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Objecam This study was designed tc assess factors affecting

ver in interpretation of planar thallium-201

stress imaging in the Mulﬂwlur Study on Silent Myocardial
Ischemia (MSSMI).

Background. Five hundred fifty-six planar thallium-201 images
were interpreted in 24 clinical centers and in a Radionuclide Core
L 'y. The trial’s Cy and Data Cenver observed
that the participating clinical centers interpreted a significantly
greater number of thallium-201 stress studies as abnormal (l.e.,
myocardial ischemia or scar) than the Core Laboratory, and
overall agreement was poor (kappa 0.27).

Methods. Agreement in image interpretation between clinical

in the clinical centers were caused by lack of standardization of
image display and lack of objective criteria for image interpreta-
tion. To test the effect of standardization, 13 clinical investigators
interpreted the same 41 test studies using 1) uniform image
dkpluy,nle)ulformqunﬂﬂm!onaﬂmlgu.

Results, The agreement in between clinical

and the Radionuclide Core Lab

nodudywﬁillﬂor-llyofimlgedkphy(hpplosﬂbm
Iimproved markedly (kapps 0.66) with quantitative circumferen-
tial profile analysis,

Conclusions. Lack of standardization n image display and lack
of objective criteria for P of thaBium-291 images are

centers and the R Core L 'y was analyzed by
kappa statistics, The reproducibility of the Core L y

poasible for suboptimal reproducibility and poor intexiabora-
tory agr in the pretation of thallium-201 siress imag-

results on 41 randomly selected test studies was excellent (kappa
0.77). In contrast, the reproducibility of interpretation in the
linical centers on their own studies was at best fair (kappa 0.45).
1t was hypothesized that the poor agreement and reproducibility

ing. The adoption of a aniformly accepted method for computer
quantification of myocardial perfusion images is crucial to im-
prove agreement in interpretation.

(J Am Coll Cardiol 1993;21:1064-74)

‘The clinical usefulness of an imaging modality depends on its
sensitivity, specificity and predictive accuracy. However, of
equal importance is the reproducibility of interpretation, not
only for the same observer or within the same laboratory,
but also in multiple laboratories. For instance, the prognos-
tic value of thallium-201 stress testing has been well docu-
mented in reported studies (1-19}, but it is not known to

what extent these results can be reproduced in various
laboratories.

The Multicenter Study on Silent Myocardial Ischemia
{MSSMI) is a National Institutes of Health-sponsored mul-
ticenter study that aims to cvalua(e prospccuvely lhe prog-
nostic significance of p in
patients who had a recent acute myocardlal infarction or
unstable angina. This study started in 1988 and enrollment of
1,084 patients was completed in May 1991. In this study the
of myocardial ischemia was assessed in three
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y P ion defects on planar thallium-201 stress
imaging.

The present report examines the agreement in interpreta-
tion of thallium-201 stress studies within the participating
clinical centers and between these centers and the Radionu-
clide Core Laboratory. In addition, factors that are impor-
tant for uniform interpretation of thallium-201 stress images
among multiple observers are evaluated. The results indicate
a need for standardization of image display and objective
criteria for image interpretation.
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Metheds
Clinical centers, Radionuclide Core Laboratory and Coor-
dinating and Data Center. Twenty-four clinical centers par-
ticipated in the MSSMI trial. Each center ired thallium-
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Table 1. Ch

201 studies in its own nuc'ear imaging laboratory using a
variety of gamma J The Cardiovas
cular Nuclear Imaging Labomtory at Yale University School
of Medicine, New Haven, Connecticut served as the central
Radionuclide Core Laboratory for uniform processing and
analysis of thallium-201 images. A central data archive was
established at the MSSMI Coordmatmg and Data Center at
the University of Roch 1 , New York.

Certification procedure preceding MSSMI stady. Before
centers could enroll patients in the MSSMI study, zach of
the participating nuclear lab ies was ‘‘certified™” by the
Radionuclide Core Lab, y. The purpose of this centifi-
cation procedure was to ensure uniformity in image acquisi-
tion and acceptable quality of studies and to test the logistics
of submitting digital data to the Radionuclide Core Labota-
tory. Bach participating laboratory submitted for certifica-
tion three thallium-201 stress studies, acquired according to
the standardized imaging protocol described next (see be-
low).

Standardization of. isefi tocul. A dard

of Lab and P Involved
in the MSSMI Study
All Test Group

L {no.} b 1B
MDs (no.) 37 13

Nuclear medicine pbysicians B 8

Nuglear medicine cantiolegisis 1 3
MD experience {yr} 05 nx2

Range 120 8-15

Median 10 n
Thallium studies/day (00.} 5£3 623

Values are expressed as oumber of the variable or mean value + SD.

computer systems in 128 x 128 matrix (word mode). Un-
processed image data were stored on floppy disk and mailed
to the Radionuclide Core Laboratory.

Image interpretation at ciinical sites. Thallium-201 stress
images were interpreted by the clinical invastigators for the
purpose of clinical of the patients using their
routine analysis methodology. The experience with thallium-
201 imaging i the laboratories and of the interpreting
physicians is shown in Table 1. As shown in Table 2 the
method of i image d:splay and mterpretauon varied in differ-

ized thallinm-201 stress imaging pmtocol {11,12) was dis-
cussed in detail with all participating investigators before the
beginning of the MSSMI study.

Exercise. One thousand thirty-two of 1,084 patients per-
formed exercise on a motor-driven treadmill using the stan-
dard Bruce protocol, until one of the following end points
was reached: target heart rate (220 beats/min minus age),
severe fatigue, severe angina, hypotensicn or ventricular

hycardia. At peak 2.5 mCi of iballium-201 was
injected intravenously and the patient was encouraged to
continue to exercise for at least another 1 min at same level,
!hen mother minute at a slower speed

Planar was started within
5 min after injection of thallium-201. Imaging was performed
in three projections. A left anterior oblique image was
obtained with the patient supine and camera head angulated
in the position that provided the best separation between
right and Ieft ventricles. An anterior image was obtained
wiih the patient supine and the camera head angulated 45° to
the right of the left anterior oblique The left

ent | ie: were allowed to use
clinical and exercise miommon in the interpretation of the
thallium-20) stress tests. The results of interpretativn were
recorded on MSSMI thallium-201 report forms. On these
forms the left ventricle on each view was divided into three
segments. Each segment was scored qualitatively as normal,
partially r ible, completely ible, fixed or uninter-
pretable. Finally, the entire study was scored as normal,
ischemia, scar or ischemia and scar. The completed report
forms were seat to the MSSMI Coordinating and Data
Center.

Image processing and isterpretation at Radionuclide Core
Laboratory. Transcription and display. Table 3 shows the
various comput.rs and storage media used by the MSSMI
centers, In the Radionuclide Core Laboratory the unproc-
essed digital data from the clinical centers were transcribed
to PICKER PCS-S12 format. Hard copies of unprocessed

Table 2. Modes of Image Display and Interpretation Employed in
24 Nuclear Laboratories

lateral image was obtained with the patient in a right decu-
bitus position (lying or. his or her right side) with the gamma
camera angulated in the same way as for the anterior view.
The gamma camera was peaked oa the 176 keV thallium-201
gamma peak (25% window) and over the 68 keV X-ray peak
(20% window). The gamma camera was equipped with a
general ail purpose paraliel hole coilimator. All images were
acquired for preset time: 10 min per view, acquiring at least
600,000 counts in the ficld of view. Delayed imaglis was
performed 2.5 to 3 hlater, in Lhe same pm_;ccmns and for the
same time. All data were don i ilabl

Centers (no.)

Display

Computer screen 10

X-ray film u

Polaroid film 3
Color

Black and white 1

Multicolor 3

Combined. color and black and white 0
Intarpretation

Visual analysis coly e

Coibined quaxtification and visuat analysis 1
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Table 3. Computer Systems and Storage Media Employed in the
MSSMI Thallium-201 Imaging Study

Computer Media
ADAC 525" disk
Baird Polaroid film
CDA 5.25" disk
DEC 8" disk
Elscint 5.25" and 8" disks
G E Star, Starcam 8 disk
MDS§ 8" disk
Picker 5.25" disk
Sophy 5.25" and 8" disks
Technicare B disk
Toshiba §" disk and magnetic tape
VAX Magnetic tape

images were printed on black and white photographic paper
with use of a video imager. On these images radioactivity is
white against a black background. A linear gray scale was
employed. The images were normalized to the pixel with the
greatest amount of radioactivity within the heart. Exercise
and delayed images were displayed side by side on high
quality glossy prints (Fig. 1).

Assessment af image quality. The quality of thallium-20t
images was 2valuated subjectively in the Core Laboratory
according to the following criteria: 1) adequate count density
in the total field of view (at least 600,000 counts) and
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adequate count density within the heart (at least 30,000
counts after background correction); 2) acceptable ““appear-
ance” of the images (adequate heart to background ratio and
leq image luti 3) adeq positioning and
reproducible repositioning of the heart within the field of
view; 4) plete visualization of all my dial
(i.e., true left anterior oblique, anterior and [eft lateral
images of the heart); 5) adequate size of the heart within the
field of view when zooming was cmployed. The heart should
occupy approximately one third to one fourth of the diame-
ter of the field of view.

Taking the preceding listed features into account, the
quality of thallium-201 study was categorized as either
excellent, good, fair or unacceptable.

Quantification. Quantification of thallium-201 images
was performed by using software developed in the Radionu-
clide Corz Lat y. This p program has been
described previously (13). In brief, after modified interpo-
lated background subtraction left ventricular regions of
interest were determined on the stress and delayed thallium-
201 images. Ci ial count distribution profiles were
generated from these regions of interest. The left ventricle
was divided into 36 sectors, each subtending a 10° arch. The
mean count density in each of the 36 sectors was deter-
mined, and the sector with maximal mean count density was
designated the value of 100%. The values for the remaining
sectors were expressed as a percent of this maximum.

Figure 1. Example of display of unprocessed thallium-201 images as
employed in the Radionuclide Core Laboratory. The exercise and de-
layed images are displayed side by side on glossy black and white
photographic paper. The linear gray scale is normalized to the pixel with
the greatest radioactivity within the heart. There is a partially reversible
anteroseptal d NT = anterior; LAO = left anterior oblique;
LAT = left lateral; 1 = immediately after exercise; 2 = delayed imaging.
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LAO Projection

Apicalseptal
Defect

!

THALLIUM-201 REDISTRIBUTION PROFILE

lower limit
/ul normal

saverit r
L

L extent ——J
A=Defect

A+B= Potentially Yisualized Normal
Myocardium

DEFECT INTEGRAL=
x 100

A

A+B
Figure 2. Method of quantifying perfusion defect size. Top, Dia-
gram of the left ventricle in the left anterior oblique (L.AQ) projec-
tion: an apical-septal defect (A) is indicated. Bottom, Thallium-201
distribution profile. The apical-septal myocardial perfusion defect is
graphically displayed as the portion of the circumferential profile
below the lower limit of normal (A). The defect can be described in
terms of extent (the number of data points below the lower limit of
normal) as well as sevenly (the nadir of the curve below the lower
limit of normal). Defccl size 1s quanuﬁed asan mtegml of the defect
area (A) and the rmal (A+B).
(Reproduced from Wackers et al. J Am Coll Cardiol 1989;14:861-
.

Myocardial defect size was quantitated by integrating the
hypoperfused area below the lower limit of normal curve
(mean minus 2 SD). This area was expressed as a proportion
(x100) of the total, potentially visvalized, normal myocar-
dium. This integral is a value without units and reflects both
the extent and severity of a perfusion defzct (Fig. 2). This
method has been validated previously in patients (14). The
inter- and intraobserver variability of this methodology for
quantifying thallium-201 defects has been reported {15).
Interpretation. All thallium-201 studies were inteipreted
in the Radi lide Core Lab y by two of us
(F.J.Th.W. and M.B.) without knowledge of clinical infor-
mation, the interpretation at the clinical centers or the
results of exercise and of 24-h Holter ECG recordings. Two
sets of data were available: 1) pnnls on glossy photographic
paper of unp d digital layed thallium-201
images (Fig. 1), and 2) quantification of these images as
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circumferential count distribution profiles with 2 reference
normal data base (Fig. 3).

The interpretation of images was recorded on Radioma-
clide Core Laboratory MSSMI report forms. On these forms
the left ventricle on each view was divided into five seg-
ments. The dlsmbunon of thallmm-zm in each segme'}t was
scored q ly and y. The qual-
itative score methed was identical to that used i m the clinical
centers. The quantitative defect size on the exercise image
and on the delayed image, and the quantitative difference
between the two, were measured as outlined earlier.

The final interpretation of a thallium-201 study was based
on analysis of quantitative circumferential profiles with
visual overread.

t di .

App between quantification
and analog images were resolved by consensus. Discor-
dances were rare and occurred predominantly in small
defects (<5) or on studies with obvious attenuation artifucts
(e.g., by overlying breast tissue).

The studies were categorized as either rormal, ischemia,
scar or ischemia and scer. The completed Radionuclide
Core Laboratory report forms were sent to the MSSMI
Coordinaring and Data Center.

A of ducibility of in the Ra-
dionuclide Core labomtory Forty-one studies {from 18
clinical centers) were selected by stratified random selection
from the data base by the Coordinating and Data Centex for
reinterpretation by the Radionuclide Core Laboratory. Stud-
ies previously graded by the Core Laboratory as being of
*‘unacceptable” quality were excluded. These studies were
originally interpreted by the Core Laboratory as normal in
14, scar in 12, ischemia in 8 and scar and ischemia in 7. The
selected studies (test studies) were coded by assigning
numbers 1 to 41. The unprocessed analog images and their
quantitative circumferential profiles were reinterpreted by
F.J.Th.W. and M.B. without knowledge of the prior inter-
pretation. New MSSMI report forms were completed and
snbmmed to the Data Coordinating Center.

of ducibility of i ia the clin»
ical centers. Eight chmcal centers that had entered more
than 20 thallium-201 stress studies in the MSSMI study were
asked by the Coordinating and Data Center to reread 17t0 20
of their own, randomly selected studies. A total of 156
studies were reinterpreted by the eight investigators witkout
knowledge of the original interpretation, first without chinical
information (as performed at the Core Laboratory), and then
with clinical information available (as routinely performed at
the clinical centers). These two interpretations were made in
the same reading session, one after the other. New MSSMI
report forms were filled out by the clinical centers and
submitted to the Coordinating and Data Centex,

Eval of factors affecti in interpretati
Because the clinical centers used different methods for
lmage dlsplay and image mterpretatmn (Table 2), it was

d that agr in interpretation of thalliom-
201 images could be improved by l) ideatical display of
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REGIONAL DEFECT SCORES

images; 2) identical quantitative data; and 3) comparison
with & normal reference data base.

Identical image display visual analysis. Thirteen MSSMI
thallivm-201 interpreters from 13 centers (including the eight
centers that assessed the reproducibility of their own stud-
ies) were asked to interpret the 41 thallium-201 test studies.
Numerically coded hlgh quality black and white photo-
graphic prints, sh d analog ise and

JACC Vol 21, Nas.
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Figare 3. QLamnﬁcamn of the left anterior oblique
(LAO) images in Rigure 1. Tuop, Analog images \mh
ellipse employed for

biackground cosrection. The small squares are regions
of interest to compute lung/heart ratio (normal [0.49] in
this patient). Bottom, Circumferential count distribu-
tion profiles. The solid black line indicates the lower
limit of normal thallium (TL)-201 distribution. The
exercise (EXER) profile (back squares) is below the
lower limit of normal in the basal-septal (BS), apical-
septal (AS) and apical (AP) area. The delayed profile
{white squares with dot) is largely within the normal
range. Quantification of the defect size after exercise,
at delayed imaging (REST) and change (CHNG) is
shown in the table. IL = inferolateral; % MAX SEG
MEAN = percent of maximal seqment (mean counts).
PL = posterolateral,

analysis program employed in the radionuclide Core Labo-
ratory. Examples of quantitative thallium-201 studies were
shown, and guidelines and rules for imerpretation were
discussed. Subsequently, th= 13 investigators interpreted the
41 test studies from 1) black and white photographic prints of
unprocessed images, and 2) from circumferential count
dnstnbuuon profiles with a normal reference data base. The

de]ayed images snie hy snde (Fig. 1), were sent to the

s. The investigators interpreted these images
qualitatively by visual analysis. No clinical or quanmanve
data were made available. The results were d on new

had neither clinical mi‘onnauon nor the results
of their visual analysi ilabl pretation derived
from quantitative analysis was rccorded on new MSSMI
forms. The final interpretation of each study was again
d as normal, ischemic, scar or ischemia and scar.

MSSMI report forms. Each study was to be categorized
again as normal, ischemic, scar or ischemia and scar.
Identical image quantification and normal reference
data. Within 6 months the same 13 investigators met for a
reading session. During this meeting the investigators were
familiarized with the quantitative circomferential profile

Statistical anslysis. Analysis of agreement was performed
on 4 X 4 tables displaying the final categorization of the
three-view studies as normal, ischemia, scar or ischemia
and scar. No analysis was performed on the segmental
image interpretation.

Agr bet: the Core Lab

y and the clinical
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Table 4. Interpretation of Kappa Values Table 6. A in Inter Between Radi ide Core
" Complete agrecment Laboratory and Clinical Centers (n = 556 patient studies)
>0.75 Excellent agreement beyond chance Clinical Centers
04010 0.75 Fair agreement beyond chance Sear and
<0.49 Poor agreement beyond chance Normal Scar  Ischemia 'schemia Total
0 Chance agreement
<0 but >-1 Disagreement beyond chance Core Laboratory
-1 Complete disagrecment Normal n 56 3 32 197
Scar 6 ] 17 38 130
Ischemia 7 1 3 3N 9
centers and agreement between repeat analyses were evalu- if;;'”'d fsshemia 82 l;; xfg l; ;z
ated by kappa s (16). The interp of different Agreement Kappa
kappa values are indicated in Table 4 (17). Kappa values
were determined for three comparisons: 1) each of four All four categories oz
ies: normal, ischemia, scar ot ischemia and scar: Normal or abrormal 0.38
* ' Ischemia or no ischemia 036

2) normal versus abnormal; and 3) ischemia {including isci-

emia and scar) versus no ischemia. Differences between the
Core Laboratory and the clinical centers in the proportions
of studies classified as normal and in proportions classified
as ischemic falone or with scar) were tesied by using
McNemar’s chi-square test with 1 degree of freedom (18).

Resulis

Quality of thallium-201 images before certification aud
during the MSSMI study. During the certification process
(before the start of the MSSMI study) 24 chnu:al centers
submitted 75 thallium-201 studies. The R Core

Comparison of interpretation by Radienuclide Core Labe-
ratory and by climical centers. After enroliment of approxi-
mately 50% of the MSSMI patients, the MSSMI Data
Coordinating Center performed an inteim analysis of the
agreement on thallium study interpretation between clinical
centers and the Radionuclide Core Laboratory (Table 6). Of
the 556 studics, 197 studies (35%) were interpreted as normal
by the Core Laboratory, compared with only 85 studies
{13%) by the enrolling centers (p < 0.001). Furthermore, the
Core Laboratury read 229 (41%) of the studies as showing

Laboratory judged that 19 (25%) of these studies from seven
laboratories were of unacceptable quality {Table 5). The
most common problems were 1) poor count statistics,
2) inadeq] image resolution due to suboptimal energy
window pl or too large di between patient and
camera, 3) failure to carefully reproduce the positioning
angles between lhe exemlxe and delaycd images, 4) incorrect

1 lization of all myo-
cardial segments, and 5) Ioo large a zoom factor. In all
instances these pmblems could be readily corrected by
correspond and ions between clinical
centers and the Radionuclide Core Laboratory.

During the MSSMI study the clinical centers adherec well
to the standardized imaging protocol. At the completion of
the study (Mav 1991), 95% of all thallium-201 studies were
considered 1o be of fair or better quality (Table S); only 5%
of studies were categorized as unacceptable.

Table 5. Quality of Thallium Images at Certification and During
the MSSMI Study

March 1988 May 191
Image Certification MSSMI Study
Quality (75 studies) (1,032 studies)
Excelent 3 n
Good b 50
Fair 3 y
Unacceptable rAl 5

Dara aze presented as percent of studies.

hemia or scar and i pared with 298 (54%) by
the clinical centers {p < 0.001). Kappa (k) values indicated
poor agreement whether studies were classified into one of
four categories (k = 0.27) or dichotomized as normal versus
abuermal (kX = 0.38), or as ischemia versus no ischemia
(k = 0.36). Table 7 shows that the agreement on interpreta-
tion of 156 patient studics by the eight clinical centers
selected to reread their own thallium-201 studies and by the
Core Laboratory was equally poor and no apparent bias
existed. The relatively poor agrecment for this sample of 156
thallium-201 studies was similar to that observed for the total
group of 556 patients. (Kappa values were calculated for

Table 7. A in I ion Between Radionuclide Core
Laboratory and Eight Clinical Centers (n = 156 patient studies)
Clinical Centers
Scar and
Normal  Scar Ischemia Ischemia Tolal
Core Laboratory
Normal B 12 6 9 50
Scar 2 2 4 20 48
Ischemia 1 1 5 13 20
Scar and ischemia 0 13 6 19 38
Total % 48 21 6t 156
Agreement Mean Kappa = SD Median (range)
All four categories 0.24 £0.15 .21 (.01 to 0.49)
‘Mormal or abnormal 0.52 2 0.26 0,57 (0.00 10 0.78)
Ischemia or no ischemia 028 = 0.17 ©.32 (0.0 to 0.47)
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Table 8. Reproducibility of pretation in Radionuclide Core
Laboratory {41 test studies)
Reading 2
Scar and
Normal Scar Jschemia Ischemiz Total

Reading 1

Normal 3 1 0 9 14

Scar 2 8 0 2 12

Ischemia [} 0 7 1 8

Scar and ischemia 1 0 0 6 7

Total 16 9 7 9 41
Agreement Kappa

All four categories 0.7?

Normal or abrormal 0.79

Ischemia or no ischemia 0.84

each of the eight clinical centers and summary statistics
determined for the set of eight kappa values).

The agreement (between the Core Laboratory and clinical
centers) in the original interpretation of the selected 4/ rest
studies was better than that for all studies (unacceptable
quality studies were excluded) but still suboptimal. Kappa
values for agreement on all four categories was 0.47, for
normal versus abnormal 0.52, and for ischemia versus no
ischemig 0.53.

Reproducibility of interpretation in Radionuclide Core
Laboratory. Repeat interpretation of the 41 test studies by
the Core Laboratory showed excellent reproducibility (Ta-
ble 8), The kappa values all exceeded the threshold for
excellent agreement (17).

Reproducibility of inte: pretation in clinical centers. Eight
centers re:ead the 156 patient studies. The results of intra-
center agreement are summarized as kappa values in Table
9. When the original interpretation in the centers was com-
pared with the rereading without access to clinical and
exercise information, the kappa value for categorization as
normal or abnormal was good (0.70 = 0.13). However, the
kappa values for categorizations as either ischemia or no
ischemia or into one of the four categories were only fair
(0.50 + 0.28 and 0.45 + 0.21, respectively). When clinical
informaticn, such as the history and exercise ECG data,
were made available, reproducibility did not improve dis-
cernibly (Table 9). Nevertheless, there was excellent agree-

Table 9. Reproducibility of Interpretation in Clinical Centers
(eight clinical centers)
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Table 10, Agr in Between R
Core Laboratory and 13 Investigators, Using Uniform Image
Display (41 test studies)

Clinical [nvestigators
Scar and
Normat  Scar [Ischemia Ischemia Total
Core Laboratory
Normal 139 21 17 5 182
Scar n 116 3 26 156
Ischemia 13 il 0 30 104
Scar and ischemia 1 2 10 58 9
Tatal 164 170 8 1 53
Agreement Mean Kappa = SD Median (range}
All four calegorie: 057 =017 0.59 (0.29 to 0.99)
Normal er abnormal 070+0.18 0712910094
Tschemia or no ischemia 061 =014 0.60 (0.39 to 0.8%)

ment between reinterpretations first without and then with
clinical information.

Effect of standardization on interp
tion of display. Table 10 and Figure 4 show the effect of
uniform display of 41 test images on the agreement between
13 clinical investigators and the Radionuclide Core Labora-
tory. For categorization as normal or abrormal, kappa value
improved from 0.53 (original agreement test studics, see
carlier) to 0.70. However, there was a wide range in the
kappa values (0.29 to 0.94). For categorization as ischemia
or no ischemia, kappa value improved from 0.52 to 0.61, and
for categorization in one of four categories it improved from
0.47 to 0.57.

Standardization of display and quant{ﬁcanon Table 11
and Figure 4 show the further improvement in agmement
b the clinical i igs and the Radionuclide Core
Laboratory obtained by adding quantification (with normal
reference data base) to standardized image display. For
categorization as normal or abnormal, kappa value im-
proved to 0.80. For categorization as ischemia or no isch-
emia, kappa value improved to 0.71. The kappa value for the
comparison of all four possibl ies further imp:
100.66. This improved perfonmnce appears to be associated
with smaller standard deviations and narrower range of
kappa values.

The effect of quantification can be appreciated by com-
paring Tables 10 and 11. The addition of quantification
achieved better agreement with the Core Laboratory be-
cause the investigators interpreted more studies as normal
(31% vs, 36%) and fewer dei'ects as scar (32% vs. 26%). The

Srandardi

Mean Kappa Value (+SD) freq v of interp and ischemia and
Without Without Versus  scar remained essentially the same.
Clinical Wilh Clinical ~ With Clinical
All four categories 0452021 D02 075 =06 Discussion
Normal or abnormal 070013 071£025 089 =014 This  study demonstrates that among centers with well
Ischemin or noischemia  0.50 =028 054024 0732 0.6 jes, the methodology of
*Compared with original i with clincat i preting thallium-201 stress varies considerably.
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Figure 4. Mean kappa values for
categorization as “‘all four cate-
gories™ (normal, ischemia, scar,
ischemia and scar), “‘normal ver-
sus abpormai”’ and “‘ischemia ver-
sus no ischemia”. Kappa values
indicate agreement between the
Radionuclide Core Laboratory and
clinical centers without standard-
ization (all 556 patients [pts] and 41
test patients) and uniform image
display and uniform image quanti-
fication (41 1est patients). Kappa
values improve considerably with
uniformity of display and quantifi-
cation.

mean Kappa

All 4 Categories
- No standardization ( 556 pts }

|:] Uniform display ( 41 pts )

Variation in image acquisition and image quality. The
initial certification procedure for the MSSMI study aimed to
optimize image quality by standardizing image acquisition
(11,12). Our system for grading image quality was by nature
subjective and reflects our esthetic preference. The majority
of participating laboratories submitted studies that were of
fair or better quality (Table 5). However, 25% of the initially
submitted images were of unacceptable quality. It was clear
that these suboptimal images were not caused by i

Normal vs Abnormal Ischemia vs No Ischemia

5] Mo standardization ( 41 pts )

[ vrrorm quantification ( 41 pts )

to noise ratio. These and other deficiencies in general could
readily be corrected by communication between the Radio-
nuclide Core Laberatory and the clinical centers. As a
result, the overall quality of thallium-201 studies at the
completion of the MSSMI study was good to excellent. Only
5% of studies were of poor quality (Table 5).

Variation in interp Our study di fur-
ther that good quahty of thallium-201 images does not ensure

equipment but rather by defici in imaging techniq

and, most frequently, by lack of attention to technical details
of imaging. The most common deficiency was that of insuf-
ficient count density within the heart, resulling in poor signat

uniform interp of images in nwltiple laboratories.
The Coordinating and Data Center noticed that a signifi-
cantly smaller proportion of thallium-201 studies were inter-
preted as showing ischemia by the Core Lab y than by
the clinical centers (Tables 6 and 7).

R ibili no dard for isch-
emia on thalhum-zol imaging exists, it was not clear whether
the Core Laboratory or the clinical centers were correct. To

ine this issue, we first examined the reproducibility of

m!erprelauon The reproducibility by the Radionuclide Core
L

Table 11. A in Inter Between Radionuclid
Core Laboratory and 13 [nvestigators Using Uniform Image
Quantification (41 test studies)
Clinical Investigators
Scar and
Normal  Scar ischemia Ischemia Total
Core Laboratory
Normal 162 0 ] 3 181
Scar 2 1K) 7 24 156
Ischema 17 7 58 2 104
Scar and 1schemia 1 8 15 67 9
Total 92 138 86 116 532
Agreement Mean Kappa = SD  Median (range}
All four categories 0.66 = 0.10 0.70 (0.46 to 0.76)
Normal or abnormal 0.80 = 0.07 0.77 (.70 to 0.95)
Ischenia or no ischemia 071 =011 0,70 (0.53 to 0.89)

*One study was 10t interpreted by one investigator.

y was found to be llent (Table 8). In

the reproducibility at eight rep clinical centers
was no better than fair (Table 9). It made no apparent
difference whether the interpreters were nuclear medicine
physicians or nuclear medicine cardiologists, nor did the
experience {in vears or patieit volume) of the laboratories
with thallium-201 imaging appear to be a factor. The ob-
served lack of agreement conceivably could be explained in
several ways. Whereas image display and quantitative anal-
ysis at the Core Laboratory was rigorousiy standardized, at
various clinical centers thallium-201 tmages were interpreted
in many different ways: from Polaroid film, X-ray film,
computer screen; in color or in black and white; by visual
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inspection or by using quantitative analysis software, Fur-
thermore, in several centers, the studies were not consis-
tently interpreted by the same physicians in part because
interpreting physicians employed a rotating reading schedule
or moved to other institutions. Such changes can be ex-
pected to occur in any multicenter study that recruits pa-
tients over the course of several years.

Previous studies on observer agreement, Data on intra-
observer and interobserver agreement in interpreting
thaflium-201 studies have been reported before. Okada et al.
(19) and Atwood et al. (20) reported good observer agree-
ment when studies were interpreted in a simple dichotomous
fashion (normal or abnormal) with kappa values ranging
from 0,56 to 0.74. However, percent agreement ranged from
11% to 79% when |nterpreters were asked to read the

JACC Val. 11, No. 5
Apil 1993:1064-74

Effect of uniform image display. We hypothesized that
the poor agreement between the clinical centers and Radio-
nuclide Core Laboratory and the lack of intrainstitutional
reproducibility could at least in part be due to a lack of
standardization of data display. When the same investigators
who demonstrated poor reproducibility on their own studies
were asked to interpret thallium-201 test images using uni-
form image display, agreement with the Core Laboratory
interpretations improved (Table 10).

Effect of uniform image display and quantification. Agree-
ment in interpretation of thallium-201 images improved
further by the addition of uniform quantification of defect
size and comparison with a normal reference data base. Such
quantification provides objective criteria for normality and
abnormahty, as well as for reversibility of defects. Kappa
values indicated ag with the Core Labora-

ic location of defects. N other i

(21-25) have reported observer reproducibility as pan of
studies on the diagnostic and clinical usefulness of thallium-
201 stress testing. In ali instances the investigators inter-
preted studies from their own laboratory employing their
usual dlsplay format, Watson et al. (26) reported recently on

computer-assisted analysis of planar techne-
uum-99m sestamibi studies acquired in a different institu-
tion. They found high (90.2%) agreement between interpret-
ers and between computer operators. Only one study
compared agreement between observers of dlﬁ'erem institu-
tions. Trobaugh et al. (27) evaluated in interp!
tation among four interpreters from two different fab .

tory and, as a corollary, excellent agreement among the
clinical investigators, The 13 clinical investigators did not
achieve the same high kappa values for agreement that the
Core Laboratory demonstrated for reproducibility. This
finding is explaincd by the extensive experience of the Core
Laboratory with this quantitative method. Nevertheless, the
clinical investigators achieved their considerable i improve-
ment in agr after one teaching session of app
mately { h.

The observations in this multicenter study are not unique.
‘We have experienced similar variability in study quality and
image interpretation in other multicenter clinical trials

ries on thallium-201 images acquired in their respective
laboratories. The images were interpreted visually as either
normal, borderline or abnormal. Agreement in qualitative
interpretation of studles occurred in 79% of studies.

The ag the Core Lat y and clinical
centers as reported in our present study appears to be
substantially less than that reported before. However in
most previous studies no kappa statistics were applied.
When agreement is expressed as a percentage, results may
be deceiving. For exampte, in Table 6, agreement on normal
or abnormal was 75%, and the agreement on all four
categories was 45%; both values are substantially higher
than the corresponding kappa values. Moreover, our present
study is unique because of the more detailed image interpre-
tation and the comparison of relatively large number of
laboratories partici in this multi trial.

Clinical information. It appeared also conceivable that
the availability of clinical information might have biased
image interpretation in the clinical centers. Surprisingly,

(Thrombolysis in Myocardial Inf; [TIMI] and Survival
and Ventricular Enlargement Study {SAVE)), whether myo-
cardlal perfusmn |magmg or ethbnum radionuclide angio-
was lved. It appears h that thalli-
um-201 i |mag|ng inp lacks of image
acquisition and objective criteria for image interpretation.
The aim of the present report was not to demonstrate that
the quantitative software used at the Radionuclide Core
Laboratory is the superior methodology. After all, it is not
possible to know whether the interpretation of the Core
Laboratory is the comrect one. However, the resulis do
suggest that standardization of image display and the use of
a quantitative sofiware with reference to a normal data
base, are instrumental in achieving uniform and reproducible
interpretation of thallium-201 images in differeat laborato-
ries. The varying methodology of image display and variable
criteria for image interpretation reflect current reality in
many laboratories.
Quantiutive image nmlysu Quantitative analysns of

clinical information appeared to have little effect on inter-
pretation at the clinical centers (Table 9). With or without
clinical information the agreement with the Core Laboratory
was poor. However, at rereading, good intraobserver agree-
ment existed at the clinical centers with and without utiliza-
tion of clinical information. These sbservations suggest that
different criteria for normality and abnormality were em-
ployed.

rfusion imaging has been employed in our
laboratory o tinely for >10 years. 1t should be emphasized
that the results of computer quantification are not accepied
slavishly. Computer quantification is an invaluable aid to
visual analysis. In most cases the graphic display confirms
the impression from the analog images and is employed as
objective feedback to the interpreter. Quantification with
reference to a normal data base enhaaces consistency and
reproducibility of image interpretation. Quantification is
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particulasly helpful in questionable studies with minor ab-
normalities or minor defect reversibility. Quantification en-
hances the confidence of interpretation by objective feed-
back through graphic display. However, the computer does
not recogaize artifacts. Potential artifacts are recognized by
inspection of the analog images, and computer quantification
is “overread.”

Investigative imglications. Our observations have impor-
tant investigative implications. In recent years various mul-
ticenter trials have used Radionuclide Core Laboratories.
These laboratories are important for designing a uniform
imaging protocol, for ascertaining acceptable quality of
radionuclide studies before the start of the trial and for
quality control during the trial. The ultimate goal is to collect
consistently good quality data and to perform uniform data
processing and analysis.

1t has been suggested that such Core Laboratories are too
costly and that radionuclide studies could equally well be
analyzed at each of the participating clinical centers. The
results of analysis at the clinical centers could then be
submitted to a central data coordinating center. Our study
indicates that, because of a wide variety in computer and
acquisition equipment and variety in criteria for image
interpretation, this may well be an illusion and thai such a
study design carries a significant risk of collecting nonuni-
form data. This could potentially seriously endanger the
validity of conclusions drawn at the completion of the entire
trial,

Clinical implications. The demonstraled tack of umform

dards and medi praducibility of the interp
of thallium-201 stress studies also may have direct practical
relevance with regard to clinical usefulness of thallium-201
imaging and its impact on patient management. if the inter-
pretation of thallium-201 stress studies lacks reproducibility,
the test may not provide consistently useful information for
clinical practice. In recent years numerous investigators
have demonstrated the prognostic value of certain charac-
teristics of thallium-201 stress imaging, such as the number
and extent of reversible defects and the presence of in-
creased lung uptake (10). To apply these observaticns to the
general population of patients with coronary artery disease,
it is crucial that these aspects of imaging be identified
accurately and reproducibly in all nuclear laboratories. Our
results ‘ndicate that this may not always be the case.

Imaging agents. A major limitation of myocardial imaging
with thallium-201 is the relatively poor count density ob-
tained within the hears because of the relatively low dose (2
to 3 mCi) that can be administered. Adequate count density
is important for optimal planar imaging (11,12), but even
more important for optimal single-photon emission com-
puted tomographic (SPECT) imaging. Suboptimal quality
perfusion images may be difficuli 1o interpret, particularly
when abnonmlmes are of moderate degree. Therefore, lhe
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imaging agents allow administ: .don of 25 to 30 mCi/study
{28-30). The resulting high count density may aid substantially
in improving overall images quality and thus improve consis-
tency of interpretation of myocardial perfusion imaging.

Temographic imaging. The findings in the present study
apply to planar thallium-201 imaging. The majority of nu-
clear cardiology laboratories perform at the present time in
addition to planar imaging, SPECT myocardial perfusion
imaging. Tomographic imaging is more demanding than
planar imaging (31,32). Acquisition, display and processing
methods for SPECT also vary markedly in different labora-
tories and for different camera and computer systems. There
is no reasan to believe that tomographic imaging would be
less affected than is planar imaging by the factors described
in the presenl study. Recently, considerable effort has been
di d toward optimizing and of SPECT
imaging with *™T bi (33). For y in inter-
pretation of myocardial perfusion images, the need for
standardization applies to both planar and tomographic
imaging.

Conclusions. Our study indi a need for a uniformt
accepted protocol for all aspects of myocardial perfusion
imaging. ln our experience, acquisition protocols can be
standardized in multiple laboratories with relatively lmle
effort (11,12). Reproducible interpretation of
perfusion images in ies can be achieved by
using a uniformly pted method of ive image
processing, reference to a normal data base and objective
interpretative criteria.
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Appendix

Mudticenter Study on Silent Myocardial
Ischemia (MSSMI) Participanis

MSSMI Thallium lavestigators

Jesaia Benhorin, MD, Bikur Cholim Hospital, Jerusalem, Israel;
David Blood. MD, Presbyterian Hospital, New York, NY: Robert
Case, MD, St. Lukes/Roosevelt Hospital, New York, NY; Thomas
Challis. MD, Kingston General Hospital, Kingston, Ontario, Can-
ada; Paul Chandysson, MD, Washington Hospital Center, Washing-
1on. DC; Gordon DePuey, MD, St. Lukes/Roosevelt Hospital, New
York, NY: Keith Fischer, MD, The Jewish Hospital, Saint Louis,
MO: John Gillespie, MD, Highland Hospital, Rochester, NY; Rob-
ert E. Goldsteia, MD, Uniformed Services University of the Health
Sciences. Bethesda, MD; Henry M. Greenberg, MD, St. Lukes/

fidk in interp and quently rep
ity and agreement in interpretation among observers is ad-
versely affected. The new ®™Tc-labeled myocardial perfusion

It Hospital, New York, NY; Alvin Greengart, MD, Mai-
monides Hospitai, Brooklyn, NY; Eugenio Inglese, MD, Ospedale
Maggiore-delta Carita, Novara, Italy; fames Korsten, MD, Over-
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look Hospital, Summit, NJ; Yasuyuki Nakamura, MD, Kyoto
University, Kyoto, Japan; Bob Shah, MD, Walter Reed Army
Medical Center, Washington, DC; James F Walroth, MD, Andrews
Air Force Base, MD; Walter Williams, MD, University of Arizona,
Tueson, AZ;

Nuclear Coordinators

Monty Bodenheimer, MD, Long Islard Jewish Medical Center,
Hyde Park, NY; Mary Brown, RN, MS, University of Rochester,
Rochester, NY; Joseph Fleiss, PhD, Columbia University, New
York, NY; W. Jackson Hall, PhD, University of Rochester, Roch-
ester, NY; Arthur J. Moss, MD, University of Rochester, Roches-
ter, NY; Ronald Schwartz, MD, University of Rochester, Roches.
ter, NY; Frans J. Th. Wackers, MD, Yale University School of
Medicine, New Haven, CT,
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