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Introduction

Deep venous thrombosis (DVT) is a venous return disorder 
caused by abnormal coagulation of blood in the deep 
venous system and is a common complication after 
surgery. The main hazard of DVT is acute stage thrombus 

shedding, which can cause a pulmonary embolism (PE) 
and acute respiratory distress syndrome when the 
blood flow blocks the pulmonary artery. An average 
incidence of DVT of 24 percent was found among 474 
untreated control neurosurgical patients.[1] However, 
based on the current literature, the incidence of DVT 
varies in patients with different diseases. For example, 
the incidence of DVT is 1.5–18% and 32% in patients 
with a subarachnoid hemorrhage and in patients with a 
brain tumor, respectively.[2,3] In addition, the incidence 
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of DVT after craniotomy has been reported to be as 
high as 50%, and using a threshold of 2 mg/L, D‑dimer 
levels indicate venous thromboembolism with a high 
degree of sensitivity and specificity in patients who have 
undergone craniotomy.[4] The present study prospectively 
investigated the DVT incidence of neurosurgical patients 
after surgery and analyzed the main risk factor of DVT 
to help avoid this lethal complication in the future.

Materials and Methods

Study objective
After approval by the Zhengzhou University’s Ethics 
Committee, a single‑center prospective study was 
carried out at the First Hospital Affiliated of Zhengzhou 
University from July 2012 to December 2013. The study 
included 196 patients who underwent surgical treatment 
at our hospital. Of the196 patients, 97 were male (49.5%) 
and 99 were female (50.5%) and their age ranged from 
10 to 84 years. The mean age was 54.24 ± 14.07 years. 
There were 61  cases of lower extremity DVT after 
surgery, including 31 male (50.8%) and 30 female (49.2%) 
patients who ranged from 21 to 83 years of age, with 
a mean of 55.38  ±  13.21  years. Lower extremity DVT 
was excluded before surgery for all patients by color 
Doppler ultrasound examination, and no patients 
had a history of DVT. Postoperative lower extremity 
DVT was treated with nursing measures in all cases 
and medications and interventional therapy in some 
cases. The nursing measures included affected limb 
immobilization, elevation, and avoidance of kneading, 
etc. For the medications, low molecular weight heparin 
anticoagulant therapy  (once daily subcutaneous 
injections of 4000 IU of low molecular weight heparin 
with calcium) was administered in 18  cases  (29.5%) 
to promote blood circulation to remove blood stasis, 
and plasma volume expansion treatment (vinpocetine, 
low molecular weight dextran, etc.,) was administered 
in 40  cases  (65.6%). While medications were being 
administered coagulation and platelet functions were 
monitored. The interventional therapy of inferior vena 
cava filter placement was performed in 3 cases (4.9%).

Deep venous thrombosis diagnostic criteria
According to the Diagnosis and Treatment Guide of 
DVT created previously.[5,6] The diagnosis of DVT 
should be confirmed through auxiliary examinations, 
including Doppler ultrasound, plasma D‑dimer, 
confidential interval venography, magnetic resonance 
imaging venography and angiography, etc. The 
Doppler ultrasound diagnostic points of DVT are 
as follows:  (1) The probe pressurized venous lumen 
is not completely closed;  (2) the diameter of the 

embolization segment vein widens obviously, and the 
thrombosis echo within the lumen has varying degrees 
of intensity; (3) color Doppler ultrasound provides color 
flow imaging during embolization that indicates that the 
vein is thinned or that there is no blood flow; (4) pulse 
Doppler shows no blood spectrum in the thrombus 
segment, and the blood spectrum of the distal thrombus 
does not change with respiration; and (5) Valsalva test 
is abnormal.

Research methods
Lower extremity color Doppler ultrasound examinations 
and plasma D‑dimer determinations were carried out 
in all selected patients on days 3, 7, and 14 after the 
operation. Color Doppler ultrasound assessment was 
performed using a Toshiba Aplio XG color Doppler 
ultrasound diagnostic apparatus, which has a probe 
frequency of 3–12 MHz, to examine the following 
deep veins of the lower extremities: Common femoral 
vein  (CFV), superficial femoral vein  (SFV), deep 
femoral vein  (DFV), popliteal vein  (PV), anterior 
tibial vein (ATV), posterior tibial vein (PTV), peroneal 
vein (PEV), and calf muscle vein (CMV). Plasma D‑dimer 
examinations were performed using a Beckman ACL 
TOP 700‑type automatic coagulation analyzer and the 
immune turbidimetry method, with reference values of 
0–0.5 mg/L.

Data collection
The patients were divided into a thrombus and control 
group based on whether they experienced a DVT. For 
this study, the occurrence or absence of lower extremity 
DVT was the dependent variable, and gender, age, 
hypertension, coronary heart disease, diabetes, smoking 
status, drinking status, operative time, a long‑term 
bedridden or paralyzed state, the presence of a tumor, 
and the application of dehydration drugs and hormones 
after surgery were independent variables that may have 
affected the incidence of postoperative DVT in these 
neurosurgical patients [Table 1].

Statistical methods
The data are presented as the means  ±  standard 
deviations  (x

_
 ± s), and comparisons between two 

groups were performed using the t‑test with statistically 
significant differences being indicated by a P < 0.05. The 
risk factor analysis involved a Chi‑square test for the 
univariate analysis to screen for factors with statistical 
significance, and then a dichotomous multivariate 
logistic regression analysis for the multivariate analysis. 
For both the univariate and multivariate analyses, 
statistically significant differences were indicated by a 
P < 0.05. This was used to identify risk factors of lower 
extremity DVT after neurosurgery.
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Results

Clinical symptoms and signs of deep venous thrombosis
In this study, 61  patients  (31.1%) experienced lower 
extremity DVT after surgery, including 37  (60.7%) 
asymptomatic and 24 symptomatic cases (39.3%). The 
most common symptom was limb swelling  (20  cases, 
83.3%) [Figure 1], followed by lower limb pain (16 cases, 
66.7%); and then increased local soft tissue tension (11 cases 
45.7%). Seven patients (29.2%) experienced all three of 
these symptoms simultaneously. A  few patients had 
other DVT symptoms, such as a change in skin color, an 
increase in muscular tension, superficial vein distension, 
etc. Only 12  patients  (50%) exhibited clinical signs of 
DVT, either Homan’s sign or Neuhof’s sign.

The distribution of deep venous thrombosis
For the 61 lower extremity DVT patients, the color 
Doppler ultrasound results showed that 38  patients 
had a thrombus in the left lower limb (62.3%), 14 had 
a thrombus in the right lower limb (23.0%), and 9 had 
thrombi in both lower limbs (14.8%). The affected veins 
were as follows: CFV, 2 cases (3.3%); SFV, 5 cases (8.2%); 
DFV, 3 cases (4.9%); PV, 6 cases (9.8%); ATV, 4 cases (6.6%); 
PTV, 11 cases (18.0%); PEV, 24 cases (39.3%); and CMV, 
52 cases (85.2%) [Figure 2].

The univariate and multivariate analyses of factors 
affecting deep venous thrombosis after neurosurgery
The univariate analysis results showed statistically 
significant differences between the thrombus group 

and control group in age, hypertension, smoking status, 
operative time, a long‑term bedridden or paralyzed state, 
the presence of a tumor, the postoperative application 
of dehydration drugs and hormones, and other 
factors (P < 0.05) [Table 2]. The multivariate analysis and 
dichotomous multivariate logistic regression analysis 
were performed on the above factors, and we concluded 
that an age greater than 50  years, hypertension, a 
long‑term bedridden or paralyzed state, the presence of a 
tumor, and the postoperative application of dehydration 
drugs are risk factors for lower extremity DVT after 
neurosurgery [Table 3].

Analysis of plasma D‑dimer detection values
The plasma D‑dimer detection values of the thrombus 
group before surgery and at 3, 7, and 14  days after 
surgery were  (0.34  ±  0.11),  (5.73  ±  2.19),  (3.91  ±  2.01), 
and  (2.37  ±  1.18) mg/L, respectively. Those values 
for the control group at the corresponding times 
were (0.26 ± 0.19), (3.92 ± 1.05), (1.36 ± 0.92), and (1.14 ± 0.76) 
mg/L, respectively (P < 0.05) [Table 4].

Discussion

In neurosurgical patients, lower extremity DVT is a 
life‑threatening complication. Taniguchi et al. reported 
an incidence of PE in neurosurgical patients with DVT 
of 60%;[7] moreover, DVT may lead to a PE, which is 
lethal in up to 50% of affected neurosurgical patients.[8,9] 
The rate of lower extremity DVT after neurosurgery 
was 31.1% in our series. In the present study, there are 
several striking clinical features obtained from our 
series of 196 consecutive patients:  (1) 60.7% of lower 
extremity DVTs were asymptomatic and only 39.3% of 
DVTs were symptomatic.  (2) The most common DVT 
symptom was swelling of the affected limb. In addition, 
pain and increasing soft tissue tension were other 
common clinical symptoms of lower extremity DVT after 
neurosurgery. (3) The main signs of lower extremity DVT 
include Homan’s sign and Neuhof’s sign. (4) The most 
common age of patients involved in DVT ranged from 
51 to 60 years. (5) There were no pulmonary emboli or 
cases of sudden death after administering aggressive 
treatment.

There are many reports of a higher incidence rate of left 
lower extremity DVT than right lower extremity DVT.[10] 
In this study, the side distribution of lower extremity 
thrombosis was consistent with previous reports; for 
61 lower extremity DVT patients, the locations of the 
DVTs were predominantly in the left lower extremity. 
In addition, we found that the thrombosis position of 
neurosurgical patients, who had postoperative lower 

Table 1: The factors related to lower extremity DVT in 
neurosurgical patients
Factor Variable name Assignment
Gender X1 Female=0, 

male=1
Age X2 <50 years old=0, 

older than 50=1
Hypertension X3 No=0, yes=1
Coronary heart disease X4 No=0, yes=1
Diabetes X5 No=0, yes=1
Smoking status X6 No=0, yes=1
Drinking status X7 No=0, yes=1
Operative time X8 <3 h=0, more 

than 3 h=1
Long-term bedridden or 
paralytic state

X9 No=0, yes=1

Presence of a tumor X10 No=0, yes=1
Postoperative application 
of dehydration drugs

X11 No=0, yes=1

Postoperative application 
of hormone

X12 No=0, yes=1

Lower extremity DVT Y Not occur=0, 
occur=1

DVT: Deep venous thrombosis
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extremity DVT with paralysis, almost exclusively 
occurred in paralyzed limbs, and acroparalysis is 
associated with blood flow slowdown and blood stasis. 
We also found that the most common sites of venous 
involvement were the calf muscular vein, PEV and PTV. 
After analyzing 317 patients with DVT, Kamphuisen and 
Agnelli[11] found that 60% of patients had calf venous 
thrombosis, and DVTs were most commonly located in 
the gastrocnemius venous plexus (38.5%). In our study, 
the most commonly affected veins of the lower extremity 
DVT patients were located in the distal lower extremities, 
predominantly the calf muscular venous plexus. This 

occurred because venous blood flows slowly in the 
distal lower extremities; thus, factors, such as braking 
in bed, cause the muscle pump function to weaken or 
disappear, which can easily result in calf venous blood 
stasis and DVT.

In a study of 443  patients receiving craniotomy, 
Macdonald et al.[12] identified the following risk factors 
of postoperative lower extremity DVT: Postoperative 
limb paralysis, long‑term Intensive Care Unit treatment, 
prolonged hospitalization, a long‑term postoperative 
bedridden state, a delay in returning to activity, etc. 
In our study, the multivariate logistic regression 
analysis showed that an age >50 years is a risk factor of 
postoperative lower extremity DVT for neurosurgical 
patients, because the increase in underlying diseases and 
the decrease in exercise also increase the incidence rate of 
DVT.[2] Another risk factor for the development of lower 
extremity DVT is hypertension, which is an increase 
in vessel wall pressure leading to angiosclerosis and 
intima injury. A long‑term bedridden or paralyzed state 
is another major risk factor for DVT after neurosurgery 
that was found in the present series. In this study, 
among 61 patients with postoperative lower extremity 
DVT, 48  (78.7%) were in a long‑term bedridden or 
paralyzed state. Lower extremity paralysis can weaken 
the squeezing action of muscle contraction on deep veins; 
this hinders venous return and generates blood stasis.[13] 
In our practice, some neurosurgical patients may involve 

Figure 2: Bar graph showing the vein segment involved in deep venous 
thrombosis after craniotomy

Figure 1: Preoperative contrast-enhanced T1MRI showing tuberculum sellae meningioma on axial (a) and sagittal (b) planes; postoperative 
contrast-enhanced T1MRI showing complete resection at 3 days after operation on axial (c) and sagittal (d) planes. The left lower extremity 
swelling occurred at 7 days (e), and color Doppler ultrasound detected deep venous thrombosis in common femoral vein, superficial vein and 
deep femoral vein (f)
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frontal sinus opening or traumatic skull base fractures, 
which require long‑term bed rest to prevent cerebrospinal 
fluid leakage; this makes it easy for limb muscle strength 
weakness and paralysis to occur. Consequently, the DVT 
risk factor of long‑term bedridden or paralyzed states 
needs to be given adequate attention. Additionally, 
the presence of a tumor was another important risk 
factor for the occurrence of lower extremity DVT after 
neurosurgery. Many studies have shown found that 
the incidence rate of DVT and PE in patients with brain 
tumors is higher than for other neurosurgical diseases,[14] 
the reasons is due to an imbalance in coagulation and 
anticoagulation systems, increasing the risk of lower 
extremity DVT.[15] Specifically, brain tumors have been 
found to inhibit plasmin release, increase thromboplastin 
release, increase platelet aggregation, and enhance 
coagulation.[16]

In addition to the above risk factors of lower extremity 
DVT after neurosurgery observed in this study, there 
were some other factors that may be associated with the 
occurrence of DVT. Smoking can oxidize low‑density 
lipoproteins, increase blood viscosity, and promote 
platelet activation.[17] In the univariate analysis of this 
study, smoking status was significantly different between 
the thrombus group and the control group; however, 
this difference was not significant by the multivariate 
regression analysis. Second, gestation may be a risk 
factor of DVT. This study population included 2 patients 
that had undergone a cesarean section; they received 
operative treatment due to traumatic brain injury and 
glioma, respectively, and both experienced DVT after 
surgery. This may be associated with the increase of 
coagulation factors during pregnancy, and related 
mechanisms require further study. Third, hyperlipemia 
may be a risk factor of DVT, because significantly higher 
blood lipid levels have been reported in DVT patients 
as compared to a normal group.[7] Fourth, infection 
is another possible risk factor for DVT. Infection can 
directly damage the vascular intima and also can release 
a variety of inflammatory mediators, which can activate 
the extrinsic coagulation system, causing coagulation 
abnormalities and promoting the development of DVT.[18]

Previous studies have shown excessive D‑dimer level 
was considered to be a risk factor of thromboembolic 
disease after spinal surgery.[19,20] The present study 
found that D‑dimer level was closely associated with the 
development of DVT after craniotomy. The peak plasma 
D‑dimer level occurred on the 3rd day after craniotomy, 
and the mean plasma D‑dimer level gradually decreased 
from 3 to 14 days after surgery. This phenomena was 

Table 2: The univariate analysis of factors related to 
lower extremity DVT
Related factors Control 

group
Thrombus 

group
χ2 P

Gender
Female 69 30 0.063 0.802
Male 66 31

Age
<50 years old 64 16 7.801 0.005*
>50 years old 71 45

Hypertension
No 101 30 12.456 0.000*
Yes 34 31

Coronary heart disease
No 118 52 0.171 0.680
Yes 17 9

Diabetes
No 122 53 0.533 0.465
Yes 13 8

Smoking status
No 109 40 5.302 0.021*
Yes 26 21

Drinking status
No 123 54 0.321 0.571
Yes 12 7

Operative time
<3 h 70 20 6.150 0.013*
>3 h 65 41

Long-term bedridden or 
paralytic state

No 79 13 23.353 0.000*
Yes 56 48

Presence of a tumor
No 52 6 16.590 0.000*
Yes 83 55

Postoperative application 
of dehydration drugs

No 33 7 4.351 0.037*
Yes 102 54

Postoperative application 
of hormones

No 49 12 5.417 0.020*
Yes 86 49

*P<0.05. DVT: Deep venous thrombosis

Table 3: Multivariate logistic regression analysis of 
factors influencing lower extremity DVT

B SE P OR 95% CI
Age 1.211 0.483 0.012 3.356 1.303-6.643
Hypertension 1.032 0.396 0.033 1.229 1.051-1.538
Long-term bedridden 
or paralytic state

2.043 0.420 0.000 7.717 3.390-17.569

Presence of a tumor 1.959 0.607 0.000 6.581 3.219-24.786
Postoperative application 
of dehydration drugs

1.157 0.565 0.028 1.429 1.072-3.328

B: Partial regression coefficient, SE: Standard error, OR: Odds ratio, 
CI: Confidential interval, DVT: Deep venous thrombosis
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consistent with the timing of development of DVT, 
because 65.6% of DVTs were detected within 1  week 
after surgery; however, whether D‑dimer level can be 
used as an indicator of DVT requires further exploration 
in future.
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