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Increased response of diastolic blood pressure to
exercise in patients with coronary artery disease:
an index of latent ventricular dysfunction?
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Abstract
Objective-To determine whether an
abnormal response of diastolic blood
pressure during treadmill exercise stress
testing correlated with the number of
obstructed vessels and with left ventricu-
lar systolic function in patients with
coronary artery disease.
Design-Diastolic blood pressure was
measured invasively during exercise
stress testing and coronary angiograms
and left ventriculograms were obtained
at rest in patients with coronary artery
disease. The abnormal (> 15 mm Hg)
diastolic blood pressure response was
compared with the number of obstructed
coronary arteries and with left ventricu-
lar systolic function.
Setting- Two tertiary referral centres.
Patients-50 consecutive patients (mean
age 57 years) with coronary artery dis-
ease.
Main outcome measures-The increase
in diastolic blood pressure during exer-
cise and its correlation with the appear-
ance and disappearance of ST segment
deviation, resting left ventricular systolic
function, and the number of obstructed
coronary arteries.
Results-Group 1: 10 (20%) patients
(three with one, four with two, and three
with three vessel coronary artery dis-
ease) (mean (SD) age 54.7(12) years) had
an abnormal diastolic blood pressure
response that appeared 1-2 (0.3) min
before ST segment deviation and became
normal 0 9 (0.3) min after the ST seg-
ment returned to normal. Group 2: 40
(80%) patients (12 with one, 16 with two,
and 12 with three vessel coronary arter-
ies disease) (aged 56-8 (8.2) years) had a
normal diastolic blood pressure response
to stress testing. The ejection fraction
(46.3 (5)%) and cardiac index (2-6 (0.1)
l/min/m7) in group 1 were less than in
group 2 (61-6 (4-2)% and 3*8 (0.3)
IIminIm2 respectively, p < 0.001). The
end systolic volume was greater in group
1 than in group 2: 38-7 (0.7) ml/m2 v 28-2
(2.1) ml/m2, p < 0-001.
Conclusion-In patients with coronary
artery disease an abnormal increase in
diastolic blood pressure during exercise
stress testing correlated weli with left
ventricular systolic function at rest but

not with the number of obstructed coro-
nary arteries. The abnormal response of
diastolic blood pressure probably reflects
deterioration ofmyocardial function.

(Br Heart
_
1993;69:507-51 1)

The behaviour of arterial blood pressure dur-
ing exercise stress testing has been much
investigated. Systolic blood pressure has been
extensively studied and has been shown to
correlate with both myocardial oxygen con-
sumption' and the number of obstructed
coronary vessels,2 as well as with myocardial
ischaemia itself.3 4 Though diastolic blood
pressure has been studied in healthy individu-
als, in whom there is a small decrease caused
by peripheral vasodilation,5 there is little
information on patients with coronary artery
disease.

Published reports suggest that in patients
with coronary artery disease the abnormal
increase in diastolic pressure during exercise
stress testing correlates with the number of
stenotic coronary arteries.67 But a more
recent study postulates that this abnormal
increase is due to myocardial dysfunction
manifested during stress testing.8
We have investigated changes in diastolic

blood pressure during exercise stress testing
in patients with coronary artery disease by the
most reliable method (intra-arterial measure-
ment) and we have attempted to correlate
these changes with both the number of
obstructed coronary arteries and left ventricu-
lar systolic function at rest.

Patients and methods
We studied 50 consecutive patients (38 men
and 12 women, mean (SD) age 57 (9) years)
with coronary artery disease from the daily
list of the stress testing laboratory. In 34
patients myocardial infarction had been diag-
nosed 3-6 months before (20 anterior septal,
nine inferior and five non-Q) and the remain-
ing 16 had been admitted to hospital eight
months before with electrocardiographic-
ally and clinically confirmed myocardial
ischaemia. The patients were in New York
Heart Association (NYHA) class I-II (used as
either functional or angina classification). All
underwent stress testing with recording of a

507

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.69.6.507 on 1 June 1993. D
ow

nloaded from
 

http://heart.bmj.com/


Paraskevaidis, Kremastinos, Kassimatis, Karavolias, Kordosis, Kyriakides, Toutouzas

12 lead electrocardiogram followed by coro-
nary angiography.

Inclusion criteria were an intact atrioven-
tricular and intraventricular conduction sys-
tem shown by electrocardiography; left
ventricular wall thickness within normal lim-
its shown by echocardiography; absence of
unstable angina, acute or myocardial infarc-
tion in the previous three months, and arterial
hypertension; and no difference in arterial
blood pressure (measured by sphygmo-
manometer) between left and right arm of
more than 10 mm Hg.

STRESS TESTING
Medication (except aspirin) was stopped at
least four days before the examination. No
patient was taking digoxin. A 12 lead electro-
cardiogram was recorded before the stress
test with the patient supine and then seated
and after 30 s of hyperventilation. A treadmill
stress test was performed by the Bruce proto-
col. The electrocardiogram was recorded and
arterial blood pressure, measured by sphyg-
momanometer, was estimated (for the same
arm) by two cardiologists of equal experience
and expertise each minute throughout the test
and at 1, 2, 3, 5, and 10 minutes during the
recovery period. The end point of the test was
the achievement of maximum predicted heart
rate (220 -age), ST depression > lmm 0-08
s after the J point in five successive com-
plexes, chest pain, or a reduction in systolic
blood pressure.

INTRA-ARTERIAL MEASUREMENT OF BLOOD
PRESSURE
In all patients intra-arterial blood pressure
was measured by cannulation of the radial
artery. If the sphygmomanometric blood
pressure was different in the two arms the
cannulation was done in the arm with the
higher value. Allen's test was used to check
collateral circulation before the radial artery
was cannulated.9 After local anaesthesia (lig-
nocaine) a fluid-filled cathether was placed in
the radial artery. The arterial line was con-
nected to a strain gauge by pressure monitor-
ing tubing. The output of the strain gauge
was displayed on an Electronics for Medicine
VR 12 recorder through a Statham P23ID
transducer. The paper speed was 25 mm/s.
Systolic and diastolic arterial pressure were

then measured directly after calibration of the
tracing. The electrocardiogram (leads I and
II) was recorded simultaneously. Diastolic
and systolic blood pressure were measured as
a mean value over five consecutive cycles.
Each time the gradient of the treadmill was
changed the transducer was repositioned, if
necessary, to be at the same level as the heart.
The diastolic blood pressure response was
regarded as abnormal when there was an
increase or decrease of 15 mm Hg.5

VENTRICULOGRAPHY AND ANGIOGRAPHY
All patients underwent right and left heart
catheterisation by Seldinger's method. Left
ventriculography was performed in the left
anterior oblique and right anterior oblique
projections to determine end systolic volume,
end diastolic volume, and ejection fraction.
Cardiac output was measured by Fick's
method and the cardiac index was calculated.
Stenosis of more than 75% of the diameter of
the vessel was regarded as significant.

STATISTICAL ANALYSIS
We used the Statistical Package of Social
Science (SPSS). The unpaired t test was used
to test the significance of differences between
group mean values. Linear regression analysis
was used to find relations between continu-
ous variables. All data are expressed as mean
(1SD). A p value less than 0-05 was regarded
as statistically significant.

Results
The patients were divided into two groups
according to their intra-arterial diastolic
blood pressure response. Table 1 shows the
haemodynamic and other findings for the two
groups.
Group 1 consisted of 10 (20%) patients

who had an abnormal increase in diastolic
pressure (. 15 mm Hg) during the stress test
(figure). Nine of these had symptomatic (2.8
(0 5) mm) and one had asymptomatic (2.2
mm) ST segment depression. The increase in
diastolic pressure preceded the ST depression
by 1 2 (0.2) min and it became normal again
0 9 (0 3) min after the ST segment returned
to normal. Three patients had one, four had
two, and three had three vessel coronary
artery disease.

Table I Characteristics of the patients on exercise stress testing and haemodynamic data at rest (mean lSD)
Group 1 Group 2
(n = I0) (n = 40) p value

Age (yr) 54-7 (12) 56-8 (8 2) NS
SBPmax (mm Hg) 182-3 (7 7) 176-8 (13-5) NS
ASBP (mm Hg) 48 (7) 39-5 (13-2) NS
DBPmax (mm Hg) 89-8 (6-8) 73-6 (6 6) <0 001
ADBP (mm Hg) 18-5 (2 7) 0-2 (5 4) <0 001
DP (SBP x HR x 10-2) 270 (30 7) 264-1 (32 9) NS
HR (beats/min) 148-4 (15-5) 149 (11) NS
ST depression (mm) 2-6 (0-4) 1-8 (0 9) <0 001
EF (%) 46-3 (5) 61-6 (4-2) <0 001
ESV (ml/m2) 38-7 (0 7) 28-2 (2-1) <0 001
EDV (ml/m2) 79 (0-8) 79-5 (1-9) NS
CI (I/min/m2) 2-6 (01) 3-8 (0-3) <0 001

Group 1 had an abnormal diastolic blood pressure response.
Group 2 had a normal diastolic blood pressure response.
SBP, systolic blood pressure; DBP, diastolic blood pressure; EF, ejection fraction; DP, double product; ESV, end systolic
volume; EDV, end diastolic volume; CI, cardiac index.
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Increases in diastolic blood pressure (measured intra-arterially) during treadmill stress testing. SBP, systolic blood pressure;
DBP, diastolic blood pressure.

Group 2 consisted of 40 patients (80%)
who had no abnormal increase in diastolic
blood pressure. Nine had symptomatic ST
segment depression (2-1 (0-8 mm)), 18 had
asymptomatic ST segment depression (1 6
(0 5 mm)), and 13 had a normal stress test.
Twelve patients had one, 16 had two, and 12
had three vessel coronary artery disease.

Table 2 shows the mean values of blood
pressure at rest and during exercise, mea-
sured by sphygmomanometer and intra-arte-
rially. Though there was a good correlation
between the spygmomanometric readings of
diastolic pressure and intra-arterial pressure
at rest, there was no statistically significant
correlation between the sphygmomanometric
readings of diastolic pressure during exercise
made by the two observers, or between the

Table 2 Measurement of arterial blood pressure (mm Hg) intra-arterialy and by
sphygmomanometer at rest and during treadmill exercise stress. Results are given for groups
separately and combined (mean (SD))

Sphygmomanometer
Intra-

Observer 1 Observer 2 arterially

Rest:
Total Sys 127-6(6-0) 126-8(6-0) 136-6(7-0)

Dias 76-2(5 0) 83-4(9-7) 73 0(5-8)
Group 1 Sys 125-2(4-0) 124-5(2-9) 134-3(6-7)

Dias 73-5(5-5) 83 2(7-8) 71-3(6-8)
Group 2 Sys 127-8(6-3) 127-4(6-6) 137-3(7-0)

Dias 76-9(4-6) 83-4(10-3) 73-4(5-5)
Exercise:

Total Sys 175-0(11-6) 175-8(12-0) 178-0(12-7)
Dias 76-5(5 4) 81-9(10-1) 76 8(9 3)

Group 1 Sys 180-7(6-0) 180-1(6-9) 182-3(7-7)
Dias 73 6(6-2) 83-0(10-6) 89 8(6-8)

Group 2 Sys 174-4(12-4) 174-8(12-8) 176-8(13-5)
Dias 77-3(5 0) 81-6(10-2) 73-6(6 6)

Diastolic blood pressure correlations.
Rest
Total (n = 50) Obl-Ob2, r 0-52, p < 0-001; Obl-IA, r 0-84, p < 0-001; Ob2-IA r = 0-63,
p < 0-001.
Exercise
Total (n = 50) Obl-Ob2, p = NS; Obl-IA, p = NS; Ob2-IA, p = NS.
Group 1 (n = 10) Obl-Ob2, p = NS; Obl-IA, p = NS; Ob2-IA, p = NS.
Group 2 (n = 40) Obl-Ob2, p = NS; Obl-IA, p = NS; Ob2-IA, p = NS.
Sys, systolic blood pressure; Dias, diastolic blood pressure.

sphygmomanometric and intra-arterial dias-
tolic pressure readings, either for group 1 and
2 separately or the two groups combined.
When all patients of both groups were reclas-
sified on the basis of the median exercise
diastolic blood pressure (75 mm Hg) there
was no correlation in either the lower (26
patients) or higher (24 patients) value groups,
either between observers (r-0 03, NS; r
0-09, NS, respectively) or between sphygmo-
manometer and intra-arterial values (r 0 03,
-0 07, NS and r-01, 0-3, NS, respec-
tively.)

Only three of the haemodynamic variables
were significantly different between the two
groups: the ejection fraction and cardiac
index were lower in group 1 than in group 2
whereas the end systolic volume was higher
(table 1). Also group 1 showed greater ST
segment depression than group 2 (table 1).
There were no significant differences between
the groups for the number of obstructed
coronary arteries.

Discussion
Systolic blood pressure has been shown
to correlate well with myocardial isch-
aemial a decrease of > 10 mm Hg'0
reflects severe (two or three vessel) coronary
artery disease.'2 Reports on the behaviour of
diastolic pressure during *stress testing are
contradictory, however, with some groups67
maintaining that an abnormal increase (3> 15
mm Hg) correlates with the number of
stenotic arteries while others8 claim that it
correlates with left ventricular systolic func-
tion.

METHODS QF MEASUREMENT
In earlier studies diastolic blood pressure was
measured by sphygmomanometer, a method
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with several inherent objective problems. Also
it is not easy to detect the 4th or 5th
Korotkoff sounds in someone who is moving
vigorously. In our study we measured blood
pressure both by sphygmomanometry and
intra-arterially. The conflicting values for
diastolic blood pressure measured by two
independent investigators with equal practice
and expertise and the lack of accord between
the sphygmomanometric and intra-arterial
measurements clearly show that diastolic
blood pressure measurements-are difficult
to obtain by sphygmomanometry during an
exercise test and bear no direct relation to
pressure in the artery. Statistical analysis
(median exercise diastolic blood pressure)
also showed that the observers became no
more consistent as diastolic blood pressure
rose.

DIASTOLIC PRESSURE CHANGES DURING STRESS
TESTING
When we used the most accurate way of
determining diastolic blood pressure-that is,
intra-arterial measurementsll 12-we found
that 20% of our patients showed an abnormal
increase during stress testing. This is a higher
proportion than reported by others67 (proba-
bly because of the different methods used).
Also, in contrast to these earlier studies, we
found that the increase in diastolic pressure in
patients with coronary artery disease corre-
lated, not with the number of obstructed
coronary vessels but with the degree of left
ventricular dysfunction. This discrepancy
is not unexpected because myocardial
ischaemia is not proportionate to the athero-
sclerotic damage to the coronary arteries,'3
but mainly to the pathophysiology of the
coronary arteries,'4 15 the coronary reserve,
and the pressure drop across the stenosis."3 16
Furthermore, not only does coronary angiog-
raphy not give information about the patho-
physiology of the vessels, it does not even
accurately reflect the degree of stenosis
itself'7 18 or its development.'3
Our findings also differ from those of ear-

lier studies67 in that we found that patients
with coronary artery disease with an abnor-
mal increase in diastolic blood pressure dur-
ing exercise had a significantly lower ejection
fraction and cardiac index and a higher end
systolic volume than patients with normal
diastolic pressure. The values of these vari-
ables, bordering on the pathological at rest,
probably change for the worse during an
exercise test,'9 leading to a further increase in
peripheral vascular resistance,20 pulmonary
artery pressure,20 and left ventricular end
diastolic pressure.2' The result of these
haemodynamic changes seems to be an
increase in diastolic pressure.

Recent studies8 support these findings by
showing that when patients with an abnormal
increase in diastolic pressure during exercise
have an improved ejection fraction after coro-
nary artery bypass subsequent stress tests pro-
duce no abnormal fluctuations in diastolic
pressure. Whereas if the bypass does not
improve ejection fraction the increase in dias-

tolic pressure continues to occur.
Our study also showed, as did another,8

that the increase in diastolic pressure in
patients with coronary artery disease during
stress testing precedes the electrocardio-
graphic changes. We do not think that this
finding is paradoxical because it reinforces
the connection between diastolic pressure
and left ventricular function, because haemo-
dynamic changes are known to precede elec-
trocardiographic findings. We also found that
the restoration of diastolic pressure followed
the restoration of the electrocardiographic
changes. This shows that the course followed
by the pathophysiological mechanism in the
recovery of the myocardium from ischaemia
seems to be the reverse of the sequence of its
appearance. Recent studies confirm this find-
ing. They showed that after the exercise elec-
trocardiogram returned to normal both the
abnormal mobility22 and the pathological
metabolism23 of the myocardium persisted for
a long time.
We found that patients with coronary

artery disease and myocardial dysfunction at
rest had an abnormal increase in diastolic
blood pressure during exercise stress testing.
This probably reflects the haemodynamic
changes occurring during the test. Though
we did not study the actual haemodynamic
changes during stress testing, we believe that
the determination of diastolic pressure could
provide significant information about resting
myocardial dysfunction in patients with coro-
nary artery disease.

Clinical applications
Though the intra-arterial measurement of
pressure is, unfortunately, not entirely free of
complications,2425 none was found in any of
our patients. This is explained by the short
duration of the arterial cannulation (14-24
min) and on the basis of this result we recom-
mend the wider use of this technique. The
lack of any significant correlation between the
sphygmomanometric readings of diastolic
pressure during exercise made by the two
observers, or between the sphygmomanomet-
ric and intra-arterial pressure readings, shows
that the intra-arterial measurement of dias-
tolic pressure can be relied upon to give a
true result. While the changes in the ST seg-
ment during exercise are the reference stan-
dard for the diagnosis of myocardial
ischaemia, the fact that the abnormal increase
in diastolic pressure preceded the electrocar-
diographic changes, while its return to normal
followed the restoration of the normal elec-
trocardiogram, is probably a reflection of the
haemodynamic condition of the myocardium.
To what extent the haemodynamic changes
in the myocardium, expressed apparently
through an increase in diastolic pressure, are
due to a hibernating or stunned myocardium
remains to be elucidated.

We thank Miss Theano Zachariadou for her secretarial
support.
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