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Abstract N\
Symptomatic epidural hematoma (SEH) after anterior cervical spine surgery is very rare, but it has disastrous consequences for the |
patients. Timely diagnosis and evaluation can effectively reduce the sequelae of neurological deficit in SEH. The purpose of this study
was to retrospectively analyze a subset of clinical data of SEH after anterior cervical spine surgery, and to investigate the risk factors
and treatment experience of this serious complication.

Neurological deterioration after anterior cervical spine surgery was detected in six patients. Epidural hematoma was confirmed
by emergency cervical magnetic resonance imaging (MRI). The patients included five males and one female, with an average age of
56.7 +18.1 years (range 42-76 years). Three patients had a history of drinking and/or smoking. All of the patients were treated with
nonsteroidal anti-inflammatory drugs (NSAIDs) preoperatively, but without anticoagulant drugs or pre-spinal surgery. The
coagulation function was normal in all patients. Except for one patient, who had lower blood pressure (BP) during the operation and
higher BP after the operation, the other patients had a normal level of BP during the pre-, intra-, and post-operation periods.
The average time was 9.9+6.7hours (range, 2—19hours) from the postoperative period to the initial neurological deficit and
6.3+6.0hours (range, 1.8—16.7 hours) from the initial deterioration to evacuation. Five patients underwent emergency evacuation,
and one patient underwent conservative treatment. Four patients who underwent evacuation and one patient who received
conservative treatment achieved neurological function recovery with an American Spinal Injury Association (ASIA) grade 2.4 +0.9
(range, 2—4 score) score at the last follow-up. One patient with confirmed arterial epidural hemorrhage during the evaluation showed
no neurological function recovery at the last follow-up.

Wide exposure of the epidural space and BP level during the perioperative period play an important role in the formation of SEH
after anterior cervical spine surgery. Arterial epidural hematoma has serious consequences; therefore, early diagnosis and evaluation
play an important role in the recovery from paralysis.

Abbreviations: ACCF = anterior cervical corpectomy decompression and fusion, ACDF = anterior cervical discectomy
decompression and fusion, APTT = activated partial thromboplastin time, ASIA = American Spinal Injury Association grade, BP =
blood pressure, C = Cervical, CSM = cervical spondylotic myelopathy, CSR = cervical spondylotic radiculopathy, CT = computed
tomography, DBP = diastolic blood pressure, Hb = hemoglobin, INR = International Normalized Ratio, MH = medical history, MRI =
magnetic resonance imaging, NSAIDs = nonsteroidal Anti-inflammatory Drugs, PT = prothrombin time, SBP = systolic blood
pressure, SHE = symptomatic epidural hematoma, T = thoracic.
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Since Jackson!!! first reported a case of epidural hematoma in
1869, more than 350 cases of epidural hematoma have been
reported in the literature.*! Most patients present with
confirmed epidural hematoma after spinal surgery, while a few
patients present with a neurological deficit and only show a
hematoma on computed tomography (CT) or MRL!™**! SEH is
considered a source of neurological deterioration after spine
surgery, which requires further surgery.”! SEH after spinal
surgery is rare, and its reported incidence is 0.1% to 0.41% in the
literature.>* However, the complications are very serious and
often lead to a neurological deficit,””! especially for cervical
surgery, which can lead to paralysis and even death.['%!!!

In a few studies the presence of SEH after anterior cervical
surgery was reported, and the influencing factors and treatment
strategies were analyzed.'”>™*! An analysis of the results shows
some limitations,® ! such as low incidence and few cases. This
study reviewed six cases with clinical data of SEH following
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Basic statistics before initial operation.

Patients Age/ APTT PT Platelets  Hb MH (Smoker, Drinking,
No. Sex S) (S) INR 10°%L)  (g/L) Diagnosis Hypertension, Diabetes) Treatment before initial surgery
Anti-coagulant Previous
NSIDs therapy spinal surgery
1 76/M 268 106 0.95 150 144 Radiculopathy e Alcohol<10 units per week; Yes, 7 days NO NO
e Give up smoking 3 years;
2 42M 264 94 0.84 210 169  Radiculopathy e Smoker, <10 cigarettes/ day Yes, 10 days NO NO
e Alcohol<10 units per week;
3 59/M 382 147 113 87 103 Myelopathy e No Yes, 10 days NO NO
4 55/F 286 11.0 1.00 154 131 Myelopathy e No Yes, 20 days NO NO
5 43M 290 97 087 186 136 Myelopathy e Smoker, about 20 cigarettes/day ~ Yes, 15 days NO NO
o Alcohol >10 units per week;
6 65M 239 108 098 122 147 Myelopathy e No Yes, 7 days NO NO

APTT =activated partial thromboplastin time, Hb=hemoglobin, MH=Medical history, INR =International

cervical diseases (cervical spondylotic radiculopathy (CSR) and
cervical spondylotic myelopathy (CSM)) in the past 10 years, and
it aimed to provide more possibilities for the etiology of SEH,
more options for the treatment of such complications, and more
options for the prevention of such diseases.

2. Methods

All medical history data collected in this article were obtained
from the patients and confirmed by them. This study was
approved by the Ethics Committee of the Affiliated Hospital of
Southwest Medical University (KY2019147). From January
2009 to December 2018, we treated 6890 patients with CSR and
CSM. Neurological deterioration was observed after the
operation, and epidural hematomas were confirmed by cervical
MRIin 6 (0.09%) cases, including 5 males and 1 female, with an
average age of 56.7+13.1 years (range, 42—76 years). We
retrospectively analyzed the history, drug treatment, BP during
the pre-, intra-, and postoperative periods, hematoma evacuation
surgery, complications, and neurological function of these 6
patients. Neurological function was assessed by the ASIA grade.

3. Results

Table 1 shows the diagnosis of patients during the initial
preoperative evaluation, previous medical history, coagulation
function, and drug treatment. The main diagnoses in the

normalized ratio, NSAIDs =nonsteroidal Anti-inflammatory drugs, PT= prothrombin time.

6 patients were CSR and CSM. Three patients had a history
of drinking, and the amount of alcohol consumed per week was
less than 10 units; in 1 case, this amount was greater than 10 units
per week. Three patients had a history of smoking; one patient
smoked about 20 cigarettes a day, one patient smoked less than
10 cigarettes a day, and one patient had quit smoking 3 years
before surgery. All patients were treated with NSAIDs preopera-
tively, and the average treatment duration of 11.5+5.1 days
(range, 7—20 days). No anticoagulant drugs and pre-spinal
surgery were performed. Activated Partial Thromboplastin Time
(APTT), Prothrombin Time (PT), International Normalized
Ratio (INR), Platelet, Hemoglobin (Hb), and other tests were
normal during the preoperative evaluation.

Table 2 shows the patients’ initial surgical information,
treatment strategy, and prognosis. The BP (113—136) / (72—88)
mmHg was within the normal range in 6 patients before surgery.
Except for patient 4 with a lower BP (73/55 mmHg) during the
intra-operative period and higher BP (160/88 mmHg) during the
postoperative period, the other 5 patients had a normal BP during
the intra-operative and postoperative periods. The average blood
loss was 163.3+117.8ml (range, 50—380 ml) during the
operation, and a drainage tube was placed regularly after the
operation in 6 patients. The average time from the postoperative
period to the initial neurological deficit was 9.9+6.7hours
(range, 2—19 hours). MRI confirmed the presence of a hematoma
in patient 2, but evacuation was not performed because of the
gradual recovery of paralysis at about 2hours after the initial

Initial surgery information, treatment strategy, and following.

Initial BP (mmHg) Blood loss From Surgery to From initial neurological ASIA score ASIA score
Patients Surgery (Initial in initial Initial neurological deficit to SEH evacuation Pre-/Post- at following
NO. Level operative) operation (ml) deficit (hour) Treatment (hour: min) evacuation  up time
Pre- In- Post-
1 ACDF, C6-C7 135/88 98/76 142/87 50 35 Surgical evacuation 4.8 C/D E
2 ACDF, C6-C7 128/76 97/63 138/86 100 8.7 Conservative - A- E
3 ACCF, C4-C6 132/84 100/77 129/89 380 19.0 Surgical evacuation 16.7 C/D E
4 ACCF, C5-C7 124/78 73/55 160/88 200 2.0 Surgical evacuation 5.8 AA A
5 ACDF, C3-C4 113/72 104/63 133/81 150 15.7 Surgical evacuation 2.5 A/B C
+ACCF, C4-C6
6 ACDF, C3-C6 136/80 101/75 148/99 100 10.3 Surgical evacuation 1.8 B/D D

ACCF =anterior cervical corpectomy decompression and fusion, ACDF = anterior cervical discectomy decompression and fusion, ASIA = American Spinal Injury Association, BP = blood pressure (measurement of
blood pressure has been under-taken twice between the index surgery and hematoma evacuation surgery and the mean value of both was adopted), SHE =symptomatic epidural hematoma.
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neurological deterioration. Evacuation was immediately sched-
uled in the other 5 patients, when MRI confirmed an epidural
hematoma. The mean time from initial deterioration to
evacuation was 6.3+6.0hours (range, 1.8—16.7hours). An
epidural hematoma was confirmed during the evacuation, and
1 patient also had confirmed arterial epidural bleeding. The
average follow-up period was 20+10.5 months (range, 6—36
months). Except for patient 4, who did not achieve neurological
function recovery, the other 5 patients had 2.4 +0.9 (range, 2—4
score) score improvement by the ASIA grade at the follow-up
time.

4. Case reports

4.1. Case 1

Patient 2, male, 42-year-old, was admitted to the hospital for
radiation pain and numbness in the right upper extremity since
the last 2 years. After obtaining the medical history, and
performing comprehensive physical and imaging examinations,
shown in Figure 1 and Table 1, the patient was diagnosed with
CSR, and C6-7 ACDF was performed. During the operation, the
C6-7 disk and epiphysis on the post-downward margin of C6 and
the post-upper edge of C7 were resected. After stopping the
bleeding and placing a cage, a titanium plate, and a drainage tube,
the incision was sutured. BP was maintained at a mean level of 97/
63 mmHg during the intra-operative period. After recovering
from anesthesia, the patient’s symptom was significantly relieved,
and the movement of limbs was normal.

At 8.7hours after surgery, the patient’s sensation disappeared
below the level of C6 and perianal and saddle areas, muscle
strength was 0 grade, ASIA grade was grade A, tendon reflexes
disappeared, and pathological signs were negative. The drainage
tube was unobstructed, and it drained 10 ml of bloody fluid.
Mannitol and prednisolone were used, and cervical MRI
examination was planned immediately. Epidural hematoma
was detected at the CS5-thoracic 2 (T2) level behind the vertebrae
on the MRI image (Fig. 1). Fortunately, the patient gradually
recovered from paralysis at about 2hours after the initial
neurological deficits. Muscle strength recovered to a 2—3 score,
ASIA grade recovered to grade C, the reflex disappeared, and

www.md-journal.com

pathological signs were negative. Therefore, evacuation was not
performed, and mannitol and prednisolone were used. At about
6 hours after the initial neurological deficit, muscle strength of the
limbs recovered to a 3—4 score, sensation over the perianal and
saddle areas was diminished, and ASIA grade returned to grade
D. ASIA grade returned to grade E at 24 hours postoperatively.
The neurological deficit was not aggravated after 1 year of
follow-up.

4.2, Case 2

Patient 4, female, 55-year-old, was admitted to our department
because of numbness of limbs, unstable gait, and cotton wool
feeling since the last 8 months. She was diagnosed with CSM and
ASIA grade D, and she underwent the C5-7 Anterior Cervical
Corpectomy Decompression and Fusion (ACCF) surgery under
general anesthesia. The mean BP level was about 73/55 mmHg,
and no bleeding was detected during the operation. After the
patient recovered from anesthesia, limb numbness was relieved
significantly when compared with the preoperative level. The
muscle strength of the limbs was 4/5 and the ASIA grade was
grade D. The patient returned safely to the ward. Her BP was
160/88 mmHg post-operation.

Two hours after the operation, the patient again complained of
numbness and weakness in her limbs. Physical examination
showed sensory disturbance of the extremities, key muscle
strength of limbs 3/4, and ASIA grade D. Limb tendon reflexes
were weak and the pathological signs were negative. The
drainage tube was in its normal position and unobstructed, and it
drained 20 ml of bloody fluid. Considering the possibility of
hysteria, mannitol and prednisolone were given immediately.
Seven hours after surgery, paralysis was not relieved but it had
aggravated, and ASIA grade decreased to grade A. an emergency
cervical MRI showed an epidural hematoma at the C5—C7 spinal
canal level (Fig. 2). At 7.8hours after surgery, the patient
underwent anterior cervical hematoma evacuation. During the
operation, a large hematoma around the cage and epidural space
was seen, and it compressed the dura mater severely. After
removal of the hematoma in the epidural space, arterial bleeding
was found in the epidural space near the right posterior location
of the C6 corpectomy decompression. After coagulation and

Figure 1. A 42-year-old man presented with CS|

(case 1). (A, B) Sagittal and axial MRI before the initial operation showed cervical degeneration, and the C6/7

intervertebral disc was protruding on the right side; (C, D) Sagittal and axial MRI showed epidural hematoma at the C6-thoracic2 (T2) level behind the vertebrae after

the ACDF surgery.
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Figure 2. A 55-year-old female presented with CSM (case 2). (A, B)

spinal stenosis, and spinal cord compression at the C5/6 and C6/7 levels; (C, D) Sagittal and axial MRI showed epidural hematoma, which severely compressed the
cord at the C5—C7 spinal canal level after the ACDF surgery. (E) Epidural hematoma was removed, and spinal cord edema was detected on MR after evaluation;
(F) Cervical MRI showed spinal cord necrosis at the C6—C7 level at 1-month post-evaluation.

confirming that there was no active bleeding, the cage support
was fixed with a titanium plate. Then the incision was closed. The
mean BP level was 100/80 mmHg. After anesthesia, the sensation
and activity of the upper and lower limbs were still absent, the
muscle strength was 0, and the ASIA score was grade A. Drug and
rehabilitation treatments were performed after evaluation.
Cervical MRI showed spinal cord necrosis at the C6-T1 level
at 1-week post-evaluation (Fig. 2). No recovery was detected
during the 6 months of follow-up time.

5. Discussion

Amir!®! reported that multi-segmental surgery is an independent
risk factor for postoperative hematoma (P=.002), and all
patients with epidural hematoma had received more than one
disc-segment surgery, which was similar to that suggested by

other authors.!">'3] Extensive anterior or posterior segmental
cervical surgery increased the damage to the epidural venous
plexus, which may be the main cause of intraspinal venous plexus
injury.!*'3 The wall of the intraspinal venous plexus is weak, and
there is no venous valve in the lumen. Bleeding after injury does
not stop spontaneously.'"® Henderson!'”! showed that the
pressure of the intraspinal venous plexus is lower than that of
the cerebrospinal fluid. When the pressure of the hematoma,
which was caused by intraspinal venous plexus bleeding,
approaches or reaches the same pressure as that of the
cerebrospinal fluid, it can compress the wall of the intraspinal
venous plexus to achieve hemostasis. In our medical records, two
patients with anterior cervical single-segment ACDF developed
paralysis postoperatively and MRI confirmed the presence of an
epidural hematoma. Paralysis of these two single-segment ACDF
patients had recovered, one with evaluation and the other
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without evaluation. The reasons for this occurrence may be that
single-segment ACDF surgery causes less trauma, small exposure,
and milder intraspinal venous plexus injury. The four patients
treated with ACCF all had large exposure of the epidural space
and extensive intraspinal venous plexus injury, which were one of
the most important reasons for postoperative hematoma. As the
pressure exerted by the hematoma increases up to the level of
cerebrospinal fluid pressure, the venous plexus hemorrhage stops
automatically.

Hypertension is an important risk factor for postoperative
hematoma, but none of reported studies has elaborated the
possible mechanism by which BP causes epidural hematoma. Some
authors!™® believe that compression of the spinal cord is mainly
caused by arterial bleeding in the spinal canal. Guodong!'"
believes that arterial hematoma in the spinal canal can be relatively
low, because arterial bleeding can be easily detected during
surgery. According to our medical records, none of our 6 patients
had a history of hypertension before surgery. In patient 4, arterial
bleeding was found in the epidural space. No active arterial or
venous bleeding was found during the initial operation. We
speculated and analyzed the following possible causes: the BP was
low in the initial intraoperative period (mean 73/55 mmHg);
therefore, small arterial hemorrhage in the epidural space was not
detected and bipolar coagulation was not adequate. When the
patient recovered from anesthesia, BP (160/88 mmHg) increased
and the small arteries that do not achieve adequate hemostasis
started to bleed again, resulting in the formation of epidural
hematoma. Therefore, we conclude that a hematoma caused by
epidural arterial hemorrhage will lead to severe cord injury, and the
recovery from paralysis after evacuation will also be very poor, and
a hematoma caused by epidural venous plexus hemorrhage will
also lead to cord injury, but paralysis may recover by at least grade
1 (ASIA score) after the evaluation.

This study is based on retrospective analysis of medical
records. There is a lack of adequate evidence and literature
reports to confirm the correctness of our speculation, but we still
recommend that the BP should be strictly controlled during the
intra- and post-operative periods for ACDF or ACCF. During the
in-operation period, the systolic blood pressure (SBP) should not
be lower than 90 mmHg and the diastolic blood pressure (DBP)
should not be below 60 mmHg to accurately observe the presence
of active bleeding in the decompression area. Postoperative BP
control (SBP <140 mmHg, DBP <90 mmHg) also reduced the
risk of plexus bleeding.

The other etiologies, such as age more than 60 years, NSAIDs,
anticoagulant drugs, excessive bleeding (>1000ml), drinking
(1 week > 10 units), and smoking rate, may be the risk factors for
SEH.IS1B1S191 Iy this study, average patient age (56.7+13.1
years) and mean blood loss (163.3+117.8ml) were less than
those in the literature reports. All of the six patients were
irregularly treated with NSAIDs, but they were not treated with
anticoagulation before the operation. Therefore, we do not have
sufficient evidence to prove that SEH is related to age,
coagulopathy, NSAIDs, anticoagulation, and excessive bleeding.
Three patients (50%) in this group had a history of smoking. Two
of them had lower levels of smoking, and 1 patient had quit
smoking 3 years before the operation. Three patients (50%) had a
history of alcohol consumption, and only one patient fulfilled
Amir!?! criterion of 10 units of alcohol consumption per week.
Although we do not have enough evidence to confirm the
relationship between SEH and smoking or drinking, we still need
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to pay attention to smoking and drinking, which may be one of
the risk factors for SEH after cervical surgery in the literature.

Timely diagnosis and treatment can significantly increase the
chances of recovery from paralysis,!®! especially for epidural
arterial hemorrhage. Patients who underwent evaluation within
24hours showed significant recovery from paralysis when
compared with the preoperative level, and there was no chance
of recovery from paralysis if the evaluation was performed after
more than 24 hours.!"2%2! In our group, S patients underwent
evaluation within 12 hours, and 4 patients showed recovery from
paralysis of at least two grades at the last follow-up. The results
were satisfactory. In patient 4, paralysis lasted up to the last
follow-up. The main reason for this occurrence was that hysteria
was initially considered when the patient showed neurological
symptoms. Cervical MRI examination was not arranged in a
timely manner, and all of these methods failed to diagnose
the epidural hematoma earlier and accurately. Therefore, we
believe that timely cervical MRI is necessary when there is re-
deterioration of neurological function or rapid progress of
paralysis after anterior cervical surgery. The hematoma caused by
epidural arterial hemorrhage develops rapidly and causes serious
damage to the spinal cord. Earlier diagnosis and evaluation play
an important role in the recovery from paralysis.

Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance
during the preparation of this manuscript.

Author contributions

Data curation: Yehui Liao, Yang Tian.

Formal analysis: Yehui Liao.

Investigation: Chao Tang, Qiang Tang, Rupei Ye.
Methodology: Dejun Zhong, Fei Ma.

Project administration: Dejun Zhong, Yehui Liao.
Resources: Sheng Yang, Hongchun He.

Software: Chao Tang.

Supervision: Dejun Zhong.

Validation: Dejun Zhong, Yehui Liao.
Visualization: Sheng Yang, Chao Tang.

Writing — original draft: Yehui Liao, Yang Tian.
Writing — review & editing: Yehui Liao, Dejun Zhong.

References

[1] Jackson R. Case of spinal apoplexy. Lancet 1869;2:538-9.

[2] Amiri AR, Fouyas IP, Cro S, et al. Postoperative spinal epidural
hematoma (SEH): incidence, risk factors, onset, and management. Spine J
2013;13:134-40.

[3] Uribe J, Moza K, Jimenez O, et al. Delayed postoperative spinal epidural
hematomas. Spine J 2003;3:125-9.

[4] Ikuta K, Tono O, Tanaka T, et al. Evaluation of postoperative spinal
epidural hematoma after microendoscopic posterior decompression for
lumbar spinal stenosis: a clinical and magnetic resonance imaging study.
J Neurosurg Spine 2006;5:404-9.

[5] Sokolowski M]J, Garvey TA, Perl ]J2nd, et al. Prospective study of
postoperative lumbar epidural hematoma: incidence and risk factors.
Spine (Phila Pa 1976) 2008;33:108-13.

[6] Aono H, Ohwada T, Hosono N, et al. Incidence of postoperative
symptomatic epidural hematoma in spinal decompression surgery.
J Neurosurg Spine 2011;15:202-5.

[7] Lillemae K, Jarvio JA, Silvasti-Lundell MK, et al. Incidence of
postoperative hematomas requiring surgical treatment in neurosurgery:
a retrospective observational study. World Neurosurg 2017;108:491-7.


http://www.letpub.com/
http://www.md-journal.com

Liao et al. Medicine (2020) 99:2

[8] Schroeder GD, Hilibrand AS, Arnold PM, et al. Epidural hematoma
following cervical spine surgery. Global Spine ] 2017;7(1 Suppl):120S-6S.

[9] Hans P, Delleuze PP, Born JD, et al. Epidural hematoma after cervical
spine surgery. ] Neurosurg Anesthesiol 2003;15:282-5.

[10] Goldstein CL, Bains I, Hurlbert R]. Symptomatic spinal epidural
hematoma after posterior cervical surgery: incidence and risk factors.
Spine J 2015;15:1179-87.

[11] Yin G, Ni B. Acute postoperative cervical spinal epidural hematoma.
Acta Orthop Traumatol Turc 2014;48:437-42.

[12] Kou J, Fischgrund J, Biddinger A, et al. Risk factors for spinal epidural
hematoma after spinal surgery. Spine (Phila Pa 1976) 2002;27:1670-3.

[13] YiS, Yoon DH, Kim KN, et al. Postoperative spinal epidural hematoma:
risk factor and clinical outcome. Yonsei Med J 2006;47:326-32.

[14] Kao FC, Tsai TT, Chen LH, et al. Symptomatic epidural hematoma after
lumbar decompression surgery. Eur Spine ] 2015;24:348-57.

[15] Awad JN, Kebaish KM, Donigan J, et al. Analysis of the risk factors for
the development of post-operative spinal epidural haematoma. ] Bone
Joint Surg Br 2005;87:1248-52.

Medicine

[16] Patel H, Boaz JC, Phillips JP, et al. Spontaneous spinal epidural
hematoma in children. Pediatr Neurol 1998;19:302-7.

[17] Henderson RD, Pittock SJ, Piepgras DG, et al. Acute spontaneous spinal
epidural hematoma. Arch Neurol 2001;58:1145-6.

[18] Liu Z, Jiao Q, Xu J, et al. Spontaneous spinal epidural
hematoma: analysis of 23 cases. Surg Neurol 2008;69:253-60.
discussion 260.

[19] Miao W, Ma X, Liang D, et al. Treatment of hematomas after anterior
cervical spine surgery: a retrospective study of 15 cases. Neurochirurgie
2018;64:166-70.

[20] Baeesa S, Jarzem P, Mansi M, et al. Spontaneous spinal epidural
hematoma: correlation of timing of surgical decompression and MRI
findings with functional neurological outcome. World Neurosurg
2019;122:e241-7.

[21] Liao CC, Lee ST, Hsu WC, et al. Experience in the surgical management
of spontaneous spinal epidural hematoma. ] Neurosurg 2004;100(1
Suppl Spine):38-45.



	Risk and treatment of symptomatic epidural hematoma after anterior cervical spine surgery
	1 Introduction
	2 Methods
	3 Results
	4 Case reports
	4.1 Case 1
	4.2 Case 2

	5 Discussion
	Acknowledgments
	Author contributions
	References


