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Spinal cord blood
flow following sub-
arachnoid lidocaine

Twelve mongrel dogs were randomized into two equal
groups. Cervical, thoracic and lumbosacral spinal cord
and spinal dural blood flows were measured using the
radioactive microsphere technigue. Blood flow determi-
nations were made prior to and 20 and 40 minutes fol-
lowing lumbar subarachnoid injection of : (1 ) two per cent
lidocaine (100 mg) or (2) two per cent lidocaine (100 mg)
with 1/125,000 epinephrine (200 j18). Dogs receiving sub-
arachnoid lidocaine demonstrated a decrease in mean
arterial biood pressure of 23 per cent and 14 per cent
(p < 0.05), while dogs receiving lidocaine with epineph-
rine had a decrease of 38 and 34 per cent (p < 0.05)
at 20 and 40 minutes respectively. Cardiac index was not
significantly changed in either group. Lumbar subarach-
noid lidocgine (100 mg) produced a rapid regional dural
hyperemia (observed at 20 minutes postinjection) and a
delayed regional spinal cord hyperemia (observed at 40
minutes postinjection) which were not observed following
the addition of epinephrine (200 p.g).
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Although lidocaine is a local anaesthetic commonly
used for spinal anaesthesia, its effects on the spinal
cord arterial circulation are unclear. Following
systemic administration of lidocaine in therapeutic
doses, decreases in cerebral blood flow and cerebral
metabolism have been observed.' The effects of
systemic administration of lidocaine on the spinal
cord circulation are unknown; however, it has been
assumed that the spinal cord effects of lidocaine
may be similar to those observed in the brain.

The effects of lidocaine following direct applica-
tion to vessels supplying neural tissue may differ
significantly from the effects observed following
systemic administration. Direct micro-application
of lidocaine to cerebral pial arterioles has been
observed to produce a dose-related vasodilation
over a concentration range of 0.1-20 mg-mL~'.2
Recently, Dohi et al.? reported, that 1 mL of five
per cent lidocaine did not affect regional spinal cord
blood flow at 20—30 minutes following subarach-
noid administration in halothane anaesthesized
dogs. However, the methodology used by Dohi et
al. (hydrogen clearance technique) is associated
with many artifacts when applied to the investiga-
tion of the spinal cord circulation and blood flow
determinations may be unreliable.*

We have previously observed the differing ef-
fects of tetracaine and bupivacaine, two highly lipid
soluble agents, on the spinal cord circulation in
dogs.>® The present study was undertaken to
evaluate the effects of lidocaine, a local anaesthetic
agent with a lower lipid solubility (in comparison to
tetracaine and bupivacaine) on the spinal cord
circulation over time. Since the effects of epi-
nephrine when combined with lidocaine for spinal
anaesthesia are unclear, spinal cord blood flow was
determined following subarachnoid administration
of lidocaine and lidocaine with epinephrine.

Methods
Guidelines for the humane treatment of laboratory
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animals as outlined by the University of Manitoba
were followed.

Twelve mongrel dogs of either sex were studied.
The dogs weighed 15-31kg (24 * 5kg = SD).
Anaesthesia was induced with intravenous pento-
barbitone 30 mg-kg™~" and maintained with a pento-
barbitone infusion of 2-5mg/kg/hr. Following
endotracheal intubation the dogs were ventilated
with 100 per cent O,, to a PaCO, of 35-42 torr.

Following surgery and while maintaining anaes-
thesia, each animal was allowed to stabilize over 40
minutes. Mean arterial blood pressure (MABP),
mean pulmonary artery pressure (PAP) and heart
rate (HR) were measured continuously. Pulmonary
capillary wedge pressure (PCWP) was determined
prior to and between flow determinations. Cardiac
output (CO) was determined in duplicate prior to
flow determinations.

All dogs were initially fluid loaded with 0.9 per
cent saline solution at 38° Cto achieve a PCWPof at
least 4mmHg. This PCWP was maintained by
subsequent fluid administration as required.

Core temperature was continuously measured.
PaCO,, PaO; and pH were measured at 5-10
minute intervals and immediately preceding each
flow determination. NaHCO; was infused to main-
tain the pH similar to control values.

Following the stabilization period, control arte-
rial blood flows to both the spinal cord and the dura
were measured by the radioactive microsphere
technique.”®

Following control blood flow measurements, a
lumbar dural puncture was performed at the Ls-Lg
or Ls-L, interspace using a 22 gauge spinal needle.
Free flow of one to two drops of cerebrospinal fluid
from the needle hub assured successful dural
penetration.

Animals were randomly assigned to receive one
of two solutions intrathecally:

a two per cent lidocaine (100 mg) preservative-free

- Sml
b two per cent lidocaine (100 mg) preservative free

with 1/25,000 epinephrine (200 ug) — 5.2 ml.

The common clinically used commercial prepa-
ration of epinephrine containing 0.1 per cent bisul-
fite was used in the present study.

Subarachnoid 0.9 per cent saline (5 ml) has been
previously demonstrated by our laboratory as hav-
ing no effect on SCBF and therefore a time control
was not repeated.

473

All solutions were warmed to 37° C and injected
at a standardized rate of 0.5 ml/sec. Following
injection, the ncedle was removed and the dogs
were placed supine. Blood flow measurements were
performed at 20 and 40 minutes after intrathecal
injection.

With flow measurements completed, the arterial
line was opened, and the animals exsanguinated.
The spinal cord and dura were removed en bloc and
divided into cervical, thoracic, and lumbosacral
regions. The dura was dissected from the spinal
cord and microsphere counts were performed on
each cord and dural specimen. Blood flow to the
spinal cord and dural regions was calculated as
previously described.$

The data were analyzed as follows: The assump-
tions of an analysis of variance were tested using
Tukey’s Test and Bartlett's Test. Logarithmic
transformations were performed on data with
non-homogeneous variances. Repeated measures
ANOV A was then performed on paired data, while
unpaired data was analyzed using a completely
randomized ANOVA. Multiple comparisons were
performed where the effect was significant. The
data are presented as a mean value * standard error
of the mean. A value of p < 0.05 is considered to be
significant.

Results
In both groups PCWP was initially similar and did
not change significantly during the study (Table I).
Heart rate (HR) was initially similar in both groups
but decreased significantly (26 per cent) at 20
minutes in dogs receiving subarachnoid lidocaine.
HR did not change significantly in dogs receiving
subarachnoid lidocaine with epinephrine. Cardiac
index (CI) in the two groups was initially similar.
There was a tendency for CI to increase in dogs
receiving lidocaine with epinephrine; however, it
did not reach statistical significance. The tendency
was presumably secondary to systemic absorption
of epinephrine and a direct myocardial effect. Mean
arterial blood pressure (MABP) decreased signifi-
cantly in both groups following subarachnoid injec-
tion. MABP decreased 23 and 14 per cent at 20 and
40 minutes respectively in dogs receiving sub-
arachnoid lidocaine and 38 and 34 per cent at 20 and
40 minutes respectively in dogs receiving lidocaine
with epinephrine.

Pa0,, PaCO,, pH and temperature values were
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TABLE I Haemodynamic parameters before and after intrathecal injection (mean = SEM)

MABP PCWP cl HR.
Groups {mmHg) (mmHg) (milkgimin) (beatsimin)
Lidocaine (n = 6)
Preinjection 123+2 7x1 230+ 32 149 x5
20 min postinjection 93 x 5% 7=x1 204 £ 35 110 = 6*
40 min postinjection 106 + 3* 71 203 £ 36 129+ 6
Lidocaine with epinephrine (n = 6)
Preinjection 123+ 4 g8+ 185 =20 17327
20 min postinjection 76 x 6* 10+ 240+ 18 1506
40 min postinjcction 82 x 5* 8+1 228132 1538
*p < 0.05 when compared to preinjection measurements.
not statistically different in the two groups during Discussion

the study (Table II).

Preinjection measurements of spinal cord and
spinal dural blood flow were not significantly
different in any given region in the two groups
(Tables III, IV). In dogs receiving subarachnoid
lidocaine, cervical and thoracic spinal cord blood
flow remained unchanged from control values.
Lumbosacral spinal cord blood flow did not change
significantly at 20 minutes post lidocaine injection;
however, blood flow increased significantly (138
per cent) at 40 minutes. In dogs receiving subarach-
noid lidocaine with epinephrine, no change in
spinal cord blood flow occurred over time in any
region when compared to preinjection values.

A significant increase in lumbosacral dural blood
flow of 232 and 234 per cent occurred at 20 and 40
minutes respectively following subarachnoid lido-
caine. In dogs receiving lidocaine with epinephrine
no significant change in dural blood flow was ob-
served following injection.

In clinical practice the addition of epinephrine to
lidocaine spinal anaesthesia does not result in a
greater extent of blockade, nor does it decrease the
rate of two and four segment regression of sensory
blockade. Adding epinephrine to lidocaine spinal
anaesthesia is therefore felt to have no effect on
clinically useful spinal anaesthesia (as defined
above). Adding epinephrine to lidocaine spinal
anaesthesia has, however, been demonstrated to
prolong the total duration of sensory and possibly
motor blockade near the site of injection.®=!
Pharmacokinetic data in humans following sub-
arachnoid lidocaine (five per cent) with and without
epinephrine suggest that peak plasma concentra-
tions (C,..) are lower when epinephrine is added;
however, the remaining pharmacokinetic parame-
ters are unchanged.!' The time taken to achieve
peak plasma concentrations (Ty,.c) ranged from
58 = 24 minutes to 71 * 29 minutes for lidocaine
with epinephrine and lidocaine plain respectively,

TABLE II Arterial blood gases, pH and temperature before and after intrathecal injection (mean = SEM)

Pa0, PaCoO, Temperature
Groups (mmHg) (mmHg) pH °C)
Lidocaine (»n = 6)
Preinjection 451 £ 26 382 7.43=0.01 38.0x03
20 min postinjection 447 £ 11 362 7.42=0.02 379203
40 min postinjection 445+ 24 391 7.39=0.02 38.0x03
Lidocaine with epinephrine {(n = 6)
Preinjection 444 £19 39+ 7.42+0.01 38.3x0.2
20 min postinjection 43916 401 7.38x0.04 38.3x03
40 min postinjection 43610 38+ 7.40x0.02 383403

No significant difference
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TABLE IIl Spinal cord blood flow beforc and after intrathecal injection (mean + SEM)

Regional flow (ml/100 gm/min)

Groups Cervical cord thoracic cord Lumbo-sacral cord
Lidocaine (n = 6)

Preinjection 16x2 132 21%2

20 min postinjection 13+2 1222 357

40 min postinjection 131 13z1 50 +9*
Lidocaine with epinephrine (n = 6)

Preinjection 2t4 173 304

20 min postinjection 203 121 24+4

40 min postinjection 19*2 13+£3 36+9
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*p < 0.05 compared lo pre-injection measurements.

suggesting a slow absorption of lidocaine from the
subarachnoid space.

The present study suggests that adding epineph-
rine to lidocaine spinal anaesthesia may limit the
uptake of lidocaine by preventing spinal cord
vasodilation. In view of the delayed vasodilatory
effect of lidocaine the immediate uptake following
subarachnoid injection of lidocaine may not be
significantly altered by epinephrine.'? The clinical
result is no appreciable effect on extent and initial
regression of neural block.

The delayed vasodilatory response to lidocaine
(seen at 40 minutes) which is prevented by the
addition of epinephrine may result in a higher and
prolonged regional lidocaine concentration. Clini-
cally the effect could be translated into prolongation
of blockade in the lumbosacral region of the spinal
cord following lumbar subarachnoid administra-
tion.

Previous work has suggested that prolongation of

the total duration of sensory blockade by epineph-
rine may be secondary to a direct antinociceptive
effect (at the dorsal horn) rather than a vascular
effect.’~'5 Although this concept may be correct
our data suggest that a vascular component may also
contribute to prolongation of sensory blockade.
Whether or not prolongation of motor blockade
occurs following subarachnoid lidocaine with epi-
nephrine is debated. Recent data suggests that the
total duration of motor blockade is prolonged in
humans following lidocaine spinal anaesthesia
when epinephrine is added.'' The prolongation of
motor blockade by a direct effect of epinephrine on
the spinal cord is extremely unlikely with the
dosage used in the human studies (150 ug). In
Rhesus monkeys a subarachnoid dose of epineph-
rine of 0.3mg'kg~' was required before motor
abnormalities became apparent.'® The prolonged
motor block following subarachnoid lidocaine with
epinephrine can; however, be explained on the

TABLE IV Spinal dural blood flow in dogs before and after intrathecal injection (mean £ SEM)

Regional flow (mif100 gm/min)

Groups Cervical dura

thoracic dura

Lumbo-sacral dura

Lidocaine (n = 6)

Preinjection 56x1.8 3.6=038 50+08
20 min postinjection 52=08 7.1=18 16.6 = 3.4%
40 min postinjection 54x1.6 62+14 16.7 2 2.3%
Lidocaine with epinephrine (n = 6)

Preinjection 3.7x0.6 2.9x0.2 43208
20 min postinjection 40x1.1 1.8x0.5 1.6x0.6
40 min postinjection 36x1.0 1.7+0.5 23207

*p < 0.05 compared to preinjection measurements
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basis of a decreased regional vascular uptake of
lidocaine when epinephrine is added.

Subarachnoid administration of lidocaine (five
per cent) in 7.5 per cent dextrose solution has been
observed to produce high regional CSF lidocaine
concentrations. Regional CSF lidocaine concentra-
tions of 10200 pg-ml~! and 550 wg:ml~' have
been reported at 2 and 30 minutes respectively
following the subarachnoid administration of five
per cent lidocaine (250 mg) in humans.!” Although
CSF concentrations of lidocaine were not measured
in the present study it appears likely that high re-
gional concentrations were present following the
subarachnoid administration of two per cent lido-
caine (100 mg) in dogs.

Direct microapplication of lidocaine in concen-
trations of 100 wg'ml~" and greater to rat cerebral
pial arterioles produces a concentration related
vasodilation.? The concentration of lidocaine in the
CSF of dogs in the present study should have greatly
exceeded 100 pg'ml~! for over 30 minutes. The
dose response curve for regional spinal cord blood
flow following subarachnoid lidocaine is unknown,
but may parallel that of lidocaine on cerebral pial
vessels. Since access of lidocaine to the arterioles
within the spinal cord substance is required for a
pharmacological effect on regional spinal cord
blood flow, diffusion may be a major determinant
accounting for the observed delay in vasodilatory
response. '

Total regional spinal cord blood flow is depen-
dent on the combined blood flow to the regional
white and grey matter. In the lumbar region of the
spinal cord the ratio of central grey matter to
peripheral white matter is higher than in other spinal
cord regions.'® Since blood flow to the central grey
matter exceeds that of the peripheral white matter
by a ratio of 3:1 in the lumbar spinal cord of dogs,°
the overall regional blood flow response to pharma-
cological intervention may be significantly affected
by changes in grey matter flow.

Following the application of lidocaine topically
to the spinal cord (subarachnoid injection) a con-
centration gradient for the drug is established. The
concentration achieved in the central grey matter
will be dependent on the concentration gradient of
unbound drug, rate of diffusion and rate of uptake.
Direct entry into the spinal cord via perivascular
channels does not appear to play a major role in the
access of lidocaine into the cord substance.'®
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One of the main pharmacological properties
influencing the diffusion of local anaesthetics into
the spinal cord substance appears to be lipid
solubility.?' Subarachnoid lidocaine in equipotent
doses to tetracaine (an agent 27-fold more lipid
soluble)?? appears to have a similar intrinsic vaso-
dilatory effect on the spinal cord. The vasodilatory
effect of lidocaine is, however, delayed, being
observed at 40 minutes but not 20 minutes, while
the vasodilatory effect with tetracaine was observed
at both 20 and 40 minutes following subarachnoid
administration.” The studies suggest that the differ-
ence in onset time of vasodilation between lidocaine
and tetracaine may be related to differences in lipid
solubility.

The observed response of the dural circulation to
a high regional concentration of lidocaine is rapid
vasodilation, The observed dural arteriolar vaso-
dilatory response to lidocaine is similar to that seen
in peripheral vascular beds.?

Adding epinephrine to lidocaine spinal anaesthe-
sia resulted in no significant change in spinal cord
and dural blood flows from control values. The
mechanisms of apparent antagonism of lidocaine
induced spinal cord arteriolar vasodilation by
epinephrine is unclear.

In summary the study has demonstrated the
effects of 2% lidocaine (100 mg) with and without
epinephrine (200 ug) on the spinal cord circulation
in dogs. The relevance of the present study to the
clinical use of lidocaine spinal anaesthesia has been
discussed. Possible mechanisms accounting for the
observed delayed response of the spinal cord blood
flow to lidocaine have been outlined. The present
study suggests the need for further research relating
to the regional spinal cord circulatory and metabolic
effects of agents following subarachnoid admini-
stration.
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Résumé

Douze chiens bdtards ont été randomisés en deux groupes
égaux. Utilisant des microsphéres radioactives, les flots
sanguins dans la moelle épiniére, dans les régions
cervicales, thoraciques et lombosacrées ainsi que celles
de la dure-mére ont été étudiés. La détermination des flots
sanguins a éié faite avant ainsi que de 20 et 40 minutes
aprés injection sous-arachnoidienne lombaire de: 1)
deux pour cent de lidocaine (100 mg) ou 2) deux pour
cent de lidocaine (100 mg) avec 1/25,000 épinephrine
(200 pg). Aprés injection sous-arachnoidienne, la pres-
sion artérielle moyenne a diminué significativement dans
les deux groupes. Les chiens ayant recu une injection
sous-arachnoidienne de lidocaine ont démontré une
diminution de 23 pour cent et de 14 pour cent du flot
sanguin respectivement 4 20 et 40 minutes. Les chiens
ayant regu une injection sous-arachnoidienne de lido-
caine avec épinephrine ont présenté une diminution de 38
pour cent et de 34 pour cent a 20 et 40 minutes
respectivement. L'index cardiaque n’éait pas changé
significativement dans les dewx groupes. Aucun change-
ment significatif dans le flot sanguin de la dure-meére n' est
survenu aprés injection sous-arachnoidienne de lido-
caine avec épinephrine. Les chiens ayant regu une
injection sous-arachnoidienne de lidocaine ont démontré
une augmentation significative du flot sanguin de la meelle
épiniére dans la région lombosacrée 40 minutes aprés
Vinjection. Le flot sanguin de la duremére dans la région
lombosacrée a augmenté significativement a 20 et 40
minutes aprés injection. L’ injection sous-arachnoidienne
lombaire de lidocaine (100 mg) produit une hypérémie
rapide dans la dure-mére ainsi qu’ une hypérémie tardive
régionale qui sera prévenue par I’ addition d' épinephrine
(200 pg).
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