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Myocardial ischaemia and ventricular arrhythmias
precipitated by physiological concentrations of
adrenaline in patients with coronary heart disease

Alastair J McCance, J Colin Forfar

Abstract
The clinical and haemodynamic effects of
adrenaline infusion (30 ng kg-' min-')
producing plasma adrenaline concentra-
tions in the range seen during acute
myocardial infarction and of placebo
were investigated in a crossover design
in 14 patients with stable coronary heart
disease. Adrenaline infusion resulted in
electrocardiographic evidence of
myocardial ischaemia (.1 mm (0 1 mV)
horizontal or downsloping ST segment
depression) in 10 patients and angina in
four, although the mean (SEM) increase
in heart rate was modest (14 (2) beats/
min) and mean coronary vascular resis-
tance fell from 1-56 (0-21) to 1-16
(0 14) mmHg minml-' (p < 0-005). New
or increasingly frequent or complex ven-
tricular arrhythmias occurred in five
patients. Placebo infusion had no effect
on the variables measured. Supine bicy-
cle exercise during infusion of the saline
placebo was associated with a similar
degree of ST segment depression (09
(0 2) mm) as adrenaline infusion at rest
(0 9 (0-1) mm) but exercise performed
during adrenaline infusion (10 patients)
resulted in more pronounced ST seg-
ment depression (1 9 (0 3) mm)
(p < 0'005) than either intervention
alone. Angina occurred in three of 11
patients during control exercise and in
six of 10 during the combination of
adrenaline infusion and exercise.
Such potentially adverse consequences

of low dose adrenaline infusion in
patients with stable coronary heart dis-
ease are consistent with the suggestion
that adrenal activation is detrimental
during acute myocardial infarction,
being both arrhythmogenic and pro-
ischaemic.
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Acute myocardial infarction is associated with
sympathoadrenal activation, and plasma
adrenaline concentrations can reach 100 times
the baseline upper limit of normal.' Karlsberg
et al found that a high peak adrenaline con-

centration was associated with increased sub-
sequent mortality,' but it is not clear whether
this adverse outcome is due to the high adren-
aline concentrations or whether high concen-

trations are a marker for large infarcts and

associated with a poor prognosis for that
reason. Nevertheless, the concept that adrenal
activation may have significantly adverse con-
sequences after acute myocardial infarction
has received little recent attention. The aim of
the present study was to investigate whether
brief low dose adrenaline infusions, designed
to simulate the increases in adrenaline concen-
tration seen during acute myocardial infarc-
tion, result in myocardial ischaemia or ven-
tricular arrhythmias in patients with stable
symptomatic coronary heart disease.

Patients and methods
PATIENTS
Fourteen male patients, whose clinical details
are shown in the table, were studied supine and
in the fasting state one hour after diagnostic
cardiac catheterisation. All had coronary heart
disease (> 50% diameter stenosis of at least one
major coronary artery), all had a history of
stable typical angina, and six had had a
previous myocardial infarction. Thirteen had
had a diagnostic treadmill exercise test (Bruce
protocol) at least one week before catheterisa-
tion. Chronic oral medication was stopped the
day before study and J adrenoceptor antagon-
ists were stopped at least 72 hours before. The
resting left ventricular ejection fraction was
determined from the right anterior oblique
cineangiogram.2 All subjects gave informed
consent to the study, which was approved by
the Central Oxford Research Ethics Commit-
tee.

METHODS
After left ventricular and coronary angiogra-
phy, performed by the standard femoral
approach, a Baim coronary sinus flow catheter
(Electro-catheter Corporation, New Jersey)
was inserted via the right subclavian vein.
Correct placement in the distal coronary sinus
was confirmed by injection of a small quantity
of contrast material. This permitted repeated
measurement of coronary sinus blood flow by
thermodilution, as we have previously des-
cribed.3

After insertion of the Baim catheter, patients
were transferred to the research laboratory.
Adrenaline (250 Mg) was diluted to 50 ml in
saline (154 mmol/l NaCl). Adrenaline
(30 ng kg-' min-') and matching saline
placebo were infused double blind and in
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Clinical data on 14 study patients with coronary heart disease

Age LVEF BP Diagnostic ETT (Bruce
Case (y) (%) (mm Hg) CAD Drugs stage/degree and site of ST)

1 55 47 135/87 LAD, Cx, RCA At, asp, nif, ISDN, ranit 2/none
2 40 55 157/92 Cx At, asp, ISDN 2/2-5 mm/lat
3 64 75 141/78 LAD, Cx, RCA At, asp, dilt, ISDN 2/2 mm/ant-lat
4 58 59 171/90 RCA At, dilt, ISDN 2/none
5 58 68 190/101 LAD, Cx At, asp, dilt, ISDN 2/1 mm/inf-lat
6 61 83 160/90 LM, LAD, Cx, At, asp, ISDN 4/1 mm/lat

RCA
7 46 58 108/63 RCA At, asp, cimetidine 3/1 mm/lat
8 58 79 149/93 LAD, Cx, RCA At, GTN -
9 59 74 137/77 Cx At, asp 3/1 mm/lat
10 67 62 164/94 RCA At, asp 2/0-5 mm/lat
11 55 61 137/82 LAD, Cx Tim, asp, nif, ISDN 2/1-5 mm/inf-lat
12 50 78 132/92 LAD, Cx, RCA Met, asp, bezafibrate 2/3 mm/lat
13 44 64 105/73 Cx At, asp 2/none
14 61 63 172/101 Cx, RCA Bisop, asp, ISDN 2/2-5 mm/lat
Mean (SEM) 55 (2) 66 (3) 147/87 (6/3)

Ant-lat, anterolateral; Asp, aspirin, at, atenolol; bisop, bisoprolol; BP, blood pressure; CAD, coronary artery disease; Cx,
circumflex coronary artery; dilt, diltiazem; ETT, exercise tolerance test; GTN, long acting glyceryl trinitrate; inf-lat, inferolateral;
ISDN, isosorbide dinitrate; LAD, left anterior descending coronary artery; 1at, lateral; LM, left main coronary artery; LVEF, left
ventricular ejection fraction; met, metoprolol; nif, nifedipine; ranit, ranitidine; RCA, right coronary artery; ST, ST segment
depression; tim, timolol.

random order into a peripheral vein, each for 30
minutes. Eleven patients performed supine
bicycle exercise using the left leg during the
final 10 minutes ofthe first infusion. During the
first minute of exercise the load on an elec-
trically braked bicycle (Elema-Schonander
AM 368, Sweden) was adjusted to a comfort-
able level and exercise was continued for 10
minutes. Exercise and the first infusion were

then stopped and the patients rested supine for
10 minutes before the second infusion was

started. Ten subjects repeated an identical
exercise protocol during the final 10 minutes of
the second infusion. Coronary sinus blood flow
was measured in duplicate and standard 12 lead
electrocardiograms were recorded at rest and
during exercise during each infusion. The
arterial blood pressure was measured every

three minutes during the protocol by an

automatic blood pressure recorder (Copal
Digital Sphygmomanometer, UA 251) and
three electrocardiographic leads were moni-
tored continuously and recorded on magnetic
tape. Adrenaline concentrations were

measured by high performance liquid
chromatography with electrochemical detec-
tion, as we have previously described.4

STATISTICAL ANALYSIS

The responses of the ST segment, blood pres-

sure, heart rate, and rate-pressure product to
exercise during saline and adrenaline infusion
were compared by two way analysis ofvariance.
Coronary vascular resistance and coronary
blood flow during saline and adrenaline
infusion were compared by a two tailed paired t
test. All results are expressed as mean (SEM).
Results were taken to be statistically significant
at the 5% level.

Results
Adrenaline infusion increased the heart rate (81
(2) v 67(3) beats/min, p < 0-001) and tended to

increase systolic blood pressure (146
(6) mm Hgv 141 (7), p < 0 15) and to decrease
diastolic blood pressure (79 (4) v 82

(3) mm Hg, p < 0 1). Adrenaline had no effect
on mean arterial pressure (100 (4) v 102

(4) mm Hg). Coronary sinus blood flow
increased during adrenaline infusion (109 (18)
v 90 (18) ml/min (p < 0-001) and there was a
corresponding fall in coronary vascular resis-
tance (1-16 (014) v 1-56 (0-21) mmHg min/
ml, p < 0-005) (fig 1). There was no significant
difference in any of the measured variables
between infusion 1 and infusion 2 and thus no
evidence ofan order effect ofthe adrenaline and
saline infusions. The mean exercise load
achieved by the 11 patients who exercised was
26 (3) W.
During adrenaline infusion arterial and ven-

ous adrenaline concentrations increased from
0 37 (0-05) nmol/l to 3 09 (0-24) nmol/l
(p < 0-001) and from 0-31 (0-04) nmol/l to
1-64 (0-19) nmol/l respectively (p < 0 001).
No patient had significant ST segment depres-
sion at rest or during saline infusion. Ten of the
14 patients developed clear electrocardiogra-
phic evidence of myocardial ischaemia
(.1 mm (0 1 mV) horizontal or downsloping
ST segment depression 80 ms after the J point)
during adrenaline infusion, which was symp-
tomatic in four, and one patient developed
asymptomatic ST segment depression of
< 1 mm. Supine bicycle exercise resulted in
electrocardiographic evidence of ischaemia in
seven of 11 patients during saline infusion and
ST segment depression of <1 mm in one
patient. Angina developed during exercise in
four patients. The degree of ST segment
depression was similar at rest during adrenaline
infusion and during the control exercise period
(0-9 (0-1) mm and 0-9 (02) mm respectively).
Exercise during the adrenaline infusion was
associated with > 1mm of ST segment depres-
sion in eight of 10 patients, and with angina in
seven of these. The degree of ST segment
depression (1-8 (0 3) mm) was significantly
greater than during the control exercise period
(p < 0 005) (fig 2). Figure 3 shows represen-
tative electrocardiograms from a patient (case
6).

Exercise produced a greater increase in heart
rate than adrenaline infusion (22 (3) beats/min
v 14 (2) beats/min, p < 0 01) and the increases
in heart rate were similar during the control
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Figure I Thermodilution
coronary sinus blood
flow, mean arterial
pressure, and calculated
coronary vascular
resistance during saline
and adrenaline infusion
(30 ng kg ' min-') in 14
patients with coronary
heart disease.

-O p<0 001

0-

E

-a -1 0-

-30

Control Adrenaline Control Adrenaline
e. exercise exercise

Figure 2 ST segment changes during adrenaline
infusion, supine bicycle exercise during placebo infusion,
and supine bicycle exercise during adrenaline infusion
(1 mm = 0-1 m V). There was significant ST segment
depression during both adrenaline infusion and control
exercise in most patients and the degree of ST segment
depression was greatest during the adrenaline exercise
period.

present during the saline infusion; one patient
developed frequent ventricular extrasystoles, a

brief period of ventricular bigeminy, and ven-

tricular couplets during both control and
adrenaline exercise periods; and one patient
developed sustained ventricular bigeminy dur-
ing adrenaline infusion, having had no arrhyth-
mia at rest or during the control exercise
period. No arrhythmia required specific treat-
ment.

Placebo Adrena

Discussion
In this study of patients with one, two, three,

p<0 005 and four vessel coronary heart disease, infusion
of adrenaline to produce physiological
increases in plasma adrenaline concentration
frequently resulted in myocardial ischaemia,
which was often asymptomatic. Ventricular

iline arrhythmias also frequently precipitated

Case 6

and adrenaline exercise periods (22 (3) beats/
min v 20 (3) beats/min). The rate-pressure
product (9493 (811)mm Hg. beats min-' at rest
during placebo) increased during adrenaline
infusion and during both exercise periods, but
was greater during the control exercise period
(13857 (1784) mm Hg. beats min-') than
during adrenaline infusion at rest (11924 (671)
mm Hg. beats min, p < 0-01) and was greatest
during adrenaline infusion and exercise (16801
(1100) mm Hg. beats min'-, p < 001 v exer-

cise placebo and rest adrenaline).
Ventricular arrhythmias occurred for the first

time, or, if already present, became more

frequent or more complex in five of 14 patients
during adrenaline infusion. Two patients
developed unifocal ventricular extrasystoles
during the adrenaline exercise period, when
none had been present at rest or during the
control exercise period. One patient, who did
not exercise, developed ventricular couplets
during adrenaline infusion, infrequent mul-
tifocal ventricular extrasystoles having been

Salin'Saiine ~~~~~~Exercise :Pre-adrenaline

Adre

:.....s.f..s.. c*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 0.;.

_W1'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~._;....
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Figure 3 Electrocardiograms (leads V3, V5, V6) from
a patient with coronary heart disease during infusion of
saline placebo at rest and while exercising, after recovery
from exercise (pre-adrenaline), and during adrenaline
infusion at rest and while exercising.
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or exacerbated. The concentrations of adren-
aline in this study, 1-64 (019) nmol/l and 3 09
(0 24) nmol/l in venous and arterial plasma
respectively, are well within the range reported
in patients with acute myocardial infarction.
McAlpine et al reported admission venous
adrenaline to be 3-54 (1-30) nmol/l in patients
with acute myocardial infarction and heart
failure,5 while in patients with cardiogenic
shock Benedict and Grahame-Smith reported a
mean (SE) adrenaline concentration of 6-17
(1-04) nmol/16 and Karlsberg et al reported
values as high as 37-7 nmol/l.1 The concentra-
tions of adrenaline produced in this study are
also reached during heavy physical exercise,
when mean venous adrenaline concentrations
of 2-0-3-5 nmol/l have been reported.78 In
normal healthy controls these concentrations of
adrenaline, whether the result of adrenaline
infusion or exercise, are well tolerated,910 but
this is not the case in patients with coronary
heart disease. The dose of adrenaline used in
this study is approximately 30 times less than
the dose used in anaphylactic shock or cardiac
arrest.
The potential adverse effects of adrenaline in

the setting of acute myocardial infarction are
well recognised: the positive inotropic and
chronotropic effects of ft adrenoceptor stimula-
tion may compromise oxygen balance in
critically underperfused myocardium, thus
increasing infarct size" and possibly the risk of
myocardial rupture, and may cause distant
myocardial ischaemia in patients with multi-
vessel coronary disease (further compromising
pump function and increasing the risk of arr-
hythmia): the direct arrhythmogenic effects and
potential cardiotoxicity of catecholamines are
well known.2 1' Also of potential importance in
view of the advent of thrombolytic therapy is
the suggestion that catecholamines may be
implicated in the genesis of reperfusion arr-
hythmias.14
We cannot be certain whether the deleterious

effects of adrenaline are catecholamine specific
or are due to the increase in heart rate, but it
seems unlikely that it is purely a heart rate
effect. Adrenaline infusion caused myocardial
ischaemia as severe as did supine bicycle exer-
cise, although the heart rate and rate-pressure
product were less during adrenaline infusion
than during supine bicycle exercise. Although
increased oxygen demand, of which the rate-
pressure product is an indicator,'5 16 was clearly
a factor in producing ischaemia during adren-
aline infusion, the lesser double product for a
similar degree of ischaemia compared with
dynamic exercise suggests that other mechan-
isms may also have been operating. One pos-
sibility is local coronary steal. It has been
suggested that a mediated coronary vasocon-
striction may help to maintain subendocardial
flow during exercise.t7 Humoral adrenaline, a

potent f2 as well as an oa agonist, is likely to have
been less active in this regard than neuronally
secreted noradrenaline, and although coronary
blood flow increased and total coronary vascular

resistance fell during adrenaline infusion it is
possible that coronary vasodilatation in normal
segments, especially those distal to an organic
stenosis, may have diverted flow away from the
ischaemic subendocardium.
We showed that in patients with stable,

symptomatic coronary heart disease infusion of
low dose adrenaline to mimic the increases in
adrenaline concentration seen during acute
myocardial infarction commonly caused
myocardial ischaemia and ventricular arrhyth-
mias. Although the situation in acute myocar-
dial infarction is manifestly not the same as in
chronic stable ischaemic heart disease it is
likely that adrenaline has similar and poten-
tially important deleterious effects in acute
infarction. The current study raises the pos-
sibility that adrenaline, in addition to having a
direct arrhythmogenic effect, may promote
ischaemia distant from the area of infarction
without causing substantial changes in heart
rate or blood pressure.
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