Medical Hypotheses 132 (2019) 109330

—_—
-

Contents lists available at ScienceDirect

medical hypotheses

Medical Hypotheses

journal homepage: www.elsevier.com/locate/mehy

Efficacy of low molecular weight heparin in spinal trauma patients after part
concentrated screw surgery and its influence on blood parameters and the
incidence of deep venous thrombosis

Check for
updates

=

W. Shiqing”, M. Shengzhong, Z. Cheng, C. Guangqing, G. Chunzheng

Department of Orthopedics, The Second Hospital of Shandong University, Ji’nan, Shandong Province, China

ARTICLE INFO ABSTRACT

This study was to investigate the efficacy of low molecular weight heparin (LMWH) therapy in patients with
spinal trauma after part concentrated screw (PCS) pedicle screw surgery (PSS) and its influence on blood
parameters and the incidence of deep venous thrombosis. Prospectively, 36 patients with spinal trauma who
underwent PSS were randomly divided into an experimental group (n = 18) and a control group (n = 18). The
experimental group was treated with LMWH after the operation. Changes in the vascular endothelial function,
inflammatory factors and other blood indexes, and the incidence of deep venous thrombosis in lower extremities
were compared between the two groups before and after the surgery. Compared to pre-surgery, the levels of
endothelin (ET) and tissue plasminogen activator (tPA) in the experimental group decreased significantly after
surgery (all P < 0.001), while the levels of ET increased and tPA decreased significantly in the control group (all
P < 0.001). In addition, compared with pre-surgical levels, interleukin-8 (IL-8), IL-6 and procalcitonin (PCT)
decreased significantly in the experimental group after surgery while there was a significant increase in these
cytokines in the control group (all P < 0.001), with a significant difference in the cytokine levels between the
two groups post-surgery (P < 0.01). After the surgery, plasma viscosity, erythrocyte electrophoresis time and
platelet aggregation rate in the control group were significantly increased from pre-surgery levels (all
P < 0.001), and these levels were also significantly higher than in the experimental group (P < 0.01). The D-
dimer (D-D) level in both groups also increased significantly after surgery (all P < 0.001), and the level post-
surgery was significantly higher in the experimental group as compared to the control group (P < 0.01).
Finally, the incidence of deep venous thrombosis in the experimental group was significantly lower than in the
control group (P < 0.05). LMWH is beneficial in reducing the degree of hypercoagulability, hyperviscosity and
inflammatory reaction in patients with spinal trauma who underwent PSS. It also effectively reduced the oc-
currence of deep vein thrombosis in lower limbs after surgery. Thus, it is a candidate for further clinical de-
velopment.
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Introduction

Spinal trauma has a high incidence rate and is commonly seen in
orthopedic clinics. It is often caused by a compression or fracture fol-
lowing a traumatic impact. If not treated appropriately in time, severe
spinal trauma can lead to paralysis, which would have a significant
impact on patients’ physical and mental health as well as the quality of
life [1,2]. Because of the complicated anatomical location, clinical
treatment of spinal trauma is difficult. In the past, open surgery has
been the primary choice of clinical treatment, but the procedure is
complicated and highly risky, which made patients’ prognosis difficult.

Thanks to gradual advances in medical technology, the part con-
centrated screw (PCS) pedicle screw surgery (PSS) system was devel-
oped. It has proved to be a useful and less risky method for the treat-
ment of spinal trauma. This system has good biomechanical properties
and a low internal fixation failure rate. However, patients must be
confined to absolute bed-rest for an extended period of time after PCS
PSS, which leads to an increased incidence of deep venous thrombosis
in lower limbs after surgery, and seriously affects patient recovery
[3,4]. Previous work has shown that low molecular weight heparin
(LMWH) reduces blood viscosity and accelerates blood flow [5]. Till
date, most clinical studies have focused on the application of LMWH
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after resection of malignant tumor and gynecologic surgery, while few
studies have evaluated the application of LMWH after PCS PSS, espe-
cially with regards to its potential effects on vascular endothelial
function.

Hypothesis

This study is based on the hypothesis that administration of LMWH
in patients with spinal trauma, after PCS pedicle screw surgery, is
beneficial in reducing hypercoagulability and the inflammatory re-
sponse in the body.

Material and methods
General data

Prospectively, 36 patients who were treated for spinal trauma in The
Second Hospital of Shandong University from August 2017 to February
2018 were enrolled as participants in this study. A random number
table was used to divide the patients into the experimental group
(n = 18) and the control group (n = 18). All patients met the diagnostic
criteria for spinal trauma according to Practical Orthopedics [6]. Inclu-
sion criteria consisted of: Those who (1) met the diagnostic criteria; (2)
had PCS PSS indications within 24 h of trauma; (3) with a normal im-
mune system; (4) had no contraindication to the drugs; (5) with spinal
cord nerve damage; (6) with complete clinical data; and (7) without
serious medical diseases. Exclusion criteria consisted of: Patients (1)
with open injury; (2) with severe infection; (3) with malignant tumors;
(4) with abnormal coagulation function; (5) with poor compliance; and
(6) with immune system diseases. This study was approved by the
Medical Ethics Committee of The Second Hospital of Shandong Uni-
versity, and all patients who participated in the study and their families
signed the informed consent document.

Methods

All participants enrolled in the study were treated with PCS PSS for
spinal trauma. In brief, the patients were kept in a prone position and a
posterior median approach was used, following induction of general
anesthesia. The upper and lower vertebral laminae and articular pro-
cesses were fully exposed and localized by imaging fluoroscopy. The
pedicle screw was inserted and the bone cortex was thoroughly cleared.
The screw was then gradually inserted into the pedicle and into the
vertebral body. Finally, the direction and position of the screw was
determined using the perspective positioning system, and different
types of screws were inserted after tapping and the nuts were locked in
place. After the operation, both groups of patients were given anti-
biotics for 3-5 days to prevent infection. In addition, the experimental
group received LMWH (Shenzhen Techdow Pharmaceutical Co., Ltd.),
at a dose of 5000 U/time, once a day, for 7 days consecutively.

Observation indicators

The 3 mL fasting venous blood was collected 1 day prior to surgery
and 7 days after surgery from subjects in both the groups. The blood
samples were centrifuged for 5min at 3,500 rpm, and the serum was
separated and stored at —20°C for future analysis. The following
parameters were evaluated from the serum: (a) Endothelial function
was estimated and compared between the two groups by measuring
endothelin (ET) and tissue plasminogen activator (tPA) levels. ET was
measured by enzyme-linked immunosorbent assay (ELISA) while tPA
was measured using chromogenic substrate assay. (b) The serum levels
of inflammatory factors such as interleukin-8 (IL-8), IL-6 and pro-
calcitonin (PCT) were measured by ELISA. The ELISA and chromogenic
substrate assay were performed according to the manufacturer’s in-
structions (Shanghai Kaliburn Biological Company, China). (c)
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Hematological parameters, including plasma viscosity, erythrocyte
electrophoresis time and platelet aggregation rate, were measured by
SA-6000 Automatic Hemorheology Instrument (Beijing Sicceeder
Technology Development Co., Ltd., China) and compared between the
two groups in samples collected prior to surgery and 7 days after sur-
gery. (d) Coagulation functions, including prothrombin time (PT) and
activated partial thromboplastin time (APTT), was measured using a
PUN-2048 Series Semi-automatic Coagulation Instrument (Beijing
Planet New Technology Co., Ltd., China). The D-dimer (D-D) level was
measured by immunoturbidimetry. (e) Lower extremity deep venous
thrombosis was screened by Doppler ultrasonography two weeks after
the operation.

Statistical methods

Statistical analyses of the data was conducted using SPSS 20.0
software. The measurement data were expressed as mean + standard
deviation(x+sd). A paired t-test was used for intra-group comparison
before and after surgery, and an independent t-test was used for com-
parisons between the two groups. The individual counts were expressed
as percentages (%) and compared by y? test. Differences were con-
sidered statistically significant when p < 0.05.

Results
Comparison of clinical data

There were no statistically significant differences in the general data
of patients in the two groups, including gender, age, mean time course
of disease and disease type (P > 0.05). This indicates that comparative
analysis can be carried out between the two groups (Table 1).

Comparison of vascular endothelial function

There was no significant difference in vascular endothelial function
between the two groups before surgery (P > 0.05). However, com-
pared to pre-surgical levels, the levels of ET and tPA in the experimental
group decreased significantly after surgery (all P < 0.001). ET in the
control group increased significantly, and tPA decreased significantly
(all P < 0.001) (Table 2; Fig. 1).

Comparison of inflammatory factors

There was no significant difference in the levels of the inflammatory
factors between the two groups before surgery (P > 0.05). Compared
to pre-surgical levels, IL-8, IL-6 and PCT levels decreased significantly
in the experimental group while the factors increased significantly in
the control group (all P < 0.001). The differences in the inflammatory
factors between the two groups after the operation was also significant

Table 1
Comparison of clinical data.

Experimental group  Control group t/x? P

Gender 0.111 0.739
Male 10 9
Female 8 9

37.1 = 2.3
204.12 * 16.05

37.1 £ 23 0.013  0.990
204.25 + 15.98 0.024 0.981

Age (years)
Duration of the
operation (min)

The mean course of 13.08 = 2.01 13.14 = 1.95 0.091 0.928
disease

Disease type 0.612 0.894

Spondylolisthesis 6 7

Spinal fracture 5 6

Spinal stenosis 5 4

Others 2 1
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Table 2
Comparison of vascular endothelial function levels (x+ sd)

ET (ng/L) tPA (IU/mL)
Experimental group (n = 18)
Before surgery 25.47 + 1.56 2.89 = 0.75
After surgery 16.31 = 1.20™" ### 1.21 + 0.13™ ###
Control group (n = 18)
Before surgery 25.44 + 1.58 2.86 = 0.69
After surgery 30.59 + 1.15%*## 1.79 + 0.08%##

Note: Compared with control group after surgery, "P < 0.01; compared within
group before surgery, *#*#P < 0.001. ET, endothelin; tPA, tissue plasminogen
activator.

(P < 0.01) (Table 3).

Comparison of hematological indexes

There was no significant difference in any of the hematological in-
dexes between the two groups before surgery (P > 0.05). After sur-
gery, the plasma viscosity, erythrocyte electrophoresis time and platelet
aggregation rate were significantly increased in the control group (all
P < 0.001), and were significantly higher than in the experimental
group after surgery (P < 0.01) (Table 4).
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Comparison of coagulation function

There was no significant difference in the coagulation function be-
tween the two groups prior to surgery (P > 0.05). However, compared
to pre-surgery, D-D levels in both groups increased significantly after
surgery (all P < 0.001), and the D-D levels in the experimental group
was significantly higher than that in the control group, post-surgery
(P < 0.01). There were no significant differences in PT and APT be-
tween the two groups before and after the operation (P > 0.05)
(Table 5).

Comparison of deep venous thrombosis in lower extremities

One case of lower extremity deep vein thrombosis occurred in the
experimental group, for an incidence of 5.56% (1/18). In the control
group, however, 7 cases of lower extremity deep vein thrombosis oc-
curred, with an incidence of 38.89% (7/18). The incidence of deep
venous thrombosis was significantly lower in the experimental group
than in the control group (P = 0.016, x* = 5.786). At the same time,
after 1 month follow-up, the two groups of patients recovered well, and
no re-hospitalization due to hemorrhagic diseases occurred.

Discussion

Spinal injuries which mainly include spine fracture, spondylolisth-
esis, spinal canal stenosis and other types, are usually accompanied by
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Fig. 1. Comparison of vascular endothelial function in both groups. (A) ET level; (B) tPA level. Compared with control group after surgery, "P < 0.01; compared
within group before surgery, “##P < 0.001. ET, endothelin; tPA, tissue plasminogen activator.



W. Shiging, et al.

Medical Hypotheses 132 (2019) 109330

Table 3
Comparison of inflammatory factors levels (X+sd)
1L-8 (ng/L) IL-6 (pg/mL) PCT (ug/L)
Experimental group (n = 18)
Before surgery 62.97 *+ 2.39 27.69 + 8.32 1.80 £ 0.27
After surgery 38.88 + 5.94"" ### 9.11 * 0.95™" ### 0.63 + 0.04"" ###
Control group (n = 18)
Before surgery 61.76 = 2.54 28.07 = 8.13 1.79 = 0.28
After surgery 70.06 = 3.01%## 33.96 + 1.88%## 2.98 + 0.03%##
Note: Compared with control group after surgery, P < 0.01; compared within group before surgery, **# P < 0.001. IL, interleukin.
spinal cord damage [7,8]. According to clinical statistics, the incidence Table 5
of spinal trauma in China is increasing year by year, with traffic acci- Comparison of coagulation function parameters (% + sd)
dents. being the pr}mary cause. Due .to the phys%ologlca'l and ana.tomlcal PT () APTT (s) D-D (ng/ml)
location of the spine, PCS PSS, which has a higher biomechanical an-
choring strength, is widely used in the clinical treatment of spinal in- Experimental group
juries [9-11]. It was found that a pedicle screw had a holding force 1.7 (n =18)
times the metal hook and steel wire under the lamina, with a better Before surgery 11.20 = 1.67° 35,06 = 517 114.67 % 3035
. . R, After surgery 11.38 + 0.38 3513 + 1.22  202.54 = 30.05 > ***
hardness than the metal hook. This holding force was positively cor- Control group
related with the diameter of the screw [12,13]. Thus, the PCS PSS op- (n=18)
eration has proved to be a far better option than traditional open sur- Before surgery 11.22 £ 1.59 3512 # 5.08 121.68 * 29.34
After surgery 11.19 = 0.21 35.27 = 0.95 233.47 * 35.10%#*

gery. Nevertheless, spinal surgery is still a significantly longer and
invasive procedure due to its complexity. Internal fixation, as per-
formed in PCS PSS, directly leads to the destruction of muscle tissue
around the wound due to external traction, resulting in significantly
higher platelet reactivity and decreased blood flow speed. Together
these factors lead to the formation of deep vein thrombosis of lower
extremities.

Many studies have shown that the occurrence and development of
deep venous thrombosis in lower extremities after spinal surgery is
closely related to factors such as impaired vascular endothelial func-
tion, increased blood coagulation, increased blood viscosity, and ve-
nous blood flow retardation [14,15]. Among these, endothelial cells are
key factors modulating coagulation and thrombosis. ET and tPA are
sensitive indicators which reflect vascular endothelial function. ET is a
vasoconstrictor released by vascular endothelial cells while tPA, a
regulator of fibrinolytic system activity, maintains the dynamic balance
of thrombosis/dissolution, and whose level positively correlates with
disease severity [16,17]. The present study showed that the levels of ET
and tPA after surgery in the experimental group, which received
LMWH, were significantly lower than before the operation. However,
ET levels in the control group were significantly higher while tPA levels
were significantly lower post-surgery. These results suggest that sub-
cutaneous injections of LMWH after PCS PSS can improve the body’s
vascular endothelial function and facilitate rapid recovery.

Some studies have reported that deep venous thrombosis of lower
extremities is a type of acute non-suppurative inflammation, which can
release many inflammatory factors as the disease progresses, and can
cause coagulation dysfunction [18]. Among them, inflammatory factors
like IL-8, IL-6 and PCT are widely responsible. IL-8 is a pro-in-
flammatory factor produced by monocytes, which can effectively re-
cruit neutrophils and T lymphocytes to the affected tissues, leading to
enhanced inflammation, and further damage the vascular endothelial

Table 4
Comparison of hematological index levels (x+ sd)

Note: Compared with control group after surgery, P < 0.01; compared within
group before surgery, “*#P < 0.001. PT, prothrombin time; APTT, activated
partial thromboplastin time; D-D, D-dimer.

function. IL-6 is also a pro-inflammatory factor with multiple immune
regulatory functions and is positively correlated with the degree of
inflammation. Prior studies have found that patients with spinal trauma
often also present with spinal cord damage, which leads to abnormally
increased prothrombin levels and further cause hypercoagulability of
the blood [19]. In addition, spinal cord injury can cause abnormal
changes in muscle strength and significantly aggravate nerve injury,
which can reduce blood pressure and blood flow velocity. Another
clinical study has reported that IL-6 could bind to plasminogen acti-
vator and abolish its fibrinolytic function, causing rapid platelet ag-
gregation and inducing thrombosis [20]. Animal studies have shown
that during a variety of inflammatory reactions, IL-6 can not only ser-
iously damage the vascular endothelial function, but also initiate the
coagulation of platelets and increase the APTT and PT levels [21]. As
the degree of inflammation becomes more severe, coagulation in-
creases, blood flow becomes slower, and patient prognosis becomes
worse.

The present study showed that IL-8, IL-6, PCT and D-D levels in the
experimental group post-surgery significantly decreased as compared to
pre-surgery, and the incidence of deep venous thrombosis was sig-
nificantly lower in the experimental group than in the control group.
After 1 month follow-up, there was no hemorrhagic diseases caused re-
hospitalization in the two groups. This indicates that LMWH can help to
effectively reduce the levels of IL-8, IL-6 and PCT, as well as improve
the coagulation function and blood circulation in spinal trauma patients
after PCS PSS. This is because LMWH has an activity similar to factor
Xa, which can inhibit further increases in plasma viscosity and platelet

Plasma viscosity (mPa-s)

Erythrocyte electrophoresis time (s) Platelet aggregation rate (%)

Experimental group (n = 18)

Before surgery 1.37 £ 0.13
After surgery 1.30 = 017"
Control group (n = 18)

Before surgery 1.35 + 0.12
After surgery 1.68 = 0.16"%#

15.77 + 1.40 48.36 + 8.85
15.08 + 1.46" 44,06 = 7.13"
15.78 + 1.39 48.38 + 8.90
18.27 + 3.32%## 56.48 = 6.05%%%

Note: Compared with control group after surgery, ~P < 0.01; compared within group before surgery, “*#P < 0.001.
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aggregation rate, and thus provide a beneficial anti-thrombotic effect.
However, LMWH has not been used previously as a routine therapy to
prevent deep venous thrombosis in lower extremities after PCS PSS for
spinal trauma. Furthermore, LMWH has no definite effect on pulmonary
embolism induced by spinal cord injury and thus needs to be further
analysed in large-scale and multi-center studies.

In conclusion, LMWH effectively alleviates the hypercoagulability
and hyperviscosity of blood and accelerates blood flow in patients with
spinal trauma after undergoing PCS PSS. It also lowered the expression
levels of inflammatory factors, which is beneficial in reducing the in-
cidence of deep venous thrombosis in lower extremities in patients with
spinal injuries.
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