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Abstract
Purpose Spinal epidural haematoma (SEH) is a common
complication after lumbar spinal decompression surgery, and
symptomatic SEH usually causes devastating neurological
deficits. Although different risk factors for post-operative
SEH have been reported, few studies focused on patients’
laboratory tests. The purpose of this study was to analyze
the incidence of symptomatic SEH following lumbar spinal
surgery, as well as identify the risk factors for it.
Methods Patients who underwent posterior lumbar spinal de-
compression surgery between January 2010 and August 2016
were included in this study and their medical records were
retrospectively reviewed. Those who developed post-
operative symptomatic SEH after the surgery were identified.
The risk factors for SEH were analyzed by univariate and
multivariate regression analysis.
Results In total, 2715 patients were included in this study and
31 (1.14%) were identified with post-operative symptomatic
SEH. Of these patients, 19 were males and 12 were females,
with an average age of 59.39 ± 11.66 years. After multivariate
logistic regression analysis, low serum calcium level
(P = 0.025), blood type A (P = 0.04), increased estimated
blood loss (P = 0.032), prolonged surgical duration
(P = 0.018), and decreased post-operative globulin
(P = 0.016) were identified as the independent risk factors
for post-operative SEH following lumbar spinal surgery.

Furthermore, prolonged surgical duration (odds ratio = 3.105)
was the strongest risk factor for SEH.
Conclusion Based on a large population investigation, the
incidence of symptomatic SEH following lumbar spinal de-
compression surgery was 1.14%. Blood type A, increased
estimated blood loss, and prolonged surgical duration were
identified as the independent risk factors for post-operative
SEH while two new risk factors, including low serum calcium
level and decreased post-operative globulin, were firstly iden-
tified in this study.
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Introduction

Spinal epidural haematoma (SEH) is a relatively rare compli-
cation following spinal surgery, mostly occurring in lumbar
spinal surgery. Although the asymptomatic SEH has been de-
tected by magnetic resonance imaging (MRI) in 15-89% of
patients undergoing spinal surgery [1–3], the incidence of
symptomatic SEH was only 0.1-0.4% [4–6]. However, post-
operative symptomatic SEH usually caused severe neurolog-
ical symptoms by compressing the spinal cord and nerve
roots, including paralysis, bowel and bladder dysfunction,
saddle anesthesia, lower extremities weakness and numbness
[7]. In most symptomatic cases, SEH needs a revision surgery
for evacuation, haemostasis, and decompression in order to
save the function of spinal cord and nerve roots. Thus, under-
standing the risk factors for post-operative SEH is helpful for
the surgeon to timely diagnose the serious complication and
prevent it.

Previous studies have reported a variety of risk factors for
post-operative SEH after spinal surgery, including pre-
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operative diastolic blood pressure, advanced age, high body
mass index, coagulopathy, intra-operative use of gelfoam,
multilevel procedures, increased estimated blood loss, post-
operative drain output, increased systolic blood pressure after
extubation, and so on [2, 6, 8]. However, some of the factors
were still controversial and identified just based on a small
population. Additionally, most of the studies were focused
on patients’ characteristics and procedure-related factors.
Few studies paid attention to the correlation of laboratory tests
and post-operative SEH, especially the liver, kidney function,
and electrolyte results of patients.

The purpose of this study was to analyze the incidence of
symptomatic SEH and identify the risk factors for it following
lumbar spinal surgery based on a large population analysis.

Materials and methods

Study design

This study was approved by the ethics committee of our hos-
pital and all patients signed informed consent before partici-
pation. Patients who underwent posterior lumbar spinal de-
compression surgery between January 2010 and August
2016 were included in this study. Decompression surgery in-
cluded surgery for spinal canal and foraminal stenosis
resulting from lumbar spinal degenerative diseases, except
for spinal tumor, infection, deformity, and vertebral fracture.
Patients with coagulopathy or coagulation disorder were ex-
cluded from this study.

All patients underwent surgery with general anesthesia.
Four senior spine surgeons performed the surgery. No
haemostasis medicine was used pre-operatively and intra-
operatively for patients. Anticoagulation therapy was not used
in patients in order to decrease the potential confounding var-
iables for the risk factors analysis. All patients were given
physical therapy for the prophylaxis of post-operative deep
venous thrombosis. Subfascial drains were performed in all
patients before closing the incision. The drains were removed
when the drainage volume was less than 50 ml/24 h.

Identification of SEH

In this study, patients with post-operative SEH who required
revision surgery for haematoma evacuation after the primary
lumbar spinal decompression surgery were identified for
analysis. The diagnosis of SEH was based on the neurolog-
ical symptoms and confirmed by following MRI examina-
tion or surgical findings. The symptoms of developing post-
operative SEH included: (1) severe back pain at the surgical
level; (2) unilateral or bilateral low extremity radicular pain;
(3) bladder and/or bowel dysfunction; (4) low extremity
weakness and numbness.

Data collection

In order to analyze the risk factors for post-operative SEH, a
case control study was carried out. Each patient with SEHwas
matched with three controls who underwent lumbar spinal
decompression surgery at the same period but without post-
operative complications. The match was performed according
to patient’s age, gender, and diagnosis. All the medical records
of patients in the two groups were reviewed with a follow up
period of 30 days. Patients’ characteristics and peri-operative
factors, including the laboratory test results, were collected for
the analysis.

Statistical analysis

All the continuous variableswere presented as average ± standard
deviation. Univariate analysis was firstly carried out to identify
the potential risk factors associated with SEH. For continuous
variables, the student t test was used to compare the outcomes
between the two groups. For dichotomous variables, χ2 tests or
Fisher’s exact test were performed. Multivariate logistic regres-
sion analysis was then conducted to identify the independent risk
factors for SEH.AP < 0.05was considered as significant. All the
analysis was performed using SPSS 19.0 (IBM, Chicago, IL).

Results

According to the inclusion and exclusion criteria, a total of
2715 patients were included in this study. Among these pa-
tients, 31 (1.14%) were identified with postoperative symp-
tomatic SEH. Nineteen of them were males and 12 were fe-
males, with an average age of 59.39 ± 11.66 years. Another 93
patients who underwent posterior lumbar spinal decompres-
sion surgery at the same period were included as the control
group. No significantly statistical differences were found on
age, gender, and diagnosis between SEH and control groups
(P > 0.05).

Univariate analysis

Patients’ characteristics and pre-operative factors were com-
pared between the SEH group and control group (Table 1).
The results showed that patients in the SEH group had signif-
icantly lower concentrations of platelet (P = 0.031), total pro-
tein (P = 0.007), albumin (P = 0.013), serum calcium
(P < 0.001), and lower glycated hemoglobin (P = 0.009) than
those in the control group. Additionally, patients with SEH
had a significant higher proportion of blood type A than those
without SEH (P = 0.022). The outcomes indicated that these
factors were potentially associated with postoperative SEH.

The univariate analysis results for the intraoperative factors
between patients with and without post-operative SEH were
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displayed in Table 2. It indicated that multilevel surgical seg-
ments (P < 0.001), prolonged surgical duration (P = 0.021),
increased estimated blood loss (P < 0.001), and large alloge-
neic blood transfusion (P = 0.042) were significantly related to
post-operative SEH.

For the postoperative factors, the comparison results be-
tween patients in SEH group and control group were demon-
strated in Table 3. The globulin and serum level of calcium in
patients with SEH were significantly lower than those in con-
trol group (P = 0.009 and 0.003).

Multivariate analysis

All related factors identified by univariate analysis were final-
ly included for the multivariate logistical regression analysis
to detect the independent risk factors for post-operative SEH.
Table 4 showed the multivariate analysis results. Based on the
analysis, low serum calcium level (P = 0.025), blood type A
(P = 0.04), increased estimated blood loss (P = 0.032),
prolonged surgical duration (P = 0.018), and decreased post-
operative globulin (P = 0.016) were identified as the indepen-
dent risk factors for SEH. Moreover, prolonged surgical

duration (odds ratio = 3.105) was the strongest risk factor
for SEH after lumbar spinal surgery.

Discussion

Although symptomatic SEH is rare following spinal surgery,
the consequence of it is devastating, causing spinal canal com-
promise and nerve roots compression, which usually leads to
permanent neurological dysfunction [9]. Several studies have
reported the incidence of post-operative SEH, but the samples
included in these studies were relatively small [3]. During the
past five years, some large population studies have been car-
ried out for post-operative SEH analysis. Kao et al. [10]
reviewed over 15,500 lumbar spine surgeries and identified
an incidence of 0.16% patients with post-operative SEH.
Aono et al. [4] analyzed the medical records of 6356 patients
who underwent spine surgery and found that the incidence of
SEH was 0.50% in lumbar laminectomy and 0.67% in lumbar
interbody fusion surgery. In another large population study,
Yamada et al. [11] retrospectively reviewed 8250 patients
who underwent spinal decompression procedure, and found

Table 1 Patients’ characteristics
and pre-operative laboratory tests
in the SEH and control groups

SHE group

(n = 31)

Control group

(N = 93)

P

Gender (n) 1.000

Male 19 57

Female 12 36

Age (years) 59.39 ± 11.66 59.47 ± 8.59 0.970

Hypertension (n, %) 21(22.6) 24 (25.8) 0.719

Diabetes mellitus (n, %) 2 (6.5) 3 (3.2) 0.792

White blood cells (*109/L) 6.22 ± 2.67 6.74 ± 2.27 0.296

Red blood cell (*1012/L) 4.14 ± 0.65 4.36 ± 0.44 0.092

Platelet (*109/L) 161.40 ± 61.89 210.28 ± 65.66 0.031

Total protein (g/L) 64.64 ± 6.27 67.77 ± 5.22 0.007

Hemoglobin (g/L) 128.23 ± 18.96 132.13 ± 14.76 0.239

Albumin (g/L) 40.08 ± 4.13 41.95 ± 3.39 0.013

Globulin (g/L) 24.21 ± 3.35 26.11 ± 5.28 0.063

Serum calcium (mmol/L) 2.284 ± 0.128 2.388 ± 0.117 <0.001

Serum potassium (mmol/L) 4.090 ± 0.421 4.052 ± 0.435 0.668

Serum glucose (mmol/L) 5.00 ± 1.03 5.36 ± 2.28 0.402

Glycated hemoglobin (%) 2.00 ± 0.19 2.15 ± 0.30 0.009

Prothrombin time (PT, s) 10.581 ± 0.810 10.368 ± 0.915 0.251

Activated partial thromboplastin time(APTT, s) 26.877 ± 5.130 25.869 ± 4.467 0.297

Thrombin time(TT, s) 19.071 ± 2.399 19.060 ± 2.681 0.984

Fibrinogen(FIB, g/L) 2.623 ± 0.721 2.743 ± 0.653 0.384

Blood type (n, %) 0.022

A 16(48.4) 27(29)

others 15(51.6) 66(71)

SEH spinal epidural haematoma
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the incidence of SEH was 0.39% in patients with lumbar pro-
cedures. In the present study, the incidence of symptomatic
SEH following posterior lumbar spinal surgery was 1.14%,
which was a little higher than those reported in previous stud-
ies. The reasons for this may be the long surgical time and
large estimated blood loss during the surgery in SEH patients,
both of which were finally identified as the risk factors for
SEH in our study.

A variety of risk factors for postoperative SEH have been
reported in previous studies [2, 6, 8]. Different from the liter-
ature, this study was just focused on patients with degenera-
tive lumbar spinal diseases, and patients with spinal tumour,
infection, deformity, and fracture were excluded, which would
decrease the potential confounding factors for the analysis.
Based on the analysis, blood type A, increased estimated
blood loss, and prolonged surgical duration were finally iden-
tified as the independent risk factors for post-operative SEH
after lumbar spinal surgery in our study. In addition, some new

risk factors, including low serum calcium level and decreased
post-operative globulin, were firstly detected for SEH in the
present study.

The finding of blood type A as a risk factor for postopera-
tive SEH was rarely reported in previous studies. Awad et al.
[8] reviewed the records of 14,932 patients undergoing spinal
surgery and found Rh-positive blood type significantly in-
creased the risk for SEH, but the authors did not give the
reason for it. In our study, patients with blood type A had a
significantly higher rate of SEH than patients with other blood
types. The reason for it was unclear, but this result will remind
surgeons to pay attention to patients’ blood type before
performing lumbar spinal surgery.

Similar to previous studies, increased estimated blood loss
was identified as the risk factor for post-operative SEH in our
study. The reason for this may be that large blood loss during
the surgery would result in coagulation dysfunction and haem-
orrhage. Furthermore, increased blood loss would cause low

Table 3 Post-operative
parameters and laboratory tests in
the SEH and control groups

SHE group

(n = 31)

Control group

(N = 93)

P

White blood cells (×109/L) 12.43 ± 5.78 12.03 ± 3.49 0.647

Red blood cell (×1012/L) 3.35 ± 0.59 3.47 ± 0.51 0.251

Thrombocyte (×109/L) 171.68 ± 84.80 185.92 ± 68.32 0.347

Total protein (g/L) 52.27 ± 8.47 53.74 ± 8.03 0.386

Hemoglobin (g/L) 101.16 ± 16.95 105.73 ± 16.31 0.183

Albumin (g/L) 31.82 ± 4.99 33.22 ± 3.83 0.107

Globulin (g/L) 18.50 ± 3.77 21.81 ± 6.60 0.009

Serum calcium (mmol/L) 2.059 ± 0.183 2.160 ± 0.148 0.003

Serum potassium (mmol/L) 3.990 ± 0.508 3.864 ± 0.414 0.169

Serum glucose (mmol/L) 6.21 ± 2.05 6.53 ± 1.58 0.372

Glycated serum protein (mmol/L) 1.69 ± 0.28 1.79 ± 0.29 0.110

SEH spinal epidural haematoma

Table 2 Intra-operative
parameters in the SHE and control
groups

SHE group

(n = 31)

Control group

(N = 93)

P

Number of surgical segments (n) 2.19 ± 1.05 1.38 ± 0.62 <0.001

Surgical duration (h) 4.465 ± 1.692 3.303 ± 0.973 0.021

ASA class 2.45 ± 0.62 2.38 ± 0.55 0.525

Estimated blood loss (ml) 1014.52 ± 787.84 429.03 ± 292.88 <0.001

Surgical procedure 0.336

PLIF 14(45.2) 33(35.5)

TLIF 17(54.8) 60(64.5)

Allogeneic blood transfusion (n, %) 0.042

Yes 12(38.7) 19(22.4)

No 19(61.3) 74(79.6)

SEH spinal epidural haematoma, ASA American Society of Anesthesiology, PLIF posterior lumbar interbody
fusion, TLIF transforaminal lumbar interbody fusion
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haemoglobin and more allogeneic blood transfusion, which
aggravated coagulation dysfunction. Kazui et al. [12] reported
that a haematoma volume greater than 25 cm3 was a strong
risk factor for haematoma enlargement in patients with spon-
taneous intracerebral haemorrhage. Awad et al. [8] indicated
that estimated blood loss >1 L was one of the risk factor for
post-operative SEH after spinal surgery. Thus, spine surgeons
should try their best to perform haemostasis during lumbar
decompression surgery to reduce the incidence of SEH.

Although prior studies have rarely reported the relationship
between surgical time and post-operative SEH following lum-
bar spinal surgery, we found that prolonged surgical duration
was significantly associated with post-operative SEH.
Prolonged surgical duration usually led to a large estimated
blood loss and low post-operative haemoglobin, which in-
creased the risk of post-operative SEH [8]. On the other hand,
prolonged surgical duration would increase the probability of
epidural venous plexus injury, which was significantly related
to post-operative SEH [13]. In addition, several studies have
reported that a multilevel procedure was an important risk
factor for SEH following spinal surgery [2, 5, 6]. One of the
reasons was a multilevel procedure would increase the surgi-
cal duration and finally result in a high risk of post-operative
SEH. We also found that prolonged surgical duration (odds
ratio = 3.105) was the strongest risk factor for SEH in our
study. Thus, spine surgeons should reduce the surgical dura-
tion so as to decrease the rate of post-operative SEH.

As a new finding risk factor for SEH, low serum calcium
level was not reported in prior literature. In the current study,
we found pre-operative low serum calcium level was signifi-
cantly correlated with post-operative SEH. Calcium is an im-
portant cofactor for the function of coagulation cascade and
plays a critical role in the tenase and prothrombinase com-
plexes function [14, 15]. It mediates the binding of the com-
plexes to the phospholipid surfaces expressed by platelets and
helps procoagulant microparticles or microvesicles shed from
them [16]. When the concentration of serum calcium de-
creases, the function of blood clot will be impaired and the
risk of haemorrhage increases. So, it’s helpful to keep the
preoperative serum calcium at normal level for patients under-
going lumbar spinal surgery.

Another new risk factor for post-operative SEH was de-
creased post-operative globulin in the present study. Based
on the analysis, the decrease of globulin after lumbar spinal
surgery significantly increased the risk of SEH. Globulin is
one part of the serum protein. It is reported that globulin takes
part in the formation of coagulase-thrombin [17], and plays an
important role in blood coagulation [18]. Thus, the decreased
serum globulin level would impair the coagulation function of
patients.

Based on the present study, surgeons should pay attention to
the risk factors for post-operative SEH before carrying out
lumbar spinal surgery, and keep the pre-operative laboratory
test results at normal levels. In addition, taking effective mea-
sures to shorten the surgical duration and stopping bleeding
carefully during the operation are more important for decreas-
ing the incidence of SEH. Furthermore, post-operative abnor-
mal serum globulin level should be corrected and the coagula-
tion function of patients should be monitored after the surgery.
If the symptoms of SEH were developed after lumbar spinal
surgery, emergency surgical decompression is necessary in or-
der to save the neurological function.

In the present study, although several new independent risk
factors were identified for post-operative SEH, there were still
some limitations. First, it is a retrospective study and some
information were incomplete in the patients, which may affect
the analysis outcomes. Second, some peri-operative factors
were not reported in our study because of insufficient data,
such as pre-operative systolic and diastolic blood pressure,
body mass index, and surgical history. Third, all patients with
post-operative SEH were identified according to the revision
surgery. Some patients who developed SEH but did not un-
dergo revision surgery may be missed because of no records.
Thus, a prospective, multicentre study is helpful to verify the
results of this study.

In conclusion, based on a large population investigation,
the incidence of symptomatic SEH after lumbar spinal decom-
pression surgery was 1.14%. After matching for a case control
study, blood type A, increased estimated blood loss, and
prolonged surgical duration were confirmed as the indepen-
dent risk factors for post-operative SEH while some new risk
factors, including low serum calcium level and decreased

Table 4 Multivariate logistic
regression analysis for the risk
factors of post-operative spinal
epidural haematoma after lumbar
spinal decompression

OR 95% confidence interval P value

lower upper

Pre-operative serum calcium (mmol/L) 0.002 0.000 0.443 0.025

Blood type A 0.358 0.134 0.953 0.040

Estimated blood loss (ml) 1.002 1.000 1.003 0.032

Surgical duration (h) 3.105 1.214 7.943 0.018

Post-operative globulin (g/L) 0.852 0.748 0.971 0.016
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post-operative globulin, were also identified in our study.
Spine surgeons should pay attention to these risk factors and
make a timely diagnosis of SEH if the patient develops neu-
rological deficit after lumbar spinal decompression surgery.
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