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Editorial Note
This issue launches a new section in Pain Practice, Con-
sultants’ Corner—Primum Non Nocere. In the context
of evidence-based medicine (EBM), the content of this
section should be viewed as expert opinion: advice from
experienced consultants in pain medicine who, by virtue
of their standing in the international medical commu-
nity, have knowledge of a collective clinical experience
far beyond their individual or institutional practices.
The sharing of this experience in an ethical fashion
should not be considered dogma, affect any ongoing
litigation, or take the place of accepted EBM guidelines.
Rather, this information is shared in the hope that
patients may benefit from this “consultation” before a
crisis arises: primum non nocere. CTH

The goal of adding a Consultants’ Corner to Pain
Practice is to provide timely information that will help
reduce complications that might occur when well-
intentioned physicians provide care to patients. Thou
shall not have complications is clearly the mantra.

However, the practicing physician may not have infor-
mation that could help meet this expectation even
though the information exists. Such information may
not be readily available to physicians who need it
because it is very new and not widely known or well
disseminated, is known by only a few, is considered
privileged (eg, information associated with litigation), is
published in obscure media, or for other reasons.

Consultants’ Corner will shorten the time between
when information becomes known or is needed and
when it is available to the physician. Details will be
omitted, as necessary, that breech confidentiality. The
first Consultants’ Corner article will spotlight new infor-
mation about ways to avoid or reduce the incidence of a
serious complication related to cervical epidural
injections.

CERVICAL EPIDURAL INJECTIONS

Injections into the cervical epidural space is a recognized
pain treatment modality. The injections may be single
shot of local anesthetic and corticosteroid via needle or
via catheter placement. The goal is to inject a high
concentration of drug at the source of pain. Lysis of
epidural adhesions that frees nerves for targeted drug
delivery is part of the catheter technique (epidural
neurolysis).1–4 The capacity of the cervical peridural
space to accommodate fluid is limited and becomes
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more limited when the space is compromised by epidu-
ral scar formation, disk prolapse, trauma, surgery, or
changes related to aging. When liquid is injected into
this space, either by the transforaminal or interlaminar
route, the goal is to have the drug flow in an unob-
structed fashion to the target area. Even though small
volumes are injected into the ventrolateral epidural
space, fluid spread is rapid.5 If the flow is obstructed,
high pressures can be generated, and high pressures are
the reason for this discussion. Assuring there is lateral
transforaminal outlet flow may prevent subsequent
ischemic changes. If the fluid does not flow and it
becomes trapped in a closed compartment (loculation),
the result may be pressure on the spinal cord, compro-
mising the blood supply to the cord, producing ischemic
and/or traumatic injury. There is some evidence that the
epidural space normally has compartments, and when
fluid is injected, it sequentially fills these compartments
as the pressure in each compartment exceeds the pres-
sure needed to break tissue barriers to intercompart-
mental flow.6 Normally, the pressures that develop are
inconsequential, but in the presence of pathology, the
pressure can result in significant cord injury and neuro-
logical malfunction.

Fluid will follow the path of least resistance, which is
unpredictable, especially if the epidural space is altered
by, for example, fibrosis, and the resultant hydrostatic
pressure becomes significant. Conscious patients who
have no or minimal sedation will report rapid onset of
bilateral arm pain that spreads to the chest and even to
the lower extremities (“warning signs”) when the pres-
sure reaches a level that causes ischemia of the spinal
cord.

These warning signs are absent in the unconscious
patient. Nevertheless, how radiopaque contrast spreads

(or does not spread) following cervical epidural injec-
tion, as observed under fluoroscopy, can also help iden-
tify entrapment of fluid in the unconscious as well as the
conscious patient.

One great concern is when fluid spreads from the
injection site to the opposite side of the spinal canal, and
is prevented from spreading cephalad or caudad and
through the neuroforamina, thus compressing the spinal
cord from both sides (Figure 1). The sequence of events
is predictable; the danger is from delayed recognition of
this confined compartmental filling within the spinal
canal.

When the loculation occurs and the patient com-
plains of warning signs and the dye spread pattern is
recognized, immediately flex and rotate the patient’s
head. Bring the chin to the shoulder, continuously
flexing and rotating the head.6 Movement of the
patient’s head and neck changes the size of the neuro-
formina; the foramina get larger on flexion and smaller
on extension7 (Figure 2). This increase in foraminal size
is enhanced with flexion and rotation of the head. After
moving the head as described, additional fluid injected
should find the enlarged neural foramen, allowing the
fluid to escape laterally (Figure 3). Push the catheter into
the lateral neuroforamen, and inject additional fluid
containing hyaluronidase to open the lateral recess and
allow the fluid to escape outside the spinal canal. This
releases the pressure, and the dangerous potential for
ischemic and permanent or long-lasting cord injury
changes may be prevented.

This initial observation was made and discussed in
2007.8 However, the pattern of the spread from one side
to the other and the precise location and structures
involved were not previously recognized. The cervical
venus plexus is less likely than the lumbar plexus to be

 PVCS = Pressure
(Peri-Venous Counter Spread)

PVCS

Figure 1. C3 cervical lysis of adhe-
sions in the presence of C5-6 fusion
following whiplash injury and C3
pain on left side; artist’s drawing
(left) and radiograph (right). Con-
trast injected through a catheter
dissects the perivenous space, and
pressure accumulates in both sides
of the spinal cord. No fluid escapes
outside of the spinal canal. Note the
similarity of the perivenous left to
right spread of contrast to the ana-
tomical diagrams of ventral and
dorsal venous plexuses (Figure 5).
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penetrated by injected contrast from the pressure of the
injection. The lumbar plexus shows distal venus runoff
from the point of injection. The ipsilateral to contralat-
eral flow of fluid follows a perivenous path in the epi-
dural space. Evidence for this is the tortuous path
contrast follows, corresponding to the course both veins
take across the ventral cervical epidural space
(Figure 1). The path is surprisingly torturous9 (Figures 4
and 5). Fluid under pressure can open the perivenous
space outside the veins going from one side of the spinal
canal to the other, yet remains within the epidural space.
The clinical scenario in the presence of the now-
recognized warning signs in a patient who has no or
minimal sedation will report rapid onset of bilateral arm
pain spreading down to the chest and even to the lower
extremity. Rotation of the head and neck and injection
of additional fluid to induce runoff have resulted in
virtually instantaneous disappearance of the pain pro-
duced by presumed spinal cord ischemia.

The clinical warning signs are not present if the
patient is sedated, which can cause delayed recognition
of the problem. After cervical injection, the patient wak-
ening from the sedation, will complain of weakness,
numbness, and pain, first on the maximally affected
upper extremity, that progress to back pain in 15 to 20
minutes. Lower extremity weakness and paralysis, fol-
lowed by increased upper extremity weakness and
paralysis necessitating respiratory support may also
occur. Precious time may be wasted getting a magnetic
resonance imaging (MRI) and surgical consultation.
Because there is no visible accumulation of blood, the
condition may not be recognized on imaging as being
due to small volume fluid loculation. Patients usually are
treated with intravenous steroids, and over the next few
days to weeks show recovery in multiple stages. The first
MRI does not show changes, but a day or two later,
MRI shows cord edema. The recovery can be almost
complete with some residual changes in the maximal

Figure 2. Changes in cervical neural
foraminal size with flexion and
extension (radiograph, upper
images, based on Kitogana et al.7;
artist’s drawing, lower images).
During flexion, the facet joint slides
forward—foramen bigger. During
extension, the facet joint slides
backwards—foramen small.

Figure 3. Flexion and rotation of
the head and neck enlarges the
neuroforamina, opening lateral
runoff and decompression of pres-
sure with immediate pain relief
from reversal of pressure-induced
ischemia.
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pressure area, which inevitably is the initial site of injec-
tion. Full recovery, with no MRI changes, no weakness,
and no residual problems, was noted in the first scenario
published.8 Spread via the perivenous space without
subsequent rotation of the head from side to side, not
injecting additional fluid with hyaluronidase or local
anesthetic with small particle steroid injection, may con-
tribute to the development of the ischemic changes that
can produce long-lasting complications.

An alternate scenario is when a cervical catheter is
placed in the lateral epidural space and the first injection
of contrast is into the lateral recess but there is no lateral
runoff. The contrast spreads via the perivenous route to
the opposite side, and loculation starts to occur on both
sides of the spinal cord. The dye spread pattern of
loculation is recognizable if looked for. If the patient is
sedated and does not report pain, the next injection may
be saline with hyaluronidase or local anesthetic and
steroid, or saline and steroid, which may open the

lateral runoff on the injection side but leaves the con-
trast on the contralateral side. As a result, ischemic
changes occur from loculation on the side contralateral
to the injection site. The pain, numbness, and motor
deficit produced may take a long time to recover.

The described complications secondary to loculation
following cervical epidural injections should be added to
the list of risks associated with the injections, which
include intra-arterial and intraneural injection, and
injections into the spinal cord.8 Seelander and Sjos-
trand10 and Seelander et al.11 predicted significant spinal
cord injuries from intraneural small volume injections.
The likelihood of intra-arterial and intraneural injec-
tions was shown to be exclusively sharp needle related
in the animal model.12,13 Virtually all intra-arterial and
intraneural injection-related injuries to the spinal cord
have been secondary to sharp needle use, recognizing
that sharp needles are used in a high percentage of
procedures. Not a single intra-arterial or intraneural
injection-related myelopathy has yet been reported fol-
lowing the use of blunt needles. It was following a recent
survey of cervical transforaminal injections by Scanlon
et al. that the recommendation was made to use blunt
needles to reduce the incidence of such occurrences.14

SUMMARY

Ipsilateral, bilateral, or contralateral loculation of
injected fluid can occur following cervical epidural injec-
tions. When loculation occurs, there are warning signs,
which include pain followed by weakness, numbness,
and paralysis. Prompt action, including rotating the
patient’s head from side to side, and if catheter is used
for the procedure, injection of additional volume of fluid
containing hyaluronidase or local anesthetic and a small
nonparticulate steroid mixture, such as dexamethasone,
can be used to open the lateral runoff. Assure that the
lateral runoff is established on both sides of the spinal
cord, and pain, weakness, and numbness disappear. If
sedation is used and the perivenous dye spread is noted,
this should alert one to the possibility of increased pres-
sure that may cause compression of the blood supply of
the cord, and passive rotation may be recommended,
although this has not been clinically tested. The suspi-
cion for continuous loculation is raised if the patient in
the postprocedure holding area reports back pain, lower
extremity weakness, progressing to the development of
quadriplegia. The usual workup and administration of
intervenous steroids needs to proceed, because now one
is dealing with a very difficult differential diagnosis. It is
advisable to save the hard copy of fluoroscopic picture

Figure 4. Cervical spinal canal posterior dissection showing
venous plexus in the posterior epidural space (Clemens 1961;9
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of contrast injection. Then, if there is postprocedure
pain, weakness, numbness, and paralysis, review of the
dye spread may indicate the presence of loculation and
pressure. Flexion, rotation, and stretching maneuvers
may open up the lateral runoff, but this has not been
clinically tested either.

There is support for the use of sedation to prevent
patient movement and discomfort, but sedation needs
should be carefully considered. If the decision is clearly
in favor of using sedation, the radiographic danger sign
may alert one to the possible development of this
complication.
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Figure 5. Schematic of anterior epi-
dural veins (a) and dorsal epidural
veins (b). In this artist’s drawing, a
complex venous plexus in the ante-
rior as well as in the posterior
epidural space is shown (based on
Clemens 19619).
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