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Background: Epidural hematomas after appropriately performed cervicothoracic interlaminar
epidural injections have been associated with the rapid onset of neurological symptoms and
devastating outcomes, despite prompt identification and treatment. Anticoagulation issues were
initially felt to be the problem, but the occurrence of fulminant hematomas in patients without
coagulation forced a reassessment of the causes and responses to this problem.

Objectives: To evaluate why fulminant epidural hematomas occur after cervicothoracic epidural
injections, with a literature review to survey knowledge about them in the surgical literature, and to
offer comments as to what the interventional pain physician can do to minimize their occurrence.

Study Design: A perspective piece with a literature review.
Settings: Interventional pain management practices.

Methods: A perspective on the issue of fulminant cervical hematomas and an associated literature
review.

Results: Anatomical studies show that there are no meaningful arteries in the posterior epidural
spaces which would explain hematomas. There is a dense posterior intravertebral epidural venous
plexus at C1 and also at C6-C7 extending caudally to the upper thoracic region. A venous origin
has been questioned because venous pressure was felt to be too low to explain the bleeding. The
surgical literature, going back 80 years, contains numerous reports of engorged epidural veins
causing radiculopathy and myelopathy. These engorged veins can occur in the presence or absence
of spinal pathology. There is no known means of reliably identifying these engorged veins; they
have been mistaken for disc protrusions. At least one report documents massive bleeding from
these veins. Studies done on a feline model of cervical stenosis suggest that the epidural pressure
can reach arterial levels.

Limitations: No direct documentation of arterialized posterior intravertebral epidural venous
pressures has been made. While anatomical anomalies and degeneration contribute to epidural
scarring, we do not have a full understanding as to the cause of arterialization of veins, particularly
in younger patients with no obvious intraspinal pathology.

Conclusion: Fulminant cervicothoracic epidural hematomas after an epidural injection appear
to arise from the unintentional and unavoidable puncture of arterialized veins with sharp needles.
A technique to open a path out from the foramen so that the blood can escape is described.
Alternatively, providers should consider injecting more cephalad, between C2-C3 and C6-C7 in
the cervical spine, or an alternative procedure, such as a selective nerve root injection. A cervical
transforaminal approach should only be attempted with a blunt needle, which cannot enter
an artery. Should symptoms occur, cervical flexion rotation maneuvers should be implemented
while awaiting prompt transfer to a facility where an appropriate diagnosis and treatment can be
provided.

Key words: Cervical epidural hematoma, cervical epidural injection, posterior intravertebral
venous plexus, arterialized epidural veins, pressurized epidural veins
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ulminant cervicothoracic epidural hematomas
after interlaminar injections have been well
documented in the literature. Multiple cases
have described the rapid onset of symptoms, including
paralysis, within one to 2 hours or less of the injection
(1-8). Spontaneous epidural hematomas have shown
similar rapid onset (9,10). Even with prompt surgical
decompression, permanent neurological symptoms
have occurred. Considerable effort has been spent
attempting to identify factors which would put the
patient at risk for these catastrophic events.
Anticoagulation has been a major focus to try to
explain the hematomas (3,11-14). However, despite me-
ticulous attention to anticoagulation profiles, cervical
hematomas have been reported, suggesting that antico-
agulation is not the issue (15,16). Supporting the absence
of a relationship between cervical epidural hematoma
occurrence and anticoagulation is the report of Kaye et
al (13) of 8 cases of hematomas after cervical epidurals in
patients who were on no anticoagulant medications. The
exception among anti-inflammatories is aspirin, which is
associated with an increased risk of bleeding (12,13).
Both “single shot” injections utilizing a Tuohy nee-
dle, and radiopaque catheter techniques (TheraCath,
Arrow International Inc.), have been reported to be
associated with fulminant cervical hematomas (4,17).
Some have argued that the risks of cervical epi-
dural steroid injections are not worth the benefit (18).
This position is not supported by systematic reviews of
the literature (19).

OBIJECTIVES

The objective of this perspective piece is to exam
the causes of fulminant cervical hematomas with the
goal of better understanding how to minimize their oc-
currence and how to best treat them should they occur.

Stupy DEsSIGN

This is an expert perspective analysis of the clinical
problem of fulminant hematomas, with an associated
literature review to better inform practitioners as to
the cause of this complication.

SETTING

The setting in which we looked at fulminant cer-
vicothoracic hematomas was in interventional pain
management practices. These complications can also
occur spontaneously, after acupuncture, during cervi-
cal manipulation under anesthesia, or after spinal cord
stimulator placement.

MEeTHODS

Published and unpublished cases of epidural he-
matomas were reviewed, along with the associated
literature to date regarding factors influencing their
occurrence. A review of the associated surgical litera-
ture was also performed.

REsuLts

The failure of diligent efforts to determine the
cause of fulminant epidural hematomas suggests the
need to look for anatomic, rather than procedural,
causes. Helm, Noe, and Racz, in a letter to the editor
(20), suggested that cervical venous anatomy explained
the basis for these hematomas.

Given the rapid onset of compressive hematomas,
an arterial source would seem likely. Unnithan (21) con-
cluded that, because cervical venous pressure was low,
spontaneous cervical epidural hematomas were likely
arterial. Given that neither the radicular/radiculomed-
ullary arteries nor the arteries in the posterior longitu-
dinal ligament would be violated during interlaminar
epidural injections, there is no anatomic basis to invoke
arterial bleeding.

If a low pressure vein were the cause of the bleed-
ing, then one would expect the vein to be compressed,
and the bleeding stopped, as cervical intrathecal pres-
sure is felt to be higher than venous (22). While small
arteriovascular malformations have been identified in
the posterior dura (23), Groen et al (24,25) opined that
these small malformations are not sources of cervico-
thoracic epidural bleeding; the source instead being
venous. Supporting Groen et al’s (24,25) opinion that
veins are the source of spontaneous epidural hema-
tomas is the observation that these hematomas occur
most frequently in the areas where posterior epidural
veins are most prominent. Fedor et al (26) performed
a review of cases of spontaneous epidural hematoma
subsequent to Groen et al’s review, concurring with the
opinion that most bleeds were venous in origin, noting
that dysfunction could, as after cervical epidural injec-
tions, occur within minutes of the onset of symptoms.

Epidural venous anatomy was first described
by Breschet in 1829 (27). No further advances were
made until Batson, in 1940 (28), described connec-
tions between pelvic and vertebral venous systems by
injecting dye into the deep dorsal vein. He suggested
that the vertebral venous system be added as a fourth
system of veins, in addition to the caval, the portal,
and the pulmonary. His work provided the anatomic
basis for the metastatic spread of pelvic tumors to
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the spine and of vertebral osteomyelitis from bladder
infections.

In 1961, Clemens (29) published a study of the ve-
nous system of the spinal canal, performed by injecting
polymer into the veins. He stated that the posterior epi-
dural veins became prominent at C6-C7 and extended
down to the upper thoracic posterior epidural space,
precisely the region where interventional pain manage-
ment physicians are recommended to enter for cervical
injections.

Groen at al (25), in attempting to understand the
basis for spontaneous spinal epidural hematomas,
refined Clemens’ technique and confirmed his find-
ings. Based on the studies of these investigators, the
epidural veins are valveless and, like the azygos vein,
connect the inferior and superior vena cava, but, by
virtue of being in the spinal canal, are protected from
changes in thoracoabdominal pressure. The epidural
veins consist of the internal vertebral venous plexus,
surrounding the dura anteriorly and posteriorly, the
basivertebral veins in the vertebrae, and the external
venous plexus, surrounding the vertebral column. The
posterior internal vertebral plexus is of interest re-

veins drain through the internal jugular system when
supine, when erect, drainage is through the vertebral
venous system. In dogs, the internal vertebral plexus
can take up to 30% of the epidural space (31). These

Fig 1. Posterior
intervertebral
venous plexus.
From Breschet
G. Recherches
anatomiques,
phystologiques
et pathologiques
sur le systéme
veineux et
spécialement
sur les canaux
veineux des os.
Rouen fréres,

1829.

garding the cause of fulminant epidural hematomas
after cervical epidural injections.

The anterior internal vertebral plexus is largely
covered by the posterior longitudinal ligament. The
anterior plexus is quite regular and consists of 2 lon-
gitudinal trunks converging at each vertebral body
with each other and with the basivertebral veins to
form a dense plexus. Sagittal veins also exist, around
the foramina, but have not been separately named.

The posterior internal venous plexus lies in the
epidural fat and has 2 longitudinal trunks. While
there is significant inter-individual variation, gener-
ally there are prominent bridging horizontal veins
at C1, C6 and C7, with few veins in between. In the
upper thoracic region, there is a dense plexus of
inverted “V" shaped bridging veins. These venous
structures are shown, using Breschet’s 1829 draw-
ings, in Fig. 1 and in Fig. 2, as found by Clemens in
his polymer study (29). Breschet’s findings correlate
closely with Clemen’s and Groen'’s.

The anterior and posterior venous plexuses exist
as different structures; the anterior plexus does not
transition posteriorly at C6-C7 to form the posterior

Costal

Abbildung 36

Durs mater spinalis

plexus.
Clemens (29) documented that the volume of
the vertebral veins is larger than the contributing ar-

teries. Ruiz et al (30) showed that while the cerebral

Fig. 2 The posterior internal vertebral venous plexus. From
Clemens HJ. Die Venensysteme der Menschlichen Wirbelsdule.
Walter de Gruyter & Co., Berlin, 1961.
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findings show the capacity of the vertebral venous sys-
tem. As a large capacity, valveless venous system, the
vertebral venous plexus has been suggested to serve as
a large capacity fluid reserve, holding drainage from
the cranial vault and adjusting venous drainage with
changes in posture; it also has a role in brain and spinal
cord cooling (32).

The presence of posterior epidural veins in the
lower cervical and the upper thoracic region does not
in and of itself explain the occurrence of fulminant epi-
dural hematomas. If these veins are to be considered
sources of rapid bleeding, they would need to be under
high pressure.

There is ample evidence in the surgical literature of
high pressure dorsal internal vertebral plexus epidural
veins. As early as 1941, Cohen (33) described epidural
varices causing sciatica, a finding reiterated by GUm-
bel in 1969 and Zarski in 1978 (34,35). Dickman (36),
in describing a cervicothoracic myelopathy caused by
epidural veins, observed that abnormalities such as dys-
raphia and other spinal abnormalities were the most
common causes of epidural venous engorgement, but
mechanical obstruction, as from disc herniation, trau-
ma, or obesity, were also causes (37). Importantly, he
also noted that a diagnosis is difficult. Carpenter (32)
has cited both compression of the inferior vena cava,
for whatever reason, and foraminal stenosis as addi-
tional possible causes of epidural venous engorgement.

Ciceri et al (37) suggested that Hirayama's disease
(38), which is anterior horn degeneration associated
with neck flexion, might be caused by cervical venous
engorgement associated with shifting venous draining
from the jugular vein to the epidural system with neck
flexion. Yokote et al (39) confirmed the presence of
dilated epidural veins as a cause of Hirayama'’s disease.
Brandicourt et al (40) successfully treated Hirayama'’s
disease by decompressing the epidural veins via
laminectomy.

Latrogenic venous engorgement from overdrain-
age of cerebrospinal fluid causing cervical myelopathy
has also been reported (41). Symptomatic epidural
venous engorgement can also occur after spontaneous
intracranial hypotension (42).

Hoyland et al., in 1989 (43), published a large
cadaver study showing the frequent occurrence of
congestion and dilatation of the foraminal veins, with
consequent compressive changes of the nerve roots.
Another study (44) later confirmed their findings in
vivo, finding venous congestion and related changes
on specimens taken during discectomy. Ooi et al (45),

using endoscopy, documented the engorgement of
epidural veins with exercise in patients with stenosis
causing intermittent claudication.

Wong et al (46) surgically identified 2 cases of en-
gorged epidural veins mistaken as lumbar disc protru-
sions. They documented epidural engorgement with
the presence of spinal pathology, such as stenosis and
disc protrusions, and also, importantly, in the absence
of pathology (46). Slin’ko and Al-Qashqish (47) also
resolved radiculopathy by decompressing epidural
veins and again confirmed the presence of engorged
veins in both the presence and absence of pathology.
Dudeck et al (48), Endres (49), Omidi-Kashani et al
(50), Bursali et al (51), Jeong et al (52), and Shin et
al (53) reported similar findings. Ju et al (54) found
that engorged veins could remain after surgical
decompression.

Demaeral et al (55), Hammer et al (56), and Paksoy
and Gormus (57) reported sciatica caused by dilated
epidural veins. Krishnan et al (58) reported cervical
myelopathy caused by venous engorgement due to
impaired venous drainage.

That epidural venous congestion can occur in the
absence of pathology is demonstrated by Bapat and
Metkar’s report (59) of a 21-year-old with cervicotho-
racic venous congestion leading to quadriplegia.

Whnuk at al (60) noted that pathology of the intra-
vertebral venous system was seldom considered to be a
cause of clinical symptoms. Their case report of venous
engorgement causing radicular symptoms is interesting
because during decompression, the dilated veins at L2
caused “massive and persistent bleeding” which they
ultimately were able to control (60).

Symptomatic posterior intravertebral epidural ve-
nous plexus engorgement, arising in both the presence
and absence of spinal or other pathology, is well docu-
mented, as is the ability of that engorgement to cause
massive bleeding. A reasonable hypothesis would be
that such massive bleeding would be associated with
elevated venous pressures. Supporting the hypothesis
of arterialized pressures in the posterior internal ver-
tebral plexus is a study by Wolfla et al (61). They evalu-
ated ventral epidural pressures in a cat model of cer-
vical central stenosis. They documented mean venous
pressures of over 100 mm Hg with the neck neutral at
50% stenosis, rising to 140 mm Hg with extension and
dropping to 85 mm Hg with flexion (61).

Discussion

The posterior internal venous plexus can become
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sufficiently engorged so as to cause radicular symp-
toms and myelopathy. These symptoms can occur in a
wide variety of clinical settings, including no apparent
intraspinal or other pathology. Foramina can be ob-
structed, preventing the outflow of blood which would
avoid compression of the cord. The surgical literature
documents massive bleeding from these veins. Animal
studies suggest that they can be arterialized. Given
these findings coupled with the absence of significant
arteries in the epidural space, the evidence seems
compelling that the cause of fulminant hematomas
after otherwise uncomplicated cervicothoracic epidural
injections is rupture of an arterialized vein. The risks
present during an epidural injection are also present
during spinal cord stimulator leads placements.

The associated literature also shows that these
engorged, arterialized veins are not easily identified.
There are no case reports of preprocedural magnetic
resonance images showing enlarged veins.

Helm, Noe, and Racz (20) have provided several
suggestions as to how to minimize, but not necessarily
prevent, the occurrence of a hematoma. These sugges-
tions include:

1. Enter at C7-T1 or higher, but below C1-C2. Inject-
ing at C7-T1 and possibly C6-C7 has been recom-
mended as a means of enhancing patient safety
(61,62). Schultz et al (63) have recently shown that
levels as cephalad as C2-C3 can be safely injected.
Given the paucity of posterior intravertebral epi-
dural veins cephalad to C6-C7, physicians who lack
the necessary needles and catheter to open a fora-
men might consider more cephalad interlaminar
cervical injections.

2. Avoid the use of sharp needles because of the risk
of damage to the veins.

3. Ideally, a curved blunt (coudé) needle with a pro-
truding second stylet (RX2™ Coudé®, Epimed)
should be used. The protruding interlocked second
stylet is inserted prior to rotating the needle tip af-
ter entry into the epidural space in order to protect
veins from wide laceration from the needle’s sharp
tip.

4. A spring wound catheter should be passed
through the foramen to open lateral runoff (Fig.
3). The maneuver of opening lateral runoff con-
verts high-pressure veins into low-pressure veins
because the epidural veins are interconnected. The
problem is not blood, but blood under pressure.
This approach does not run the risk of damaging
radiculomedullary arteries as the catheter cannot

Fig. 3. Image of spring wound catheter placed through the
right C7-T1 foramen, with contrast dye.

pierce the artery. There is also extensive experience
with cervical neuroplasty documenting the safety
of passing a spring wound catheter through the
foramen. No cervical hematomas have been re-
ported with cervical neuroplasty.

If a spring wound catheter is not available, con-
sider entering above C6-C7 but not higher than C2-
C3. A cervical transforaminal approach should be
avoided because of the inability to reliably avoid
entering an artery, unless a blunt needle, which
has been shown to be unable to enter an artery, is
used.

Should the patient report postprocedural pain or
weakness, flexion rotation maneuvers of the head
and neck should be started. Flexion rotation uses
dural movement to force the accumulating blood
away from its site of accumulation in the dural
space and through the enlarged foramen to re-
duce pressure on the cord (65,66). Flexion rotation
has been used in clinical practice, both during and
after procedures, to allow injected fluid or blood
to escape through the foramen. Cervical intrafo-
raminal and extraforaminal supportive ligaments
do not obstruct the flow of fluids. Thus, fluid pres-
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sure can be relieved with foraminal enlargement,
thereby protecting the cord. Flexion rotation
should be started before signs of neural compro-
mise are seen.

7. Diagnosing a cervical hematoma in the absence
of motor changes can be challenging. A review of
unpublished cases in the medicolegal arena sug-
gests that a delay in surgical decompression can
arise from delays in getting cervical imaging. These
patients should be given the highest priority in
obtaining cervical imaging. Physicians performing
cervical epidural injections should consider collab-
orating with nearby facilities to develop protocols
to enhance a rapid response to suspected cervical
hematomas after epidural injections, including
protocols for prompt access to imaging after the
diagnosis is raised. If the facility is a trauma center,
neurologic changes after a cervical epidural pro-
cedure should be given the same high priority as
blunt or penetrating trauma.

8. Surgical decision is made after a review of the
presence of blood on radiological imaging and
symptoms and signs.

Limitations

While we found compelling evidence that the
epidural veins in the cervicothoracic epidural space
become arterialized, no direct measurements of those
pressures have been made to confirm arterialization
of the veins. Currently, we have an incomplete under-
standing as to the cause of arterialization of epidural
veins, particularly in younger patients without obvious
spinal pathology. Other factors such as the use of non-
prescription anticoagulant drugs or foods, older age,
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