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Abstract: Background: The purpose of this retrospective study was to investigate the prevalence of DVT and identi-
fied associated risk factors for DVT in patients admitted to hospital for posterior cervical surgery. Method: In this 
comparative study, 382 patients admitted for posterior cervical surgery who was allocated to two groups, those 
who developed DVT (DVT group) postoperatively and those who did not (non-DVT group). To examine the periopera-
tive risk factors for DVT after posterior cervical surgery, comparative analysis of the two groups was done. Result: 
DVT was detected in 7.1% (27/382) patients, including 1 proximal DVT patients (3.7%) and 26 distal DVT patients 
(96.3%). According to multivariate logistic regression analysis, the age (P = 0.015, OR 1.026, 95% CI: 0.9631-
1.1536), history of hyperlipidemia and major surgery (P = 0.015, OR 6.221, 95% CI: 1.1243-3.3297; P = 0.013, OR 
1.642, 95% CI: 1.0954-2.1510) and D-dimer (P = 0.003, OR 1.542, 95% CI: 1.0236-2.2631) were significant risk 
factors relative to the onset of DVT after posterior cervical surgery. Conclusion: The incidence of DVT in patients who 
undergo posterior cervical surgery was 7.1% (27/382). Patients admitted to hospital for posterior cervical surgery 
with increased age, D-dimer, history of hyperlipidemia and major surgery might be at increased risk for postopera-
tive DVT.
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Introduction 

Venous thromboembolism (VTE), including de- 
ep vein thrombosis (DVT) and pulmonary embo-
lism (PE), was a common complication associ-
ated with fatality and life threatening events 
after surgery [1-3]. To avoid the development of 
DVT, it was essential to screen for perioperative 
DVT and reduce the onset of DVT. On account 
of the clinical features and symptoms of DVT 
after surgery were mainly non-specific and non-
sensitive. To determine the frequency of DVT 
after orthopedic surgery by using Doppler ultra-
sonography (US), which was regarded as the 
standard method because of less invasiveness 
and higher sensitivity.

Previous studies mainly focused on total knee 
or hip arthroplasty, trauma and spinal cord inju-
ry [4-6]. However, it was difficult to generalize 
about the incidence of DVT after spinal surgery 
compared with other surgeries. There was lack-

ing in information on the prevalence of DVT fol-
lowing elective spine surgery, especially for the 
cervical degenerative disease treated with pos-
terior surgeries. There were many risk factors 
for DVT following elective spine surgery such as 
advanced age, female gender, spinal level, neu-
rologic deficits and spinal tumors [7-9].

The exact incidence of DVT after posterior cer-
vical surgery which generally involved many sur-
gical procedures for variety of pathologies had 
not been clarified. Although cervical spine sur-
gery carried a low risk of critical DVT compared 
with other surgeries, the need for assessment 
of DVT development was also important. To our 
knowledge, no study has been published evalu-
ating time to a DVT event after posterior cervi-
cal surgery. Thus, the purpose of this retrospec-
tive study was to investigate the prevalence of 
DVT and identified associated risk factors for 
DVT in patients admitted to hospital for poste-
rior cervical surgery.
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Materials and methods

From January of 2005 to December of 2014, 
382 patients admitted for posterior surgery for 
the multilevel cervical spondylotic myelopathy 
(CSM) at the Third Hospital of Hebei Medical 
University. Surgical techniques for the multilev-
el CSM were mainly decided based on severity 
of ossification of the cervical posterior longitu-
dinal ligament (OPLL), sagittal alignment of the 
cervical spine and surgeons’ experience. There 
were 3 popular methods of posterior surgeries 
included laminoplasty, laminectomy alone and 
laminectomy and fusion for the treatment of 
cervical degenerative disease. The patients’ 
age, gender, body mass index (BMI) and data 
from the medical history and medical condition 
were recorded. Patients with oral anticoagulant 
therapy 1 week prior to the surgery were exclud-
ed in this study. Those patients with a previous 
history of DVT or the existence of DVT was 
detected preoperatively were also excluded 
from this study. The study was approved by 
Ethics Committee of The Third Hospital of 
HeBei Medical University. 

Doppler US was performed on all patients from 
the bilateral femoral to lower limb to detect the 
existence of DVT as a preoperative and postop-
erative examination. The criteria for the diagno-
sis of DVT were the following: loss of compress-
ibility of the vein; presence of intraluminal 
echogenicity; and absence of venous flow 
determined using sonographic scanner with a 
linear transducer. 

According to the findings of postoperative 
examination, patients were divided into DVT 
group and non-DVT group. Risk factors, which 
used for this study, were age, gender, BMI, 
smoking, posterior surgery technique, intraop-
erative cerebrospinal fluid (CSF) leakage, his-
tory of hypertension, hyperlipidemia, diabetes 
mellitus, major surgery (any surgical procedure 
that involves anesthesia or respiratory assis-
tance) and laboratory blood test (serum 
D-dimer, prothrombin time-international nor-
malized ratio (PT-INR), activated partial throm-
boplastin time (APTT), and prothrombin tine 
(PT).

Statistical analysis

Statistical analysis was performed with SPSS 
17.0 for Windows (SPSS Inc., Chicago, IL, USA). 

The patients’ characteristics were compared 
between the DVT and non-DVT patients using 
the Mann-Whitney U test and Fisher’s exact 
test. After these univariate analyses, a P < 0.2 
was selected and evaluated by multivariate 
logistic regression analysis. Conclusively, a P < 
0.05 was considered statistically significant.

Results 

Patient characteristics

The patient characteristics were summarized in 
Table 1. A total of 382 patients (237 men and 
145 women) with age of 61.3±10.9 years old 
(range from 35-80 years old) were enrolled in 
this study. All patients completed the study 
without any life-threatening complications. In 
DVT group, the most frequent medical history 
or medical condition was hypertension (200 
patients, 52.4%) and hyperlipidemia (188 
patients, 49.2%). The second was major sur-
gery (171 patients, 44.8%) which included a 
history of anterior cervical surgery and abdomi-
nal surgery.

Incidence of postoperative DVT

The overall incidence of DVT was 7.1% (27/ 
382) and no patient had symptomatic DVT. Of 
27 DVT-positive patients, the distal thrombus 
was identified in 26 (96.3%); the proximal 
thrombus was only identified in 1 (3.7%). The 
mean age in DVT group was significantly older 
than that of DVT-negative patients (P = 0.005). 
Hyperlipidemia was seen in 47.3% (168/355) 
of the DVT-negative group and 74.1% (20/27) of 
the DVT-positive group (P = 0.007). There were 
70.4% (19/27 patients) of the DVT-positive 
group had undergone major surgery, but only 
42.8% (152/355) of the DVT negative group 
had undergone major surgery (P = 0.006). 
Hypertension was seen in 51.3% (182/355) of 
the DVT-negative group and 66.7% (18/27) of 
the DVT-positive group (P = 0.041). The mean 
duration of postoperative bed rest in DVT group 
was slightly longer than that of DVT-negative 
patients, but the difference was not significant 
(P = 0.112) (Table 1).

Multivariate analysis of the risk factors for DVT   

In univariate analysis, differences were found 
between the DVT group and non-DVT group 
regarding age, gender, history of hyperlipid-
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and risk factors for VTE after spinal surgery. 
However, it has not been specific clarified, 
especially on posterior cervical surgery. Several 
studies had indicated the low incidence of VTE 
at the cervical spine compared other spinal lev-
els. The prevalence of deep venous thrombosis 
was statistically significant in cervical com-
pared with lumbar procedures. Yoshioka et al. 
had found the rate of VTE varies accompany 
with the different spinal levels. The rate of VTE 
after cervical spinal surgery was 3.0% (5/167 
cases), which is significantly low in the multi-
variate analysis. In their study, it had demon-
strated cervical spine surgery had a low risk of 
DVT compared with other surgeries which could 
be attributed to the cervical spinal levels owing 
to the upper extremities had a low risk com-
pared with the lower extremities [10]. Weber et 
al. analyzed 107 consecutive patients undergo-
ing elective lumbar spinal fusion who were eval-
uated for VTE by lower limb Doppler US and 
clinical observation. They found the actual inci-
dence of VTE in these patients was low [11]. In 
a prospective clinical study, Oda et al. found 17 
patients (15.5%) after posterior spinal surgery 
showed evidence of DVT by venography. There 

emia, hypertension and major surgery, opera-
tive time, CSF leakage and D-dimer (P < 0.2). 
Multivariate logistic regression analysis was 
performed for these 8 factors. According to 
multivariate logistic regression analysis, the 
age (P = 0.015, OR 1.026, 95% CI: 0.9631-
1.1536), history of hyperlipidemia and major 
surgery (P = 0.015, OR 6.221, 95% CI: 1.1243-
3.3297; P = 0.013, OR 1.642, 95% CI: 1.0954-
2.1510) and D-dimer (P = 0.003, OR 1.542, 
95% CI: 1.0236-2.2631) were significant risk 
factors relative to the onset of DVT after poste-

rior cervical surgery (Table 
2).

Discussion

The main findings of this 
study were as follows: DVT 
was detected in 27 patients 
(7.1%), including 26 distal 
DVT patients (96.3%) and 1 
proximal DVT patients (3.7%). 
The age, D-dimer value, his-
tory of hyperlipidemia and 
major surgery were positively 
correlated with the onset of 
DVT after posterior cervical 
surgery.

DVT was one of the mo- 
st common and dangerous 
complications of spinal sur-
gery, as it could result in a 
fatal PE. Asymptomatic DVT 
had been shown to increase 
rates of fatal PE in patients 
undergoing total joint arthro-
plasty in their lower extremi-
ties. Previous studies had 
reported the prevalence of 

Table1. Univariate analysis of the risk factors for DVT

Characteristic DVT group Non-DVT 
group P value

No. of patients 27 355
Age 63.8±12.3 56.1±11.9 0.005
Gender (M/F) 20/7 217/138 0.181
BMI (kg/m2) 24.6±3.8 23.3±2.5 0.376
Smoking 16/11 218/137 0.852
Hypertension 18 182 0.122
Hyperlipidemia 20 168 0.007
Diabetes mellitus 15 161 0.927
Major surgery 19 152 0.006
Surgical technique 0.983
    Laminoplasty 13 165
    Laminectomy alone 3 39
    Laminectomy and fusion 11 151
    Operative time 156. 8±39.5 134. 6±32.8 0.094
    CSF leakage 19 92 0.000
    Duration of postoperative bed rest 4.2±1.3 5.6±1.8 0.112
Laboratory blood test
    D-dimer mg/L 1.62±0.32 0.25±0.09 0.001
    PT-INR 0.98±0.21 0.99±0.16 0.227
    APTT s 30.53 ±9.91 29.42 ±9.08 0.628
    PT s 13.12 ±5.12 12.82 ±5.02 0.802

Table 2. Multivariate analysis of the risk fac-
tors for DVT
Risk factor P OR 95% CI
Age 0.015 1.026 0.9631-1.1536
Gender 0.318 1.149 1.1252-2.2331
Hypertension 0.276 0.232 0.9853-0.9368
Hyperlipidemia 0.015 6.221 1.1243-3.3297
Major surgery 0.013 1.642 1.0954-2.1510
CSF leakage 0.031 0.253 0.1536-0.8393
Operative time 0.065 2.175 0.9621-1.3113
D-dimer 0.003 1.542 1.0236-2.2631
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were 3 of 54 patients with cervical laminoplas-
ty showed venographic evidence of DVT. The 
average age of the patients without VTE was 
58, which was significantly lower comparing 
with the patients who sustained a VTE. No sta-
tistically significant difference was noted for 
thoracic spine surgery compared with cervical 
or lumbar surgery. Dearborn et al. studied 116 
spinal surgery patients who were examined 
with duplex ultrasound to determine the inci-
dence of DVT. In their study, 6 of the symptom-
atic PE occurred after combined anterior/pos-
terior spinal fusions (6%), whereas only one 
occurred after posterior decompression and 
fusion (0.5%) [13].

Currently, the North American Spine Society 
(NASS) does not have definitive guidelines for 
administering chemoprophylaxis, but does 
state that chemoprophylaxis may not be war-
ranted in elective spine surgery in patients with 
a low thromboembolic risk-profile. There was 
Level IV evidence that LMWH can be started 
safely on the day of elective spine surgery. It 
had recommended that LMWH be used cau-
tiously before routine, elective spinal surgery 
and withheld unless there are other risk factors 
for thromboembolism [14]. Strom et al. had ret-
rospectively reviewed for all cases of cervical 
laminectomy to assess the safety and efficacy 
of prophylactic low molecular-weight heparin 
(LMWH) started 24 to 36 hours after degenera-
tive spine surgery. Starting on postoperative 
day 1, patients were routinely administered 
daily prophylactic enoxaparin at 10 pm (40 mg 
for normal renal function, 30 mg for creatinine 
clearance of < 30 mL/min). In their studies, 
LMWH prophylaxis seems to carry a very low 
hemorrhage risk when started 24 to 36 hours 
after spine surgery. Even with aggressive pro-
phylaxis, patients undergoing fusion or multi-
level laminectomy for degenerative disease are 
at significant risk for VTE [15]. In this series, 
there were no patients with clinical signs of DVT 
and PE. The overall incidence of DVT was 7.1% 
(27/382) and no patient had symptomatic DVT. 
Of 27 DVT-positive patients, the distal throm-
bus was identified in 26 (96.3%); the proximal 
thrombus only was identified in 1 (3.7%). The 
mean age in DVT group was significantly older 
than that of DVT-negative patients (P = 0.015).

Although statistical support for spine-specific 
risk factors was lacking, several studies had 

noted common observations for patients who 
sustained a DVT. Risk assessment had been 
developed to allow a more accurate stratifica-
tion of patients according to their overall DVT 
risk. Previous studies had demonstrated many 
factors contribute to VTE after spinal surgery 
which included advanced age, major trauma, 
hypertension, spinal cord injury, diabetes, pre-
vious history of VTE. Yoshioka et al. demon-
strated the statistically significant risk factors 
for DVT included advanced age, neurologic defi-
cits and spinal tumor. Spinal tumor was a high 
risk of DVT, whereas cervical spine surgery car-
ries a low risk. They also found the fibrin mono-
mer complex measured 1 day after spine sur-
gery was considered to be useful as an indica-
tor of DVT [10, 16]. In addition to the risk fac-
tors discussed above, Geerts et al. added 
decreased postoperative mobility, increased 
surgical time and history of venous thrombosis 
as risk factors [17]. Maung et al. reported the 
rate of DVT differs with various spinal cord inju-
ry levels. Patients with cervical injury at one of 
the lowest risk compared to thoracic injury. 
Their study demonstrated that level of spinal 
cord injury level was an independent risk factor 
for DVT with the highest rate in patients with a 
T1-6 level [18]. Oda et al. found a statistically 
significant risk of VTE associated with advanced 
age and anatomic location of surgery. Whereas 
there was no statistically increased risk associ-
ated with gender, operating time, intraopera-
tive blood loss, postoperative bed rest or inter-
val from surgery to venography [12]. 

Statistical support for cervical spine specific 
risk factors was lacking, so it was important to 
identify the risk factors for DVT associated with 
posterior cervical surgery. However, there was 
a problem due to lack of specifics in the litera-
ture concerning the patients with posterior cer-
vical surgery. In the present cohort, looking at 
the patients’ medical histories, there was much 
higher prevalence of postoperative DVT in 
hyperlipidemia. The prevalence of postopera-
tive DVT was significantly higher in patients 
with Intraoperative CSF leak for primary poste-
rior cervical surgery than others. Therefore, 
intraoperative CSF leak might induced much 
long operative time and prolonged bed rest, 
which might have an increased risk of develop-
ing VTE. In the present study, the results indi-
cated that more patients with a history of major 
surgery in DVT group than non-DVT group. 
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However, there was no significant difference 
among the 3 posterior cervical surgery tech-
niques. Therefore, it believed that the surgical 
technique itself didn’t have a higher impact on 
the incidence of VTE. Univariate analysis found 
that age, gender, history of hyperlipidemia, 
hypertension and major surgery, operative 
time, CSF leakage and D-dimer tended to be 
risk factors for DVT. According to the multivari-
ate logistic regression analysis, it had shown 
that age, D-dimer, history of hyperlipidemia and 
major surgery were independent risk factors 
for postoperative DVT in patients admitted for 
posterior cervical surgery.

Reducing the risk of VTE in patients undergoing 
posterior cervical surgery, it had recommended 
mechanical prophylaxis with graduated com-
pression stockings, intermittent pneumatic 
compression or foot impulse devices as lone 
thromboprophylactic measures for low-risk 
patients [19]. Sansone et al. had indicated the 
risk of DVT and PE was relatively low following 
elective spine surgery, particularly for patients 
who receive pharmacologic prophylaxis. Unfor- 
tunately, pharmacologic prophylaxis exposes 
patients to a greater risk of epidural hematoma 
[20]. In our opinion, for patients with one or 
more related risk factors, mechanical prophy-
laxis and low molecular weight heparin was 
advised.

However, there were several limitations in this 
study. Firstly, it needed more patients included, 
which would have been possible to analyze the 
effects of various events in the medical history 
and more risk factors for VTE. Secondly, there 
was only one method of diagnosing DVT. The 
diagnosis of asymptomatic DVT was based on 
Doppler US. Furthermore, more evidence was 
needed prior to establishing a protocol for pro-
phylaxis against DVT in patients undergoing 
posterior cervical surgery. Future prospective 
studies should seek to define the safety of vari-
ous prophylactic modalities and to identify spe-
cific subpopulations of patients who were at 
greater risk for DVT.

Conclusion 

In conclusion, the incidence of DVT in patients 
who undergo posterior cervical surgery was 
7.1% (27/382). Patients admitted to hospital 
for posterior cervical surgery with increased 
age, D-dimer, history of hyperlipidemia and 

major surgery might be at increased risk for 
postoperative DVT. Surgeons should be pay 
attention to decrease the incidence of DVT if 
specific risk factors were present.
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