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Abstract: The efficacy and safety of chemical prophylaxis to prevent
the development of deep venous thrombosis (DVT) or pulmonary
embolism (PE) following spine surgery are controversial because of
the possibility of epidural hematoma formation. Postoperative venous
thromboembolism (VTE) after spine surgery occurs at a frequency
similar to that seen after joint operations, so it is important to identify the
risk factors for VTE formation following spine surgery. We therefore
retrospectively studied data from patients who had undergone spinal
surgery and developed postoperative VTE to identify those risk factors.

We conducted a retrospective clinical study with logistic regression
analysis of a group of 80 patients who had undergone spine surgery at
our institution from June 2012 to August 2013. All patients had been
screened by ultrasonography for DVT in the lower extremities.
Parameters of the patients with VTE were compared with those without
VTE using the Mann—Whitney U-test and Fisher exact probability test.
Logistic regression analysis was used to analyze the risk factors
associated with VTE. A value of P < 0.05 was used to denote statistical
significance.

The prevalence of VTE was 25.0% (20/80 patients). One patient had
sensed some incongruity in the chest area, but the vital signs of all
patients were stable. VTEs had developed in the pulmonary artery in one
patient, in the superficial femoral vein in one patient, in the popliteal
vein in two patients, and in the soleal vein in 18 patients. The Mann—
Whitney U-test and Fisher exact probability test showed that, except for
preoperative walking disability, none of the parameters showed a
significant difference between patients with and without VTE. Risk
factors identified in the multivariate logistic regression analysis were
preoperative walking disability and age.
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The prevalence of VTE after spine surgery was relatively high. The
most important risk factor for developing postoperative VTE was
preoperative walking disability. Gait training during the early post-
operative period is required to prevent VTE.

(Medicine 94(5):e466)

Abbreviations: BMI = body mass index, CI = confidence interval,
CSM = cervical spondylotic myelopathy, DVT = deep vein
thrombosis, LDH = lumbar disc herniation, LSCS = lumbar
spinal canal stenosis, OPLL = ossification of the posterior
longitudinal ligament, OR = odds ratio, PA = pulmonary artery,
PE = pulmonary embolism, PV = popliteal vein, SFV = superficial
femoral vein, SV = soleal vein, VTE = venous thromboembolism,
WBC = white blood cell count.

INTRODUCTION

t has been recommended that chemical prophylaxis be used

after total knee or total hip arthroplasty or after open
reduction/internal fixation of proximal hip fractures to prevent
the development of deep venous thrombosis (DVT) or pulmon-
ary embolism (PE). The efficacy and safety of chemical pro-
phylaxis following spine surgery, however, are controversial
because of the possibility of epidural hematoma formation. The
North American Spine Society Clinical Guideline (Antithrom-
botic Therapies in Spine Surgery) reported that the utility and
safety of chemoprophylaxis have not been thoroughly studied
even in high-risk patients undergoing spinal surgery for trau-
matic or neoplastic conditions. Postoperative venous throm-
boembolism (VTE) after spine surgery, however, occurs at a
frequency similar to that seen after joint operations. Thus, it is
important to identify the risk factors for VTE formation after
spine surgery. We based our study on this premise.

MATERIALS AND METHODS

We retrospectively evaluated 80 patients who had under-
gone spine surgery at our institution from June 2012 to August
2013. These patients (41 women, 39 men) ranged in age from 22
to 85 years (mean 66.2 years). We had performed preoperative
lower extremity ultrasonography in patients whose D-dimer
concentration was >1.0 wg/mL. When a VTE was found pre-
operatively at our institution, an anticoagulant was administered
until 6 hours prior to surgery. All patients in this study had been
screened by ultrasonography for DVT of the lower extremities 7
days after their surgery. One of the patients had sensed some
incongruity in the chest, so we evaluated it using contrast-
enhanced computed tomography (CT) to look for a PE. Mech-
anical methods, such as compression stockings and sequential
pneumatic compression, had been used for prophylaxis against

www.md-journal.com [ 1


mailto:hiro-tom@m2.kufm.kagoshima-u.ac.jp
http://dx.doi.org/10.1097/MD.0000000000000466

Tominaga et al

Medicine * Volume 94, Number 5, February 2015

VTE in all of the patients. We undertook anticoagulation in the
patients in whom DVT was found.

For the present study, the parameters of the patients with
VTE were compared with those without VTE using the Mann—
Whitney U-test and Fisher exact probability test. The Mann—
Whitney U-test was used for numerical data (eg, patient’s age,
operation time, blood loss, D-dimer, days before walking after
surgery, white blood cell count, body mass index). Fisher exact
probability test was used to identify differences in the expected
versus observed frequency of nominal variables (eg, sex, pre-
operative walking disability, hypertension, diabetes mellitus,
smoking, anticoagulant use). Statistical significance was defined
as P <0.05.

Logistic regression analysis was applied to identify the risk
factors associated with VTE. A value of P < 0.05 was used to
denote statistical significance. The software used for analyses
was IBM SPSS Statistics version 21.0 (IBM, Armonk, NY,
USA). The local ethics committee of Izumi Regional Medical
Center reviewed and approved this study (20140919-1).

RESULTS

The records indicated that we had performed lower extre-
mity ultrasonography in patients whose D-dimer concentrations
were >1.0 wg/mL preoperatively and had identified two cases
of DVT. The postoperative prevalence of VTE was 25% (20/80
patients). We excluded two patients who were found to have a
DVT preoperatively. One patient had sensed some incongruity
in the chest. CT examination found a PE, although the vital
signs were stable. The other 19 patients were clinical asymp-
tomatic.

The median ages for the patients with VTE and those
without VTE were 75.0 and 70.5 years, respectively; median
operation times were 212.5 and 177.5 minutes; median blood
losses were 110.0 and 60.0 g; and median preoperative D-dimer
concentrations were 0.7 and 0.5, respectively. Based on the

Mann—Whitney U-test results and Fisher exact probability test,
none of the measured parameters—except preoperative walking
disability—showed significant differences between patients
with and without VTE. Initiation of gait training occurred later
in the VTE group (Table 1). In all, one patient developed VTE in
the pulmonary artery, one in the superficial femoral vein, two in
the popliteal vein, and 18 in the soleal vein. Most of the VTEs
were located distally (Table 2). Operation time and blood loss
did not show significant differences between patients with and
without VTE according to the VTE site using the Mann—
Whitney U-test (Table 3). DVTs were confirmed preoperatively
in two patients. We prescribed anticoagulation for the patients
whose DVTs were diagnosed more than 7 days after the
operation. There were no cases of paralysis caused by epidural
hematomas in our study.

The multivariate logistic regression analysis identified two
risk factors: preoperative walking disability (OR 4.829, 95% CI
1.534—15.204) and age (OR 1.058, 95% CI 1.007-1.112)
(Table 4). Individuals who had a walking disability preopera-
tively started walking significantly later after surgery than those
who had no preoperative walking disability (Figure 1).

Supplement Table. http://links.Iww.com/MD/A177

DISCUSSION

There are some published reports regarding the risk factors
for DVT development in patients who undergo spine surgery.
Takahashi et al' performed a radiological study using contrast-
enhanced CT to evaluate 100 patients after spine surgery. They
reported asymptomatic PE and DVT in 18% and 19% of
patients, respectively. Hohl et al® conducted a multi-institu-
tional study of patients who underwent spine surgery and
reported that the prevalence of VTE was 1.5%, symptomatic
PE 0.88%, and DVT 0.66%. They also reported that patients
>65 years at the time of surgery had a 2.196 times higher
prevalence of DVT and PE. These authors found no statistical

TABLE 1. Patient Characteristics

Factor VTE(+) VTE(-) P value
No. 20 60

Age (years) 75.0 (64.5-79.5) 70.5 (53.5-77.0) 0.075
Sex (male) 9 38 0.119
Operation time (min) 212.5 (147.5-247.5) 177.5 (145.0-237.5) 0.291
Blood loss (g) 110.0 (25.0-320.0) 60.0 (30.0—145.0) 0.373
D-dimer preoperatively (pg/mL) 0.7 (0.3-1.4) 0.5 (0.2-1.3) 0.600
D-dimer postoperatively 1 week (pg/mL) 4.1 (2.1-7.5) 2.5 (1.6-5.1) 0.120
Preoperative walking disability (no.) 11 15 0.025
Days before walking after surgery 3.0 (2.0-7.5) 2.5 (2.0-4.0) 0.115
Preoperative WBC (/L) 6000 (4500—-7600) 5700 (4850-7550) 0.824
WBC count postoperatively 1 week (/L) 6050 (4800—-6950) 6050 (4500—7350) 0.925
BMI (kg/m?) 21.2 (19.3-24.0) 22.4(20.7-26.3) 0.107
HT (no.) 8 27 0.797
DM (no.) 2 10 0.720
Smoking (no.) 5 15 1.000
Anticoagulants (no.) 5 11 0.530

Results are given as the median (interquartile range).

Mann—Whitney U-test; patient’s age, operation time, blood loss, D-dimer, days before walking after surgery, white blood cell count, body mass

index.

Fisher exact probability test; sex, preoperative walking disability, hypertension, diabetes mellitus, smoking, anticoagulant use.

BMI = body mass index, DM = diabetes mellitus, HT = hypertension, VTE = venous thromboembolism, WBC = white blood cell count.
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TABLE 2. Details of Patients With VTE

TABLE 4. Multivariate Analysis (Logistic Regression)

Age (years) Sex Disease Site
85 M Cervical OPLL PA, rt SV
75 F LSCS rt SV
66 M  LSCS rt SV
79 F Spondylolisthesis It SV
61 F LDH It SV
71 F LSCS bil SV
76 F Lumbar vertebral fracture bil SV
60 M Lumbar vertebral fracture It SFV
78 M Spondylolytic spondylolisthesis rt SV
75 F LSCS rt SV
80 F LSCS It SV
77 F LSCS It SV
80 M CSM It SV
53 M  LSCS bil SV
80 F LSCS bil SV
80 F Thoracic vertebral fracture rt PV, SV
68 M  LDH bil SV
63 M  LDH bil PV
61 F Thoracic vertebral fracture It SV
72 M Cervical spine injury bil SV

bil = bilateral, CSM = cervical spondylotic myelopathy, LDH =
lumbar disc herniation, LSCS = lumbar spinal canal stenosis, It = left,
OPLL = ossification of the posterior longitudinal ligament, PA =
pulmonary artery, PV = popliteal vein, rt = right, SFV = superficial
femoral vein, SV = soleal vein.

significance for sex, instrumentation, or revision surgery as risk
factors. Schoenfeld et al® identified a body mass index of
>40kg/m?, age >80 years, operation time >261 minutes,
and American Society of Anesthesiologists classification of
>3 as significant independent predictors of DVT.

To prevent VTE development, it has been recommended
that chemical prophylaxis be applied after total knee and total
hip arthroplasties and after open reduction/internal fixation of
proximal hip fractures. Nagase et al* reported that fondaparinux

TABLE 3. VTE Characteristics

Cervical Thoracic Lumbar
N=14) (N=3) (N=63)
VTE + & H )
No. 3011 2 1 15 48
Instrumentation 0 5 2 1 6 15
VTE site PA I - - - - —
PV — 1 1
SFV. = — — 1
SV 3 2 13
Operation time (min) 210 165 325 105 205 183
Blood loss (g) 100 40 745 50 55 75

Operation time and blood loss are given as median.

Operation time and blood loss of the patients with VTE were
compared with those without VTE using the Mann—Whitney U-test.

PA = pulmonary artery, PV = popliteal vein, SFV = superficial
femoral vein, SV = soleal vein, VTE = venous thromboembolism.

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

Parameter OR (95% CI) P
Preoperative walking disability ~ 4.829 (1.534-15.204)  0.007
Age 1.058 (1.007-1.112) 0.025

The multivariate logistic regression analysis identified two risk
factors: preoperative walking disability and age.
CI = confidence interval, OR = odds ratio.

in combination with mechanical prophylaxis prevents post-
operative PE after total hip or knee arthroplasty.

Epidural hematoma is a serious complication after spine
surgery, resulting in spinal paresis. The prevalence of sympto-
matic postoperative epidural hematoma is in the range of 0.1%—
3.0%.°~7 Strom and Frempong-Boadu8 reported that low-mol-
ecular-weight heparin (LMWH) prophylaxis seems to be associ-
ated with a low risk of hemorrha%e when started 24—36 hours
after spine surgery. Zhi-jian et al” reported that their patients
were given a half dose of LMWH 6 hours after spine surgery
followed by a full dose of LMWH once a day until discharge.
There were no major bleeding events in their patients. Sansone
et al'® reported that the use of pharmacological prophylaxis
significantly reduced the prevalence of DVT compared with
mechanical prophylaxis or no prophylaxis. Anticoagulant
therapy was Performed infrequently during the early postopera-
tive period.'"*'? Close neurological monitoring is recommended
when using chemoprophylaxis because it increases the risk of
hematoma.'? Schizas et al reported that LMWH was not
effective in reducing the prevalence of PE."

Although the prevalence of VTEs after spinal surgery is
relatively high, there are many negative opinions about admin-
istering anticoagulant therapy during the early postoperative
period. Alhalbouni et al reported that there was no statistically
significant difference in the risk of PE between isolated femor-
opopliteal and isolated infrapopliteal DVTs, and hospitalized
patients with infrapopliteal DVTs should receive anticoagula-
tion.'* Deitcher and Caprini reported that sﬁymptomatic calf DVT
should be treated with anticoagulation.'> On the other hand,
Rokito et al reported that anticoagulation is no more effective
than mechanical prophylaxis for reducing DVT risk.'® Schwarz
et al concluded that their data did not show superiority of a short-
term regimen of LMWH and compression therapy when com-
pared with compression therapy alone in patients with isolated
calf muscle vein thrombosis in a rather low-risk population.'’

This study has limitations. First, we report on only a small
number of patients. Also, we did not perform CT venography or
CT pulmonary angiography in all patients because we wanted to
prevent side effects and reduce medical costs. Therefore, it is
possible that small PEs might not have been identified. In
addition, we did not include patients who were not anticoagu-
lated. Our findings therefore do not allow us to recommend
chemical prophylaxis.

Although most of the DVTs in this study were located in
the soleal vein, our findings showed that they also developed in
the pulmonary artery, superficial femoral vein, and popliteal
vein following spine surgery. These findings suggest that DVT
prevention by chemical prophylaxis might be needed in high-
risk patients, especially those with preoperative walking dis-
ability, during the perioperative period.

It is important to identify risk factors for VTE that develop
after spine surgery. Although it has been reported that early gait
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FIGURE 1. Individuals who had a walking disability preoperatively
starting walking significantly later after surgery than those who
had no preoperative walking disability. Statistics by Mann-Whit-
ney U-test.

training is important for preventing VTE, it takes a long time for
muscular strength to improve to the extent required for walking.
Even when neurological symptoms recede in DVT patients,
those who could not walk well preoperatively have problems
walking postoperatively.

Recently, neurological rehabilitation using a robot suit for
patients with paralysis has been reported. Aach et al'® reported
that training with the Hybrid Assistive limb (HAL®) exoske-
leton results in improved ground walking. This report leads to
the assumption that there is a beneficial effect on ambulatory
mobility in patients with a chronic spinal cord injury. We also
have reported that early mobilization using HAL may be
advocated to prevent }l)ostoperative complications, such as
contractures and DVT.'® HAL usage was recognized as an
acceptable treatment under workmen’s accident compensation
insurance in Germany in 2013.

Many elderly people undergo spine operations. It is extre-
mely important that patients at high risk for developing VTE—
especially those with preoperative walking disability or post-
operative walking disability caused by muscle weakness—
should begin gait training as soon as possible after surgery.

ACKNOWLEDGMENT

The authors thank Ms Akemi Godai for excellent assistant.

REFERENCES

1. Takahashi H, Yokoyama Y, Iida Y, et al. Incidence of venous
thromboembolism after spine surgery. J Orthop Sci. 2012;17:114—
117.

4 | www.md-journal.com

. Hohl JB, Lee JY, Rayappa SP, et al. Prevalence of venous
thromboembolic events following elective major thoracolumbar
degenerative spine surgery. J Spinal Disord Tech. November 7,
2013In press.

. Schoenfeld AJ, Herzog JP, Dunn JC, et al. Patient-based and surgical
characteristics associated with the acute development of deep venous
thrombosis and pulmonary embolism after spine surgery. Spine
(Phila Pa 1976). 2013;38:1892-1898.

. Nagase Y, Yasunaga H, Horiguchi H, et al. Risk factors for
pulmonary embolism and the effects of fondaparinux after total hip
and knee arthroplasty: a retrospective observational study with use
of a national database in Japan. J Bone Joint Surg Am.
2011;93:e146.

. Kebaish KM, Awad JN. Spinal epidural hematoma causing acute
cauda equina syndrome. Neurosurg Focus. 2004;16:e1.

. Foo D, Rossier AB. Preoperative neurological status in predicting
surgical outcome of spinal epidural hematomas. Surg Neurol.
1981;15:389-401.

. Lawton MT, Porter RW, Heiserman JE, et al. Surgical management
of spinal epidural hematoma: relationship between surgical timing
and neurological outcome. J Neurosurg. 1995;83:1-7.

. Strom RG, Frempong-Boadu AK. Low-molecular-weight heparin
prophylaxis 24 to 36 hours after degenerative spine surgery: risk of
hemorrhage and venous thromboembolism. Spine (Phila Pa 1976).
2013;38:E1498-E1502.

. Zhi-jian S, Yu Z, Giu-xing Q, et al. Efficacy and safety of low
molecular weight heparin prophylaxis for venous thromboembolism
following lumbar decompression surgery. Chin Med Sci J.
2011;26:221-226.

. Sansone JM, del Rio AM, Anderson PA. The prevalence of and
specific risk factors for venous thromboembolic disease following
elective spine surgery. J Bone Joint Surg Am. 2010;92:304-313.

. Epstein NE. The need to add motor evoked potential monitoring to
somatosensory and electromyographic monitoring in cervical spine
surgery. Surg Neurol Int. 2013;4(Suppl 5):S383-S391.

. Bono CM, Watters WC 3rd,, Heggeness MH, et al. An evidence-
based clinical guideline for the use of antithrombotic therapies in
spine surgery. Spine J. 2009;9:1046—1051.

. Schizas C, Neumayer F, Kosmopoulos V. Incidence and manage-
ment of pulmonary embolism following spinal surgery occurring
while under chemical thromboprophylaxis. Eur Spine J.
2008;17:970-974.

. Alhalbouni S, Hingorani A, Shiferson A, et al. Infra-popliteal deep
venous thrombi and the risk of symptomatic pulmonary embolism in
hospitalized patients. Vascular. 2011;19:29-33.

. Deitcher SR, Caprini JA. Calf deep venous thrombosis should be
treated with anticoagulation. Med Clin North Am. 2003;87:1157—
1164.

. Rokito SE, Schwartz MC, Neuwirth MG. Deep vein thrombosis after
major reconstructive spinal surgery. Spine. 1996;21:853-858discus-
sion 859.

. Schwarz T, Buschmann L, Beyer J, et al. Therapy of isolated calf
muscle vein thrombosis: a randomized, controlled study. J Vasc
Surg. 2010;52:1246-1250.

. Aach M, Cruciger O, Sczesny-Kaiser M, et al. Voluntary driven
exoskeleton as a new tool for rehabilitation in chronic spinal cord
injury: a pilot study. Spine J. April 4, 2014In press.

. Sakakima H, Jjiri K, Matsuda F, et al. A newly developed robot suit
hybrid assistive limb facilitated walking rehabilitation after spinal
surgery for thoracic ossification of the posterior longitudinal
ligament: a case report. Case Rep Orthop. 2013;2013:621405.

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



	Risk Factors for Venous Thromboembolism After Spine™Surgery
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENT


