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Abstract: The present study aimed to examine the anticoagulation time window in preventing postoperative ve-
nous thromboembolisms (VTE) after spinal surgery. Patients were randomly divided into 3 groups, according to ve-
nous thromboembolism risk indexing (low-risk group, middle-risk group, high-risk group, extremely high-risk group,
middle-risk group, high-risk group, and extremely high-risk group). In the A group, anticoagulation was performed
at 24 hours after surgery. In the B group, anticoagulation was performed at 48 hours after surgery. In the C group,
anticoagulation was performed at 72 hours after surgery. According to incidence of VTE (end of efficacy) and rate
of bleeding (safe endpoint), appropriate anticoagulation time windows were developed for each VTE risk group.
Thrombotic events and bleeding events were simultaneously recorded. For the 253 patients in the middle-risk
group, 6 thrombotic events were detected (2.37%). A total of 12 were detected (3.75%) for the 320 patients in the
high-risk group. A total of 25 were detected for the extremely high-risk group (9.09%). Regarding safety end results,
15 patients had bleeding events (5.93%) in the middle-risk group, 15 had bleeding events (5.31%) in the high-risk
group, and 13 had bleeding events in the extremely high-risk group (4.66%). VTE incidence rates can be reduced
by selecting adaptive time windows to perform anticoagulant therapy based on VTE risk indexing, ensuring antico-
agulation efficacy and reducing incidence of bleeding. Therefore, anticoagulant therapy should be performed at 24
hours in extremely high-risk groups after spinal surgery, 48 hours in high-risk groups, and 72 hours in middle-risk
groups. This treatment can effectively reduce the occurrence of thrombotic events, especially severe venous throm-
boembolisms, without increasing the risk of bleeding.

Keywords: Anticoagulation, time window, venous thromboembolism (VTE)

Introduction of the main reasons is the increased potential

bleeding risk introduced by anticoagulant

With the development of spinal surgery tech-
niques, occurrence rates of postoperative
venous thromboembolisms (VTE), including
DVT (deep venous thrombosis of the lower
extremities) and PE (pulmonary embolism),
have gradually improved to 0.3-31% [1-4].
Although there is controversy concerning the
necessity of routine use of anticoagulants after
spinal surgery to prevent thrombosis, most
reports have suggested that proper anticoagu-
lant drugs can reduce incidence of postopera-
tive thrombosis in vertebral high-risk patients
with spinal disorders, especially spinal cord
injuries and spinal tumors [5-7]. Spinal sur-
geons do not accept anticoagulant drugs. One

drugs, such as wound bleeding and spinal
hematoma formation. Due to the specificity of
spinal surgeries, once an intraspinal hematoma
is detected that is difficult to absorb after sur-
gery, it will undoubtedly increase the risk of sec-
ondary spinal cord and nerve injuries. Based on
the potential risk of anticoagulant drugs, spinal
surgeons must balance gains and losses in pre-
venting thrombosis and potential bleeding.
Warwic believed that the key is the right timing
of anticoagulant drugs [8]. A surgical area with-
in 24 to 48 hours after surgery has a higher risk
of bleeding, thus anticoagulant drugs should be
carefully used. Regarding the starting point for
anticoagulanttherapy after surgery, Glotzbecker
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Table 1. Venous thromboembolic risk indexing for orthopedic surgery

Risk indexing Judgment indicators

Low risk Operation time < 45 min, age < 40 years old, no risk factors existed
Operation time < 45 min, age 40-60 years old, no risk factors existed

Middle risk Operation time < 45 min, risk factors existed

Operation time > 45 min, age < 40 years old, no risk factors existed
High risk Operation time < 45 min, age < 60 years old, risk factors existed
Operation time > 45 min, age 40-60 years old, risk factors existed

Extremely high risk Operation time > 45 min, age > 40 years old, multiple risk factors existed, such as Major
orthopedic surgery, severe trauma, spinal cord injury

found that 22% of spinal surgeons recommend-
ed that anticoagulant therapy can be used for
spinal cord injuries and other thrombotic high-
risk patients at 48 hours after surgery, accord-
ing to questionnaire survey statistics [9]. In
their study, different opinions mainly included
at 48 hours after surgery (15%), 72 hours after
surgery (13%), 24 hours after surgery (12%),
and 96 hours after surgery (10%), while some
surgeons thought that prophylactic anticoagu-
lant therapy should be started before surgery.
The Chinese Medical Association formulated a
guide for prevention of deep vein thrombosis of
the lower extremities after major orthopedic
surgery in 2009. However, it is more suited to
artificial total hip arthroplasty, total knee ar-
throplasty, and hip fracture prevention. The 8th
ACCP Conference recommends that prophylac-
tic antithrombotic measures can be not used
after elective degenerative spinal surgery and it
is necessary that precautionary measures are
only for those with high-risk diseases, such as
spinal cord injuries, old age, and history of prior
thrombosis [10, 11]. However, the North Ameri-
can Spine Society recommends that all physi-
cal surgical interventions should be taken after
spinal surgery to reduce incidence of thrombot-
ic events, suggesting that combined anticoagu-
lant therapy should be used for paraplegia,
anterior, and posterior joint surgery, as well as
other high-risk cases [12].

Due to the specialty of spine surgeries, there
are no unified and authoritative guidelines con-
cerning postoperative anticoagulants and an-
tithrombotic treatment procedures. Although
some reports have shown that very low inci-
dence of deep vein thrombosis and pulmonary
embolism were found after routine spinal sur-
gery, some high-risk cases, such as spinal cord
injuries and spinal tumors, may have higher
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lower extremity deep vein thrombosis inciden-
ce, even fatal pulmonary embolisms. Indeed,
spinal surgeons should carefully choose the
optimum measure, balancing the pros and cons
of anticoagulation to prevent bleeding. However,
few studies have investigated the optimal time
window of anticoagulation in spinal surgery.

The present experiment was designed to study
different VTE risk postoperative anticoagula-
tion time windows for spinal surgery. VTE risk
indexing was used in selecting a proper time wi-
ndow to perform anticoagulant therapy, reduc-
ing incidence of VTE and bleeding events.

Materials and methods

According to risk indexing in the Chinese Or-
thopedic Surgery Venous Thromboembolism
Prevention Guidelines (Table 1), 4 groups were
involved in this study: low-risk group, middle-
risk group, high-risk group, and extremely high-
risk group. Risk factors were mainly derived
from the 8th American College of Chest Phy-
sicians Guide for the Prevention of Venous Thr-
ombosis: age =60 years old, BMI >30 kg/m?,
thrombophilia patients (such as hypertension,
diabetes, hyperlipidemia, and tumors), history
of previous venous thrombosis, anterior, or pos-
terior joint surgery, spinal trauma, and spinal
cord injuries. This study was conducted in ac-
cordance with the Declaration of Helsinki and
was approved by the Ethics Committee of Yan-
taishan Hospital. Written informed consent
was obtained from all participants.

Participants were randomly divided into 3 gro-
ups: Group A, anticoagulation at 24 hours after
surgery; Group B, anticoagulation at 48 hours
after surgery; Group D, anticoagulation at 72
hours after surgery. Preventive drugs, including
40 mg low molecular weight heparin sodium
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Table 2. Incidence of thrombotic events (Efficacy endpoint)

. Middle risk group High risk group Extremely high risk group
Thrombotic events
24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72h

Primary efficacy endpoint 0/86 (0.00%) 2/84 (2.38%) 4/83(4.82%) 1/106(0.94%) 4/104(3.85%)  7/110(6.36%)  3/89 (3.38%) 8/95 (8.42%) 14/91 (15.38%)

Death 0 0 0 0 0 1 0 1 3

Non-fatal pulmonary embolism 0 0 0 0 1 1 0 1 2

Deep vein thrombosis 0 2 4 1 3 5 3 6 9

Near end 0 0 1 0 0 2 2 4 5

Remote only 0 2 3 1 3 3 1 2 4
Severe venous thromboembolism* 0/86 (0.00%) 0/84 (0.00%) 2/83(2.41%) 0/106 (0.00%) 1/104 (0.96%)  3/110 (2.72%)  2/89 (2.25%) 5/95 (5.26%) 7/91 (7.69%)
Symptomatic venous thromboembolismt 0/86 (0.00%) 1/84 (1.19%) 2/83(2.41%) 0/106 (0.00%) 2/104 (1.92%)  4/110(3.64%)  3/89 (3.37%) 6/95 (6.32%) 9/91 (9.89%)

During treatment 0 1 1 0 1 3 2 2 4

During follow-up 0 0 1 0 1 1 1 4 5

*Indicates composite outcome of severe venous thromboembolism is formed by proximal deep vein thrombosis, non-fatal pulmonary embolism, or venous thromboembolism. tindicates symptomatic venous thromboembolism, including any
symptomatic deep venous thrombosis (proximal or distal), and non-lethal or fatal symptomatic pulmonary embolism.

Table 3. Incidence of bleeding (safety endpoint)

. Middle risk group High risk group Extremely high risk group
Bleeding events
24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h
Any bleeding during treatment 8/86 (9.30%) 4/84(4.67%) 3/8(3.61%) 7/106 (6.60%) 5/104 (4.81%) 5/110 (4.55%) 5/89 (5.62%) 5/95 (5.26%) 3/91 (3.30%)
Severe bleeding 4/86 (4.65%) 0 (0.00%) 0 (0.00%) 2/106 (1.88%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Fatal bleeding 0 0 0
Inflow to vital organs 1 0 0 1 0 0 0 0 6]
Hemorrhage causing reoperation 2 0 0 0 0 0 0 ] 0
Surgical site bleeding 1 0 0 0 0 0 0 ] 0
Causes a drop in hemoglobin 1 0 0 0 0 0 0 0 0
Causes blood transfusion =2 units 0 0 0 1 0 0 0 0 0
Non-severe bleeding 4/86 (4.65%) 4/84 (4.76%) 3/83(3.61%) 5/106 (4.72%) 5/104 (4.81%) 5/110 (4.55%) 5/89 (5.62%) 5/95 (5.26%) 3/91 (3.30%)
Clinically relevant non-severe bleeding 1 1 2 1 1 0 2 2 1
Hemorrhagic wound complications 2 3 1 3 1 3 1 2 1
Other non-severe bleeding 1 0 0 2 3 2 2 1 1
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(bought from Sanofi-Aventis company), were su-
bcutaneously injected once daily.

Patients were observed for symptoms and
signs of DVT or PE every day after surgery. They
underwent color Doppler ultrasonography of
the bilateral lower extremity veins once DVT or
PE was detected. PE diagnosis: pulmonary
angiography spiral CT examinations once PE
symptoms were detected. After discharge,
patients were informed about the signs and
symptoms of DVT or PE. Other patients without
symptoms were given lower limb deep vein
ultrasound Doppler examinations at 2 days, 7
days, 14 days, and 4 weeks after surgery. DVT
in any position and the number of nonfatal PE
and deaths were recorded, including patients
with severe and non-severe bleeding.

Efficacy endpoints mainly included composite
endpoints of all deep vein thrombosis, non-
fatal pulmonary embolisms, and all-cause mor-
tality during treatment (up to 14 days postop-
eratively). The main secondary efficacy end-
point was severe venous thromboembolisms
during treatment (until 14 days after surgery).
The composite endpoint was death from proxi-
mal deep venous thrombosis, non-fatal pulmo-
nary embolism, and venous thromboembolism.
Other efficacy endpoints included symptomatic
venous thromboembolisms during treatment
and follow-up and death during follow-up.

The main safe end indicated severe bleeding
during treatment. Severe bleeding was defined
as fatal bleeding, bleeding into critical organs
(such as retroperitoneal, intracranial, intraocu-
lar, intraspinal), reoperation caused by bleed-
ing, obvious bleeding with hemoglobin drop
>20 g/L outside the surgical site in clinic (the
first day after surgery was the reference value),
or the need to input >2 units of whole blood or
red blood cells. Other safe ends included all
non-severe bleeding during treatment (all ble-
eding events not rated as severe bleeding dur-
ing treatment) and hemorrhagic wound compli-
cations (composite index of wound hematoma
and bleeding in surgical site).

Statistical analysis was performed using SPSS
19.0. Comparisons of distribution among effi-
cacy endpoints and incidence of safety endpo-
int events were estimated using x2 test if sam-
ple sizes >5. They were estimated using cor-
rected x? test if sample sizes were less than 5
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and larger than 1 or using Fisher’s exact test. P
< 0.05 indicates statistical difference.

Results
Efficacy endpoints

In the middle-risk group (n = 253), 6 patients
were detected with thrombotic events (2.37%).
In the 48 hours group (n = 2, 2.38%), 2 patients
were detected with posterior tibial vein emboli-
zation, 1 patient felt calf swelling and discom-
fort, and 1 did not show any symptoms (Table
2). In the 48 hour group, 1 case showed exter-
nal iliac vein embolization, with lower limb swe-
lling and pain, 1 case was detected with femo-
ral vein embolisms and lower limb swelling and
pain, 1 case was detected with posterior tibial
vein embolization with calf pain, and 1 case
was found with femoral vein embolisms with
lower limb swelling during the follow-up period
(Table 2).

In the high-risk group (n = 320), 12 patients
had thrombotic events (3.75%). Of these, 1
patient was found in the 24-hour group (0.94%)
with axillary vein embolisms. A total of 4 pa-
tients were found in the 48-hour group (3.85%),
including 1 case with external iliac vein emboli-
zation, lower limb swelling, difficulties in breath-
ing, progressive decrease in arterial oxygen
tension, and pulmonary artery CTA confirmed
left upper lobar artery embolisms. A total of 3
patients showed posterior tibial vein emboliza-
tion, while 2 patients felt calf swelling and dis-
comfort. In the 72-hour group (6.36%), 1 patient
died due to pulmonary embolism on the 7t day
after surgery (with external iliac vein and femo-
ral vein embolisms), 1 patient died due to non-
fatal pulmonary embolisms, 1 case was found
with posterior tibial vein embolization with calf
pain, 1 case was found with femoral vein embo-
lism during the follow-up period with lower limb
swelling, and 1 case was found with femoral
vein embolisms with lower limb swelling (Table
2).

In the extremely high-risk group (n = 25, 9.09%),
in the 24-hour subgroup, 1 case was detected
with femoral vein embolisms with thrombosis
floating and swelling of lower limbs, 1 case was
detected with external iliac vein embolization
with lower limb swelling, and 1 case was found
with axillary vein embolisms. In the 48-hour
group (n = 8, 8.42%), 1 case was detected with
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Table 4. Incidence of thrombotic events among each risk group

Among middle Among high Among extremely

Primary efficacy endpoint

Primary secondary efficacy endpoint (Severe venous thromboembolism)

Other efficacy endpoints (Symptomatic venous thromboembolism)

risk group risk group high risk group

P value P value P value
24 hvs48h 0.151# 0.168* 0.148*
48 hvs 72 h 0.391%* 0.404* 0.142
72hvs24h 0.039# 0.035* 0.006*
24 hvs48h 1# 0.311# 0.285*
48 hvs 72 h 0.153# 0.34* 0.5
72hvs24h 0.147# 0.047# 0.039*
24 hvs48h 0.311# 0.151# 0.354*
48 hvs 72 h 0.551* 0.448* 0.371
72hvs24h 0.1474# 0.048# 0.039*

*Indicates statistical analysis using corrected x? test; #Indicates statistical analysis using Fisher’s exact test.

axillary vein embolisms, 4 cases were detected
with femoral vein embolisms with lower limb
swelling and pain, 1 case was found with presa-
cral venous embolization, 1 patient died due to
pulmonary embolism on the 7" day after sur-
gery, and 1 patient died due to non-fatal pulmo-
nary embolisms. In the 72-hour group (n = 14,
15.38%), 2 patients died due to pulmonary
embolisms on the 10" day after surgery, 1
patient died on the 13" day, 2 patients died
due to non-fatal pulmonary embolisms, 2
patients were detected with axillary vein embo-
lisms, 2 cases were found with femoral vein
embolisms during follow-up, and 3 patients
were found with posterior tibial vein emboliza-
tion with lower limb swelling and pain.

Safety endpoints

Of the 253 cases in the middle-risk group, 15
had bleeding events (5.93%). Eight cases were
found in the 24-hour group (9.30%), including 4
with severe bleeding, 2 cases needed reopera-
tions because of neurological dysfunction due
to epidural hematoma on days 1 and 2 after
surgery, and 1 patient was found with severe
headaches caused by intracranial hemorrhage
on day 4 after surgery. Symptoms were im-
proved by dehydration, swelling, and neurot-
rophy treatments. One patient was suspected
to have gastrointestinal bleeding (vomiting,
bloody diarrhea) with low hemoglobin (8 g/L), 4
patients were identified as non-severe bleed-
ing, 3 patients were blade bleeding (one was
infected), and 1 patient was suspected to have
gastrointestinal bleeding events and fecal oc-
cult blood positive (Table 3).

In the 48-hour group, there were 4 patients
(4.67%), including 4 patients with non-severe

3018

bleeding, 1 patient with spontaneous hemato-
ma outside the blade, 1 patient with large area
subcutaneous freckle, and 2 patients with bla-
de bleeding. There were 3 patients in the
72-hour group, mainly including 3 patients with
non-severe bleeding, 1 patient with spontane-
ous hematoma outside the blade, and 2 pa-
tients with blade bleeding (Table 3).

In the high-risk group, there were 17 cases
(5.31%). In the 24-hour subgroup (n =7, 6.60%),
there were 2 patients with severe bleeding and
5 patients with non-severe bleeding. In the
48-hour group, 5 patients (4.81%) were identi-
fied with non-severe bleeding. A total of 5
patients (4.55%) in the 72-hour group were fou-
nd with non-severe bleeding.

In the extremely high-risk group, there were 13
patients with bleeding events (4.66%). In the
24-hour group (5.62%) and 48-hour group
(5.26%), 5 patients were found with non-severe
bleeding, respectively, while 3 patients were
identified in the 72-hour group (4.55%) with
non-severe bleeding.

Incidence of thrombotic events

No significant differences in primary efficacy
endpoints were detected between 24-hour and
48-hour groups and 72-hour groups (P > 0.05),
while significant differences could be found
between 24-hour and 72-hour groups (P =
0.039, 0.035, 0.006, respectively, Table 4).
Regarding primary secondary efficacy end-
points (severe venous thromboembolism), si-
gnificant differences were found between
24-hour and 72-hour groups in the high-risk
group and extremely high-risk group (P < 0.05).
For other efficacy endpoints (symptomatic ven-
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Table 5. Incidence of bleeding events within each risk group

Comparison Comparison Comparison among
among middle risk  among high risk extremely high risk
groups groups groups
P value P value P value
Any bleeding during treatment 24 hvs 48 h 0.247* 0.575 0.916
48 hvs 72 h 0.711* 0.927 0.508*
72hvs24h 0.134* 0.509 0.45*
Severe bleeding 24 hvs 48 h 0.045# 0.159# 1#
48 hvs 72 h 1# 1# 1#
72hvs24h 0.047# 0.148# 1#
Non-severe bleeding 24 hvs 48 h 0.972* 0.975 0.916
48 hvs 72 h 0.711* 0.952 0.508*
72hvs 24 h 0.735* 0.927 0.45*

*Indicates statistical analysis using Corrected x? test; #Indicates statistical analysis using Fisher’s exact test.

ous thromboembolism), significant differen-
ces were found between 24-hour and 72-hour
groups in the high-risk group and extremely
high-risk group (P < 0.05, Table 4).

Incidence of bleeding

No significant differences were found in any
bleeding events and non-severe bleeding ev-
ents during the treatment process (P > 0.05,
Table 5), but significant differences were fou-
nd in severe bleeding between 24-hour and
48-hour groups (P = 0.045) in the middle-risk
group and between 24-hour and 72-hour gro-
ups (P =0.047, Table 5).

Discussion

Although the necessity of conventional antico-
agulants after spinal surgery to prevent throm-
bosis remains highly controversial in academic
circles, most studies suggest that proper anti-
coagulant drugs can reduce the incidence of
postoperative thrombosis in the spine, particu-
larly in high-risk cases, such as spinal cord inju-
ries and spinal tumors [3, 4, 13, 14]. The main-
shortcoming of anticoagulants is the potential
increased risk of bleeding, such as wound bl-
eeding and spinal hematomas [15]. Due to the
specialty of spine surgeries, intraspinal hema-
toma will increase the risk of secondary spinal
cord and nerve injuries [6, 7, 16]. Based on
these potential risks, spinal surgeons must we-
igh the pros and cons in preventing thrombosis
and potential bleeding. The most serious com-
plication related to drug anticoagulation is spi-
nal epidural hematoma and its neurological
sequelae (incidence is 0.1-0.7%) [17-19]. How-
ever, these complications may also occur in the
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absence of anticoagulant drugs. Despite drugs
that prevent and control VTE increasing the risk
of spinal epidural hematomas, it is difficult to
determine which patients are more likely to
have this complication due to less data. Kou et
al. proposed that only when patients have mul-
tiple steps of coagulation dysfunction will they
be at a high-risk state of spinal epidural hema-
tomas. They used logistic regression analysis
to assess risk factors [10]. Gerlach et al. point-
ed out about 77% show new neurological im-
pairment [17, 20], with early surgical decom-
pression as the best solution for nerve function
recovery. Patients undergoing surgical decom-
pression within 8 hours of symptom onset can
recover all or part of their neurological function
[21], while 60% of patients undergoing early
surgical decompression have complete recov-
ery of neurological function after surgery [17].
Postoperative bleeding in patients with spinal
cord injuries has been related to the use of
anticoagulant drugs. Bleeding from the upper
gastrointestinal tract and surgical site account
for 16% and 19% of bleeding complications,
respectively [22, 23]. However, there are no re-
ports concerning epidural hematomas.

Doctors should pay attention to whether these
patients tend to bleed. Once the diagnosis of
epidural hematoma is confirmed, surgical de-
compression is more beneficial to recovery of
nerve function. Intraspinal hematomas after su-
rgery will increase the risk of secondary spinal
cord and nerve injuries, especially in the cervi-
cal and thoracic vertebrae, further increasing
the risk of secondary nerve injuries. Warwic
believed that the key lies in the right timing of
anticoagulant drugs, suggesting that 24-48
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hour groups should use anticoagulant drugs
with caution due to high risk of bleeding [8].
Due to the characteristics of spinal surgery, uni-
form and authoritative guidelines for postoper-
ative anticoagulation and antithrombotic treat-
ment procedures are not yet available. Deciding
which measures are best and how to weigh the
pros and cons of anticoagulation and preven-
tion of bleeding requires that spinal surgeons
be cautious in their clinical work. Thus, the
present study was designed to examine post-
operative anticoagulation time windows for spi-
nal surgery after different VTE risks. Selection
of an appropriate time window for anticoagu-
lant therapy based on VTE risk scores can
reduce incidence of VTE and reduce incidence
of bleeding events.

The present study found that significant differ-
ences in incidence of thrombotic events was
found between 24-hour and 72-hour groups (P
< 0.05, Table 4), indicating that anticoagulation
can significantly reduce incidence of thrombot-
ic events at 24 hours after the operation. In
high-risk and extremely high-risk groups, severe
venous thromboembolisms and symptomatic
venous thromboembolisms indicated signifi-
cant differences between 24-hour and 72-hour
groups (P < 0.05), implying that anticoagulation
at 24 hours after surgery can greatly reduce
the occurrence of severe venous thrombosis
and symptomatic venous thromboembolisms.
Moreover, any bleeding, severe bleeding, and
non-severe bleeding during treatment showed
no significant differences between different
time points in high-risk and extremely high-risk
groups (P > 0.05, Table 5). Therefore, it is rec-
ommended that anticoagulation should be per-
formed at 24 hours after surgery in high-risk
groups, effectively reducing occurrence of
thrombotic events, especially severe venous
thromboembolisms, without increasing the risk
of bleeding. In the high-risk group, although no
significant differences were found between
24-hour and 48-hour, as well as 24-hour and
72-hour groups (P > 0.05, Table 3), non-severe
bleeding knife-edge related complications were
detected in 4 patients. One was infected. Thus,
anticoagulation at 24 hours may increase
wound complications. More importantly, main
efficacy end points, severe venous thromboem-
bolisms, and symptomatic venous thromboem-
bolisms in the high-risk group revealed no dif-
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ferences between 24-hour and 48-hour groups
(P> 0.05, Table 4), indicating that anticoagula-
tion should be performed at 48 hours in high-
risk groups. In the middle-risk group, primary
efficacy endpoints showed significant differ-
ences between 24-hour and 72-hour groups (P
< 0.05, Table 4), suggesting that anticoagula-
tion can significantly reduce thrombotic events
at 24 hours after the operation. However,
severe bleeding events showed differences
between 24-hour and 48-hour groups, as well
as 24-hour and 72-hour groups (P < 0.05, Table
5), indicating that anticoagulation at 24 hours
after surgery in moderate-risk patients signifi-
cantly increased bleeding risk, compared with
anticoagulation at 48 hours and 72 hours.
Further statistical analysis revealed no signifi-
cant differences between different groups (P >
0.05, Table 5). However, 6 patients increased
the possibility of blade complications at 48
hours. Thus, it is recommend that anticoagula-
tion should be performed at 72 hours after the
operation in middle-risk groups.

Limitations

The present study had several limitations. 1)
This study was a single-center clinical study. A
large multi-center, randomized, and double-
blind clinical trial for anticoagulant therapy with
a suitable time window for spinal surgery could
increase the level of credible evidence for this
study; 2) This study was randomly divided into
anticoagulation groups at 24, 48, and 72 hours
after surgery. There were no objective labora-
tory tests to guide anticoagulation. In recent
years, the thromboelastogram has become a
detection method for human blood coagula-
tion, hemorrhages, and fibrinolytic indicators.
Whether or not anticoagulation of the spine is
guided by the thromboelastogram reduces inci-
dence of VTE and reduces incidence of bleed-
ing events; 3) Whether anticoagulant prophy-
laxis can be advanced or delayed, such as
anticoagulation after 8 hours postoperatively
or 72 hours post-requiring clinical trial confir-
mation.

Conclusion

Results of the present study suggest that anti-
coagulant therapy should be performed at 24
hours in extremely high-risk groups after spinal
surgery, 48 hours in high-risk groups, and 72
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hours in middle-risk groups, effectively reduc-
ing occurrence of thrombotic events, especially
severe venous thromboembolisms, without in-
creasing the risk of bleeding.
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