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ABSTRACT
Background: Venous thromboembolism (VTE) is a well- known complication after spine surgery. As many cases of 

cervical spine disease result in severe gait disturbance due to myelopathy, it may harbor a higher risk of VTE than other spinal 
disorders. However, few studies have focused primarily on cervical spine surgery to date. This investigation sought to determine 
the prevalence of VTE after cervical spine surgery and identify patient- based risk factors.

Methods: The medical data of 341 consecutive patients (240 men and 101 women; mean age, 68.1 years) who underwent 
cervical spine surgery were retrospectively examined. Logistic regression models were employed to examine the prevalence, 
characteristics, and risk factors of postoperative VTE.

Results: In this study, 2.6% of cervical spine surgery patients experienced postoperative VTE. In comparisons of VTE 
and non- VTE groups, significant differences were found for age (79.6 years vs 67.7 years, P < 0.01), 1- week postoperative D- 
dimer level (10.6 μg/mL vs 2.7 μg/mL, P < 0.01), and cardiovascular disease (44.4% vs 11.1%, P = 0.011). Multivariate analysis 
identified elevated postoperative D- dimer level and cardiovascular disease as significantly associated with postsurgical VTE 
with respective odds ratios of 1.54 and 9.52.

Conclusion: Postoperative VTE in cervical spine surgery was seen in 2.6% of cases. Patients with elevated postoperative 
D- dimer level and cardiovascular disease may be at increased risk of VTE and may require additional observation.

Clinical Relevance: Spine surgeons should take into account that patients with elevated postoperative D- dimer levels 
and cardiovascular disease may be at increased risk for VTE.

Level of Evidence: 4.

Cervical Spine
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INTRODUCTION

Venous thromboembolism (VTE) is a life- 
threatening adverse event in spine surgery that may 
present difficult decisions for the surgeon and patient.1 
Despite the known benefits of prophylaxis for VTE, 
some surgeons decline this option over concerns of 
increased bleeding complications and possible neu-
rological injury. Mechanical prophylaxis remains 
important; however, low molecular weight heparin 
has been demonstrated as superior to other pharmaco-
logical therapies in decreasing major events.2 Routine 
pharmacological VTE prophylaxis has not been rec-
ommended in spinal surgery due to concerns about 
postoperative spinal epidural hematoma and its dev-
astating sequelae.3 Nonetheless, deep vein thrombo-
sis (DVT) and pulmonary embolism (PE) occur at a 
high incidence and pose a considerable risk to patient 
health as proven prophylactic measures are generally 
underused.4

The risk of VTE in spine surgery is not well character-
ized and varies by procedure and the degree of neurological 
compromise. A standardized approach to VTE prophylaxis 
in spine surgery is desired but must consider risk factors, 
choice of prophylactic agents, and timing.5 The incidence 
of VTE in spine surgery varies among reports. A meta- 
analysis of multiple studies revealed a total incidence of 
VTE after spinal surgery of 0.35%.6 As many cases of cer-
vical spine disease result in severe gait disturbance due to 
myelopathy, it may carry a higher risk of VTE than other 
spinal disorders. However, few studies have focused pri-
marily on cervical spine surgery to date. The present inves-
tigation sought to determine the prevalence of postoperative 
VTE in cervical spine surgery and identify patient- based 
risk factors.

MATERIALS AND METHODS

The protocol of this study was approved by Shinshu 
University Hospital Institutional Review Board (no. 
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5931). Informed written consent was obtained from all 
patients prior to the study.

A total of 450 patients underwent cervical spine 
surgery between January 2016 and April 2022 at 
our hospital. Of these, 105 cases of trauma and 4 
cases missing preoperative D- dimer level data were 
excluded. The remaining 341 consecutive patients 
(240 men and 101 women; mean ± SD age, 68.1 ± 
13.5 years) were retrospectively enrolled, including 
177 with cervical spondylotic myelopathy, 49 with 
ossification of the posterior longitudinal ligament, 
33 with cervical spondylotic amyotrophy, 15 with 
herniated disc, 17 with tumors, 17 with atlantoaxial 
subluxation, 10 with retro- odontoid pseudotumor, 
8 with cervical lesion due to rheumatoid arthritis 
(RA), and 15 with other disorders. The preoperative 
Japanese Orthopedic Association (JOA) score was 
10.6 ± 3.6 points. Regarding cardiovascular disease 
comorbidities, 9 patients had atrial fibrillation, 18 
had coronary artery disease, 7 had heart failure, 8 
had valvular disease, 3 had aortic aneurysm, and 6 
had other disorders. Preoperatively, VTE was seen 
in 3 patients (0.9%). Among them, 2 patients had 
preoperative DVT, although neither exhibited new 
DVT postoperatively. None of the patients with 
DVT had the known hypercoagulable conditions of 
hemophilia B Leyden, factor V, anti- SSA/SSB anti-
bodies, or lupus anticoagulant. Anticoagulants were 
given to 19 patients (5.6%). All patients received 
mechanical compression as postoperative DVT 
prophylaxis in this cohort. One patient with preop-
erative DVT was administered heparin postopera-
tively. The surgical techniques used were posterior 
decompression in 204 patients, posterior instru-
mented fusion with or without decompression in 
96 patients, and anterior decompression and fusion 
in 41 patients. We administered tranexamic acid 
(TXA) immediately before surgery in 286 patients 
(83.9%). Postoperative VTE occurred in 6 patients 
(2.1%) who received TXA and in 3 patients (5.5%) 
who did not, with no significant difference in fre-
quency between TXA and no TXA patients (P = 
0.16). The cohort was separated into groups based 
on the presence (VTE group) or absence (non- VTE 
group) of postoperative VTE within 2 weeks after 
surgery, and related variables were examined using 
multivariate analysis to assess the risk factors of 
VTE. D- dimer level was routinely measured within 
1 month preoperatively and within 1 week postoper-
atively. We performed lower limb echocardiography 
and contrast- enhanced computed tomography in all 

cases with suspected VTE symptoms and D- dimer 
level ≥10 μg/mL.7 VTE was frequently asymptom-
atic and diagnosed by contrast- enhanced computed 
tomography when the D- dimer level was elevated.

Welch’s t test was used for continuous compari-
sons, while Fisher’s exact test was adopted for pro-
portional comparisons. Logistic regression models 
were employed to identify factors associated with 
VTE, with the presence of VTE as a response vari-
able and patient- related factors, including age, sex, 
surgical procedure (posterior decompression, pos-
terior instrumented fusion, or anterior decompres-
sion and fusion), number of fused intervertebral 
levels, surgical time, blood loss volume, preoper-
ative and 1 week postoperative D- dimer level, and 
comorbidity history (diabetes mellitus [DM], RA, 
dialysis, cancer, and cardiovascular disease such 
as coronary artery disease, arrhythmias, and aortic 
aneurysm) as explanatory variables. Factors achiev-
ing P < 0.1 in univariate analysis were considered 
for subsequent multivariate analysis. The selec-
tion of factors included in the multivariate analysis 
was performed by stepwise model testing based on 
Akaike’s information criterion. Cut- off values of 
postoperative D- dimer level for VTE occurrence 
were determined by receiver operating characteris-
tic (ROC) curve analysis. All statistical testing was 
conducted using EZR software (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), 
a graphical user interface for R (The Foundation for 
Statistical Computing, Vienna, Austria). EZR is a 
modified version of R commander designed to add 
statistical functions frequently used in biostatistics. 
The level of significance was set at P < 0.05.

RESULTS

Table 1 summarizes the characteristics of the 
VTE and non- VTE groups. Nine (2.6%) of the 341 
patients who underwent cervical spine surgery 
experienced postoperative VTE. DVT occurred 
in 8 cases (2.3%), and PE occurred in 3 cases 
(0.88%), although no cases were fatal. Among the 
3 cases of PE, 1 was an isolated occurrence, and 
2 were coexistent with DVT. In 6 of the 9 cases 
(66.7%) of VTE, anticoagulants or antiplatelet 
drugs were prescribed for VTE by the cardiolo-
gist. We observed no significant differences in 
gender, disease, preoperative JOA score, surgical 
procedure, surgical time, blood loss volume, pre-
operative D- dimer level, or rate of DM, hyperten-
sion, RA, cancer, or dialysis between the VTE and 
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non- VTE groups. The VTE group was significantly 
older (79.6 years vs 67.7 years, P < 0.01), had a 
higher postoperative D- dimer level (10.6 μg/mL vs 
2.7 μg/mL, P < 0.01), and had higher rates of car-
diovascular disease (44.4% vs 11.1%, P = 0.011) 
compared with the non- VTE group. The univariate 
analysis detected P < 0.1 for the factors of age, 
preoperative JOA score, fused vertebral levels, 
surgical time, blood loss volume, preoperative 
D- dimer level, postoperative D- dimer level, and 

cardiovascular disease as candidates for inclusion 
in the multivariate analysis. As a result of the step-
wise method, a model including age, fused verte-
bral levels, pre- and postoperative D- dimer level, 
and cardiovascular disease was ultimately found 
to be optimal. Multivariate analysis revealed sig-
nificant associations with VTE for postoperative 
D- dimer level (OR: 1.54, 95% CI: 1.23–1.94, P < 
0.01) and cardiovascular disease (OR: 9.52, 95% 
CI: 1.08–84.0, P = 0.042; Table 2).

Table 1. Patient characteristics and operative details by group.

Characteristics
VTE group

(N = 9)
Non- VTE group

(N = 324) P

Gender, men:women 6:3 227:97 >0.99
Age, y, mean ± SD 79.6 ± 9.7 67.7 ± 13.5 <0.01
Disease 0.54
  Cervical spondylotic myelopathy 7 166
  Herniated disc 0 15
  Tumor 1 16
  Atlantoaxial subluxation 0 16
  Pseudotumor 0 10
  Cervical spondylotic amyotrophy 0 32
  Ossification of the posterior longitudinal ligament 0 49
  Other 1 20
Preoperative Japanese Orthopedic Association score 7.0 ± 6.9 10.6 ± 3.5 0.46
Surgical procedure
  Fusion, n (%) 4 (44.4%) 131 (40.4%) >0.99
  Fused vertebral levels, mean ± SD 3.7 ± 4.5 1.8 ± 2.6 0.24
Surgical time, min, mean ± SD 228 ± 101 167 ± 85 0.10
Blood loss volume, mL, mean ± SD 259 ± 306 119 ± 147 0.20
Preoperative D- dimer, μg/mL, mean ± SD 7.9 ± 12.4 1.1 ± 1.2 0.14
Postoperative D- dimer, μg/mL, mean ± SD 10.6 ± 4.4 2.7 ± 2.1 <0.01
Diabetes mellitus, n (%) 3 (33.3%) 63 (19.4%) 0.38
Hypertension, n (%) 3 (33.3%) 106 (32.7%) >0.99
Rheumatoid arthritis, n (%) 1 (11.1%) 11 (3.3%) 0.28
Cardiovascular disease, n (%) 4 (44.4%) 36 (11.1%) 0.011
  Atrial fibrillation, n (%) 1 (11.1%) 8 (2.4%) 0.21
  Coronal artery disease, n (%) 2 (22.2%) 16 (4.8%) 0.076
  Heart failure, n (%) 0 (0%) 5 (1.5%) >0.99
Cancer, n (%) 1 (11.1%) 27 (8.3%) 0.55
Dialysis, n (%) 1 (11.1%) 7 (2.1%) 0.19

Abbreviation: VTE, venous thromboembolism.
Notes: Values represent the mean ± SD.

Table 2. Effects of patient- related factors on venous thromboembolism.

Factor

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age (+1 y) 2.91 (1.27–6.70) 0.011 1.85 (0.73–4.66) 0.18
Women 1.17 (0.28–4.77) 0.82
Preoperative Japanese Orthopedic Association score 0.76 (0.55–1.55) 0.096
Fusion 1.18 (0.31–4.47) 0.80
Fused vertebral levels 1.21 (1.00–1.46) 0.047 1.25 (0.97–1.60) 0.080
Surgical time 1.01 (1.00–1.01) 0.043
Blood loss volume 1.00 (1.00–1.01) 0.015
Preoperative D- dimer 1.61 (1.25–2.07) <0.01 1.20 (0.94–1.52) 0.14
Postoperative D- dimer 1.60 (1.33–1.92) <0.01 1.54 (1.23–1.94) <0.01
Diabetes mellitus 2.07 (0.50–8.51) 0.31
Hypertension 1.03 (0.25–4.19) 0.96
Rheumatoid arthritis 3.56 (0.40–31.0) 0.25
Cardiovascular disease 6.40 (1.64–24.9) <0.01 9.52 (1.08–84.0) 0.042
Cancer 1.37 (0.16–11.4) 0.76
Dialysis 5.66 (0.62–51.6) 0.12

Abbreviation: CI, confidence interval.
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When the cut- off value of 1- week postoperative 
D- dimer level was investigated by ROC curve analysis, 
a value of 6.2 μg/mL provided a sensitivity of 88.9% 
and specificity of 93.4% for identifying VTE occur-
rence (area under the ROC curve: 0.953; Figure).

When comparing patients undergoing anterior and 
posterior surgery, we found a trend toward younger age, 
longer operative time, less blood loss, and lower preop-
erative D- dimer level for anterior surgery. VTE occurred 
in 0 patients who underwent anterior surgery and 9 
patients (3.0%) who underwent posterior surgery, with 
no significant difference between the groups (Table 3).

DISCUSSION

This study investigated the prevalence and patient- 
based risk factors of VTE in cervical spine surgery. 
We observed that 2.6% of 341 consecutively treated 
patients experienced postoperative VTE. With high 
respective OR values of 1.54 and 9.52, multivariate 
analysis showed postoperative D- dimer level and 

cardiovascular disease to be strongly linked with 
VTE onset. Additionally, a 1- week postoperative 
D- dimer cut- off value of 6.2 µg/mL was identified 
to discriminate VTE occurrence.

Postoperative VTE is a common but potentially 
life- threatening complication after spine surgery.1 
In fact, VTE is the third most common cardiovas-
cular disease and can lead to chronic thromboem-
bolic pulmonary hypertension and post- thrombotic 
syndrome.8 Fawi et al reported the incidence of 
VTE in spine surgery to be 0.59% without low 
molecular weight heparin.9 Cox et al described that 
implementing an aggressive VTE prophylaxis pro-
tocol with compressive devices and subcutaneous 
heparin after spine surgery significantly reduced 
DVT incidence without increasing complications. 
This approach effectively decreased VTE occur-
rence without added morbidity.10 In their study, 941 
patients in the preprotocol group met the inclusion 
criteria: 25 had DVT (2.7%) and 6 had PE (0.6%). In 
the postprotocol group, 992 patients met the inclu-
sion criteria: only 10 had DVT (1.0%) and 5 had PE 
(0.5%).10 In a systematic review, the incidence of 
DVT in postoperative spinal patients ranged from 
0.3% to 31%, with an overall rate of 2.1%.11 Kepler 
et al reported an 0.35% overall incidence of VTE 
in their meta- analysis.5 The incidences of VTE 
and PE after cervical spine surgery were 2.6% and 
0.88%, respectively, and higher than those in previ-
ous studies of all spine surgery, including the tho-
racolumbar spine. This difference may have been 
influenced by a higher proportion of cervical spine 
disease with reduced activities of daily living due to 
gait disturbance and other problems.

VTE is a complex disease with multiple risk 
factors, such as major surgery, multiple trauma, hip 
fracture, lower extremity paralysis, previous VTE, 
higher age, cardiac or respiratory failure, prolonged 
immobility, presence of central venous lines, estro-
gens, and various hematological conditions.12 A 
meta- analysis of whole- spine surgery revealed 
that older age, woman, diabetes, chronic kidney 
disease, nonambulatory preoperative activity status, 
elevated D- dimer level, long surgical time, spine 
fusion, and blood transfusion were associated with 
a higher incidence of VTE as well.12 However, body 
mass index, obesity, hypertension, coronary heart 
disease, spondylolisthesis, intraoperative blood 
loss, surgical procedure, and surgical site did not 
show significant associations.5 We witnessed no 
significant differences in gender, disease, surgical 

Figure. A cut- off value for 1- wk postoperative D- dimer level of 6.2 μg/mL 
provided a sensitivity of 88.9% and specificity of 93.4% for identifying venous 
thromboembolism occurrence. Abbreviation: AUC, area under the receiver 
operating characteristic curve.

Table 3. Comparisons between anterior and posterior surgery cases.

Characteristics
Anterior Group

(N = 41)
Posterior Group

(N = 300) P

Gender, men:women 30:11 210:90 0.85
Age, y, mean ± SD 57.8 ± 11.2 69.4 ± 13.3 <0.01
Surgical time, min 193 ± 67 164 ± 87 0.016
Blood loss volume, mL 68 ± 93 130 ± 158 <0.01
Preoperative D- dimer, 

μg/mL
0.6 ± 0.3 1.5 ± 2.7 <0.01

Postoperative D- dimer, 
μg/mL

3.0 ± 2.1 2.9 ± 2.6 0.89

VTE, n (%) 0 (0%) 9 (3.0%) 0.60

Abbreviation: VTE, venous thromboembolism.
Note: Values represent the mean ± SD unless otherwise indicated.
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procedure, surgical time, blood loss volume, pre-
operative D- dimer level, or rate of DM, hyperten-
sion, RA, cancer, or dialysis between the VTE and 
non- VTE groups. However, multivariate analysis 
revealed postoperative D- dimer level and cardio-
vascular disease to be significantly associated with 
VTE.

D- dimer cut- off values have been proposed in spinal 
surgery. Yoshiiwa et al reported the cut- off value of 
D- dimer level for DVT after spine surgery to be ≥10 μg/
mL.7 Ikeda et al noted that preoperative D- dimer level dif-
fered significantly between DVT and non- DVT groups, 
with a cut- off value of 1.4 μg/mL.13 Hamidi and Riazi 
determined the cut- off value of D- dimer for VTE after 
spine surgery as >2.1 µg/mL on the third postoperative 
day.14 In our study, multivariate analysis supported that 
postoperative D- dimer level was significantly associated 
with VTE, with a calculated 1- week postoperative cut- off 
value of 6.2 µg/mL.

The present study had several limitations, including its 
small sample size, relatively short follow- up period, and 
retrospective design. We may have also underestimated 
asymptomatic VTE cases as we conducted routine VTE 
testing only when symptoms were suspected or when 
D- dimer level was ≥10 µg/mL, which was higher than the 
ROC- determined threshold. Nevertheless, our analysis of 
outcomes in 341 patients receiving cervical spine surgery 
uncovered a 2.6% incidence of postoperative VTE and 
significant associations of postoperative D- dimer level and 
cardiovascular disease.

CONCLUSION

In cervical spine surgery, postoperative VTE may occur 
in approximately 2.6% of patients, with the incidence of 
PE at 0.88%. Elevated postoperative D- dimer level (OR: 
1.54) and cardiovascular disease (OR: 9.52) showed sig-
nificant associations with postoperative VTE. Special 
attention may be warranted for patients exhibiting one or 
both risk factors to reduce postoperative complications 
and improve outcomes.
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