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Acute postoperative cervical spinal epidural hematoma
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Objective: The aim of this study was to assess the clinical presentation, causes or risk factors, treatment
and outcomes of symptomatic acute postoperative cervical spinal epidural hematoma (APCSEH).

Methods: The study retrospectively reviewed all patients who underwent open cervical spinal surgery
between ]anuary 1, 2004 and October 31, 2008. Perioperative coagulation parameters, past medical
history, age, gender, time to decompression, pre- and postoperative (decompression operation) neu-
rological status, as well as the interval of hematoma formation and level of segments were reviewed.
Potential risk factors for extradural hematomas were examined. Patients who were diagnosed with
APCSEH underwent immediate surgical drainage of the hematoma.

Results: Over 2,338 cervical spinal surgeries were performed by the Orthopedic Spinal Disorder
Group in our hospital between 2004 and 2008. Twelve (0.5%) cases of APCSEH were identified.
Two-thirds of the patients had history of hypertensive disease or transitory hypertensive status after
surgery. No patients had abnormal preoperative coagulation parameters, bleeding diathesis or devel-
oped intraoperative coagulopathy. All patients were treated with hematoma evacuation within 2 hours
of the ultimately definitive diagnosis of hematoma.

Conclusion: Acute postoperative cervical spinal epidural hematoma is a rare cause of postoperative
neurological deterioration. Hypertensive disease and the method of multilevel cervical surgery appear
to increase bleeding and predict formation of hematoma. Early diagnosis and evacuation of the hema-
toma can result in resolution of the neurological deficit.
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Spinal epidural hematoma is a rare condition. It was
first described by Jackson in 1869,/ and only 350 cases
were reported in the literature between 1869 and 2003.
() Although asymptomatic spinal epidural hematoma
has been identified by CT and MR imaging studies in
33% to 100% of patients who underwent lumbar disc
or decompression surgery, most cases are asymptom-
atic and spinal epidural hematoma only rarely becomes
symptomatic. Once neurological deterioration due to
spinal epidural hematoma develops, emergency evacu-

ation is required. In cases in which emergency evacu-
ation is not performed rapidly enough, neurological
sequelae such as paralysis may persist.”) Coagulopathy,
hypertension, increased venous pressure and vascular
malformation were once thought to play an important
role in the formation of spinal epidural hematoma. Oth-
ers have proposed a constellation of factors believed to
predispose postoperative epidural hematoma, including
revision surgery, multilevel procedures, systemic illness

and bleeding.!¥
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Operation is an important cause of spinal epidural
hematoma.’®) While few cases have been focused on
acute postoperative cervical spinal epidural hematoma
(APCSEH), such cases often result in more extensive
and permanent neurological loss than others. The cause,
risk factors, characteristics, treatment options and prog-

nosis of APCSEH remain a problem.
We report a series of APCSEH in a subset of pa-

tients who awoke from surgery neurologically improved,
but then deteriorated within 24 hours. The aim of this
study was to call attention to the clinical features of this
uncommon entity and to determine if any common ele-
ments exist that predispose the development of APC-
SEH.

Patients and methods

The study reviewed consecutive patients who underwent
cervical spinal surgery at the hospital between January 1,
2004 and October 31, 2008. Patients with cervical punc-
tures, steroid use and/or local anesthetic injections were

excluded.
The diagnosis of APCSEH was made on the basis of

progressing paralysis, numbness of both lower extremi-
ties and requirement of further surgery to evacuate the
hematoma. Theater logbooks were searched for all cases
of ‘evacuation of hematoma’ All patients who unexpect-
edly returned to the operating theater within 2 weeks
of the initial operation were also identified. A 2-week
period was determined to be sufficient as the reported
maximum period was 8 days after surgery.”?

Mean follow-up period was 14 (range: 4 to 25)
months. Medical records, perioperative coagulation pa-
rameters, history, age, gender, time to compression, pre-
and postoperative neurological status and the interval of
neurological deficit were reviewed. Potential risk factors
for APCSEH, including medications and underlying
hematological conditions that predispose bleeding co-
agulation studies, the use of wound drains and history
of previous surgeries were also examined. Neurological
function was assessed using the Frankel scale!”) preop-
eratively and after evacuation of the hematoma.

After identifying all cases of APCSEH, a control
group was randomly selected from patients undergoing
a procedure of similar complexity at the same section of
the spine by the same surgeon within 6 months of the
initial operation to match the study group and increase
the power of the study. A detailed review of subjects’
medical records was performed and a variety of periop-
erative possible risk factors were determined.

Statistical analyses were performed using the statisti-

cal package SPSS for Windows. As the continuous vari-
ables in this study exhibited an abnormal distribution,
the non-parametric Mann-Whitney U-test was used to
test the strength of the association between each contin-
uous variable and spinal epidural hematoma. The Fisher
exact test was used to test the significance of associations
between the categorical variables and spinal epidural
hematoma. Factors associated with spinal epidural he-
matoma in univariable analyses (p<0.05) were entered
into a multivariable logistic regression model to identify
whether the factors were independently associated with
spinal epidural hematoma. The Spearman’s rank corre-
lation was used to test the strength of the association
between two independent continuous variables and the
relationship between the interval from symptom onset
to surgery and neurological outcome. P values of less
than 0.05 were considered significant.

Results

A total of 2,338 patients who underwent cervical spi-
nal surgeries between January 1, 2004 and October 31,
2008 were identified from their medical charts. Median
age of the patients was 49.2 (range: 31 to 82) years and
the female to male ratio was 1:2.9. Of the 2,338 patients,
313 (13.4%) were treated with cervical decompression
by a posterior approach, 1,889 (80.8%) by an anterior
approach and 136 (5.8%) by both approaches. History
of hypertension was present in 628 patients (26.9%).

Over the 4 year review period, 12 patients (0.5%)
were identified with APCSEH due to a clinical deterio-
ration occurring within 24 hours after index procedure.
The median age was 48 (range: 35 to 68) years and the
female to male ratio was 1:2. Eleven patients underwent
anterior procedures (corpectomy and fusion with instru-
ments) and 1 with a posterior approach (laminectomy
and fusion with instruments) (Table 1). Medium He-
movac drains were used in all cases after the index proce-
dure. Drains were maintained for the first postoperative
24 to 48 hours.

Table 2 presents an overview of possible periopera-
tive risk factors. Factors found to be significantly associ-
ated with spinal epidural hematoma in the univariable
analysis were hypertension (p<0.01) and bi-level/multi-
level procedure (p<0.03). No other factor was found to
be significantly associated with increased risk. A multi-
variable logistic regression model was used to determine
if significant individual risk factors were independently
associated with spinal epidural hematoma. Analysis con-
firmed that hypertension (p=0.010) and bi-level/multi-
level procedure (p=0.029) were significant independent
predictors of spinal epidural hematoma. All patients
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Table 1.  Basic statistics.
Patient Age/ MH Surgery Frankel score Improvement in Frankel Duration of BP
No. Sex Pre-/Postoperative score (number symptoms (mmHg)
of Grades) (hrs)
1 57/F Hypertension C6 (ACCF) C/E 2 0.6 145/85
2 53/M None C5 (ACCF) B/D 2 0.6 140/86
3 38/M None C3/4 (ACDF) E/E 0 1.2 134/79
4 50/M None C6/T1 (ACDF) A/A 0 2.7 100/60
5 68/M None C5 (ACCF) B/D 2 0.25 150/80
6 43/M Hypertension C5 (ACCF) C/D 1 1.3 155/85
7 42/F Hepatitis C C5 (ACCF) C/D 1 0.8 130/90
8 35/M None C5/6 (ACDF) D/E 1 0.6 130/70
9 40/F Hypertension C4-C7 (posterior approach) C/D 1 0.7 156/88
10 51/F Hypertension C4/5 (ACDF) C/D 1 0.3 150/90
11 43/M None C5/6 (ACDF) D/E 1 0.8 150/106
12 56/M None C5 (ACCF) + C6/7 (ACDF) D/E 1 1.3 150/116

ACCF: Anterior cervical corpectomy and fusion; ACDF: Anterior cervical discectomy and fusion; 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); MH: Medical history.

had normal coagulation function tests at the time of the
index surgical procedure (Table 3). Two-thirds of the
patients had history of hypertensive disease or in transi-
tory hypertensive status after operation (Table 1). None
of the patients suffered from excessive blood loss (Table
2). No patients had previous spinal surgeries at the site
of the acute spinal epidural hematoma. Five patients re-
ceived irregular anti-inflammatory medication for pain
control.

In the initial postoperative examination after the in-
dex operation, all patients had free use of all four limbs
after operation. The initial presenting symptom which
heralded the onset of neurological deterioration con-
sisted of progressing motor weakness and sensory loss,

Table 2.  Possible perioperative risk factors.

or even disappearance of the lower limb function. This
was often followed by tendon reflex disappearance. Fran-
kel grades at the time of presentation were A in 1 pa-
tient, B in 2, Cin 5, D in 3 and E in one. The average
time to neurological deterioration was 5.0 (range: 0.6
to 15.8) hours. Patients’ Frankel grades improved by a
mean of 1.08, in terms of neurologic deficit at the time
of discharge compared with the maximum deficit before
evacuation surgery. Improvement in Frankel grade was
significantly higher in patients who underwent evacua-
tion surgery in a shorter period of time (p<0.01). There
was a negative correlation between the improvement in
Frankel grade and duration of symptoms (Spearman’s
rank correlation coefhicient: -0.705).

Possible risk factors

Patients with
postoperative SEH (n=12)

Number of males 8
Median age (range) 48.0 (35.0-68.0)
Smoker 3
Diabetes 3
Hypertension 8
NSAID 5
Trauma® 2
Previous spinal surgery 0

Bi-level/multilevel procedure® 7
Length of operation (min) (range)
Blood loss (ml) (range)

78.3 (53.0-96.0)
88.5(75.0-110.0)

Patients without p
postoperative SEH (n=24)
10 .289
46.9 (36.0-68.0) 710
6 1.000
6 1.000
4 .007
10 194
2 .588
0 N/A
4 .020
78.6 (53.0-104.0) 973
85.6 (53.0-104.0) 468

N/A: Not applicable; NSAID: Non-steroidal anti-inflammatory drug; SEH: Spinal epidural hematoma.

*Trauma within 6 weeks leading to the operation.

Bi-level/multilevel procedure defined as a procedure that involved more than one intervertebral disc.
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Table 3.  Possible perioperative hematological risk factors.

Possible hematological Patients with Patients without p
risk factors APCSEH (n=12) APCSEH (n=24)

APTT (s) (range) 28.3(25.1-31.7) 29.7 (26.5-34.0) 752
PT (s) (range) 11.0(10.1-11.9) 10.6 (10.0-11.2) 485
INR 0.9(0.9-1.2) 1.0(0.9-1.1) .597
Platelets (10%L) (range) 186 (158-275) 204 (177-295) 488
Hb (g/L) (range) 146 (137-168) 142 (137-168) .594

APCSEH: Acute postoperative cervical spinal epidural hematoma; APTT: Activated partial thromboplastin time; Hb: Hemoglobin; INR: Internati-

onal normalized ratio; PT: Prothrombin time.

At the first attack, a high dose of methylprednisolone
(30 mg/kg, by intravenous infusion within 15 minutes)
was used to preserve the cervical spinal cord. Once the
diagnosis of APCSEH was confirmed, emergent surgical
evacuation of the hematoma was carried out as soon as
possible. The original site of the surgery was re-explored
and the clot evacuated. Spinal dura mater was washed
repeatedly with cold saline in order to lower cellular me-
tabolism and cease bleeding. The average interval from
symptom onset to evacuation surgery was 0.93 hours.
On subsequent re-exploration, all of the cases had drains
during the immediate postoperative period.

Surgical evacuation of APCSEH resulted in neu-
rological improvement in 11 patients. Mean follow up
was 14 (range: 4 to 25) months. One patient had no
improvement in neurological function after evacuation
of the hematoma. Three patients returned to baseline
neuro-examination status within 2 hours of their surgi-
cal decompression and 2 had right leg weakness, which
mildly improved in the early postoperative period. One
patient had residual right hand and leg weakness, which
mildly improved at the 4th month follow-up and an ad-
ditional patient had no change in neurological function
even with treatment of hyperbaric oxygen and neuro-
trophic drugs at the 25th month follow-up.

Discussion

Postoperative spinal epidural hematoma is an uncom-
mon complication of spinal surgery and occurs in 0.1%[°!
to 0.22% of cases.”” The incidence of APCSEH is higher
than that of epidural hematoma and was 0.5% in our se-
ries. To our knowledge, no previous series on APCSEH

has been published in the English literature.

Several factors have been implicated in the develop-
ment of postsurgical spinal epidural hematoma, includ-
ing preoperative use of non-steroidal anti-inflammatory
medication, multilevel procedures (greater than 4 levels),
surgical drains, blood loss of over 1 liter and postopera-
tive use of anticoagulation.®) However, others have ar-

gued that the use of postoperative anticoagulation is not
associated with a higher risk of postsurgical spinal epi-
dural hematoma. As of yet, none of these factors have
been scientifically demonstrated to be significant in a
large series. It remains unclear whether these factors play
arole in the formation of APCSEH.

Uribe et al.”) reported a higher incidence of delayed
postoperative spinal epidural hematoma (DPOSEH) in
patients undergoing previous spinal surgery at the same
site at which the hematoma developed. The higher in-
cidence was attributed to the formation of scar tissue
throughout the various tissue layers of the posterior
spinal structures, including the epidural space, bone,
ligaments, muscle, subcutaneous fat and skin after sur-
gery, reducing the ability to absorb blood and blood
products and predisposing DPOSEH. In our reported
cases, however, none of the patients in the APCSEH
group received previous cervical spinal surgery or had
a history of preoperative coagulopathy from medical
illness or anticoagulation therapy before operation for
anesthesia needs. Perioperative coagulation parameters
and intraoperative blood loss (<150 ml) were within the
normal range. We believe that patients who require bi-
level/multilevel cervical procedures and have the history
of hypertensive disease are possibly at a higher risk for
developing an acute postoperative epidural hematoma.

We postulate that the intraspinal epidural venous
plexus is the site of bleeding.”!!) The theorized mecha-
nism is that the valveless, thin-walled venous plexus is
vulnerable to rupture with abrupt changes in expanded
venous pressure.'!) Others have argued that the source
is more likely to be a hemorrhage from the epidural ar-
teries as pressure from arterial bleeding would be more
likely to cause acute spinal cord compression. In fact, ar-
terial bleeding is easy to find and stop in operation. If
the venous plexus is indeed the source of bleeding, the
relevant question of why the bleeding does not stop
when an epidural hematoma increases the pressure in
the epidural space enough to stop the bleeding, when the
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epidural venous pressure should be much lower than the
cerebrospinal fluid pressure arises.'” We believe that the
hypertensive disease and bleeding from the cervical ver-
tebrae body easily increases the epidural venous pressure
which goes beyond the normal cerebrospinal fluid pres-
sure and leads to continuous bleeding.

Cullen et al. reported that patients do not develop
signs and symptoms of acute spinal cord compression
after therapeutic blood patch when a relatively large
amount of blood is injected into the epidural space for a
short period of time."” In the rare event that a postsur-
gical spinal epidural hematoma becomes symptomatic,
prompt surgical intervention is warranted to prevent
significant and irreversible neurological consequences.
Sokolowski et al. found that after lumbar decompres-
sion, 58% of patients developed epidural hematoma of
sufficient magnitude to compress the thecal sac beyond
its preoperative state at one or more levels while none
developed new postoperative neurological deficits.'"*) In
our study, epidural hematoma was often observed after
cervical surgery. However, high blood pressure and bi-
level/multilevel procedure will inevitably result in great-
er volume of blood, decreasing the epidural space.

In the present study, the most common presenting
symptom before neurological deterioration in all patients
was numbness in the lower limbs spreading upward. This
was often followed by motor weakness or paralysis and
disappearance of tendon reflex. Signs and symptoms in
our cases varied in onset from 0.6 to 15.8 hours.

Acute spinal epidural hematoma should be sus-
pected in patients with progressive pain or neurological
deficit after spinal surgery. MRI is the best diagnostic
method when APCSEH is suspected. MRI can provide
differential diagnoses regarding pathologies that most
frequently present with spinal pain and neurological
deficit."” In our experience, hysteria was easily misdiag-
nosed as APCSEH. In our study, while 2 patients who
complained of progressive paralysis below the opera-
tive spinal level had been previously misdiagnosed with
APCSEH, epidural hematoma was ultimately defini-
tively excluded. Hysteria is usually associated with high
intensity and over-respiration.

In cases of APCSEH with severe paresis, rapid de-
compression surgery is the most suitable treatment and
the severity of preoperative status influences recovery.
Kebaish et al. reported an incidence of postoperative
spinal epidural hematoma requiring evacuation rang-
ing between 0.1 and 3% and that neurological recovery
correlated with the time from the onset of neurological
symptoms to evacuation of the hematoma.' In our re-
search, there was statistically significant difference in the

degree of neurological recovery if hematoma evacuation
was performed within 24 hours. However, Kebaish et
al. reported that when hematoma evacuation is delayed
beyond 24 hours, neurological recovery is less likely to
occur.' Groen and van Alphen showed that the criti-
cal factors for recovery after spontaneous spinal epidural
hematoma were the level of preoperative neurological
deficit and the operative interval.'”) Liao et al. reported
that in patients with a complete deficit, good neurologi-
cal recovery can be achieved after timely surgery when
the interval between the initial ictus and surgery is less
than 48 hours and when the duration of the complete
neurological deficits is less than 12 hours.'"™ In this
study, all patients underwent emergent decompression
surgery within 2 hours. Eleven of the twelve patients
who underwent surgery recovered fully. However, one
suffered from permanent residual symptoms, such as
urinary dysfunction and motor weakness for poor pre-
operative neurological function.

Limitations of the study include the small groups,
which decreases the ability to detect the possible real
differences that might exist between the two groups. In
addition, results may also be inevitably influenced by the
experience and personal bias of the surgeons or data col-
lectors and they may be less reflective of the risk factors
itself, especially blood pressure measurement.

In conclusion, APCSEH is a rare cause of postop-
erative neurological deterioration. Hypertensive disease
and the method of multilevel cervical surgery appear to
increase bleeding and predict formation of hematoma.
Early diagnosis and evacuation of the hematoma can re-
sult in resolution of the neurological deficit.
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