development of VTE'’s in orthopedic injury, there is a pau-
city of information regarding the timeline in which VTE. The
recent study, PREVENTion of Clots in Orthopedic Trauma
(PREVENT CLOT), evaluates symptomatic VTEs and 90-day
all-cause mortality in 12,211 patients with operatively treated
extremity fractures or any pelvic or acetabular fracture receiv-
ing aspirin versus enoxaparin. This study found symptomatic
DVTs occurred at a median of 16 days (interquartile range
7-35) and symptomatic PEs at a median of 7 days (inter-
quartile range 3-22) [16]. However, to the best of the authors
knowledge, no papers specifically evaluate the timing of VTEs
in relation to pelvic and/or acetabular fractures.

Information on the chronology of VTEs could help to guide
recommendations for timing of post injury anticoagulation.
Current recommendations support beginning anticoagulation
within 24 h of admission or hemodynamic stability which has
been found to decrease the risk of VTE [17-19]. However,
there is no consensus on length of anticoagulation follow-
ing pelvic and acetabular fractures, and sparce information
guiding length of treatment [11]. A 2009 Cochrane review
of prolonged thromboprophylaxis for 4 weeks with LMWH
in patients undergoing major abdominal or pelvic surgery as
compared with inhospital prophylaxis only showed a signifi-
cant reduction in the risk of VTE without concomitant increase
in bleeding complications [20]. The OTA expert panel in 2015
recommended prolonged prophylaxis (approximately 4 weeks)
for patients at high risk for VTE (elderly patients with a proxi-
mal femur and multiple trauma patients) [19]. The ACCP rec-
ommends at least 10-14 days and up to 35 days of anticoagu-
lation for hip fractures and recommends prophylaxis, without
a specific duration provided, for patients with major pelvic or
lower extremity trauma [21, 22]. A more thorough understand-
ing of the timing of VTEs would help guide duration of post
injury and post-surgery thromboprophylaxis.

This study has two aims. First, to identify the timeline in
which symptomatic VTEs occur in patients with pelvic and
acetabular fractures in relation to their injury, index proce-
dure, final procedure, and discharge. Allowing the clinician
to have a heightened sense of suspicion for when VTEs are
most likely to occur and to help guide duration of thrombo-
prophylaxis. Second, to identify what factors may alter the
timing of the development of VTE.

Methods

Institutional review board approval was obtained to study
the selected patient population. Patients sustaining a pelvic
or acetabular fracture from 2012-2018 were reviewed for
development of a symptomatic VTE. Diagnosis date of a
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symptomatic VTE was based on one of the following: pres-
ence of positive computed tomography scan with pulmonary
embolism protocol (CT PE), positive lower extremity dop-
pler ultrasound, or chart documentation of VTE and ini-
tiation of treatment dose anticoagulation. Inclusion criteria
were patients with acetabular or pelvic ring fractures based
on the following CPT codes: pelvic fractures 27193, 27194,
27197, 27198, 27215, 27216, 27217, and 27218; acetabu-
lum fractures 27220, 27222, 27226, 27227, and 27228, who
developed a VTE. Exclusion criteria included patients who
had developed a VTE prior to the trauma producing a pelvic
or acetabular fracture, those patients developing a VTE more
than 90 days after injury, or those patients where a date of
VTE diagnosis could not be ascertained.

During the study timeframe the institutional protocol for
VTE prophylaxis was 30 days of enoxaparin 30 mg twice
daily. Aspirin 325 mg daily was used as an alternative for
patients without insurance or who were unable to afford
enoxaparin.

Demographic data, injury, and fracture characteristics
were collected for each patient including age, sex, BMI,
mechanism of injury, fracture laterality, presence or absence
of additional lower extremity fractures, open versus closed
injury, smoking status, type of anticoagulation received,
whether the patient received a red blood cell transfusion,
whether or not the patient required ICU care and/or mechan-
ical ventilation and fracture type and classification.

Chronology data were then obtained from patients’ who
developed a VTE. Variables evaluated included: date of
injury, date of initial surgery, date of final surgery, and date
of hospital discharge. These dates were then evaluated in
relation to the date of VTE diagnosis and each other to find
the length of stay, time from injury to VTE, time from initial
surgery to VTE, time from final surgery to VTE, time from
discharge until VTE, time from injury until initial and final
surgeries, and days from initial surgery until final surgery.
Number of days in the ICU and number of days on a ventila-
tor were also evaluated.

Measures of central tendency and spread were calculated
for the following chronologic variables: length of stay, time
from injury to VTE, time from initial surgery to VTE, time
from final surgery to VTE, time from discharge until VTE,
time from injury until initial and final surgeries, and days
from initial surgery until final surgery, number of days in
the ICU, and number of days on a ventilator.

Chronologic variables were then further evaluated based
on sex, smoking status, presence or absence of red blood cell
transfusion, BMI (healthy, overweight, and obese), age (>40
versus < 40), type of anticoagulant, presence of additional
lower extremity fractures, fracture (pelvic, acetabulum, and
combined), operative versus nonoperative management, and
whether patients required mechanical ventilation and/or a
stay in the ICU for possible significance with timing of VTE.
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T-tests were used to determine statistical significance for
single variable analyses and ANOVA tests were used for
multiple variable analyses.

Results

There were 1224 patients identified with pelvic and/or ace-
tabular fractures treated at our institution from 2012-2018.
Fifty-three patients were diagnosed with a symptomatic
VTE (Fig. 1). Of these 2 VTE’s occurred greater than
90 days after initial injury and for 4 patients an exact date of
VTE diagnosis was unavailable and thus the patients were
excluded.

The overall rate of VTE was 3.8% (47 patients). The
average time from injury to VTE diagnosis was 21.5 days
(£19.2), time from initial surgery to VTE diagnosis was
20.7 days (+19.9), time from final surgery to VTE diagnosis
9.8 (+23.4), and time from discharge to VTE diagnosis 4.3
(+27.6) (Table 1, Figs. 2 and 3). The median time of diag-
nosis was 17, 16, 7, and 5 days for time from injury, initial
surgery, final surgery, and discharge, respectively.

None of the variables evaluated—sex, smoking status,
presence or absence of red blood cell transfusion, BMI,
age (>40 versus <40), type of anticoagulant, presence of
additional lower extremity fractures, fracture (pelvic, ace-
tabulum, or combined), operative management, requiring
mechanical ventilation or a stay in the ICU—had any statis-
tically significant effect on the timing of VTE development
(Table 2).

Table 1 Chronologic statistics for all patients who developed a VTE.
Values are listed as days

Injury to VTE Initial Final Dis-
surgery to  surgery to charge
VTE VTE till VTE
Mean 21.5 20.7 9.8 43
Mode 8 4 7 5
Standard devia-  19.2 19.9 234 27.6
tion
Minimum 0 -3 =50 =75
1st Quartile 8 4 -3 -8
Median 17 16 7 5
3rd Quartile 28 30 22.2 12
Maximum 80 78 62 79
N 47 40 36 47
Discussion

Multiple studies exist evaluating risk factors for the develop-
ment of VTE following pelvic and acetabular trauma. The
goals of this study were therefore not to evaluate which fac-
tors increased the incidence of VTESs, but rather to evaluate
the timing of VTE development in patients with pelvic and
acetabular fractures, and to see which, if any, factors known
to increase VTE incidence would affect the timing of the
development of VTEs.

In the studied patient population, we found that VTEs,
when symptomatic, occurred an average of 21.5 (+19.2),
20.7 (£19.9), 9.8 (£23.4), 4.3 (+27.6) days after injury,

Fig. 1 Flowchart of patients
who met inclusion criteria

Patients with Pelvis and or Acetabular fractures from 2012-2018 using CPT codes: 27193,
27194, 27197, 27198, 27215, 27216, 27217, 27218;27220, 27222, 27226, 27227, and 27228

1224 Patients

VTE Diagnosed by one of the following
e CTPE
e Doppler Ultrasound
e VTE documentation and administration of
anticoagulation

Patients meeting Inclusion criteria

53 Patients

- Patients with VTE >90 days from injury
2 Patients

Unable to establish exact VTE diagnosis date
4 Patients

v

47 Patients
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Fig.2 Histogram of the time from injury until development of VTE. Each bar encompasses a week post injury
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Fig.3 Cumulative number of VTEs after date of injury with days
post injury in the x axis. 4-week mark indicated which represents
that current 2015 OTA expert panel recommendation for anticoagu-

initial surgery, final surgery, and hospital discharge, respec-
tively. The smaller average, but large spread, of patients
developing VTEs in relation to their final surgery was influ-
enced by 12 patients who developed a VTE after their ini-
tial surgery but before their final surgery. This included 2
patients who had other late complications requiring return
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lation, note that this timepoint occurs while the number of VTEs is
still increasing in a linear fashion. Two plateau points are seen on the
graph at 5 weeks and 8 weeks, respectively

to the OR greater than 1 month after sustaining their injury
and thus had values of —50 and —40 days, respectively. The
same effect is seen in relation to patient discharge with 15
patients developing a VTE prior to hospital discharge includ-
ing one who developed it on the 5th day of an 80-day long
hospital admission. Interestingly there was not a significant
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Table 2 Time from injury, initial surgery, final surgery, and discharge to VTE in days (with standard deviation) stratified by secondary outcome

measures

Injury to VTE Initial surgery to VTE Final surgery to VTE Discharge to VTE
Sex
Female 28.3 (£22.7) 27.7 (+£23.5) 8.9 (£32.21) 2.2(+39.3)
Male 18.6 (+17.2) 17.7 (£ 17.9) 10.2 (x£19.2) 5.2(x21.5)
P value 0.117 0.151 0.885 0.740
Smoker
Yes 21 (£20.6) 20.5 (+£21.2) 8.4 (£27) 7.2 (+31.5)
No 22.4 (+16.8) 21 (£18.5) 12 (£16.7) -1.3(£17.1)
P value 0.815 0.942 0.655 0.322
PRBC transfusion
Yes 21.6 (£19.2) 20.1 (£19.6) 7.2 (+21.8) 8.4 (£28)
No 21.3(+20.2) 23.3 (£22.6) 18.9 (£27.7) =7.7(£23.4)
P value 0.957 0.692 0.216 0.081
BMI
Normal (18-25) 21.8 (x£21.5) 24.1 (x£23.5) 12.2 (+£20.3) —4.9 (£26)
Overweight (25-30) 18.5 (+15.4) 17.1 (£16.7) 13.5 (£ 18.7) 2.3 (x18)
Obese (>30) 23.3 (£20.5) 21.5 (£20.8) 5.9 (x28.1) 12.1 (%32.3)
P value 0.785 0.701 0.677 0.203
Age
<40 19.5 (+20.1) 19.3 (£20.4) 8.8 (+£21.2) 5.4 (x£27.9)
>40 23.8(+18.4) 229 (x19.7) 11.3 (£27.1) 3(x£27.8)
P value 0.456 0.581 0.762 0.774
Fracture
Combined 224 (£21.4) 19.8 (+21.8) 5.5 (£22.6) 3.9 (£28.5)
Acetabulum 19.1 (£19.6) 20.8 (+21.2) 8.8 (+28.4) 3.9 (+284)
Pelvis 23.1 (+15.5) 22.1 (+16.6) 17.3 (+18.4) 5.7(x27.2)
P value 0.847 0.961 0.470 0.982
Additional lower extremity fracture(s)
Present 22 (+18.9) 19.9 (+18.3) 8 (£25.3) 9.7 (+30)
Absent 21 (£20.1) 21.9 (£22.8) 12.6 (£20.4) —2.4(x23.2)
P value 0.86 0.754 0.565 0.137
Type of anticoagulation
Enoxaparin 18.1 (+19.5) 18.7 (£20.9) 3.7 (£23.3) 7.6 (£30.9)
Subcutaneous heparin 30 (£ 16.7) 272 (£17.3) 17.5 (£21.4) 4.6 (£20.1)
Warfarin 21 (£25.6) 18.3 (x£30.1) 16 (+32) —10 (+30.3)
None 19.7 (+15.7) 17.3 (+=15.5) 26 (£5.7) =8.7(x12.1)
P value 0.367 0.715 0.303 0.557
Required mechanical ventilation
Yes 20.1 (+14.8) 21.3 (+16.7) 9.7 (£25.9) 11.9 (£29.9)
No 22 (+20.7) 20.5 (£21.2) 9.8 (£22.9) 1.7 (£26.7)
P value 0.769 0.914 0.990 0.272
Required ICU care
Yes 20.1 (+=17) 20.7 (£17.9) 8.5 (+£25.3) 11.8 (x29)
No 23 (x21.7) 20.7 (+22.6) 11.6 (+21.1) -3.6 (x24.1)
P value 0.619 0.991 0.698 0.055
Operative versus nonoperative
Operative 22.4 (+19.8) 20.7 (+20) 9.7(+23.4) 4 (+29.3)
Nonoperative 16.6 (+15.6) N/A N/A 6.1 (+15.4)
P value 0.468 N/A N/A 0.850
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difference in the timing of VTEs in patients managed
operatively (22.4 +19.8) versus nonoperative (16.6 +16.6,
p=0.468). Therefore, we feel that using the time from injury
gives the surgeon the most accurate understanding of when
to expect this complication. This is further substantiated by a
similar median time to the development of VTE from injury
of 17 days.

Using the time from injury for evaluation, 75% (35/47)
of the VTEs occurred within the first 4 weeks after injury.
Based on 2015 OTA expert panel recommendations these
VTEs would all have fallen in the time frame of recom-
mended chemoprophylaxis for patients at high risk of VTE.
Conversely 25% of VTEs occurred more than 4 weeks
after the initial injury, which based on the OTA expert
panel recommendations, would have occurred after cessa-
tion of chemoprophylaxis. Extending prophylaxis to 5 or
8 weeks after initial injury would decrease the uncovered
rate from 25 to 17% and 6%, respectively. However, extend-
ing VTE prophylaxis is not entirely benign as there is a risk
of increased bleeding events for patients receiving antico-
agulation. A recent meta-analysis of medical patients on
extended DVT prophylaxis found that the number needed
to harm to cause one major or fatal bleeding event was 333
[23]. Additionally, patient compliance with anticoagula-
tion is not perfect, and medications that require injection
show decreased compliance compared to oral medications;
for example in the PREVENT CLOT study outpatient com-
pliance with aspirin was 94.4% while enoxaparin was only
86.6% [16]. It is also important to note that VTE:s still occur
despite adherence to anticoagulation regimens, often rep-
resenting a failure of prophylaxis rather than a failure to
provide prophylaxis.

As stated previously, the goal of this study was to evaluate
factors that affected the chronologic occurrence of VTEs,
not the incidence, therefore only patients who developed
symptomatic VTEs were evaluated. Eleven factors previ-
ously reported to increase VTE incidence were evaluated for
an effect on the timing of VTEs. None of the eleven factors
were found to significantly increase or decrease the time at
which VTEs occurred.

A recent meta-analysis found the rate of VTE to be from
0.21 to 41% for DVT and O to 21.7% for PE; our VTE rate
falls within this range at 3.8%; however, this represents a
broad range [11]. Our rate of 3.8% is also similar to the rate
of symptomatic DVT of 2.1% (254/12,211) and PE of 1.5%
(180/12,211) seen in the PREVENT CLOT study which
included all operative extremity fractures or any pelvic or
acetabular fracture [16]. As far as we know this is the first
study to look at timing of VTE’s in pelvic and acetabular
fractures. There are other studies which evaluate the timing
of multiple complications following spinal surgery, rotator
cuff repair, total joint arthroplasty, ankle fracture surgery,
and hip fracture surgery. These studies range with an average
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time for postoperative DVT occurrence of 7—17 days post-op
and PE occurrence of 3—14 days post-op for spinal surgery,
arthroplasty, ankle fracture surgery, and hip fracture surgery
[24-28]. And an average VTE diagnosis at 11.5+7.4 days
for rotator cuff repair [29]. Our average time of VTE diag-
nosis is greater than reported in these studies with a mean
of 20.7 (+19.9) days from first surgery and a median of
16 days. This could represent a true difference or may rep-
resent delayed diagnosis secondary to patient presentation
or clinical suspicion. Additionally, one of the studies used
median time instead of mean showing a median post-op
DVT and PE diagnosis at 8—10.5 and 5 days, respectively,
depending on the particular spinal procedure performed.
These numbers, however, are still lower than the median
time of VTE diagnosis post initial surgery found in our
patients [24]. Conversely, in the prevent clot study sympto-
matic DVTs occurred at a median of 16 days (interquartile
range 7-35) which is similar to our median time to the devel-
opment of VTE from injury of 17 days [16].

There are multiple limitations to our study. First, although
we have a complication rate similar to that found in the lit-
erature, we have a relatively small absolute sample size of
47 patients with VTEs. This number further decreased for
each studied category as only 40 patients were managed
operatively, and 36 patients required multiple surgeries.
Additionally, due to the small sample size, DVTs and PEs
were evaluated together as VTEs, rather than separately, to
increase the statistical power. Further research on the tim-
ing of VTEs in pelvic and acetabular fractures with a larger
sample size is required to bolster or refute the findings of
this paper, and help guide recommended length of antico-
agulation. Second, our studied patient population was a
single tertiary care center. Patients who had symptomatic
VTE:s after discharge may have presented to other care cent-
ers which would influence the results of our data. Third, an
assumption was made that date of recorded VTE diagnosis
represented date of symptom onset which may not hold true
in all circumstances, particularly if a patient was to delay in
presenting for care. This would result in true values being
shorter than what was found in our study.

Conclusion

There is currently no consensus on length of anticoag-
ulation in patients sustaining pelvic and/or acetabular
fractures. The 2015 OTA expert panel recommends anti-
coagulation for 4 weeks; 25% of VTEs occurred greater
than 4 weeks after injury. Additional research is needed
to clarify exact duration of anticoagulation after pelvic
and acetabular fractures; however, surgeons may want to
consider anticoagulating patients for greater than 4 weeks
in the setting of a pelvic and/or acetabular fracture. A
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duration of 5 weeks would encompass 83% of VTEs and
8 weeks would encompass 94% of VTE occurrences.
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