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Abstract
Background: Pelvic ring fractures (PRF) and acetabular fractures (AF) are among the most challenging orthopedic injuries. These
injuries usually involve operative fixation, with considerable delay after the accident. There are limited studies regarding the effects
of delayed surgery on the risk of venous thromboembolism (VTE) in these patients.
Objectives: In current study, the effect of delayed fixation of PRF and AF on the risk of preoperative VTE was investigated.
Methods: There were 86 patients with PRF and/or AF enrolled in the current study. Preoperatively, the presence of deep venous thrombosis (DVT) was examined utilizing Color Doppler ultrasound (CDU). The time interval between accident and CDU was
recorded (time delay). Finally, the time delay was compared between patients with and without DVT formation.
Results: The CDU revealed the presence of DVT in lower limb veins of 11 patients (12.8%). The time delay between the accident and
CDU was significantly longer in patients with DVT formation (12.4 ± 4.1 days versus 7.6 ± 2.4 days; P < 0.001).
Conclusions: Delayed fixation of PRF and AF could increase the risk of preoperative VTE. The authors suggest surgical fixation in
these patients as soon as possible in cases without definite contraindication of early fixation.
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1. Background
Severe pelvic ring fractures (PRF) and acetabular fractures (AF) are among challenging injuries for orthopedic
surgeons. Although PRF is not a common injury, it may be
found in most patients with multiple trauma. In general,
these injuries account for 2% to 8% of total fractures (1) and
the prevalence has been reported from 23 to 34.4 cases per
100,000 individuals (2, 3). On the other hand, the prevalence of these injuries in patients with multiple trauma is
much higher and can be seen in 20% to 25% of patients
(4). The prevalence of AF has been reported as three per
100,000 per year (5-7). It is important to mention that PRF
is associated with the involvement of acetabulum in 10% of
patients (8).
One of the most important challenges encountered
by patients with multiple trauma or high energy trauma,
such as PRF patients, is the increased risk of venous thromboembolism (VTE) problems. In previous studies, it has
been reported that the prevalence of VTE in patients with
pelvic trauma is between 25% and 61% (9-16). Pulmonary
embolism (PE) also occurs in 2% to 21.7% of patients, of

which 2% are fatal (9-13, 15, 17). Concerns regarding VTE occurrence are worsening, as in many patients, there are no
clear findings or symptoms associated with the problem. It
has been reported that in less than 5% of patients, clinical
signs of VTE can be found (18, 19).
Since many patients with PRF and/or AF experience
multiple trauma and have a critical general condition, the
fixation of these fractures is usually delayed. On the other
hand, there is concern that delayed surgery may increase
the risk of VTE, and if it occurs, it may be accompanied by
significant morbidity and mortality.
To the best of the author’s knowledge, there are limited
studies that address the consequences of delayed surgery
in patients with AF or PRF (14, 17, 20-23) without special focus on the risk of VTE. Furthermore, the incidence of VTE
was investigated after the operation in most of these studies while it seems that formation of deep venous thrombosis (DVT) can occur in the time interval between injury and
surgery.
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2. Objectives
Regarding the lack of clinical evidence, in the current
study whether delayed surgery could increase the risk of
preoperative VTE in patients with AF or PRF was investigated. One should note that currently these patients usually undergo delayed fixation due to referral from small
cities or ICU admission. It is expected that the results of
the current study play a significant role in improving the
outcomes of treatment and care of these patients.

3. Methods
Between 2015 and 2017, there were 143 patients with
PRF or AF referred to the emergency department or clinics
of the researcher’s orthopedic hospital. Before the study,
the institutional review board approved the protocol. Furthermore, the patients or their legal representatives were
asked to sign the written consent.
The study exclusion criteria included concomitant
fracture, history of thromboembolic accidents, history of
anticoagulant administration other than enoxaparin after
the injury, pathologic fracture, and phlebitis. Accordingly,
57 patients were excluded from the study as below:
Ipsilateral femoral fracture in 19 patients, ipsilateral
tibial fracture in 14 patients, vertebral fracture in two patients, history of thromboembolic accidents in three patients, and history of anticoagulation in 19 patients. Finally, the study was completed with 86 patients.
After the patients were included in the study, the type
of fracture and the site of damage were determined based
on the X-rays and CT images. Plain radiography was performed in anteroposterior, inlet, outlet, iliac oblique, and
obturator oblique views. The CT scanning was performed
with 2 mm. Letournel classification and Young and Burgess
classification were used to classify the AFs and PRFs. The
demographic information, such as age, gender, comorbidity, mechanism of injury, smoking, and fracture type, were
recorded in a pre-prepared form.
Early after the admission, enoxaparin (Enoxan® Alborz darou, IR Iran) 40 mg daily was administered, subcutaneously. On the day of admission, Color Doppler ultrasound (CDU) was performed to detect potential DVTs
formed in lower extremity veins. The time interval between the day of injury and the day of CDU (time delay)
was also recorded. Finally, the fractures were fixated on the
next day.
In CDU, the presence of compressible lumen in
femoral, tibial, popliteal and/or peroneal veins ruled out
DVT formation. If DVT was detected, an inferior vena cava
filter was placed before surgical fixation.
2

Data analysis was performed using SPSS statistical software version 15.0. Mann-Whitney U test was used to compare the time delay between patients with and without preoperative DVT formation. Also, to investigate the correlation between time delay and DVT formation, Spearman’s
correlation test was used. P < 0.05 was significance.

4. Results
Patients were aged 39.5 ± 15.5 years (ranged from 18 to
60 years). Among them, 72 patients were male (83.7%) and
14 patients were female (16.3%). Body Mass Index averaged
24.6 ± 2.2 kg/m2 . Three and seven patients had diabetes
mellitus and hypertension, respectively. Also, 27 patients
were smokers or had a history of smoking. Furthermore,
LC, APC, vertical shearing, posterior column-posterior wall,
and both column fractures were found in 18, 10, 6, 21, and 14
patients. Furthermore, 17 patients had other types of fractures.
CDU revealed DVT formation in 11 patients (12.8%).
Among them, four patients had a posterior columnposterior wall fracture (36.3%). Further, each of the column
and vertical shearing fractures and each of the LC and APC
fractures were found in two patients and one patient with
DVT formation, respectively. Another patient, who was diagnosed with DVT formation had other types of fractures
(9.1%).
The mean time delay in patients with and without DVT
formation was 10.4 ± 4.1 and 5.6 ± 2.4 days, respectively.
Mann-Whitney U test showed that the difference between
the two groups was statistically significant (P < 0.001).
Finally, Spearman’s correlation test showed that time
delay is positively correlated with the risk of preoperative
DVT formation in patients with PRF or AF (rho = 0.383; P <
0.001).

5. Discussion
The most important finding of the current study was
that delayed surgery in PRF and AF could result in significantly increased risk of thromboembolic problems in
these patients.
Surgical treatment of PRF and AF is optimal because
non-operative treatment can be associated with longer
hospitalization and immobilization, leading to higher risk
of PE and urinary problems. However, often because of
comorbidities or concomitant injuries in multiple trauma
patients, early surgical fixation of PRF and/or AF is not possible. In addition, a longer preoperative period may be required for further evaluation and stabilization of the patient’s general condition.
Trauma Mon. In Press(In Press):e84945.
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Currently, the appropriate time for the surgical fixation of PRF or AF remains controversial and there are many
inconsistencies in this regard. Lack of adequate evidence
regarding the impression of delayed hospital admission
and surgery on the risk of VTE in PRF or AF patients has
made it necessary to design and conduct studies similar to
the current study to investigate whether delayed surgery
can increase the risk of VTE.
In the current study, it was found that the time delay in
hospital admission and surgery was significantly higher in
patients with preoperative DVT formation compared to patients without DVT formation. The time interval between
injury and CDU in patients without DVT was 5.6 days, while
the time delay was 10.4 days in patients with DVT formation.
To the best of the author’s knowledge, there was no
similar study investigating the effects of delayed hospital admission and surgery on the risk of preoperative VTE
in patients with PRF or AF. However, routine radiological
screening has been advocated for PRF patients, in whom
the surgical fixation was postponed at least for three days
(24). Kim et al. evaluated the prevalence of VTE risk factors
among Korean patients with PRF or AF and found that 33.7%
of VTEs occurred on average 11 days after the trauma (14). In
addition, in a retrospective study on 207 AF patients, who
underwent surgical fixation between 21 and 120 days after
the injury, Johnson et al. found that PE occurred in five patients (2.4%), which was a considerable percentage in clinical settings (17).
Although not about risk of VTE, there are some studies indicating that delayed fixation of AF may affect the
postoperative outcomes. For example, Cahueque et al.
stated that the most important factor in preventing posttraumatic osteoarthritis after AF was obtaining anatomical reduction associated with early surgery (within the first
seven days) (20). Madhu et al. found that if surgery was
performed within the first 15 days, it would be very effective on obtaining anatomical reduction (23). Meena et al.
also showed that delayed surgery led to reduced Modified
Postel Merle d’Aubigné score. In other words, there was
a significant difference between patients, who had undergone delayed surgical fixation for more than two weeks
and those, who had underwent surgery within the first two
weeks (21). Of course, there are controversies in this regard.
For example, in the study of Shin et al., delay in AF surgical
fixation had no effect on clinical and radiographic results
and the incidence of posttraumatic OA (22).
Although not related to AF and PRF, several studies,
which addressed hip fractures, confirmed that delayed
surgery is an important risk factor for preoperative thromboembolism (25-27). For example, Smith et al. found that
the incidence of preoperative thromboembolism in these
Trauma Mon. In Press(In Press):e84945.

patients was about 11.9%. They found a positive correlation
between the period of delay and the risk of thromboembolism and suggested preoperative Doppler ultrasound
for patients with longer than one day delay in surgery (26).
Based on the results of the current study as well as
studies that have investigated the risk of VTE after AF and
PRF fixation, it seems essential for these patients to undergo surgery as soon as possible and after ensuring hemodynamic stability. Of course, it is clear that in some patients, such as when some of the associated injuries actually make AF or PRF fixation impossible, there is no way
to delay surgery. However, in other patients, the surgeon
should not wait and considering the complication of VTE,
especially when there are other VTE risk factors, AF and PRF
fixation should be performed early as soon as possible.
Using ultrasound screening, Hamada et al. showed
that in spite of early thromboprophylaxis, the prevalence
of VTE was 30% in critically ill trauma patients (28). Such
findings necessitate looking for approaches to minimize
the risk of VTE in multiple trauma patients, thus inspite
of using the current methods of thromboprophylaxis, the
rate of VTE remains considerable in these patients.
The most important feature of the current study was
the investigation of preoperative incidence of VTE, which
has received less attention in other studies. The findings
remind that in many of AF and PRF patients with postoperative VTE, it may be possible that DVT formation has occurred, preoperatively. Therefore, it is crucial to preoperatively evaluate the presence of DVT, especially in patients
with prolonged delay before surgical fixation.
Like all other studies, the current study also had some
limitations, such as the limited sample size. Furthermore,
because of the small sample size, it was not possible for
the authors to determine the cut-off value for surgical delay, after which the risk of VTE increases significantly. Due
to the invasive nature of venography, CDU was utilized in
the current study. Although the diagnostic efficacy of CDU
has been proven previously (29), however, it seems that the
incidence of VTE was underestimated. The CDU is suitable
for diagnosing and following symptomatic DVTs (30), however, it does not seem appropriate for DVT screening (28).

5.1. Conclusions
The current study showed that delayed fixation of AF
and PRF can be accompanied by significantly increased
preoperative incidence of venous thromboembolic events.
It is essential to perform surgical fixation as early as possible if there is no specific contraindication for fixation and
the patient is hemodynamically stable.
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