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Region of Epidural Blockade Determines
Sympathetic and Mesenteric Capacitance Effects

in Rabbits

Quinn H. Hogan, M.D.,* Thomas A. Stekiel, M.D.,+ Anna Stadnicka, Ph.D., ¥ Zeljko J. Bosnjak, Ph.D.,§

John P. Kampine, M.D., Ph.D. ||

Background: The mechanisms producing hemodynamic
changes during epidural anesthesia are incompletely under-
stood. The role of capacitance changes in the splanchnic ve-
nous bed can be clarified by comparing blocks of differing
segmental distributions. Specifically, we speculated that blocks
that include the innervation to the mesenteric circulation alter
hemodynamics, sympathetic activity, and venous capacitance
to a greater extent than blocks without blockade of sympa-
thetic nerves to this critical vascular bed.

Methods: Rabbits were studied during a-chloralose anesthesia
and mechanical ventilation. Sympathetic efferent nerve activ-
ity to the mesenteric vessels was measured by surgically placed
electrodes, and mesenteric vein diameter was measured by
videomicroscopy. Heart rate and mean arterial pressure were
monitored by intraarterial cannulation. Responses were com-
pared after administration of epidural lidocaine using a dose
and catheter level that limited anesthetic to lumbar levels
(lumbar group) or thoracic levels (thoracic group). In addi-
tion, hemodynamic responses were recorded after thoraco-
lumbar block in animals receiving a-chloralose but breathing
spontaneously (spontaneous ventilation group) and in awake
animals (awake group).

Results: Mean arterial pressure decreased 38.3 = 5.8% in the
thoracic group but only 16.5 + 2.8 in the lumbar group. Sym-
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pathetic efferent nerve activity decreased in the thoracic group
but increased in the lumbar group. An increase in vein di-
ameter followed thoracic epidural anesthesia, but venocon-
striction was observed after lumbar epidural block. The ad-
dition of intravenous sedation with a-chloralose did not in-
crease the hypotensive effect of epidural anesthesia in this
model.

Conclusions: Block of sympathetic fibers to the splanchnic
circulation with thoracic epidural lidocaine produces mes-
enteric venodilatation that contributes to hypotension in rab-
bits. A lesser decrease in blood pressure follows blocks limited
to lower segments, because baroreceptor stimulation produces
increased splanchnic sympathetic activity and mesenteric
venoconstriction. Responses in this model are comparable
with and without general anesthesia and mechanical venti-
lation. To minimize hemodynamic consequences, epidural
blockade should ideally be confined to the fewest necessary
segments, avoiding splanchnic innervation if possible. (Key
words: Anesthetics, local: lidocaine. Anesthetic techniques:
epidural. Blood vessels: venous capacitance. Sympathetic ner-
vous system: efferent nerve activity.)

CIRCULATORY changes during epidural anesthesia are
related to the extent of blockade, but not in a simple
way. Lumbar injections with interruption of sympa-
thetic fibers originating in spinal segments T10 and
below typically produce minimal hemodynamic alter-
ations.' Capacitance changes are minor with these
lower extremity blocks because veins in skeletal muscle
have negligible baseline sympathetic activity and so
are unaffected by sympathetic withdrawal.® Also, ar-
teriolar dilatation in the blocked segments is balanced
by increased resistance in unblocked areas.’> Anesthesia
limited to segments providing cardiac innervation (T1-
T5) similarly causes only slight blood pressure and
heart rate (HR) changes*”’” because cardiac perfor-
mance at rest is not dependent on sympathetic tonc,
and because the block affects sympathetic nerves to
only a small perfusion bed. In contrast, extensive tho-
racolumbar anesthesia interferes with nearly all sym-
pathetic outflow and often results in hypotcnsion“'10
because complete sympathetic block produces the
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MESENTERIC CAPACITANCE DURING EPIDURAL BLOCKADE

most extensive arteriolar dilatation and little area for
compensatory changes. In addition, epidural blockade
of thoracic neural segments may produce mesenteric
venodilatation'' that contributes to hypotension by de-
creasing venous return. The importance of splanchnic
venous dilatation during epidural anesthesia in general
is uncertain because contributions of this mechanism
have been observed only in humans after extensive
blockade'' and in rabbits after full thoracolumbar epi-
dural anesthesia.'?

Although widely differing segmental regions of epi-
dural blockade are used clinically, splanchnic venous
changes during segmental blocks of thoracic or lumbar
neural outflow have not been investigated. We specu-
late that inclusion of segments in the block that con-
tribute preganglionic fibers to the mesenteric bed am-
plifies hemodynamic depression during epidural anes-
thesia by decreasing mesenteric sympathetic activity
and thereby increasing mesenteric venous capacitance.
Using a rabbit model comparable to that used in a pre-
vious study of extensive thoracolumbar blockade, 2 the
current study examined the effects of lumbar and tho-
racic segmental epidural anesthesia on directly mea-
sured sympathetic activity and mesenteric venous ca-
pacitance. In addition, to determine more carefully the
relevance of findings with this preparation to clinical
situations, we also examined the influence of back-
ground systemic anesthesia and mechanical ventilation.

Materials and Methods

Preparation

The preparation was similar to one that we have pre-
viously reported.'? In brief, after approval by the Ani-
mal Care Committee, anesthesia was induced in male
New Zealand White rabbits (1-2 kg) with thiamylal
(10-25 mg/kg) via an ear vein. Lidocaine (5 mg/kg)
was used for local infiltration of the surgical sites. An
epidural catheter was placed by removing the first or
sixth lumbar spinous process. The ligamentum flavum
was exposed and dissected in the midline, and a cath-
eter (0.965 mm OD) was inserted gently through the
£ap so as not to puncture the dura and was advanced
1 ¢m into the spinal canal. The trachea, femoral artery
and femoral vein were cannulated for ventilation, blood
pressure and HR measurement and blood sampling, and
administration of fluids and drugs, respectively. Sys-
temic mean arterial pressure (MAP) was measured with
the femoral arterial catheter, and HR was determined
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from the arterial pressure signal. A midline laparotomy
was made and a postganglionic splanchnic nerve was
dissected from the adjacent tissue maintaining conti-
nuity proximally and distally. A bipolar recording elec-
trode, composed of two single-strand coated stainless
steel wires (0.25 mm OD) in silicone elastomer tubing,
was fixed to the nerve with Silgel (tissue-inert silicone
polymer; Wacker-Chemie, Munich, Germany) for direct
measurement of sympathetic efferent nerve activity
(SENA)."?

Rabbits were placed on a specially constructed trans-
parent and movable microscope stage. A 13-cm loop
of ileum was externalized through the laparotomy and
mounted in a temperature-regulated plastic chamber.
The ileum and associated mesentery were superfused
continuously with physiologic salt solution formulated
to simulate peritoneal fluid.'* This solution was main-
tained at 37°C and pH between 7.35 and 7.45, and
continuously aerated with a gas mixture of 5% O, 5%
CO,, and 90% N,. The mesentery was pinned to the
Silastic floor of the chamber and in situ segments of
mesenteric vein 500-800 um in diameter were cleared
of excess fat tissue if their margins were not clearly
visible to prepare them for vein diameter (VD) mea-
surement. An on-line videomicroscopy system provided
a continuous measurement of mesenteric VD.'” To ver-
ify an adequate preparation of the vessel and nerve,
the animals were exposed to hypoxia (fraction of in-
spired O, = 0 for 40 s)'® before and after the protocol.
Data were included only for studies in which SENA and
VD were confirmed to be responsive to hypoxia both
before and after the full protocol. Rectal temperature
was measured continuously by a thermistor probe and
maintained between 36.5°C and 37.5°C by a warming
pad.

Experimental Protocol

Before the protocol was begun, an interval of at least
1 h followed the preparation of the animal to minimize
the effect of the initial thiamylal administration and to
allow stabilization of body temperature and measured
parameters. Warmed (37°C) normal saline 25 ml/kg
was administered intravenously over 10 min. Five min-
utes later, lidocaine was injected epidurally. Normal
saline (30 ul) was injected to flush the catheter. Blood
pressure, HR, VD, and SENA measurements were col-
lected for 1 h after the lidocaine injection. Sampled
blood was replaced by twice as much normal saline.
The ganglionic blocker hexamethonium (10 mg/kg in-
travenously) was injected at the end of the protocol to
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produce complete sympathetic blockade, confirming
postganglionic site of monitoring.'” SENA measure-
ments were made in reference to the baseline estab-
lished after hexamethonium administration.

The rabbits were divided into four groups that dif-
fered in the sites and doses of lidocaine injection and
concurrent systemic medication and ventilation. In two
groups, saline 0.4 ml/kg was injected intramuscularly
(for comparability with previously studied control
groups), and lidocaine 1.0% was injected epidurally
in doses and at sites determined in preliminary tests to
produce a desired epidural distribution of injectate:
thoracic block was produced by injection of 0.2 ml/
kg through an epidural catheter inserted at the T12-
L1 interspace (thoracic group, n = 6); and lumbar
block was produced by the injection of 0.2 ml/kg
through a catheter inserted at the L5-L6 interspace
(lumbar group, n = 6). Rabbits in these groups had
general anesthesia maintained by infusion of a-chlo-
ralose (25 mg/h) and vecuronium (0.3 mg-kg '-h™").
Ventilation was controlled with an animal respirator
(655, Harvard Apparatus, South Natick, MA). Normal
arterial CO, tension (35-40 mmHg) and pH (7.35-
7.45) were maintained by ventilator adjustments and
NaHCO; administration guided by arterial blood gas
determination (ABL 1, Radiometer Copenhagen, Co-
penhagen, Denmark) every 15 min and by the contin-
uous monitoring of end-tidal CO, tension (1100, Per-
kin-Elmer, Norwalk, CT).

Two other groups were studied to investigate the ef-
fects of mechanical ventilation and general anesthesia
during thoracolumbar epidural anesthesia (lidocaine
1%, 0.4 ml/kg, injected at the thoracolumbar junction).
General anesthesia was maintained in one group by the
infusion of a-chloralose (25 mg/h) as in the other
groups, but no vecuronium was administered and the
animals breathed spontaneously (spontaneous venti-
lation group, n = 8). Reliable measurements of nerve
activity and VD were not possible because of electrical
interference from diaphragmatic activity and movement
artifact in the spontaneously breathing animals. Finally,
in another group, neither vecuronium nor a-chloralose
were administered, and epidural anesthesia was in-
duced only after the animals had fully awakened from
the thiamylal anesthesia used during surgical prepa-
ration (awake group, n = 6). The animals were loosely
confined in a box just small enough to prevent turning
and also breathed spontaneously but had no tracheos-
tomy or laparotomy incisions. In the awake and spon-
taneous ventilation groups, respiratory rate and arterial
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blood gases were measured before and 10 min after
epidural injection. To examine further the contributio
of mechanical ventilation to circulatory changes, MAp.
HR. and VD were monitored during brief (15-s) me.
chanical ventilation imposed on the spontaneous vep.
tilation group during epidural blockade.

At the completion of each experiment, the rabbit was
killed with intravenous thiamylal and the spine dis-
sected to confirm that the catheter was properly placed
in the epidural space. The extent of epidural solution
spread was identified by the stain of ink (particulate
black, 25 ul) included with the injectate, and the seg-
mental level of the tip of the catheter was located.
Spread within the epidural space was confirmed by ink
staining the canal but not the spinal cord.

Statistics

HR. MAP, SENA, and VD were measured from the
printed record at 0, 2, 5, 10 and 15 min, and every
15min thereafter. Data were evaluated by multiple
analysis of variance for repeated measures comparing
least-squares means (Super ANOVA, Abacus, Berkeley,
CA). Results are reported as means * standard error.

Findings are considered significant if » < 0.05.

Results

There were no differences between groups in Na-
HCOj; administration. Maximum changes in HR, MAP,
SENA, and VD for each group are listed in table 1. Per-
centage changes over time are illustrated in figure 1,
which compares lumbar and thoracic groups, and in
figure 2, which compares the spontancous ventilation
and awake groups.

Extent of Injectate Spread

On average, the catheter tip was located at the L4/
L5 disc in the lumbar group and at the T11/T12 disc
in the others. Thr median segmental extent of solution
distribution within the vertebral canal (fig. 3) was T11
to L7 for the lumbar group (range T7-T12 cephalad,
L6-L7 caudad), T4 to L1 for the thoracic group (range
T1-T6 cephalad, T12 to L2 caudad), and T1 to L4 for
the spontaneous ventilation and awake groups (range
T1-T2 cephalad and L3-L5 caudad).

Mean Arterial Pressure
MAP decreased after lidocaine administration in all
groups. Recovery was complete by 60 min. There was
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Table 1. Maximum Percentile Changes of Measured Parameters after Lidocaine Injection

—

MAP

HR SENA VD
Lumbar -16.5 + 2.8* -35+22 23.0 + 13.0* =53 +2.3"
Thoracic ED —38.3 + 5.8" 39+36 -47.3 + 18.7* 8.6 + 3.6*
Spontaneous ventilation —-48.0 = 5.0* —14.2 + 42 LR
Awake —41.3 + 8.4* -8.0+6.7*
M —-6.9+3.2 41+23 -6.6+ 6.7 -1.2+20
Thoracolumbar —-56.9 + 4.3* —13.1 43" —-826 + 14.1* 75+1.8"

The bottom two rows pre§ent Qata for comparison from a previous study with an identical preparation, including mechanical ventilation and a-chloralose sedation.'?
In the IM group (n = 7), lidocaine 1.5% 0.4 mi/kg was injected intramuscularly. In the thoracolumbar group (n = 8), lidocaine 1.0% 0.4 mi/kg was injected at the

T12/L1 interspace to produce full thoracolumbar blockade.
* p < 0.05 versus baseline measurement.

asignificantly greater pressure decrease in the thoracic
group than in the lumbar group. No difference was
noted between spontaneous ventilation and awake

groups.

Heart Rate

HR decreased only in the animals receiving thora-
columbar epidural anesthesia (spontaneous ventilation
and awake groups). The decrease was significantly less
in the awake group at 10 min.

Sympathetic Efferent Nerve Activity

A marked decrease followed injection in the thoracic
group. SENA increased at the onset of lumbar epidural
anesthesia.

Vein Diameter
VD increased in the thoracic group. Venoconstriction
accompanied lumbar epidural lidocaine injection.

Ventilatory Changes

In both the spontaneous ventilation and awake
groups, respiratory rate, and arterial CO, tension did
not change with epidural blockade (spontancous ven-
tilation: 50.0 + 4.3 s ' and 32.5 + 2.6 mmHg before
block, 49.1 + 3.5 s ' and 33.6 £ 4.2 mmHg after;
awake: 90.3 + 13.1 s ' and 25.5 = 1.8 mmHg before
block, 89.0 + 12.4 s ' and 23.5 = 0.7 mmHg after).
Brief mechanical ventilation imposed on spontancous
ventilation group animals had no effect on HR, MAP,
or VD (data not shown).

1

Discussion

Studies in humans have documented greater hemo-
dynamic consequences of extensive epidural anesthesia
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compared with more limited neuraxial blockade > '™

It is well accepted that hemodynamic changes with
spinal and epidural anesthesia are influenced by the
extent of sympathetic blockade produced by the block.
However, attempts to delineate this relation have been
limited by a lack of consistent evidence on the extent
and intensity of sympathetic blockade when various
measures of sympathetic activity are used. Skin blood
flow may increase in areas more extensive than the sen-
sory blockade,*” or may increase with a limited seg-
mental distribution and even paradoxically decrease in
the center of thoracic segmental blocks.?' Elimination
of the skin conduction response is unpredictable and
incomplete.?? Global norepinephrine production de-
creases partially?* or not at all*' with extensive block.
Not only do these observations fail to produce a clear
picture of sympathetic blockade with spinal and epi-
dural anesthesia, but the sites of measurement may not
be those important to hemodynamic changes. Sympa-
thetic system activity is heterogeneous and fibers to
different tissues exhibit specific patterns of basal and
reflex activity.?”?° Because neuraxial blockade is an
incomplete process,”**” uniform effects on sympathetic
activity to various organs can not be assumed. Changes
in skin blood flow, circulating norepinephrine,*® and
sweat gland function have minimal influence on he-
modynamics, giving impetus to direct measurement of
activity in sympathetic fibers supplying large vascular
beds. Microneurographic monitoring of sympathetic fi-
bers to lower extremity muscle vasculature has shown
prompt and complete termination of activity with onset
of epidural anesthesia in humans.””*

We monitored the sympathetic innervation of the
splanchnic circulation because of the unique role of
splanchnic veins in regulating circulatory capaci-

tance.*' 32 The importance of these vessels during spinal
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Fig. 1. Responses in heart rate (HR), mean arterial pressure
(MAP), sympathetic efferent nerve activity (SENA), and vein
diameter (VD) to lidocaine injected at 0 min in the thoracic
and lumbar epidural block groups. *Significant change from
baseline.
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and epidural anesthesia is supported by abrupt he.
modynamic collapse in humans when abdominal vj.
sodil’ututi()n accompanies the onset of epidural anes.
thesia.!' We have found that extensive epidural anes.
thesia in rabbits produces hypotension and splanchnjc
venodilatation.'? These changes are concurrent with
ablation of sympathetic activity to the splanchnic bed,
and are not explained by direct effects of local anes.
thetic on the vessels, altered circulating catecholamine
concentrations, or by passive response to increased
transmural pressure.’’ Systemic local anesthetic has
been shown to produce minimal circulatory changes
in this model."”

The spread of ink. which was used as an indication
of bulk flow of injectate within the epidural space,
slightly underestimates the extent of anesthetic effect.
Decrease in SENA was in fact observed after two of the
lumbar injections. A greater extent of anesthetic effect
would act to diminish the distinction between lumbar
and thoracic groups, so the observed differences in
physiologic parameters may underestimate the contri-
bution of splanchnic mechanisms.

The current study shows that epidural anesthetic ef-
fects on the veins and nerves of the splanchnic circu-

s0d * * * --A—-- Awake
—&— Spontaneous

-804 Ventilation

-100 . : . ‘

0 15 30 45 60
TIME (min)

Fig. 2. Responses in heart rate (HR) and mean arterial pressure
(MAP) to epidural lidocaine injected at 0 min in the sponta-
neous ventilation and awake groups. *Significant change gron
baseline.
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Fig. 3. Median segmental spread of epidural injectate for tho-
racic and lumbar blocks. The segmental origin of preganglionic
splanchnic sympathetic fibers is also shown.

lation are sensitive to the distribution of blockade. In
the thoracic group, blockade included the segmental
origins of preganglionic fibers supplying the splanchnic
circulation,*® reflected in decreased SENA, which in
turn caused increased VD. The hypotension observed
in the thoracic group is somewhat less than in previ-
ously studied mechanically ventilated animals with
thoracolumbar blockade (see table 1 for compari-
son),'? probably because of the lack of responsive cir-
culatory beds for compensatory vasoconstriction in an-
imals with the more extensive, nonsegmental blocks.

The importance of splanchnic innervation is evident
in the diminished hypotension during lumbar epidural
blockade. Without preganglionic neural blockade,
bar()rcccpt()r driven increased SENA is revealed in fibers
to the splanchnic bed. In these animals, reflect mes-
enteric venoconstriction may have buffered hemody-
Namic changes from blocked regional vascular beds.
Alth()ugh these changes are correlated, a causal relation
cannot be proved with these data. It is also possible
that, independent of capacitance changes, the degree

"‘nC“hCSi()l()g}g V 83, No 3, Sep 1995

of hypotension in the various groups reflects in part
the relative amount of denervated arterioles and re-
sulting resistance changes.

In this and an earlier study,'” hypotension during
epidural anesthesia was more dependent on the extent
of blockade than on concurrent general anesthesia,
mechanical ventilation, or the presence of neck and
laparotomy incisions. The MAP decrease previously
observed in mechanically ventilated animals with tho-
racolumbar blockade was somewhat greater than in the
current awake or spontaneous ventilation groups (table
1). This difference is likely due to the circulatory de-
pressant consequences of mechanical ventilation, al-
though brief mechanical ventilation imposed on spon-
taneously breathing animals had no easily identifiable
effects in isolation. A more extensive abdominal sur-
gical preparation in the mechanically ventilated ani-
mals (including electrode insertion) also may have
contributed to greater hypotension. Decreased HR ob-
served in the groups receiving the most extensive
blocks (awake, spontaneous ventilation, and previous
mechanically ventilated thoracolumbar blocks) may
result from more complete cardiac denervation. Be-
cause the group receiving thoracic blockade did not
show any HR change, a more likely explanation for
bradycardia in the groups with more extensive block
is vagal increase caused by reflexes initiated by low
cardiac filling pressures.’*®’

We conclude that different regions of epidural block-
ade produce graded effects on blood pressure but di-
vergent effects on splanchnic sympathetic activity and
VD. Blockade that interrupts the sympathetic innerva-
tion to the abdominal vasculature produces mesenteric
venodilatation and more pronounced decrease in blood
pressure. This indicates that splanchnic venous capac-
itance plays a pivotal role in determining hemodynamic
responses to epidural anesthesia in rabbits. Humans
have a proportionately greater lower extremity mass,
so a rabbit model may overestimate the importance of
abdominal vascular changes. The current results sug-
gest, however, that when possible, blocks for surgery
or pain control should be limited to the involved arca
in cases in which it is desirable to limit hemodynamic

consequences.
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