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Abstract: Objective: To investigate the value of the neutrophil-to-lymphocyte ratio (NLR) and Interleukin 18 (IL-18)
level in patients with deep vein thrombosis after receiving surgery for spinal degeneration; and we explore their sig-
nificance in clinical practice. Methods: This study was conducted in 296 patients who were treated in our hospital
for spinal degeneration. After surgery, these patients were followed up for 1 month. After performing the color Dop-
pler ultrasound examination, patients were divided into the thrombus group (n = 72) and the non-thrombus group (n
= 224) based on the occurrence of deep vein thrombosis. Baseline data, NLR values and IL-18 levels before surgery,
and at 1, 3, 5, and 7 days after surgery were compared between the two groups. Logistic regression analysis was
implemented to analyze the risk factors for postoperative deep vein thrombosis. Patients in the thrombosis group
were allocated to the mild, moderate, and severe group on the basis of the degree of thrombosis. NLR values and IL-
18 levels at 3 days after surgery were compared among the three groups. The correlations between both NLR value
and IL-18 level and the severity of deep vein thrombosis were analyzed with Pearson correlation. Receiver operating
characteristic curve was used to assess the clinical value of NLR value and IL-18 level at 3 days after surgery in
predicting postoperative deep vein thrombosis. Results: There were significant differences concerning age, the his-
tory of diabetes, and obesity between the two groups (all P<0.05). NLR values and IL-18 levels in both groups after
surgery were increased when compared with before surgery (all P<0.01). In addition, NLR values and IL-18 levels
reached a peak at 3 days after surgery. Compared with the non-thrombus group, NLR values and IL-18 levels in the
thrombus group at 1, 3, 5, and 7 days after surgery were increased (all P<0.01). NLR value and IL-18 level in the
thrombosis group at 3 days after surgery were increased with a worsened degree of thrombosis. In other words, both
NLR value and IL-18 level were positively correlated with the degree of deep vein thrombosis. The results of logistic
regression analysis displayed that age >60 years old, body mass index >23 kg/m?, NLR value >4.34%, and IL-18
level >115.71 ng/mL were independent risk factors for postoperative deep vein thrombosis. The results of the ROC
curve showed that the area under curves, which represent the formation of postoperative deep vein thrombosis,
were above 0.7 when using NLR value and IL-18 level at 3 days after surgery (both P<0.001). Conclusion: Compared
with the non-thrombus group, NLR value and IL-18 level in the thrombosis group after receiving surgery for spinal
degeneration are significantly increased. In addition, the more severe the thrombosis is, the higher the NLR value
and IL-18 level at 3 days after surgery. Therefore, NLR value and IL-18 level at 3 days after surgery have certain
clinical value in predicting postoperative deep vein thrombosis and prognosis.
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Introduction

Spinal degeneration is a disease whose essen-
tial manifestation is the chronic hyperplasia
and degeneration of bone and soft tissue struc-
ture and function [1, 2]. Studies have shown
that surgical treatment is required for most
patients with spinal degeneration. However,
some patients are prone to deep vein thrombo-

sis after surgery, seriously affecting the thera-
peutic effect and prognosis [3-5]. At present,
color Doppler ultrasound is regarded as the
gold standard for clinical diagnosis of deep vein
thrombosis. Nevertheless, it is accompanied
with disadvantages like complicated operations
and high testing cost, making it unlikely to be
accepted by patients [6, 7]. Therefore, it is
extremely important and clinically significant to
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explore specific biological indicators. Deep vein
thrombosis is a network response caused by
the body’s inflammatory response, coagulation
function and other factors [3]. Neutrophil-to-
lymphocyte ratio (NLR) is a biomarker produced
by stress stimulators, and has been widely
applied as a biological indicator in the diagno-
sis and treatment of inflammatory diseases
for characteristics like having a stable ratio,
simple operation, and low cost [8]. It was previ-
ously confirmed that the increase of NLR value
was closely correlated with the high mortality
of venous thrombosis [9]. Interleukin 18 (IL-18),
a member of the interleukin family, plays an
important role in the inflammatory response
and immune regulation [10]. However, there are
few previous reports on NLR value and IL-18
level in patients with deep vein thrombosis
after receiving surgery for spinal degeneration;
there is still no unified conclusion about their
value [11, 12]. In this study, we investigate NLR
value and IL-18 level in patients with deep vein
thrombosis after receiving surgery for column
degeneration and explored their clinical signifi-
cance, hoping to provide relevant evidence for
the clinical auxiliary prediction and diagnosis of
deep vein thrombosis in patients undergoing
the surgery for spinal degeneration.

Materials and methods
General information

This prospective study was conducted in 296
patients who were treated in our hospital for
spinal degeneration between January 2017
and January 2020. According to whether post-
operative deep vein thrombosis was observed
or not, these patients were assigned to the
thrombosis group (n = 72) and the non-throm-
bosis group (n = 224). Totally, there were 160
males and 136 females, with an average age of
58.7+12.9 years. Among all patients, 134 had
cervical spondylosis; 74 had lumbar spondylo-
sis; and 91 had thoracic spondylosis. This
study was approved by the Ethics Committee
of our hospital. Patients and their family mem-
bers were aware of the research content and
signed the informed consent.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients had complete
clinical data; (2) patients were diagnosed with
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spinal degeneration by examination such as
X-ray, computed tomography (CT), and magnet-
ic resonance imaging (MRI); (3) patients took
no drugs influencing the fibrinolytic and coagu-
lation systems for six months prior; (4) patients
had not received surgical treatment related to
spinal degeneration one year previously; (5)
and patients had no other serious diseases.

Exclusion criteria: (1) patients had heart, liver,
lung or other dysfunction; (2) patients suffered
from abnormal blood coagulation or autoim-
mune disorders; (3) patients had malignant
tumors; (4) patients had poor compliance; (5)
patients simultaneously participated in other
research; (6) female patients were pregnant or
breastfeeding.

Methods

A 10 mL volume of fasting venous blood (5 mL
in each tube) were collected from all patients
before operation, and at 1, 3, 5, and 7 days
after operation, respectively. The blood in one
tube was employed to detect the NLR value
employing an automatic hematology analyzer
(DxH800, Beckman Coulter Inc., USA). The
blood in the other tube was centrifuged at
3000 r/min for 5 min to separate the serum.
Thereafter, the level of IL-18 was determined
by enzyme linked immunosorbent assay
(ELISA) using multifunctional microplate reader
(Microlab STAR, Hamilton Company, Switzer-
land).

After surgery, patients were followed up for 1
month. After receiving the color Doppler ultra-
sound examination, patients were allocated to
the thrombus group (n = 72) and the non-
thrombus group (n = 224) according to the
occurrence of deep vein thrombosis. Relevant
criteria established by the Vascular Surgery
Group of the Chinese Medical Association
Surgery Branch in 2012 were standards for
the formation of postoperative deep vein
thrombosis [13]. The severity of deep vein
thrombosis was assessed as below. Zero
points: fully compressed vascular cavity; full
blood flow in the vascular cavity; normal spec-
trum morphology. One point: partially com-
pressed vascular cavity; partially filled blood
flow in the vascular cavity; partly normal spec-
trum morphology. Two points: completely un-
compressed vascular cavity; completely miss-
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Table 1. The values of variables in logistic regression

analysis

test. The measurement data were
expressed as mean * standard devia-

Variable

The value of variable

tion (X + sd); t test was used for the

Age <60 years =0, >60 years = 1
Absent =0, present =1

The history of diabetes

BMI (kg/m?) <23=0,223=1
NLR value <4.34% =0, >4.34% =1
IL-18 level <115.71 ng/mL =0, >115.71 ng/mL=1

comparison. Multivariate logistic re-
gression analysis was further per-
formed in indicators with statistical
differences in univariate analysis
results. Pearson correlation analysis
was used to analyze the correlation

Note: BMI: body mass index; NLR: neutrophil-to-lymphocyte ratio; I1L-18:

interleukin 18.

ing blood flow in the vascular cavity; obviously
abnormal spectrum morphology. The scoring
was graded mild, moderate, and severe when
the total score was 1-2 points, 3-4 points, and
over 4 points, respectively [13].

Outcome measures

Main outcome measures: NLR values and IL-18
levels were detected before operation, and at
1, 3, 5, and 7 days after operation. The receiver
operating characteristic (ROC) curve was used
to analyze the clinical value of NLR value and
IL-18 level at 3 days after operation in predict-
ing postoperative deep vein thrombosis.

Secondary outcome measures: Baseline data,
such as age, gender, operation method, opera-
tion time, intraoperative blood loss, posto-
perative in-bed time, the history of drinking,
the history of hypertension, the history of dia-
betes, and body mass index (BMI) were com-
pared between the two groups. Risk factors for
postoperative deep vein thrombosis, which
were displayed in Table 1, were analyzed with a
logistic regression method. Patients were
assigned to the mild, moderate, and severe
group based on the degree of thrombosis. NLR
value and IL-18 level at 3 days after surgery
were compared among the three groups.
Pearson correlation analysis was employed to
analyze the correlation between both NLR
value and IL-18 level and the severity of deep
vein thrombosis.

Statistical methods

All data were analyzed using SPSS statistical
software version 22.0. The enumeration data
were calculated as number/percentage (n/%);
comparison was conducted with chi-square
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between both NLR value and IL-18
level and the severity of deep vein
thrombosis. ROC curve was imple-
mented to analyze the clinical value of NLR
value and IL-18 level at 3 days after operation
in predicting postoperative deep vein thrombo-
sis. The difference was statistically significant
when the P value was less than 0.05.

Results
Baseline data

There were significant differences concerning
age, the history of diabetes, and obesity
between the two groups (all P<0.05, Table 2).

NLR value and IL-18 level

As shown in Table 3, there were no significant
differences concerning preoperative NLR value
and IL-18 level between the two groups (both
P>0.05). Compared with before surgery, NLR
values and IL-18 levels in the two groups after
surgery were increased (both P<0.01). NLR val-
ues and IL-18 levels in both groups reached a
peak at 3 days after surgery, while decreased
at 5 and 7 days after surgery. NLR values and
IL-18 levels in the thrombosis group at 1, 3, 5,
and 7 days after surgery were higher than those
in the non-thrombosis group (all P<0.01).

The results of logistic regression analysis

As displayed in Table 4, age >60 years old, BMI
>23 kg/m?, NLR value >4.34% and IL-18 level
>115.71 ng/mL were independent risk factors
for postoperative deep vein thrombosis.

NLR value and IL-18 level at 3 days after
surgery

As displayed in Table 5, NLR values and IL-18
levels in both the moderate group and the
severe group at 3 days after surgery were high-
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Table 2. Baseline data (X + sd)

Thrombosis Non-thrombosis

Group group (n=72) group (n = 224) X/t P
Age (n) 10.084 0.002
>60 years 31 53
<60 years 41 171
Gender (n) 0.001 0.982
Male 39 121
Female 33 103
Operation method (n) 0.163 0.997
Anterior cervical spine 13 42
Posterior cervical spine 15 48
Combination of the anterior and posterior cervical spine 11 35
Posterior lumbar spine 21 66
Posterior thoracic spine 12 33
Operation time (min) 122.45+21.37 123.57+22.06 0.378 0.706
Intraoperative blood loss (mL) 154.33+34.51 152.58+30.22 0.413 0.680
Postoperative in-bed time (d) 7.2+1.3 7.0+£1.1 1.282 0.201
The history of drinking (n) 0.152 0.697
Present 18 51
Absent 54 173
The history of hypertension (n) 0.081 0.777
Present 16 45
Absent 58 179
The history of diabetes (n) 5.610 0.018
Present 37 80
Absent 35 144
BMI (kg/m?) 15.321 <0.001
>23 29 40
<23 43 184
Note: BMI: body mass index.
Table 3. NLR value and IL-18 level (X + sd)
Time Before 1 d after 3 d after 5 d after 7 d after
surgery surgery surgery surgery surgery
NLR value (%)
Thrombosis group (n = 72) 3.91+1.01 5.68+2.34 9.06+3.51 7.65+3.02 5.33+2.87
Non-Thrombosis group (n = 224) 3.87+0.94 4.54+1.26 5.17+2.74 4.67+1.33 4.34+1.18
T 0.308 3.954 9.721 8.124 2.851
P 0.758 <0.001 <0.001 <0.001 0.006
IL-18 level (ng/ml)
Thrombosis group (n = 72) 98.47+17.45 146.71+33.29  187.421+59.02  171.34+31.75 153.22+29.91
Non-thrombosis group (n = 224) 97.34+19.22 104.98+23.46  115.71+49.66  109.57+24.43 103.31+21.04
T 0.443 9.877 10.165 15.131 13.152
p 0.658 <0.001 <0.001 <0.001 <0.001
Note: NLR: neutrophil-to-lymphocyte ratio; IL-18: interleukin 18.
er than those in the mild group (all P<0.05). and IL-18 level in the severe group at 3 days
Compared with the moderate group, NLR value after surgery were increased (both P<0.05).
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Table 4. The results of logistic regression analysis

Variable B SE Wald P OR 95% Cl
Age (260 years) 0.08 0.04 18.443 <0.001 2.44 1.32-3.37
BMI (23 kg/m?) 0.19 0.16 16.734 <0.001 311 1.65-5.48
NLR value (>4.34%) 0.22 0.09 19.621 <0.001 3421  9.97-58.54
IL-18 level (>115.71 ng/mL) 0.16 0.11 22.358 <0.001  29.86  10.45-44.38

Note: BMI: body mass index; NLR: neutrophil-to-lymphocyte ratio; IL-18: interleukin 18.

Table 5. NLR value and IL-18 level at 3 days after
surgery (X + sd)

tors for postoperative deep vein thrombo-
sis to improve the prognosis and prevent

adverse complications.

Group NLR value (%) IL-18 level (ng/ml)
Mild group (n = 24) 6.03+1.29 155.44+38.21
Moderate group (n =31) 9.11+3.24° 187.28+57.42°
Severe group (n = 17) 12.45+2.022° 224.57+23.58%"
F 34.067 11.648

P <0.001 <0.001

The body’s muscle pump function tends to
decline with aging, while the activity of
coagulation factors increases. After lying
in bed for a long time, it is easy for blood
to accumulate in the veins, increasing the

Note: NLR: neutrophil-to-lymphocyte ratio; IL-18: interleukin 18.
Compared with mild group, ?P<0.05; Compared with moderate
group, °P<0.05.

Table 6. The results of correlation analysis

Variables NLR value (%)  IL-18 level (ng/mL)
r 0.446 0.512
P <0.001 <0.001

Note: NLR: neutrophil-to-lymphocyte ratio; IL-18: interleu-
kin 18.

The results of correlation analysis

Both NLR value and IL-18 level in the thrombo-
sis group at 3 days after surgery were positively
correlated with the degree of thrombosis (both
P<0.001, Table 6).

The results of ROC curve

As shown in Table 7 and Figure 1, AUCs, which
represent the formation of postoperative deep
vein thrombosis, were 0.803 and 0.827 when
the cut-off value of NLR and IL-18 were
6.274% and 128.250 ng/mL, respectively
(both P<0.001).

Discussion

The pathogenesis of postoperative deep vein
thrombosis still needs to be clarified. Studies
have shown that it might be related to factors
like genetic factors, inflammatory reactions,
and long-term in-bed rest [3, 4]. It is of impor-
tant clinical significance to explore the risk fac-
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risk of thrombosis [14]. Elderly patients’

blood vessel elasticity is weakened.

Meanwhile, their endothelial cell function

is decreased. As a result, the function of
the venous valves is reduced. If they were
accompanied with cardiovascular diseases,
the risk of thrombosis would be further
increased [15]. High BMI may be correlated
with  hyperlipidemia and atherosclerosis.
What's more, patients with high BMI may have
less exercise and activity. Accordingly, the pres-
sure on the venous valves is raised. In this way,
an abnormal rate of hemodynamics and the
risk of venous thrombosis are increased [16]. In
our study, the results of logistic regression
analysis showed that both age >60 years and
BMI >23 kg/m? were risk factors for postopera-
tive deep vein thrombosis.

IL-18 can induce endothelial cell damage which
is usually closely related to the formation of
deep vein thrombosis by indirectly promoting
the adhesion between blood vessels and cells
[47-20]. It was also reported that IL-18 level in
patients with deep vein thrombosis of the low-
er extremities was significantly increased [20].
In our study, the increase of IL-18 level in the
thrombosis group after surgery was more than
that in the non-thrombosis group. Additionally,
it reached a peak at 3 days after surgery and
then decreased slightly, which was consistent
with other results that have been reported pre-
viously [17-20]. These results indicate that
there might be a certain correlation between
IL-18 and deep vein thrombosis. Moreover, we
detected the level of IL-18 at 3 days after sur-
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Table 7. The results of ROC curve

Variable Cut-off value AUC 95% ClI Sensitivity Specificity P value
NLR value (%) 6.274 0.803 0.745, 0.862 0.778 0.741 <0.001
IL-18 level (ng/mL) 128.250 0.827 0.773,0.881 0.861 0.701 <0.001

Note: ROC: receiver operating characteristic; NLR: neutrophil-to-lymphocyte ratio; IL-18: interleukin 18. AUC: area under curve;

Cl: confidence interval.

— IL-18 level (ng/mL)
— NLR value (%)

100
80
60

40

Sensitivity (%)

20

] | |

0 LA |
0 20 40 60 80 100
Specificity (%)

Figure 1. ROC curve. ROC: receiver operating char-
acteristic; NLR: neutrophil-to-lymphocyte ratio; IL-18:
interleukin 18.

gery. Our results showed that the level of 1.-18
in patients with deep vein thrombosis was
closely correlated with the severity of thrombo-
sis. The results of logistic regression analysis
displayed that the risk of postoperative deep
vein thrombosis in patients with IL-18 level
>115.71 ng/mL was 34.21 times that in
patients with IL-18 level <115.71 ng/mL, sug-
gesting that attention needs to be paid to
patients’ postoperative change of IL-18 level. In
addition, we analyzed the clinical value of IL-18
level at 3 days after surgery in predicting post-
operative deep vein thrombosis by drawing a
ROC curve. Our results showed that AUC,
which represents the formation of postopera-
tive deep vein thrombosis, was 0.827 when the
cut-off value of IL-18 was 128.250 ng/mL. This
denotes that it is of certain clinical value to pre-
dict the formation of deep vein thrombosis by
detecting IL-18 level at 3 days after surgery.

Studies have displayed that the increased num-
ber of neutrophils is closely related to macro-

7161

phages. Cells like macrophages can promote
the secretion of chemokines, which in turn con-
tributes to the increased number of neutro-
phils. Increased number of neutrophils further
promotes the release of vascular endothelial
growth factors, leading to the formation of new
blood vessels [21]. Lymphocytes mainly medi-
ate immune responses. The decrease in the
number of lymphocytes in the body corre-
sponds to weakened immune function regula-
tion ability [22, 23]. Farah et al, found that
increased NLR value might promote inflamma-
tory reactions and raise the risk for thrombosis
[24]. Grimnes et al, also reported that NLR
value was closely related to the mortality of
patients with venous thrombosis [9]. In our
study, results displayed that NLR values in the
two groups after surgery were increased when
compared with before surgery; the increase in
the thrombosis group was more than that in the
non-thrombosis group; NLR values in the two
groups reached a peak at 3 days after surgery
and then decreased slightly; three days after
surgery, NLR value in patients with deep vein
thrombosis was closely related to the severity
of thrombosis. These results indicate that NLR
value may be involved in the formation of post-
operative deep vein thrombosis. The results of
logistic regression analysis denote that high
NLR value may increase the risk of postopera-
tive deep vein thrombosis. Moreover, ROC
curve also displayed that NLR value at 3 days
after surgery has a certain clinical value in pre-
dicting postoperative deep vein thrombosis
(AUC = 0.803). In a word, NLR value at 3 days
after surgery can be used as one of the auxilia-
ry indicators to predict the occurrence of post-
operative deep vein thrombosis.

However, there are two shortcomings in this
study. Firstly, the limitation of indicators: the
indicators are not further expanded to explore
the clinical significance of other biological indi-
cators in patients with deep vein thrombosis
after receiving the surgery for spinal degenera-
tion. Secondly, the clinical value of NLR value
and IL-18 level in predicting long-term progno-
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sis are not discussed here. Therefore, subse-
quent study still needs to be conducted to per-
fect our present research.

In summary, NLR value and IL-18 level in the
thrombosis group after receiving surgery for
spinal degeneration are significantly increased
when compared with the non-thrombus group.
What’s more, the more severe the thrombosis,
the higher the NLR value and IL-18 level at 3
days after surgery are. In other words, NLR
value and IL-18 level at 3 days after surgery
have certain clinical value in predicting postop-
erative deep vein thrombosis and prognosis.
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