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Abstract

Purpose The goal of this research is to explore the incidence and risk factors of symptomatic spinal epidural hematoma
(SSEH) following cervical spine surgery.

Methods Patients with SSEH from January 2009 to February 2019 were identified as hematoma group. Two control subjects
without SSEH were randomly selected for each patient in SSEH group as control group. We collected gender, age, body mass
index (BMI), ossification of the posterior ligament (OPLL), comorbidities, anti-platelet or anti-coagulate treatment, coagu-
lation function, segments, instrumental fixation, surgical approach, surgical procedure, duration of surgery and estimated
blood loss, which might affect the occurrence of symptomatic epidural hematoma. T-test and Chi-square test were used to
univariable test. Multifactor logistic regression analysis was used to investigate the correlation with symptomatic epidural
hematoma, furthermore its causes were explored.

Results Among 18,220 patients, 43 subjects developed SSEH, the incidence was 0.24%. The median time from the end of
index surgery to SSEH was 150 min (25 and 75 percentile: 85 min to 290 min). The neurologic function before evacuation
by modified Frankel scale is grade B in 5 patients, C in 32 patients, grade D in 6 patients. All patients’ symptoms relieved
partially or completely after evacuation. All patients with neurologic deficit worse than grade C pre-evacuation had at least
one-grade improvement except for one patient. Multifactor logistic regression revealed OPLL involved segments are sig-
nificantly correlated to the incidence of postoperative symptomatic epidural hematoma (P <0.05), with a cut-off value of
1.5 levels.

Conclusion OPLL involved segments are significantly correlated to the incidence of postoperative symptomatic epidural
hematoma.

Keywords Complication - Symptomatic spinal epidural hematoma - Cervical spine surgery - Risk factors - Ossification of
longitudinal ligament

Introduction

Cervical spine surgery is widely used for the treatment of
various pathologies, including degenerative, traumatic,
infectious, neoplastic, and iatrogenic conditions. The out-
P4 Yu Sun come of cervical spine surgery is generally favorable and

sunyuor@126.com can lead to significant improvement in quality of life in
well-selected patients [1, 2]. Surgical goals typically include
decompression the neural elements, stabilization of unstable
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other hand, rarer complications such as symptomatic spi-
nal epidural hematoma (SSEH), vertebral artery injury, or
esophageal injury can lead to devastating consequences, and
can cause significant morbidity, even death [4-9].

Postoperative spinal epidural hematoma is a common
finding on post-operative imaging among patients under-
going spine surgery. Spinal epidural hematoma has been
identified by either computed tomography (CT) or mag-
netic resonance imaging (MRI) in 33% to 100% of the cases
undergone lumbar decompression [10—12]. Fortunately,
most of these cases are asymptomatic and do not require
any intervention. However, when SSEH occurs, the conse-
quences can be catastrophic, leading to rapidly progressive
neurological deficits, respiratory failure, and even death.
Early diagnosis and prompt hematoma evacuation are imper-
ative to optimize neurologic recovery [13, 14], and delayed
diagnosis and treatment can lead to irreversible neurological
injury [15, 16].

Previous studies have reported the estimated incidence
of SSEH ranging from 0.09 to 1.5% [4-7]. Many of these
studies demonstrated a wide range of risk factors for SSEH
development. Goldstein et al. [5] reported postoperative
use of nonsteroidal anti-inflammatory drugs (NSAIDs) and
increased Charlson Comorbidity Index (CCI) as significant
predictors of the development of SSEH after posterior cervi-
cal surgery. Yin et al. [5] reported hypertension and multi-
level cervical procedure with increased bleeding tendency
are risk factors for SSEH after cervical spine surgery.

The aim of the current study is to investigate the inci-
dence, risk factors, and clinical outcome of SSEH after cer-
vical spine surgery at a single, tertiary, academic medical
center over a 10-year period.

Methods
Design and participants

This study was a retrospective study, approved by the institu-
tion ethics review board (IRB00006761-M2020380).

All patients who underwent cervical spinal surgery at
our institute between January 1, 2009, and February 28,
2019, were included in this study. Theatre logbooks were
searched for cases who had unexpectedly returned to theater.
All patients who were diagnosed with SSEH and underwent
evacuation of epidural hematoma were included in the cur-
rent study. The diagnostic criteria of SSEH include: ®Pro-
gressive newly onset of neurologic deficit postoperatively;
®@With or without advanced radiological evidence; ®Verified
hematoma formation during emergency evacuation; @Good
response to timely surgical evacuation. All SSEH cases were
confirmed epidural hematoma formation during evacua-
tion [17]. The following groups of patients were excluded:
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Fig. 1 Flow diagram of this study based on the STROBE statement

fractures and/or dislocation of cervical spine, cervical spinal
tumor, infectious disease, and upper cervical disease (e.g.,
atlantoaxial dislocation, atlantoaxial instability). Two con-
trol subjects without SSEH were randomly selected for each
patient by computer algorithms to increase the power of the
study. Each control had undergone a similar cervical spine
procedure at the same hospital. (Fig. 1).

Data collection

A detailed review of the medical records for all patients in
the SSEH group and control group was carried out. Patient
demographics, medical comorbidities, cervical spine diag-
nosis, surgical procedure details were recorded and ana-
lyzed. The neurological status was evaluated using the
Frankel scale.

Data analysis

All statistical analysis was performed using SPSS (version
24.0, IBM, Armonk, NY, USA). Continuous variables were
summarized with descriptive statistics (mean and standard
deviation), and categorical variables were summarized as
percentage incidence. T-test was used for continuous vari-
ables. Chi-square test was performed for all categorical
variables. A p-value of less than 0.05 was considered sig-
nificant. After filtering with univariable test. We used the
Kolmogorov—Smirnov test for determining normality of
continuous data. Continuous data that had a normal distri-
bution are expressed as mean + standard deviation and the
independent sample t-test was used for comparison between
groups. Continuous data that were not normally distributed
are expressed as the median (25th and 75th percentiles), and
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we used the Mann—Whitney U test for comparison between
groups. Multivariable Logistic regression test was performed
on potential risk factors to further determine risk factors for
SSEH. All tests were two-sided and P <0.05 was considered
statistically significant.

Results
Characteristics of the participants

Between January 1, 2009, and December 31, 2019, a total of
18,220 patients underwent cervical surgery at our institute,
10,514 patients underwent anterior approach, 6,397 patients
underwent posterior approach, and 1,166 underwent com-
bined approach. There were 43 patients developed postop-
erative SSEH, for a total incidence of 0.24%. The mean age
for patients in SSEH group was 53.5 years (ranging from
21 to 78 years), and 34 patients were male. The mean BMI
(Body mass index) was 25.84 kg-m~2 (ranging from 20.82
to 32.87 kg-m~2). The most common diagnosis for primary
surgery is degenerative cervical myelopathy (DCM) (n=39,
90.7%), followed by cervical radiculopathy (n=4, 9.3%).
The mean pre-operative mJOA score was 12.7 (ranging from
4.5 to 16). The mean pre-operative neck disability index
(NDI) score was 5 (ranging from O to 21). The most com-
mon surgical procedure performed was laminoplasty (n =25,
58.2%), followed by anterior cervical corpectomy and
fusion (ACCF) (n=38, 18.6%), then ACDF (n=35, 11.6%),
and lastly laminectomy with instrumented fusion (n =35,
11.6%). The mean levels treated was 4.5 levels (range, 1-7
levels). The mean duration of surgery was 109 min (range,
45-289 min), with an average EBL of 270 ml (range,
10-2000 ml). In our institute, deep drains with mild suc-
tion were routinely placed in all patients underwent spine
surgery. The drains were removed until discharge was less
than 50 ml/24 h. In 37 patients, SSEH developed before the
removal of deep drain, in 22 of whom, blood clot could be
discovered in the drain. In patients with SSEH developed
after removal of the deep drain, the mean time interval from
drain removal to SSEH development was 11.9 days (ranging
from 1.5 to 34 days).

Within the SSEH group, eleven patients had hyperten-
sion, six patients had type 2 diabetes millitus, and 2 patients
had coronary artery disease. None of the patients used
NSAIDs perioperatively. Seven patients were current smok-
ers, with a mean of 24 pack-year history. (Table 1).

Two patients received anti-platelet therapy pre-opera-
tively, one by aspirin only and one by aspirin combined with
clopidogrel. Patients who were on anti-platelet stopped one
week before surgery. For patients who received anti-coagu-
late therapy, warfarin was switched to low molecular weight
heparin (LMWH) as a bridging therapy, and then stopped
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Table 1 Summary of demographics of patients in SSEH group
Demographic characteristics Mean+SD or N (%)
Number of patients 43
Age (years) 535+11.6
Gender

Male 34 (79.1)

Female 9 (20.9)
Diagnosis

Myelopathy 13 (30.2)

Radiculopathy 4(9.3)

OPLL 26 (60.5)

OPLL involved segments 1.9+2.0
Comorbidity

Hypertension 11 (25.6)

Diabetes Mellitus 6 (14.0)

Coronary Heart Disease 2(4.7)

Anti-Platelet Therapy 2(4.7)

Anticoagulant 1(2.3)

BMI (kg-m™2) 25.84+3.08

Revision surgery 5(11.6)
Procedure

ACDF 5(11.6)

ACCF 8 (18.6)

Laminoplasty 25 (58.1)

Laminectomy & Fusion 5(11.6)

Surgery duration (min) 109.1+50.0

EBL (ml) 270.1+367.3

OPLL Ossification of posterior longitudinal ligament. BMI Body
mass index. ACDF Anterior cervical discectomy and fusion. ACCF
Anterior cervical corpectomy and fusion. EBL Estimated blood loss

LMWH 12 h before surgery, with a normal international nor-
malized ratio (INR). For patients without risk factor of deep
vein thrombosis (DVT) formation, no routinely prophylactic
anticoagulant was used post-operatively. One patient devel-
oped cerebral infarction 2 days after cervical surgery, after
thorough evaluation and consultation from neurologist, aspi-
rin combined with clopidogrel were used as for the treatment
of cerebral infarction. 7 days after surgery, the patient was
diagnosed with DVT, hence, the patient received LMWH for
the treatment of DVT. Unfortunately, 15 days after surgery,
the patient suddenly had quadriplegia and confirmed with
SSEH formation by MRI, received emergent evacuation.

Clinical outcome of SSEH

In our study of 43 patients with postoperative SSEH, 23
patients were diagnosed by clinical examination alone and
diagnosis was confirmed during surgical intervention. The
remaining 20 patients had imaging confirmation of SSEH
prior to intervention, with 17 patients diagnosed on MRI
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(Fig. 2), and three diagnosed on CT. The median time from
the onset of symptoms to advanced imaging was 115 min.
The median time interval between the end of the index sur-
gery and the time of newly onset of neurological symptoms
was 150 min (25th and 75th percentile: 85 min to 290 min).
All patients underwent emergent evacuation. The median
interval between the diagnosis of hematoma to surgical evac-
uation was 150 min (range, 15 min—8 days). In 21 patients,
the initial self-reported presentation was paraplegia. In other
21 patients, the initial self- reported presentation was hemi-
plegia. In the remaining one patient, the initial self-reported
presentation was quadriplegia.

The neurologic function before evacuation by modified
Frankel scale is grade B in 5 patients, C in 32 patients, grade
D in 6 patients (partially relieved by changing body posi-
tion, or deoppilation of the drain). All patients’ symptoms
relieved partially or completely after evacuation. All patients
with neurologic deficit worse than grade C pre-evacuation
had at least one-grade improvement except for one patient.
After emergent evacuation, there were two patients in grade
C, 34 patients in grade D, and seven patients in grade E. The
average follow-up time was 10.2 +12.7 months (range: 2 to
58 months). In hematoma group, the pre-operative mJOA
score was 12.1+2.8 points, and the mJOA score during last
follow-up was 14.7+2.1 points, the average recovery rate
was 53.7%. In control group, the pre-operative mJOA score
was 13.0+2.6 points, compare to 15.2+ 1.7 points during
last follow-up, the average recovery rate was 46.5%. None of

pre-operative mJOA score, mJOA score during last follow-
up or recovery rate showed statistically different between
two groups using t-test (p =0.25, 0.29, 0.67).

Risk factors for SSEH development

The data analysis included patients in SSEH group (n=43)
and control group (n=86).

Using univariant analysis, we found male gender, OPLL
involved segment, revision surgery, longer surgical seg-
ments, longer surgical duration, higher estimated blood loss
(EBL) are the risk factors for SSEH development. Moreover,
ACDF had decreased risk of SSEH compared to other cervi-
cal procedures (Table 2).

Forward selection stepwise logistic regression analysis
revealed one independent risk factor associated with devel-
opment of SSEH postoperatively: OPLL involved segments
(p=0.007, OR =1.556) (Table 3). And cut off values calcu-
lated through receiver operating characteristic (ROC) curve
of surgical segments and OPLL involved segments were 1.5.

Discussion

SSEH following spinal surgery is a rare event. Previous
study had revealed that the incidence ranged from 0.10%
to 0.24% in all spine cases [13, 18-21]. There were several
retrospective case series reported the incidence of SSEH

Fig.2 A 56-year-old male, his clinical diagnose was cervical mye-
lopathy caused by diffusive idiopathic skeleton hyperostosis (DISH),
underwent multilevel laminectomy with fusion. He encountered cer-
ebral infarction 2 days after surgery. Hence aspirin combined with
clopidogrel were used for the treatment of cerebral infarction. 7 days
after surgery, the patient was diagnosed with deep vein thrombosis,
and received low molecular weight heparin. 15 days after surgery,
the patient had rapid onset of quadriplegia after daily movement.
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MRI scan was confirmed epidural hematoma formation. An emergent
evacuation was arranged immediately. a pre-operative CT scan sag-
ittal plane showed DISH with OPLL and ossification of ligamentum
flavum. b pre-operative MRI showed multilevel spinal cord compres-
sion with intradural signal change. ¢ MRI after onset of quadriplegia
showed acute formation of epidural hematoma (white arrow). d Dur-
ing emergent evacuation, massive blood clot was discovered in epi-
dural space
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Table2. Univariate risk factor Variable Hematoma Group Control Group (n=86) p Value
analysis (n=43)
Male 34 (79.1%) 52 (60.5%) .047%*
Age (years) 53.5+11.6 52.0+11.0 457
BMI (kg-m™2) 25.84+3.08 25.46+3.16 521
Hypertension 11 (25.6%) 27 (31.4%) 544
Diabetes Mellitus 6 (14.0%) 12 (14.0%) 1.000
Smoking (Pack-Year) 3.93+10.3 2.63+8.2 438
Anti-Platelet Therapy 2 (4.7%) 3(3.5%) 747
Anticoagulant 1(2.3%) 0 157
PT (s) 10.8+0.6 10.7+0.6 302
APTT (s) 33.5+2.4 32.6+3.3 135
INR 1.01+0.05 1.00+0.05 310
Platelet (10°/L) 224.7+99.5 222.5+61.3 .874
OPLL involved segments (Levels) 1.9+2.0 0.6+1.0 .000%*
Procedure .000*
ACDF 5(11.6%) 51 (59.3%)
ACCF 8 (18.6%) 6 (7.0%)
Laminoplasty 25 (58.1%) 29 (33.7%)
Laminectomy & Fusion 5(11.6%) 0
Revision surgery 5(11.6%) 0 .000*
Surgical segments (Levels) 45+1.4 29+1.6 .000*
Duration (Minutes) 109.1+50.0 81.5+£35.0 .000*
EBL (ml) 270.1+367.3 116.4+212.1 .003*

BMI Body mass index. PT Prothrombin time. APTT Activated partial thromboplastin time. /NR Interna-
tional normalized ratio. OPLL Ossification of posterior longitudinal ligament. ACDF Anterior cervical dis-
cectomy and fusion. ACCF Anterior cervical corpectomy and fusion. EBL Estimated blood loss

* Statistically significant, p <.05

Table 3 Results of forward selection stepwise logistic regression
analysis

Variable p Value Odds ratio
Gender .394 -

OPLL involved segments .007* 1.556
Revision .999 -
Procedure .083 -
Surgical segments 495 -
Surgical duration 434 -

EBL .595 -

* Statistically significant, p<.05

following cervical spine surgery. Aono et al. [7] reported
1,376 patients underwent cervical spine surgery, 466 patients
underwent anterior procedures, 1 patient developed SSEH
(0.21%), 910 patients underwent posterior laminoplasty, 4
SSEH were identified (0.44%). Yin et al. [6] reported 12 out
of 2,338 cervical spinal cases developed acute SSEH after
cervical spine surgery, with the incidence of 0.5%. In a sin-
gle institute study, Amiri [17] reported 1,962 patients under-
went cervical surgery, the incidence of SSEH was 0.15%.

Goldstein et al. [5] identified the rate of SSEH to be 1.5%
(8/529) over a 10-year period, this research was restricted
to posterior cervical surgery. In a multicenter retrospective
cohort during a 7-year period, Schroeder et al. [4] reported
the incidence of SSEH following cervical spine surgery of
0.09%.

As one of the largest spine centers in our nation, in our
institute, a total of 18,220 patients underwent cervical spine
surgery over a 10-year period. There were 10,514 patients
underwent anterior procedure, 13 patients developed SSEH
(0.12%); 6,397 underwent posterior procedure, 30 of whom
developed SSEH (0.47%); 1,166 underwent combined
anterior and posterior procedure in one stage, none of them
developed SSEH. This study finds that the overall SSEH in
the cervical spine is 0.24%. The result is consistent with the
previous studies, and our study represents the largest case
series over a 10-year period.

Awad et al. [18] had identified preoperative use of non-
steroid anti-inflammatory drugs (NSAIDs), Rh-positive
blood type, and age more than 60 years old were preopera-
tive risk factors for SSEH formation. Operative levels > five
levels, hemoglobin lower than 10 g/dl, and EBL more than
1L were the intraoperative risk factors. Moreover, INR more
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than 2.0 within the first 48 h was the postoperative risk fac-
tor. Amiri et al. [17] reported alcohol greater than 10 units
a week, previous spinal surgery, and multilevel procedures
were shown to be the risk factors of SSEH. Kou et al. [19]
reported multilevel procedures, and the presence of preop-
erative coagulopathy were the significant risk factors. In a
single-institution retrospective review through a 10-year
period focused on posterior cervical surgery, Goldstein et al.
identified that postoperative usage of NSAIDs and increased
CCI were independent risk factors of SSEH.

In univariant analysis, we have identified male, segments
involved by OPLL, number of segments, type of procedure,
duration of surgery, EBL, and revision surgery were risk
factors of SSEH development. Number of segments and
EBL had been reported as a risk factor by previous research.
Other risk factors were the first time identified as potential
risk factors. More extensive surgery, revision surgery and
bleeding tendency might contribute to postoperative SSEH
formation.

Through multivariate logistic regression analysis, OPLL
involved segments was the only independent risk factor of
SSEH development postoperatively, other risk factors that
we identified might related to or were the result of OPLL
involvement. To our knowledge, this is the first study that
identified OPLL as an independent risk factor for SSEH
development.

OPLL is a pathologic process of lamellar bone deposition
at the site of the posterior longitudinal ligament (PLL), more
frequently seen in older adults and in males, with a reported
male-to-female ration of 2:1 [22, 23]. OPLL is more com-
mon in East Asia. In Japan, the prevalence was reported to
be 1.9 to 4.3% among the population older than 30 years of
age [24-26]. In other East Asian countries and regions, the
prevalence was 3.6% in Korea [27] and 2.8% in Taiwan [28],
which is similar to that of Japan. While the estimated rate
among Caucasian population in North America is 0.12%. All
previous studies focused on SSEH development after cervi-
cal spine surgery were conducted in North America [4, 5].
This might explain the reason for OPLL involved segments
being first time identified as an independent risk factor of
SSEH development after cervical spine surgery. Previous
studies had discovered a bleeding tendency in patients with
OPLL than patients with CSM [29, 30], which might lead
to postoperative SSEH development. A multi-institutional
study in Japan had revealed that patients with an occupying
ratio higher than 60% were at 2.4-fold higher risk of intraop-
erative blood loss greater than 500 g [31]. Kishiya et al. [32]
had found that patients with continuous type of ossification
show a tendency of bleeding and significant blood loss after
surgery compared to DCM patients. Moreover, in a retro-
spective review of 2,375 anterior cervical spine procedures,
to investigate the risk factors involved in the development
of anterior cervical retropharyngeal hematoma, O’Neil et al.
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[33] had identified presence of diffuse idiopathic skeletal
hyperostosis (DISH) or OPLL to be risk factors of post-
operative anterior retropharyngeal hematoma formation. We
assumed that the presence of DISH and OPLL was related
to intra-operative and post-operative hemorrhagic compli-
cations. There were two main hypotheses to explain this
phenomenon. One is ectopic bone formation, like OPLL
and diffusive DISH, the ossification initiated through the
endochondral pathway. The invasion of blood vessels into
cartilaginous template plays an important role in the patho-
physiologic endochondral ossification of bone tissue [34,
35]. There is also a difference of angiogenesis-related genes
in expression between OPLL patients and DCM patients
[34]. The other hypothesis is that the bleeding tendency in
OPLL patients is caused by increased intraosseous pres-
sure, which is identical to the epidural venous pressure [35]
and abnormal distention of the epidural venous plexus [29].
Thus, more vertebrae involved by OPLL is related to more
surgical segments, longer surgical duration, more EBL, sur-
gical technique other than ACDF, and revision surgery.

This study represents the largest clinical series focused
on SSEH development after cervical spine surgery, and the
first study to identify OPLL involved segments as the inde-
pendent risk factor of SSEH. However, the study still has
limitations. The retrospective nature of this study makes it
inevitable for selection and reporting bias. And all surger-
ies were performed in the same institution, the individual
surgeon and institution-based risks cannot be eliminated. In
addition, some patients used herbal medicine preoperatively
would have interference with the results.

Conclusion

The current study is the largest series to date to analyze the
incidence of SSEH following cervical spine surgery. The inci-
dence of SSEH following cervical spine surgery is 0.24%.
Male, segments involved by OPLL, surgical segments, pro-
cedure, duration of surgery, EBL, and revision surgery were
related to SSEH. Further, OPLL involved segments is an inde-
pendent risk factor of SSEH development postoperatively, and
the cut-off value is 1.5 segments. For patients with OPLL
involved more than 1.5 segments, spine surgeons should pay
increased attention to hemostasis, and monitor patients more
closely for new onset of neurological deficits after surgery,
due to their increased risk of developing of SSEH.
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