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The aim of this review was to define the place of stress 
(exercise, dobutamine, and vasodilator) echocardiography 
in the context of perfusion scintigraphic techniques for the 
detection of coronary artery disease. Echocardiography and 
nuclear imaging have their strong and weak points. 
Echocardiography has the benefit of widespread avail­
ability, relatively low cost, portability, absence of radiation. 
safety. and detennination ofischaemic threshold. However, 
echocardiographic imaging cannot be performed during 
treadmill exercise. the echocardiographic windows are vari­
able with sometimes poor echogenicity. and interpretation 
is subjective and requires an important learning curve. 

Diagnostic comparisons were focused on studies involving 
echocardiographic and nuclear imaging in the same 
patients. These direct comparisons show that exercise or 

Introduction 

Stress echocardiography and stress myocardial per­
fusion scintigraphy have gained wide acceptance as 
accurate techniques for the detection and localization of 
coronary artery disease. In addition to their use in 
combination with exercise, their clinical availability has 
been broadened by the use of phannacological stress 
agents. This review attempts to define the place of stress 
echocardiography in the context of perfusion scinti­
graphic techniques for the detection of coronary artery 
disease. 

A number of variables (referral bias, extent and 
severity of coronary disease, definition of significant 
coronary disease, stress protocols, medications) may 
potentially influence the results of either test, so that 
comparisons wiII focus on studies involving the perfonn­
ance of both echocardiographic and nuclear imaging in 

J\.f. L. Ge1eijnse is supported by the Dutch Heart Foundation 
(grant NHS 94.135) 

Correspondence; Marcd L. Ge!eijnse, MD, Thoraxcenter BA 302, 
Dr Molewaterplein 40, 3015 GD Rotterdam, The Netherlands. 

dobutamine echocardiography and perfusion imaging have 
similar accuracies for the detection and localization of 
coronary artery disease. Perfusion imaging may be more 
sensitive in the detection of mild coronary artery disease; 
echocardiography. however. has a better specificity. 
Vasodilator perfusion imaging is superior to vasodilator 
echocardiography, although the new dipyridamole­
atropine echocardiography test will make future reassess­
ment neccesary. Once the condition of adequate 
echocardiographic training is fulfilled, we believe that the 
selection of one or other test should be tailored to clinical 
circumstances rather than be a unifoDn decision. 
(Eur Heart J 1997; 18 (Suppl D): D68-D77) 

Key words: Coronary artery disease, stress echocardiogra­
phy, myocardial perfusion scintigraphy. 

the same patients for each of the most widely used 
stress techniques: exercise, dobutamine and vasodilators 
(adenosine and dipyridamole). For these comparisons to 
be valid. we are assuming that the investigators in these 
studies are equally expert in either technique. Likewise, 
we assume that practitioners making choices between 
echocardiography and scintigraphy have equivalent 
expertise available in each. 

Basic principles of function versus 
perfusion for diagnosis of coronary 

artery disease 

In the presence of a flow-limiting coronary artery sten­
osis, exercise or phannacological stress results in a 
sequence of functional events. According to the 'ischae­
mic cascade' theory{ll, perfusion abnonnalities due to 
limited coronary flow reserve are followed by diminished 
left ventricular compliance (diastolic dysfunction). de­
creased myocardial contractility (systolic dysfunction), 
and increased left ventricular end-diastolic pressure. 
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Tahle 1 Stress ec!lOcardiograplly alld myocardial perfusio" scintigraphy for the 
diagnosis of corollary artery disease 

Stress e.:hocardiography Stress perfusion scintigraphy 

Equipment Low cost 
Portable 

Personnel Learning curve for acquisition 
and reading 

Reiath'ely ex~nsi\'e 
Laboratory-based 
Relatively automated 

Imaging No radiation Radiation exposure 
Time consuming Rapid, instant results 

On-line, real-time imaging 
Function 

Off-line, 'Snapshot' at peak stress 
Perfusion 

Tomographic Planar vs SPECT 
Reporting Regional fUnction/thickening 

Usually qualitative 
Regional flow heterogeneity 
Quantitation well accepted 

Global function (EF, ESV) 
Benefits Identifies other sources of 

chest pain 

Global function (lung-heart ratio, gated SPECT) 
Widespread experience 

Ischaemic threshold: 
safety 

Less vulnerable to submaximal siress 

therapy assessment 
Problems Variable echo window 

Endocardial border definition 
Treadmill exercise 

Artifacts due to breast tissue, left bundle branch 
block, or left ventricular hypertrophy 

SPECTo=single-photon emission computer tomography; EF=ejection fraction; ESV=end-systolic 
volume. (Reproduced from[44I.) 

These changes can be seen at perfusion scintigraphy by 
relatively reduced tracer uptake and at echocardiogra­
phy by alterations in transmitral flow patterns, abnor­
mal regional systolic function, and eventually reduction 
of overall left ventricular systolic function with left 
ventricular cavity enlargement. 

The development of myocardial perfusion de­
fects with either exercise or pharmacological stressors 
depends on the induction of regional heterogeneity of 
myocardial blood flow. Coronary blood flow to the 
vascular bed of a normal artery dramatically increases 
during stress,. whereas perfusion through a stenosed 
artery may change minimally. Because the initial uptake 
of radiophannaceuticals is flow-dependent within physi­
ological rangesf2J, the relative myocardial radionuclide 
concentration will be greater in vascular beds supplied 
by a normal artery relative to that in beds perfused by an 
artery with significant obstruction. Classically, a twofold 
differencdn relative count activity is required to detect a 
perfusion abnormality scintigraphicallyPJ. 

Regional malperfusion severe enough to cause 
metabolic consequences of ischaemia can be identified 
by echocardiography, based upon the response of the 
left ventricle. The normal response of the left ventricle to 
exercise or pharmacological stress is to increase endo­
cardial excursion, the speed of contraction, and the 
degree of myocardial thickening. Indices pointing to the 
presence of myocardial ischaemia include stress-induced 
deterioration of regional endocardial excursion, delayed 
excursion ('tardokinesis'), and a reduction of myocardial 
thickening. Classically flow must be reduced to 5001u in at 
least 5% of the myocardium to detect new wall motion 
abnormalities[41. 

Strengths and limitations of the 
imaging modalities 

Benefits oj stress echocardiography 
compared with perfusion imaging 

Clillical consideratiolls 
Several aspects of stress echocardiography are attractive 
from the standpoint of clinical feasibility (Table I). In 
comparison with single-photon emission computed tom­
ography (SPECT) cameras, echocardiography machines 
are smaller in size and more portable, allowing studies 
in the coronary care unit and emergency room, for 
example. The shorter time for perfomlance and inter­
pretation of a stress echocardiogram is attractive in 
the outpatient setting, although the superceding of the 
conventional4-h thallium-201 protocol by more patient­
friendly dual isotope techniques may reduce the impor­
tance of this benefit of echocardiography. The absence 
of ionizing radiation may be attractive to the public, for 
whom nuclear tests have a bad image, at least in The 
Netherlands. In addition, demonstration of echocardio­
graphic images may assist with patient education. 

Two-dimensional echocardiography has the abil­
ity to visualize the heart using a non-invasive, real-time 
approach. As ischaemia may be observed on-line, appro­
priate action can be taken if imaging is performed 
during the test. This cinematographic aspect of echocar­
diographic monitoring is very attractive, especially in 
patients in whom safety is a major concern (patients 
with suspected unstable angina or severe coronary dis­
ease). Documentation of the ischaemic threshold (during 
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phamlacologicaI or bicycle stre~s) can give important 
infomlalion about the severity and extent of underlying 
coronary anery disease, and can assess the adequacy of 
therapy, by measuring the ischaemia-free stress time. In 
contrast, SPECf offers a snapshot of perfusion at the 
time of peak stress, without the ability to examine 
perfusion on-line. 

Echocardiography has excellent spatial resolu­
tion and, combined with Doppler techniques, is capable 
of accurately defining systolic and diastolic function, 
chamber dimensions, volumes and wall thickness. Non­
ischaemic explanations for patient symptoms (such as 
mitral valve prolapse or pericardial disease) may be 
apparent from visualization of valve anatomy and 
gradients or pericardial effusion. These aspects arc 
unique among the non-invasive techniques in common 
usage for the detection of coronary artcry disease. 

Interpretation of stress echocardiography is per­
fonned by cardiologists, who often feel they have a 
better grasp of the clinical questions that need to be 
answered in cardiac patients than radiologists or nuclear 
medicine physicians. While any stress imaging study 
should be interpreted apart from the clinical and exercise 
data to obtain independent information, these data 
should then be applied to the patient's clinical situation. 
In being unaware of the patient's clinical data, the 
nuclear physician may be at a disadvantage, and the 
final synthesis of the results may be less clinically 
orientated. 

Finally, specificity lowering artifacts which arc 
problematic with SPECf (breast and diaphragmatic 
attenuation) can be more easily dealt with echocardi­
ography. 

Arailability and cost 
The additional strengths of echocardiography are its 
widespread availability and relatively low cost. In con­
trast to SPECT gamma cameras, most cardiologists 
have access to an echocardiography machine, and their 
clinical use is not regulatcd or constrained by any 
regulatory agencies. The averagc price of the machines is 
lower than the average SPEer gamma camera systems 
and the quality control is minimal. As a consequence 
of lower purchasing and maintenance costs, the total 
cost of an echocardiographic study is lower than a 
scintigraphic study; in The Netherlands, dipyridamole 
thallium scintigraphy costs about US $531 (US dollars) 
compared to about $185 for dobutamine stress echo­
cardiography[5J• 

Benefits of stress peljilsioll imagillg 
compared with echocardiography 

Imaging considerations 
In a large numbcr of laboratories, especially in the 
United States, cardiac stress is routinely performed 
using the treadmill. In contrast to bicycle stress, echo­
cardiographic imaging cannot be performed during 
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treadmill exercise because of excessive patient motion. 
Consequently, the first images are taken immediately 
after cessation of exercise, with the patient on a bed in 
the left lateral decubitus position. Unfortunately, wall 
motion abnormalities present at peak stress may revert 
rapidly to normal after the discontinuation of exercise, 
and may be missed using post-exercise imaging. While 
thallium-201 may undergo redistribution betwecn exer~ 
cise and imaging, this is minimal if the delay between 
stress and imaging is brief, and if technetium-99m is 
used the image corresponds to the perfusion status at the 
time of injection. 

Despite the well-established standardization of 
the routine cchocardiographic cxaminations, the avail­
ability of standard echocardiographic windows is vari­
able from patient to patient and, in some cases, 
especially in patients with chronic obstructive pulmo­
nary disease, poor echogenicity results in suboptimal 
images that may make a correct interpretation difficult 
or impossible. In our experience, non-interpretable 
studies constitute a small minority of the patients (about 
5%), although referral bias obviously influences these 
results. Importantly, it is sometimes difficult to predict 
which patients have poor echocardiographic images 
during the test, since paradoxically, the imagcs may 
improve during strcss. In contrast, although soft tissue 
attenuation may pose problems for SPECf (more 
with thallium-201 than technetium-99m), chronic lung 
disease does not pose a problem for image quality. 

Even if the echocardiogram is of interpretable 
quality. technical problems may remain. In contrast to 
the relatively automated acquisition of nuclear images, 
with their relativcly easy interpretation and computer 
quantitation, echocardiography is characterized by 
manual, technician-dependent image acquisition, prob­
lems with endocardial border definition, and visual, 
subjective interpretation. Inexpert use of the etectrocar~ 
diographic gating, comparison of non-identical cross 
sections, and failure or delaycd visualization of abnor­
mal segments are all avoidable, operator-dependent 
problems. However, images may suffer from poor endo­
cardial border definition even in the hands of the best 
sonographer. 

Interpretation 
The interpretation of strcss echocardiograms reGuircs an 
important learning curve evcn for experienced echocar­
diographers, and there is an important difference in the 
accuracy of echocardiographers who are and arc not 
trained in stress echocardiography. 

Subjective analysis is further hampered by the 
absence of a clear consensus about the definition of the 
ischaemic response. Whereas segments deteriorating 
from normal contraction to akinesis or dyskinesis are 
universally called ischaemic segments, controversy exists 
about the interpretation of basal segments, segments 
showing minimal hypokinesis at peak stress (in particu­
lar basal inferoposterior segments), and segments with­
out physiological hyperkinesis during stress. Even for 
experts, the interpretation of studies in patients with 
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Table 2 Direct diagnostic comparisons between exercise ecllocardiography and perfusion scin,igrapfly 

Author No. 
Stress 

Imaging CAD Sensitivity Specificity 
Sensitivity Sensitivity Exclusions 

pi' modality %DS SYD MVD 

Maurer'S) " Treadmill &ho ",50 19123 (83%) 12113 (92%) 3/6 (50%) 16117 (94%) MI 
TI.201PI.an.ar 17123 (74%) 12/13 (92%) 

Quii\onesl~J tt2 Treadmill &ho ",50 64/86 (74%) 23/26 (88%) 24141 (58%) 40/45 (89''10) 
TI·201sPECT 65/86 (76%) 21126 (81%) 25/41 (61%) 40/45 (89%) 

Wann!10J • Supine-bike Echo ",SO III (33%) 31l (100%) 011 (0'%) li2 (50%) MI, rest 
TI_201Pbrutr 213 (67%) 31l (100%) Olt (0010) 212 (100%) WMA 

Hechtlll! 71 Supine-bike &ho ",50 46/51 (90'10) 16120 (8Q%) 17/22 (77%) 29129 (100%) 
TI_20lsPECT 47151 (92%) 13/20 (65%) 21122 (95%) 26/29 (90'1.) 

PouoJil12J 75 Upright-bike Echo ",50 35/49 (71%) 25126 (9-6%) 20133 (61%) 15/16 (94%) 
MIBJSPEcr 41149 (84%) 23126 (88%) 27/33 (82%) 14/16 (88%) 

Galantillll 53 Upright.bike Echo ",70 25/27 (93%) 25126 (96%) 13/14 (93%) 12113 (92'%) MI, rest 
TI_2011'lan.u 27127 (100'/.) 24126 (92%) 14114 (IOWA) 13113 (88%) WMA 

Salustritl4] J7 Upright-bike &ho ",SO 19123 (83%) 12114 (86%) 19/23 (83%) MI, rest 
MJBIsPEcr 20123 (87%) 10114 (71%) 20/23 (87%) WMA 

Total 390 Function 209/262 (80'10) 116!l28 (91%) 931134 (69'10)* 97/105 (92%) 
Perfusion 219/262 (84%) 1061128 (83%) 107/134 (80'%) 95flO5 (90'/.) 

CAD %DS=percentage diameter stenosis value for significant coronary artery disease; Echo;o;;e<:hocardiography; MI=myocardial 
infarction; MIBI;o;;te<:hnetium-99m sestamibi; MVD=multh'essel disease; Pls=patients; SVD=single \'essel disease; SPEcr;o;;singie-
photon emission computed tomography; TI·201 =thallium-201; WMA""walJ motion abnormalities; *=P<O·05. (Reproduced froml441.) 

abnormal resting contraction or left bundle branch 
block can be very difficult. Moreover, at present, few 
data are available on intra- and inter·observer varia­
bility, especially between observers working in different 
centres. In contrast, quantification of scintigraphic 
images is well accepted and widely used. 

Influence of drug therapy 
As a positive stress echocardiogram requires tbe induc­
tion of wall motion abnonnalities (and hence, <true' 
ischaemia), the use of anti-ischaemic drugs may decrease 
the sensitivity of the test. Although the same is true 
for exercise or dobutamine perfusion imaging (a sub­
maximal heart·rate response may compromise the devel­
opment of maximal vasodilation), pharmacological 
vasodilation may avoid this problem .. Performance of 
stress echocardiography in patients with ongoing anti· 
ischaemic therapy is appropriate if the clinical question 
is about the efficacy of treatment for the control of 
angina or myocardial ischaemia, but is inappropriate if 
the test is performed for diagnostic purposes. 

Diagnostic accuracy of the imaging 
modalities 

Exercise or dabutamine stress 
echocardiography versus perjilsioll 

scilltigraphy 

Exercise stress testing results in a marked increase 
in heart rate and blood pressure. In patients unable 
to exercise, dobutamine can simulate exercise by activat­
ing PI-, P2- and al-receptors[61• Its main initial action 
is a positive inotropic effect and, at higher doses 
(~20 ~tg . kg - I . min -1), it increases heart rate and to a 

lesser extent systolic blood pressure. This augmentation 
of myocardial contractility, heart rate, left ventricular 
pressure, and wall stress increases oxygen requirements. 
However, in the presence of a critical coronary stenosis, 
the enhanced myocardial oxygen demand is not matched 
by a concomitant increase in blood flow. This creates a 
condition of regional suppJy---demand imbalance that 
results in regional myocardial dysfunction. When 
dobutamine is used, its strong inotropic effect facilitates 
the echocardiographic detection of ischaemic segments 
with abnormal function, as normal segments become 
hyperkinetic in response to the drug. 

Either exercise or dobutamine can also be used 
in conjunction with myocardial perfusion scintigraphy, 
since both alter regional myocardial blood flow. 
Nonnally a dose-related increase in subepicardial and 
subendocardial blood flow occurs within myocardium 
supplied by nonnal coronary arteries. However, blood 
flow increases minimally within vascular beds supplied 
by significantly stenosed ateries, with most of the in­
crease occurring within tbe subepicardium rather than 
the subendocardiumFJ. This heterogeneity in myocardial 
blood flow can be visualized by perfusion scintigraphy_ 

Table 2 shows the sensitivity and specificity for 
the detection of coronary artery disease in seven studies, 
directly comparing exercise echocardiography and per­
fusion scintigraphy in the same 390 patientsI8-14J. The 
sensitivities of both tests for the identification of cor­
onary artery disease are comparable (80''10 vs 84%. 
respectively), although there is a higher sensitivity for 
perfusion imaging in the setting of single vessel disease 
(80% vs 690/c, respectively, P<0·05). There was a trend 
towards a better specificity for echocardiography (91% 
vs 83%, P<O·IO). 

The sensitivity and specificity values reported in 
four studies, comprising 318 patients who undenvent 
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Table 3 Direct diagnostic comparisons bet .... een dobutamine echocardiography and per/usio" scilltigraphy 

Author No. Oahu-dose Imaging CAD Sensitivity Specificity Sensitivity Sensitivity 
Exclusions 

p" modality %DS SVD MVD 

GiinalpllSJ 19 Dahu 30 Echo ;,50 7/10 (70%) 819 (89Yo) 517 (71%) 1I3 (67%) MI, rest 
MIBISPF.CT 9/10 (90'%) 819 (89Yo) 617 (86%) 313 (100%) WMA 

Marwick(16) 217 Oobu 40 Echo ~50 1021142 (72%) 62175 (83%) 45/68 (66%) 57/74 (77%) MI 
MIBIsPECT 108/142 (76%) 50175 (67%) 50/68 (74%) 58174 (78%) 

Forster11] 21 Dahu 40A Echo ~50 9112 (75%) 819 (89%) 114 (25%) 818 (100%) MI, rest 
MIBIsPEcr 10112 (83%) 819 (89%) 314 (75%) 718 (88%) WMA 

SeniOI"tlSj 61 Dahu 40 Echo ;,50 41144 (93%) 16/17 (94%) 12114 (86%) 29/30 (97%) 
MlBIsPECT 41144 (95%) 12117 (71%) 12114 (86%) 30130 (100%) 

Total 318 Function 159/203 (76%) 941110 (85%)* 63/93 (68%) 961115 (33%) 
Perfusion 1691203 (81%) 731110 (71%) 71193 (76%) 98/115 (85%) 

A=atropine; CAD %DS=perccntage diameter stenosis value for significant coronary artery disease; Dobu-dose=dobutamine dose in 
fig. kg-I. min -1; Echo=echocardiography; MI=myocardial infarction; MIBI= technetium-99m seslamibi; MVD=multivcssei disease; 
Pts=patients; SVD<=single vessel disease; SPEcr=sin~le-photon emission computed tomography; TI.20I=thallium-201; WMA=wali 
motion abnormalities; *=P<O'OI. (Reproduced from[4-\.) 

simultaneous dobutamille .stress echocardiography and 
perfusion scintigraphy, are summarized in Table 311 5-181. 
The sensitivities of both tests for the identification of 
coronary artery disease are comparable (76% vs 81%, 
respectively), although again there was a trend toward a 
higher sensitivity for perfusion imaging in the setting of 
single vessel disease (68% vs 76%, respectively). The 
overall results for specificity show that dobutamine 
echocardiography is a more specific test (85% vs 71%, 
P<O·OI). These data are consistent with previous data 
that indicate that the high sensitivity of myocardial 
perfusion imaging with SPECT is at the cost of a 
sacrifice in specificityU9J. 

The results of direct comparisons of exercise and 
exercise-simulating (dobutamine) stress echocardiogra­
phy and perfusion scintigraphy suggest that the two 
imaging techniques offer comparable levels of accuracy 
in the diagnosis of coronary artery disease (82% vs 81%, 
respectively, Fig. I). The finding that e<:hocardiography 
is more specific, but may be less sensitive (particularly 
in the dete<:tion of single vessel disease), is in line with 
the ischaemic cascade model. As the development of a 
perfusion disturbance is expected to precede the devel­
opment of true ischaemia, perfusion imaging might be 
expected to be more sensitive than wall motion imaging 
for the detection of mild stenosis. However, the differ­
ence in sensitivity is less than might be expected. This 
might be explained by two major factors: suboptimal 
inducement of flow heterogeneity by exercise or dobuta­
mine[7J or inherent compensating strengths of echo­
cardiography over perfusion scintigraphy. incliIding 
improved spatial resolution, and the ability to categorize 
wall motion independently in each segment (contrasting 
with the relative flow comparisons used in myocardial 
perfusion imaging). Some ischaemic regions may even 
be identified by echocardiography rather than scin­
tigniphy, for example, abnormal wall motion due to 
subendocardial ischaemia may be evident before mal­
perfusion is extensive enough to he apparent at perfusion 
scintigraphy. 
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Figure 1 Sensithity) spccificity, and accuracy of exercise 
or exer-cise-simulatrng (dobulamine) stress echocardiogra­
phy and perfusion imaging for the detectlon of coronary 
artery . disease. Open bars, functionL hatched bars, 
perfusion. (Reproduced with permission' '.) 

Vasodilator stress echocardiogl'apliy versus 
perjilsioll scilltigraphy 

The two most used vasodilators are adenosine and 
dipyridamole. Adenosine is a naturally occurring mol­
ecule that regulates blood flow in various vascular beds 
including the myocardium, by activation of specific cell 
surface receptors[20J. In particular, a2-receptor activation 
in vascular smooth muscle cells ultimately leads to 
smooth muscle relaxation and dilatation. Dipyridamole 
is an indirect coronary vasodilator that increases the 
extracellular concentration of adenosine by blocking its 
intracellular transport, metabolism and inactivation[2IJ. 

In nonnal arteries, these vasodilators cause an 
increase in coronary flow, both subendocardial and 
subepicardial, of three to five fold{221. However, in 
stenosed arteries this augmentation is limited (dependent 
on stenosis severity), creating flow heterogeneity, which 
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Table 4 Direct diagnostic comparisons hetwee" )'asodi/alor echocardiography and perfusion scintigraphy 

Author 
No. Stress-dose Imaging CAD Sensitivity Specificity Sensitivity Sensitivity 

Exclusions 
P" modality %DS SVD MYD 

Marwick[B] 97 Adene 0-18 Echo ~50 34/59 (58%) 33/38 (87%) 16/31 (52%) 18128 (64%) MI 
MIBIsPECf 51159 (86%) 27/38 (71%) 25131 (81%) 26128 (93%) 

Nguyen126J 25 Adene 0·14 Echo ~50 12120 (WYO) 5/5 (100'1<» 
TI.20IsPECT 18(10 (9iY'I<» 5/5 (100%) 

Amanullah[271 40 Adene 0·14 Echo ~50 25f34 (74%) 6/6 (100%) 
MlI3lsPECf 32134 (94%) 6/6 (100%) 

Perinl18] 25 Dip)' 0-56 Echo ~50 11119 (58%) 6/6 (lOO%) 
TI·20I P!.>nar 18119 (95%) J/6 (51)%) 

Simonetti[291 35 Dipy 0·84 Echo ~75 19122 (86%) 12113 (92%) MI 
TI_1OI Plan.H 20122 (91%) 13113 (100%) 

Total 222 Function 1011154 (66%)* 62168 (91%}§ 16/31 {52%)t 18128 (64%)t 
Perfusion 1391154 (90%) 54/68 (7<)%) 25/31 (81%) 26/28 (93%) 

Adeno;o;adenosille (dose in mg. kg~ I. min-I); CAD %DS""percentage diameter stenosis value for significant coronary artery disease; 
Dipy=dipyridamole (dose in mg. kg~ 1); Echo=echocardiography; MI=myocardial infarction; MIDI=technetium-99m sestamibi; 
MVD=muItivessel disease; Pts=patients; SVD=single vessel disease; SPECf;o;single-fhoton emission computed tomography; TI-201 '" 
thallium-2ot; t:o:=P<O·OOOl; t=P<O-02; t"'P<O'Ol; §""P<O'05. (Reproduced from{4--I.) 

can be detected by perfusion scintigraphy. Echocardio­
graphically detected functional evidence of ischaemia is 
not caused by marked changes in blood pressure or 
heart rate (which change only minimally) but by cor­
onary steal, either 'vertical' (subepicardium from sub­
endocardiump,231 or 'horizontal' (non-stenotic from 
stenotic vessel territory)[24], 

As seen in Table 4, pooled data from five 
studies[25--29] directly comparing vasodilator (dipyrida­
mole or adenosine) echocardiography and perfusion 
scintigraphy in the same 222 patients show tbat the 
sensitivity of vasodilator perfusion scintigraphy is 
superior to that of vasodilator echocardiography (90"10 
vs 66%, P<O·OOOI). Only Marwick et al.1251 reported 
sensitivities according to the extent of disease. In this 
study, the sensitivity of vasodilator perfusion scintigra­
phy was superior to echocardiography, both for single 
(81% vs 52%, P<O'02) and multivessel disease (93% vs 
64%, P<O·OI). These results are not surprising, since 
vasodilators create primarily blood flow heterogeneity' 
(detected by perfusion scintigraphy and not echocardi­
ography) and true ischaemia in only a limited number of 
patients. 

Dabl/tamille stress echocardiography versus 
vasodilator pelf us ion imaging 

In the many patients who are unable to exercise 
adequately, the optimal phannacoiogical stressors for 
echocardiography and scintigraphy are fundamentally 
different. On the basis of the underlying principles of the 
tests, the necessity of ischaemia for the development of 
abnormal wall motion would suggest that dobutamine 
would be more effective than a vasodilator for stress 
echocardiography. A comparison performed in an 
animal modeiFl indicated tbat dobutamine was the most 
appropriate stress to demonstrate abnormal wall motion 
due to ischaemia. Pooled data from seven published 

studies[30] directly comparing dobutamine vs a vaso­
dilator for stress ecbocardiography in the same 517 
patients showed that dobutamine was more sensitive 
than. both dipyridamole (78% vs 67%, P<O·002) and 
adenosine (82% vs 52%, P<O·OOl), imd equally specific. 
Off note, up to this moment there are no direct compari­
sons available using the new promising dipyridamole­
atropine stress echocardiography protocoI13!1. 

In the same animal model[7], dipyridamole 
caused the greatest blood flow heterogeneity, making it 
particularly suited for myocardial perfusion studies. 
Published clinical data, however. are not unifonn about 
the superiority of vasodilators to dobutamine for per­
fusion scintigraphy. Kumar et al.[321 found that dipyri­
damole thallium scintigraphy correlated better with 
coronary score. However, these results were based on a 
very small group of patients, the authors did not report 
test accuracy. used an insufficient dobutamine dose 
(20 J-Ig . kg - I . min ,- ') and included patients with pre· 
vious myocardial infarction. In a larger series of 97 
patients, without previous myocardial infarction and 
using high·dose dobutamine, Marwick el at.125] found 
that the accuracy of dobutamine technetium-99m per­
fusion scintigraphy was comparable with adenosine 
technetium-99m perfusion scintigraphy (77% vs 80%, 
respectively). 

The most appropriate means of comparing phar­
macological stress echocardiography and scintigraphy 
seems, therefore, to be to use dobutamine with the 
fonner and a vasodilator stress with the latter. Unfortu· 
nately, reports directly comparing dobutamine stress 
echocardiography with vasodilator perfusion scintigra­
phy are also scarce. The only two published reports with 
available angiographic data in 97 and 120 patientsPS,33] 

showed that the tests were equally sensitive (85% vs 86% 
and 85% vs 89%, respectively). Howe\(er, there was a 
trend toward a higher specificity of dobutamine stress 
echocardiography (82% vs 71% and 93%_ vs 85%, re­
spectively). Based on these, results, and considering the 
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advantages of echocardiography over perfusion scintig· 
caphy (Table I) it can be anticipated that the use of 
dobutaminc stress echocardiography will grow in the 
future. 

Assessment of the localizatioJl of corollary 
artery disease 

The detection of disease in the circumflex coronary 
artery is a major problem for both perfusion scintigra­
phy and echocardiography. In addition to the variation 
in coronary anatomy (with a small circumflex territory 
in some patients), perfusion scintigraphy suffers from a 
less reliable assessment of the posterior regions of the 
heart, due to problems of photon attenuation. Echo­
cardiography suffers from problems with resolution of 
the lateral wall endocardium because of the parallel 
orientation of the wall and the ttltrasound beam, These 
circumflex disease detection problems are reflected in 
Fig. 2, which shows the sensitivities (Fig 2(a» and 
specificities (Fig 2(b» of exercise or exercise~simulating 
(dobutamine) stress echocardiography and perfusion 
scintigraphy for individual vessels as reported in three 
studieslll •12,18J. Comparison of regional function vs pcr~ 
fusion studies showed the respective sensitivities to be 
83% vs 73% (P=ns) for the left anterior descending 
artery, 60010 vs 60% (P=ns) for the left circumflex artery, 
and 80% vs 84% (P=ns) for right coronary disease. 
Specificities were 90% vs 89010 (P=ns), 94% vs 95% 
(P=ns), and 89010 vs 80% (P<0'05), respectively. The 
sensitivity for detection of circumflex disease vs left 
anterior or right coronary disease was lower for both 
imaging techniques (60% vs 82% for function, P<0'002 
and 60% vs 78% for perfusion, P<O'OI, respectively), To 
compensate for the variation in blood supply of the 
posterior wall (by either the right or circumflex artery, 
depending on their relative size) Marwick et alp6J 
divided the blood supply of the heart into two systems: 
an anterior (left anterior descending artery) and a pos~ 
terior (right and/or circumflex artery) system. Neither 
imaging modality was found to be superior on a regional 
basis; in 34 patients with only anterior system disease, 
the sensitivity of echocardiography was 62%, compared 
with 76% by scintigraphy (P=ns) and in 34 with only 
posterior system disease both imaging modalities had a 
sensitivity of 71%. 

Assessment of the extent of corollary artery 
disease 

The relative ability of echocardiography and perfusion 
scintigraphy to predict the extent of coronary artery 
disease has been investigated at two centres. In a study 
by Senior et al.118] dobutamine stress cchocardiography 
identified 70% of the 30 patients with multivessel cor~ 
onary artery disease as having functional abnormalities 
in more than one coronary territory, compared with 
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Figure 2 (a) Sensithity and (b) specificity of exercise or 
exercise~slmulating (dobufamine) stress echocardiograpby 
and perfusion imaging for identification of disease in 
lndhidual coronary arteries. LAD = left anterior descend­
ing coronary artery; Lex = left circumflex coronary ar­
tery; RCA=right coronary artery. Open bars, function; 
hatched bars, perfusion. (Reproduced with permission[44I.) 

scintigrams showing a multivessel pattern in 77% 
(P=ns). Specificities were 90% and 94%, respectively. In 
74 patients with multivessel coronary artery disease bllt 
wit/lOur prior infarction, MarwiCk et al.{16] reported the 
recognition of multivessel coronary artery disease by 
echocardiography to be only 18%, compared with scin~ 
tigrams showing a multivessel pattern in 34% (P=ns). 
On the other hand, echocardiography was more specific 
for multivessei coronary artery disease, which it pre~ 
dieted incorrectly· in 9% of patients having single vessel 
coronary artery disease, compared with 19% falsely 
predicted as being multi vessel coronary artery disease by 
perfusion imaging. The ability of each test to recognize 
multivessel coronary artery disease was also analysed by 
correlating the echocardiograpitic or perfusion extent 
score (calculated from the number of segments demon~ 
strating abnonnal regional function or perfusion, ex­
pressed as a percentage of the visible segments), with an 
angiographic score of disease extent (modified from the 
Gensini score). The echocardiographic and scintigraphic 
cOHeiation with the angiographic score corresponded to 
a similar degree, with respective R values of 0·45 and 
0·35. These data indicate that the imaging modalities 
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have similar overall accuracy for th~ identification of 
multivessel coronary artery disease, although both prob­
ably underestimate it. The underestimation of multi­
vessel coronary artery disease' by stress tests can be 
explained by the premature cessation of stress because of 
the development of limiting ischaemia in one region, 
imperfect assignment of myocardial regions to coronary 
arteries, collateral circulations, anatomically signifi­
cant but functionally non-significant lesions, and (for 
perfusion imaging) diffuse hypoperfusion. 

Combination of stress 
echocardiography and perfusion 

scintigraphy 

The roles of functional and perfusion imaging might 
potentially be complementary in the diagnosis of cor­
onary artery disease. In particular, a strategy starting 
with echocardiography (because of the lower cost) 
followed by the addition of perfusion scintigraphy in 
subgroups of patients seems attractive. Two studies have 
analysed the usefulness of the addition of perfusion 
scintigraphy to echocardiography. Doth Marwick et 
al.[161 and Senior et al.[18J found that the addition of 
perfusion scintigraphy to all echocardiographic studies 
negative for ischaemia maximized sensitivity (from 72% 
to 89% and from 93% to 98%, respectively), but com­
promised the specificity markedly (from 83% to 52% and 
from 94% to 71%) by combining the false positives of 
each methodology. In these two studies, additional 
perfusion studies were required in 47% and 31% of the 
patients, respectively. Clearly, this option is therefore 
not feasible on grounds of cost or results. 

A more attractive alternative is to add perfusion 
studies to those echocardiographic tests in which the 
yield is most likely to be the highest, for example, in 
patients with submaximal dobutamine stress, since per­
fusion scintigraphy is known to be less compromised by 
submaximal stressI34.l51. Only Marwick et al.1161 looked 
at this option and found that with the addition of 
perfusion scintigraphy only to negative, submaximal 
echocardiography studies (14% of the patients) sensitiv­
ity increased from 72% to 80% and specificity decreased 
from 83% to 77%. Their definition of submaximal stress 
was the presence of P-blocking drugs or failure to attain 
the maximal dobutamine dose. The option of addition 
of perfusion scintigraphy to echocardiography in studies 
simply not reaching target heart rate (or a target rate­
pressure product) was not examined. Such a strategy 
may, perhaps, improve the results of combining the two 
techniques. 

Stress echocardiography versus 
perfusion scintigraphy - a 

probabilistic approach 

While values for sensitiVity and specificity have a useful 
role in comparing tests, the use of these investigations in 

diagnostic practice is to assist in the clinical recognition 
of coronary artery disease. In this sense, tests are used to 
reclassify the initial clinical impression of the probability 
of coronary artery disease into high-, low-, and 
intermediate-risk subgroups. According to Bayes' the­
orem, the likelihood of a positive test result is deter­
mined by the probability of coronary artery disease in 
the patient studied, as well as the accuracy of the test. A 
comparison of tests using probability analysis permits 
examination of their performance in groups with various 
pretest likelihoods of coronary artery disease. 

We performed such an analysis in 223 patients 
without a previous myocardial infarction, studied with 
dobutamine echocardiography and technetium-99m per­
fusion imagingl30J• The pre-test and post-test probability 
of coronary artery disease (derived from the pre-test 
probability and the likelihood ratios calculated from 
values for sensitivity and specificity) were estimated in 
all patients. The population was grouped into those 
at high- (>80%), intennediate- (10-80%) and low­
probability « 10%) of coronary artery disease, before 
and aner the perfonnance of each test, and the ability of 
each test to restratify patients was analysed. According 
to the pre-test likelihood of coronary artery disease, 68 
patients (30%) were regarded as having a low- or high­
probability of coronary artery disease. By application of 
Bayes' theorem, echocardiography defined 121 patients 
(54%) as being in the high or low post-test prob­
ability groups, compared with 97 (43%) using perfusion 
scintigraphy (P<0·05), thus leaving more patients in 
the intermediate-probability group after scintigraphy. 
Importantly, the accuracy of predicting coronary artery 
disease in the high-probability group, and the absence 
of coronary artery disease in the low-probability group 
was similar for echocardiography (105/121, 87%) and 
scintigraphy (88/97, 91%). 

Conclusions 

This review has concentrated on the direct comparisons 
of stress myocardial perfusion imaging and echocardi­
ography for diagnostic purposes. Some features of stress 
testing with echocardiography arid perfusion scintigra­
phy are comparable, for example, their accuracy for the 
diagnosis of coronary artery disease, and their ability to 
identify the site (and to a lesser degree, the extent) of 
coronary artery disease. Both techniques also have their 
strong and weak points. Echocardiography requires less 
equipment (and costs less) than perfusion scintigraphy. 
However, at the present state of development, stress 
cchocardiography is highly operator dependent. Irre­
spective of other considerations, if there is limited local 
expertise in stress echocardiography, its use in prefer­
ence to the nuclear techniques is highly inappropriate. 
However, once the condition of adequate training is 
fulfilled, we believe that the selection of one or other test 
should be tailored to clinical circumstances rather than 
be a uniform decision. To this end, we propose the 
following guidelines. 
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Perfusion imaging is more useful in: 
(I) Patients with poor cchocardiographic windows. 
(2) Patients requiring vasodilator stress (those unable to 

exercise and with contraindications to dobutamine 
testing). 

Echocardiography is more useful in: 
(l) Patients requiring dobutamine stress (those unable 

to exercise and with contraindications to vasodilator 
testing). 

(2) Patients in whom safety is a major concern (poten­
tially unstable or sc\'creiy ischaemic). Using echocar­
diography, ischaemia may be observed on-line and 
the appropriate action taken. 

(3) Studies being performed to assess the adequacy of 
therapy - as echocardiography visualizes ischaemia 
rather than perfusion heterogeneity, and provides an 
additional index of disease severity by measuring the 
ischaemia-free stress time. 

(4) Patients with a suspicion of significant valvular, 
myocardial or pericardial components to their 
presentation, 

(5) Patients with coronary stenosis of questionable 
functional significance, 

(6) Patients with left ventricular hypertrophy or left 
bundle branch block, Stress echocardiography 
seems to be more specific than perfusion scintigra­
phy in these sihlations (although these data await 
confirmation), 

The combination of echocardiography and per­
fusion scintigraphy cannot be recommended because 
of cost constraints. However, as particular features of 
stress testing have been identified in which echocardiog­
caphy is inaccurate (submaxirnal stress), it may be useful 
to perform stress echocardiography as the procedure of 
choice, with the ability to inject technetium-99m in such 
circumstances, This option has become feasible only 
with the availability of tedlOetium-99m, which does not 
undergo redistribution, and is a potentially cost-efficient 
strategy. 

Future developments 

Important technical improvements are expected in the 
near future (some of which are already available) in both 
echocardiography and perfusion imaging, that will prob­
ably require the reassessment of the relative role of the 
two imaging modalities. 

The assessment of stress echocardiography has 
been mainly visual (semiquantitative), potentially lead­
ing to low reproducibility, especially if the studies are 
read by investigators of different institutions{36]. Edge 
detection based on backscatter analysis and acoustic 
quantification!37] with colour coding for the assessment 
of the time course of endocardial motion, tissue Doppler 
imaging{38.39J, and the use of contrast agentsl40J, wiII 
hopefully enhance the ability to characterize and quan­
tify wall motion in the ncar future, and may provide a 
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new and more reproducible approach to stress echocar­
diography. Contrast echocardiography may eventually 
offer a means of evaluating both myocardial perfusion 
and function using the same technique, at both rest 
and stress, Finally, the role of three dimensional 
echocardiography has to be explored, 

Perfusion scintigraphy also has a great potential 
for improvement due to some new technical develop­
ments, The use of multiple headed gamma cameras 
will reduce the acquisition time and improve spatial 
resolution. Likewise, the examination of left ventricular 
function (with first-pass studies) and perfusion after 
the same injection of technetiunt-99m-labelled radio­
tracers, and the use of new algorithms for the attenua­
tion correction using transmission scansl41 ] are factors 
that wiII strengthen the information obtainable from 
scintigraphic studies, 

It is very difficult to forsee the 'winner' among 
the different available imaging methods, in this era of 
very rapid developments, New techniques (e.g. coronary 
magnetic resonance angiography[41] and electron beam 
tomographyl431) that are not yet in routine practice 
permit non-invasive imaging of the coronary artery and 
although it is unlikely they wiII replace stress imaging, 
they wiII hopefully assist in evaluating patients in whom 
interpretation of stress imaging is difficult. 
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Dobutamine-Induced Hypoperfusion Without Transient Wall Motion 
Abnormalities: Less Severe Ischemia or Less Severe Stress? 

ABDOU ELHENDY, MD, PHD, MARCEL L. GELEUNSE, MD, JOS R. T. C. ROELANDT, MD, FACC, 

RON T. VAN DOMBURG, MSc, FOLKERT J. ThNCATE, MD, FACC, JAN H. CORNEL, MD, 
AMBROOS E. M. RElJS, MSc, GALAL M. EL-SAID, MD, FACC, PAOLO M. FIORE1TI, MD, PHD 

ROlferdam, The Netherlands 

Objectil'ts. This study sought 10 compare the clinical cbarac· 
teristics, bemodynamlc response and suerity or ischemia In 
patients with coronary artery disease and rerersible pufuslon 
deleds on dobulamine 2·melhoxy Isobutyl isonitrile (MIBO 
single-photon emission computed tomography (SPECT) \lilh or 
lI-ilhoul transient wall motion abnormalilles. 

Background. The oocurrence of rel'erslble perfusion detects 
uilhout concomitant wall motion abnormalities in patients "ilh 
coronary artery disease was attributed to less Sel"ere Ischemia. 
Howerer, little data are 8t'ailable to support Ihis observation. 

Methods. Fifty.rour consecutive patients nilh significant coro· 
nary artery disease and ren:rsible perfusion defects on dobut· 
amine (up to 40 Ilgikg body weight per min) MIBI SPECI' were 
studied (mean (±SDJ age 59 ± 11 yearsj 38 men, 16 women). All 
patients undem-enl simultaneous echocardlography. The myocar­
dium was divided inlo six matched segments, and ischemic 
perfusion score was qU8nlitath'elyderived In myocardial segments 
"ith re\'ersible defects. 

RemUs. New or worsening ,,1111 motion abnonnalitles occurred 
in 40 patients (74%) (group A) and were absent in 14 (26%) 

The diagnosis of myocardial ischemia relies on the detection of 
different pathophysiologic sequelae of coronary artery disease. 
These include reversible hypoperfusion and wall motion abo 
normalities, ST segment depression and typical anginal pain 
(l~3). Reversible perfusion and wall motion abnormalities 
during exercise or pharmacologic stress testing are the most 
accurate markers of myocardial ischemia in patients referred 
for evaluation of coronary artery disease (1~14). It has been 
demonstrated that hypoperfusion precedes the occurrence of 
wall motion abnormalities in the ischemic cascade (15,16). The 
severity of myocardial ischemia assessed by thallium scintigra· 
phy has been reported to determine the occurrence or absence 
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(group B). There was no significant dllf'erence between the two 
groups witb respect to age, previous myocardial infarction, num· 
ber or abnormal coronary arteries (1.8 ± 0.8 vs. 1.6 ± 0.9), 
num~r or re\'ersible perfusion defects (1.6 ± 0.9 vs. 1.8 ± 0.7) or 
ischemic ~rfuslon score (412 ± 750 'fS. 526 ± 553). Patients in 
group A had a higher prevalence of male gender (80% vs. 43%, p < 
0.01), higher peak systolic blood pressure (147 ± 30 'fS. 127 ± 
31 mm Hg, p < 0.05), higher peak rate-pressure product 
(19,632 ± 4,081 vs. 16,939 ± 4,344, P < 0.01) and a hlgber 
prevalence or angina (53% ,·s. 14%) and ST segment depression 
(55% ,·s. 14%) than group B (p < 0.05 for both), 

ConcfusiQl'lS. In patients \'lith coronary artery disease and 
Ischemia on dobulamlne ~nBI SPEer, the absence or transient 
"'all molion abnonnalilies is associated "ith a similar extent and 
se\'erity -of reversible perfusion defeds, a lower stress rate­
pressure product and a higher prevalence of female gender than 
palients 'ltilb transient wall molion abnormalities. Mecbanlcally 
silent Ischemia should nol be regarded as a marker or less severe 
Ischemia on myocardial perfusion scintigraphy. 

(J Am CoU CtJrdioI1996,'27:323-9) 

of concomitant transient wall motion abnonnalities during a 
dobutamine stress test (17). If this is continned by other 
studies, a combination of reversible perfusion defects and 
transient wall motion abnonnalities would identify patients 
with severe ischemia and provide additional data for the 
management and prognostic stratification of patients with 
coronary artery disease. The present study sought to compare 
the clinical, hemodynamic and scintigraphic variables in pa­
tients with coronary artery disease and reversible perfusion 
defects on dobutamine 2·methoxy isobutyl isonitrile (MIBI) 
single-photon emission computed tomography (SPECT), with 
and without transient wat! motion abnormalities, on simulta­
neous echocardiography. 

Methods 
Patient selection. The study included 54 consecutive pa· 

tients with chest pain and inability to perform an adequate 
exercise test who were referred to our cardiac stress imaging 
laboratory for dobutamine stress echocardiography in conjunc­
tion with MlBl SPECT myocardial perfusion imaging. All 
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patients fulfilled the following criteria: the presence of revers· 
ible perfusion defects on MIBI SPECf in the vascular territory 
of one or morc stenotic coronary arteries and adequate 
imaging quality (mean [±SD] age 59 ± 11 years, range 32-80; 
38 men, 16 women). Thirty-one patients (57%) were receiving 
antianginai medications, including beta-adrenergic blocking 
agents in 28 (52%). Thirty-sc\'en patients (69%) had a previous 
myocardial infarction. 

Dobulamine stress lest. Dobutamine was infused through 
an antecubital vein starting at a dose of 10 J1g1kg body weight 
per min and increasing by 10 Ilg/kg per min every 3 min to a 
maximum of 40 l1g/kg per min. Atropine (up to 1 rug) was 
given in patients not achieving 85% of their age- and gender­
predicted maximal heart rate (18). The electrocardiogram was 
monitored continuously and recorded each minute, Blood 
pressure was measured evel)' 3 min, The test was interrupted if 
sevete chest pain, ST segment depression >2 mOl, significant 
lachyarrhylhmias or a systolic blood pressure decrease 
>40 mm Hg occurred during the test. 

Stress echocardiography, Echocardiographic images were 
acquired at rest and during the test and recovery, The left 
ventricular wall was divided into l6 segments (19) and scored 
using a four-point scale: 1 = normal; 2 = hypokinesia; 3 = 

akinesia; 4 = dyskinesia (4,5), Both wall motion and thickening 
were considered for analysis, Wall motion score was obtained 
by summation of the individual scores of the 16 segments, The 
diagnosis of ischemia relied on the occurrence of wall motion 
abnormalities in one or more normal segments or the occur­
rence of akinesia or dyskinesia in one or more hypokinetic 
segments at rest. As we previously concluded (20), ischemia 
was not considered if akinetic segments became dyskinetic 
without improvement at low dose dobutamine. The echocar­
diagrams were recorded on videotape and digitized on optical 
disk (Vingmed CFM 800). Images were compared side by side 
in quad·screen format. Image interpretation was perfomled by 
two experienced obsen'ers without knowledge of clinical. de­
mographic or scintigraphic data. In case of disagreement, a 
majority decision was achieved by adding a third investigator. 
We previously reported an interobserver and intraobserver 
agreement for dobutamine stress echocardiographic assess­
ment in our laboratory of 91% and 92%, respectively (21). 

SPECf Imaging. Approximately 1 min before the termina­
tion of the stress test, an intravenous dose of 370 MBq of MlBI 
was administered. Stress images were acquired 1 h after 
termination of dobutamine infUSion. For rest studies, 370 MBq 
of MlBI was injected at least 24 h after the stress study (8). For 
each study, six oblique (short-axis) slices from the apex to the 
base and three sagittal ( .. 'ertical long-axis) slices from the 
septum to the lateral wall were defined. Each of the six 
short-axis slices was divided into eight equal segments. The 
interpretation of the scan was semiquantitatively performed by 
visual analysis assisted by the circumferential profiles analysis. 
Stress and rest tomographic views were reviewed in side by side 
pairs by an experienced observer who was unaware of the 
patient's clinical or echocardiographic data. A reversible perfil­
SiOll defeci was defined as a perfusion defect on stress images 

that partially or completely resolved at rest in t".o or more 
contiguous. segments or slices. This was considered diagnostic 
of ischemia. Afired perfimoll defect was defined as a perfusion 
defect on stress images in t"m or more contiguous segments or 
slices that persisted on rest images. Echocardiographie and 
scintigraphic images were classified into six major segments: 
anterior, inferior, septal (subdivided into anterior and poste­
rior), posterolateral and apical. To assess the severity of 
h)poperfusioll, each of the six major left ventricular segments 
was scored on a four-grade scale: 0 = normal, and 3 = severely 
reduced or absent uptake. The perfitsioll score was derived by 
adding the scores of the six myocardial segments. The l'isllal 
ischemic score was obtained by subtracting the rest score from 
the stress score. The perfllsion defect score was quantitatively 
calculated by measuring the area between the lower limit of 
normal values (:±:2 SD) and the actual circumferential profile 
in six short-axis slices. The ischemic score was derived by 
subtracting the rest score from the stress score in segments 
with reversible defects. 

Coronary angiography. Coronal)' angiography ,vas per­
formed, using the Judkins technique, within 3 months in all 
patients. Significant coronary artery disease was defined as a 
diameter stenosis ;;::50% in one or mOre major epicardial 
arteries. Coronal)' arteries were assigned to particular myocar­
dial segments as previollsly described (4). 

Statistical analysis. Unless specified, data are presented as 
mean value :±: SD. The Chi-square test and Fisher exact test 
were used to compare differences bel\veen proportions. The 
Student t test was used for analysis of continuous data; p < 
0.05 was considered statistically significant. 

Results 
Dobutaminc stress test. Heart rate increased from 69 ± 12 

beats/min at rest to 131 ± 18 beats/min at peak stress (p < 
0.0001) and systolic blood pressure from 129 :±: 20 mm Hg at 
rest to 141 :±: 30 mm Hg at peak stress (p < 0.01). 

i\UBl SPECf results. Reversible perfusion defects were 
detected in all patients (by inclusion criteria). A total of 97 
reversible defects were identified. Those were completely revers· 
ible in 53 segments (55%, 34 patients) and partially reversible in 
44 (45%, 32 patients). In 30 segments, a fixed perfusion defect 
was detected (21 patients). Among 97 segments with a reversible 
defect. 8 (8%) were not associated with a significant stenosis of 
the related artery (7 in inferior wall, I in anterior septum). These 
defects were not included in the calculation of ischemic perfusion 
defect score. 

Stress echocardiography. Wall motion abnormalities were 
detected in 35 patients (65%) at rest. New or worsening wall 
motion abnormalities were detected in 40 (74%). These pa· 
tients comprised group A. Group B comprised 14 patients 
(26%) without stress·induced wall motion abnormalities. Nine 
patients in group B had baseline wall motion abnormalities 
that were confined to the infarct region in all of them. Four of 
these patients showed improvement of contraction in the 
infarct region. whereas five patients had unchanged wall 
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Table 1. Clinical Features and Hemodynamic Data in 54 Patients 
With Reversible Perfusion Defects on Dobulamine MIBI SPECf 
With and Without Transient Wat! Motion Abnormalities 

Transient WMA Transient WMA 
Present Absent 
(n = 40) (n'" 14) 

Age (YI) 61 ± 10 57 ± 12 
Female gender 8(20%) 8(57%)" 
Pre~ious infarction 26(65%) 11 (79%) 
Beta-blocker rnedkation 23(58%) 5(36%) 
Rest HR (beats/min) 70± 13 6S±1I 
Peak HR (beats/min) 134 ± 16 125 ± 18 
Rest SBP (mm Hg) 130 ± 18 128 ± 23 
Peak SBP (mm HS) 147 ± 30 127 ± 31t 
Rest rate-pressure product 9,160 ± 2,553 8,765 ± 2,535 
Peak rate-ptessure product 19,632 ± 4,081 16,939 ± 4,344' 
85% of target HR achieved 22(55%) 4(29%) 
Angina during test 21 (53%) 2 (14%)t 
ST segment depression 17 (55%)1 2 (14%)t 

'p < 0.01. tp < 0.05. Un patients I'ith interpretable elttlrOCardiognlphk 
results. Data prcunted are me.an mIne ± SD or number (%) of patients. HR '" 
heart rate; SBP = systolic blood pressure; WMA == wall iOOtion abnormalities. 

motion during dobutamine infusion. In group A, aU patients 
had transient wall motion abnormalities in the vascular terri­
tories of one or more abnormal coronary arteries, A total of 83 
ischemic segments were detected, 6 of them (1%) not in the 
vascular territory of an abnormal artery (3 inferior, 1 lateral, 2 
anterior segments). In group B. a negatr.'e echocardiographic 
response was associated with a reversible perfusion defect 
confined to a dyssynergic segment in four patients (29%), The 
involved segments were hypokinetic in three patients and 
akinetic in one. 1\'0'0 of these patients had a lessening of 
thickening during dobutamine infusion. 

Clinical characteristics and hemodynamic response. 
There was no significant difference between groups A and B 
with respect to age, previous myocardial infarction, risk factors 
or beta·blocker therapy. In patients with previous myocardial 
infarction, the infarct location was anterior in 13 (50%) in 
group A and 3 (27%) in group B. Patients in group B had a 
higher prevalence of female gender, a lower peak rate­
pressure product, a lower peak systolic blood pressure, a lower 
incidence of angina and ST segment depression during the test 
(Table 1) and a trend to a lower peak dobutaminedose (31.9 ± 
5.8 \'S. 39.8 ± 1.6 ILglkg per min, p := 0.06) than group A. 
Systolic blood pressure increased significantly from rest to 
peak stress in group A (p < 0.01) but not in group B. Atropine 
was given to 20 patients in group A (50%) and 6 in group B 
(43%). A decrease or failure of increase of systolic blood 
pressure from rest to peak stress occurred in 12 patients (30%) 
in group A and 9 (64%) in group B (p < 0.05). The test was 
interrupted in nine patients (23%) in group A (angina in six, 
ST segment depression in three) and in three (21%) (all with 
angina) in group B (p = NS). l\venty-rn'o patients in group A 
(55%) and four in group B (29%) achieved 85% of the 
maximal exercise heart rate predicted for age and gender (p :=: 

0.09). 
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Table 2. B:hOC<lrdiographic and Angiographic Data for 54 Patients 
With Reversible Perfusion Defects on Dobutamine MIDI SPECT 
With and Without Transient Wall Motion Abnormalities 

Transient WMA Transient WMA 
Present Absent 
(n == 40) (n"'- 14) 

Rest WMA 26(65%) 9(&1%) 
Rest wall motion score 22±6 2O±4 
Stress v.-all motion score 26±1 2O±4' 
Multiwssel disease 22(55%) 5(31%) 
No. of stenotic ar1eriu 1.8 ± 0.8 1.6 ± 0.9 
lADdisea.l.e 27(68%) 10(71%) 
LC:t di.se--ase 18(45%) 5(36%) 
RCA disease 25 (63%) 7(50%) 

'p < O.m. Data presented are mean value ± SD or number (%) of patients. 
lAD = left anteriord~nding coronaryaltery; Lex = left drrumflex coronary 
artery; RCA = right coronary ar1el)~ WMA = wall motion abnonnalities. 

Echoc.ardlographic, angiographic and scintigraphic data. 
There was no significant difference bern'een groups with 
respect to prevalence of multivessel disease, number and 
distribution of abnormal coronary arteries or rest wall motion 
score. Peak wall motion score was higher in group A The 
number of reversible perfusion def~cts as well as stress, rest 
and ischemic perfusion scores was not different between 
groups (Table 2). The distribution of reversible defects in the 
six segments was similar (Table 3), except for a higher preva­
lence of anterior defects in group B (p < 0.01). Inclusion in 
group A of the five patients of group B who had unchanged 
wall motion during dobutamine infusion did not change the 
comparable variables of reversible hypoperfusion in the t\\'O 

groups. 
All patients with left bundle branch block (n := 6) and left 

ventricular hypertrophy (n := 3) had transient wall motion 
abnormaUties. Scintigraphic and echocardiographie images of 
a patient in group A are shown in Figure 1. 

Table J. Distribution of Re\'ersible Perfusion Defects and Perfusion 
Defect Score in 54 Patients With and Without Transient Wall 
Motion Abnonnalities 

Transient WMA Transient WMA 
Plesent """" (n = 4{) (0 = 14) 

Anterior 10(25%) 9(64%) 
inferior 18(45%) 6(36%) 
Posterolateral WO%) 1(7%) 
Anterior septum 8 (W%) 4(29%) 
Posterior septum 9(23%) 3(21%) 
Apex It (28%) 3(21%} 
No. of reversible defects 1.6±0.9 1.8 ± 0.7 
Rest perfuswn defe.:t score 1,032 ± 1,286 6OO±S59 
Stres<; pedusion defe.:1 score 1,362 ± 1,642 1,135 ± 9S8 
Quantitatiye ischemic scole 412 ± 150 S26 ± 553 
Visual ischemic score Jj ±2 J.8 ± 1.2 

'p < O.QI. Data presented are mean value ± SD or number (%) of patients. 
WMA == ""an motion abnonnalities. 
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Figure 1. Diastolic (A) and 5)'Stolic (8) ecbocardiographic frames from 
the apical wng-axis view in a 56-year old man Yrith left circumflex coronaI)' 
artery disease, an old inferior myocardial infarction and exertional chest 
pain. At baseline. low dose dobutanllne (10 jJ.pJkg per min), high dose 
dobulamine (40 p.g/kg per min) and atropine show hypokinesia of the 
posterior waD at rest deteriorating to akinesia at high dose and atropine 
images (arro~), SimuHaneous perfusion scintigraphic image in the basal 
short·axis slice (C) and the corresponding circumferential profile (0) in 
the same patient show a defect in the posterolateral wall (aJTQWS) al stress 
image (right) !hat was I'(M:mble at rest image (left). A = anterior; npM = 
beats per minute; ECG = electrocardiogra;L = lateral; P = posterior; S = 
septa1; 1 to 2 = dockwise division of segments in short-axis slices. 

Varhibles associated \'lith female gender. A negative reo 
sponse on the stress echocardiogram was obtained in 8 (50%) 
of 16 women and 6 (16%) oOS men (p < 0.01). The following 
variables were not different bet\'r'een women and men: age 
(62 ± 13 vs, 58 ± 9 years), rest wall motion score (19.7 ± 4.5 
vs, 22.7 ± 5,9), peak systolic blood pressure (140 ± 28 vs. 
142 ± 32 mm Hg), rate~pressure product (17,403 ± 4,385 vs. 
19,210 ± 4,384, P = 0,2), number of abnormal coronary 

arteries (1.5 ± 0.9 vs. 1.8 ± 0.8, P = 0.2) and number of 
reversible defects (1.8 ± 0.8 vs. 1.6 ± 0.9). Male gender was 
associated with a higher peak heart rate (135 ± 15 vs.124 ± 16 
beatS/min, p < 0.05), peak wall motion score (25.6 ± 7 vs. 
21.2 ± 0.5, P < 0.05), and prevalence of multivessel disease 
(61% vs. 25%, p < 0.05); a trend to a higher prevalence of 
previous infarction (76% vs. 50%, p :=: 0.06); and a higher 
stress perfusion score (1,609 ± 1,590 vs. 598 ± 937, p < 0.05), 
rest score (1,132 ± 1,212 vs. 416 ± 832, P < 0.05) and ischemic 
score (554 ± 795 'IS. 181 ± 172, P < 0.05) than was female 
gender. 

Bela·blocker therapy. There was no significant difference 
between patients with and those without beta·blocker therapy 
with regard to age, gender, extent of coronary artery disease, 
prevalence of ischemia on echocardiography or quantitative 
perfusion defect score. Patients taking beta·blockers had a 
lower peak heart rate (126 ± 17 vs. 139 ± 15 beatS/min, p < 
0.01), a lower peak rate~pressure product (17,869 ± 4,250 vs. 
20,116 ± 3,706, P < 0.05) and a higher maximal dobutamine 
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dose (40 ± 0 'IS. 37 ± 6 pg/kg per min, p < 0.05) than those not 
taking beta-blockers. Among patients receiving beta-blockers, 
peak heart ratc was higher in group A than in group B (130 ± 
18 vs. 108 ± 16 beats/min, p < 0.05). 

Discussion 
Identification of stress tcst variables associated with more 

severe ischemia is important in the management and prognos­
tic stratification of patients with coronary artery disease, 
especially in the presence of equivocal indications for revascu­
larization (22). The cchocardiographic method of evaluation of 
wall motion during a stress test used in clinical practice 
depends on a semiquantitative visual evaluation with a limited 
scoring scale of different grades of dyssynergy (4-12). Con­
'o'crscly. the detection of a reversible perfusion defect with the 
relatively automated myocardial SPECf imaging is assisted by 
quantitative analysis of perfusion defect size. Theoretically, 
this can explain the lack of stress·induced wall motion abnor­
malities in patients with reversible hypoperfusion on the basis 
of less severe flow malperfusion and presumably less severe 
ischemia (14). Therefore, it is important to determine whether 
the absence of inducible wall motion abnormalities identifies a 
population with different clinical characteristics and extent and 
severity of ischemia, different hemodynamic response to do­
bulamine or extent of coronary artery disease. 

The results of our study are derived from a symptomatic 
patient cohort with coronary artery disease and reversible 
defects on dobutamine perfusion scintigraphy. The data show 
thai the presence _or absence of transient wall motion abnor­
malities in conjunction with a reversible perfusion defect is not 
related to the severity of ischemia assessed by quantitative 
MIDI SPECf imaging. The absence of transient wall motion 
abnormalities correlated with a lower peak rate-pressure 
product, impaired systolic blood pressure response at peak 
stress and higher prevalence of female gender. The lower 
rate-pressure product in the group with a negative response on 
echocardiography can be explained by the occurrence of 
hypoperfusion earlier than wall motion abnormalities in the 
ischemic cascade (15,16). Consequently, diagnostic techniques 
dependent on the detection of wall motion abnormalities may 
be more vulnerable to a submaximal stress than with perfusion 
imaging techniques (12). The association between transient 
wall motion abnormalities and a higher prevalence of ST 
segment depression or angina, or both, during stress may be 
explaifl';d by the late occurrence of angina and ST segment 
depression after impainnent of perfusion and function in the 
ischemic cascade (15,16,23). Because the latter stops before 
the occurrence of mechanical dysfunction in patients without 
transient wall motion abnormalities, these patients were more 
likely to have less angina and ST segment depression. There 
was a higher prevalence of reversible perfusion defects in the 
anterior wall in patients with than without transient wall 
motion abnonnalities, which may result from the difficulties in 
delineation of the entire endocardium of the anterior wall in 
the apical two-chamber view. The apparent trend to a higher 
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rest wall motion and perfusion defect score in patients with 
transient wall motion abnormalities may be related to the 
relatively higher prevalence of anterior myocardial infarction 
in the former group. All patients with left bundle branch block 
or left ventricular hypertrophy had a positive echocardio­
graphic study response. This is not surprising, because diag­
nostic problems in this cohort were described with scintigraphy 
(24,25) and not with echocardiography, which was reported to 
be more accurate in patients with than without left ventricular 
hypertrophy (11). 

Comparison ",ilb pretious studies. To our knowledge, this 
is the firs.t study to evaluate severity of myocardial ischemia in 
patients with re\'ersible perfusion defects in the presence or 
absence of simultaneous transient wall motion abnormalities 
during stress testing. Coma-CaneJla et al. (17) studied patients 
after recent myocardial infarction by dobutamine stress with 
radionuclide angiography and thallium-20l SPECf on tVI'D 
separate days. They concluded that mild to moderate ischemia 
on the basis of visual analysis of reversible thallium defects is 
compatifJ.le with improvement or no change of regional func­
tion, whereas severe ischemia results in worsening of function. 
Unlike radionuclide angiography, echocardiography allows 
tomographic evaluation of both endocardial excursion and wall 
thickening, improving the detection of mechanical dysfunction. 
The difference between the r,,'o studies may be explained by 
the tomographic assessment of wall motion and quantitative 
assessment of perfusion in our study. 

Accuracy of dobufamlne slress testing In women. Despite 
the finding that exercise perfusion scintigraphy is more accu­
rate than electrocardiography in women (26), there are some 
inherent diagnostic problems of perfusion scintigraphy in 
women, including false positive test results caused by a shifting 
breast artifact. In our study, women had a higher incidence of 
negative responscs on echocardiography, a lower peak heart 
rate, a lower peak wall motion score and a lower ischemic 
perfusion defect score. It cannot be precisely concluded 
whether Ihese findings are related to the lower prevalence of 
multivessel disease, a lower peak heart rate or a difference in 
inducibility or detection of wall molion abnomlalities in 
women. It has been reported (27) that exercise echocardiog· 
raphy is an accurate method for the diagnosis of coronary 
artery disease in women. Because the predicted maximal 
exercise heart rate is higher in men than women at a given age 
(28), a similar calculation of maximal heart rate during dobut­
amine stress testing may not be appropriate for women under­
going dobutamine stress echocardiography, where the detec­
tion of ischemia may be critically dependent on heart rate 
increment. 

Accuracy ot dobutamlne stress testing al ,'arious lel'els of 
stress. Previous studies have sho ..... 'Il that a submaximal dobul­
amine stress test response, defined as a test in patients 
receiving bela-blockers or unable to complete the standard 
protocol, is associated with reduced sensitivity of echocardiog­
raphy, whereas the effect on sensitivity of perfusion scintigra­
phy is less prominent (11,12). Because the dobutamine stress 
lest is an exercise-simulating stress modality, a significant 
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increase in rate-pressure product is required to yield a high 
a'Xuracy, especially for the detection of abnormal wall motion, 
We previously showed (29) that in an unselected patient cohort 
with suspected myocardial ischemia who underwent dabu!­
amine stress echocardiography with simultaneous MIBI 
SPECf, the addition of MIBI study results to echocardio­
graphic study results that arc negative for ischemia at submaxi­
mal testing was particularly useful for the prediction of cardiac 
events. 

Effect of beta-blockers. In our study. the prevalence of 
ischemia detected at echocardiography was not different with 
or without beta-blocker therapy. This may be a result of the 
adminstration of atropine, which was reported to increase 
sensitivity. particularly in patients receiving beta-blockers (30). 
and of the higher dobutamine dose in patients receiving 
beta-blockers, which may compensate for the lower rate--­
pressure product by exerting a greater positive inotropic effect. 
Additionally. in patients receiving beta-blockers, peak heart 
rate was higher in patients with than ,,,ithout ischemia on 
eChocardiography. 

Role of systolic blood pressure response, High dose dobut­
amine infusion induces myocardial ischemia by increasing 
metabolic demand through an increase in heart rate and 
myocardial contractility (31-33). Coronary vasodilation and 
flow heterogeneity result from the increased myocardial de­
mand and a weak vasodilator effect (33). The effect of dobut­
amine on systolic blood pressure is influenced by mechanisms 
related to contractility and systemic vascular resistance (34). 
Therefore, the importance of a systolic blood pressure re­
sponse in the attainment of an adequate stress test level has 
not been proved. An interesting finding of our study is that 
patients with negative echocardiographic responses had an 
impaired systolic blood pressure response in contrast to those 
with positive responses. This difference is unlikely to be related 
to myocardial ischemia because in this situation, an impaired 
systolic blood pressure response is expected to occur in the 
group with rather than without mechanical dysfunction. Con­
versely, an impaired systolic blood pressure response is most 
likely the reason for a negative echocardiographic response 
and can be explained by a possible predominant peripheral 
vasodilator response in these particular patients. The role of a 
systolic blood pressure response is supported by the reported 
findings of a significant increase in systolic blood pressure with 
dobutamine, even comparable to that obtained with exercise in 
some studies (7,35). Echocardiography was reported to have 
good sensitivity, comparable to that of perfusion scintigraphy, 
when used with stress modalities associated with heart rate and 
systolic blood pressure increases, such as exercise (1,2) and 
dobutamine (8,9), whereas sensitivity is low compared with 
that for perfusion scintigraphy when applied with vasodilator 
stress testing with dipyridamole (36), in which there is a mild 
increase in heart rate during which systolic blood pressure 
either decreases or does not change. For echocardiographic 
imaging, the sensitivity of dobutamine and exercise was found 
to be higher than that of dipyridamole (37). It can be postu­
lated that in particular patients, a modest but critical increment 

in systolic blood pressure during dobutamine infusion is re­
quired to increase the left ventricular wall stress and result in 
subendocardial ischemia and deterioration of function that can 
be detected by visual assessment. This may not be as critical for 
reversible hypoperfusion that occurs at a lower stress level. 

Limilations or Ihe study, The number of patients with 
negative echocardiographic responses was small. The patient 
cohort was heterogeneous and included some patients with a 
previous myocardial infarction. However, only one patient had 
a negative echocardiographic study response and a reversible 
perfusion defect confined to an akinetic segment. Assessment 
of the severity of ischemia by perfusion scintigraphy may have 
some pitfalls because the latter detects flow maJperfusion as 
well as true ischemia. Difference in perfusion may be attenu­
ated in patients with multivessel disease (17). Finally, some 
patients were receiving medications, including beta-blockers. 
Nevertheless, we previously showed (30) that the addition of 
atropine increases the sensitivity of dobutamine echocardiog­
raphy, especially in patients receiving beta-blockers. 

Clinical Implications. Because a lower peak rate-pressure 
product correlated with a negative dobutamine echocardio­
graphic test response in patients with reversible perfusion 
defects, great attention should be gi,,'en to achieving a higher 
product in patients undergoing dobutamine stress echocardi­
ography alone. This may include stopping beta-blockers and 
implementing a stress protocol aimed at the attainment of a 
higher heart rate, including atropine administration (18,30) or 
the use of a longer dobutamine infusion time (38). The 
occurrence of mechanically silent ischemia manifested as 
reversible perfusion defects without transient wall motion 
abnormalilies should be disregarded in the management of 
patients with coronary artery-disease as a marker of less severe 
ischemia as assessed by myocardial perfusion scintigraphy. 

We are grateful to Rent Fro .... yn, MSc and Joyce PQ-Stma-Tjoa, MSc for their 
invaluable technical assistanee. 
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Previolls reports have suggested tilat dobutamine stress echocardiography compares jarollrably with other stress 
agem-imaging modality combinations for tlte detection of corollary arlery disease. HOlI'e~'er, ill daily clinical practice 
tile mIlle of (l test is defined on a probability basis. To study the relatil'e diagnostic contribution of clillical and 
dobutamille stress test Wlriables, Bayesian analysis was performed ill 223 patients with suspected corollary artery 
disease, who IInderwent corOl/ary angiography alld a high-dose doblttamille stress test in conjullction lI'ith electrocar­
diography, echocardiography and Teclmetium-99m sestamibi SPEeT myocardial perfusioll scilltigraphy. According to 
the pre-test (clinical) probabilities, patients were divided i1l10 /011'-, intermediate- alld high-risk groups; 155 patiellts 
were ill the illtermediate-risk group. After doblttamine stress eclrocardiography the number of patients in this 
intermediate-risk group was reduced to 102 (P<O·OOOI). This reductioll of patients in the intermediate-risk group by 
echocardiography was better than perfusion scintigraphy (102 vs 126 patients, P<0·05) or classic markers of ischaemia 
such as angina andlor ST-segment challges (102 )'8 150, P<O·OOOI). Moreol'er, there was a good correlation between 
the echocardiographic post-test probabilities and the /rue distribution of corollary artery disease. 

Introduction 

The diagnostic value of the different phamlacological 
stress agents and imaging modalities for the detection of 
coronary artery disease is usually presented in relation to 
the coronary anatomy (sensitivity, specificity and accu­
racy). These values reported from different institutions, 
differed widely within the same stress agent or imaging 
modality, and also when the different stress agents and 
imaging modalities were comparedlll. This may be 
explained by the influence of many factors including 
patient selection, stress protocol and expertise in per­
forming and interpreting the examinations{21, Therefore, 
comparisons between different stress agents or imaging 
modalities are most appropriate if applied in a direct, 
head-to-head study design. Moreover, the clinical ben­
efit of performing an investigation needs to be placed in 
the clinical context of the patient. Incorporation of both 
clinical data and stress test results would permit the 
results to be expressed in a continuous quantitative 
manner (probability of disease) rather than in a binary 
fashion (having disease or not). 

This paper reviews the data on the existing direct 
comparisons between the different stress agents and 
imaging modalities. In addition, it provides an example 
of a probabilistic (Bayesian) approach to compare dif­
ferent stress test variables used in conjunction with 

fPre-sent address: Cardiology Department, C1e\'dand Clinical Foundation. 
Cleveland. Ohio, U.S.A. 

Corrtspondenu: Paolo M. Fioretti, MD, PhD, Unil'ersity Hospital 
Rotterdam-Dijk2igt, Thorax(enter, Ba 300, Dr Mokwaterplein 40, 
3015 GO Rotterdam, The Netherlands. 

dobutamine stress, obtained from electrocardiographic, 
perfusion scintigraphic and echocardiographic studies. 

Pharmacological stress agents and imaging modalities 

Pharmacological stress testing plays an important role 
in the diagnosis of coronary artery disease in patients 
who are unable to perform an adequate exercise test. At 
the Thoraxcenter, Erasmus University Rotterdam, up to 
23% of all stress tests are performed with pharmacologi­
cal stress agents (Fig. I). In general, the most popular 
pharmacological stress agents are dobutamine (an 
exercise simulatorPl) and dipyridamole or adenosine 
(vasodilatorsI41). These agents act through completely 
different biochemical and haemodynamic mechanisms, 
with the same ultimate goals: the induction of blood flow 
heterogeneity and myocardial ischaemia in the territory 
dependent on a 'critical' stenosis. This blood flow hetero~ 
geneity and ischaemia may be visualized by perfusion 
scintigraphy and two-dimensional echocardiography, 
respectively. 

Which is the optlmal stress agent-imaging modality 
combillaUon? 

Reports all the sensitivity and specificity of echo­
cardiography and scintigraphy using the different stress 
agents for the detection of coronary artery disease va'ry 
widelyItJ. Therefore, direct comparisons are the most 
appropriate but these data are scarce. Reviewing the six 
reports on dobutamine vs dipyridamole echocardi­
ography[S-IO] (Table I) and the two reports on 
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Figure 1 Distribution of the different stress test modalities 
performed at the Thoraxcenter Rotterdam in 1993 (n=2131). 
(D=Exerdse ECG (n=I372); E3;;;Exercise+SPEcr (n=265); 
f2]=Pharmaco!ogka\ ECHO (n;=;236); .=Phannacological 
SPECf (n=72); m=Phannacoiogical ECHO+SPECT (n=186». 

dobutamine vs adenosine echocardiographt5-ll] (Table 
2), dobutamine was more sensitive (78% vs 67%. 
P<O'OO2 and 82% vs 52%, P<O'OOOI respectively) and 
equally spedfic. Accepting dobutamine to be the best 
stress agent for echocardiography. the next step is to 
compare the use of this stress agent with the different 
imaging modalities: echocardiography and perfusion 
scintigraphy. In Table 3, three direct comparisons be­
tween dobutamine stress echocardiography and per­
fusion scintigraphyfI2-14] are presented. On the basis of 
these reports echocardiography is more specific (85% vs 
69%. P<O·05). Another remaining question to be an­
swered is the value of vasodilator perfusion scintigraphy. 
claimed by some authors to be superior to dobutamine 
perfusion scintigraphy{15]. However, the existing direct 
comparisons between dobutamine stress echocardiogra­
phy and vasodilator perfusion scintigraph011 •16] all 
favour the former. In view of these comparable levels of 
accuracy. as well as the availability and lower cost of 
dobutamine stress echocardiography. we believe the 
latter is the optimal first line non-exercise stress-imaging 

Table 1 Direc/ comparisons be/ween dobl/trullille (40 jig kg - J lI1ill- J) and dipyridamole (0·84 mg kg - J) ecllOcardiography 

Author Stress No NoM! CAD Nopts Sens (%, Spec (0/", Acc (%, Sens Sens 

p" pi, %DS NflVlMVD 95% CI) 95%CI) 95%CI) (%)SVD {%)MVD 

MartiniS] dobu 40 14 ~50 1517118 76 (6H9) 60 (45--75) 70 (56--84) 1 
dipy 56 (41-71) 67 (52-81) 60 (45--75) 1 

Salustri{6] dobu 46 15 ~50 IS/IO/18 57 (43-71) 78 (66-90) 65 (51-79) 40 67 
dipy 64 (50-7S) 89 (80--98) 74 (61-87) 50 72 

LanzariniI7J dobu 80 15 ~1 23124/33 79 (70--88)* 83 (74--91) 80 (71-89) 62 91 
dipy 60 (49-70) 96 (91-100) 70 (60-S0) 33 79 

Previtali{8J dobu 35 ~70 7/16112 68 (52-83) 100 74 (6Q.-S9) 50 92 
dipy 57 (41-74) 100 66 (50--81) 3t 92 

Boccanelli19] dobu 8J 17 ~70 14140129 83 (74-91) 100 86 (7&-93) 75 93 
dipy 70 (60--79) 100 75 (65--S4) 60 82 

Beleslin11O] dobu 136 17 ~50 17/108fll 82 (76-S9) 76 (69-S4) 82 (75--S8) 82 82 
.dipy 74 (66-SI) 94 (9<>-98) 76 (69-84) 72 91 

All combined dobu 420 199 9412051121 78 (74-82)1 81 (77-85) 79 (75--S3)* 741 86 
dipy 67 (62~71) 90 (87-93) 72 (68-76) 61 82 

pts=patients; MI =myocardiaJ infarction; CAD %DS=% diameter stenosis value for significant coronary artery disease; N=no significant 
CAD; IV=one vessel disease; MVO=multivessel disease; Sens=sensitivity; 95% CI=95% confidence interval; Spec=spedficity; 
Acc=accuracy; SVD=single vessel disease; dobu=dobutamine; dipy=dipyridamo!e; *=P<O·05; t=P<O·OI; t=P<O·OO2. 

Table 2 Direct comparisolls be/ween adenosine (~O·84 /IIg kg-I) and dobllfamine (40llg kg- J min-I) eclJOcardiography 

Author Stress No NoMI CAD No pis Sens (%, Spec (%, Acc(%, Sens Sens 
p" p" %DS NIIVlMVD 95% CI) 95% CI) 95%CI) (%)SVD (%)MVD 

MartiniS] adeno 40 14 ~5() 1517118 40 (25--55)t 93 (80-100)1 60 (45--75) 
dobu 76 (63-89) 60 (45-75) .70 (56--84) ? 

Marwicklll ] adena 97 0 ~50 38/31128 58 (48--67)§ 87 (80-94) 69 (60-78)1 521 64' 
dobu 85 (77~92) 82 (74-89) S4 (76-91) 84 86 

All combined adeno t37 14 ~50 53/38f46 52 (44-61):1 89 (83-94) 66 (58-74)t 521 64' 
dobu 82 (76-89) 75 (68--83) SO (73--86) 84 86 

pts=patients; MI=myocardial infarction; CAD%DS=% diameter stenosis value for significant corollary artery disease; N=no significant 
CAD; IV=olle vessel disease; MVD=multh·essei disease; Sens;;;sensitivity; 95% Cl:=95% confidence interval; Spec""specificity; 
Acc=accuracy; SVD=single \·essel disease; dobu=dobutamine; adeno=adenosine; *=P<O·05; t=P<O·OI; t=P<0·02; §=P<O·OOI; 
II=P<O·()(}(}I. 
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Table 3 Direrl comparisons he/wcclI dohl/lom/lle (40 Jig kg - I 111/"- I) echoCIINliogftlphy and per/lis/on scintigraphy 

Author Stress No NoMI CAD No piS Sens (%, Spec(%, Acc(%. Sens Sens 
pI> pI> %DS NI!VlMVD 95% el) 95%CI) 95%CI) (%)SVD (%}MVD 

OunalplllJ echo 27 0 ~50 9/9/9 83 (69-76) 89 (77-100) 85 (72-99) 77 100 
mibi 94 (86-100) 89 (77-100) 93 (83-100) 88 88 

Marwick[IJ] echo 217 0 ~50 75f68114 72 (66--78) 83 (71'-'8)! 76 (70-82) 66 77 
mibi 76 (7~2) 67 (60-73) 73 (61-79) 74 78 

Stoiberl l4
] echo 53 0 ;:0:50 26/1819 89 (80-97) 88 (80--97) 89 (80-97)t 89 89 

mibi 70 (58-83) 69 (57--82) 70 (57-82) 83 44 
All combined echo 297 0 ~50 llOf95192 75 (70--80) 85 (80-89)· 79 (74---83) 72 80 

mibi 77 (72-82) 69 (63-75) 74 (69-79) 77 76 

pts"'patients; MI =myocardial infarction; CAD %D5=% diameter stenosis value for significant coronary artery disease; N -no significant 
CAD; IV=one vessel disease; MVD=multivi!ssel disease; Sens=sensitivity; 95% CI=95% confidence interval; Spec=specificity; 
Acc=accuracy; SVD=single vessel disease; e<:ho=e<:hocardiography; mibi=Technetium-99m sestamibi SPEeT; t=P<O'OI; t=P<0'02; 
t=P<0'05_ 

combination for the detection of coronary artery 
disease_ 

Probabilistic approach to the diagnosis of coronary 
artery disease 

The diagnosis of coronary artery disease on the basis 
of history and physical examination alone is often 
difficult, and a stress test is frequently used as the initial 
non-invasive investigation in the evaluation of patients 
suspected of having coronary artery disease_ Despite the 
fact that sensitivity (proportion of correctly identified 
patients with disease) and specificity (proportion of 
correctly identified patients without disease) define the 
strength of a stre,ss test, the fmal result cannot be 
satisfactorily interpreted unless the pre-test probability 
of disease is considered_ These pre-test probabilities are 
related to multiple clinical variables such as sex, age, 
and chest pain characteristics and were described by 
Diamond and Forresterllll in a series of over 60000 
patients (Table 4)_ 

The use of Bayes' theorem of conditional probability 
can assist in the interpretation of a test result and can 
also provide a meaningful estimate of the post-test 
probability in the individual patient. According to this 
theorem post-test probability is a function of pre-test 
probability, and the sensitivity and specificity of the test. 
Under the assumption of the independence of the stress 
test result from the clinical (pre-test) data, post-test 
probability can be calculated according to the following 
formularIS]_ 

post odds=prior odds x likelihood ratio (LR) 

where, odds = probability/(l - probability) 
LR = sensitivity/(l - specificity) in case of a 

positive test 
= (I - sensitivity)/spccificity in case of a 

negative test 
So, the better (very high or very low) the likelihood ratio 
of the test (determined by sensitivity and specificity), the 
more discriminant a test is_ 

Table" Pre-test probability of CAD in patients according 10 age, 
sex and chest pain chara<:teristics 

Age So< 
Non-anginal At~ical Typical 

(years) chest pain angina angina 

30--39 M 5-2±0'8 21-8±N 69·7± 3-2 
F 0-8 ±0'3 4-2± 1-3 25-8 ± 6·6 

40-49 M IH±I-3 46-1 ± 1-8 87-3±1'0 
F 2-8 ± 0·7 13·3 ± 2·9 55-2 ± 6-5 

50--59 M 21-5 ± 1-7 58·9± 1-5 92'0± 0·6 
F 8'4± 1-2 32·4 ± 3'0 79-4 ± 2-4 

60-09 M 28-1 ± 1-9 6H± 1-3 94-3 ± 0·4 
F 18-6± 1-9 54·4 ± 2-4 9Q·6± 1·0 

For example, given a patient with a pre-test probabil­
ity of disease of 40010 and test sensitivity and specificity of 
both 90% and a positive test result, the prior odds will be 
0'4/(1- 0,4)=0,67, LR will be 0'9/(1-0'9)=9, and pOSl 
odds will be 0,67 x 9=6_ Calculating the odds back to 
probabilities (probability=oddS/(1 +odds», the post-test 
probability will be 86%_ 

. Figure 2 represents the effect of two tests with differ­
ent diagnostic accuracies (test A with a low sensitivity 
and specificity of both 60010 and test B with a high 
sensitivity and specificity of both 80%) on the post-test 
probability of disease in two patients with different 
pre-test probabilities_ The first patient is a 55-year-old 
male with typical angina, while the second is a 4S-year­
old female with typical angina_ In the first case the 
pre-test probability"of coronary artery disease is so high­
(92%) that a positive response after both tests does not 
appreciably increase the final post-test probability (95% 
for test A and 98% for test B respectively)_ However, in 
the second patient, the pre-test probability of coronary 
artery disease is intermediate (55%). In this patient, a 
positive response to test A would not be of diagnostic 
benefit (post-test probability would increase to only 
65%)_ On the. other hand, a positive response to 'test B 
would be highly diagnostic (post-test probability would 
increase to 83%), Therefore, the diagnostic potential of a 
stress test is, as a general rule, of most help in patients 
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Figure 2 Schematic representation of the eff~t on post-test probability of two different diagnostic procedures 
(test A and B) with different diagnostic accuracies. Two patients (patient I (---) and 2 (--» were studied "'1lh 
different pre-test probabilities (92% and 55%) of CAD. See text for explanation. 

with intennediate pre-test probabilities, and so patients 
with very low or high pre-test probabilities should not be 
referred for diagnostic stress testing. This does not, of 
course, exclude the usefulness of performing a stress test 
in high-risk patients for other purposes, such as risk 
stratification[t91. 

Methods 

PATIENT SELECTION 

The study group included 223 patients with suspected 
coronary artery disease. 197 from St. Luc University 
Brussels and 26 from the Thoraxcenter, Erasmus Uni­
versity Rotterdam. None of the patients had historical 
or electrocardiographic evidence of previous myocardial 
infarction. unstable angina, cardiomyopathy. severe val­
vular disease, severe hypertension, ventricular hypertro­
phy. bundle branch block or was using digitalis. All 
patients underwent a high-dose dobutamine stress test in 
conjunction with electrocardiography, echocardiogra­
phy and Technetium-99rn sestamibi SPECf myocardial 
perfusion scintigraphy and in all patients coronary 
arteriography was performed within 3 months of the 
dobutamine stress test. 

DODUTAMINE STRESS 

The dobutamine stress test was performed as previ­
ously described[I),20] in conjullction with simultaneous 
electrocardiography, Technetium-99m sestamibi SPECf 
myocardial perfusion scintigraphy and echocardiogra­
phy. using a similar protocol in both centres with a 
maximal dobutamine dose of 40 Jlg . kg ~ I . min - I. A 
test was considered abnormal in cases of chest discom­
fort not decreasing in intensity with increasing heart 
rate. 0·1 mY or more horizontal or downsloping ST­
segment depressiQn or ST-segment elevation at 60 ms 
after the J point, a perfusion defect or a wall motion 
abnom18lity. respectively. All test results were 

interpreted by experienced observers who had no 
knowledge of the clinical, angiographic or other test 
results. 

CORONARY ARTERIOGRAPHY 

Coronary arteriography was performed using the 
Judkins technique in all patients and was quantitively 
assessed as previously described11 [,22J. A coronary 
artery narrowing of at least 50% diameter stenosis was 
considered significant. 

STATISTICAL ANALYSIS 

Data are expressed as mean ± SD, unless specified. 
Where appropriate, 95% confidence intervals are given. 
The calculation of sensitivity, specificity and accuracy 
relied on the standard definition. Paired and unpaired 
t-tests were performed when appropriate to compare 
data. A P-value of less than 0·05 was considered 
significant. 

The pre-test probability of coronary artery disease 
was calculated according to a table using age, gender 
and symptoms[11J• The patient group was divided 
according to probability estimates, into a high-risk 
group defined as having a pre-test probability of >80%, 
an intennediate-risk group with a probability of IIY'Io to 
80%, and a low-risk group with a probability of < 10%. 
The likelihood ratio associated with a positive test was 
calculated as sensitivity/(l - specificity), and for a nega­
tive test as (I. - sensitivity)/specificity. Post-odds were 
calculated as the product of pre-test probability, with 
the likelihood ratio of a positive or negative test. Con­
version to post-test probability was derived as; (post-test 
odds)/(l + post-test odds). 

To compare and visualize the diagnostic value of 
the different clinical and stress variables, we used 
a Receiver-Operating Characteristics curve (ROC 
curve). In this curve, sensitivity vs specificity of a test 
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Figure 3 Results of dobutamine stress electrocardiography and/or chest pain (ECG/AP; m), perfusion scintigraphy (MIBI 
SPECf; D) and echocardiogmphy (ECHO; (8) for the diagnosis of CAD. 

is plotted (where sensitivity is the fraction of positi\'c 
classifications for all patients who satisfy the endpoint 
criteria and specificity is the fraction of negative classi· 
fications for all patients who satisfy the non-endpoint 
criteria). This curve, when generated for different tests, 
provides a direct comparison of results over the entire 
range of measurements. 

Results 

PATIENT CHARACTERISTICS 

The study group included 153 men and 70 women, 
aged 58 ± 10 years. Fifty-one (23%) patients took beta­
adrenoreceptor antagonists on the day of the test. The 
mean pre-test probability of disease, calculated for each 
patient on the basis of age, gender and chest pain 
characteristics!l7] was 55 ± 28%. 

DonUT AMINE STRESS 

In the overall group, dobutamine increased the 
heart rate from 68 ± 12 beats. min - 1 to 112 ± 26 
beats. min - I. Systolic blood pressure increased from 
147 ± 18 mmHg to 174 ± 25 mmHg. Peak heart rate 
blood pressure product was 19522 ± 5161. Electrocar­
diographic evidence of ischaemia was induced in 47 
(21%) patients. Angina during stress was induced in 85 
(38%) patients, either ECG changes or angina were 
induced in 106 (48%) patients. Scintigraphic and 
echocardiographic markers of coronary artery disease 
were found in 138 (62%) and 120 (54%) patients, respec­
tively. In five patients this diagnosis was made on the 
basis of a resting wall abnormality or fixed perfusion 
defect only (reversible perfusion defects and new or 

worsening wall motion abnormalities were found in 133 
and 115 patients, respectively. 

DHECTION OF 'SIGNIFICANT' CORONARY ARTERY DISEASE 

The overall results of the stress test variables for the 
detection of coronary artery disease are summarized in 
Fig. 3. Dobutamine electrocardiography included both 
ECG changes and/or angina. Of the patients 143 had 
significant coronary artery stenosis, 81 had single vessel 
disease and 62 had multivessel disease. Seventy-eight 
patients were identified by electrocardiography (sensitiv­
ity 55%), compared with 108 by perfusion scintigraphy 
(sensitivity 76%) and 103 by e<:hocardiography (sensitiv­
ity 72%). Both perfusion scintigraphy and echocardi­
ograpby were more sensitive than electrocardiography 
(76% vs 55%, P<O'OOOI and 72% vs 55%, P<0·002, 
respectively). In 80 patients with mild or no coronary 
artery disease, the specificity of electrocardiography. 
perfusion scintigraphy and echocardiography was, re· 
spectively, 65%, 63% and 79%. Echocardiography was 
more specific than perfusion scintigraphy (79% vs 63%, 
P<0·05). The overall accuracy of electrocardiography 
perfusion scintigraphy and echocardiography was, re­
spectively, 58%, 71% and 74%. Both perfusion scintig­
raphy and echocardiography were more accurate than 
electrocardiography (71% vs 58%, P<O'OI and 74% vs 
58%

, P<Q'OOOl, respectively). 

BAYESIAN ANALYSIS 

According to the pre-test probabilities 15 patients 
were in the low-risk group, 53 patients were in the 
high-risk group and the remaining 155 patients were in 
the intcnnediate-risk group. After the dobutamine stress 
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Figure 4 A Bayesian approach to the comparison of dobutamine 
e1~trocardiography ami/or pain (ECG/AP, top; Fig. 4(a), per~ 
fusion scintigraphy (SPECf, middle; Fig. 4(b) and echocardiogra­
phy (ECHO. bottom; Fig. 4(c» for the diagnosis of CAD. Patients 
are classified before and aner the test into low-, intermediate- and 
high-probability of CAD, and the ability of each test to reclassify 
them accurately is compared. See text for explanation. 

test some patients stayed in the same risk group (but 
with a different, new post-test probability of disease) and 
others moved to a higher (after a positive test) or a lower 
(after a negative test) risk group. Figure 4 (a, b and c) 
clearly illustrates the reclassificatiqn in the three risk 
groups of all individual patients for EeG and/or angina. 
perfusion scintigraphy and echocardiography, respec­
tively. As reported in Fig,S, only perfusion scintigraphy 

and echocardiography reduced the number of patients in 
the intemlediate-risk group (155 vs 126, P<O·005 and 
155 vs 102, P<O'OOOI), The reduction ofpatienls in this 
intermediate-risk group was belter for echocardiography 
than for perfusion scintigraphy (102 vs 126, P<O·05). 
Importantly, the accuracy of predicting coronary disease 
in the high-probability group, and the absence of disease 
in the low-probability group tended to be better for 
echocardiography (105/121, 87%) and scintigraphy (88/ 
97, 91%) compared to clinical (pre-test) probabilities 
(56/68, 82%). 

To see to what extent the post-test probabilities after 
the difterent stress test variables improved the detection 
of coronary arlery disease, a Roe curve (Fig. 6) was 
calculated, representing the clinical history only and the 
additional effects of the difrerent stress results. Again, it 
can be appreciated that dobutamine stress echocardiog­
raphy provides more additive information than the ECG 
and/or angina and perfusion abnormalities, Figure 7 
represents the true prevalence of coronary artery disease 
in the diflerent post-probabilities groups after the 
dobutamine stress echocardiography test, and showed 
particularly in the high-risk group, the excellent corre­
lation between the post-test probabilities and the actual 
distribution of significant coronary artery disease. 

Conclusions 

Reviewing the data from the literature on pharmaco­
logical stress testing for the diagnosis of coronary artery 
disease, a limited number of studies has addressed direct 
comparisons of different stress or imaging modalities. 
Out of the several stress agents in which adequate 
comparative studies were perfonned, dobutamine stress 
test in conjunction with echocardiography appeared to 
be more accurate for the diagnosis of coronary artery 
disease than dipyridamole or adenosine echocardiogra~ 
phy, particularly in patients with single vessel disease. 
When dobutamine stress echocardiography was com­
pared to dobutamine or vasodilator perfusion scinti­
graphy, dobutamine echocardiography was equally 
sensitive, but slightly more specific than perfusion 
scintigraphy, This is not surprising, since stress-induced 
wall motion abnomlalities represent a true ischaemic 
marker, while transient perfusion abnormalities repre· 
sent true ischaemia and/or mal perfusion, Because of 
its diagnostic accuracy, availability and low cost, 
dobutamine stress echocardiography may have a role as 
the first line pharmacological stress test in patients with 
suspected coronary artery disease who are unable to 
perform an adequate exercise test. 

In most published studies, the outcome of the test is 
reported in the 'classical' way in temlS of sensitivity, 
specificity and predictive accuracy. Although this ap­
proach provides important information on the diagnos­
tic quality of the test, we should remember that the 
sensitivity and specificity of any diagnostic test rely, 
among other factors, on the characteristics of the study 
population, In addition, it seems more informative and 
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Figure 5 Histogram showing the distribution of Bayesi:m probabilities of CAD after four diagnostic strategies. The bars 
represent the number of patients classified in a giwn probability group at the end of each strategy. (Q=Clinical; 
ill = + ECGfAP; 0= +SPECT; fKl = + ECHO). 
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Figure 6 Specificity vs sensitivity of clink-al data alone (clinical 
(0 ••• » and additional dohutamine electrocardiography and/or 
pain (+ ECG/AP (- - -», perfusion scintigraphy (+SPECT (--» 
and echocardiography (+ ECHO (--)) for the diagnosis oreAD. 

didactic to express the results of the test in probabilistic 
(Bayesian) tenns, rather' than in binary tenns (having 
disease or not). With this approach, both clinical and 
stress test variables are incorporated, and the outcome 
of the test is reported as a post-test probability of having 
coronary artery disease. However, it should be empha­
sized that, to apply Bayesian analysis, dependency of 
clinical variables and stress test results may affect the 
application of Bayes' theorem. 

In the present paper, an example of a probabilistic 
(Bayesian) approach is given, based on dobutamine 
stress testing in 223 patients with suspected coronary 
artery disease. In this study the value of age, gender, 
chest pain characteristics and different diagnostic 
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Figure 7 Plot of actual prevalence of CAD in each double 
decile vs the predicted probability of CAD after 
dinicai+echocardiographic data (e). The continuous line 
represents the identity line. 

markers from dobutamine stress testing (angina, ST­
segment changes, wall motion abnormalities and per­
fusion defects) were compared. The main findings of the 
study \vere: (1) dobutamine stress echocardiography, 
when added to clinical information, re-c1assified a larger 
number of patients with an intermediate-risk into low­
or high-risk groups compared to ST-segment changes 
and/or angina and Technetium-99m sestamibi SPECT 
myocardial perfusion defects, and (2) post-test prob­
abilities derived from clinical plus dobutamine stress 
echocardiographic data are well correlated to the actual 
prevalence of coronary artery disease. 

The rapid evolution of new stress agent combinations 
(atropine added to dobutamineI2.1J, atropine added to 
dipyridamolel24l and dobutamine added to dipyrida­
mole[25J) and imaging modalities (gated SPECT per­
fusion[26J) requires a careful assessment of their 
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additional value compared to the clinical data alone or 
the 'old' methods, in order to provide a guideline for the 
practicing clinician. For this purpose, new (large scale 
multicentrc) prospt!ctive studies should be initiated. It 
will be challenging to perform these studies in the 
framework of Bayesian or multivariate analysisl27J. 
These studies should not only include the limited clinical 
variables used in this study, but also the risk factors for 
coronary artery disease. Moreover, the stress test results 
should be analysed in more detail128] and the interprct~ 
ation of these results and the gold standard used as a 
reference should be standardized. 

The authors gratefully acknowledge P. P. Kint for his ffiendly 
and excellent assistance in preparing the figures. 
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Comparison of Dobutamine Stress 
Echocardiography and 99m-Iechnetium 
Sestamibi SPECI Myocardial Perfusion 
Scintigraphy for Predicting Extent of 

Coronary Artery Disease in Patients With 
Healed Myocardial Infarction 

Abdou Elhendy, MD, PhD, Marcell. Geleijnse, MD, Jos R.T.C. Roelandt, MD, PhD, 
Ron T. van Domburg, MSc, Folkert J. Ten Cote, MD, PhD, Peter R. Nierop, MD, 

Jeroen J. Box, MD, PhD, Medhat EI-Refaee, MD, M. Mohsen Ibrahim, MD, 
Galal M. EI-Said, MD, and Paolo M. FioreHi, MD, PhD 

This study compares the value of dobutamine .stress 
e<hO(ordiography and 99m-technetium methoxyisobu­
lyI-isonitrile (MlBt) single-photon emission computed to­
mography (SPECT) in the assessment of extent and lo­
cation of coronary narrowing in patients with healed 
myocardial infarction. Dobutamine (up to 40 p-g/kg/ 
minJ-atropine (up fa 1 mg) stress echocardiography 
lOSE) in conjunction with MIDI SPECT was performed in 
72 patients 152 men, mean age 57 ± 11 years) with 
healed myocardial infarction referred for evaluation of 
myocardial ischemia. Ischemia was defined as new or 
worsened wall motion abnormalities at DSE and revers· 
ible perfusion defects at MIBI SPECT. Significant stenosis 
(~500k luminal diameter stenosis) of the infarct-related 
artery was detected in 45 patients and of other coronary 
arteries in 22 patients. Sensitivity and specificity of re­
mote ischemia for diagnosis of remote coronary stenosis 

Dobutamine stress testing is increasingly used for 
the diagnosis and functional evaluation of cor­

onary artery disease (CAD), particularly in patients 
with limited exercise capacity.l-12 Results of receht 
studies demonstrate the value of echocardiographic 
and myocardial perfusion scintigraphic imaging in 
conjunction with dobutamine stress testing in the di­
agnosis and localization of CAD in patients without 
previous myocardial infarction with a fairly similar 
accuracy.13·14 However, the relative value of both 
techniques in conjunction with dobutamine stress 
testing 'for assessing the extent of CAD in patients 
with myocardial infarction has not been evaluated. 
Detection of myocardial ischemia in this popUlation 
is important for identifying patients at high risk of 
future cardiac events and for selecting patients in 
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were 68% 195% confidence interval (el) 57 to 80) and 
93% (el 86 to 99) for DSE, and 64% (el 52 10 76), and 
90% leI 83 10 98) for MIBI SPEer, respedively. rhe pos· 
itive predictive value and specificity of peri-infarction 
ischemia for the diagnosis of infarct·related artery sle­
nosis were 89% (el 81 10 9n and 82% (el 73 10 92) for 
DSE, and 87% (el 79 10 95) and 82% (el 73 10 92) for 
SPEeT, respectively. The agreemenl between both tech­
niques was higher for the diagnosis of remote than peri­
infarction ischemia (84% vs 66%, P = 0.02). It is con­
cluded that in patients with myocardial infarction 
undergoing dobutamine stress testing, both echocardi­
ography and MIBI SPEer are clinically useful methods 
for the diagnosis of remote and infarct-related coronary 
artery stenosis. © 1997 by Excerpta Medica; Inc. 

(Am J eardioI1997;79:7- 121 

whom coronary angiography and revascularization 
may be indicated. 15,16 This study compares the ac­
curacy of dobutamine stress echocardiography 
(DSE) and 99m-technetium methoxyisobutyl-isoni­
trile (MIBI) single-photon emission computed to­
mography (SPECf) for the diagnosis and localiza­
tion of coronary artery stenosis in patients with 
he,aled myocardial infarction. 

METHODS 
Patient selection: The study group comprised 72 

patients (52 men, mean age 57 ± 11 years) who were 
unable to perform an adequate exercise test, referred 
for evaluation of myocardial ischemia, and fulfilled 
the following criteria: (1) healed myocardial infarc­
tion diagnosed on the basis of the standard criteria 
of prolonged chest pain, cardiac enzymes and serial 
electrocardiographic changes; and (2) absence of se­
vere heart failure, unstable angina, severe valvular 
heart disease, left bundle branch block, or left ven­
tricular hypertrophy. Fifty-five patients were referred 
for evaluation of chest pain classified as typical an­
gina in 16; 17 patients were referred for routine func­
tional assessment. Forty-two patients (58%) were re­
ceiving nitrates and/or calcium antagonists and 40 
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TABLE I Accuracy of Ischl';'mic.pot!ern 01 Dobulomioe Stress 
Echocordiogrophy and 99m·T echneliurn Methoxyisobutyl-
Isonilrila (MISI) Sing!e-Pholon Emission Computed Tomography 
(SPECT] for the DiagnOSiS of Significant Corono~ Artery 
Stenosis In Potients With Previous Myocardial In orelion 

Echocordiogrophy MJSI SPECr 
(95%CI) (95%CI) 

Overall diagnOSiS 
Sensitivity 65 {54-76J 61 (50-73) 
Spedlicily 87 (79-95J 73 (63-84) 
Positive predidive volue 95 (90-IOC) 90 (83-97) 
Negative predictive volue 39 (28-S1) 33122-44) 
Accvrocy 69 (59-BO) 64 (53-7S) 

Remote coronary stenosh 
Sensitivity 68 (57-80) 64(52-76) 
Specificity 93 (86-991 90 (83-98) 
Positive predictive value 83 (74-93) 78/67-88) 
Negative predictive value 84 (75-93) 82 (73-92) 
Accuracy 84 (75-93) 81 (71-91) 

Mvhive~$e! Ischemic pottern 
Semitivity 40 (29-51) 36 (25-47) 
Specificity 96 (91-100) 96(91-100) 
Positive predictive valve 83 (75-92) 82 (73-91) 
Negative predictive valve 75 (65-85) 74 (64-84) 
Accuracy 76 (67-86) 75 (65-85) 

Infarcl-related artery stenosis 
Sensitivity 56 (43-68) 44132-57) 
Specificity 82 (73-92) 82 (73-92) 
Positive predictive valve 89 (81-971 87 (79-95) 
Negative prediclive value 41 (29-53) 36 (24-48) 
Accuracy 63 (51-75) 55 (42-67) 

Vo!uel are pl'elenled OJ percen!oge and 95% coofiden<:e inlervol {CI}. 

(56%) were recelvmg {J blockers. Myocardial in* 
farction was recent (~1 month) in 23 patients (32%). 
In the remaining patients, the mean time from in­
farction was 3.7 ± 5.3 years. Q waves on the elec* 
trocardiogram were present in 55 patients (76%). 
The infarction was anterior (or anterolateral) in 28 
patients (39%), inferior (or inferolateral) in 30 pa­
tients (42%), and in both locations in 4 patients (6%). 
In patients without Q waves, the infarct lo~alization 
was based on the clinical diagnosis obtained from 
the patients' records in the acute phase together with 
the localization of resting wall motion and perfusion 
abnormalities. The location of infarction was not de­
fined in 10 patients without Q waves who had normal 
resting perfusion and wall motion (n = 5) or discor­
dant location of resting wall motion and perfusion 
abnormalities (n = 5). These 10 patients were not 
included in the diagnosis of infarct-related artery ste­
nosis. Those with discordant location of abnormali­
ties were not included in the diagnosis of remote 
coronary stenosis. 

Dobufamine stress fest: Dobutamine was infused 
through the antecubital vein starting at a dose of 10 
I'glkglmin, increasing by to I'glkglmin C3-minute 
stages) to a maximum of 40 ,uglkg/min. Atropine (up 
to 1 mg) was given to patients not achieving 85% of 
the predicted maximal heart rate. n The electrocar­
diogram was monitored continuously and recorded 
each minute. Blood pressure was measured every 3 
minutes. The tcst was interrupted if severe chest 
pain, ST-segment depression >2 mm, significant 
tachyarrhythmias, or symptomatic systolic blood 

pressure decrease of >40 mm Hg occurred during 
the test. 

Stress e<hocardiography: Echocardiographic im­
ages were acquired at rest and during the test and 
recovery. The left ventricular waH was divided into 
16 segments and scored using a 4-point scale, where 
1 = normal, 2 = hypokinesia, 3 = akinesia, and 4 
= dyskineSia. Wall motion score .index was defined 
as the summation of the individual score of the 16 
segments divided by 16. Ischemia was defined as 
new or worsened wall motion abnormalities. As we 
have previously concluded, ischemia was not con­
sidered if akinetic segments at rest became dyski­
netic during stress without improvement with .low­
dose dobutamine. 18,19 Ischemic score was derived by 
subtracting rest from peak wall motion score in seg­
ments with new or worsening wall motion abnor­
malities. The echocardiograms were recorded on 
videotapes and digitized on optical disk (Vingmed 
Sound Als, Horten, Norway). Images were compared 
side by side in quad-screen format by 2 independent 
observers without the knowledge of patients' clini­
cal, scintigraphic, or angiographic data. In case of 
disagreement, a majority decision was achieved by 
a third investigator. We have previou~ly reported an 
inter- and intraobserver agreement for DSE assess­
ment of 91 % and 92%, respectively.20 

SPEer imaging: Approximately I minute before 
termination of the stress test, an intravenous dose of 
370 MBq of MIBI was administered.2,21 Stress im­
ages were acquired I hour after tennination of the 
test. For resting studies, 370 Mbq of MIBI were in­
jected at least 24 hours after the stress study. For 
each study 6 oblique (short-axis) slices from the apex 
to the base and 3 sagittal (vertical long-axis) slices 
from the septum to the lateral wall were defined. 
Each of the 6 short-axis slices ·was divided into 8 
equal segments. In all, 47 segments per patient were 
analyzed (after exclusion of the septal part of the 2 
basal slices). Interpretation of the scan was semi­
quantitatively perfoffiled by visual analysis assisted 
by the circumferential profiles analysis. Stress and 
rest tomographic views were reviewed side by side 
by an experienced observer who was unaware of the 
patients' clinical, echocardiographic, or angio­
graphic data. A reversible perfusion defect was de­
fined as a perfusion defect on stress images that par­
tially or completely resolved at rest in ~2 contiguous 
segments or slices. This was considered diagnostic 
of ischemia. A fixed perfusion defect was defined as 
a perfusion defect on stress images in ~2 contiguous 
segments or slices, which persists on rest images. 
Echocardiographic and scintigraphic images were 
matched into 6 segments: anterior, inferior, septal 
(subdivided into anterior or posterior), posterolat­
eral, and apical. Perfusion defect score was quanti­
tatively calculated by measuring the area between 
the lower limit of Hornml values (± 2 SD) and the 
actual circumferential profile in 6 short-axis slices. 
Ischemic score was derived by subtracting rest from 
stress score in segments with reversible perfusion 
defects. 
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Coronary angiography: Coronary angiography was 
perfonned within 3 months. Lesions were quantified 
as previously described.22 In short, the 35-mm films 
were analyzed using the Cardiovascular Angiogra­
phy Analysis System II (CAAS II, Pie Medical, 
Maastricht, The Netherlands). For edge detection, a 
region of interest of 512 X 512 pixels was selected 
and digitized using a high-fidelity charge-coupled 
device video camera. The vessel diameter was de­
tcnnined by computing the shortest distance between 
the right and left contours. A computer-derived es­
timation of the original arterial dimension was used 
to calculate the interpolated reference diameter. Sig­
nificant CAD was defined as a diameter stenosis 
;;:::50% in ;:d major epicardial artery. Coronary ar­
teries were assigned to myocardial segments as pre­
viously described. 13 Peri-infarction zone was defined 
as myocardial segments in the distribution of infarct­
related artery. 

Statistical analysis: Unless specified, data are pre­
sented as mean ± SD. The chi-square test was used 
to compare differences between proportions. The 
Student's t test was used for analysis of continuous 
data. A p value <0.05 was considered statistically 
significant. Agreement between DSE and MIBI 
SPECT on the diagnosis of myocardial ischemia was 
expressed by the kappa value. Values between 0.75 
and 1 were considered indicative of strong, between 
0.40 and 0.75 of fair to good, and between 0 and 
0040 of poor agreement. 23 

RESULTS 
Oobutamine stress fest: Herut rote increased from 

67 ± 13 beats/min at rest to 131 ± 19 beats/min at 
peak stress (p <0.0001), and rate-pressure product 
increased from 8,755 ± 2,749 to 18,408 ± 4,349 mm 
Hg·beats/min (p <0.00001). Angina occurred in 28 
patients (39%), ST-segment depression in 20 (28%), 
and ST-segment elevation in 22 (31%). Forty-seven 
patients (65%) reached the target heart rate (~85% 
of the maximal exercise heart rate predicted for age 
and sex). TIle test was interrupted before reaching 
the target heart rate because of angina (n = 9), ST­
segment depression (n = 5), and arrhythmias (n = 
3); 8 patients failed to reach the target heart rate de­
spite receiving the maximal dobutamine and atropine 
dose. 

Coronary angiography: Significant CAD was de­
tected in 57 patients (79%). Thirty-two patients 
(44%) had I·vessel CAD, 16 (22%) had 2-vessel 
CAD, and 9 (13%) had 3-vessel CAD. Normal cor­
onary arteries or <50% lesions were present in 15 
patients. Significarit infarct-related CAD was de­
tected in 45 of the 62 patients (73%) with defined 
infarct location. Remote CAD was assessed in 63 
patients defined after exclusion of patients with com­
bined anterior and inferior infarcts (n = 4), and pa­
tients without Q waves in whom the locations of 
fixed abnommlities were discordant (n = 5). Remote 
CAD was detected in 22 of these 63 patients (35%). 

Stress e<hocardiography: \Vall Illation abnormali­
ties were detected in 58 patients (81 %) at the base-
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line echocardiogram. Ischemia was detected in 37 of 
57 patients (65%) with and in 2 of the 15 patients 
(13%) without significant CAD (Table I). One of the 
2 false-positive results occurred in the peri-irifarction 
region. Sensitivity was 53% in patients with I-vessel 
CAD (17 of 32),75% in 2-vessel CAD (12 of 16), 
and 89% in 3-vessel CAD (8 of 9). Sensitivity was 
significantly higher in patients with multi vessel than 
with I-vessel CAD (80% [20 of 25] vs 53% [17 of 
321, p <0.05). An ischemic pattern in 2 different 
vascular territories, suggestive of multi vessel in­
volvement, occurred in 10 of 25 patients with mul­
tivessel CAD and in 2 of 47 patients with I-vessel 
CAD or without significant CAD (Table I). In the 62 
patients with well-defined infarct location, ischemia 
was detected in 25 of 45 patients with and in 3 of 17 
patients without significant stenosis of the infarct­
related artery. In the 63 patients considered for re­
mote CAD, ischemia was detected in 15 of 22 pa­
tients with and in 3 of 41 patients without remote 
CAD. Of these 22 patients with remote CAD, ST­
segment depression occurred in 9 (sensitivity = 
41 %, P ~ 0.07 vs DSE). 

MIBI SPEeT: Perfusion defects on resting images 
were detected in 61 patients (85%). Ischemia (par­
tially or completely reversible perfusion defects) 
was detected in 35 of the 57 patients with (61%) 
and in 4 of 15 patients (27%) without significant 
CAD (Table I). Three of the 4 false-positive results 
occurred in peri-infarction regions without signif­
icant infarct-related CAD. Sensitivity was 53% in 
patients with I-vessel CAD (17 of 32),69% in 2-
vessel CAD (II of 16), and 78% in 3-vessel CAD 
(7 of 9). There was a trend to a higher sensitivity 
in patients with multi vessel than with I-vessel 
CAD (72% [18 of25] vs 53% [17 of32], p ~ 0.1). 
An ischemic pattern in 2 different vascular terri­
tories. suggestive of multivessel CAD, occurred in 
9 of 25 patients with multivessel CAD and in 2 of 
47 patients with I-vessel or no CAD. In the 62 
patients with defined infarct location, ischemia 
was detected in 20 of 45 patients with and in 3 of 
17 patients without CAD of the infarct-related ar­
tery. Ischemia was detected in 14 of 22 patients 
with and in 4 of 41 patients without remote CAD. 

Comparison of dobufamine stress e<hocardiography 
and MISI SPEeT: There was no significant difference 
between DSE and SPECT with regard to sensitiv­
ity, specificity, and accuracy for the overall and 
regional diagnosis of significant CAD (Table I). 
Ischemic score was higher in patients with multi­
vessel than l-vessel CAD (p <0.01 for DSE, Fig­
ure IA; p <0.01 for SPECT, Figure IB). The 
agreement between both methods was higher for 
remote than peri-infarction ischemia (p = 0.02) 
(Figure 2). In the peri-infarction area, reversible 
perfusion defects were confined to segments with 
akinesia at rest in 4 of the 8 patients with peri­
infarction ischemia only at SPECT, whereas 6 of 
the 13 patients with peri-infarction ischemia by 
only DSE had ischemia confined to hypokinetic 
segments becoming akinetic during stress and 
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with multivessel than I-vessel dis­
ease, inferring the utility of both 
methods in assessing the extent of 
CAD. Peri-infarction ischemia as-
sessed by either technique had a 
high positive predictive value and 
specificity for significant stenosis of 
the "infarct-related artery. The sen­
sitivity of ischemia for the presence 
of significant coronary artery ste­
nosis was relatively higher in pa­
tients with multivessellhan I-vessel 
disease, which ensures the detection 
of a high proportion of patients with 
multivesscl disease in whom prog­
nosis is less favorable. 2

-1 Several 
factors may contribute (0 the ab­
sence of myocardial ischemia in 
some patients with remote CAD in­
cluding the difference in ischemic 
threshold, vascular overlap, discrep­
ancy between coronary anatomy 
and function, submaximai stress, 

FIGURE 1. A ischemic wall motion score as assessed by dobutomine stress echocardi­
ography. B, ischemic myocardial perfusion score as assessed by dobutomine stress 
99m·fe<:hnetium methoxyisobutyl·isonitrile single·photon emission computed tomog­
raphy in patients with healed myocardial infarction according 10 the number of dis­
eased vessels. VO = vessel disease. 

medications, and the methodologic 
problems in image acquisition 
and interpretation. 25,26 Finally, 
reduction of the dimensions of a di­
lated ventricle at high-dose dobuta­
mine may reduce wall stress and 
counteract the provoking mecha­
nisms of myocardial ischemia. The 
overall agreement between both 
techniques was poor, mainly due to 
discordant diagnosis of peri-infarc­
tion ischemia. This may be related 
to the difference in the pathophysi­
ologic basis of the detection of myo­
cardial ischemia by both techniques, 
which represent different sequelae 
of CAD and have different orders in 

demonstrating a fixed defect at SPECT. When 
MIBI was added to DSE for the diagnosis of re­
mote CAD, there were 3 additional true-positive 
and 2 false-negative tests giving a sensitivity of 
82%. specificity of 88%, and accuracy of 86%. 

Specificity of fixed abnormalities for infard'related ar­
tery stenosis: Among the 17 patients withollt signifi­
cant infarct-related CAD, 7 had wall motion abnor­
malities at rest and 9 had fixed perfusion defects in 
the infarct region at resting MIBI studies. Thus, 
specificity of resting wall motion and perfusion ab­
normalities for infarct-related CAD was 59% and 
47%, respectively. 

DISCUSSION 
Our study shows that in patients with healed myo­

cardial infarction, DSE and MIBI SPECT have a 
comparable moderate sensitivity and high specificity 
for the diagnosis of remote coronary artery stenosis. 
Myocardial ischemia was more severe in patients 

the ischemic caseade.21•
28 Particular 

disagreement in the peri-infarction region may be 
related to limitations of both techniques in detecting 
ischemia in dyssynergic segments. DSE detects 
worsening of wall motion abnormalities, whereas 
perfusion defects in these segments at stress MIBI 
images may not demonstrate reversibility on resting 
images because of the known limitations of MIBI in 
assessing myocardial viability.29 This is shown by 
the presence of 6 patients with peri-infarction isch­
emia confined to hypokinetic segments becoming 
akinetic at DSE with corresponding fixed defccts at 
MIBI SPECT. Conversely, in akinetic segments, 
ischemia could not be detected by DSE and was de­
tected in the corresponding segments by MIBI 
SPECT in 4 patients. The specificity of resting per­
fusion and wall motion abnormalities for infarct-re­
lated CAD was low because residual myocardial 
dysfunction may occur after thrombolysis or revas­
cularization. Previolls studics showed that the use of 
resting wall motion abnormalities in patients with 
myocardial infarction as criteria of significant CAD 
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ECHO 

MISI SPECT 

Agreamenl - 58% 
Kappa - 0.16 

B MlSI gpEeT 

Agreement ~ 65% 

Kappa - 0.31 
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CHAPTER 5 

MIB! gpEeT 

Agreement - 84'10 
Kappa - 0.61 

fiGURE 2. Agreement belween dobutomine slress e<hocordiogrophy (ECHO) and 99m'hxhnetium methoxyisobutyl·isonitrile single· 
photon emission (omputed tomography (MIBI SPECT) on the overall diagnosis of myocardial ischemia (A), peri·in(orction ischemia (8), 
and remole ischemia (C) in potients with hoofed myocardial infardion. 

resulted in a high prevalence of false~posilive stud­
ies.3D

')' These findings discourage the usc of fixed 
abnormalities as criteria of significant infarct-related 
CAD. 

Comparison with previous studies: This is the first 
study comparing the use of stress eChocardiography 
and myocardial perfusion scintigraphy for assessing 
the extent of CAD in patients with healed myocardial 
infarction. The sensitivity of DSE (80%) and MIBI 
SPECT (72%) in patients with multi vessel CAD in 
our study are comparable to those reported by Mar­
wick et al 13 in patients without previous infraction 
(77% and 78%, respectively). Sensitivity ofDSE for 
detecting remote CAD (68%) is comparable to our 
previous finding32 in symptomatic patients with old 
myocardial infarction (73%). However, sensitivity 
was less when detecting infarct-related CAD (56% 
vs 76%). This may have been due to the different 
patient population in the previous study. consisting 
of symptomatic patients with a lower prevalence of 
,B-blocker administration. Berthe et al5 reported a 
sensitivity of 85% and a specificity of 88% for the 
diagnosis of multi vessel CAD using DSE in 30 pa­
tients after a rccent myocardial infarction. Takeuchi 
et al6 reported a sensitivity and specificity of 93% 
and 91 % using DSE for detecting infarct-related 
CAD after a recent infarction. In a previous study 
from our laboratory,]] the sensitivity of dobutamine 
thallium SPECT for detecting remote (74%) and in­
farct-related CAD (71%) was relatively higher than 
dobutaminc MIBI in this study (64% and 44%, re­
spectively). This may be explained by the higher 
prevalence of muItivessel CAD and symptoms in the 
previous study and the potential limitations of MIBI 
compared with thallium in detecting viable ischemic 
myocardium in the infarct zone. 

Dobutamine versus vasodilator stress resting in con­
junction with perfusion imaging: Kumar et al3-t reported 
that dipyridamole had a sensitivity superior to do­
butamine for thallium stress imaging in the diagnosis 
of CAD. However, the study included only 30 pa­
tients and the maximal dobutamine dose was 20 jig! 
kg/min. In contrast, tvlarwick et all reported a com-

parable sensitivity of adenosine and dobutamine 
MIBI SPECT in the diagnosis of CAD. Takeuchi et 
a135 reported that DSE and thallium-201 SPECT (in 
coqjunclion with exercise or dipyridamole) had a 
comparable accuracy for diagnosing CAD. If myo­
cardial perfusion scintigraphy is a useful method in 
conjunction with exercise, it is expected that dobuta­
mine, which acts like exercise by increasing myo­
cardial oxygen demand, can be useful when com­
bined with perfusion scintigraphy. 

Study limitations: A limitation of this study is the 
relatively small sample size. The prevalence of mul­
tivessel disease was not high (44%). Additionally, 
the prevalence of coronary stenosis was higher in the 
infarct-related artery compared with remote arteries 
(73% vs 35%). However, these patients represent the 
usual popUlation encountered in clinical practice in 
which noninvasive evaluation of CAD is required. 
Fifty-six percent of patients were receiving ,B block­
ers, which may have contributed to a lower sensitiv­
ity of both methods. 

Clinical implications and conclusions: DSE and "MIBI 
SPECT are clinically useful methods for diagnosing 
remote CAD in patients with healed myocardial in­
farction with a moderate sensitivity and a high speci­
ficity. The agreement between both techniques is 
higher in remote than in peri-infarction regions. Peri­
infarction ischemia with either technique has a high 
positive predictive value and a high specificity for 
infarct-related CAD. The presence of fixed wall 
motion and perfusion abnonnaHties are not reliable 
criteria for the diagnosis of significant infarct­
related CAD. 
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Abstract. Stress echocardiography has been considered 
an accurate method for the diagnosis of coronary artery 
disease in hypertensive patients and in patients with left 
ventricular hypertrophy. In contrast, the specificity of 
myocardial perfusion scintigraphy in these patients has 
been questioned. The aim of this study was to compare 
the accuracy of these two imaging modalities in con­
junction with dobutamine stress test for the diagnosis of 
coronary artery disease in hypertensive patients with and 
without left ventricular hypertrophy. Dobutamine (up to 
40 /.tg kg-[min- I ) stress echocardiography in conjunction 
with sestamibi (MJBI) single-photon emission tomogra­
phy (SPET) was performed in 84 patients with the diag­
nosis of systemic hypertension who had been referred 
for evaluation of myocardial ischaemia. Ischaemia was 
defined as new or worsened wall motion abnormalities at 
echocardiography and reversible perfusion defects at 
SPET. Significant coronary artery disease (2:50% lumi­
nal diameter stenosis) was detected in 66 patients (79%). 
The sensitivity, specificity and accuracy of the ischaemic 
pattern at echocardiography for the diagnosis of coro­
nary artery disease were 73% (CI 630/0-82%), 83% (CI 
75%~91%) and 75% (CI 660/0-84%), those for MIBI 
were 67% (CI-S7%-77%), 83% (CI 75%-91%) and 70% 
(CI 60%-80%) respectively (P ::::;: NS vs echocardiogra­
phy). Significant stenosis was detected in 123 (49%) of 
the 252 analysed coronary arteries. The sensitivity, spec­
ificity and accuracy of echocardiography for the regional 
diagnosis of coronary artery disease were 63% (CI 
56%-69%), 90% (CI 86%-94%) and 77% (CI 
720/0-82%). Those for MIBI were 58% (CI 51%-64%), 
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91% (el 87%-94%) and 75% (CI 690/0--80) respectively 
(P ::::;: NS vs echocardiography). Left ventricular hyper­
trophy was detected in 59 patients (70%) by echocardi­
ography and did not influence the overall or regional 
specificity of echocardiography or MIBI SPET. It is con­
cluded that in hypertensive patients, dobutamine stress 
echocardiography and MIBI SPET have a comparable 
accuracy for the overall and regional diagn"osis of coro­
nary artery disease. Hypertensive patients with or with­
out left ventricular hypertrophy should not be considered 
unsuitable candidates for stress myocardial perfusion 
scintigraphy. 

Key words: Hypertension - Sestamibi single-photon 
emission tomography - Echocardiography - Coronary 
artery disease 
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Introduction 

Hypertension is a major risk factor for the development 
of coronary artery disease (CAD) and is a frequent find­
ing in patients undergoing stress myocardial perfusion 
scintigraphy II, 21. Abnormal exercise thallium results 
have been previously reported in patients with systemic 
hypertension in the absence of CAD [3-5]. However. 
few data are available regarding the impact of these find­
ings on the clinical utility of stress myocardial perfusion 
scintigraphy for the diagnosis of CAD in hypertensive 
patients_ Echocardiographic evaluation of left ventricular 
wall motion during exercise or phannacological stress 
testing is a valuable method for the diagnosis of CAD 
[6, 7}. Transient wall motion abnormalities provide a 
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specific marker of myocardial ischaemia due to signifi­
cant coronary artery stenosis. Recent studies have indi­
cated a high accuracy of dobutamine stress echocardiog­
raphy for the detection of CAD in hypertensive patients 
[8,9], It has also been recommended that echocardiogra­
phy should be preferred to myocardial perfusion scintig­
raphy in patients with left ventricular hypertrophy, based 
on the low specificity of the latter for the diagnosis of 
CAD in that particular patient population [10], However, 
no study has addressed whether the assessment of wall 
motion abnormalities offers a significant advantage over 
perfusion abnormalities for the detection of CAD in hy­
pertensive patients. The aim of this study was to com­
pare the accuracy of dobutamine stress echocardiogra­
phy and simultaneous technetium-99m mcthoxyisobutyl­
isonitrile (sestamibi; MlBI) single-photon emission 
tomographic (SPET) imaging for the diagnosis and lo­
calization of CAD in hypertensive patients with and 
without left ventricular hypertrophy who had been re­
ferred for evaluation of myocardial ischaemia. 

Materials and methods 

Palient selection. The study population was derived from a con­
secutive series of patients with limited exercise capacity who had 
been referred for evaluation of myocardial ischaemia and who ful­
filled the following criteria: 
I. Established hypertension defined as repeated blood pressure 
measurements >140/90 mmHg on different occasions. The diag­
nosis was confirmed by medical reports from the referring physi­
cians. 
2. Absence of severe heart failnre, unstable angina, myocardial in­
farction <3 months, severe valvular heart disease or left bundle 
branch block. 
3. Coronary angiography performed within 3 months of dobuta­
mine stress test. 
4. Adequate echocardiographic and scintigraphic imaging quality. 

Eighty-four patients fulfilled these criteria (only one patient in 
this series was excluded because of a poor echocardiographic win­
dow). Mean age was 6O±1O years. There were 53 men tlnd 31 
women. The resting electrocardiogram was diagnostic of left ven­
tricular hypertrophy in eight patients (10%) and Q wave myocar­
dial infarction in 32 patients (38%). Forty patients had typical an­
ginal complaints, 26 patients had atypical chest pain, six patients 
liad dyspnoea and/or fatigue and 12 patients were asymptomatic. 
Beta-blockers were taken by 38 patients (45%) alone or in combi­
nation. Other medications included nitrates in 44 patients (52%), 
calcium channel blockers in 52 patients (62%), diuretics in 37 pa­
lients (44%) and angioten.~in-converting enz.yme inhibitors in 49 
patients (58%). 

Dohutalllilll.' stress test. Dobutamine was infused through an ante­
cubital \·ein starting at a dose of 5 Ilg kg-I min-I followed by 
10 Ilg kg-I min-I (3-min stages), increa~illg by 10 ~lg kg-I min-I 
every 3 min to a maximum of 40 Ilg kg-I min-I. Atropine (up to 
I mg) wa~ given in patient~ not achieving 85% of age-predicted 
maximal heart rate and dobutamine infusion was continued. The 
electrocardiogram was continuously monitored and was recorded 
each minute. Cuff blood pressure wa~ measured at rest and every 
3 min during ~tfe\s. The test was interrupted if ~e\'ere chest 
pain, ST-~egment depres~ion >2 mm, ~ignificant \·cntricular or 

~uprJ.vcntricllhu arrhythmia. hypertension (blood pres~ure 

:?:2401l20 mmHg). sy~tolic blood preswre fall >-l0 mmHg or any 
intolemble side-effect regarded as being due to dobutamine oc­
curred during: the te.,t. Metoprolol (1-5 mg) was used intravenous­
ly to reverse the effects of dobutamine if they did not subside 
quickly. Ischaemia at ECG was defined as :?:O.l mV horizontal or 
down.\loping ST-.\cgment depression 80 mS from the J point com­
pared tn baseline or :?:O.I mV ST-scgment e!e\'ation in ECO leads 
corre.'pomling to segments without resting wall motion abnomlal­
ities i 1,11. 

Strt's,~ cdlt1('(lftiioRwphy. Echocardiographic images were ac­
quired using the standard "iews at rest and during stres'> and rc­
cowry. The left ventricular wall was divided into 16 segments 
(Fig. I) and scored using a four-point scale, wherc I = normal, 2 = 
hypokinesis, 3 = akinesis and 4 = dyskinesis. Ischaemia wa~ de­
fined a~ new or wor~ened wall motion abnormalities. In agree­
ment with our prcvious conclusions, ischaemia was not consid· 
ered if akinetic segments at rest became dyskinetic during stres~ 
without improvement at low· dose dobutamine [12,13]. The echo· 
cardiogmms were recorded on \'ideo tapes and digiti/ed on optical 
disk (Vingmed - CFM 800, Vingmed Sound A/S, Horten, Nor­
way). Images werc compared side by side in quad-screen format 
by two independent observers without knowledge of the patients' 
clinical, scintigraphic or angiographic data. In cases of disagree­
ment, a majority decision was achieved by a third investigator. 
The inter- and intm·observer agreement for dobutamine stress 
echocardiographic asses~ment in our laboratory are 91% and 92% 
respecti\·ely f\4J. 
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Edwnmliographic as.'-('S.I/!/t'1II oj ltJi i'('nlricular byp{'ftmJl".\~ 
Left ,'cntricular mass wa~ cilkuiated using Troy's method and 
mea~urements were made in accordance with the American Sod­
ety of Echocardiogmphy criteria 1151 as follows: LV mass 
(g) = 1.04 {(IVS + LVID + PWT)_l-{LVID)l], where LV = left 
ventricle; (VS = interwntricular septal thickness in em: and 
PWT = left ventricular po.,terior wall thickness in em. The result 
wa.~ then corrected by the following equation [16J to correlate 
with necropsy mass: LV mass (g) = 0.8 (LV mass) + 0.6. Left ven­
tricular ma~s was indexed by body surface area using normal lim­
its from the Framingham Heart Study [17J. Left ventricular hyper­
trophy wa.~ defined as left wnlricuiar mass index >131 glm2 for 
men and >100 glm! for women. 

SPET imagillg. Approximately I min before the temtination of the 
stress leSI, an intravenous dose of 370 MBq of ~HBI was adminis~ 
tered [Ill. Stre."s images were acquired I h after tennination of 
the test For resting studies :no MBq of MIDI was injected at least 
24 h after the stress study. For each study six. oblique (short~axjs) 
slices from the apex to the ba.~e and three sagittal (vertical long­
axis) slices from the septum to the lateral wall were defined 
(Fig. I). Each of the six short-axis slices was divided into eight 
equal segments. A total of 47 segments per patient were analysed 
(after exclusion of the septal part of the two basal slices). The in­
terpretation of the scan was semiquantitative!y perfomted by \'isu~ 
al analysis assisted by circumferential profiles analysis. Stress and 
rest tomographic views were reviewed side by side by an experi­
enced observer who was unaware of the patients' clinical, echo­
cardiographic or angiographic data. A reversible perfusion defect 
was defined as a perfusion defect on stress images that partially or 
completely resolved at rest in two or more contiguous segments or 
slices. This was considered diagnostic of ischaemia. A fixed per­
fusion defect was defined as a perfusion defect on stress images in 
two or more contiguous segments or slices which persisted on rest 
images. Echocardiographie and scintigraphic images were 
matched into six segmenl~: anterior, inferior, septal anterior, septal 
posterior, posterolateral and apical [I 1,18, 19J. 

Corollary allgiograph); Coronary angiography was performed 
within 3 months of the dobutamine stress test. Lesions were quall~ 
tified as pre\'iously described [20J. Significant CAD was defined 
as a diameter stenosis ~O% in one or more major epicardial arte~ 
ries. Coronary arteries were assigned to myocardial segments as 
previously described [IOJ. The anterior, apical, septal and antero­
septal wall was assigned to the lefl anterior descending coronary 
artery (LAD), the posterior and lateral wall to the left circumflex 
(LCx) and inferior and basal septal segments to the right coronary 
artery (RCA). The apical lateral segment was considered an o\'Cr~ 
lap segment between the LAD and the LCx and the apical inferior 
segments was considered an oyerlap segments between the LAD 
and the RCA. Overlap segments were assigned to the regions with 
concomitant abnormalities. Because of the frequent vascular over­
lap in the posterior and inferior walls [21. 22], these two regions 
were assigned to both the Lex and the RCA. 

Slalhlical wudysis. Unie.<;s ~pecified, data are presented as mean 
values ±SD. The chi-square test was used to compare differences 
between proportions. Student's Ile~1 was used for analysis of con~ 
tinuous data. A P \'alne <0.05 wa.~ comidered statistically signifi­
cant. Agreement between echocardiography and MIBI SPET on 
the diagnosis of myocardial ischaemia was expre.~sed by the kap­
pa \'nlue. Values between 0.75 and I were considered indicative of 
:-trong agreement, tho~e between 0040 nnd 0.75 of fair to good 
agreement and those between 0 and 0040 of poor agreement [23]. 

CHAPTER 6 

Sensitivity, l'peci.ficit)' and accuracy were derived according to the 
litandarrl definitions and were represented with the 95% confi­
dence intervals (95% CI). 

Results 

Doblllmllille slress lesl 

Heart rate increased from 71±14 at rest to 133±17 
beats/min at peak stress (P<O.OOOI) and rate~pressure 

product increased from 9918±2998 to 18398±4706 
(p<O.OOOOI). There was no significant increase in sys­
tolic blood pressure (137±21 vs 138±31 mmHg). Atro­
pine was administered in 38 patients (45%). Angina oc­
.curred in 39 (46%) patients. Sixty-four patients (76%) 
reached the target heart rate (2':85% of the maximal exer­
cise heart rate predicted for age and sex). The test was 
interrupted before reaching the target heart rate because 
of angina in ten patients, ST~segment depression in two 
patients, arrhythmias in two patients and hypotension in 
one patient; five patients failed to reach the target heart 
rate despite using the maximal dobutamine and atropine 
dose. 

Corollary angiography 

Significant coronary artery stenosis was detected in 66 
patients (79%, 25 with and 41 without Q wave infarc­
tion). Thenty-four patients (29%) had single-vessel dis~ 
ease, 27 (32%) had two-vessel disease and 15 (18%) had 
three-vessel disease. Normal coronary arteries or <50% 
lesions were present in 18 patients (21%). Nine patients 
(11%) had an ejection fraction <40%. 

Predicaoli of CAD by angina 
al/d electrocardiographic changes 

Typical angina occurred in 39 patients during the test, 
CAD was presen~ in 33 of them (sensitivity of stress~in­
duced angina::: 50%. CI 39%-61%; specificity = 67%, 
CI 57o/c-77%; accuracy::: 54%. CI 43% .. -64%). In·the 76 
patients without electrocardiographic diagnosis of left 
ventricular hypertrophy, ischaemic elecirocardiographic 
changes occurred in 24·of 60 patients with and in 3 of 16 
patients without CAD (sensitivity.= 40%, CI 29o/c-51%; 
specificity::: 81%, CI 72%-90%; accuracy = 49%, CI 
370/<>-<50%). 

Slress ec/wcartliography 

Echocardiographic criteria of left ventricular hypertro­
phy were met in 59 patients (70%). Ischaemia was de~ 
tected in 48 of 66 patients with (73%) and in 3 of the 18 
patients (17%) without significant CAD (Table 1). Diag-
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Table 1. Accuracy of ischaemic pattern llt 
Echocardiography pIs nr MIBI SPET pIs nr dobutamine stress echoc3rdiography and 

'.l9mTc_MIBI SPET for the di3gnosis ofsig-
Overall diagnosis niricant coronary artery stenosis in hyperten-

sh'e patients Sensitivity 73 (63-82) 48/66 67 (57-77) 44/66 
Specificity 83 (75-91) 15118 83 (75--91) 15118 
Accuracy 75 (66---84) 63/84 70 (60-S0) 59/84 

LAD stenosis 

Sensilh'it)' 69 (59-79) 31145 62 (52-73) 28/45 
Specificity 85 (77-92) 33/39 90 (83-96) 35/39 
Accuracy 76 (67-85) 64/84 75 (66-84) 63/84 

Lex stenosis 

Sensitivity 63 (52-73) 22/35 60 (50--70) 21/35 
Specificity 94 (89-99) 46/49 94 (89-99) 46/49 

Accuracy 81 (72-89) 68/84 79 (71-88) 67/84 

RCA stenosis 
Sensitivity 56 (45--66) 24{43 51 (40...{i2) 22/43 
Specificity 90 (84-97) 37141 88 (81~95) 36141 
Accuracy 73 (63-82) 61184 69 (59~79) 58/84 

All arteries 
Sensitivity 63 (56-69) 771123 58 (51--64) 711123 
Specificity 90 (86-94) 1161129 91 (87~94) 1171129 
Accuracy 77 (72~82) 193/252 75 (69-80) 188/252 

Values are presented as percentage and (95% confidence interval) 

BOStic accuracy was higher than angina and electrocardi­
ography (P<0.05). The sensitivity was 58% in patients 
with single-vessel CAD (l4124), 81% in patients with 
two-vessel CAD (22127) and 80% in patients with three­
vessel CAD (12/15). The sensitivity was significantly 
higher in patients with multivessel than in those with 
single-vessel CAD [81% (34142) vs 58% (l4124). 
P<0.051. An ischaemic pattern in two different vascular 
territories, suggestive of multivessel CAD, occurred in 
20 of 42 patients with and in 1 of 42 patients without 
multivessel CAD (sensitivity ::: 48%. CI 37%-58%; 
specificity = 98%, CI 94%-100%; accuracy::: 73%, CI 
630/0-82%). The accuracy for the detection of significant 
stenosis of individual coronary arteries is shown in Table 
1. In the 32 patients with previous Q wave myocardial 
infarction, sensitivity, specificity and accuracy were 80% 
(CI 660/0-94%), 71% (CI 560/0-87%) and 78% CI 
(640/0-92%), respectively. Peri-infarction ischaemia was 
detected in 14 of 21 patients with and in 2 of II patients 
without significant infarct-related artery stenosis (sensi­
tivity = 67%, CI 500/0-83%; specificity ::: 82%. CI 
680/0-95%; accuracy = 72%, CI 57%-87%). Sensitivity 
for infarct-related artery stenosis was 67% (6/9) in pa­
tients with an ejection fraction <40%. Remote CAD was 
detected in 13 patients (41%). Sensitivity, specificity and 
accuracy of dobutamine stress echocardiography for re­
mote CAD were 69% (CI 53%-85%), 89% (C[ 
79%-100%) and 81% (CI 68%-95%), respectively. In 
the 52 patients without previous Q wave myocardial in­
farction, sensitivity, specificity and accuracy were 68% 
(CI 56%-81%), 91% (CI 83%-99%) and 73% (CI 
61%-85%), respectively. The addition of resting wall 

motion abnormalities as a marker of CAD in patients 
without Q wave myocardial infarction resulted in four 
true-positive and one faise-positive diagnoses. The accu­
racy increased to 79% (P = NS). The addition of resting 
wall abnonnalities for the detection of individual coro­
nary artery stenosis increased sensitivity from 58% 
(32/55) to 69% (38/55) and accuracy from 82% 
(128/156) to 84% (1311156), whereas specificity de­
creased from 95% (96/101) to 92% (93/101). This com­
prised six tme-positive and three false positive studies. 

MIBISPET 

Ischaemia (partially or completely reversible perfusion 
defects) was detected in 44 of 66 patients with (67%) 
and in 3 of 18 patients (17%) without significant CAD 
(Table I). Diagnostic accuracy was higher than angina 
and electrocardiography (P<0.05). The sensitivity was 
58% in patients with single-vessel CAD (14/24), 70% in 
patients wiEh two-vessel CAD (19/27) and 73% in pa­
tients with three-vessel CAD (11/15). An ischaemic pat­
tern in two different vascular territories, suggestive of 
multivessel CAD, occurred in 15 of 42 patients with and 
in 2 of 42 patients without multivessel CAD (sensitivity 
= 36%, CI25%-46%; specificity::: 95%, CI 91%-100%; 
accuracy = 65%, CI 55%~76%). The accuracy for the 
detection of significant stenosis of individual coronary 
arteries is shown in Table I. In the 32 patients with pre­
vious Q wave myocardial infarction, sensitivity, specific­
ity and accuracy were 68% (CI 52%-84%), 71% (el 
56%-87%) and 69% (CI 53%-85%), respectively. Peri-
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Table 2. Accuracy of ischaemic pattern at 
LVH No. of NoLVH No. of dobutaminc ~tr~ss echocardiogr;lphy for 

the diagno~is of significant coronal)' artery 59 pts patients (25 pts) patients 

stenosis in hYP<'rten~ive patients with and 
O\'erall diagnosis without left ventricular hypertrophy 
Sensitivity 76 (65-87) 35/46 65 (46-84) 13/20 
Specificity 85 (75-94) 11113 80(64-96) 4/5 
Accuracy 78 (67--89) 46/59 68 (50-86) 17125 

LAD stenosis 

Sensitivity 68 (56--80) 19128 71 (53-89) 12117 
Specificity 84 (74-93) 26/31 88 (75-100) 718 
Accuracy 76 (65-87) 45159 76 (59-93) 19125 

LeX stenosis 
Sensitivity 75 (64-86) 18124 36 (17-55)* 4/11 
Specificity 94 (88-100) 33/35 93 (83-103) 13/14 
Accuracy 86 (78-95) 51/59 68 (50-86) 17/25 

RCA stenosis 

Sensitivity 58 (45-70) 19133 50 (30-70) 5110 
Specificity 92 (85-99) 24/26 87 (7J~IOO) 13115 
Accuracy 73 (62-84) 43159 72 (54--90) 18125 

All arteries 

Sensitivity 66 (59~73) 56/85 55 (44--67) 21/38 
, Specificity 90 (86--95) 83192 89 (82~96) 33/37 
Accuracy 79 (72-85) 1391177 72 (62-82) 54n5 

Values are presented as percentage and (95% confidence interyal) 
LVH, left ventricular hypertrophy 

'* P=O.03 

infarction ischaemia was detected in 11 of 21 patients 
with and in 2 of II patients without significant infarct­
related artery stenosis (sensitivity:::: 52%, CI35o/v-70%; 
specificity:::: 82%, C[ 68%-95%; accuracy:::: 63%, CI 
46%-79%). Sensitivity for infarct-related artery stenosis 
was 44% (4/9) in patients with an ejection fraction 
<40%. Sensitivity, specificity and accuracy of MlBl for 
remote CAD were 62% (CI 45%-78%), 89% (CI 
79%-100%) and 78% (64%--92%), respectively (p:::: NS 
vs echocardiography). In the 52 patients without previ­
ous Q wave myocardial infarction, sensitivity. specificity 
and accuracy' were 66% (CI 53%-79%), 91% (CI 
830/0-99%) and 71% (CI 59%-83%), respectively. The 
addition of resting perfusion abnormalities (fixed de­
fects) as a marker of CAD resulted in two true-positive 
and one false-positive diagnoses. The accuracy increased 
to 73% (P :::: NS). The addition of resting perfusion ab­
normalities for the detection of individual coronary ar­
tery stenosis increased sensitivity from 64% (35/55) to 
67% (37/55) and accuracy from 83% (l301156) to 84% 
(I311l56), whereas specificity decreased from 94% 
(95/101) to 93% (94/101). This comprised two true-posi­
tive and one false-positive studies. 

The influellce of left vel/tricular hypertrophy 

Tables 2 and 3 demonstrate that the overall and the re­
gional accuracy of echocardiography and MIllI SPET 

for the diagnosis of CAD were not different in patients 
with and without left ventricular hypertrophy. However, 
there was a small trend towards a higher sensitivity in 
patients with left ventricular hypertrophy. which reached 
a statistically significant difference only in the LCx terri­
tory. 

COII/parisO/! of dobutamifle stress ecJlOcardiography 
alld AlIBI SPET 

There was no significant difference between echocardi­
ography and SPET with regard to sensitivity. specificity 
and accuracy for the overall and the regional diagnosis 
of significant CAD in the presence or absence of left 
ventricular hypertrophy (Fig. 2, Tables 1-3). There was 
a fair (71%) overall agreement between the methods in 
the diagnosis of myocardial ischaemia (60/84, K :::: 0.41). 
Agreement was not different in patients with [71% 
(42/59), K :::: OAO] and patients without left ventricular 
hypertrophy (72% (18/25), K:::: 0.44]. There was a con­
comitant diagnosis of ischaemia in two patients without 
significant CAD. One of them had left ventricular hyper­
trophy at echocardiography and developed angina during 
the lest. The other developed ST segment depression 
during the test had no left ventricular hypertrophy. There 
was no significant difference between echocardiography 
or MIBI regarding the sensitivity (72%, CI 58%-86 vs 
66%, CI51%-81%), specificity (83%, CI71%-95% for 
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Table 3, Accuracy of ischaemic pattern at 
dobutamine 51ress MIBI SPET for the di- LVH No. of NoLVH No. of 

agnosi~ of significant coronary artery ~Ie- (59 pl~) patients (25 piS) patients 

nasis in hypertensive patients with and 
Overall diagnosis without left ventricular hypertrophy 
Sensitivity 70 (58-81) 32146 60 (41-79) 12/20 
Specificity 85 (75-94) 11/13 80 (64-96) 4/5 
Accuracy 73 (62-84) 43/59 64 (45-83) 16/25 

LAD stenosis 

Sensitivity 64 (52-77) 18128 59 (39-78) \0/17 
Specificity 90 (83-98) 28/3\ 88 (75-[00) 7/8 
Accuracy 78 (67-89) 46/59 68 (50--86) 17125 

Lex stenosis 

Sensith'ity 71 (59-82) 17124 36 (17-55)* 4111 
Specificity 94 (88-100) 33/35 93 (83-[03) 13114 
Accuracy 85 (76--94) 50/59 68 (50-86) \7/25 

RCA stenosis 

Sensitivity 55 (42--67) 18/33 40 (21-59) 4110 
Specificity 88 (80--97) 23/26 87 (73-100) 13115 
Accuracy 69 (58-81) 41159 68 (50---S6) 17/25 

All arteries 

Sensitivity 62 (55-70) 53/85 47 (36-59) [8/38 
Specificity 91 (87-95) 84/92 89 (82-96) 33/37 
Accuracy 77 (71-84) 1371177 68 (57-79) SIn 

Values are presented as percentage and (95% confidence interval) 
LVH, Left ventricular hypertrophy 
* P~0.05 - EchO -Echo 

= MI81 = Mia I 
100% ,." .. , ." 
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Fig. 2. Sensitivity (SENS), specificity (SPEC) and accuracy (ACC) of dobutamine stress echocardiography (Echo) and MIBI SPET (MIB!) 
for the overall and regional diagnosis of coronary artery disease in hypertensive patients with (h) and without (a) left ventricular h)' per­
trophy 

both) or accuracy (74%, CI 68%~88% vs 68%, CI 
54%-83%) for the diagnosis of CAD in the 38 patients 
who were receiving beta-blockers. 

Discussion 

The selection of an accurate non-invasive method for the 
diagnosis of CAD is important to avoid (he risk and ex­
pense of unnecessary coronary angiography [2). Patients 
with systemic hypertension may develop ST-segment de-

pression without obstructive CAD even in the absence of 
resting electrocardiographic changes 124]. The accuracy 
of exercise thallium scintigraphy for detecting obstruc­
tive epicardial CAD is superior to that of routine exer~ 
cise electrocardiographic testing [25]. However, hyper­
tension has been recognized as a cause of false positive 
perfusion sdntigraphic results [I~5}. Conversely, stress 
echocardiography has been reported (0 be highly specific 
for the diagnosis of CAD in hypertensive patients 18, 9] 
and in pallents with left ventricular hypertrophy (10]. 
Therefore, it has been recommended that in the latter 
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group of patients. echocardiography should be preferred 
to myocardial perfusion scintigraphy [101. However. the 
diagnostic accuracy of these two imaging modalities has 
not been compared in hypertensive patients with or with~ 
out left ventricular hypertrophy. 

The preselll study 

To our knowledge. this is the first study to compare the 
accuracy of stress myocardial perfusion scintigraphy and 
echocardiography for the diagnosis and localization of 
CAD in hypertensive patients. OUf study shows that in 
hypertensive patients with limited exercise capacity un­
dergoing dobutamine stress testing for the evaluation of 
myocardial ischaemia, both echocardiography and MIBI 
SPET imaging are useful methods for the overall and re­
gional diagnosis of CAD, with a comparably moderate 
sensitivity and a high specificity. In contrast with the 
previous reports, left ventricular hypertrophy was not 
particularly associated with a false-positive diagnosis of 
CAD using criteria of reversible or fixed perfusion de­
fects at SPET imaging. The results of our study demon­
strate that the presence of hypertension with or without 
left ventricular hypertrophy is compatible with high 
specificity of stress myocardial perfusion scintigraphy in 
a population encountered in clinical practice in whom 
non-invasive evaluation of CAD is required. While echo­
cardiography was as accurate, it did not provide a signif­
icant advantage over myocardial perfusion scintigraphy 
in terms of sensitivity or specificity for the diagnosis of 
CAD in hypertensive patients in the presence or absence 
of left ventricular hypertrophy. Furthermore, echocardi­
ography was not feasible in one patient who fulfilled the 
selection criteria for the population of this study, indicat­
ing the advantage of perfusion scintigraphy in this occa­
sional selling. 

Comparison with prel'ious studies 

Myocardial perfusion abnormalities were reported in hy­
pertensive patients with or without left ventricular hy­
pertrophy in the absence of significant CAD [3]. The 
mechanisms of myocardial ischaemia in these patients 
may include impaired vasodilator reserve, increased 
myocardial oxygen demand due to left ventricular hyper­
trophy, increased afterload and diastolic dysfunction [26, 
27J. While numerous reports have inferred these find­
ings, only a few studies have dealt with the impact of 
these findings on the utility of myocardial perfusion 
scintigraphy in the diagnosis of CAD. DePuey ct at. [4] 
reported that fixed perfusion defects in the lateral wall 
mimicking myocardial infarction occur frequently in hy­
pertensive patients with left ventricular hypertrophy due 
to end-stage renal disease. Conversely, Cecil et aL [28] 
found no thallium perfusion abnormalities in 16 hyper­
tensive patients with left ventricular hypertrophy and no 
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renal disease. Unfortunately, none of these studies corre­
lated scintigraphic findings with coronary angiography 
to exclude the presence of CAD. Schulman ct al. {29] 
compared the results of exercise thallium scintigraphy in 
patients with and without hypertension. They concluded 
that hypertension affects the results of thallium-20l ex­
ercise stress testing in patients with a low, but not in 
those with a mid to high likelihood of CAD. These find­
ings have been challenged by Grogan et al. [30], who re­
ported that among patients with a low likelihood of 
CAP. the prevalence and extent of exercise thallium per­
fusion abnormalities were similar in those with and 
those without hypertension. They concluded that hyper­
tension does not cause an increase in false-positive exer­
cise thallium tests. However, the conclusions of these 
studies were made by the mere comparison of test re­
sults in patients with and without hypertension without 
performing coronary angiography. If hypertension is a 
major risk of CAD, determination of the pretest likeli­
hood of CAD based only on age, gender and symptoms 
[31] in these studies may underestimate the prevalence 
of CAD in the hypertensive group. 

Studies 011 left I'elllricu/arfimctioll 

In normotensive patients, radionuclide left ventricular 
angiography has been reported to be an excellent indica­
tor of ischaemia due to CAD [32]. However, in the hy­
pertensive population radionuclide angiography has been 
shown to be a poor method for this purpose {33], owing 
to the low specificity of the ejection fraction response to 
exercise and the low sensitivity of new wall motion ab­
normalities {33, 34}. Marwick et al. flO] reported that in 
17 patients with left ventricular hypertrophy and no sig­
nificant CAD who underwent the dobutamine stress test, 
echocardiography had a higher specificity than MIBI 
SPET (94% \'s 59%, P = 0.02). However, the aetiology 
of left ventricular hypertrophy was not defined. Left 
ventricular hypertrophy in these patients may represent 
non-coronary heart diseases associated with perfusion 
abnornlUlities. Our study in 59 patients with left ventric­
ular hypertrophy demonstrated a high overall (85%) and 
regional (91%) specificity for MIBI SPET imaging, 
which was comparable to that of echocardiography (85% 
and 90% respectively). This is not surprising since the 
mechanisms that may underlie the occurrence of perfu­
sion abnormalities in hypertensive patients with left ven­
tricular hypertrophy in the absence of significant CAD 
can also result in regional left ventricular dysfunction. 
Ischaemia due to impaired _ vasodilator reserve and in­
creased myocardial oxygen demand can readily produce 
transient myocardial perfusion as well as wall motion 
abnormalities. Similarly, myocardial fibrosis may mani­
fest as fixed myocardial perfusion and wall motion ab­
normalities. This is shown in our study by the similar 
agreement between the two techniques in patients with 
and without left ventricular hypertrophy. We have previ-
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ousty reported that in patients with CAD and reversible 
perfusion defects on dobutamine MIBI SPET, left ven­
tricular hypertrophy was associated with concordant di­
agnosis of ischaemia on simultaneous echocardiography 
[18]. In this study, two patients without CAD had tran­
sient wall motion and perfusion abnormalities in associ­
ation with angina or ST-segment depression during do­
butamine stress test. This implies the occurrence of true 
myocardial ischaemia in hypertensive patients without 
obstructive CAD. Nevertheless, these findings were 
compatible with a high specificity of both echocardiog­
caphy and MIBI SPET in the overall and regional diag­
nosis of CAD in hypertensive patients. The similar accu­
racy of dobutamine echocardiography and MIBI SPET 
in this study is in line with the previous reports in unse­
lected patients with {l9] and without previous myocar­
dial infarction [35,36]. 

lllfluetlce of left ventricular hypertrophy 
011 the accuracy of stress eclwcardiography 

Senior et at. [8} reported that dobutamine stress echocar­
diography had a sensitivity and specificity of 93% and 
too% respectively for the diagnosis of CAD in 43 hy­
pertensive patients. However, sensitivity was relatively 
higher in patients without than in those with left ventric­
ular hypertrophy (100% vs 89%, respectively). Marwick 
et at. [6) reported that in patients undergoing exercise 
echocardiography. left ventricular hypertrophy did not 
influence the sensitivity or specificity. In our study. the 
trend was even toward a higher sensitivity in patients 
with than in those without left ventricular hypertrophy 
(76% vs 65% by echocardiography and 72% vs 60% by 
MIBI SPET, respectively). This may be explained by the 
increased myocardial oxygen demand in patients with 
left ventricular hypertrophy, which may facilitate the in­
duction of ischaemia. The trend towards a higher sensi­
tivity in patients with left ventricular hypertrophy 
reached a statistically significant value only in the LCx 
region. This may be explained by possibly better imag­
ing of the lateral wall in the presence of left ventricular 
hypertrophy. which may improve sensitivity. 

Limitations o/the study 

We studied patients with dobutamine rather than vasodi­
lator stress test. which according to some authors is bet­
ter than dobutamine in conjunction with myocardial per­
fusion scintigraphy. However, there are no consistent da­
ta in the literature to indiCate a superior diagnostic accu­
racy of vasodilator over dobutamine stress test [371. 

Forty-five percent of patients were receiving beta­
blockers. which may reduce the sensitiVity of both 
methods. Echocardiography was particularly reported to 
be more vulnerable to false-negative results at submaxi­
mal stress due to the occurrence of wall motion abnor-

mali ties later than perfusion abnormalities in the isch­
aemic cascade. However, we have previollsly shown that 
beta-blocker medications do not contribute to false-nega­
tive echocardiographic studies in patients with reversible 
perfusion abnormalities. We could not detect a differ­
ence in the diagnostic accuracy between echocardiogra­
phy and MlBI SPET in patients taking beta-blockers in 
this study, The results of the test were available to the 
tre,1.ting physician and therefore referral bias to coronary 
angiography might have influenced the diagnostic accu­
racy of the test. However, such bias, if existent. would 
affect the accuracy of each technique similarly because 
both echocardiographic and scintigraphic data were 
available to the clinicians and the prevalence of an isch­
aemic pattern was similar with both techniques. Refer­
ring a patient with a positive test to coronary angiogra­
phy may reduce rather than improve specificity. There­
fore our conclusion regarding the high specificity of 
both techniques is unlikely to be limited by the possible 
referral bias. 

Finally. patients with baseline left ventricular dysfunc­
tion did not receive nitrates during the injection of lvlIBI 
for rest studies, as recently recommended to improve 
tracer uptake in dyssynergic myocardium [38}. There­
fore, the sensitivity of MIBI for the diagnosis of CAD on 
the basis of reversible hypoperfusion might have been 
underestimated. This may explain the relatively low sen­
sitivity of MIBI compared to echocardiography for the 
diagnosis of infarct-related artery stenosis in patients 
with an ejection fraction <40% in this study. Neverthe­
less, only 11 % of patients in this study had an ejection 
fraction <40%. Patients with moderate to severe left ven­
tricular dysfunction are usually candidates for dobuta­
mine thallium-20t scintigraphy in our laboratory {39j. 

Clinical implications 

In hypertensive patients with limited exercise capacity. 
referred for evaluation of myocardial ischaemia. dobuta­
mine stress echocardiography and MillI SPET imaging 
have a comparable moderate sensitivity and high speci­
ficity for the overall and regional diagnosis of CAD. Hy­
pertensive patients with or without left ventricular hy­
pertrophy should not be considered unsuitable candi­
dates for slress myocardial perfusion scintigraphy, 
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ABSTRACT 

Aim of the study. To assess the diagnostic and prognostic value of dobutamine-atropine stress­
induced reversible perfusion defects in left bundle branch block (LBBB) patients. 

Methods. Forty-eight symptomatic LBBB patients underwent dobutamine-atropine technetium-99m 
scintigraphy. Mean age of the patients was 64 ± 10 years, 23 were men (48%). Scintigraphic results 
were analysed according to a 20 segments model. Reversible perfusion defects were defined as 
defects that partially or totally resolved at rest. Significant coronary artery disease (CAD) was 
quantitatively defined as a diameter stenosis ;0,50% in a major epicardial coronary artery. 

Results. Dobutarnine-atropine increased heart rate from 72 ± 14 bpm to 134 ± 16 bpm. CAD was 
present in 16 of 29 patients (55%) with available coronary angiography. For the anterior and 
posterior circulation, respectively, the sensitivity of reversible perfusion defects for the detection of 
CAD was 56% and 62%, specificity was 80% and 81 %, and accuracy was 72% and 72%. Mean 
follow-up was 27 ± 17 months (range 3 to 77 months). Hard cardiac events (cardiac death or 
nonfatal myocardial infarction) occurred in 10 of 48 patients (21%). At univariate analysis only a 
history of prior myocardial infarction or congestive heart failure were associated with hard cardiac 
events. A history of myocardial infarction was the only independent predictor of hard events. 

Conclusions. Dobutamine-atropine. stress-induced reversible perfusion defects are useful for the 
detection of CAD in LBBB patients, both in the anterior and posterior circulation. Their predictive 
value for hard cardiac events, however, seems limited. 
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INTRODUCTION 

Exercise myocardial perfusion studies often suffer from false positive perfusion defects in the 
interventricular septum in absence of left anterior descending (LAD) coronary artery stenosis (1-5). 
One of the mechanisms postulated for these false positive defects is that in left bnndle branch block 
(LBBB) patients septal contraction occurs toward the end of systole, and U,e compressive effects of 
the septum restrict blood flow during early diastole, when most of the myocardial perfusion normally 
occurs (1). \Vith exercise-induced tachycardia and a shortened diastole, septal hypoperfusion may even 
become more apparent. To overcome the limitations of exercise stress, imaging with phannacological 
vasodilation (dipyridamole, adenosine), resulting in only a mild increase in heart rate, was advocated 
as the preferred test in LBBB patients (3,4). Unfortunately, patients with obstructive airway disease, 
patients taking medications containing methylxanthines and those with baseline systemic hypotension, 
sick sinus disease, or advanced atrioventricular node disease are not candidates for vasodilator stress. 
In such patients stress testing may be done with dobutamine and some studies have shown that 
dobutamine-induced septal perfusion defects in LBBB patients are both sensitive as well as specific 
for the detection of LAD disease (5,6), despite a stress mechanism partially based on heart rate 
increase. The well preserved specificity in these studies was explained by the only moderate 
increase in heart rate compared to exercise, and it was speculated that the addition of atropine to 
dobntamine would probably cause specificity to drop. Indeed, in a recently published study using a 
high-dose dobutamine-atropine protocol mean peak heart rates of 158 bpm" were reached and 
specificity for the detection of LAD disease was dramatically low (7). In our center mean peak heart 
rates with do~utamine-atropine stress testing are usually around 135 bpm (8), which are just 
intermediate to those reported in the cited LBBB studies.(5,7) The present study was wldertaken to 
assess the diagnostic accuracy of dobutamine-atropine stress-induced reversible perfusion defects in 
our LBBB patient population. Additionally, for the first tbne the prognostic value of these defects 

was assessed. 

METHODS 

Patient selection. During a 6-year period, from November 1990 until December 1996, 48 
symptomatic patients \~ith permanent, complete LBBB (defined as a notching or slurring QRS ;,120 
msec with an initial R wave in I, a VL, and the left precordial leads and displacement of the ST 
segment, and usually the T wave, in a direction opposite of that of the principal QRS deflection) 
underwent dobutamine-atropine perfusion scintigraphy for evaluation of suspected myocardial 
ischemia. None of these patients had known ventricular tachyarrhytlmlias, unstable angina, or 
uncontrolled hypertension. Mean age of the patients was 64 ± 10 years (range 43 to 83), 23 were 
men (48%). Relevant demographic data of all patients are displayed in Table I. 



80 CHAPTER 7 

Table 1. Relevant demographic data for the 48 study patients 

Patients 

Age 64± 10 
Male gender 23 (48) 
History 

Myocardial infarction 23 (48) 
Congestive heart failure 25 (52) 
Aortic valve disease 6 (13) 

Typical angina 14 (29) 

Medications 
Nitrates 22 (46) 

fi-blockers 16 (33) 

Calcium antagonists 21 (44) 

Digoxin 17 (35) 

Diuretics 19(40) 

ACE-inhibitors 25 (52) 

Risk factors 
Smoking 12 (25) 
Diabetes 5 (IO) 
Hypertension 32 (67) 

Hypercholesterolemia 13 (27) 

Data presented are mean value ± SD or number (%) of patients 

Dobutaminc~atropine stress test. Dobutamine was administered intravenously by an infusion 
pump with an infusion rate of 10 flg/kg/min for 3 min, increasing by 10 fIg/kg/min every 3 min up 

to a maximum of 40 ).lg/kg/min. In patients not achieving 85% of their age and gender predicted 

maximal heart rate (220-age for men and 200-age for women) (9) and without symptoms or signs of 
myocardial ischemia, atropine was administered, starting with 0.25 mg intravenously and repeated 
up to a maximum of 1.0 mg within 4 min with continuation of dobutamfne infusion. Throughout 
dobutarnine infusion the electrocardiogram (3 leads) was continuously monitored and recorded (12 

leads) at one min intervals. Reasons for intemlption of the test were: severe angina, symptomatic 
reduction in systolic blood pressure ;:::40 mm Hg from baseline, hypertension (blood pressure 
;>:240!l20 mm Hg), significant tachyarrhytlllllias and any serious side effect regarded as being due 

to dobutamine. 

Perfusion imaging. At peak stress, 370 MBq of technetium-99m sestamibi (n ~ 36) or tetrofosmin 
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(n = 12) was iqjected intravenously while dobutamine infusion was continued for at least 1 min. 
Stress scintigraphic images were acquired on average 1 It after the tennination of dobutamine 
infhsion. For rest studies, patients were reinjected with 370 MBq of technetium-99m sestamibi or 
tetrofosmin approximately 24 h after the stress study. Single-photon emission computed 
tomographic image acquisition was done with a si~gle- (Siemens, Des Plaines, Illinois, USA) or 
triple-head (picker, Cleveland, Ohio, USA) camera. Scintigraphic analysis of the left ventricular wall 

was perfonned according to the standardized 20-segments model (10). The anterior and septal 

segment were assigned to the LAD artery (anterior circulation), all other segments were assigned to 
the right coronary artery and/or left circumflex coronary artery (posterior circulation). Isolated 
proximal posterior septal defects in continuity with the inferoposterior wall were assigned to the 
posterior circulation. Isolated apical defects were assigned to the anterior circulation. Myocardial 
uptake of radiotracer was evaluated visually (with the assistance of circumferential profiles analysis, 
including the normal values) for each of the 20 segments during both rest and stress with a 4-point 
scoring method (0 ~ nonnal; I ~ equivocal or minimally reduced uptake; 2 ~ moderately reduced 

uptake; and 3 = severely reduced uptake). Scan results were considered normal in absence of any 
defect or the presence of only equivocal defects. Fixed defects were defined as resting perfusion 

defects> 1 in one or more segments, reversible defects were deftned as perfusion defects> 1 in one or 
more segments that patiially (mixed defects) or totally resolved at rest. 

Coronary angiography. Coronary angiography was performed, using the Judkins technique, within 
6 months in 29 patients (60%). Significant coronary artery disease (CAD) was defined as a diameter 
stenosis ;:::50% in a major epicardial artery at quantitative coronary angiography (11). 

Follow-up. Follow-up data were obtained in all patients until March 1, 1997 by outpatient clinic 

assessment, review of case notes and contacting the patient, general practitioner or other hospitals 
when necessary. Mean follow-up was 27 ± 17 months (range 3 to 77 months). Outcome events 
were hard cardiac events (cardiac death, nonfatal myocardial infarction) and soft cardiac events 

(coronary artery bypass surgery, percutaneous transluminal coronary angioplasty). 

Statistical Analysis. Values were expressed as mean value ± standard deviation, when appropriate. 
Comparison between variables was performed with the Student's I test for continuous variables and 
chi-square test for discrete variables. Differences of p <0.05 were considered significant. 
Multivariate logistic regression using the BMDP package (12) was perfonned to identify factors 
that were related to cardiac events. A forward and backward stepping algoritlun was used with p 

<0.05 to identify the independent predictors for cardiac events. 

RESULTS 

Hemodynamic and adverse effects of dobutamine-atropine. Dobutamine-atropine increased 
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heart rate from 72 ± 14 bpm to 134 ± 16 bpm, systolic blood pressure from 142 ± 27 mm Hg to 145 
± 26 mm Hg, and double (rate-pressure) product from 10,273 ± 2,S75 mm Hg x bpm to 19,3S2 ± 

4,090 mm Hg x bpm. Atropine was admistered in 9 of 16 patients (56%) with P-blockers and in 9 of 
32 patients (2S%) without P-blockers. Test end-points were target heart rate in 41 patients (S5%), 
maximal dose dobutaruine-atropine in 2 patients (4%), severe angina in 4 patients (S%) and 
hypotension in I patient (2%). TIITee patients (6%) had nonsustained «10 beats) ventricular 
tachycardia and 2 patients (4%) had nonsustained «10 beats) supraventricular tachycardia at peak 
dose or during recovery. Typical angina was induced in 17 patients (35%). 

Diagnostic value. CAD was present in 16 of29 patients (55%) in whom coronary angiography was 
perfonned. On the basis of reversible perfusion defects, overall sensitivity for the detection of CAD 
was SI% (13116), specificity was 69% (9/13), and accuracy was 76% (22/29). Sensitivity for one, 
two, and three-vessel CAD was 75% (6/S), 75% (314), and 100% (4/4), respectively. As seen in 
Figure 1, sensitivity for the anterior circulation was 56% (5/9), specificity was SO% (16/20), and 
accuracy was 72% (21129). For the posterior circulation sensitivity was 62% (S/13), specificity was 
SI% (13/16), and accuracy was 72% (21129). Inclusion of both fixed andlor reversible perfusion 
defects for the diagnosis of CAD resulted in an overall sensitivity for the detection of CAD of 100% 
(16/16), a specificity of 15% (2113), and an accuracy of62% (1S/29). 

100 P <0.001 

n 
80 

60 
~ 

40 

20 

0 
Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy 

n=9 n=20 n=29 n= 13 n= 16 n=29 
Anterior circulation Posterior circulation 

Figure 1. Accuracy of dobutamine-atropine stress perfusion imaging for the detection of coronary 
artery disease in the anterior (left) and posterior circulation (right) for reversible (white bars) and 
any perfusion defects (black bars). 
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As seen in Figure I, sensitivity for the anterior circulation was 89% (8/9), specificity was 30% 
(6120), and accuracy was 48% (14/29). For the posterior circulation sensitivity was 85% (11/13), 
specificity was 63% (10116), and accuracy was 72% (21129). The reversible approach was more 
specific for CAD, both for overall specificity (p <0.00 I) and specificity for the anterior circulation 
(p <0.000 I). Fixed defects were more specific for CAD in the posterior circulation than in the 
anterior circulation (p <0.05). Especially, in patients without known previous myocardial infarction 
fixed anterior defects tended to be more prevalent than posterior defects (I 0125 ~ 40% versus 4/25 ~ 
16%). The 4 patients with a false negative study for the anterior circulation had (as compared to the 
5 patients with a tme positive study) comparable peak heart rates (133 versus 142, p ~ NS) and rate­
pressure products (17,949 versus 16,849, p ~ NS). Three of 4 patients with a false positive study for 
the anterior circulation had perfusion defects in the seprum. Even when patients with reversible 
septal defects without coronary angiographic data were also considered to be false positive for LAD 
disease, specificity for the anterior circulation still was 77% (30/39). Both the former 3 and latter 9 
patients with a false (or potentially false) positive septal study did not have higher peak heart rates 
during stress testing compared to patients with a true negative study. Moreover, of 10 patients with 
a supramaximal peak heart rate (>100%, mean heart rate 143 ± 13 beats/min) only 3 patients had a 
reversible septal defect. Coronary angiography, available in 2 of the latter patients, showed a nomlal 
LAD in I patient and a stenosed LAD in I patient. 

Prognostic value. During follow-up 19 cardiac events occurred in 15 patients (31%). There were 8 
cardiac deaths, 2 patients suffered a nonfatal myocardial infarction (I died later during follow-up), 5 
patients underwent coronary artery bypass surgery (2 died later during follow-up), and 4 patients 
underwent coronary angioplasty (I died later during follow-up). Patients with normal perfusion, 
reversible perfusion defects alone, fixed perfusion defects alonc, and mixed defects had event rates 
of 0% (0/6), 13% (118), 26% (5/19), and 60% (9115), respectively. In Table 2 the univariate clinical 
and stress test data in patients with and without cardiac events are summarized. Clinical variables 
associated with hard cardiac events were male gender, a history of myocardial infarction, and a 
history of congestive heart failure. None of the scan variables was significantly associated with hard 
cardiac events although the presence of any (fixed andlor reversible) perfusion defect or a fixed 
perfusion defect in both circulations (extensive defects) tended to be more common in patients with 
hard cardiac events. Clinical variables associated with soft cardiac events were male gender and a 
history of myocardial' infarction. Stress test data associated with soft cardiac events were the 
presence of stress-induced angina and all abnormal scan patterns, including the presence of 
reversible perfusion defects. Multivariate analysis revealed prior myocardial infarction (odds ratio 
[OR] 12.8, 95% confidence interval [CI] 1.4 to 120.0) as the only independent predictor of 
subsequent hard cardiac events. Dobutamine stress-induced angina (OR 10.1, 95% CI 1.7 to 59.9) 
was the only independent predictor of subsequent soft cardiac events. 



Table 2. Clinical and stress test data for patients with and mthout cardiac events 

Patients with Patients without P value Patients with PatientS without P value 
hard event hard event soft event soft event 

(n"'9) (n=39) (n"'9) (n=39) 

Age >70 years 1 (11) 12 (31) 0.8817 0(0%) 13 (33) 0.1828 

Male gender 9 (100) 14 (36) 0.0071 7 (/8) 16 (41) 0.0490 

History 

Myocardial infarction 8 (89) 15 (38) 0.0069 7 (/8) 16 (41) 0.0490 

Congestive heart failure 8 (89) 17 (44) 0.0153 6 (67) 19 (49) 0.3364 

Typical angina 3 (33) 11 (28) 0.7627 5 (56) 9 (23) 0.0559 

Stress test data 

Typical angina 3 (33) 14 (36) 0.8859 7 (78) 10 (26) 0.0035 

Any defect 9 (100) 33 (85) 0.6077 9 (100) 33 (85) 0.6077 

multi-territory 5 (56) 9 (23) 0.0559 6 (67) 8 (21) 0.0066 

Fixed defect 9 (100) 25 (64) 0.2389 8 (89) 26 (67) 0.1908 

multi-territory 4 (44) 7 (18) 0.0916 5 (56) 6 (15) 0.0105 

Reversible defect 5 (56) 18 (46) 0.6146 7 (78) 16 (41) 0.0490 

multi-territory 1 (11) 3 (8) .. 0.7406 2G2} ~(5) 0.0979 

I 
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DISCUSSION 

The present study addressed the diagnostic and prognostic value of dobutamine-atropine perfusion 

imaging in symptomatic LBBB patients. TIle main finding of the study is that dobutamine-atropine 

stress-induced reversible perfusion defects are equally moderately sensitive and highly specific for the 
detection of CAD in the anterior and posterior circulation. The prognostic value of such defects, 

however, seems limited in a heterogeneous LBBB population. 

Etiology of "false-positive" septal perfusion defects. It is well knowo that io LBBB patients exercise 
myocardial perfusioo studies often show septal defects in absence of LAD disease (I-5). Pacing 

studies in dogs have indicated that regional myocardial blood flow and thallimn-201 uptake during 
(mid) right ventricular pacing induced LBBB was reduced in the septum compared to the lateral wall, 

whereas in right atrial pacing and nonnal ventricular depolarization myocardial bl09d flow and 
thallimn-201 uptake was equal in the lateral and septal wall (1,13). Several mechanisms have been 

proposed to explain these perfusion defects. In LBBB patients septal contraction occurs at the very end 

of systole. The regional myocardial compressive effect may restrict coronary blood flow during early 

diastole, when most perfusion normally occurs (13). As heart rate increases and diastole shortens, the 

relative septal hypoperfusion may even become more apparent. Alternatively, with markedly delayed 
septal contraction, the myocardium in this region encounters a decreased afterload relative to that of 
other left vcntricular segments. TIus may result in a relative reduction in coronary septal blood flow as 
a result of coronary autoregulatory mechanisms (14). Other proposed mechanisms include coronary 

spasm or small vessel CAD, septal fibrosis (I 5), and technical factors, including wall motion artifact 
(16-18). Because of the suspected major role of heart rate increase in the development of septal 

defects, vasodilator (dipyridamole, adenosine) perfusion imaging. which causes only a mild increase 
in heart rate, is advocated as the stress test of choice in LBBB patients to detect CAD (3,4). 

Diagnostic value. In accordance to the study of Mairesse el al. (6) fixed defects in our study were 

less specific for CAD in tlie anterior circulation compared to the posterior circulation and were 
particularly morc common in the anterior circulation in patients without known prior myocardial 
infarction. In accordance to both Vaduganathan el al. (5) and Mairesse el al. (6) dobutamine­
induced reversible perfusion defects were equally sensitive and specific for the detection of CAD in 

the anterior and posterior circulation. Even when reversible septal defects in patients without 
available coronary angiography were considered false positive, specificity for the anterior 
circulation was well preserved. In contrast to our findings and those of the 2 cited studies, Caner el 

al. (7) recently reported a specificity of only 16% in 19 patients with nonnal coronary arteries who 
undenvent dobutamine-atropine thallium-201 imaging, with all the false positive septal perfusion 
defects being reversible. In their study myocardial images were taken 5-7 min after completion of 
dobutamine-atropine infusion. So, at the moment of imaging heart rate was still raised and wall 
motion abnormalities could have been still present. It is well known that wall motion abnonnalities 
can influence myocardial images (16-18). Even more importantly, mean peak heart rate in their 
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study was 158 bpm. Several exercise myocardial perfusion studies have described a relation 
between peak heart rate and false positive reversible septal defects (2,5,19). In particular heart rates 
> 165 bpm are known to be associated with false positive septal defects (19). Such heart rates are 
normally uncommon during dobutamine-atropine stress testing. In the present study mean peak 
heart rate was 134 bpm and only I patient had a peak heart rate >165 bpm. The exceptional high 
peak heart rates in the study of Caner ef al. may be partially explained by the relatively young age 
oftheir patients and their target heart rate criterion for women of 220-age in stead of 200-age as we 
used (9). Most importantly, for unclear reasons the majority of their patients had despite a target 
heart rate of 85% of maximal a heart rate of over 95% of maximal. The impact of atropine addition 
on peak heart rate should always be placed in the context of patient characteristics. In most patients 
without P-blockers a diagnostic end-point will be achieved without atropine addition. In our study 1 
out of every 3 patients was on a P-blocker and, as was shown in other studies (20,21), atropine was 
particularly useful in these patients to reach their target heart rate. So, whereas atropine addition 
indeed serves to increase heart rate, a significant increase in heart rate additional to dobutamille is 
mostly induced in patients on a P-blocker. Future studies should try to assess the optimal percentage 
heart rate of maximal to detect LAD disease in LBBB patients. Ideally, this should be done by serial 
studies in individual patients. The 85% of maximal heart rate percentage criterion, which was 
derived from exercise testing, may potentially be lowered because the threshold for ischemia during 
dobutamine stress testing seems lower than during exercise (22). Additionally, the sensitivity of 
perfusion imaging for the detectioh of CAD is less vulnerable to "submaximaf' stress than other 
markers of ischemia like stress-induced wall motion abnormalities or ST-segment depression (23). 

Prognostic value. Most of the revascularization procedures were performed within 3 months from 
stress testing. Since the results of the test were used by the referring physicians for patient 
management it is not surprising that reversible perfusion defects were predictive for subsequent 
revascularization procedures. For hard cardiac events reversible. perfusion defects were not 
predictive at all. It is well known that the probability of suffering from a hard cardiac event relates 
not only to the quantity of myocardium at risk but also to the quantity of already necrotic 
myocarditun. Therefore, the additional predictive value of reversible perfusion in patients with 
(extensive) perfusion defects at resting images has often been questioned (24). Due to the 
underlying causes of LBBB (25), such patients are usually at high risk for hard cardiac events 
irrespective of reversible perfusion defects. Approximately half of our patients had a previous 
myocardial infarction andlor a history of congestive heart failure, both reflecting the presence of 
(extensive) necrotic or nonfunctional (cardiomyopathic) myocardium. 

Conclusions. Although dobutamine-atropine stress-induced reversible perfusion defects are useful for 
the detection of CAD, both in the anterior and posterior circulation, the prognostic value of such 
defects seems limited in a heterogeneous LBBB population. 
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ABSTRACT 

Aim of the study. Patients with left bundle branch block (LBBB) exhibit abnonnal septal motion 
which may limit the interpretation of stress echocardiograms. Tllis study sought to assess the 
diagnostic value of dobutamine-atropine stress echocardiography (DASE) in LBBB patients. 

Methods. Sixty-four LBBB patients (mean age 59 years, 24 men) with suspected coronary artery 
disease (CAD) underwent DASE and coronary arteriography. Myocardial ischemia was defined as 
new or worsening wall thickening abnonnalities. CAD was quantitatively deftned as a diameter 
stenosis ~50% in a major epicardial artery. 

Results. Rest septal motion was normal (apart from the early systolic septal notch) in 34 patients 
(53%) and abnormal in 30 patients (47%). Rest septal thickening was nonnal in 32 patients (50%) 
and abnonnal in 32 patients (50%). All 7 patients with a QRS-duration <:160 ms and abnormal 
QRS-axis had abnonnal rest septal motion and thickening. Interobserver agreement for ischemia 
was 88%. In all but one patient disagreement was in the septum. For the anterior and posterior 
circulation, respectively, sensitivity was 60% (9/15) and 67% (8/12), specificity was 94% (46/49) 
and 98% (51152), and accuracy was 86% (55/64) and 92% (59/64). Sensitivity for the anterior 
circulation tended to be better in patients with nomlal rest septal thickening (83% vs 44%). 

Conelusions. DASE has excellent diagnostic specificity in LBBB patients with suspected CAD. In 
patients with abnormal rest septal thickening, however, DASE seems to lack good sensitivity for 
detection of CAD in the anterior circulation. LBBB patients who potentially most benefit from 
DASE may initially be selected by their resting electrocardiogram. 
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INTRODUCTION 

Left blmdle branch block (LBBB) is most commonly associated with atherosclerotic coronary artelY 
disease (CAD) (I). Other etiologic disorders are idiopathic dilated cardiomyopathy, hypertensive heart 
disease, aortic valvular disease or nonspecific fibrosis of the cardiac conduction system. In a few 
patients, LBBB may be rate related or idiopathic. AIUlOugh the presence of LBBB was associated with 
a three- to fourfold increase in cardiovascular mortality in the Framingham study (1), patients without 
clinically overt heart disease have an excellent short- and long term prognosis (2,3). TIlliS, it. is 
impOliant to determine whether LBBB is associated with CAD or other IDlderiying abnonl1alities. 
Unfortunately, most noninvasive stress tests have limited value for Ule detection of CAD in LBBB 
patients. Exercise-induced ST segment changes are indeterminate for ischemia (4,5) and myocardial 
perfusion studies, especially exercise perfusion studies, often suffer from false positive perfusion 
defects in the interventricular sephm) in the absence of left anterior descending (LAD) coronary artery 
stenosis (6-9). 

EchocardiographicaUy, LBBB is characterized by asynchronous contraction of the ventricles 
(10), resulting in the (M-mode) echocardiographic hallmark of LBBB, the early systolic posteriorly 
directed septal notch, first described by McDonald in 1973 (11). After the occurrence of this notch, 
several types of septal motion have been described. Classically, septal motion is anterior and described 
as paradoxical (11-13), however, nonnal posterior motion and several intennediate types may also 
occur (11-16). Dobutamine-atropine stress echocardiography (DASE) is an established stress modality 
for the detection of CAD in patients without LBBB (17). It is capable of visualizing septal motion and 
assessing septal myocardial thickening which might be relatively preserved in LBBB patients, 
especially in those patients wiUlOut CAD (16,18,19). To investigate the diagnostic accuracy ofDASE 
for the detection of CAD in LBBB patients and the influence of rest septal motion and thickening on 
this accuracy we initiated a prospective, multicenter study in which LBBB patients with chest pain and 
suspected CAD, who were referred for coronary arteriography, wlderwent DASE. 

METHODS 

Patient selection. Patients with chest pain and permanent, complete LBBB who where referred for 
coronary arteriography were eligible for the study if they did not meet any of the following 
excluding criteria: I) known ventricular tachyarrhythmias, 2) history of myocardial infarction, 3) 
unstable angina, 4) uncontrolled hypertension (d801110 n1111 Hg), 5) significant aortic valvular 
heart disease, or 6) poor quality echocardiograrn (n~2). Sixty-four patients gave informed consent 
and were included in the study. All patients underwent DASE within 1 month of coronary 
arteriography, without any interceding clinical event. Mean age of the patients was 59 ± 10 years 
(range 35 to 78), 24 were men (38%). Forty-seven patients (73%) had typical angina, 17 patients 
(27%) had atypical angina. Mean pre-test probability of CAD, calculated from age, gender and chest 
pain characteristics (20), was 74% ± 25%. At the time of the study 39 patients (61 %) were receiving 
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antianginal therapy including B-blockers in 5 (8%). Relevant demographic data of all patients are 

displayed in Table I. 

Table 1. Pertinent demographic data for 64 the study patients 

CAD No CAD p Value 

(n~19) (n~5) 

Age 64± 8 58± 10 <0.05 

Male Gender 8 (42) 16 (36) NS 

Typical Angina 17 (89) 30 (67) <0.05 

Medications 
Nitrates 9 (47) 18 (40) NS 

B-blockers 2 (Il) 3 (7) NS 

Calcium antagonists 8 (42) 13 (29) NS 

Risk Factors 

Smoking 4 (21) 12 (27) NS 

Diabetes 9 (47) 7 (16) <0.02 

Hypertension 14 (74) 23 (51) NS 

Family history of CAD 5 (26) 9 (20) NS 

Hypercholesterolenlia 6 (32) 17 (38) NS 

Data are presented as mean value ± SD or number (%) of patients. 

CAD = coronary artery disease; NS = nonsignificant. 

Electrocardiography. Complete LBBB was defIned as a notching or slurring QRS ;0,120 ms with an 

initial R wave in I, a VL, and the left precordial leads and displacement of the sr segment, and usually 

the T wave, in a direction opposite of that of the principal QRS deflection (21). Elcctrocardiographic 

measurements from a standard 12-1ead electrocardiogram included QRS-duration, measured to the 
nearest lO ms, and frontal QRS-axis, measured to the nearest 15°, A frontal QRS-axis between _300 

and +900 was considered normal. 

Dobutamine-atropine stress test. Dobutamine was administered intravenously by an infusion 
pump with an infusion rate of 10 pglkglmin for 3 minutes, increasing by 10 gg/kg/min every 3 

minutes up to a maximum of 40 j.1g/kg/min. In patients not achieving 85% of their age and gender 
predicted maximal heart rate and without symptoms or signs of myocardial ischemia, atropine was 
administered, starting with 0.25 mg intravenously and repeated up to a maximum of 1.0 mg within 
4 minutes with continuation of dobutamine infusion. Throughout dobutamine infusion the 
electrocardiogram (3 leads) was continuously monitored and recorded (12 leads) at one minute 
intervals. Reasons for interruption ofthe test were: severe angina, symptomatic reduction in systolic 
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blood pressure >40 IllIn Hg from baseline, hypertension (blood pressure >2401l20 mm Hg), 
significant tachyarrhythmias and any serious side effect regarded as being due to dobutarnine. 

Echocal'diogl'aphic imaging. Echocardiographic analysis of the left ventricular wall was performed 
according to the l6-segments model (22). The anterior and septal segments were assigned to the 
anterior circulation (LAD), all other segments were assigned to the posterior circulation (right 
coronary artery (RCA) andlor left circumflex (LCx) artery). Isolated apical wall abnormalities were 
assigned to the anterior circulation. Isolated basal posterior septal wall abnormalities were assigned 

to the posterior circulation. Systolic wall thickening andlor wall motion were visually evaluated, and 
each segment was graded on a 5-point scoring system (1 ~ normal; 2 ~ mild hypokinesis; 3 ~ severe 
hypokinesis; 4 ~ akinesis; and 5 ~ dyskinesis). Resting wall motion score index (WMSl) was 
calculated by summing all individual segment scores and dividing the SlUn by the total munber of 
segments. A test was considered positive for ischemia in case of new or worsening wall thickening (or 
motion) abnormalities at any dobutamine (or atropine) stage in;d segment (23). All echocardiograrns 
were scored by two observers (p.M.F. and R.R.) who were blinded for the angiographic data. In case 
of disagreement, consensus was reached by the two observers or a third observer's (lD.K) scoring was 
decisive. Left ventricular end-diastolic diameter (L VEDD) and septal motion were assessed from the 
baseline M-mode parasternal long axis view. Since it has been documented that septal motion 
assessment varies with the direction of the ultrasound beam (24), tlus motion was measured from the 
cross section in which parts of both mitral valve leaflets were visible. Systolic septal motion after the 
early notch was visually graded as (relatively) nonnal (posterior movement ;,3 mm) or abnormal 
(posterior movement <3 mm, flat [no movement] or paradoxical [anterior movement]). Likewise 
systolic septal thickening was graded as (relatively) normal (more than 3 mm thickening) or abnormal 
(less than 3 mm thickening). 

Coronary angiogl'aphy, Coronary angiography was performed, using the Judkins tecimique, within 
I month from DASE in all patients. Significant coronary artery disease was defined as a diameter 
stenosis ;,50% in a major epicardial artery at quantitative coronary angiography (25). 

Statistical Analysis. Values were expressed as mean value ± standard deviation, when appropriate. 
Comparison between variables was performed with the Student's t test for continuous variables and 

chi-square test for discrete variables. Differences ofp <0.05 were considered significant. 

RESULTS 

Hemodynamic and advel'se effects of dobutamine-atropine. Dobutamine-atropine increased 
heart rate Irom 79 ± 13 beats/min to 136 ± 13 beats/min, systolic blood pressure from 135 ± 17 llIIn 
IIg to 145 ± 25 nun Hg, and double (rate-pressure) product from 10,704 ± 2,248 mm Hg x 
beals/min to 19,741 ± 3,915 mOl I-Ig x beats/min. Test end-points were target heart rate in 55 
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patients (86%), maximal dose dobutamille-atropine in 5 patients (8%), severe angina in 3 patients 
(5%), and hypotension in I patient (2%). None of the patients had a tachyarrhythmia during 
dobutamine infusion or recovery. Typical angina was induced in 6 patients (9%). 
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Figure 1. Correlation between QRS-duration and left ventricular end-diastolic diameter (lA, top), 
and wall motion score index (1B, bottom) 
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Baseline electrocardiographic and echocardiographic results. QRS-duration was positively 
correlated with rest LVEDD (r ~ 0.69, Figure IA) and rest WMSI (r ~ 0.54, Figure IB). Rest septal 
motion was normal in 34 patients (53%) and abnormal in 30 patients (47%). Abnormal septal 
motion was severely hypokinetic in 20, flat in 9 and tme paradoxical in 1. Rest septal thickening 
was normal in 32 patients (50%) and abnormal in 32 patients (50%). As shown in Table 2, patients 
with normal septal thickening had shorter QRS-duration (p <0.00 I), lower numbers of abnormal 
frontal QRS-axis (p <0.02), smaller LVEDD (p <0.001), lower \vMSI (p <0.001), and more often 
normal septal motion (p <0.000 I). The presence of LAD disease did not differ significantly. Of 30 
patients without evidence of CAD or cardiomyopathy (normal coronary arteriography, LVEDD :S;56 
mm, and normal resting wall thickening apart from septal wall abnormalities), 26 (87%) had 
relatively normal septal motion and 25 (83%) had relatively normal septal wall thickening. 

Table 2. Characteristics of patients with nonnal and abnonnal septal thickening 

Normal Abnonnal p Value 
(n~32) (n~32) 

QRS-duration (ms) 137 ± 14 157± 17 <0.001 

Abnonnal QRS-a~is 4 (13) 12 (38) <0.02 
WMSI at rest 1.26 ± 0.34 2.43 ± 0.64 <0.001 
LVEDD(mm) 47±4 59± 12 <0.001 

LAD disease 6 (19) 9 (28) NS 
Normal septal motion 32 (100) 2 (6) <0.0001 

Data are presented as mean value ± SD or number (%) of patients. LAD = left 
anterior descending coronalY artery; LVEDD = left ventricular end-diastolic 
diameter; NS = nonsignificant; \VMSI = wall motion score index. 

Interobserver agreement for ischemia. Interobserver agreement for myocardial ischemia was 88% 
(56/64). In all but one patient disagreement was in the septum. Disagreement was present in 9% 
(3/32) of septums with normal thickening and in 13% (4/32) of septums with abnormal thickening. 
Myocardial ischemia i~l the anterior circulation was detected in the septum in 9 patients, in the 

anterior wall in 1 patient, and in both the sephllll and the anterior wall in 2 patients. 

Diagnostic accuracy. Significant CAD was present in 19 of 64 patients (30%). Of the 45 patients 
(70%) without significant CAD, 38 patients had normal coronary arteries and 7 patients had non­

significant lesions. Overall sensitivity for the detection of CAD was 68% (13/19), specificity was 
91% (41145), and diagnostic accuracy was 84% (54/64). Sensitivity for one, two, and three-vessel 
CAD was 50% (5/10), 80% (4/5), and 100% (4/4), respectively. For the anterior circulation 
sensitivity was 60% (9/15), specificity was 94% (46/49), and accuracy was 86% (55/64). For the 
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posterior circulation sensitivity was 67% (8/12), specificity was 98% (51/52), and accuracy was 
92% (59/64). 

Analysis of false-negative results. Of 4 patients with a false-negative DASE study for the posterior 

circulation, 3 patients had one-vessel CAD (LCx stenosis of 55%,69%, and 75%, respectively), and 

I patient had two-vessel CAD (RCA stenosis of 100% and LCx stenosis of 60%). Achieved heart 

rates (percentage of "maxiillal" heart rate) in these 4 patients were 92%, 104%, 117%, and 65%, 
respectively. Of 6 patients with a false-negative DASE study for the anterior circulation, I patient 

had normal rest septal thickening (LAD stenosis of 53%) and 5 patients had abnormal septal 
thickening (LAD stenosis of 58%, 63%, 66%, 75%, and 100%, respectively). Achieved heart rates 

in these 6 patients were 92%, 91 %, 102%, 107%, 92% and 75%, respectively. In the 32 patients 
with normal rest septal thickening sensitivity, specificity and accuracy for the detection of LAD 
disease was 83% (5/6), 88% (23/26), and 88% (28/32), respectively. In the 32 patients with 

abnonnal rest septal thickening sensitivity, specificity and accuracy for the detection of LAD 
disease was 44% (4/9),100% (23123), and 84% (27/32), respectively. Sensitivity for the detection of 
LAD disease tended to be better in patients with normal rest septal thickening (5/6 ~ 83% vs 4/9 ~ 

44%, p <0.10). When only septal ischemia was considered diagnostic for LAD disease this 
difference was significant (5/6 ~ 83% vs 3/9 ~ 33%, P <0.05). 

Analysis of false-positive results. The only patient with a false-positive DASE study for the 

posterior circulation had normal resting wall thickening and mildly impaired basal and mid 
inferoposterior wall thickening at peak stress. All 3 patients with a false-positive DASE study for 
the anterior circulation had relatively normal rest septal wall nlation and thickening and stress­
induced wall thickening abnormalities in the septum. Peak heart rate of the latter 3 patients with a 

false positive study was comparable to the 46 patients with a tme negative study for the anterior 
circulation (136 ± 7 vs 138 ± 12 beats per minute, p ~ NS). All patients with a false-positive DASE 
study had angiographically normal coronary arteries. 

DISCUSSION 

The present study addressed the diagnostic value of DASE in LBBB patients with chest pain and 
suspected CAD. The main finding of the study is that DASE is a moderately sensitive and highly 

specific test for the detection of CAD in LBBB patients, both in the anterior and posterior circulation. 
Interobserver agreement for detection of CAD in the LAD artery, however, seems somewhat lower 
compared to patients without LBBB (17). Additionally, sensitivity for the detection of CAD in the 
LAD artery seems lower in patients with abnonnal rest septal thickening. 

Echocardiographic characteristics of LBBB. In LBBB patients ventricular activation stads in the 
right ventricle and the right side of the septum. Transseptal activation from right to left is 
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transmyocardial and thus slow. Activation of the left ventricle proceeds also from right to left, with 
the basal and posterolateral wall activated last, although activation of the latter is relatively rapid 
because of impulse entrance in the distal Purkinje network. Thus, whereas in Bomml subjects the 
onset of right and left ventricular contraction occurs nearly simultaneously, in LBBB patients there 
is asynchronous onset of right and left ventricular contraction. This mechanical asynchrony, 
resulting in dynamic changes in pressure and volume between the ventricles, continues throughout 
the cardiac cycle (10). During early systole, right ventricular isovolumic contraction is unopposed 
by left ventricular contraction, causing the sephull to move passively posteriorly (explaining the 
early systolic septal notch). Abmpt anterior septal motion occurs at the time of normalization of the 
transseptal pressure gradient by a decrease in right ventricular volume with pulmonic ejection and a 
rise in left ventricular pressure with isovolumic contraction. During simultaneous right and left 
ventricular ejection several types of septal motion can be encountered. Classically, septal motion is 
anterior and described as paradoxical (11-13), however, nonnal posterior motion and several 
intermediate types may also occur (11-16). Septal motion seems related to both contraction capability 
(e.g. presence of septal infarction, cardiomyopathy) as well as activation sequence. Several right 
ventricular pacing studies, simulating LBBB, have indicated that apical pacing results in an early 
systolic notch followed by (near) normal posterior septal motion and thickening (18,19), whereas 
midventricular pacing resttlts in an early systolic notch followed by paradoxical anterior septal motion 
without thickening (19,26). Likewise, the proximal or more distal site ofLBBB may influence septal 
motion and thickening (15). In contrast to the initial studies describing septal motion (11-13), many 
LBBB patients in the present study had (apart from the early systolic notch) relatively nonnal septal 
motion and thickening. In particular, patients without evidence of CAD or cardiomyopathy usually 
had normal septal motion and thickening. In the largest (resting) echocardiographic studies in 
consecutive LBBB patients by Strasberg ef al. (15) and Cmiius ef al. (16) relatively nonnal septal 
motion was also present in the majority of patients. Grines el al. (l0) described that LBBB patients 
with more prolonged rightlleft ventricular filling ratio (interventricular asynchrony) had more 
abnormal septal motion. In concordance with the studies of Strasberg el al. (15) and Curtius el al. 

(16) we found that patients with abnonual septallhickening (and usually motion) had longer QRS­
duration, more often an abnormal QRS-axis, and larger L VEDD, findings that were, although not 
specifically analysed, also present in the classic study of McDonald (II). 

Detection of myocardial ischemia. In LBBB patients, exercise-induced ST segment changes are 
nonspecific for ischemia (4,5) and myocardial perfusion studies, especially when exercise stress is 
used, often suffer fiom false positive perfusion defects in the interventricular septum in absence of 
LAD stenosis (6-9). Pacing studies in dogs have indicated that regional myocardial blood flow and 
thallium-20 I uptake during (mid) right ventricular pacing induced LBBB was reduced in the septum 
compared to the lateral wall, whereas in right atrial pacing and nonnal ventricular depolarization 
myocardial blood flow and thallium-201 uptake was equal in the lateral and septal wall (6,26). True 
ischemia, as measured by lactate extraction, was not present. Several mechanisms have been 
proposed to explain these perfusion defects. In LBBB patients, septal contraction occurs at the very 
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end of systole. The regional myocardial compressive effect may restrict coronary blood flow during 
early diastole, when most perfusion normally occurs (26). As heart rate increases and diastole 
shortens, the relative septal hypoperfusion may even become more apparent. Alternatively, with 
markedly delayed septal contraction, the myocardium in this region encounters a decreased afterload 
relative to that of other left ventricular segments. This may result in a relative reduction in coronary 
septal blood flow as a result of coronary autoregulatory mechanisms (27). Other proposed mechanisms 
include coronary spasm or small vessel CAD, septal fibrosis (28), and technical factors, including 
wall motion artifact (29). Because of the sllspected major role of heart rate increase in the 
development of septal defects, vasodilator (dipyridamole, adenosine) perfusion imaging, which 
causes only a moderate increase in heart rate, is advocated as the stress test of choice in LBBB 
patients to detect CAD (8,9). 

Echocardiographically, myocardial ischemia in the LAD territory can be assessed by stress­
induced wall thickening abnonnalities in the septum or anterior wall. Stress-induced wall thickening 
abnOlmalities in the septlUn are relatively easy to detect because of the well delineated endocardium 
compared to the anterior wall endocardium and are important because they may reflect proximal or 
mid LAD stenosis. Our study shows that in LBBB patients septal (and anterior) dobutamine-stress 
induced wall thickening abnonnalities are very specific for the detection of CAD in the LAD. 
Unforhmately, interobserver agreement for septal ischemia in the present study was relatively low. 
Additionally, in patients with a~nonllal rest septal thickening, septal ischemia was detected less 
frequently and the sensitivity of DASE for the detection of CAD in the LAD seemed lower. TIle false 
negative studies could not be explained by less severe LAD stenosis, lower achieved heart rates or 
double products. Other investigators have shown that in patients without LBBB but with abnormal rest 
wall thickening or dilated cardiomyopathy, DASE is still an accurate test for the diagnosis of CAD 
(23,31,32). However, despite the use of the biphasic response (23), the combination of impaired 
baseline wall thickening and LBBB-induced abnoffilal wall motion seems to make the assessment of 
septal ischemia difficult. In this respect, we anticipate that in LBBB patients with septal infarction, 
who usually have a flat septum without wall thickening (14), assessment of infarct-related artery 
patency will also be very difficult. Recently, Mairesse el al. (33) repOlied in 8 LBBB patients with 
prior myocardial infarction and LAD stenosis a sensitivity of DASE for the detection of CAD in the 
LAD of 88%. However, in their study infarct (or rest wall thickening abnonnality) localization was not 
specified and failure to improve wall thickening during dobutamine infusion was considered an 
additional criterion for ischemia. Opinions about the use of tlus latter criterion diverge (34). 
Application of this criterion to our 32 LBBB patients with abnormal septums would have increased 
sensitivity for the detection of CAD in the LAD from 44% to 89%, at the sacrifice of a decrease in 
specificity from 100% to 17%. As mentioned before, vasodilator (dipyridamole, adenosine) 
perfusion scintigraphy is nowadays considered as the diagnostic stress test of choice in LBBB 
patients. Unfortunately, there are no studies reported in the literature specifically addressed to the 
sensitivity of perfusion scintigraphy for the detection of LAD disease in LBBB patients with 
abnormal rest septal thickening. 

Interestingly, the likelihood of having relatively nonnal rest septal thickening was higher in 
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patients with shorter QRS-duration and nonnal QRS-axis. Only 3 of 19 patients (16%) with a QRS­

duration d60 ms had relatively normal septal thickening, as opposite to 29 of 45 patients (64%) 

with a QRS-duration ,;150 ms. All 7 patients with a QRS-duration2160 ms and abnormal QRS-axis 

had abnormal rest septal thickening (and motion). If other studies confirm our findings, LBBB 

patients who potentially most benefit from DASE may initially be selected by their resting 
electrocardiogram. 

Limitations. Despite a mean pre-test probability of CAD of 74% ± 25% only 30% of the patients 
had significant CAD. Twelve patients (19%) in our study group had evidence of Ilonischemic 
dilated cardiomyopathy by L VEDD >56 mm, global hypokinesis and angiographically normal 
coronary arteries. It is well known that patients with dilated cardiomyopathy can experience typical, 

exel1ional angina in absence of epicardial CAD (35). Importantly, the main issue in LBBB patients 

is the rather low specificity of most noninvasive stress tests. Since 70% of our patients did not have 

significant CAD, this important issue could adequately be addressed. In fact, our LBBB study 
population is the largest reported in the literature without angiographic referral bias. 

Conclusions. Despite suboptimal interobserver agreement on septal ischemia, we believe that the 

diagnostic accuracy of DASE establishes tllis stress modality as one of the stress tests of choice in 
LEBB patients with relatively normal rest septal thickening. In patients with abnormal rest septal 

thickening DASE seems to lack good sensitivity for LAD disease detection, although the test 

remains highly specific. Future studies should confirm our findings and, preferably in head-to-head 
comparisons, assess whether stress perfusion scintigraphy has better diagnostic accuracy in these 

latter patients with abnormal rest septal thicketling. 
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Prognostic Value of Dobutamine-Atropine Stress Technetium-99m 
Sestamibi Perfusion Scintigraphy in Patients With Chest Pain 

MARCEL L. GELEJJNSE, MD, ABDOU ELHENDY, MD, PHD, RON T. VAN DOMBURG, MSc, 
JAN H. CORNEL, MD, AMBROOS E. M. REJJS, MSc, JOS R. T. C. ROELANDT, MD, PHD, FACC, 

ERIC P. KRENNING, MD, PHD, PAOLO M. FIORETTI, MD, PHD, FACC 

Rotterdam, Tire Nelherlunds 

Objectirts. This study Inrestigated tbe prognostic lalue of 
dobulamine.alropine lechnellum·99m (Tc·99m) seslamibi single. 
photon emission computed tomographic (SPEer) myocardial 
perfusion imaging. 

Backgrollnd. Dobulamine·alropine Tc·99m seslarnibl SPECf 
imaging is an accurate method for the deteclion of coronary 
disease. Howe,"er, the prognostic \"alue of this stress modality has 
nol been assessed. 

Methods. Three hundred ninety·two consecuth"e patients uilh 
chest pain (mean [±SDJ age 60 ± 12 years; 220 men j 190 .. dtb a 
previous myocardial infarelioo) underwenl a dobulamine· 
atropine Tc-99m sestamibl SPECf scintigraphic study. Patients 
were Collowed up Cor 22 ± 13 months to determine the unhcariate 
and multh'ariate \'ariables associated \tith hard cardiac e\'ents 
(cardiac deatb, nonCatal myocardial inCarction), to define their 
e\'ent·(ree suniml and to determine whether the extent and 
senrity or rt\'ersible perfusion deCects corrtlated \Iith ennts. 

ReSflfJS. Forty.Cour patients (11%) had bard cardiac e\'ents. 
Mutlirarlate models demonstrated that older age (odds ratio 

Exercise testing provides important diagnostic and prognostic 
information in patients with known or suspected coronary 
artery disease (l). Addition of technetium-99m (Tc-99m) 
sestamibi single-photon emission computed tomographic 
(SPEer) myocardial perfusion imaging has incremental value 
for the diagnosis of coronary artery disease (2-4), and a recent 
study also reported incremental prognostic value (5). However, 
up to 40% of patients with chest pain are not able to exercise 
adequately (6), which may significantly reduce the detection of 
coronary disease. In contrast to exercise stress testing, dobu­
tamine-atropine stress Tc-99m sestamibi SPEer imaging is 
not dependent on the level of exertion achieved. It is increas-
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[OR] 2.1. 95% confidence Interval [el] 1,0 to 4.4). history of heart 
failure (OR 2.6, 95% CI 1.3 to 5.2), abnormal sestamibl scan 
results (OR 10.0, 95% CI 2.3 to 43.0) and fe\'erslble perfusion 
deCects (OR 3.2, 95% CI 1.6 10 6.4) had independent predlclhe 
\'alue. Patients \tithout perfusion deCects, \tith fixed detects alone, 
refersible defects alone and fixed plus rewrsible defects had 
annual hard cardiac eHnt rates or 0.8%, 6.8%, 8.1% and 11,6%, 
respectil'ely. Patients \tith increasing rewrslble defect scores had 
increasing annual eHnt rates of 2.1%, 5.0%, 5.5%, 13.0% and 
14.6%, respecth'eiy. 

Conclusions. Dobutamine·atropine stress Tc·99m sestamibi 
SPECf Imaging pro\ides excellent prognostic Inrormation. The 
single most Important independent predictor (or future bard 
cardiac e\'ents is an abnormal pattern, and a rerersible defect 
provides additional, independent prognoslic InConnalion. More· 
o\'er, tbe extent and sererity of rtnrsible defects are major 
determinants for prognosis. 

(J Am Coli CardioI1996;28:447-54) 

ingly used as an alternative stress technique (in particular, in 
patients with contraindications for vasodilator stress), and 
several investigators have reported that it is an accurate 
method for the detection of coronary artery disease (7-12). 
However, to date no study has assessed the prognostic value of 
this stress modality. Therefore, we studied a large, unselected, 
consecutive group of patients with chest pain, unable to 
perform an adequate exercise test, with dobutamine-atropine 
Tc-99m sestamibi SPECT myocardial perfusion scintigraphy. 
We hypothesized that abnormal sestamibi scan results carry an 
increased risk of subsequent cardiac events and that this risk is 
proportional to the extent of the abnormalities and the pres­
ence of reversible perfusion defects, 

Methods 
Patient selection. Over a 4-year period"between Novem­

ber 1990 and October 1994, 418 consecutive patients with chest 
pain were referred to the nuclear cardiology laboratory at the 
Thoraxcentre for the evaluation of suspected myocardial isch­
emia with dobutamine-alropine Tc-99m sestamibi SPECT 
imaging, All patients were unable to perform an adequate 
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exercise test, and none had undergone prior heart transplan­
tation or had significant congenital or valvular heart disease, 
primary dilated cardiomyopathy, recent «3 months) aogio­
plasty or unstable angina. Th:enty-six patients with early elec­
tive coronary revascularization within 60 days after stress 
testing were excluded from the analysis. None of these 26 
patients sustained a major cardiac event before coronary 
revascularizalion. The mean age of the remaining 392 patients 
was 60 ± 12 years (range 23 to 85), 220 were men (56%),190 
(48%) had a previous myocardial infarction, and 43 (ll%) 
were known to have coronary artery disease without myocar­
dial infarction. Ninety-five patients (24%) had typical angina, 
196 (50%) had atypical angina, and 101 (26%) had nonanginal 
chest pain. At the time of the study, 279 patients (71%) were 
receiving antianginal therapy, including beta-adrenergic block­
ing agents in 161 patients (41%), administrated either alone in 
43 (11%) or in combination with nitrates or calcium channel 
blocking agents, or both, in 118 patients (30%). 

Dobutamine-atropinc stress test. After routine prepara­
tion, a rest electrocardiogram (EeG) was obtained; intrave­
nous access was secured and dobutamine was administered 
intravenously by an infusion pump. The infusion rate was 
10 J1.gfkg body weight per min for 3 min, increasing by 10 J1.g/kg 
per min every 3 min up to a maximum of 40 J1.glkg per min. In 
patients not achieving 85% of their predicted maximal heart 
rale for their age and gender and without symptoms or signs of 
myocardial ischemia, atropine was administered in addition to 
the maximal dose of dobutamine, starting with 0.25 mg intra­
venously and repeated up to a maximum of 1.0 mg within 4 min 
with continuation of dobutamine infusion. Throughout dobut­
amine infusion the ECG (3 leads) was continuously monitored 
and recorded (12 leads) at I-min intervals. The level of ST 
segment shift was calculated, after signal averaging, by a 
computer-assisted system (Cardiovit CSG/12; Schiller, Baar, 
Switzerland). Blood pressure was measured and recorded by 
sphygmanometry every 3 min. Reasons for interruption of the 
test were horizontal or downsloping ST segment depression 
>0.2 m V at an interval of 80 ms after the J point compared 
with baseline, ST segment elevation >0.1 m V in patients 
without previous myocardial infarction, severe angina, a symp­
tomatic reduction in systolic blood pressure (>40 mm Hg from 
baseline), hypertension (blood pressure >240/120 mm Hg), 
significant cardiac tachyarrhythmias and any serious side effeet 
regarded as being due to dobutamine. Metoproiol was avail­
able and used to reverse the effects of dobutamine if they did 
not revert spontaneously and quickly. 

Perfusion Imaging. At peak stress, 370 MBq of Tc-99m 
sestamibi was injected intravenously while dobutamine infu­
sion was continued for at least 1 min. Stress scintigraphic 
images were acquired on average I h after the termination of 
the dobutamine infusion. For rest studies, patients were rein­
jected with 310 MBg of Tc-99m sestamibi at least 24 h after the 
stress study_ Image acquisition was done with a Siemens 
Gammasonics single-head Orbiter camera. For each study six 
oblique (short-axis) slices were defined from the apex to the 
base and three sagittal (vertical long-axis) slices from the 

septum to the lateral wall. To compare the stress and rest 
studies, each of the six short-axis slices was divided into eight 
equal segments. The septal part of the two basal slices (four 
segments) was not evaluated because this region corresponds 
to the fibrous portion of the interventricular septum and 
normally exhibits reduced uptake. The apical region was 
assessed from the three central sagittal cross sections. A total 
of 41 segments/patient were analyzed. Alilomographic views 
were reviewed in side-by-side pairs (stress and rest) by two 
experienced observers who were unaware of the patient's 
clinical history and other stress results. In case of disagree­
ment, a third investigator reviewed the images and a majority 
decision was made. Subsequently, the 41 segments ,vere 
grouped into six major segments: anterior, septum anterior, 
septum posterior, inferoposterior, lateral and apical. The 
myocardial uptake of radiotracer was evaluated visually (with 
the assistance of circumferential profiles analysis, including the 
normal values) for each of the six major segments during both 
rest and stress with a four-point scoring method (0 = normal; 
1 = equivocal or minimally reduced uptake; 2 = moderately 
reduced uptake; 3 = severely reduced or absent uptake). Scan 
results were initially characterized as abllonnai or llonllai. Scan 
results were considered nonnal in the absence of any defect or 
the presence of only equivocal defects. Abnonnal scan results 
were further classified as demonstrating fixed defects (rest 
perfusion defects) or remsible defects (perfusion defecls dur­
ing stress that partially or totally resolved at rest). To measure 
the influence of the extent and severity of the perfusion defect, 
a fixed defect score was calculated by summing the fixed 
perfusion defect!!, according to a 6 (extent) x 4 (severity) point 
model (range 0 to 18); similarly, a reversible defect score was 
calculated by summing the reversible perfusion defect scores. 
Subsequently, this latter score was corrected for stress level by 
dividing it by the following correction factor: percent target 
heart rate reached times peak systolic blood pressure divided 
by 100. Patients with a zero reversible defect score were 
classified into a low stre-ss level group (correction factor <1.6) 
and a high stress level group (correction factor> 1.6). This 
cutoff value was chosen to classify patients \\ith zero scores into 
two equally sized groups. 

Follow-up. Follow-up data were obtained over 22 ± 13 
months (range 6 to 54) by outpatient clinic assessment, review 
of case notes and contacting Jhe patient, general practitioner 
or other hospitals when necessary_ Outcome events were 
cardiac death, nonfatal myocardial infarction and rcvascular­
ization (coronary artery bypass graft surgery or percutaneous 
transluminal coronary angioplasty). Cardiac death was defined 
as a death temporally associated with a known or suspected 
acute myocardial infarction, life-threatening arrhythmia or 
pulmonary edema. Unexpected death without an identified 
noncardiac cause and heart transplantation were also consid­
ered as cardiac death. Occurrence of an acute myocardial 
infarction was confirmed using standard clinical and ECG 
criteria and when total creatine kinase (CK) enzyme levels 
exceeded twice normal. Hard cardiac e,'ents (cardiac death 
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Table I. Clinical and Stress Test Data for 392 Study Patienls (hard 
cardiac events) 

No Cardiac 
EWDt Cardiae EWot p 

(n = 348) (n "" 44) Value 

Age >70)T 64(18%) 12(21%) 0.0S04 
Male 187 (54%) 33 (15%) D.Om 
Risk factors 

Diabetes 50(14%) 9(20%) 0.1440 
Hypercholesterolemia 89(26%) 9(20%) 0.1698 
Hypertension 146 (42%) 22(50%) 0.1551 
Smoking 96 (18%) 15(34%) 0.2958 

History 
Myocardial infarction 160 (46%) 30 (68%) 0.0028 
Congestive heart failure 59(17%) 17 (39%) 0,(1((13 
Revascu!arization 105 (30~-:'.) 17 (39%) 0.1269 
Typical angina SO (23%) 15(34%) 0.0529 

SlreloS Ie,! 
Angina dUling stress 86(25%) 16 (36%) 0.0487 
ST-T waYi~ changes 57 (l6%) II (25%) 0,0776 

MIBI scan pattern 
Abnormal 220 (63%) 42 (95%) 0.= 
Fhed defect 169 (49%) 33 (75%) 0.0005 
Reversible defect 130 (J7%) 3{J{6S%) 0.= 

Dala presenled are number (%J of ~a!ien~ ~flBi '" te\hnetium·99m 
sestamibL 

and nonfatal myocardial infarction) and al\ cardiac events 
(hard events or revascularization) were analyzed as end points. 

Statistical analysis. Values \vere expressed as mean 
value ± SD, when appropriate. Comparison (two-tailed) of 
patients with and without cardiac events was performed with 
the Student t test for continuous variables and chi-square test 
for discrete variables_ Differences of p < 0,05 were considered 
significant. Multivariate logistic regression using the BMDP 
package (13) was performed to identify factors that were 
related to events. A forward and bacbvard stepping algorithm 
was uscd with p < 0.05 to identify the independent predictors 
for both hard and all events. Baseline variables tested were the 
clinical and stress test variables, as displayed in Tables 1 and 2. 
Odds ratio and 95% confidence intervals were calculated for 
variables used in the multivariate model. Kaplan-Meier life­
table estimates of infarction-free survival (survival without 
cardiac death or nonfatal myocardial infarction) and event­
free survival (survival without cardiac death, nonfatal myocar­
dial infarction or revascularization) were used to summarize 
the follow·up experience and to clarify presentation, 

Results 
Dobutamine·atropine stress test. HemodYllamic resfllts, 

end poin/s alld side effects. The maximal dobutamine dose used 
was 10 pglkg per min in 1 patient, 20 pglkg per min in 5 
patients, 30 pgJkg per min in 56 patients and 40 /1g1kg per min 
in 330 patients. Atropine was added in 169 patients (43%) and 
was more often used in patients receiving beta-blockers (108 of 
161 with vs, 61 of 231 without beta-blockers, p < 0.0001). In 
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Table 2. Clinical and Stress Test Data for 392 Study Patients (all 
cardiac c\'cnts) 

No Cardiac 
Ewnts Cardiac Ewnts p 

(0 = 314) (n = 78) Value 

Age >70}T 61(19%) 15(19%) 05156 
Male 167(53%) 53 (68%) 0.0094 
Risk factors 
Dia~tes 46(15%) 13 (11%) 0.3281 
Hyp<!1C hole5tero!emia 80(25%) 18(23%) 0.6692 
Hypertension 131 (42%) 36 (46%) 0.2557 
Smoking 87 (28%) 24(31%) 0.2958 

History 
Myocardia! infarction 138(44%) 52 (67%) 0.(002 
Congestive heart failure 53 (17%) 23 (29%) 0,0059 
Re\'JscDlarUalion 88 (2&%) 3-4(44%) 0.1))40 
1)plcal angina 61 (19%) 34 (44%) 0.0000 

Stress lest 
Angina during stress 1J (23%) 29 (J7%) 0.0061 
ST-TwJW change.s 47 (IS%) 21 (27%) 0.0063 

MIBI scan pattern 
Abnormal 190 (61%) 72 (92%) 0.0000 
Fi."l:ed defect 146 (46%) 56(72%) 0.= 
Reversible defect lOS (34%) 52 {67%J 0.= 

Format as in Table I. 

the overall group, dobutamine-alropine increased heart rate by 
65 ± 15 beats/min to a peak heart rate of 135 ± 17 beats/min, 
systolic blood pressure by 10 ± 27 mm Hg to a peak pressure 
of 148 ± 31 mm Hg and rate-pressure product by 10,332 ± 
3,764 nun Hg X beats/min to a peak rate-pressure product of 
20,025 ± 4,848 mm Hg X beats/min_ 

Target heart rate (85% of maximum for age and gender) 
was not reached in 77 tests (20%) either after the maximal 
dobutamine-atropine dose had been given in 28 patients (7%) 
or when prematurely stopping the test in 49 patients (14%), 
The test was prematurely stopped in patients because of angina 
in 33, ST segment changes in 3, hypertension in 3, symptomatic 
hypotension in 4; nonsustained ventricular tachycardia in 3, 
anxiety in 2 and headache in 1. Most patients not reaching their 
target heart rate because of an insufficient dose of dobutamine­
atropine were on beta-blockers (22 of 28 \vith vs. 6 of 28 
without beta-blockers, p < 0.00(1). Nondiagnoslic tests (target 
beart rate not reached in the absence of reversible perfusion 
defects) were present in 30 patients (8%), Tachyarrhythmias 
during dobutamine infusion or recovery were not uncommon; 
10 pat1ents (3%) had supraventricular tachycardia, and 17 
(4%) had (nonsustained) ventricular tachycardia. Apart from 
angina (induced in 102 patients [26%]), side effects were 
unusual and minor (side effects occurring in >5% of patients 
were chills in 5%, headache in 6% and nausea in 5%). Three 
hundred m'ent)'-two patients (82%) were free of any side effect 
(not considering angina)_ 

Distribution of imaging pattems. One hundred thirty pa­
tients (33%) had normal (or equivocal in 30) scan results, 
and 262 (67%) had abnoffilal results. Scan abnormalities 
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Follow-up In Years 

Figure 1. Kaplan-Meier infarction-free survival curves in patients with 
normal scan results, fi:l;:ed defects alone, rcvWiible defects alone and 
mixed defects. Infarction-free survival was significantly lower in pa­
tients wilh fi:\ed defects alone (p < 0.001), reversible defects alone 
(p < 0.0001) and mixed defects (p < 0.0001) than in those .. vith normal 
scan results. The number of patients a\'ailable for follow-up at 0, 1,2 
and 3 years, respectively, was 130, 109,46 and 28 in the subset \\ith 
normal scan resuIts; 102, 74, 32 and 17 in the subset v.ith fixed defects 
alone; 60, 48, 26 and 9 in the subset with reversible defects alone; and 
100, 76, 34 and 20 in the subset vdth ml-xed defects. 

included n-xed defects alone in 102 patients (26%), reversible 
perfusion defects alone in 60 (15%) and fixed plus reversible 
defects (or partially reversible defects) in 100 (26%). In total, 
202 patients (52%) had fixed defects, and 160 (41%) had 
reversible perfusion defects. 

Clinical outcome. The mean follow·up period was 22 ± 13 
months for patients with and \vilhout reversible defects. Eigh· 
teen patients (5%) had an "incomplete" follow-up, 13 because 
of noncardiac death (cancer in 8, pneumonia in 2, acquired 
immune deficiency syndrome in 1, complicated hip fracture in 
1 and myelodysplasia in 1) and S because of geographic 
relocation. Cardiac events occurred in 78 patients, 44 of whom 
had hard cardiac events (nonfatal myocardial infarction in 17 
and cardiac death in 27). 

Prediction of cYcnls from clinical and stress lest results. 
Univariate analysis. In Tables 1 and 2 the clinical and stress 
test data in patients with and without hard and all cardiac 
events are summarized. Clinical variables associated with hard 
cardiac eVents were male gender, a history of myocardial 
infarction and a history of congestive heart failure. Clinical 
variables associated with all cardiac eyents were male gender 
and history of myocardial infarction, coronar), revasculariza­
tion, congestive heart failure or typical angina. Apart from 
peak heart rate in patients with any versus without any event 
(132 ± 18 vs. 136 ± 17, P < 0.05), no hemodynamic variable 
(rest and peak heart rate, blood pressure and rate·pressure 
product) was associated with an increased rate of hard or all 
cardiac events. Of the olher stress test variables, stress-induced 
angina was associated with both hard and all events and ST-T 
wave changes were only associated with all cardiac events. 
Sestamibi scan patterns associated with both hard and all 
cardiac events were the presence of abnormalities on the scan 
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Hgure 2. Kaplan-Meier event·free sUf\ival curves in patients with 
nomlal scan results, fixed defects alone, reversible defects alone and 
mixed defects. Event·free survival was significantly lower in patients 
\vilh fn:ed defects alone (p < 0.001), reversible defects alone (p < 
0.0001) and mhed defects (p < 0.0001) than in thosev.ith normal sean 
results. The number of patients available for follow·up at 0, 1, 2 and 3 
years, respectively, was 130, 105, 44 and 27 in the subset v.ith normal 
scan results; 102, 69, 29 and 15 in the subset with liwd defects alone; 
60,39,23 and 8 in the subset with reversible defects alone; and 100, 62, 
25 and 15 in the subset with mi-xcd defects. 

(any perfusion abnormality), fi."'\ed perfusion defects and reo 
versible perfusion defects. 

TIle infarction·free and event-free survival curves in pa· 
tients with normal scan results, fixed defects alone, reversible 
defects alone and mixed (fixed and reverSible) defects are 
depicted in Figures I and 2. Normal scan results were associ· 
ated with a favorable prognosis over the follow-up period, with 
an annual event rate of 0.8% for hard events and 2.S% for all 
events. In contrast, patients with fixed defects alone, reversible 
defects alone and fLXed plus reversible defects had a signifi­
cantly increased cardiac event rate of 6.8%, 8.1% and 11.6%, 
respectively, for hard events, and 11.4%, 14.5% and 19.9%, 
respectively, for all events. Compared with nomlaI scan results, 
reversible perfusion defects alone increased the risk for future 
hard events tenfold and for all events shiold. Compared with 
fLXed defects alone, fixed plus reyersible perfusion defects 
increased the risk for both hard events and all events twofold. 

Mflltivariate allalysis, addition of perfusion scintigraphy to 
clinical data. Tables 3 and 4 summarize the results of univar­
iate and multivariate (slep\-..ise logistic regression) analysis of 
clinical and stress test data to predict subsequent hard and all 
cardiac events, Multivariate analysis of clinical variables (Table 
3, Clinical Data) revealed male gender (odds ratio lOR] 2.3, 
9S% confidence interval [CI] 1.1 to 4.7) and a history of 
congestive heart failure (OR 2.7, 9S% CI lA to SA) as 
independent predictors of subsequent hard cardiac cvents. The 
addition of scan patterns to this analysis was performed 
according to two different models. In the first model (Table 3, 
Model J) the only scan pattern variable entered was the 
presence of an "abnormal scan" (any abnormality), and in the 
second model (Table 3, Model II) the presence of a fixed or 
reversible perfusion defcct was separately included. A history 
of congestive heart failure (OR 2,0, 9S% ClI.O to 3.9) and 



108 CHAPTER 9 

Table 3. Association by Univariate and Multivariate Analysis of Clinical and Stress Test Data With 
Hard Cardiac Events: Odds Ratios (95% confidence intervals) 

Clinical data 
Age >70)T 
Male 
Histor)' of infarclion 
History of w.'a5I.-uiarizJlion 
History of hCJrt failure 
T}pkal angina 

Sire,s test data 
Angina 
ST-Twave change, 
Scan abnormalities 
Fi~ed defe(t 
Reversible defect 

Univariate 
Analysis 

1.6(0,8-3.4)" 
2.6(1.3-53) 
2.5 (13-4.9) 
15 (0.8-2.8)' 
3.1 (1.6-6.0) 
1.7 (O.9-3.4)· 

1.7 (0.9-3.4)' 
1.7 (0.8-3.6)' 

122(2.9-51.3) 
12(1.6-6.5) 
3.6 (1.8-7.0) 

Multivariate Analysis of Oinkal and Stress Test Data 

Oinical 
Data 

23 (1.l-4.7) 

2.1(1.4-5.4) 

Model I 

2.0 (1.0-3.9) 

10.0(2.3-43.0) 

Model n 

2.1 (1.0-4.4) 

2.6 (13-5.2) 

3.2 (1.6-6.4) 

'pvalue not significant. In model I, scan variables included scan abnormalities. In model IT, pattern variables included 
fixed defed and reversible defect and nc1uded ~aD abnormalities. - '" \'ariable elduded. 

abnormal scan results (OR 10.0,95% CI 2.3 to 43.0) in model 
I were independent predictors of hard cardiac events. In model 
II, older age (OR 2.1, 95% ClI.O to 4.4) and reversible 
perfusion defects (OR 3.2, 95% CI 1.6 to 6.4) were indepen­
dent predictors of hard cardiac events. 

For all cardiac events (Table 4), the clinical variables 
history of myocardial infarction (OR 2.9, 95% CI 1.7 to 5.1) 
and typical angina (OR 3.3, 95% CI 1.9 10 5.7) were indepen­
dent predictors in Ihe clinical model. In model I, independent 
predictors were history of typical angina (OR 3.2, 95% CI 1.9 
to 5.6) and abnormal scan results (OR 7.9, 95% CI, 3.3 to 
18.9). In model II, a history of typical angina (OR 2.9, 95% CI 
1.7 to 5.1), fIxed perfusion defects (OR 2.5, 95% CI 1.4 to 4.4) 
and reversible perfusion defects (OR 3.1, 95% CI 1.8 to 5.4) 
were independent predictors of all cardiac events. 

Ertelll and w'en'ty of perfllsion defecls alld prognosis. As 
described in the legend to Figure 3, 162 patients had a fixed 
perfusion defect score of zero, 114 had a score of one to three, 
70 of four to six, 27 of seven to nine and 19 of ten or higher. At 
the end of the follow-up period, the annual hard event rate for 
patients with these fixed perfusion defect scores were 3.3% 
(mean follow-up 23 months), 5.0% (23 months), 8.1% (21 
months), 11.5% (23 months) and 36.4% (12 months), respec­
tively. For all events, these numbers were 5.6%, 13.2%, 13.0%, 
17.2% and 36.4%, respectively. As seen in the legend to Figure 
4, 100 patients had a stress level corrected reversible perfusion 
defect zero score with "high stress" (correction factor >1.6), 
100 patients had a zero score with "low stress" (correction 
factor <1.6), 109 had a score of one or two, 62 of three or four 
and 21 oftive or higher. At the end of the follow-up period, the 
annual hard event rate for the different reversible perfusion 
defect scores was 2.1% (mean follow-up 21 months), 5.0% (23 
months), 5.5% (22 months), 13.0% (22 months) and 14.6% (20 
months), respectively. For all events, these numbers were 
4.2%, 7.8%, 11.5%, 20.9% and 26.3%, respectively. 

Discussion 
The present study addressed the prognostic value of 

dobutamine·atropine stress Tc-99m sestamibi SPECT imaging 
in patients referred with chest pain and suspected myocardial 
ischemia. Dobutamine stress is frequently used in conjunction 
with echocardiography and has been shown to provide impor­
tant prognostic information (14). However, to our knowledge, 
no information is available when dobutamine stress is used in 
conjunction with perfusion imaging. The main finding of this 
study is that, in palients with chest pain who are unable to 
perfoml an adequate exercise test, the test provides useful 
prognostic information in addition to clinical data. 

Stress technique. Dobutamine is a synthetic sympathomi­
metic amine that stimulates betal' betaz and alphal receptors. 
As a result, there is a marked inotropic response (mediated by 
both alpha! and beta I receptors), a modest chronotropic 
response (mediated by beta l receptors) and a minor increase 
in systolic blood pressure (due to alphaj" and belal-mediated 
increase in cardiac output and relative stable peripheral vas­
culature tonus, mediated by alphat vasoconstriction and belaz 
vasodilation) (15). As a result of this augmentation of myocar­
dial contractility, heart rate, left ventricular pressure and wall 
stress, more m;ygen is required. Normally a dose-related 
increase in subepicardial and subendocardial blood flow occurs 
within myocardium supplied by normal coronary arteries 
(16,17). However, blood flow increases minimally within vas­
cular beds supplied by significantly stenosed arteries, \\ith most 
of the increase occurring within the subepicardium rather than 
the subendocardium (16). This heterogeneity in myocardial 
blood flow between normal and abnormal perfused areas can 
be \isualized by Tc-99m seslamibi myocardial perfusion scin­
tigraphy. 

Although direct vasodilators (dipyridamole and adenosine) 
are believed to be superior in creating blood flow heterogene-
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Table 4. Association by Univariate and Multivariate Analrsis of Oinical and Stress Test Data With All 
Cardiac Events: Odds Ratios (95% confidence intervals) 

Clinical data 
Age >70)T 
Male 
Histol)' of infarction 
History of feY3scu\arilation 
lfutory of heart fallure 
Typical angina 

Stress test data 
Angina 
ST-T ware changes 
Abnormal scan 
tr{ed defe-ct 
Reversible defect 

Format as in Table 3. 

Uniyariate 
Analysis 

1.0(05-1.9» 
1.9 (l.1-3.2) 
25(15--43) 
2.0 (1.2-3J) 
2.J (1.2-3.6) 
3.2(1.9-5.4) 

2.0 (t.2-3J) 
2.1 (L2-3.S) 
7.8 (33-18.6) 
2.9(1.7-5.0) 
3.8(2.3--6.5) 

ity (16), dobu!amine Tc-99m sestamibi SPECf imaging has a 
good accuracy for the detection of coronary artery disease 
when used in conjunction with perfusion scintigraphic tech­
niques. Pooled data from si" published studies in 380 patients 
(7-12) show a sensitivity of 84% and a specificity of 71% for 
the detection of coronary artery disease. MoreO\'er, a direct 
comparison by Manvick et al. (18) between vasodilator and 
dobutamine for Tc-99m sestamibi myocardial perfusion scin­
tigraphy in 97 patients yielded similar diagnostic accuracies of 
the two stress agents. Thus, dobutamine can be regarded as an 
excellent alternative stress agent in patients unable to perform 
adequate exercise, in particular in those patients with relative 
contraindications for vasodilator stress (mainly patients with 
obstructive ainvay disease) or in patients who have ingested 
caffeine or aminophylline shortly before undergoing myocar­
dial perfusion stress imaging. 

SaCety and Ceasibllity. As shown in other (echocardio­
graphic) studies (19-21), dobutamine-atropine stress is a safe 

Figure 3. Histogram shoVting the annual cycnt mtc for hard events 
(open bars) and aU events (batehed bars) according to extent and 
se\'erity score of fixed perfusion defects. The number of patients in 
each category was 162, 114, 70, 27 and 19, respectively. 
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Mu!tiyariate Analysis of Clinical and Stress Test Data 

Oinical 
Data 

2.7 (1.6-4.5) 

33 (1.9-5.7) 

Model I 

12(1.9-5.6) 

7.9 (33-18.9) 

Model II 

2.9 (1.7-5.1) 

2.5 (1.4-4.4) 
3.1 (1.8-5.4) 

and feasible stress method in patients with chest pain. In this 
study, there were no serious side effects like sustained ventric­
ular tachycardia, ventricular fibrillation, myocardial infarction 
or death. TIle feasibility of the test was also high, as only 30 
patients (8%) had a nondiagnostic test and 322 patients (82%) 
were free of any side effect. 

Prognostic mlue, The present study indicates that'patients 
at greater risk for hard or all cardiac events can be identified 
from a stable chest pain population by virtue of their clinical 
(older age, male gender and history of myocardial infarction, 
revascularization procedures, congestive heart failure or typi­
cal angina) and scintigraphic (abnomml scan results, fixed or 
reversible perfusion defects) profile. 

The single most important independent predictor of subse­
quent events was abnormalities on the perfusion study (any 
abnormality); such an abnormal finding increased the risk for 
subsequent hard cardiac events tenfold and for all events 

Figure 4. Histogram showing the annual n'ent rate for hard events 
(open bars) and all events (halchtd bars) according to the (stress level 
[higMow] corrected) extent and se\'erity score of reversible perfusion 
defects. The number of patients in each category was 100, 100, 109,62 
and 21, respectively. 
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eightfold. A nomlui scan conferred a good prognosis and 
identified 33% of the subgroup that was at a very low risk for 
hard events (annual event rate 0.8%) and low risk for all events 
(annual event rate 2.5%). FurlhemlOre, an ischemic pattern 
provided additional, independent prognostic value. Compared 
with patients without ischemia, these patients had a threefold 
increased risk for both hard and all events. 

Prognostic mloe according to extent and sererity of perfu­
sion defects. This study clearly shows a direct relation between 
the e:\1ent and severity of the perfusion defects and prognosis. 
Sc\'crai other ilwcstigators, using mainly exercise planar or 
SPEer thallium-20t imaging, have described a relation be­
tween the c:\1ent of the perfusion defect and subsequent 
coronal)' events (22-25). In particular, the degree of hypo per­
fusion on SPECf imaging, with its ability to provide much finer 
segmental analysis, avoiding the problem of superimposition 
that occurs with planar imaging, is directly related to the extent 
of the myocardium either already destroyed by a previous 
infarct or ischemic but viable and at risk for necrosis. Although 
the extent of coronal)' artery disease is an important prognostic 
indicator (26), sestamibi SPECf imaging repre-sents the func­
tional significance of the stenoses, a factor which may be 
superior to angiographic data (27). 

Comparison nith other sestamibi studies. In comparable 
patient populations, most published data regarding Tc-99m 
sestamibi in combination with other stre.ss technique-s found 
striking similar results. Stratmann et al. (5) reported the 
prognostic value of exercise Tc-99m sestamibi imaging in 521 
patients, During multivariate analysis, abnomlal scan results 
(OR 11.9, 95% CI 1.6 to 89.4) and reversible defects (OR 2.9, 
95% CI 1.2 to 7.0) were the only independent predictors of 
hard cardiac cvents, Patients with normal scan results had an 
annual event rate 0(0.4%. In another study by Stratmann et al. 
(28), comparable prognostic results were reported for dipyrid­
amole Tc-99m sestamibi imaging in 308 patients. Patients with 
normal scan results had an annual event (unstable angina, 
nonfatal myocardial infarction or cardiac death) rate of 1.7%. 
Several studies focused on the predictive value of normal 
Tc-99m sestamibi imaging for the prediction of hard cardiac 
cvents, Both exercise (29,30) and dipyridamole (31) studies 
found annual event rates <1%. 

Study limitations. Although recurrent angina may be a 
marker of ischemia, the subjective nature of this symptom, as 
well as influence by medication usage and other factors, makes 
this a potential unreliable end point of prognostic testing. 
Furthermore, the decision to perfornl coronal)' arteriography 
and subsequent coronary artery bypass graft surger), is fre+ 
quently influenced by individual physicians' biases and may 
also be affected by the presence of abnormal findings on the 
stress study. Therefore, we excluded patients with early elec­
tive revascularizations and we analyzed the "hard" events 
(nonfatal myocardial infarction and cardiac-related death) 
separately. Because there is limited angiographic information 
available, our study does not permit assessment of the speci­
ficity and sensitivity of dobutamine stress sestamibi perfusion 

CHAPTER 9 

scintigraphy for the detection of significant coronary artery 
disease. 

Increased lung radiotracer uptake, a prognostic marker in 
previous scintigraphic studies (32) was also not available in the 
current Tc-99m sestamibi tomographic investigation. The in­
terpretation of the SPECf images was semiquantitative. This 
type of analysis, however, is still the most frequently used in 
daily clinical practice. Antianginal medications were not rou­
tinely withheld before stress testing; \\'e believe this also 
reflects daily clinical practice. 

Conclusions. In patients unable to exercise adequately, 
with chest pain and suspected or known coronary disease, 
dobutamine-atropine stre-ss Tc-99m sestamibi SPECT perfu­
sion imaging is a safe and feasible stress technique. The test 
provides useful prognostic inforntation, probably comparable 
with exercise or dipyridamole stress Tc-99m sestamibi imaging 
studies. The single most important independent predictor of 
both hard (nonfatal myocardial infarction or cardiac death) 
and all (hard events or revascularization procedures) cardiac 
events is an abnormal perfusion pattern (any abnormality); the 
presence of a reversible perfusion defect provides additional, 
independent prognostic information, Moreover,lhe extent and 
severity of the perfusion defects are major determinants for 
prognosis. 

We thank Joyce Postma·Tjol, nuclear medicine te.:hnician, for im-alnable help in 
maintaining the data base. 
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Prognostic Implications of a Normal 
Dobutamine-Atropine Stress Echocardiogram 

in Patients with Chest Pain 
Marcel L. Ge1eijnse, MD, Abdou Elhcndy, MD, PhD, Ron T. van Domburg, MSc, PhD, 

Jan H. Cornel, MD, PhD, los R. T. C. Roelandt, MD, PhD, and Paolo M. Fioretti, MD, PhD, 
Rotterdam, TIlt Netherlands 

To assess the prognostic significance of a normal dobu­
tamlne-atropine stress echocardiogram in relation to 
the pretest probability of coronary artery disease 
(CAD), 200 consecutive patients (86 mcn and 114 
women, mean [SD] age 59 {I3] years) with a stable 
chest pain syndrome and a normal dobutamine-atro­
pine stress echocardiogram were followed-up for 21 ± 
16 months. Outcome events were cardiac death, non­
fatal myocardi;U infarction, and coronary revasculariza­
tion procedures. Low «10%), intermediate (10% to 
80%), and high (>80%) pretest probabilities of CAD 
were present in 27 (14%), 108 (54%), and 6S (33%) 
patients, respectively. During follow-up, 2 patients 
(annual event rate 0.6%) had cardiac death, none had 
nonfatal myocardial infarction, and 4 patients (annual 
event rate 1.1%) underwent a coronary revasculariza­
tion procedure. All patients with cardiac events had 

D obutamine stress echocardiography is increasingly 
used as a noninvasive diagnostic procedure for the 
evaluation of patients with a stable chest pain syn­
drome. The diagnostic accuracy of this stress modal­
ity for the detection of coronary artery disease (CAD) 
has been examined previously, and the results of this 
test arc believed to reflect the functional significance 
of CAD.l A more far-reaching use of the method, 
however, is in risk stratification. Nonnal stress echo­
cardiograms may identifY a group of patients at low 
risk for future cardiac events, who would be psycho­
logically reassured and in whom no further tests are 
required. Previous studies analyzed only small subsets 
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high pretest probabilities of CAD. Patients with car­
diac death (but unproven significant CAD) had maxi­
mal tests without angina or ischemic electrocardio­
graphic changes. In contrast, all patients with 
subsequent coronary revascularization had dobut­
amine-induced angina or ischemic electrocardiographic 
changes, and all except one study were submaximal. We 
conclude that patients with a stable chest pain syn­
drome and nonnal findings on dobutamine·atropine 
stress cchocardiograms have an excellent cardiac prog­
nosis. However, patients with typic.al angina, high pre­
test probabilities of CAD, and stress-induced angina or 
ischemic electrocardiographic changes} and in particu­
lar those with submaximal stress} still appear to be at 
risk for functionally important CAD despite a nomlal 
dobutamine·atropine stress echocardiogram. (J Am Soc 
Echocardiogr 1998;11:606-11.) 

of patients with normal studies,2.3 included patients 
with resting wall motion abnormalities,4.s and did 
not take into account the pretest likelihood of 
CAD.2.S Therefore, the purpose of the present study 
was to evaluate the prognostic significance of normal 
dobutamine-atropine stress echocardiograms in pa­
tients ,vith stable chest pain, in particular in relation 
to the pretest likelihood of CAD. 

METHODS 

Patient Selection 

We reviewed the results of all patients who underwent 
dobutamine-atropine stress echocardiography for evalua­
tion of stable chest pain between November 1990 and June 
1995. After exclusion of patients screened for preoperative 
risk assessment, reported in a previously published study,6 
those with clinically recognized valvular heart disease, con­
genital heart disease, previous heart transplantation, asyn­
chronous ventricular contraction (left bundle branch block, 
electronically paced ventricles), and recent «3 months) 
angioplasty, 200 patients were identified with normal rest 
and stress echocardiograms. 
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Dobutamlne Stress Echocardlography Test 

A resting c!cctrocardiogrJ.1ll and cdlOcardiogram were 
made, intravenous access WJS secured, and dobutaminc was 
administered imravcnously by all int1.15iol1 pump. Infusion 
rate was 10 I-lg/kg per minute fix 3 minutes, increasing by 
10 p.g/kg per mimitc evcry 3 minutes up to" maximum of 
40 I-lg/kg per minut<:. In patients not .lchicving 85% of 
their theoretical maximal hc,ut r.w: (220 minus age for 
men, 200 minus age forwol1l<.'n) and without symptoms or 
signs of myocardial ischemia, .\tropine W,IS administered in 
addition to the maximal dose of do but amine, starting with 
0.25 mg intravenollsly and rcpeated up to a maximum at' 
1.0 mg within 4 mimitcs with continuation afdobutamine 
infilsian. Throughout dohutamine infusion the electrocar­
diogram (3 leads) was continuously monitored and re­
corded (12 leads) at I-minute intervals. The 1C\'el of ST­
segment shift was calculated, atkr signal averaging, by ;1 
computer-assisted system (Cmjiovit CSG/12; Schiller, 
Baar, Switzerland). Blood pressure W.15. me.1sured and re­
corded by sphygmomanometry or automatic device every 3 
minutes. Reasons for interruption of the test were se\'ere 
and/or extensive new wall motion abnormalities, horizon­
tal or downsloping ST-segment depression >0.2 IllV;lt an 
interval of 80 msec after the J point compared with base­
line, ST-segment elevation >0.1 IllV in patients without 
previous myocardial inl.m.:tion, severe angina, a symptom­
atic reduction in systolic blood pressure >40 mm Hg ti-om 
baseline, hypertension (blood pressure >240/120 mm 
Hg), significant cardiac tachYJ.rrhythmias, and any serious 
side effect regarded as being c;lllsed by doblltamine. Meto­
prolol was available and used to reverse the effects of 
dobutamine if they did not revert spontaneously and 
quickly. 

For purposes of echocardiographic analysis, the left ven­
tricular wall was analyzed according to the standardized 
16-segment model. All patients had a normal dobutamine­
atropine echocardiogram, defined as a study in which each 
segment showed nomlai systolic wall thickening and in­
ward endocardial motion at baseline and a hyperdynamic 
response during stress. 

Pretest Ukellhood of Coronary Disease 

The pretest likelihood of CAD was calculated on the basis 
of age, sex, and chest pain characteristics, by using tables 
published by Diamond and Forrester.7 Patients were con­
sidered to have typical angina if they complained ofsubster­
nal discomfort that was precipitated by physical exertion 
and reiieyed \\ith rest or nitroglycerin within 10 minutes. 
They were considered to have atypical angina if their dis­
comfort was either not substernal, not precipitated by 
exertion, or not reiin'ed by rest or nitroglycerin. If two or 
more of these characteristics were absent, patiellls wcre 
considered to have nonanginal chest pain. Subsequently, 
patients were divided into those \\ith low pretest probabil­
ities of CAD «10%); intermediate pretest probabilities of 
CAD (10% to 80%), and high pretest probabilities of CAD 
(>80%). Arbitrary patients \\ith previolls myocardial infarc­
tion and/or known CAD were col15idered to ha\'e a 100% 

Table 1 HistoricJ.I and dinical data of the 200 study 
patients 

PatknlS 

(n '" 200) % 

Ag.: 59:t 13 
~hkK\ 86 43 
Risk factors 

Dilbcl<'s 15 8 
H),pcrchoksterokmia 38 19 

Ifrpenension 71 36 
Smoking 47 24 

HislOr), 
Myocardial infar(\ion 22 II 
Re\'lscl11Jriz,uion 28 14 

Chest pain t)Ve 
Typical 45 23 
At}l'kal 85 43 
Nonangillll 70 35 

Medication used 
jl-B1ocker 69 35 
Nitrates 46 23 
Calcium antagonists 51 26 

pretest probability of CAD and were included in the latter 
probability group. 

Follow-up 

Follow-up data were obtained until August 1, 1995, by 
outpatient clinic assessment and/or contacting the patient, 
general practitioner, and other hospitals when necessary_ 
Outcome C\'CIllS were cardiac death, nonfatal myocardial 
infarclion, coronary artery bypass surger)', and percutane­
ous transluminal coronar), angiop!asty. Cardiac death was 
defined as a death temporally associated \'lith a known or 
suspected acute myocardial infarction, life-threatening ar­
rhythmia, or pulmonary edema. Unexpected death \\ithout 
an identified noncardiac calise was also considered as car­
diac death. Occurrence of an acute myocardial infarction 
was confirmed by using standard clinical and electrocardio­
graphic criteria and when total creatine kinase enzyme 
levels exceeded t"ice normal. Hard cardiac events were 
defined as cardiac death or myocardial infarction. 

Statistical Analysis 

Values arc expressed as mean value::': SD, unless specified. 
C'..omparisoll of variables was perfonned with the Student ttest 
lor continuous variables and chi square test for discrete yari­
abies. Diffen::nces of p < 0.05 were considered significant. 

RESULTS 

Patient Characteristics 

The historical and clinical data in the stud}' patients 
are shown in Table 1. There were 86 men (43%) and 
114 women (57%); mean (SD) age was 59 (13) years 
(range 21 to 84). Of 40 patients (20%) with known 
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Table 2 Clinical and stress test data of patients with e\'ents 

Pn:t~t %of 

Chest pain probability Maximal Dohutamlne Stress Anglogcaphlc 

SubJect Age, Sex "1'< (%) HK ECG angina E,·cnt, time' dlsea.o;c 

I 79, M At)llical 91 88 Normal 0 CD,4imo 
2 83,M Atypical 93 89 Normal 0 CD, 24 010 

3 69,M Typical 96 741 Nomui + CARG, 2010 3 n;S5d 

4 52, hi Typical 91 561§ Nom1"! + CARG, 2 mn 3 vessel 
5 71, F T}l'ical lOOt lOl h.::hclllic 0 CARG, 23 ma 3 vessel 
6 46, M Typical 1001 60. Ischemic 0 PTCA, 2 mo I vessel 

CARG, Cornnlf)' mery bn'l" gr~fting; CD, carJi., <I<alh; PTCA, p<;:1'-<JlanC(lUs Iflll,iulllinal c<"onJry anginpb.sty; +, rrcs<nt; 0, JbscJlt; -, not done. 
o Months after c.:ho;xard;ngrarhk cv:>hm;on; thilt<>ry of mpxardi1) infarction; tmaimal dose atropine; f<tf<..<.<-indu((J S;I\U< hrady..:udil. 

CAD} 22 (11 %) had histOl)' of myocardial infarction 
and 28 (14%) had history of coronary revascularization 
(12 patients had both myocardial infarction and revas­
cularization). T}1JicaJ angina was present in 45 patients 
(23%), atypical angina in 85 (43%), and nonanginal 
chest pain in 70 (35%). At the time of stress tcsting, 69 
patients (35%) were lIsing l3-blockers, 46 (23%) nitrates, 
and 51 (26%) calcium antagonists. 

Dobutaminc-Atropinc Stress Results 

Atropine was added to dobutamine in 87 patients 
(44%). During stress, heart rate increased from 71 ± 
13 bplll up to 137 ± 15 bpl1l, systolic blood pressure 
from 138 ± 22 mm Hg up to 147 ± 28 mm Hg, and 
double (rate-systolic blood pressure) product from 
9823 ± 2539 up to 20,185 ± 4773 beats . mm 
Hg/min. Target heart rate (85% of maximal) was not 
reached in 21 tests (11%). In these tests, end points 
were maximal dose dobutamine-atropine in 15 (14 of 
these patients were using a l3-blocker, p < 0.0001 
compared with the other patients), angina in 4, symp­
tomatic hypotension in I, and dobutamine-induced 
sinus bradycardia in 1 patient. Typical angina was 
induced in 37 patients (19%) and ischemic electrocar­
diographic changes in 14 patients (7%). Side effects 
were unusual and minor. 

Cllnlcal Outcome 

The mean (SD) follow-up period was 21 (16) months 
(range 1 to 57 months, median 18 months). Fol­
low-up was incomplete in 7 patients because of nOI1-
cardiac death after 2 (cancer), 3 (sepsis), 3 (cancer), 3 
(pneumonia), 5 (cancer), 10 (cancer), and 13 (ileus) 
months o(follow-up, respectively. These patients had 
a 90%, 71%, 71%,100%,67%,32%, and 30% pretest 
likelihood of CAD, respecti,·eiy. Furthermore, fol­
low-up was incomplete in 3 patients because of geo­
graphic relocation after 20, 46, and 47 months, re­
spectively. These patients had a 100%,33%, and 18% 
pretest likelihood of CAD, respective I}'. During the 
follow-up period, 2 patients (1%) ~ad cardiac death 

(unexpected death without an identified noncardiac 
cause), no patient had nontatal myocardial infarction, 
3 patients (1.5%) with unstable angina (necessitating 
hospita.lization) underwent bypass surgery, and 1 pa­
tient (0.5%) with crescendo angina underwent coro­
nary angioplasty (Table 2). Apart from these 4 latter 
patients, 14 additional patients with suspected CAD 
underwent coronary angiography (none of these pa­
tients had unstable angina). EIe\'en patients had nor­
mal coronary arteries, and 3 had single-vessel CAD. 

Cardiac Events and Pretest Likelihood of CAD 

The mean pretest probability of CAD was 55%, in 
Olen it was 65%, and in women 47% (p < 0.001). As 
seen in Figure 1,27 patients (14%) had a low proba­
bility of CAD, 108 (54%) had an intermediate prob­
ability of CAD, and 65 (33%) had a high probability 
of CAD (including40 patients with previous myocar­
dial infarction and/or known CAD). All cardiac 
events occurred in patients with a high (>80%) pre­
test likelihood of CAD. Cardiac death occurred 2 or 
more years after the test in a 79-year-old man with 
atypical angina and a 91% probabilit}' of CAD and in 
an 83-year-old man with atypical angina and a 93% 
probability of CAD (Table 2). Coronary bypass sur­
gery was performed in a 69-year~0Id man with typical 
angina and a 96% probability ofeAD, in a 52-year­
old man with typical angina and a 91% probability of 
CAD, and in a 71-year~old woman with typical an­
gina and a 100% probability of CAD (history of 
myocardial infarction). Coronary angioplasty was 
performed in a 46-year-old mall with typical angina 
and a 100% probability oreAD (history ofmyocar­
dial infarction). The annual event rate for hard car­
diac events was 0.6% for the entire group, 0% for the 
patients with a low or intermediate probability of 
CAD, and 1.8% for patients with a high probability of 
CAD. The annual event rate for all cardiac events was 
1.7% for the entire group, 0% for the patients with a 
low or intermediate probability of CAD, and 5.3% for 
patients with a high probability of CAD. 
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Figure 1 Histogram showing distribution of events according to pretest likelihood of coro­
nary artery disease (CAD) in 200 study patients \\1tl1 chest pain and norma! dobutamine­
atropine stress echocardiogram. CARG, Coronary artery bypass gulting; PTCA, percutaneous 
transluminal coronary angioplasty. 
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Figure 2 Histogram showing the distribution of events according to percentage of maximal 
heart rate rcached during stress in 200 stud), patients with chest pain and normal dohutamine­
atropine stress echocardiogram. CABG, Coronary artery bypass grafting; PTCA, percutaneous 
transluminal coronary angioplasty. 
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Cardiac Events and Stress Test Variables 

As seen in Figure 2, 21 patients (11 %) reached <85% of 
theoretical ma.ximal heart rate, 67 (34%) reached 85% to 
90% of ma.ximal, 45 (23%) reached 90% to 95% of 
ma.ximal, 34 (17%) reached 95% to 100% ofma.ximal, 
and 33 (17%) reached> 100% of ma.ximal. Both pa­
tients who had cardiac death had maximal tests (heart 
rates of88% and 89% of maximal, respcctivel)'), witham 
any sign or symptom of ischemia during stress. In COI1-

trast, all except one patient with unstable or crescendo 
angina and subsequent revascularization procedures 
had submaximal tests (heart rates of74%, 56%, and 60% 
of maximal, respectively), and all had at least one sign or 
symptom of ischemia during stress (angina in two, isch· 
emic electrocardiographic changes in two, and stress· 
induced sinus bradycardia in one).!! All patients with 
submaximal stress and proyen fimctionally important 
CAD were recei\'ing p~blockers during the test. 
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DISCUSSION 

Since its clinical introduction in 1986, dobutaminc 
stress cchocm_liography has been incrc;lsingiy lIsed 
for the (valuation of patients with slispected myocar­
dial ischemia. In a recently published rC\'icw all 28 
published studies, induding a total of2246 patients, 
a mean sensitivit), of 80% (95% confidence interval 
78% to 82%) and specificity of84% (95% confidence 
intcr.':l182% to 86%) were reponed.' The prognostic 
significance of abnormal tests has been reported by 
several allthors.l.~ Howe\,er, little is known about the 
dinical significJ1H:c ofnorm;1i studies in patients with 
a stable chest pain syndrome, in particu!;l( in rclation 
to the pretest probabilities oreAD. 

OUf results indicate that the prognosis of pa­
tients with a stable chest pain syndrome and a 
normal dobutamint>3tropille stress echocardio~ 

gram is excellent. H'lrd cardiac e\'ellts were rare 
(annual cvcnt ratc 0.6%) and did not occur earlier 
than 2 years after the stress test. Although both 
patients with cardiac death Iud high pretest prob­
abilities of CAD, these events could not be pre­
dicted by a history of typic;}1 ;}ngin;}, subm3xim;}1 
stress, or stress-induced angina or ischemic c1ectro~ 
cardiographic changes. Probably, these patients 
died after the development of an occlusive throm­
bus after the rupture of a mild, Ilon:-flow-Iimiting 
coronary plaque, a coronary embolus, coronary 
spasm, or idiopathic ventricular fibrillation. These 
potential fatal mechanisms cannot be excluded by a 
test screening for ischemia.9 Furthermore, progres­
sion of (initial nonfunctional) CAD could have 
played a role. Nevertheless, the observed annual 
hard event rates in the groups of patients with low, 
intermediate, and high pretest probabilities of dis~ 
case (0%, 0%, and 1.8%, respectively) were much 
less than the expected annual event rate of these 
patient groups, which were reported to be approx­
imately < 1 %, 3%, and 6%, respectively. lO Revascu­
larization procedures, performed after the develop­
ment of unstable or crescendo angina, were also 
uncommon (annual event rate 1.1%) and occurred 
exclusively in patients with history of typical an­
gina, high pretest probabilities of CAD, and the 
presence of stress-induced angina or ischemic elec­
trocardiographic changes. Moreover, in all except 
one of these patients, stress was submaximal. Be­
cause in this subset of patients all sllbmaximal 
studies were associated with the concomitant use of 
P-blockers, it should be advised-at least in pa­
tients with unknown or relatively benign coronary 
anatomy-to discontinue these medications several 
days before the test to achieve optimal results. II 

CHAPTER 10 

Comparisons With Other Studies 

The rate of hard cardiac events after normal dobut­
amine stress echocardiography (studies without rest 
and stress wall motion abnormalities) was addressed 
in only two studies. In vel)' small subsets, Mazeika et 
al .. ~ found in 26 high-risk patients an annual event 
ratc of 4% and Afridi et al." found in 40 patients an 
annual cvent rate of 5%. The lower ewnt rate re­
ported by our group can hc cxplained by the addition 
of atropine to dobutamine, a stress combination 
known to increasc thc sensitivity of dobutamine stress 
cchocardiography for the detection ofCAD.il Scveri 
ct al.'" reported for dipyridamole cchocardiograph}' 
an annual event rate of 1.6% for hard cardiac events 
,lIld 2.9% for all cardiac evcnts. In patients with 
normal exercise echocardiographic studies, Ismail ct 
al. H reported an annual event ratc of 1.4% for hard 
cardiac events and 1.8% for all cardiac events. Sawada 
et alY reported an allnual event rate of 0.6% for hard 
cardiac events and 1.7% for all cardiac events. This 
latter group found, in agreement with us, that the 
majority of patients with e\'ents and proven signifi­
cant CAD had submaximal stress tests. The greater 
susceptibility of stress echocardiography to submaxi­
mal tests compared with stress myocardial pern.lsion 
imaging in diagnosing CAD was reported by several 
authors. 16,17 Notwithstanding these observations, 
the predictive value ofnormai stress echocardiograms 
appears to be comparable to that of normal stress 
perfilsion scintigrams. 18,19 

Limitations 

The main limitations of this study are the relatively 
small number of patients (IJ = 200) and the short 
(mean 21 months) follow~up. Additionally, this study 
was retrospective, and oUI:·of-hospital myocardial in· 
farction could be missed. Prospective studies ,,~th 
larger cohorts of patients and extended follow-up arc 
needed to firmly establish the excellent prognostic 
value of a normal dobutamine-atropine stress echo­
cardiogram and to clarify the long-term prognosis. 

Clinical Implications' 

Dobutamine-atropine stress echocardiography is cur­
rently used in an increasing number of laboratories 
around the world. Many of the patients studied with a 
stable chest pain syndrome may have normal echocar­
diograms, and these patients have an excellent cardiac 
prognosis. However, patients with typical angina, high 
pretest probabilities of CAD, and stress-induced angina 
or ischemic electrocardiographic changes, and in partic­
ular those with submaximal stress, still appear to be at 
risk for functionally important CAD despite a normal 
dobutamine-atropine stress echocardiogram. 
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Cardiac Imaging for Risk Stratification With 
Dobutamine-Atropine Stress Testing in 

Patients With Chest Pain 
Echocardiography, Perfusion Scintigraphy, or Both? 
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Jan H. Cornel, MD, PhD; Riccardo Rambaldi, MD; Alessandro Salustri, MD, PhD; 
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Background Phannacoiogicai stress echocardiography and 
myocardial perfusion sdntigrnphy are used frequently for risk 
stratification in patients with suspected myocardial ischemia. 
However, their relative prognostic strength has never been 
explored. 

Methods and Reslilts Two hundred twenty consecutive pa­
tients with chest pain (mean age, 60±12 years; 124 men, 115 
with previous myocardial infarction) were studied \vith dobu­
tamine-atropine stress echocardiography (ECHO) and simul­
taneous *"Tc sestamibi single photon emission computed 
tomography imaging (t..UBI). Ischemia was defined as deteri­
oration in left ventricular wall motion and reversible perfusion 
defects, respectively. ECHO was positive for ischemia in 76 and 
MIBl in 91 patients (agreement, 77%; 1(=.51)_ During fol­
low-up of 3 I::!:: 15 months, 24 patients had hard cardiac events 
(nonfatal myocardial infarction or cardiac death)_ By univariate 
analysis, age, history of congestive heart failure, and any 
abnonnality or ischemia on ECHO or MIBI were associated 

R isk stratification of patients with known or sus­
pected coronary artery disease is an important 
goal of clinical cardiology.( In daily clinical 

practice, several modalities of stress testing are used for 
this purpose, often in conjunction with cardiac imag­
ing.2.w Among imaging modalities, myocardial perfusion 
scintigraphy is currently the most widely used noninva­
sive technique for the functional and prognostic assess­
ment of patients with known or suspected coronary 
artcry disease,7-ll in particular in combination with 
exercise stress. However, since up to 40% of the patients 
referred for noninvasive evaluation of coronary artery 
disease are unable to perfor"m adequate exercise,9 there 
is a consensus that pharmacological stress tests are first 
choice in a substantial number of patients. Echocardi-
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with cardiac events. Multivariate analysis revealed that age, 
abnonnal ECHO (odds ratio [OR], 18.9; 95% CI, 2.5 to 146.0) 
or MlBI (OR, 12.8; 95% CI, 1.7 to 98.3), and ischemia on 
ECHO (OR, 4.0; 95% Cl, 1.6 to 9.9) or MlBI (OR, 3.0; 95% 
Ct, 1.2 to 7.4) had independent predictive values. When ECHO 
was used as a first option, the addition of MIDI to all 
nonischemic ECHO studies decreased the OR from 4.0 (95% 
CI, 1.6 to 9.9) to 3.8 (95% CI, 1.4 to 10.2). Addition of MIBI 
confined to nonischemic ECHO studies in which target heart 
rate was not attained (nondiagnostic studies) increased the OR 
to a ma. ... imaI5.7 (95% CI, 2.2 to 15.0). In contrast, the addition 
of ECHO to nondiagnostic MIBt studies was not useful. 

CondllSiolls Dobutamine-atropine ECHO and MIBI pro­
vide comparable prognostic information. The addition of MIBI 
to ECHO may be useful in patients with nondiagnostic ECHO 
studies. (Circulation, 1997;96:137·147.) 

Key Words , stress , tests , echocardiography , 
radioisotopes , prognosis 

ography is well suited to be combined with pharmaco­
logical stress, (2 and there is a growing body of evidence 
to indicate that pharmacological stress echocardiogra­
phy is as feasible and efficient as perfusion scintigraphy 
for diagnostic purposes,13,I.f However. it is unknown 
which imaging modality should be preferred for risk 
stratification. Therefore, the present study was under­
taken to assess the relative prognostic value of dobuta­
mine-atropine ECHO, MIBI, and their combination in 
220 consecutive patients with chest pain and inability to 
perform adequate exercise. 

Methods 
Study Group 

Over a 3-year period, between November 1990 and October 
1993, 260 consecutive patients with chest pain underwent a 
simultaneous dobutamine-atropine stress ECHO and MIBI 
study. All patients were referred for pharmacological stress 
testing because of inadequate exercise capacity, either proven 
by previous nondiagnostic exercise testing or judged by the 
referring physician. None of these patients had prior heart 
transplantation, congenital or significant valvular heart disease, 
known primary dilated cardiomyopathy, or unstable angina. 
Forty patients were excluded from final analysis: 14 with 
technically inadequate echocardiograms at rest (11) or peak 
stress (3), 2 with poor·quality scintigraphic images, 8 \vith 
multiple tests (in these patients only the first test was consid­
ered), and 16 with early elective coronary rcvascularization 
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Selected Abbre\"iaUons and Acronyms 

CHF = congestive heart faHure 
ECHO = echocardiography 

MI = myocardial infarction 
MInI = '*'Tc seslamibi SPEeT imaging 

OR = odds ratio 
SPECf = single-photon emission computed tomography 

within 60 days after stress testing. None of the latter patients 
sustained MI before coronary revascularization. The mean age 
of the remaining 220 patients was 60± 12 years (range. 23 to 
85); 124 were men (56%). One hundred fifteen patients (52%) 
had a previous MI and 26 patients (12%) had known coronary 
artery disease without MI. Fifly-two patients (24%) had typical 
angina, 117 (53%) had atypical angina, and 51 (23%) had 
nonanginal chest pain. At the time of the study, 156 patients 
(71 %) were receiving antianginal therapy, including P-blockers 
in 92 (42%), either administered alone in 28 (13%) or in 
combination with nitrates and/or calcium channel blockers in 
64 (29%)_ 

Dobutamine-Atropine Stress Test 
After routine preparation, a resting ECG and echocardio­

gram were made, intravenous access was secured, and dobuta­
mine was administered intravenously by an infusion pump. The 
initial infusion rate was IO /-Iglkg per minute for 3 minutes, 
increasing by 10 /-Iglkg per minute every 3 minutes up to a 
maximum of 40 /-Iglkg per minute. In patients not achieving 
85% of their age- and sex-predicted maximal heart rate and 
without symptoms or signs of myocardial ischemia, atropine 
was administered in addition to the maximal dose of dobuta­
mine, starting with 0.25 mg intravenously and repeated up to a 
maximum of 1.0 mg within 4 minutes with continuation of the 
dobutaminc infusion.!S Throughout dobutamine infusion the 
EeG (3 leads) was continuously monitored, and a 12-lead ECG 
was recorded at 1-minute intervals. The level of ST-segment 
shift was calculated, after signal averaging, by a computer­
assisted system (Cardiovit CSG/12; Schiller). Blood pressure 
was measured and recorded by sphygmomanometry or auto­
matic device every 3 minutes. Reasons for interruption of the 
test were horizontal or downsloping ST-segment depression of 
>0.2 mV at an interyal of 80 ms after the I-point compared 
with baseline, ST-segment elevation of >0.1 mV in patients 
wiJhou~ previous r-.n, severe angina, a symptomatic reduction 
in systolic blood pressure >40 mm Hg from baseline, hyper­
tension (blood pressure >240/120 mm Hg), significant cardiac 
tachyarrhythmias, and any serious side effect that was regarded 
to be a result of dobutamine. Metoprolol was available and 
used to reverse the effects of dobutamine if they did not revert 
spontaneously and quickly. 

Echocardiographic and Perrusion 
Scintigraphic Imaging 

Echocardiographic analysis of the left ventricular wall was 
perfonned according to a 16-segment model.16 Both systolic 
wall thickening and inward endocardial motion were visually 
enluated, and each segment was graded on a 5-point scoring 
system (1, nonnal; 2, mild hypokinesis; 3, severe hypokinesis; 4, 
akinesis; and 5, dyskinesis). For perfusion imaging, 370 mBq of 
Mml,was injected intravenously at peak stress while dobuta­
mine infusion was continued for 1 minute. Stress scintigraphic 
images were acquired, on average, I hour after tennination of 
the dobutamine infusion. For resting studies, 370 mBq of MIBI 
was injected at least 24 hours after the stress study. Image 
acquisition was perfomled with a Siemens Gammasonics sin­
gle-head Rota Camera. For each study, 6 short-axis and 3 
sagittal long-axis slices were analyzed. To compare the stress 
and rest studies. each of the 6 short-axis slices was divided into 
8 equal segments. The septal part of the 2 basal slices (4 

FIG 1. Representation of the 16 echocardiographic and Ihe 47 
scintigraphic segments (bull's-eye display from short-axis and 
sagitta! long-axis for apex) that were regrouped to 6 major 
myocardial regions. 

segments) was not evaluated because this region corresponds 
to the fibrous portion of the inten'entricular septum and 
nomlally exhibits reduced uptake. The apical region was a~­
sessed from the 3 sagittal cross sections. A total of 47 segments 
per patient were analyzed_ AI[ tomographic views were re­
viewed in side-by-side pairs (stress and rest) and the myocardial 
uptake of radiotracer was evaluated visually, with the assistance 
of circumferential profile analysis including the normal values, 
also with the use of a 5-point scoring method (I, normal; }. 
minimally reduced uptake; 3, moderately reduced uptake; 4, 
severely reduced uptake; and 5, absence of uptake). 

As depicted in Fig 1, the echocardiographic and scintigraphic 
images were subsequently matched by regrouping the 16 
echocardiographic and the 47 scintigraphic segments in 6 major 
myocardial regions (anterior, anterior septum, posterior sep­
tum, inferoposterior, lateral, and apical)Y A region was clas­
sified as infnrcted in the case of a resting score >2 in one or 
more segments on ECHOlS and >2 in two or more adjacent 
segments on MIBI. A region was c1a\Sified a~ ischemic on 
ECHO in the case of an increase in score between rest and 
stress in one or more segments unless an akinetic segment 
showed no imprO\'ement during low-dose dobutamine and 
became dyskinetic during high-dose dobutamine.19 On MIBI, 
ischemia was defined as a perfusion defect during stress that 
partially or totally resolved at rest in at least two contiguous 
segments or slices_ An ECHO or MlBI study was classified as 
abnormal in the presence of either infarction or ischemia. All 
studies were reviewed by two experienced observers (AS. and 
R.R. for ECHO; J.H.C. and AR. for MIBI) unaware of all 
other stress test results. In cases of disagreement, a third 
reviewer (r.M.F.) decided on the grading of each study. 
Pattern (normal, ischemia alone, infarction alone, or both 
infarction and ischemia [mi>:cdJ) inlerobsen'er agreement, as 
assessed in 200 patients, was 89% for ECHO and 92% for 
MlBI. lnterobserver agree£vent on ischemia was 92% for 
ECHO and 95% for r-.fJBI. 

Follow-up 
Follow-up data were obtained over a 3I±I5-month period 

(range, 12to 48 months) by outpatient clinic assessment, review 
of case notes, and contact with the patient, general practitioner, 
or other hospitals when necessary. Outcome events were 
cardiac death, nonfatal r-,n, and revascularization (coronary 
bypass surgeI')' or percutaneous transluminal coronary angio­
plasty). Car;,:\iae death wa~ defined a~ a death temporally 
associated with a known or suspected acute MI, life-threaten­
ing arrhythmia, or pulmonal')' edema. Unexpected death with­
out an identified noncardiac cause also was considered to be 
cardiac death_ Occurrence of an acute MI was confirmed with 
the use of standard clinical and RCG criteria and when total 
creatine kinase enzyme levels exceeded twice the normal 
values. Hard cardiac events (cardiac death and nonfatal MI) 
and all cardiac events (hard events or revascularization) were 
separately analyzed as end point~. Patients with rev3sculariza-
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tion procedures were censored at the time of intervention. so 
only the fiflit event in each patient was considered. 

Statistical Analysis 
Values We[e expressed as mcan±SD unless specified. Com­

parison of patients with and without cardiac events was per+ 
formed with the Student's ( test for continuous variables and Xl 
test for discrete variables. Differences of P<.05 wefe consid­
ered significant. Variables correlated with cardiac events at a 
significance level of P<.10 by univariate analysis and selected 
variables with P=.10 to .20 were further analyzed with the use 
of stepwise logistic regression. DRs and 95% CIs were calcu­
lated for variables used in the multivariate model. Kaplan­
Meier life table estimates of infarction-free survival (survival 
without cardiac death or nonfat3.1 MI) and event-free survival 
(survival without cardiac death, nonfatal MI, or revasculariza­
lions) were used to summarize the follow-up results. Compar­
ison of life tables was performed with the use of the log-rank 
test. 

Results 
Dobutamine-Atropine Stress Test 
Hemodynamic Results, End Pobtts, and Side Effects 

The maximal dobutamine dose used was 10 ,uglkg per 
minute in 1 patient, 20 ,uglkg per minute in 4 patients, 30 
,ug/kg per minute in 30 patients,' and 40 ,ug/kg per minute 
in 185 patients. Atropine was added in 83 patients (38%) 
and was more often used in patients on J3-blockers (58 of 
92 on versus 25 of 128 off J3-blockers, P<.OOOl). Heart 
rate increased by 63±15 bpm up to 134±17 bpm at peak 
stress, systolic blood pressure by 13±27 mm Hg up to 
15I±31 mOl Hg, and the double product (heart rate 
times systolic blood pressure) by 10382±3809 up to 
20 108±4825 beatsXDlm Hg per minute. 

Target heart rate (85% of maximum for age and sex) was 
not reached in 46 tests (21%) either after maximal-dose 
dobutamine-atropine had been given in 18 patients (8%) 
or premature stopping of the test in 28 patients (13%). The 
test was prematurely stopped because of angina in 19 
patients, ST-segOlent changes in 2, hypertension in 1, 
symptomatic hypotension in 4, nonsustaincd ventricular 
tachycardia in 1, and anxiety in L Most patients not 
reaching their target heart rate despite maximal-dose do­
butamine-atropine were on J3-blockers (15 of 18 on versus 
3 of 18 off ,B-blockers, P<.OOl). Side effects usually were 
minor, and significant tachyarrhythmias (paroxysmal su­
praventricular or nonsustained ventricular) were encoun­
tercd during dobutamine infusion or recovery in 14 pa­
tients (6%). 

Distribution of Imaging Paltems 
As shown in Fig 2, the distributions of ECHO and 

MlBI patterns were, respectively, normal in 86 (39%) 
and 70 (32%), infarction alone in 58 (26%) and 59 
(27%), ischemia alone in 31 (14%) and 32 (15%), and 
both ischemia and infarction in 45 (20%) and 59 (27%). 
Therefore, abnormal patterns were present in 134 (61 %) 
and 150 (68%) patients, infarction patterns in 103 (47%) 
and 118 (54%), and ischemic patterns in 76 (35%) and 
91 (41%), respectively_ Pattern agreement (normal, is­
chemia alone, infarction alone, and mixcd patterns) 
between ECHO and MIBI was 66% (K=.53). The 
agreement for ischemia was 77% (1<=.51). 

CHAPTER 11 

ECHO 
normal Ischemia InlarcUol1 ml~ed 

FIG 2. Distribution of the different Imaging patterns for ECHO 
and MIBI. Patterns were divided Into norma!, Infarction alone, 
Ischemia alone, and both Infarction and Ischemia (mixed). Pat­
tern agreement was 66% (K=.53). The agreement for ischemia 
was 77% (K=.51). 

Clinical Outcome 
Twelve patients (5%) had "incomplete" follow-up, 7 

because of noncardiac death (cancer in 3, pneumonia in 
2, AIDS in 1, and myelodysplasia ill 1) and 5 because of 
geographic relocation. During follow-up, 11 patients had 
a nonfatal MI and 13 died as the result of a cardiac 
event. Thirty patients underwent a late or nonelective 
revascularization procedure. In total, 24 patients had a 
"hard" cardiac event (cardiac death or nonfatal MI) and 
54 patients had "any" cardiac event (cardiac death, 
nonfatal MI, or revascularization). 

Prediction of Events From Clinical and Stress 
Test Results 
U"ivariate Analysis 

The clinical and the stress test variables in patients 
with and without hard cardiac events are summarized in 
Tables 1 and 3. Clinical variables associated with hard 
cardiac events were age and history of CHF_ Of the 
stress test variables, peak systol ic blood pressure and 
double product were lower in patients with subsequent 
events. However, peak heart rate, angina, or ST-segment 
changes during the test were not associated with in­
creased rate of hard cardiac events. Imaging patterns 
associated with hard cardiac events were the presence of 
any abnormality on ECHO or MIBI, infarction on MIBI, 
and ischemia on ECHO or MIBI. Associated with all 
cardiac events were the clinical variables of male sex, a 

TABLE 1. Clinical Characteristics of the Study Patients 
With and Without Hard Events 

No CardIac CardIac 
Event Event 

(n"'196) % (n""24) % P 

Age>70y 31 16 8 33 .0343 

Male sex 106 54 18 75 .0517 

Risk factors 

Diabetes 21 11 , 17 .3869 

Hypercholesterolemia 42 21 , 17 .5890 
HypertensIon 84 43 9 38 .6169 

Smoking 50 26 8 33 .4127 

History 

MI 99 51 16 67 .1356 

CHF 3' 17 9 38 .0190 

RevascularizaUon 55 28 9 38 .3377 

Typical angina 48 24 , 17 .3956 
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TABLE 2. Clinical Characteristics of the Study Patients 
With and Without Any Event 

No Cardiae Cardiac 
Event Event 

(n:=166) % (0"'54) % P 

Age >70 y 26 16 13 24 .1607 
Male sex 87 52 37 6' .0386 
Risk faclOfS 

Diabetes I' 11 6 11 .9465 
HypercholestefOiemia 37 22 , 17 .3786 
Hypertension 70 42 23 43 .9564 
Smoking 45 27 13 24 .6610 

HistO!)' 

MI 77 46 " 70 .0022 
CHF 29 17 14 26 .1744 
Ravasculaiization 39 23 25 46 .0014 
TypJcal angina 30 18 22 41 .0007 

history of typical angina, MI, or revascularization, and 
all abnormal imaging patterns on ECHO or MlBI 
(Tables 2 and 4). 

Ili/arction-Free Sllrvb:al Curves 
The infarction·free survival curves in patients with the 

different ECHO and MillI patterns are depicted in Fig 
3A and 3B. A normal study was associated with a 
favorable prognosis over the follow-up period, with a 
negligible annual cardiac event rate of 0.4% by ECHO 
and 0.5% by MIBI. In contrast, patients with infarction 
alone, ischemia alone, and mixed patterns had signifi­
cantly increased cardiac event rates of, for ECHO versus 
MIBI, respectively, 7.2% (P<.0005) versus 6.4% 
(1'<.005), 10.8% (1'<.0001) v«sus 6.1% (1'<.005), and 
7.2% (P<.OOO5) versus 7.5% (P<.005). For event-free 
survival (Fig 4A and 4B), annual event rates were, for 
the different patterns on ECHO versus MIDI, respec-

tively. 1.8% versus 1.8%, 14.3% (P<.OOOI) versus 11.3% 
(1'<.005), 10.8% (1'<.0001) vcrsus 13.3% (1'<.0005), 
and 26.7% (P<.OOOl) versus 18.6% (P<.OOOl). 

Allllual Hard E)'ellt Rates Accordillg to E:t1ellt 
of Abllormalities 

As seen in Fig SA, patients with normal segments only 
had annual event rates of 0.4% (n=86) for ECHO and 
0.5% (n=70) for MIDI. For patients with one or two and 
more than nvo abnormal segments, annual event rates 
were, for ECHO and MIBI, respectively, 4.9% (n=74) 
versus 5.7% (n=98) and 13.6% (n=60) versus 9.6% 
(n=52). As seen in Fig 5B, patients without infarcted 
segments had annual event rates of 2.6% (11=117) for 
ECHO and 2.0% (n= 102) for MIBI. For patients with 
one and more than one infarcted segment, annual event 
rates were, for ECHO and MIBI, respectively, 2.5% 
(n=35) versus 5.6% (n=56) and 10.4% (n=68) versus 
8.9% (n=62). As seen in Fig 5C, patients without 
ischemic segments had annual event rates of 2.3% 
(n=144) for ECHO and 2.6% (n=129) for MIDI. For 
patients with one and more than one ischemic segment, 
annual event rates were, for ECHO and MIBI, respec­
tively, 6.0% (n=35) versus 5.6% (n=51) and 12.3% 
(n=41) versus 9.3% (0=40). 

Allllual E)'em Rates Accordillg to Comhilla/ioll oj 
ECHO alld MIBI Results 

As seen in Fig 6A, patients ,vith both a negative 
ECHO study and a negative MIBI study had annual 
hard event rates of 0% (n=60) if any abnormality was 
considered and 2.0% (n=lU) if ischemia was consid­
ered. For patienls with a negative ECHO study and a 
positive MIBI study. these numbers were 1.3% (n = 10) and 
3.7% (n=18); for patients with a positive ECHO study and 
a negative MIDI study, these numbers were 3.0% (11=26) 

TABLE 3. stress Test Results in the Study Patients With and Without 
Hard Events 

No Cardiac 
Event 

(n=196) 

R~t 

Heart rale 70±14 
Systoftc blood 137±22 
pressure 
DiastOlic blood Bl±l1 
pressure 

Double product 9708±2849 
Peak stress 

Heart rate 134±17 
Systofic btood 152±32 
pressure 
Diastollc blood 77:<::13 
pressure 
Double product 20369±4905 
Angina during stress 4S 
ST changes 30 

ECHO pattern 

Abnormal 111 
Infarction 88 
Ischemia 61 

MISI pattern 

Abnormal 127 
Infarction 100 
Ischemia 76 

% 

23 
15 

57 
4S 
31 

65 
51 
39 

Cardiac 
Event 
(n=24) 

72±15 
138.:!:24 

74.:!:12 

9B54:!:2322 

132±17 
137±27 

72±15 

17972±3515 
7 
4 

23 
15 
IS 

23 
18 
15 

% 

29 
17 

96 
63 
63 

96 

75 
63 

p 

.5856 

.8812 

.0028 

.8117 

.6058 

.0261 

.0918 

.0213 

.5003 

.8621 

.0002 

.1036 

.0023 

.0021 

.0265 

.0263 
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TABLE 4. Stress Test Results in the Study Patients With and Without 
Any Event 

No Cardiac 
Event 

(0=166) 

Rest 

Heart rata 70±14 
Systolic blood 137±22 
pressure 

Diastolic blood 8t±11 
pressure 

Double product 9849:':2844 
Peak stress 

Heart rate 135±16 

Systolic blood IS1±30 
pressure 
DiastoITc blood 77±13 
pressure 

Double product 20382±4942 
Angina during stress 35 
ST changes 20 

ECHO pattern 
Abnormal 85 
Infarction 67 
Ischemia 43 

MIB) patlern 

Abnormal 100 
Infarction 79 
Ischemia 55 

and 8.2% (n=33); and for patients with both a positive 
ECHO study and a positive and MIBI study, these num­
bers were 9.2% (0= 124) and 9.9% (n=58), respectively. 
Similarly, for all cardiac events, the respective numbers 
\vere 0.5% and 4.5%, 5.5% and 10.9%, 16.5% and 14.3%, 
and 23.4% and 31.8% (Fig 6B). 

Mllftimriate AJ/alysis: Additioll of ECHO or MIBI to 
Cli1lical Data 

Table 5 summarizes the results of univariate and 
multivariate (stepwise logistic regression) analyses of 
clinical data and stress tcst imaging results as predictors 
of subsequent cardiac events. The results of the addition 
of ECHO or MIBI to clinical data were analyzed 
separately (clinical data + ECHO and clinical data + 
MIBI). FurthemlOre, each analysis was performed twice; 
in the first model (Table 5, model J) the only imaging 
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pattern variable entered was the presence of an abnor­
mal pattern (any abnormality), and in the second model 
(Table 5, model II) the presence of an ischemic or 
infarcted pattern was separately included. As shown in 
Table 5, age and an abnormal pattern on ECHO (OR, 
18.9; 95% CI, 2.5 to 146.0) 0< MIBI (OR, 12.8; 95% CI, 
1.7 to 98.3) in model I and an ischemic pattern on 
ECHO (OR, 4.0; 95% CI, 1.6 to 9.9) 0< MIBI (OR, 3.0; 
95% CI, 1.2 to 7.4) in model II were independent 
predictors of subsequent hard cardiac events. Infarcted 
patterns on ECHO or MIBI were not independent 
predictors for hard cardiac events. However, when the 
presence of an infarcted pattern in 3 or more segments 
was forced into multivariate model II, independent 
predictors were age, an infarcted pattern on ECHO 
(OR, 6.2; 95% CI, 2.3 to 16.7) 0< MIBI (OR, 3.9; 95% 
CI, 1.4 to 10.7), and an ischemic pattern on ECHO (OR, 
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FIG 3. A, Kaplan-Meier infarction-free survival curves for patients with norma! Qine of heavy, long dashes), infarcllon alone (solid, heavy 
line), ischemia alone (line of short, heavy dashes), and mixed (line of light, vertical dashes) ECHO studies. The numbers of patients 
avaHable for follow-up at 0, 1, 2, and 3 years were, respectively, 86, 83, 76, and 53; 58, 50, 21, and 11; 31, 25, 20, and 11; and 45, 39, 
26, and 13. Probabitity vallOes compared with the normal patients were, respectively, <.0005, <.0001, and <.0005. B, Kaplan-MeIer 
infarction-free survival curves for patients with normal, Infarction alone, ischemia alone, and mixed MIBI studies. The numbers of 
patients available for follow-up at 0, 1, 2, and 3 years were, respectively, 70,68,61, and 39; 59, 49, 28, and 14; 32, 29, 22, and 14; and 
59,51,32, and 19. Probability values compared with the normal patients were <.005 for all. 
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FlO 4. A, Kaplan-Meier event-free survival curves for patients with normal Oine of long. heavy dashes), infarction alone (line of light, 
vertical dashes). Ischemia alone (solid, heavy Hne), and mixed Dine of short, heavy dashes) ECHO studies. The numbers of patients 
available for follow-up at 0, 1,2, and 3 years were, respectively, 86, 80, 72, and 51; 58, 43,18, and 9; 31, 20, 16, and 8; and 45, 30, 
19, and 9. Probability values compared with normal patients were <.0001 for all. S, Kaplan·Melerevenl-free survival curves for patients 
with normal, infarction alone, Ischemia alone, and mixed MISI studies. The numbers of patients available for follow-up at 0, 1, 2, and 
3 years were, respectively, 70, 65, 59, and 38; 59, 45, 25, and 12; 32, 24,18, and 12; and 59, 39, 23, and 13. Probability values compared 
with the normal patients were, respectively, <.0005, <.005, and <.0001. 

4.8; 95% CI, 1.8 to 12.5) or MIBI (OR, 3.1; 95% CI, 1.2 
to 7.8). For all cardiac events (Table 6), age, typical 
angina, a history of MI or revascularization, and an 
abnormal pattern on ECHO (OR, 8.9; 95% CI, 3.3 to 
23.8) or MIBI (OR, 8.8; 95% CI, 2.9 to 26.6) in model I 
and an ischemic pattern on ECHO (OR, 4.0; 95% CI, 2.0 
to 7.9) or MIBI (OR, 3.9; 95% CI, 1.9 to 7.8) in model 
II were independent predictors of events. 

Mlllti.'ariate rUlalysis: Differellt Additiolls of MIBI to 
Clil/ical atld ECHO Data 

Since MIBI is thought to be slightly mOre sensitive 
(but less specific) for the detection of ischemia20,.21 and 
more informative in submaximal stress:i:2 than ECHO, 
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we tried to assess if, to what extent, and in which patients 
MIBI could provide additional prognostic information in 
addition to ECHO. In this multivariate regression anal~ 
ysis, MIBI was added to nonischemic ECHO studies 
according to four different strategies (Table 7). In each 
strategy, a patient was considered to be at risk for future 
events when either one of the rn'o techniques revealed 
ischemia. 

In the first strategy (A), all 220 patients underwent 
only an ECHO study. On the basis of an ischemic 
response, 76 patients were considered to be at risk, and 
15 of them had a hard cardiac event. TIle predictive OR 
for cardiac events was 4.0 (95% CI, 1.6 to 9.9) (as 
reported in Table 5, model II). 
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FIG 6. Annual hard event rates according to the number of 
abnormal (Al, Infarcted (B), and Ischemic (C) segments for ECHO 
(open bars) and MISI (dashed bars) . 
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FIG 6. Annual hard event rate (Al and all events rate (B) according to the different combinations of ECHO and MIS! outcomes. Positive 
indicates abnormal (open bars) or ischemic (dashed bars); negative Indicates normal (open bars) or nonischemic (dashed bars). 

In the second strategy (B), MIBI was added to all 
patients without ischemia on ECHO. This strategy re­
quired 144 MIBJ scans, and, by dcfmition, yielded a 
higher number of patients at risk compared with strategy 
A (109 versus 76 patients). Eighteen of the patients at 
risk had a hard cardiac event. Because of a decrease in 
specificity, the OR of an ischemic response for the 
prediction of events was lower'compared with ECHO 
used alone (3.8; 95% CI, 1.4 to 10.2). 

In the third strategy (C), MIDI was added to ECHO 
only in patients with a nondiagnostic ECHO study (a 
submaximal test, without ischemia on ECHO). This 
strategy required 28 MIDI studies; myocardial ischemia 
was detected in 85 patients, and a hard cardiac event 
occurred in 17 of them. This strategy resulted in an OR 
of 5.3 (95% cr, 2.0 to 14.0). 

In the last strategy (D), the addition of MIBI was 
limited to the 12 patients with a nondiagnostic study in 

which the ECHO test was interrupted prematurely be­
cause of other potential signs or symptoms of ischemia 
such as angina, ST-segment changes, or ventricular 
tachyarrhythntias but without ischemia on ECHO (stud­
ies in which the probability of a false-negative ECHO 
study is highest). By this strategy, 81 patients at risk 
could be identified; 17 had a hard cardiac event, and, 
with the use of the least additional MIDI studies, the OR 
was improved to 5.7 (95% CI, 2.2 to 15.0). By consider­
ing all patients in this last strategy to be at risk without 
addition of any MIDI study, 88 patients were classified to 
be at risk, 17 had a hard cardiac event, and the OR was 
5.1 (95% el, 2.0 to 13.5). In a similar fashion, for the 
prediction of any event, the addition of MIDI was also 
most useful in strategy D (Table 7, bottom), A similar 
analysis with reversed strategies (addition of ECHO to 
MIDI) is presented in Table 8, TIle results of this 
analys.is show that the addition of ECHO to nondiag-

TABLE 5, Association by Univariate and Multivariate Analyses of Clinical and 
Stress Test Variables With Late Hard Cardiac Events 

Clinical data 
Age >70 y 
Male sex 
History of M[ 
History of 
revascu!arization 
History of CHF 
Typical angina 

Stress test data 
Angina 
ST·segment changes 

ECHO 
Abnormal 
Infarction 
Ischemia 

MIS! 
Abnormal 
Infarction 
Ischemia 

Univariate 
Aoalys!s 

2.6 (1.0-6.8) 
2.5 (1.0-6.7) 
2.0 (0.8·4.8)' 

1.5 (O.6-3.?)' 
2.9 (1.2-7.1) 
0.6 (0.2~ 1.9)' 

1.4 (0.5-3.5)' 
1.1 (0.4-3.S)' 

Mu[tivariate Analysis of Clinical Data and Imaging Patterns 

Modell Modell! 

ClinIcal CHnlcal Clinical CUnlca[ Data 
Data + ECHO Dala + M[SI Data + ECHO + MISI 

3.1 (1.1.8.3) 2.8(1.1-7.3) 3.0 (1.1-B.l) 3.1 (1.2-8.3) 

2.4 (1.0·5.6) 

17.6 (2.3-133.1) 18.9 (2.5-146.0) 
2.0 (0.9-4.9)' 

3.7 (1.5·8.9) 

12.5 (1.7-94.6) 
2.9(1.1~7.6) 

2.6(1.1·6.3) 

12.8(1.7-98.3) 

DRs are shown with 95% CIs in parentheses. [n modell, pattern variable inc[tided "abnormal." [n model 
II, pattern variabies included were "infarction" and "ischemia"; "abnormal" was excluded. 

'Probability value not sfgniflcant. 
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TABLE 6. Association by Univariate and Multivariate Analyses of Clinical and 
Stress Test Variables With Any Late Cardiac Event 

MuHivariale Analysis of Clinical Data and ImagIng Patterns 

Modell Model II 

UnIvariate CHnlcai Clinical Clinical Cnnlcal 
Analysis Dala + ECHO Data + MIBI Data + ECHO Data + MIBI 

Clinical data 

Age >70 y 1.7 (0.8-3.6)' 2.3 (1.0.-5.4) 2.4 (1.D-S.6) 

Mala sex 2.0 (1.0-3.S) 

History of Ml 2.7 (1.4-5.3) 2.8 (1.3-5.7) 3.0 (1.4-6.2) 

Hislo!)' of 
revascularization 2.8 (1.5-5.3) 2.1 (1.0-4.3) 

History of CHF 1.6 (0.8-3.4)" 
Typical angina 3.1 (1.6-6.1) 2.9 (1.4-5.9) 3.2 (1.5-7.0) 3.0 (1.4-6.3) 3.0 {IA-6.3} 

Stress tesl data 
Angina 1.7 (0.9-3.4)" 

ST-segment changes 2.6 (1.2-5.5) 

ECHO 
Abnormal 9.3 (3.5-24.6) 8.9 (3.3-23.8) 

Infarction 3.0 (1.6-5,6) 
Ischem!a 4,5 (2.4-8.6) 

MIBI 

Abnormal 8.3 (2.8-23.9) 

Infarction 2.9 (1.5-5.6) 

Ischemia 4.0 (2.1-7.n 

See Table Slegend. 

nostic MlBI did not add to the information provided by 
MIBI alone. 

Discussion 
In daily clinical practice, stress-induced transient per­

fusion defects and wall motion abnormalities are used as 
myocardial ischemia markers.7-u However, their relative 
prognostic information in a hetcrogeneous population, 
such as that rcferred to a busy cardiac strcss imaging 
laboratory, is unknown. Therefore, we initiated this 
study to make a head-to· head comparison between the 
prognostic value of these different ischemic markers 
from high-dose dobutamine-atropine stress testing in 
220 patients unable to perform an adequate exercise 
test. The main findings of our study are (1) an ischemic 
pattern on dobutamine-atropine stress ECHO or MIBI 
provides comparable, independent prognostic informa­
tion in addition to clinical data, (2) an increased number 
of ischemic segments is directly related to a worse 
prognosis for both ECHO and MIBI, and (3) if ECHO 
is selected as the imaging modality of first choice, the 
addition of MIBI to clinical and ECHO data can be 
useful but should be limited to the minority of patients 
with a nondiagnostic ECHO study, whereas the reverse 
addition of ECHO to MIBI seems less useful, certainly 
from a cost-effective point of view. 

Stress Test Technique 
In the present study, high-dose dobutamine-atropine 

was used as the stressing agent. High-dose dobutamine, 
up to 40 /lglkg per minute, eventually in combination 
with atropine, has been used widely for the diagnosis of 
coronal)' artery disease in conjunction with cchocardi­
ography and, although less frequently, also with perfu­
sion scintigraphy.1l·o.14.2o Dobutamine is a predominant 
,BI-agonist that causes an increase of myocardial oxygen 
demand mainly resulting from increased contractility 

4.0(2.0-7.9) 

8.8 (2.9-26.6) 

3.9 (1.9-7.8) 

and heart rate, providing hemodynamic changes par­
tially similar to exercise.23 In the case of significant 
coronary stenoses, dobutamine induces a maldistribu­
tion of flow and eventually a worsening of regional wall 
thickening that can be detected by perfusion -SPEer 
imaging and echocardiography, respectively. In echocar­
diographic studies, the addition of atropine to dobuta­
mine has been shown to improve its diagnostic accuracy, 
especially in patients receiving ,B-blockers. 15,24 

As shown in other studies,2S-21 dobutamine-atropine 
stress is a safe and feasible stress method. Consistently, 
in the present series there were 110 major side effects 
such as sustained ventricular tachycardia, ventricular 
fibrillation, MI, or death. The feasibility of the test was 
also high, since in only 18 tests (7%) the maximal dose of 
dobutamine-atropine was insufficient to attain 85% of 
predicted ma"<imal heart rate and there were only a few 
nonischemia-rclated,limiting side effects. Apart from 14 
patients (5%) wilh inadequate acoustic echocardio­
graphic windows for the assessment of all ventricular 
regions and 2 patients (1%) with scintigraphic images 
that could not be interpreted completely, only 28 of all 
ECHO studies (13%) and 23 of all MIBI studies (10%) 
were nondiagnostic. 

Image Pattern Distribution 
Ischemic segments were relatively more common on 

MIDI than on ECHO. Of note, ischemia was especially 
more frequently detected in patients with infarct pat­
terns. These findings are not surprising, since it is known 
that according to the "ischemic cascade" theory,28 per­
fusion abnormalities are expected to -precede the devel­
opment of true ischemia, eventually resulting in ,vall 
motion abnormalities. Furthermore, in segments with 
resting myocardial dysfunction, the detcction of ische­
mia on ECHO can be problematic.29 Abnormal echocar­
diographic images in the presence of normal perfusion 
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TABLE 7. Predictive Value of an Ischemic Response for Future Hard Events 
and All Cardiac Events According to Different Additions of MISI to the 
220 ECHO Studies 

No. of Hard Events All Events 
Diagnostic MIBI StudIes No. of Patrents Correctly Correctly 
Strategy Added to ECHO at RIsk Predicted OR (95% GIl Predlcled OR (95% GIl 

A 0 76/220 15/24 4.0 (1.6~9.9) 33/54 4.0 (2.0-7.9) 

B 144 1091220 18/24 3.8(1.4-10.2) 41/54 3.9 (1,9·7.9) 

C 28 85/220 17124 5.3 (2.0-14.0) 37/54 4.6 (2.2-9.4) 

D 12 811220 17/24 5.7 (2.2-15.0) 36/54 4.6 (2.3-9.3) 

In an strategIes, ECHO was performed in all 220 patients. Stral~y A was confined to ECHO used alone. 
In the other strategies, MISI was added to nonischemlc ECHO is), nondiagnostic ECHO (C). and 
nondiagnosUc ECHO studies interrupted because of angina, ST-segmenl deviation, or ventricular 
lachyarrhythmla (D). A patient was considered at risk when either of the Imaging techniques revealed 
Ischemia. 

images are hard to explain according to a pathophysio­
logical mechanism. In these 10 patients, 2 had a moder­
ately dilated left ventricle with diffuse hypokinesis but 
"normal" perfusion, possibly the result of cardiomyop­
athy. Unfortunately, coronary angiography was not 
available in these patients. The other 8 patients all had 
their echocardiographic wall motion abnormalities in 
basal inferoposterior segments, although in most pa­
tients the mid part of the wall was also involved. These 
regions of the myocardium are known for their tendency 
to cause false-positive results.3D 

Prognostic Value 
This is the first study conducted as a head-to-head 

comparison of the prognostic information of stress echo­
cardiography and perfusion scintigraphy in patients with 
known or suspected coronary artery disease and sus­
pected myocardial ischemia. Univariate and multivariate 
analyses, in which clinical and stress test variables were 
incorporated, confirmed the prognostic value of well­
known parameters such as age, a history of CHP, and 
any abnormality detected by stress ECHO and MIBI,9,1O 
Dobutamine-atropine stress-induced myocardial ische­
mia (whether detected by ECHO or MIDI) also carried 
independent prognostic information in addition to clin­
ical data. This was not as strong as that of any perfusion 
or wall motion abnormalities, including fixed defects 
corresponding to myocardial scarring. However, the 
additional prognostic value of stress-induced ischemia is 
clinically relevant for its potential to be relieved by 
medical treatment or revascularization procedures. 

Several reports on comparable populations have heen 
published on the individual prognostic value of stress 
echocardiography and myocardial perfusion scintigra­
phy.4,1,IO Although different stress modalities were used, 
these studies reported similar figures in terms of fol­
low-up results and predictive value of the tests. There-

fore, our findings on the prognostic value of dobuta­
mine-atropine ECHO and MIBI are not very surprising. 
However, this study is unique in the assessment of the 
relative prognostic value of stress echocardiography and 
myocardial perfusion scintigraphy applied simulta­
neously in the same population, 

Because both imaging modalities seem to have similar 
prognostic values, the choice should be made on the 
basis of cost aspects, availability, and (most importantly) 
local experience and skill. Dobutamine-atropine perfu­
sion scintigraphy also could be considered a useful 
alternative in patients with a poor acoustic window and 
additive to echocardiography in patients with nondiag­
nostie cchocardiographic studies (strategies C and D, 
Table 7), especially in patients with contraindications for 
vasodilator stress. Theoretically, MlBI could be injected 
in these patients during the same stress tesl, conditional 
to on-line interpretation of the echocardiographie im­
ages and availability of the radiotracer and the gamma 
camera. This strategy seems reasonable and financially 
convenient in a laboratory with well·balanced experi­
ence in stress echocardiography and myocardial perfu­
sion imaging. Addition of stress echocardiography to 
perfusion scintigraphy, however, provided little 10 no 
additional information and requires two separate tests 
because ischemia at MIDI can only be assessed off-line. 
Therefore, such a strategy does not seem cost-effective, 

Limitations of the Study 
Both animaPI and clinical studies21 have suggested 

that dobutamine is an appropriate stress agent to dem­
onstrate abnormal wall motion caused by ischemia. 
However, vasodilators (adenosine or dipyridamole) 
might be more suitable to create blood flow heteroge­
neity detected by perfusion scintigraphy_ Indeed, in the 
same animal modePI dipyridamole caused the most 
blood flow heterogeneity, making it particularly suited 

TABLE 8. Predictive Value of an Ischemic Response for Future Hard Events 
and All Cardiac Events According to Different Additions of ECHO to the 
220 MIBI Studies 

No.ol Hard Events All Events 
Dla9nostic ECHO Studies No. of Patients Correctly Correctly 
Strategy Added to MIBI at RIsk Predicted OR (95% CI) Predicted OR 195% CO 

A 0 911220 15/24 3.0 (1.2-7.4) 36/54 3.9(1.9-7.8) 
B 129 1091220 18124 3.8 (1.4-10.2) 41/54 3.9 (1.9~7.9) 

C 23 96/220 15/24 2.3 (0.9-5.8) 37154 3.7 {1.8-7.5} 

D 8 941220 15/24 2.4 (1.0-6.0) 37/54 3.9 (1.9-7.9) 

See Table 7 legend for explanation of strategies. ECHO and MISI strategies are reversed in this labia. 
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for myocardial perfusion studies. Published clinical data, 
however, conflict concerning the superiority ofvasodiIa­
tors to dobulamine for perfusion scintigraphy. Kumar et 
aln found thai dipyridamole thallium scintigraphy COf­

related better with coronary score. However, these re­
sults were based on a small group of patients and the 
dobutamine dose used was very low (20 J.1.gIkg per 
minute). Marwick et al 13 found in a larger series of 97 
patients-using high-dose dobutamine-that the accu­
racy of dobutamine MIBI was comparable with adeno­
sine MIBI (accuracies of 77% and 80%, respectively). 
Recently. these findings were confirmed by olherS,J) 
Although none of the aforementioned studies provides 
evidence for a superiority of vasodilator over dobuta­
mine perfusion imaging for prognosis, the former stress 
modality is more routinely used in clinical cardiology. 
Future studies should provide information on the rela­
tive prognostic value of vasodilator versus dobutamine 
perfusion imaging and eventually versus dobutamine 
stress echocardiography. 

The decision to perform coronary arteriography and 
subsequent coronary artery angioplasty or bypass graft 
surgery is influenced frequently by individual physicians' 
biases and may be affected by the presence of abnormal 
findings on the stress study. Therefore, we excluded 
patients with early elective revascularizations, and 
"hard" cardiac events (nonfatal MI and cardiac-related 
death) were analyzed separately. 

TIle scintigrams were scored with the use of a semiquan­
titative method. Quantitative methods may improve diag­
nostic accuracyM; however, such an improvement is usually 
marginal. In an in-depth prospective analysis of patients 
referred for 2O!11 SPECT, Mahmarian et aiM reported that 
visual and quantitative methods were comparably sensitive 
for identifying patients ,vith single, double, and triple 
coronary disease; however, quantitative tomography 
tended to be more specific. In contrast, in a prior study 
from our center, we reported similar sensitivity and a trend 
toward better specificity for semiquantitative analysis ver­
sus quantitative analysis of dipyridamole-exercise 2O!11 
scintigrams.35 Finally, the interobseJver agreement on is­
chemia for the semiquantitative analysis in the present 
study was excellent (95%). 

Conclusions 

In a population unable to perform adequate exercise 
with suspected or known coronary artery disease and 
stable chest pain, probably reflecting the continuous 
spectrum of disease in the total population, dobutamine­
atropine stress is a safe and feasible stress technique. 
Combined with either imaging modality-echocardiog­
raphy or 'l?m]'c sestamibi myocardial perfusion scintigra­
phy-it provides useful prognostic information addi­
tional to clinical data. For both imaging modalities, the 
single most important independent predictor for future 
nonfatal MI or cardiac death is any abnormal pattern, 
while an ischemic pattern provides additional, indepen­
dent prognostic information. If a stress laboratory 
chooses to use echocardiography as the routine pharma­
cological stress test, the addition of perfusion scintigra­
phy could be useful but should be limited to patients 
with nondiagnostic echocardiographic studies. If a cen­
ter prefers perfusion imaging as the first choice, the 
addition of stress echocardiography does not seem 
cost-effective. 

Acknowledgments 
Dr Geleijnse is supported by the Dutch Heart Foundation 

(grant NHS 94.135) and Dr Elhendy by the Department of 
Cardiology, Cairo University Hospital, Cairo, Egypt. The au­
thors would like to acknowledge Joyce Postma-Tjoa, nuclear 
technician, for her invaluable help in maintaining the database 
and Jeroen Vas, MD, for statistical advice. 

References 
1. Chaitman BR. The changing role of the exercise electrocardiogram 

as a diagnostic and prognostic test for chronic ischemic heart 
disease.} Alii Call Cardiol. 1986;8:1195-1210. 

2. Seven S, Picano E, Michelassi C, Lattanzi F, Landi P, Distante A, 
L'Abbate A. Diagnostic and prognostic value of dip)Tidamo!e echo-­
cardiography in patients \\ith suspe.:ted coronary artery disease: 
comparison with exercise etectrocardiography. Cirwlalioll. 199-1;89; 
1160-1173. 

3. Ryan T, Armstrong WF, Q'Donnet JA, Feigenbaum H. Risk strat· 
ification after acute myocardial infarclion by means of exercise 
two-dimensional echocardiography. Circulalioll. 1991;8J(suppl Ill): 
IlI-32-III·37. 

4. Pic-ano E, Severi S, Michelassi C, Lattanzi F, Masini M, OLSini E, 
Distante A, L'Abbate A. Prognostic importance of dipyridamo!e­
echocardiography test in coronal)' artery disease. Circulariol!. 1989; 
80:450-457. 

5. Picano E, Landi P, Bolognese L, Chiaranda G, Chiarella F, Seveso 
G, Sdavo MG, Gando!fo N, Prc\itali M, Orlandini A. Prognostic 
value of dipyridamole echpcardiography eady after uncomplicated 
myocardial infarction: a large-scale, multicenter trial. Alii J Med. 
1993;95:608-618. 

6. Mazeika PK, Nadazdin A, Oakley CM. Prognostic value of dobu­
tamine echocardiography in patients \lith high pretest likelihood of 
coronary artery disease. Alii J Cardial. 1993;71:33·39. 

7. Stratmann HG, Williams GA, Wiit!), MD, Chaitman BR, Miller 
DD. llier(:ise technetium·99m sestamibi tomography for cardiae 
risk stratification of patients with stable chest pain. Circulalioll. 
199-1;89;615·622. 

8. Machecourl J, Longhe P, Fagret D, Vanzello G, Wolf lE, Polidori 
C, Comet M, Denis B. Prognostic value of thallium-201 SPECT 
myocardial perfusion imaging according to extent of myocardial 
defect.} Am Coil Cardiol. 199-1;23:1096-1106. 

9. rskandrian AS, Chae SC, Jael-1·eong H, Stanberry CD, Wasscr\cben 
V, Cave V. Independent and incremental prognostic \'alue of 
exercise single-photon emission computed tomographiC (SPECI) 
thallium imaging in coronary artery disease. } Alii Coil Cardiol. 
1993;22:665-670. 

10. Hendel Re, laydenlJ, Leppo JA. Prognostic value of dip)Tidam­
ole thallium scintigraphy for evaluation of ischemic heart disease. 
J Am Coil CO/diol. 1990;15:109·116. 

11. Hays JT, Mahmarian 11, Cochran AJ, Verani MS. Dobutamine 
thallium·20l tomograph), for evaluating patients \\ith suspected 
coronary arlery disease unable to undergo exercise or vasodilator 
pharmacotogic stress testing.} Am Coli Cardiol. 1993;21:1583-1590. 

12. Picano E. Stress echocardiography: from pathophy>ioiogical to), to 
diagnostic tool. Circulalioll. 1992;85:160-1-1612. 

13. Mamiek T, Willemart n, D'Hondt AM, Wi1lcmart n, Wijns W, 
Detry JM, Melin 1. Selection t.f the optimal nonexercise stress for 
the evaluation of ischemic regional myocardial dysfunction and 
malperlUsion: comparison of dobutaminc and adcno.sinc using 
echocardiography and 99m Tc·MIBI single photon emission 
computed tomography. CirCl/lariolI. 1993;87:345-354. 

14. Giinalp n, Dokumaci H, Uyan C, Vardareli E, I,ik E, Bayhan H, 
Ozguven M, Ozllirk E. Value of dobutamine technetium-
99m·sestamibi SPECT and ec~ocardiography in the detection of 
coronal)' artel)' disease compared with coronal)' angiography. 
J Nile! ,\fed. 1993;34:889·89-1. 

15. McNeill Al, Fioretti PM, E!-Said EM, Salustri A, FOLSter T. 
Roeland! JRTC. Enhanced sensiti\it)' for detection of coronary 
artelY disease by addition of atropine to dobutamine stre,<s echo-­
cardiography. Am J Cordial. 1992;70;41-46. 

16. Schiller NB. Shah PM, Cra\\ford M. DeMaria A. De\"(~reaux R. 
Feigenbaum H, Gutgesell H. Reichek N. Sahn D. Schnittger I, 
Silverman NH, Tajik N. Rccommendation~ for quantification of 
the left ventricle hy two·dimensional echocardiography: American 
Society of Echocardiography Committee on Standards, Subcom­
mittee on Quantitation of Two·Dimen<ional Echocardiogratlls. 
J Am Soc Echocardiogr. 1989;2;358-367. 



132 

17. Forster T, McNeill Al, Salustri A, Reijs AEM, EI·Said EM, 
Roelandt JRTC, Fioretti PM. Simultaneous dobu\amine stre~ 
echoc.ardiography and 99·m technetium isonitrik single photon 
emission computed tomography in patients with suspected coronary 
artery disease. JAm Coli Cardial. 1993;21:1591-1596. 

18. Pandian NO, Skortoll DJ, Collins SM, False!ti ilL, Burke ER, 
Kerber RE. Heterogeneity of left ventricular segmental wall 
thickening and excursion in 2..Jimeruional echocardiograms of 
normal human subjects. Am J Co/dial. 1983;51:1667-1673. 

19. Amese M, Fioretti PM, Cornel lH, Postma-Tjoa J, Reijs AEM, 
Roeland! JRTC Akinesis becoming dyskinesis during high..uosc 
dobutamine stress echocardiography; a marker of myocardial ische­
mia or a mechanical phenomenon? Am} Cardial. 1994;73;896·899. 

20. Marwick T, D'Hondt A, Baudhuin T, Wille mart B, Wijn5 W, Detry 
JM, Melin JA. Optimal use of dobutamine stress for the detection 
and evaluation of coronary artery disease: combination with ech(}+ 
cardiogwphy or scintigraphy, or both?} Am Coil Cardiol. 1993;22: 
159·167. 

21. Geleijnse ML, Marwick TH, Boersma E, Deckers JW, Melin JA, 
Fioretti PM. Optimal pharmacological stress testing for the 
diagnosis of coronary artery disease: a probabilistic approach. Ellr 
Heart}. 1995;16(suppI M):HO. 

22. Mar,.ick TH, D'Hondt AM, Maircsse OH, Baudhuin T, Wijns W, 
Detry JM, Melin JA. Comparative ability of dobutamine and 
exercise stress in inducing myocardia! ischemia in active patients. Dr 
Heart /. 1994;72:31-38. 

23. Ruffolo RR. The pharmacology of dobutamine. Am 1 Med. 1937; 
294:244-243, 

24. Ling LH, Pellekka PA, Mahoney DW, Oh JK, McCully RB, Roger 
VL, Seward lB, Atropine augmentation in dobutamine strcss echo­
cardiogr.J.ph)~ role and incremental value in a clinical practice 
setting. / Am Coli Cardiol. 1996;28:~51+557. 

25. Picano E, Mathias W, Pingitore A, Bigi R, Previtali M. Safety and 
tolerability of dobutamine-atropine stress echocardiograph)~ a pro­
specti.'e, multicentre study. Lallcet. 11194;344:1190·1192. 

26. Mertcs H, Sawada SO, Ryan T, Segar OS, Ko.<ICS R, Foltz J, 
Feigenbaum H. S)mptoms, adverse effects, and complications mo· 

CHAPTER 11 

ciated \\ith dobutamine stress echocardiograph)~ experience in 
1118 patients. eirCl/laliol/. 1993;88:15-19. 

27. Poldermans 0, Fioretti PM, Boersma E, Forster T, van Urk H, 
Cornel JB, Amese M, Roelandt JRTC. Safety of dobutamine­
atropine stress echocardiography in patients with suspected or 
pro,'en coronary artery disease: experience in 650 ronsewth'e 
examinations. Am} Cardial. 1994;73:456-459. 

28, Nesto RW, Kowakhuck GJ, The ischemic c.ascade: temporal 
sequence of hemod)11amic, electrocardiographic and symptomatic 
expressions of ischemia. Am 1 Cardial. 1937;57:23C-27C. 

29. Senior R, Lahiri A. Enhanced detection of myocardial ischemia by 
stress dobutamine echocardiography utilizing the 'biphasic' 
respoll'ie of wall thickening during low and high dose dohutamine 
infusion. 1 Am Call Cardiol. 1995;26:26-32. 

3~. Bach OS, Muller DWM, Gros B1, Armstrong WE False positive 
dohutamine stress echocardiograms: characterization of clinical, 
echocardiographic and angiographic findings.. 1 Am Call Cardiol. 
1994;24:928-933. 

31. Fung A Y, Gallagher KP, Buda N. The physiologic basis of dobu­
(amine as compared with dipyridamole stress interventions in the 
assessment of critical coronary stenosis. Cifeulalion. 1987;76: 
9B~951. 

32. Kumar EB, Steel SA, Howey S, Caplin JL, Aber CP, Dipyridamole 
is superior to dobutamine for thallium stress imaging: a randomised 
crossover study. Dr Heart 1. 1994;71:129-134. 

33. Vaduganathan P, He ZX, Ragha\<In C, Mahrnarian 11, Verani MS. 
Detection of left anterior descending coronary artery stenosis in 
patients v.ilh [eft bundle branch block: exercise, adenosine or d()+ 
hutamine imaging? 1 Am Call Cardia/. 1996;28:543-550. 

34. Mahmarian JJ, Boyce Thf, Ooldberg RK, Cocanougher MK, 
Roberts R, Verani MS. Quantitative exercise thallium-201 single 
photon emission computed tomography for the enhanced 
diagnosis of ischemic heart disease.} Am Coll Cardial. 199{/;15: 
318+329. 

35, Laarman OJ, Bruschke AVO, Verzijlbergen IF, Go TL, Bal ET, 
Van def Wal EE, moop CAPL Thallium·20t scintigraphy after 
dip>Tidamole infusion with [ow exercise: quantitative analysis n: 
visual analysis. Ellr /leart}. 1990;1l:162-172. 



Chapter 12 

Safety and prognostic value of early dobutamine-atropine 

stress echocardiography in patients with spontaneous 

chest pain and a nondiagnostic electrocardiogram 

Geleijnse ML, Elhendy A, Kasprzak JD, Rambaldi R, 

Van Domburg RT, Cornel JH, Klootwijk APJ, 

Fioretti PM, Simoons ML, Roelandt JRTC 

Submitted for publication 



134 CHAPTER 12 

ABSTRACT 

Aim of the study. To risk stratifY and shorten hospital stay in patients with spontaneous chest pain 
and a nondiagnostic electrocardiogram (ECG). 

Methods. The study comprised 102 patients (mean age 58 ± 12 years, 67 men) with spontaneous 
chest pain and a nondiagnostic EeG. FortYRthree patients had suspected coronary artery disease 
(CAD) and 59 patients had known (but of unknown actual significance) CAD. All patients 
underwent serial creatine kinase (CK) enzyme measurement, continuous ECG monitoring for at 
least 12 h and early dobutamine-atropine stress echocardiography (DASE) in case of negative CK 
enzymes and normal fmdings at EeG monitoring. DASE was considered positive in case of new or 
worsening wall thickening abnormalities. Patients with negative DASE were discharged within 24 h 
of DASE (usually the same day). In-hospital and 6 months follow-up events noted were cardiac 
death, nonfatal myocardial infarction (MI), unstable angina (VA), and coronary artery bypass 
surgery or angioplasty. 

Results. Thirteen patients had evidence of evolving MI by elevated CK enzymes or VA by ECG 
monitoring. In the remaining 89 patients DASE was perfonned after a median observation period of 
31 h (range 12 - 68 h). During DASE no serious complications (death, nonfatal MI, sustained 
ventricular tachycardia or fibrillation) occurred. All patients with signs or symptoms of severe 
myocardial ischemia and/or supraventricular tachyarrhythmias responded well to intravenous 
injection of metoproiol. DASE results were of low quality in 3, nondiagnostic in 6, negative in 44 
and positive in 36 patients. In the 80 patients with diagnostic DASE, variables associated with in­
hospital events (n~7) were exertional angina (p <0.005), stress-induced angina (p <0.001) and 
positive DASE (p <0.005). Variables associated with follow-up events (n~ll) were history of 
exertional angina (p <9.05), stress-induced angina (p <0.01) and positive DASE (p <0.01). At 
multivariate analysis the only significant predictor of events was positive DASE (p <0.01). 

Conclusions. Our results show that early DASE can safely discriminate patients with spontaneous 
chest pain and a llondiagnostic ECG into low- and high-risk subsets for subsequent cardiac events. 
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INTRODUCTION 

The emergency room evaluation of patients with spontaneous chest pain and a nondiagnostic 
electrocardiogram (ECG) remains a challenge for the physician. Especially, in this time of financial 
constrains physicians are under pressure to reduce the frequency, intensity and length of hospital stay. 
To improve risk assessment several approaches have been proposed using decision algorithms (1,2), 
resting two·dimensional echocardiography (3), and resting perfusion imaging with thallium-20 1 or 
teclmetium-99m (4-6). All these approaches aimed at identification of low-risk patients who could be 
sent home immediately. TIle consequences of inappropriate emergency room discharge of patients 
with tme acute myocardial ischemia, however, may be serious (7,8) 111crefore, in daily clinical 
practice these sophisticated teclmiques are seldom used in the emergency room. Most physicians 
practice a conservative admission policy that results in a high level of admissions of patients with 
noncardiac chest pain (9). In-hospital observation, usually followed by some fonn of stress testing, 
may take several days, especially in patients initially considered at relatively high-risk. To shorten 
hospital stay and improve risk stratification we investigated the value of a struchlred protocol 
including serial creatine kinase (CK) enzyme measurements, continuous 12-lead ECG monitoring and 
early dobutaruine-atropine stress echocardiography (DASE) followed by discharge of patients without 
inducible myocardial ischemia. In patients with stable chest pain DASE has shO\m to safely provide 
excellent diagnostic and prognostic information (10,11). The safety and predictive value ofDASE in 
patients with acute, spontaneous chest pain and a nondiagnostic ECG, however, is still relatively 
unknown (12). This report addresses these issues. 

METHODS 

Protocol. Patients with spontaneous chest pain within 12 h of admission, unexplained by trauma, 
radiographic abnormality or extracardiac conditions that may induce myocardial ischemia 
(Braunwald type IlIA angina) (13), and without evidence of myocardial int:1rction (MI) or unstable 
angina (UA) by initial CK enzyme level and admission ECG were eligible for the study if they did 
not meet any of the following excluding criteria: 1) known ventricular tachyarrhythmias, 2) 
uncontrolled hypertension (2:180/110 nnn Hg), 3) significant valvular heart disease, or 4) known 
significant coronary artery disease (CAD). Apart from a chest x-ray, EC9 and CK enzyme 
measurement, emergency room evaluation comprised patient history (including previous cardiac 
disease, chest pain characteristics [see appendix I] and coronary risk factors [see appendix II]) and 
physical examination (see appendix III). After hospitalization the 12-lead ECG was continuously 
monitored with a MlDA 1000 (Ortivus Medical, Tiiby, Sweden) or Mortara ST-IOO (Mortara 
Instrument, Milwaukee, USA) system (14). CK enzyme measurement, including the "ME isoforlll, 
was repeated at 6 hand 12 h. DASE was not performed in patients with myocardial necrosis, 
evidenced by CK >220 UIL (or >110 and MB isofonn >10%) and in patients with ECG changes 
during observation, conclusive for myocardial ischemia (>0.1 IllV ST-segment change, T wave 
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inversion). In these patients the diagnosis MI or UA was established, respectively. In absence of 
conclusive CK enzymes or ECG changes DASE was performed between 12 and 48 h after 
admission (in patients with suspected CAD after 12 h, in patients with known CAD, but of 
unknown actual significance, after 24h). Patients who reached their target heart rate without 
inducible myocardial ischemia were discharged within 24 h of the study (usually the same day of 
stress testing). 

All patients were followed-up for 6 months. In-hospital and follow-up events noted were 
cardiac death, nonfatal .MI, VA (defined as chest pain necessitating rehospitalization), coronary 
artery bypass surgery (CABG) and percutaneous trans luminal coronary angioplasty (PTCA). 
Cardiac events were presented individually and in a cumulative fashion ill which only the worst 
event in each patient was considered. If a patient underwent coronary angiography this was also 
noted. Significant CAD was defined as a diameter stenosis ;:::50% in a major epicardial artery. 
scored by two observers blinded to the clinical data. In case of disagreement quantitative coronary 
angiography was decisive (15). The study protocol was approved by the hospital ethics connmttee. 

Dobutaminc-atropine stress echocardiography. Dobutamine was administered intravenously by 
an infusion pump with an infusion rate of 10 J-tglkg/min for 3 minutes, increasing by 10 J-tglkglmin 
every 3 minutes up to a maximum of 40 J-tg/kg/min. In patients not achieving 85% of their age and 
gender predicted maximal heart rate and without symptoms or signs of myocardial ischemia, 
atropine was administered, starting with 0.25 mg intravenously and repeated up to a maximum of 
1.0 mg within 4 minutes with continuation of dobutamine infusion. Throughout dohutamine 
infusion the ECG was continuously monitored (3 leads) and recorded (12 leads) at one minute 
intervals. Reasons for interruption of the test were: severe angina, severe and/or extensive wall 
thickening abnonllalities, symptomatic reduction in systolic blood pressure >40 mm Hg from 
baseline, hypertension (blood pressure >240/120 mm Hg), significant tachyarrhythmias, horizontal 
or downsloping ST -segment depression more than 0.2 m V at an interval of 80 ms after the J point 
compared with baseline, ST-segment elevation more than 0.1 mV in patients without previous MI, 
and any serious side effect regarded as being due to dobutamine. Metoprolol was available to 
reverse the effects of dobutamine if they did not revert spontaneously and quickly. The 
echocardiograms were recorded on videotape and digitized on optical disk. Echocardiographic 
analysis of the left ventricular wall was perfollned according to the standardized 16-segments model 
(10). Systolic wall thickening (andlor wall motion) was visually evaluated, and each segment was 
graded with a 5-point scoring model (1 = nonnal; 2 = mild hypokinesis; 3 = severe hypokinesis; 4 = 

akinesis; and 5 = dyskinesis) during any dohutamine (or atropine) stage. DASE was considered 
nondiagnostic when peak heart rate was <85% of maximal in absence of new or worsening wall 
thickening abnormalities. DASE was considered positive in case of new or worsening wall thickening 
abnormalities at any dobutamine (or atropine) stage in ::::1 segment. Positive DASE studies were 
further stratified into high-risk and low-risk studies. High-risk studies were defined as studies in which 
new or worsening wall thickening abnormalities occurred at a heart rate <70% of maximal or when 
they occurred in > I vascular territory (10). 
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Table 1. Baseline characteristics of the 102 study patients 

Patients (n=102) 

Age 58± 12 
Male gender 67 (66) 
History of CAD 59 (58) 

Myocardial infarction 43 (42) 
Coronary bypass surgery 14(14) 
Coronary angioplasty 30 (29) 

Medications 
Nitrates 23 (23) 
Il-blockers 41 (40) 
Calcium antagonists 36 (35) 
ACE-inhibitors 19 (/9) 
Diuretics 16 (16) 

Risk Factors 
Smoking 47 (46) 
Diabetes 14 (14) 
Hypertension 43 (42) 
Family history of CAD 48 (47) 
Hypercholesterolemia 30 (29) 

Exertional Angina 37 (36) 
Chest pain >60 min 35 (34) 
Chest pain at admission 48 (47) 
Nonnal electrocardiogram 41 (40) 

Data are presented as mean value ± SD or number (%) of patients. 
CAD = coronary artery disease. 
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Statistical Analysis. Values were expressed as mean value ± standard deviation, when appropriate. 
Comparison between variables was perfonned with the StudenCs f test for continuous variables and 
chi-square test for discrete variables. Differences of p <0.05 were considered significant. To identify 
independent predictors for cardiac events, multivariate logistic regression analysis with a forward 
and backward stepping algorithm was used (BMDP package) (16). Variables included in this 
analysis were gender, age, history of CAD, history of exertional angina, admission ECG, need for 
intravenous nitroglycerine, dobutamine stress~induced angina and DASE results. 
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RESULTS 

Patient charactcl'istics. One-hundred and two consecutive patients gave informed consent and 

were included in the study. Mean age of the patients was 58 ± 12 years (range 22 to 83), 67 were 
men (66%). There were 43 patients (42%) with suspected CAD and 59 patients (58%) with known 
CAD, but of unknown actual significance. All patients with suspected CAD had a chest pain score 
<:6 (see appendix I). FOliy-eight patients (47%) had chest pain at admission, in the other 54 patients 
(53%) median time between last chest pain attack and admission was 2 h (range I - 12 h). Forty-one 
patients (40%) had a normal electrocardiogram (defined as sinus rhythm without pathologic Q­
waves, conduction disturbances, high QRS voltage, and any ST-segmcnt deviation or negative T­

waves in leads I, II, aVL, aVF, and V3-V6). The other 61 patients (60%) had an abnormal, but 
nondiagnostic electrocardiogram (defined as absence of>O.1 mV new ST-segment change or new 

T-wave inversion). Relevant data of the 102 study patients are displayed in Table I. 

Identification of patients with MI or unstable angina. During observation the diagnosis evolving 

MI was confirmed in 4 patients (4%) and the diagnosis VA was established in 9 patients (9%). 
Compared to the other 89 study patients, these 13 patients were older (64 ± II vs. 57 ± 12, P <0.05), 
had higher chest pain scores ( 12.6 ± 3.2 vs. 9.6 ± 3.5, p <0.05), had more frequently a history of 
exertional angina (10 of 13 [77%] vs. 27 of 89 [30%], p <0.005), and received more frequently 
intravenous nitroglycerine therapy (13 of 13 [100%] vs. 39 of 89 [44%], p <0.0005). 

Hemodynamic and adverse effects of DASE. The remaining 89 patients without a definite 
diagnosis of either evolving MI or UA were referred for early DASE for the evaluation of 
myocardial ischemia. Mean time from hospitalization to DASE was 33 ± 12 h. In 3 patients (3%) 
with a poor echocardiographic window DASE was not performed. In the remaining 86 patients 
dobutamine-atropine stress increased heart rate from 66 ± 12 bpm to 134 ± 16 bpm and systolic 

blood pressure from 136 ± 19 mm Hg to 145 ± 26 mm Hg. Test end-points were target heart rate in 
59 patients (69%), maximal dose dobutamine-atropine in 6 patients (7%), severe and/or extensive 

wall thickening abnormalities in 7 patients (8%), severe angina in 6 patients (7%), ST-segment 

changes in 2 patients (2%), ventricular tachyarrhytrunia in 2 patients (2%), supraventricular 
tachyarrhytlunia in 1 patient (1%), bradycardia with hypotension in I patient (1%), and nausea in2 
patients (2%). Most important arrhytrullias during dobutamine infusion or recovery were non­
sustained ventricular tachyarrhythmia in 2 patients (2%) and supraventricular tachyarrhythmia in 4 

patients (5%). One additional patient developed sustained atrial flutter. The ventricular rate of this 
atrial flutter was well controlled with intravenous injection of 5 mg metoprolol. Typical angina was 

induced in 27 patients (31%). All responded well to intravenous injection of metoprolol (3-8 mg). 
Other side effects were nausea in 11 patients (13%), headache in 4 patients ( 5%) and anxiety in 1 

patient (1%). 

Predictors of positive DASE. In the 86 patients who underwent DASE, stress echocardiographic 
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results were nondiagnostic in 6 patients (7%), negative in 44 patients (51%) and positive in 36 
patients (42%). Nineteen of the latter 36 patients (53%) had high-risk DASE. Clinical variables 
associated with positive DASE were male gender (p <0.005), higher chest pain score (p <0.0001), a 
history of exertional angina (p <0.005), a history of CAD (p <0.0005), and an abnormal admission 
ECG (p <0.05) (Table 2). 

Table 2. Predictors of a positive stress echocardiogram 

Positive DASE Negative DASE p Value 
(n~36) (n~4) 

Age 56± 12 58 ± 12 0.4257 
Male gender 29(81) 22 (50) 0.0047 
History of CAD 28 (78) 17 (39) 0.0004 
Exertional a,ngina 18 (50) 7 (16) 0.0011 
Risk factor score 2.0± 1.0 1.7 ± 1.2 0.2276 
Chest pain score 11.2±3.7 8.2±2.9 0.0001 
Physical examination score 0.3 ± 0.6 0.1 ± 0.6 0.1756 
NormalECG II (31) 23 (52) 0.0500 
Normal ECG with pain 3 (8) 12 (27) 0.0308 
Need for nitroglycerine 20 (56) 15 (34) 0.0542 

Data are presented as mean value ± SD or number (%) of patients. CAD = coronalY artelY disease. 
ECG ~ electrocardiogram. 

Hospital stay and ca.-diae events in patients with poor or nondiagnostic DASE. The 3 patients 
with a poor echocardiographic window had hospital stays of 48, 122 and 360 h, respectively. None 
of these patients had an in-hospital event. During follow-up I patient returned with UA. The 6 
patients with a nondiagnostic study had a median hospital stay of 72 h (range 27 - 381 h). Three 
patients underwent inwhospital coronary angiography, in 2 patients coronary arteries were normal, 1 
patient had one-vessel CAD and subsequently underwent PTCA. During follow-up another patient 
underwent coronary angiography which showed one-vessel CAD, treated with PTCA. 

Hospital stay in paticnts with diagnostic DASE studies. The 44 patients with negative DASE 
were discharged early after a median hospital stay of39 h (range IS - 203 h). Three of these patients 
had a prolonged hospital stay despite negative DASE. Two patients underwent COrollaty 

angiography, I because of clinically suspected significant CAD despite negative DASE and I 
because of dilated cardiomyopathy. As seen in Fig. lA, both patients were found to have normal 

coronary arteries. The third patient with prolonged hospital stay despite negative DASE underwent 
electrical cardioversion for non-DASE related atrial fibrillation. \Vhen these 3 patients were 
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excluded from analysis median hospital stay was 37 h (range 15 - 104 h). The 36 patients with 
positive DASE had a median hospital stay of 186 h (range 13 - 552 h). Hospital stay was 
significantly shorter in patients with low-risk DASE than in patients with high-risk DASE (median 
126 h [range 44 - 447 h] vs. median 204 h [range 13 - 552 h], P <0.05). 

Prediction of in-hospital events by clinical and stress test data. As seen in Fig. lA, 7 of 80 
patients (9%) with diagnostic DASE had an in-hospital cardiac event (CABG in 2, PTCA in 5). 
Clinical predictors of in-hospital events were (see Table 3) a history of exertional angina (p <0.005) 
and higher chest pain score (p <0.005). Stress test data associated with in-hospital events were 
positive DASE (p <0.005), high-risk DASE (p <0.0001) and stress-induced angina (p <0.001). 
Patients with high-risk DASE had, as compared to patients with low-risk DASE, more multi-vessel 
CAD at CAG (5 of 12 [42%] vs. 0 of 6 [0%], p <0.005) and underwent more frequently PTCA (p 
<0.05). 

Table 3. Predictors of in~hospital cardiac events 

Cardiac Event No Cardiac Event p Value 
(n~7) (n~73) 

Age 54 ± 13 57± 12 0.4332 
Male gender 5 (71) 46 (63) 0.6582 
HistOlY of CAD 5 (71) 40 (55) 0.3967 
Exertional angina 6 (86) 19 (26) 0.0011 
Risk factor score 2.0 ± 1.4 1.8 ± 1.1 0.6808 
Chest pain score 13.4 ± 3.0 9.2 ± 3.4 0.0023 
Physical examination score 0.3 ± 0.5 0.2± 0.6 0.6192 
NonnalECG 2 (29) 32 (44) 0.4352 
Nonnal ECG with pain 0(0) 15 (21) 0.1833 
Need for nitroglycerine 4 (57) 31 (43) 0.4546 
Abnonnal resting DASE 3 (43) 20 (27) 0.3880 
Positive DASE 7 (100) 29 (40) 0.0022 
High-risk DASE 7(100) 12 (16) 0.0000 
Stress-induced angina 6 (86) 18 (25) 0.0008 
Stress-induced ST changes 2 (29) 9 (12) 0.2332 

Data are presented as mean value ± SD or number (%) of patients. CAD = coronary artery disease. 
DASE = dobutamine-atropine stress echocardiography. ECG = electrocardiogram. 

Pl'ediction of follow-up events by clinical and stress test data. As seen in Fig. lB, 11 of 80 
patients (14%) with diagnostic DASE had a cardiac event during follow-up (MI in I, UA in 10, 
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DASE Results and In-Hospital Cardiac Events 

DASE Results and 6-Months Follow-Up 

P{lsiti\'¢ (n-36) I I Negative (n=44) L-________ ~ ________ ~ 

Events Cumulative Events Cumulath'e Events Cumulat[\'e Event5 Cumulative 

0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) Death 

0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1 (2) 1(2) "I 
1 (24) 7 (24) 2 (29) 2 (29) 9 (25)1l 9 (25)~ 1 (2) 2 (5) UA 
1 (3) 7 (24) 0(0) 2 (29) 1(3) 9 (25)'$ 2 (5) 2 (S) CABG 
2 (7) 7 (24) 0(0) 2 (29) 2(6) 9 (2S)'§ 0(0) 2 (5) PTCA 

7 (24) 10(34) \(14) 2 (29) 8(22)' 12 (33)s 3 (7) 3(7) CAG 

1131211 110:0/0 2/3f2JI I/OiO/2 OWl/) YO 

Figure 1. In-hospital (Fig. lA, top) and 6-months follow-up (Fig. IB, bottom) events according to 
the dobutamine-atropine stress echocardiographic results. In the "cumulative)) column only the 
worst event in each patient was considered. For high-risk vs. low-risk studies or positive vs. 
negative studies: # ~ p <0.05; @ ~ p <0.01; $ ~ p <0.005; & ~ p <0.001. * ~ excluding 2 patients 
with in-hospital coronary angiography and 1 patient who undenvent cardioversion for non-DASE 
related supraventricular tachycardia. CABO = coronary artery bypass surgery; CAG = coronary 
angiography; DASE = dobutamine-atropine stress echocardiography; MI = myocardial in£'lrction; 
PTCA = percutaneous transluminal coronary angioplast; VA = unstable angina. 
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CABG in 3 and PTCA in 2; 5 patients had more than I event). Clinical predictors of follow-up 

events were (see Table 4) a history of exertional angina (p <0.05) and higher chest pain score (p 

<0.00 I). Stress test data associated with events were positive DASE (p <0.0 I), high-risk DASE (p 
<0.01) and stress-induced angina (p <0.01). There were no significant differences in follow-up 

events in patients with and without in-hospital revascularization. At multivariate analysis the only 
significant predictor of events was positive DASE (odds ratio 7.0; 95% confidence interval 1.4-

35.8, P <0.0 I) 

Table 4. Predictors of 6-months follow-up events 

Cardiac Event No Cardiac Event p Value 
(n~l1) (n~69) 

Age 56± 12 57 ± 12 0.8069 

Male gender 8 (73) 43 (62) 0.5048 

History of CAD 8 (73) 37 (54) 0.2355 

Exertional angina 7 (64) 18 (26) 0.0126 

Risk factor score 2.2±0.9 1.8 ± 1.1 0.2594 

Chest pain score 12.9 ± 2.9 9.0± 3.4 0.0006 

Physical examination score 0.1 ± 0.7 0.2± 0.6 0.6265 

NormalECG 4 (36) 30 (44) 0.6575 

Normal ECG with pain I (9) 14 (20) 0.3768 

Need for nitroglycerine 6 (55) 29 (42) 0.4371 
Abnonnal resting DASE 4 (36) 19 (28) 0.5480 

Positive DASE 9 (82) 27 (39) 0.0082 

High-risk DASE 6 (55) 13 (19) 0.0098 

Stress-induced angina 7 (64) 17 (25) 0.0088 

Stress-induced ST changes 2 (18) 9 (13) 0.6458 

See Table 3 for abbreviations. 

DISCUSSION 

Every day, emergency physicians arc faced with the challenge of accurately diagnosing the cause of 
spontaneous chest pain in patients with a nondiagnostic EeG. Despite many vigorQus efforts to 
identify patients with and without a true acute ischemic coronary syndrome (1-6) it is well known 
that a small percentage of patients is inadvertently released home, sometimes with serious (fatal) 
consequences (7,8). 111erefore, in daily clinical practice most physicians practice a conservative 
admission policy which, in some patients with a final diagnosis of noncardiac chest pain, may require 
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long in-hospital observation, especially in those patients initially considered at relatively high-risk. 
Our protocol provides a rapid and structured approach for each patient that includes testing for 

evolving MI with serial CK enzyme measurements, observation for resting ischemia with continuous 

ST-segment trend monitoring, and DASE to detcct inducible myocardial ischemia. Previous studies 
have shown that in patients with a llolldiagnostic ECG the diagnosis of evolving MI can be effectively 

established through measurement of CK enzyme within 12 hours after symptom onset (2,17). 
Continuous ST-segment trend monitoring provides observational data which reflect ischemic status 

both in symptomatic and asymptomatic patients (18,19). If serial CK enzyme determination and 

continuous ST-segment trend monitoring demonstrate no evidence afresting ischemia over a 12-hour 
period, DASE is performed. Although resting wall thickening abnomlalities may reflect ischemia, we 

did not use these abnonnalities as a contra-indication to DASE because in a heterogeneous patient 
population, resting waH thickening abnonnalities usually represent either a variant of normal, 
cardiomyopathy, or scar (20). Indeed, in our patient population an abnonnal resting echocardiogram 

was not predictive for cardiac events. Moreover, in case of true resting ischemia thrther worsening of 

wall thickening will be seen directly (on-line) during low-dose dobutamine infusion (21). 
Previous stUdies have demonstrated the safety and prognostic value of DASE in patients with 

stable chest pain (10,11). In experienced hands, this stress modility offers many advantages over the 

usually perfonned exercise ECG test such as increased accuracy for the detection of CAD (10), 
independence of exercise capacity or resting ECG abnonnalities, on-line monitoring of new wall 
thickening abnonnalities (one of the earliest signs of ischemia) (22), detection of other cardiac causes 

of chest pain (valvular dysfimction, cardiomyopathy, pericarditis), and - in case of ischemia - the 

possibility to neutralize the effects of dobutamine immediately with intravenous injection of a beta­

blocker. All these characteristics make us believe that DASE is a saver and better risk stratificating 
stress modality compared to exercise ECG testing in patients who are potentially ischemic at rest. 

Safety and feasibility. In accordance to previously published reports (10) DASE could not be 
performed due to poor echocardiographic window quality only in a small minority of patients. 

Additionally, a few DASE studies were nondiagnostic (peak heart rate <85% of maximal in absence 
of new or worsening wall thickening abnonnalities). So, in approximately 90% of patients DASE 

could be performed and yielded a diagnostic result. Although we noticed more often severe and/or 
extensive myocardial thickening abnonnalities compared to prior studies in patients with stable 

chest pain, yentricular arrhythmias did not occur more frequently (10). Importantly, all patients with 
signs or symptoms of severe myocardial ischemia responded well to the injectilm of metoprolol, as 

did all patients with supraventricular tachyarrhythmias. 

Clinical outcome. Patients with positive DASE had (by protocol definition) a significantly higher 

in-hospital event rate than patients with negative DASE. Despite intensive medical or invasive 
treatment of patients with positive DASE, such a study carried also a significantly increased risk of 
cardiac events during follow-up. Negative DASE was associated with a 6 months cardiac event rate 

of 5% while patients with positive DASE had an event rate of 25%. The predictive value of high-
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risk DASE was even more striking. Patients with such a study had more often multi-vessel CAD 
compared to patients with low-risk DASE and most of the events, both in-hospital as well as during 
6 months follow-up, occurred in patients with high-risk DASE. Of great importance is that DASE 
more accurately characterized the risk of cardiac events than clinical data. 

Like all other stress modalities, negative DASE does not completely rule out the possibility of 
functionally important CAD. One 60-year-old male with a history of atypical angina and negative 
DASE underwent exercise ECG testing 2 weeks after discharge. Although tills patient showed 
excellent exercise tolerance with adequate blood pressure response and absence of angina, 
arrhythmias or ST-segment changes, he suffered an inferoposterior MI 2 weeks later. Subsequent 
CAG revealed a significantly stenosed proximal right coronary artery (RCA) and mid left anterior 
descending (LAD) coronary artery and an occluded left circumflex (LCx) coronary artery. The LCx 
and RCA were retrogradely filled by collaterals from the LAD. The other patient with false negative 
DASE was a 73-year-old male with a history of typical, exertional angina. During DASE 0.05 m V 
Inferolateral ST-segmcnt elevation occurred without angina. DASE results were scored as normal 
although there was some doubt about the inferior wall, in particular because of relatively poor 
quality of the 2-charnber view during peak dobutamine stress. One week after discharge this patient 
returned to the hospital with chest pain accompanied by significant inferolateral ST-segment 
elevation. CK enzymes were negative, subsequent CAG revealed a severe stenosis with thrombus of 
the proximal RCA and significant stenosis of the LAD and LCx. Clearly, this last patient was 
misdiagnosed as not having functionally important CAD. Nevertheless, the number of events in 
patients with negative DASE look favorable to the 7% hard event rate previously published from 
our center in comparable patients with the final diagnosis noncardiac chest pain (23). Importantly, 
in this latter publication hospital stay was more intensive, both in duration (in 10% of patients 
hospital stay was >5 days) as in number and type of diagnostic procedures (sometimes including 
CAG). 

A specific benefit ofDASE was demonstrated in a patient without a history of CAD. His resting 
echocardiogram showed global hypokinesis of the left ventricular wall. During dobutamine stress 
all myocardial segments showed sustained improvement in thickening. Subsequent CAG revealed, 
as predicted by DASE results, nonnal coronary arteries. Laboratory results showed elevated levels 
of thyroid hormone (24). 

Comparison with other studies. Early risk stratification of patients with spontaneous chest pain 
has mainly involved resting nuclear perfusion imaging and exercise ECG testing. Several reports 
have shown the usefulness of thaIlium-20 I or technetium-99m injection during or even after a 
spontaneous chest pain episode (4-6). Although this technique has the advantage of not stressing a 
potentially unstable patient there are also some disadvantages such as radiation exposure, perfusion 
artifacts, costs and most importantly limited availability. Resting perfusion imaging obviously only 
recognizes patients at the highest risk, who in our study were partly identified by serial CK enzyme 
measurements and continuous ECG monitoring. 

Usually, however, risk stratification is done by exercise ECG testing. Guidelines for exercise 
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ECG testing state that this stress modality is contra-indicated in patients with (serious) chest pain at 
rest within the previous 48 h (25). Nevertheless, several studies have shown evidence of the safety 
and efficacy of early exercise ECG testing in patients presenting with spontaneous chest pain to the 
emergency department (26·28). However, these studies usually included patients with a very low 
pre-test probability of CAD, evidenced by the very low numbers of patients with positive tests, 
which were not uncommonly false positive. Most of the patients included in these studies probably 
required no cardiac workup in the first place. In contrast, in our study over half of the included 
patients had evidence of myocardial ischemia by serial CK enzymes, ECG monitoring or DASE. 

Recently, DASE was proposed as a screening tool on an emergency room basis to risk stratify 
patients with spontaneous chest pain (12). However, as with the published exercise ECG studies, the 
included patients were at very low risk, evidenced by the low numbers of patients with positive 
DASE. Apart from logistic problems of performing DASE in the emergency room department, the 
major drawback of this emergency room approach is that patients with a true acute coronary 
syndrome are not given a second chance to show their myocardial ischemia by means of CK 
enzyme rise or EeG monitoring. Moreover, DASE was not performed in patients with resting wall 
thickening abnormalities. By not performing DASE in patients with resting wall thickening 
abnormalities patients in whom the wall thickening abnormalities represent achtal myocardial 
ischemia are protected against potential harmful DASE. Unfortunately, this implies that all patients 
with actually nonischemic wall thickening abnomlalities (in our study over a third of the patients) 
are not suitable for such a protocol and will be hospitalised for prolonged observation. 

Limitations. Inherent to the study protocol was the availability of DASE results to all physicians 
treating the patients. Knowledge of these results obviously affected management decisions 
regarding the aggressiveness of medical therapy or performance of coronary artery 
revascularization. As a result the predictive value of positive DASE, and in particular of high-risk 
DASE, for cardiac events such as PTCA or CABG could be anticipated. The number of patients 
with a hard cardiac event (death or MI) was surprisingly low. Patients with spontaneous chest pain 
without evidence of ischemia on the resting ECG constihlte a relatively low-risk group, as opposed 
to high-risk unstable patients with ECG evidence of ischemia (29). On the other hand, the overall 
predictive value of positive DASE for cardiac events during follow-up may have been 
underestimated because of the intensive medical and invasive treatment of patients with positive 
DASE. The number of patients included in our study was relatively small. Therefore, conclusions, 
especially regarding safety, should be interpreted with caution. 

Conclusions. OUf results show that DASE can safely discriminate patients with spontaneous chest 
pain and a nOlldiagnostic ECG into Iow- and high-risk subsets for cardiac events. Other, larger 
studies are needed to confirm our findings and to assess the relative value and cost~effectiveness of 
this protocol in comparison to other protocols, involving other stress modalities. A study using 
troponin T as chemical marker of myocardial injury (30) and comparing early DASE with early 
exercise stress testing or a more conservative strategy is currently in progress in Europe. 
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Appendix I. Chest pain score 

Location 
Substemal +3 
Precordial +2 

Neck, jaw, epigastrium +1 

Apical -I 
Radiation 

Either an11 +2 

Shoulder, back, neck,jaw +I 
Character 

Crushing, pressing, squeezing +3 

Heaviness, tightness +2 

Sticking, stabbing, pinprick catching -I 
Severity 

Severe +2 

Moderate +1 

Influenced by 
Nitroglycerine +1 

Stature -I 
Breathing -I 

Associated symptoms 
Dyspnea +2 

Nausea or vomiting +2 
Diaphoresis +2 

Previous history of excl1ional angina +3 

Appendix II. Risk factor score 

Hypel1ension +1 

Smoker +1 

Diabetes +1 

Family history of coronary disease +1 

Hypercholesterolemia +1 
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Appendix III. Physical examination score 

Pulmonary rales 
Increased central venous pressure 
Pain at local pressure 
TIlird heart sound 
Mitral regurgitation mumlUr 

Pericardial friction rub 
Vascular bruits 
Peripheral edema 

+1 
+1 
-I 

+1 
+1 
-1 

+1 
+1 
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The data presented in this thesis were derived from 6 prospectively defined databases: 

1. A multicenter database on 223 patients who underwent simultaneous dobutamine ECHO and 
MIBI and coronary angiography within 3 months (chapter 4) 

2. A multicenter database on 64 left bundle branch block patients without prior myocardial 

infarction who underwent dobutaminc ECHO and coronary angiography within 1 month 

(chapter 8) 

3. A singlecenter database on 418 patients who underwen t dobutamine MIBI (chapter 9) 

4. A singlecenter database 011 260 of the above-described patients who underwent simultaneous 

dobutamine ECHO and MIBI (chapter II) 

5. A siuglecenter database on 200 patients with normal dobutamine ECHO results (chapter 10) 

6. A singlecenter database on 102 patients with suspected unstable angina who underwent 

dobutamine ECHO (chapter 12) 

The data used in the retrospective shldies presented in chapters 3 and 5 to 7 were derived from the 

third database 
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In this thesis the methodology of dobutamine stress testing and the relative diagnostic and 

prognostic merits of imaging myocardial ischemia with two-dimensional echocardiography 
(ECHO) and teclmetium-99m single-photon emission computed tomographic scintigraphy (MIBI) 

in patients with chest pain and known or suspected coronary artery disease (CAD) were described. 

Test methodology 

Dobutamine is a synthetic catecholamine with a relatively short plasma half-life of approximately 2 

minutes due to rapid metabolization in the liver to inactive metabolites. It has strong B,-receptor and 

mild at- and lh-receptor agonist activity. TIus activity results in marked positive chronotropic 
(mediated by B,-receptor stimulation) and inotropic (mediated by both B,-receptor and !X,-receptor 
stimulation) effects. Systemic blood pressure increases only minimally due to an increase in cardiac 
output and a decrease in systemic vascular resistance because of peripheral vasoconstrictive effects 
(mediated by !X,-receptor stimulation) overwhelmed by vasodilative effects (mediated by 13,­
receptor stimulation). In patients without sufficient rise in heart rate, the addition of atropine can 
further increase heart rate by its vagolytic effects. As a result of the hemodynamic changes there is 

an increase in oxygen demand and as a consequence in coronary artery blood flow. In myocardial 
regions supplied by a coronary artery with a critical stenosis, the increase in oxygen demand cannot 
be met by an adequate increase in blood flow. The resultant heterogeneity in blood flow can be 

detected by a decrease in technetium-99m uptake in the malperfused myocardium. If regional 

malperfusion is severe enough, wall thickening abnonnalities develop which can be detected by 
two-dimensional echocardiography. 

Each imaging modality has its specific benefits. Echocardiography machines are smaller in 
size, portable and widespread available at relatively low cost. Echocardiography is capable of 

accurately defining systolic and diastolic function, chamber dimensions, volumes and wall 
thickness. Non-ischemic explanations for patient symptoms may be apparent from visualization of 
valve anatomy and gradients or pericardial effusion. Myocardial ischemia, including the ischemic 
threshold, may be observed on-line during stress echo cardiography, which may be attractive in 
patients in whom safety is a major concern. Nuclear perfusion images, however, are sometimes of 
better quality, easier to interpret and can be analyzed quantitatively by a computer, whereas the 
interpretation of stress echocardiograms is always subjective. 

Diagnostic merits 

- Patients with suspected CAD 

Despite the fact that sensitivity (probability of an abnormal test result, given the presence of 
disease) and specificity (probability of a normal test result, given the absence of disease) define the 
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strength of a stress test, the final resuit of dobutamine ECHO or MIBI cannot be satisfactorily 
interpreted unless the pre-test probability of CAD is considered. According to Bayes' theorem post­
test probability can be calculated according to pre-test probability (based on gender, age and chest 
pain characteristics) and the sensitivity and specificity of the test. In a prospective, multicenter 
study in 223 patients with suspected CAD, 15 patients were, according to the pre-test probabilities, 
in the low-risk group (CAD probability <10%), 53 patients were in the high-risk group (probability 
>80%), and the remaining 155 patients were in the intermediate-risk group (probability 10-80%) tor 
having CAD. Sensitivity and specificity for the detection of CAD (defined as a ~50% diameter 
stenosis at quantitative coronary angiography) were, for dobutamine ECHO versus NIIBI 
respectively, 72% versus 76% and 790/0. versus 63%. Dohutamine ECHO was more specific than 
MIB!. Both dobutamine ECHO and MIBI significantly reduced the number of patients in the 
intermediate-risk group (from 155 to 102 and 126, respectively) The reduction of patients in this 
intermediate-risk group was better for dobutamine ECHO than for MIB!. Most importantly, 
dobutamine stress testing did not only identify absolutely more patients with post-test 'diagnostic' 
10w- or high-risk probabilities but the relative number of patients in the low-risk group with true 
absence of CAD and thc number of patients in the high-risk group with tcue presence of CAD 
tended to be higher, both for dobutamine ECHO (105/121, 87%) and for MIBI (88/97, 91%) 
compared to patients with pre-test 'diagnostic' low- or high-risk probabilities (56/68, 82%). 

- Patients with a histOlY a/myocardial infarction 

The major goals of dobutamine stress testing in patients with a history of myocardial infarction are 
to assess infarct-related coronary artery stenosis and to identify patients with multivessel CAD in 
whom coronary angiography and eventually myocardial revascularization may be indicated. In a 
retrospective study in 72 patients with a history of myocardial infarction and known coronary 
anatomy, sensitivity and specificity for the detection of infarct-related CAD were, for ECHO versus 
MIBI respectively, 56% versus 44% and 82% versus 82%. The sensitivity and specificity for the 
detection of multivessel CAD (as assessed by a multi vessel ischemic pattern) were, for ECHO 
versus MIB! respectively, 40% versus 36% and 96% versus 960/0. It should be emphasized that the 
echocardiographic "hiphasic" response to detect myocardial ischemia in patients with resting wall 
thickening abnormalities was not used in this study. 

- Patients with left ventricular hypertrophy 

Hypertension is a major risk factor for the development of CAD and a frequent finding in patients 
undergoing dobutamine stress testing. Patients with hypertension often have left ventricular 
hypertrophy, a condition that is presumed to potentially cause false positive perfusion defects in the 
absence of CAD due to impainnent of coronary flow reserve. To investigate the relative role of 
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dobutamine ECHO and MIBI in this patient subset we retrospectively studied 84 hypertensive 

patients (59 with left ventricular hypertrophy and 25 without left ventricular hypertrophy) with 
known coronary anatomy. Sensitivity and specificity for the detection of CAD were, for ECHO 

versus MIBI respectively, 73% versus 67% and 83% versus 83%. A subanalysis in patients with 

versus without left ventricular hypertrophy did not show a difference in diagnostic accuracy for the 
detection of CAD, both for dobutamine ECHO and MIB!. 

- Patients with left bundle branch black 

In patients with left btmdle branch block, exercise myocardial perfusion studies often suffer from false 

positive perfusion defects in the interventricular septum despite a normal left anterior descending 
coronary artery. Several mechanisms have been proposed to explain these perfusion defects. In left 

bundle branch block patients, septal contraction occurs at the very end of systole. The regional 
myocardial. compressive effect may restrict coronary blood flow during early diastole, when 1110St 

perfusion nonnally occurs. As heart rate increases and diastole shortens, the relative septal 
hypoperfusion may even become more apparent. During dobutamine stress, the attained heart rate is 
usually lower than during exercise which could potentially preserve the specificity of the test. In a 
retrospective dobutamine NtIBI study in 20 patients without left anterior descending stenosis, 
specificity for CAD in this artery was 80%. 

In a prospective, multicenter dobutamine ECHO study in left bundle brmtch block patients 

without a history of myocardial infarction we found that in 49 patients without left anterior descending 
stenosis specificity for CAD in tltis artery was 97%. In the 15 patients ",th CAD in the left descending 

coronary artery sensitivity for the detection of CAD, however, was quit low in patients with abnonnal 
rest septal thickening (44%) as opposite to patients with nonnal rest septal tltickening (83%). 

Interestingly, the likelihood of having relatively normal rest septal thickening was ltigher in patients 
with shorter QRS·duration and nonnal QRS-axis. So, patients who potentially most benefit from 

dobutarnine ECHO may initially be selected by their resting electrocardiogram. 

Prognostic merits 

- Patients with stable chest pain 

The prognostic value of dobutamine MIBI was assessed in 392 patients with stable chest pain. Tllis 
study indicated that patients at greater risk for hard (cardiac death or myocardial infarction) or all 
cardiac events (hard events or late revascularization procedures) can be identified by virtue of their 
clinical and :MIBI scintigraphic profile. The single most important independent predictor of 
subsequent events was abnonnalities on the perfusion Shldy (any abnormality); such an abnormal 
finding increased the risk for subsequent hard cardiac events tenfold and for all events eightfold. A 
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Hannal scan conferred a good prognosis and identified 33% of the patients that were at a very low 
risk for hard events (annual event rate 0.8%) and low risk for all events (almual event rate 2.5%). 
An ischemic pattern provided additional, independent prognostic value. Compared to patients 
without ischemia, these patients had a threefold increased risk for both hard and all events. Most 
importantly, tIus study clearly showed a direct relation between the extent and severity of 
dobutamine-induced perfusion defects and prognosis. 

In another study the relative prognostic value of dobutamine ECHO and MIBI was assessed 
in 220 of the 392 above-described patients. No sigluficant differences where found in the prognostic 
value of the two imaging modalities although the positive predictive value of an ischemic 
dobutanrine ECHO study tended to be somewhat better. After analyzing different strategies of 
adding dobutamine ECHO to MIBI or dobutal11ine MIBI to ECHO, it was speculated that addition 
of dobutamine MIBI to a nonlschemic submaximal dobutamine ECHO study may be a reasonable 
and financially convenient strategy to optimize the predictive value of dobutamine stress testing. 

In a third study in 200 patients with stable chest pain it was shown that patients with low or 
intennediate pre-test probabilities of CAD and a nonnal dobutamine ECHO study had a negligible 
event rate during a 2-year follow-up. Patients with high pre-test probabilities of CAD and a 
submaximal normal dobutamine ECHO study, and in particular those patients with other signs or 
symptoms of myocardial ischemia during dobutamine stress (angina or ischemic 
electrocardiographic changes) still appear to be at SOllle risk for functionally important CAD. 

- Patients with suspected unstable chest pain 

To shorten hospital stay and to study the predictive value of early dobutamine ECHO in patients 
with suspected unstable angina we prospectively studied 102 patients with spontaneous chest pain 
and a nondiagnostic ECG. All patients underwent serial creatine kinase enzyme measurement, 
continuous ECG monitoring for at least 12 hand dobutamine ECHO in case of negative creatine 
kinase enzymes and nOffi1al findings at ECG monitoring. Patients with negative dobutamine ECHO 
were discharged within 24 h of the test (usually the same day). Six months follow-up events noted 
were cardiac death, nonfatal myocardial infarction, unstable angina, and coronary revascularization. 
Thirteen patients had evidence of evolving myocardial infarction by elevated creatine kinase 
enzymes or unstable angina by ECG monitoring. In the remaining 89 patients, dobutamine ECHO 
was perfomled after a median observation period of 31 hours. During the test no serious 
comp1ications occurred. Dobutamine ECHO results were of poor quality in 3, nondiagnostic in 6, 
negative in _ 44 and positive in 36 patients. In the 80 patients with a diagnostic dobutamine ECHO 
study, variables associated with events during follow-up were history of exertional angina, stress­
induced angina and a positive dobutamine ECHO study. At multivariate analysis the only 
significant predictor of events was a positive dobutamine ECHO study. 



158 SUMMARY AND CONCLUSIONS 

Our results in perspective of othcr publish cd data 

In general, our diagnostic dobutamine ECHO and MIBI results are within the range of those 
reported by others (see Tables 1-3 and Tables 1-2 in Chapter 1), although the available data in 
specific patient populations are scarce. However, a comparison of our results with those reported in 
the literature is not that relevant since patient characteristics, stress protocols, criteria for a positive 
test and the golden standard for CAD are so different. More important than individual study results 
are the respective values of dobutarnine ECHO and MIBI, studied in head-to-head comparisons. 
Some nuclear orientated physicians have concluded that stress myocardial perfusion scintigraphy is 
[I] more sensitive for the detection of overall CAD, especially for the detection of single-vessel 
CAD, [2] superior in the localization of disease in a specific vessel, and [3] superior in the 
identification of multi vessel CAD (25). The authors included in their analysis both head-to-head 
comparisons and indirect comparisons between the imaging modalities, did not analyse all available 
studies and did not take into account the earlier discussed limitations of published studies. Only in 
our dobutamine study in patients with suspected CAD we found a tendency towards better 

identification of CAD by dobutamine MIBI. Of note, in this study the relatively mild stress level 
(atropine was not used in this study) was not favoring the echocardiographic detection of 

myocardial ischemia. On the other hand, dobutamine ECHO may be the more specific test. 
More important than diagnostic results (or knowing the coronary anatomy of a patient) is to 

know if a positive test denotes worse outcome (and ultimately if medical or invasive interventions 

improve outcome). Clearly, coronary anatomy has predictive power (26). Several studies, however, 

have indicated that functional tests are better capable of predicting future events (27). So, how do 
stress echocardiography and perfusion imaging perfonn in this respect? In a recent publication, 
Kenneth A. Brown concluded that the ability to define a low-risk cohort is not the same for stress 
echocardiography (estimated annual hard event rate 6%) and stress myocardial perfusion imaging 
(estimated rate <I %) and the use of stress echocardiography may therefore not be appropriate for 
cardiac risk stratification (28). Again, such a conclusion seems inappropriate, not only because of 
the earlier mentioned limitations in comparing studies, but also by defining stress echo studies with 

resting wall motion abnormalities as normal. 
Our exceHent prognostic dobutamine ECHO results were recently confirmed by a larger 

study from the Mayo Clinic (29). In this study, 860 patients (with comparable baseline 
characteristics, undergoing a similar stress protocol) were followedMup for a mean of 24 months. 

Hard arumal events rates for patients with a normal versus an ahnonnal stress echocardiogram were 
2.0% versus 6.6% (in our shldy 0.4% versus 6.6%). Event rates for nonischemic versus ischemic 

stress echocardiograms were 3.9% versus 6.9% (in our study 2.4% versus 7.6%). For all cardiac 
events these numbers were, respectively, 2.3% versus 12.9% and 5.8% versu~15.0% (in our study 
these numbers were 2.3% versus 14.2% and 5.6% versus 16.8%). Preliminary, extended data in 

1,737 patients from our center by Poldemlans et al. (30) also confirm our data. An annual hard 
event rate less than 2.0% for patients with a normal stress echo cardiogram was also reported by 

authors describing the value of exercise (31-33) or dipyridamole (34) stress echocardiography. 



Table 1. Diagnostic Accuracy ofDobutamine Stress Myocardial Perfusion Imaging As Reported in 20 Studies 

Year Author Protocol Tracer Analysis Patients Mean age Men :MI B-Blocker CAG Defect Sensitivity Specificity Accuracy 

1984 Mason (1) 

1991 Pennell (2) 

1993 Gllnalp (3) 

Forster (4) 

Marwick (5) 

Pennell (6) 

Hays (7) 

Warner (8) 

1994 Senior (9) 

Herman (10) 

1995 This thesis 

Thorley (11) 

20 ~5min 

20 ~5min 

30 ~5min 

40+A ~ 3 min 

40 ~3min 

40 ~3min 

40 -3min 

50 -3min 

40 -3min 

30 -5min 

40 -3 min 

40+A -4 min 

Henzlova (12) 40 ~ 3 min 

1996 DiBcllo(l3) 40+A -3min 

Kisacik (14) 40+A - 3 min 

Iftikhar (15) 40 ~ 3 min 

1997 Huang (16) 

Caner (17) 

1998 Santoro (I 8) 

40+A - 3 min 

40+A - 3 min 

40+A - 3 min 

San Roman (19 40+A - 3 min 

TI-20 1 Planar 

TI-201 Planar 

Tc-99 SPECT 

Tc~99 SPECT 

Tc~99 SPECT 

Tl-20 1 Planar 

Tl-20 1 SPECT 

TI-201 SPECT 

Tc-99 SPECT 

Tc-99 SPEeT 

Tc-99 SPECT 

Tc-99 SPECT 

TI-20 1 SPECT 

Tc-99 SPECT 

Tc-99 SPECT 

Tc-99 SPECT 

TI~201 SPECT 

Both SPECT 

Tc-99 SPECT 

Tc-99 SPECT 

24 

50 

27 

21 

217 

20 

67 

16 

61 

20 

223 

23 

15 

45 

69 

38 

93 

29 

60 

92 

59 

54 

47 

62 

58 

63 

65 

61 

63 

57 

58 

57 

4& 

53 

51 

55 

61 

NA 

NA 

64 

NA 0% 48 h stop >50, V Rev 

84% 30% 48 h stop >50, V Rev 

85% 0% 48 h stop >50, V Rev 

55% 0% 52% >50, V Rev 

72% 0% 19% >50. Q Any 

60% 0% 0% >50, V Rev 

50% 29% 10% >50, Q Any 

44% 56% 24 h stop >50, Q Any 

72% 21% 72 h stop >50, V Any 

92% 29% 42% >50, V Any 

69% 0% 23% >50, Q Any 

69% 48% 48 h stop >50, V Any 

65% 0% + >50, V Rev 

73% 0% stopped >50, V Rev 

84% 30% 48 h stop >50, V Rev 

57% 33% 9% >50, V Any 

77% 39% 58% >50, Q Rev 

52% 38% 48 h stop >50, V Rev 

NA 0% 

49% 0% 

NA 

9% 

>70, Q Any 

>50,0 Any 

94% 

98% 

94% 

83% 

76% 

91% 

86% 

93% 

95% 

100% 

76% 

95% 

100% 

87% 

96% 

79% 

90% 

84% 

91% 

87% 

88% 

80% 

89% 

89% 

67% 

78% 

90% 

100% 

71% 

100% 

63% 

100% 

36% 

86% 

64% 

90% 

81% 

70% 

81% 

70% 

A = atropine; CAG = coronary angiography; MI = myocardial infarction; NA = not available; Rev'" reversible defect; SPECT = single-photon emission computed 

tomography; Q = (semi)quantitative; V "" visual 

92% 

94% 

93% 

86% 

73% 

85% 

87% 

94% 

89% 

100% 

71% 

96% 

53% 

87% 

86% 

82% 

87% 

79% 

87% 

82% 

~ 

~ 
~ 

~ 
~ 
t"' 

~ 
~ 
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Table 2. Dobutamine stress testing in patients with hypertension and/or left ventricular hypertrophy 

Year Author Dob dose Echocardiografie Perfusie scintigrafie 

Sensitivi!i: SJ2ecifici!i: Sensitivi!i: SJ2ecifici!i: 

1993 Marwick (5) 40 HT 
LVH 27/37 (73%) 16/17 (94%) 29/37 (78%) 10/17 (59%) 

1996 Senior 20) 40 HT 27/29 (93%) 14/14 (100%) 
LVH 17/19 (89%) 9/9 (100%) 

1998 Ho (21) 40A HT 26/29 (90%) 23/27 (85%) 
LVH 16/17 (93%) 12/14 (84%) 

1998 This thesis 40A HT 48/66 (73%) 15/18 (83%) 44/66 (67%) 15/18 (83%) 
LVH 35/46 (76%) 11113 (85%) 32/46 (70%) 11/13 (85%) 

A = Atropine, Dob dose = Dobutarnine dose in J.lg/kglmin, HT = Hypertension, L VH = Left ventricular hypertrophy. 
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Table 3. Dobutamine stress testing in patients with left bundle branch block ~ 

n 
Year Author Dob dose Echocardiografie Perfusie scintigrafie 

Sensitivi!): S:eecifici!): Sensitivi!): S:eecifici!): 
1995 Mairesse (22) 40 Overall 14/15 (93%) 7/9 (78%) 10115 (67%) 8/9 (89%) ! 

Anterior 10/12 (83%) 11112 (92%) 9/12 (75%) 11112 (92%) ~ 
Posterior 11113 (85%) 8/11 (73%) 1113 (8%) 9/11 (82%) '" 

1996 Vaduganathan (23) 40 Overall 23/25 (92%) 112 (50%) 
Anterior 17117 (100%) 8/10 (80%) 
Posterior 

1997 Caner (24) 40A Overall 3119 (16%) 
Anterior 3119 (16%) 
Posterior 16119 (84%) 

1999 Tbis thesis 40A Overall 13/19 (68%) 41145 (91%) 
Anterior 9/15 (60%) 46/49 (94%) 
Posterior 8/12 (67%) 51152 (98%) 

1999 This thesis 40A Overall 13/16 (81%) 9/13 (69%) 
Anterior 5/9 (56%) 16/20 (80%) 
Posterior 8/13 (62%) 13/16 (81%) 

A = Atropioe, Dob dose = Dobutamine dose io ).tg/kg/min, LBBB = Left bundle branch block. Anterior and posterior refer 
to the respective circulations. 

"" -
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Despite some theoretical limitations of dobutamine as a stressor used in conjunction with 
perfusion imaging, our prognostic dobutamine MlBI results were comparable to previously 
published exercise (35) and dipyridamole (36) MIBl results. The comparable prognostic value of 
stress echocardiography and myocardial perfusion imaging, described in our dobutamine study, was 

recently confirmed by authors describing the respective values of dobutamiue (37), exercise (38), 
and dipyridamole (39) stress. 

Which test fol' whom? 

Several stress modalities arc available to the clinician for the detection of myocardial ischemia and 

risk assessment. This section will discuss the choice for a stress modality in a particular patient. The 

discussion wil1 be focused on taday's most popular stressors exercise (bicycle or treadmill) and 
pharmacological stress testing with a vasodilator (adenosine, dipyridamole) or dobutamine and the 
imaging modalities twoMdimensional echocardiography and perfusion scintigraphy. Other, more 
expensive and/or less available imaging modalities such as magnetic resonance imaging, electron­
beam computed tomography, positron emission tomography and radionuclide ventriculography and 
less commonly used stressors such as arbutamine, pacing, ergonovine, cold pressor or 
hyperventilation will not be discussed. 

Indications for exercise stress testing 

In the majority of patients capable of performing adequate exercise, exercise electrocardiography 
should be the test of choice because of the widespread availability and experience, costs, 
reproducibility of symptoms, assessment of haemodynamics and patient acceptance. Addition of an 
imaging modality is necessary in path;mts with a high incidence of false-positive tests because of 
hyperventilation syndromes, mitral valve prolapse and repolarization abnormalities related to left 
ventricular hypertrophy, conduction disturbances (left bundle branch block, pre-excitation, 
ventricular paced rhythm) or digitalis therapy. Stress imaging is also helpful when identification of 
the site of myocardial ischemia or the direct measurement of specific ancillalY information (for 
example, left ventricular ejection fraction) is necessary for patient management. Whether it is cost­
effective to routinely use an imaging modality in women is controversial. 

Indications for pharmacological stress testing 

In patients unable to perfonn adequate exercise, because of deconditionin,g: or neurologic, 
respiratory, peripheral vascular or orthopedic limitations, pharmacological stress testing with a 
vasodilator (adenosine, dipyridamole) or dobutamine is indicated, because of a decrease in 
sensitivity associated with submaximal exercise stress. Phannacological stress is also indicated in 
patients with left bundle branch block, because of a decrease in specificity associated with exercise 
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stress. The stressor of choice is dependent on costs, patient characteristics, the imaging modality 

and local expertise. 

Dahufamine is preferred ill patients with: 

- allergy to vasodilators 

- obstructive ainvay disease (active wheezing or a recent exacerbation) 

- atrioventricular node disease 

- arterial hypotension 

- caffeine-containing beverages used <12 hours before testing 

- dipyridamole Or theophylline-containing compounds used <24 hours before testing 

- echocardiographic imaging 

Vasodilators are preferred in patients with: 

- allergy to dobutamine 

- known susceptibility to ventricular arrhythmias 

- relatively uncontrolled atrial fibrillation 

- relatively uncontrolled hypertension 

- mild hypokalemia 

- symptomatic or large aortic aneurysm (?) 
- left bundle branch block (?) 
- perfUsion imaging (?) 

Echocardiographic or perfusion scintigraphic imaging is always necessary in combination with 

pharmacological stress testing because the sensitivity of drug-induced electrocardiographic changes 

is relatively low. As with the stressor of choice, the imaging modality of choice is depend~nt on 

costs, patient characteristics, the stressor and local expertise. 

Perfusion scintigraphy is more useful ill: 

- patients with a poor echocardiographic window (obese, ainvay disease) 

- patients requiring vasodilator stress 

- detection of (anatomically defined) mild CAD 

Ec!tocardiography is more useful in: 
- patients in whom safety is a concern 

- assessment of the functional significance of a stenosis 

- patients with a suspicion of significant valvular, myocardial or pericardial disease 

- studies being performed to assess the adequacy of therapy (?) 

- patients with L VH (?) 
- patients with heart transplantation (?) 

- women (?) 
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Conclusions and future directions 

As described, each imaging modality has its specific benefits. For this moment one could argue tlla~ 

perfusion imaging may be somewhat more sensitive to detect milder forms of CAD, at the cost of a 

lower specificity. For prognostic purposes, more related to severe forms of CAD, echo cardiography 

and perfusion imaging seem to have comparable strength. However, the choice for one of the 
imaging modalities should not only be based on their diagnostic or prognostic accuracies but also 

on patient characteristics, costs (or better cost-effectiveness), and local experience. Furthermore, 
many technical improvements are expected to find their way into the clinic in the ncar future. The 

use of new technetium-99m labeled tracers, muItihead ganmm cameras, and photon 

attenuation/scatter or depth resolution compensation all have the potential to enhance perfusion 

image quality and decrease the number of artifacts. Likewise, edge detection based on backscatter 

analysis and acoustic quantification with color coding for the assessment of the time course of 
endocardial motion, tissue Doppler imaging, and the use of contrast agents will hopefully enhance 

the ability t.o characterize and quantify echocardiographically detected wall motion and thickening. 
Contrast echocardiography as well as ECG-gated single-photon emission computed tomographic 

imaging may eventually aJlow evaluation of myocardial function and perfusion with the use of only 
one imaging modality. All these developments will certainly require the reassessment of the relative 

role ofthe two imaging modalities in the future! 
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In dit proefschrift werd de methodologie en relatieve diagnostische en prognostische waarde van 
dobutamillc echocardiografie (ECHO) en dobutamine perfusie scintigrafie met techlletium-99m 
(MIBI) besproken bij patienten met borstklachten Illogelijk berustend op ziekte van de 
krallsslagaders. 

Test methodologie 

Dobutamine is een lichaamsvreemde stof welke na toediening in de bloedbaan leidt tot een stijging 
van de hartfrequentie, cen verbetering van de pompfullctie van het hart en cen geringe toename van 

de bloeddruk. Ais gevolg van deze veranderingen heeft de hartspier meer zuurstof nodig. Om aan 

deze zuurstofvraag te kUllnen voldoen zullen de kransslagaders zich venvijden waardoor meer bloed 

met zuurstof door de hartspier kan stromcn. Ben zieke kransslagader met cen belangrijke 
vemauwing kan echter de bloedstroolU minder latcn toencmcn dan cen gezonde kransslagader. 
Indien bij een patient met kransslagaderziekte technetium-99m wordt ingespoten in de bloedbaan 
zal dit verminderd worden opgenomen in die hartspierdelen die relatief minder van bloed worden 
voorzien. Deze verminderde opname uit zich op de nucleaire scan als een perfusiedefect. Indien de 
bloedvoorziening oak in absolute zin tekortschiet zal het betreffende hattspierdeel door 
zuurstoftekort verminderd samenknijpen. Dit laatste kan middels echocardiografie gedetecteerd 
worden daar deze techniek in staat is de zich samenknijpende hartspier in 'real-time' afte beelden. 

Zowel dobutamine ECHO als MISI hebben hun eigen, specifieke voordelen. Echo machines 
zijn kleiner, verplaatsbaar, in ieder ziekenhuis aanwezig en relatief goedkoop. Middels 
echocardiografie kan op een nauwkeurige wijze de grootte van de hartholtes en de wanddikte en 
pompfunctie van de hartspier bepaald worden. Tevens kunnen op eenvoudig wijze andere 
verklaringen voor borstklachten zoals bepaalde hartklepgebreken of een ontstoken hartzakje 
zichtbaar gemaakt worden. Een eventueel optredend zuurstoftekort van de hartspier kan bovendien 
tijdens de test ontdekt worden waardoor de test tijdig kan worden onderbroken (in tegenstellillg tot 
de lluc1eaire scintigrafie techlliek waarbij plaatjes pas na afloop van de test gemaakt kunnen 
worden). Het vroegtijdig onderkenllen van zuurstoftekort is va oral aantrekkelijk bij patienten 
waarbij ll10gelijk ernstig zuurstoftekort wordt verwacht. Atbeelding van zuurstoftekort van de 
hartspier met nucleaire scintigrafische teclUlieken levert echter soms mooiere plaatjes op. 
Bovendien zijn de stilstaande nuc1eaire plaatjes in tegenstelling tot de bewegende 
echocardiografische beelden veel eenvoudiger te interpreteren en kunllen zij ook geheel 
automatisch en kwantitatief door een conlpnter geanalyseerd worden. 
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Diagnostische waarde 

- Patii!nten met magelijk kransslagaderziekte 

De nauwkeurigheid van een testuitslag wordt bepaald door de sensitiviteit (de kans op een 
abnormale testuitslag, gegeven aanwezigheid van de ziektc) en specificiteit (de kans op cen nonnale 
testuitslag, gegeven afwezigheid van de ziekte) van de test. De resultaten van dobutamine ECHO of 
MIBI zijn echter niet goed te interpreteren indien men de vooratkalls op kranssiagaderziekte 
(gebaseerd op geslacht, leeftijd en bepaalde karakteristieken van de borstklacht) niet in ogenschouw 
neemt. In een studie bij 223 patienten met mogelijke ziekte van de kransslagaders vanden we dat, 

volgens de voorafkans op kransslagaderziekte, 15 patienten zich in de laag risicogroep (kans op 
ziekte <10%),53 patienten zich in de hoog risicogroep (kans op ziekte >80%) en 155 patWnten zich 
in de iutcnnediaire risicogroep (kans op ziekte 10-80%) bevonden. De sensitiviteit en specificiteit 

van dobutamine ECHO versus MlBI voor het vaststellen van kransslagaderziekte waren 
respectievelijk 72% versus 76% en 79% versus 63%. Dobutamine ECHO was significant meer 
specifiek. Zowel dobutamine ECHO als MIBI verminderden significant het aantal patienten in de 
intcrmediaire risicogroep (de groep patienten waarbij het onduidelijk is of er sprakc is van 
kransslagaderziekte) van respectievelijk [55 naar 102 en [26 patienten. Deze vermindering van 
patienten in de intcnnediaire risicogroep was bctcr voor dobutamine ECHO. Overigens werden met 
beliulp van zowel dobutamine ECHO als MIBI niet alleen in absolute zin meer patiellten voorzien 
van cen diagnostische lage of hoge kans op ziekte maar was bovendien het aantal patienten zonder 
daadwerkelijk ziekte in de laag risicogroep en met daadwerkelijk ziekte in de hoog risicogroep 
(87% voor ECHO en 91 % voor MIBI) ook relatief gezien hoger vergelekenmet het aantal patienten 
met eenjuiste lage ofhoge vooralkans (82%) op kransslagaderziekte. 

- Pa/ienlen met een hartin/arct in de voorgeschiedenis 

De belangrijkste doelen van de dobutamine stress test bij patienten met cen hartinfarct in de 
voorgeschiedenis zijn het vaststellen van de ernst van de vemauwing in de kransslagader die het 
hartinfarct veroorzaakte en de opsporing van patienten met ziekte van meerdere kransslagaders bij 

welke ingrijpen middels dotterbehandeling of hartoperatie noodzakelijk kan zijn. In een studie bij 
72 patii:.:!nten met een hartinfarct in de voorgeschiedenis die tevens een contrastollderzoek van de 
kransslagaders hadden ondergaan bleek dat de sensitiviteit en specificiteit voor het aantonen van 

een ernstige vernauwing in de kransslagader die het hartinfarct had veroorzaakt, voor 
respectievelijk ECHO versus MIBI, 56% versus 44% en 82% versus 82%_ bedroegen. De 

sensitiviteit en specificiteit voor het ontdekken van vernauwingen in meerdere, kranssiagaders op 
basis van een sterk abnonnale testuitslag bedroegen, voor respectievelijk _ECHO versus MIBI, 40% 

versus 36% en 96% versus 96%. 
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- PatiiJntell me/linker kamerhypertrojie 

Hoge bloeddruk is cen belangrijke risicofactor voor het ontstaan van kransslagaderziekte. Deze 
aandoening wordt dan oak veel gezien bij patienten verwezen voor cen dobutamine stress test. Als 
gevolg van de hoge bloeddmk is vaak hypertrofie (een toename van de spierdikte) van de hartspier 
ontstaan. In de literatuur is gesuggcreerd dat hypertrofie aanleiding kan geven tot perfusiedefecten 
op de MIBI scan zander aanwezigheid van kransslagaderziekte. Teneinde de relatieve rol van 
dobutamine ECHO en MIB! te bepalen onderzochten \Vij 84 patienten met hoge bloeddmk 
(waarvan 59 met hypertrofie van de hartspier) die tevens cen contrastonderzoek van de 
kransslagaders haddcll olldergaan. De sensitiviteit en specificiteit voor het ontdekken van 
kransslagaderziekte bedroegen, VDor respectievelijk ECHO versus MIBI, 73% versus 67% en 83% 
versus 83%. Er kon, zowel voor dobutamine ECHO als MIBI, geen verschil worden aangetoond in 
diagnostische waarde bij patienten met en zonder hypertrofie van de hartspier. 

- Patientell met eelllinker bUlldeItakblok 

Bij paticnten met cen linker bundeltakblok verloopt de activatie van de hartspier abnonnaal en lateo 
scans gemaakt na een fietsproef vaak perfusiedefecten zien terwijl er geen sprake is van 
kransslagaderziekte. Deze abnormale uitslagen worden mogelijk veroorzaakt door de sterke stijgiog 
van de hartfrequentie tijdens een fietsproef. Bij de dobutamine stress test loopt de hartfrequentie 
eehter minder haog op en zijn deze perfusiedefeeten mogelijk afwezig. \Vij vonden bij 20 patienten 
met een linker bundeltakblok zonder kransslagaderziekte een specificiteit voor dobutamine MIBI 
van 80%. 

Een dobutamine ECHO studie bij 49 patienten met een linker bundeltakblok maar zonder 
kransslagaderzickte liet een specificiteit zien van 97%. Bij 15 patienten met kransslagaderziekte 
leek de sensitiviteit bij die patienten met cell hartspier die in rust al slecht samenkneep iets minder 
(44%) dan bij die patienten met een hartspier die in nlst goed samenkneep (83%). Deze eerste groep 
patienten die mogeJijk minder gebaat zijn bij een dobutamine ECHO studie konden voor de test al 
geYdentificeerd worden middels een meer afwijkend hartfilmpje. 

Pl'ognostische waarde 

- Patienten met stabiele borstklachten 

De prognostische waarde van dobutamine MIBI werd onderzocht bij 392 patienten met stabiele 
borstklachten. Deze shldie toonde aan dat patienten met een groter risico op toekomstige ernstige 
hartproblemen (dood of hartinfaret) of \VilIekeurige hartproblemen (dood, hartinfaret, 
dotterbehandeling of hartoperatie) kunnen worden ontdekt middels k1inische en MIBI 
scintigrafische parameters. De belangrijkste, onafhankelijke voorspeUer van toekomstige 
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hartproblemen was cen abnormale perfusiescan (een scan met aallwijzingen voor zuurstoftekort of 

cen litteken passelld bij cen doorgemaakt hartinfarct). Een dergelijke scan verhoogde de kan8 op 
cen ernstige hartprobleem met een factor tien en de kans op cen willekeurig hartproblecm met cen 

factor aeht. Een geheel normale scan ging gepaard met cell zeer laag kans op cen ernstige 
hartprobleem (jaarlijkse kans 0.8%) en een laag kans op een willekeurig hartprobleem (jaarlijkse 

kans 2.5%). Een scan waarcp zuurstoftekort van de hartspier te zicn was had aanvullende, 
onafhankelijke voorspellende waarde. Vergeleken met patienten zonder zuurstoftekort hadden deze 

patWntcn cen driemaal zo grate kans op zowel cen ernstig hartprobleem als cen willekcurig 
hartprobleem. Bovendien toonde deze studie cen duidelijk verband aan tussen de ernst en 
uitgebreidheid van de afwijkingen op de scan en de kans op het optreden van hartproblemen. 

In een andere studie werd de voorspellende waarde van dobutamine ECHO and MlBI 
vergeleken bij 220 van de 392 beschreven patienten. Er werden geen significante verschillen 
gevonden tussen de twee afbeeldingstechnieken hoewel de kans op een hatiprableem na een 
dobutamine ECHO studie met aanwijzingen voor zuurstoftekort wat grater leek. Na analyse van 
verschillen~e opties van toevoeging van dobutamine ECHO aan MIBI of dobutamille MlBI aan 
ECHO werd gespeculeerd dat toevoeging van dobutamine MIBI aan een ECHO studie waarbij geen 

zuurstoftekort van de hartspier gezien werd maar tevens de nagestreefde hartfrequentie niet werd 
behaald een haalbare en kostenMeffectieve methode leek om de voorspellende waarde van de 
dobutamine stress test te optimaliseren. 

In een derde studie bij 200 patienten met stabiele borstklachten werd aangetoond dat 
patienten met een lage of intennediaire voorafkans op kransslagaderziekte en een normale 
dobutanline ECHO studie een verwaarloosbare kans hadden op hartproblemen binnen 2 jaar. 
Patienten met een hoge voorafkans op kransslagaderziekte en een normale dobutamine ECHO 
studie waarbij de nagestreefde hartfrequentie niet werd behaald hadden echter nog een behoorlijke 
kans op hartproblemen, met name als tijdens de dobutamine stress test andere tekenen van 
zuurstoftekort van de hartspier gezien werden zoals borstklachten tijdens de test of veranderingell 
op het hartfilmpje. 

- Patienten met moge/ijk ol1stabie/e borstklachten 

Teneinde bij patienten met mogelijk ol1stabiele angina pectoris de opnameduur te bekorten en de 
voorspellende waarde van vraeg verrichte dobutamine ECHO te bepalen werden 102 patienten met 
spontane borstklachten en een niet op zuurstoftekort wijzend hartfilmpje b~studeerd. AIle patienten 
ondergingen herhaaldelijk hartellzym bepalingen en continue monitoring van het hartfilmpje 
gedurende temninste 12 uur. Indien deze onderzoeken normaal waren werd dobutamine ECHO 
verricht. Patienten met een dobutamine ECHO studie waarbij geen zuurstoftekort van de hartspier 
kon worden aangetoond werden vervolgens ontslagen. Gedurende 6 Illaanden werd vervolg 
onderzoek gedaan naar het optreden van dood, bartinfarct, onstabiele angina pectoris, 
dotterbehandeling of hartoperatie. Gedurende de ziekenhuisopname hadden 13 patienten bewijs 
voor een hartinfarct (gestegen hartenzymen) of onstabiele angina pectoris (afwijkingen gedurende 
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de continue monitoring van het hartfilmpje). In de overgebleven 89 patienten werd dobutamine 

ECHO verricht na een mediane observatieperiode van 31 UUf. Tijdens dobutamine ECHO vonden 
geen belangrijke complicaties plaats. De dobutamine ECHO beelden waren van te slechte kwaliteit 
bij 3 patienten, niet diagnostisch (een studie waarbij geen zuurstoftekort gezien werd maar tevens 
de nagestreefde hartfrequentie niet werd behaald) bij 6 patienten, nonnaal bij 44 patiellten en 
abnormaal bij 36 patienten. Een abnonnale dobutamille ECHO sludie was de enige onafhankelijke 
voorspeller voor hartproblemen na ontsiag. 

COllclusies 

Zoals beschreven heeft elk van beide afbeeldingstechniekell zijn eigen, specifieke voordelen. Men 

ZOll kunnen stellcn dat dobutamillc :MIBI wat )ueer gevoelig is voor het vaststellell van milde 
vormen van kransslagaderziekte, ten koste van een iets geringere specificiteit. Voor het voorspellen 
van toekomstige hartproblemen, meer gereiateerd aan ernstige vonnen van kransslagaderziekte. 

lijken dobutamine ECHO ell MIBI weinig voor elkaar onder te doell. De keuze voor een vall de 
twee afbeeldingstechniekell hangt echler ook afvan de soort patient, de kosten (ofbeter de koslen­
effectiviteit) en de ervaring vall de arts mel de afbeeldingstechnieken. De defillitieve plaalsbepaling 
van dobulamine ECHO en MIBI zal onder meer afhankelijk zijll vall de vele technische 
verbeteringen die bij beide afbeeldingslechnieken binnen afzienbare tijd hUll weg in de kliniek 
zullen vinden! 
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