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Summary

To evaluate exercise-induced myocardial ischemia in patients with electrocardiographic evidence of
left ventricular hypertrophy (LVH), including ST-T changes, body surface maps (QRST area maps)
were recorded using 87 lead points before and after exercise. The patterns of the subtraction QRST area
maps (S-maps) were compared with the findings of stress thallium (T1I) scans in 31 patients with hyper-
trophic cardiomyopathy and in five with essential hypertension.

All 18 patients whose S-maps revealed changes less than —40 VS or only an increase over the
anterior chest region showed no positive findings on the stress T1 scans. However, there were clearly
positive findings on stress Tl scans in eight (89%,) of nine patients whose S-maps revealed changes
greater than —40 VS over a wide precordial region or in six (67%) of nine patients whose S-maps
revealed increases over the anterior chest region and had accompanying changes greater than —40 VS
somewhere over the precordial region. These results suggested that exercise QRST area maps could
differentiate exercise-induced myocardial ischemia from LVH with ST -T changes.
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Purpose

The clinical usefulness of exercise QRST
area maps in evaluating exercise-induced my-
ocardial ischemia in patients with ECG evi-
dence of left ventricular hypertrophy (LVH)
with ST-T changes was evaluated. Using 87
lead points, body surface maps were recorded
before and after exercise. The procedures used
for recording and constructing maps were those
of the method of Yamada, et al. Subtraction
area QRST maps (S-maps) were obtained by
subtracting pre-exercise map data from those
of post-exercise maps. S-map patterns were
compared and evaluated with findings obtained
from stress thallium scans (SPECT).

Subjects and Methods

The study subjects consisted of 31 patients
with hypertrophic cardiomyopathy (HCM)
diagnosed by echocardiography and cardiac
catheterization, and five patients with essential
hypertension (EH) with ECG findings of
LVH and ST-T changes (Table 1). Exercise
tests were performed on a bicycle ergometer in
the supine position (Fig. 1). Exercise endpoints
included ; development of severe dyspnea, pal-
pitation or angina; decreased blood pressure ;
ST-segment depression or elevation exceeding
2.0mm; and complicating severe ventricular
ectopy. Body surface maps were recorded
directly before and three min following exercise,

Table 1. Subjects

Cases Male Female Age
HNCM 18 14 4 56.7+9.7
HOCM 6 2 63.0+£7.6
APH 7 5 2 57.7+6.0
EH 1 53.6+8.1
Total 36 27 9 57.5+8.7

HNCM =hypertrophic nonobstructive cardiomyo-
pathy ; HOCM =hypertrophic obstructive cardiomyo-
pathy ; APH=apical hypertrophy ; EH=essential hy-
pertension.

and S-maps were then prepared. SPECT was
performed within one to two weeks after re-
cording the exercise maps by injecting 4 mCi
201tha]lium (2!TI) at the exercise end-points,
then exercise was continued for one min. After
terminating the exercise, multiple view my-
ocardial scintigrams were obtained with a ZLC-
7500 single head 7 camera (Siemens) 10 min,
and again, four hours after the injection of 20!'T1.
At each interval, SPECT imaging was per-
formed in the short-axis, long-axis and four-
chamber views. We judged the stress thallium
scan as positive only when clearly reversible
defects were observed. S-map patterns were
evaluated by comparing them with SPECT
findings.

201-T¢ Initial Delayed
4mCi iv. image image
Submax.
Exercise
40watt £
2Bwatt [ — T 4hr
3min | 3min I | 2min Ilmin
t
End point

Fig. 1. Method of exercise tests with a bicycle ergometer.
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Results

S-maps patterns were classified in four types
(Fig. 6). A typical example of an exercise 12-
lead ECG and a QRST area map of a patient
with hypertrophic nonobstructive cardiomyo-
pathy (HNCM), classified as Type 1, is shown
in Fig.2. Following exercise, the 12-lead ECG
showed ST depression in leads II, aVF, and V;
to Vg, and the S-map showed negative changes
greater than —40 VS in the precordial leads.
Examples of SPECT scintigrams of this patients
are shown in Fig. 3. Clearly reversible defects
in the anterior and posterior myocardial wall
regions were observed.

Fig. 4 shows examples of the exercise 12-lead
ECG and the QRST area map of a patient
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with apical hypertrophic cardiomyopathy
(APH), classified as Type 2. The 12-lead ECG
at rest showed giant negative T waves in the
precordial leads. Voltages of these negative T
waves decreased following exercise. The S-map
for this patient showed an increase in the posi-
tive area in the precordial leads. No significant
findings were observed in the stress thallium
scan, as shown in Fig. 5. These four S-map pat-
terns are summarized in Fig.6.

In one of the eight Type 2 patients (cases with
S-maps showing an increase only in the area
of precordial leads) and in all 10 Type 4
patients (cases with the S-maps showing small
changes less than —40.VS), no significant
positive results were obtained from SPECT.
Positive results were obtained from SPECT

QRST AREA MAP
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Fig. 2. Exercise 12-lead ECG and QRST area maps of a patient with HNCM classified as

Type 1.
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WARSHOUT

Fig. 3. Stress thallium scan (SPECT) of the patients in Fig. 2.

in eight (89%) of the nine Type 1 patients an increase in the positive area from the pre-
(cases with S-maps showing large negative cordial leads plus simultaneous negative changes
changes greater than —40 VS from the pre- greater than —40,VS from the remaining
cordial leads) and in six (67%) of the nine leads).

Type 3 patients (cases with S-maps showing
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Fig. 4. Exercise 12-lead ECG and QRST area maps of patients with APH classified as Type 4.

Discussion

Many patients, especially those with HCM,
whose ECGs demonstrate LVH with ST-T
abnormalities, show exercise-induced ST-T
changes>® and frequently it is very difficult
to evaluate the true exercise-induced myocar-
dial ischemia in these patients. Recently some
investigators have reported that the exercise
thallium-201 myocardial scans of patients with
HCM revealed a significant persistent defect or
reversible defect despite the absence of clear
stenosis of the major coronary arteries®%,
Mechanisms advocated as responsible for this
are multiple ; for example, ischemia caused by
so-called ‘“small vessels disease ’®, systolic
narrowing of the intramural coronary arteries

due to markedly thickened myocardium, coro-
nary spasm and an increase in left ventricular
end-diastolic pressure. An excessive oxygen
demand by the hypertrophied heart exceeding
the capacity of the coronary circulation may be
responsible 2¥. Thus, patients with HCM may
have some associated coronary perfusion ab-
normalities.

As Abildskov?® reported, QRST isointegral
area maps allow the evaluation of abnormalities
of ventricular recovery properties independent
of ventricular activation sequence abnormalities.
QRST area maps are also very useful for eval-
uating exercise-induced ischemic changes com-
bined with ventricular activation abnormali-
ties such as left ventricular hypertrophy. In
the present study, clearly reversible perfusion
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Fig. 5. Stress thallium scan (SPECT) of the patients in Fig 4.

defects were recognized in 13 of 31 patients
with HCM (42%) using SPECT, and in these
patients S-maps showed fairly characteristic
negative changes exceeding —404VS on the
precordial surface. The specific mechanisms
responsible for ischemic changes in patients
with LVH, especially those with HCM, were
not clearly identified during the present
study. However, it was suggested that exercise
QRST area maps may be useful for identifying
exercise-induced myocardial ischemia in pa-
tients having electrocardiographic evidence of

LVH with ST-T changes.

Conclusion

In patients with HCM having electrocardio-
graphic evidence of LVH with ST-T changes,
exercise QRST area maps can assist in iden-
tifying exercise-induced myocardial ischemia.
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HNCM 5 (4) HNCM 3 (0) HNCM 6 (5) HNCM 4 (0) (20# VS)
HOCM 1 (1) HOCM 2 (0) HOCM 1 (1) HOCM 2 (0)

APH 2(2) APH 2 (0) APH 0 (0) APH 3(0)

EH 1(1) EH 1 (0) EH 2(0) EH 1(0)

Fig. 6. Typical patterns of S-maps in exercise QRST area maps and the numbers of patients
of each Type who had positive stress thallium scans (SPECT).

The figures in parentheses show the numbers of patients who had positive stress thallium scans
(SPECT). Shaded area shows the area of negative value and white area shows the area of positive
value. S-map means the subtraction map obtained by subtracting data of pre-exercise maps from those

of post-exercise maps.
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