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Cervical interlaminar epidural steroid injections (ESIs) are commonly performed as one part
of a multi-modal analgesic regimen in the management of upper extremity radicular pain.
Spinal epidural hematoma (SEH) is a rare complication with a reported incidence ranging from
1.38 in 10,000 to 1 in 190,000 epidurals. Current American Society of Regional Anesthesia
(ASRA), American Society of Interventional Pain Physicians (ASIPP), and the International Spine
Intervention Society (ISIS) recommendations are that non-steroidal anti-inflammatory drugs
(NSAIDs) do not need to be withheld prior to epidural anesthesia. We report a case wherein
intramuscular ketorolac and oral fluoxetine contributed to a SEH and tetraplegia following a
cervical interlaminar (ESI).

A 66 year-old woman with chronic renal insufficiency and neck pain radiating into her right upper
extremity presented for evaluation and was deemed an appropriate CESI candidate. Cervical
magnetic resonance imaging (MRI) revealed multi-level neuroforaminal stenosis and degenerative
intervertebral discs. Utilizing a loss of resistance to saline technique, an 18-gauge Tuohy-type
needle entered the epidural space at C6-7. After negative aspiration, 4 mL of saline with 80
mg of methyl-prednisolone was injected. Immediately thereafter, the patient reported significant
spasmodic-type localized neck pain with no neurologic status changes.

A decision was made to administer 30 mg intramuscular ketorolac as treatment for the spasmodic-
type pain. En route home, she developed a sudden onset of acute tetraplegia. She was brought to
the emergency department for evaluation including platelet and coagulation studies which were
normal. MRI demonstrated an epidural hematoma extending from C5 to T7. She underwent a
bilateral C5-T6 laminectomy with epidural hematoma evacuation and was discharged to an acute
inpatient rehabilitation hospital. Chronic renal insufficiency, spinal stenosis, female gender, and
increasing age have been identified as risk factors for SEH following epidural anesthesia. In the
present case, it is postulated that after the spinal vascular system was penetrated, hemostasis was
compromised by the combined antiplatelet effects of ketorolac, fluoxetine, fish oil, and vitamin E.

Although generally well tolerated, the role of ketorolac, a potent anti-platelet medication used
for pain relief in the peri-neuraxial intervention period, should be seriously scrutinized when other
analgesic options are readily available. Although the increased risk of bleeding for the alternative
medications are minimal, they are nevertheless well documented. Additionally, their additive
impairment on hemostasis has not been well characterized. Withholding NSAIDs, fluoxetine, fish
oil, and vitamin E in the peri-procedural period is relatively low risk and should be considered for
all patients with multiple risk factors for SEH.

Key words: Spontaneous epidural hematoma, ketorolac, cervical interlaminar epidural steroid
injection, fluoxetine, anti-platelet, neuraxial injection, perioperative pain
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he use of epidural steroid injections (ESls)

for the management of chronic spinal pain

has increased significantly in the past 15
years. Presently, there are more than 2 million ESls
performed annually in the Medicare population alone;
approximately 250,000 of those in the cervical and
thoracic spine (1). Although catastrophic complications
following ESI are rare, a parallel increase in adverse
events has been reported with the growing prevalence
of these procedures. The consequences of these
complications have included permanent paraplegia,
tetraplegia, and death. Spinal epidural hematoma (SEH)
is a rare complication with published rates between 1.38
in 10,000 to 1 in 250,000 epidural procedures (2,3). We
describe a case of epidural hematoma and tetraplegia
following a cervical interlaminar ESI wherein the
current major interventional guidelines regarding
anticoagulation use were adhered to.

CAse DEScRIPTION

A 66-year-old woman with chronic low back and
neck pain radiating down her right arm presented to
an ambulatory surgical center for an elective cervical
ESI. Her symptoms began at the age of 26 following
a motor vehicle accident. Her co-morbidities included
chronic renal insufficiency (GFR = 50), fibromyalgia, sei-
zure disorder, nephrolithiasis, hypertension, glaucoma,
hypothyroidism, sleep apnea, and chronic obstructive
pulmonary disease. She had no history of coagulopa-
thy, liver disease, use of anti-platelet medication, or
recent anticoagulation use. Her past surgical history
included cholecystectomy, hysterectomy, cystoscopy
with ureteral stent placement, left knee arthroplasty,
and right ankle fixation after fracture. Her home medi-
cations included levothyroxine, atorvastatin, seroquel,
carvedilol, ferrous sulfate, gabapentin, docusate, fen-
tanyl patch, carisoprodol, fluoxetine, and omeprazole.
She also supplemented daily with a multivitamin (50 IU
of vitamin E), and one gram of fish oil. She had no his-
tory of tobacco, drug, or alcohol abuse.

Cervical and lumbar magnetic resonance imaging
(MRI) revealed multi-level cervical and lumbar neuro-
foraminal stenosis and central spinal canal stenosis. A
recent worsening of the radiculitis into her right arm
and bilateral lower extremities prompted an evaluation
by an interventional pain physician. She had over the
course of 3 years, 5 interlaminar (ESIs) for cervical and
lumbar radicular pain with satisfactory results. Previous
cervical injections were performed at the C7-T1 inter-
space using fluoroscopic guidance.

On the day of the sixth injection, the patient un-
derwent an uneventful interlaminar ESI at the L4-L5
level, with injection of 4 mL of preservative-free nor-
mal saline with 80 mg of methylprednisolone acetate.
Due to the patient’s limited access to transportation
and increased symptomatology, a decision was made
to address both her cervical and lumbar pain at the
same setting. Thus, she also received an interlaminar
ESI in the midline at the C6-C7 interspace. After per-
forming a sterile preparation and local skin infiltration
of 1% lidocaine, the epidural space was entered with
an 18-gauge Tuohy-type epidural needle using the loss
of resistance to saline technique. Biplanar fluoroscopy
with non-iodinated contrast was utilized to localize the
level and assure entry into the epidural space. There
was no reported blood, paresthesias, or cerebrospinal
fluid noted during needle advancement. After negative
aspiration, 4 mL of preservative-free normal saline with
80 mg of methylprednisolone acetate was injected into
the epidural space, after which the needle was flushed
with one mL of normal saline before being withdrawn.

Following the procedure, the patient reported sig-
nificant pain and muscle spasms at the cervical injection
site, and 30 mg of intramuscular ketorolac was adminis-
tered for pain relief. Her symptoms apparently resolved
and she was able to stand and walk without difficulty
or complaints. Following a 15-minute observation pe-
riod, she was discharged home.

While en route home, the patient began to experi-
ence numbness and weakness in her lower extremities.
She was taken to the emergency department where
physical exam revealed abrupt-onset tetraplegia and
a sensory loss below the xiphoid process. She did not
withdraw to painful stimuli in any extremity and rectal
tone was absent. Laboratory values revealed a normal
chemistry panel, normal prothrombin and activated
partial thromboplastin time, and a normal bleeding
time. Cervicothoracic MRI demonstrated an epidural
hematoma extending from the C5 to T7 posterior cord
level with the most severe compression being noted at
the T2 level (Figs. 1 and 2).

Surgical decompression was performed 12 hours
after the onset of symptoms, including bilateral C5-T6
laminectomies with evacuation of the epidural hema-
toma and decompression of the thecal sac. Postopera-
tively, the patient was noted to have return of some
bilateral upper extremity movement. Once medically
stabilized, she was discharged to participate in an in-
tensive acute inpatient rehabilitation (AIR) program,
and by discharge from the AIR she had regained nearly
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full proximal and 1%s distal upper extremity strength,
but remained paralyzed in her lower extremities and in-
continent of bowel and bladder function.

Discussion

Incidence

The incidence of spinal-epidural hematoma (SEH)
has been estimated to be 1:220,000 after a spinal block
and 1:150,000 after an epidural block (4). Wulf reported
the incidence of SEH to be 1:190,000 after epidural an-
esthesia (5). Scott and Hibbard reported an incidence
of 1:250,000 in the obstetrical population in the United
Kingdom (3). Certainly other studies have demonstrated
a much more prevalent rate of SEH. A 2013 publication
by Ehrenfeldet et al retrospectively reviewed 43,200
patient charts spanning a 9 year period, and reported
a SEH incidence of 1.38 in 10,000 epidural catheteriza-
tions (2).

However, the incidence of SEH specifically as a
complication of ESI has not being defined. Large case
series of serial cervical ESIs ranging from 141 to 790 pa-
tients have reported no associated serious neurologic

complications, including SEH (6,7). In a meta-analysis Fig. 1. Sagittal T2-weighted MRI of posterior epidural

performed by Xu et al (8) encompassing all relevant l_lt_ hematoma. Arrow points to greatest point of cord compression due
erature in PubMed and MedWatch, 8 cases of neuraxial to anterior-posterior hematoma collection at approximately T2.

hematoma following epidural injection were identified.

Fig. 2. Axial T2 weighted MRI showing large epidural hematoma (marked by a star).
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Four cases involved the cervical spine, 4 cases involved
the thoracic or lumbar spine, and one case did not de-
scribe the level of the hematoma. However, physicians
have a tendency to avoid reporting poor outcomes
due to health privacy issues and fear of litigation (9).
Furthermore, the complications may be reported to
different databases making the general analysis even
more difficult (10). Review of data from the American
Society of Anesthesiologists (ASA) Closed Claims Proj-
ects shows that between 1970 and 2000, there were 6
claims for paraplegia or quadriplegia due to epidural
hematoma resulting from an interventional pain man-
agement procedure (11). In reviewing this database
between 2005 and 2008, Rathmell et al (9) reported 3
cases of compressive epidural hematoma due to cervical
injections. The ASA Closed Claims database, however,
does not provide a reasonably reliable estimate of the
numerator (number of these types of complications) or
denominator (number of total cases performed) for any
given population of patients in any given geographical
area. Additionally, like physicians, patients also under-
report complications, and thus, these data also likely
represent an underestimation of the prevalence of
complications due to ESI.

Etiology

Various mechanisms have been suggested to ac-
count for SEH (12-15) (Table 1) including unrestrained
epidural venous and arterial bleeding, as well as bleed-
ing from arterio-venous malformations. Groen and
Ponssen (16) proposed the posterior internal vertebral
venous plexus as the most likely source of bleeding. Be-
atty and Winston (17) argued that venous pressure is
less than intrathecal pressure, and thus venous bleed-
ing should not be capable of causing acute spinal cord
compression. They subsequently suggested an arterial
origin of SEH. In support of this theory, U and Wilson
(18) reported 3 cases of SEH with bleeding arising from
arteries in the posterior longitudinal ligament follow-
ing anterior discectomy.

Table 1. Reported causes of epidural hematoma.

Reported Causes of Epidural Hematoma

Spinal surgery

Spinal/epidural injection/anesthesia
Trauma

Spontaneous

Arterial venous malformation
Lumbar puncture

Myelography

Spinal manipulation

Risk Factors

Several risk factors have been reported for SEH:
anticoagulation medication use, anatomic abnormali-
ties of the spinal cord and vertebral column, difficult
or repeated spinal puncture, larger needle size, older
age, the use of indwelling epidural catheters as op-
posed to “single shot” injections, intrinsic thrombocy-
topenia or platelet dysfunction related to idiopathic
thrombocytopenic purpura, and renal failure, respec-
tively, as well as coagulopathy related to hemophilia
A (19-22). In a review of 613 cases published between
1826 and 1993, Kreppel et al (15) reported SEH to be
idiopathic or spontaneous in 30% of cases, related to
anticoagulation in 17%, and related to spinal or epi-
dural anesthesia in 10% of cases. In cases associated
with epidural anesthesia, traumatic procedures and an-
ticoagulation status represented the greatest risk factor
for SEH. Vandermeulen et al (23) reported 61 cases of
SEH after epidural or subarachnoid block. Eighty-seven
percent of these patients had pre-existing coagulopa-
thies or traumatic needle insertions (23). Wulf (5) re-
viewed the medical literature between 1966 and 1995,
and reported 51 confirmed cases of spinal hematoma
associated with epidural anesthesia. Factors associated
with SEH in this group included: difficult or traumatic
catheter insertion (n = 21), intravenous heparin therapy
(n = 18), coagulopathy (n = 14), thrombocytopenia (n
= 5), aspirin or other non-steroidal anti-inflammatory
drug (NSAID) use (n = 3), low molecular weight hepa-
rin use (LMWH) (n = 2), and fibrinolytic therapy (n = 2)
(5). Stafford-Smith reported an 11-fold increased risk in
patients who were not anticoagulated and a 35-fold in-
creased risk in patients who were anticoagulated (24).

Risk factors for SEH due specifically to ESIs have
not been clearly described, but are likely similar to
those reported for epidural anesthesia. Cervical ESI may
be associated with a higher relative incidence of SEH
compared to thoracic or lumbosacral ESI. From an ana-
tomic standpoint, the spinal cord is most vulnerable to
compression in the cervical region given the relatively
smaller diameter of the spinal canal including a small-
er diameter peridural space in this area compared to
thoracic and lumbar levels (25). A study of 10 cadaver
specimens suggested that cervical ESIs may also pose a
relatively higher risk of hemorrhagic complication due
to an observed high frequency of anatomical variation
of arteries within the spinal canal in this area compared
with the thoracic and lumbar regions (26). The fact that
half of the reported cases of SEH (4 of the 8 cases) asso-
ciated with ESI occurred following injection in the cervi-
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cal region, despite the relative infrequency of cervical
compared to lumbosacral ESI, supports these 2 findings.

In 2010 Green and Machin (27) described the man-
agement of anticoagulation in patients during neur-
axial anesthesia. They recommended that the decisions
regarding anticoagulation and neuraxial interventions
must take into account the risk of bleeding versus ve-
nous/arterial thrombosis if anticoagulation therapies
were to be stopped, and recommended taking into
account case-by-case risk factors. In their review, they
identified multiple patient-related risk factors associ-
ated with SEH such as advanced age, female gender, ac-
quired coagulopathy, thrombocytopenia, spinal abnor-
malities such as spina bifida, spinal stenosis, ankylosing
spondylitis, and osteoporosis. They also described pro-
cedure-related risk factors including a traumatic proce-
dure with multiple attempts, presence of blood in the
needle or the catheter, and use of an indwelling epi-
dural catheter (27).

Patient Factors

Our patient had multiple identified risk factors
for the development of SEH after epidural anesthesia,
including advanced age, chronic renal insufficiency,
female gender, and spinal stenosis. Spinal stenosis, as
found in our patient also increases the risk for a del-
eterious outcome in any case of epidural hematoma.
Elevated blood levels of uric acid as found in renal dis-
ease can also impair hemostasis. Unfortunately, a uric
acid level was not obtained on our patient.

Needle Selection for Epidural Injection

The type of needle used for epidural injection is
a consideration in attempting to minimize the risk of
epidural hematoma formation. The ideal needle type
remains undetermined. Most practitioners prefer using
a standard 18 gauge Tuohy-type needle for epidural in-
jections. Some interventionalists advocate for the use of
short-beveled, blunt-type, or smaller diameter needles
(less than 22-gauge) to reduce the risk of vessel trauma
(28,29). In a prospective study conducted on 1,088 pa-
tients, that included 2,145 lumbar transforaminal ESls us-
ing a Quincke-type spinal needle, the incidence of vascu-
lar penetration with intravascular injection was found to
be 6.1% during lumbar transforaminal ESI (30). Howev-
er, Smuck et al (31) found that short-bevel needles com-
pared to long-bevel needles did not reduce the risk of
unintentional vascular penetration in lumbosacral trans-
foraminal epidural injections. Similarly, in a prospective
study of 2,376 interlaminar cervical ESIs, Manchikanti et

al found no significant hemorrhagic complications in-
cluding SEH, regardless of needle type (32).

Entry Level of Cervical Epidural Injection

The level of entry in accessing the epidural space
during injection may influence the rate of epidural he-
matoma formation. Practitioners commonly choose to
inject into the epidural space at the C6-C7 or the C7-T1
levels. Anatomical characteristics of the epidural space
at the C7-T1 level indicate that it may be the safest level
to inject. Some fat (1 - 2 mm) may be found at the C7-
T1 level but not above (33). This epidural fat creates
a larger potential space for injection. Evidence from
cadaver studies has shown that the ligamentum fla-
vum, the landmark for the loss-of-resistance technique,
frequently fails to fuse in the midline over the cervical
interspaces. In dissections, midline gaps were observed
in more than 50% of specimens (34). Thus, for cervical
injections, the epidural space may be easiest to locate
at the C7-T1 level and selecting this level may decrease
the risk of hemorrhagic complications, though this has
not been formally studied.

Imaging

Imaging with fluoroscopy or computed tomogra-
phy (CT) scanning has become the standard of care for
most interventional neuraxial procedures (35). Epidural
injections by trained practitioners without image guid-
ance results in misplacement of the needle tip in up to
40% of cases, whereas fluoroscopy improves the accu-
racy of needle placement for interlaminar cervical ESlI,
with ventral epidural spread noted 28% — 93% of the
time (36-39). Contrast dye in conjunction with continu-
ous, or “live” fluoroscopy, as well as digital subtraction
angiography (DSA) techniques have been shown to
identify intravascular injection (40-42). However, these
visual aides are not foolproof (43), and remain unlikely
to identify vascular compromise or a compressive he-
matoma, which typically occur immediately post-proce-
dure. Traditional fluoroscopy by itself cannot identify
hematoma development.

Medication-Related Risk Factors

Major pharmacologic classes investigated as pos-
sible risk factors for the development of SEH in the face
of neuraxial procedures have included anti-thrombotic
agents including warfarin, heparin, low molecular
weight heparin, as well as anti-platelet agents includ-
ing aspirin and NSAIDs. Guidelines and recommenda-
tions have been put forth by many organizations in-
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cluding the American Society of Regional Anesthesia
(ASRA), American Society of Interventional Pain Physi-
cians (ASIPP), European Society of Anesthesia (ESA), the
International Spine Intervention Society (ISIS), and the
Nordic Guidelines from the Scandinavian Society of An-
aesthesiology and Intensive Care Medicine (44-48).

Anti-platelet Agents

Conflicting evidence exists as to whether NSAIDs
increase the risk of epidural hematoma formation. In a
prospective study, Horlocker et al (49) found no hemor-
rhagic complications in 1,035 patients who underwent
ESI despite the fact that 384 (32%) were taking aspirin
or other NSAIDs. One hundred thirty-five had taken ibu-
profen, 134 had taken aspirin, 59 had taken naproxen,
10 had taken diclofenac, one had taken indomethacin,
and none had taken clopidogrel or ticlopidine. The au-
thors concluded that ESlIs are safe in patients receiving
aspirin-like antiplatelet medications (49). Chin et al (50)
report a prospective study of 44 patients who received
a single 30 mg dose of ketorolac after microdiscectomy
surgery and who experienced no hemorrhagic compli-
cations. Consistent with the findings of these studies,
the ASRA guidelines state that there is grade 1-A evi-
dence (strong evidence) that NSAIDs alone add no sig-
nificant risk for the development of spinal hematoma
in patients undergoing neuraxial blocks (44).

Guidelines from the Scandinavian Society of Anes-
thesiology and Intensive Care Medicine were published
in 2010. They recommended that NSAIDs be discontin-
ued before central neuraxial blockade, with a drug-free
interval no less than 24 hours following indomethacin,
ketorolac, and lornoxicam use. Additionally, they rec-
ommended that a non-selective NSAID be replaced by
another analgesic in the immediate perioperative pe-
riod (48).

According to a 2013 comprehensive review pub-
lished by the ASIPP, NSAIDs and low dose aspirin when
given in isolation, do not increase the risk of SEH and
are not a contraindication for interventional tech-
niques. This review does support that the simultaneous
use of multiple agents that possess anticoagulant prop-
erties (e.g. NSAIDs or aspirin along with SSRIs, fish oil,
etc.) increase the risk of morbidity and/or mortality and
that consideration for discontinuation should be based
on clinical assessment of an individual’s risk and ben-
efits (45).

According to the ESA 2010 guidelines, holding a
dose the evening prior to a procedure is sufficient “to
avoid any negative effect of non-aspirin NSAIDS on

platelet function and neuraxial block” (46). Given the
low incidence of SEH, it is possible that most studies to
date have been too small to demonstrate this compli-
cation in association with NSAID use. Additionally, few
subjects had been taking anti-platelet agents other than
aspirin or ibuprofen. Notably, in the 4 reported cases of
SEH after cervical ESI, all were associated with NSAID
usage (8). Cases of SEH after ESI or epidural anesthesia
have been described in patients who had received as-
pirin, indomethacin, and IV ketorolac (23,51,52). With
regards to stronger anti-platelet agents, the ASRA
guidelines recommend that clopidogrel be held for a
minimum of 7 days and ticlopidine for 14 days prior to
neuraxial blockade (44). Formal guidelines specific to
ESI have not been created.

According to the ISIS book of best practices there
is no need to cease NSAIDs before spinal diagnostic or
treatment procedures (47).

Ketorolac

Ketorolac is one of the few parenteral NSAID avail-
able for use in the United States (53). Like many other
NSAIDs, it is a reversible non-selective cyclooxygenase
enzyme (COX) inhibitor, with a potent anti-platelet
effect (54) and associated with an increased risk for
bleeding. The increased bleeding risk for ketorolac is
multi-modal. Both biosynthesis of thromboxane A2
(TXA2) and collagen-induced platelet aggregation are
impaired (55). Ketorolac has been shown to be more
active than aspirin in inhibiting arachidonic acid-in-
duced platelet aggregation (56). In a double-blind pla-
cebo controlled trial, Conrad et al (56) randomized 26
healthy volunteers to ketorolac 30 mg intramuscular
(IM) 4 times a day to 8 healthy volunteers given two
325mg capsules of oral aspirin. Aspirin at a mean serum
concentration of 84 mcg/mL did not affect prothrombin
time (PT), partial thromboplastin time (PTT), platelet
count, or bleeding time. Ketorolac produced prolonga-
tion of the bleeding time, from 4.9 + 1.1 minutes (mean
+ SD) to 7.8 £ 4.0 minutes (P < 0.005). Ketorolac did
not affect the PT or PTT (56). This study is supported
by Singer et al (53), who gave a single IM dose of 60
mg of ketorolac to 20 healthy volunteers. Median base-
line bleeding time was 3 minutes 34 seconds (+/- 1 min
20 sec). Mean 4-hour post-injection bleeding time in-
creased to 5 minutes 20 seconds (+/- 3 min 8 sec). The
mean prolongation of bleeding time was 1 minute 46
seconds, representing a 50% increase (53).

The IM form of ketorolac is rapidly and completely
absorbed. Peak plasma concentrations occur on aver-
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age 50 minutes after a single 30 mg dose. The terminal
plasma half-life is in the range of 5 — 6 hours (57). In
the elderly the mean terminal plasma half-life increases
from 5 to 7 hours, whereas in renally-impaired patients,
the mean half-life is between 6 and 19 hours, depen-
dent on the extent of the impairment. There is a poor
correlation between creatinine clearance and total ke-
torolac clearance in the elderly with renal impairment.
Ketorolac is contraindicated in patients with moderate
or severe renal impairment (serum creatinine > 180
micromole/L) (58).

Platelet function inhibition by ketorolac resolves
within 24 to 48 hours after the medicine is discontinued.
Postoperative wound hemorrhage has been reported in
association with the immediate perioperative use of IM
ketorolac. The manufacturer packet insert cautions use
where strict hemostasis is critical (58).

Selective Serotonin Reuptake Inhibitors

Serotonin is an integral component in the hemo-
static cascade. It is released from dense intracellular
granules and acts as a platelet agonist, causing the acti-
vation and recruitment of additional platelets. This an-
ti-platelet effect may explain why bleeding and bruis-
ing (59) and possibly even treatment of acute coronary
syndrome have been reported for patients taking selec-
tive serotonin reuptake inhibitors (SSRIs) (60,61).

SSRIs have been shown to have a significant effect
on platelet aggregation and thus primary hemostasis
(60-63). SSRIs deplete serotonin in platelets, decreasing
platelet-binding affinity, and platelet secretion (64,65).
Paroxetine has been shown to decrease intra-platelet
serotonin concentrations by -83% (P < .01), and inhibit
platelet plug formation as reflected by a 31% prolon-
gation of closure time (66).

A multi-center retrospective study by Auerbach et
al (67) was recently conducted to examine the periop-
erative use of SSRIs. These authors analyzed more than
500,000 patients and found that patients receiving SSRIs
had increased risk for adverse events, including higher
odds of bleeding (1.09 [1.04 - 1.15]) (67). Although the
ASRA guidelines do not mention SSRIs in their discussion,
current ESA guidelines do not currently consider SSRIs
alone a contraindication to neuraxial blockade (46).

Dietary Supplements

Dietary supplements such has fish oil, vitamin E,
gingko biloba, garlic, ginseng, and magnesium have
been shown to alter coagulation at various points in
the cascade (68-73).

Fish oils have been demonstrated to impair hemo-
stasis. These effects are attributed to the bioactive in-
gredients docosahexaenoic acid (DHA) and eicosapen-
taenoic acid (EPA). The hemostatic properties reported
include a hypocoagulant effect (74), reduction in vitro-
platelet aggregation (75), and prolongation of bleed-
ing time in humans (76). These effects are augmented
for fish oil in combination with antiplatelet/antithrom-
botic agents (74-76). Even so, these effects have not
been demonstrated to have any clinically significant
impact on bleeding, even in patients being treated with
antiplatelet or antithrombotic agents (77).

Vitamin E refers to a group of fat-soluble com-
pounds that are found naturally in 8 chemical forms:
alpha-, beta-, gamma-, and delta-tocopherol and al-
pha-, beta-, gamma-, and delta-tocotrienol. The daily
recommended dietary allowance of vitamin E in adults
is 22.4 1U (15 mg) per day, and the tolerable upper in-
take level is 1,500 IU (1000 mg) per day (78,79). Vitamin
E has been demonstrated to reduce platelet adhesion
to endothelial cells (73), increase bleeding time (80),
and inhibit platelet aggregation (81). In a randomized,
double-blind study volunteers that took 265 mg/day of
vitamin E with 325 mg aspirin for 2 years demonstrated
a significant decrease in platelet adhesion compared
with volunteers that took 325 mg of aspirin alone (81).
Vitamin E has been shown to possess dose-dependent
inhibition of platelet aggregation by altering arachi-
donic acid production (82-84).

Discussion

SEH is a rare complication following interventional
neuraxial procedures. However, unrecognized SEH can
lead to permanent neurologic sequelae. The interven-
tionalist should be wary of evolving signs and symp-
toms such as excessive pain or progressive extremity
weakness and should refer these patients for emergent
imaging. Early decompression, within 8 hours of onset
of symptoms, increases the likelihood of favorable out-
comes (10,44). In the present case, it is postulated that
after the dense venous plexus in the dorsal epidural
space was penetrated, hemostasis was compromised by
the combined potent anti-platelet effects of ketorolac
and fluoxetine. Fish oil and vitamin E may have contrib-
uted to impaired hemostasis in our patient, but their
precise increase in risk is difficult to quantify. The use of
a blunt needle theoretically may decrease the incidence
of traumatizing the rich venous plexus in the dorsal spi-
nal space. Utilizing a higher gauge (and hence smaller)
needle may also play a role, but this is difficult to dis-
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cern. Repeated attempts have been suggested as a risk
factor for SEH, but it is impossible to determine an up-
per limit of attempts that is still safe.

While fluoroscopy itself is unable to reliably de-
tect vascular compromise and an epidural hematoma,
it nevertheless represents the state-of-the-art imaging
modality used in contemporary interventional practice,
and should likely be used in every case of ESI procedures
(cervical, thoracic, lumbar, caudal) except in exceed-
ingly rare circumstances (such as ESI performed in the
pregnant patient when the benefits are determined to
outweigh the risks of proceeding).

Most data on the risks of anti-platelet medication
and bleeding have been reported on aspirin and clopi-
dogrel. The effects of non-aspirin NSAIDs are much less
studied. Comparative anti-platelet pharmacokinetics
does not exist for many of the non-aspirin NSAIDs. Even
so, data suggest that ketorolac is a more potent agent
than azapropazone, dipyrone, and aspirin (56,85,86).

In our case, the reported coagulation panel, in-
cluding bleeding time, was normal. Bleeding time is
an antiquated, yet still occasionally useful, test for as-
sessing platelet function in patients with hemorrhagic
disorders and has been used to assess patients for clini-
cally significant bleeding tendencies before invasive
procedures. Even so, the test is subject to reliability and
reproducibility issues, with a number of studies show-
ing that it is neither a specific nor a sensitive indica-
tor of bleeding risk associated with invasive procedures
(87). Thus, a normal bleeding time does not exclude
the possibility of excessive hemorrhage with invasive
procedures, nor can it be used to reliably identify pa-
tients who may have recently ingested aspirin or other
NSAIDs, or those who have a platelet defect attribut-
able to these drugs (88,89).

Both ketorolac, acting on thromboxane A2 (TXA2),
and fluoxetine, depleting intracellular serotonin, act
on the same pathway in primary hemostasis, that being
platelet aggregation. As previously discussed, vitamin E
and fish oils also impair platelet function. It is possible
that a synergistic mechanism of platelet aggregation
inhibition led to a far greater impaired hemostasis and
the evolution of SEH in this patient than what may have
occurred if each agent had been used exclusively. Fur-
thermore, standard coagulation studies may not iden-
tify any increased risk of bleeding with these agents.
Future investigation into the additive anti-platelet ef-

fect of non-aspirin NSAIDs, SSRIs, and common dietary
supplements is necessary.

Current guidelines specific to ESIs have not been
created and perhaps need to stratify risk when pa-
tients have multiple risk factors such as renal disease,
advanced age, spinal stenosis, and consumption of
multiple agents that impair hemostasis. Investigation
to stratify bleeding risk based on these factors may
decrease incidence of SEH. The dilemma with holding
of anticoagulation or antiplatelet medication is most
critical in patients who are receiving them for throm-
boprophylaxis against severe causes of morbidity and
mortality such as cerebrovascular and cardiovascular
thromboembolic events. In the setting where NSAID
use is not for prevention of these catastrophes, an alter-
nate analgesic medication or modality could represent
a more prudent option. The interventional pain physi-
cian should consider temporarily withholding, in part
or completely, NSAIDs, SSRIs, fish oil, and vitamin E in
a patient with multiple risk factors for SEH, as long as
withholding them has low potential for morbidity.

Although the multiple societal guidelines discussed
do not preclude the use of NSAIDs for neuraxial proce-
dures, the practice patterns of clinicians reveal a much
more conservative stance. In 2012, the results of a sur-
vey of 325 members of ASIPP were published. Within
this cohort of physicians, 60% discontinued aspirin 350
mg, 39% aspirin 81 mg, and 39% discontinued other
NSAIDs, ranging from 3 to 10 days prior to perform-
ing interventional pain management techniques (90).
Additionally, among 55 reported cases of epidural he-
matoma, in 26 of them antiplatelet therapy was not
withheld.

ConcLusIonN

The role of analgesics with anti-platelet activity in
the peri-neuraxial intervention stage should be recon-
sidered when other options are readily available. Care-
ful monitoring of neurologic status prior to discharge
home should be observed, especially in cases where
pain or other symptoms may portend an evolving
complication.

This case report should stimulate future prepara-
tions and updates of society-sponsored guidelines to
consider analysis of individual NSAIDs based on unique
anti-platelet pharmacokinetics and the study of addi-
tive effects of multiple pro-coagulant agents.
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