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Abstract

Background Recent studies have shown good correla-

tions between echocardiography and Tl-201 gated single-

photon emission computed tomography (SPECT) for the

assessment of left ventricular volumes and ejection frac-

tion. We assessed how left ventricular geometry affected

correlations between these values measured by the 2

methods in patients with known or suspected coronary

artery disease.

Methods and results There were 109 patients with normal

left ventricular geometry, 20 patients with concentric

remodeling, 32 patients with eccentric hypertrophy and 28

patients with concentric hypertrophy. In all 4 groups, there

were good correlations between end-diastolic volume

(EDV) and end-systolic volume (ESV) values measured by

echocardiography and quantitative gated SPECT (QGS).

EDV and ESV values measured by QGS were significantly

underestimated than those measured by echocardiography

except for ESV in eccentric hypertrophy. In all 4 groups,

ejection fraction (EF) value measured by echocardiography

significantly correlated with that measured by QGS, but

Bland–Altman plot showed a proportional error. EF value

measured by QGS was likely to be overestimated when EF

value increased from the median value, and to be

underestimated when EF value decreased from the median

value especially in concentric remodeling.

Conclusions Tl-201 gated SPECT is a useful tool for the

assessment of left ventricular volumes and function, but it

requires methodological considerations according to left

ventricular geometry.

Keywords Ventricular function � Ventricular

volume � Ejection fraction

Introduction

Echocardiography or gated single-photon emission

computed tomography (SPECT) have been widely used

for assessing left ventricular volumes and ejection

fraction [1–3]. Compared with technetium-99m (Tc-

99m)-labeled agents, thallium-201 (Tl-201) is consid-

ered to possess poor image quality due to its lower

photon energy and flux [4, 5]. However, its better

physiological properties and the recent development of

myocardial collimeters have resulted in a interest in the

use of Tl-201 for gated SPECT. Although several

studies have recently shown good correlations between

echocardiography and Tl-201 gated SPECT for the

assessment of left ventricular volumes and ejection

fraction [6–9], it remains unclear whether good corre-

lations are found even in abnormal left ventricular

geometry such as concentric remodeling, eccentric

hypertrophy or concentric hypertrophy.

In the current study, we assessed how left ventricular

geometry affected correlations between these values

measured by echocardiography and Tl-201 gated SPECT

in patients with known or suspected coronary artery

disease.
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Methods

Patients

This study included 189 patients who underwent both

transthoracic echocardiography and Tl-201 gated SPECT

within 2 weeks for evaluating coronary artery disease.

Patients undergoing hemodialysis were included, and

transthoracic echocardiography and Tl-201 gated SPECT

were performed the next day after hemodialysis. Patients

with atrial fibrillation or large myocardial damage assessed

by Tl-201 gated SPECT were excluded in this study.

Echocardiography and left ventricular geometry

Comprehensive echocardiographic assessment was con-

ducted by three experienced sonographers, who had no

knowledge of the clinical data, using high-quality com-

mercially available ultrasound systems with 3.5 MHz

probes (GE Healthcare Vivid 7, Milwaukee, WI, USA;

TOSHIBA Medical Artida, Tokyo). Echocardiographic

studies were performed in the morning after 30 min rest

with the subject in a supine left lateral decubitus position.

Interventricular septal thickness (IVS), posterior wall

thickness (PWT) and left ventricular internal dimension

(LVID) were measured at end-diastole according to

established standards of the American Society of Echo-

cardiography (ASE). Left ventricular end-diastolic volume

(EDV), end-systolic volume (ESV) and ejection fraction

(EF) values were obtained using a modified biplane

Simpson’s method from the apical 2- and 4-chamber views

[10, 11]. These echocardiographic measurements were

considered as the reference standard method. Left ven-

tricular mass (LVM) was calculated according to the ASE-

recommended formula [12]:

LVM ðgÞ ¼ 0:8� f1:04½ðIVSþ LVIDþ PWTÞ3

� ðLVIDÞ3�g þ 0:6:

LVM was divided to body surface area to obtain the LVM

index. LVH was diagnosed as LVM index [ 115 g/m2 in

men and 95 g/m2 in women. Relative wall thickness (RWT)

was calculated as using the formula:

RWT ¼ ð2� PWTÞ=LVID:

Patients were divided into 4 groups according to their

left ventricular geometry (Figure 1) [13]: (1) normal, no

LVH and RWT \ 0.42; (2) concentric remodeling, no

LVH and RWT [ 0.42; (3) eccentric hypertrophy, LVH

and RWT \ 0.42; and (4) concentric hypertrophy, LVH

and RWT [ 0.42.

Tl-201 gated SPECT

All patients fasted overnight, and underwent stress-rest Tl-

201 gated SPECT. Adenosine was infused over 6 min

(120 lg/kgmin), and Tl-201 (111 MBq) was injected

3 min after the initiation of adenosine infusion. The stress

Tl-201 SPECT acquisition was started 5 min after the

stress test. Four hours later, rest Tl-201 SPECT images

were also obtained. Gated SPECT images were acquired

Fig. 1 Geometric patterns

based on left ventricular

hypertrophy and relative wall

thickness
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with a dual-head gamma camera system (Siemens

E-CAM, Siemens Medical Solutions). Gating was per-

formed with 8 frames per cardiac cycle, using a 60 %

beat acceptance window. Tl-201 SPECT images were

acquired with a 10 % symmetric window over the 80-keV

Tl photopeak. The raw projection datasets were filtered

with a Butterworth filter. No scatter or attenuation cor-

rection was applied.

Quantitative analysis of EDV, ESV or EF was per-

formed on 4 h rest Tl-201 SPECT using a commercially

available software package (quantitative gated SPECT,

QGS, Cedars-Sinai Medical Center, Los Angeles, CA)

[14]. Semiquantitative visual interpretation of Tl-201

SPECT images was performed with the short and vertical

long axes divided into 17 segments. Each segment was

graded using a 5-point scoring system (0 normal uptake, 1

mildly reduced uptake, 2 moderately reduced uptake, 3

severely reduced uptake, 4 absence of detectable radio-

tracer in a segment) in a blinded manner by the 2 experi-

enced cardiologists (S.K. and T.I.). Patients with large

myocardial damage defined as sum of rest score [ 8 were

excluded in this study because it might affect QGS

parameters.

Statistical analysis

All data are expressed as mean ± SD. Analysis of variance

was performed to test for differences of values among the 4

groups. Student’s paired t test was used to evaluate the

difference in values between echocardiographic and QGS

methods in each group. Pearson’s correlation coefficient

and regression analysis were used to evaluate the correla-

tion between the 2 methods. Bland–Altman plot was

applied to assess the agreement between the 2 methods.

The regression of the mean and the difference between

values assessed by echocardiography and QGS were ana-

lyzed. Differences were considered significant if the

p value was \0.05.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. There

were 109 patients with normal left ventricular geometry, 20

patients with concentric remodeling, 32 patients with

eccentric hypertrophy and 28 patients with concentric

hypertrophy. There was no significant difference in age,

body mass index, hypertension, diabetes, prior myocardial

infarction or prior coronary intervention among the 4

groups except for male gender. No patient needed manual

adjustment of extraction of left ventricular contour because

of improper auto-tracing by QGS.

Echocardiographic and QGS parameters

Echocardiographic and QGS parameters are summarized in

Table 2. There was a significant difference in EDV, ESV

or EF value measured by echocardiography or QGS among

the 4 groups.

In all 4 groups, there were good correlations between

EDV and ESV values measured by echocardiography and

QGS (Figs. 2, 3). EDV and ESV values measured by QGS

were significantly underestimated than those measured by

echocardiography except for ESV value in eccentric

hypertrophy. EDV value measured by QGS was underes-

timated by 30.1 % in normal left ventricular geometry, by

26.3 % in concentric remodeling, by 17.2 % in eccentric

hypertrophy and by 21.0 % in concentric hypertrophy.

Table 1 Patient characteristics

Normal (n = 109) Concentric

remodeling

(n = 20)

Eccentric

hypertrophy

(n = 32)

Concentric

hypertrophy

(n = 28)

p value

Age (years) 71.7 ± 9.2 69.7 ± 8.9 71.8 ± 9.0 73.0 ± 7.9 ns

Male gender 75 (69 %) 13 (65 %) 10 (31 %) 12 (43 %) \0.01

Body mass index (kg/m2) 23.4 ± 3.3 23.3 ± 4.3 23.6 ± 3.6 24.9 ± 4.6 ns

Hypertension 60 (55 %) 12 (60 %) 20 (63 %) 21 (75 %) ns

Diabetes 28 (26 %) 7 (15 %) 8 (25 %) 12 (43 %) ns

Hemodialysis 4 (4 %) 3 (15 %) 6 (19 %) 1 (4 %) ns

Prior myocardial infarction 6 (6 %) 0 (0 %) 1 (3 %) 0 (0 %) ns

Prior coronary intervention 28 (26 %) 4 (20 %) 10 (31 %) 2 (7 %) ns

Sum of rest score 1.2 ± 1.9 1.4 ± 2.1 1.7 ± 2.1 1.3 ± 1.8 ns
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In all 4 groups, EF value measured by echocardiography

significantly correlated with that measured by QGS

(Fig. 4). Most excellent correlation was found in eccentric

hypertrophy (r = 0.80, p \ 0.001). More revealing were

Bland–Altman plots, which showed significant negative

slopes of -0.93, -1.34, -0.51 and -0.88 in normal LV

Table 2 Left ventricular volumes and function measured by echocardiography and Tl-201 gated SPECT

Normal

(n = 109)

Concentric

remodeling

(n = 20)

Eccentric

hypertrophy

(n = 32)

Concentric

hypertrophy

(n = 28)

p value

Echocardiographic parameters

Interventricular septal thickness (mm) 8.4 ± 1.0 10.0 ± 1.1 9.7 ± 1.1 11.2 ± 1.5 \0.001

Posterior wall thickness (mm) 8.5 ± 0.9 9.9 ± 1.0 9.6 ± 1.1 11.2 ± 1.1 \0.001

Left ventricular internal dimension (mm) 46.7 ± 4.2 42.4 ± 4.0 56.7 ± 4.3 47.6 ± 4.8 \0.001

Left ventricular mass index (g/m2) 81.5 ± 15.0 86.6 ± 14.9 120.7 ± 18.8 126.3 ± 26.5 \0.001

Relative wall thickness 0.37 ± 0.04 0.47 ± 0.04 0.37 ± 0.04 0.47 ± 0.06 \0.001

Left ventricular end-diastolic volume (ml) 78.8 ± 20.6 76.1 ± 20.0 98.1 ± 35.4 82.4 ± 31.2 \0.01

Left ventricular end-systolic volume (ml) 30.2 ± 9.7 27.8 ± 8.9 44.2 ± 23.3 31.5 ± 16.5 \0.001

Left ventricular ejection fraction (%) 61.9 ± 5.4 64.1 ± 3.6 56.6 ± 9.7 63.1 ± 5.8 \0.001

Tl-201 gated SPECT parameters

Sum of rest score 1.2 ± 1.9 1.4 ± 2.1 1.7 ± 2.1 1.3 ± 1.8 ns

Left ventricular end-diastolic volume (ml) 54.4 ± 18.4# 56.1 ± 20.2# 81.2 ± 33.8# 65.1 ± 30.3# \0.001

Left ventricular end-systolic volume (ml) 20.7 ± 11.2# 20.1 ± 11.9# 40.6 ± 27.1 26.3 ± 19.3$ \0.001

Left ventricular ejection fraction (%) 63.9 ± 11.1$ 67.3 ± 13.7 54.1 ± 15.5 63.1 ± 12.2 \0.001

# p \ 0.01, $ p \ 0.05 vs echocardiography

Fig. 2 Correlation between left

ventricular end-diastolic volume

values measured by

echocardiography and

quantitative gated SPECT
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geometry, concentric remodeling, eccentric hypertrophy

and concentric hypertrophy, respectively. In all 4 groups,

the difference between EF values measured by echocardi-

ography and QGS was smallest in the median value, and

increased when EF value increased or decreased from the

median value (Fig. 5). This affect was manifest in con-

centric remodeling.

Discussion

Gated SPECT is a unique clinical tool in that it allows

assessment of left ventricular perfusion, volumes and

function simultaneously. In this study, EDV, ESV or EF

value was obtained from 4 h rest Tl-201 SPECT because it

had an advantage that potential stunning of the myocar-

dium had already disappeared in most patients.

Wright et al. [15] previously reported that EF value

assessed by Tl-201 gated SPECT was unsatisfactory for

use in clinical practice with lower doses of Tl-201

(62 ± 7 MBq) as compared to the dose administered in

our study. On the other hand, Cwajg et al. [7] reported

that gated SPECT using Tl-201 has a good correlation

with echocardiography for the assessment of left ventric-

ular volumes and function with the similar dose admin-

istered in our study (111 MBq). The development of

myocardial collimeters have also support the clinical use

of Tl-201 gated SPECT, and recent studies concluded that

gated Tl-201 SPECT was a reliable clinical tool for the

assessment of left ventricular volumes and function with

good correlation when compared with echocardiography

[7–9].

The current study demonstrated that there was a good

correlation in EDV or ESV value in all left ventricular

geometries, but EDV or ESV value by QGS was under-

estimated than that by echocardiography. Previous studies

have pointed out that there appears to be a difference

between EDV or ESV value measured by the 2 methods [7,

16], and our results were consistent with those of previous

reports. The current study also demonstrated that under-

estimate by QGS was larger in normal left ventricular

geometry or concentric remodeling compared to eccentric

hypertrophy or concentric hypertrophy. The difference in

underestimate by QGS according to left ventricular

Fig. 3 Correlation between left

ventricular end-systolic volume

values measured by

echocardiography and

quantitative gated SPECT

124 Ann Nucl Med (2014) 28:120–127

123



geometry can be explained by the following causes. There

is a known scatter of photons from myocardial walls to the

left ventricular cavity [17]. Small left ventricular cavity

may likely intensify the scatter problem, creating difficul-

ties for the automatic QGS to define the endocardial sur-

face properly. In the current study, smaller left ventricular

cavity in normal left ventricular geometry or concentric

remodeling possibly resulted in larger underestimate by

QGS compared to eccentric hypertrophy or concentric

hypertrophy.

Previous studies demonstrated a good correlation

between EF values measured by echocardiography and

QGS. However, almost studies have only used Pearson’s

correlation coefficient for comparing the 2 methods [7]. In

the current study, we also found a good correlation, but

Bland–Altman plot showed a proportional error in all left

ventricular geometries. EF value measured by QGS was

likely to be overestimated when EF value increased from

the median value, and to be underestimated when EF value

decreased from the median value especially in concentric

remodeling. ESV value in concentric remodeling was too

small in some cases to such an extent that the scatter may

even lead to complete disappearance of left ventricular

cavity in end systole. This was particularly true when ESV

value was measured by QGS, with a range starting from

only 3 ml. These methodological characteristics were

associated with a high proportional error in concentric

remodeling. Thus, Tl-201 gated SPECT appears to require

methodological considerations according to left ventricular

geometry.

There were several limitations in this study. First, this

study included only patients with stable condition, and

excluded patients with atrial fibrillation or large myocardial

damage. Second, EF value was acquired using 8-frame

gating. 16-frame to 24-frame gating can provide more

accurate estimates, but its use with Tl-201 was not feasible

due to a poor statistic count. Third, cardiac magnetic res-

onance is increasingly utilized for dynamic imaging with

the expectation which will provide more accurate mea-

surements of left ventricular volumes and function com-

pared to echocardiography and QGS. However, it is

expensive and of limited availability. Finally, the small

sample size especially in abnormal left ventricular geom-

etry was a limitation of this study.

Fig. 4 Correlation between left

ventricular ejection fraction

values measured by

echocardiography and

quantitative gated SPECT
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In conclusion, Tl-201 gated SPECT is a useful tool for

the assessment of left ventricular volumes and function, but

it requires methodological considerations according to left

ventricular geometry.
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