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Objectives. The purpose of this study was to determine the
relative value of ine stress echocardi hy and

presence of ischemia in 38 and mibi SPECT in 45 patients (overall

technetium-99m Isonitrile single-photon emission compated to-
mography (mibi SPECT) in the detection of myocardial ischemia.

Background. Stress-induced new wall motion abnormalities
and transient perfusion defects are both used for the diagnosis of

ischemis.

Methods. One hundred five consecutive patients with either
proved or suspected coronary disease, who were referred
forpuhﬁonmy,wmmdkdbyamnbluﬂmome
two and mibi SPECT images
were visually andyud Three patients were excluded from the
final analysis because of umsatisfactory examinations: two with
nominterpretable stress echocardiograms and one with noninter-
pretable mibi SPECT images. The response to stress was concor-
dantly classified by both techniques in 63% of patieats (kappa =
0.51).

Results,

stress revealed the

= 74%, kappa = 0.46). The agreement was higher in
patients without previous myocardiat infarction (84%, kappa =
0.62). When regional analysis was performed, concordance of
stress echocardiography and mibi SPECT occurred in 54% of the
306 regions (kappa = 0.45). Regional agreement was also slightly
higher in patients without previous infarction (38%, kappa =
0.50). In 21 patients withowt previous myocardial infarction who
underwent corenary angiography, the overall seasitivity of dobu-
tamine stress echocardiography and mibi SPECT for the diagnosis
of coronary artery disease (diameter stenosis >50%) was 75% and
83%, respectively, with a specificity of 89% (eight of nine patieats)
for both tests.

Conclusions. Debutamire siress echocardiography represents
a reasonable alternative to dobutamine mibi SPECT for the
thmummw-ymum
emia and without previeus
I Am Coll Cﬂiol 1993;21:1591-6)

The noninvasive detection of myocardial ischemia remains
an important clinical problem. Numerous methods have
been introduced to induce isch such as testing
(1-3), phar logic stress using dipyrid butami
(4-6) or atrial pacing (7). Ischemia may be detected using the
electrocardiogram (ECG), perfusion scans (8,9) or echocar-
diography (10-12). The diagnostic accuracy of the stress
ECG alone is limited. Nuclear perfusion studies give accu-
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rate results but are expensive. By comparison, stress echo-
caldlography isa wxdely avaﬂable arelatively cheap method
for d hemia, and it has been the
subject of i mcreasmg interest and use in differeat clinical
settings, such as detection of coronary artery disease (5,13),
assessing the results of inter (14) or predicti
perioperative cardiac risk (15-17). Dobutamine is a beta-
adrenergic agonist with positive inotropic and chronotropic
effects. These properties make it sunable for mducmg myo-
cardial oxygen demand and provoking

in cases of coronary stennsls Hxannacnlogxc stress imaging
with dobutamine has recently been used in conjunction with
both thallium scinti| and i hy (8). With
both, dob i ided good di i for the
presence of coronary artery disease. However, no study has
been performed for comparing the diagnostic merit of the
two methods. In addition, no comparative study has been
carried out with technetivm-99m lsomtnle (mxbl) In paruc—
ular, recent repons have d lhal

stress graphy has a good di for
the diagnosis of coronary artery disease, which is similar to

0735-1097/93/56.00
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However, the recent introduction of single-photon emission

computed lomography (SPECI') has improved the diagnostic
of hnique for the d ion of

myocardial ischemia and mibi has contributed to impi

the image qualny of tomugraphxc studles (9,15,18). So far,

the agr duced wall-mouon
abnormalities (d d by ect §

perfusion defects (detected by mibi SPEC[') for the diagno-
sis and lacalization of my dial ischemia has not been
explored.

Accordingly, the aim of this study was to establish the
correlation between the two tests in a consecutive group of
patients with chest pain and proved or suspected coronary
anery disease who underwent snmultaneously performed

ine stress echocardiography and mibi SPECT.

Methods

Study patients. The study group consisted of 105 consec-
utive patients referred to the nuclear cardiology laboratory

hy (5,8). but with knowledge of the doses of dobutamine and
atropine used. When there was disagreement between the

two off-line athird i viewed the images

without knowledge of the p and a ma-

jority decision was achieved. For this titative as-

the left icular wall was divided into 14

segments, as described by Edwards et al. (19) and scored
using 2 4 point scale: 1 = normal, 2 = hypnkinetic 3=
akmeuc and 4 = dyskinetic. To analyze wall motlon, images
d on videotape were sut d at vari-
ous playback speeds. Both systalic vrall thlckenmg and
inward wall motion were visually evaluated. An increase in
score between rest and stress in one or more segments, that
is, a new or worsened wail motion abnormality, constituted
a positive test. In our laboratory both mter- and intra~
observer for stress echocardi
are 91% (20); recent data indicate that assessment of 100
stress echocardiograms is adequate training for disgnostic
accuracy in this technique (21), and all investigators in our
center have such experience. We did not use a continuous
loop format for assessment of pharmacologic stress echocar-

at the Thor for the evaluation of d myocar-
dial ischemia. Their ages ranged from 24 to 81 years (mean =
SD62 + 12); 58 were men and 47 women. Fifty-nine patients
had a previous myocardial infarction. At the time of the
study, 55 patients were iving beta-ad ic block
agents administered either alone or in combmauon with
mtrates or calcmm channel blockmg agents, or both.
stress phy. After the patients
gave wrmen mformed consem, wwo-dimensional precordial
phy was p d Standard paras!emal and
apical views were don Dot ine stress
echocardiography was perfon'ned accordmg 1o a previously
described protocol (11). Dobutamine was infused through an
antecubital cannula starting at a dose of 10 ug/kg per min,
increasing by 10 ug/kg every 3 min to a maximum of 40 pg/kg
per min, which was continued for 6 min, In patients not
achieving 85% of age-predicted maximal heart rate,
atrapine (up to | mg) was given intravenously if necessary
with the continuation of dobu(amme
The ECG was i itored throughout dobu-

W

di in all patients because we have prevxously t.estcd
whether cine loop analysis of d

had advantages over analysis of images from video tape and
found the same results by the two techniques (10).

Mibi SPECT imaging at rest and at pesk stress. Approx-
imately 60 s before termination of the stress test, an injection
of 370 MBq of *™Tc mibi was administered. The stress mibi
SPECT images were acquired, on average, 1 hour after
dobutamine ended. Thirty-two projections (180° scanning)
were obtained with an acquisition time of 45 s/projection.
For each patient, six oblique (short-axis) slices were defined
from the apex to the base and three sagittal slices from the
septum to the lateral wall. For rest studies, patients were
injected with 370 MBq of ™™ Tc mibi at least 24 h after the
first study using the same protocol. One experienced ob-
server visually assessed the uptake of radiotracer in studies
both at rest and during exercise, giving a semiquantitative
score based on a scale of 4 grading (1 = normal, 2 =
decreased uptake, 3 = severely decreased uptake, 4 =

tamine infusion, 12-lead ECG 1 each minute and cuff
bloml pressure taken every 3 min, Two-d:mensmnal

was d and was re-
corded on videotape for the last mmu!e of each stress slage
and continuously after atropine administration. The i

k of uptake). A persistent perfusion defect was de-
fined when a score =2 in one or more segments was present
both during exercise and at rest. Moreover, it was decided in

d to ider a ible defect of the sepial
segments in the two basal short-axis slices as normal (four

A perfusion defect was considered reversible

was stopped if the patient developed an obvious new wall
motion at lity, ST >2 mm 80 ms
after the J point, ST segment elevation, ventricular tachy-
cardia or any complication considered to be due to dobu-
tamine. Metoprolol was available and used to reverse the
effects of dobutamine or atropine if these did not revert
spontaneously and quickly.

The of diographic images was per-
formed by two experienced mvesngators after acquisition
without knowledge of the patients’ clinical data or coronary

when the score at rest 1mproved by at least one grade with
respect to the exercise scan in two or more contiguous
segments. A significant but incomplete improvement of
perfusion fiom the exercise to the rest scan (persistence of at
least one segment with a score =2 in the scan at rest) was
regarded as an ischemic response and, for the purpose of
data analysis, was classified as a reversible defect.

For each technique, three different responses to stress
were defined: nonnal (absence of rcst and stress abpormal-
ities), isch fusion defects
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and transient wall motion abnormalities during stress echo-
cardiography) and fixed abnormalities—infarction {fixed
scintigraphic perfusion defects, echocardiographic wall mo-
tion abnormalities at rest without worsening at peak stress).
When both reversible and fixed defects were present, the
response was classified as 1schem1c - To allow a valid com-
parison of each i in I hemi

segments of the left venlnc]e on SPECT and the 14 echocar-
diographic segments were grouped into the following six
major regions: anterior, posterior, lateral, interventricular
septum (subdivided in anterior and posterior septum) and
apex. Furthermare, for analysis of regional agreement the
six major regions were further grouped into three dial
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Table 1. Results of Dobutamine Stress Test

Rest heart rate (beats/min) =13

Peak heart rate (beats/min) Bi=le

Rest systolic blood pressure (mm Hg) =2

Rest diastolic blood pressure (mm Hg) Bix18

Peak systolic blood pressure (mm Hg) 15126
the 47 Peak diastolic blood pressure (mm Hg) B 10

Rale-pressure product (rest) 9,725 = 2,500

Rate-pressure product (peak) 19,798 = 4,311

Peak theoretical maximal exercise heart rate (%) 8B

Chest pain (no.) 35

ST segment depression (no.) i

ST segraent elevation (80.) 7

Atropine used (ro.) 4

areas: 1) anterior and septal, 2) posterior and lateral, and
3) apical. For analyzing reasons for discrepancies, the orig-
inal six-region mode! was used to detect adjacent abnormal-
ities. The results obtained by the two methods were then
compared.

Coronary angiography. Coronary angiograms using the
Judkins technique were performed within 3 months in 71
patients. Significant coronary artery disease was defined as a
diameter stenosis >50%.

Statistical analysis, All variables are ex-
pressed as mean value = SD. The agreement between mibi
SPECT and stress echocar.' raphy was defined as the
percent of concordant diagnoses and was also assessed by
calculating the kappa value kappa values between 0.75 and
1 were of those

Dala are expressed as mean value = SD or number of patienls.

Relations between wall motion and myocardial perfusion.
The results of dobutamine echocardiography and dobu-
tamine mibi SPECT in the 102 patients are presented in
Figure |. Echocardiography revealed new wall motion ab-
normalities in 38 patients and wall motion abnormalities at
rest without further worsening at peak stress in 31 patients;
test results were negative in 33 patients. On mibi SPECT,
reversible perfusion defects were detected in 45 patients,
and fixed perfusion defects alone in 28; the test results were
negative in 29 patients. The twe methods concordantly
class:ﬁed 69 patients (68%, kappa = 0.51). The majority of

b 0.40 and 0.75 indicative of agreement and
those between O and 0.40 indicative of poor agreement.
McNemar's test was used to compare the percent of concor-
dant diagnoses between paired data (22). A p value < 0.05
was considered significant.

Results

Feasibility of cobutamine stress test. The dobutamine
stress test was completed without serious complications in
all patients. The clinical variables of patients are shown in
Table 1. In the study group, 66 patients reached 85% of the
age-predicted maxima! 2xercise heart rate On average, the
heart rate achieved was 88% d with the th

p were due mainly to pattem discordance in
which both tests showed an abnormal pattern but the type of
abnormality was different, that is, rest wall motion abnor-
mality versus r ible perfusion defect (11 ) or new
wall abnormality versus fixed perfusion defect (8 patients).
1n these 19 patients, both tests were definitely abnormal but,
by definition, the results were rllscordant

For d of or of dial

Figure 1. Results of si
(ECHO) and *™technctium isonitrile single-photon emission com-
puted tomography (SPECT). Squares marked 24, 28 and 17 display
number of patients concordantly classified by both methods. “In-
farction™ = a rest wall monon abnormality without further worsen-
ing during stress on ech hy and a fixed ion defect
on SPECT; “lschemia” = a new wall motion abnormality on

maximal exercise heart rate of these 66 patients; 28 patients
required atropine to reach the target heart rate. Three
patients were excluded from final analysis: two because of
technically inadequate echocardiograms at peak stress and
one patient because of poor quality mibi SPECT images
(liver uptake interfered with myocardial uptake). Thus, 102
of 105 patients had analyzable data with both tests and were
included in the study. The overall success rate of the study
was 98%; no patient was excluded from analysis on the basis
of poor image quality on the rest echocardiogram. In 13
patients, because parasternal views were inadequate, only
the apical views were analyzed; | y all were

visualized in at least one view.

and a ion defect on SPECT.
ECHO
Normal  "lachemia® "lnfarction”

S e 24 2 3
-]

£ “ischamla® 6 28 11
[+

T ietarciion® 3 8 17
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ECHO ECHO
+ - + -

+ 10 5 * 18 12

SPECT
- 2 28 - 1] 21
Agreement 84% Agrasement 66%
kappa= 0.62 kappa= 0.32
70 provious M/ with previous M/

Figure 2. Agreement for ischemia between dobutamine echocardi-
ography (ECHO) and ”"’techneuum isonitrile single- phomn emis-
sion is higher in patients
without prevmus myocardla! mfarcuon {MD) (left panel).

ischemia (that is, new wall motion abnormalities and revers-
ible perfusion defects), the overall agreement between the
two methods was 74% (75 of 102 patlcnts, kappa = 0.46).
The d when we d data
of patients without previ dial infarction (84%,
kappa = 0.62, Fig. 2). The specific reasons for discrepancies
in patients with normal wall motion at rest are reported in
Table 2. Of seven patients, three had a different but abnor-
mal pattern (ischemia versus infarction), whereas four pa-
tients with an ischemic response on one test were classified
2§ normal on the other test.

The overall regional agreement was 84% (kappa = 0.45).
Slightly better agreement was found if we again separated
tne group without previous infarction from that with previ-
ous infarction (88%, kappa = 0.50; 81%, kappa = 0.41,

pectively, Fig. 3). Al her, 50 areas were found with
diverging results, 16 areas in 43 patients without previous
myocardial infarction and 34 areas in 59 patients with
previous infarction. In 19 areas the two methods showed a
discordant pattern (new wall motion abnormalities vs. fixed
perfusion defects or wall motion abnormalities at rest vs.
reversible perfusion defects) in the same area. In 20 areas the
two methods showed abnormalities in one of the adjacent
segments. Two patients had single, distal and moderate
stenoses on the left anterior descending artery (which is a

Table 2. Di Between My dial Ischemia in Patients
With No History of Myocardial Infarction
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+ . ECHO .

+ 3 7 - a4 7 | Anterior-
s septal

- |1 |82 - |15 |4
P

+15]|3 + {12 | 9 | Posterior-
E latera)

-] 1|34 -]t s
[

+ Apleat
T 2 1 + 3 2 P

- 3 |37 -

Agresmaent: 80% 1%
kappa=0.50

Figare 3. Regional agreement for ischemia between dobutamine
echoca.rdlogmphy (ECHO) and ®™echnetium isonitrile smgle-
photon emission computed tomography (SPECT) in 306 region:

The set of 2 X 2 tables at left represents data of patients wnhout
previous myocardial infarction, and the Tow at right represents data
of those without prevmus The was
slightly higher in patients without infarction.

usual cause for a negative stress test result) and resuits of

ine stress graphy were negative in those
cases, There were onl: nine areas where we could not
explain the discordant results of the two methods and
coronary angiography had not been performed to validate
the result of one of the methods.

Relation of dobutamine stress test to angiographic
ﬂndlngs Of 105 oonsecunve panen!s, 21 met the criteria of
normal wall motion at
resl and a recent coronary angiogram (<3 months). Twelve
of these 21 patients had significant coronary artery stenosis
(>50% diameter stenosis). Four of these 12 patients had
single-vessel disease; in all 4, the stenoses were located on
the left anterior descending artery and in 2 they were on the
distal portion of this artery. Another three patients had
two-vessel disease—two patients with stenoses on the right
coronary and left anterior descending artery branches and
one patient with left circumflex and left diagonal branch
stenoses—and five patients had triple-vessel disease. In the
other nine patients, no significant coronary stenosis was
detected; four of the nine had a normal coronary angiogram
and five had recent balloon angioplasty or atherectomy with
no significant coronary abnormality at the time of the cath-
etenmuon and the dobutamine stress test, The mean age and

Pt mibi
No. SPECT Echo Coronary Angiography

2 Ischemia Negative Not done

59 Ischemia Negative LAD stenosis

69 Ischemia Infarction LAD distal stenosis

6 Ischemia Infarction VD

102 Ischemia Negative LAD distal stenosis

12 Negative Ischemia Open stent RCA (false positive?)

s? Infarction Ischemia Not done

Echo = dobutamine echoeardlogrnphy‘ LAD len amenm' descendmg

data of this subgroup were comparable with
those of the whole group.

Echocardiography detected 9 and mibi SPECT detected
10 of the 12 patients with significant coronary abnormalities.
Both tests had onc false positive result (Table 3). Combining
the results of echocardiography and mibi SPECT the sensi-
tivity increased (11 of 12), whereas specificity decreased
sllghtly (2 of 9 false positive). Poor agreement was found

coronary artery; mibi SPECT =
tomography; RCA = right coronary artery; SVD multiple-vessel dlseasc

ST segment chi during stress testing and the
coronary angiographic findings (42%, kappa = 0.077); this
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Table 3. Comparison of Dobutamine Echocardiography and mibi
SPECT in Patients With Coronary Angiography and Norma! Wall
Motion at Rest

CAD + (semsitivity) CAD - {specificity)
Echo+ 912 (75%) 119 189561
SPECT+ 16/12 (83%) 1/9 (89%}
Echo+ or SPECT+ 112 92%) U9 (18%)

CAD+ = patients with angiographically proved coronary artery disease;
CAD- = no significant coronary stenosis at the time of cardiac catheteriza-
tion. Echo+ = new wall motion abnormality during dobutamine stress test:
SPECT+ = reversible perfusion defect on ®™technetium isonitrile (mibi)
single-photon emission computed 1omography during stress test.

result can be explamed in pan by the dlsplacement of ECG
leads during d diography. The ag;
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tion in 7). The ovemll b the two method
for the d of p or ab of dial
hemia was 74%. When the results of boih v.esls were

positive, the for the localization of

defects was good. The concordance was similar to that found
by others (17) as well as by our group (1,23) in a comparison
of exermse perfusmn lmagmg with lmmedxate pus!examlse
phy and SPECT for detecnon of ischemia was better in
patients with normal (84%) than in those with abrormal wall
motion at rest. However, in both patient groups, the inci-
dence of a positive SPECT finding was greater than that of a
positive echocardiographic finding. This trerd was more
evident in the group with abnormal wall motion at rest, in
which a transient perfusion defect more frequently occurred

between the presence of chest pain and anglognph\c findings
was acceptable (71%, kappa = 0.43). The results of echo-
cardiography and mibi SPECT were in agreement in 15 of 21
cases (71%, kappa = 0.43). Three patients with single-vessel

in the infarcted area without a deterioration of wall motion or
wall thickening in the same area. These results are similar to
those found in correlative echocardiopraphic and scinti-
graph'. studies during physical exercise (1,17).

Several mechanisms can be advocated to explain these

disease (all with distal lesions and mod ) had

negative findings on stress echocardiography whereas
SPECT did not detect one case of single-vessel disease and
one of double-vessel disease.

Discussion
Dobutamine stress testing is increasingly used to elicit
myocardial ischemia and detect significant coronary artery

pancies. 1) It is well known that perfusion scintigraphy

can detect myocardial malperfusion in addition to true

myocardlal ischemia leading to a greater number of positive

igraphic than echocardi hic results. This

is consnstent with our recent observauon that posmve results

are more fi Iy found with p

phy, than with exercise echocardiography in patients with
d coronary In the rate of positiv-

ity with both techniques was similar in patients with severe

dlsease.mosllym ji with ect di hy (5.11).

stress diography and 201-
thallium scintigraphy have been used in different clinical
settings, such as the diagnosis of coronary disease, the
assessment of the results of coronary angioplasty or risk

In the present study, because patients were pri-
marily referred for scintigraphic study rather than coronary
angiography, we did not use coronary angiography as a
standard. Instead, we compared the functional conse-

stratification before vascular surgery (8,14,15). However, it
is unclear to what extent the two tests provide concordant
information; for obvious financial considerations, stress
echocardiography should be favored if it gives the same
information as perfusion scintigraphy. The widespread use

of my d d by the two nonin-
vaswe hods. Tt the hypott of the i
of the severity of coronary artery stenoses on the different
tests could not be verified.
2 The higher incidence of a posmve SPECT result in l.he
! area, and ially in akineti

of perfusion scintigraphy is limited by the high cost of the
procedure and the of the patients to radiation. Cur

areas,
another explanation. anunes et al. (17) clearly dc'meated

primary goal was to establish the potential role of dobu-
tamine stress echocardiography as an alternative to perfu-
sion scmtlgraphy To our knowledge, this is the first large
scale sludy in wluch dob ine stress ech di

and p i y were perfi d simul 1

hy

the possible explanations of this discrepancy when 201-
thallium was used as a radiotracer. In our study, we used
mibi instead of thallium, because we assumed that it was
more suitable for SPECT imaging as a result of its high
energy (18) and lack of significant redistribution. The latter

In addluon this is the ﬁrst study in which 99m- lccl"netlum
isonitrile (mibi) has been used in conjunction with SPECT
imaging during dobutamine stress testing. Our patient group
was primarily referred for pharmacologic perfusion scintig-
raphy to investigate chest pain. Dobutamine (with the addi-
tion of atropine, when necessary) induced new or worsened
wall motion abnormalities in 38 (37%) of 102 patients,
whereas transient perfusion defects were detected in 45

property of the could the problem of
differential regional washout rate, which could be the cause
for reversible perfusion defects not directly related to mal-
perfusion or ischemia.

3) Another explanation for the higher incidence of tran-
sient perfusion defect in akinetic areas at rest is hibemating
myocardium and also the tethering effect of the infarcted
area on the noninfarcted myocardium (17). However, the
cllmcal and prognostlc stgnlﬁcance of areas with fixed

(44%). Chest pain occurred in 35 patients and pathologic ST
ion in 28 (ST d ion in 21 and ST eleva-

defects showing partial redistribution on
pesfusion scintigraphy is uncertain and deserves further
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investigation. In particular, studies have to address the
impact of coronary revascularization in these arcas.

Study limitations. Some limitations to the present study
should be ad\ ledged. 1) Both | wall motion and

ion were d visually. Although we
have found a small intra- and interobserver variability in the
interpretation of SPECT images, the lack of quantitative
analysis could affect the results (25). Quantitative analysis of
ise wall motion d by echocardiography has been
attempted in normal | persons (26) However, a semlquantl-
tative reading of p d
phy is the rouunely applied methed in most clinical Iabora-
tories (2-4).

2) Coronary angiography was not used as the reference
standard in all patients. However, we do not consider this a
major limitation because our goal was to compare the value
of two different tests to assess the functional significance of
coronary disease. Furthermore, it would not be correct to
assess the diagnostic value of the tests in patients in whom
the application of coronary angiography was strongly depen-
dant on the test results,

Conclusions. Our study indicates good agreement be-
tween echocardlography and mibi SPECT with respects to
the resp to d in pati wnth normal wall
motion at rest for the d di: ia. More
studies are warranted in patients thh previous myocardial
infarction in whom the was less satisfactory.

‘This sludy was prepared with the technical assistance of Wim B. Vlcuer. BS
We are grateful to all the technicians of the nuclear medicine k
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