Silber et al.: Thallium-201 Myocardial Imaging in Hypertrophic Cardiomyopathy and Right Ventricular Overload

S.Silber, U. Klein, L. Goppel, H. Rinke, H. Petri, M. Weber, W. Rudolph

Klinik fiir Herz- und Kreislauferkrankungen (Direktor: Prof. Dr. W. Rudolph), Deutsches Herzzentrum Miinchen
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Hypertrophic Cardiomyopathy and with Right Ventricular Overload

Summary

Thallium-201 scintigrams were recorded, at rest, in 23 patients with hypertrophic cardiomyopathy, 51 patients with right
ventricular pressure or volume overload and in 18 healthy subjects. The thickness of the septum (S) and the left ventricular (LV)
and right ventricular free walls in the scintigram were assessed. In the 23 patients with hypertrophic cardiomyopathy the
scintigraphically measured thicknesses of the septum and the left ventricular free wall were significantly greater than the
echocardiographically measured enddiastolic wall thicknesses, but corresponded well with the sum of the echocardiographically
measured enddiastolic wall thickness and the amplitude of motion. The S/LV ratio was Z 1.3 in all patients with hypertrophic
cardiomyopathy in the echocardiogram, but only in 35% in the scintigram. This can be accounted for by the fact that the
scintigraphic method also encompasses wall motion and, thus, renders inaccuracies since in patients with hypertrophic
cardiomyopathy the septal motion is hypokinetic and the left ventricular free wall motion is unimpaired. The right ventricular
free wall was visualized slightly in only 16.5 % of the controls. In contrast, the right ventricular free wall was readily visualized,
and demonstrated a thickness of more than half of that of the left ventricular free wall, in each of the 51 patients with right
ventricular overload. No correlation was found between the scintigraphically measured thickness of the right ventricular free
wall and either the extent of pressure or volume overload or the extent of right ventricular strain pattern in the ECG.

The thallium-201 scintigram has not proved to be a sensitive indicator of the presence of hypertrophic cardiomyopathy. The
method is, however, particularly sensitive in the detection of right ventricular pressure or volume overload.

Zusammenfassung: Thallium-201-Szintigraphie bei Patienten mit hypertropher Kardiomyopathie
und mit Rechtsherzbelastung

Bei 23 Patienten mit hypertropher Kardiomyopathie, bei 51 Patienten mit einer rechtsventrikuldren Druck- bzw. Volumen-
belastung und bei 18 Patienten ohne organische Herzerkrankung wurden Thallium-201-Szintigramme unter Ruhebedingungen
angefertigt. Szintigraphisch wurde die Dicke des Septums (S) und der linksventrikuldren (LV) bzw. der rechtsventrikuliren
freien Wand bestimmt. Bei den 23 Patienten mit hypertropher Kardiomyopathie waren die szintigraphisch gemessenen Dicken
des Septums und der linksventrikuldren freien Wand statistisch signifikant hoher als die enddiastolischen echokardiographi-
schen Wanddicken, zeigten jedoch eine gute Ubereinstimmung mit der Summe aus enddiastolischer Wanddicke und Be-
wegungsamplitude. Der Quotient S/LV war echokardiographisch bei allen Patienten mit hypertropher Kardiomyopathie = 1,3,
szintigraphisch jedoch nur bei 35% der Patienten. Dies beruht darauf, daB das Septum bei den Patienten mit hypertropher
Kardiomyopathie eine Hypokinesie, die linksventrikulire freic Wand jedoch eine nicht eingeschrinkte Beweglichkeit zeigt und
somit der Fehler, der durch die szintigraphisch miterfaBte Wandbewegung entsteht, bei der linksventrikuldren freien Wand
groBer ist als beim Septum. Die rechtsventrikulare freie Wand stellte sich nur in 16,5 % der Normalpersonen angedeutet dar. Bei
allen 51 Patienten mit einer rechtsventrikuldren Druck- oder Volumenbelastung war die rechtsventrikulire freie Wand deutlich
sichtbar und dicker als die Hilfte der linksventrikuldren freien Wand. Eine Korrelation der szintigraphisch gemessenen
rechtsventrikuldren Wanddicken zum AusmaB der Druck- oder Volumenbelastung und dem AusmaB der Rechtsherzbela-
stungszeichen im Ekg bestand nicht.

Somit stellt die Thallium-201-Szintigraphie keine sensitive Methode zur Diagnostik der hypertrophen Kardiomyopathie dar, sie
besitzt aber zur Erkennung einer rechtsventrikulidren Druck- oder Volumenbelastung eine auBerordentlich hohe Sensitivitit.

Hypertrophic cardiomyopathy as well as right ventricu-
lar pressure overload can be diagnosed in the thallium-
201 scintigram [2, 12, 13]. Studies concerned with the
sensitivity of this method in the presence of hyper-
trophic cardiomyopathy and those concerned with cor-
relations between scintigraphically measured wall
thickness and right ventricular pressure are not avail-
able, as well as studies in patients with right ventricular
volume overload.

The purpose of this study was to determine the frequen-
cy with which hypertrophic cardiomyopathy and
whether a right ventricular volume overload can be
detected in the thallium-201 scintigram and to assess, if
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correlations exist between the scintigraphically meas-
ured thickness of the right ventricular free wall and the
extent of the pressure and volume overload as well as
with that of a right ventricular-strain pattern in the
ECG.

Material and Methods

A total of 92 patients were studied. In 23 patients, the
diagnosis of hypertrophic cardiomyopathy was
documented in the left ventricular angiogram, by simul-
taneous pressure recordings in the aorta and left ventri-
cle and in the echocardiogram. Cardiac catheterization
in 51 of the patients documented the presence of right
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ventricular pressure or volume overload. 16 patients
had right ventricular volume overload (14 with atrial
septal defect, two with isolated tricuspid insufficiency),
30 patients had right ventricular pressure overload
(twelve with mitral stenosis and pulmonary hyperten-
sion, five with pulmonic stenosis, four with cor pul-
monale, five with Eisenmenger syndrome, three with
tetralogy of Fallot, one with constrictive pericarditis
and marked pressure elevation in the pulmonary circu-
lation). Five patients had biventricular overload (four
with mitral insufficiency and one with hypertensive
heart disease, all of whom had pulmonary hyperten-
sion). 18 patients in whom organic heart disease could
be ruled out served as controls. Scintigrams were ob-
tained at rest with an Anger-camera (Radicamera, Nu-
clear-Data) in six projections (AP, 30°, 45° and 60°
LAO, left lateral and 30° RAO) with a low-energy-
high-resolution collimator at 69—80 keV and a 20%
window. 300.000 counts per image were collected ten
minutes after the injection of 1,5 to 2,0 mCi thallium-
201 (Duphar Co., Petten, the Netherlands). The data
were stored in a small dedicated computer system
(Medstor, Nuclear Data). A 10 X 1 cmlead marker was
used for calibration. The thickness of the right ventricu-
lar free wall, of the septum and of the left ventricular
free wall was calculated from the unprocessed images
obtained in the 45° LAO projection.

In patients with hypertrophic cardiomyopathy the end-
diastolic wall thickness of the septum and of the left
ventricular free wall as well as their amplitude of motion
were assessed echocardiographically. A ratio S/LV
= 1.3 was considered diagnostic for hypertrophic car-
diomyopathy [5, 9].

Results
Controls

The right ventricular free wall was visualized, slightly, in
only three of the 18 controls. In these patients, the
scintigraphically measured wall thickness was consis-
tently less than 1 cm. The mean scintigraphically meas-
ured thickness of the septum was 1.85 + 0.21 cm (range
1.5 to 2.2 cm) and the thickness of the left ventricular
free wall averaged 2.03 = 0.29 cm (range 1.5 to 2.7 cm).

Hypertrophic Cardiomyopathy

The scintigraphically measured septum thickness in pa-
tients with hypertrophic cardiomyopathy (figure 1) av-
eraged 3.32 = 0.61 cm (range 2.2 to 3.9 cm), the mean
thickness of the left ventricular free wall measured 2.79
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Figure 1. Thallium-201 scintigram (45° LAO projection) of a 33
year-old patient with hypertrophic cardiomyopathy. The diagnosis is
confirmed by the finding of an S/LV ratio greater than 1.3. (S = sep-
tum, LV-FW = left ventricular free wall.)

+ 0.52 cm (range 1.8 to 4.2 cm). As compared with
controls, this group demonstrated significantly (p
< 0.05) increased thickness of the septum and the left
ventricular free wall (figure 2). Compared with the
S/LV ratio of 0.92 £ 0.10 (range 0.77 to 1.0) found in
controls, a significant increased mean value of 1.25
+ 0.30 (range 0.88 to 1.96) was obtained from patients
with hypertrophic cardiomyopathy. In 35% of these
patients the S/LV ratio was = 1.3. The echocardio-
graphically measured enddiastolic septum thicknesses
in patients with hypertrophic cardiomyopathy were
2.64 + 0.51 cm (range 1.2 to 3.2 cm), the enddiastolic
thickness of the left ventricular free wall averaged 1.22
+ 0.2 cm (range 0.2 to 1.7 cm). The S/LV ratio ob-
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Figure 2. Scintigraphically determined wall thickness in 18 controls
and 23 patients with hypertrophic cardiomyopathy (HCM). The
thickness of the septum as well as the left ventricular free wall is
significantly (p < 0.05) greater.
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Figure 3. Comparison of the measurements of the thickness of the
septum and left ventricular free wall as obtained from the thallium-
201 scintigram and echocardiogram. The scintigraphically deter-
mined values for wall thicknesses in patients with hypertrophic car-
diomyopathy are greater than the corresponding values obtained
from the echocardiographically measured enddiastolic wall thickness,
but relate well with the sum of the echocardiographically measured
enddiastolic (ED) wall thickness and the amplitude of wall-motion
(WM).

tained echocardiographically was Z 1.3 (mean 1.99
+ 0.15) in all patients. The scintigraphically measured
wall thicknesses were significantly greater than the end-
diastolic echocardiographic measurements (figure 3).
Corresponding values can, however, be obtained if the
scintigraphically measured wall thicknesses are com-
pared with the sum of the echocardiographic enddias-
tolic wall thickness and the amplitude of motion. The
average scintigraphically measured septum thickness of
3.32 = 0.50 cm is in good agreement with the average
sum of the echocardiographically measured enddias-
tolic wall thickness and the amplitude of motion of 3.3
+ 0.50 cm (figure 3). The mean scintigraphically mea-
sured wall thickness of the left ventricular free wall of
2.79 £ 0.52 cm corresponded well with the sum of the
echocardiographically measured enddiastolic wall
thickness and the amplitude of motion which averaged
2.70 £ 0.45 cm.

Right Ventricular Overload

In each of the 51 patients with right ventricular over-
load, the right ventricular free wall could be readily
visualized (figures 4 and 5). In the 16 patients with right
ventricular volume overload and normal right ventricu-
lar pressure, the thickness measured 2.35 + 0.46 cm
(range 1.8 to 3.1 c¢m, figure 6). The thickness of the left
ventricular free wall averaged 2.66 £+ 0.46 cm (range
2.1 to 3.4 cm) and that of the septum was 2.33 + 0.34
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Figure 4. Thallium-201 scintigram (45° LAO projection) of a 36
year-old patient with atrial septal defect and 55 % left-right shunt and
normal pulmonary arterial pressure. (RV-FW = right ventricular free
wall, S = septum, LV-FW = left ventricular free wall.)

‘) ! i

Ry ' : :
et :%H oy oo
s i e

Figure 5. Thallium-201 scintigram (45° LAQO projection) of a 28
year-old patient with Eisenmenger syndrome and mean pulmonary
arterial pressure of 100 mm Hg, right-left shunt 20%. (RV-FW
= right ventricular free wall, S = septum, LV-FW = left ventricular
free wall.)

cm (range 1.9 to 2.5 cm). The ratio RV/LV was 0.89
+ 0.20.

30 patients with right ventricular pressure overload had
a mean right ventricular wall thickness of 2.09 = 0.40
cm (range 1.3 to 3.6 cm, figure 6), a left ventricular wall
thickness of 2.41 + 0.50 cm (range 1.4 to 3.2 cm) and
a mean septum thickness of 2.38 = 0.47 cm (range 1.4
to 3.2 cm). The RV/LV ratiowas 0.95 + 0.32. The right
ventricular free wall of patients with volume overload
was significantly (p < 0.05) thicker than that of patients
with right ventricular pressure overload (figure 6).
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Figure 6. Scintigraphically
measured wall thickness in
16 patients with right
ventricular volume overload
and 30 patients with right
ventricular pressure
overload. Since the scinti-
graphic method encompasses
the amplitude of wall motion
as well as the wall thick-
ness, measurements of the
right ventricular free wall

in patients with right
ventricular volume overload
were significantly (p < 0.05)
greater than those with

right ventricular pressure
overload.
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Five patients with right ventricular pressure overload
resulting from left ventricular dysfunction (biventricu-
lar overload) displayed values for right ventricular wall
thickness similar to those of patients with isolated right
ventricular pressure overload, namely, 1.90 = 0.70 cm.
No correlation was found between the right ventricular
pressure, flow in the pulmonary circulation and the
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Figure 7. No correlation was found between the measured thickness
of the right ventricular free wall and either the extent of the left-right
shunting in patients with atrial septal defect or mean puimonary
arterial pressure in patients with mitral stenosis and pulmonary
hypertension.

scintigraphically measured wall thickness in any of the
groups (figure 7). Similary, no correlation could be
established between the measured wall thickness and
the extent of the strain pattern in the ECG. This lack of
relationship is to be expected, since 17 of the 51 patients
(two of the 16 with right ventricular volume overload,
ten of the 30 with right ventricular pressure overload
and all five of those with biventricular overload) indeed
had no signs of right ventricular strain in the electrocar-
diogram.

Discussion

All 23 patients studied with hypertrophic car-
diomyopathy demonstrated significantly increased val-
ues for septum and left ventricular free wall thicknesses
and for S/LV ratio. The S/LV ratio, however,was= 1.3
only in 35% such that a diagnosis of hypertrophic car-
diomyopathy based on the thallium-201 scintigram
could be established only in eight of the 23 patients. In
contrast, Bulkley et al. [2] reported finding a S/LV ratio
= 1.3 in the thallium-201 scintigram in all ten of the
patients investigated. In this study, the S/LV ratio ob-
tained echocardiographically was = 1.3 in all patients.
Comparison of the scintigraphically and echocardio-
graphically measured wall thicknesses indicates that the
scintigraphic values do not represent the absolute wall
thickness but rather the sum of the enddiastolic wall
thickness and the amplitude of motion. In hypertrophic
cardiomyopathy, the echocardiographically and scinti-
graphically measured mean thickness of the septum
differed less than of the left ventricular free wall. This
finding can be explained on the basis of hypokinetic
septum motion (amplitude < 5 mm), while the motion
of the left ventricular free wall was unimpaired. Thus,
the error inherent to the scintigraphic method is due to
wall motion and is, therefore, more marked with regard
to left ventricular free wall than to the septum and
accounts for the finding that in 65% of the patients
studied, the S/LV ratio was lower than obtained from
the echocardiogram.

The right ventricular free wall could be visualized
slightly in the thallium-201 scintigram in 16.5% of the
controls. This is in good agreement with the incidence
found by Strauss et al. [14]. The fact that the right
ventricular free wall can either not be detected or only
slightly visualized in healthy subjects represents lesser
activity concentration [15] proportional to the moder-
ately decreased myocardial blood flow [3, 6, 10] and to
the relatively small muscle mass, as compared with the
left ventricle.

179



Silber et al.: Thallium-201 Myocardial Imaging in Hypertrophic Cardiomyopathy and Right Ventricular Overload

An increase in blood flow induced by a rapid resting
heart rate or stress testing [1] renders scintigraphic vis-
ualization of the right ventricular free wall in healthy
subjects.

In addition to an increased muscle mass with subse-
quent elevation of the registered impulse rate, an in-
creased myocardial blood flow may be the reason why
the right ventricular free wall was visualized in each
patient with atrial septal defect in spite of normal right
ventricular pressures and normal right ventricular mus-
cular thickness [4]. The finding that the right ventricular
free wall thickness appears greater in patients with right
ventricular volume overload than in those with right
ventricular pressure overload can, thus, most probably
be accounted for by the fact that the scintigraphic meas-
urements encompass the amplitude of motion as well as
the enddiastolic thickness. The scintigraphic visualiza-
tion of the right ventricular free wall in right ventricular
hypertrophy [8, 12, 13] can also be explained on the
basis of an increased muscle mass, and possibly of an
increase in myocardial blood flow [11]. The high sen-
sitivity of the thallium-201 scintigram is documented by
the fact that the right ventricular free wall was vis-
ualized in all patients with hemodynamically proven
right ventricular pressure or volume overload. In con-
trast, electrocardiographic criteria are much less sensi-
tive: A right ventricular strain pattern could be detected
only in 66.5% of the patient population and in none of
those with biventricular overload [7].

No correlation was found between the scintigraphically
measured right ventricular wali thickness and the extent
of the pressure or volume overload. This negative find-
ing is, as expected, due to the previously noted encom-
passment of wall motion in the thickness measure-
ments. Furthermore, the extent of hypertrophy does
not necessarily correlate with the momentary findings
obtained during hemodynamic measurements.
Whether a more exact scintigraphic determination of
wall thickness may be yielded by gating is questionable
since this method prerequisites a ten-fold increase in
registration time.

Thus, the thallium-201 scintigram is not a sensitive

method for determining exact wall thicknesses and pro-
vides little aid in establishing the diagnosis of hyper-
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trophic cardiomyopathy. This method is, however,
a useful aid in the recognition of right ventricular
pressure- or volume overload.
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