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Plasma cortisol, urinary I7-hydroxycorticoids,
and urinary vanilyl mandelic acid after acute
myocardial infarction

M. P. Chopra,' U. Thadani,2 Clive P. Aber, R. W. Portal, and J. Parkes
From the Department of Cardiology, Kingston General Hospital, Hull;
and Hull Royal Infirmary

Serial estimations ofplasma cortisol were made on 24 patients with acute myocardial infarction.
Raised levels were found in 23 patients. The maximal level was observed within 12 hours of
infarction in 78 per cent and between I2 and 24 hours in 22 per cent ofpatients. A positive corre-
lation was found between the maximal cortisol level and the maximal levels of serum aspartate
aminotransferase and a-hydroxybutyrate dehydrogenase.

There was no significant difference between the maximal level in iS5 patients with an uncompli-
cated course and 5 patients who developed primary ventricular fibrillation. The maximal level
was significantly higher in 4 patients who died with pump failure.

There was no clear relation between a changing plasma cortisol level and the occurrence of ven-
tricular arrhythmias.

The duration of the cortisol rise varied from ii hours to 7 days, and was unrelated to the
clinical course or to the maximal cortisol or serum enzyme levels.
No correlation was found between the maximal plasma cortisol level and the initial 24-hour

urinary 17-hydroxycorticoids or vanilyl mandelic acid excretion.

Pain, tissue necrosis, and acute circulatory
disturbances may provoke adrenocortical and
medullary responses. After acute myocardial
infarction raised plasma cortisol (Oka, I956;
Klein and Palmer, I963; Logan and Murdoch,
I966; Bailey, Abernethy, and Beaven, I967;
Jacobs and Nabarro, I969) and high plasma
catecholamine levels (Gazes, Richardson, and
Woods, I959; McDonald et al., I969) have
been observed. Furthermore, Jewitt et al.
(I969) found an increased urinary catechol-
amine excretion, which not only appeared to
reflect the extent of the myocardial necrosis
but was also related to the presence of pul-
monary oedema and cardiogenic shock. In
their study, the highest urinary catechol-
amines were recorded in those patients who
died. High plasma catecholamine levels have
also been associated with an increased inci-
dence of dangerous ventricular arrhythmias
after acute myocardial infarction (Gazes et al.,
1959; McDonald et al., i969).
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In the present study we have attempted to
relate adrenocortical and medullary activity
to the clinical course of acute myocardial
infarction and especially to the occurrence of
major arrhythmias.

Patients and methods
Twenty-four patients (22 men and 2 women) with
acute myocardial infarction were studied. The
age range was 40 to 72 years. All were admitted
to a coronary care unit (Aber, Portal, and Chopra,
I969) within I2 hours of infarction. The diagnosis
was based on a characteristic clinical history and
conventional electrocardiographic criteria (World
Health Organization, I959). All patients had
significantly raised serum aspartate aminotrans-
ferase (SGOT) and a-hydroxybutyrate dehydro-
genase (SHBD) levels.

Anticoagulant therapy was given to I6 patients
(continuous intravenous heparin 40,000 units
daily for 48 hours and warfarin orally). Patients
over 65 and those with hypertension, dyspepsia,
or haemorrhagic diseases were excluded.
The electrocardiogram of each patient was

monitored continuously while in the unit.
Arrhythmias were recorded directly by a Mini-
writer Mk. II from a master oscilloscope (Cardiac
Recorders). Major arrhythmias were defined as
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TABLE Clinical and biochemical data

Clinical Case Age Sex Site of Maximum Maximum Maximum 24-hour urine (rst day) Pattern of adrenal cortical
groups No. (yr) infarction SGOT SHBD plasma response

(units/ml) (units/ml) cortisol 17-OHCS VMA
(pLg/Ioo ml) (mg/ioo ml) (mg/Ioo ml)

M54 M Anterior 465 2250 80 64-4 4.3 Prolonged cortisol response
2 50 M Anterior 530 690 37 412 6-8 Prolonged cortisol response
3 60 M High I94 770 37 22.4 6.3 Double cortisol peak

lateral
4 4I M Posterior 209 I100 55 22-I 5'3 Prolonged cortisol response
5 53 M Posterior I00 630 45 21-6 3.6 Prolonged cortisol response
6 6I M High 46 330 I4 4-7 2-8 Normal plasma cortisol levels

lateral
Group I 7 50 M Posterior 2I5 I130 44 9-7 4-4 Double cortisol peak

8 49 M Posterior 3I0 1020 3I 20-3 5-3 Prolonged cortisol response
9 64 M Anterior 220 I350 40 26-I 4.6 Double cortisol peak
10 54 M Posterior I74 I270 39 7.7 2 I Prolonged cortisol response
II 53 M Posterior 230 I000 41 I9-I 8-2 Single peak
12 55 M Anterior 255 I650 33 i6-i 5.I Prolonged cortisol response
13 58 M Posterior 290 I470 38 23-5 6-i Prolonged cortisol response
I4 72 M Anterior I65 I830 45 13-1 5-5 Prolonged cortisol response
I5 5I M Anterior 350 2000 59 22-2 8-9 Prolonged cortisol response

C i6 40 M Anterior 355 1350 60 I9-4 6-o Single peak
I7 5I M Posterior 295 I430 48 21-9 2-2 Single peak

Group 2 i8 49 M Posterior 142 430 60 I6-7 5-4 Double cortisol peak
I9 57 M Posterior 159 930 3I 30°9 5.6 Prolonged cortisol response
20 58 M Posterior 240 II00 58 24.3 6-2 Prolonged cortisol response

r21 70 F Anterior - ii6 Single peak
22 55 F Anterior I330 7I20 I49 Single peak

Group 3 23 65 M Anterior - - 71 Single peak
24 65 M Posterior 350 3300 I15 28.3 I0-0 See Fig. 3

ventricular tachycardia or fibrillation and com-
plete heart block (with or without Adams-Stokes
syncope).
The 24 patients have been divided into three

clinical groups (Table).

Group I: Uncomplicated (IS patients) These
patients did not develop major arrhythmias, hypo-
tension, circulatory shock, or pulmonary oedema.
Two patients showed transient atrial fibrillation
on the 2nd and 3rd day after infarction, and 2
others developed frequent unifocal ventricular
ectopic activity.

Group 2: Ventricular fibrillation (5 patients) All
of these patients experienced cardiac arrest due to
primary ventricular fibrillation, but after success-
ful resuscitation 4 had an uncomplicated course.
The remaining patient developed frequent uni-
focal ventricular ectopic activity immediately
after successful resuscitation.

Group 3: Death (4 patients) Two of these pa-
tients were in circulatory shock and one was in
pulmonary oedema on admission. The other
patient developed pulmonary oedema and com-
plete heart block with Adams-Stokes syncope
after further myocardial infarction on the 14th
day. All 4 patients died in ventricular asystole.

Plasma cortisol estimation Plasma cortisol
was measured by a modified method of Mattingly
(I962). A series of blood samples was collected

through a 24-inch polythene catheter (Bardic
Deseret Intracath No. 1914 R) introduced into an
antecubital vein, so avoiding multiple venepunc-
tures. All specimens were stored at 4°C and were
estimated within 48 hours of collection. Samples
were withdrawn as follows: (a) immediately after
admission (within 6 hours of infarction in 17
patients and between 6 and 12 hours in the re-
maining 7), then half-hourly for the subsequent
3 hours (5 specimens) and 4-hourly for the re-
mainder of the 24 hours (5 specimens); (b) at
6.o a.m. on the 3rd, 7th, and i4th day after
infarction; and (c) in the event of a major arrhyth-
mia or obvious clinical deterioration during the
course of the study (e.g. a fall of systolic blood
pressure below go mmHg; the development of
pulmonary oedema) further half-hourly samples
were taken over a 2-hour period.

Urinary vanilyl mandelic acid and 17-
hydroxycorticoids estimation Urinary vani-
lyl mandelic acid (VMA) (Pisano, Crout, and
Abraham, i962) and I7-hydroxycorticoid (I7-
OHCS) (Few, I961) were measured on 24-hour
urine collections on the ist and i4th days after
infarction.

Control group Six male patients aged between
23 and 58 years, without apparent cardiovascular
disease and awaiting minor surgical procedures,
were used as a control group. Eleven serial plasma
cortisol estimations were made on each patient
over a 24-hour period, using the same sampling
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technique and time schedule as for the patients
with infarcts. Twenty-four hour urine collec-
tions were also made for the measurements of
vanilyl mandelic acid (VMA) and I7-hydroxy-
corticoids (17-OHCS) content. Estimations were
not made on the i4th day.

Other measurements a) The heart rate
(measured from the electrocardiogram) and the
systemic blood pressure were recorded at the time
of each blood sampling for plasma cortisol
determinations.
b) Estimations of SGOT and SHBD were made
on the first 3 days after admission. The SGOT
was measured by a modification of the method of
Babson et al. (I962) (upper limit of normal 44
Reitman-Frankel units) and SHBD by the spec-
trophotometric method of Elliott and Wilkinson
(I96I) (normal range I14 to 300 Wroblewski
units).
c) Arterial blood gas and pH measurements were
made on 12 patients within 12 hours of infarction.
Blood samples were taken from the brachial
artery and analysed immediately by an Instru-
mentation Laboratory pH Blood Gas Analyser
(Model II3-SI).

Results
Plasma cortisol The maximal levels of
plasma cortisol in the control group and in
the three groups of patients with myocardial
infarction are shown in Fig. i. With one ex-
ception, all patients with myocardial infarc-
tion had raised plasma cortisol levels. Eighteen
(78%) of these 23 patients showed maximal
values within 12 hours, whereas in 5 (22%)
this was observed I2 to 24 hours after infarc-
tion. The maximal plasma cortisol levels (mean
+ SD) in Group I (4I-8 Lg± I4-8[Lg) and

F I G. I Maximal plasma cortisol levels
after acute myocardial infarction - Control
group, Group i (uncomplicated), Group 2
(ventricular fibrillation), and Group 3 (death).
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Group 2 (5I *4pg±1ii8,tg) were significantly
higher than in the control group (I7-2 jug ± 5.4
ug) - P <0o02. The mean level in Group 2 was
not significantly different from that in Group
I (P >07). There was a highly significant
difference between the maximal plasma corti-
sol levels in Group 3 (II2.7Pg±32/Lg) and
Groups i and 2 (P < O-OOOI).
A significant linear correlation (P<o-oi)

was noted between the maximal plasma corti-
sol levels and the maximal serum enzyme
levels.

In Group 2 the maximal plasma cortisol
levels were observed immediately after suc-
cessful resuscitation from primary ventricular
fibrillation in 4 patients. A raised plasma cor-
tisol level (40 t±g/io ml) was also observed
after resuscitation in the fifth patient, though
the maximal level (60 ,ug/Ioo ml) occurred 14
hours later as a second peak (Fig. 2) in associ-
ation with unifocal ventricular ectopic activity.
Two other patients showed frequent unifocal
ectopic activity coincidental with their maxi-
mal plasma cortisol levels.
The highest plasma cortisol levels were ob-

served in patients in Group 3 in association
with severe metabolic acidosis, but no con-
stant relation was noted between the maximal
plasma cortisol levels and the arterial oxygen
tension.

Patterns of adrenal response The ex-
pected circadian rhythm was observed in the
6 control patients. After myocardial infarction
this rhythm disappeared and on analysis of
the postinfarction plasma cortisol values,
several facts emerged.

FIG. 2 A double peak plasma cortisol curve
after acute myocardial infarction in a patient
who experienced recurrent primary ventricular
fibrillation and subsequent ventricular ectopic
activity (Case I8 in the Table).
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i) The cortisol levels returned to normal
values in all the patients who survived. In 3
(i in Group i and 2 in Group 2) normal values
were found within I2 hours. In I2 (io in
Group i and 2 in Group 2) the rise was pro-
longed from 2I hours to 7 days (Curve A,
Fig. 3). The duration of the plasma cortisol
increase was unrelated to the maximal cortisol
level, the maximal level of serum enzymes, the
presence of initial sinus bradycardia (heart
rate less than 6o a minute), or the occurrence
of frequent ventricular ectopic activity.
ii) Four patients showed a double peak corti-
sol curve within 24 hours of infarction (3 in
Group i and i in Group 2). The first peak
was observed 2 to 9 hours after infarction.
The second peak was seen between 8 and 24
hours after infarction (Curve B, Fig. 3). In i
patient the second peak developed at the time
ofunifocal ventricular ectopic activity (Fig. 2).
In 3 it was unrelated to any obvious clinical
event.
iii) One patient experienced a second myo-
cardial infarction with acute pulmonary
oedema on the 14th day and showed a further
substantial rise of the plasma cortisol levels
(Curve C, Fig. 3).
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FIG. 3 Plasma cortisol curves after acute
myocardial infarction showing (A) a pro-
longed rise in Case I, (B) a double peak
response in Case 7, and (C) a further rise after
second infarction on the 14th day in Case 24.

Neither the maximal plasma cortisol level
nor the duration of cortisol increase appeared
to relate to the use of heparin.

Urinary 17-OHCS (2I patients) The 24-
hour urinary 17-OHCS excretion on the first
day after myocardial infarction was within the
control range (14.3 mg ± 3) in 3 patients (2 in
Group i and i in Group 2) and low in 3
patients (Group i). Increased excretion
occurred in IS patients (7I%) (io in Group i,
4 in Group 2 and i in Group 3); 9 of these
showed a prolonged cortisol rise and 2 a
double peak. There was no correlation be-
tween the 24-hour urinary I7-OHCS excre-
tion and the maximal plasma cortisol level.
The urinary I7-OHCS had returned to the
control range or below within I4 days of
infarction in all patients except one (Fig. 4).

Urinary VMIA (2I patients) The 24-hour
urinary excretion of VMA on the first day
after myocardial infarction was within the
control range (5 6 mg ± i) or below in I7 pa-
tients (8i%) - I2 in Group i and 5 in Group
2. Four patients (3 in Group i) and i in
Group 3) showed high VMA excretion. Two
of them had persistent sinus tachycardia and
one was in pulmonary oedema. There was an
overall significant fall ofVMA levels (P < 0-02)

FIG. 4 24-hour urinary excretion of 17-
hydroxycorticoids on the Ist and 14th days
after acute myocardial infarction in 21 patients.
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by the fourteenth day. No relation was found
between the maximal plasma cortisol level and
the urinary VMA excretion.

Discussion
The results of the present investigation con-
firm previous reports that the plasma cortisol
level is almost invariably raised after myo-
cardial infarction (Oka, I956; Klein and Pal-
mer, I963; Logan and Murdoch, I966; Bailey
et al., I967) and that the diurnal variation of
plasma cortisol secretion is lost under these
circumstances (Logan and Murdoch, I966).
Similar adrenocortical responses have been
found in association with acute infections,
acute psychological stress, and metabolic dis-
turbances (Perkoff et al., 1954; Klein et al.,
1955; Murray, I967; Jacobs and Nabarro,
I969; Levi, I969).
The maximal plasma cortisol level was

usually found within I2 hours and almost
always occurred within the first 24 hours of
infarction. A clear distinction emerged be-
tween the maximal levels in patients with an
uncomplicated clinical course and those who
subsequently died with pump failure pre-
ceded by pulmonary oedema, severe anoxia,
and metabolic acidosis. This finding and the
observed positive correlation between the
maximal cortisol levels and the maximal en-
zyme levels suggest that the magnitude of the
adrenal response reflects the extent of myo-
cardial damage. It is, therefore, not surprising
that patients with primary ventricular fibrilla-
tion, in whom pump failure had not been
evident up to the time of their arrest, showed
similar maximal plasma cortisol levels to those
with an uncomplicated course. In contrast to
the findings of Klein and Palmer (I963), how-
ever, the current results show that patients
who develop plasma cortisol levels over 40
i.g/Ioo ml do not necessarily have a bad

prognosis.
The significance of the double peak in the

cortisol curve, as seen in 4 patients, is un-
certain. Though the second peak coincided
with the development of ventricular ectopic
activity in i patient and ventricular ectopics
were also observed when the plasma cortisol
level was maximal in 2 other patients, the
present study provides no certain evidence of
any causal relation between the cortisol level
and the occurrence of ventricular arrhythmia.
Although raised plasma cortisol levels may

persist for up to 7 days, the duration of the
adrenocortical response did not appear to
correlate with any particular pattern of clinical
events, but was usually paralleled by an in-
crease in the first 24-hour urinary 17-OHCS

excretion. Whereas a low I7-OHCS urinary
excretion level after acute infarction may
indicate adrenal exhaustion (Ceremuzynski et
al., I970), this seems unlikely since the 3
patients with low initial values and the 9
patients with subnormal excretions on the
fourteenth day all survived without receiving
corticosteroid therapy and none had a low
plasma cortisol level. Furthermore, i patient
showed a second substantial rapid rise of
plasma cortisol (Fig. 3) after sustaining a fur-
ther myocardial infarction on the fourteenth
day. Even so, a beneficial effect from massive
doses of corticosteroids has been claimed in
cardiogenic shock (Alexander and Azzam,
I969). This, however, has been ascribed to
induced vasodilatation and does not imply
pre-existing adrenal exhaustion (Lillehei et
al., I964).
The failure to find any obvious relation be-

tween the urinary VMA excretion and either
the plasma cortisol response or the clinical
progress of the patients in this study, is per-
haps only to be expected since this measure-
ment is now known to be only a crude index
of adrenomedullary activity (Ceremuzynski et
al., 1970).
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