
espite the introductionof quantitative techniques in
the analysis of both planar(1,2) and tomographic(3) myo
cardial perfusion scintigraphies, the visual interpretation of
scintigraphic examinations is still widely in use. To provide
a scientific basis for such subjective judgement, a number
of different nominal and ordinal scales have been devel
oped (4â€”6).The adoptionofa measurementscale based on
subjective judgement should lead the researcher to gather
evidence thatthe scale is designedto measurein a reproduc
ible fashion, i.e., to demonstratethatmeasurementsof indi
viduals on different occasions (intraobseiver R), or by differ
ent observers (interobserver R), produce the same or similar
results. The expression of R is an alternative to reporting the
measurement error when the observation is categorical.

The aim of this study is to assess R scoring on the
five-point scale adopted in this Italian multicenter study on
thallium reinjection (SIRT)* in order to rate the severity of
myocardial perfusion defects. Both intra- and interob
server R were separately assessed for ST, RD and RI
images in order to test differences between the R of the
scoring when using images which are potentially different
in terms of their signal-to-noise ratio, count statistics and
other parametersthat may affect the quality of the visual
display. Furthermore, the R of ST-RD. ST-RI, RD-RI
change scores (i.e., the scores obtainedby simply subtract
ing post-test from pre-test scores) were also assessed in
order to provide objective guidelines for reversibilityafter
RD and after RI.

METhODS

Twelve Italian medical centers experienced in nuclear cardiol

ogy and equipped with Elscint gamma cameras (Apex series)
participatedin the study.

*AMatoftheSIRTinvestig@orsandassoc@asappearsintheA@pendb.

Inter- and intraobserver reproducibility (R) of segmental @Â°i1
scores after stress (Si), redistribution(AD) and reinjecÃ¶on(RI)
planar imaging were eValUated.Methods: Imageswere exam
med from 396 patientswith suspectedcoronaryartery disease,
demonstrated by means of POSt-STimaging of at least one
perfusiondefect.To eliminateexternalsourcesofvariability,the
same gamma camera, acquisitionprotocol and computer soft
warewere used inthis multicenterstudy.Thallium-201imagesof
theanterior,leftanterioro@ue andleftlateralprojectionswere
obtained immediately,4 hr after exercise and 30 mm after the
injection of additional @Â°@T1either on the same day or on a
differentday.The Ieftventriclewas dMded intc 15segmentsand
evaltiated by three independent observers, blinded to dinical
data, according to a five-point scale. Results: The A score for
ST,RDandRI images,expressedasan intraclasscomia@on
coefficient,was 0.76, 0.74 and 0.72, respecth,ely.After averag
ingmultipleobserverscores,A increasedto0.91,0.90and0.89,
respectively. IndMdual observer measurement of the A score
was 0.48, 0.51 and 0.32 for ST-AD, ST-RI and RD-RI image
pars, respecth@ely,and mumpleobserverscoresshowedA in
creasesto 0.74,0.76and 0.58.ConclusIon:This qualitathie
scale reIiaI@yassesses the severftyof @Â°i1@ defects,
particularlywhen mumple-observerscores are averaged. Indi
vidual observer change scores should be taken with great cau
lion, especially instudies invoMngthe visual evaluationof RD-RI
image changes.
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Patient Selection
We enrolled3% consecutivepatients(351malesand 45 fe

males,meanage58.1Â±9.3yr) with at leastone segmentshowing
a @Â°â€˜T1defecton stressplanarmyocardialperfusionscintigraphy
forthisstudy.All patientshadischemicheartdiseaseof various
degrees of severity as revealed by their medical history, physical
examinationand/orinstrumentalsigns of transientor stable dam
age of the ventricularfunction (EKG and/or echocardiography).
Eighty-two patients were asymptomatic and 242 had previous
attacksofangina;300(76%)hada historyofpreviousmyocardial
infarction.

Exercise Thallium Imaging
All patients underwent a symptom-limited treadmill stress test

in a fasting state. At peak exercise, 2 mCi of @Â°@Tlwere injected
intravenously and the patient continued to exercise for at least one
additional minute. Immediately after exercise, sequential 8-mis
(or 750 kcts in the total fieldofview, whichever was reachedfirst)
planar imageswere recorded in the left anterior oblique â€œbest
septalâ€•anterior and left lateralviews (Fig. 1).The imageswere
acquired using a general-purpose, parallel-hole collimator. The
imageswere acquiredusinga 25%windowon the 80-keVpack
and a 20%windowon the 167-keVpeak in a 128 x 128byte
matrix,with a standardizedzoom factor.A secondset of RD
images was acquired in the same views for the same duration of

the ST imagesapproximately3â€”4hrafterexercise.Thepatients
were asked to continue fasting until the delayed images were
recorded.

Reinjection Thallium Imaging
All patients were also evaluated by @Â°â€˜T1reinjection under

baselineconditions.Sevenmedicalcentersfolloweda same-day
approachin which 226 patients(GroupA) receiveda second
injection of 1 mCi of @Â°â€˜Tlimmediately after the RD study. Five
medicalcenters followeda different-dayapproach in which 170
patients (GroupB) received a RI of 2 mCiof @Â°â€˜Tlat rest 48â€”72hr
after the ST-RD study. In both groups, acquisitions started at 30
mmafterRIin thesameviews andfollowedthesamecriteriaas
those of the ST-RD study.

Image Analysis
Serial thallium images were visually analyzed by the observer

ofeach centeronanElscintApexblackandwhitevideoterminal.
Operatorswere not allowed to modify display brightnessor con
trast. The video displaywas automaticallyprogrammedto get the
maximalR invisualanalysisamongdifferentmedicalcentersand
patients.Dedicatedprogramsperformednormalizationto the
maximalmyocardialactivityin the ST imagesand accuratepair
ingof eachtripletof planarviews fora single-sightsimultaneous
display, before and after background subtraction following the
Gorismethodmodifiedby Watson(1). The leftventriclein each
view was dividedinto five segments(Fig. 2), and each segment
was visuallygradedby the peripheralreadersaccordingto a
five-pointscale (0 = normal, 1 = equivocal,2 = mild,3 = severe
and 4 = absent uptake).

Thestudiesweresubsequentlyrecordedontofloppydisksand
mailedtothecorecenter.Threeexperiencedobserversfromthree
differentinstitutions,whosegoodinterobserverR hadbeenpre
viouslyassessedusinga randomizedsubgroupof40cases, reread
the studiesseparatelyand independentlyon the same type of
blackandwhitevideo terminalas those usedby the peripheral
readers, without any knowledge of the patients' clinical data.

ANT
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FiGURE1. Representath,ecaseofrediSthbUtiOnandreinjectbn
20111images. The left column images were acquired immediately
after exercise(stressstudy),the middlecolumnimageswere ac
quired3-4 hrlater(redistributionstudy)andtherightcolumnImages
were acquired30 mmafter reinjection(reinjectionstudy).This pa
tientshowsa perfusiondefecton the inferiorwall (antenorand LAO

@exerciseimages)that remwnedfixed on the redisthbu@onIm
agesand improvedon the reinjectionimages.

Statistical Ana@le

R was determinedby usingrepeatedmeasurementANOVA
methods(7,8)as the variancebetweensubjects(o@Ub)dividedby
thesumof errorvariance(ok), observervariance(o@) andthe
variance between subjects:

2
R= Â°@sub

@â€˜sub@@ +

Eq.1

FiGURE2. Diagramofthestandardsegmentationschemeused
forscoringalI@Â°111imagesandassignmentofindMdualsegmentsto
myocardialareas.
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â€”Swess@onR@onno

1 0.82 0.60 0.81 0.58 0.79 0.56
2 0.90 0.75 0.90 0.75 0.90 0.74
3 0.85 0.65 0.84 0.64 0.83 0.62
4 0.88 0.70 0.89 0.72 0.87 0.70
5 0.89 0.72 0.89 0.68 0.86 0.67
6 0.83 0.61 0.81 0.59 0.82 0.60
7 0.91 0.77 0.62 0.80 0.90 0.76
8 0.89 0.71 0.89 0.73 0.89 0.73
9 0.62 0.79 0.90 0.75 0.89 0.73

10 0.62 0.80 0.90 0.75 0.89 0.73
11 0.91 0.77 0.91 0.76 0.90 0.74
12 0.90 0.76 0.89 0.74 0.87 0.70
13 0.86 0.68 0.87 0.68 0.85 0.66
14 0.92 0.78 0.90 0.75 0.89 0.74
15 0.80 0.57 0.79 0.55 0.78 0.54

Eq. 3 R1@ngiâ€¢reproducI@IItyof kdvidual observer s@res; R@= repio
dudbltyefaveragedmtit@leobseiverecores;thenUmbarefSegmer@
evalu@edrangedfrom381to 393.

89% cor@Idencek@teival= 0.13.

SWessRed@Ral@on(n
= 5874)(n = 5833)(n = 5854)

= reprodLK@bmLyof indMdual obseivar scores; A,, = replo
dudbllftyofaveragedmul@pleobsewerscores;n = nUmberOfsegmer*S
e@uated

99% confidenceinterval= 0.03.

Thus, R is expressed as a numberbetween0 and 1, with 0 indi
cating no R and 1 indicating perfect R. A value of 0.75 is a fairly
minimum requirement for a useful instrument. For instance, an R
of0.8 and0.95willresultina 20%and2.2%chanceofreversalof
theorderof twoscoresseparatedby an interquartiledistancein
repeatedtesting(9). A way of increasingR is to takemultiple
observers and average their scores since this allows the error
varianceplus the observervarianceto be dividedby the number
of observers.

To facilitatethe interpretationof R in termsof measurement
errors on individual scores, it is useful to report the precision of
subjective scoring. This requires the use of standard error of
measurements(s.c.m.),definedin termsofthe standarddeviation
(s.d.) andR as:

s.c.m. = s.d. x (1 â€”R)@a.@ 2

This means that if the segment's true score is n, we can expect
thatits observedscorewill fallbetweenn â€”2 s.c.m. andn + 2
s.c.m. 95%of thetime.

The relationship between sample size (N) and the confidence
interval(CI)forthe R coefficientis:

N = (ZadCI)@+3,

whereZ@= 1.96fora95%CIand2.54fora99%CI.
Thehypothesisof equalityof intraclasscorrelationcoefficients

inindependentsampleswastested(10)(p < 0.05wasconsidered
significant).

TABLE 2
Scoring ReprOdUcibilityfor Stress, Redistributionand

Reinjectionof lndMdual Obseiver and Averaged Multiple
Obsen@erScores for IndMdual Segmente

(z = 2.32, p 005). Significant differences (z = 2.29, p
0.05; z = 2.63, p 0.01) were also found when comparing
Rsuigk and R@ for RI images between Group A (same-day

RI) and Group B (different-day RI) studies.

Table 2 shows R and@ for ST. RD and RI images
with respect to indivithal segments (Fit 1). When consid
ering ST images, lL.@ was lower (R < 065) for segments
15, 1 and 6; intermediate (0.65 R < 0.75) for segments 3,
13,4,8and5,andhigher(R 0.75)forsegments2,12,11,
7,14,9 and10.

The individualsegments were subsequently assigned to
six myocardial regions as follow: segments 1, 2, 14 and 15
to the anterior area; segments 3, 8 and 13 to the apex
segments 4, 5, 11 and 12 to the inferior area; segments 9
and 10 to the septum; and segments 6 and 7 to the postero
lateral area. Since segments 4 and 5 not only represent the
inferiorwall, but also the posterobasalseptum, we evalu
ated them as an additionalre@on(Fig. 1). Table 3 shows
Rsaigk and R@ for the ST. RD and RI images of these
myocardial regions. When considering ST images, maxi
mal interobserver variability was obseived in the apex
(R@@ = 0.68), and maximal R in the septal area in the

LAO view (Rsingk 0.79). SilflildJ@t@flth WCTCObSC1Ved
for the RD and RI images. Significant differences were
foundwhen R of the septumwas comparedwith
of the inferior(z = 2.78; p < 0.01), anterior(z = 4.08; p <
0.01),posterolateral(z= 3.73;p < 0.01),posterobasal
septum (z = 3.73; p < 0.01) and apical areas (z = 5.28; p <
001). Significantdifferences were also found between the
Rsingie of the inferior and apical areas (z = 3.16; p < 0.01).

TABLE I
A ScoresforStress,RediStIlbUtIOnand ReinjectiOnof

lndMdual Observer and Averaged MUltipleObserver Scores

Râ€¢,@0,â€¢0.760.740.72R@10.910.900.89
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RESULTS

Count statistics in a rectangular ROl encompassing the
leftventricle in the anteriorview was 237 (s.d. 71), 169(s.d.
63), 271 (s.d. 88) kcounts for ST. RD and RI images,
respectively.

Table 1 shows the scoring R for ST. RD and RI images
of individualobserverscores@ andthe averaged
scores of multiple observers (lU.@ was 0.76, 034
and 0.72 for ST. RD and RI, respectively. Averaging mul
tiple-obseiver scores increased R..,@to 0.91, 090 and 0.89.
RsthgJe for ST images was significantly higher than that for

RD (z = 2.49. p 0.05) and RI images (z = 4.53, p 0.01).
Rsu@gjcfor RD was significantly higher than that for RI

images (z = 2.05, p 0.05). A similar trend was found
when comparing R@between ST and RD (z = 2.87, p
0.01), ST and RI (z = 5.2, p 0.01). and RD and RI images



S@eea

Myocaidliarea R@ R@ N@onRonR@ R.@ NR@ R.@ N

0.88 0.72 1564 0.87 0.70 1551 0.87 0.69 1557

R@ = reproducibilIty@ Individualobserverscores;R = reproducIbIlItyof averagedmultipleobserverscores N = numberof segments
avaluated

Observerno.
ST RD RI ST-RDST-RIRD-RI1

0.77 0.79 0.80 0.470.560.37(578)
(580) (573) (574)(567)(569)2

0.80 0.77 0.75 0.600.590.35(577)
(574) (564) (572)(562)(559)3

0.81 0.80 0.78 0.520.600.38(578)
(580) (578) (574)(572)(574)ST

= stress, RD= redistribution,RI=relriie@Ion.Nurrt@ers
I@parenthesesarethe segmer@evaluated.

ST-RDST-RIRD-RI(n=5821)(n=5841)(n=5802)

= reprodudblty c@ WidMdui observer scores; A.,, = repro

duclblltyciaveragedmull@leobeeivers@resn = nUmberOtSegmerdS

89% cor@idencekiteival = 0.03.

TABLE 3
ScoÃ±ngA for Stress, RedistnbUtiOnand Reinjectionof Bc@hlndMduaI Observer and Averaged MUltipleObserver Scores for

MyocardialAreas

(1,2,14,15)
Apex(38,13)
kded@

(4,5,11,12)
Septum(9,10)

(@7)

Se@um(4-5)

0.870.6811750.850.6511880.860.6711710.900.7415640.890.7415450.880.7115490.920.797850.900.757850.890.737880.880.717850.880.717850.870.667880.880.717860.880.707840.870.69784

Table 4 reports the R and@ for the change scores
of the ST-RD. ST-RI and RD-RI sequences. R was
suboptimal for all of the image pairs, extending from 0.31
for RD-RI to 0.51 for ST-RI. Averaging multiple observer
scores considerably increased R (0.74 and 0.76 for ST-RD
and ST-RI), but RD-RI R@still remained weak (0.58).

Intraobserver R for the three core observers, evaluated
over a randomized sample of 40 studies, is reported in
Table 5

The median scores of the three core observers were
compared with the peripheral reader's scores to assess
interobserver R between a representative sample of
blinded and unblinded readers, and to see which scoring
scale level contributed the most to observer variability.
These results are summarized in Table 6 and Table 7.

The effect of reducing the number of the steps on the
scoring scale is reported in Table 8. if we group together
scores 0 and 1, and 2, 3 and 4, we have a two-level scale
that simulates the dichotomous judgement normal-abnor
mal, while grouping together scores 0 and 1, 2, and 3 and 4
results in a three-level scale. For simplicity, we only re
ported RSiflgkand R@for the ST images.

TABLE 4
change Score R for ST-RD, ST-RI, RD-RI of Individual

Observerand Averaged MultipleObserver Scores

R,,@0,0.480.510.31Aâ€¢10.740.760.58
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In clinical medicine it is common practice to examine

observer agreement over the presence or absence of a
particular sign or symptom, or a particular diagnostic pat
tern in a medical image.

The expression of R as a simple percentage agreementis
notonlytheoreticallyincorrect(becauseit doesnottake
chance agreement into account), but in many practical
circumstancesit can be very far from the reality.

Okada et al. (11) reported interobservervariance (o@ +
O@rr) or its associated standard deviation as an expression

of R. This is incorrect since it is equivalent to neglecting a
major determinant of the R coefficient (o@). Moreover,
this makes it impossible to compare R coefficients, as re
ferred by different study groups, since the equality of error
variance does not, by itself, imply the equality of R, as long
as the variance of true differences between subjects may
differ.

The Pearsoncorrelationcoefficient is anotherindex of R
used by some authors (12,13). This is also a theoretically
incorrect measure of R, since it does not take into account
systematicdifferencesbetweenobservers.

TABLE 5
IntraobserverA of the Three Core Observers



ST RD RI ST-RD ST-RI RD-RI C@eobservers0

123 4 T@

0 46.9 16.4 7.9 3.9 3539

3 0.3 3.6

R,,,@,â€¢= reprodLdblltyof k@dMdualobserverscores;R.@â€”repro
dudblltyofaveragedmuffipleobserverscoresN= nUmb&OfSegmer*S
evaluated.ST = stress,RD= redlstrlb..dIon,RI = relnje@Ion.

89% cor@idence@itetval=0.03.

Mother index of R is the kappa statistic (14-17) intro
duced by Cohen (18) to describe observer agreement in the
classification of dichotomous nominal scales. This index
scales the percentage ofperfect agreement according to the
percentage due to chance agreement. An extension of this
approach is the weighted-kappa statistic (19), which con
siders partial agreement by weigjiting the degree of the
discrepancy. The limitation of this index is that it only
allows the pair-wise comparison of two observers and can
not be applied in situations when each subject is rated by
the same group of more than two raters (20).

On the other hand, all forms of intraclass correlation
coefficients based on ANOVA methods take into account
chance agreement, partial disagreement and systematic dif
ferences between observers. Moreover, they also allow
situations in which three or more observers are involved to
be evaluated. Thus, these indexes should be considered as
the most appropriatefor assessing R.

The level of R so obtained is not to be understood as an
absolute measure of a property referred to as a particular
instrument; rather, this instrument will have a certain de
gree ofR when applied to certain populations under certain
conditions.

Our results show interobserver R in the scoring of seg
mental myocardial @â€˜Tlactivity on ST. RD and RI images
using a five-point scale. As can be seen from Table 1, the R
is good but not excellent when a single observer is inVOlVed
in the scoring. The situation is considerably improved
when three observer scores are averaged, which leads to
an interobserver R only slightly lower than those reported
by Sigal et al. (13) in a quantitativeanalysis of myocardial
perfusion abnormalities: the precision of an averaged sub
jective gradingof ST. RD and RI imageson a 0-4 scoring
scale is respectively Â±0.73,Â±0.73,Â±032. Although statis
tically significant (due to the high statistical power of the
test), the differences in R between ST. RD and RI images
are hardly interpretable as clinically significant, notwith
standing the presence of significant differences in count
statistics among the three sets of images. The same is true
for differences in R between the two RI protocols.

When examining R scores for individual segments, we
found a broad range of values (from0.57 to 0.80 for@

Five
@le

0-1-2-3-4Three
@le

0,1-2-3,4Two

levele

0,1-2-3-4R.@rigi.0.760.740.69Râ€¢,,0.910.890.87

TABLE 6
Effectsof clinical Data Knowledgeon InterobseiverA

Between Blinded Core R@ers and UnbllndedPedpheral
R@rs

TABLE 7
PercentageAgreement BetweenAveraged Core Observers
and PeripheralReaders Ave-Step Scoring Scale After ST

Imaging

N
R@

5964 5923 5@3 5843 5930 5891
0.78 0.76 0.74 0.49 0.60 0.36
0.88 0.87 0.85 0.66 0.75 0.53 88.8

1 8.3 351
20.7

2 2.4 13.9

46.0
352

4 0.2 0.5 2.3 16.3
43.1

T@ 33@ 826 1003 582 254 5964

Numbersk@@alIcsarepercerdageagreemerdbeyondthence.

in ST images). The segments 1, 6 and 15, showing lower R,
belong to regions where scoring may be difficult due to the
proximity of diaphragm and valve planes. Intermediate R
Values were found for apical segments 3, 8 and 13 (where
the well-known phenomenon of apical thinningmay affect
the scoring), and for segments 4 and 5 reflecting both the
inferiorwall and the posterobasal septum in the anterior
projection.

if the segments are grouped together into myocardial
regions, a slightly different perspective emerges: the apical
region shows minimal R since all of its segments are in the
intermediate range of R, while the simultaneous presence
of low and high R segments leads to an intermediate R
value for the anterior, posterolateral and inferior regions.
Maximal R is found in the septal area in the LAO view. The
superimpositionof differentanatomicalstructures typical
of planarimagingleads to a difficultinterpretationof the R
Values when they refer to the inferior region in the anterior
projection. if we consider segments 4 and 5 as represents
five of the posterobasal septum, we obtain an intermediate
R value, significantlylower thanthe R of the septum in the
LAO view. This migJ@treflect the different anatomicallo
cation of the septum in the anterior and LAO view with
respect to the gamma camera. The posterobasal septum in
the anterior projection is located deep in the thorax and
well-known problems of attenuation and self-attenuation

TABLE 8
E1tec@sof Reducingthe Number of Steps in the Scoring Scale

for lnterobserverReproducibilityAfter Stress Imaging

25.3

37.1
25.0
18.8

7.2 1.6 864

22.5 11.8 726

35.4

47.2

587

248
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might contribute to lower R in this area. On the other hand,
ifwe consider only segments 11 and 12as representative of
the inferiorregion, we obtain a high R (R@= 0.91, R@,
= 0.77) not significantly different from the R of the septum

in the LAO view. Similar findings have been previously
reportedby AtwOOdet al. (21). The discrepancy between
ourresultsandthosereportedbyOkadaetaL(11)mightbe
explained by considering that, in our experiment, the scor
ing was based on both raw and background subtracted
images. An appropriate background subtraction should re
duce the problem ofsuperimposition of activities belonging
to different anatomical structures. Moreover, this proce
dure makes the target-to-backgroundratio uniform for all
of the myocardial regions.

Exercise thallium myocardial imaging is widely used to
evaluate patients with suspected coronary artery disease;
defects on the initial image suggest coronaiy arteiy din
ease, and fill-in of these defects on the delayed images
suggests hypoperfused viable myocardium (22-24). How
ever, in many regions of viable myocardium, the defects
that are detected during thallium exercise testing persist,
and appear to be irreversible on RD images taken at 3-4 hr
later in baseline conditions (25,26). Recent studies have
shown that the RI of thallium at rest after RD imaging may
lead to increased thallium uptake in apparently irreversille
thalliumdefects, which is compatftle with viable myocar
dium (4,5,27-29). The evaluation of change in 2Â°'Tlmyo
cardial activity between ST. RD and RI images is thus of
crucial importance in the assessment of both coronaiy
artery disease and viable myocardium.

The calculation of a change score is based upon the
difference between pre-test and post-test scores. As can be
seen from Table 4, the change score R is systematically
lower than pre- and post-test R. Two reasons can be sug
gested to explain this: (1) both pre- and post-test scores
have a certain degree of error (ok) that propagateswhen
combining the two measurements by means ofa difference;
or (2) the true variance between subjects (o@) is lower
examining change scores, since pre- and post-test scores
show a certain degree of correlation.

Thislast explanationalsoaccountsfor the lowervalueof
the RD-RIchangescore R (incomparisonwith ST-RDand
ST-RI), since there is less variationin scores when passing
from RD to RI, thanwhen passing from ST to RD or to RI.
The precision of the averaged subjective scoring of change
was Â±052, Â±0.60.Â±0.46for ST-RD. ST-RI and RD-RI,
respectively. Notwithstanding the lower R, the precision of
the change score assessment is higherthanthat ofpre- and
post-test scores. This confirms the general argument that a
low R does not necessarily imply a lack of precision. Al
though individual differences in change are necessary for a
high R, the absence of such differences does not preclude
meaningful assessment of individual change (30).

Intraobserver R for all of the three observers is system
atically higher than the interobserver@ for ST. RD and
RI images, but the difference is slight (Table 5). Thus, the
evaluation of perfusion defects severity might be per

formed in the same patient by different observers without
losing much in terms of R.

An important goal ofour studywas to attempt to identify
and measure the main sources of variability in 2Â°'Tlimage
interpretation. The standard measures of intra- and inter
observer R do not exhaust the possible sources of vail
ance.

A potential reason for discordant readings of 2Â°'Tlim
ages is the availability of clinical data at the moment of the
scoring. The figures of R between blinded and unblinded
readers shown in Table 6 are veiy close to the ones ob
tamed when assessing interobserver@ among the three
blinded observers (Tables 1 and 4). Thus, the knowledge of
clinical data does not seem to play a major role in interob
server variability, at least when a strictly controlled meth
odology of image acquisition and image display is adopted.

It could be asked if examinationsjudged as optimal by
the core observers have a better R than examinations of
poorer quality. In the study protocol, the three core ob
servers were asked to rate the overall quality of the scm
tigraphic study as: suboptimal, good or excellent. Eighteen
studies were rated by at least two observers as suboptimal.
In these studies, we found@ = 0.73 and R..,@= 0.89 for
ST images. These values are lower than those of the whole
sample but the difference is not striking. Thus, the subjec
tive judgement on the quality of examinations does not
seem to discriminatebetween high and low R studies.

Table 7 shows that, at a first glance, the higher percent
age of observed agreement for ST images is for the zero
level, but if we take chance agreement into account, the
higher percentage of agreement beyond chance is reached
for levels 3 and 4, while levels 0, 1 and 2 have a similar
percentage of agreement considerably lower than levels 3
and 4.

The choice of the numberof the steps on a scoring scale
is not primarilyan esthetic issue. There are a number of
theoretical reasons (7) and experimental evidences (31)
suggesting that, if the number of the steps on a scale is less
than the rater's ability to discriminate, the result will be a
lossof information.This is indeedthe case in our study; as
fewer categories are used, the R drops (Table 8).

CONCLUSION

The interobserverR of the visualfive-point scale used to
rate myocardial perfusion defects severity after ST, RD
and RI imaging, is acceptable when a single observer is
involVed in the scoring, but is far from ideal. Averaging
multipleobserver scores leads to a high R similarto those
reported using quantitative analysis of myocardial scintig
raphies (2). Change scores are sufficiently reproducible
only when multiple observers are involved in the scoring
and their score is averaged. In this case, the precision of
the assessment of change is within one point at the 95%
confidence level, and thus they may be used to assess the
reversibility of defects. Inter- and intraobserver reproduc
ibility do not differ significantly. The availability of clinical
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data at the moment of the scoring does not seem to play a
major role in interobserver variability. Reducing the num
ber of steps on a visual scoring scale lowers reproducibil
ity; thus two-level scales (normal-abnormal)should be
avoided.

APPENDIX

Italian Mufticenter Study on ThallIum R&nJeCtIOn (SIR1)
Investigators

Study Coordinator
Eugenio Inglese, MD, Medicina Nucleare, Ospedale Maggiore di
Novara.

Study ChaIrmen
GainLuigiTarolo,MD,IstitutodiMedicinaNucleare,UniversitÃ 
di Milano.
Francesco Arrigo, MD, Istituto di Cardiologia, UniversitÃ¢ di
Messina.

ClInicalCenters
Divisione di Cardiologia, Divisione di Medicina Nucleare,

OspedaleMalpighi,Bologna,Italy. C. Corbelli,MD, M. Dondi,
MD, S. Fanti, MD, N. Monetti, MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,
Ospedale Bufalini,Cesena, Italy. F. Busi, MD, D. Della Vittoria,
MD, S. Gherardi, MD, G. Moscatelli,MD, PL. Pieri, MD, A.
Tisselli,MD.

Divisionedi Cardiologia,Divisionedi MedicinaNucleare,Urn
versitÃ Firenze, Firenze, Italy. G. Bisi, MD, G.M. Santoro, MD,
R. SciagrÃ ,MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,
Ospedale Civile, La Spezia, Italy. D. Bertoli, MD, M. Cappagli,
MD, T. Duce, MD, S. Gramenzi,MD, R. Leoncini,MD, A.
Montepagani,MD, P. Pow, MD, R. Russo, MD.

Divisione di Cardiologia,Divisione di MedicinaNucleare, Poli
clinico UniversitÃ¢,Messina, Italy. F. Arrigo, MD, S. Baldari,
MD, S. Careij, MD, A. Marvelli,MD,A. Migliorato,MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,
Ospedale Niguarda, Milano, Italy. A. Ascione, MD, G. Boni,
MD, G. Cannizzaro,MD, D. Massa, MD, G. PiccalÃ´,MD, S.
Pirelli, MD, R. Sara, MD, F. Spinelli, MD, F. Sarullo, MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,
OspedaleCervello,Palermo,Italy.U. Ficola,MD,S. La Monica,
MD, R. Lo Mauro, MD, P. Marozzi,MD, P. Sabella,MD.

Divisione di Cardiologia, Ospedale S. Maria delle Croci,
Ravenna, Italy. G. Bellanti, MD, G. Berti, MD, S. Coccolini,
MD.

Divisionedi Cardiologia,Divisionedi MedicinaNucleare,Urn
versitÃ Cattolica, Roma, Italy. ML. Calcagni,MD, A. Giordano,
MD, E. Rossi, MD, M. Salvatori, MD, G. Schiavoni,MD, C.
Trani, MD.

Divisione di Cardiologia,Divisione di MedicinaNucleare, Can
tro Campano Ricerche, Salerno, Italy. V. Arienzo, MD, M. Bi
fulco, MD, V. Capuano,MD, N. La Maida,MD, M. Punzi, MD.

Divisione di Cardiologia,Divisione di MedicinaNucleare, Poli
clinico UniversitÃ ,Siena, Italy. A. Vattimo, MD, L. Baldi, MD,
P. &rtelli, MD,C. Cataldi,MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,
Ospedale Civile, Treviso, Italy. 0. Favretto, MD, V. Cuzzato,
MD, F. Palermo,MD, P. Zoli, MD.

Divisione di Cardiologia, Divisione di Medicina Nucleare,

OspedaleCivile,Venezia,Italy. R. Anastasio,MD, A. Benzoni,
MD, A. Bonazza,MD, S. Gravili,MD.

Italian Group of Nuclear CardiOlOgy
0. Mazzotta,MD, Cardiologia,OspedaleGalliera,Genova.
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Condensed from

15 Years Ago:
Editorial: Teamwork in Cardiovascular
Nuclear Medicine

Julia W. Buchanan and Henry N. Wagner, Jr.
The Johns Hopkins Medical Institutions, Baltimore,
Ma,yland

Bothcardiologistsandnuclearmedicinephysiciansare
involved in the rapidly developing field of cardiovascular
nuclear medicine. In July 1978we sent a questionnaire to the
heads ofnuclear medicine residency training programs and
directors ofadult cardiology training programs to assess the
type and degree ofcollaboration in performing these studies.

Sixty-four percent ofthe 351 questionnaires sent were
returned within 2 mo. Only 10% ofthe returned
questionnaires stated that these studies were not performed,
andtheseinstitutionswereexcludedfromfurtherevaluation.
Inonly six institutionsarethe studiesperformedexclusively
in the department ofcardiology. Most are done either exclu
sively in nuclear medicine or in both cardiology and nuclear
medicine departments.

The most encouraging result ofour survey is that cardiolo
gists and nuclear medicine physicians work together as a
team. Over 90% ofboth groups said there was collaboration
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between cardiology and nuclear medicine and that they
believed the procedures should be performed as ajoint effort.

Exercisetestingwas the areawherecollaborationwas most
often cited. The experience and expertise in selecting appro
pnate patients, performing the proper exercise protocol, and
monitoring the patient's response were described as essential
roles for the cardiologist. The expertise ofthe nuclear medi
cine physician was ofgreatest value in the technical aspects
ofthe study. In some institutions a separate division of
cardiovascular nuclear medicine has been created with the
joint appointmentofa cardiologistanda nuclearmedicine
physician, or ofone physician trained in both disciplines.
Some questionnaires stated that collaboration was primarily
injoint research projects; others stated that there was joint
interpretation ofthe studies. Some institutions have joint
training programs for cardiology and nuclear medicine resi
dents.

From the results ofthe questionnaire, we have concluded
that cardiologists and nuclear medicine physicians should and
do worktogether.Almostall have foundthatcollaborationis
the key to success.
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