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Editorial

Peri-Venous Counter Spread — Be Prepared

Howard S. Smith, MD', Gabor B. Racz, MD?, and James E. Heavner, DVM, PhD?

ervical interventional chronic pain therapies generally involve injecting small volumes of fluid into

the cervical epidural space via transforminal or interlaminar routes. Subsequent rapid fluid spread

in the ventrolateral space may lead to local increases in epidural pressure. Fortunately, the fluid
normally spreads laterally and the pressure returns to normal.

The following actual case illustrates one potential pitfall of cervical interventional procedures. A 37-year-
old right-handed white female complained of severe headaches and upper neck pain on the right side present
for many years. She had been seen by numerous physicians and received many treatments all of which were
ineffective. She was eventually diagnosed with occipital neuralgia. Occipital nerve blocks administered multiple
times produced good results. A neurosurgeon transected the occipital nerve and the patient’s pain improved
initially, but in 4 to 6 months the pain returned. After about 4 more months, the frequency of her headaches
increased from 4 times a month to about 6 times a month.

Subsequently, the patient was diagnosed with cervical radiculopathy and a cervical epidural adhesiolysis
was performed. The epidural catheter was threaded to the right side of the neck past the C-5-6 area where
an epidurogram revealed a filling defect indicating epidural scaring was present. Stimulation of the right
upper cervical nerve roots reproduced the patient’s right-sided neck pain, supporting the clinical impression
that these neural structures contributed to generation of the neck pain. The patient was sedated with a
total of 50 mg of meperidine and 5 mg of diazepam and was responsive to verbal stimuli. Injection of local
anesthetic did not produce motor block, indicating that there was no partial subdural or subarachnoid injec-
tion. Contrast was injected, followed by hyaluronidase, local anesthetics, and steroids. In the recovery area,
the injection produced pain affecting the right side of the neck. The patient described the pain as radiating
from the face to the ear, neck, right upper extremity, and subsequently all the way down to the right leg. The
patient described pain affecting the right upper extremity — progressing to numbness and inability to move
the right side. Additional sedation was given and the patient discharged home. Three days later a CT scan
showed no evidence of spinal cord injury or hematoma formation. Neurological and neurosurgical consul-
tation was sought. Right sided weakness persisted.
Five days later an MRI study revealed cord edema
from C2 to C7.

Lower extremity function recovered essentially
to normal in 4 - 5 months. Two years later, upper ex-
tremity function had improved significantly and, fol-
lowing appropriate physical therapy, had returned
to the point where the patient was able to resume
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writing with the right hand. Ten years later, some
residual weakness in pronation was still present. The
most likely cause of the course of events following
the cervical injection was compromise of spinal cord
blood supply.
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The blood which nourishes the spinal cord is sup-
plied by one anterior and 2 posterolateral spinal arter-
ies which extend longitudinally in a variable fashion.
The anterior spinal artery (ASA) supplies roughly 75%
of the spinal cord, including the anterior horn motor
neurons. At many levels, the spinal arteries receive
blood from the radicular arteries, which enter the canal
along with the nerve roots. The anterior spinal artery
gives rise to the central arteries, each of which enters
the spinal cord to supply the anterior horn and the an-
terior part of the lateral column on the left or right side
at each level. The spinal arteries are connected by a pial
plexus that surrounds the spinal cord, and the posterior
spinal arteries may be linked together (1,2). Each radic-
ular artery supplies a separate functional region of the
spinal arteries, particularly the anterior spinal artery (3).
The first region extends from C1 until T3 and is supplied
at the C3 level from the vertebral arteries (4) and at
the level from C6 until C7 from the cervical ascending
arteries (1,4). The second region extends from T3 until
T7 and sometimes receives a branch from the intercos-
tals artery at the T7 level (5). The third region extends
from T8 to the cone and receives a branch — arteria ra-
dicularis magna (ARM) (Adamkiewicz artery) from the
intercostal artery, most frequently between T9 and T12
(6). There is sometimes a cone artery originating from
the internal iliac artery (Desproges-Gotteron artery) at
the L2 or L5 level (7-9).

de Haan et al (10) used a porcine model investi-
gated whether spinal cord blood supply becomes de-
pendent on other, noncritical, segmental arteries if spi-
nal cord perfusion pressure (SCPP) is decreased (11,12).
The SCPP is equal (to the mean arterial pressure [MAP]
minus the central venous pressure [CVP]) minus the
cerebrospinal fluid (CSF) pressure (SCPP = [MAP-CVP]
— CSF) (10). Thus, SCPP may be reduced secondary to de-
creasing MAP and/or increasing CSF pressure. Similar to
autoregulation of cerebral blood flow, autoregulation
of spinal cord blood flow (measured by the hydrogen
clearance technique) above a SCPP of 50 mm Hg was
observed (13). Below perfusion pressures of 50 mm Hg,
SCBF decreased in proportion with decreasing perfu-
sion pressure (13).

Adequacy of spinal cord perfusion may be assessed
with transcranial electrical stimulation (tc-MEPs) as this
technique is sensitive to changes in the functional in-
tegrity of the ischemia-sensitive motoneuronal path-
ways, including the anterior horn motor neurons, large-
ly located in the anterior two-thirds of the spinal cord
and are supplied by the ASA (de10). Tc-MEPs selectively

reflect transmission in spinal cord motoneuronal path-
ways and can detect ischemia within minutes after the
interruption of spinal cord blood supply (14). In humans
undergoing TAA surgery, an acute interruption of spi-
nal cord blood supply results in a rapid decrease of tc-
MEP amplitude to values below 25% of baseline with-
out significant latency prolongation (14). A reduction
of tc-MEP amplitude of one or both quadriceps muscles
to less than 25% of baseline was considered an indica-
tion of ischemic spinal cord dysfunction.

Before noncritical segmental arteries were
clamped, ischemic tc-MEP changes occurred when the
SCPP was below 15 £ 5 (SD) mm Hg (10). With a total
of 9 + 3 (SD) segmental arteries clamped, the ischemic
SCPP threshold was 48 + 14 mm Hg (P < 0.01). After the
release of all clamps, ischemia occurred at a SCPP of 15
+ 5 (SD) mm Hg (10). The usual SCPP ischemic thresh-
old is roughly 50 mm Hg, however it may be difficult
to predict a precise ischemic SCPP threshold for any
particular individual patient. Multiple factors may af-
fect an individual patient. Multiple factors may affect
an individual’s SCPP ischemic threshold including local
CSF pressure, MAP, presence of stenotic lesions, dimin-
ished compliance, or decreased vasodilatory reserve in
the critical or noncritical (which in certain circumstanc-
es may become important) blood vessels supplying the
spinal cord.

If spinal cord compression leads to spinal cord isch-
emia and then is relieved quickly enough, there is a very
good chance of full or almost full reversible recovery
from ischemic insult/neurological dysfunction. In studies
conducted by Shchurova and Khudiaev (15), inspection
of the spinal cord after its open decompression showed
an increase in capillary blood flow by 117.1 = 12.0%
(from 50 to 300%) in the spinal cord, its membranes,
and radices in the compression zone, and by 10-50% in
adjacent regions in 50% of cases. During the postopera-
tive period, these patients exhibited marked improve-
ment of neurological symptoms. Leg muscle strength
increased by 175.3 + 3.6%. The degree of the abnormal-
ities in temperature and pain sensitivities went down
by 3 to 5 dermatomes. The pain threshold decreased by
1.9 £ 0.2°. Bowel or bladder functions improved signifi-
cantly or werecompletely restored (15).

Patients whose blood flow in the injury focus and
adjacent regions increased by only 5-30% (8.6 = 3.1%),
after the decompression procedures did not show con-
siderable improvement. The increase in their leg muscle
strength was lower (59.4 + 12.5%), there was no signifi-
cant change in level of functional disturbance and the
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pain threshold changed nonsignificantly, and bowel/
bladder function was only slightly improved (15).

It appears that for the most part, epidural veins
are valveless and devoid of classic bicuspid valves (16).
Thus, there is no fixed anatomic barrier completely
preventing reflux. However, there are at least 4 anti-
reflux mechanisms that may contribute to effectively
being an incomplete functional barrier to reflux (17).
Four structures were encountered that might serve as
an anti-reflux-mechanism: 1) intravenous dural folds, 2)
meandrous configuration, 3) narrowing of the radicular
veins at the point of penetration of the dura mater, and
4) varying numbers of smooth muscle fibers in the walls
of the intradural and extradural parts of the radicular
veins (17).

Furthermore, extremely dilated and tortuous ves-
sels in the epidural cavity may also serve as a functional
barrier to flow from the epidural to the subarachnoid
space. The size differences, especially with the narrowed
dural penetrating vein, leads to redirection of venous
flow from the epidural veins towards the outside of the
spinal canal to the inferior vena cava. In the clinical are-
na epidural intravenous injection of contrast is always
observed to spread in the above described direction.
Additionally when intravenous injection occurs during
transforaminal or intralaminar injections the observed
flow is always away from the spinal cord, to the outside
of the spinal canal towards the vena cava (Fig. 1).

Evidence exists that “compartments” may be pres-
ent in the epidural cavity, and when fluid is injected it
sequentially fills these compartments as the pressure
in each compartment exceeds the pressure needed to
break tissue barriers to intercompartmental flow in or-
der to allow spread of fluid into the adjoining compart-
ment (18).

The capacitance of the epidural cavity may be re-
duced with restricted outflow when the space is poten-
tially limited by epidural scar formation, fibrosis, disk
prolapse, trauma, surgery, or age-related changes. Fluid
follows the path of least resistance and may initially flow
into the epidural compartment with diminished compli-
ance and capacitance and then become “trapped” with
a steep rise in pressure. If the fluid is unable to “escape”
or “runoff laterally” then this loculation of fluid may
quickly build up an intense pressure. This high pressure
may compromise blood supply to the spinal cord with
potential resultant ischemic and/or traumatic insult.

A recently described additional mechanism for
compromise of spinal cord blood supply is opening of
A-V fistulas producing increasing venous pressure and

Fig. 1 — Epidural dissection. The dura is split and held
with the right forceps and the left forceps are pointing to

the dilated epidural veins. Note the large size differences
between the spinal-subarachnoid and epidural veins. The
veins are even more narrowed when they cross the dura most
vulnerable for compression and in the presence of arterio-ve-
nous fistulas to cord injury from hyperperfusion.
Hllustration of dissection courtesy of Saeed Ansari.

reverse blood flow (19). Evidence for this is based on
3 patients where a routine epidural injection was fol-
lowed by paralysis secondary to cord injury from hy-
perperfusion due to venous outflow obstruction which
produced a pressure gradient favoring opening of nor-
mally present but non functional A-V fistulas. The post
injection paralysis was followed by MRO and spinal
angiography to diagnose arterio-venous fistulas. These
cases responded to subsequent surgical correction with
partial recovery (19).

When the pressure builds high enough to con-
tribute to ischemia or pressure insult to neurological
structures patients who are conscious with minimal
or no sedation may report rapid onset of bilateral up-
per extremity pain that tends to spread to the chest
or back and possibly the lower extremities (“warning
signs”). Pain may be followed by ipsi-lateral or bilat-
eral extremity weakness, numbness, and/or paralysis.
Patients who are unconscious will be unable to com-
municate warning signs; however, the above situation
may be suspected when after the injection of radioo-
paque contrast, it does not spread appropriately on the
ipsilateral side. Significant concern is warranted when
contrast is seen spreading across from the injection site
to the contralateral side of the spinal canal without
neuroforminal, cephalad, or caudad spread. This pat-
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Fig. 3. PVCS (Not the same patient as seen in Fig. 2).

Fig. 2. PVCS.

tern has been described as PVCS (peri-venous counter
spread), and signifies positive pressure in the lateral
epidural space which may lead to bilateral spinal cord
compressive effects (Figs. 2-4).

When the pressure of the fluid builds high enough,
the fluid can open the peri-venous space outside the
veins which transverse the spinal canal from one side
to the other, and travel across to the contralateral side,
always remaining within the epidural cavity (20). This
ipsilateral to contralateral flow of fluid follows a tortur-
ous peri-venous path in the epidural cavity correspond-
ing to the course which the veins take across the ventral
cervical epidural cavity.

If fluid accumulates and loculation occurs on one
or both sides of the spinal cord in the epidural cavity, in-
tense pressure “build-up” in the lateral epidural space
may lead to ischemia of the spinal cord. This spinal cord
ischemia presents in the conscious patient with the pa-
tient complaining of warning signs — the first of these
being pain. If the patient is unconscious or not suffi-
ciently responsive as soon as the PVCS contrast spread
pattern is recognized, the patient’s head should be im-

PVCS = Pressure
(Peri-Venous Counter Spread)

Fig. 2. PVCS (same patient as Fig. 3).

mediately flexed and rotated bringing the chin to the
shoulder, flexing and rotating the head continuously
from side to side until the symptoms/signs abate (Fig. 5)
(20). Movement of the patient’s head and neck changes
the size of the neuroforamina. It also promotes normal
movement of structures within the epidural cavity. The
foramina are larger on flexion and smaller on extension
(21). Kitagawa and colleagues (21) found that the mean
foraminal area in mm2 for the cervical spine in neutral
position was 44, which increased to 56 with flexion and
decreased to 37 with extension. Thus, flexion opened
the neural foramen by about 27%, by increasing foram-
inal height and width, and extension closed the neural
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Fig. 5. Flexion and rotation movements.

foramen by 16%, by decreasing the foraminal height
and width (21). This increase of mean foraminal area
with flexion is augmented roughly 0.5% over flexion
alone, with both flexion and rotation of the head (21).
After moving the head as described, fluid may be al-
lowed to escape via lateral runoff through the enlarged
neural foramen (Fig. 6) (20). Initial observations related
to these issues were originally noted and discussed in
2006 as a potential complication of lysis of epidural
adhesions (22), although at that time precise location
and structures involved as well as peri-venous counter
spread was not fully and completely appreciated.

Prompt recognition of peri-venous counter spread
(PVCS) and associated warning signs along with immedi-
ate action including flexion and rotation of the patient’s
head from side to side may facilitate lateral runoff, re-
duce pressure in the loculated fluid, and potentially
avoid catastrophic irreversible neurologic deficits.

Fig. 6. Somewhat improved after some lateral run off (same
patient as Fig. 2). The chin to shoulder flexion rotation in
the presence of PVCS opens up the lateral run off increas-
ing foraminal size. Thus, the spinal canal and spinal
foramina are not static, and specific maneuvers may help
contribute to safety run off.

Furthermore, interventionalists should not only be
familiar with the signs and symptoms attributable to
PVCS — but also should be able to recognize the pat-
terns of contrast spread (Figs. 2-4) —since certain pa-
tients may require sedation in order to undergo cervi-
cal adhesiolysis procedures. As sedation may mask overt
symptoms of PVCS, the quicker the interventionalist can
recognize PVCS patterns of contrast spread, the better
the chances that maneuvers involving flexion and ro-
tation of the head may lead to a fully reversible and
complete recovery.
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