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Abstract

Study Design: A multicentered retrospective case series.

Objective: To determine the incidence and circumstances surrounding the development of a symptomatic postoperative epi-
dural hematoma in the cervical spine.

Methods: Patients who underwent cervical spine surgery between January 1, 2005, and December 31, 2011, at 23 institutions
were reviewed, and all patients who developed an epidural hematoma were identified.

Results: A total of 16 582 cervical spine surgeries were identified, and 15 patients developed a postoperative epidural hematoma,
for a total incidence of 0.090%. Substantial variation between institutions was noted, with || sites reporting no epidural
hematomas, and | site reporting an incidence of 0.76%. All patients initially presented with a neurologic deficit. Nine patients had
complete resolution of the neurologic deficit after hematoma evacuation; however 2 of the 3 patients (66%) who had a delay in the
diagnosis of the epidural hematoma had residual neurologic deficits compared to only 4 of the 12 patients (33%) who had no delay in the
diagnosis or treatment (P = .53). Additionally, the patients who experienced a postoperative epidural hematoma did not experience
any significant improvement in health-related quality-of-life metrics as a result of the index procedure at final follow-up evaluation.
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Conclusion: This is the largest series to date to analyze the incidence of an epidural hematoma following cervical spine surgery,
and this study suggest that an epidural hematoma occurs in approximately | out of 1000 cervical spine surgeries. Prompt diagnosis
and treatment may improve the chance of making a complete neurologic recovery, but patients who develop this complication do
not show improvements in the health-related quality-of-life measurements.

Keywords

epidural hematoma, postoperative epidural hematoma, cervical spine surgery, ACDF, anterior cervical discectomy and fusion,

posterior cervical, complications

Introduction

Cervical spine surgery for multiple pathologies including per-
sistent radiculopathy and spondylotic myelopathy has been
associated with significant improvements in health-related
quality-of-life (HRQOL) outcomes.'™ However, there are sig-
nificant risks associated with undergoing cervical spine sur-
gery. Some complications, such as mild dysphagia after an
anterior cervical discectomy and fusion, are common, but
rarely result in any long-term sequelae.””’ Conversely, rare
complications such as a symptomatic epidural hematoma, eso-
phageal injury, or vertebral artery injury can lead to significant
morbidity and even death.®!3

Asymptomatic postoperative epidural hematomas after spine
surgery are extremely common'®2’; in a study that looked at
patients who had any type of spine surgery, Mirzai et al reporting
that magnetic resonance imaging can detect an epidural hema-
toma in up to 89% of patients postoperatively.>’ Fortunately,
these hematomas are only symptomatic in 0.10% to 0.24% of
all spine cases.”'>> When this complication is recognized
quickly and the hematoma is evacuated, many patients can make
a full neurologic recovery, but a delay in diagnosis and treatment
can lead to an irreversible neurological injury.®1%2627

For surgeons to be able to accurately inform their patients
about the risks and benefits of cervical spine surgery, it is
important to establish the actual incidence of rare but poten-
tially devastating complications. To date, almost all of the large
studies published on this complication are single-institution
studies that report the incidence of postoperative symptomatic
epidural hematomas in all types of spine surgery.>'>*?® The
published studies that are dedicated to postoperative epidural
hematomas in the cervical spine are relatively small cases
series.®!” The purpose of the current study is to determine the
incidence of symptomatic postoperative epidural hematomas
following cervical spine surgery across multiple centers, and
assess the impact of this complication on clinical outcomes.

Methods

The study is a large retrospective multicenter case series study
involving 21 high-volume surgical centers from the AOSpine
North America Clinical Research Network. Centers were
included if they are members of the AOSpine North America
Clinical Trial Research Network. Every center that is a mem-
ber of the network was invited to participate. Those centers
that had interest in participating were prescreened concerning

their ability to provide data per study protocol. Altogether, 21
centers passed the screening and were included. Medical
records for 17625 patients who received cervical spine sur-
gery, anterior or posterior (levels from C2 to C7), between
January 1, 2005, and December 31, 2011, inclusive, were
reviewed to identify occurrence of 21 predefined treatment
complications. The complications included reintubation
requiring evacuation, esophageal perforation, epidural hema-
toma, C5 palsy, recurrent laryngeal nerve palsy, superior lar-
yngeal nerve palsy, hypoglossal or glossopharyngeal nerve
palsy, dural tear, brachial plexopathy, blindness, graft extru-
sion, misplaced screws requiring reoperation, anterior cervi-
cal infection, carotid artery injury or cerebrovascular
accident, vertebral artery injuries, Horner’s syndrome, thor-
acic duct injury, tetraplegia, intraoperative death, revision of
arthroplasty and, pseudomeningocele. Trained research staff
at each site abstracted the data from medical records, surgical
charts, radiology imaging, narratives, and other source docu-
ments for the patients who experienced one or more of the
complications from the list. Data were transcribed into study-
specific paper case report forms. Copies of case report forms
were transferred to the AOSpine North America Clinical
Research Network Methodological Core for processing,
cleaning, and data entry.

Descriptive statistics were provided for baseline patient
characteristics. Paired ¢ test was used to analyze changes in
clinical outcomes at follow-up compared to preoperative status.

Results

Of the 21 involved sites, only 19 reported the incidence of
postoperative epidural hematomas. A total of 16582 cervical
spine surgeries occurred between January 1, 2005, and Decem-
ber 31, 2011, at 19 different institutions, and 15 patients devel-
oped a postoperative epidural hematoma, for a total incidence
0f 0.090%. A total of 8887 anterior procedures and 7695 pos-
terior procedures were evaluated. While rate of epidural hema-
toma was less in anterior procedures (5.63 per 10000 anterior
cases) than posterior procedures (13.00 per 10000 posterior
cases), this did not meet statistical significance (P = .188).
Substantial variation between institutions was noted, with 11
sites reporting no epidural hematomas, and 1 site reporting an
incidence of 0.76% (Table 1). The overall demographic and
operative details are reported in Table 2. The average time to
presentation of symptoms was 4.67 + 7.90 days after surgery,
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Table 1. Incidence of Postoperative Cervical Epidural Hematoma by
Hospital.

Total Number of Incidence of

Total Number of Cervical Surgeries Epidural
Site Epidural Hematomas Performed Hematomas
I I 700 0.14%
2 0 80 0.00%
3 0 550 0.00%
4 0 156 0.00%
5 I 1043 0.10%
6 I 549 0.18%
7 2 824 0.24%
8 0 1908 0.00%
9 0 200 0.00%
10 2 1303 0.15%
I 0 440 0.00%
12 I 132 0.76%
13 I 2717 0.04%
14 0 222 0.00%
I5 0 165 0.00%
16 0 247 0.00%
17 2 411 0.49%
I8 0 139 0.00%
19 2 2160 0.09%

and the average length of stay for patients with the complica-
tion was 9.36 + 9.35 days.

All patients initially presented with a new neurologic deficit
from the hematoma, but 9 (60%) patients had complete reso-
lution of the neurologic deficit after hematoma evacuation.
Table 3 reports the specific surgery, the time of symptom onset,
the new symptoms, if there was a delay in diagnosis, and if
there were residual neurologic symptoms for each of the 15
cases. Importantly, 2 of the 3 patients (66%) who had a delay in
the diagnosis of the epidural hematoma had residual neurologic
deficits compared to only 4 of the 12 patients (33%) who had
no delay in the diagnosis or treatment (P = .53). All 6 of the
patients with persistent neurologic deficits had motor weak-
ness, with 2 of the 6 having an ASIA (American Spinal Injury
Association) C spinal cord injury. Importantly, among the
patients who were diagnosed with a symptomatic postoperative
epidural hematoma, there was no significant improvement in
HRQOL metrics between the preoperative evaluation and the
final follow-up evaluation (Table 4).

Discussion

This study finds that symptomatic postoperative epidural
hematomas in the cervical spine are a rare event, occurring in
approximately 1 in 1000 cervical spine cases. The results of
this study are consistent with other large studies that identify
the rate of symptomatic postoperative epidural hematomas
throughout the entire spine. In a review of 14932 spine cases
that were performed at a single institution over 18 years, Awad
et al identified 32 symptomatic postoperative epidural hema-
tomas for an incidence of 0.20%. While the methodology of the

Table 2. Patient Demographics and Operative Details®.

Average age (years) 55.60 + 13.41
Number of men 8 (53.3%)
Average height (cm) 167.18 + 10.17
Average weight (kg) 7949 + 19.86
Diagnosis
Myelopathy 10 (66.7%)
Radiculopathy 4 (26.7%)
Degenerative disc disease 2 (13.3%)
Instability 1 (6.7%)
Fracture | (6.7%)
Other 4 (26.7%)
Smoking status
Number of current smokers 6 (42.9%)
Number of former smokers 2 (14.9%)
Number of nonsmokers 6 (42.9%)
Operative details
Number of anterior procedures 5 (33.3%)
Number of posterior procedures 10 (66.6%)
Operative time (minutes) 211.60 + 108.95

Estimated blood loss (mL) 660.42 + 17544

Level involved

2 2 (13.3%)
c3 11 (73.3%)
c4 12 (80.0%)
Cs5 13 (86.7%)
cé 13 (86.7%)
c7 10 (66.7%)
TI 2 (13.3%)
T 2 (13.3%)

?Data are presented as mean =+ standard deviation or n (%).

current study did not allow for the identification of risk factors
for this complication, Awad et al reported 3 preoperative risk
factors, including the use of nonsteroidal anti-inflammatory
medication, Rh-positive blood, and patients greater than 60
years of age. Additionally, surgeries involving 6 or more levels,
greater than 1 L of blood loss, and a hemoglobin of less than 10
g/dL were identified as intraoperative risk factors; last, if the
international normalized ratio rose above 2.0 in the first 48
hours, patients were also at an increased risk of a symptomatic
epidural hematoma.?! In a similar, large, single-institution ret-
rospective study of 12 000 spine surgeries, Kou et al*? reported
that the incidence of a symptomatic postoperative epidural
hematoma was 0.10%, and they identified preoperative coagu-
lopathy as well as multilevel surgery as risk factors. Both the
incidence rate reported in the current study and the fact that 11/
15 cases were multilevel fusions are consistent with the results
of Kou et al.

There are 3 large single-institution studies that reported the
incidence of a symptomatic epidural hematoma in patients
undergoing cervical surgery.®**2° Aono et al identified 1376
patients who underwent cervical spine surgery, and they
reported only a single epidural hematoma in 466 anterior cer-
vical spine procedures (0.21%), and 4 symptomatic epidural
hematomas in 910 patients who underwent a cervical lamino-
plasty (0.44%).”® These results are similar to those reported by
Amiri et al, who reported an overall incidence of 0.22% in 4568
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Table 4. The Health-Related Quality-of-Life Metrics for Patients Who Developed a Postoperative Epidural Hematoma.

NDI MJOA Nurick PHY-SF-36 MENT-SF-36
Baseline score (not available for all patients) 42.67 + 17.74 13.00 + 3.56 1.64 + 1.52 24.67 + 344 4091 4+ 13.95
Score at final follow-up (not available for all patients) 56.25 + 3443 3.00 + 0.00 1.86 + 2.85 2721 + 7.70 27.29 + 15.55
Number of patients with both preoperative and follow-up | 7 4 4
outcomes reported
Average difference 10.75 + 21.90 -5 043 + 190 225 + 416 —16.36 + 19.09
P NA .57 .36 .18

Abbreviations: NDI, Neck Disability Index; MJOA, modified Japanese Orthopaedic Association scale; SF-36, Short Form-36 Health Survey; PHY-SF-36, Physical

Component of the SF-36; MENT-SF-36, Mental Component of the SF-36.

spine cases, and a rate of 0.15% in 1962 patients who under-
went cervical surgery.?’ Last, Goldstein et al reported on 529
patients undergoing posterior cervical surgery over 10 years at
a single intuition, and they reported that 1.5% of patients devel-
oped a symptomatic postoperative epidural hematoma.® This
incidence by Goldstein et al is substantially higher than that
identified in the current study or previous reports, and Gold-
stein et al postulate that this may be due to the fact that almost
50% of the patients in the study underwent a posterior cervical
decompression and fusion; however, this is contradicted by
their results, as a stepwise regression analysis identified an
increased Charlson Comorbidities Index as well as the use of
nonsteroidal anti-inflammatory medication in the postoperative
period as independent risk factors for a hematoma, but not the
surgical treatment (laminoplasty, laminectomy, or the use of
instrumentation).® Because the study by Goldstein et al is a
relatively small, single-institution study, it is possible that the
substantial increase in the risk of an epidural hematoma may be
due to institutional protocols or population-specific factors.
Specifically, the rate of asymptomatic epidural hematomas has
been reported to be almost 90%,° so if the surgeons at the
institution were more inclined to order advanced postoperative
imaging, they may have attributed a neurologic deficit, such as
a C5 palsy to the hematoma.

With 16582 cervical spine cases, this study is the largest
study in the literature looking at individual patients who devel-
oped a symptomatic postoperative epidural hematoma in the
cervical spine, and because patients from 19 different institu-
tions were reviewed, individual surgeon and institution-based
risks have been significantly mitigated. While this methodol-
ogy has many benefits, including that a series of 15 patients
with a postoperative cervical epidural hematoma is the largest
reported in any publication to date, there are still significant
limitations in the study that must be acknowledged. While a
series of 15 patients is the largest published, it was still too
small to definitively establish if there is a significant difference
in the neurologic outcome of patients who had a delay in the
diagnosis. Additionally, a substantial increase in the rate of
epidural hematomas occurred in posterior surgeries; however,
with only 15 patients in total with this complication, it did not
reach statistical significance (anterior procedures—5.63 per
10000 cases; posterior procedures—13.00 per 10000 cases;
P = .188). Furthermore, each institution identified all patients
with a postoperative symptomatic epidural hematoma, but the

individual patient data for all of the unaffected patients were
not available. Because of this, it was not possible to identify
specific risk factors for a hematoma, such as the use of antic-
oagulation, or the presence of specific comorbidities; addition-
ally, it is not possible to determine the institutional risk factors.
The incidence rate ranged from 0.00% to 0.76% at different
institutions; however, without reviewing the entire cohort from
all the hospitals, it is not possible to determine which factors
affected the hospital’s rate of epidural hematomas. Conversely,
this methodology allowed for a large sample size, and because
individual patient data were used rather than ICD-9 codes, it is
not subject to flaws of large, administrative database
studies.**!

Another limitation to this study is the heterogeneity in the
data that were reported. Because the study spanned 7 years and
19 institutions, the available data varied significantly. Only 4
patients (26.7%) had pre- and postoperative SF-36 (Short
Form-36 Survey) and NDI (Neck Disability Index) data, while
MJOA (modified Japanese Orthopaedic Association scale) and
Nurick grades were available for 1 (6.7%) and 7 (46.7%)
patients, respectively. In spite of the limited numbers and vari-
able outcomes measures, the current study is the only study in
the literature to report any HRQOL outcome measures after
this rare complication, and regardless of the outcome measure
reported, patients with a postoperative epidural hematoma
showed no significant change from preoperative scores. A final
limitation is that the diagnosis of a symptomatic postoperative
epidural hematoma was left up to the treating physician.
Undoubtedly, some surgeons have a lower threshold for obtain-
ing advanced imaging postoperatively, and therefore they are
more likely to identify and treat an epidural hematoma than
surgeons who rarely obtain advanced imaging.

Conclusion

The current study is the largest series to date to analyze the
incidence of an epidural hematoma following cervical spine
surgery. The results of this study suggest that an epidural
hematoma is a very rare event, occurring in approximately
1 out of 1000 cervical spine surgeries, and it may be slightly
more common in posterior surgeries. Prompt diagnosis and
treatment resulted in a complete neurologic recovery in the
majority of patients, but even without a delay in the diagnosis,
33% of patients still had persistent neurologic deficits.
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Additionally, the sequelae of this complication results in
patients having no improvement in HRQOL outcomes from
their preoperative state.
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