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d estimate resting left 
ollected during routine 
ry heart disease. This 
 emission tomography 
rdial perfusion imaging 
A) were separated into 
tic regression analysis 

al, electrocardiographic 
an ERNA-LVEF<0.50. 
RNA-LVEF from those 

201Tl gated SPET. Our 
m was the best simple 
 models including ECG, 
vation and validation 
 for the assessment of 

quilibrium radionuclide 
G-Scintigraphic model 

.711, P=0.000) and the 
00). The Bland-Altman 
76, 0.0710.196 and 

The average LVEF was a better discriminator of 
receiver operating characteristic 

(ROC) analysis and identified more patients (89%) with a 10% difference from 
VEF than gated SPET (65%, P=0.000). In conclusion, resting left 
lar systolic dysfunction can be determined effectively from simple resting 

s. This model provides 
ted SPET, and can 
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tion, with or without 
ent can improve the 

t disease (CHD) is by 
ystolic function 

ectrocardiographic 

to virtually exclude 
the 12-lead ECG is 
line investigation in 

owever, the clinical 
hereas clinical and 

ictive information in 
etting [15-17]. More 
derived from gated 
yocardial perfusion 

een validated 
successfully against other accepted techniques [18-20]. However, 
various limitations with this type of assessment also have been 
recognized [21-25], while the clinical relevance of non-gated myocardial 
perfusion images in predicting the level of left ventricular function has 
not been determined. 

Based on earlier observations and the pathophysiology that 
underlies depression of left ventricular systolic function, we 
hypothesized that it is possible to predict reliably resting systolic 
function impairment in patients with suspected or known CHD from 
simple and readily available demographic, clinical, resting ECG and 
stress myocardial perfusion imaging data. Moreover, an estimation of 
resting LVEF would be feasible with a high degree of certainty.  There- 
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Abstract 
This study aimed to determine systolic dysfunction an
ventricular ejection fraction (LVEF) from information c
evaluation of patients with suspected or known corona
approach was then compared to gated single photon
(SPET). Patients having undergone stress 201Tl myoca
followed by equilibrium radionuclide angiography (ERN
derivation (n=954) and validation (n=309) groups. Logis
was used to develop scoring systems, containing clinic
(ECG) and scintigraphic data, for the discrimination of 
Linear regression analysis provided equations predicting E
scores. In 373 patients LVEF was also assessed with 
results showed that an ECG-Scinigraphic scoring syste
predictor of an ERNA-LVEF<0.50 in comparison to other
clinical and scintigraphic variables in both the deri
subpopulations. A simple linear equation was derived also
resting LVEF from the ECG-Scintigraphic model. E
angiography-LVEF had a good correlation with the EC
LVEF (r=0.716, P=0.000), 201Tl gated SPET LVEF (r=0
average LVEF from those assessments (r=0.796, P=0.0
statistic (mean2SD) provided values of 0.0010.1
0.0400.152, respectively. 
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Introduction 
Early detection of left ventricular systolic dysfunc
symptoms, is of great importance as medical treatm
outcome and the quality of life [1-3]. Coronary hear
far the most common cause of left ventricular s
impairment [4] and is frequently accompanied by el
(ECG) abnormalities 

Previous studies supported a normal ECG 
resting left ventricular systolic dysfunction and 
advocated by international guidelines as first 
patients suspected of having the disorder [5-10]. H
value of a resting ECG has been disputed [11-14], w
radiographic criteria were found to offer limited pred
situations other than the acute or primary care s
recently, left ventricular ejection fraction (LVEF) 
single photon emission tomography (SPET) m
scanning, with either 201Tl or 99mTc compounds, has b
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fore, the aim of this study was twofold: a) to i
the above hypothesis and develop an optima
system for the assessment of left ventricula
function, and b) to determine the clinical valu
approach in relation to gated SPET, using eq

nvest
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r sy
e o
uilib

radionuclide angiography (ERNA) as the refer

ethods 
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probability of CHD [26]
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 pati
dy pe

and
avai
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edic

d by th
ress. Exclusion criteri

re a history of an acute myoca
eous coronary intervention in

las

myop
utter. 
e po
coro

sympt

Electrocardiography 

All patients had a standard resting 12-lead ECG obtained 
before stress testing. Electrocardiograms were 
interpreted prospectively by the physician performing the 
stress without knowledge of imaging data. The observer 
described ECG findings and categorized them as normal 
or abnormal according to his best judgment, in a way 
similar to that employed in routine clinical practice. 
Patients having borderline abnormalities (minor ST-
segment and T-wave changes, left ventricular 
hypertrophy and so forth) were placed in the abnormal 

ecutive patients was 
y by two physicians (E.M. and 

.) to assess inter-observer agreement. 

dynamic exercise, 
ng and an activity of 
 body weight, was 
 cessation of stress 
ctive medication was 

f treating physicians, but it was 
for at least 12h and 
stain from caffeine 

containing beverages and smoking for 24h. 

rocessing and 

s performed with a 
w γ-camera (APEX-
sing an acquisition 

previously in detail 
4h later to assess 
 of patients with no 

 minute, delayed 201Tl 
he ECG signal for the 
mmercially available 

yocardium was 
cumulation in each 

t scale, and the sum 
t scores (SRS) were 
least two contiguous 

ely reduced or absent 
sidered myocardial 
 was assessed semi 
aw data and the 
 Two different 3-point 
elative size of the 

al; 2, equivocal; 3, 
lative width of the 
acent normal wall (1, 

 equal size; 3, cavity wider than the 
wall). When both criteria were scored with 3, dilatation 

 otherwise as absent. 
ndently assessed by 
, T.S.), unaware of 
were resolved by 
 was performed 
ft ventricular ejection 
ardial imaging was 
 observers, and the 

. 

um radionuclide angiography 

Resting ERNA was performed immediately after the 
completion of myocardial perfusion imaging with 740MBq 
99mTc labeled red blood cells, in the best septal view, 
using the same imaging system and a previously 
described methodology [23]. Left ventricular ejection 
fraction was calculated in duplicate, separately by two 
observers (E.M., T.S.), in the standard manner; the mean 
value of these measurements was incorporated in 
patients’ report and entered in analysis. The lower limit of 
normality in our site is 0.50. 

Statistical analysis     

igate 
oring 

last month, coronary artery bypass grafting in the 
months, significant valve disease, congenital 
disease, paced rhythm, hypertrophic cardio
digitalis therapy and atrial fibrillation or fl
duration of disease was estimated from the tim
the index event in the following order: a) 
intervention, b) acute coronary syndrome, c) 
d) first presentation to medical office. 

 

category. The ECG from 100 cons
interpreted independentl

stolic 
f this 

V.S

rium 
ence 

Stress testing 

Participants were submitted to 
dipyridamole or dobutamine stressi
90-130MBq 201Tl, depending on
intravenously administered prior to
[23]. The discontinuation of cardio-a
left at the discretion o

standard. 

Patients and m

Patient’s recruitment 
 
From our database, among all patients with susp
known coronary artery disease referred for routi
myocardial perfusion imaging over a 2-year perio
having undergone the following examinati
identified: a stress-redistribution 201Tl m
perfusion study followed by a resting ERNA as
During the period of collection of those data w
performing this combination of studies in patients r
for risk assessment and myocardial viability ev
Among patients referred for diagnostic purp
ventricular function was assessed in those wit
perceived clinical 

ed or 
PET 

ensured that nitrates were withheld 
all patients were instructed to ab

hose 
were 
rdial 
ent. 

were 
erred 
tion. 

, left 

201Tl SPET acquisition, p
analysis 

Post-stress SPET acquisition wa
single-headed, large field of vie
SPX4, Elscint, Haifa, Israel), u
methodology that has been described 

r 
 or 
ilure 

hose 
201Tl 
r the 

 from 

 not 
were 
roup 
t 18 
mine 
and 

[23]. Imaging was repeated 3-
redistribution. In a random sample
more than 6 extrasystolic beats per
SPET acquisition was triggered to t
assessment of LVEF using a co
software (QGS, Cedars-Sinai) [18]. 

From the reconstructed slices the m
divided into 20 segments, tracer ac
segment was graded using a 5-poin
of the stress scores (SSS) and res
calculated [27]. Fixed defects in at 
segments with moderately or sever
tracer accumulation were con
infarction. Left ventricular dilatation

manifestations suspicious of heart 
(breathlessness, fatigue). In a subgroup o
patients, assessed in a predefined day of the w
SPET acquisition was triggered to the ECG sign
simultaneous assessment of left ventricular func
myocardial perfusion data. 

In order to minimize the bias introduced
enrolling consecutive patients, participan
separated into two groups. The derivatio
consisted of patients presenting during the
months of the study and was used to 
independent predictors of systolic dysfunc
develop scoring systems. These findings w
tested in the validation cohort including
presenting during the last 6 months of the stu
Duplicate nuclear examinations were removed 
one assessment per patient, at the earliest 
date, was entered in the study database.Dem
characteristics, medical history, symptoms, m
and the reason for testing were recorde
physi ian supervising the st

n 
ents 
riod. 

 only 
lable 
phic 

ation 

quantitatively from both the r
reconstructed mid-ventricular slices.
scales were used to grade the r
ventricle in the thoracic cage (1, norm
definite enlargement) and the re
ventricular cavity to the thickest adj
cavity smaller; 2,

e 
c
 in

a for was classified as present and

entry  the study we
infarction or percutan

rdial 
 the 
t six 

heart 
athy, 
The 

int of 
nary 
oms, 

Myocardial images were indepe
two experienced observers (E.M.
patients’ data; discrepancies 
consensus. Scan interpretation
prospectively to provide a report. Le
fraction from gated SPET myoc
calculated twice, separately by two
mean value was entered in analysis
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Continuous variables are expressed as m
standard deviation (SD) and categorical vari
numbers or proportions. Mann-Whitney stati
used for the comparison of two independent sa
patients. The chi-square statistic, including 
continuity correction, and Fischer’s exact test w
for categorical data comparisons. Inte
agreement of ECG interpretations was eva
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various models in the prediction of a resting E
0 [29]. Both the area under the curve (A

re reported. Linear regression ana
vide equations for the prediction o
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Results 

Patients’ details 

One thousand two hundred and sixty-three patients 
fulfilled the entry criteria. Among them 514(41%) were 
referred for diagnostic purposes, 536(42%) for risk 
assessment, 186(15%) for evaluation after a coronary 
intervention and 27(2%) for myocardial viability 
determination. At the time-point of the examination, 
86(7%) patients had angiographically documented CHD 
and were treated medically, whereas 58(5%) patients had 
been submitted to percutaneous coronary interventions 

ypass grafting on the 
54 patients having 

, 82(7%) had a 
6%) had undergone 
cs of the 954(76%) 

 group and 309(24%) patients in 
able 1, allocated in 

A LVEF.  
st was 

myocardial perfusion 
 and 54 female, and 
d validation subsets, 
6%) had suspected 
y documented CHD 

05(28%) gave a 
n the past. Eighteen 

 percutaneous coronary 
 surgery. An ERNA 

f these patients.  

clear testing 

nd stress data are 
 recordings the inter-
irely normal versus 

ood (κ=0.949, SEE 
98% of cases). In 
 changes (with the 
 wave > poor R wave 
erted T waves > ST-

normalities > normal) 
ood (κ=0.715, SEE 

 77% of cases). 
arized in Table 1. 

dged normal or near 
atients (359 in the 

e validation cohort). 
re also presented in 
found in 152 (12%) 

) patients. 

tion of systolic 

 in logistic regression 
f continuous variables 
story time >8 months, 

ic blood pressure 
3. The independent 
by logistic regression 
e determination of a 
 as scoring systems, 
prising resting ECG 

ing system combining 
also included in that 
vailable and reliable 

Receiver operating characteristics analysis showed 
no significant difference between the Clinical-ECG-Scinti-
graphic and the ECG-Scintigraphic scoring systems in 
both the derivation (AUC 0.914, SEE 0.011 versus AUC 
0.910, SEE 0.001, respectively, P=0.803) and validation 
subpopulation (AUC 0.866, SEE 0.028 versus AUC 
0.870, SEE 0.028, respectively, P=0.920) in the 
discrimination of resting left ventricular dysfunction. 
Therefore, only the latter was entered in further analyses, 
as it contains fewer categories of data. In the derivation 
group, the ECG-Scintigraphic model was a better 
predictor of a resting ERNA LVEF<0.50 than both the 
Clinical-ECG scoring (AUC 0.847, SEE 0.014, P=0.000)  

 1 
s as 
was 

es of 
ates’ 
used 

ERNA derived LVEF from the scoring systems
to estimate the correlation between various m
LVEF calculation. Pearson’s coefficient of corre
is quoted together with the 95% limits of a
according to Bland-Altman statistic [30]. S
significance was accepted for P values0.05. 

 

and 152(12%) to coronary artery b
grounds of chronic CHD. Among 4
suffered a myocardial infarction
subsequent angioplasty and 75(
bypass surgery. The characteristi
patients in the derivation

rver 
d by 
f the 

 with 

lysis 
sting 
0.10 
gory 

the validation cohort are listed in T
subgroups according to resting ERN

Left ventricular ejection fraction at re
calculated by 201Tl gated SPET 
imaging in 373 patients (319 male
286 versus 87 in the derivation an
respectively). Among them, 209(5
CHD, 21(6%) had angiographicall
and were on medical treatment and 1

Cohen’s kappa statistic (κ); both the standard e
estimate (SEE) and the percentage of recordi
identical classification are also reported.  
In each category of data sets, logistic regressio
was used to identify independent predictors o
ERNA LVEF<0.50 among variables with a P v
in univariate analysis. In variables from each
considered to be significant (P<0.05) were th
those of the next category to create a new mod
contained only the variables that continued to
independent predictors and so forth. A final mo
created after the addition of all significant variab
all categories in a hierarchical order (dem
characteristics, prior cardiac history, risk
symptoms, resting electrocardiogram, m
perfusion results). Since logistic regression form
the form of exponentials and require 
calculations, a simple linear score was creat
analysis. To accomplish this, before entered 
regression analysis all continuous variables w
in a binary fashion using a cut-off point defin
level below which the number of false positive re
exceeded the number of true positive respons
determination of a resting LVEF<0.50 [28]. T
with the largest values was assigned a value o
that with the lowest values was given zero.
variables were coded 

de  
hich 

history of myocardial infarction i
patients (5%) had undergone

d

main 
 was 
 from 
phic 
tors, 
rdial 

 take 
plex 
 the 

interventions and 45(12%) bypass
LVEF<0.50 was found in 77(21%) o

 
Electrocardiography and nu

All resting ECG interpretations a
presented in Table 1. In 100 ECG
observer agreement of an ent
abnormal interpretation was very g

c 
oded 
t the 
nses 
 the 

erval 

0.035; absolute agreement in 
identifying particular resting ECG
priority left bundle branch block > Q
progression in precordial leads > inv
segment deviation > other minor ab
inter-observer agreement was g
0.051; absolute agreement ind

inal 
ne if 

Scintigraphic results are summ
Myocardial perfusion images were ju

present. The coefficients of all variables provid
regression equation were divided by the 
coefficient and adjusted to their proportion
integer weights. This resulted in a simple linea
in which each variable code (zero or one) was a
with the probability of systolic dysfunction an
multiplied by its respective weight and su
produce a composite score.  

Receiver operating characteristic (ROC) 
was used to compare the discrimina

e 
allest 
hole 
ation 
iated 
was 

d to 

lysis 
ce of 
RNA 
UC

normal (SSS 0-4) in 479(38%) p
derivation group and 120 in th
Measurements LVEF with ERNA a
Table 1. A resting LVEF<0.40 was 
patients and a LVEF<0.30 in 71 (6%

 
 Models in the determina
function 

Acording to the criterion used
analysis, the dichotomous points o

LVEF<0.5 ) 
lysis 
f the 
 also 
ds of 
n (r) 
ment 
stical 

were set as follows: age >60 yrs, hi
resting heart rate >70bpm, systol
>135mmHg, SSS>10 and SRS>
variables of the models provided 
analysis and their coefficients in th
resting ERNA LVEF<0.50, presented
are listed in Table 2. A model com
readings alone and a different scor
ECG and scintigraphic variables are 
Table. These data are more readily a
than clinical information. 

and the SEE a
was used to pro
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Table 1. all study participants allocated in sub s according to ERNA LVEF 
 

  oup   

 Characteristics of group

Derivation gr   

 F EF<0 0 P LVE 0.50 LV .5

    

rs) 10.2 62.5 0.000 

(n=702) ( n=252) 

Age (y 59.2 9.5 

Male 561 (80%) 215 (85%) 0.060 

Diabetes 117 (17%) 66 (26%) 0.001 

dem 2  (3 0.038 

rtension 374 (53%) 113 (45%) 0.023 

(3  (2 0.078 

ly his 1 0 ( 0.183 

Dyspnoea on 72 (10%) 52 (21%) 0.000 

1  (1 0.437 

e
n 

 (4 2 (2 0.001 

symptom 3  (3 0.262 

 
0.000 

ph
CHD 

0.905 

0.000 

82 (12%) 13 (5%) 0.002 

CABG 118 (17%) 63 (25%) 0.006 

y time 38.1 42.0 0.000  

Antiplatelet 494 (70%) 203 (81%) 0.002 

g 
nitrate 

363 (52%) 135 (54%) 0.659 

a-blocker 374 (53%) 152 (60%) 0.055 

CC inhibitor 133 (19%) 53 (21%) 0.532 

Diuretic 143 (20%) 62 (25%) 0.189 

ACE-i / ARB 325 (46%) 147 (58%) 0.001 

Entirely 
normal ECG 

359 (51%) 21 (8%) 0.000 

Fascicular 
block 

83 (12%) 44 (18%) 0.031 

mellitus 

Dyslipi ia 197 ( 8%) 89 5%) 

Hype

Smoking 220 1%) 64 5%) 

Fami
of CHD 

tory 78 (1 %) 2 8%) 

exertion 

Angina 125 ( 8%) 39 6%) 

Atypical ch
pai

st 286 1%) 7 9%) 

A atic 219 ( 1%) 89 5%) 

Suspected  
CHD

325 (46%) 63 (25%) 

Angiogra ic 48 (7%) 16 (6%) 

MI 

PCI 

192 (27%) 145 (58%) 

Histor
(mo) 

24.8 48.2 

Long actin

Bet

  Deri on group    vati

 LVEF0.50 LVEF<0.50 P 

  (n=702) ( n=252)   

m
changes 

 (1 44 (18%) 0.050 ST-seg ent 86 2%) 

Inverted T 94 (13%) 70 (28%) 0.000 

si
53 (21%) 0.000 

wa  (1 109 (43%) 0.000 

r Q
wave 

2 ( 74 (29%) 0.000 

 Q 6 ( 36 (14%) 0.000 

Lateral Q 4 (0.5%) 18 (7%) 0.000 

1 ( 32 (13%) 0.000 

Dynamic 446 (64 125 (50%) 0.000 

e
 ( 123 (49%) 0.000 

m
stress 

 (1 4 (2%) 0.303 

(bpm) 
 14.6 0.001 

Resting SBP 
) 

141.522.9 138.022.0 0.060 

) 
.0 87.39.9 0.558 

 Sc
6.56.3 17.910.1 0.000 

o
 10.89.1 0.000 

Anteroseptal 
MI 

25 (4%) 102 (41%) 0.000 

Inferior MI 55 (8%) 91 (36%) 0.000 

Lateral MI 11 (2%) 40 (16%) 0.000 

Dilated left 
ventricle 

8 (1%) 59 (23%) 0.000 

ERNA LVEF 0.620.07 0.38 0.10 0.000 

wave 

Poor R 
progres on 

71 (10%) 

Any Q ve 68 0%) 

Anterio  3 5%) 

Inferior  3
wave 

5%) 

wave 

LBBB 2 3%) 

exercise 
%) 

Dipyrida
str ss 

mole 250 36%) 

Dobuta ine 6 %) 

Resting  HR 72.6 13.9 75.7

(mmHg

Resting DBP
(mmHg

 88 9.9 

Summed 
Stress ore 

Summed 
Rest Sc re 

2.4 4.0 
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Table 1. (C

 a ou   
ontinued) 

V lidation gr p 

 F0LVE .50 LVEF<0.50 P 

 
Age

(n= 2 (n   

 (yrs)  0.  0.824 

28) =81) 

59.9 9.9 6 311.7

Male 173 (76%) 67 (83%) 0.219 

(18 9 0.415 

Dyslipidemia 77 (34%) 28 (35%) 1.000 

on  (50 1 1.000 

0.086 

y history 
D 

17 (8%) 9 (11%) 0.433 

spnoea on 27 (12%) 13 (16%) 0.438 

24 4 0.276 

pical chest 86 (38%) 21 (26%) 0.058 

mptoma (27 3 0.027 

spected  
 

 (46 1 0.002 

phi (7 7 0.712 

32 4 0.001 

37 (16%) 8 (10%) 0.201 

0.375 

me 38.6 39.1  0.163  

et (7 6 0.225 

 acting (47 49 0.039 

ocke  (5 4 0.067 

CC inhibitor 54 (24%) 12 (15 ) 0.115 

0 

 

Diabetes 
mellitus 

42 %) 1 (24%) 

Hypertensi  114 %) 4 (51%) 

Smoking 

Famil

72 (32%) 17 (21%) 

of CH

Dy
exertion 

Angina 

Aty

54 ( %) 1 (17%) 

pain 

Asy tic 61 %) 3 (41%) 

Su
CHD

104 %) 2 (26%) 

Angiogra c 15 
CHD 

%) (9%) 

MI 

PCI 

73 ( %) 4 (54%) 

CABG 31 (14%) 15 (19%) 

History ti  26.7
(mo) 

52.0

Antiplatel 169 4%) 6 (82%) 

Long
nitrate 

 107 %) (61%) 

Beta-bl r 124 4%) 5 (67%) 

%

Diuretic 47 (21%) 25 (31%) 0.085 

ACE-i / ARB 108 (47%) 47 (58%) 0.121 

Entirely 
normal ECG 

103 (45%) 6 (7%) 0.00

Fascicular 
block 

36 (16%) 19 (24%) 0.167

   

  

on group  

 

EF LVEF<0.50 P 

 
Validati

 LV 0.50 

 
= (n=81)  

en
changes 

 ( 11 (14%) 0.721 

(n  228) 

ST-segm t 36 16%) 

Inverted T 
wave 

27 (12%) 22 (27%) 0.002 

Poor R 
sion

34 (15%) 12 (15%) 1.000 

ave 29 (36%) 0.000 

 
wa

 ( 21 (26%) 0.000 

wave 
3 8 (10%) 0.305 

8 (10%) 0.003 

LBBB 4 (2%) 14 (17%) 0.000 

Dynamic 134 (59%) 43 (53%) 0.449 

Dipyridamole 90 (40%) 36 (44%) 0.515 

Dobutamine 4 (2%) 2 (3%) 0.621 

Resting  HR 
(bpm) 

73.312.7 74.212.8 0.600 

SBP
 

1.5  138.223.8 0.356 

Resting DBP 88.29.8 87.710.3 0.842 

Summed 
co

6.96.1 15.610.4 0.000 

 
re

5 9.79.3 0.000 

%) 0.000 

Inferior MI 24 (11%) 24 (30%) 0.000 

0 (0%) 13 (16%) 0.000 

5%) 0.000 

 LVEF 0.610.06 0.380.10 0.000 

progres  

Any Q w 23 (10%) 

Anterior Q
ve 

8 4%) 

Inferior Q 1 (6%) 

Lateral Q 
wave 

4 (2%) 

exercise 

stress 

stress 

Resting 
(mmHg)

 14 22.3

(mmHg) 

Stress S re 
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and ECG scoring (AUC 0.816, SEE 0.016, P=0.000) (Fig. 
1a). Similarly, in the validation sample the ECG-
Scintigraphic scoring system had a better discriminatory 
probability for systolic function impairment than both the 
clinical-ECG model (AUC 0.789, SEE 0.030, P=0.001) 
and the ECG score (AUC 0.795, SEE 0.029, P=0.003) 
(Fig. 1b). The Clinical-ECG model was a better 
discriminator of resting left ventricular dysfunction than 

ECG scoring in the derivation cohort (P=0.001), but not in 
the validation sample (P=0.757). 

Regression analysis provided the following equation 
for the prediction of resting ERNA LVEF from the ECG-
Scintigraphic scoring system:  

“ERNA LVEF = 66 - 3 x ECG-Scintigraphic score” 
(r=0.731, P=0.000) (1). 
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Table 2. Models for the prediction of a resting ERNA
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