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OBSERVATIONAL STUDY

Prevalence and Risk Factors of Deep Vein Thrombosis in
Patients Undergoing Lumbar Interbody Fusion Surgery

A Single-Center Cross-Sectional Study

Si-Dong Yang, MD, Wen-Yuan Ding, MD, Da-Long Yang, MD, Yong Shen, MD,
Ying-Ze Zhang, MD, Shi-Qing Feng, MD, and Feng-Dong Zhao, MD

Abstract: This cross-sectional study was designed to obtain the
current prevalence of deep vein thrombosis (DVT) and analyze related
risk factors in patients undergoing lumbar interbody fusion.

Medical record data were collected from Department of Spinal
Surgery, The Third Hospital of Hebei Medical University, between
July 2014 and March 2015. Both univariate analysis and binary logistic
regression analysis were performed to determine risk factors for DVT.

A total of 995 patients were admitted into this study, including 484
men and 511 women, aged from 14 to 89 years old (median 50, IQR 19).
The detection rate of lower limb DVT by ultrasonography was 22.4%
(223/995) in patients undergoing lumbar interbody fusion. Notably,
average VAS (visual analog scale) score in the first 3 days after surgery
in the DVT group was more than that in the non-DVT group
(Z=-21.69, P <0.001). The logistic regression model was established
as logit P=-13.257 + 0056*X1 — 0243*X8 —+ 2085*X10 +
0.001 *X12, (Xl —=age; Xg=HDL; X;o= VAS; X = blood
transfusion; x* = 677.763, P <0.001).

In conclusion, advanced age, high postoperative VAS scores, and
blood transfusion were risk factors for postoperative lower limb DVT.
As well, the logistic regression model may contribute to an early
evaluation postoperatively to ascertain the risk of lower limb DVT
in patients undergoing lumbar interbody fusion surgery.

(Medicine 94(48):2205)

Abbreviations: BMI = body mass index, DM = diabetes mellitus,
DVT = deep vein thrombosis, FIB = fibrinogen, HBP = high blood
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pressure, HD = heart disease, HDL = high-density lipoprotein, IQR
= interquartile range, LDL = low-density lipoprotein, LMWH =
low-molecular-weight heparin, PE = pulmonary embolism, PTA =
prothrombin time activity, SD = standard deviation, TC = total
cholesterol, TT = thrombin time, VAS = visual analog scale, VTE =
venous thromboembolism.

INTRODUCTION

Venous thromboembolism (VTE) consists of 2 interrelated

conditions caused by blood clots, notabl}/ deep vein throm-
bosis (DVT) and pulmonary embolism (PE).” Deep vein throm-
bosis is often overlooked, but a serious, and potentially
preventable disorder that affects mostly hospitalized patients
due to immobility. Deep vein thrombosis is composed of a clot
of blood formed in sites of damaged vessels and areas of
stagnant blood flow such as lower leg, thigh, or pelvis. This
clot may remain in situ or move to the pulmonary arteries and
cause PE. It can lead to severe morbidity with poor quality of
life and even sudden death related to PE. Approximately half of
all untreated DVT cases are complicated by PE, and conversely,
50% to 80% of all untreated PE cases are associated with
DVT.?? The risk factors that have the strong odds for a potential
VTE include, but not limited to, major general surgery, major
orthopedic surgery, spinal cord injury, fracture of the pelvis, hip
or long bones; multiple trauma, malignancy, congestive heart or
respiratory failure, myocardial infarction, prior VTE, advance-
ment in age, obesity, immobility, varicose veins, pregnancy and
puerperium, use of oral contraceptives, antiphospholipid anti-
body syndrome, and such hereditary risk factors as antithrombin
and protein C and S deficiencies.*”” In spinal surgery, the
factors for venous stasis are considered to be long-time hori-
zontal ventral decubitus, lack of muscle tone, and venous
compression by retractors and postoperative bed rest.®

It has been reported that venous intimal injury may occur
in surgical handling.® Consistent with this, our recent cohort
study has revealed that shorter incision length during operation
is more likely to contribute to lower limb DVT.? In the same
study, we have found that the patients undergoing spinal inter-
body fusion are the main population especially vulnerable to
lower limb DVT.? It is estimated that the DVT incidence of
asymptomatic patients exceeds 15%.'° Thus, it is very necess-
ary to detect lower limb DVT by routine use of ultrasonography
to the patients undergoing spinal interbody fusion, because it
may lead to potentially lethal disease such as PE, although DVT
incidence of symptomatic patients is only around 0.5% to 2.5%
of the procedures in the spine.'® In addition, we have noticed in
clinical situations that the patients after surgery tend to do less
lower limb exercise due to lower back pain. Therefore, visual
analog scale (VAS) score is analyzed as a risk factor in this
study to explore its relation to postoperative lower limb DVT.
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Based on the above-mentioned reasons, this single-center
cross-sectional study is designed with the purpose to investigate
the current prevalence of lower limb DVT in the patients
undergoing spinal interbody fusion surgery through the detec-
tion rate of lower limb DVT by ultrasonography, and in the
meanwhile, to explore the risk factors associated with lower
limb DVT. This study is expected to lead to a better under-
standing of the lower limb DVT after spine interbody fusion
surgery, thus contributing to an early primary evaluation of
postoperative lower limb DVT risk rate.

PATIENTS AND METHODS

Ethics Statement

There is no need to seek consent from patients, since in this
retrospective cross-sectional study all the data were collected
and analyzed anonymously without any potential harm to the
patients; this is approved by Ethics Committee of The Third
Hospital of Hebei Medical University.

Patients

This study included patients who underwent lumbar interbody
fusion operations, admitted into Department of Spinal Surgery, The
Third Hospital of Hebei Medical University in China, between July
2014 and March 2015. The inclusion criteria were complete medical
records including patient number, sex, age, body weight, body
height, regional distribution, hospital stay, occupation, DVT, spinal
epidural hematoma, hypertension, diabetes, heart disease, surgical
method, level and number of vertebrae fusion, operation duration,
blood loss, blood transfusion, incision length, prothrombin time
activity (PTA), fibrinogen (FIB), thrombin time (TT), D-dimer,
HDL (high-density lipoprotein), LDL (low-density lipoprotein),
total cholesterol (TC), total bilirubin, direct bilirubin and indirect
bilirubin, as well as VAS score in the first 3 postoperative days. All
of the above biochemical factors were tested before spine surgery.
All the patients with lumbar interbody fusion surgery were
examined by lower extremity ultrasonography pre- and postopera-
tively. After spine surgery, subfascial drainage was routinely used.
Besides, all the patients routinely received prophylactic treatment
with low-molecular-weight heparin (LMWH) at 4100 IU per day.
Simultaneously, the patients were encouraged to do lower limb
exercise on bed to accelerate blood circulation. The exclusion
criteria included patients who did not undergo lumbar interbody
fusion, had a prior DVT, or had been on anticoagulant therapy such
as warfarin, aspirin, and clopidogrel prior to hospitalization.

METHODS

Data was collected from subjects after they were identified
according to the inclusion and exclusion criteria. Microsoft
Excel was used for the data input. Statistical analyses were
performed using SPSS for Windows, version 18.0 (SPSS, Inc,
Chicago, IL). All measurement data were presented as the
median value (interquartile range, IQR). Chi square and
Mann—Whitney U test were used for data analyses where
applicable. The nonconditional binary logistic regression model
was used for the exploration of the associated risk factors of
lower limb DVT in postspinal surgery patients. Values for
P <0.05 were regarded as significant with 2-tailed tests.

RESULTS

General Data of Patients Included

A total of 995 patients, including 484 men and 511 women,
met the criteria and were therefore incorporated into this single-
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center cross-sectional study. Their ages ranged from 14 to 89
years (median 50, IQR 19), and demographically, 668 patients
hailed from rural areas and 327 from urban areas. The average
hospital stay was 15 days (IQR, 4). Totally 223 cases (22.4%)
developed postoperative DVT, which were all anonymous. One
DVT site was found with 152 DVT cases, 2 DVT sites with 60
cases, and 3 DVT sites with 11 cases. With regard to DVT
distribution, 208 sites were found in venous plexus of calf
muscle, 52 DVT sites in posterior tibial veins, 30 in popliteal
vein, 7 in calf superficial vein, and only 1 in femoral vein. In
addition, no PE cases were found, and only 1 case (0.1%)
developed spinal epidural hematoma.

Age, Gender, and Regional Distribution

The average age of the DVT group was 57 years (IQR = 13)
whereas that of the non-DVT group was 48 years (IQR =23).
Mann—Whitney U test showed a statistically significant differ-
ence between the age of DVT patients and non-DVT group
(Z=-8.692, P<0.001). Out of the 233 postoperative DVT
patients, 103 were men and 120 were women, with 166 and
57 of the cases from rural and urban areas, respectively, whereas
381 menand 391 women were also identified in the 772 non-DVT
cases with 502 and 270 cases from rural and urban areas respect-
ively. The chi square test indicated that there was no statistically
significant difference in gender distribution between DVT group
and non-DVT group (x> = 0.693, P = 0.405), but regional distri-
bution was significantly different (x*> = 6.949, P =0.008).

Comparison of Surgical Data

The surgical data included surgical duration, blood loss,
blood transfusion, and incision length according to the patient
operation note. Table 1 shows that blood loss and blood
transfusion in the DVT group was significantly more than that
in the non-DVT group (Mann—Whitney U test, P=0.000 and
P =0.001, respectively). Also, incision length in the DVT group
was significantly shorter than that in the non-DVT group
(Mann—Whitney U test, P = 0.037). However, surgical duration
between the 2 groups did not show any statistical difference
(Mann—Whitney U test, P =0.108).

Chronic Disease History

Table 2 shows comparison of chronic disease history
between the DVT group and non-DVT group, including high
blood pressure (HBP), diabetes mellitus (DM), and heart disease
(HD). High blood pressure in the DVT group was more than that
in the non-DVT group (chi square test, P < 0.001), whereas DM
and HD between the 2 groups did not show any statistically
significant difference.

Biochemical Analyses

Table 3 shows the biochemical analyses associated with
postoperative DVT conducted between the DVT group and the
non-DVT group. There was a statistically significant difference
between the 2 groups in FIB, HDL, LDL, and TC (Mann—
Whitney U test, P=0.025, P=0.013, P=0.006, and
P =0.002, respectively), whereas there was no statistical differ-
ence among the other analytes including PTA and TT
(P=0.163 and P = 0.518, respectively; Mann—Whitney U test).

DVT and D-Dimer

The cutoff D-dimer used in this study is 0.3 mg/L. In the
DVT group (n=223), there are 179 cases with D-dimer
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TABLE 1. Comparison of Surgical Data Associated With Postoperative DVT

DVT Group (223 Cases)

Non-DVT Group (772 Cases)

Mann-Whitney U Test

Items Median (IQR) Median (IQR) Z Value P Value
Surgical duration 165(70) min 160 (69) min —1.606 0.108
Blood loss 600 (600) mL 500 (500) mL —3.739 < 0.001
Blood transfusion 200 (400) mL 0(2900) mL —3.380 0.001
Incision length 15 (4) cm 16 (6) cm —2.082 0.037

DVT =deep vein thrombosis, IQR = interquartile range.

< 0.3 mg/L and 44 cases with D-dimer > 0.3 mg/L. Meanwhile,
in the non-DVT group (n=772), there are 688 cases with D-
dimer < 0.3 mg/L and 84 cases with D-dimer > 0.3 mg/L. It was
found that the proportion of patients with D-dimer > 0.3 mg/L
in the DVT group was bigger than that in the non-DVT group
(Pearson chi square test, x”=12.09, P=0.001). And then, we
compared the data with D-dimer > 0.3 mg/L between the DVT
group (n=44) and non-DVT group (n=_84). The results
showed that the level of D-dimer was 0.495 (IQR=0.52)
mg/L in the DVT group and 0.490 (IQR =0.43) mg/L in the
non-DVT group, without statistical significance (Mann—Whit-
ney U test, Z=—1.124, P=0.261).

Hospital Stay and BMI

The average hospital stay in the DVT group was
16(IQR =5) days and in the non-DVT group was 15(IQR =4)
4) days. The difference between them was statistically signifi-
cant (Mann—Whitney U test, Z=—-4.339, P<0.001). In
addition, the body mass index (BMI) was calculated according
to body height and weight in all 995 cases, including 223 cases
in the DVT group and 772 cases in the non-DVT group. Body
mass index in the DVT group was 25.81(IQR =4.15) and in the
non-DVT group 25.39 (IQR =4.00), without significant differ-
ence (Mann—Whitney U test, Z=—1.412, P=0.158).

DVT and Interbody Fusion Level

In this study, all 995 patients underwent different levels of
interbody fusion. A total of 731 cases underwent single-level
interbody fusion including 156 DVT cases, 218 cases under-
went double-level interbody fusion including 51 DVT cases,
and 46 cases underwent three-level and above of interbody
fusion including 16 DVT cases. The chi square test applied to
the analyses of this data showed no significant difference in
DVT incidence in relation to fusion levels (x*=4.652,
P =0.098).

DVT and VAS Score

Average VAS score in the first 3 days after surgery was
333 (IQR=0.67) in the non-DVT group, and 6.00
(IQR =1.67) in the DVT group. The difference was statistically
significant between the 2 groups (Mann—Whitney U test,
Z=-21.69, P <0.001).

Logistic Regression Analysis

All patients were grouped into 4 categories for the purpose
of analysis according to their age (~45; 45—54; 55—64; 65). The
regression analysis method was set to be Backward (LR) and
probability for stepwise (Entry 0.10, Removal 0.15). As shown
in Table 4, the binary logistic regression revealed advanced age,
high VAS scores, and large amount of blood transfusion as the
risk factors for postoperative DVT. High-density lipoprotein
was however a likely protective factor for postoperative DVT.
Hence, the logistic regression equation was presented as logit
P=—13257+ 0.056xX;— 0.243%Xg+ 2.085%X;q +
0.00I*XQ, (Xl =age; Xg = HDL, XIO = VAS, X12 =blood
transfusion). The regression model established in this study
was statistically significant by the chi square test (x* = 677.763,
P <0.001).

DISCUSSION

In this study, it was found by univariate analysis that
advanced age, blood loss, blood transfusion, incision length,
regional distribution, hypertension, hospital stay, VAS score
following surgery, FIB, HDL, LDL, and TC, were all signifi-
cantly different between the patients with and without DVT.
However, the regression model indicated that only advanced
age, high VAS scores during the first 3 days after surgery, and
large amount of blood transfusion were risk factors for lower
limb DVT in patients undergoing spinal interbody fusion. On
the contrary, HDL was more likely a protective factor, not a risk
factor for postoperative DVT incidence.

TABLE 2. Comparison of Chronic Disease History Associated With Postoperative DVT

DVT Patients (223 Cases)

Non-DVT Patients (772 Cases)

Chi Square Test

Items Yes/No Yes/No OR x? Value P Value
HBP 78/145 152/620 2.194 22.755 < 0.001
DM 23/200 62/710 1.317 1.154 0.283
HD 6/217 28/744 0.735 0.460 0.498

DM = diabetes mellitus, DVT = deep vein thrombosis, HBP = high blood pressure, HD = heart disease, OR = odds ratio.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Biochemical Analyses Associated With Postoperative DVT

DVT Group Non-DVT Group Mann-Whitney U Test
Items Median (IQR) (223 Cases) Median (IQR) (772 Cases) Z Value P Value
FIB 2.93 (0.75) g/L 2.78 (0.85) g/L —2.234 0.025
HDL 1.12 (0.36) mmol/L 1.16 (0.42) mmol/L —2.498 0.013
LDL 3.18 (0.96) mmol/L 3.04 (1.15) mmol/L —2.762 0.006
TC 4.94 (1.19) mmol/L 4.65 (1.24) mmol/L —3.081 0.002
PTA 110 (18)% 109 (21)% —1.772 0.076
TT 14.5(1.6) s 14.6 (1.5) s —0.935 0.350
T-BIL 12.70 (5.20) pmol/L 12.35 (6.28) pmol/L —1.100 0.271
D-BIL 3.90 (1.80) wmol/L 3.80 (2.20) pmol/L —0.425 0.671
I-BIL 8.80 (3.90) pmol/L 8.50 (4.38) wmol/L —1.434 0.152

D-BIL =direct bilirubin, DVT =deep vein thrombosis, FIB=fibrinogen, HDL =high-density lipoprotein, I-BIL =indirect bilirubin,
IQR =interquartile range, LDL =low-density lipoprotein, PTA = prothrombin time activity, T-BIL =total bilirubin, TC =total cholesterol,

TT = thrombin time.

To our knowledge, it has been widely reported that post-
operative D-dimer assay can effectively predict DVT occur-
rence.”''~'® However, even though high D-dimer values are of
significance in the sensitivity and specificity as a risk factor for
DVT, it may not be accurate to make a diagnosis, since the
choice of the cutoff values usually depends on the methods used
and the populations studied. In terms of the present study, only
preoperative D-dimer was obtained. We have compared
positive and negative DVT to positive and negative D-dimers.
Taken all together, although the proportion of patients with D-
dimer > 0.3 mg/L in the DVT group was bigger than that in the
non-DVT group, the distributional trend of D-dimer in patients
with D-dimer > 0.3 mg/L is the same between the DVT group
and the non-DVT group. Thus, we cannot draw an exact
conclusion from the results regarding D-dimer.

This study confirmed the anticipated advanced age as a risk
factor for postoperative DVT after spinal interbody fusion, as
reported in other studies as well.*'®72° The result of this study

indicated a total DVT incidence among patients with the mean
age of 50 years (IQR = 19) as 22.4% after spinal surgery.* The
outcome of this study however, seemed inconsistent with a
similar research by Strom et al, involving patients with signifi-
cantly higher age group (mean 64), that reported only 4.3%
VTE incidence (including acute/chronic DVT and PE) after
spinal surgery, because lower extremity ultrasonography was
performed only on patients that showed symptoms of DVT
(unilateral calf pain, edema, erythema, warmth) as well as those
patients who remained immobilized on the 3rd postoperative
day.* On the other hand, total DVT incidence was higher
(22.4%) in this study because lower extremity ultrasonography
was routinely performed on all the patients on the 7th post-
operative day. The patients were routinely advised by the
doctors to walk after the 7th postoperative day. Lower extremity
ultrasonography was thus used to rule out the DVT-associated
complications. However, DVT incidence has been reported to
be ~0.5% to 2.5% for symptomatic patients and 15% to 31% for

TABLE 4. Binary Logistic Regression Analysis of Postoperative DVT

No Items B Exp (B) P Value 95% CI for Exp (B)
X0 Constant —13.257 0.000 < 0.001 -

X1 Age 0.056 1.058 < 0.001 (1.033, 1.084)
X2 Regions —0.483 0.617 0.121 (0.334, 1.137)
X3 HBP 0.180 1.197 0.568 (0.645, 2.223)
X4 PTA 0.006 1.006 0.575 (0.986, 1.026)
X5 Incision length —0.016 0.984 0.166 (0.961, 1.007)
X6 FIB —0.292 0.747 0.166 (0.494, 1.129)
X7 D-dimer 0.412 1.510 0.207 (0.796, 2.865)
X8 HDL —0.260 0.771 0.099 (0.566, 1.050)
X9 TC —0.279 0.757 0.264 (0.464, 1.234)
X10 VAS 2.085 8.042 < 0.001 (6.001, 10.779)
X11 LDL 0.425 1.529 0.144 (0.865, 2.705)
X12 Blood transfusion 0.001 1.001 0.040 (1.000, 1.001)
X13 Blood loss 0.000 1.000 0.796 (0.999, 1.001)

Chi square test for the regression model: chi square=677.763, P = 0.000.
CI=confidence interval, DVT =deep vein thrombosis, FIB=fibrinogen, HBP =high blood pressure, HDL = high-density lipoprotein,
LDL = low-density lipoprotein, PTA = prothrombin time activity, TC = total cholesterol, VAS = visual analog scale.
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asymptomatic patients after the spinal surgery procedures,
which is in line with the 22.4% DVT incidence found in this
study.'%?!

Lumbar spine has been found to be more prone to defects
than the other regions of the whole spine.?* Research indicates
that ~15% of patients undergoing posterior spinal surgery
develop DVT if prophylactic measures are not taken, implying
a need to make prophylactic measures part of spinal surgery
procedures.”® Making prophylaxis part of spinal surgery pro-
cedures is vital for VTE prevention, which is more economical
than treatment. Although prophylactic treatment has proven
effective in preventing hospitalized patients from VTE, only
one-third of them receive adequate prophylactic treatment.”*
The 2 commonly identified prophylactic measures are mech-
anical prophylaxis involving intermittent pneumatic com-
pression, and pharmacological prophylaxis, mainly including
LMWH.?® However, the effect of LMWH prophylaxis has
received bitter controversies in some studies.*?®~ 2

Pathological and surgical sites or surgical procedure in
orthopedics has identified hip or knee arthroplasty, lower limb
fracture, and spinal cord injury as high risk for VTE incidence,
contrary to upper limb surgery that has comparatively lower
risk.>>~>' Although there have been several studies about DVT
after spinal surgery, the exact incidence of PE and DVT after
spinal interbody fusion has not been established. This is con-
firmed by the result of several studies conducted to ascertain
DVT incidence in single center, same prophylaxis, and routine
screening for DVT, which had VTE incidence ranging from 1%
to 25.0% due to differences in the surgical procedure and
surgical site.'®!""192%2332 The radiological study conducted
by Takahashi et al to evaluate 100 patients using contrast-
enhanced CT after spine surgery reports asymptomatic PE and
DVT in the patients as 18% and 19% respectively.'” A multi-
institutional study by Hohl et al about patients who underwent
spinal surgery, also reported 1.5%, 0.88%, and 0.66% as the
prevalence rate for VTE, symptomatic PE and DVT respect-
ively.>® Epidural hematoma is a serious complication after
spinal surgery that results in spinal paresis. The result of this
study showed epidural hematoma incidence of 0.1% which is
consistent with that of the symptomatic postoperative epidural
hematoma incidence ranging from 0.1% to 3.0% being
reported.>**

A recent prospective clinical study reported that female
sex, advanced age, spinal level, and neurological deficits, were
all risk factors for postoperative DVT after elective spinal
surgery.?’ Cervical spinal surgery in particular has an associated
low risk of only 3.0%, and in patients with PE, 3 out of 4 have no
DVT, indicating that screening for PE is also needed in high-
risk patients since DVT is not the only cause of PE in cervical
spinal surgery.?® It is an undisputable fact that PE is more
critical and potentially fatal than DVT. However, since PE is
rare, many researchers assume it is preceded by DVT hence
their focus on DVT. Even thrombi of the calf veins have the
potential of proximal propagation, ultimately resulting in PE.>°
Patients with total joint arthroplasty of the lower extremities
have an increased rate of fatal PE due to asymptomatic DVT.*
This therefore justifies the routine screening of patients under-
going spinal surgery for DVT.

Previous studies reported that major surgery had a high risk
of VTE.***-7 Multilevel spinal instrumented fusion surgery
also induces long operative time, prolonged bed rest, much
bleeding, as well as much blood transfusion. These factors result
in a high risk of VTE associated with decompression surgery
and posterior lumbar interbody fusion. It is in line with the

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

findings reported in the present study that blood transfusion is a
risk factor for the postoperative DVT.

In this study, it is of note that the high VAS score following
surgery was found for the first time as a risk factor of DVT in
patients undergoing spinal interbody fusion surgery. We specu-
late that it is mainly because of the low back pain due to
operative wound, since we did not routinely apply other analge-
sics to the patients after spine surgery, except patient controlled
analgesia prescribed by an anesthetist. Fearful of pain, the
patients after surgery did less lower limb exercise on bed,
resulting in worse blood circulation of lower limbs, which
may contribute to DVT development.

Taken all together, it may have detected several interesting
correlations in this study that will help in understanding DVT
development in patients with spinal interbody fusion surgery.
As well, some findings have been identified as indicators of an
early alert for the development of postoperative DVT. The
Third Hospital of Hebei Medical University is the biggest
orthopedic hospital in Hebei Province; hence, the biggest
limitation of the study is the inevitable inclusion of relatively
more acute and severe patients in this study. The merit of this
study is notably the preoperative screening of VTE. Thus, some
of patients with VTE before surgery were excluded, which has
decreased 1 important confounder that may falsely increase
postoperative DVT incidence.

In conclusion, in this cross-sectional study, advanced age,
high VAS scores during the first 3 days after surgery, and large
amount of blood transfusion were risk factors for lower limb
DVT in patients undergoing spinal interbody fusion. On the
contrary, HDL was more likely a protective factor, not a risk
factor for postoperative DVT incidence. As well, the logistic
regression model may contribute to an early evaluation post-
operatively for the risk of lower limb DVT in patients under-
going lumbar interbody fusion surgery.
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