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Abstract

Study design Case-control study.

Objectives The objective of this study was to provide some useful information concerning the incidence, clinical features,
and risk factors for symptomatic postoperative spinal epidural hematoma (SPSEH) in an isolated cohort of patients
undergoing spine tumor surgery.

Setting Hospital in Shanghai, China.

Methods We retrospectively reviewed all patients who underwent surgery for spine tumors between August 2012 and
August 2017, and conducted a case-control study involving 16 patients who received evacuation surgery due to SPSEH after
spine tumor surgery and 48 controls without SPSEH. Case and control subjects were matched at 1:3 by pathological
diagnosis, tumor size (1 cm), resection mode, surgical approach, and the operation team. Data of SPSEH subjects along
with 48 matched controls were further obtained from a detailed review of the medical records. Univariate and multivariate
analyses were conducted to identify the risk factors for developing SPSEH.

Results SPSEH evacuation surgery was performed after 16 of 5421 (0.30%) spine tumor surgeries. Angiogenic tumors were
the most susceptible tumors developing SPSEH. Very large hematomas, continuous blood loss, and delayed hematomas
were characteristic clinical presentations for SPSEH after spine tumor surgery. Multiple logistic regression analysis sug-
gested that patients suffering from at least one medical comorbidity and patients with Frankel grade of A-C had a sig-
nificantly higher risk of developing SPSEH.

Conclusions The incidence of SPSEH after spine tumor surgery requiring surgical evacuation was 0.30%. Medical
comorbidity and Frankel grade were identified as independent risk factors for SPSEH development.

Introduction

Symptomatic postoperative spinal epidural hematoma
(SPSEH) is considered to be one of the most urgent and
hazardous complications after spine surgery. The incidence
of asymptomatic postoperative spinal epidural hematoma
identified by magnetic resonance imaging (MRI) was
reportedly 33-58% [1, 2], while 0-0.7% patients received
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give timely treatments for this serious complication.
Recent studies have revealed numerous risk factors for
SPSEH development, including hypertension, poor post-
operative drainage, spinal puncture, trauma, pregnancy,
nonsteroidal anti-inflammatory drug (NSAID) use, higher
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body mass index, intraoperative use of gelfoam for dura
coverage, alcohol consumption, previous spinal surgery,
multilevel procedures, older than 60 years of age, Rh-
positive blood type, international normalized ratio >2.0, and
preoperative coagulopathy [1, 3, 4, 6, 8, 10-14]. However,
the incidence, characteristic clinical manifestations, and risk
factors of SPSEH after spine tumor surgery still remain
unclear.

Comparing with routine spine surgery, spine tumor sur-
gery is characterized with larger surgical trauma, more
blood loss, and severer postoperative complications
[15-17]. With the improvement of surgical technique, more
and more spine tumor surgeries are performed, thus their
postoperative complications, SPSEH included, will be
encountered more frequently in clinical practice. Therefore,
we feel that a focused investigation of SPSEH in patients
undergoing spine tumor surgery is warranted. In this study,
we retrospectively reviewed all spine tumor surgeries per-
formed in our center in recent five years, to determine the
incidence of SPSEH after spine tumor surgery and identify
potential risk factors for its development.

Methods

Among the 5421 spine tumor surgeries (vertebral, extra-
dural, intradural extramedullary, and partially intramedul-
lary tumors) performed in our spine tumor center between
August 2012 and August 2017, 16 patients who received
evacuation surgery due to SPSEH were included in the
present study. This study was approved by the hospital
ethics committee, and informed consent was obtained from
each patient.

The administration of anti-coagulant and antiplatelet
drugs was discontinued in accordance to the drug medical
guidelines before surgery, and the results of coagulation
function tests (PT, APTT, INR, and fibrinogen) of all
operative patients were in the normal range. The surgical
protocol consisted of decompression of the spinal cord,
tumor excision, reconstruction and stabilization of the spine.
Suction drainage was normally implanted intraoperatively.
After the operation, the drain was removed when the
amount of bleeding was <50 mL per day. Anticoagulation
therapy was resumed 24 h after the removal of the suction
drain. The diagnosis of SPSEH was made based on the
manifestation of unusually aggravated back or lower limb
pain, motor deterioration, bladder disturbances, and the
intraoperative finding (evacuation surgery) that hematoma
severely compressed the dura [18].

To investigate the risk factors for SPSEH, another 48
patients were selected as a control group. Controls were
selected among patients who received spine tumor surgery in
our center but without developing SPSEH. Case and control

subjects were matched at 1:3 by pathological diagnosis, tumor
size (x1cm), resection mode, surgical approach, and the
operation team. Among all patients who met the eligibility
and matching criteria, only those who had the shortest three
time intervals with the SPSEH one in terms of surgery date
were recruited into the control group. A detailed review of the
medical records was carried out for all 64 patients by two
independent reviewers. Possible risk factors were categorized
into three groups: patient-, tumor-, and treatment-related
factors. Patient-related factors were blood pressure, tobacco
use, alcohol consumption, medical comorbidity, neurological
status (Frankel grade), pre- and post-operative hemoglobin
and platelet level. Tumor-related factors included tumor site,
radiotherapy, and chemotherapy. Treatment-related factors
contained preoperative NSAID use, preoperative antic-
oagulation, previous spinal surgery, preoperative emboliza-
tion, number of levels of spinal decompression, intraoperative
blood loss, red blood cells transfusion, plasma transfusion,
operation time, and postoperative deep vein thrombosis
(DVT) chemoprophylaxis.

Statistical analyses were performed using the SPSS
Statistics, version 22.0 (IBM corp., New York, USA). All
the above-mentioned patient-, tumor-, and treatment-related
factors were entered into univariate analyses, in which
continuous variables were compared by Student’s t test, and
categorical variables were compared using y* test. All
variables significant at p <0.05 in the univariate analyses
were subjected to multivariate analysis using multiple
logistic regression analysis. Adjusted odds ratios and 95%
confidence intervals were calculated. Variables in the mul-
tivariate analysis with p values of <0.05 were recognized as
the independent significant risk factors for SPSEH.

Results
Incidence of SPSEH

Of 5421 patients receiving spine tumor surgery in our spine
tumor center from 2012 to 2017, 16 patients developed
SPSEH and required reoperation for hematoma evacuation.
The incidence rate was ~0.30%.

Clinical features of SPSEH

The general data of SPSEH patients is listed in Table 1.
Angiogenic tumors, including hemangioma, aggressive
hemangioma, hemangiosarcoma and epithelioid heman-
gioendothelioma, were the most common tumors develop-
ing SPSEH (5 cases, 31%). The mean intraoperative blood
loss was 2619mL (range, 600-7000) for all SPSEH
patients. 13 patients (81%) received a blood transfusion
with the mean red blood cells and plasma transfusion of

SPRINGER NATURE



710 X. Gao et al.
Table 1 The general data of 16 patients with SPESH
No. Sex Age Pathological Diagnosis Tumor Tumor Medical F- Pre- Pre- Blood Resection RBC Plasma Post-  Post-
(y) site size(cm) comorbidities G Hb PLT loss(mL) mode transfusion  transfusion Hb PLT
(mL) (mL)
1 M 54 Multiple myeloma* T9 4.8 Liver disease B 114 84 2500 TPR 1800 800 111 48
2 M 65 Multiple myeloma* T10 6.5 Diabetes and B 73 158 4500 TPR 3000 1500 98 100
CKD
3 F 18 Hemangioma C7-T2 4 - D 141 155 900 TPR 400 200 97 139
4 M 22 Aneurysmal bone cyst LI 2.9 - C 152 202 1200 TPR - - 113 216
5 M 61 Giant cell tumor T12- 5.4 MI B 163 152 800 TPR 400 400 102 142
L2
6 F 29 Epithelioid T1-2 5.8 - C 135 274 7000 TPR 4200 1200 100 78
hemangioendothelioma
7 M 21 Chondrosarcoma S 9.6 - C 155 264 4400 TER 3200 1000 115 149
8 M 51 Osteoblastoma C5 6.7 - B 146 282 900 TPR - - 132 267
9 M 23 Osteosarcoma T12- 13.1 PVD D 95 98 6000 STR 4400 2200 68 105
L2
10 M 31 Hemangiosarcoma L3-4 6.7 Liver disease B 94 238 4500 TPR 2400 1400 72 206
11 F 54 Metastatic lung tumor C6 4.2 Dementia D 127 267 1200 TPR 800 - 125 249
and ST
12 F 52 Hemangiosarcoma L2 4.4 - C 107 188 3800 TPR 1000 200 51 60
13 F 62 Metastatic breast tumor L5 3.1 ST C 117 195 1000 TPR 600 - 70 75
14 M 54 Chordoma S 10.6 Diabetes D 152 218 1000 TER 400 - 78 80
15 M 68 Metastatic lung tumor C4-5 32 ST D 129 213 600 TPR - - 129 200
16 F 74 Aggressive T5-6 3.6 COPD D 133 287 1600 TPR 800 600 93 180
hemangioma

F-G frankel grade, Pre- preoperative, Hb hemoglobin (g/L), PLT platelet (10"9/L), RBC red blood cells; Post- postoperative, CKD chronic
kidney disease, MI myocardial infarction, PVD peripheral vascular disease, ST Solid tumor, COPD chronic obstructive pulmonary disease, TER
total en bloc resection, TPR total piecemeal resection, STR subtotal resection

* Due to the severe spinal cord compression and spinal instability, we chose surgical treatment instead of radiotherapy to these two patients,

though multiple myeloma is radiosensitive

1800 mL (range, 400-4400) and 950 mL (range 200-2200),
respectively.

Besides common signs of nerve or spinal cord such as
intractable pain, loss of muscle power, and saddle anes-
thesia, SPSEH patients with spine tumor surgery also
showed characteristic symptoms. Patients with para-
vertebral or sacral huge hematoma (Case 7, 9, and 13)
manifested as persistent internal bleeding, hemoglobin
decreasing, and even hemorrhagic shock. The time interval
between primary spine tumor surgeries and the onset of
their symptoms ranged from 3 h to 1 month (median, 16 h).
In addition, symptoms appeared more than 48 h after sur-
gery in six cases (38%). All hematoma evacuation surgeries
were performed within 8h after presenting symptoms of
incomplete paralysis. At discharge, seven patients (44%)
got complete neurological function recovery; six (38%)
partial recovery, and three (19%) no improvement.

Risk factors for SPSEH
There was no statistically significant difference between the

two groups with regard to baseline characteristics (Table 2).
The results of univariate analyses to identify the potential risk
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Table 2 Baseline characteristics of the enrolled patients

SPESH Control P
(n=16) (n=48)
Age (y) 47+20 48 18 0.794
Gender (female) 6 (38%) 22 (46%) 0.561
Pathological diagnosis 10/3/3 30/9/9 N
(malignant/invasive/benign)
Tumor size (cm) 59+29 6.0£29 0.964
Resection mode (TER/TPR/  2/13/1 6/39/3 -
STR)
Surgical approach (posterior/  14/2/0 42/6/0 -
anterior/combined)
INR (0.72-1.29)* 0.99+0.10 1.03 +0.09 0.150
PT (9-13s) 12.8+1.3 132+1.1 0.223
APTT (20-40s) 37.1+7.2 38.2+6.8 0.579
TT (14-21s) 16.2+1.6 16.6+2.2 0.544
FIB (2-4.5g/L) 32+0.8 33x1.0 0.696

TER total en bloc resection, TPR total piecemeal resection, STR
subtotal resection, /NR international normalized ratio, PT prothrombin
time, APTT activated partial thromboplastin time, 77 thrombin time,
FIB fibrinogen

* Range of normal values and units displayed in brackets (the same
below)
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factors associated with SPSEH are shown in Table 3. Patients
in the SPSEH group had more medical comorbidities (P =
0.013), poorer neurological status (Frankel grade, P <0.001),
more intraoperative blood loss (P = 0.040), and lower post-
operative hemoglobin level (P =0.028) than patients in the
control group. There were no significant differences in other
patient-, tumor-, and treatment-related factors.

Four potential risk factors selected from univariate ana-
lyses (medical comorbidities, Frankel grade, postoperative
hemoglobin, and intraoperative blood loss) were subjected
to multivariate analysis. Table 4 shows the results of mul-
tiple logistic regression analysis to determine independent
risk factors for SPSEH. The likelihood of developing
SPSEH was significantly increased in patients with at least
one medical comorbidity (P =0.023, OR =5.33, 95%CI:
1.26-22.49). Patients with A-C of the Frankel grade had a
significantly higher risk of developing SPSEH (P = 0.013,
OR =6.17, 95%CI: 1.47-25.95). The result of multivariate
analysis also showed that postoperative hemoglobin level
(P =0. 280) and intraoperative blood loss (P = 0. 159) were
not independent risk factors for SPSEH.

Discussion

Spine tumor surgery is a complicated and challenging work
with a high risk of postoperative complications, among
which SPSEH is not to be ignored. The incidence of SPSEH
seems to fluctuate with different operating procedures. Kao
et al. reported that the incidence of SPSEH in patients who
underwent lumbar decompression procedure was 0.16%
[12]. For patients who received microscopic lumbar
decompression surgery, the reoperation rate due to SPSEH
raised to 0.6% [10]. Goldstein et al. reported that the inci-
dence of SPSEH after posterior cervical surgery was higher
and up to 1.5% [11]. In general, it was reported that 0-0.7%
patients after all kinds of spine surgeries suffered from
SPSEH and required reoperation [3—8]. To our knowledge,
our study is the first to examine the incidence of SPSEH in
an isolated cohort of patients undergoing spine tumor sur-
gery. Our results showed that SPSEH occurred at an overall
rate of 0.30%, which fell within the range from 0 to 0.7%,
as previously reported. Aside from the discrepancy caused
by differences in the study populations and other
uncontrollable bias, we fail to find the obvious difference of
SPSEH incidence between spine tumor surgery and other
kinds of spine surgeries.

Initially, the common symptom of SPSEH is wound and
innervated area pain. As hematoma develops, it would cause
spinal canal compromise and nerve root compression, leading
to neurological deficits, such as limbs weakness, sensory
disturbance, and detrusor dysfunction [12, 17, 19]. Particu-
larly, based on our results, very large hematoma and

Table 3 Univariate analyses on potential risk factors for SPSEH

Factors SPESH Control P
(n=16) (n=48)

Patient-related factors

High blood pressure* at 5 31%) 8 (17%) 0.370

admission

Tobacco use** 5 31%) 12 (25%) 0.870

Alcohol consumption®** 4 (25%) 9 (19%) 0.858

Medical comorbidities**** 9 (56%) 11 (23%) 0.013

Frankel grade (A-C)***#* 11 (69%) 11 (23%) <0.001

Preoperative hemoglobin (g/ 127 +25 13215 0.458

L)

Preoperative platelet (10r9/L) 201 +71 235+74 0.113

Postoperative hemoglobin (g/ 97 +24 11019 0.028

L)

Postoperative platelet (10°9/  142+72 18579 0.061

L)

Tumor-related factors

Tumor site (Ce) 3 (19%) 12 (25%) 0.865

Tumor site (T) 5 31%) 17 (35%) 0.761

Tumor site (L) 6 (38%) 13 (27%) 0.636

Tumor site (S) 2 (13%) 6 (13%) >0.999

Chemotherapy 9 (19%) 4 (25%) 0.858

Radiotherapy 4 (8%) 6 (13%) >0.999

Treatment-related factors

Preoperative NSAID or 2 (13%) 9 (19%) 0.848

anticoagulationuse

Previous spinal surgery 4 (25%) 8 (17%) 0.712

Preoperative embolization 4 (25%) 17 (35%) 0.442

Multiple levels of spinal 9 (56%) 25 (52%) 0.772

decompression

Intraoperative blood loss (mL) 26192096 1229 + 1405 0.023

Red blood cells transfusion 1463 £ 1509 648 +871 0.055

(mL)

Plasma transfusion (mL) 594 + 687 321+574 0.122

Operation time (min) 274+ 119 249 + 133 0.507

Postoperative DVT 1 (6%) 7 (15%) 0.663

chemoprophylaxis

Continuous variables are presented as the mean and standard
deviation. Categorical variables are presented the number of positive
cases and percentage

Ce cervical, T thoracic, L lumbar, S sacral, NSAID nonsteroidal anti-
inflammatory drugs, DVT deep vein thrombosis

* Systolic blood pressure >140 mmHg and/ or diastolic blood pressure
>90 mmHg

** Smoke no <20 cigarettes a day

*#% Drink alcohol >10 units a week

*#%* Have at least one medical comorbidity

##%%% Frankel grade was dichotomized to A-C and D-E

P values of < 0.05 are shown in bold

continuous blood loss was not uncommon after spine tumor
surgery. Furthermore, it was reported that symptoms of
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Table 4 Multiple logistic regression analysis on independent risk
factors for SPSEH

Factors OR (95% CI) P

Medical comorbidities* 5.33 (1.26-22.49) 0.023
Frankel grade (A-C) 6.17 (1.47-25.95) 0.013
Postoperative hemoglobin (g/L) 0.98 (0.95-1.02) 0.280
Intraoperative blood loss (mL) 1.00 (1.00-1.00) 0.159

P values of <0.05 are shown in bold

* Have at least one medical comorbidity

SPSEH often occur within 24 h after initial spine surgery
(rarely more than three days), and the average interval from
symptom onset to the maximum deficit was around 12h
[, 19, 20]. In our series, symptoms of SPSEH were observed
more than 48h after surgery in six cases (38%), with the
longest time interval of one month. These delayed hematomas
might result from extensive resection range of spine tumor
surgery leaving more space for spine cord and nerve root.
Therefore, patients sometimes experienced an asymptomatic
period before the onset of neurologic symptoms.

Previous study suggested that internal vertebral venous
plexus played an important role in the etiology of the spon-
taneous spinal epidural hematoma [21]. In our study, 5 of 16
patients (31%) were diagnosed with angiogenic tumors. The
highly vascular nature of this kind of tumor increases the risk
of rupture of vascular plexus, thus placing patients at an
increased risk of hematoma formation. On the other hand,
angiogenic tumors are usually accompanied by high blood
loss. Awad et al. regarded blood loss >1 L and hemoglobin
<10 g/dL as risks factors for SPSEH [6]. Similarly, intrao-
perative blood loss and postoperative hemoglobin level were
also showed statistical differences between two groups in our
univariate analysis. Stated thus, we infer that angiogenic
tumor might be most susceptible to SPSEH.

It is generally accepted that patients who lose the
ambulatory ability and lie in bed are related with thrombosis
rather than hemorrhage, and the incidence of deep venous
thromboembolism within 3 months of paralytic spinal cord
injury was reportedly 38% [22]. Nevertheless, based on the
data presented in our study, we interestingly found that
patients with Frankel grade of A-C were an independent
risk factor for SPSEH. Further researches are expected to
clarify the mechanism of the poor neurological function in
the formation of SPSEH.

Previous investigations have demonstrated that liver
diseases, myeloproliferative disorders, kidney diseases,
autoimmune diseases, etc. were risk factors for SPSEH
[6, 8, 23, 24]. In our study, patients with at least one
medical comorbidity were found to be associated with a
higher risk of SPSEH independently. Due to the limited
number of patients with various comorbidities, we did not
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investigate the association between SPSEH and specific
diseases. Charlson Comorbidity Index (CCI) was recom-
mended as a weighted method to classify patients’ comor-
bidity, and Goldstein et al. also drew a similar conclusion
that increased CCI was a significant predictor of SPSEH
after posterior cervical surgery [11, 25].

Postoperative DVT chemoprophylaxis (low-molecular-
weight heparin 5000 IU daily) was generally used for
anticoagulation therapy for patients who were at the high
risk of DVT (evaluated by Caprini risk score). Considering
the risk of bleeding after the tumor surgery, we started the
anticoagulation therapy 24 h after the removal of the suction
drain. We further analyzed the correlation of postoperative
DVT chemoprophylaxis with the development of hema-
toma, but we failed to find postoperative DVT chemopro-
phylaxis as a predisposing risk factor. Actually, only one
case in the SPSEH group received postoperative DVT
chemoprophylaxis, while most cases developed SPSEH and
underwent the evacuation surgery before removal of the
suction drain and starting the anticoagulation therapy.

The degree of resection with the development of post-
operative hematomas is an interesting issue, with the
assumption that subtotal resection with residual tumor
might have much more risk of postoperative hematoma.
However, based on our study design, resection mode (total
en bloc resection vs total piecemeal resection vs subtotal
resection) was matched between case and control groups.
As a result, the degree of resection was not analyzed in the
present study.

Preoperative embolization is a common practice nowadays
for vascular tumors to reduce intraoperative blood loss and
might help reduce the risk of postoperative hematomas. The
result of our study showed that the proportion of patients
receiving preoperative embolization was higher in the control
group, but the difference was not significant. Other factors,
such as high blood pressure, preoperative NSAID or antic-
oagulation use, previous spinal surgery, and multiple levels of
spinal decompression were regarded as risk factors for
SPSEH by several studies [1, 3, 4, 6, 8, 10, 11]. However,
there were no significant differences in our series. The role of
those factors in developing SPSEH after spine tumor surgery
would be the next research focus.

Our study has several limitations. Due to the retro-
spective nature, limited sample size, and the heterogeneity
of spine tumors, bias and confounders are hard to avoid.
Despite these limitations, our study provides a wealth of
information regarding SPSEH in an isolated cohort of
patients undergoing spine tumor surgery.

In conclusion, the incidence of SPSEH requiring surgical
evacuation in 5421 spine tumor surgeries was 0.30%. The
angiogenic tumor might be most susceptible to SPSEH. Very
large hematomas, continuous blood loss, and delayed hema-
tomas could be regarded as clinical features of SPSEH after
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spine tumor surgery. Multiple logistic regression analysis
showed that suffering from medical comorbidity and Frankel
grade of A-C were independent risk factors for SPSEH.

Data archiving

The datasets generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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