
Original Manuscript

The Perioperative Deep Vein Thrombosis
in Lower Extremities in Patients With
Pelvic Fracture: A Case-Control Study

Yun Yan, MB1 , Baobao Zhang, MB1, Jie Yang, MB1,
Yan Zhang, MB1, Lei Zhang, MB1, Dan Wang, MB1, Jing Gao, MB1,
Lianzhi He, MB1, Pengfei Wang, MD1, Yan Zhuang, MD1,
Kun Zhang, MD1, and Ping Liu, MB1

Abstract
This study was to investigate the incidences of DVT in lower extremities after pelvic fracture before and after operation, and
explore the risk factors. The records of patients with pelvic fractures receiving operation were collected. The patients were
examined by preoperative and postoperative ultrasonography, and divided into thrombosis group and non-thrombosis group
according to the preoperative and postoperative ultrasonographic results. Totally, 128 patients with pelvic fractures were
included in this study. The incidence of DVT was 21.09% preoperatively, and increased to 35.16% postoperatively. Peripheral DVT
constituted 92.60% and 86.67% of preoperative and postoperative DVTs, respectively. The results showed that age (odds ratio
[OR] ¼ 1.07; 95% CI: 1.01-1.12; P ¼ 0.013), fracture classification (OR ¼ 3.80; 95% CI: 1.31-11.00; P ¼ 0.014) and D-dimer at
admission (OR¼ 1.04; 95% CI: 1.00-1.08; P¼ 0.029) were independent risk factors of preoperative DVT, and female (OR¼ 0.21;
95% CI: 0.06-0.81; P ¼ 0.023) was independent protective factor. In addition, age (OR, 1.06; 95% CI, 1.00-1.11; P ¼ 0.026),
operative blood transfusion (OR, 1.34; 95% CI, 1.05-1.72; P ¼ 0.020) were independent risk factors of postoperative DVT. In
conclusion, the DVT prevention strategy has not changed the high incidence of DVT in pelvic fractures, and orthopedic surgeons
should pay more attention to perioperative DVT. When a male or patient with Tile-C type pelvic fracture is at admission, it is
should be reminded that the screening the DVT in lower extremities. In addition, the surgeon should stanch bleeding completely,
to reduce the blood transfusion and formation of DVT.
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Introduction

Pelvic fractures are often associated with prolonged hospitali-

zation, poor function and sometimes life-threatening condi-

tions.1 Following by the trauma itself, immobilization, blood

loss, comorbidity and operation, some patients often suffered

perioperative deep vein thrombosis (DVT) of the lower extre-

mities.2 Even, the DVT after fracture is a high risk of fatal

pulmonary embolism in some patients.3 Traditional, chemical

thromboprophylaxis4 and mechanical thromboprophylaxis5 are

well-established routines in the treatment of DVT after these

fractures.

The incidence of DVT in pelvic fractures is reported to

range from 3%6 to 23%,7 even 43.28%,8 in recent studies.

However, previous studies only focused on the percentage of

DVT, not detailed analysis of DVTs from pelvic fracture. In

fact, there are so many factors would influence the formation of

DVT possibly, especially the operation. Originally, visceral

injury is so commonly associated with disruption of the pelvic

girdle, a description of the proximity of these structures to the

skeleton is in order.9 Duration the surgery, the stoppa or
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ilioinguinal approach or minimally invasive are often chosen

for the patients, so the damage of soft tissue, especially super-

ficial and deep femoral vein, will be aggravated in the opera-

tion. Thus, we consider that operation is also a vital factor

influencing the formation of DVT in the lower extremities.

In this retrospective study, it is aimed to investigate the

incidences of DVT in lower extremities after pelvic fracture

before and after operation, to explore the risk factors of perio-

perative DVT in pelvic fracture.

Methods

Ethical Statement

This study retrospectively analyzed the data of patients with

pelvic fractures who were admitted between January, 2017, and

December, 2019 in Xi’an Honghui Hospital. The study was

approved by the ethical board of Xi’an Jiaotong University.

Included and Excluded Criterion for Patients

The inclusion criteria were as follows: a) age of � 16 years; b)

pelvic fractures that require surgical treatment; c) the results of

preoperative and postoperative ultrasonography were avail-

able. Exclusion criteria: a) delayed pelvic fractures, defined

as injuries without receiving surgical treatment within 3 weeks

after injury, b) open soft tissue fractures, c) serious medical

problems without tolerating surgery, d) poor compliance

patients, e) patients with contraindications to pharmacological

thromboprophylaxis: at high risk of stroke or bleeding.

Preventing Strategy

The consecutive patients with pelvic fractures admitted to the

hospital were routinely assessed using the risk assessment pro-

file for thromboembolism score (RAPT) to determine the risk

of thromboembolism.10 We also assessed patients for contra-

indications for using of low molecular weight heparins

(LMWH). For patients without contraindications, LMWH

(3800 IU/0.4 mL once per day, Fraxiparine; Glaxo Wellcome

Production, GlaxoSmithKline) was injected subcutaneously to

prevent DVT when admitted to hospital. Usually, the antic-

oagulation treatment was given several hours after hemody-

namic stabilization. Mechanical thromboprophylaxis (foot

intermittent pneumatic compression sleeve, 20 minutes twice

a day) was used to prevent DVT.11 Blood samples were col-

lected within 2 hours after admission, 1 day preoperatively, and

1 day postoperatively.

We used ultrasonography to diagnose the DVT. The diag-

nostic criteria of DVT are incompressibility of vein, filling

defect of cavity, and lack of doppler signal. Patients were

examined preoperatively and postoperatively. All patients

underwent ultrasonography of the double lower extremities

on the day before the scheduled surgery and between the third

and fifth day after surgery. DVTs were classified into 3 types:

central (femoral and iliac veins), peripheral (calf muscle,

fibular, anterior/posterior tibial and popliteal veins), and mixed

thrombosis (both central and peripheral thromboses).12

Based on the results of the ultrasonography, the patients

were divided into 2 groups: thrombosis group and no throm-

bosis group. The thrombosis group was defined as patients

suffering DVT, and the no thrombosis group was defined as

patients without DVT. For patients without thrombosis,

LMWH (3800 IU/0.4 mL once per day, Fraxiparine; Glaxo

Wellcome Production, GlaxoSmithKline) was continuously

injected subcutaneously to prevent DVT. For patients with

thrombosis, LMWH (3800 IU/0.4 mL, twice per day) was

injected subcutaneously to treat the DVT. When preoperative

ultrasonography results showed a central or mixed thrombosis,

an inferior vena cava (IVC) filter was used to prevent the risk of

pulmonary embolism. The thromboprophylaxis was stopped

12 hours before surgery and restarted 24 hours after surgery.

When the patients were discharged, the protocol was changed

to rivaroxaban for 35 days after operation.

Statistics Analysis

Statistical analysis was performed using the SPSS Version 25.0

(SPSS Inc., Chicago, Illinois, USA). The measurement data

was analyzed to determine if the data is normally distributed.

The statistical analysis utilized the independent sample t-test if

it is normally distribution. Non-normally distributed variables

were shown as minimum and maximum, and rank sum test was

used to compare the differences. For the enumeration data, chi-

square test was used. Multivariate analysis was used to detect

the risk factors. The difference was statistically significant if

P < 0.05.

Results

Patient Characteristics

Totally, 128 patients with pelvic fractures who were admitted

to our hospital were included. The patients’ mean age was

44.04 years. Forty-five patients were female and 83 patients

were male. In the stability of classification, there were 6, 70, 52

patients in Tile A, B and C subgroup, respectively. All the

patients received the operation duration the hospital. Open

reduction was used in 101 patients, closed reduction was used

in 22 patients and 5 patients received the open reduction plus

closed reduction. As for the operative strategy, there were 99,

18, 5, 1, 5 patients received plates, cannulated screw, external

fixator, pedicle screw, plates combined cannulated screw,

respectively. There were 4 patients suffered the placement of

IVC filter in all patients before operation, and IVCs were taken

out after operation. No fatal bleeding events or pulmonary

embolism was found in these patients. No death was recorded

duration the hospital.

Incidence of Preoperative DVT

Twenty-seven patients (21.09%) had thrombosis and 101 had

no thrombosis (Table 1). Of these cases, 25 (19.53%) were
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peripheral DVTs; and 2 (1.56%), mixed DVT. Peripheral

DVTs constituted 92.60% (25/27) of all DVTs. Symptomatic

DVTs were found in 12 patients, 44.4% of all DVTs.

Univariate Analysis of Preoperative DVT

No statistical differences were observed in medical morbidity,

preoperative blood transfusion, body mass index (BMI), days

between fracture and hospitalization, days between fracture

and operation, serum markers (excluding D-dimer at admis-

sion) in 2 groups. However, there were more males in throm-

bosis group (P ¼ 0.042), and the patients was older than

non-thrombosis group (P < 0.001). In addition, fracture classi-

fication (P ¼ 0.028), ASA classification (P ¼ 0.013), D-dimer

at admission (P ¼ 0.001) were vital contributing factors to

thrombosis, showing in Table 1.

Multivariate Analysis of Preoperative DVT

A multivariate analysis was used to detect the risk factors by

entering age, gender, fracture classification, ASA classifica-

tion, D-dimer at admission. The results showed that age (odds

ratio [OR] ¼ 1.07; 95% CI: 1.01-1.12; P ¼ 0.013), fracture

classification (OR¼ 3.80; 95% CI: 1.31-11.00; P¼ 0.014) and

D-dimer at admission (OR ¼ 1.04; 95% CI: 1.00-1.08; P ¼
0.029) were independent risk factors of preoperative DVT, and

female (OR ¼ 0.21; 95% CI: 0.06-0.81; P ¼ 0.023) was inde-

pendent protective factor, showing in Figure 1.

Table 1. Univariate Analysis of Preoperative DVT Risk in Patients With Pelvic Fractures.

No thrombosis Thrombosis Overall t/Chi-square/Z P

No. of patients 101 27 128
Age 41.22 + 14.60 54.59 + 9.96 44.04 + 14.77 �5.564 <0.001
Gender

Female 40 5 45 4.155 0.042
Male 61 22 83

Fracture classification
Tile A 5 1 6 7.127 0.028
Tile B 61 9 70
Tile C 35 17 52

Medical morbidity
Hypertension 2 6 8 0.000 1.000
Diabetes 2 1 3 0.000 1.000
Coronary heart disease 4 1 5 0.000 1.000
Arrhythmia 3 1 4 0.000 1.000
Associated trauma 38 13 51 0.985 0.321
History of tumor 1 0 1 0.000 1.000

Preoperative blood
transfusion

29 12 41 2.422 0.120

BMI 21.99 + 3.48 21.35 + 3.46 21.86 + 3.47 0.848 0.398
Days between fracture and

hospitalization (days)
3.76 + 5.05 [0,30] 3.81 + 4.75 [0,18] 3.77 + 4.97 [0,30] �0.048 0.961

Days between fracture and
operation (days)

9.15 + 5.71 9.22 + 5.05 9.16 + 5.56 �0.061 0.951

ASA classification
1 21 2 23 10.761 0.013
2 56 10 66
3 23 14 37
4 1 1 2

Serum markers
HGB at admission (mg/L) 112.26 + 19.86 106.46 + 24.38 111.02 + 20.93 1.256 0.212
HCT at admission (%) 34.43 + 9.13 32.15 + 7.98 33.95 + 8.92 1.158 0.249
HGB at preoperative 1 day
(mg/L)

112.03 + 17.93 105.50 + 14.40 110.56 + 17.323 1.335 0.186

HCT at preoperative 1 day
(%)

34.03 + 4.20 32.36 + 4.05 33.65 + 4.20 1.413 0.162

D-dimer at admission
(mg/L)

10.11 + 11.91 [0.80,62.60] 20.31 + 16.83 [4.05,71.09] 12.24 + 13.66 [0.80,71.09] �3.475 0.001

FIB at admission (mg/L) 4.38 + 4.27 [1.45,32.10] 3.32 + 1.33 [1.47,5.95] 4.16 + 3.87 [1.45,32.10] 1.219 0.225
D-dimer at preoperative
1 day (mg/L)

8.09 + 7.13 [0.79,32.50] 12.25 + 17.14 [3.08,69.56] 9.34 + 11.08 [0.79,69.56] �0.906 0.378
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Incidence of Postoperative DVT

After the operation, 45 (35.16%) patients suffered thrombosis

and 83 patients no thrombosis (64.84%). Of the cases, 39

(30.47%) were peripheral DVT, 3 (2.34%) were central DVT,

and 3 (2.34%) were mixed DVT. Peripheral DVTs constituted

86.67% (39/45) of all DVTs (Table 2). Symptomatic DVTs

were found in 16 patients, 35.56% of all DVTs.

Univariate Analysis of Postoperative DVT

No statistically significant differences in gender, medical mor-

bidity, preoperative blood transfusion, BMI, days between

fracture and hospitalization, days between fracture and opera-

tion, reduction, surgical fixation, length of hospital, duration of

operation, blood loss, liquid transfusion, serum markers

(excluding D-dimer at admission and D-dimer at postoperative

1 day) in 2 groups. However, the patients in thrombosis group

were older than non-thrombosis group (P < 0.001). In addition,

fracture classification (P ¼ 0.013), ASA classification (P ¼
0.007), operative blood transfusion (P ¼ 0.017), D-dimer at

admission (P ¼ 0.006) and D-dimer at postoperative 1 day

(P ¼ 0.020) were vital contributing factors to thrombosis,

showing in Table 2.

Multivariate Analysis of Postoperative DVT

A multivariate analysis results showed that age (OR, 1.06; 95%
CI, 1.00-1.11; P ¼ 0.026), operative blood transfusion (OR,

1.34; 95% CI, 1.05-1.72; P ¼ 0.020) were independent risk

factors of postoperative DVT, showing in Figure 1.

The Changes of DVT From Pre-Operation
to Post-Operation

The dynamic changes of DVT before and after operation are

shown in Figure 2. In the 128 patients, 78 cases showed no

changes in hospitalization. New DVT were arose in 23 patients

after operation, and peripheral DVT constituted 78.26% (18/

23) of all new DVTs. There were 5 cases with DVTs disap-

peared after operation.

Discussion

DVT is one of the common complications after fractures. Now

days, there are so many guidelines about chemical thrombo-

prophylaxis and mechanical thromboprophylaxis13 in the pre-

venting and treatment of DVT. However, we found that the

incidence of DVT in pelvic fractures was not low in this study.

It is 21.09% preoperatively, and increased to 35.16% post-

operatively. These percentages were correspondence to the

wide range of 3%6 to 43%8 in other studies. However, the

previously published studies did not report the preoperative

and postoperative incidences respectively. In this retrospective

study, it is aimed to investigate the incidences of DVT in lower

extremities after pelvic fracture before and after operation, to

show the change of DVT between pre-operation and post-

operation in pelvic fracture.

In this retrospective study, we have found: a. After the oper-

ation, the incidence of DVT was increased 14.06%, there were

23 patients suffering new DVT and 5 cases of DVT disappeared

after operation; b. Peripheral DVT constituted 92.60% and

86.67% of preoperative and postoperative DVTs, respectively;

c. Symptomatic DVT constituted 44.4% and 35.56% of all

preoperative and postoperative DVTs, respectively; d. Age,

fracture classification and D-dimer at admission were indepen-

dent risk factors of preoperative DVT, and female was inde-

pendent protective factor; e. Age and blood transfusion were

independent risk factors of postoperative DVT.

In practice, the factor of Tile-C type pelvic fracture or male

was easy to format thrombosis. When a male or patient with

this type pelvic fracture was at admission, the surgeon should

reminder the screening the DVT in lower extremities. In addi-

tion, duration the surgery, the surgeon should stanch bleeding

completely, to reduce the blood transfusion. The aim of this

strategy is to reduce the incidence of perioperative DVT.

Many factors contribute to the development of thrombosis

after fracture.14,15 In this study, we found age was an identified

and sustained risk factor affecting the perioperative DVT. This

result is similar to the studies from Chang et al16 and Tan

et al.17 As for the preoperative risk factors, we need to notice

that fracture classification is an important item. In this study,

we choose Tile classification of pelvic fractures18 to classify

the subgroup. In 128 patients, type A, B, C was 4.68%, 54.68%,

40.63% of all patients, respectively. In this study, we only

included the patients receiving the operation, so type A is less

than type B and C. Thus, the incidence of DVT in type C was

32.69% preoperatively, comparing to 16.67% in type A and

12.86% in type B; and 50% postoperatively, comparing to

33.33% in type A and 24.29% in type B. Tile type C is com-

plete disruption of the posterior arch, defining as rotationally

and vertically unstable. Tile C is often associated with more

serious visceral injury than type A and B. When to the risk

factor of D-dimer at admission, it has been reported the rela-

tionship to DVT by so many studies.16 In the field of throm-

bosis, the female is sometimes recognized as the risk factor19,20

in most studies. However, we found female was a protective

factor in the pelvic fracture. The incidence of preoperative

Figure 1. The independent risk or protective factors for preoperative
and postoperative DVT in multivariate analysis. A, Preoperative fac-
tors. B, Postoperative factors.
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Table 2. Univariate Analysis of Postoperative DVT Risk in Patients With Pelvic Fractures.

No thrombosis Thrombosis Overall
t/Chi-

square/Z P

No. of patients 83 45 128
Age 39.98 + 14.60 51.53 + 11.97 44.04 + 14.77 �4.543 <0.001
Gender

Female 33 12 45 2.194 0.139
Male 50 33 83

Fracture classification
Tile A 4 2 6 8.663 0.013
Tile B 53 17 70
Tile C 26 26 52

Medical morbidity
Hypertension 6 2 8 0.057 0.811
Diabetes 3 0 3 0.461 0.497
Coronary heart disease 3 2 5 0.000 1.000
Arrhythmia 2 2 4 0.010 0.921
Associated trauma 34 17 51 0.124 0.725
History of tumor 1 0 1 0.000 1.000

Preoperative blood transfusion 26 15 41 0.054 0.816
BMI 22.04 + 3.21 21.51 + 3.91 21.86 + 3.47 0.820 0.414
Days between fracture and

hospitalization (Days)
3.84 + 5.20 [0,18] 3.64 + 4.56 [0,30] 3.77 + 4.97 [0,30] 0.215 0.830

Days between fracture and
operation (Days)

9.20 + 5.74 9.09 + 5.26 9.16 + 5.56 0.112 0.911

ASA classification
1 19 4 23 12 0.007
2 47 19 66
3 16 21 37
4 1 1 2

Reduction
Open reduction 65 36 101 1.964 0.375
Closed reduction 16 6 22
Open reduction þ closed
reduction

2 3 5

Surgical fixation
Plates 64 35 99 2.428 0.658
Cannulated screw 12 6 18
External fixator 4 1 5
Pedicle screw 1 0 1
Plates þ cannulated screw 2 3 5

Length of hospital 10.64 + 4.91 12.20 + 6.29 11.19 + 5.46 �1.554 0.123
Duration of operation (Mins) 181.93 + 99.41 219.44 + 124.24 195.12 + 109.78 �1.864 0.065
Operative blood transfusion (U) 2.29 + 2.03 [0,8] 3.24 + 2.35 [0,8] 2.63 + 2.17 [0,8] �2.423 0.017
Blood loss (ml) 475.06 + 384.43 [10,2400] 611.33 + 514.17 [20,2000] 522.97 + 437.36 [10,2400] �1.696 0.092
Liquid transfusion (ml) 2500.00 + 903.11 2688.89 + 997.320 2566.41 + 937.77 �1.089 0.278
Serum markers

HGB at admission (mg/L) 112.36 + 20.79 108.73 + 21.20 111.02 + 20.93 0.924 0.357
HCT at admission (%) 34.70 + 9.85 32.65 + 6.93 33.95 + 8.92 1.230 0.221
HGB at preoperative 1 day
(mg/L)

112.33 + 18.75 107.82 + 14.77 110.56 + 17.32 1.075 0.286

HCT at preoperative 1 day (%) 34.37 + 4.24 32.56 + 3.96 33.65 + 4.20 1.800 0.076
HGB at postoperative 1 day
(mg/L)

107.48 + 12.53 103.33 + 22.15 105.97 + 16.72 1.302 0.195

HCT at postoperative 1 day (%) 32.07 + 3.40 30.70 + 6.36 31.57 + 4.72 1.316 0.193
D-dimer at admission (mg/L) 9.68 + 11.66 [2.10,58.57] 16.81 + 15.80 [0.80,62.26] 12.24 + 13.66 [0.80,62.26] �2.818 0.006
FIB at admission (mg/L) 4.33 + 4.57 [1.47,14.20] 3.86 + 2.11 [1.45,32.10] 4.16 + 3.87 [1.45,32.10] 0.637 0.525
D-dimer at preoperative 1 day
(mg/L)

6.60 + 5.17 [2.23,69.56] 13.46 + 15.70 [0.79,22.20] 9.34 + 11.09 [0.79,69.56] �1.889 0.072

FIB at preoperative 1 day (mg/L) 4.60 + 1.15 [2.59,7.15] 4.22 + 1.16 [2.77,7.22] 4.44 + 1.15 [2.59,7.22] 1.11 0.273
D-dimer at postoperative 1 day
(mg/L)

7.08 + 5.07 [1.79,45.90] 11.66 + 10.74 [0.28,26.10] 8.78 + 7.94 [0.28,45.90] �2.406 0.020

FIB at postoperative 1 day
(mg/L)

4.23 + 1.39 [1.85,8.30] 4.18 + 1.50 [1.74,7.28] 4.21 + 1.43 [1.74,8.30] 0.161 0.872
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DVT in female was 11.11% (5/45), taking 18.51% (5/27) of all

DVT. The incidence of postoperative DVT in female was

26.67% (12/45), taking 26.67% (12/45) of all DVT. The reason

might be from that the female often suffer the mild fracture

type in this study. In our experience, there are many females

with mild or moderate injury receiving the no-surgical

treatment.

As for the postoperative risk factor, we found the operative

blood transfusion was associated with the postoperative DVT.

In the study, the mean volume in thrombosis group was 3.24 U,

comparing to 2.29 U in no thrombosis group. Usually, the more

blood loss or operative time, the more blood transfusion. How-

ever, there was no statistical difference in items of blood loss or

operative time between two groups, only a slight trend that

blood loss was more and operative time is longer.

Also, there are some limitations in this study. Firstly, the

study is case-control design, and the sample of pelvic fracture

is not too large enough, only 128 cases. The level of evidence

was moderate. In fact, the annual incidence of pelvic fracture is

not high, only 14.3/100,000 in recent years.21 In addition, to

avoid the confounding factor, we only included the patients

receiving the operation. Secondly, there were many other fac-

tors affecting the formation of DVT, but we did not completely

collect these indicators. Therefore, a multicenter prospective

study with a large sample size will help explore the present

situation of DVT in patients with pelvic fractures.

Conclusions

In conclusion, the DVT prevention strategy has not changed the

high incidence of DVT in pelvic fractures, and orthopedic sur-

geons should pay more attention to perioperative DVT. When a

male or patient with Tile-C type pelvic fracture is at admission, it

is should be reminded that the screening the DVT in lower extre-

mities. In addition, the surgeon should stanch bleeding com-

pletely, to reduce the blood transfusion and formation of DVT.
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