
Abstract. Simultaneous assessment of myocardial perfu-
sion and function by gated single-photon emission to-
mography (GS) after a single tracer injection provides
incremental information and is feasible with technetium-
99m sestamibi. The present study validated the use of
GS with thallium-201 for the assessment of left ventricu-
lar ejection fraction (LVEF) and regional wall motion by
comparison with two-dimensional (2D) echocardiogra-
phy (echo), which has not been done before. After injec-
tion of 111 MBq 201Tl at peak bicycle exercise (n=55) or
pharmacological stress (n=17), GS was acquired 15 (post
stress) and 120 min post injection (rest) on a double-
head camera. An automatic algorithm (QGS) was used
for processing. Echo (Acuson Sequoia C256) was per-
formed immediately after rest GS. LVEFs assessed by
GS and echo were correlated. The overall and segmental
sensitivity and specificity of GS for the detection of re-
gional wall motion abnormalities (WMAs) were calcu-
lated, echo serving as the gold standard. Perfusion ab-
normalities were scored. The success rate of the auto-
matic algorithm was 100%, and visually assessed image
quality was good to excellent in 88% of cases. Post-
stress and rest LVEF as assessed by GS were highly cor-
related (r=0.91). Good correlations were obtained be-
tween post-stress LVEF (GS) and rest LVEF (echo) and
between rest LVEF (GS) and rest LVEF (echo) (r=0.76
and 0.86 respectively). In patients with a reduced LVEF
of less than 50% (n=23), these correlations were even
better (r=0.84 and 0.89 respectively). Regional wall mo-
tion abnormalities (WMAs) were identified by GS with
high sensitivity and specificity (88%–100% and
82%–98% respectively) and were directly related to the
extent and severity of stress as well as of resting perfu-

sion defects. It is concluded that GS with 201Tl is a feasi-
ble and reliable tool for the evaluation of patients with
compromised left ventricular function in the context of
coronary artery disease, and thus improves diagnosis and
prognostic stratification. Regional WMAs were identi-
fied with high diagnostic accuracy and the method may
prove helpful for the detection of myocardial viability.
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Introduction

ECG-gated acquisition of myocardial perfusion single-
photon emission tomography (GS-SPET) studies with
technetium-99m sestamibi allows simultaneous assess-
ment of perfusion and left ventricular function after a
single tracer injection [1]. The advantage of this tech-
nique lies in the broad spectrum of information obtained,
i. e. perfusion at time of peak exercise and rest, and both
global and regional left ventricular function after stress
and at rest [1–3]. Moreover, the assessment of regional
wall motion and the thickening pattern allows viability
studies to be performed [4, 5]. Artefacts are easier to de-
tect by separate reading of the thickening pattern from
end-diastolic and end-systolic frames [2, 3, 6, 7]. Inclu-
sion of this information in the interpretation of perfusion
studies increases specificity, as previously reported [3].
GS with 99mTc-sestamibi was introduced several years
ago. It was initially based on manual [8] or semi-auto-
matic processing [9, 10], which resulted in high observer
variability [8]; however, a fully automated algorithm
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(QGS) was developed in 1995 [11]. GS with 99mTc-ses-
tamibi has been validated against a variety of techniques,
i.e. equilibrium blood pool studies [8] and contrast [9,
10] and first-pass [10, 11] ventriculography, as well as
two-dimensional (2D)echocardiography [2]. However,
despite its lower photon energy compared with 99mTc
[12], thallium-201 remains the most widely used radio-
tracer for cardiac perfusion studies in the United States
[13] and Europe, owing to its lower cost and the better
possibility of myocardial viability assessment [14, 15].
Moreover, a combined stress and rest study can be per-
formed after a single dose of 201Tl. The question of
whether GS can be performed equally well with this
tracer has not yet been answered. Thus the purpose of
the present study was to investigate the clinical feasibili-
ty of GS with 201Tl for left ventricular ejection fraction
(LVEF) and regional wall motion assessment by compar-
ison with 2D echocardiography, which has not been done
before.

Materials and methods

Study population. Seventy-nine patients (47 males and 32 fe-
males), aged 57±10.1 (30–78) years, referred for evaluation of
coronary artery disease (CAD), were studied. Twenty-five patients
(31.6%) had a history of prior myocardial infarction, and seven
(8.9%) underwent coronary artery bypass grafting. Mean body
surface was 1.82±0.15 m2 (1.43–2.38 m2), and the maximum heart
rate at stress (n=72) was 130.2±21.5 (77–179).

Stress testing. Seventy-two patients underwent a GS myocardial
perfusion study at stress and rest as part of nuclear cardiology rou-
tine. Beta-blocking agents and long-acting nitrates were with-
drawn 48 and 24 h prior to testing, respectively. 111 MBq (3 mCi)
201Tl was administered at peak bicycle exercise (n=55) or at maxi-
mal hyperaemia induced by dipyridamole (0.142 mg/kg per
minute) (n=17). Exercise was continued at the same level for an
additional 60 s. The endpoint was achievement of at least 85% of
the predicted heart rate. Seven patients underwent only rest GS
due to unstable angina. (2D) Echocardiography (echo) was per-
formed immediately after rest GS by an experienced cardiologist.
Informed consent was obtained from all patients.

Acquisition and processing of GS. Images were acquired on a du-
al-detector camera (ADAC, Vertex), equipped with a low-energy,
general-purpose collimator, employing step by step detector rota-
tion and 30 s of data collection per projection. A 20% window was
centered over the 68–80 and 167 keV 201Tl photopeaks. Attenua-
tion correction was performed with a gadolinium-153 point
source. Eight frames per cardiac cycle were utilized, and 100% of
beats accepted [11]. The gated projection data sets were filtered
with a two-dimensional Butterworth filter (order 10, critical fre-
quency 0.33). Commercially available, automated software was
employed (QGS) [11]. For perfusion assessment, the summed GS
projection data sets were used, iteratively reconstructed employing
Butterworth filtering (order 5, cut-off 0.5).

Acquisition of echocardiography. 2D echocardiographic analysis
of regional and global left ventricular function was performed
with a high-resolution ultrasound unit (Sequoia C256, Acuson

Inc., Mountain View, Calif., USA), equipped with a 3.5-MHz
transducer. Parasternal long and short axis as well as apical two-
and four-chamber views were analysed by an experienced echo-
cardiographer, blinded to scintigraphic data, and were used to as-
sess regional wall motion and thickening of left ventricular seg-
ments and to measure LVEF.

Interpretation of perfusion images. Perfusion was assessed semi-
quantitatively, based on apical, mid and basal short axis and verti-
cal long axis tomograms, divided into 20 segments [16]. A five-
point scoring system was employed (0 = normal tracer uptake, 1 =
equivocal, 2 = mildly reduced, 3 = severely reduced, 4 = absent).
Summed stress score (SSS) and summed rest score (SRS) were
calculated as the sums of scores of the 20 segments in the stress
and rest images, respectively. The sum of the differences between
each of the 20 segments on stress and rest images was defined as
summed difference score (SDS), representing ischaemia [16].

Image quality of GS. Images were assessed visually for contrast,
background activity and brightness. When gating artefacts were
present, studies were excluded. The automatic algorithm for myo-
cardial edge detection dealt with severe perfusion defects (Fig. 1)
by extracting count profiles from the non-threshold image and by
employing the three-dimensional myocardial surface gradients at
the border of perfusion defects. An asymmetric gaussian was fit-
ted to each profile and inner and outer standard deviations (SDs)
were measured. In the case of low perfusion along a profile, these
SDs were combined with those of each of its four spatially neigh-
bouring profiles [11]. Correct automatic border placement was
confirmed visually.

LVEF measurement by GS and echocardiography. End-diastolic
(EDV), end-systolic (ESV) volumes and LVEF were provided au-
tomatically by QGS [11]. (It should be mentioned here that while
the validation of volumes was not the aim of the current study,
validation of EDV and ESV versus 3D-echo is underway in this
institution.) Echocardiographic LVEF calculation was performed
according to Simpson’s rule [17].

Detection of regional wall motion abnormalities (WMAs) by GS
and echocardiography. Semi-quantitative assessment of regional
wall motion in GS was made by an experienced observer, dividing
the left ventricular myocardium into segments on the basis of api-
cal, mid and basal short axis slices and a midventricular vertical
long axis slice, as described elsewhere [18]. The segments were:
anterior, anterolateral, inferolateral, inferior, inferoseptal, antero-
septal (apical, mid and basal regions), antero-apical and infero-
apical. WMAs in GS and echo were scored using the same four-
point scale: 0 = normal wall motion, 1 = mild to moderate hypoki-
nesia, 2 = severe hypokinesia, 3 = akinesia or dyskinesia [13, 17].
Segmental sensitivity and specificity for detection of WMAs by
GS were calculated by comparison with the corresponding echo
segment. WMAs were allowed to differ by one point between
echo and GS (between scores 1 and 3). Echo served as the gold
standard and was based on the 16-segment model proposed by the
American Society of Echocardiography [17]. The same definition
was used for the anterior, inferior, antero-apical and infero-apical
segments in echo and GS. Owing to a slightly differing definition
between GS and echo for the remaining segments, they were cor-
related with each other: Anterolateral (GS) was regarded as equiv-
alent to apicolateral and mid/basal anterior (echo), and inferolater-
al (GS) as equivalent to midposterior, midlateral and basolateral
(echo). Inferoseptal (GS) was taken to correspond to basoseptal
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and midinferior (echo) (right coronary artery territory), and an-
teroseptal (GS) (left anterior descending artery territory) was con-
sidered equivalent to apico- and midseptal (echo). For calculation
of overall sensitivity and specificity of GS and evaluation of fre-
quency of WMAs, a GS study was considered normal if the sum
of the WMAs of all eight segments was ≤1 (a score of 1 was there-
fore allowed in one of the segments).

Definition of “stunned” myocardium. In this study the definition
of stunned myocardium was based on the presence of transient
WMAs post stress in patients with reversible perfusion defects
(SDS>4), which improved by ≥2 points at rest [4].

Statistical analysis. Values were expressed as mean ± SD. The un-
paired Student’s t-test was used to assess continuous LVEF vari-
ables, and the chi-square test for categorical variables. Linear re-
gression analysis was performed for correlation between GS and
echo. A probability value of 0.05 was considered statistically sig-
nificant.

Results

The automatic program was executed successfully on all
post-stress (n=72) and rest (n=79) studies, yielding a
success rate of 100%. No manual readjustment of myo-
cardial contours was required even when severe perfu-
sion defects were present (Fig. 1), defined by an SSS
>13 for the post-stress (n=11), and an SRS ≥4 for the rest
images (n=25). Forty patients (50.6%) had a normal per-
fusion scan, defined by an SSS <4 [16]. Visually deter-
mined image quality for post-stress studies (n=72) was
excellent in 21 cases (29.2%), good in 39 (54.2%) and
poor in 12 (16.6%), while for rest studies (n=79) it was
excellent in 19 (24%), good in 51 (64.5%) and poor in 9
(11.4%).
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Fig. 1. Upper and middle panels: Endo- and epicardial borders
drawn by QGS on apical, mid and basal short axis and vertical
long axis slices. Systolic inward movement of borders can be
viewed in cine mode. For visual analysis of regional WMAs, im-
ages can be displayed either with or without overlayed contours.
Upper panel: normal perfusion. Middle panel: perfusion defect in
inferior wall. Lower panel: 3D display of inward movement of the
left ventricle from end-diastole (left) to end-systole (right)

Table 1. Left ventricular ejection fraction and end-diastolic and
end-systolic volumes calculated by GS post stress and at rest, and
by echo

GS post stress GS rest Echo rest
(n=72) (n=79) (n=79)

LVEF (%) 57.6±14.5* 55.4±13.7** 54.15±13.2
(21–86) (18–86) (20–88)

EDV (ml) 89.4±41.6 93.5±46.8**

(29–268) (26–300)

ESV (ml) 44.5±33.9 48.9±37.8**

(5–198) (4–248)

Data are expressed as mean ± SD (range)
GS, Gated SPET; LVEF, left ventricular ejection fraction; EDV,
end-diastolic volume; ESV, end-systolic volume; Echo, 2D echo-
cardiography
*NS versus Echo rest
**NS versus GS post stress



Left ventricular ejection fraction

LVEFs calculated by GS post stress and at rest and the
corresponding data obtained by echo are summarized in
Table 1. In addition, end-diastolic and end-systolic vol-
umes (EDV and ESV, respectively) are presented.

Relationship between GS LVEF post stress and at rest
(Table 1, Fig. 2). Post-stress LVEF was slightly but not
significantly higher than rest LVEF (Table 1). This dif-
ference proved to be more marked in a subgroup of heal-
thy subjects with a normal perfusion scan (SSS <4) and
an LVEF >50% (n=34): GS LVEF values post stress and
at rest for this group were 70±7.5 and 66±7.9, respec-
tively (P=NS), the higher post-stress LVEF value being
due to the contractile behaviour of the left ventricle after
stress. Overall correlation between GS LVEF values
post-stress and at rest was close for all patients over a
wide range, as demonstrated in Fig. 2.

Relationship between GS LVEF and echo LVEF (Figs. 3,
4). The good correlation obtained between GS LVEF
post stress and echo LVEF at rest for all patients, and for
a subgroup of patients with reduced LVEF, is presented
in Fig. 3. As is further demonstrated by Fig. 4, GS LVEF
at rest correlated more closely with echo LVEF than did
GS LVEF post stress. The right panels of Figs. 3 and 4
show that the correlation between echo LVEF and GS
LVEF post stress and at rest was particularly close for
patients with reduced left ventricular function.

When correlation was evaluated according to the
stress protocol employed, post-stress GS LVEF after bi-
cycle exercise demonstrated a weaker correlation with
echo than did post-stress GS LVEF after pharmacologi-
cal stress (Table 2). It was further noted that the maximal
heart rate was significantly higher following exercise
(n=55) than after pharmacological stress (n=17)
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Fig. 2. Correlation between post-stress and rest LVEF measured
by GS (n=72)

Fig. 3. Correlation between post-stress LVEF assessed by GS and
rest LVEF assessed by echo. The left panel shows the correlation
for all patients (n=72). The right panel shows the correlation for
only those patients with an ejection fraction of <50% (n=24). GS,
Gated SPET; LVEF, left ventricular ejection fraction; echo, 
2D echocardiography

Fig. 4. Correlation between rest LVEF assessed by GS and rest
LVEF assessed by echo. The left panel shows the correlation for
all patients (n=79). The right panel shows the correlation for only
those patients with an ejection fraction of <50% (n=23). (Same ab-
breviations as in Fig. 3)

Table 2. Correlation between 201Tl GS LVEF and echo LVEF for
different patient subgroups

GS LVEF post stress GS LVEF rest

Bicycle exercise (n=55) r=0.68 r=0.85
Dipyridamole (n=17) r=0.89 r=0.86
Males (n=47) r=0.85 (n=41) r=0.93 (n=47)
Females (n=32) r=0.66 (n=31) r=0.68 (n=32)
No WMAsa – r=0.82
Severe WMAsb – r=0.87
SSS >13 (n=11) r=0.75 –
SRS ≥4 (n=25) – r=0.83

GS, Gated SPET; LVEF, left ventricular ejection fraction; SSS,
summed stress score; SRS, summed rest score
aScore 0 or 1 in 1 segment
bScore 2 or 3 in ≥1 segment



(134.7±16 and 99.3±10.3, respectively; P<0.001), which
may explain the weaker LVEF correlation after exercise.

Relationship between GS and echo LVEF in males ver-
sus females (Table 2). As further demonstrated, the cor-
relation between GS LVEF and echo LVEF was weaker
for women than for men.

Relationship between GS and echo LVEF in patients
with severe perfusion defects (Table 2). The correlation
between echo and GS LVEF was close in the case of se-
vere stress perfusion defects (SSS>13), measured from
stress images, as well as in the case of fixed perfusion
defects, calculated from rest images (SRS>4).

Relation between GS and echo LVEF in patients with or
without severe WMAs (Table 2). The correlation between
echo and GS LVEF at rest was good for both patient
groups, although it was particularly close in patients with
severe regional WMAs.

Regional wall motion abnormalities

WMAs were identified by GS with a high overall sensi-
tivity (28/29) and specificity (43/59) (96.5% and 84% re-
spectively). Segmental sensitivity and specificity are dis-
played in Table 3: Sensitivity was particularly high for
the apex and the anterolateral segment and lowest for the
inferolateral segment. Specificity exceeded 90% in all
but the inferoseptal segment. A case example of a patient
with antero-apical akinesia is presented in Fig. 5.

Relationship between WMAs at rest and the pattern of
perfusion defects. As shown by Fig. 6, the frequency of
WMAs at rest GS was significantly and directly related
to both the SSS, assessed from the stress perfusion im-
age, and the SRS, characterizing fixed defects and deter-
mined from the rest image; however, the frequency of
WMAs proved to be highest in regions with fixed perfu-
sion defects. No significant linear relationship was found
between frequency of WMAs at rest and reversible isch-
aemia, represented by the SDS: WMAs were observed in
37.7% (20/53) of patients with an SDS of <4, 54.5%
(6/11) with an SDS of 4–8 and 37.5% (3/8) with an SDS
of 9–13 (SDS<4 vs 9–13: NS).

Transient WMAs post stress for the detection of stunned
myocardium (Table 4). “Stunning” was evaluated in all
patients who underwent a stress followed by a rest 201Tl
GS perfusion study (n=72). By this approach, a certain
time course of perfusion and function after stress could
be observed, fitting the pattern of restored perfusion in
conjunction with a transient contractile dysfunction that
has been described for this special condition [23]: Nine
out of 19 (47.4%) patients with severe reversible perfu-
sion defects (SDS ≥4) showed severe hypokinesia (score
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Table 3. Sensitivity and specificity of 201Tl GS for the detection of
regional WMAs (n=79)

Segmentsa Sensitivity Specificity TP/TN/FP/FN
(%) (%)

Anterior 94.1 93.5 16/58/4/1
Anterolateral 100 97 13/64/2/0
Inferolateral 88.2 95.2 15/59/3/2
Inferior 95.6 94.6 22/53/3/1
Inferoseptal 91.6 81.8 22/45/10/2
Anteroseptal 95.2 91.3 20/53/5/1
Infero-apical 100 98.5 13/65/1/0
Antero-apical 100 94.1 11/64/4/0

WMAs, Wall motion abnormalities; GS, gated SPET, TP, true-pos-
itive; TN, true-negative; FP, false-positive; FN, false-negative
aApical, mid and basal region (except infero- and antero-apical)
GS segments were adjusted to corresponding segments in echocar-
diography (see Materials and methods). Echo was used as the gold
standard

Fig. 5. Case example: Patient with akinesia of the antero-apical
segment. No wall thickening is seen from diastole (upper left pan-
el) to systole (upper right panel) in echo. There is no significant
inward movement of the antero-apical segment from diastole (low-
er left panel) to end-systole (lower right panel) in 3D display of
201Tl GS



≥2) at post-stress GS (within the area of the perfusion
defect). In all nine patients (100%) WMAs improved by
≥2 points at rest, as shown in Table 4. In addition, global
post-stress LVEF was lower than the rest LVEF in this
group (Table 4).

Discussion

Validation of 201Tl GS

The success rate of QGS, primarily designed for 99mTc-
sestamibi GS [11], was 100% for post-stress and rest
201Tl GS perfusion studies after a single tracer injection
at the time of stress. The high accuracy for myocardial
edge detection was based on the algorithm’s features of
not using thresholding and of employing a 3D model of
the left ventricle [11]. Reliability of the algorithm in the
presence of perfusion abnormalities was further con-
firmed by the good correlation obtained between GS and
echo LVEF even when severe perfusion defects were
present, in either the post-stress (SSS ≥13) or rest (SRS
>4) images (Table 2). The visually assessed good quality
of the GS images may also have been due to the fact that
we used a longer acquisition time for 201Tl GS than is
commonly employed for 99mTc-sestamibi GS [11,19],
and seems comparable to that reported for 99mTc-sestam-
ibi GS [13,19]. We conclude that 201Tl is as well suited
as 99mTc-sestamibi for GS studies despite its lower pho-
ton energy.

Left ventricular function assessment

Few reports are available on 201Tl GS in the literature.
Those that have been published have compared LVEF
[19] or WMAs [13] assessed by rest 201Tl GS with the
results of post-stress 99mTc-sestamibi GS, i.e. no tech-
nique other than post-stress 99mTc-sestamibi GS has been
used for the validation of 201Tl GS. Thus the aim of this
study was to prove the value of 201Tl GS by means of
validation against echocardiography (echo), the most fre-
quently used diagnostic technique in cardiac routine for
the evaluation of ventricular function.

We obtained a good correlation between echo LVEF
and GS LVEF both post stress and at rest; however, clos-
er correlation was observed with GS LVEF at rest. This
observation can be attributed to the following causes:

First, echo was performed immediately after comple-
tion of the rest GS study, whereas there was an interval
of 2 h between post-stress GS and echo. As LVEF is eas-
ily influenced by changes in sympathovagal tone and au-
tonomic nervous system stimulation [20,21], it is of im-
portance that both methods for LVEF assessment be per-
formed within as short an interval as possible.

The second reason for the better correlation between
the rest GS LVEF and echo LVEF is that exactly the
same condition applied for both measurements, i.e. a
“real” rest state, whereas this was not completely true for
GS LVEF obtained post stress, especially after bicycle
exercise: The heart rate had not dropped to its baseline
level 15 min after exercise, and contractility and thus
LVEF still remained physiologically increased. This phe-
nomenon, however, is less likely to occur after pharma-
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Fig. 6. Relationship between perfusion abnormalities at stress
(SSS) and rest (SRS) and the frequency of WMAs on 201Tl rest
GS. Summed perfusion scores (SSS and SRS) are expressed on
the x-axis, and the percentage of patients with WMAs on the y-ax-
is. SSS, Summed stress score; SRS, summed rest score; WMAs,
wall motion abnormalities. SSS: <4 vs 4–8 and 4–8 vs 9–13 and
<4 vs >13: P<0.01. SRS: <4 vs 4–8 and 4–8 vs 9–13 and <4 vs
>13: P<0.01. SRS and SSS: 9–13 vs >13: P=NS

Table 4. Stunned myocardium: transient WMAs poststress in pa-
tients with severe reversible perfusion defects (9/19; SDS≥4)

Post stress Rest SDS

WMAsa,b LVEF (%) WMAsa LVEF (%)

3 34 1 44 14
3 21 0 25 12
2 38 0 50 5
2 48 0 49 7
3 61 1 71 4
3 32 0 30 5
3 49 0 59 16
2 27 0 38 13
2 28 0 31 8

Mean: Mean:
37.5±10.1 44.1±11.6*

SDS, Summed difference score; WMAs, wall motion abnormali-
ties; GS, gated SPET; LVEF, left ventricular ejection fraction
*P=0.3 vs post-stress LVEF
aLocalization of post-stress WMAs: inferior/inferolateral (n=6),
apical (n=2) and anterolateral (n=1)
bWMA score: 0 = normal; 1 = mild to moderate hypokinesia; 2 =
severe hypokinesia; 3 = akinesia



cological stress, owing to a smaller increase in heart rate
[22]; thus LVEF after pharmacological stress is more
similar to rest LVEF. This could also be demonstrated in
this study by the good correlation obtained between echo
and GS post-stress LVEF after dipyridamole, along with
the weaker correlation after exercise (Table 2).

Another bias may be produced by “stunning” in se-
verely ischaemic patients [23]; this has to be taken into
account when comparing post-stress with rest LVEF, as
the post-stress LVEF may be decreased and thus lower
than LVEF at rest.

Of note was the particularly close correlation between
LVEFs assessed by GS and echo in patients with reduced
global left ventricular function (Figs. 3 and 4, right pan-
els). Normal LVEFs (>50%), however, showed marked
scatter in our study, with a slight tendency towards over-
estimation. This may have been due to worse resolution
and a higher rate of scatter in 201Tl images as compared
with 99mTc-sestamibi images [11], which may lead to
“disappearance” of the ventricular cavity in end-systole,
especially in hyperkinetic or very small ventricles, as
mentioned previously [13,19]. Myocardial walls have
been reported to appear thicker and the cavity smaller
with 201Tl GS as compared with 99mTc-sestamibi GS
[19]. As the detection of compromised left ventricular
function has a greater clinical impact than whether a
“normal” LVEF produces a particular value of 60% or
80%, this inaccuracy may be neglected. Since females
tend to have smaller hearts in general, the aforemen-
tioned factors may also have contributed to the weaker
correlation between GS and echo LVEF for women in
this study. Similar results have been reported previously
[19]. It should be mentioned in this context that, owing
to geometric proportions, echo LVEF measurements may
be more difficult to perform in women.

Regional WMAs

High segmental agreement between WMAs detected by
201Tl and 99mTc-sestamibi GS has been reported previ-
ously [13]. To our knowledge, no study has attempted to
define the clinical value of assessment of WMAs with
201Tl GS by comparing this method with echo, which can
be regarded as the gold standard for regional wall motion
assessment in clinical routine [24,25]. Our results clearly
demonstrate that identification of regional WMAs by
201Tl GS is possible with high sensitivity (88%–100%)
and specificity (82%–98%).
Correlation of WMAs at rest with SSS and SRS. It is
demonstrated by Fig. 6 that particularly patients with
fixed perfusion defects after prior myocardial infarction,
characterized by a high SRS, presented with a high per-
centage of WMAs in these areas, i.e. every single patient
with an SRS of more than 9 in our study showed WMAs
in the underperfused regions. The slightly lower percent-
age of WMAs in patients with a high SSS, compared to

the percentage with a high SRS, can be explained by the
fact that some of the defects contributing to the initial
SSS on the stress images showed reversibility over the
course of time. Reversible perfusion defects, however,
do not generally produce WMAs, except for the special
condition of “stunning”.

Stunned myocardium: detection of a specific time pattern
of perfusion and function by 201Tl GS? “Stunning” has
been characterized as a reversible contractile dysfunction
despite restored blood flow [23], this dysfunction lead-
ing to transient WMAs after stress (with a duration rang-
ing from 30 min to 2 h) [23]. The mechanisms responsi-
ble for this phenomenon, however, are not entirely
known. Hypotheses are based on the assumption of dam-
age caused by free radicals during reperfusion, and the
loss of sensitivity of contractile filaments to Ca2+[23].
The possible contribution of GS with 99mTc-sestamibi in
the assessment of viability is controversial [4,26], and
the role of 201Tl GS is unknown, having been assessed in
only a single case report [27]. As we performed GS with
201Tl at two different times, i.e. post stress and at rest, in
the same patient, we had a unique opportunity to assess
myocardial “stunning”.

Transient WMAs after stress, which improved or re-
solved completely at rest, were detected in half of the pa-
tients (47%) with severe reversible ischaemia. We there-
fore concluded that 201Tl GS is able to contribute to the
detection of stunned myocardium by demonstrating a
characteristic time pattern of perfusion and regional
function post stress and at rest in a subgroup of patients
with severe reversible perfusion defects. We further
proved that “stunning” may impair not only regional, but
also global function after stress (Table 4). These obser-
vations are consistent with the theoretical concept estab-
lished for “stunning” [23], and confirm a recent, prelimi-
nary report on viability assessment with 99mTc-sestamibi
GS [4]. Thus, nuclear testing with 201Tl GS seems to be
an appropriate and very promising approach with which
to tackle the problem of viability.

WMA and LVEF assessment at post stress or at rest?

We conclude that both assessments at post stress and at
rest yield important but slightly different information. In
patients with prior myocardial infarction, WMAs in re-
gions with fixed perfusion defects, as well as LVEF,
should be determined in order to obtain information on
the remaining regional and global function, and therefore
on prognosis. This information, however, may be ex-
tracted from a single rest GS study. In addition, rest im-
ages facilitate differentiation between artefact and scar,
thus reducing the number of false-positives. For the de-
tection of stunned myocardium, however, a combined
post-stress and rest study is preferable, owing to the
characteristic pattern observed in this condition.
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Conclusion

GS with 201Tl is easy to perform and is a reliable tool for
the assessment of LVEF and regional WMAs. The diag-
nosis and prognostic stratification of patients with CAD
can be improved by the additional information obtained
on LVEF and regional WMAs during 201Tl myocardial
perfusion studies.

The assessment of WMAs by a combined post-stress
and rest GS study with 201Tl seems to be a suitable meth-
od for the detection of viable myocardium. However,
larger studies are required to support this hypothesis.
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