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Abstract
Study Design: Case-control study.

Objectives: To investigate the incidence of symptomatic spinal epidural hematoma (SSEH) and recognize its risk factors in a
cohort of patients undergoing posterior thoracic surgery in isolation.

Methods: From January 2010 to December 2019, patients who developed SSEH after posterior thoracic surgery and underwent
hematoma evacuation were enrolled. For each SSEH patient, 2 or 3 controls who did not develop SSEH and underwent the same
procedures with similar complexity at the same section of the thoracic spine in the same period were collected. The preoperative
and intraoperative factors, blood pressure-related factors and radiographic parameters were collected to identify possible risk
factors by comparing between the 2 groups.

Results: A total of 24 of 1612 patients (1.49%) were identified as having SSEH after thoracic spinal surgery. Compared to the
control group (53 patients), SSEH patients had significant differences in the APTT (p = 0.028), INR (p = 0.009), ratio of previous
spinal surgery (p = 0.012), ratio of cerebrospinal fluid leakage (p = 0.004), thoracic kyphosis (p<0.05), local kyphosis angle
(p<0.05), epidural fat ratio at T7 (p = 0.003), occupying ratio of the cross-sectional area (p<0.05) and spinal epidural venous
plexus grade (p<0.05). Multiple logistic regression analysis revealed 3 risk factors for SSEH: cerebrospinal fluid leakage, the local
kyphosis angle (>8.77°) and the occupying ratio of the cross-sectional area (>49.58%).

Conclusions: The incidence of SSEH was 1.49% in posterior thoracic spinal surgeries. Large local kyphosis angle (>>8.77°), high
occupying ratio of cross-sectional area (>49.58%) and cerebrospinal fluid leakage were identified as risk factors for SSEH.
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emergency surgery for evacuation, hemostasis and possible
additional decompression are performed as early as possible
to prevent poor outcomes. In a clinical experiment, authors
revealed that revision surgery within 8 hours could achieve full

Introduction

Symptomatic spinal epidural hematoma (SSEH) is one of the
most devastating complications after spinal surgery. It was first
reported in 1869, and since then, many scholars have focused
on this complication with its incidence, etiology and treatment.

The reported incidence of asymptomatic SSEH confirmed by
magnetic resonance imaging (MRI) ranges from 14.6%-58%,
while symptomatic SSEH occurs less frequently (0.1%-
0.4%)."* Although symptomatic SSEH is very rare, it often
causes serious consequences, including severe pain, paralysis,
lower extremity weakness and bowel dysfunction, by compres-
sing the spinal cord. Once the diagnosis is established,
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or partial recovery of neurological function.®> A study on dogs
also demonstrated that 6 hours was the time line for neurolo-
gical recovery.* Thus, it is important for spine surgeons to
identify the risk factors for SSEH in order to make an early
diagnosis and prevent the occurrence of SSEH.

Numerous studies have identified many risk factors for
SSEH, including an age >60, coagulopathy, a high body mass
index, the use of nonsteroidal anti-inflammatory drugs, multi-
level procedures, previous spine surgery, an Rh-positive blood
type, blood loss >1L, hemoglobin <10 g/dl, an international
normalized ratio >2.0 within 48 hours after surgery, a high
diastolic blood pressure before surgery, a large increase in blood
pressure after extubation, the use of gelfoam and so on.”'°
However, some factors remain controversial. For instance,
Bovonratwet et al found that following anterior cervical discect-
omy and fusion, patients who had a lower BMI easily developed
hematoma, whereas another study identified that a high BMI
was a risk factor in a whole spine level sample.”* Additionally,
most studies have drawn conclusions based on a cohort of lum-
bar and cervical spine patients. Few studies have focused on the
incidence of and risk factors for SSEH in thoracic patients.

Therefore, the purpose of this study was to investigate the
incidence of SSEH and recognize the risk factors based on
patients who underwent posterior thoracic surgery.

Methods

Ethical Consideration

This study was approved by the ethics committee of our hos-
pital (IRB00006761) and conducted according to the principles
of the Declaration of Helsinki. For this type of study, formal
consent is not required.

Study Design

Between January 2010 and December 2019, 1612 patients
underwent thoracic decompression surgery due to thoracic
spinal stenosis (TSS) caused by thoracic disc herniation and
ossification of the posterior longitudinal ligament and ligamen-
tum flavum with/without posterior instrumentation in our insti-
tution. The SSEH group was determined according to
symptoms as well as MRI and intraoperative findings, and
these patients underwent hematoma evacuation within 1 week
of'the initial surgery. The symptoms of the patients included (1)
severe or increasing radiating pain in the lower limbs; (2) lower
limb numbness; (3) a progressive decrease in muscle power;
and (4) bladder or bowel dysfunction. The exclusion criteria
were as follows: (1) TSS caused by trauma, tumors, infections,
deformities or other diseases; (2) SSEH occurring at the cervi-
cothoracic or thoracolumbar junctions; (3) initial surgeries per-
formed at other hospitals; and (4) incomplete clinical data. In
the control group, those who did not develop SSEH but under-
went the same procedures with similar complexity at the same
section of the thoracic spine in the same period (the same year
or the following year) were randomly selected from the pool

of patients. All patients underwent surgery with general
anesthesia. The drainage tubes were removed when the volume
was less than 50ml per 24 hours.

Risk Factors for SSEH

The medical documents associated with the 2 groups were
reviewed in detail. Possible risk factors were divided into 4
categories: preoperative factors, intraoperative factors, blood
pressure-related factors and radiographic parameters.

Preoperative factors. Preoperative factors, including age, sex,
body mass index, comorbidities, pre- and postoperative routine
blood test results (blood cell number, hemoglobin level, hema-
tocrit, platelet count), coagulation status (prothrombin time,
activated partial thromboplastin time, thrombin time, fibrino-
gen, international standardization rate), medications recorded
(use of nonsteroidal anti-inflammatory drugs and anticoagula-
tion drugs), smoking and drinking status, and history of spine
surgery, were recorded.

Intraoperative factors. The intraoperative factors, including esti-
mated blood loss, duration of surgery and anesthesia, volume of
crystalloids and colloidal solution, blood transfusion (red cell,
blood plasma, autotransfusion), cerebrospinal fluid leakage,
number of drainage tubes and gelfoam dural coverage, were
recorded.

Blood pressure-related factors. Blood pressure was measured at
admission, intraoperatively, after extubation, in the anesthesia
recovery room, and postoperatively. The intraoperative blood
pressure was measured every 10 minutes when general
anesthesia began and was recorded as an average level. Blood
pressure variability (BPV) was recorded as a type of intrao-
perative blood variance.

Radiographic parameters. The following radiographic para-
meters were evaluated during full spine CT scans and thoracic
MRI by Surgimap as previously described (version: 2.2,
Nemaris Inc.): thoracic kyphosis (TK), local kyphosis angle,
lumbar lordosis (LL), occupying ratio of the spinal canal
anterior-posterior diameter, occupying ratio of the cross-
sectional area, spinal epidural venous plexus (SEVP) grade,
epidural fat at T7 and maximum level. The local kyphosis angle
was determined by the measurement of the Cobb angle. All
measurements were performed by 3 independent observers
who were blinded to the patients. All patients were measured
twice, and the average value was recorded. TK, LL and the
local kyphosis angle were measured during full spine CT using
traditional methods. It should be noted that in our hospital, TSS
patients do not usually undergo full spine X-ray. Therefore, we
obtained data from full spine CT in the supine position.

In the maximum compression segment, the osseous spinal
canal diameters and maximum thicknesses of ossification were
measured on sagittal and axial CT images by Surgimap. The
occupying ratio of the spinal canal anterior-posterior diameter
was calculated as follows'' (Figures 1 and 2):
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Figure |. Measurement of the anterior-posterior diameter on a sagittal view. (a) Maximum compression segment on a sagittal view;
(b) The anterior-posterior diameter of the osseous spinal canal is defined by the line AB; (c¢) Maximum thickness of ossification is defined
by the line CD. The occupying ratio of the spinal canal anterior-posterior diameter on a sagittal view was calculated as follows: occupying

ratio = (CD/AB)x 100%.

Figure 2. Measurement of the anterior-posterior diameter on an axial view. (a) Maximum compression segment on an axial view; (b, c)
The anterior-posterior diameter of the osseous spinal canal is defined by line C, and the maximum thickness of ossification is defined by
line B. The occupying ratio of the spinal canal anterior-posterior diameter on an axial view was calculated as follows: occupying

ratio = (B/C)x 100%.

Occupying ratio
maximal ossification thickness

= . . — x 100%
Osseous spinal canal anterior — posterior diameter

In the maximum compression segment, the normal cross-
sectional area (CSA) was measured in the pedicle region (with-
out ossification). If maximal compression occurred at the level
of the intervertebral disc, the normal cross-sectional area was
calculated as CSA, = (CSA,.1+CSA,;1)/2. The cross-
sectional area of the narrowest level was measured in the same
segment. There is usually no pedicle in this region. Therefore,
we used the greatest distance between the bilateral pedicles to
define the boundary of the spinal canal. Detailed measurements
were described previously.'? The occupying ratio was calcu-
lated as follows (Figure 3):

Occupying ratio

The spinal epidural venous plexus (SEVP) is a tubular struc-
ture on axial T2-weighted MRI in the epidural space because of
the flowing void effect. We measured the thickest diameter of
the SEVP on axial T2-weighted MRI in the lesion segment. The
degree of SEVP was classified into 4 grades as described pre-
viously: grade 0, no epidural veins were seen; grade 1, 1 or
more epidural veins were seen and the thicknesses of all veins
were < I mm (mild dilatation); grade 2, the thickest of the
epidural veins were > 1 mm and < 3 mm (moderate dilatation);
and grade 3, the thickest of the epidural veins were > 3 mm

cross — sectional area of narrowest level

) x 100%

Normal cross — sectional area
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Figure 3. Measurement of the cross-sectional area. (a, b) In the pedicle region, the normal cross-sectional area was measured by selecting
several points around the boundary. (c) Line AB was used to define the lateral boundary of the area. (d, €) In the narrowest region, there is
usually no pedicle; thus, line AB can define the lateral boundary of the area. (f) Within line AB, the narrowest cross-sectional area was measured

as described previously.

Figure 4. Dilatation of the SEVP. (a, b) Axial T2-weighted MRI showed that the posterior epidural veins (white arrow) were dilatated. (grade 2).

(severe dilatation)."> The epidural space included the anterior
and posterior space (Figure 4).

Previous studies have shown that epidural lipomatosis can
lead to SEVP dilation."® Therefore, we selected 2 positions to
define the epidural fat in patients. T7 was chosen in most of the
studies on EF in the literature. The maximum EF at the thoracic
spine was also measured. Because T1-weighted MRI could
provide a good way to distinguish epidural fat (EF) from the
dural sac (DS), the EF and DS diameters were measured on
sagittal T1-weighted MRI as described previously.'* The EFR
was calculated as follows (Figure 5):

Spinal canal (SC) = EF 4 DS

EFR = x 100%

EF + DS

Statistical Analysis

Data was recorded and analyzed using SPSS software version
24.0 (IBM, Armonk, New York). Univariate analysis was car-
ried out to identify the potential risk factors at first. Continuous
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Figure 5. Measurement of epidural fat at T7 and the maximum level. (a) T|-weighted MRI of the thoracic spine. (b) Measurement at the T7
level. The measurements of the dural sac are shown in white (line AB), and epidural fat is shown in black (line BC). (c) Measurement at the
maximum epidural fat level. The measurements of the dural sac are shown in white (line DE), and epidural fat is shown in black (line EF). The

BC

EFRT7 and EFRmax were calculated as follows: EFR17 = w25~ x 100%; EFRmax = —=£f— x 100%.

AB-+BC

data is presented as the mean + standard deviation and were
assessed by independent sample t test. Categorical variables
were compared using the X test and Fisher’s exact test. Mul-
tiple logistic regression analysis was applied to identify the
independent risk factors for SSEH. Adjusted odds ratios and
95% confidence intervals were calculated. The difference was
considered significant if the p value was < 0.05.

Results

Incidence

Twenty-four patients (1.49%) were identified as having SSEH
after surgery and underwent hematoma evacuation. Moreover,
2 patients who had incomplete clinical data were excluded. The
average time of symptom occurrence was 36.45 +68.56 hours
after surgery. Another 53 patients who underwent the same
procedure at the same level were enrolled as the control group.
The detailed information is shown in Table 1.

Univariate Analysis

The preoperative factors of the subjects are listed in Table 1.
The results showed that although the APTT (SSEH:
36.41 + 10.70 vs control: 32.63 + 4.02, p = 0.028) and INR
(SSEH: 1.03 £ 0.07 vs control: 0.98 + 0.05, p = 0.009) were
significantly higher in the SSEH group, they were all in the
normal range. The ratio of patients who previously received
spine surgery was significantly higher in the SSEH group
(31.81%) than in the control group (SSEH: 31.81% vs control:
7.54%, p = 0.012).

DE+EF

The univariate analysis results for intraoperative factors
between the 2 groups are shown in Table 2. The results showed
that the proportion of cerebrospinal fluid leakage was signifi-
cantly higher in the SSEH group (SSEH: 45.45% vs control:
11.32%, p = 0.004). Other intraoperative factors showed no
significant difference between the 2 groups.

Table 3 provides an overview of the blood pressure-related
factors. The results showed that blood pressures at different
time points were not significantly different between the
2 groups. Additionally, the increases in the SBP and DBP after
extubation as well as the intraoperative SBPV and DBPV were
also similar in the 2 groups.

In terms of the radiographic parameters, there were signif-
icant differences in TK (SSEH 25.32 + 9.94° vs control
15.79 + 7.26°, p<0.01), the local kyphosis angle (SSEH
14.12 + 6.61° vs control 6.54 + 4.96°, p<0.01), the EFR,
(SSEH 30.84 + 6.34% vs control 24.71 + 8.48%, p = 0.003),
the occupying ratio of the cross-sectional area (SSEH
61.92 + 14.86% vs control 44.41 + 14.30%, p<0.01) and the
SEVP grade (p<0.01) between the 2 groups. Lumbar lordosis
(p = 0.24), EFR,.x (p = 0.89), and the occupying ratio of the
anterior-posterior diameter on axial (p = 0.099) and sagittal
views (p = 0.40) showed no significant difference between the
2 groups (Table 4).

Multiple Logistic Regression Analysis (Table 5)

Multiple logistic regression analysis was used to recognize the
factors that were significantly related to SSEH and to adjust for
potential confounding factors. Based on the results of the uni-
variate analysis, factors with a p value less than 0.05 and clinical
importance were selected for the multiple logistic regression.



1180

Global Spine Journal 12(6)

Table 1. Preoperative Factors.

SSEH group (n = 22) Control group (n = 53) p Value*
Age (years) 53.27 + 10.96 52.98 + 9.29 091
Sex (Male/Female) 16/6 27/26 0.08
% Male 72.73% 50.94%
BMI(kg/m?) 27.20 + 4.54 27.89 + 4.22 0.54
Anticoagulation (%) | (4.55%) 0 (0) 0.29
Nonsteroidal drug (%) 20 (90.91%) 41 (77.36%) 0.17
Hypertension (%) 10 (45.45%) 17 (32.08%) 0.27
Diabetes (%) 3 (13.64%) 8 (15.09%) 1.00
Smoking or drinking (%) | (4.55%) 8 (15.09%) 0.27
History of spinal surgery (%) 7 (31.81%) 4 (7.54%) 0.012
Red Blood cell (x 10%/L) 481 + 049 4.85 + 0.49 0.71
Hb (g/L) 147.36 + 16.51 142.37 + 19.89 0.30
HCT 0.44 + 0.04 0.43 + 0.05 0.82
PLT (x 10°/L) 233.41 + 65.78 237.26 + 68.98 0.82
PT (s) 10.83 + 0.85 10.65 + 0.6l 0.31
APTT (s) 36.41 + 10.70 32.63 + 4.02 0.028
TT (s) 13.92 + 1.48 13.75 + 1.06 0.58
Fib (g/L) 279 + 054 3.03 + 0.54 0.086
INR 1.03 + 0.07 0.98 + 0.05 0.009
After surgery
Red Blood cell (x 10°/L) 4.00 + 0.49 4.17 + 0.58 0.39
Hb (g/L) 121.00 + 13.52 125.55 + 17.90 0.42
HCT 0.36 + 0.04 0.37 + 0.05 0.41
PLT (x 10°/L) 202.33 + 42.50 212.20 + 61.08 0.58

Values in Bold indicates p value < 0.05, which is considered as significance difference.
BMI body mass index; Hb hemoglobin; HCT Hematocrit; PLT platelet count; PT prothrombin time; APTT activated partial thromboplastin time; TT thrombin time;

Fib fibrinogen; INR international normalized ratio.
*By independent sample t test or Chi-square test.

Table 2. Intraoperative Factors.

SSEH group (n = 22) Control group (n = 53) p value*
Estimated Blood loss (ml) 7285 + 762.74 605.00 + 950.57 0.61
Duration of surgery (min) 168.70 + 94.81 134.50 + 72.08 0.11
Duration of Anesthesia (min) 230.70 + 115.14 197.07 + 79.72 0.16
Crystalloids (ml) 1625.00 + 579.59 1599.04 + 708.31 0.88
Colloidal solution (ml) 642.11 + 325.43 538.46 + 576.04 0.46
Packed Red Blood Cell (units) 1.00 + 1.48 0.64 + 2.03 0.46
Plasma (ml) 105.26 + 224.78 42.30 + 155.10 0.19
Autotransfusion (ml) 249.78 + 241.46 244.32 + 44731 0.96
Cerebrospinal fluid leakage (%) 10 (45.45%) 6 (11.32%) 0.004
Number of Drainage tube (number) 1.05 + 0.21 1.07 + 0.26 0.64
Gelfoam dural coverage (%) 7 (31.82%) 9 (16.98%) 0.215

Values in Bold indicates p value < 0.05, which is considered as significance difference.

*By independent sample t test or Chi-square test.

Multiple logistic regression analysis identified a large local
kyphosis angle (adjusted odds ratio: 11.99, 95% confidence
interval: 2.56-56.01, p = 0.002), a high occupying ratio of the
cross-sectional area (adjusted odds ratio: 7.24, 95% confidence
interval: 1.86-28.87, p = 0.005) and cerebrospinal fluid leakage
(adjusted odds ratio: 9.60, 95% confidence interval: 1.98-46.46,
p = 0.005) as independent risk factors for SSEH.

Discussion

In the current study, based on the information collected, we
revealed that the prevalence of SSEH in TSS after surgery was

1.49%, and the local kyphosis angle, the occupying ratio of the
cross-sectional area and cerebrospinal fluid leakage were signif-
icant risk factors for SSEH. Other risk factors, such as advanced
age (>60 years old), BMI, nonsteroidal drug use, high interna-
tional standardized ratios (>1.2) and large increases in blood
pressure after extubation (>50 mmHg), which have been consid-
ered predisposing factors for SSEH in previous studies, did not
show any significant difference in our patients.>>""-"'> Although
the reason for the contradiction is unclear, different regions and
surgical approaches are thought to explain this phenomenon. It is
clear that the etiology of SSEH after single-level decompression
differs from that of multilevel decompression.”'*!” In addition,
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Table 3. Blood Pressure Related Factors.

SSEH group (n = 22) Control group (n = 53) p Value*
SBP at admission (mmhg) 13045 + 14.73 129.37 + 148l 0.78
DBP at admission (mmhg) 79.54 + 7.00 7947 + 9.13 0.97
Intraoperative SBP (mmhg) 123.57 + 12.11 121.73 + 11.20 0.54
Intraoperative DBP (mmbhg) 76.76 + 9.63 7881 + 834 0.37
SBP after extubation (mmhg) 14581 + 19.64 139.25 + 13.95 0.11
DBP after extubation (mmhg) 89.71 + I1.15 90.15 + 8.02 0.85
SBP at anesthesia recovery room (mmhg) 139.95 + 21.03 134.16 + 14.55 0.17
DBP at anesthesia recovery room (mmhg) 84.37 + 11.63 80.92 + 8.87 0.21
Postoperative SBP (mmhg) 134.30 + 15.08 128.11 + 10.56 0.055
Postoperative DBP (mmbhg) 7920 + 15.78 74.54 + 7.38 0.09
Increase of SBP after extubation (mmhg) 2333 + 12.68 19.34 + 6.75 0.08
Increase of DBP after extubation (mmhg) 13.86 + 12.33 11.25 + 7.96 0.27
Intraoperative SBPV (mmhg) 1423 + 2.24 12.95 + 2.89 0.07
Intraoperative DBPV (mmhg) 9.67 + 3.62 840 + 2.98 0.12
Values in Bold indicates p value < 0.05, which is considered as significance difference.
SBP systolic blood pressure; DBP diastolic blood pressure.
*By independent sample t test.
Table 4. Radiographic Parameters.
SSEH group (n = 22) Control group (n = 53) p Value*
Thoracic Kyphosis (°) 25.32 + 9.94 15.79 + 7.26 <0.05
Local kyphosis angle (°) 14.12 + 6.61 6.54 + 4.96 <0.05
Lumbar Lordosis (°) -39.00 + 12.03 -36.31 + 7.27 0.24
EFR max (%) 3446 + 7.21 34.89 + 10.62 0.86
EFRt; (%) 30.84 + 6.34 24.71 + 8.48 0.003
Occupying ratio of anterior-posterior diameter at axial view (%) 60.23 + 17.44 53.16 + 16.31 0.099
Occupying ratio of anterior-posterior diameter at sagittal view (%) 62.54 + 18.10 59.52 + 12.05 0.40
Occupying ratio of cross-sectional area (%) 61.92 + 14.86 44.41 + 14.30 <0.05
SEVP
Grade 0 (%) 5 (22.73%) 33 (62.26%) <0.05

Grade | (%)
Grade Il (%)

8 (36.36%)
9 (40.91%)

20 (37.74%)
0 (0)

Values in Bold indicates p value < 0.05, which is considered as significance difference.

EFR epidural fat ratio; SEVP spinal epidural vein plexus.
*By independent sample t test or Chi-square test.

Table 5. Multiple Logistic Regression Analysis.

Adjusted OR  95% Cl  p Value
Local kyphosis angle 11.99 2.56-56.01 0.002
occupying rate of cross-sectional 724 1.86-28.87 0.005
area
cerebrospinal fluid leakage 9.60 1.98-46.46 0.005

OR odds ratio; Cl confidence interval.

different spine regions have their own characteristics. Accord-
ingly, we restricted the region of patients to the thoracic spine,
and each SSEH patient was matched with 2 or 3 control patients
who underwent the same procedures. To our knowledge, this is
the first study to determine the incidence of and risk factors for
SSEH in a cohort of patients undergoing posterior thoracic sur-
gery in isolation.

In the current study, a large local kyphosis angle (>8.77°,
adjusted odds ratio: 11.99, 95% confidence interval: 2.56-56.01)

was considered a possible cause of SSEH. Nobuyuki Fujita
demonstrated that in lumbar spinal canal stenosis, lumbar hypo-
lordosis (LL less than 25°) was a significant risk factor for
SSEH.'® Similarly, a hypothesis has been proposed in the current
study that when compared with patients in the control group,
those with a large local kyphosis angle have more kyphotic
alignment, creating a narrower space between the paravertebral
muscles and spinal cord, especially in muscles with edema after
surgery.'” This is also the reason why SSEH occurs more fre-
quently in the thoracic spine than in the cervical and lumbar
spine.”* In multiple logistic regression, thoracic kyphosis
failed to show a significant difference. We assumed that in our
patients, the diseased segments in some cases were above T4, yet
thoracic kyphosis was measured between T4 and T12. However,
in clinical practice, the local kyphosis angle is an uncontrolled
factor, and before surgery, surgeons need to inform these
patients of their high risk of developing SSEH postoperatively.

Previous studies have reported that rupture of a pre-existing
abnormal SEVP is the major bleeding source for epidural
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hematoma formation.'”*® Anatomically, the SEVP is a valve-
less network that, when compressed to any degree, very likely
leads to dilatation.?'** Dilated epidural veins bleed easily, and
bleeding is difficult to stop when it starts owing to the thin
vessel wall. Park et al visualized the increased incidence of
epidural venous engorgement in patients with prominent epi-
dural fat."* Likewise, another study revealed that SEVP dilata-
tion was related to lumbar spinal stenosis.”>** In the current
study, the EFR and occupying ratio were calculated to evaluate
the epidural fat and ossified ligaments. A high occupying ratio
of the cross-sectional area (>49.58%, adjusted odds ratio: 7.24,
95% confidence interval: 1.86-28.87) was found in the SSEH
group, indicating that severe compression by ossified ligaments
occurred on the SEVP, leading to poor elasticity of the vessel
wall and impedance of blood flow. As a result, dilatation of the
SEVP was more common in the SSEH group (77.3%), contri-
buting to the development of hematoma. Thus, for patients with
a high occupying ratio (>49.58%), careful operation and con-
trol of bleeding on the SEVP are extremely important
intraoperatively.

Several studies have also discussed the relationship between
dural tears and SSEH.*'*!7 Only one study revealed a positive
relationship in lumbar decompression and speculated that
injured local vessels and a reduced use of drainage tubes fol-
lowing dural tears were the mechanisms. Our findings in the
present study revealed that cerebrospinal fluid leakage
(adjusted odds ratio: 9.6, 95% confidence interval: 1.98-
46.46) greatly increased the incidence of SSEH. Anatomically,
CSF provides internal pressure for the dura and its own con-
tents, and a small hematoma does not easily induce symp-
toms.?* Therefore, the incidence of asymptomatic SSEH is
high, but symptomatic SSEH is very rare. It is the author’s
hypothesis that if cerebrospinal fluid leakage occurs intrao-
peratively, internal pressure loss, even in a small hematoma,
can cause compression. Previous studies have only reported the
incidence of durotomy but have not described cerebrospinal
fluid leakage and different regions, which may lead to incon-
sistency with our study. Therefore, if cerebrospinal fluid leak-
age occurs intraoperatively, surgeons should be conscious of
not only intraoperative nerve injury and postoperative head-
ache but also the increased risk of hematoma. Furthermore, our
study revealed that the spinal surgery ratio, which has been
reported as a risk factor, was higher in the SSEH group, but
the difference was not significant in multiple logistic regression
analysis. We believe that the elevated incidence of cerebrosp-
inal fluid leakage in revision operations due to the formation of
scar tissue and adhesions is the true cause in such patients.

This study had some limitations. First, due to its retrospective
nature, bias, data availability and confounders were difficult to
control. Second, due to the low incidence of SSEH, the sample
size was relatively small in the current study. Multicenter studies
are needed to verify the results of the current study and fully
investigate other potential factors. Even with this, because sur-
gical region was restricted to the thoracic region, we were able to
identify some significant risk factors for SSEH.

Conclusion

In conclusion, our study revealed an incidence of SSEH of
1.49% as well as 3 significant risk factors following posterior
thoracic spinal surgeries. Consequently, patients with such
characteristics need to be carefully observed, and once neuro-
logical deficits develop after surgery, spine surgeons should
make a timely diagnosis of SSEH.
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