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Effects of Thoracic Epidural Anesthesia on Coronary Arteries and

Arterioles in Patients with Coronary Artery Disease

Sture Blomberg, M.D., Ph.D.,* Hékan Emanuelsson, M.D., Ph.D.,t Henry Kvist, M.D., Ph.D.,% Carl Lamm, M.D., %
Johan Pontén, M.D., Ph.D.,§ Finn Waagstein, M.D., Ph.D.,T Sven-Erik Ricksten, M.D., Ph.D.§

The effect of cardiac sympathetic blockade by high thoracic epi-
dural anesthesia (TEA) (T1-T6, bupivacaine) on the luminal di-
ameter of normal and diseased portions of epicardial coronary ar-
teries was determined by quantitative coronary angiography in pa-
tients (n = 27) with severe coronary artery disease (CAD). In a
separate group of patients (n = 9) with severe CAD, the effects of
TEA on coronary arterioles (resistance vessels) were studied, by
measuring total and regional myocardial blood flow and metabolism
with the retrograde coronary sinus thermodilution technique. At
the stenotic segments, TEA induced an increase in luminal diameter
from 1.34 % 0.11 to 1.56 % 0,13 mm (P < 0.002), but did not change
the diameter of the nonstenotic segments (3.07 + 0.13 to 2.99 + 0.13
mm). In the second group of patients, TEA induced no changes in
coronary perfusion pressure, total or regional myocardial blood flow,
coronary venous oxygen content, coronary blood flow distribution,
regional myocardial oxygen consumption, or lactate extraction or
uptake. Two patients had chest pain in the control situation and
had regional myocardial lactate production that was attenuated by
TEA. We conclude that TEA may increase the diameter of stenotic
epicardial coronary artery segments in patients with CAD without
causing a dilation of coronary arterioles. These effects may be ben-
eficial when high TEA is used to treat severe ischemic chest pain in
patients at rest. (Key words: Anesthetics, local: bupivacaine. Anes-
thetic techniques: thoracic epidural. Arteries, coronary: stenosis.
Heart, blood flow: metabolism.)

PAIN arising from myocardial ischemia is mediated by
sympathetic afferent nerves.! Epidural blockade of the
upper thoracic sympathetic segments with local anesthetics
has been shown to offer good pain relief in patients with
acute myocardial infarction®? or unstable angina pecto-
ris.* Furthermore, thoracic epidural anesthesia (TEA) in
patients with unstable angina pectoris also has beneficial
effects on the major determinants of myocardial oxygen
demand: it reduces heart rate (HR), preload, and afterload
without affecting coronary perfusion pressure.’®

Large coronary epicardial arteries and coronary arte-
rioles or resistance vessels are innervated by the sympa-
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thetic nervous system.® Both coronary arteries and arte-
rioles have innervated vasoconstrictor alpha-receptors,
and there is considerable evidence for alpha-adrenergic
regulation of large coronary arteries and coronary resis-
tance vessels.%’ Studies on cardiac denervation in animals
and alpha-receptor blockade in normal humans do not
clearly indicate whether there is a resting sympathetic va-
soconstrictor tone of the coronary circulation.® Further-
more, there are no data on the effect of cardiac sympa-
thectomy by regional epidural blockade of the upper
sympathetic segments on the resting coronary vascular
tone in patients with coronary artery disease (CAD). This
is of particular relevance, since dilation of stenotic seg-
ments of coronary arteries may be beneficial in patients
with CAD, whereas dilation of coronary resistance vessels,
which normally regulate myocardial blood flow, may cause
redistribution of coronary blood fiow and myocardial
ischemia.®

The aim of the current investigation was therefore to
determine whether cardiac sympathetic blockade with
TEA affects the tone of the coronary arteries and arte-
rioles in patients with CAD at rest. In one group of patients
with severe CAD, we studied the effect of TEA on cor-
onary blood vessel diameter in stenosed or nonstenosed
epicardial blood vessels by quantitative coronary angiog-
raphy. To investigate the effects of TEA on coronary ar-
terioles we studied coronary hemodynamics before and
during TEA with the retrograde coronary sinus ther-
modilution technique in a separate group of patients with
severe CAD.

Methods

The study was approved by the Human Ethics Com-
mittee of the University of Gothenburg, and informed
consent was obtained from all patients. Thirty-three pa-
tients, 31 men and 2 women, were included in the study.
All patients were subjected to coronary arteriography be-
cause of severe CAD and were subsequently considered
for coronary artery bypass surgery or coronary angio-
plasty. Previous history of cardiac disease, the severity of
CAD, and the cardiac medication of the patients are de-
scribed below and also are shown in tables 1 and 2.

At least 1 day prior to the investigation, a Portex" epi-
dural catheter was inserted through a Tuohy needle via
the second or third thoracic vertebral interspaces, by the
median approach and the loss-of-resistance technique.
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TABLE 1. Clinical History, Angiographic Findings, and Medical Treatment of Patients Undergoing Quantitative Coronary Angiography

Previous History Coronary Angiography Medical Treatment
Coronary Number of
Patient Age Bypass Main-Stem Obstructed Beta-adrenergic Calcium-Channel Long-Acting
Number Sex (yr) MI Surgery PTCA Stenosis Vessels Blockers Blockers Nitrates Salicylates Heparin
1 M| 72 - - - 3 + + + - +
2 | M| 65 | - - - - 3 + - - - -
3 M| 63 | - - - + 3 + - + + -
4 | M| 713 ]|1 - - - 2 + + + + -
5 | M |70 ]| 2 - - - 3 + + + - -
6 M| 67 | 1 - - - 3 + + + + -
7 | M| 45 | 1 - - - 2 + + - - -
8 M | 48 | - - -~ - 2 + - - - -
9 F | 67 | 1 - - - 3 + - + - -
100 | M {69 |1 - - - 3 + + + - -
11 M | 656 | 3 - - - 3 + + + - -
12 | M| 63 | - - - + 3 + + + - -
13 | M | 55 | — - - - 1 + + + - -
4 | M |70 | - - - - 3 + - + + -
15 | M| 63 | - - - - 2 - - - - -
16 | M |50 | 1 - - - 2 + - + - -
17 | M | 59 | - - - - 2 + + + - -
18 | M| 61 | - - - - 3 + - + - -
19 [ F |51 |- - - - 3 - + - + -
20 M |71 |1 - + - 2 + + + + -
21 M | 53 | 1 - - - 1 + - - - -
22 | M | 73] 2 - - - 3 + + + + -
23 | M |56 | 2 - - - 3 + + + - -
24 M | 69 | - - + - 1 + + + + +
2% | M| 72 | - - - - 2 + + + + -
2% | M| 74| - + - - 3 + + + + +
27 M | 58 | 1 + - - 3 + + + + +

MI = myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty.

The aim was to place the tip of the catheter at the level
of the upper thoracic vertebrae. A sufficient amount of
bupivacaine (5 mg-ml™") was given to induce blockade
of the cardiac sympathetic segments T1-T5. To deter-
mine the spread of anesthesia, the ability to discriminate
temperature was tested 30 min after the epidural injection
of bupivacaine. This individually titrated dose of bupi-
vacaine was then given on the experimental day. The ex-
perimental procedures were performed without pre-
anesthetic medication at 7:30 AM (coronary angiography,
n = 27) orat 12:00 AM (coronary sinus blood flow [CSBF]
measurements, n = 9). The patients received their ordi-
nary cardiac medication at 6:30 AM on the experimental
day. No patient received sublingual nitroglycerin on the
day of investigation.

CORONARY ANGIOGRAPHY AND DETERMINATION OF
CORONARY ARTERY DIAMETERS

Quantitative coronary angiography was performed in
27 patients (table 1). Fourteen patients had suffered one
or more previous myocardial infarctions; 2 had undergone
coronary bypass surgery; and 2 had undergone coronary
angioplasty. Main-stem stenosis was present in 2 patients,
and two- or three-vessel disease in 24 patients. All but 2

were taking beta-adrenergic blocking drugs; 18 were tak-
ing calcium channel blocking drugs; and 21 were taking
long-acting nitrates.

Coronary artery catheterization was performed by
Judkins’s technique.® Multiple views of each coronary ar-
tery were obtained with repeated 6-ml doses of iohexol
(350 mg I - ml"), as contrast medium, at a flow rate of 3
ml+s™'. A conventional, 35-mm videotape angiography
technique on a Siemens Angioscope at an exposure rate
of 25 frames per s was used. Fluoroscopic images were
simultaneously recorded on a videotape recorder, and the
projection that optimally visualized the stenotic area was
chosen. Unaffected vessel segments just proximal to
branching were selected. The projection angle and the
distance between the patient and the image intensifier
was then kept constant throughout the test. The contrast
medium was then injected into the diseased coronary ar-
tery without TEA (control) and with TEA (30 min after
epidural injection of bupivacaine). HR and arterial blood
pressure were continuously monitored.

For determination of coronary artery diameters, the
angiography videotapes were reviewed on a Tagarno 35
CX projector. End-diastolic frames with adequate and
comparable contrast fillings were selected from the film.
The selected frames were reproduced on x-ray film and
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TABLE 2. Clinical History, Angiographic Findings, and Medical Treatment of Patients Undergoing
Coronary Sinus and Pulmonary Artery Catheterization
Previous history Coronary Angiography Medical Treatment
Coronary Number of Beta-
Patient Age Bypass Main-Stem Obstructed Adrenergic Calcium-Channel Long-Acting
Number Sex (yr) M1 Surgery PTCA Stenosis Vessels Blockers Blockers Nitrates Salicylates Heparin
1 M | 59 | 2 - - - 3 + - - - -
2 M 67 1 - - - 3 + + + + -
3 M | 65 | 2 - - - 2 + + + + -
4 M 63 - - - + 3 + - + + -
5 M 57 2 1 - - 3 + + + - +
6 M 61 2 - - + 3 + + + + -
7 F | 60 | - - - - 1 + + + - -
8 M| 711 - 1 - 2 + + + + -
9 M 72 - - - - 2 + + + + -

MI = myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty.

magnified to 1.5-2X. With this magnification it was pos-
sible to trace the opacified edges of the coronary artery
lumina manually with a sharp pencil. The two x-ray images
(control and TEA) of each patient were analyzed as a
pair, to ensure that the images were comparable. The
diameters of the stenotic and the nonstenotic arteries on
the x-ray images were measured in each patient with the
use of a caliper (Peak Anastigmat Lupe 4X, no. 1990)
with a built-in 0.1-mm scale, by two experienced inves-
tigators who were blinded to the phase of the study and
who reached consensus for each measurement. The in
vivo coronary diameters were determined with the exter-
nal diameter of the Judkin’s catheter (2.7 mm) as a ref-
erence. The coefficient of variation for repeated blind
determinations of coronary luminal diameter was 2.4%.

CORONARY BLOOD FLOW MEASUREMENTS

Measurements of coronary and central hemodynamics
were performed in nine patients (table 2). Six patients
had a previous history of one or more myocardial infarc-
tions; two patients had a main-stem stenosis; and all pa-
tients but one had a two- or three-vessel CAD. Five pa-
tients met the angiographic criteria for steal-prone cor-
onary anatomy,'? i.e., a total occlusion of a major coronary
branch with collateral flow into the bed distal to the oc-
clusion and a proximal stenosis (>50% diameter reduc-
tion) of the artery supplying the collaterals. All patients
were taking beta-adrenergic blockers; all but two were
taking calcium-channel blockers; and all but one were
taking long-acting nitrates. Patients 6 and 7 had chest
pain at rest during the experimental procedure. Patients
2, 8, and 9 were identical to patients 6, 20, and 25 in the
quantitative coronary angiography investigation.

A pulmonary artery catheter (via the right internal
jugular vein) and a radial artery catheter were inserted
for continuous recording of pulmonary and systemic ar-
terial pressures. A coronary sinus catheter (Wilton-Web-

ster) with four thermistors was inserted via the right in-
ternal jugular vein using the Seldinger technique, and
was introduced into the coronary sinus and advanced to
the great cardiac vein (GCV) under fluoroscopic guidance
and continuous pressure monitoring. The distal mixing
thermistor was placed in the GCV, and its proximal mixing
thermistor was chosen to be either 2.5 or 4.5 cm from
that in the GCV so that temperature changes from cold
saline injections in the right atrium did not interfere with
CSBF. The appropriate position of the coronary sinus
catheter was confirmed by injection of 3-4 ml of contrast
medium and by rapid central venous injection of cold
saline during continuous flow recording. Blood was sam-
pled from the GCV and the radial artery. GCV flow
(GCVF) and CSBF were determined in duplicate. The
coefficient of variation for GCVF and CSBF determina-
tions were 5.2%.

Systolic (SAP), diastolic (DAP), and mean arterial pres-
sures (MAP) were measured throughout the study, as were
systolic (SPAP), diastolic (DPAP), mean pulmonary ar-
terial (MPAP), pulmonary capillary wedge (PCWP), and
right atrial (RAP) pressures. The systemic and pulmonary
artery pressures were continuously monitored and re-
corded on a Mingograph 82 (Siemens-Elema, Sweden).
Blood samples for lactate and oxygen content measure-
ments were drawn simultaneously from the GCV and the
radial artery. Blood oxygen saturation was determined
by a photometric method (OSM 2 Hemoximeter, Radi-
ometer, Copenhagen), and lactate concentration was as-
sayed by an enzymatic method (Lactate Analyzer 640,
Roche Bio-Electronics, Switzerland). CSBF and GCVF
were determined in duplicate by the retrograde ther-
modilution technique originally described by Ganzet al.'!
and modified by Pepine et al.'* Normal saline at room
temperature was used as the indicator and was injected
at 40 ml-min™' over approximately 20 s for each mea-
surement. Changes in thermistor resistances due to tem-
perature changes were measured with a Wheatstone
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bridge and were recorded on a Mingograph 82. Blood
drawn from the GCV represents left anterior descending
artery perfusion.

Cardiac index (CI, 1+ min™! » m™?), stroke volume index
(SVI, ml- m~?), systemic (SVR) and pulmonary vascular
(PVR) resistances (nmHg + min « 17!) and systemic (SVRI)
and pulmonary (PVRI) vascular resistance indices
(mmHg « min - m?- '), regional (GCV) myocardial oxy-
gen consumption (RMVo,, ml-min~), oxygen content
(GCVo,, ml+ 100 ml™"), lactate extraction (per cent) and
lactate uptake (umol+ min~") were calculated with stan-
dard formulas. Hemodynamic measurements were per-
formed, and blood samples were obtained with patients
in the supine position, at rest without TEA (control) and
20-30 min after the epidural injection of bupivacaine 5
mg- ml™' (TEA).

Data were analyzed with a paired Student’s ¢ test. P
values < 005 were considered statistically significant.

1

Results

DOSAGE, SPREAD AND DURATION
OF EPIDURAL BUPIVACAINE

An average amount of 3.8 = 0.2 ml of bupivacaine (5
mg - ml™!) induced a blockade of the upper thoracic seg-
ments with a mean rostral spread to T1.2 + 0.2 and a
mean caudal spread to T6.2 = 0.2. The mean duration
of the anesthesia was 95 + 6 min.

EFFECTS OF TEA ON LARGE CORONARY DIMENSIONS

Seventeen left anterior descending, 6 circumflex, and
3 right coronary arteries with significantly stenosed seg-
ments (57 + 3%, range 35-90%) were studied. The in-
dividual changes in the diameter of the stenotic (n = 26)
and nonstenotic (n = 27) segments are shown in table 3.
TEA caused a significant increase of the diameter of the
stenotic segments, from 1.34 = 0.11 to 1.56 + 0.13 mm
(P < 0.002) (fig. 1), whereas there was no change in the
diameter of the nonstenosed coronary arteries (3.07
£ 0.13 to 2.99 £ 0.13 mm). HR decreased significantly,
from 60 + 2 to 57 + 2 beats per min (P < 0.05) but there
were no significant changes in SAP (139 = 5to 136 = 5
mmHg) or DAP (73 + 3 to 71 = 2 mmHg).

EFFECTS OF TEA ON CENTRAL HEMODYNAMICS,
CORONARY BLOOD FLOW AND
MYOCARDIAL METABOLISM

TEA had no effects on the central hemodynamic vari-
ables studied (table 4). Furthermore, there were no sig-
nificant changes in coronary hemodynamics or myocardial
metabolism (table 5).

Two patients (6 and 7) had chest pain at rest and had
regional myocardial lactate production. In these patients,
TEA induced complete analgesia that was associated with
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less pronounced regional myocardial lactate production.
Their respective values of RMLE increased from —41.7
to —4.5% and from —20.7 to —10.9% during TEA.

Discussion

When assessing the effects of cardiac sympathetic
blockade by TEA on the coronary circulation, it is im-
portant to distinguish between epicardial coronary arteries
and intramyocardial coronary arterioles or resistance ves-
sels. Not only do these vessels differ in structure and func-
tion, but also they may respond differently to the same
vasoactive stimulus.'*~'® Coronary arterioles or resistance
vessels regulate coronary blood flow and its distribution
according to demand, through local metabolic control.®
Epicardial coronary arteries, in contrast, normally con-
tribute little to the regulation of coronary blood flow,'®
but undergo active vasodilation and vasoconstriction in
response to a variety of autonomic and pharmacologic
stimuli.” This coronary artery vasomotion is of importance
in CAD, since approximately 75% of arteriosclerotic cor-
onary stenoses behave in a dynamic but not in a fixed
fashion.'”!8

The epicardial coronary arteries as well as the coronary
arterioles are densely innervated with sympathetic adren-
ergic nerve fibers.®!? In animals it has been demonstrated
that epicardial coronary arteries constrict during cardiac
sympathetic or alpha-receptor stimulation.®?° It has also
been demonstrated in humans that activation of the sym-
pathetic nervous system by sustained isometric hand-grip
or cold pressor test constricts luminal area in normal and
diseased coronary segments.?** Cardiac sympathetic
stimulation causes an alpha-receptor-mediated coronary
vasoconstrictor influence on the coronary arterioles or
resistance vessels; this influence limits the local metabolic
vasodilation and results in a decreased coronary sinus ox-
ygen tension both in animals and in patients with
CAD.52%-28 Fyrthermore, in the presence of experimen-
tally produced coronary artery stenosis or adenosine-in-
duced maximal coronary artery dilatation, adrenergic
stimulation may induce coronary vasoconstriction.2%”
However, data from denervation studies in dogs and in
humans do not clearly indicate whether there is a resting
sympathetic vasoconstrictor tone of the coronary circu-
lation during normal conditions.®

In contrast, during experimental myocardial ischemia,
it has been shown that cardiac sympathectomy by TEA
may improve regional myocardial blood flow distribution
by increasing the endocardial-to-epicardial blood flow ra-
tio.28% Furthermore, Reiz et al.*® showed in four patients
with CAD that coronary vascular resistance was reduced
with TEA, although TEA also induced an extensive
blockade (T'1-T'12) with a pronounced decrease in blood
pressure. In that situation, coronary vasodilation might
well be an autoregulatory response to a decrease in per-
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TABLE 3. Individual Data on the Effects of TEA on Hemodynamics and Dimensions of Stenosed and Nonstenosed Coronary Arteries
Diameter of
Diameter of Stenosed Nonstenosed Segments
SAP (mmHg) DAP {(mmHg) HR (beats per min) Segments (mm) (mm)

Patient
Number Cc TEA C TEA C TEA C TEA C TEA
1 120 110 50 50 62 58 1.85 2.38 3.17 3.17
2 123 120 68 68 63 61 0.84 1.50 4.07 3.47
3 174 165 86 i 58 56 1.44 1.86 2.51 3.17
4 130 128 64 63 50 48 1.24 1.73 2.27 2.54
5 115 112 54 60 58 52 1.21 1.09 2.30 2.13
6 202 183 100 98 44 40 0.76 1.08 2.92 3.30
7 107 100 67 63 50 45 2.84 3.31 3.92 3.65
8 116 113 66 69 57 56 0.92 1.17 3.87 3.56
9 130 127 72 65 51 47 1.27 0.82 3.65 3.76
10 120 130 65 65 55 55 1.60 1.47 4.42 3.74
11 115 110 75 60 59 55 — — 2.46 2.57
12 153 122 71 83 71 64 1.21 1.09 2.70 241
13 133 148 72 83 60 69 0.68 0.74 2.57 2.03
14 175 180 90 68 54 46 1.41 1.41 2.69 2.63
15 153 137 90 80 82 73 0.88 1.22 3.58 4.05
16 111 117 79 79 54 - b4 0.95 0.95 2.36 1.89
17 167 150 100 93 55 51 0.25 0.44 3.02 2.96
18 157 127 73 63 62 53 1.57 2.14 2.70 2.77
19 153 163 80 80 68 59 1.13 1.32 3.77 4.03
20 153 159 57 63 57 62 1.43 1.47 3.05 3.02
21 168 155 84 79 60 57 1.13 1.19 3.02 2.96
22 125 126 70 69 73 68 1.20 1.86 3.53 3.59
23 124 120 77 75 70 64 1.96 2.03 2.70 2.36
24 163 129 81 63 83 54 1.94 1.71 2.06 1.88
25 145 140 70 68 60 57 1.90 2.70 3.68 3.68
26 106 170 54 68 56 73 1.57 1.73 2.65 2.43
27 115 122 65 65 66 63 1.84 2.16 3.19 3.03

SAP = systolic blood pressure; DAP = diastolic blood pressure; HR = heart rate; C = control values; TEA = thoracic epidural anesthesia.

fusion pressure and might not necessarily be caused by a
reduced sympathetic stimulation of the coronary vessels.>*
No study has yet appeared on the effects of regional car-
diac sympathetic biockade by high TEA on resting con-
strictor tone of coronary arterioles or on the diameters
of stenosed or nonstenosed epicardial coronary arteries
in patients with CAD.

In the current study, quantitative coronary angiogra-
phy was therefore performed with and without TEA to
investigate the effects of TEA on the diameters of epi-
cardial coronary vessels in 27 patients with severe CAD.
TEA caused a highly significant increase in the diameter
of the stenotic segments, but no effects on the nonstenotic
segments. Since approximately 75% of coronary stenoses
are dynamic, one would expect that approximately 25%
of the patients would have had fixed stenoses not re-
sponding to TEA. As can be seen from table 3, 10 of the
patients (38%) either demonstrated a decrease or a min-
imal increase in diameter. The contrast medium used,
iohexol, has been shown to have a small dilatory influence
on coronary arteries that disappears within 2 min and
may therefore not have interfered with the effect of TEA
20-30 min later.*® In the current study, as well as in other
studies using computerized quantitative angiography,***
the crucial point is to define the luminal border of the
vessel. However, it is likely that our results are valid, since

the coefficient of variation for the determination of cor-
onary luminal diameter was low, and since we used a care-
fully blinded protocol.

What, then, are the mechanisms behind the dilating
effects of TEA on the coronary stenotic segments? It is
not likely to be caused by a TEA-induced change in cor-
onary perfusion pressure, since arterial blood pressure
and PCWP were unchanged by TEA. Stimulation of beta-
adrenoceptors (beta, and betay) and alpha-adrenoceptors
(alpha; and alphay) may cause dilatation and constriction,
respectively, of coronary arteries.” The relaxing effects
of beta-adrenergic agonists and the contractile effects of
alpha-adrenergic agonists are reduced and enhanced, re-
spectively, after experimental removal of the endothe-
lium.%*-37 In patients with CAD, it has been shown that
acetylcholine, which in normal arteries promotes the re-
lease of endothelium-derived relaxing factor, induces a
constriction of arteriosclerotic coronary arteries, which
is suggestive of a defect in endothelial vasodilator function
in diseased coronary arteries.*® It has been demonstrated
also that adrenergic nerves of coronary arteries with ex-
perimentally induced endothelial damage may accumulate
5-hydroxytryptamine released from aggregating platelets.
5-hydroxytryptamine may then act as a “false neuro-
transmitter” and cause a coronary vasoconstriction upon
adrenergic nerve stimulation.’**® Furthermore, almost
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F1G. 1. A stenosed circumflex artery (patient
18, see tables 1 and 3) before (4) and after (B)
thoracic epidural anesthesia. The diameter of
the stenosis increased from 1.57 mm to 2.14
mm (see table 3).

all patients in the current study were undergoing treat-
ment with beta-adrenergic blockers. Studies have sug-
gested that beta-adrenergic blockers cause a direct con-
striction of coronary arteries by unmasking the effect of
postjunctional alpha-adrenoceptors.*!**? The combination
of beta-adrenergic blockers and withdrawal of cardiac
sympathetic alpha-constrictor tone by TEA may therefore
have revealed, in the arteriosclerotic epicardial coronary
arteries with a damaged endothelium, a resting sympa-
thetic vasoconstrictor tone that was not seen in nonstenotic
segments of coronary arteries with an intact endothelium.

We could not demonstrate any effects of regional car-
diac sympathetic blockade on RMV ,, most likely because

TEA AND CORONARY ARTERY DISEASE

three of the four major determinants of myocardial ox-
ygen demand (HR, SAP, and PCWP) were not signifi-
cantly altered by TEA. Myocardial contractility was not
measured, but it is less likely that this variable was affected
by TEA, since all patients were undergoing beta-adren-
ergic blockers treatment, which probably also explains
the lack of heart decline. We have previously shown that
TEA may decrease HR in patients treated with beta-ad-
renergic blockers if there is a high, prevailing cardiac
sympathetic tone, such as that during anginal pain*® or
dynamic exercise.* However, it also has been demon-
strated that during basal conditions, i.e., during rest with-
out ischemic chest pain, TEA did not change HR, SAP

845
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or PCWP?; these data are confirmed by the current study.
Therefore, depending on the prevailing cardiac sympa-
thetic tone, high TEA may cause a greater or lesser num-
ber or changes in central hemodynamics in patients with
CAD who are being treated with beta-adrenergic blockers.

Regional cardiac sympathetic blockade caused no
changes in coronary perfusion pressure, myocardial blood
flow, or coronary venous oxygen content, indicating a
lack of effect on coronary resistance vessels. Changes in
the GCVF/CSBF ratio concomitant with coronary vaso-
dilation, as reflected by a reduced myocardial oxygen ex-
traction, has been used to indicate maldistribution of cor-
onary blood flow (coronary steal) during isoflurane anes-
thesia.*®** Coronary steal is recognized as a cause of
myocardial ischemia only in patients with the anatomic
basis for steal. Although five of the nine patients in the
current study demonstrated steal-prone coronary anat-
omy, TEA did not cause small-vessel coronary vasodila-
tion, change in the GCVF/CSBF ratio, or regional myo-
cardial ischemia. However, the lack of change of the
GCVF/CSBF ratio cannot rule out the possibility that
coronary blood flow maldistribution is present. Further-
more, the retrograde coronary sinus thermodilution
technique cannot be used to reveal transmural flow mal-
distribution.

We have previously demonstrated that induction of
TEA in patients with unstable angina and ischemic chest
pain causes a decrease in the major determinants of myo-
cardial oxygen demand, accompanied in some patients by
less pronounced ST-segment depression.® Also, the cur-

TABLE 4. Effects of TEA on Central Hemodynamics

Control TEA
SAP (mmHg) 170 £ 9 159+ 10 NS
MAP (mmHg) 109 £ 6 102+5 NS
DAP (mmHg) 79+ 5 74+4 NS
SPAP (mmHg) 28 + 1 27+2 NS
MPAP (mmHg) 16+ 1 16£2 NS
DPAP (mmHg) 9+1 9+1 NS
PCWP (mmHg) 8§+1 7x1 NS
CVP (mmHg) 41 3+2 NS
CO (1 -min-1) 51405 | 49+04 NS
CI (1+min~!-m™?) 2.6 +£0.2 24+0.2 NS
HR (beats+min™!) 60+ 4 6l+4 NS
SV (ml - beat™) 87 +8 81+7 NS
SVI (ml- beat™" - m™?) 43+ 3 40+ 3 NS
SVR(mmHg-min-l") 21.1 £ 1.4 21.3+15 NS
SVRI (mmHg > min « 17!« m?) 42+ 3 424+28 NS
PVR (mmHg - min-1"") 1.7+£0.2 1.8+02 NS
PVRI (mmHg - min+ "' m?) 3.2+0.2 36+04 NS

Values are means * SEM.

SAP = systolic arterial pressure; MAP = mean arterial pressure;
DAP = diastolic arterial pressure; SPAP = systolic pulmonary arterial
pressure; MPAP = mean pulmonary arterial pressure; DPAP = diastolic
pulmonary arterial pressure; PCWP = pulmonary capillary wedge
pressure; CVP = central venous pressure; CO = cardiac output; CI
= cardiac index; HR = heart rate; SV = stroke volume; SVI = stroke
volume index; SVR = systemic vascular resistance; SVRI = systemic
vascular resistance index; PVR = pulmonary vascular resistance; PVRI
= pulmonary vascular resistance index.
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TABLE 5. Effects of TEA on Coronary Hemodynamics
and Metabolism

Control TEA
CPP (mmHg) 725 67 + 4 NS
CSBF (ml-min™) 163 =+ 21 138 +24 NS
GGVF (ml min™!) 76 + 14 68+14 NS
GGVF/CSF (%) 0.46 £0.09 | 0.49+0.06 NS
GCVo, (ml- 100 mi™) | 413+ 4.7 39.8+4.9 NS
RMVo, (ml-min™") 9.6+ 1.9 93+20 NS
RMLE (%) 15.2 % 9.1 128+52 NS
RMLU (gmol - min™") 7.6 %36 49+18 NS

Values are means * SEM.

CSBF = coronary sinus blood flow; CPP = coronary perfusion pres-
sure; GCVF = great cardiac vein flow; GCVo, = great cardiac vein
oxygen content; RMV, = regional myocardial oxygen consumption;
RMLE = regional myocardial lactate extraction; RMLU = regional
myocardial lactate uptake.

rent study showed that TEA improved the myocardial
oxygen supply/demand ratio, as evidenced by a TEA-
induced improvement of lactate metabolism in two pa-
tients with lactate production and angina at rest. In these
two patients, afterload and RMV, decreased somewhat
(although HR and PCWP were unaffected), which may
explain the improvement in lactate metabolism. However,
it is tempting to speculate that TEA also may improve
regional perfusion of ischemic areas by increasing the lu-
minal diameter of stenotic arteries; however, this hypoth-
esis remains to be proven.

In the current study on patients with severe CAD, we
have shown that regional cardiac sympathetic blockade
with high TEA significantly increases the diameter of ste-
notic but has no effect on nonstenotic epicardial coronary
artery segments. Furthermore, cardiac sympathetic
blockade with TEA in these patients does not cause a
small-vessel coronary vasodilation, TEA-induced dilation
of stenotic segments of large coronary arteries without
causing any changes in the tone of the coronary resistance
vessels may be valuable when TEA is used to control pain
in patients with CAD and unstable angina with severe
chest pain at rest.
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