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Abstract
Objective: To investigate the incidence of preoperative deep vein thrombosis (DVT) progression after
spine surgery and identify the risk factors which predict DVT progression.    

Methods: 204 patients with preoperative DVT underwent spine surgery were included in this study (50
cases of DVT progression postoperatively while 154 cases of no progression). Extensional demographic
data, biochemical analyses data and surgery associated data of these patients were recorded and
compared between DVT progression group and no progression group. Multivariate analysis was adopted
to identify the predictors of DVT progression after spine surgery.

Results: The incidence of DVT progression after spine surgery was 24.5%. Symptomatic pulmonary
embolism (PE) was detected in 0.98% of cases but not life-threatening. Comparing with no progression
group, the DVT progression group has signi�cantly higher percentage of high energy trauma, higher
preoperative D-dimer level, more blood loss, higher percentage of intraoperative blood transfusion and
longer operating time. D-dimer ≥ 1.605 mg/L and operating time ≥ 175 min were signi�cantly associated
with DVT progression after spine surgery based on the multivariate analysis. 

Conclusions: For the patients with DVT before spine surgery, the incidence of DVT progression after
surgery is not low. It is still safe for these patients receiving spine surgery when postoperative
anticoagulant treatment and DVT surveillance with ultrasonography can be timely applied. Preoperative
D-dimer ≥ 1.605 mg/L and operating time ≥ 175 min are predictors for DVT progression after spine
surgery.  

Introduction
Deep vein thrombosis (DVT) is one of the major complications of various surgeries including spine
surgery. DVT has aroused great attention for it may be complicated by pulmonary embolism (PE), which
can be fatal for patients. It was reported that approximately 20% to 30% of DVT developed into PE while
50-80% of patients with PE had DVT.[1, 2]{Kakkar, 1969 #285}    

 There's a growing concern about spine surgery related DVT although debates still exist. The incidence of
DVT following spine surgery was reported ranged from 0.3% to 31%,[3-10] varying among different
patient populations and methods of DVT surveillance. The risk factors of DVT after spine surgery may
include advanced age, female, neurological de�cit, overweight, malignancy, hypertension, history of
cerebral infarction, chronic kidney disease, long surgery duration and preoperative D-dimer level et al.[6, 7,
9-12] Chemoprophylactic anticoagulation preoperatively or initiated at early stage postoperatively was
advocated by some researchers for reducing the incidence of DVT, although the risk of epidural
hematoma was widely concerned.[13-15] The incidence and risk factors for preoperative DVT of patients
with spinal disease have also been investigated in several studies.[5, 16-18] However, for patients with
DVT preoperatively, no study has focused on the correlation between DVT progression and surgery. It is
still unclear how the spine surgery affects the prognosis of DVT; what are the risk factors of DVT
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progression after spine surgery; what is the role of preoperative chemoprophylaxis and what is the best
surgical timing for giving consideration of both surgical results and safety?       

 The aim of this study was therefore to investigate the incidence of DVT progression after spine surgery
and identify the risk factors which may predict the DVT progression. 

Materials And Methods
Study population 

  Since February 2017, lower extremity ultrasonography was routinely performed both preoperatively and
postoperatively (within 48 hours after surgery) for all patients in our spine center. The clinical data of
patients with preoperative DVT were retrospectively reviewed from February 2017 to March 2021. The
exclusion criteria were as follows: 1. Preoperative PE; 2. Conservative treatment; 3. Missed
ultrasonography examination after surgery; 4. Missed other clinical data. 5. Lost to follow-up. Finally, 204
patients were included in this study (7340 patients with spine surgery in our institute were reviewed). All
the patients were followed-up for at least one month after surgery and had re-examination of
ultrasonography regularly. Computer tomography pulmonary angiography (CTPA) was performed if the
patient had breathing di�culty or low oxyhemoglobin saturation. DVT progression after surgery was
de�ned as the extension or new onset of the embolized vessel or symptomatic PE. Based on this, 50
patients were divided in to the DVT progression group (18 male, 32 female, mean age of 66.7 ± 10.7)
while 154 patients in the no progression group (57 male, 97 female, mean age of 68.2 ± 9.9). 

Human subjects are involved in our study. The procedures are in accordance with the ethical standards of
the Helsinki Declaration and have been approved by local ethical committee. All subjects have given
informed consent to participate in this study. The personal information of the participants in this study
was anonymized and deidenti�ed before analysis.     

Clinical data

  Extensional demographic data for each subject was collected as follow: gender, age, BMI, embolized
vessel diameter, varix of lower limbs, arteriosclerosis of lower limbs, paralysis of lower limbs, preoperative
non-ambulatory time, time from DVT to surgery, preoperative anticoagulation time, high energy trauma,
smoking, hypertension, diabetes, cerebral infarction, myocardial infarction.  

Biochemical analyses data for each subject was recorded as follow: D-dimer, thrombin time, activated
partial thromboplastin time, �brinogen, blood platelet, total cholesterol, high-density lipoprotein, low-
density lipoprotein. If multiple biochemical tests were done before surgery, the value of the last time was
recorded.  

Surgery associated data for each subject was collected as follow: preoperative diagnosis, surgical
procedure, surgical level, operative position, anesthesia, minimal invasive surgery, implant usage, bone
cement, blood loss, intraoperative blood transfusion, operating time.  
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Statistical analysis

  The extensional demographic data, biochemical analyses data and surgery associated data were
compared between DVT progression group and no progression group. All measurement data was
presented as the mean ± SD (standard deviation) while all categorical data was presented as percentage.
The Independent-Samples T test was used to assess normally distributed variables, the Mann-Whitney U
test was used for non-normally distributed variables, and the Chi-square test or Fisher’s Exact test was
used for categorical variables. P values   0.05 was considered as statistically signi�cance. 

ROC analysis was used to examine the usefulness of any measurement factor with statistically
signi�cance for the prediction of DVT progression. The cut-off values were also determined as the
category basis for further multivariate analysis. All factors with P values less than 0.05 in univariate
analysis were then included in stepwise multivariate analysis (logistic regression) for identifying
predictors of DVT progression after spine surgery. P values  0.05 was considered as statistically
signi�cance. 

All statistical analysis and calculations were performed using SPSS 25.0. 

Results
The types of diagnosis and surgical procedures of all patients included in this study were summarized in
the Table 1. The operation site of 43 cases was in the cervical spine, 72 cases in the thoracic spine and
89 cases in the lumbar spine. Of 204 patients in this study, 4 patient had proximal DVT (in the popliteal
vein or proximally) and the remaining had distal DVT (localized distal to the popliteal vein); 79 patients
had bilateral DVT and the remaining had unilateral DVT; 3 patients had symptomatic DVT and the
remaining were asymptomatic. All cases had consultation with vascular surgeons before spine surgery
and inferior vena cava (IVC) �lter was inserted for 7 patients. After surgery, DVT progression was detected
in 50 cases out of 204 cases (24.5%), symptomatic PE was detected in 2 cases (0.98%) but not life-
threatening. Postoperative anticoagulant treatment with low molecular heparin was normally initiated in
48 hours after surgery whenever DVT progression or not. If the patients had contraindication of
anticoagulation or high risk of epidural hematoma, the anticoagulant treatment was delayed. There was
one case of epidural hematoma postoperatively and received revised surgery.     

  The extensional demographic data, biochemical analyses data and surgery associated data were
compared between DVT progression group and no progression group. As shown in Table 2-4, comparing
with no progression group, the DVT progression group had signi�cantly higher percentage of patients
with high energy trauma (42% vs. 26.6%, P = 0.04); higher preoperative average D-dimer level (4.3 ±
4.6 mg/L vs. 2.9 ± 3.9 mg/L, P = 0.037); more blood loss (162 ± 226.6 mL vs. 89.5 ± 106.9 mL, P =
0.035); higher percentage of intraoperative blood transfusion (10% vs. 1.9%, P = 0.023) and
longer operating time (110.1 ± 63.6 min vs. 90.2 ± 49.6 min, P = 0.023). For the remaining factors, there
was no signi�cant difference between the two groups.  
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  Based on the ROC analysis (Figure 1), D-dimer for the diagnosis of DVT progression had a sensitivity of
72.0% and an area under the curve (AUC) of 0.624. The cut off value was 1.605 mg/L. Blood loss for the
diagnosis had a sensitivity of 32.0% and an AUC of 0.600. The cut off value was 190 mL. Operating time
for the diagnosis had a sensitivity of 18.0% and AUC of 0.579. The cut off value was 175 min.  

   Five potential risk factors predicting DVT progression based on the univariate analysis were further
analyzed by the logistic regression model. As shown in Table 5, only the D-dimer (≥ 1.605 mg/L) and
operating time (≥ 175 min) were signi�cantly associated with DVT progression after surgery (P = 0.001
for both factors).   

Discussion
  In a recent decade, great attention has been paid on the correlation between DVT and surgery, especially
for the effect of surgery on the DVT occurrence. Just like injury, surgery will also induce hypercoagulation
state of patients or make damage to the blood vessels directly. When general anesthesia performed,
intraoperative muscle relaxants may result in venous stasis. For spine surgery, prone position is the most
common position which may result in compression of the blood vessels in the groin and affecting the
venous drainage of the lower limbs.[19] Bone cement usage in some spine surgery may also induce
hypercoagulation state of patients.[20, 21] Collectively, patients undergoing spine surgery will take a risk
of having DVT after surgery. However, for patients with DVT before spine surgery, little is known about
how the surgery affects the DVT prognosis precisely, how the safety of the surgery for these patients,
what is the best surgical timing and what are risk factors predicting DVT progression after surgery. This
research was therefore carried out aiming to answer above clinical questions. 

  Based on the results of this study, the overall incidence of DVT progression after spine surgery is 24.5%.
This incidence is not low. However, only two patients (0.98%) had symptomatic PE following the surgery
and not life-threatening. All patients in this case series received anticoagulant treatment as early as
possible after surgery depending on the risk of the epidural hematoma. There was no case of DVT steady
worsening or death occurred in this study. It is still safe for the patients with preoperative DVT receiving
spine surgery while postoperative anticoagulant treatment and DVT surveillance with ultrasonography
can be timely applied. 

  D-dimer level has been widely advocated as a risk factor for DVT occurrence both preoperatively and
postoperatively in the literature.[6, 8, 18, 22] For the patients who already had DVT before surgery, lower D-
dimer level normally means old or mild thrombosis which will not easily grow worse. By contrast, the
higher D-dimer level normally means fresh or active thrombosis. The subsequent spine surgery may
exacerbate DVT more frequently. In this study, higher preoperative D-dimer level was also signi�cantly
associated with DVT progression after surgery both in univariate analysis and multivariate analysis. The
cut off value of D-dimer for prediction of DVT progression was 1.605 mg/L. It is similar to the D-dimer
value for prediction of DVT occurrence in other reports (1.4 mg/L in Ikeda’s research[8] and 1.81 mg/L in
Wang’s research[18]). Besides, the D-dimer for prediction had a fair sensitivity of 72.0% but a low
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speci�city of 53.9%. That means D-dimer < 1.605 mg/L for prediction of DVT not progression is more
reliable than D-dimer ≥ 1.605 mg/L for prediction of DVT progression.  

  Based on the multivariate analysis, operating time is another risk factor for DVT progression after spine
surgery. This is a comprehensible result because longer surgical time usually correlates with advanced
surgical trauma and induces severer systemic stress response, followed by advanced hypercoagulation
state of patients and contributing to DVT progression. Several studies also con�rmed the longer
operating time was associated with DVT occurrence after spine surgery.[7, 13]     In our study, comparing
with the operating time of less than 175 min, advanced operating time (≥ 175 min) results 9.567
fold increase in the risk of DVT progression. As a predictor, the operating time had a very high speci�city
of 97.4% but a very low sensitivity of 18.0%. That means operating time is valuable for prediction of DVT
progression (≥ 175 min) but not for prediction of DVT no progression. 

  Intraoperative blood loss and blood transfusion as well as high energy trauma were signi�cantly
associated with DVT progression in the univariate analysis but not in the multivariate analysis. These
three factors are all responsible for hypercoagulation state of patients and may contribute to DVT
progression. The negative results in the multivariate analysis may be attributed to the sample size is still
not large enough. Besides, the effect of high energy trauma may not always last long enough to induce
DVT progression after surgery. 

  Operative position (supine/lateral/prone) is another potential risk factor for DVT progression. Because
differ to supine or lateral position, prone position may result in compression of the blood vessels in the
groin and affecting the venous drainage of the lower limbs. Based on our results, there are 49 out of 188
patients (26.1%) with prone position had DVT progression while only one out of 16 patients (6.3%) with
supine/lateral position had DVT progression. However, there is still no signi�cant difference according to
the statistical analysis. The small amount of patients with supine/lateral position in this case series may
be an important reason.   

Age has been identi�ed as an important risk factor for DVT occurrence after spine surgery in several
studies.[6, 13] However, there is no signi�cant difference of the average age between DVT progression
group and no progression group in this study. It should be noted that normally elder patients had
preoperative DVT who were included in this study (66.7 years and 68.2 years for DVT progression group
and no progression group, respectively). By contrast, the average age reported in other studies (most
participants did not have preoperative DVT) are less than 55 years.   

It is surprising that the minimal invasive surgery is not signi�cant associated with lower risk of DVT
progression. For all patients with minimal invasive surgery, there is still 15 out of 71 patients (21.1%) had
DVT progression. It seems not necessary to choose minimal invasive surgery as far as possible when
consideration of minimizing the risk of DVT progression. However, most of the minimal invasive surgery
in this study is percutaneous kyphoplasty (PKP). It has been reported that the average hidden blood loss
of PKP was 282 ± 162 mL which was underestimated before.[23] The bone cement usage in PKP
procedure may also induce hypercoagulation state of patients.[20, 21] Although the bone cement usage



Page 7/14

was not identi�ed as a risk factor for DVT progression in this study, the bone cement was mostly used in
the PKP procedure and rarely used in other open surgeries.  

 As old DVT is usually stable and dose not easily progresses or contribute to PE. It is supposed that the
delayed surgery is bene�cial to reduce the risk of DVT progression after surgery. However, the time from
DVT detection to surgery was not found to be signi�cantly different between the DVT progression group
and no progression group in this study (5.1 days vs. 4.4 days). In view of the fact that our study is
retrospective but not prospective, the patients with advanced DVT or severer injury may prone to receive
delayed surgery. It may affect the accuracy of the results. Anyhow, the time from DVT detection to spine
surgery still can’t be identi�ed as an important factor while consideration of the surgical timing, especially
for those patients with neurological impairment who need operation of neural decompression as soon as
possible. By contrast, preoperative D-dimer level should be an important basis for making the decision of
the surgical timing.   

Chemoprophylactic anticoagulation for reducing the incidence of DVT after spine surgery has been
proved in some studies.[13-15, 24, 25] Nevertheless, some researches didn’t advocate the effect of
chemoprophylaxis and concerned the risk of epidural hematoma.[6, 24] Usage of anticoagulant drug
such as low molecular heparin for treating DVT has been widely accepted. However, if it is necessary and
how long to use anticoagulant drug preoperatively for controlling DVT progression? Especially for
patients with high level of D-dimer, the anticoagulant treatment and delayed surgery are normally
bene�cial for lowering D-dimer, and may further lowering the risk of DVT progression. Based on our
results, there was still no difference of preoperative anticoagulation time between the DVT progression
group and no progression group. Maybe the usage of anticoagulant drug in most cases of our study was
not long enough to have effect on the controlling of DVT progression (except for the cases without
anticoagulant, average 4.2 and 4.0 days in the two groups, respectively). However, longer-time
anticoagulant treatment preoperatively may increase intraoperative bleeding or not be permitted in some
cases of emergency surgery. At least by now, there is still absent evidence that preoperative
chemoprophylactic anticoagulation is bene�cial for reducing the risk of DVT progression after surgery. 

Ultrasound detection for DVT has been widely advocated in clinical practice and most researches
focusing on DVT. However, the false positives and negatives while using ultrasound for DVT detection
have also been reported. A meta-analysis concluded ultrasound for whole-leg DVT had a pooled
sensitivity of 59% and a pooled speci�city of 95%.[26] That means ultrasound for DVT had a relative high
rate of false negative but low rate of false positive. For our study, the incidence of preoperative DVT and
DVT progression postoperatively may be underestimated due to the false negative. Nevertheless, it still
has a high accuracy for the risk factors of DVT progression, because the false positive is low.   

Conclusions
For the patients with DVT before spine surgery, the incidence of DVT progression after surgery is not low
(24.5%). It is still safe for these patients receiving spine surgery when postoperative anticoagulant
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treatment and DVT surveillance with ultrasonography can be timely applied. D-dimer ≥ 1.605 mg/L and
operating time ≥ 175 min are predictors for DVT progression after spine surgery. Delayed surgery and
preoperative chemoprophylactic anticoagulation are ineffective in reducing the risk of DVT progression.
D-dimer level can be an indicator while consideration of the surgical timing for these patients with
preoperative DVT. Future prospective researches with larger study sample or selective spine surgery are
needed for verifying the correlation between postoperative DVT progression and other risk factors, such
as age, high energy trauma, intraoperative blood loss, operative position and so on.
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Table 1. Types of diagnosis and surgical procedures    
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Diagnosis  Surgical procedures

Cervical spine 43    

  Spondylotic myelopathy 25 Laminoplasty   34

  Spinal cord injury 11 Posterior fusion 9

  OPLL 7 Anterior fusion 6

  Fracture/dislocation 6 Posterior atlantoaxial fusion 3

  Atlantoaxial subluxation 3    

  Spondylotic radiculopathy 1    

Thoracic spine 72    

  Fracture/dislocation 65 PKP 32

  Tumor 5 Fracture reduction and �xation   29 

  OLF 2 Posterior neural decompression 22

     Posterior fusion 13

    Tumor resection 5

    OLF resection 2

    Removal of internal �xation  2

    Lateral fusion 2

Lumbar spine 89    

  Fracture/dislocation 39 TLIF 33

  Canal stenosis 25 PKP 24

Disc herniation 22 Endoscopic surgery 13

  Spondylolisthesis 9 Fracture reduction and �xation 11

  Infection  2 Lateral fusion  1

  Tumor 1 Removal of internal �xation 4

    Tumor resection 1

    Posterior neural decompression 44

OPLL: Ossi�cation of posterior longitudinal ligament; 

OLF: Ossi�cation of ligamentum �avum; 

PKP: Percutaneous kyphoplasty; 
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TLIF: Transforaminal lumbar interbody fusion. 

Table 2. Extensional demographic data of the two groups

Variable DVT progress (+)

 (n=50)

DVT progress (-)

(n=154)

P value

Sex (male/female) 18/32 57/97 0.897

Age (years) 66.7 ± 10.7 68.2 ± 9.9 0.373

BMI 23.5 ± 3.3 23.0 ± 3.2 0.490

Embolized vessel diameter (mm) 6.8 ± 2.1 6.7 ± 2.1 0.653

Varix of lower limbs 22 (44%) 56 (36.4%) 0.334

Arteriosclerosis of lower limbs 10 (20%) 22 (14.3%) 0.334

Paralysis of lower limbs 13 (26%) 29 (18.8%) 0.326

Preoperative non-ambulatory time (days) 4.3 ± 7.8 4.4 ± 15.7 0.982

Time from DVT to surgery (days) 5.1 ± 4.2 4.4 ± 3.7 0.256

Preoperative anticoagulation time (days) 1.9 ± 2.6 2.1 ± 2.7 0.739

High energy trauma 21 (42%) 41 (26.6%) 0.040*

Smoking 4 (8%) 14 (9.1%) 0.813

Hypertension 19 (38%) 59 (38.3%) 0.969

Diabetes 7 (14%) 28 (18.2%) 0.496

Cerebral infarction 1 (2%) 8 (5.2%) 0.339

Myocardial infarction 1 (2%) 0 (0%) 0.079

DVT=Deep vein thrombosis; BMI=Body Mass Index. 

The Independent-Samples T test was used to assess normally distributed variables, the Mann-
Whitney U test was used for non-normally distributed variables, and the chi-square test or Fisher’s
Exact test was used for categorical variables. *statistically signi�cant difference (P < 0.05).  

Table 3. Biochemical analyses data of the two groups
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Variable DVT progress (+)

 (n=50)

DVT progress (-)

(n=154)

P value

D-dimer (mg/L) 4.3 ± 4.6 2.9 ± 3.9 0.037*

TT (seconds) 13.6 ± 1.0 13.4 ± 0.9 0.294

APTT (seconds)  36.6 ± 3.9 37.1 ± 4.7 0.495

FIB (g/L) 4.0 ± 0.9 3.9 ± 1.3 0.307

Blood platelet (×109/L)  248.8 ± 121.2 228.9 ± 79.3 0.287

TC (mmol/L) 5.2 ± 1.4 5.0 ± 1.2 0.366

HDL (mmol/L) 1.2 ± 0.4 1.1 ± 0.3 0.100

LDL (mmol/L) 2.9 ± 1.1 2.8 ± 0.8 0.652

DVT=Deep vein thrombosis; TT=Thrombin time; APTT= Activated partial thromboplastin time;
FIB=Fibrinogen; TC=Total cholesterol; HDL=High-density lipoprotein; LDL= Low-density lipoprotein

The Independent-Samples T test was used to assess normally distributed variables and the Mann-
Whitney U test was used for non-normally distributed variables. *statistically signi�cant difference (P
< 0.05).  

Table 4. Surgery associated data of the two groups

Variable DVT progress (+)

 (n=50)

DVT progress (-)

(n=154)

P value

Level (cervical/thoracic/lumbar spine) 8/25/17 35/51/68 0.099

Operative position (supine/lateral/prone) 0/1/49 7/8/139 0.235

Anesthesia (general/local anesthesia) 40/10 116/38 0.498

Minimal invasive surgery 15 (30%) 56 (36.4%) 0.412

Implant usage 44 (88%) 135 (87.7%) 0.950

Bone cement 16 (32%) 49 (31.8%) 0.981

Blood loss (mL)  162 ± 226.6 89.5 ± 106.9 0.035*

Intraoperative blood transfusion 5 (10%) 3 (1.9%) 0.023*

Operating time (minutes) 110.1 ± 63.6 90.2 ± 49.6 0.023*

DVT=Deep vein thrombosis. 

The Independent-Samples T test was used to assess normally distributed variables, the Mann-
Whitney U test was used for non-normally distributed variables, and the chi-square test or Fisher’s
Exact test was used for categorical variables. *statistically signi�cant difference (P < 0.05).  
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Table 5. Logistic regression analysis of the risk factors predicting DVT progress

Variable P value Odds ratio 95% CI

D-dimer  0.001* 3.290 1.579 ~ 6.852

Operating time 0.001* 9.567 2.640 ~ 34.679

DVT=Deep vein thrombosis. 

“P < 0.05” was adopted as the enter criterion in each forward stepwise analysis. *statistically
signi�cant difference (P < 0.05).  

Figures

Figure 1

ROC curves and statistical results of three predictors: (a) preoperative D-dimer, (b) blood loss, (c)
operating time. 


