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Effects of Alpha Adrenergic Blockade

upon Coronary Hemodynamics

ARTHURE. ORLICK, DONALDR. RICCI, EDWINL. ALDERMAN,EDWARDB. STINSON,
and DONALDC. HARRISON, Division of Cardiology and the Department of
Cardiovascular Surgery, Stanford University School of Medicine,
Stanford, California 94305

A B S T RA C T The effect of alpha adrenergic block-
ade on coronary blood flow regulation at rest was stud-
ied in 11 normally innervated patients and 8 cardiac
allograft recipients by measuring arterial pressure and
coronary sinus blood flow by thermodilution before
and after alpha adrenergic blockade with phentolamine.
Coronary vascular resistance was calculated by using
coronary sinus blood flow and mean arterial pressure,
and metabolic demand was estimated by the product of
systolic arterial pressure and heart rate. In addition, the
coronary sinus blood flow response to tachycardia
was examined in 9 innervated patients and 12
denervated patients, with measurements repeated
after phentolamine in 8 of the 9 innvervated pa-
tients and 6 of the 12 denervated patients. There
was a 7.3+4.4% increase in coronary sinus blood
flow in the innervated patients in response to alpha
blockade, whereas the transplanted patients had an
8.2±1.8% fall in coronary sinus blood flow, despite
equivalent changes in rate pressure product. The inner-
vated patients also demonstrated a significantly greater
increase in coronary sinus blood flow than did the
transplanted patients during the first 5 s of an abrupt
increase in heart rate (26±4 vs. 8±2.5 ml/min, P < 0.001).
This early response was blunted after alpha adrenergic
blockade. Weconclude that there is basal alpha adren-
ergic tone present on the coronary vasculature in man
that is withdrawn by a sudden increase in heart rate.
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INTRODUCTION

In the normal heart, coronary blood flow is matched
to myocardial metabolic work requirement. Changes in
metabolic demand are thought to produce changes in
coronary blood flow through mediation of metabolic,
autonomic, and myogenic factors (1-4). In the stable
state, metabolic regulators such as adenosine and
prostaglandins are thought to be more important than
neurogenic and myogenic factors (1-4), though neuro-
genic mechanisms have been shown to alter coronary
flow in awake and anesthetized animals as well. Both
sympathetic and parasympathetic activation in animals
produce coronary vasoconstriction and vasodilation
(5-21), with a recent study suggesting the presence
of alpha adrenergic tone on the coronary vasculature
in the resting state (15). In man, reflex coronary vaso-
constriction in response to a cold stimulus, mediated
through an alpha adrenergic mechanism, has also
been demonstrated (22).

Thus, activation of the autonomic nervous system
alters coronary flow, but its role in mediating changes
in coronary blood flow in response to changes in de-
mand is ill defined. It is likely that dynamic changes
in coronary hemodynamics in response to alterations
in metabolic demand involve an immediate autonomic
adjustment which is then overridden by metabolic
autoregulation, a sequence reminiscent of the classic
defense reaction (23).

To further define the role of the autonomic nervous
system in regulating coronary blood flow in man, we
studied the effect of alpha adrenergic blockade upon
both resting coronary hemodynamics and the imme-
diate changes in coronary hemodynamics associated
with tachycardia. The results indicate that the alpha
adrenergic system significantly contributes to resting
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coronary blood flow in man, and that the earliest meas-
urable increase in coronary blood flow after augmen-
tation of metabolic demand is facilitated by withdrawal
of alpha adrenergic tone.

METHODS

Coronary and systemic hemodynamic
measurements

Coronary sinus blood flow was measured by the thermo-
dilution technique of Ganz et al. (24). Catheter insertions
were performed either percutaneously or via cutdown into
a superficial left antecubital vein, or percutaneously into the
right internal jugular vein. The catheter (Wilton Webster
Laboratories, Altadena, Calif.) was firmly fixed at the venous
entry site to ensure a stable position throughout the study.
The catheter tip was positioned deep within the coronary
sinus, at least 3 cm from the ostium, and contrast was periodi-
cally injected to confirm a stable catheter position. Infusion
of 5% dextrose solution at a rate of 50-55 ml/min was used.
In our laboratory, duplicate determinations of coronary sinus
blood flow in the same patient agree to within 4+8.6% (mean
±SD). Coronary sinus flow and arterial pressure were meas-
ured with the patients in the same body position (25). Arterial
pressure was measured with a Statham P-23Db transducer
(Statham Instruments, Inc., Oxnard, Calif.) through a 7.4 F
Judkins coronary catheter or a 6.7 F sidehole pigtail catheter
positioned in the central aorta, or a PE-160 catheter inserted
into the brachial artery. Systolic pressure in the cardiac recip-
ients was obtained by averaging three beats to account for
the changes in arterial pressure produced by the lack of syn-
chronization of atrial and ventricular contraction in these
patients. Arterial and venous oxygen contents were meas-
ured by the spectrophotometric method of Gordy and Drabkin
(26). Pressure, flow, and electrocardiographic traces were re-
corded on a strip chart optical recording system. Mean arterial
pressure was calculated by using the following formula (27):

Systolic + 2(diastolic)
3

Coronary vascular resistance was calculated as the quotient
of mean arterial pressure and coronary sinus blood flow.
Cardiac metabolic demand was estimated by the product of
heart rate and systolic arterial pressure (28, 29).

Patient characteristics
We studied 11 innervated patients (6 female and 5 male)

ranging in age from 28 to 56 yr, and 12 denervated cardiac
allograft recipients (all male), ranging in age from 18 to 56 yr.
In the innervated group, seven patients had atypical chest
pain and arteriographically normal coronary arteries. Three
had >70% stenosis of the right coronary artery only, and one
had mitral insufficiency.

The cardiac allograft recipients were studied at a time of
clinical stability, approximately 4 mo to 6.5 yr postopera-
tively. All recipients were without graft rejection at the time
of the study, as documented by a right ventricular endomyo-
cardial biopsy. Six of the recipients had normal coronary
arteries, documented arteriographically within 12 mo of the
study. The remaining patients did not have angiographic
evaluation. There was no evidence of efferent autonomic
cardiac innervation in any of the recipients studied, a finding
consistent with earlier work documenting the persistence

of autonomic denervation of cardiac allografts in man several
years after transplantation (30, 31).

All the patients gave informed consent in accordance with
the regulations of the Stanford University Medical Committee
on the Use of Human Subjects in Research. There were no
complications during the investigation.

Study protocols
The effect of alpha adrenergic blockade on resting coro-

nary hemodynamics. In this part of our study, we examined
the contribution that the alpha adrenergic component makes
to resting coronary blood flow by monitoring the response
of coronary hemodynamics to alpha adrenergic blockade.
Coronary sinus flow and arterial pressure were measured
continuously in 13 patients before and for 3 min after admin-
istration of a 5-mg intravenous bolus of phentolamine mesylate
(Regitine; Ciba Pharmaceutical Company, Summit, N. J.).
In six patients, measurements were obtained immediately
before and again at 3 min after drug administration. In 9 of
the 11 innervated patients, heart rate was controlled by atrial
pacing at 20 beats per minute above the resting sinus rate.
Measurements used for analysis were the lowest coronary
blood flow recorded in the first 3 min after drug administra-
tion. Coronary arteriovenous oxygen differences were meas-
ured at control only.

The effect of rapid atrial pacing on coronary hemodynamics.
In this part of the study, we examined how the alpha adren-
ergic system contributes to the earliest adjustment in coronary
blood flow by using rapid atrial pacing to suddenly increase
metabolic demand. Coronary sinus blood flow and arterial
pressure were monitored continuously during the abrupt
onset of rapid atrial pacing at a rate approximately 45 beats
per minute above the basal sinus rate. The changes in coro-
nary sinus flow, mean arterial pressure, and rate pressure
product from prepaced control were followed for 25 s. Seven
innervated patients and six allograft recipients were given
phentolamine mesylate, 5 mg intravenously, and the pacing
was repeated.

Student's t test for paired and unpaired data with equal
variance was used for statistical comparisons; results are
expressed as mean values±SEM.

RESULTS

Effect of alpha adrenergic blockade on resting
coronary vascular resistance. Table I summarizes the
data for the innervated and denervated patients before
and after alpha adrenergic blockade. Before alpha
blockade the innervated group had a higher resting
coronary vascular resistance when compared with the
denervated patients (0.90±0.09 vs. 0.68±0.06 U,
P = 0.05), despite equivalent rate pressure products
in both groups. In addition, the innervated patients
had a higher coronary arteriovenous oxygen difference
(11.79±0.53 vs. 9.78±0.50 vol %, P < 0.02). These
control data are graphically presented in Fig. 1. Fig. 2
demonstrates representative changes produced by
alpha blockade in one innervated and one denervated
patient. Despite both patients having had similar de-
creases in arterial pressure, the innervated patient had
a 50 ml/min rise in coronary sinus blood flow, whereas
the denervated patient had a reduction in coronary
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TABLE I
The Effect of Alpha Adrenergic Blockade on Coronary Hemodynamics and Metabolic Demand

Innervated patients

CBF CVR HR MAP SAP- HR
Patient AA-VO,

no. C aB C aB C only C aB C aB C aB

mI/min mmHg/mil/min Vol % beats/min mmHg x 103

1 175 224 0.57 0.40 9.18 107 107 100 89 13-69 12-20
2 113 148 0.77 0.53 11.66 120 120 87 79 13-68 11-76
3 118 107 0.78 0.72 13.56 114 114 92 77 12-31 10-26
4 68 76 1.69 1.28 11.65 73 76 115 97 9-02 8-20
5 115 127 0.72 0.51 9.62 79 79 83 65 9-80 7 90
6 95 95 1.20 1.02 11.21 102 102 114 97 14-90 12-60
7 146 121 0.84 0.94 84 84 123 114 14-62 13-60
8 112 125 0.93 0.76 13.56 60 86 104 95 8-34 10-40
9 130 135 0.85 0.81 13.41 96 96 111 110 14-20 14-0

10 149 171 0.77 0.57 10.51 64 80 115 97 11 0 11-52
11 177 169 0.76 0.67 13.55 102 102 135 114 19-38 16-52

Mean 127 136 0.90 0.75 11.79 91 95 107 94 12-81 11-72
SEM 10 12 0.09 0.08 0.53 6 5 5 5 0 96 0 76

P <0.20 <0.005 <0.20 <0.001 <0.005

Denervated patients

12 107 114 0.81 0.66 11.51 123 123 87 76 13-90 12-40
13 98 93 0.93 0.88 11.22 94 94 91 82 11-79 10-73
14 140 126 0.56 0.63 10.03 108 108 79 79 10-89 10-96
15 160 141 0.46 0.45 9.01 115 115 73 64
16 110 116 0.87 0.72 10.39 96 96 96 83 11-16 10-36
17 167 137 0.74 0.77 10.16 100 100 123 106 16-80 14-60
18 190 169 0.58 0.55 7.14 111 111 111 93 15-76 13-80
19 197 180 0.50 0.52 8.74 90 90 99 93 11-16 10-53

Mean 146 135 0.68 0.65 9.78 105 105 95 85 13-07 11 91
SEM 14 10 0.06 0.05 0.50 12 12 6 5 0-92 0-65

P <0.05 <0.3 <1.00 <0.003 <0.01

Abbreviations: CBF= coronary sinus blood flow; CVR= coronary vascular resistance; AA-V02 = coronary
arteriovenous oxygen difference; HR= heart rate; MAP= mean arterial pressure; SAP- HR= rate-pressure
product; C = control; aB = alpha blockade.

sinus flow of 30 ml/min. Fig. 3 portrays the percent
changes in rate pressure product and coronary sinus
flow produced by alpha blockade in both groups. After
alpha blockade in the innervated patients, coronary
sinus blood flow increased by 7.3+4.4% despite a fall
in rate pressure product of 7.1+3.8%. This effect was
directionally opposite to that produced in the dener-
vated group, in which an 8.2+1.8% decrease in rate
pressure product was associated with a 6.6+3.0%
reduction in coronary sinus flow.

The effect of rapid atrial pacing on coronary sinus
blood flow. Tables II and III present individual
measurements of coronary sinus blood flow, mean
arterial pressure, and rate pressure product before
and after alpha blockade. Although coronary sinus
flow and arterial pressure were continuously recorded

for 25 s after the initiation of rapid pacing, only the
prepaced control, 5-s and 20-s values are listed, as these
time intervals offered the best discrimination between
the early and late coronary sinus flow changes when
the denervated and innervated patients were examined
as groups. Fig. 4 portrays the changes in coronary
sinus flow produced by rapid atrial pacing. 5 s after
the onset of pacing, coronary sinus flow in the inner-
vated patients rose 26+4 ml/min in contrast to the
denervated patients, who exhibited a significantly
smaller increment in coronary sinus flow of 8±2.5
ml/min. By 20 s both groups had similar augmentations
in coronary sinus flow, constituting 57.4±14 and 52
+ 10.6 ml/min above control levels, respectively. Alpha
blockade in the innervated patients produced a blunt-
ing of the early increment in coronary sinus flow, so
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FIGURE 1 A comparison of rate-pressure product (SAP- HR), coronary vascular resistance, and
coronary arteriovenous oxygen difference (A-VO2) difference in both patient groups before alpha
adrenergic blockade. At similar SAP- HR, note the higher coronary vascular resistance and higher
coronary A-VO2 difference in the innervated patients.

that denervated and alpha-blocked innervated patients
showed similar increases in flow at 5 s of 9±4.5 and
8±2.5 ml/min, respectively. The 20-s change in both
groups also remained similar. Alpha blockade in the
denervated patients did not alter early or late coronary
sinus flow change. The above changes were observed
despite similar changes in rate pressure at 5 and 20 s
in all groups, as noted in Tables II and III.

DISCUSSION

Although previous studies in animals suggest that the
autonomic nervous system plays a significant role in
altering coronary blood flow, its role in man is less
clear. A recent report documents alpha adrenergic
participation in reflex changes in coronary vascular

resistance in response to a cold stimulus (22). Never-
theless, the presence of resting neurogenic tone in
human coronary vessels, and its functional significance
during physiologic stresses, has yet to be established.
The cardiac allograft recipient, lacking innervation
to both coronary vessels and ventricular myocardium,
provides a unique opportunity to study this interaction
in man.

The first part of our study provides three lines of
evidence which suggest that the alpha adrenergic
system significantly contributes to resting coronary
hemodynamics in man: (a) the higher coronary vascular
resistance in the innervated patients; (b) the wider
coronary arteriovenous oxygen difference in the inner-
vated patients; and (c) the directionally opposite re-
sponse in coronary sinus flow after alpha adrenergic
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FIGURE 2 Representative records demonstrating the effect of alpha blockade on coronary sinus
blood flow (CSBF) and arterial pressure in one innervated patient (top) and one denervated
patient (bottom). Phentolamine is injected at the arrow. Directionally opposite changes in CSBF
are illustrated in response to a similar reduction in arterial pressure, ECG, electrocardiogram.
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FIGURE 3 A comparison of the change in rate-pressure
product (SAP HR) and coronary sinus blood flow in both
patient groups after alpha adrenergic blockade. Note the
directionally opposite changes in coronary sinus flow despite
similar reductions in SAP- HR.

blockade in the innervated and denervated patients.
These data, however, need to be interpreted in light
of the following considerations. Inasmuch as nonadren-
ergic autoregulatory mechanisms (32, 33) were opera-
tive in both patient groups, differences in coronary
resistance may be related, at least in part, to differ-
ences in perfusion pressure. Similarly, the difference
in coronary resistance between the groups may be
related to differences in ventricular tissue mass. To
examine this possibility, left ventricular wall mass
was calculated using the left ventricular angiogram
(34) in five denervated and six innervated patients
included in this study. The denervated group has a left
mass of 136.3±20.6 g vs. 109.6+17.9 g in the inner-
vated group, and though not statistically significant,
this may, in fact, be the sole explanation for the higher
flow noted in the denervated group. A systemic altera-
tion in the position of the thermodilution catheter
within the coronary sinus in the denervated patients
may have also contributed to a higher coronary sinus
flow in this group; however, every effort was made to
place the catheter in the same position in the coronary

TABLE II
Changes in Coronary Blood Flow and Metabolic Demand Produced by Atrial Pacing in Innervated Patients

Before alpha adrenergic blockade

CBF MAP SAP HR HR

Patient C 5 s 20 s C 5 s 20 s C 5 s 20 s C P

ml/min mmHg x 103 beats/min

1 161 207 235 128 130 128 18 65 23 23 23*25 100 128
2 63 97 131 85 87 88 8-93 13-83 13-81 72 118
3 137 150 160 111 131 114 10-79 18-36 16-12 65 102
4 111 124 159 102 106 108 13-25 21-06 21-84 96 156
5 121 143 166 91 94 87 8 28 14-07 13 06 72 134
6 92 122 154 104 120 110 9*75 18-76 16-35 75 134
7 157 199 234 93 108 104 10-08 17 16 16 94 80 124
8 195 214 252 71 71 71 7-14 11-96 11-96 70 130
9 101 118 157 87 102 102 7-18 13-83 13-99 57 100

Mean 126 153 183 97 105 99 10-45 16-91 16414 76 125
SEM 13.5 14 14.8 5.5 6.6 5.6 1.20 1.25 1.36 4.6 5.7

P <0.001 <0.001 <0.02 NS <0.001 <0.001 <0.001
After alpha adrenergic blockade

2 75 90 120 73 73 73 8-34 12-15 12-15 76 125
3 171 175 171 97 103 105 11-52 15-04 15-04 80 103
4 130 141 172 105 101 105 15-78 20*90 22-15 108 156
5 122 122 145 84 85 76 8-24 13-0 11-93 77 134
6 124 124 164 102 110 105 11 0 17-29 16-23 86 133
7 154 185 216 95 101 101 12-65 15-50 15-74 102 123
9 115 115 130 75 75 75 8-53 13-39 13-39 79 124

Mean 127 136 160 90 93 91 10-86 15-32 15-23 87 128
SEM 11.5 12.8 12.1 4.9 5.8 5.6 1.1 1.1 1.3 4.9 6.0

P <0.1 <0.003 NS NS <0.001 <0.001 <0.001

P = pacing. Other abbreviations as in Table I.
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TABLE III
Changes in Coronary Blood Flow and Metabolic Demand Produced by Atrial Pacing in Denervated Patients

Before alpha adrenergic blockade

CBF MAP SAP- HR HR

Patient C 5 s 20 s C 5 s 20 s C 5 s 20 s C P

ml/min mmHg x 103 beats/min

12 127 130 148 82 89 89 13-80 17-22 17-22 120 140
13 104 127 192 94 98 101 11-83 18-02 19 16 91 143
14 143 146 152 78 77 68 10*91 14-20 12-95 108 156
16 117 113 133 92 95 91 10-26 14-61 14 11 91 126
17 146 146 179 122 128 119 17-09 23-68 22-20 103 148
18 184 201 259 109 99 101 14-74 17-33 17-63 110 152
19 211 228 341 99 106 102 11-25 17-55 16-87 90 135
20 150 156 172 102 101 101 13-40 16-38 15-73 100 130
21 77 86 121 95 93 97 10-75 17-28 17 86 84 144
22 146 156 236 104 111 111 16-13 24-33 24-33 109 158
23 172 186 213 111 115 111 14-89 21-90 21-30 102 150
24 135 133 190 95 100 91 10-44 17-28 16 12 90 144

Mean 143 151 195 98.5 101 98.5 12-96 18 32 17-96 100 144
SEM 10.3 11.3 17.7 3.5 3.8 3.8 0.68 0.94 0.96 3 3

P <0.0025 <0.0005 NS NS <0.0005 <0.0005 <0.0005

After alpha adrenergic blockade

13 93 118 146 82 91 91 10-73 16-73 16-73 93 143
14 124 126 133 79 69 66 10 96 13 57 13-19 108 156
16 120 120 135 95 95 95 11 90 15-62 15-12 96 126
17 137 143 175 106 111 111 14-60 21*46 20 58 100 147
18 177 178 201 92 96 96 14-39 19 80 19 80 109 150
23 168 182 217 93 90 90 13-80 16-72 16-72 115 152

Mean 137 145 168 91 92 92 12-73 17 31 17-02 104 146
SEM 12.8 11.8 14.5 4 5.5 5.6 0.71 1.20 1.13 3.5 4.3

P NS <0.01 NS NS <0.001 <0.001 <0.001

Abbreviations as in Table I and Table II.

sinus in each patient to minimize any differences in
flow resulting from differences in volume of tissue
perfused.

The second line of evidence suggesting resting
alpha adrenergic tone relates to the finding of a nar-
rower coronary arteriovenous oxygen difference in the
denervated patients. This finding, however, may only
reflect a reduced oxygen-carrying capacity in this
group, in that the denervated patients had a hemo-
globin level of 12.1±0.4 g vs. 13.5+0.4 g in the inner-
vated group, P < 0.05. If we accept the fact that coro-
nary blood flow is adjusted to maintain a certain level
of tissue oxygenation, and that coronary venous oxygen
saturation adequately reflects this level (assuming no
systematic alteration in the oxygen dissociation curve),
if follows that for similar myocardial oxygen demands
both groups should have similar coronary venous oxy-
gen saturations. This, in fact, was the case with the

denervated patients having a coronary sinus oxygen
saturation of 34.8±3.3% and the innervated group
a coronary sinus oxygen saturation of 32.3±1.33%.
This analysis, however, fails to account for potential
differences in capillarity between the groups (35).
Thus, if the denervated patients had more "open"
capillaries than the innervated group, one might pre-
dict a higher tissue oxygen level, despite similar coro-
nary venous oxygen saturations. Nevertheless, the
above considerations do not adequately explain the
differences in the coronary sinus flow responses to
alpha adrenergic blockade. That is, at a time when
there was a significant reduction in metabolic demand
resulting from the fall in arterial pressure, the inner-
vated patients had a 7.3% augmentation in coronary
sinus flow. This was in contrast to the denervated group
where a 6.6% reduction in coronary sinus flow was
noted. Reduced metabolic demand, per se, would be
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FIGURE 4 Comparison of the time-course of the change in
coronary sinus blood flow produced by rapid atrial pacing in
innervated patients (0), denervated patients (A), and inner-
vated patients after alpha blockade (E). See text for details.

expected to result in a decrease rather than an increase
in coronary sinus flow. Although phentolamine has
been shown to have positive inotropic effects (36),
this effect should be similar in both groups, as a recent
report has shown that myocardial catecholamine output
during physiologic maneuvers is relatively small when
compared with the total output measured (37).

Having demonstrated the presence of resting neuro-
genic tone on the coronary vasculature, we next sought
to examine its participation in situations of changing
metabolic demand. Wehypothesized that the response
of the coronary circulation is similar to the peripheral
vasodilation that occurs in response to fright, as in the
defense reaction. Thus, the sudden imposition of an
augmented myocardial metabolic requirement might
activate autonomic mechanisms which facilitate the
earliest changes in coronary hemodynamics. Meta-
bolic autoregulation would subsequently dominate
the response of the coronary vasculature as the in-
creased demand was maintained. Supporting this con-
cept is the finding that innervated patients are able
to achieve a greater increase in coronary sinus blood
flow in the early (5-s) period after the onset of rapid
pacing than are the denervated patients. When alpha
blockade is then produced in the innervated patients,

the early increase in coronary sinus flow is blunted,
and resembles the response to pacing in the dener-
vated group. 20 s after the onset of rapid pacing, the
increase in blood flow is similar in both groups, sug-
gesting the emergence of metabolic predominance in
the regulation of coronary resistance at this time.

We recognize that the measurement of coronary
sinus blood flow by thermodilution is subject to a num-
ber of methodological problems which must be con-
sidered when interpreting the results obtained with
rapid atrial pacing. These relate to the time constant
of the method as well as alterations in catheter position
within the sinus during pacing, which would produce
artifactual changes in coronary flow. The time constant
of the method depends upon the summation of time
constants of the temperature sensing and recording
system as well as the time constant of the mixing vol-
ume. It is recognized that the technique is capable
of measuring changes in flow if the cycle length of the
change is >3 s (24, 38). Thus, the detection of a change
in coronary sinus flow in 5 s is well within the capability
of the technique. Movement of the catheter to a more
proximal position within the sinus, as a result of pacing,
might falsely increase the measured coronary sinus
flow. However, the catheter motion produced by the
pacing alone should be similar in both patient groups
and thus mask and not accentuate the group differ-
ences. Moreover, fluoroscopic monitoring of the cath-
eter within the sinus at the onset of pacing failed to
demonstrate any change in catheter position. In addi-
tion, the tip of the catheter was positioned at least
3 cm from the coronary sinus ostium in all patients,
making right atrial admixture unlikely as a source of
error (39).

A further consideration in the interpretation of our
results relates to the "biological" differences in our
patient groups. An implicit assumption in our study is
that the innervated patients and the cardiac allograft
recipients differ only in the presence or absence of
cardiac nerves. The cardiac recipients have had at least
one episode of graft rejection and are maintained on
immunosuppressive agents, both of which could the-
oretically alter the responsiveness of the coronary
vasculature. Nevertheless, both groups had similar
changes in coronary hemodynamics in response to a
stable increase in metabolic demand produced by
pacing, suggesting to us that differences in the respon-
siveness of the coronary vasculature is an unlikely
explanation for our findings. Additionally, all studies
in the cardiac recipients were performed at a time of
clinical stability and in the absence of graft rejection,
as documented by a normal right ventricular endomyo-
cardial biopsy.

Thus, our findings show that the alpha adrenergic
system significantly contributes to resting coronary
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hemodynamics in man. In addition, withdrawal of
alpha adrenergic tone facilitates the earliest increases
in coronary sinus flow when an augmented metabolic
demand is produced. The mechanism responsible for
the immediate withdrawal of alpha adrenergic tone
at the onset of pacing-induced tachycardia is unknown.
However, based upon the mechanisms responsible
for other cardiovascular-adaptive responses, a reflex
mechanism would seem likely, with the receptors of
the afferent limb located in the left ventricle, aorta,
or carotid bifurcation.
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