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CHAPTER 1

INTRODUCTION
AND OVERVIEW OF THE THESIS







INTRODUCTION

Non-invasive stress imaging techniques such as echocardiography
and myocardial perfusion imaging are widely used for the diagnosis and
funcrional evaluation of coronary artery disease and for the assessment of
myocardial viability.® The aim of this thesis was to analyse methods that
may expand the dlinical utility of stress echocardiographic and perfusion
imaging, for the diagnosis of myocardial ischemia and viability in patients
with suspected or known coronary artery disease.

One of the major limitations of stress echocardiography is the
suboptimal endocardial border definition, which is encountered in
approximately 30% of patients evaluated by fundamental imaging.® This
interferes with the proper analysis of left ventricular function at rest or
during stress.'®*® In this thesis, we studied the role of second harmonic
imaging in improving the delineation of the endocardial border at rest
and during dobutamine stress. Furthermore, we analysed the impact of
using this method on the diagnostic information obtained by dobutamine
stress echocardiography. Myocardial perfusion imaging has been reported
to have a higher sensitivity, than dobutamine stress echocardiography for
the detection of myocardial viability. "¢ Myocardial perfusion imaging is
based on the detection of the integrity of the cells membrane with preserved
perfusion and metabolism (structural viability), whereas dobutamine stress
echocardiography relies on the demonstration of preserved contractile
reserve (functional viabiliry). In addition to the physiological differences
between the two tests, the image quality can affect the diagnosis of
myocardial viability by stress echocardiographic testing.”® In this work,
we tested the hypothesis that second harmonic imaging can improve
the diagnostic accuracy of dobutamine stress echocardiography for the
detection of myocardial viability. We used dual isotope simultaneous
acquisition (DISA) single photon emission computed tomography (SPECT)
as a reference.

The majority of patients with corenary artery disease and low ejection
fraction receive beta-blocker therapy.”™* It is not yet clear whether bera-
blockers influence the detection of myocardial viabilicy by dobutamine stress
echocardiography. We analysed the influence of continued beta-blockers
therapy on the assessment of myocardial viability during dobutamine
stress echocardiography in patients with severe ischemic lefr ventricular
dysfunction using DISA-SPECT as the independent gold standard.
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Introduction

Previous studies have assessed the role of dobutamine stress
echocardiography for the prognostic evaluation of coronary artery
disease.”™ There are currently no published data to suggest a role
for doburamine stress echocardiography in the prognostic stratification
of diabetic patients. Many diabetic patients have diminished exercise
tolerance and, therefore, are candidates for pharmacologic rather than
exercise stress testing. Additionally; in such 2 high-risk population, it is
not known whether normal dobutamine stress echocardiographic study
can identify a low risk population for future cardiac events. In this work,
we assessed the incremental value of dobutamine stress echocardiography
for the prediction of mortality and cardiac events in diabetic patients
with limited exercise capacity.

Despite the favourable imaging properties of 99m-technetium-
labelled agents, recent experimental studies have raised some questions
regarding the unfavourable myocardial uptake of 99m-technetium-
sestamibi during dobutamine infusion.”*** Because of these potential
limitations, echocardiographic imaging during dobutamine infusion may
be assumed to provide a higher sensitiviry than sestamibi for the diagnosis
of single-vessel coronary disease.?** Qur study compared the accuracy of
dobutamine stress echocardiography and simultaneous sestamibi SPECT
for the diagnosis of single-vessel coronary disease.

The use of 99m-technetium-labelled agents provides the advantages
of improved imaging quality, increased consistency of the imaging
analysis, and a larger injectable dose because of a shorter halflife as
compared to 201-thallium.*®?® Vasodilator agents are an alternative to
exercise stress in patients with limited exercise capacity. Doburamine is
particularly useful as a stress agent in patients who have a contraindication
to vasodilators.?¥ We evaluated the accuracy of dobutamine stress
99m-technetum-tetrofosmin SPECT for the diagnosis of coronary artery
disease in patients with limited exercise capacity.

The occurrence of myocardial perfusion abnormalities in hypertensive
patients with left ventricular hypertrophy and without epicardial coronary
disease is well documented 3% However, the impact of this observation
on the specificity and the utility of exercise stress myocardial perfusion
scintigraphy in this clinical setting remains unclear. It is not known
whether myocardial perfusion scintigraphy has particular limitations in
hypertensive patients and whether the results are different in patients
with and without left ventricular hypertrophy. Thus, we evaluated the
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Introduction

influence of this common risk factor on the diagnostic accuracy of
exercise stress myocardial perfusion imaging.

The diagnosis of coronary artery disease by exercise stress testing
is achieved with the highest accuracy in patents with intermediate pre-
test probability of coronary artery disease.”® The significance of exercise-
induced ventricular arrhythmias is largely dependent on the clinical
characteristics of the population studied.® In healthy asympromatic
subjects, exercise-induced ventricular arrhythmias are not related to
functional abnormalities or an adverse prognosis.”** In patients with
known or high probability of coronary artery disease, there is controversy
regarding the relations among exercise-induced ventricular arrhythmias,
extent of functional and anatomical abnormalities and prognostic
outcome. %3 There are a few studies that evaluated the relation between
exercise-induced ventricular arrhythmias and myocardial perfusion
abnormalities in patients with known or suspected coronary artery
disease.**¥ However, this relation has not been evaluated in a
homogeneous group of patients with intermediate pre-test probability
of coronary artery disease. In this work, we determined whether the
occurrence of exercise-induced ventricular arrthythmias is predictive of a
higher prevalence of myocardial perfusion abnormalities among patients
with intermediate pre-test probability of coronary artery disease.

A large proportion of patients referred for functional evaluation
of coronary artery disease and for consideration of the need of
revascularisation hasa history of myocardial infarcrion. Some investigators
described an association berween increased mortality for patients with
stable coronary disease and exercise-induced ventricular archythmias early
after acute myocardial infarction,® whereas other investigators did not
find such an association.” Few studies have evaluated the relation between
myocardial perfusion abnormalities and exercise-induced ventricular
arthythmias early after acute myocardial infarction.® However, this
relation has not been studied in patients referred for exercise stress testing
late after acute myocardial infarction. We analysed the relarion between
exercise-induced ventricular arrhythmias and scintigraphic markers of
myocardial ischemia and viability in patients referred for exercise stress
testing late after acute myocardial infarction.
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QOUTLINE OF THE THESIS

Part I:

Part I of the thesis deals with the improvement of imaging properties
and of diagnostic information by dobutamine stress echocardiography,
as well as with expanding its clinical utility in the diagnosis and risk
stratification of coronary artery disease.

As described in chapter two, 80 patients underwent doburamine
stress echocardiography. Imaging was performed with both fundamental
and second harmonic imaging at rest, at low dose and at peak dose
dobutamine infusion. Our objective was to compare the additional
value of second harmonic imaging with fundamental imaging for the
left ventricular endocardial border delineation at various stages of
dobutamine stress echocardiography.

The next step was to assess the value of second harmonic imaging
compared with fundamental imaging for the diagnosis of coronary artery
disease during dobutamine stress echocardiography. Sixty-four patients
underwent dobutamine stress echocardiography with both fundamental
and second harmonic imaging. Coronary anglography was considered
the gold standard (chapter three).

Next, we considered whether second harmonic imaging improves the
accuracy of dobutamine stress echocardiography for identification of viable
myocardium. Thirty patients with chronic left ventricular dysfuncrion
underwent dobutamine stress echocardiography with both fundamental
and second harmonic imaging. In addition, all patients underwent nuclear
imaging (DISA-SPECT) as a reference (chapter four).

Chapter five deals with the influence of a continued beta-blocker
therapy in the identification of viable segments during dobutamine seress
echocardiography. We studied 21 patients with reduced left ventricular
function who underwent both dobutamine stress echocardiography with
and without beta-blockers at 1-2 week intervals and DISA-SPECT for
the evaluation of viable myocardium.

In chapter six, we assessed the incremental value of dobutamine
stress echocardiography for the risk stratification of diabetic patients
with known or suspected coronary heart disease. Dobutamine stress
echocardiography was performed in 396 patients with diabetes mellitus.
Endpoints during follow up were hard cardiac events and all causes of
mortality.

19



Chapter 1

Part 1l

Part IT of the thesis deals with the value of 99m-technetium-labelled
agents’ scintigraphy in the assessment of myocardial ischemia and
myocardial viability in specific clinical settings.

In chapter seven, we tested the hypothesis that echocardiography
provides a better sensitivity than 99m-technetium-sestamibi SPECT
in patients with single vessel coronary disease, due to the potential
limitations of sestamibi in this particular patients population. We
studied 91 patients with single-vessel coronary disease with dobutamine-
atropine stress echocardiography and simultaneous sestamibi SPECT
imaging. We compared the accuracy of dobutamine SPECT and of
echocardiography for the diagnosis of single-vessel coronary disease. In
addition, we evaluated the agreemenr between both techniques regarding
the presence and the extent of stress induced wall motion and myocardial
perfusion abnormalities.

In chapter eight, we assessed the accuracy of doburamine stress
myocardial perfusion imaging for the diagnosis and localisation of
coronary artery disease in patients with limited exercise capacity.
One hundred twenty-four patients with limited exercise capacity and
suspected coronary artery disease were tested with doburamine-atropine
99m-technetium-tetrofosmin SPECT imaging.

In chapter nine, our objective was to evaluate the influence of
hypertension on the accuracy of stress myocardial perfusion SPECT
imaging in patients with and without hypertension. An exercise stress test
in conjunction with 99m-technetium-sestamibi or tetrofosmin SPECT
imaging was performed on 332 patients without previous myocardial
infarction who underwent coronary angiography. Of these, 137 patients
had hypertension.

As described in chapter ten, our purpose was to establish whether,
among patients with intermediate pre-test probability of coronary artery
disease, the occurrence of exercise-induced ventricular arrhythmias
should be interpreted as a marker of a higher probability of coronary
artery disease. We studied 302 partients by upright bicycle exercise stress
test in conjunction with 99m-technetinm SPECT imaging.

QOur aim in chapter eleven was to evaluate the relation berween
exercise-induced ventricular arrhythmias and scintigraphic markers of
myocardial ischemia and viability in 171 patients referred for exercise
99m-technetium-sestarnibi SPECT late after myocardial infarction.
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CHAPTER 2

DOES SECOND HARMONIC IMAGING
IMPROVE LEFT VENTRICULAR
ENDOCARDIAL BORDER IDENTIFICATION
AT HIGHER HEART RATES DURING
DOBUTAMINE STRESS
ECHOCARDIOGRAPHY?

Source: FB Sozz, 1) Poldermans, E Boersma, A Elhendy, J] Bax, A
Borghetti, et al. [ Am Soc Echocardiogr 2000;13:1019-1024. Adapted.




Chapter 2

ABSTRACT

Background. The increased heart rate during doburamine stress
echocardiography may impair endocardial border visualisation. Second
harmonic imaging enhances left venericular border visualisation compared
with conventional fundamental imaging at rest. However, its role during
dobutamine stress echocardiography is not well established yet.

Objective. Our objective was to compare the additional value of
second harmonic imaging to fundamental imaging for the left ventricular
endocardial border visualisation during various stages of dobutamine
stress echocardiography.

Methods. Eighty patients underwent dobutamine stress echocardio-
graphy. Imaging was performed with both fundamental imaging and
second harmonic imaging ar rest and at low-and peak-dose dobutamine
infusion. Endocardial border visualisation was assessed by using a
16-segment/3-point score (0 = well visualised; 1 = poortly visualised; 2 =
not visualised).

Results. Heart rate increased from rest (70 + 13 bpm) to low-dose
dobutamine (77 + 17, P < 0.01) and showed further increase at peak
dose (129 = 16, P < 0.001 vs. low dose). There was a higher prevalence
of segments with an invisible left ventricular endocardial border with
fundamental imaging compared with second harmonic imaging at rest
(9.4% vs. 6.2%, P < 0.0001), at low dose (10.8% vs. 6.3%, P < 0.0001),
and at peak dose (15.09 vs. 8.2%, P < 0.0001). There was an increase in
the number of segments with an invisible border from rest to peak stress
by fundamental imaging (P = 0.0001), whereas the difference was less
significant for second harmonic imaging (P = 0.07).

Conclusions. Second harmonic imaging improves visualisation of the
left ventricular endocardial border compared with fundamental imaging
during dobutamine stress echocardiography. The advantage of second
harmonic imaging over fundamental imaging is more marked ar higher
heart rates than at rest.
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Visualisation of left ventricular endocardial border

INTRODUCTION

Stress echocardiography is an important clinical method for the
diagnosis and evaluation of coronary artery disease."? The diagnostic
accuracy of the test depends on adequate visualisation of the left
ventricular endocardial border at rest and at peak stress.?# The increased
heart rate during dobutamine stress echocardiography causes more
technical difficulties in the visualisation of the endocardial border, related
to increased cardiac motion. Second harmonic imaging has been shown to
improve echocardiographic imaging quality compared with fundamental
imaging at rest>® However, limited dara are available regarding the
effect of heart rate changes on endocardial border visualisation during
stress testing. This study examines whether second harmonic imaging
improves endocardial border visualisation during dobutamine stress
echocardiography and whether the observed improvement is correlated
with the heart rate.

METHODS

Patients

We studied eighty patients with known or suspected coronary artery
disease (56 men [70%], mean age 57 + 11 years) referred for evaluation
of myocardial ischemia by dobutamine stress echocardiography. No
patients were excluded because of inadequate imaging quality. Chest pain
was the major complaint in 60 patients (75%). Risk factors for coronary
artery disease were diabetes mellitus in 9 patients (11%), hypertension
in 20 (25%), hypercholesterolemia in 38 (47%), and smoking in 23
(29%). Forty-one patients (51%) were receiving beta-blockers, 29 (36%)
calchum-antagonists, and 34 (42%) nitrates. All patients gave informed
consent to undergo the study.

Dobutamine stress echocardiography

After baseline echocardiography, dobutamine was infused at a
starting dose of 5 pg/kg per minute for 3 minutes, followed by 10 pglkg
per minute for 3 minutes (low-dose stage). The dobutamine dose was
increased by 10 pg/ke per minute every 3 minutes up to a maximum
dose of 40 ug/kg per minute. Atropine (up to 2 mg) was intravenously
administered at the end of the last stage if the targer heart rate was
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not achieved. Test end point of dobutamine stress echocardiography was
either (1) target heart rate (85% of the maximal heart rate predicted
for age), (2) maximal dose of dobutamine and atropine, (3) extensive
new wall motion abnormalities, (4) > 2 mV downsloping ST-segment
depression measured 80 ms from the ] point compared with baseline,
(5) hypertension (blood pressure > 240/120 mm Hg), (6) a decrease
in systolic blood pressure of > 40 mm Hg compared with rest, (7)
significant arrhythmias, or (8) any intolerable adverse effect considered
to be the result of dobutamine or atropine. Metoprolol (1 to 5 mg)
was used intravenously to reverse the effects of dobutamine/atropine if
clinical values did not revert quickly enough to those at baseline.

Echocardiographic imaging

Imaging was performed with a Hewlett-Packard Somos 5500
(Andover, Mass) ultrasonographic system. A transducer operating at
fundamental frequencies of 1.8 or 2.1 MHz and collecting second
harmonic frequencies at 3.6 MHz and 4.2 MHz was used. Imaging was

P <0.0001 P < 0.0001 P <0.0001
69 | f 1 ]

mean scores

base low dose peak dose
HR = 70 BPM HR =77 BPM HR =129 BPM

Figure 1

The scores of impairment of endocardial border visualisation at rest and low-
and peak-dose dobutamine stress obtained by fundamental imaging (empry
bars) and second harmonic imaging (filled bars). Scores were calculated with
16-segment/ 3-grade scoring method where 0 = well visualised, 1 = poorly
visualised, 2 = not visualised. A lower scove indicates a better imaging quality.
HR, Heart rate.
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Table 1

Number of left ventricular segments assigned for each scove at ress,
low~dose dobutamine stress echocardiography, and high-dose dobutamine
stress echocardiography with the use of fundamental and second harmonic
imaging.

Score Fundamental imaging  Second harmonic imaging P value
Rest

2 121 (9.4%) 80 (8.2%) < 0.0001

1 37 {2.9%) 22 (1.7%) 0.06

¢ 1122 (87%) 1178 (9200) < 0.0001
Low dose

2 138 (10.8%) 31 {6.3%) < 0.0001

1 39 (3.0%) 19 (1.5%) < 0.05

0 1103 (86%) 1180 (92.20%) < 0.0001
Peak stress

2 193 (15.0%) 105 (8.29%) < 0.0001

1 36 (2.8%) 33 (2.6%) 0.8

0 1051 {82.1%%) 1142 (89.2%) < 0.0001

0, well visualised: 1, poorly visualised; 2, not visualised.

performed by using both fundamental imaging and second harmonic
imaging at rest and ar low- and peak-dose dobutamine infusion.
Fundamental imaging was performed before second harmonic imaging.
Images were acquired continuously, and analog recordings were saved to
videotape at the end of every dose-step. In addition, the baseline, low-dose,
peak-stress, and recovery images were displayed. in a cineloop format.

Echocardiographic analysis

A 16-segment model for left ventricular wall function analysis was
used (as recommended by the American Society of Echocardiography)”
and visually scored from videotape by 2 experienced reviewers (F.S.,
D.P.). Each segment was scored for endocardial visualisation as follows: 0
= well visualised; 1 = poorly visualised; 2 = not visualised. Fundamental
imaging and second harmonic imaging studies were randomly analysed
in intervals of at least 3 days. We deemed the patient unsuitable for
doburamine stress echocardiography when 2 5 of the 16 segments were
not visualised (score of 2).
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Table 2

Number and location of segments in which second harmonic imaging improved
endocardial border visualisation at rest and at peak dobutamine stress.

Region Rest Peaik stress P value
Anterior wall 16 (20%) 21 (26.2%%} 0.2
Inferior wall 3 (3.7%) 6 {7.5%) 0.4
Lateral wall 16 (209%) 27 (33.7%) < 0.005
Posterior wali 4 (5%) 14 {17.5%) < 0.005
Septum anterior 5 (6.2%) 9 (11.2%) 0.4
Septum posterior 3 {3.7%) 5 (6.2%) 0.5
Apex 9 (11.200) 9 (11.29%) 0.99
Overall 56 (4.4%) 91 {7.1%) < 0.005

Statistical analysis

Conrinuous variables were expressed as mean + standard deviarion
(SD). The chi-square test was used to compare differences between
proportions. The paired Student # test was used for analysis of continuous
data. P values < 0.05 were considered statistically significant.

RESULTS

Hemodynamic response

Heart rate increased from rest (70 + 13 bpm) to low-dose dobutamine
(77 + 17, P < 0.01) and showed further increase at peak dose (129 « 16,
P < 0.001 vs. low dose). Blood pressure was 128/73 = 22 mm Hg at rest,
129/70 + 24 mm Hg art low dose, and 131/70 = 30 mm Hg at peak stress
(P = 0.3 for peak vs. low dose).

Echocardiographic data

A total of 1280 myocardial segments were analysed. The number
of segments assigned for each score of identification of the endocardial
border at rest, low dose, and peak stress are presented in Table 1 for both
fundamental imaging and second harmonic imaging.

There was a significant increase in the number of segments with
an invisible endocardial border from rest to peak stress on fundamental
imaging (P < 0.0001), whereas the difference was less significant for
second harmonic imaging (P = 0.07).
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A B

Figure 2

Apical 4-chamber views imaged in fundamental imaging (A) and second
harmonic imaging (B) ar rest (upper panels) and ar peak stress (lower panels).
Note improved endocardial border definition of the lateral wall in the second
harmonic images at rest and ar peak stress.

The mean scores of endocardial visualisation (with the 16-segment/
3-point score) for both fundamental imaging and second harmonic
imaging at various stages of doburamine stress echocardiography are
presented in Figure 1.

The score was higher for fundamental imaging than second harmonic
imaging art rest, low dose, and peak stress. However, the differences in
the scores berween the two imaging methods were most significant at
peak stress compared with the difference at rest (P < 0.0001) and at low
dose compared with the difference at rest (P < 0.013). Second harmonic
imaging improved the score of visualisation of left ventricular endocardial
border, compared with fundamental imaging, in 56 segments (4.4%) at
rest and 91 segments (7.1%) at peak stress (P < 0.005) (Table 2).
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A

Figure 3

Apical 2-chamber views imaged in fundamental (A) and second harmonic
imaging (B) at rest (upper panels) and at peak stress (lower panels). Note
improved endocardial border definition of the anterior wall in the second
bharmonic images at vest and at peak stress.

The distributions of segments in which second harmonic imaging
improved endocardial border visualisation at rest and at peak stress are
shown in Table 2. The anterior and the lateral walls were the most
frequent locations for such improvement. The proportion of segments in
which second harmonic imaging improved endocardial visualisation was
larger at peak stress compared with rest. This was most marked in the
lateral and the posterior wall. Figures 2 and 3 are examples of improved
endocardial border visualisation by second harmonic imaging.

The quality of endocardial border delineation by second harmonic
imaging improved more in the basal area than in the middle or apical
areas, in particularly at peak stress. However, the difference berween the
two techniques was not statistically significant.
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The number of patients deemed unsuitable for dobutamine stress
echocardiography (invisible endocardial border in 2 5 segments) was 3 by
fundamental imaging (4%) vs. 2 patients by second harmonic imaging
(2%) at rest (P = 0.99), 4 patients by fundamental imaging (5%) vs. 1
patient by second harmonic imaging (1%) at low dose, and 9 patients by
fundamental imaging (11%) vs. 3 by second harmonic imaging (4%) at
peak stress (P = 0.13).

The improved endocardial border definition obtained by second
harmonic imaging was observed both in myocardial segments expressing
normal wall motion and in ischemic segments. In fact, at peak stress,
the numbers of ischemic segments well visualised (score of 0} were 146
(64%) of the total 229 ischemic segments with the use of fundamental
imaging and 253 (80%j) of the total 317 with second harmonic imaging.
Reduced wall motion did not limit the definition of endocardial motion.

DISCUSSION

QOur study demonstrated that the advantage of second harmonic
imaging over fundamental imaging for left ventricular endocardial border
delineation is sustained during dobutamine stress echocardiography.
The use of second harmonic imaging resulted in a higher feasibility of the
left ventricular endocardial border visualisation at rest and low- and peak-
dose dobutamine.® The difference berween both imaging modalities was
more marked during stress. In addition, at peak stress the percentage of
patients with invisible endocardial border in 2 5 segments, indicating
infeasible dobutamine stress echocardiography results, increased from
4% to 11% with fundamental imaging. This percentage increased only
marginally from 3% to 4% with second harmonic imaging. These
data indicate that the image quality of second harmonic imaging is
less affected by an increase in heart rate compared with fundamental
imaging; however, the difference is not staristically significant (P = 0.13).
Second harmonic imaging improved the score of visualisation of the left
ventricular endocardial border compared with fundamental imaging in
56 segments (4.4%) at rest and 91 segments (7.1%) at peak stress (P <
0.005 vs. rest). The majority of left ventricular segments with invisible
borders by fundamental imaging both at rest and at peak stress were
located in the anterior and lateral walls. This may be explained by the
fact thar these segments are tangential to the ultrasound beam.>** The
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improvement with second harmonic imaging was particularly evident
in these walls. These resules are in agreement with a previous study by
Zaglavara et al ® which showed improved endocardial border delineation
by second harmonic imaging, especially in the anterior and lateral walls.

The diagnostic accuracy of dobutamine stress echocardiography is
mainly dependent on proper endocardial border visualisation during rest
and stress. Therefore techniques that can potentially improve endocardial
border visualisation are important in the optimisation of the clinical
utility of stress testing and in the reduction of interobserver variability.!>*
Qur study showed that the value of second harmonic imaging is even
more evident during stress than rest. Therefore, its role is extended and is
more valuable during stress echocardiography than in rest studies.

Basic considerations

With second harmonic imaging, the signal returned by the tissue
includes not only the transmitred fundamental frequency, but also the
signals of other frequencies—most notably the harmonic frequency,
which is twice the fundamental frequency. The ultrasonographic system
separates out the two components and then processes the harmeonic
signal alone. Ultrasound beams formed with the harmonic signals have
interesting properties. One of those properties is that the beam implied
by the space between the dashed lines of focus is narrower than the beam
for the conventional narrow aperture technique, and it also involves fewer
side lobes.” Harmonic imaging provides a double benefit: it produces 2
narrower beam (which improves resolution) and produces more energy
in the harmonic beam (which benefits imaging). The improvement
in beam width and reduction in side lobes will significantly improve
grey-scale contrast resolution. In addition, second harmonic imaging
climinates undesirable near-field artefacts and decreases the clutter.! For
these reasons, the image results are improved.

Limitations of the study

Second harmonic imaging yields a characteristic grainy appearance
of the myocardium. Therefore it was not possible to blind the observer
to whether a particular image was obtained in fundamental or harmonic
mode because the images are easily distinguishable. The identification of
the type of imaging could result in some bias during interpretation of the
images.
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CONCLUSION

Second harmonic imaging provides better endocardial border
visualisation at rest and at low- and peak-dose doburamine stress
when compared with fundamental imaging. The advantage of second
harmonic imaging over fundamental imaging is more significant during
stress in association with an increased heart rate. Therefore, second
harmonic imaging can significantly improve interpretation of the results
of doburamine stress echocardiography.
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CHAPTER 3

SECOND HARMONIC IMAGING IMPROVES
SENSITIVITY OF DOBUTAMINE STRESS
ECHOCARDIOGRAPHY FOR THE DIAGNOSIS
OF CORONARY ARTERY DISEASE

Source: FB Sozzi, D Poldermans, JJ Bax, E Boersma, W Vlerter,
A Elbendy, et al. Am Hearz J 2001;142:153-159. Adapted.
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ABSTRACT

Objective. Our purpose was to assess the value of second harmonic
imaging compared with fundamental imaging for the diagnosis of
coronary artery disease during dobutamine stress echocardiography.

Methods.  Sixty-four patients underwent dobutamine stress
echocardiography with both fundamental imaging and second harmonic
imaging. Coropary angiography was performed within 3 months.
Ischemia was defined as new or worsening wall motion abnormalities in
1 segment during dobutamine stress echocardiography. Coronary artery
disease was defined as a 70% luminal diameter stenosis in 1 coronary
artery by coronary angiography.

Results. There was a higher prevalence of segments with invisible
border with fundamental compared with second harmonic imaging
both at rest (11% vs. 8%, P < 0.05) and at peak stress (17% vs.
10%, P < 0.001). Significant coronary artery disease was present in 49
(77%) patients. The sensitivity of dobutamine stress echocardiography
for detection of coronary artery disease by fundamental and second
harmonic imaging was, respectively, 78% and 94% (P < 0.05), whereas
specificity was similar (73% vs. 73%). Second harmonic imaging had a
particulatly higher sensitivity for the diagnosis of 1-vessel disease (93%
vs. 50%, P < 0.05).

Conclusion. The use of second harmonic imaging improves the
sensitivity of doburamine stress echocardiography for the diagnosis of
coronary artery disease compared with fundamental imaging, particularly
for one-vessel coronary disease, whereas specificity remains unchanged.
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INTRODUCTION

Dobutamine stress echocardiography is an increasingly used
technique for the diagnosis and functional evaluation of coronary artery
disease. The accuracy of dobutamine stress echocardiography relies on
the detection of transient new wall motion abnormalities. However,
inadequate visualisation of left ventricular endocardial borders at rest and
during stress may reduce the sensitivity of the test. Previous studies have
shown a sensitivity of dobutamine stress echocardiography for detection
of coronary artery disease ranging between 54% and 869%.1° Techniques
that improve left ventricular wall visualisation may increase the sensitivity
of the test by providing more comprehensive and clear visualisation of the
endocardial border and thereby increasing the probability of detecting
myocardial ischemia. Second harmonic imaging is a recently introduced
technique thar differs from conventional fundamental imaging in that
it transmits ultrasound at one frequency and receives at twice the
transmitted frequency. This results in a berter image quality compared
with fundamental imaging.*® However, few dara are available regarding
the accuracy of dobutamine stress echocardiography with second
harmonic imaging for the diagnosis of coronary artery disease compared
with fundamental imaging.*® The aim of this study was to assess the
additional value of second harmonic imaging during dobutamine stress
echocardiography for the overall and regional diagnosis of coronary
artery disease compared with fundamental imaging.

METHODS

Patient selection

The study population consisted of 64 consecutive patients who
underwent doburamine stress echocardiography for evaluation of coronary
artery disease and coronary angiography within 3 months from dobutamine
stress echocardiography. Patients were not selected on the basis of imaging
quality. Clinical characteristics are presented in Table I.

The local medical ethics committee approved the study protocol.
Patients gave informed consent to undergo the test.
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Table |

Clinical characteristics of vhe study population.

Characteristics (n = 64) No. %
Sex (male) 45 70
Age (yrs) 59+ 11

Previous myocardial infarction 35 55
Angina pectoris 47 73
Hypertension 16 25
Diabetes meliitus 7 11
Beta-blockers 32 50
Calcium channels blockers 23 36
Nitrates 27 42

Dobutamine stress test

Dobutamine stress echocardiography was performed as described
previously. Imaging was performed with a Hewlett-Packard Sonos 5500
(Andover, Mass). A transducer operating at fundamental frequencies of
1.8 or 2.1 MHz and collecting second harmonic frequencies at 3.6 or
4.2 MHz was used. Imaging was performed by using both fundamental
imaging and second harmonic imaging at rest, at low dose, and ar peak
stress. Images were continuously acquired and recorded on videotapes
at the end of every dose-step with two different videotapes, one for
fundamental imaging and one for second harmonic imaging. In addition,
the baseline, low-dose, peak stress, and recovery images were displayed in
a cineloop format. The left ventride wall was divided into 16 segments.”
A “visualisation score” of the endocardial border of the left ventricle was
derived by scoring each of the 16 segments as follows: 0 = invisible border,
1 = partially visualised, 2 = clearly visualised. Segmental wall motion was
scored by a 5-point scale, with 1 = normal, 2 = mild-hypokinesis, 3 =
severe hypokinesis, 4 = akinesis, and 5 = dyskinesis. The wall motion
score index was derived by dividing the sum of the individual scores of the
16 segments by 16. Ischemia was defined as new or worsened wall motion
abnormalities during stress indicated by an increase of wall motion score
1 grade in 1 segment.® As we have previously described, ischemia was
not considered when akinetic segments at rest became dyskinetic during
stress.? The fundamental and second harmonic images were analysed
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separately by 2 experienced reviewers unaware of the patients clinical
or angiographic dara (F. S., D. P)). In case of disagreernent, a majority
decision was achieved by a third investigator. In a subset of 16 patients
(256 segments), the intraobserver agreement for echocardiographic
interpretation of resting imaging and dobutamine stress images was also
assessed. The assessment of the images was based on both the digitised
images displayed in a cineloop format and a review of the images recorded
on the videotape. Echocardiographic interpretation was performed in
random order in a separate setting for each individual patient. Patient
identification was removed from the screen.

Coronary angiocgraphy

Coronary angjography was performed within 3 months of
dobutamine stress echocardiography. Significant coronary artery disease
was defined as a diameter stenosis = 70% in 2 1 major epicardial artery
using the quantitative analysis method described previously from our
laboratory.'?

The anterior, apical, sepral, and anterosepral segments were assigned
to the left anterior descending coronary artery. The posterior and lateral
segments were assigned to the left circumflex coronary artery. The
inferior and basal septal segments were assigned to the right coronary
artery. The apical lateral segment was considered as an overlap segment
berween the left anterjor descending and the left circumflex coronary
artery. The apical inferior segment was considered an overlap segment
between the left anterior descending and the right coronary artery.
Overlap segments were assigned to the regions with concomitant
abnormalities.'?

Statistical analysis

Unless specified, data are presented as mean values ¢ standard
deviation {SD). The chi-square test was used to compare differences
between proportions. The Student # test was used for analysis of
continuous data. Semsitivity, specificity, and accuracy were derived
according to the standard definitions and were presented with the 95%
confidence intervals (CI). A P value < 0.05 was considered statistically
significant. The intraobserver agreement for echocardiographic assessment
of resting imaging and dobutamine stress images was presented as
percent agreement.
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A B

Figure 1

Example of improvement of endocardial border delineation (especially for the
laveral wall) with use of second harmonic imaging during dobutamine stress
echocardiography study. Images are obtained from the apical 4-chamber
view at rest (upper) and at peak stress (lower), by fundamental imaging (A)
and second harmonic imaging (B).

RESULTS

Hemodynamic data of dobutamine stress test

Dobutamine-atropine induced a significant increase of heart rate (70
+ 13 at rest o 129 + 6 beats/min at peak stress, P < 0.001), systolic
blood pressure (128 + 22 vs. 133 = 30 mm Hg, P < 0.05), and peak
rate-pressure product (8960 + 2800 to 17157 £ 6600, P < 0.001). Test
end points were target heart rate in 55 patients (86%), maximal dose
of dobutamine and atropine in 2 patients (3%), angina in 2 patients
(390), electrocardiographic changes in 3 patients (5%), supraventricular
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A B

Figure 2

Example of improvement of endocardial border delineation (especially for the
anterior wall) with use of second harmonic imaging during dobutamine stress
echocardiography study. Images are obtained from the apical 2-chamber view at

rest (upper) and at peak stress (lower), by fundamental imaging (A) and second
harmonic imaging (B).

tachycardia in 1 patient (1.5%), and severe hypotension (decrease in
systolic blood pressure > 40 mm Hg compared with rest} in 1 patient

(1.5%).

Coronary angiography

Significant coronary artery disease was detected in 49 patients (77%)).
Fourteen patients (22%) had single-vessel disease, 16 (25%) had 2-vessel
disease, and 19 (30%} had 3-vessel discase. Fifteen patients (23%) had
no significant coronary artery disease. Significant stenosis involved the
left anterior descending coronary artery in 39 patients (61%), the right
coronary artery in 34 patients (53%), and the left circumflex coronary
artery in 30 patients (47%).
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Table il

Number (%) of left ventricular segments assigned for each endocardial border
visualisation score at rest and at peak stress of dobutamine echocardiography
by use of fundamental and second harmonic imaging.

Fundamental imaging  Second harmonic imaging P value

Rest score

0 114 (11%) 85 (8%) .04

1 33 (39%) 31 (3%} 0.9

2 877 (86%) 908 (89%) 0.048
Peak stress score

0 171 (17%) 106 (10%) 2.0001

1 23 {2%) 33 (3%) 0.2

2 830 (81%) 885 {87%) 0.001

Score 0 = invisible border, 1 = partially visualised border, 2 = well visualised
border.

Table Hi
Accuracy of ischemic pattern at dobutamine stress echocardiography for the
diagnosis of significant coronary artery disease with use of fundamental and

second harmonic imaging.

Fundamental Second harmonic

Diagnostic imaging imaging

parameters (% [patients])  95% Cl (% [patients]) 95% CI P value
Overall diagnosis
Sensitivity 78 (38/49) 67 - 88 94 (46/49) 88 - 100 0.04%
Specificity 73 (11/15) 62 - 84 73 [(M15) 62 - 84 0.7
Accuracy 77 (49/64} 66 - 87 89 (57/64) §1-97 0.1
Sensitivity in
1-vessel disease 50 (7/14) 31-69 93 (13/14) 83-100 0.03*
Sensitivity in
2-vessel disease 81 (13/16} 68 - 95 94 (15/16) 85-100 086
Sensitivity in

3-vessel disease 951{18/19) 87 - 100 95 (18/19) 87 - 100 0.5
P < 0.05.
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Table IV
Accuracy of ischemic pattern ar dobutamine stress echocardiography for the

diagnosis of individual coronary artery disease using fundamental and second
harmonic imaging.

Fundamental Second harmonic
Diagnostic imaging imaging
parameters (% [patients])  95% Cl (% [patients]) 95% Cl P value
LAD
Sensitivity 72 (28/39) 61-83 82(32/39)  73-91 04
Specificity 72 (1825) 61 - 83 64 (16/25) 52-76 0.8
Accuracy 72 (46/64) 61 -83 75 (48/84) 54 - 86 0.8
LCx
Sensitivity 50 (15/30) 38-62 80 (24/30) 70-90 0.03*
Specificity 88 (30/34) 8G - 96 91 (31/34) 84 - 98 0.99
Accuracy 70 {45/64) 59 - 82 86 (55/64) 77 - 95 0.05*
RCA
Sensitivity 73 {25{34) 63 - 84 79 (27/34) 69 - 89 0.8
Specificity 83 {25/30) 74 -93 73 (22/30) 62 - 84 0.5
Accuracy 78 {50/64} 68 - 88 77 (49/64) 66 - 87 0.99
All arteries
Sensitivity 66 (68/103) 59-73 81(83/103) 75-86 0.03*
Specificity 82 (73/89) 76 - 88 77 {69/89) 71-84 0.6
Accuracy 73 (141/192) 87-79 79 {152/192) 73-85 0.2

LAD, Left anterior descending artery; LCx, lefi circumflex artery; RCA, right coro-
nary artery. P < 0.05.

Dobutamine stress echocardiography

The score of visualisation of the left ventricle endocardial border, by
both imaging methods, at rest and at peak dobutamine stress is presented
in Table II.

Second harmonic imaging yielded high-quality images during
dobutamine stress echocardiography at rest and at peak stress,
as indicated by a lower number of invisible segments (score 0)
compared with fundamenrtal imaging. Figures 1 and 2 are examples
of improved endocardial border delineation during dobutamine stress
echocardiography by the use of second harmonic imaging.
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18 1 P <0.0001 P < 0.0001
|

% invisible segntents

rest peak stress

Figure 3

Number (%) of invisible segments (score = 0) at rest and at peak dobutamine
stress determined with use of fundamental imaging (open bars) and second
harmonic imaging (closed bars).

The wall motion score index increased significantly from rest to peak
stress with both techniques (P was 0.007 with fundamental imaging and
0.04 with second harmonic imaging). By use of fundamental and second
harmonic imaging, the wall motion score index was, respectively, 1.9 =
0.7 vs. 1.8 £ 0.6 at rest (P = 0.1) and 2.1 + 0.5 vs. 2.0 + (.5 at peak stress
(P =0.08).

The intracbserver agreement for echocardiographic assessment of
resting images and doburamine stress images was, respectively, 89%
and 90% with fundamental imaging and 92% and 94% with second
harmonic imaging.

Sensitivity of fundamental imaging and second harmonic imaging
for the diagnosis of coronary artery disease

The sensitivity of dobutamine stress echocardiography, for diagnosis
of coronary artery disease, was higher with use of second harmonic
imaging (P < 0.05). The difference in the sensitivity between fundamental
and second harmonic imaging was most marked in patients with 1-vessel
coronary artery discase (Table III).

Similarly, sensitivity was significantly improved in the regional
diagnosis of coronary artery discase by the use of second harmonic

imaging (Table IV).
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In particular, the improvement was significantly higher for the
diagnosis of left circumflex coronary artery disease (P < 0.05). The
overall and regional specificity was similar by both techniques.

DISCUSSION

Adequate endocardial border visualisation by echocardiography
is a prerequisite for accurate interpretation of regional wall motion
abnormalities, which are the hallmark of coronary artery disease. One of
the limitations of stress echocardiography has been incomplete segmental
endocardial visualisation and therefore impaired interpretability of wall
motion in some myocardial regions.® Failure to visualise 2 segment may
reduce the ability to detect coronary artery disease. Second harmonic
imaging was shown to enhance the left ventricle endocardial border
delineation compared with fundamental imaging, especially in patients
with a poor acoustic window.”™?

This study shows that second harmonic imaging yields high imaging
quality during dobutamine stress echocardiography at rest and at peak
stress by increasing the number of adequately visualised segments. The
sensitivity of dobutamine stress echocardiography for the diagnosis of
coronary artery discase was improved by the use of second harmonic
imaging, particularly in patients with single-vessel coronary artery
disease, without reduction of specificity. The higher sensitivity of second
harmonic imaging can be explained by the frequent occurrence of
ischemia limited to only one segment. Therefore the increased sensitivity
by the use of second harmonic imaging was mostly evident in partients
with single-vessel disease as a result of the smaller magnitude of inducible
ischemia in these patients compared with partients with multivessel
disease.

The lower sensitivity for detection of disease in the left circumflex
artery, obtained by fundamental imaging, can be related to the problems
with resolution of the endocardium of the lateral wall. The parallel
orientation of the wall and the ultrasound beam generates more clutter
and nearfield artefacts, with consequent loss of lateral resolution.
Conversely, second harmonic imaging characterised to reduce these noises
produces better imaging quality.®® Therefore, in this study, sensitivity for
the diagnosis of left circumflex coronary artery disease was enhanced by
the use of second harmonic imaging.
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Previous studies with dobutamine stress echocardiography have
demonstrated lower sensitivity in patients with single-vessel disease,
ranging between 40% and 70%.>**" The major implication from our
study is that second harmonic imaging, by improving endocardial border
delineation, makes accurate wall motion interpretation more feasible and
thus more reliable in the diagnosis of 1-vessel coronary artery disease.
The group of patients with 1-vessel disease may account for the relatively
high number of negative test results because the magnitude of transient
wall motion abnormalities is less than in patients with multivessel disease.
Therefore, failure to evaluate all segments adequately may result in failure
w0 detect ischemia in these patients. Additionally, this study showed
thar second harmonic imaging improves regional sensitivity for the
diagnosis of individual coronary artery disease. Therefore the technique
can provide better estimation of the extent of coronary artery disease,
which may have important implications in the management and the
prognostic stratification of patients with coronary artery disease.

Comparison with previous studies

The sensitivity of dobutamine stress echocardiography with use of
fundamental imaging for the diagnosis of coronary artery disease is
comparable to that reported by other authors™** and from previous
studies at our center.”

Kasprzak et al® showed that second harmonic imaging with and
without contrast agent significantly improves left ventricle endocardial
border detection. Without use of contrast, the overall quality of
endocardial visualisation reflected by the total endocardial visualisation
index was significantly lower at fundamental imaging than at second
harmonic imaging. Caidahl et al”showed that in 27 patients with possible
myocardial disease and in 22 control subjects second harmonic imaging
increased the number of acceptable echocardiograms by 14% to 46%
in different views. The most pronounced benefit was obtained in the
apical 2-chamber view. This finding was confirmed by Spencer et al.®
In a study of 20 patients with both fundamental and second harmonic
imaging, myocardial segments were better visualised with second
harmonic imaging in 30% to 73% of cases. During dobutamine
stress echocardiography, performed in 17 patients, the number of
interpretable segments improved from 64% with fundamental imaging
to 84% with second harmonic imaging. Franke et al® have shown
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that second harmonic imaging improves the accuracy of dobutamine
stress echocardiography in patients with impaired image quality. In
our study we did not use contrast agents and we may speculate that
second harmonic imaging reduces the need of contrast agents for border
detection and thus may reduce the costs associated with dobutamine
stress echocardiography.

Limitations of the study

The study population was rather small. However, the number of
patients in the 3 subgroups was comparable and the analysis showed
significance for 1-vessel coronary artery disease.

The interval of 3 months between dobutamine stress
echocardiography and angiography can be considered relatively long.
However, the clinical course of all these patients was stable within this
period of time.

The reviewers of the echocardiograms were not blinded to the type
of imaging because of the characteristics of images obtained by second
harmonic imaging. Although this may have resulted in interpretation
bias, the maintained specificity in association with an increased sensieivicy
indicates that the additional findings of ischemia, by second harmonic
imaging, were representing underlying coronary artery discase and not
an overestimation of abnormalities. The high prevalence of patients
with underlying coronary artery disease may increase the sensitivity of
dobutamine stress echocardiography. However, because the same patients
were studied by both techniques, patient population will not influence
the improved sensitivity.

CONCLUSION

The use of second harmonic imaging improves the sensitivity of
dobutamine stress echocardiography for the overall and regional diagnosis
of coronary artery disease compared with fundamental imaging, without
reduction of specificity. Sensitivity is mostly enhanced in patients with
single-vessel coronary artery disease.
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CHAPTER 4

IMPROVED IDENTIFICATION OF VIABLE
MYOCARDIUM USING SECOND HARMONIC
IMAGING DURING DOBUTAMINE STRESS
ECHOCARDIOGRAPHY:
COMPARISON WITH FLUORINE-18
FLUORODEOXYGLUCOSE DISA-SPECT

Source: FB Sozzi, D Poldermans, J] Bax, A Elhendy, EC Vourvouri,
R Valkema, et al. Heart 2001, in press. Adapted.
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ABSTRACT

Objective. To determine whether second harmonic imaging can
improve the accuracy of dobutamine stress echocardiography for
identification of viable myocardium compared to fundamental imaging
using nuclear imaging as a reference.

Methods. We studied 30 patients with chronic left ventricular
dysfunction (mean + SD age 60 * 8 years, 22 male) by doburamine stress
echocardiography. Both fundamental imaging and second harmonic
imaging were used. All patients underwent dual-isotope simultaneous
acquisition single photon emission computerised tomography (DISA-
SPECT) with 99m-technetium-tetrofosmin/18F-fluorodeoxyglucose ona
separate day. Myocardial viability was considered present by dobutamine
stress echocardiography, when segments with severe dysfunction
demonstrated a biphasic, sustained improvement or ischaemic response.
Viability criteria on DISA-SPECT were normal or mildly reduced
perfusion and metabolism or perfusion/metabolism mismatch.

Results. Using fundamental imaging, 330 segments exhibited severe
dysfunction at baseline; 144 (44%) were considered viable. The agreement
berween dobutamine stress ¢chocardiography by fundamental imaging
and DISA-SPECT was 78%, kappa = 0.56. Using second harmonic
imaging, 288 segments exhibited severe dysfunction; 138 (48%) were
viable. The agreement between doburamine stress echocardiography and
DISA-SPECT was significantly higher when second harmonic imaging
was used (89%, kappa = 0.77, P = 0.001 vs. fundamental imaging).

Conclusion. Second harmonic imaging applied during dobutamine
stress echocardiography increases the agreement with DISA-SPECT for
detection of myocardial viability.
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INTRODUCTION

In patients with severe left ventricular dysfunction, myocardial
revascularisation reduces heart failure symptoms and improves long-term
survival. There is a relationship between the amount of viable tissue
and the expected benefit of revascularisation.? A variety of tests are
available and can be broadly divided into two groups, nuclear testing and
stress echocardiography. Single-photon emission computed tomography
(SPECT} with either 201-thallium or 99m-technetium-labelled agents
evaluates myocardial perfusion, which is dependent on cell membrane
integrity and active cellular uprake. Positron emission tomography (PET)
evaluates myocardial metabolism and allows the detection of metabolic
activity in the hypoperfused myocardium >4

Nuclear imaging techniques are more sensitive as compared to
dobutamine stress echocardiography for the detection of viability.*”S
This is most likely due to the fact that nuclear imaging techniques are
based on the detection of integrity of cell membrane and preserved
perfusion and metabolism (structural viability), whereas dobutamine
stress echocardiography relies on the assessment of preserved contractile
reserve (functional viability).® Dysfunctional myocardium that has
suffered more profound ultrastructural damage will probably loose
contractile reserve but can still demonstrate intact cell membrane integrity
and preserved perfusion and metabolism.>® Besides this physiological
explanation for the discrepancy berween the tests, technical limitations
may be responsible for this discordance due to the suboptimal segmental
endocardial border definition, present in atr least 30% of patients

evaluated by echocardiography using fundamental imaging fundamental
imaging.'""

The aim of this study is to determine whether second harmonic
imaging can improve the accuracy of dobutamine stress echocardiography
for identification of viable myocardium compared to fundamental
imaging, using dual isotope (99m-technetium-tetrofosmin  and
18F-fluorodeoxyglucose) simultancous acquisition (DISA) method as a
reference.'®
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Table |
Clinical and angiographic characteristics of the study population.
Characteristics (N = 30) Number o
Sex (male) 22 73%
Age (years) 60 + 8*
Ejection fraction 377 £ 153"
History of angina pectoris 26 87%
Previous myocardial infarction 28 93%
Anterior 15 50%
Inferior 13 43%
Hypertension 2 7%
Hypercholesterolemia 22 73%
Diabetes mellitus 4 13%
Smoking 10 33%
Beta-blockers 20 57%
Calcium channels blockers 9 30%
Previous coronary artery by-pass 10 33%
Previous PTCA 7 23%
Significant coronary artery disease 30 100%
1-vessel disease 13 43%
2-vesse| disease 10 34%
3-vessel disease 7 23%

PTCA = percutancous transluminal coronary angioplasty
*Mean + SD

METHODS

Patients

Thirty patients underwent both dobutamine stress echocardiography
and DISA-SPECT for evaluation of myocardial viability. The tests were
performed in a random order within 1 week. All patients underwent
coronary angiography within 3 months of the two tests. Patients were
referred to our imaging laboratory for evaluation of myocardial viability
and were not selected on basis of echocardiographic or nuclear imaging
quality. Patients’ characteristics are presented in Table I. Local medical
ethics committee approved the study protocol and all patients gave
informed consent to undergo the test.
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Dobutamine stress test

After baseline echocardiography, dobutamine was infused at a
starting dose of 5 lg/kg per minute for 5 minutes, followed by 10 ug/ks
per minute for 5 minutes (low-dose stage}. The dobutamine dose was
increased by 10 Wg/kg per minute every 3 minutes up to a maximum
dose of 40 ug/ke per minute. Atropine (up to 2 mg) was administered
intravenously at the end of the last stage if the target heart rate was
not achieved. End points of the test were: achievement of target heart
rate (85% of the maximal heart rate predicted for age); maximal dose
of dobutamine and atropine; extensive new wall motion abnormalities;
> 2 mV downsloping ST-segment depression measured 80 ms from the ]
point compared to baseline; hypertension (blood pressure > 240/120 mm
Hg), a decrease in systolic blood pressure of > 40 mm Hg compared with
rest, significant arthythmias or any intolerable adverse effect considered
to be the result of dobutarmine or atropine. Metoprolol (1-5 mg) was used
intravenously to reverse the side effects of dobutamine.

Echocardiographic imaging

Imaging was performed with a Hewlett-Packard Sonos 5500
(Andover, Mass, USA) ultrasonographic system. A transducer operating
at fundamental frequencies of 1.8 or 2.1 MHz and collecting second
harmonic frequencies at 3.6 MHz or 4.2 MHz was used. Imaging was
performed by using both fundamental imaging and second harmonic
imaging at rest, at low-dose and peak-dose dobutamine infusion.
Images were_continuously recorded on videotape. Additionally for both
fundamental imaging and second harmonic imaging, images were also
digitized. The assessment of the images was based on both the digitised
images displayed in a cineloop format and a review of the images recorded
on the videotape.

Echocardiographic analysis

Two independent reviewers, blinded to the DISA-SPECT and
angiographic data, randomly analysed fundamental imaging and second
harmonic imaging studies. In case of disagreement, a majority decision
was achieved by a third investigator. For segmental analysis of left
ventricular function, a 16-segment model was used as suggested by
the American Society of Echocardiography.”” Each segment was scored
for endocardial visualisation as follows: 0 = non-visualised; 1 = poorly
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visualised; 2 = well visualised. Wall motion was scored at baseline, at low-
dose dobutamine infusion and at peak stress. Each segment was scored
using a 5-point scale, with 1 = normal, 2 = mild hypokinesis, 3 = severe
hypokinesis, 4 = akinesis, 5 = dyskinesis. Four different patterns where
defined in segments with severe bascline dysfunction (wall motion score
> 2): (1) biphasic response: improvement of wall motion during low dose
(either at 5 or 10 pg/kg per minute), followed by worsening of wall
motion during high-dose doburamine; (2) worsening: deterioration of
wall motion during low- or high-dose dobutamine (ischaemic response);
(3) sustained improvement: continuous improvement at low- and
high-dose dobutamine (without deterioration of wall motion); (4) no
change: absence of improvement or worsening during the entire test.
Dysfunctional segments exhibiting a biphasic, sustained, or ischaemic
response were classified as viable, whereas segments with unchanged wall
motion were considered non-viable. Myocardial viability was considered
absent if akinetic segments became dyskinetic during dobutamine stress
echocardiography as demonstrated previously.™

DISA-SPECT imaging

Patients received an intravenous dose of 600 MBq 99m-technetium-
tetrofosmin to evaluate resting regional perfusion. To enhance cardiac
18F-fluorodeoxyglucose uprtake, the patients received an oral dose of
500 mg of Acipimox (Byk, The Netherlands) orally, followed by a
carbohydrate-enriched meal. Acipimox is a potent nicotinic acid derivative
that reduces plasma levels of free fatty acids, and stimulates cardiac
glucose (and 18F-fluorodeoxyglucose) uprake. This meal stimulates
endogenous insulin release, thereby further promoting cardiac glucose
(and 18F-fluorodeoxyglucose) uprake. 18F-fluorodeoxyglucose (185
MBq) was injected 60 min after the meal. A 45-min period
after 18F-fluorodeoxyglucose injection was allowed for myocardial
18F-fluorodeoxyglucose uptake, followed by the dual-isotope simultaneous
acquisition SPECT. Data acquisition was performed with a triple-head
gamma camera system (Picker Prism 3000 XP, Cleveland, OH, USA)
equipped with 511 keV collimarors. The energies were centred on the 140
keV photon peak of 99m-technetium-tetrofosmin with a 15% window
and on the 511 keV photon peak of 18F-fluorodeoxyglucose with a 15%
window. Imaging was performed over 360° (120 sectors of 3°) with 2
total imaging time of 32 min. Data were stored in a 64x64, 16-bit matrix.
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The raw scintigraphic dara were reconstructed by filtered back projection
using a Butterworth filter (cut-off frequency at 0.17 cycle/pixel, of order
3.5). No attenuation correction was employed. Further reconstruction
yielded standard long- and shortaxis projections perpendicular to the
heart-axis. Reconstructed slices were 6 mm in all projections.

DisA-SPECT analysis

The left ventricle was divided into 16-segments (matching the
echocardiographic segments). Segmental activities were adjusted to peak
myocardial activity. Segments were divided into four categories (assessed
visually with the assistance of normalised tracer activity): normal tracer
uptake (> 75% activity), mildly reduced tracer uptake (50-75% acrtivity),
severely reduced tracer uptake (< 50% activicy) or absent tracer uptake.
The perfusion and 18F-flucrodeoxyglucose short-axis slices were adjusted
to peak myocardial activicy (100%).

The dysfunctional segments (identified at resting echocardiography)
were considered viable if these demonstrated normal perfusion and normal
18F-fluorodeoxyglucose uptake (normal activity), mildly reduced perfusion
and mild reduced 18F-fluorodeoxyglucose uptake (matched activiry), or
severely reduced/absent perfusion with increased 18F-fluorodeoxyglucose
uptake (mismartch).’® Segments with reduced/absent perfusion and
concomitant severely reduced 18F-fluorodeoxyglucose uptake were
classified nonviable.

Coronary angiography

Coronary angiography was performed within 3 months of
doburamine stress echocardiography in all patients. Significant coronary
artery disease was defined as a diameter stenosis 2 70% in > 1 major
epicardial artery by quantitative analysis.”

The anterior, apical, septal and anteroseptal segments were assigned
to the left anterior descending coronary artery. The posterior and lateral
segments were assigned to the left circumflex coronary artery. The inferior
and basal sepral segments were assigned to the right coronary artery. The
apical lateral segment was considered as an overlap segment between
the left anterior descending and the left circumflex coronary artery. The
apical inferior segment was considered an overlap segment between the
left anterior descending and the right coronary artery. Overlap segments
were assigned to the regions with concomitant abnormalicy.*
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Statistical analysis

Continuous variables are expressed as mean values * standard
deviation (SD). Comparison of continuous variables was performed with
the Students z-test. Comparison of proportions was performed with
the chi-square test. Sensitivity and specificity were presented with the
corresponding 95% confidence interval (CI). A p value < 0.05 was
considered significant.

The agreements between DISA-SPECT and dobutamine stress
echocardiography with FI and second harmonic imaging were defined as
the percent of concordant diagnoses and were also assessed by calculating
the kappa value: kappa values between 0.75 and 1 were considered
indicative of good agreement, those between 0.40 and 0.75 indicative of
moderate agreement and those between 0 and 0.40 indicative of poor
agreement.

REsuLTS
No significant change in the patients’ symptoms or the clinical status
occurred between the nuclear and echocardiographic studies.

Hemodynamic data of dobutamine stress test

Dobutamine-atropine induced a significant increase in heart rate (70 £
15 at rest to 131 £ 11 bpm at peak stress, P < 0.001), systolic blood
pressure (125 £ 16 vs. 129 & 24 mm Hg, P < 0.05) and rate-pressure
product (9432 =+ 2870 to 16375 % 6600, P < 0.001). Test endpoints were
target heart rate in 27 patients (90%), maximal dose of dobutamine and
atropine in 1 patient (3%), and angina in 2 patients (7%). No significant
arrhythmias or severe hypotension {decrease systolic blood pressure > 40
mm Hg compared to rest) occurred during the test.

DISA-SPECT

In the 30 patients, 480 segments were analysed. Normal perfusion
and 18F-fluerodeoxyglucose uptake were observed in 222 (46%)
segments. Mildly reduced perfusion and 18F-fluorodeoxyglucose uptake
were observed in 80 (17%) segments. A mismatch pattern was found in
37 (8%) segments. The remaining 141 (29%) segments had a matched
reduction of both perfusion and metabolism and were classified as
nonviable.

60



Stress echocardiography and myocardial viability

1801
16¢r

1407

p=0.059

£
(=4

S
=3

Segments

biphasic sustained ischemia scar

Myocardial patterns
Figure 1

Different myocardial patterns during dobutamine stress echocardiography by the
use of fundamental (empty bars) and second harmonic imaging (filled bars).

Dobutamine stress echocardiography: baseline characteristics

A total of 480 myocardial segments were analysed. At baseline
there was a higher prevalence of segments with invisible border (score of
0) using fundamental imaging compared with second harmonic imaging
[31 (12.7%) vs. 12 (10.2%), P = 0.005]. The analysis of wall motion
score by fundamental imaging at baseline demonstrated 330 severely
dysfunctional segments (73%) of which 181 (55%) were akinetic/
dyskinetic. The analysis of wall motion score by second harmonic
imaging exhibited 288 dysfunctional segments (61%; P < 0.001 vs.
fundamental imaging), of which 153 (53%) were akineric/dyskinetic (P
= (.02 vs. fundamental imaging).

The mean number + SD of severely dysfunctional segments per
patient was 10.9 * 3.5 with fundamental imaging and 9.8 + 3.2 with
second harmonic imaging.

Figure 1 represents the different myocardial patterns during
dobutamine stress echocardiography with fundamental imaging and
second harmonic imaging in severe dysfunctional segments at baseline
(wall motion score > 2).
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Agreement between DISA-SPECT and dobutamine stress
echocardiography with fundamental and second harmonic imaging
Fundamental imaging

With fundamental imaging, there were 330 segments with severe
baseline dyssynergy. Of these, 144 (44%) were considered viable by both
echocardiography and DISA-SPECT, whereas 113 of the dysfunctional
segments {34%) were nonviable with both the techniques. The agreement

SPECT
Viable Nonviable

Viable 144 19
DSE FI

Nonvizble 54 113

Dysfunctional segments: 330
Agreement DSE with Fi vs. SPECT: 78%
Kappa = 0.56

SPECT
Viable Nonviable

Viable 138 13
DSE SHI

Nonviable 20 117

Dysfunctional segments: 228

Agreement DSE with Fi vs. SPECT: 89%

Kappa = 0.77
Figure 2
Agreement between DISA-SPECT and dobusamine stress echocardiography
(DSE), using fundamental (FI) and second harmonic imaging (SHI), on
the presence of myocardial viability in segments with wall motion score > 2
(severe hypokinesis, akinesis or dyskinesis).
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between doburamine stress echocardiography by fundamental imaging
and DISA-SPECT on the presence of viability in severe dysfunctional
segments was 78% (kappa = 0.56) as shown in figure 2.

The agreement between fundamental imaging and DISA-SPECT

on the presence of viability in akineric/dyskinetic segments was 80%
(kappa = 0.59) [figure 3].

SPECT
Viable Nonviable

Viable 60 16
DSE Fl

Nonviable 20 85

Akinetic/dyskinetic segments: 181
Agreement DSE with Fl vs. SPECT: 80%
Kappa = 0.59

SPECT
Viable Nonviable

Viable 54 15
DSE SHI

Nonviable 6 78

Akinetic/dyskinetic segments: 153
Agreement DSE with Fl vs. SPECT: 86%
Kappa = 0.72

Figure 3
Agreement between DISA-SPECT and dobutamine stress echocardiography
(DSE), using fundamental (FI) and second harmonic imaging (SHI), on

the presence of myocardial viability in segments with wall motion score > 3
(akinesis or dyskinesis).
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Second harmonic imaging

With second harmonic imaging, there were 288 segments with
severe baseline dyssynergy. Of these, 138 (48%) were v1able with DISA-
SPECT, whereas 117 (41%) were nonviable with both techniques. The
agreement between second harmonic imaging and DISA-SPECT for
the dysfunctional segments was 89% (kappa = 0.77) (P = 0.001 vs.
fundamental imaging}.

The agreement between second harmonic imaging and DISA-SPECT
on the presence of viability in akinetic/dyskinetic segments was 86%

(kappa = 0.72) [Agure 3].

Accuracy of fundamental and second harmonic imaging for the
detection of myocardial viability

Using DISA-SPECT as the “gold standard”, the capability of
dobutamine stress echocardiography with fundamental imaging and
second harmonic imaging to detect viable tissue was determined.
Dobutamine stress echocardlooraphy with fundamental imaging revealed
s1ons of viable tissue in 163 dysfunctional segments (49%). This resulted
in sensitivity for detection of myocardial v1ab1l1ty of 73% (144/198) with
a specificity of 86% (113/132) and accuracy of 78% (257/330).

When second harmonic imaging was used the number of viable
segments was 151 (52%). A significant improvement was obtained
in sensitivity (138/158 = 87%, P = 0.001 vs. fundamental imaging)
and the accuracy was 88% (255/288) (P = 0.001 vs. fundamental
imaging), whereas the specificity was similar 90% (117/130) (P = 0.4 vs.
fundamental imaging) (table II).

Twelve segments were not-visualised at dobutamine stress
echocardiography with second harmonic imaging. Of these, 8 were
nonviable at DISA-SPECT, 2 had normal perfusion and normal
metabolism, 1 had mildly reduced perfusion and mildly reduced
metabolism and 1 had absent perfusion and increased metabolism.

In patients on beta-blocker therapy (20 patients), the agreement
between dobutamine stress echocardiography with fundamental imaging
and DISA-SPECT was 77% (kappa = 0.53). The agreement between
dobutamine stress echocardiography with second harmonic imaging and

DISA-SPECT was 88% (kappa = 0.77).
Myocardial segments were evaluated according to the different
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Table i

Comparison of the accuracy between fundamental and second harmonic
imaging during dobutamine stress echocardiography for the derection of
myocardial viabilizy.

Fundamental Second  harmonic
imaging imaging P
Number (%) l Number (%) Ci value

Sensitivity dysfunctional segments* 73% (144/198) 68-78 87%(138/158) 83-91 0.001
Specificity dysfunctional segments” 86% (113/132) 82-8% 90% (117/130) 86-94 040
Accuracy dysfunctional segments* 78% (257/330) 73-82 £9% (255/288) 85-392 0.001
Sensitivity akinetic/dyskinetic segments™  75% (60/80) 68-82  90% {54/60) 85-85 006
Specificity akinetic/dyskinetic segments™  84% (85/101)  78-90  84% (78/93) 78-90 0.0
Accuracy akineticfdyskinetic segments™ 800 {145/181) 74-86  86%(132{153) 81 -92 020
CT = 95% confidence interval

* wall motion score > 2

** wall motion score >3

Table {il
Sensitivity and specificity of fundamental and second harmonic imaging and

agreement with nuclear studies in the three covonary rerritories.

Fundamental Second harmonic P

Regional Arteries Imaging a imaging Cl value
LAD

Agreement (kvalue)  81% (0.56) 87% {0.59) 0.10
Sensitivity 8404 (122/146) 75-89  93%(134/144)  90-97 0.02
Specificity 75% (47/63) 69-81 74% (49/66) 68-80 0.90
LCx

Agreement (kvalue)  87% {0.54) 91% (0.63) 0.40
Sensitivity 89% {114{128) 84-54 96% (121/126) 93-98 0.06
Specificity 73% (16/22; 65-80 63% (15/24) 55-70 0.70
RCA

Agreement (kvalue)  80% (0.60) 88% (0.74) 0.10
Sensitivity 760% (53/70) ' 68-83 83% (64/73) 82-94 0.10
Specificity 86% [43/50) 80-82  87% [41j47) 81-93 0.90

LAD = [eft anterior descending; LCx = left circumflex; RCA = righe coronary artery;
CT = 95% confidence interval.

63



Chapter 4

vascular territories. The sensitivity for detection of myocardial viabilicy
in the regjon of the left anterior descending, left circumflex and right
coronary artery are presented in table III. A significant improvement
occurred in the territory of the left anterior descending coronary artery
when second harmonic imaging was used.

Myocardial viability was also assessed on an individual patient basis.
Patients were considered to have viable myocardium and candidates
for revascularisation when 4 or more dysfunctional segments showed
viability by dobutamine stress echocardiography.” According to this
approach, 24 patients were classified as viable with both fundamental
imaging and second harmonic imaging, 5 (17%) patients were classified
as nonviable by fundamental imaging and viable by second harmonic
imaging and 1 (3%) patient was classified as viable on fundamental
imaging and nonviable on second harmonic imaging.

DiscussioN

This study showed that the use of second harmonic imaging during
dobutamine stress echocardiography improved the accuracy for the
detection of viable myocardium in patients with severe left ventricular
dysfunction compared to fundamental imaging when DISA-SPECT was
used as a reference method. The agreement between dobutamine stress
echocardiography and DISA-SPECT on viability assessment increased
significantly from 78% (kappa = 0.56) to 89% (kappa = 0.77) when
second harmonic imaging was used, compared to fundamental imaging
(P = 0.001).

Although the use of combined low- high dose dobutamine
echocardiography has improved the accuracy of doburamine stress
echocardiography for the detection of viability,”* there remains
some discordance berween dobutamine echocardiography and nuclear
imaging'?.a-?.s

Previous studies have shown thar 201-thallium classified a significantly
higher percentage of segments as viable as compared to dobutamine
stress echocardiography.”®* A similar discrepancy was observed when
18F-fluorodeoxyglucose imaging with PET or SPECT was compared to
dobutamine stress echocardiography.>*

Thus, the nuclear techniques appear to be more sensitive for the
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detection of viable myocardium, probably because the detection of
myocardial viability by these techniques requires less grade of cellular
integrity than that required to elicit a contractile response during
dobutamine echocardiography. From a pathophysiological point-of-view,
this discrepancy can be explained by the fact that more severely damaged
myocardium (with less viable tissue and more fibrosis) may still exhibits
perfusion and glucose utilisation, but has lost contractile reserve.’

Besides this explanation, technical factors may also contribute to the
discrepancy between dobutamine stress echocardiography and nuclear
imaging. Dobutamine stress echocardiography is influenced by imaging
quality w a greater extent than nuclear techniques. A suboptimal
acoustic window may interfere with an accurate conclusion regarding the
presence or absence of viable myocardium. In fact, a technically difficule
transthoracic visualisation reduces the accuracy for the prediction of
improvement of left ventricular function after revascularisation. In
a recent study by Dalla Vecchia et al?® 18 patients with chronic
coronary artery disease referred for surgical revascularisation were
evaluated with dobutamine stress echocardiography and with dobutamine
stress radionuclide ventriculography. The agreement between these
two techniques for prediction of improvement of function
postrevascularisation was suboptimal. This was mainly due tw a
lower sensitivity of dobutamine stress echocardiography, indicating
underestimation of viable tissue. However, when patients with an optimal
visualisation of the endocardial border were analysed separately, the
sensitivity of dobutamine stress echocardiography increased significantly.
These results clearly demonstrate how the lack of adequate endocardial
border visualisation can lead to an underestimarion of myocardial
viability.

The recent introduction of second harmonic imaging has improved
image quality by facilitating endocardial border detection. Previous data
have demonstrated that second harmonic imaging significantly improves
visualisation of endocardial borders both at rest and during doburamine
stress echocardiography.® It has also been demonstrated that second
harmonic imaging is superior for detection of coronary artery disease,?”
bur its influence on viability assessment has not yet been evaluated.

In this population with ischaemic left ventricular dysfunction,
myocardial viability was evaluated with a nuclear technique (DISA-
SPECT) and dobutamine stress echocardiography, comparing both
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fundamental imaging and second harmonic imaging. In dysfuncrional
segments, the use of fundamental imaging has shown an evident
discrepancy between dobutamine stress echocardiography and DISA-
SPECT imaging (agreement 78%, kappa value 0.56). Second harmonic
imaging significantly increased the agreement between the two methods
(89%, kappa value 0.77). The improvement in sensitivity obtained with
second harmonic imaging in dysfunctional segments was mainly due
t a reduction in the number of segments that were SPECT viable
and dobutamine stress echocardiography nonviable; this was particularly
related to better visualisation of the biphasic response (Figure 1), due to
better endocardial border visualisation.

The doburamine stress echocardiography studies were also analysed
on an individual patient basis. Using the 4-segment cut-off level (allowing
optimal identification of patients who will benefit from revascularisation)
M 3 difference between fundamental imaging and second harmonic
imaging was obtained in 6 parients. Five of them (83%) were classified
ass nonviable by fundamental imaging but viable by second harmonic
imaging. Thus, a substantial number of patients would have been denied
revascularisation based on fundamental imaging.

Considering the 3 vascular territorics, we feund a significant
improvement in the sensitivity in segments subtende«: by the left anterior
descending coronary artery (Table III). These resuits are in line with
previous work focusing on the detection of coronary artery disease using
dobutamine stress echocardiography and second harmonic imaging. In
fact, the well-known phenomenon of endocardial “dropout” is most
frequently encountered in the lateral and anterior walls (apical view).""?

Study limitation

This study used nuclear imaging as a reference to define myocardial
viability, rather than improvement of funcrion. Therefore, the impact of
the use of second harmonic imaging on the improvement of the ability
of dobutamine stress echocardiography for the prediction of functional
recovery after revascularisation needs further evaluation.

The interval of 3 months berween dobutamine stress
echocardiography and angiography can be considered relatively long.
However, the clinical course of all these patients was stable within this
period of time.
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CONCLUSION

second harmonic imaging improves the agreement between
doburamine stress echocardiography and DISA-SPECT for detection
of myocardial viability in patents with ischaemic left ventricular
dysfunction as compared to fundamental imaging.
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CHAPTER 5

INFLUENCE OF CONTINUOUS
BETA-BLOCKERS DURING DOBUTAMINE
STRESS ECHOCARDIOGRAPHY FOR THE

ASSESSMENT OF MYOCARDIAL VIABILITY IN
PATIENTS WITH SEVERE ISCHEMIC LEFT
VENTRICULAR DYSFUNCTION

Source: D Poldermans, FB Sozzi, J] Bax, E Boersma, D Duncker, EC
Vourvour, et al. Am J Cardiol 2001;88:68-70. Adapted.




Chapter 5

ABSTRACT

Objective. To assess myocardial viability in the same group of patients
with and without beta-blockers by dobutamine stress echocardiography
using a nuclear test as an independent “gold standard”.

Methods. Twenty-one patients (17 men, mean age 62 + 9 years)
with reduced left ventricular function {(mean ejection fraction 27 *
6%) underwent dobutamine stress echocardiography with and without
beta-blockade at 1- to 2-week intervals and dual isotope simultaneous
acquisition (DISA) single-photon emission computed tomography
(SPECT).

Resulrs. Wall motion score at rest was higher with beta-blockers
(2.88 + 0.79 vs. 2.61 & 0.74; P = 0.03). During beta-blockade, wall
motion changed during dobutamine stress echocardiography in 14 of
68 segments, with an initial biphasic response. Segments that showed
a scar pattern during beta-blockade were scored viable in 13 of 85
segments when beta-blockers were discontinued. Fifteen % and 11% of
the viable segments at DISA-SPECT were not viable during dobutamine
stress echocardiography with and without beta-blockers respectively (P =
0.052}.

Conclusion. Beta-blockers reduced the number of viable segments
detected by dobutamine stress echocardiography in patients with severe
left ventricular dysfunction.
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INTRODUCTION

Beta-blockers have a negative inotropic and chronotropic affect on
the heart. They have been increasingly used in the treatment of patiencs
with left ventricular dysfunction,’ but may adversely affect the ability
of dobutamine to detect myocardial viability. Beta-blockers have been
shown to shift the doburamine response curve to the right. The
improved contraction is present at higher doses of dobutamine, and
sometimes at peak dose, the ischemic response is reduced.? Although
it is known that reduced chronotropic response during doburamine
stress echocardiography in patients on beta-blockers can be overcome
by an increased doburamine dose and/or the addition of atropine to
doburamine,*? the influence of beta-blockers on low-dose dobutamine
during dobutamine stress echocardiography is unknown. The aim of
this study was therefore to assess myocardial viability in the same
group of patients with and without beta-blockers by dobutamine
stress echocardiography using a nuclear test as an independent “gold
standard.”

METHODS

The study population comprised 21 patients (17 men, mean age 62
+ 9 years) with reduced left ventricular function (mean ejection fraction
27 + 6%) who underwent dobutamine stress echocardiography with
and without beta-blockade at 1- to 2-week intervals and dual isotope
simultaneous acquisition (DISA) single-photon emission computed
tomography (SPECT) for the evaluation of viable myocardium (Table
1). Eleven patients initially received beta-blockers, and in 10 patients
beta-blockers were gradually withdrawn after the first dobutamine stress
echocardiography. The medical ethics committee approved the study
protocol and informed consent was obtained from each patent.

Dobutamine stress echocardiography was performed as previously
described® and visually scored by 2 experienced reviewers who were
blinded to the DISA-SPECT results and other data. Wall motion
was scored at baseline, at 5, 10, and 20 ug/kg/min doburamine,
and at peak stress. Myocardial viability was assessed only in severely
dysfunctional segments; 4 types of wall motion responses were observed:
(1) biphasic pattern: improvement of wall motion at 5, 10, or 20 pg/kg/
min dobutamine with worsening at higher dosages; (2) worsening;
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Table 1

Clinical characteristics of patients evaluated for myocardial viability
by dobutamine stress echocardiography and dual-isotope-simultaneous-
acquisition single photon emission computed tomography.

Variables Number (%) of patients.
Previous myocardial infarction 17 (81%)
History of angina pectoris & (29%)
New York Heart Association class

2 4 {19%)

3 9 (43%)

4 3 (38%)
Number of corenary arteries narrowed >50% 25+07
Nitrates use 13 (62%)
Diabetes mellitus 4 (19%)
Angictensin converting enzyme-inhibitors 15 (71%)

(3) sustained improvement; and (4) no change. Severely dysfunctional
segments exhibiting a biphasic, sustained, or ischemic response were
considered viable, whereas segments with unchanged wall motion were
considered scarred. Patients were considered viable and candidates for
revascularisation by dobutamine stress echocardiography if 4 segments
showed viability based on the study of Bax et al” The inter- and
intraobserver concordance of wall motion score at rest were 94% and
97%, respectively, and was 92% and 94% during stress, respectively.

DISA-SPECT  imaging using 99m-technetium-tetrofosmin
(perfusion) and 18F-fluorodeoxyglucose (metabolism) tracers was
performed and scored as previously described.® The myocardium was
divided into 16 segments (matching the echocardiographic segments).
Dysfunctional segments identified by echocardiography were classified as
viable or nonviable.

Continuous variables are expressed as mean values + standard
deviation (SD). Changes in these variables during dobutamine stress
echocardiography with and without beta-blockade were evaluated by
analysis of variance with repeated measures, followed by Student’s paired
t tests. The agreement berween dobutamine stress echocardiography and
nuclear testing with respect to myocardial viability was presented by
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the kappa value, with and without beta-blockers. A McNemar test was
applied to study the difference in dobutamine stress echocardiography
results with and without beta-blockers in viable segments as assessed
by nuclear testing. A P value of < 0.05 was considered statistically
significant.

RESULTS

No serious side effects occurred during the study. Visual assessment
of both echocardiograms at rest, with and without beta-blockers, was
feasible in 330 of 336 segments (98%). In 225 segments (67%), severe
dyssynergy at rest was present with and without beta-blockers. The
analysis of DISA-SPECT was feasible in all 336 segments.

Of 225 severely dyssynergic segments, 159 (71%) were viable.
Normal or mild reduction of perfusion metabolism was seen in 119
segments (53%), whereas perfusion metabolism mismatch was observed
in 40 segments (17%). Sixty-six segments were nonviable (29%).

Heart rate at rest and peak heart rate-pressure product with and
without beta-blockers were 62 = 9 vs. 80 = 15 beats/min (P < 0.01)
and 15944 = 3341 vs. 16249 = 3096, respectively (P = 0.80). For all
cases, the maximum dobutamine infusion dose was 40 Ug/kg/min with
beta-blockers vs. an average of 30 pg/kg/min without beta-blockers (P <
0.001). Additional atropine was required during beta-blockade in 15 of
21 cases compared with 1 of 21 cases withourt beta-blockers (P < 0.001).

Wall motion score at rest was higher with beta-blockers (2.88 + 0.79
vs. 2.61 + 0.74; P = 0.03). During beta-blockade, 17 mildly hypokinetic
segments became severely hypokinetic at rest. The change of biphasic
and scarring patterns of severely dyssynergic segments by beta-blockers
are shown in Figure 1 and Figure 2. The dobutamine dose, at which
inittial improvement of wall motion at low-dose dobutamine occurred
in 54 segments with a biphasic response with and withour beta-blockers,
increased during beta-blockade from 6.7 + 2.9 to 9.4 = 5 ug/kg/min (P <
0.001}. During beta-blockade, wall motion changed during dobutamine
stress echocardiography in 14 of 68 segments, with an initial biphasic
response. Seven segments were diagnosed as nonviable; 5 segments
showed sustained improvement and 2 segments showed an ischemic
response (Figure 1). Segments that showed a scar pattern during beta-
blockade were scored viable in 13 of 85 segments when beta-blockers
were discontinued (Figure 2).
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During the study of 12 patients, the number of viable segments
remained unchanged, the number of viable segments increased in 8 patients
who did not received beta-blockers, whereas in 1 patient the number of viable
segments decreased (Figure 3). However, the number of “viable” patients

(i.e., 4 viable segments) was similar with and without beta-blockers.
Wall

motion

?
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Figure 1

Wall motion change of 68 segments showing a biphasic response without beta-
blockers (BBL). Solid line, the segments with a biphasic pattern without beta-
blockade; dotted lines, the wall motion change of these 68 biphasic segments
during beta-blockade.
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Figure 2

Wall motion change of 85 segments showing a scar vesponse during beta-
blockade after cessation of beta-blockers. Dotted line, the 85 segments with a
scar response during beta-blockade; solid lines, changes in wall motion after
cessation of beva-blockers.
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Figure 3

The change of the number of viable segments per patient assessed by
dobutamine stress echocardiography with and without beta-blockers (BBL).
Left side, the number of viable segments per patient on beta-blockers thevapy.
Right side, number of viable segments per patient without beta-blockers. The
changes of the number of viable segments per patients after beta-blocker
therapy was discontinued (arrows).

The kappa value for the agreement of viability of severely dyssynergic
segments between dobutamine stress echocardiography with and without
beta-blockers vs. DISA-SPECT was 0.71 vs. 0.78, respectively. DISA-
SPECT showed viability in 159 segments. Durting dobutamine stress
echocardiography, 15% and 11% of these segments were not viable with
and without beta-blockers, respectively (P = 0.052).

DISCUSSION

The present study showed that beta-blockers in patients with severe
ischemic left ventricular dysfunction reduced the number of viable
segments as assessed by dobutamine stress echocardiography when DISA-
SPECT was used as a gold standard. The kappa value, which evaluated
the agreement of viability between dobutamine stress echocardiography
and nuclear scanning, was 0.71 and 0.78 with and without beta-blockers,
respectively. Fifteen percent of segments considered viable by scan showed
no viability by dobutamine stress echocardiography when patients were
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taking beta-blockers compared with 11% when beta-blockers were
discontinued; however, this difference was not statistically significant.

Beta-blockers also increased wall motion score at rest (2.82 + 0.79
vs. 2.61 = 0.74; P = 0.03). Seventeen segments with mild hypokinesta
in patients not on beta-blockers worsened to severe hypokinesia when
patients received beta-blockers. This worsening of wall motion occurred
despite a decrease in blood pressure, and therefore, a decrease in afterload,
and may be due to the direct negative inotropic effects of beta-blockers.
Although a worsening of wall motion of ischemic myocardium may
be difficult to explain, it appears that the effect of beta-blockade on
wall motion in chronically hypoperfused myocardium®? differs from the
effect of beta-blockade on acutely ischemic myocardium, in which acuee
beta-blockade results in improved perfusion and wall motion.?

Although bera-blockers reduced the number of viable segments
in patients, there were no practical implications. All “viable” patient
segments were scored with and without beta-blockers. However, if a
study on beta-blockers shows only limited viability, it is useful to repeat
the test after the beta-blocker dosage has been reduced, especially when
there is a fixed heart rate during low-dose dobutamine, or the test should
be repeated using DISA-SPECT. If the latter test is used, it should be
noted that the number of viable segments assessed by scan will not
recover after revascularisation.

This study was performed in a small number of patients. The change
in wall motion pattern on beta-blockers may be related to the subjective
nature of visual wall motion scoring. Although there is a good inter- and
intra-observer concordance of interpretation of stress echocardiographic
results, a more objective response may improve consistency. This study
was performed using a nuclear scan as gold standard to assess myocardial
viability instead of the effects of coronary revascularisation.

CoNcLusION

This study showed that beta-blockers reduced the number of viable
segments detected by dobutamine stress echocardiography in patients
with severe left venrtricular dysfunction.
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WITH DIABETES MELLITUS
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ABSTRACT

Background. Exercise capacity is frequently impaired in patients with
diabetes mellirus. The role of pharmacologic stress echocardiography in
the risk stratification of diabetic patients has not been well defined.

Objective. The aim of this study was to assess the incremental
value of dobutamine stress echocardiography for the risk stratification of
diabetic patients.

Methods. We studied 396 diabetic patients [mean age 61 = 11 years,
252 men (64%])] who underwent doburamine stress echocardiography
for evaluation of known or suspected coronary artery disease. End
points were hard cardiac events (cardiac death and non-fatal myocardial
infarction) and all causes of mortality.

Results. During a median follow-up of 3 years, 97 patients (24%)
died (55 cardiac deaths) and 27 patients had non-fatal myocardial
infarction. In an incremental multivariate analysis model, clinical
predictors of hard cardiac events were history of congestive heart
failure and previous myocardial infarction. The percentage of ischemic
segments was incremental to the clinical model in the prediction of
hard cardiac events (chi-square 37 vs. 18, P < 0.05). Clinical predictors
of all causes of mortality were history of congestive heart failure, age
and hypercholesterolemia. Wall motion score index at peak stress was
incremental to the clinical model in the prediction of mortality (chi-
square = 47 vs. 33, P < 0.03).

Conclusions. Dobutamine stress echocardiography provides
incremental data for the prediction of mortality and hard cardiac events
in patients with diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is a major risk factor for coronary artery disease
and its complications.” Identification of diabetic patients at a high risk
of death and myocardial infarction is an essential step for planning
the appropriate management strategy. Exercise stress testing is the most
widely used method for evaluation of coronary artery discase.®'® However,
exercise capacity is frequently impaired in diabetic patients, particularly
because of the higher prevalence of peripheral neuropathy and vascular
disease in this population.”** Dobutamine stress echocardiography has
been reported as a safe and feasible method for evaluation of coronary
artery disease in diabetic patients with limited exercise capacity.>
However, data regarding the incremental value of the technique in the
risk strarification of diabetic patients are scarce.” Addidonally, there is
currently no ourcome data to support the role of stress echocardiography
in the prediction of all causes of mortality in diabetic patients.

The aim of this study was to assess the value of doburamine stress
echocardiography in the prediction of death and hard cardiac events
in diabetic patients with known or suspected coronary artery discase
and to determine whether this method provides incremental prognostic
informarion relative to clinical data.

METHODS

Patients

The study included 408 patients with diabetes mellitus unable to
perform an adequate exercise test, who underwent dobutamine stress
echocardiography at the Thoraxcenter, Rotterdam, The Netherlands
between January 1994 and June 2000. Diabetes mellitus was defined
in the presence of a fasting blood glucose = 140 mg/dl or requirement
for insulin or oral hypoglycemic agents. Seven patients were excluded
because of inadequate echocardiographic images and 5 parients were lost
1o follow-up. The final population of the study consisted of 396 patients.
Hypercholesterolemia was defined as total cholesterol > 200 mg/dl or
use of a cholesterol lowering agent. Hypertension was defined as systolic
blood pressure 2 140 mm Hg, diastolic blood pressure = 90 mm Hg,
or use of antihypertensive medication. Previous myocardial infarction
was diagnosed by the criteria of chest pain, enzymatic elevation and
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sertal of electrocardiographic changes. Patients’ clinical characteristics are
presented in Table 1. The local medical ethics committee approved the
study protocol. Patients gave an informed consent to undergo the study.

Dobutamine stress echocardiography protocol

After baseline echocardiography, dobutamine was infused ar a
starting dose of 5 Wg/kg per minute for 3 minutes, followed by 10 ug/kg
per minute for 3 minutes (low-dose stage). The dobutamine dose was
increased by 10 pg/kg per minute every 3 minutes up to a maximum
dose of 40 Ug/kg per minute. Atropine {up to 1 mg) was administered
intravenously at the end of the last stage if the target heart rate was not
achieved. End points of the test were achievement of target heart rate
(85% of the maximal heart rate predicted for age), maximal dose of
dobutamine and atropine, extensive new wall motion abnormalities, >
2 mV downsloping ST-segment depression measured 80 ms from the ]
point compared to baseline, hypertension (blood pressure > 240/120 mm
Hg), a decrease in systolic blood pressure of > 40 mm Hg compared with
rest, significant arrhythmias or any intolerable adverse effect considered
to be the result of dobutamine or atropine. Metoprolol {1-5 mg) was used
intravenously to reverse the side effects of dobutamine if these did not
revert quickly after termination of dobutamine infusion.

Echocardiographic imaging and interpretation

Imaging was acquired at rest, and continuously during the test
and recovery. Images were recorded on videotapes and in addition, the
baseline, low-dose, peak-stress and recovery images were recorded in a
quad-screen format.

The interpretation of images was performed by two independent
observers blinded of the patients’ clinical data. In case of disagreement,
a majority decision was achieved by a third observer. In our
laboratory, the inter- and intra-observer agreement for dobutamine
stress echocardiography assessment are 92% and 94% respectively.”” For
segmental analysis of left ventricular function, a 16-segment model was
used as suggested by the American Society of Echocardiography.'® Wall
motion score index was deterrined at rest and peak stress as the sum
of the segmental scores of the 16 segments divided by 16. Each segment
was scored using a 5-point scale, with 1 = normal, 2 = mild hypokinesis,
3 = severe hypokinesis, 4 = akinesis, 5 = dyskinesis. Ischemia was defined
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Table 1

Clinical characteristics of the study population.

Characteristics (N = 396) Number %
Sex (male} 252 64%
Age (years) 61+ M

Previous myocardial infarction 205 52%
Previous myocardial revascularisation 191 48%
History of typical angina pectoris 140 35%
History of heart failure 84 21%
Hypertension 183 46%
Hypercholesterolemia 145 37%
Smoking 123 31%
Beta-blockers 144 36%
Calcium channels blockers 151 38%
Reason for referral:

Evaluation of chest pain 234 59%
Preoperative assessment 4 1%
Evaluation of risk factors 141 36%
Functional assessment after myocardial infarction 17 40

as new or worsened wall motion abnormalities during stress indicated

by an increase of wall motion score = 1 grade in = 1 segment.” As
y S

previously described, ischemia was not considered to be present when

akinetic segments at rest became dyskinetic during stress.”® Dobutamine

stress echocardiography results were defined as abnormal if there was

ischemia during stress or fixed wall motion abnormalities.”

Follow-up

Follow-up was obtained by mailed questonnaires and scripted
telephone interviews. Events were verified by conracting the patients’
primary physician and reviewing medical records and death certificates.
The end points considered were all causes of mortality and hard cardiac
events defined as non-fatal myocardial infarction and cardiac death.
Sudden unexpected death occurring without another explanation was
included as cardiac death. Myocardial infarction was defined according
to usual clinical, electrocardiographic and enzymartic criteria.
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Statistical analysis

Continuous variables were presented as mean + standard deviation.
Comparisons between groups were based on the Wilcoxon Rank Sum
Test. Categorical variables were summarised as percentages and group
comparisons were based on the chi-square test. Survival free of the end
point of interest was estimated by the Kaplan-Meier method. Univariable
and muldvariable association of clinical and stress echocardiographic
parameters with the end points of interest were assessed in the Cox
proportional hazards framework. Variables were selected in a stepwise
forward selection manner with entry and retention set at a significance
level of 0.05. The results of these analyses were summarised as hazard
ratios with corresponding 95% confidence intervals. The incremental
value of dobutamine stress echocardiographic information over clinical
data was assessed in two modelling steps. The first step consisted of
firting a multivariable model of only clinical data. Variables selected from
the first step were then used as baseline risk factors, and dobutamine
echocardiographic variables were added in a stepwise forward selection
manner.

RESuULTS

Clinical features of the study population are presented in table 1.
Dobutamine-atropine induced a significant increase of heart rate (77 £ 13
at rest to 132 & 16 beats/min at peak dose, P < 0.0001) and peak rate-
pressure product (10496 £ 2874 vs. 17966 * 4799, P = 0.01). Systolic
blood pressure did not increase (137 £ 27 mm Hg at rest and 136 +
32 mm Hg at peak stress). Atropine was administered in 179 patients
(45%). Angina occurred in 89 patients (22%), and ST-segment depression
occurred in 61 patients (15%). Reasons for termination of the test were
achievement of target heart rate in 320 partients (81%), angina in 42
patients (11%), ST-segment depression in 22 (5%), hypotension in 7
patients (2%) and ventricular arrhythmias in 5 patients (1%).

Resting wall motion abnormalities were detected in 309 patients
(78%). Ischemia {stress induced wall motion abnormalities) was
detected in 144 patients {36%). Dobutamine stress echocardiography
was considered abnormal (rest and/or stress induced wall motion
abnormalities) in 324 patients (82%).
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Qutcome

During a median follow-up of 3 years, 97 patients (24%) died (55
cardiac deaths) and 27 patients had non-fatal myocardial infarction
(82 hard cardiac events). Clinical and stress echocardiographic variables
associated with an increased risk of hard cardiac events and of all causes

of mortality in the univariate analysis are respectively demonstrated in
table 2 and 3.

Table 2

Univariate Cox regression analysis of vaviables associated with hard cardiac
events.

Univariate analysis %2 P value HR 95% C!
History heart failure 13 0.0004 23 1.4-37
Previous MI 8 0.004 2.1 1.2-34
WMSI rest 18 0.0001 25 1.6-40
Rest WMA 21 0.0001 0.91 0.88-0.95
Ischemic segments (9% )* 4 0.02 1.1 1,02 - 1.22

* Per incregse of 10%; HR = hazard ratio; CI = confidence interval: MI = myocardial
infarction; WMSI = wall motion scorve index; WMA = wall motion abnormalities.

Table 3

Univariate Cox regression analysis of variables associated with all causes of
mortality.

Univariate analysis %2 P value HR 95% Cl
History heart fajlure 21 0.0001 2.7 1.7 - 41
Age 9 0.003 1.03 1.01-1.05
WIMSI rest 15 0.00 2.3 1.5-3.4
WMSI peak 18 0.0001 24 1.6-37
Rest WMA 16 0.0001 0.89 0.84 - 0.94
Ischemic segments (%)* 4 0.03 1.19 1.01-1.20

* Per increase of 10%; HR = hazard ratio; CI = confidence interval; WMSI = wall
motion scorve index: WMA = wall motion abnormalities.
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Table 4
Independent predictors of hard cardiac events using 2 steps model.

Model Parameters %2 Pvalue HR (95% Cl) Model x2

Clinical History heart faijure 8 0004 21(1.3-33) 18
Previous Ml 6 0.01 1.9{1.1-3.1)

Clinical + DSE Rest WMA 1 0.001 1,13 (1.05 - 1.22) 37
Ischemia (%)* 3 0.07 1.11 {1.00 - 1.23)

* Pey increase of 1096; DSE = dobutamine stress echocardiography; HR = hazard ratio; CI =
confidence invervaly MI = myocardial infarcrion; WMA = wall motion abnovmalities.

Table 5
Independent predictors of all causes of mortality using 2 steps model.

Model Parameters ¥2 Pvalue HR (95% Cl) Model %2

Clinical Age 10 .00 1.04 (1.01 - 1.08) 33
History heart failure 20 0.0001  2.8(1.8-44)
Hypercholesterolemia 4 0.04 1.6 (3.0 - 2.5)

Clinical + DSE  WMSI peak 13 0.0004 1.9 (1.36 - 2.65) 47

Per increase of 10%; HR = hazard ratio; CI = confidence intervaly WMSI = wall
motion score index; DSE = dobutamine stress echocardiography.

Predictors of events in the multivariate analysis models

Predictors of hard cardiac events and total mortality in the
multivariate analysis model are presented in tables 4 and 5. Histories of
congestive heart failure and of myocardial infarction were the clinical
predicrors of hard cardiac events. Resting wall motion abnormalities
and extension of ischemia during stress were incremental to clinical
data. Clinical predictors of all causes of mortality were a history of
congestive heart failure, hypercholesterolemia and age. Peak dobutamine
wall motion score index was incremental to clinical data in the prediction
of mortality.

Event-free survival curves according to the results of doburamine
stress echocardiography are presented in figures 1 for hard cardiac events.
Both fixed and transient wall motion abnormalities (ischemia) were
associated with higher event rate. The cumulative hard cardiac event
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Figure 1

Kaplan-Meier curves for survival free of hard cardiac events in patients with
normal dobutamine stress echocardiography, ischemia and fixed wall motion
abnormalities (WMA).
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Figure 2
Cumulative event rates according to the presence and extent of myocardial
ischemia during dobutamine stress echocardiography.
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Figure 3
Kaplan-Meier survival curves of patients with normal and abmormal dobutamine
stress echocardiography (DSE) results.
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rate was higher in patients with abnormal as compared to patients
with normal dobutamine stress echocardiography results (7% vs. 5%
at one year, 18% vs. 8% at three years and 23% vs. 10% at five
years, overall P = 0.01). The percentage of hard cardiac events increased
proportionally to the extension of myocardial ischemia at dobutamine
stress echocardiography (Figure 2). Survival curves according to the
presence of wall motion abnormalities during dobutamine stress are
shown in figure 3. The cumulative death rate in patients with abnormal
as compared to patients with normal dobutamine stress echocardiography
results was 9% vs. 3% at one year, 29% vs. 11% at three years and 31%
vs. 24% at five years (overall P = 0.04).

DISCUSSION

In this study, we assessed the predictors of death and non-fatal
myocardial infarction in 396 diabetic patients with limited exercise
capacity and known or suspected coronary artery disease who underwent
doburtamine stress echocardiography. During a median follow-up period
of 3 years a total of 97 patients died, 55 of which due o cardiac
causes. Non-fatal myocardial infarction occurred in 27 patients. Clinical
predictors of hard cardiac events were a history of congestive heart failure
and previous myocardial infarction. Clinical predictors of all causes
of mortality were age, hypercholesterolemia and history of congestive
heart failure. Dobutamine stress echocardiography provided incremental
prognostic information for the prediction of both end points. Hard
cardiac events were predicted by the presence of resting wall motion
abnormalities as well as by the percentage of ischemic segments at stress.
These findings demonstrate the importance of resting left ventricular
function and the severity of myocardial ischemia in determining the
outcome of diabetic patients.

The cumulative hard cardiac event rate was higher in patients
with abnormal as compared to patients with normal dobutamine stress
echocardiography (7% vs. 5% at one year, 18% vs. 8% at three years
and 23% vs. 10% at five years, overall P = 0.01). Peak doburamine
wall motion score index, which measures the sum of resting and stress-
induced wall motion abnormalities was incremental to clinical data in
the prediction of all causes of mortality. The cumulative death rate in
patients with abnormal as compared to patients with normal dobutamine
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stress echocardiography results was 9% vs. 3% at one year, 29% vs. 11%
at three years and 31% vs. 24% at five years (overall P = 0.04). From
these data it appears that the maximal value of a normal dobutamine
stress echocardiography study in the prediction of a lower risk status is
obtained at an intermediate term follow-up of 3 years, where survival
curves showed the greatest diversion between patients with normal and
abnormal study: At 5 years, the difference in survival was less significant.
As a result, in order to obtain an up-to-date risk status in patients with an
initial normal study, it is recommended to repeat the test 3 years later.

Previous studies

A few studies have evaluated the prognostic value of stress
echocardiography.”® To date, this is the first study that evaluates the
role of stress echocardiography in the prediction of all causes of mortality.
The prognostic value of dobutamine stress echocardiography in diabetic
patients has been a subject of controversy among previous studies. Hung
et al,”? studied 116 diabetic and 222 non-diabetic patients after acute
myocardial infarction. They observed that shorter dobutamine time, as
opposed to dobutamine stress echocardiography positivity has a higher
value for the prediction of events in diabetic patients during a mean
follow-up of 21 months. Therefore, its predictive value was not as
substandal as in non-diabetic patients. Conversely, Bates et al* reported
that dobutamine stress echocardiography was a powerful test for the
prognostic stratification of 53 patients with juvenile onset, insulin-
dependent diabetes mellitus, who were considered for kidney and/or
pancreas transplantation. During the follow-up period of 418 = 269
days, the cardiac event rate among patients with abnormal dobutamine
stress echocardiography was 54% compared to 6% among patients with
normal dobutamine stress echocardiography.

The American Hearr Association recommended the use of exercise
stress myocardial perfusion imaging for the evaluation of coronary artery
disease in diabetic patients based on the published data on the urilicy
of the technique in diabetic patients.”® It was concluded that there are
currently no outcome data to define the role of stress echocardiography
as a prognostic tool in diabetic patients.

A recent study assessed the value of exercise echocardiography in the
prediction of cardiac events in 563 diabetic patients.” Both, the extent
of resting left ventricular dysfunction and myocardial ischemia were
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predictive of cardiac events, incremental to clinical data. The event rate
in that study was much lower than in our study (9% vs. 21%) reflecting
the high-risk status of a population unable to perform exercise stress test
in our study. The eligibility for exercise stress test is related generally
w patients with a relatively lower risk profile, since the inability to
exercise 1s a known independent predictor of adverse outcome. Although
exercise stress testing is the most physiological stress method for inducing
myocardial ischemia and provides data on exercise capacity, our study
showed that dobutamine stress echocardiography is an alternative in
patients with limited exercise capacity. Due to the high event rate in
this group, stress testing is more likely to identify a larger proportion
of patients at highest risk of adverse outcome. One advantage of
pharmacologic stress echocardiography is that it allows continuous
acquisition of the images in contrast to post exercise acquisition of
images, which may underestimate the severity of myocardial ischemia
due to the rapid resolution of these abnormalities.

Limitations of the study

The types and the duration of diabetes mellitus were not defined in
this scudy. As a result, the impact of these parameters on the outcome
of patents, and their correlation with echocardiographic abnormalities
were not studied.

CONCLUSIONS

Dobutamine stress echocardiography provides data incremental to
clinical variables for the prediction of death and cardiac events in
diabetic patients with suspected or known coronary artery disease.
Resting left ventricular function and extent of myocardial ischemia
during dobutamine stress echocardiography are important predictors of
outcome in these patients.
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Chapter 7

ABSTRACT

Background. Recent experimental studies have shown thar
99m-technetium-methoxyisobutyl isonitrile (MIBI) underestimates flow
heterogeneity induced by dobutamine and that this might have an impact
on the sensitivity of dobutamine MIBI in patients with single-vessel
coronary artery disease. This study compares the accuracy of dobutamine
MIBI single-photon emission computed tomography (SPECT) and
simulraneous echocardiography in the diagnosis of single-vessel coronary
artery disease.

Methods. Ninety-one patients (age 57 + 12 years) with single-vessel
coronary artery disease or without significant coronary artery disease
were studied with dobutamine (up to 40 pg/kg per minute)-atropine
{(up to 1 mg) stress echocardiography and simultancous MIBI SPECT
imaging. Coronary artery disease was predicted on the basis of myocardial
ischemia (transient wall motion abnormalities by dobutamine stress
echocardiography and reversible perfusion defects by MIBI).

Results. Ischemia was detected by MIBI in 30 of the 54 patients
with and in 10 of the 37 patients without significant single-vessel
coronary artery disease (sensitivity 56%, confidence interval [CI] 45 -
66; specificity 73%, CI 64 - 82; accuracy 63%, CI 53 - 73). Ischemia
was detected by dobutamine stress echocardiography in 30 patients with
and in 6 patients without significant coronary artery disease (sensitivity
of dobutamine stress echocardiography 56%, CI 45 - 66; specificity
84%, CI 76 - 91; accuracy 67%, CI 57 - 77, P = not significant vs. MIBI).
For both imaging methods, sensitivity was significantly higher in patients
with left anterior descending than in patients with left circumflex or
right coronary artery stenosis (75% vs. 40%, P < 0.05). The addition of
echocardiography to MIBI did not improve the diagnostic accuracy (68%
CI 59 to 78, = not significant vs. dobutarmine stress echocardiography or
MIBI alone).

Conclusions. Dobutamine stress echocardiography and MIBI SPECT
imaging have similar moderate sensitivity for the diagnosis of single-
vessel coronary artery disease. Sensitivity of each of these techniques is
higher in patients with left anterior descending than in patients with left
circumflex or right coronary artery stenosis. There is no improvement of
diagnostic accuracy by use of the combination of both techniques.
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INTRODUCTION

Exercise myocardial perfusion imaging is a well-established non-
invasive method for the diagnosis and functional evaluation of coronary
artery disease.”® Pharmacologic stress testing is an alternative method
for evaluation of patients with limited exercise capacity.*” Although
vasodilator stress agents are more widely used for myocardial perfusion
imaging than dobutamine, the larter is particularly useful in patients
who have conrtraindications for vasodilator agents3” The use of
99m-technetium-labelled agents provides the advantages of improved
imaging quality, increased consistency of image analysis, and a larger
injectable dose because of a shorter half-life compared with201-thallium 3
Despite the favourable imaging properties of 99m-technetium-labelled
agents, recent experimental studies have raised some questions
regarding the unfavourable myocardial uptake of 99m-technerium-
methoxyisobutyl isonitrile (MIBI) during dobutamine infusion.'®" It
has been demonstrated that myocardial MIBI uptake significantly
underestimates the dobutamine-induced flow heterogeneity. In a canine
model of a single severe coronary artery stenosis, myocardial uptake of
MIBI plateaux at 2 flow lower than that observed during vasodilator
stress.® Therefore myocardial perfusion at a high flow rate may be
underestimated in the normally perfused myocardium. Conversely, at
low flow as in myocardial regions in the distribution of stenosed coronary
arteries, tracer extraction may be enhanced as the result of prolonged
capillary transic time. These two effects may lead to underestimation of
flow heterogeneity between the normal and the ischemic myocardium
and may have implications in the sensitivity of the test, particulatly in
patients with single-vessel coronary artery disease.® Because of these
potendal limitations, echocardiographic imaging during dobutamine
infusion may be assumed to provide a higher sensitivity than MIBI for the
diagnosis of single-vessel coronary artery disease. This study compares
the accuracy of dobutamine stress echocardiography and simultaneous
MIBI single-photon emission computed tomography (SPECT) imaging
for the diagnosis of single-vessel coronary artery disease and evaluates
the agreement berween both techniques regarding the presence and
the extent of stress-induced wall motion and myocardial perfusion
abnormalities.
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METHODS

Patient selection

The study population was composed of 91 patients with suspected
myocardial ischemia and limited exercise capacity who underwent
dobutamine stress echocardiography with simultaneous MIBI SPECT
and fulfilled the following criteria: (1) a single-vessel coronary artery
disease or no significant coronary artery disease at coronary angiography
performed within 3 months from the dobutamine stress test; (2) no
previous Q-wave myocardial infarction; (3) no severe valvular heart
disease, lefe-bundle branch block, or left ventricular hypertrophy. Mean
age was 57 + 12 years. There were 46 men and 45 women. Twenty-
seven (30%) patients had typical anginal complaints, whereas 64 (70%)
patients had atypical or noncardiac chest pain. Beta-blockers were taken
by 42 (46%) patients. Other medications included nitrates in 40 (44%)
patients and calcium channel blockers in 44 (48%) patients.

Dobutamine stress test

Dobutamine was infused through an antecubital vein starting at
a dose of 5 ug’kg per minute followed by 10 pg/kg per minuce
(3-minute stages), increasing by 10 pg/kg per minute every 3 minures
to a maximum of 40 pg/kg per minute. Atropine (up to 1 mg) was
given in patients 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 was measured at rest and every 3 minutes during stress. The
test was interrupted if severe chest pain, ST-segment depression > 2
mm, significant ventricular or supraventricular arthythmia, hypertension
(blood pressure = 240/120), systolic blood pressure fall > 40 mm Hg,
or any intolerable side effect regarded as being caused by dobutamine
occurred during the test. Metoprolol (1 to 5 mg) was used intravenously
w reverse the effects of dobutamine if they did not revert quickly.
Ischemia during the electrocardiogram was defined as 0.1 mV horizontal
or downsloping ST-segment depression or 0.1 mV ST-segment elevation
measured 80 ms from the ] point compared with baseline.
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Stress echocardiography

Echocardiographic images were acquired from the standard views
at rest and during stress and recovery. The left ventricular wall was
divided into 16 segments and scored by use of a 4-point scale in
which 1 indicated normal; 2, hypokinesis; 3, akinesis; and 4, dyskinesis.
Ischemia was defined as new or worsening wall motion abnormalities.
The echocardiograms were recorded on videotapes and digitized on
optical disks (Vingmed CFM 800, Vingmed Sound A/S, Horten,
Norway). Images were compared side by side in quad-screen format by
2 independent observers without the knowledge of the patients’ clinical,
scintigraphic, or angiographic data. In the case of disagreement, a
majority decision was achieved by a third investigaror.

SPECT imaging

Approximately 1 minute before the termination of the stress test, an
intravenous dose of 370 MBq of MIBI was administered. Stress images
were acquired 1 hour after termination of the test by use of the protocol
described previously.’ Image acquisition was performed with a Siemens
Gammasonics single-head Rota Camera (Orbiter; Siemens Corp, Iselin,
N]) and a low-energy, all-purpose collimator. Thirty-two projections
were obtained, from the left posterior oblique to the right anterior
oblique over 180 degrees, with an acquisition time of 45 seconds for each
projection. A Gamma 11 computer was used to process the tomographic
data. For resting studies, 370 MBq of MIBI was injected art least 24
hours after the stress study. For each study, 6 oblique (shore-axis) slices
from the apex to the base and 3 sagirtal (vertical long-axis) slices from
the septum to the lateral wall were defined. Each of the ¢ shortaxis
slices was divided into 8 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 side by side by an experienced observer who was unaware of the
patient’s clinical, echocardiographic, or angiographic data. A reversible
perfusion defect was defined as a perfusion defect on stress images that
partially or completely resolved at rest in 2 contiguous segments or
slices. This was considered diagnostic of ischernia. Echocardiographic
and scintigraphic images were matched into 6 segments: anterior, inferior,
septal anterior, septal posterior, posterolateral, and apical.
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Coronary angiography

Coronary angiography was performed within 3 months from the
dobutamine stress test. Lesions were quantified as previously described.”
The 35-mm films were analysed with the Cardiovascular Angiography
Analysis System I (CAAS I, Pie Medical, Maastricht, The Netherlands).
For edge detection, a region of interest of 512 x 512 pixels was selected
and digitized with the use of a high-fidelity charge coupled device
video camera. The vessel diameter was determined by computing the
shortest distance between the right and left contours. A computer-derived
estimation of the original arterial dimension was used to calculate the
interpolated reference diameter. Significant coronary artery disease was
defined as a diameter stenosis 50% in 1 major epicardial arteries. As
stated previously, only patients with single-vessel coronary artery disease
or without significant coronary artery disease were included. Coronary
arteries were assigned to myocardial segments as previously described.”
The anterior, apical, septal, and anteroseptal walls were assigned to the
left anterior descending coronary artery, the posterior and lateral wall to
the left circumflex, and inferior and basal septal segments to the right
coronary artery. The apical lateral segment was considered an overlap
segment between the left anterior descending coronary artery and the
left circumflex and the apical inferior segment was considered an overlap
segment between the left anterior descending coronary artery and the
right coronary artery. Overlap segments were assigned to the regions with
concomitant abnormalities.

Statistical analysis

Unless specified, data are presented as mean values + standard
deviation (SD). The chi-square test was used to compare differences
between proportions. The Student t test was used for analysis of
continuous data. A value of P < 0.05 was considered statistically
significant. Agreement between echocardiography 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 (.75 of fair to good, and between 0 and 0.40 of poor
agreement. Sensitivity, specificity, and accuracy were derived according to

the standard definitions and were represented with the 95% confidence
intervals (CI).
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RESULTS

Dobutamine stress test

There was 2 significant increase of heart rate (69 + 14 vs. 132 + 16
beats/min, P < 0.0001), systolic blood pressure (132 + 21 vs. 142 + 26
mm Hg, P < 0.001), and rate-pressure product (9145 + 2674 vs. 18765
+ 4347, P < 0.00001) from rest to peak stress, respectively. Atropine
was administered in 41 (45%) patients. Angina occurred in 34 (37%)
patients, whereas 17 (19%) patients had atypical chest pain. Sixty-eight
(75%) patients reached the target heart rate (85% of the maximal exercise
heart rate predicted for age and sex). The test was interrupted before
reaching the rarget heart rate because of angina (11 patients), ST-segment
depression (2 patients), arthythmias (3 patients), and hypotension (1
patient). Six (7%) patients failed to reach the target heart rate despite use
of the maximal dobutamine and atropine dose.

Coronary angiography

Single-vessel coronary artery disease was detected in 54 (59%)
patients. The stenosis involved the left anterior descending coronary
artery in 24 patients, the left circumflex in 8 patients, and the right
coronary artery in 22 patients. Thirty-seven patients had a normal
coronary angiogram or a stenosis of < 50%.

Prediction of coronary artery disease by electrocardiographic
changes

Ischemic electrocardiographic changes occurred in 17 of 54 patients
with and in 5 of 37 patients without coronary artery disease (sensitivity
31%, CI 22 - 41; specificity 86%, CI 79 - 94; accuracy 54%, CI 44 -
64).

Stress echocardiography

Ischemia was detected in 30 of 54 padents with and in 6 of the
37 pacients withour significant coronary artery disease (sensitivity 56%,
Cl 45 - 66; specificity 84%, CI 76 - 91; accuracy 67%, CI 57 - 77).
Sensitivity was higher than electrocardiography (P < 0.05). The accuracy
for the detection of significant stenosis of individual coronary arteries is
shown in Figure 1.
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Figure 1

Sensitivity (SENS), specificity (SPEC), and accuracy (ACC) of dobutamine
stress echocardiography (open bars) and MIBI SPECT (closed bars) for
regional diagnosis of covonary artery disease in patients with single-vessel
coronary artery disease.

Figure 2

Dobutamine stress (rop) and rest (bottom) MIBI SPECT images from the
short-axis (SA), horizontal long-axis (HLA), and vertical long-axis (VLA)
views in a patient with left anterior descending coronary artery stenosis show
reversible perfusion defects in anterior wall and septum, indicated by arrows.
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Sensitivity was significantly higher in patients with left anterior
descending coronary artery than in patients with right coronary artery
or left circumflex stenosis (75% vs. 40%, P < 0.05). In patients with
coronary artery disease, there was no significant difference between
patients with and those without ischemia regarding medication with beta-
blockers (67% vs. 54%, respectively).

MIBI SPECT

Ischemia was detected in 30 of 54 patients with and in 10 of the
37 patients without significant coronary artery disease (sensitivity 56%,
CI 45 - 66; specificity 73%, CI 64 - 82; accuracy 63%, CI 53 - 73).
Sensitivity was higher than electrocardiography (P < 0.05). The accuracy
for the detection of significant stenosis of individual coronary arteries
is shown in Figure 1. Sensitivity was significantly higher in patients
with left anterior descending coronary artery than in patents with
right coronary artery or left circumflex stenosis (75% vs. 40%, P <
0.05). In patients with coronary artery disease, there was no significant
difference between patients with and those without ischemia regarding
medication with beta-blockers (70% vs. 50%, respectively). Stress and
rest myocardial perfusion images of a patient with left anterior descending
coronary artery stenosis are shown in Figure 2.

ECHO
+ -
+ 27 13
MIBI
- 9 42

Agreement = 76%

Kappz = 0.50
Figure 3
Agreement between dobutamine stress echocardiography (ECHO) and MIBI
SPECT on overall diagnosis of myocardial ischemia.

109



Chapter 7

There was no statistically significant difference between echo-
cardiography and SPECT with regard to sensitivity, specificity, and
accuracy for the overall and regional diagnosis of significant coronary
artery disease. There was a fair (76%) overall agreement between both
methods on the diagnosis of myocardial ischemia (69 of 91), kappa = 0.5
(Figure 3).

Agreement on the presence of ischemia in the left anterior descending
coronary artery distribution was 78% (kappa = 0.24). Agreement on
the presence of ischemia in the left circumflex and right coronary
artery distribution was 87% (kappa = 0.87). The mean number of
ischemic segments (with the use of a 6-segment model in patients
with true-positive studies was not different between echocardiography
and MIBI (1.5 + I vs. 1.6 = 0.9, respectively). In 4 patients without
significant coronary artery disease, ischemia developed with the use of
both techniques. Three of them had lesions < 50%. The addition of
echocardiography to MIBI for the diagnosis of coronary artery disease
increased the sensitivity to 69% (CI 59 - 78) and reduced the specificity
w0 68% (CI 58 - 77), whereas the accuracy did not change (68% CI 59 -
78, P = not significant vs. echocardiography or MIBI alone).

DisCUSSION

The use of 99m-technetum-labelled radioactive agents improves
imaging quality of exercise myocardial perfusion scintigraphy compared
with 201-thallium.?? Therefore these agents are now widely used in
conjunction with exercise and pharmacologic stress testing. However,
recent experimental studies demonstrated that MIBI underestimates
flow heterogeneity induced by dobutamine because its uptake plateaus
at a lower flow rate compared with vasodilator agents.® Additionally,
dobutamine may interfere with MIBI uptake in the normally perfused
myocardium, leading to further underestimation of flow heterogeneity.”
The implications of these experimental studies are that MIBI scintigraphy
may have limited sensitivity in patients with single-vessel coronary artery
disease.!®! Echocardiographic imaging during dobutamine infusion
provides a useful method for the diagnosis of coronary artery disease.*'
Although previous studies demonstrated a comparable accuracy between
dobutamine echocardiography and MIBI SPECT in the overall diagnosis
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of coronary artery disease’'*1#152 [jttle is known about the relative merits
of these imaging techniques in patients with single-vessel coronary artery
disease. In this study we tested the hypothesis that echocardiography
may provide a better sensitivity than MIBI in patients with single-vessel
coronary artery disease because of the previously mentioned potential
limirations of MIBI in this particular patient population. The results of
this study showed that both echocardiography and MIBI have a similar
modest sensitivity (56%) for the diagnosis of single-vessel coronary
artery disease. The mean number of ischemic segments was not different
between both techniques. This implies that transient wall motion and
myocardial perfusion abnormalities occur with similar frequency and
extent in patients with single-vessel coronary artery disease during high-
dose dobutamine infusion. Despite the modest sensitivity of MIBL,
echocardiography did not provide an advantage in the overall or the
regional diagnosis of coronary artery disease in these patients. There was
no improvement of accuracy by the synergetic use of both techniques
for the diagnosis of single-vessel coronary artery disease compared with
accuracy of either technique alone.

Wu et al'® showed that in a canine model of fow-limiting single-
vessel stenosis, dobutamine (10 pg/kg per minute) did not augment
fiow heterogeneity. In addition, relative myocardial MIBI activicy
underestimated microsphere flow at higher flow induced by doburamine,
leading to underestimarion of ischemia. These findings might explain the
modest sensitivity of MIBI in patients with single-vessel coronary artery
disease. However, in our study, flow malperfusion could be detected in
56% of these patients. It is possible that at high-dose dobutamine as in
our study, flow heterogeneity may be enhanced more than that achieved
during the lower dose used in the study of Wu er al. Although these
investigators showed that there was a sufficient flow augmentation to a
level at which MIBI uptake had plateaued, the administration of a higher
dose of dobutamine (and potentially atropine) may result in further
augmentation of flow heterogencity by the induction of vertical and
horizontal steal in the ischemic region.

Differences in regional sensitivity

One explanation for the occurrence of flow malperfusion in 56%
of patients in our study is that most of these abnormalities were
detected in myocardial regions in the distriburtion of a diseased left
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anterior descending coronary artery. In fact, the prevalence of flow
malperfusion in myocardial regions in the distribution of a diseased left
circumflex or right coronary artery was significantly lower compared
with left anterior descending coronary artery disease (40% vs. 75%).
This can be explained by the larger myocardial mass in the left anterior
descending coronary artery region, which may facilitate the detection
of flow heterogeneity compared with the smaller myocardial mass
supplied by the left circumflex or the right coronary artery. We have
recently demonstrated that the severity of fixed perfusion abnormalities
influences the occurrence of reversible perfusion abnormalities in
regions with infarct-related artery stenosis only in the right coronary
artery and the left circumflex regions.” This provides more evidence
for the importance of the size of the area at risk in the detection
of reversible perfusion abnormalities. Interestingly, the overall and
regional prevalence of transient wall motion abnormalities was similar
to perfusion abnormalities. If echocardiographic imaging is a sensitive
measure of true ischemia, the similar prevalence and extent of
abnormalities in both techniques would indicate that MIBI does not
underestimate ischemia and the alternative explanation of the relatively
low sensitivity is that ischemia—at least of a detectable magnitude—
is not actually induced in these patients with false-negative results.
Despite the lower sensitivity of both techniques compared with previous
studies with dobutamine or exercise echocardiography and myocardial
perfusion scintigraphy* other factors might hamper the comparison
with these studies such as the difference of the clinical characteristics
of the study population in different reports. Therefore this moderate
sensitivity may be related to the limited ability to induce ischemia
in patents with single-vessel coronary artery disease rather than a
limitation of dobutamine stress testing in general.

Role of the extent of coronary artery disease

Porter et al** reported that in dogs with experimental single-vessel
stenosis, the extent of myocardial perfusion defects measured by
myocardial contrast was significantly lower in the zone of the original
stenosis compared with the perfusion defect in the same area when a
second stenosis was made in the vessel supplying the adjacent perfusion
bed. They concluded that collateral flow limits the spatial extent
of inducible ischemia within the risk area of single-vessel stenosis.
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Restoring blood flow to one perfusion bed reduces the extent of
perfusion abnormalites that can be induced in an adjacent stenosed
bed. The relatively lower sensitivity of echocardiography and MIBI for
the detection of significant stenosis in the posterolateral circulation in
this study compared with the previous studies™ may be explained by
the inclusion of patients with multivessel disease in the previous studies.
According to the findings of Porter et al,** patients with multivessel
disease may not have sufficient collaterals between the diseased arteries
and therefore the probability of developing regional ischemia in these
patients may be higher than in patients with single-vessel disease
who would otherwise profit from the collateral flow from the normal
arteries. Vascular overlap may also enhance regional sensitiviy when
patients with multivessel disease are studied.®

Limitations of the study

Forty-five percent of patients were receiving beta-blockers, which
may reduce the sensitivity. However, only 7% of patients failed to
reach the rtarget heart rate despite the maximal dobutamine and
atropine dose. In patients with coronary artery disease, there was no
significant difference berween patients with and those without beta-
blocker medication regarding the prevalence of ischemia by either
technique. A previous study has also shown that beta-blockers do not
reduce the sensitivity of dobutamine perfusion imaging when atropine
is used in patients withour adequate chronotropic response® as used in
our study. Similar value of atropine administration in improving the
sensitivity of dobutamine stress echocardiography in patients taking
beta-blockers has also been reported.

CLINICAL IMPLICATIONS AND CONCLUSIONS

Dobutamine stress echocardiography and MIBI SPECT imaging
have similar moderate sensitivity for the diagnosis of single-vessel
coronary artery disease. The sensitivity of each of these techniques
is higher in patients with left anterior descending coronary artery
than in patients with left circumflex or right coronary artery stenosis.
There is no improvement of the diagnostic accuracy by use of the
combination of both techniques. The similar moderate sensitivity of
both techniques suggests a limitation in the induction of ischemia
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in patients with single-vessel coronary artery disease rather than an
intrinsic limitation of MIBI SPECT imaging in conjunction with
dobutamine stress testing.
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CHAPTER 8

DOBUTAMINE 99M-TECHNETIUM
TETROFOSMIN SPECT IMAGING FOR THE
DIAGNOSIS OF CORONARY ARTERY DISEASE
IN PATIENTS WITH LIMITED EXERCISE
CAPACITY

Source: A Elhendy, FB Sozzi, R Valkema, RT van Domburg, JJ Bax,
JRTC Roelandt. ] Nuc! Cardiol 2000;7:649-654. Adapted.
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ABSTRACT

Background. 99m-Technetium-tetrofosmin SPECT imaging is
increasingly used in conjunction with exercise and vasodilator stress test
for the evaluation of coronary artery disease. Dobutamine stress test is an
alternative in patients with limited exercise capacity.

Objective. The aim of this study is to assess the accuracy of dobutamine-
atropine stress tetrofostmin SPECT for the diagnosis and localisation of
coronary artery disease.

Methods. We studied 124 patients {age = 57 + 12 years, 88 men)
with limited exercise capacity and suspected coronary artery disease with
dobutamine (up to 40 ug/kg/min}-atropine (up to I mg) 99m-technetium-
tetrofosmin SPECT. Resting images were acquired 24 hours after the stress
test. Significant coronary artery disease was defined as = 50% luminal
diameter stenosis in 2 1 major coronary artery.

Resulzs. Myocardial perfusion abnormalities (fixed and/or reversible
defects) were detected in 70 of 88 patients with and in 10 of the 36 patients
without coronary artery disease (sensitivity = 80%, CI 72 - 87, specificity =
72%, CI 64 - 80 and accuracy = 77%, CI 70 - 85). Sensitivity and accuracy
were higher by using criteria of any defect than reversible defects only (80%
vs. 51%, P < 0.0001 and 77% vs. 60%, P < 0.01 respectively). Sensitivity
was higher in patients with multivessel compared to patients with single-
vessel coronary artery disease (88% vs. 63%, P < 0.05). Patients with
multivessel coronary artery disease had a larger stress perfusion defect
score (4.5 + 3.1 vs. 2.7 £ 2.5, P < 0.01) compared to patients with single-
vessel coronary artery disease.

Conclusions. Dobutamine stress 99m-technetium-tetrofosmin SPECT
is a useful method for the diagnosis and localisation of coronary artery
disease in patients with limited exercise capacity. Optimal accuracy of the
technique is achieved by the use of both fixed and reversible perfusion
abnormalities for the diagnosis of coronary artery disease in patients
without previous myocardial infarction.
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INTRODUCTION

Dobutamine myocardial perfusion imaging is a feasible method
for evaluation of coronary artery disease in patients with limited
exercise capacity. Previous studies have demonstrated the accuracy of
doburamine stress myocardial perfusion imaging using 201-thallium and
99m-technetium-sestamibi for the diagnosis of coronary artery disease.
99m-Technetium-tetrofosmin is a newly introduced myocardial perfusion
tracer with favourable biokinetics and imaging characteristics.” This
radiopharmaceutical is distributed within the myocardium in proportion
to regional myocardial blood flow. After intravenous injection, a relatively
rapid clearance of the tracer from the blood and extracardiac structures
occur with minimal redistribution from the myocardium.™ The use
of 99m-technetium-labelled agents provides the advantages of improved
imaging quality, increased consistency of image analysis and a larger
injectable dose due to a shorter half life compared to 201-thallium.'*?
The accuracy of myocardial perfusion scintigraphy using 99m-technetium-
tetrofosmin for the diagnosis of coronary artery disease in conjunction
with exercise or vasodilator stress testing has been recently evaluated.
However, few data are available regarding the use of tetrofosmin with
doburamine stress testing. Although vasodilator stress agents are more
widely used for myocardial perfusion imaging than dobutamine, the latter
is particularly useful in patients who have contraindications for vasodilator
agents."” The aim of this study is to assess the accuracy of dobutamine
stress 99m-technetium-tetrofosmin SPECT for the diagnosis of coronary
artery disease in patients with limited exercise capacity.

METHODS

Patient selection

The study population was composed of 124 patients with suspected
myocardial ischemnia and limited excrcise capacity who underwent
dobutamine stress 99m-technetium-tetrofosmin SPECT and coronary
angiography within 3 months from the dobutamine stress test. Patients
were included in the study if they had no history or electrocardiographic
signs of previous myocardial infarction, unstable angina, severe valvular
heart disease, left-bundle branch block, lefe ventricular hypertrophy or
previous heart transplantation. Mean age was 57 = 12 years. There were



Chapter 8

88 men and 36 women. Forty-four patients (35%) had typical anginal
complaints whereas 80 patients (65%) had arypical or non-cardiac chest
pain. The pre-test probability of coronary artery disease based on age gender
and chest pain characteristics was 62 & 25%.% Nineteen patients (15%)
were known to have diabetes mellitus. At the day of the test, 59 patients
(48%) were receiving bera-blockers. Other medications included nitrartes in
29 patients (23%) and calcium channel blockers in 46 patients (37%).

Dobutamine stress test

Dobutamine was infused through an antecubital vein starting at a
dose of 5 followed by 10 ug/kg/min (3 minutes stages), increasing by 10
Ug/kg/min every 3 minutes to a maximum of 40 ug/kg/min. Atropine
{up to 1 mg) was given in patients not achieving 85% of the predicted
maximal heart rate after 3 minutes of infusion of the maximal dobutamine
dose (40 ug/kg/min), and dobutamine infusion was continued.? The
electrocardiography was continuously monitored and was recorded each
minute. Cuff blood pressure was measured at rest and every 3 minutes
during stress. The test was interrupted if severe chest pain, ST-segment
depression > 2 mm, significant arrhythmia, hypertension (blood pressure
= 240/120), systolic blood pressure fall > 40 mm Hg or any intolerable
side effect regarded as being due to dobutamine occurred during the
test. Metoprolol (1-5 mg) was used intravenously to reverse the effects of
dobutamine if they did not revert quickly. Ischemia at the electrocardiogram
was defined as > 0.1 mV horizontal or downsloping ST-segment depression
or 2 0.1 mV ST-segment elevation measured 80 mS from the ] point
compared to baseline.

SPECT imaging

Approximately 1 minute before the termination of the stress test,
an incravenous dose of 370 MBq of 99m-technetium-tetrofosmin was
administered. For resting studies 370 MBq of tetrofosmin were injected at
least 24 hours after the stress study. Image acquisition was performed with
a tiple head gamma camera system (Picker Prism 3000 XP, Cleveland,
Ohio). For each study six oblique (short axis) slices from the apex to the
base, three sagittal (vertical long axis) slices were defined.” Each of the
6 short axis slices was divided into 8 equal segments. The septal part
of the 2 basal slices was excluded from analysis because this region
corresponds to the fibrous portion of the interventricular septum and
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normally exhibics reduced uptake. Therefore, a total of 47 segments were
identified (3 long axis and 44 short axis). The interpretation of the
scan was semiquantitatively performed 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 or angiographic data. A reversible perfusion defect was
defined as a perfusion defect on stress images that partially or completely
resolved at rest in 2 2 contiguous segments or slices in the 47-segment
model. A fixed perfusion defect was defined as a perfusion defect on stress
images in 2 or more contiguous segments or slices, which persists on rest
images in the 47 segment model. An abnormal study was considered in the
presence of fixed/and or reversible perfusion defect. To assess the severity of
perfusion abnormalities, the left ventricular myocardium was divided into
6 segments: anterior, inferior, septal anterior, septal posterior, posterolateral
and apical. Each of the 6 major left ventricular segments was scored using
a 4 grade score method (0 = normal, 1 = slightly reduced, 2 = moderately
reduced, 3 = severely reduced or absent uptake). Perfusion defect score was
derived by the summation of the score of the 6-myocardial segments.?

Coronary angiography

Coronary angiography was performed within 3 months from the
dobutamine stress test according to the physician discretion. Lesions were
quantified as previously described.® Significant coronary artery disease was
defined as a diameter stenosis = 50% in = 1 major epicardial arteries. The
anterior, apical, septal and anterosepral wall were assigned to the left anterior
descending coronary artery. The posterior and lateral walls were assigned to
the left circumflex. The inferior and basal septal segments were assigned
to the right coronary artery. The apical lateral segment was considered as
an overlap segment between the left anterior descending coronary artery
and the left circumflex. The apical inferior segment was considered an
overlap segment between the left anterior descending coronary artery and
the right coronary artery. Overlap segments were assigned to the regions with
concomitant abnormalities.

Statistical analysis

Unless specified, data are presented as mean values + SD. The Chi
square test was used to compare differences between proportions. The
Student ¢ test was used for analysis of continuous data. P value < 0.05 was

123



Chapter 8

considered statistically significant. Sensitivity, specificity and accuracy
were derived according to the standard definitions and were represented
with the 95% confidence intervals (95% CI).

RESULTS

Dobutamine stress test

Dobutamine-atropine induced a significant increase of hearr rate (76 +
15 vs. 133 £ 15 beats/minute, P < 0.0001), systolic blood pressure (139 =
26 vs. 154 + 33 mm Hg, P < 0.0001) and rate-pressure product (11070 =
3106 vs. 20397 + 4898, P < 0.00001) from rest to peak stress respectively.
Atropine was administered in 53 (43%) patients and the mean dose was 0.6
+ 0.3 mg. Angina occurred in 43 (35%) patients whereas 11 (9%) patients
had atypical chest pain. The target heart rate (2 85% of the maximal
exercise heart rate predicted for age} was reached in 98 patients (79%).
The test was interrupted before reaching the target heart rate because of
angina (7 patients), ST-segment depression (4 patients), arthythmias (1
patient) and hypotension {2 patients). Twelve patients (10%) failed to reach
the target heart rate despite using the maximal dobutamine and atropine
dose. Minor side effects were headache in 9 patients (7%), symptomartic
hypotension in 1 patient (1%), anxiety in 3 patients (2%), nausea in 10
patients (8%) and flushing in 3 patients (29).

Coronary angiography

Significant coronary artery stenosis was detected in 88 patients (71%).
Thirty patients (24%) had single-vessel coronary artery disease, 27 (22%)
had 2-vessel coronary artery disease and 31 (25%) had 3-vessel coronary
artery disease. Normal coronary arteries or < 50% lesions were present in
36 patients (29%). Significant stenosis involved the left anterior descending
coronary artery in 70 patients (56%), the left circumflex in 53 patients
(43%) and in the right coronary artery in 54 patients (44%).

Prediction of coronary artery disease by electrocardiographic
changes

Ischemic electrocardiographic changes occurred in 22 of 88 patients
with and in 9 of 36 patients without coronary artery disease (sensitivity =
25%, CI 17 - 33, specificity = 75% CI 67 - 83, accuracy = 40%, CI 31 - 48).
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Tetrofosmin SPECT

Partially or completely reversible perfusion defects were detected in 45
of 88 patients with and in 6 of the 36 patients without significant coronary
artery disease (sensitivity = 51%, CI 42 - 60, specificity = 83%, CI
77 - 90 and accuracy = 60%, CI 52 - 69). The sensitivity was 43%
in patients with single-vessel coronary artery disease (13/30), 59% in
patients with 2-vessel coronary artery disease (16/27) and 52% in patients
with 3-vessel coronary artery disease (16/31). An abnormal test (defined
as any perfusion defect, reversible and/or fixed) was detected in 70 of 88
patients with and in 10 of the 36 patients without significant coronary
artery disease (sensitivity = 80%, CI 72 - 87, specificity = 72%, CI
64 - 80 and accuracy = 77%, CI 70 - 85). The sensitivity was 63%
in patients with single-vessel coronary artery disease (19/30), 81% in
patients with 2-vessel coronary artery disease (22/27) and 94% in
patients with 3-vessel coronary artery disease (29/31). The use of any
perfusion defect to identify coronary artery disease resulted in a significant
increase of sensitivity (P < 0.0001) and overall accuracy (P < 0.01)
without a significant reduction of specificity, compared to the use of
only reversible perfusion defects. Diagnostic accuracy was higher than
electrocardiography (P < 0.005).

Impact of the severity of coronary artery disease

Among patients with single-vessel coronary artery disease, those with
perfusion abnormalities had a more severe % diameter stenosis compared
to those without perfusion abnormalities (75 = 15% vs. 61 £20%, P <
0.05). Among patients with multivessel disease, the maximal severity of
the stenosis was 2 70% in 41 of 51 (80%) patients with and in 3 of 7 (43%)
patients without perfusion abnormalities (P < 0.05).

Abnormal perfusion in multivessel distribution

Perfusion defects in 2 different vascular territories, suggestive of
multivessel coronary artery disease occusred in 33 of 58 patients with and
in 8 of 66 patients without multivessel coronary artery disease (sensitivicy
= 57%, CI 48 - 66, specificity = 88% CI 82 - 94, accuracy = 73%, CI
66 - 81). Patients with multivessel coronary artery disease had a larger
stress perfusion defect score (4.5 + 3.1 vs. 2.7 + 2.5, P < 0.01) compared
to patients with single-vessel coronary artery disease. The accuracy for the
detection of significant stenosis of individual coronary arteries is shown in
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Figure 1

Sensitivity (empty bars), specificity (gray bars) and accuracy (filled bars)
of dobutamine stress 99m-technetium-retrofosmin SPECT for the regional
diagnosis of coronary artery disease. LAD = left anterior descending, LCx =
left circumflex, RCA = right coronary artery.

figure 1.

Patients with coronary artery disease and normal perfusion

Patients with significant coronary artery disease who demonstrated
normal myocardial perfusion had a lower prevalence of multivessel
coronary artery disease (39% vs. 73%, P < 0.05), a lower peak stress heart
rate (124 = 19 vs. 133 £ 15 beats/min, P < 0.05) compared to patients
with coronary artery disease and abnormal perfusion. A relatively larger
proportion of patients with normal perfusion were receiving beta-blockers
(74% vs. 54%) although the difference was not statistically significant (P
=0.1).

DiscussION

Our study showed that in patients with limited exercise capacity
and suspected coronary artery disease, dobutamine tetrofosmin SPECT
has a relatively high sensitivity and specificity for the diagnosis of coronary
artery disease. Overall sensitivity was 80%. Sensitivity was higher in
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patients with multivessel compared with patients with single-vessel coronary
artery disease. Additionally, 57% of patients with multivessel coronary
artery disease were identified on bases of perfusion abnormalities in 2
1 vascular region. Stress myocardial perfusion defect score was larger in
patients with multivessel compared to those with single-vessel coronary
artery disease. This demonstrates the ability of the test to identify patients
with extensive coronary artery disease who are known to have a high risk
for cardiac events.

Reversible versus fixed myocardial perfusion abnormalities

In this population without previous myocardial infarction, sensitivity
and accuracy of dobutamine tetrofosmin imaging were significantly
improved by the use of any perfusion defect (fixed or reversible) to predict
coronary artery disease compared to the use of reversible perfusion defects
alone. This improvement of a sensitivity and accuracy was accomplished
with a minor non significant reduction of specificity. The improvement of
sensitivity was observed in patients with single vessel as well as in patients
with multivessel coronary artery discase. However, the additive value
of fixed perfusion defects was more evident in patients with multivessel
disease. In patients with coronary artery disease and abnormal scan, fixed
perfusion defects withour reversibility were detected in 32%, 27% and
45% of patients with single-vessel, two-vessel, and three-vessel coronary
artery disease respectively. Nevertheless, the overall sensitivity of the test by
the use of any defect was high. The presence of fixed rather than reversible
perfusion defects in patients with coronary artery disease who had no
previous infarction may be explained by the impairment of myocardial
perfusion at rest which can not be further reduced during stress. This
explanation is particularly related to the fact that myocardial uptake of
tetrofosmin is largely dependent on regional blood flow with minimal if
any redistribution.”™ Another possibility is the presence of undiagnosed non
Q wave myocardial infarction. However, the possibility that tetrofosmin
underestimated the magnitude of reversible hypoperfusion can not be
excluded. Shanoudy et al ** reported that in 26 patients with coronary
artery disease who underwent both dipyridamole 201-thallium and
tetrofosmin SPECT, tetrofosmin identified fewer and less sever reversible
defects and similar fixed defects compared with 201-thallium. However,
Glover et al. have concluded that with clinical imaging, greater thallium
attenuation and redistribution may lessen the advantage of thallium over
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tetrofosmin.*® Despite this possible limitation, our study demonstrated that
patients with multivessel coronary artery disease have a larger perfusion
defects which infers the value of tetrofosmin in the evaluation of the extent
of coronary artery disease.

The role of the severity of coronary stenosis

In this study, the absence of perfusion abnormalities in patients with
coronary artery disease was associated with less severe coronary artery
stenosis. The Jower sensitivity under this condition may be explained by
the early roll-off of tetrofosmin during high flow situation. The occurrence
of false negative response was additionally related to a lower peak heart
rate. It is possible that a higher stress level is required to induce myocardial
ischemia in patients with less severe lesions.

Comparison with previous studies

The accuracy of exercise and dipyridamole tetrofosmin myocardial
perfusion imaging for the diagnosis of coronary artery disease has been
recently reported. Zarer et al reported that among 181 patients who
underwent exercise tetrofosmin planar imaging and coronary angiography,
exercise tetrofosmin had a sensitivity of 77% and specificity of 58% for the
diagnosis of coronary artery disease.® The low specificity was explained by
selection of patients with abnormal scans for coronary angiography and the
possible presence of patients with microvascular ischemia. The reported
sensitivity is comparable with the sensitivity of dobutamine tetrofosmin
in our study (809%). Azzarelli et al reported a sensitivity and specificity of
95% and 77% respectively for exercise tetrofosmin SPECT imaging for the
diagnosis of coronary artery disease in 235 parients.”* Montz et al reported
a sensitivity and specificity of 93% and 38% in 142 patents.” In other
studies that included less than 100 patients, sensitivity ranged berween
54% and 88% and specificity raged between 64% and 95%.°" He et al
reported a sensitivity of 85% and specificity of 55% for the diagnosis of
coronary artery disease by dipyridamole tetrofosmin SPECT imaging in
59 patients.”! Most of these previous studies included patients with and
without myocardial infarction.

The detection of individual coronary artery stenosis

In our study, no significant difference was detected regarding the
accuracy for the detection of individual coronary artery stenosis. Some
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previous studies reported a particularly low sensitivity for the diagnosis of
left circumflex stenosis.?* The similar sensitivity for the detection of left
circumflex coronary disease compared with other arteries in our study
may be explained by the high prevalence of multivessel disease in the
population of this study which may enhance the sensitivity due to the
vascular overlap between the left circumflex and the right coronary artery
in the postero-inferior region. The similar specificity in the 3 vascular
regions may be explained by the better target background ratio for the
inferior wall achieved by the use of technetum-labelled agents.**

Limitations of the study

Forty-eight percent of patients were receiving bera-blockers, which
may reduce the sensitivity. However, only 10% of patients fatled to
reach the target hearrt rate despite the maximal doburamine and atropine
dose. Nevertheless, patients with a negative test had a significantly lower
maximal stress heart rate compared to patients with a posirtive test. This
demonstrates the importance of the achievement of a sufficient increment
of heart rate to optimise the sensitivity of this method of stress imaging.
Some investigators prefer the use of dipyridamole rather than dobutamine
for pharmacologic perfusion imaging, as hyperemia is more significant
with the former. However, Levine et al have recently shown that in
31 patients with coronary artery disease who underwent on separate
days 99m-technetium-tetrofosmin SPECT at rest and after exercise,
dipyridamole, and dobutamine stress, dipyridamole was not superior
to dobutamine with regards to the extent, severity and reversibilicy
of myocardial perfusion abnormalities.”* Coronary angiography was
performed according to the physician discretion. Therefore, referral bias for
coronary angiography might have had an impact on the sensitivicy and the
specificity of the test. The studies were not gated. It is possible that gating
might have improved the accuracy of the test or provided explanation
for the presence of fixed perfusion abnormalities in some patients. Finally,
the presence of a previous myocardial infarction was excluded by the
absence of Q waves at the time of the test and the lack of a known
history of myocardial infarction. It is possible that some of these patients
had sustained a previous non-Q wave myocardial infarction, which may
explain in part the relatively high prevalence of fixed myocardial perfusion
abnormalities in this study.
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CLINICAL IMPLICATIONS AND CONCLUSIONS

Dobutamine stress 99m-technetium-tetrofosmin SPECT irmaging is
a clinically useful method for the diagnosis and localisation of coronary
artery disease in patients with limited exercise capacity. The sensitivity
and specificity of dobutamine tetrofosmin SPECT imaging in chis
study are fairly comparable with the average sensitivity and specificity
of exercise tetrofosmin imaging reported in previous studies. Optimal
accuracy of the technique is achieved by the use of both fixed and
reversible perfusion abnormalities for the diagnosis of coronary artery
disease in patients without previous myocardial infarction. False negative
tests occur more frequently in patients with lower peak stress heart rate,
single-vessel coronary artery disease and less severe coronary stenosis.
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ACCURACY OF EXERCISE STRESS
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DISEASE
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ABSTRACT

Objective. To compare the accuracy of exercise stress myocardial
perfusion single photon emission computed tomography (SPECT)
imaging for the diagnosis of coronary artery disease in patients with and
without hypertension.

Methods. A symprom limited bicycle exercise stress testin conjunction
with 99m-technetium-sestamibi or tetrofosmin SPECT imaging was
performed in 332 patients (mean age + SD, 57 + 10 years; 257 men,
75 women) without previous myocardial infarction who underwent
coronary angiography. Of these, 137 (41%) had hypertension. Rest
SPECT images were acquired 24 hours after the stress test. An abnormal
scan was defined as one with reversible or fixed perfusion defects.

Results. In hypertensive patients, myocardial perfusion abnormalities
were detected in 79 of 102 patients with significant coronary artery
disease and in nine of 35 patients without. In normotensive patients,
myocardial perfusion abnormalities were detected in 104 of 138 patients
with significant coronary artery disease and in 16 of 57 patients without.
There were no differences between normotensive and hypertensive
patients in sensitivity [77% (95% confidence interval (CI) 69% - 86%)
vs. 75% (95% CI 68% - 83%)], specificity [74% (95% CI 60% -
89%) vs. 72% (95% CI 60% - 84%)], and accuracy [77% (95% CI
70%-84%) vs. 74% (95% CI 68% - 80%)] of exercise SPECT for
diagnosing coronary artery disease. The accuracy of SPECT was greater
than electrocardiography, both in hypertensive patients (P = 0.005) and
in pormotensive patients (P = 0.0001). For the detection of coronary
artery disease in individual vessels, sensitivicy was 58% (95% CI 51% -
6596) vs. 57% (95% CI 51% - 64%), specificity was 86% (95% CI 82%
- 90%) vs. 85% (95% CI 81% - 89%), and accuracy was 74% (95% CI
70% - 78%) vs. 74% (95% CI 70% - 78%) in patients with and without
hypertension (NS).

Conclusion. In the usual clinical setting, the value of exercise
myocardial perfusion scintigraphy for diagnosing coronary artery disease
is not degraded by the presence of hypertension.
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INTRODUCTION

Evaluarion of the accuracy of current techniques employed in non-
invasive diagnosis is essential for the proper management and risk
stratification of patients with suspected coronary artery disease. Exercise
myocardial perfusion scintigraphy is widely used for this purpose.?
Hypertension is one of the most common risk factors for coronary
artery disease encountered in patients undergoing exercise stress testing.*
Although exercise myocardial perfusion scintigraphy has been shown
to be more accurate than exercise electrocardiography for the diagnosis
of coronary artery disease,’ myocardial perfusion abnormalities may
occur in hypertensive patients without significant epicardial coronary
artery disease.*® Such abnormalities may not necessarily represent a
false positive diagnosis of myocardial ischaemia as they may represent
the sequelae of microvascular disease, impaired vasodilator reserve, and
increased myocardial oxygen demand in a certain subset of hypertensive
patients.*"! However, the findings may result in unnecessary cardiac
catheterisation in the absence of significant stenosis of the epicardial
coronary arteries.

Although the occurrence of myocardial perfusion abnormalities
in hypertensive patients without epicardial coronary artery disease is well
documented, the impact of this observation on the specificity and value of
exercise stress myocardial perfusion scintigraphy for diagnosing coronary
artery disease in a routine clinical setting is far from clear, and it is
not known whether myocardial perfusion scintigraphy suffers particular
limitations in hypertensive patients. Such information is important for
physicians in deciding whether to refer hypertensive patients for this type
of imaging. The aim of our study was to compare the diagnostic accuracy
of exercise stress single photon emission computed tomography (SPECT)
with 99m-technetium-labelled agents for the diagnosis of coronary artery
disease in patients with and without hypertension.

METHODS

Patient selection

The study population consisted of 332 patients without previous
myocardial infarction referred for the diagnosis of coronary artery disease
by exercise stress SPECT imaging in our laboratory, who underwent
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coronary angiography within three months of the exercise stress test.
Exclusion criteria were a history or electrocardiographic diagnosis of
previous myocardial infarction, heart failure, unstable angina, severe
valvular heart disease, and left-bundle branch block. Of these patients,
137 (42%) had systemic arterial hypertension, defined as repeated blood
pressure measurements exceeding 140/90 mm Hg on different occasions,
or being on antihypertensive drug treatment for a known diagnosis of
hypertension. The diagnosis was confirmed by medical reports from
the referring physicians. The mean duration of hypertension & SD was
79 % 5.7 years. Left ventricular hypertrophy by electrocardiographic
criteria was detected in 20 patients. The mean age of the entire patient
population was 57 & 10 years. There were 257 men and 75 women.

Exercise stress test

All patients underwent a symptom limited upright bicycle ergometry
test with stepwise increments of 20 W each minute. Blood pressure
was measured every two minutes by the cuff method. Three
electrocardiographic leads were monitored continuously. A 12 lead
electrocardiography was recorded at rest and every minute until the end
of the recovery phase. The level of the ST segment was calculated by
averaging the signals using a computerised system (Cardiovet, CSG/12,
Schiller, Baar, Switzerland). An ischaemic response was defined as 0.1 mV’
horizontal or downsloping ST-segment depression or 0.1 mV ST-segment
elevation compared with baseline, measured 80 ms from the J point.

SPECT imaging

Approximately one minute before terminaton of the exercise
stress test, an intravenous dose of 370 MBq of 99m-technetium-
methoxyisobutyl isonitrile sestamibi (233 patients) or tetrofosmin
(99 patients) was given. Stress images were acquired one hour after
termination of the test. For resting studies, 370 MBq of the same isotope
was injected 24 hours after the stress study. For each study six oblique
(short axis) slices from the apex to the base and three sagittal (vertical
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 performed semiquantitatively by visual
analysis assisted by circumferential profile analysis. Myocardial perfusion
was assessed by measuring the area between the lower limit of normal
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values (+ 2 SD) and the actual circumferential profile of the patient on
rest and stress images. Stress and rest tomographic views were reviewed
side by side by an experienced observer who was unaware of the patients’
clinical, exercise stress, or angiographic dara. 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.
A fixed perfusion defect was defined as a perfusion defect on stress images
in two or more contiguous segments or slices which persisted on rest
images. There was no significant difference between patients with and
without hypertension with respect to the proportion of patients who
received tetrofosmin (33% vs. 28%) or sestamibi (67% vs. 72%).

Coronary angiography

Coronary angjography was performed within three months of the
exercise stress test. Lesions were quantified as previously described.
Significant coronary artery disease was defined as a diameter stenosis
of > 50% in one or more major epicardial arteries. The anterior, apical,
septal, and anteroseptal walls were assigned to the lefr antetior descending
coronary artery. The posterior and lateral walls were assigned to the
left circumflex coronary artery. The inferior and basal septal segments
were assigned to the right coronary artery. The apical lateral segment
was considered to be an overlap segment between the left anterior
descending and the left circumflex arteries. The apical inferior segment
was considered to be an overlap segment between the left anterior
descending and the right coronary arteries. Overlapping segments were
assigned to the regions with concomitant abnormalities.

Echocardiographyc assessment of left ventricular hypertrophy
Echocardiography was performed in 117 hypertensive patients (85%)
within three months of the exercise stress test. Left ventricular mass
was calculated using Troy’s method, and measurements were made in
accordance with the American Society of Echocardiography criteria®
as follows: left ventricular mass (g) = 1.04 [(IVS + LVID + PWT)*
(LVID)?], where IVS = interventricular septal thickness (cm), IVID =
left ventricular internal dimension (cm), and PWT = left ventricular
posterior wall thickens (cm). The result was then corrected by the
following equation' to correlate with necropsy mass: left ventricular
mass (g) = 0.8 (LV mass) + 0.6. Left ventricular mass was indexed
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by body surface area using normal limits from the Framingham heart
study.® Left ventricular hypertrophy was defined as a left ventricular
mass index of > 131 g/m* for men and > 100 g/m? for women.

Statistical analysis

Unless specified, data are presented as mean =+ SD. The chi-square
test was used to compare differences between proportions. Student’s £ test
was used for analysis of continuous data. Probability values of P < 0.05
were considered significant.

RESULTS

Table 1 surnmarises the clinical features of patients with and without
hypertension. There was no significant difference berween the two groups
for age, sex, symptoms, prevalence of hypercholesterolemia and cigarette

Table 1
Clinical features of patients with and without hypertension.

Hypertension

Clinical features Yes {n=137} No (n=195) P value
Age {yrs.) (mean + SD) 56+ 9 5710 04
Men 101 {(74%) 156 (80%) 02
Reasons for referral

Typical angina 58 (42%) 72 {37%) 0.3
Atypical angina 44 (32%}) 59 (30%) 0.7
Non-anginal chest pain 35 {26%) 64 (33%) 0.2
Diabetes mellitus 19 (14%) 12 (6%) 0.02
Hyperchalesterolemia 30 (229%) 53 {27%) 0.3
Cigarette smoking 27 (2000} 55 (280%) 0.07
Drug treatment

Beta-blockers 69 (50%) 92 (47%]) 0.6
Calcium channe! blockers 99 (72%) 39 (20%) 0.0001
Nitrates 37 (27%) 49 (25%) 0.7
ACE inhibitors 29 (21%) 3 (20%) 0.0001
Diuretics 22 (16%) 0 (%) 0.0001

Values are n (%) unless specified.
ACE, angiotensin converting enzyme.

140



Hypertension and exercise-stress perfusion imaging

smoking, and treatment with beta-blockers and nitrates. Hypertensive
patients had a higher prevalence of diabetes mellitus and were more often
on treatment with calcium channel blockers, diuretics, and angiotensin
converting enzyme inhibitors than non-hypertensive patients.

Symptoms and haemodynamic response

Table 2 summarises the symptoms and the haemodynamic and
electrocardiographic responses in patients with and without hypertension.
Resting heart rate, systolic and diastolic blood pressure, and rate-
pressure product were significantly higher in patients with hypertension.
Hypertensive patients achieved a higher peak systolic and diastolic blood
pressure, although the increment in systolic blood pressure was more
significant in patients withourt hypertension (P < 0.005). Peak heart rate,
rate-pressure product, and the proportion of patients who achieved the
target heart rate or had exercise-induced angina, were not significantly
different between the two groups.

Table 2
Haemodynamic data of patients with and without hypertension.

Hypertension

Haemodynamic and stress test variables Yes (n=137) No (n=195) P value
Heart rate at rest (beats/min) 81 + 22 74+ 19 0.002
Heart rate at peak stress (beats/min) 137 £ 23 138 + 23 0.8
Systolic bload pressure at rest {mm Hg) 147 + 20 130+ 19 0.0001
Systolic blood pressure at peak stress (mm Hg) 188 + 26 180 + 24 0.02
Diastolic blood pressure at rest (mm Hg) 91+13 81+10 0.0001
Diastolic blood pressure at peak stress (mm Hg) 92 + 16 88 £ 12 0.0001
Rate-pressure product at rest 11975 + 3280 9807 £ 2910  0.0001
Rate-pressure product at peak stress 25763 + 6237 24850+ 6322 04
850% of maximum heart rate achieved [n (%)) 84 (619%) 13 (58%; 0.5
Mean working capacity {W) 138 £ 40 143 £39 0.1

ST segment depression during the test In (%0)] 76 (55%) 91 (47%)  0.09
Angina during the test [n (%)] 37 (27%) 49 (25%) 0.7

Values are mean + SD unless specified.
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Table 3
Coronary angiographic data of patients with and without hypertension.

Hypertension
Coronary angiographic variables Yes (n=137) No (n=195) P value
Significant coronary artery disease 102 (74%) 138 (71%) 0.5
Single-vessel coronary artery disease 54 (39%) 76 (399%) 0.8
Two-vessel coronary artery disease 22 (16%) 31 (16%) 0.9
Three-vessel coronary artery disease 26 (19%}) 31 {18%) 05
Norma! coronary arteries or < 50% lesion 35 (26%) 57 {29%) 0.5
70% stenosis in one coronary artery 66 (48%) 87 (450} 0.5
LAD stenosis 65 (47%) 93 (48%) 0.9
LCx stenosis 51 (37%) 62 {32%) 0.3
RCA stenosis 60 (44%) 76 (390%) 0.4

LAD, left anverior descending coronary artery; LCx, left circumflex coronary artery;
RCA, right coronary artery.

Angiographic findings

Significant coronary artery disease was detected in 240 patients
(729%). Data on its extent and location in patients with and without
hypertension are given in table 3. There was no significant difference
in prevalence or distribution berween the groups. No cardiac events or
worsening of symptoms occurred in the inrerval between the exercise
stress test and coronary angiography.

Accuracy of exercise SPECT for the diagnosis and localisation of
coronary artery disease

Patients with hypertension

Myocardial perfusion abnormalities (reversible or fixed perfusion
defects) were detected in 79 of 102 patients with significant coronary
artery discase and in nine of 35 patients without coronary disease
[sensitivity 77%, (95% confidence interval (CI) 69% - 86%]; specificity
74% (95% Cl 60% - 899%); accuracy 77% (95% CI 70% - 84%) (table
4). In patients with single vessel disease, sensitivity was 72% (39/54),
with two vessel disease it was 82% (18/22), and with three vessel disease
it was 85% (22/26). Myocardial perfusion abnormalities in two vascular
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Table 4
Accuracy of exercise stress SPECT for the diagnosis of significant coronary
artery stenosis in patients with and without hypertension.

Hypertension No hypertension

(n=137) Numbers (n=195) Numbers
Overoll diagnosis of coronary artery disease
Sensitivity 77 {69 - 86) 731102 75 (68 - 83) 104/138
Specificity 74 (60 - 89) 26/35 72 (60 - 84) 41/57
Accuracy 77 (70 - 84) 105/137 74 (88 - 80) 145/135
LAD stenosis
Sensitivity 63 (51 - 75) 41/85 62 (53-72) 58/93
Specificity 88 (80 - 95) 63/72 84 (77 - 91) 86/102
Accuracy 76 (69 - 83) 104/137 74 (68 - 80) 144{195
LCx stenosis
Sensitivity 59 {45-72) 30/51 53 (41 - 66) 33/62
Specificity 83 {75-91) 71/86 86 (80 - 92) 114/133
Accuracy 74 {66 - 81) 101/137 75 (69 - 81) 147{195
RCA stenosis
Sensitivity 52 {39 - 64) 31/60 54 (43 - 65) 41/76
Specificity 88 {81 - 95) 88{77 85 (78 - 91) 101/119
Accuracy 72 (85 ~ 80) 99/137 73 (67 - 79) 142/195
All arteries
Sensitivity 58 (51 - 65) 102/176 57 (51 - 64) 132{231
Specificity 86 (82 - 90) 202235 85 (81 - 89) 301/354
Accuracy 74 (70 - 78) 304/411 74 (70 - 78) 433/585

Values are percentages (95% CI).

regions, suggestive of multivessel coronary artery disease, were detected
in 25 of 48 parients with multivessel discase and in six of 89 patients
without multvessel disease (sensitivity for detecting coronary stenosis in
more than one vascular region 52% (95% CI 38% - 66%); specificity
93% (95% CI 88% - 98%); accuracy 79% (95% CI 72% - 8G%).
In hypertensive patients without significant coronary artery disease,
there was no difference berween patients with and without perfusion
abnormalities with regard to resting systolic blood pressure: 144 + 21 vs.
146 = 19 mm Hg (NS).
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Patients without hypertension

Myocardial perfusion abnormalities were detected in 104 of 138
patients with significant coronary artery disecase and in 16 of 57 patients
without coronary disease (sensitivity 75% (95% CI 68% - 83%);
specificity 72% (95% CI 60% - 849%); accuracy 74% (95% CI 68% -
8096). In patients with single vessel discase, sensitivity was 67% (51/76),
with two-vessel disease it was 81% (25/31), and with three-vessel disease
it was 90% (28/31). Myocardial perfusion abnormalities in two vascular
regions, suggestive of multivessel coronary artery disease, were detected
in 32 of 62 patients with multivessel disease and in 13 of 133 patients
without multivessel disease (sensitivity for detecting coronary stenosis in
more than one vascular region 52% (95% CI 39% - 64%); specificity
90% (95% CI 85% - 95%); accuracy 78% (95% CI 72% - 84%).

Comparison of patients with and without hypertension

There was no significant difference berween patients with and
without hypertension with respect to sensitivity, specificity, and accuracy
for the overall and regional diagnosis of coronary artery disease (table
4). Diagnostic accuracy did not differ among different vascular regions
(figure 1). The accuracy of the diagnosis of multivessel coronary artery
disease on the basis of perfusion abnormalities in more than one vascular
region was not significantly different between the groups. In patients
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Figure 1 Overall Regional

Sensitivity (Sens), specificity (Spec), and accuracy (Acc) of exercise stress SPECT
for the overall and regional diagnosis of coronary artery disease in patients with
hypertension (filled bars) and without hypertension (empty bars).
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with a fow to intermediate pre-test probability of coronary artery disease,
there was no significant difference between those with hypertension
(75 patients) and those without hypertension (111 patients) in the
sensitivity [74% (35/47) vs. 72% {49/68)] or specificity [75% (21/28)
vs. 72% (31/43)] of SPECT imaging for diagnosing coronary artery
disease. Similarly, in patients with a high pre-test probability of coronary
artery disease, there was no significant difference between those with
hypertension (62 patients) and those without hypertension (84 patients)
in the sensitivity [80% (44/55) vs. 79% (55/70)] or specificity [71%
(5/7) vs. 71% (10/14)] of SPECT imaging.

Patients with false negative studies

In patients with coronary artery discase, those with false negative
results (57 patients) had a higher prevalence of single vessel coronary
artery disease (70% vs. 49%, P < 0.01) and a lower peak heart rate (123
+ 28 vs. 132 + 24, P < 0.05) than the 183 patients with a true positive
test (abnormal perfusion).

Impact of left ventricular hypertrophy

Echocardiographic criteria of left ventricular hypertrophy were
fulfilled in 57 of the 117 hypertensive patients {49%) who underwent
echocardiographic imaging. Significant coronary artery disease was
detected in 41 of the 57 patients with left ventricular hypertrophy
and in 43 of the 60 patients without. In patients with left ventricular
hypertrophy, myocardial perfusion abnormalities were detected in 31
of the 41 patents with coronary artery disease and in four of the 16
patients without coronary disease. In patients without left ventricular
hypertrophy, myocardial perfusion abnormalities were detected in 31 of
the 43 patients with coronary disease and in four of the 17 patients
withour coronary disease. No significant difference was found between
patients with and without left ventricular hypertrophy in the sensitivity
[76% (95% CI 62% - 89%) vs. 72% (95% CI 59% - 85%)], specificity
[75% (95% CI 54% - 96%) vs. 76% (95% CI 62% - 77%)], and
accuracy [75% (95% CI1 64% - 87%) vs. 73% (95% CI 62% - 85%)] of
exercise SPECT for diagnosing coronary artery disease (NS for all).
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Comparison of myocardiai perfusion scintigraphy and electrocardi-
ography

In hypertensive patients, ischaemic electrocardiographic changes
were detected in 39 of 102 patients with significant coronary artery
disease and in 17 of 35 patients without coronary disease [sensitivity
58% (95% CI 48% - 679%)], P = 0.03 vs. SPECT; specificity 51%
(95% CI 35% - 68%), P = 0.04 vs. SPECT; accuracy 56% (93% CI
48% - 65%), P = 0.0005 vs. SPECT). In patients without hypertension,
ischaemic electrocardiographic changes occurred in 73 of 138 patients
with significant coronary artery disease and in 18 of 57 patients without
coronary disease [(sensitivity 53% (95% CI 45% - 61%), P = 0.0001
vs. SPECT; specificity 68% (95% CI 56% - 80%); accuracy 57% (95%
CI 50% - 64%), P = 0.0001 vs. SPECT)]. There was a trend towards
a higher specificity of electrocardiographic changes in normotensive
than in hypertensive patients, but the difference did not reach statistical
significance (68% vs. 51%, P = 0.1).

Discussion

Coronary artery disease is a major cause of morbidity and mortality
in patients with systemic arterial hypertension. The accuracy of non-
invasive methods employed in diagnosis and functional evaluation
has a strong impact on the management and rsk stratification of
patients with known or suspected coronary artery disease.!® Exercise
electrocardiography is widely used in making a diagnosis of coronary
artery disease, bur the relatively low specificity of the electrocardiographic
changes in patients with hypertension limits its value under those
circumstances.” Exercise myocardial perfusion scintigraphy has been
shown to provide a higher degree of diagnostic accuracy than
electrocardiography in hypertensive patients.)” However, myocardial
perfusion abnormalities are reported to occur in hypertensive patients
without significant epicardial coronary arterial stenosis.® Alchough
myocardial perfusion abnormalities are well documented in hypertensive
patients without significant coronary artery discase, previous studies have
involved highly selected populations. It is not known whether myocardial
perfusion scintigraphy suffers from any particular limitation for the
diagnosis of coronary artery disease in hypertensive patients in a routine
clinical setting.
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Present study

To our knowledge, this is the first study evaluating the impact
of systemic arterial hypertension on the accuracy of exercise stress
myocardial perfusion imaging with 99m-technetium-labelled agents for
diagnosing and localising coronary artery disease. We found thart exercise
SPECT imaging provided a relatively high sensitivity and specificity
for the overall diagnosis of coronary artery disease. The diagnosis of
disease in individual coronary artery territories was accomplished with
moderate sensitivity and high specificity, and did not differ among the
three vascular regions. This confirms the value of SPECT imaging in the
correct diagnosis of regional myocardial perfusion abnormalities.

There was no significant difference between patients with and
without hypertension in the sensitivity, specificity, or accuracy of exercise
SPECT for overall and regional diagnosis of coronary artery disease.
Similarly, the accuracy of diagnosing multivessel coronary artery disease
on the basis of perfusion abnormalities in more than one vascular region
was not significantly different between the two groups. SPECT imaging
provided a higher sensitivity and accuracy than electrocardiography
irrespective of whether there was hypertension. In hypertensive patients,
the specificity of SPECT was higher than that of electrocardiography.
Among hypertensive patients, the presence of left ventricular hypertrophy
did not affect the sensitivity or specificity of the diagnosis of coronary
artery disease.

These data show that in hypertensive patients withoutr previous
myocardial infarction referred for the diagnosis of coronary artery disease,
exercise SPECT myocardial perfusion imaging is a useful method for
the overall and regional diagnosis of coronary artery disease, with
comparable sensitivity and specificity to those achieved in normotensive
patients. The similar specificity in the three vascular regions indicates
that false positive results do not tend to involve a particular myocardial
segment. Patients with coronary artery disease but normal perfusion were
more likely to have single vessel disease and they had a lower exercise
heart rate compared with patients who had perfusion abnormalities.

Seventeen of the 110 patients {(15%) with multivessel coronary artery
disease had no perfusion abnormalities. This may be a reflection of
the Jower exercise heart rate achieved or of the effect of drugs on the
induction of ischaemia. Alternatively, flow heterogeneity may not have
been evident because of a diffuse pattern of hypoperfusion. Perhaps a
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gated study might have detected functional abnormalities in patients

with a diffuse pattern of hypoperfusion.

Comparison with previous studies

Abnormalities of myocardial perfusion have been reported in
hypertensive patients with or without left ventricular hypertrophy
in the absence of significant epicardial coronary artery disease.®®
The occurrence of myocardial ischaemia in these patients has been
attributed to microvascular coronary artery disease, impaired vasodilator
reserve, increased myocardial oxygen demand because of left ventricular
hypertrophy, increased afterload, and diastolic dysfunction.”” DePuey
and colleagues reported that fixed perfusion defects in the lateral wall
often occur in hypertensive patients with left ventricular hypertrophy
accompanying end stage renal disease.® In contrast, Cecil and colleagues
found no thallium perfusion abnormalities in 16 hypertensive patients
with left ventricular hypertrophy but without renal disease.”® Schulman
and associates compared the results of exercise thallium scintigraphy
in patients with and without hypertension.”® They concluded thar
hypertension affects the results of 201-thallium exercise stress testing in
patients with low but not with medium to high likelihood of coronary
artery disease. In contrast, Grogan and colleagues reported that in
patients with a low likelihood of coronary artery disease, the prevalence
and extent of exercise thallium perfusion abnormalities were similar in
normotensive and hypertensive patients.”®

These previous studies compared the prevalence of myocardial
perfusion abnormalities in patients with and without hypertension, and
no correlations with coronary angiography were reported. Chin and
colleagues studied 30 asymptomatic hypertensive patients who had a
positive exercise electrocardiography or 201-thallium scintigram and
underwent coronary angiography.?® These investigators concluded that
201-thallium scintigraphy can accurately diagnose coronary artery disease
in most of the patients with asymptomatic essential hypertension, and
that most asymptomatic hypertensive patients with physiological evidence
of myocardial ischaemia have associated coronary artery disease. Fragasso
and associates reported that in 101 patients with hypertension, chest pain,
and a positive exercise electrocardiography, stress sestamibi imaging had
a lower specificity than dobutamine or dipyridamole echocardiography
for diagnosing coronary artery disease.” However, the population in
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that study was highly selected as it included only patients with a
positive exercise electrocardiography; these represent only a proportion of
hypertensive patients with suspected coronary artery disease.

Zouridakis and colleagues studied normotensive patients and
hypertensive patients with angina, a positive exercise electrocardiographic,
and normal coronary arteries.”® Dobutamine stress echocardiography
was normal in all patients, whereas eight normotensive patients and
10 hypertensive patients had perfusion abnormalities. In contrast to
their findings, we have previously reported thar dobutamine stress
echocardiography and simultaneous sestamibi SPECT had similar
accuracy in diagnosing coronary artery disease in 84 hypertensive patients
unable to perform an exercise stress test.* The prevalence of myocardial
perfusion abnormalities in patients with and without hypertension
undergoing dobutamine stress myocardial perfusion imaging was found
to be similar, regardless of the pre-test probability of coronary artery
disease.”

Our finding that the specificity of myocardial perfusion imaging
was not reduced in patients with hypertension can be explained in
various ways. Although myocardial perfusion abnormalities have been
reported in hypertensive patients without significant epicardial coronary
artery disease, the exact prevalence of these findings in hypertensive
patients with suspected coronary artery disease is not known, as
previous studies evaluated a highly selected population. It is possible
that the prevalence of these abnormalities is not high enough to
account for a difference in the specificity of myocardial perfusion
imaging between patients with and without hypertension. On the other
hand, perfusion abnormalities resulting from microvascular ischaemia
have also been reported in patients without hypertension.?® Increased
awareness of the cardiovascular complications of hypertension and
advances in medical treatment, including the introduction of safe
and effective antihypertensive drugs,® are expected to attenuate the
pathophysiological effects of hypertension on the myocardium, thereby
reducing the severity of structural changes occurring in the absence of
epicardial coronary artery disease.” Finally, the impairment of coronary
flow reserve in hypertensive patients without obstructive coronary artery
disease is a diffuse process. Therefore, mild diffuse attenuation of
perfusion may result in apparently normal perfusion in patients without
large vessel coronary artery disease. It is also possible that in most
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hypertensive patients without significant coronary artery disease the
reduction in coronary flow reserve is not severe enough to account for a
significant impairment of the radioactive isotope uptake during exercise,
as maximum tracer uptake can occur at a submaximal level of coronary
vasodilatation.

Previous studies of exercise SPECT

The reported sensitivity of exercise sestamibi SPECT in previous
studies ranges between 82% and 93%. Specificity ranges between 36%
and 71%.#*" Most of these studies were performed in a heterogeneous
population with or without previous myocardial infarction. Among the
studies which recruited more than 100 patients, Van Train and colleagues
reported a sensitivity of 90% and specificity of 36% in 124 patients (19%
had a previous myocardial infarct) who underwent exercise sestamibi
SPECT and coronary angiography.29 Solot and associates reported a
sensitivity of 97% and specificity of 71% for exercise sestamibi SPECT in
128 patients.” Previous studies of exercise tetrofosmin imaging reported
a sensitivity ranging between 58% and 95% and a specificity ranging
between 54% and 95% for the diagnosis of coronary artery disease.”%

Limitations

The effect of drug treatments on the results of our study should be
taken into account. The administration of antihypertensive drugs may
attenuate the pathophysiological mechanisms involved in the genesis
of myocardial ischaemia in the absence of coronary artery disease.?
However, in clinical practice, patients with hypertension usually receive
the appropriate treatment for hypertension before being evaluated for
coronary artery disease, and therefore the study patients represent
the hypertensive population with suspected coronary artery disease
encountered in clinical practice. In such patients, non-invasive evaluation
of coronary artery disease is warranted. Another aspect of drug treament
is the possible attenuation of myocardial ischaemia, with subsequent
reduction in the sensitivity of exercise SPECT for diagnosing coronary
artery disease. However, an underestimation of the true sensitivity of
the test in our study does not detract from our conclusion about the
clinical value of exercise myocardial perfusion scintigraphy for diagnosing
coronary artery disease in hypertensive patients.

Although we used two different tracers in the study, previous studies
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have shown comparable performance of sestamibi and tetrofosmin in
diagnosing coronary artery disease.® %

Referral bias for coronary angiography may have influenced our
results. However, this does not affect the main conclusion of the study, as
selective referral of patients with a positive scan for coronary angiography
is expected to reduce specificity, and the study already showed a similar
and acceptable specificity in patients with and without hypertension.

Finally, there are limitations in the use of coronary angiography as a
gold standard for the presence of functionally significant coronary artery
disease, as it shows only a silhouette of the arterial lumen. Thus, we
cannot exclude the possibility that some of the perfusion abnormalities
in patients without angiographically significant coronary artery disease
represent true ischaemia. A study of coronary flow reserve in these
patients could perhaps have provided more insight into the significance
of such abnormalities.

CONCLUSIONS

Exercise SPECT  myocardial  perfusion imaging using
99m-technetium-labelled agents is an accurate method for diagnosing
and localising coronary artery disease in hypertensive patients. The
diagnostic accuracy of exercise SPECT in hypertensive patients is
comparable with that in normotensive patients. These data indicate
that in the usual clinical setting, the accuracy of exercise myocardial
perfusion scintigraphy is not reduced in hypertensive patients.
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RELATION BETWEEN EXERCISE-INDUCED
VENTRICULAR ARRHYTHMIAS AND
MYOCARDIAL PERFUSION ABNORMALITIES
IN PATIENTS WITH INTERMEDIATE
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ABSTRACT

Background. The significance of exercise-induced ventricular
arthythmias is largely dependent on the clinical characteristics of the
studied population. The relation between exercise-induced ventricular
arrhythmias and myocardial perfusion abnormalities has not yet been
¢valuated in a homogenous patient population with intermediate probability
of coronary artery disease.

Methods. We studied 302 patients (mean age 54 = 9 years, 152 men
and 150 women) with intermediate pre-test probability of coronary artery
disease {range = 0.25 - 0.80, mean = 0.43 + 0.20) by upright bicydle
exercise stress test in conjunction with 99m-technetium SPECT imaging.

Results. Exercise-induced ventricular archythmias (frequent or complex
premature ventricular contractions or ventricular tachycardia) occurred
in 65 patients (22%). No significant difference was found between
patients with and without ventricular arthythmias regarding the pre-test
probability of coronary artery disease (0.45 £ 0.21 vs. 0.43 = 0.20).
Patients with exercise-induced ventricular arrhythmias had a higher
prevalence of perfusion abnormalities (52% vs. 26%, P = 0.002) and
ischemic electrocardiographic changes (31% vs. 16%, P < 0.05) compared
to patients without ventricular arthythmias. The higher prevalence of
perfusion abnormalities in patients with ventricular arrhythmias was
observed in men (67% vs. 35%, P < 0.01) as well as in women (38%
vs. 16%, P < 0.05). However, the positive predictive value of exercise-
induced ventricular arrhythmias for the presence of myocardial perfusion
abnormalities was higher in men than in women (67% vs. 38%, P < 0.03).
The presence of abnormal myocardial perfusion was the only independent
predictor of exercise-induced ventricular arrhythmias (HR 2.2, 95% CI
1.2 - 4.2) by multivariate analysis of clinical and stress test variables.

Conciusions. It is concluded that in patients with intermediate pre-
test probability of coronary artery disease, exercise-induced ventricular
arthythmias is predictive of a higher prevalence of myocardial perfusion
abnormalities both in men and in women. However, the positive
predictive value of exercise-induced ventricular arrhythmias for perfusion
abnormalities is higher in men. Because of the underestimation of ischemia
by electrocardiographic changes, exercise-induced ventricular arthythmias
should be interpreted as a marker of a higher probability of coronary artery
disease.
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INTRODUCTION

The diagnosis of coronary artery disease by exercise stress testing is
achieved with the highest accuracy in patients with intermediate pre-test
probability of coronary artery disease.! The significance of exercise-induced
ventricular arthythmias is largely dependent on the clinical characteristics
of the studied population® In healthy asympromaric subjects, exercise-
induced ventricular arthythmias is not related to functional abnormalities
or adverse prognosis,’* whereas in patients with known or high probabiliry
of coronary artery disease, there is a controversy regarding the relations
among exercise-induced ventricular archythmias, extent of functional and
anatomical abnormalities and prognostc outcome’™ Few studies have
evaluated the relation between exercise-induced ventricular arrhythmias
and myocardial perfusion abnormalities in patients with known or
suspected coronary artery disease.*"> However, this relation has not yet
been evaluated in a homogenous group of patients with intermediate
probability of coropary artery disease. The aim of this study is to
find whether the occurrence of exercise-induced ventricular arrhythmias
identifies patients with a higher prevalence of myocardial perfusion
abnormalities among padents with intermediate pre-test probability of
coronary artery disease.

METHODS

Patient selection

The study population consisted of a series of patients referred to
our imaging laboratory for the diagnosis of coronary artery disease by
exercise stress testing in conjunction with 99m-technetium-sestamibi or
tetrofosmin myocardial perfusion SPECT imaging. Patients were included
if they had an intermediate pre-test probability of coronary artery disease
{between 0.25 and 0.80). The pre-test probability of coronary artery
disease was determined using specific calculations based on age, sex and
chest pain characteristics described by Diamond and Forrester.'® Exclusion
criteria were a history or an electrocardiographic diagnosis of previous
myocardial infarction, previous revascularisation procedures, coronary
artery disease detected by coronary angiography before the test, heart
failure, unstable angina, valvular heart disease, cardiomyopathy, lefe-bundle
branch block, ventricular hypertrophy, pre-excitation, abnormal cardiac
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thythm and trearment with digitalis or antiarthythmic mediation. Patients
referred for evaluation of arthythmias were not included. Three hundred-
two patients fulfilled these criteria. Mean age was 54 + 9 years. There were
152 men and 150 women.

Exercise stress test

All patients underwent a symptom limited upright bicycle ergometry
test with stepwise increment of 20 Watts cach minute. Blood pressure was
measured every 2 minutes by the cuff method. Three electrocardiographic
leads were continuously monitored. 12 lead electrocardiography was
recorded at rest and every minute during the test until the end of the
recovery phase. The level of ST-segment was calculated by averaging the
signals using a compurerised system (Cardiovet, CSG/12, Schiller, Baar,
Switzerland). An ischemic response was defined as = 1 mm horizonral
or downsloping ST-segment depression persisting 80 ms after the ] point.
Electrocardiographic signals during rest, exercise and recovery were stored
and a single channel electrocardiogram of the whole study was printed
after completion of the test at a paper speed of 6.25 mm/sec using a 3
mm/mV scale. Exercise-induced ventricular arrhythmias were defined as
complex or frequent ventricular ectopic activity (2 5 premature ventricular
contractions per minute, couplets, triplets, bigeminy, trigeminy), non
sustained ventricular tachycardia (= 3 consecutive premature ventricular
contractions of < 30 second duration), sustained ventricular tachycardia or
ventricular fibrillation.

SPECT imaging

Approximately 1 minute before the termination of the exercise stress
test, an intravenous dose of 370 MBq of 99m-technetium-sestamibi (156
patients) or tetrofosmin (146 patients) was administered. Stress images
were acquired 1 hour after termination of the exercise test. For resting
studies 370 MBq of the same isotope used for stress imaging was injected
at least 24 hours after the stress study. Image acquisition was performed
with a Siemens Gammasonics single-head Rota Camera (Orbiter; Siemens
Corp., Iselin, N.J) and a low energy, all purpose collimator. Thirty two
projections were obrained, from the left posterior oblique to the right
anterior oblique over 180 degree, with an acquisition time of 45 seconds
for each projection. A Gamma 11 computer was used to process the
tomographic data. For each study six oblique (short axis) slices from
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the apex to the base and three 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. The interpretation of the
scan was semiquantitatively performed 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 unawate of
the patients’ clinical or stress test data. A reversible perfusion defect was
defined as a perfusion defect on stress images that partially or completely
resolved at rest in 2 2 conrtiguous segments or slices. A fixed perfusion
defect was defined as a perfusion defect on stress images in 2 or more
contiguous segments or slices which persists on rest images. To assess the
severity of perfusion abnormalities, 6 major myocardial segments were
identified: anterior, inferoposterior, septal anterior, septal posterior, ateral
and apical. Each of the 6 major left ventricular segments was scored using
a 4 grade score method (0 = normal, 1 = slightly reduced, 2 = moderately
reduced, 3 = severely reduced or absent uptake). Perfusion defect score was
derived by the summation of the score of the 6 myocardial segments for
rest and stress images.

Coronary angiography

Coronary angiography was performed within 3 months from
dobutamine stress test in 42 patients. Significant coronary artery disease
was defined as a diameter stenosis 2 50% in = 1 major epicardial arteries.

Statistical analysis

Unless specified, data are presented as mean values + standard deviation
(SD). The chi-square test was used to compare differences between
proportions. The Student # test was used for analysis of continuous data.
Stepwise logistic regression models were used to identify independent
predicrors of ventricular arthythmias. P value < 0.05 was considered
statistically significant.

RESULTS
Clinical features and haemodynamic response

There was a significant increase of the heart rate (79 + 16 vs. 149 = 25
beats/minute, P < 0.0001), systolic blood pressure (139 + 20 vs. 191 + 26
mm Hg, P < 0.0001) and rate-pressure product (10965 + 2720 vs. 28995
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Table 1

Clinical features, symptoms and haemodynamic response of patients with and
without exercise-induced ventricular arrhythmias.

Exercise~induced
ventricular arrhythmias

Clinical features + -

(n = 65) (n=237) P value
Age (yrs) 56 +9 5349 0.08
Men 33 (519%) 119 (50%) 0.9
Reasons for referrol
Angina 10 (15%) 28 (12%) 0.6
Atypical chest pain 41 (63%) 173 (73%) 0.2
Non-cardiac chest pain, exertional dyspnea 14 (22%) 36 (15%) 0.3
Pre-test probability of CAD 0.45 + 0.2 043 £ 0.20 0.3
Hyperchalesterolemia 19 (29%) 60 (25%) 0.9
Cigarette smoking 20 (31%) 67 (28%) 0.9
Systemic hypertension 31 (48%) 30 (38%) 06
Diabetes mellitus 2 (3%) 19 (8%) 0.3
Medications
Beta-blockers 21 (329%) 58 (24%) 0.3
Calcium channel blockers 17 {26%) 70 (30%) 0.7
Nitrates 9 (14%) 33 (149%) 0.9
Diuretics 10 (15%) 22 (9%) 0.2
Peak heart rate 150 + 26 149 £ 22 0.9
Peak systolic blood pressure 196 + 31 190+ 26 0.1
Peak rate-pressure product 29543 + 7260 28844 + 9600 03
Maximal work load 147 + 42 152 £ 39 0.4
Achievement of target heart rate 52 (800%) 187 (79%) 0.9
Angina during the test 8 (120%) 21 (9%) 0.6
Ischemic ECG changes 20 (31%) 38 (16%%) 0.01

CAD = coronary artery disease, ECG = electrocardiographic.
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+ 9505, P < 0.00001) from rest to peak exercise respectively. The mean
working capacity was 150 % 48 Warts. Angina occurred in 29 (10%) patients
whereas 38 (13%) patients had atypical chest pain. Dyspnea occurred in
21 (7%) patients. The target heart rate (= 85% of the maximal exercise
heart rate predicred for age) was reached in 239 (799%) patients. Ventricular
arrhythmias occurred in 65 patients during exercise. 2 patients had ventricular
tachycardia (< 10 beats) whereas the remaining 63 patients had complex
or frequent premature ventricular contractions. There was no incidence of
sustained ventricular tachycardia or ventricular fibrillation. The test was
not terminated due to arthythmias in any patient. No difference between
patients with and without ventricular arrhythmias was found regarding
the proportion of patients who underwent sestamibi (49% vs. 52%) ot
tetrofosmin imaging (51% vs. 48%) respectively. Table 1 summarises the
clinical features and haemodynamic response of patients with and those
without exercise-induced ventricular arrhythmias. There was no significant
difference between both groups regarding gender, prevalence of risk factors,
history of angina, pre-test probability of coronary artery disease, medications,
prevalence of angina during the test, peak heart rate, systolic blood pressure
or rate-pressure product. Ischemic electrocardiographic changes occurred
more frequently in patients with exercise-induced ventricular arrhythmias. A
trend was found to an older age in patients with ventricular archythmias.

Myocardial perfusion abnormalities

Parients with exercise-induced ventricular arrhythmias had a higher
prevalence of stress myocardial perfusion abnormalities (52% [34/65] vs.
26% [61/237], P = 0.002) and reversible abnormalities (29% [19/65]
vs. 17% [40/237], P < 0.05) compared to patients without ventricular
arrthythmias. The stress myocardial perfusion defect score was higher in
patients with than without ventricular arthythmias (1.73 £ 2 vs. 0.97 + 2.1
respectively, P < 0.01).

Predictors of exercise-induced ventricular arrhythmias

Variables included in the multivariate analysis model were: age, gender,
a history of angina, hypertension, cigarette smoking, medications, angina,
ischemic electrocardiographic changes during stress and the presence of
abnormal myocardial perfusion. The presence of abnormal myocardial
perfusion was the only independent predictor of exercise-induced ventricular
arthythmias (HR 2.2, 95% CIL 1.2 - 4.2).
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Figure 1
The prevalence of myocardial perfusion abnormalities in men and in women in

presence (open bars) and in absence (closed bars) of exercise-induced ventricular
arrhythmias.

Gender differences

Men had a higher prevalence of myocardial perfusion abnormalities
than women (42% [64/152] vs. 21% [31/150], P < 0.0001). Exercise-
induced ventricular arthythmias was associated with a higher prevalence of
myocardial perfusion abnormalities in men (67% [22/33] vs. 35% [42/119],
P < 0.01) as well as in women (38% [12/32] vs. 16% [19/118], P < 0.05)
(hgure 1). The positive predictive value of exercise-induced ventricular
arthythmias for the presence of myocardial perfusion abnormalities was
higher in men than in women (67% vs. 38%, P < 0.05).

Coronary angiocgraphy

Coronary angiography was performed in 16 patients with and
in 26 patients without exercise-induced ventricular arrhythmias. Pacients
with exercise-induced ventricular arthythmias had a higher prevalence of
coronary artery disease (12/16 [75%] vs. 10/26 [38%], P < 0.05) and a
trend to a higher prevalence of multivessel coronary artery disease (5/16
[32%)] vs. 3/26 [12%], P = 0.2) compared to patents without ventricular
arrhythmias respectively.
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DISCUSSION

This is the first study which evaluates the relationship between exercise-
induced ventricular arrhythmias and myocardial perfusion abnormalities
in a homogenous population with intermediate pre-test probability of
coronary artery disease. In this particular group of patients, stress testing
modalities are known to have the highest accuracy for the diagnosis
of coronary artery disease.! The study design allowed evaluation of the
independent association between exercise-induced ventricular arthythmias
and perfusion abnormalities by excluding patients with clinical conditions
known to be highly predictive of perfusion abnormalities as those with
previous myocardial infarction, known coronary artery disease detected
by angiography and revascularisation as well as conditions known to be
assoctated with false positive perfusion studies or to predict worse prognosis
on their own like ventricular hypertrophy, left-bundle branch block
and paced rhythm. The study showed thar exercise-induced ventricular
arrhythmias is assoctated with a higher prevalence of abnormal myocardial
perfusion. Stress myocardial perfusion defects were detected in 52% and
26% of patients with and without ventricular arrhythmias respectively
(P < 0.005). Additionally, ischemic electrocardiographic changes were
more frequent in patients with than without ventricular arrhythmias
(31% vs. 16%, P < 0.05). Since myocardial perfusion abnormalities are
highly predictive of coronary artery disease in patients with intermediate
probability of coronary artery disease,””!® it can be assumed that exercise-
induced ventricular arrhythmias is associated with a higher prevalence of
coronary artery disease in this particular population. Electrocardiographic
changes underestimated the prevalence of perfusion abnormalities in this
study and therefore, exercise-induced ventricular arrhythmias should
be interpreted as a marker of a higher probability of coronary artery
discase in the absence of a sensitive imaging technique such as
myocardial perfusion scintigraphy. The association between exercise-
induced ventricular arrhythmias and myocardial perfusion abnorrmalities
can be explained by the association berween myocardial ischemia and
arrhythmias.®® The increase of sympathetic nervous system activity and
the circulating catecholamines during exercise is an additional mechanism
for inducing myocardial ischemia and for triggering arrhythmias in the
ischemic myocardium. >*
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Predictors of exercise-induced ventricular arrhythmias

The occurrence of ventricular arrhythmias during exercise was not
predicted by a history of angina, age, gender or major risk factors for
coronary artery disease. Among the different clinical and stress test
parameters included in the multivariate analysis model, the presence of
abnormal myocardial perfusion was the only independent predicror of
exercise-induced ventricular arrthythmias (HR 2.2, 95% CI;1.2 - 4.2).

Gender differences

Exercise-induced ventricular archythmias was associated with a higher
prevalence of myocardial perfusion abnormalities in men as well as
in women. However, the positive predictive value of exercise-induced
ventricular arthythroias for perfusion abnormalities was higher in men
than in women (67% vs. 38%). This may be explained by the higher
overall prevalence of perfusion abnormalities in men than in women
in this study. Women constituted a larger proportion (65%) of patients
with exercise-induced ventricular arrhythmias who demonstrated normal
perfusion. This may be explained by a possible gender difference in the
prevalence of other conditions associated with chest pain and exercise-
induced arrhythmias in absence of coronary artery disease as mitral
valve prolapse.” Another possibility is the presence of a difference in the
diagnostic ability of exercise myocardial perfusion scintigraphy berween
men and women due to an intrinsic gender difference® or a variation of the
severity and extent of coronary artery disease between men and women.*
The trend to an older age in patients with exercise-induced ventricular
arrhythmias in our study is consistent with previous reports.?

Comparison with previous studies

The significance of exercise-induced ventricular arrhythmias varies
markedly among different patient groups. In asymptomatic healthy
individuals, exercise-induced ventricular arrhythmias was not a predictor
of adverse prognosis.>* However, there is a controversy regarding the
relations among exercise-induced ventricular arrhythmias, structural
and funcuonal abnormalities and prognosis in patients with known or
suspected coronary artery disease. Some investigators have reported a
strong association between exercise-induced ventricular arrhythmias >
and increased mortality while other investigators did not find such an
association.®®
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Few studies have evaluated the relation between exercise-induced
ventricular arrhythmias and myocardial perfusion abnormalities.??
Margonato et al* reported an association between ventricular arrhythmias
and reversible defects in the infarct zone after myocardial infarction. Marieb
et al'? reported that in 383 patients with and without previous myocardial
infarction, exercise-induced ventricular arrhythmias was associated with
a higher prevalence of reversible 201-thallium defects and provided
independent prognostic information beyond that provided by 201-thallium
stress test. In contrast, Scheikert et al,'* reported that exercise-induced
ventricular arthythmias is not associated with short term mortality or
angiographic severity of coronary artery disease although it was associated
with greater likelihood of thallium perfusion defects. These studies
included patients with known coronary artery disease and/or previous
myocardial infarction as opposed to the homogenous population of this
study.

Limitations of the study

Holter monitoring was not performed and therefore we could not
study the relation between spontaneous ventricular arrhythmias and
perfusion abnormalities. Patients did not undergo echocardiographic
evaluation to rule out the presence of strucrural cardiac abnormalities.
Although, patients were carefully selected with clintcal inclusion criteria,
it is possible that echocardiography might have detected cardiac
abnormalities with known assoctation with arrhythmias that have not
been clinically manifest. However, patients presenting with chest pain
withour a history of heart failure or known coronary artery disease are
not usual candidates for echocardiographic studies particularly when
they are able to perform exercise stress test as the population of our study.
According to the current guidelines for the use of echocardiography, the
indication for performing echocardiography in patients with intermediate
probability of coronary artery disease is classified as IIb indicaring that
its usefulness is not well established by evidence or opinion in these
patients.® Finally, coronary angiography was performed in only 14% of
patients. Therefore, the exact prevalence of coronary artery disease in
the study group was not defined. Despite that the number of patients
who underwent coronary angiography was small, the higher prevalence
of coronary artery disease in patients with ventricular arrhythmias
was statistically significant. Additionally, exercise myocardial perfusion
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scintigraphy is an established accurate method for the diagnosis of
coronary artery disease particularly in patients with intermediate pre-
test probability of coronary artery disease.

SUMMARY AND CONCLUSION

In patients with intermediate pre-test probability of coronary artery
disease, exercise-induced ventricular arrhythmias is associated with a
higher prevalence of myocardial perfusion abnormalities. This finding was
observed in both men and women. However, the positive predictive value
of exercise-induced ventricular arrhythmias for perfusion abnormalities is
higher in men than in women. Because of the underestimation of ischemia
by electrocardiographic changes, exercise-induced ventricular arrthythmias
should be interpreted as a marker of a higher probability of coronary artery
disease.
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VENTRICULAR ARRHYTHMIAS,
MYOCARDIAL ISCHEMIA, AND VIABILITY
LATE AFTER ACUTE MYOCARDIAL
INFARCTION
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ABSTRACT

Objective. The aim of this study is to assess the relation between
exercise-induced ventricular arrhythmias and scintigraphic markers of
myocardial ischemia and viability in patients referred for exercise stress
testing late after acute myocardial infarction.

Methods. We studied 171 patients (144 men, age 57 + 10 years) with
resting wall motion abnormalities by exercise stress testing in conjunction
with methoxyisobutyl isonicrile (MIBI) single-photon emission computed
tomography at a mean of 4.1 years after myocardial infarction. Ischemia
was defined as reversible perfusion abnormalities. Myocardial viability
was considered in myocardial segments with resting wall motion
abnormalities in the presence of normal perfusion, a reversible defect or a
fixed defect with regional MIBI uptake 50% of maximal uptake.

Results. Exercise-induced ventricular arrhythmias occurred in 46
padents (27%). Patients with ventricular arrhythmias had a higher
prevalence of infarct-related artery stenosis (43 [93%] vs. 93 [74%], P
< 0.01), peri-infarction ischemia (32 [70%] vs. 54 [43%)], P < 0.005),
and ischemia in 2 vascular regions (20 [43%)] vs. 27 [22%], P < 0.01)
than patients without ventricular arrhythmias. Reversible defects were
detected in 39 of 97 dyssynergic segments (40%) in patients with
ventricular arthythmias vs. 40 of 248 dyssynergic segments (16%) in
patients without ventricular arrhythmias (P < 0.0001). In dyssynergic
segments without reversible perfusion abnormalities, the percent resting
MIBI uptake was 50% in 39 of 58 segments (67%) in patients with vs.
63% in 131 of 208 segments in patients without ventricular arthythmias
(P = NS). The percentage of viable segments was 80% and 69% in
patients with and without ventricular arrhythmias, respectively (P <
0.05).

Conclusions. It is concluded that patients with exercise-induced
ventricular arthythmias late after myocardial infarction have a higher
prevalence of ischemia in the peri-infarction zone and in multvessel
distribution. Myocardial ischemia in the dyssynergic myocardium appears
to be a major mechanism underlying the occurrence of ventricular
arrhythmias in these patients.
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INTRODUCTION

Controversial reports have been published regarding the relations
among exercise-induced ventricular arrhythmias, extent of functional and
anatomic abnormalities, and prognostic outcome in patients with known
or suspected coronary artery disease.” Some investigators have described
an association with increased mortality for patients with stable coronary
artery disease and exercise-induced ventricular ectopy,”® whereas other
investigarors did not find such association.®” Few studies have evaluated the
relation between myocardial perfusion abnormalities and exercise-induced
ventricular arrhythmias early after acute myocardial infarction.! However,
this relation has not been studied in patients referred for exercise stress
testing late after myocardial infarction. These patients represent a large
proportion of patients referred for functional evaluation of coronary artery
disease and for consideration of the need for revascularisation. Exercise single-
photon emission computed tomographic (SPECT) myocardial perfusion
imaging using 99m-technetium-methoxyisobutyl isonitrile (MIBI) is a
clinically useful method for the diagnosis and functional evaluation
of coronary artery disease.*™ The extent of myocardial perfusion
abnormalities using this method was shown to be a powerful predictor of
future cardiac events.! This study assesses the relation between exercise-
induced ventricular arrhythmias and scintigraphic markers of myocardial
ischemia and viability in patients referred for exercise stress testing late after
acute myocardial infarction.

METHODS

Patient selection

The study population comprised 171 patients (144 men and 27
women, mean age 57 + 10 years) referred for evaluation of coronary
artery disease by exercise stress testing in conjunction with MIBI SPECT
imaging. Patients were included in this study if they fulfilled these
criteria: (1)} previous myocardial infarction (> 6 months) as diagnosed
by the standard criteria of chest pain, cardiac enzymes, and serial
electrocardiographic changes in the acute phase; and (2) left ventricular
wall motion abnormalities on baseline 2-dimensional echocardiography.
Exclusion crireria were referral for evaluation of arrhythmias, intake of
antiarrhythmic medications, the presence of left-bundle branch block, left
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ventricular hypertrophy, myocardial aneurysm, significant valvular heart
disease, or unstable chest pain. Mean time from the acute myocardial
infarction to the day of the test was 4.1 + 3.8 years.

Exercise stress test

All patients underwent a symprom-limited upright bicycle ergometry test
with stepwise increment of 20 W each minute. Three electrocardiographic
leads were continuously monitored. A 12-lead electrocardiogram was
recorded at rest and every minute until the end of recovery phase. Thelevel of
the ST segment was calculated by averaging the signals using a computerised
system (Cardiovet, CSG/12, Schiller, Baar, Switzerland). An ischemic
response was defined as 2 1 mm horizontal or downsloping ST-segment
depression persisting 80 ms after the J point. Electrocardiographic signals
during rest, exercise, and recovery were stored, and a single-channel
electrocardiogram of the study was printed after completion of the test
at a paper speed of 6.25 mm/s using a 5-mm/mV scale. Exercise-induced
ventricular arrhythmias was defined as complex or frequent ventricular
ectopic activity (10 ventricular premature complexes per minute, couplets,
triplets, bigeminy, trigeminy), nonsustained ventricular tachycardia (= 3
consecutive ventricular premature complexes of < 30 seconds duration),
and sustained ventricular tachycardia or ventricular fibrillation that occur
during exercise or during recovery.

Echocardiographic studies

Two-dimensional echocardiography was performed using a
commercially available system (Hewlett-Packard phased-array Sonos
1000, Andover, Massachusetts). Images were acquired at rest from
standard views. The left ventricular myocardium was divided into 6
major segments: anterior, septal anterior, septal posterior, posterolateral,
inferior, and apical. Wall motion was scored in each segment using
a 5-grade scale, where 0 = normal, 1 = mild hypokinesia, 2 = severe
hypokinesia, 3 = akinesia, and 4 = dyskinesia.

SPECT imaging

Approximately 1 minute before termination of the exercise stress test,
an intravenous dose of 370 MBq of MIBI was administered. Stress images
were acquired 1 hour after termination of the exercise test. For resting

studies, 370 MBq of MIBI was injected at least 24 hours after the stress
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study. Image acquisition was performed with a Siemens Gammasonics
single-head Rota Camera (Orbiter; Siemens Corp., Iselin, New Jersey).
Thirty-two projections were obtained, from the left posterior oblique to
the right anterior oblique scanning through or over 180°. 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. The interpretation
of the scan was semiquantitatively performed by visual analysis assisted
by the circumferential profiles analysis. Images were reviewed side by side
by an experienced observer who was unaware of the patients’ clinical,
electrocardiographic, or angiographic data. A reversible perfusion defect was
defined as a perfusion defect on stress images that partially or completely
resolved at rest in 2 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 two contiguous segments or slices, which persists
on rest images.

Segmental match of single-photon emission computed tomogra-
phy and echocardiography

Echocardiographic and scintigraphic images were matched into 6
major segments: anterior, septal anterior, septal posterior, posterolateral,
inferior, and apical. The location of perfusion abnormalities was defined
as peri-infarction if these occurred in the distribution of the infarce-
related artery, and remote if they occurred outside the distribution of
the infarctrelated artery. Myocardial viability in dyssynergic segments
was considered present if the corresponding segment at single-photon
emission computed tomography demonstrated normal perfusion, a
reversible defect, or a fixed defect with regional MIBI uptake = 50% of

maximal uptake.”

Coronary angiography

Coronary angiography was performed within 3 months from the
exercise stress test. Lesions were quantified as previously described.®
Significant coronary artery disease was defined as a diameter stenosis
2 50% in = 1 major epicardial artery. The infarct-related artery was
identified by the location of Q waves on the baseline electrocardiogram.
Q waves in the anterior precordial leads (V1 to 4) were assigned to the
left anterior descending coronary artery. Q waves in the inferior leads (1I,
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101, aVF) were assigned to the right coronary artery, and Q leads in
the lateral and high lateral leads (V5 tw 6, I, and aVL) were assigned
o the left circumflex coronary artery. In patients without Q waves,
the infarct location was determined by the location of wall motion
abnormalities on echocardiography. The anterior, apical, septal, and
anteroseptal walls were assigned to the left anterior descending coronary
artery. The posterior and lateral walls were assigned to the left circumflex
artery. The inferior and basal posterior septal segments were assigned to
the right coronary artery.

Statistical analysis

Unless specified, data are presented as mean values + standard
deviation (SD). The chi-square test was used to compare differences
between proportions. The Student’s # test was used for analysis of
continuous data. Stepwise logistic regression models were used to identify
independent predictors of ventricular arrhythmias. P value < 0.05 was
considered statistically significant.

RESULTS
Clinical features and hemodynamic response

There was a significant increase in heart rate (71 = 16 vs. 131 % 23
beats/min, P < 0.0001), systolic blood pressure (132 + 20 vs. 172 + 24
mm Hg, P < 0.0001), and rate-pressure product (9441 + 2541 vs. 22662
+ 5432, P < 0.00001) from rest to peak exercise. The mean working
capacity was 143 + 34 W. Exercise-induced ventricular arrthythmias
occurred in 46 patients (27%). Three patients had nonsustained ventricular
tachycardia, whereas the remaining 43 patients had complex and frequent
ventricular premature bears. There was no incidence of sustained ventricular
tachycardia or ventricular fibrillation. The test was terminated due to
arthythmias in 1 patient. Table 1 summarises the clinical features and
hemodynamic response of patients with and without exercise-induced
ventricular arthythmias. There was no significant difference between both
groups regarding prevalence of risk factors, history of angina, medications,
prevalence of angina during the test, peak heart rate, systolic blood
pressure, or rate-pressure product. Patients with ventricular arrhythmias
were significantly older and had a higher baseline systolic blood pressure
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Table 1

Clinical features, symptoms, and hemodynamic response of patients with and
without exercise-induced ventricular arrhythmias.

Exercise~induced
ventricular arrhythmias

Clinical features Yes {(n = 46) No (n = 125) P value
Age (yrs.) 60 + 10 56+9 0.01
Men 42 (91%) 102 {829%) 0.06

Reason for referral

Angina 23 (5000) 53 (4200) 0.5
Atypical chest pain 23 (509} 72 (57%) 0.5
Hyperchelesterolemis® 15 (33%) 41 (33%) 0.9
Cigarette smoking 11 (24%) 37 (30%) 0.6
Systemic hypertension 16 (359%) 37 (30%} 0.6
Diabetes mellitus 4 (9%) 8 (6%) 0.9
Infarct location

Anterior or anterolateral 22 {48%) 58 {46%) 0.8
Inferior or inferoiateral 19 (41%) 55 (44% 0.7
Combined anterior and inferior 5 (11%) 12 {10%) 0.9
Medications

Beta-blockers 29 (83%) 84 (67%) 0.8
Calcium channe! blockers 18 (39%) 60 (48%) 04
Diuretics 8 (179%) 14 (11%) 04
Ace Inibitors 10 (229%) 31 (25%) 0.8
Heart rate at rest 71 +13 72+ 16 0.8
Peak heart rate 132 + 20 131+ 24 0.8
Systolic blood pressure at rest 13922 130 £ 20 0.01
Pezak systolic blood pressure 173 £23 171 + 24 0.5
Peak rate-pressure product 22297 + 4914 22538 + 6203 0.7
Maximal workioad 142 + 36 144 + 33 0.7
Achievement of target heart rate 25 (549 62 (500) 0.7
Angina during the test 13 (28%) 29 (23%) 0.6
ST-segment depression 10 (22%) 29 (23%) 0.9

* Defined as serum cholesterol level 2 240 mgid]. ACE = angiotensin converting enzyme

179



Table 2

Chapter 11

Angiographic data of patients with and without exercise-induced ventricular

arrhythmias.

Ventricular arrhythmias

Coronary angiography variables Yes (n = 46) No (n=125)  Pvalue
Significant coronary artery disease 45 (98%) 98 (78%) 0.005
1-vessel coronary artery disease 18 (39%)} 43 (34%) 0.7
2-vessel coronary artery disease 18 (39%) 29 {23%) 0.08
3-vessel coronary artery disease 9 (20%) 26 {21%) 1
Normal coronary arteries or 50% lesion 1 (200} 27 (22%) 0.005
Mean number of stenotic arteries 1.8+ 09 1411 0.08
infarct-related arteries stenosis 43 [93%) 93 (749%) 0.01

~ Infarct-related arteries ocelusion 16 (35%) 36 (29%) 0.6
Angiographic ejection fraction 47 1B% 46 13% 0.8

Table 3

Myocardial perfusion abnormalities in patients with and without exercise-

induced ventricular arrhythmias.

Ventricular arrhythmias

Perfusion Patterns Yes (n = 46) No (n=125) P value
Normal perfusion 0 7 (6%} 0.2
Completely or partially reversible defects 32 (70%) 72 (58%) 0.2
Fixed perfusion defects 14 (3000) 46 (379%) 0.6
Peri-infarction reversible defects 32 (70%) 54 (43%) 0.004
Reversible defects in dyssynergic regions 30 (65%) 49 (32%}) 0,0001
Remote perfusion defects 22 (48%) 49 (39%) 0.4
Reversible defects in 2 2 vascular regions 20 (43%) 27 (22%) 0.008
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Coronary angiography

Coronary angjographic findings in patients with and withourt exercise-
induced ventricular arrthythmias are demonstrated in Table 2. Patents
with ventricular arrhythmias had a higher prevalence of significant
coronary artery disease and infarct-related artery stenosis. No significant
difference was found regarding ejection fraction as assessed by contrast
ventriculography.

Myocardial perfusion abnormalities

The prevalence of myocardial perfusion abnormalities in patients
with and without ventricular arrhythmias is shown in Table 3. Patients
with ventricular arrhychmias had a higher prevalence of reversible
perfusion abnormalities in the peri-infarction zone and in > 2 vascular
regions than patients without ventricular arrhythmias. No significant
difference was detected regarding the prevalence of reversible perfusion
abnormalities in remote myocardial regions (Figure 1).

Wall motion abnormalities

No significant difference was detected between patients with and
without ventricular arrhythmias regarding the mean number of segments
with resting wall motion abnormalities (2.1 + 1.5 vs. 2.0 + 1.6) or the
mean wall motion score (3.7 + 4.1 vs. 4.5 + 4.3, P = 0.3). Reversible
perfusion abnormalities were detected in 39 of 97 dyssynergic segments
(40%) (wall motion score 2 to 4) in patients with vs. 40 of 248
dyssynergic segments (16%) in patients without ventricular arrhythmias
(P < 0.0001). Reversible perfusion abnormalities were detected in 40 of
179 segments (22%) with normal contractility in patients with ventricular
arrhythmias and in 100 of 502 segments (20%) with normal contractility
in patients without ventricular arthythmias (P = NS) (Figure 2).

Assessment of viability

Percent rest MIBI uptake in dyssynergic regions was not different in
patients with and without ventricular arthythmias (62 + 32% vs. 60 +
35%). In dyssynergic segments without reversible perfusion abnormaliies,
the percent resting MIBI uptake was 50% in 39 of 58 segments (67%)
in patients with ventricular arrhythmias and in 131 of 208 segments
(63%) in patients without ventricular arrhythmias (P = NS). Therefore,
the total number of segments considered viable {ischemia and/or MIBI
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80 P < 0.005
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0 1 B B : : :
Peri-infarction Remote = 2 vascular regions
Figure 1

Prevalence of peri-infarction ischemia, remote ischemia, and ischemia in 2
vascular regions in patients with (empty bars) and without (filled bars) exercise-
induced ventricular arrbythmias.

50 - P < 0.0001

40

30 K

%

20

10

Dyssynergic segments Normal segments

Figure 2

Percentage of segments demonstrating reversible perfusion abnormalities in
dyssynergic and in normally contracting myocardium in patients with (empty
bars) and without (filled bars) exercise-induced ventricular arrbythmias.
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\ 345 dyssynergic segments {
1 Arrhythmias l
[ ! ]
97 seg;e:nts Revereihile nerfiwion defacrs 248 SCE:ICD%S
Yes No No Yes
39 (40%) 58 (60%) 208 {84%) 40 (16%)
Resting MIBT uptake = 50%
Yes No Yes No
39 (40%) 19 (20%) 131 (53%) 77 (31%)
Total viable segments: 78 (80%}) Total vizble segments: 171 (69%)
Figure 3

A chart demonstrating the patterns of viability and ischemia assessed by
MIBI SPECT in dyssynergic segments in parients with and without exercise-
induced ventricular arvlythmias.

uptake 50%) was 78 (80%) in patients with vs. 171 (69%) in patients
without ventricular arthythmias (P < 0.05, Figure 3). The exercise
electrocardiogram and myocardial perfusion images of a patient with
exercise-induced ventricular arthythmias are presented in Figure 4.

Predictors of exercise-induced ventricular arrhythmias

Variables included in the multivariate analysis model were clinical
(including the time after infarction), angiographic, and scintigraphic
data. Independent predictors of ventricular arthythmias were older age
(chi-square 4, P < 0.05), the presence of significant coronary artery
disease (chi-square 5, P < 0.01), and the presence of reversible perfusion
defects in dyssynergic reglons (chi-square 9, P < 0.001).
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patient revealed akinesia of the apex and hypokinesia of the anterior wall,

anterior myocardial infarction. The tracing demonstrates complex ventricular
septum, and inferior wall.

premature contractions in the recovery period. The echocardiogram of the

A single lead (V5) electrocardiogram during exercise and recovery of a
50-year-old male patient with atypical chest pain 18 months after acute

Figure 4A
DISCUSSION

This is the first study evaluating the relation among exercise-
induced ventricular arrhythmias, myocardial ischemia, and viabilicy
in partients with chronic left ventricular dysfunction late after acute

myocardial infarction. This particular group of patients represents
a large proportion of patients referred for functional evaluation of
coronary artery disease and assessment for possible revascularisation.

ng was previously shown to provide an excellent
infarction,
exercise-induced ventricular arrhythmias is associated with findings

method for tomographic evaluation of myocardial perfusion ar rest
and during stress. Our study showed that in patients with resting

wall motion abnormalities late after acute myocardial

MIBI SPECT imagi
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Figure 4B

Eixercise stress (upper panel) and rest (lower panel) MIBI SPECT images from
the short-axis (SA), horizontal long-axis (HLA), and vertical long-axis (VLA)
views of the same patient. The patient had a fixed perfusion defect at the apex
and partially reversible defects in the seprum, inferior, and posterolateral wall.
Coronary angiography revealed 3-vessel coronary artery disease.

known to predict adverse outcome. Patients with exercise-induced
ventricular arthythmias had a higher prevalence of significant coronary
artery disease and infarctrelated artery stenosis than patients without
ventricular arthythmias. Scintigraphic findings indicative of a high risk
of cardiac events>%7 were more frequent in patients with ventricular
arrhythmias, because these patients had a higher prevalence of reversible
perfusion abnormalities in the peri-infarction area and in = two vascular
regions. These findings are consistent with the higher prevalence of
significant coronary artery disease and infarct-related artery stenosis in
patients with ventricular arrhythmias. The impact of revascularisation
on the induction of ventricular arrhythmias and improvement of future
outcome needs further evaluation.
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Myocardial viability

Myocardial perfusion abnormalities were evaluated by quantitative
assessment in myocardial regions with resting wall motion abnormalities.
For that purpose we differentiated between the term peri-infarction
ischemia (which occurs in the distribution of the infarct-related artery,
in segments with or without resting wall motion abnormalities) and the
term jschemia confined to the dyssynergic myocardium, because only the
latter term of ischemia is an established sign of myocardial viability. This
study showed that patients with exercise-induced ventricular arthythmias
have a higher prevalence of ischernia in the dyssynergic myocardium. This
can be explained by possible triggering of arrhythmias by the occurrence
of ischemia on the substrate of a partially infarcted myocardium in
the dyssynergic regions. Another possible explanation for the genesis of
arrhythmias in this study is the occurrence of ischemia in > two vascular
territories, which may tigger arrhythmias in the regions of vascular
overlap. The role of exercise in induction of ventricular arrthythmias may
relate to a complex pathophysiologic alteration in patients with coronary
artery disease. These include an increase in sympathetic activity, systolic
blood pressure, mechanical stretch of the myocardium, and inducrion of
myocardial ischemia.'®?® These alterations may play a more significant
role when they occur. Myocardial viability was considered present in
80% and 69% of dyssynergic segments in patients with and without
ventricular arthythmias, respectively. This difference was mainly due to a
higher prevalence of reversible perfusion defects in dyssynergic segments
in patients with ventricular arthythmias. However, the percent rest MIBI
uptake and the number of dyssynergic segments demonstrating MIBI
uptake of 2 50% were not different berween patients with and without
ventricular arrhythmias. This indicates that the extent of myocardial
necrosis is similar in patients with and without ventricular arrhythmias.

Comparison with previous studies

The significance of exercise-induced ventricular arthythmias varies
greatly among different patient groups. In asymptomatic healthy
persons, exercise-induced ventricular arthythmias is not a predictor of
adverse prognosis.”®”" However, there is a controversy regarding the
relation among exercise-induced ventricular arrhythmias, structural and
functional abnormalities, and prognosis in patients with known or
suspected coronary artery discase.” Some investigators have reported a
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strong association berween exercise-induced ventricular arrhythmias and
increased morrtality® whereas other investigators did pot find such an
association.*¢7

Few studies have evaluated the relation between exercise-induced
ventricular arthythmias and myocardial perfusion abnormalities ®7%'%1!
Most of these studies included a heterogeneous population with and
without previous myocardial infarction or included patients with recent
myocardial infarction. Margonato et al'® reported that patients with
exercise-induced ventricular arrhythmias who were studied 3 w 4
weeks after acute myocardial infarction had 2 higher prevalence of peri-
infarction and a lower prevalence of remote reversible MIBI defects
than patients without exercise-induced ventricular arrhythmias. Uptake
of 18F-flucrodeoxyglucose was observed within the infarcted zone in
10 of 13 patients with, and in 1 of 13 patients without ventricular
arrhythmias. Marieb et al® reported that in 383 patients with and without
previous myocardial infarction, exercise-induced ventricular arrhythrnias
was associated with a higher prevalence of reversible 201-thallium. defects,
and provided independent prognostic information beyond that provided
by 201-thallium stress testing. In contrast, Schweikert et al” reported
that exercise-induced ventricular arthythmias is not associated with
short-term mortality or angiographic severity of coronary artery disease,
although it was associated with greater likelihood of thallium perfusion
defects. The last two studies included patients with and without previous
myocardial infarction as opposed to the homogenous population of
this study. We have recently shown that exercise-induced ventricular
arrhythmias are associated with a higher prevalence and severity of
stress myocardial perfusion abnormalities in patients withour previous
myocardial infarction, who were determined to have an intermediate pre-
test probability of coronary artery disease.??

Study limitations

Holter monitoring was not performed and therefore we could not
study the relation between spontaneous ventricular arrhythmias and
perfusion abnormalities. The intake of medications may have an impact
on the inducibility of arthythmias and myocardial ischemia during
exercise. However, there was no significant difference in this study
between patients with and without arrhythmias regarding the proportion
of partients recciving anti-ischemic medications. Finally, the study did
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nort evaluate the prognostic significance of exercise-induced arrhythmias.
However, our patients with ventricular arrhythmias had a higher
prevalence of anglographic and scintigraphic abnorrnalities known to
predict a worse prognosis.'*1417
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Summary and conclusions

SUMMARY

In this thesis, we explored new clinical applications for stress imaging
techniques in the evaluation of coronary artery disease.

Stress echocardiography and myocardial perfusion imaging are the
most widely used non-invasive imaging modalities for the diagnosis and
functional assessment of coronary artery disease. These tests are also
useful for the evaluation of myocardial viability and the prediction of
spontaneous functional improvement after revascularisation procedures.

Each of these imaging modalities has its specific advantages and
disadvantages. Echocardiographic machines are smaller, mobile, and
widely available at relatively low cost. Echocardiography is capable of
accurately defining chamber dimensions, systolic and diastolic volumes,
function, and wall thickness. Dobutamine stress echocardiography
is a useful non-invasive test, especially for patients with limited
exercise capacity. For patients with left ventricular dysfunction, low-dose
dobutamine echocardiography is a sensitive method for the assessment
of myocardial viability. In addition, dobutamine stress echocardiography
has a prognostic merit for post-myocardial revascularisation and peri-
operative cardiac risk stratification.

On the other hand, nuclear perfusion imaging is computed and
provides quantitative information. The analysis of nuclear imaging results
is therefore less subjective compared to stress echocardiography. On
patients with a poor acoustic window, nuclear perfusion imaging has a
high success rate. It has been demonstrated in several previous studies that
nuclear imaging techniques are more sensitive than dobutamine stress
echocardiography for the detection of myocardial viability. However,
doburamine stress echocardiography is more specific.

Several stress modalities are available to the clinician for the
detection of myocardial ischemia and for risk assessment. The most
popular modalities are exercise {bicycle or treadmill) and pharmacological
stress testing with a vasodilator (adenosine, dipyridamole) or the
sympathomimetic “exercise stimulator.” These agents can be used in
conjunction with two-dimensional echocardiography or nuclear perfusion
imaging.

For the majority of patients capable of performing adequate exercise,
exercise electrocardiography is the test of choice because of its widespread
availability and experience, low cost, reproducibility of symptoms,
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and assessment of both haemodynamic and functional capacity. On
patients unable to perform adequate exercise because of deconditioning,
neurologic, respiratory, peripheral vascular, or orthopaedic limitations, a
pharmacological stress test is performed, because of the lower sensitivity
associated with submaximal exercise stress. A pharmacological stress test
is also indicated in patients with lefe-bundle branch block, because of a
decrease in specificity associated with exercise electrocardiography. The
choice of the stress agent and the imaging modality is dependent on the
cost, patient’s characteristics, and local expertise.

The addition of an imaging modality is necessary in patients with a
high incidence of false positive exercise electrocardiography tests because
of hyperventilation syndromes, mitral valve prolapse, and repolarization
abnormalities related to left ventricular hypertrophy, conduction
disturbances (left-bundle branch block, pre-exciration, ventricular paced
thythm), or digitalis therapy. Stress imaging is extremely helpful when
identification of the site of myocardial ischemia or the direct measurement
of specific additional information (for example, left ventricular ejection
fraction) is necessary for patient management. In addition, dobutamine
stress echocardiography is useful in the evaluation of long-term cardiac
prognosis, especially in elderly patients referred for complaints of chest
pain and for preoperative cardiac risk stratification and evaluation of

myocardial viability.
THE CURRENT STUDIES
Clinical Utifity of Dobutamine Stress Echocardiography

imaging quality

Imaging modalities with improved delineation of left ventricular
endocardial border are clinically useful because they allow for more
accurate assessment of left ventricular global and regional wall funcrion.
With second harmonic imaging, the signal returned by the ussue
includes not only the transmitted fundamental frequency, but also
other frequencies—most notably the harmonic frequency, which is twice
the fundamental frequency. The ultrasonographic system separates out
the two components and then processes the harmonic signal alone.
Ultrasound beams formed with the harmonic signals have interesting
properties. One of those properties is that the beam implied by the
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space between the dashed lines of focus is narrower than the beam for
the conventional narrow aperture technique, and it also involves fewer
side lobes. Harmonic imaging provides a double benefit: it produces a
narrower beam (which improves resolution), and it produces more energy
in the harmonic beam (which benefits imaging). The improvement
in beam width and reduction in side lobes will significantly improve
grey-scale contrast resolution. In addition, second harmenic imaging
eliminates undesirable near-field artefacts and decreases the clutter. For
these reasons, the image results are improved. 2

It has been estimated that one or more of 16 segments defined
by the American Society of Echocardiography could not be adequately
visualised in 30% of patients when fundamental imaging is used.>® The
improvement in imaging quality obtained by using second harmonic
imaging was shown especially in patients with a traditonally poor
acoustic window (obese patients, females, pulmonary disease).?

The increased heart rate during dobutamine stress echocardiography
causes more technical difficulties in the interpretation of the endocardial
border related to increased cardiac motion. Qur study (chapter 2)
demonstrated that the advantage of second harmonic imaging over
fundamental imaging for left ventricle endocardial border delineation
at rest is sustained at higher heart rates during dobutamine stress
echocardiography. Altogether, the use of second harmonic imaging
resulted in a higher feasibility of the left ventricle endocardial border
visualisation at rest, at low- and at peak dose dobutamine infusion.
The difference berween both imaging modalities was more marked
during stress. In addition, at peak stress the percentage of patients with
invisible endocardial border in = 5 segments, indicating non--feasible
dobutamine stress echocardiography results, increased from 4% to 11%
with fundamental imaging. This percentage increased only marginally
from 3% to 4% with second harmonic imaging. These data indicate that
the better image quality at higher heart rates allowed for more segments
to be analysed than did fundamental imaging.

The majority of left ventricle segments with invisible borders both
at rest and at peak stress were located by fundamental imaging in the
anterior and in the lateral walls, which is explained by the fact that these
segments are more tangential to the ultrasound beam. The improvement
with second harmonic imaging was particularly evident in these walls.
‘We can conclude that second harmonic imaging improves endocardial
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border delineation especially during stress and allows for better analysis
because the image quality is improved. Therefore, its role is extended,
and it is more valuable during stress echocardiography than in rest
studies.

One of the major limitations of stress echocardiography using fundamental
imaging s the suboptimal segmental endocardial border definition, which
interferes with the proper analysis of left ventricular function at rest or
during stress. Our study demonstrated that the use of second harmonic
imaging vesulted in a higher feasibility of the left ventricle endocardial border
visualisation at rest, at low- and at peak dose dobutamine infusion. Therefore,
is role is extended, and it is more valuable during stress echocardiography
than in rest studies.

Accuracy in the diagnosis of coronary artery disease

The diagnostic accuracy of dobutamine stress echocardiography
relies on an optimal left ventricular wall visualisation.®®

Our study (chapter 3) showed that the sensitivity of dobutamine
stress echocardiography for the diagnosis of coronary artery disease was
significantly higher when second harmonic imaging was used. This was
most strikingly evident in patients with single-vessel coronary artery
disease. Similarly, sensitivity was significantly improved for the analysis
of wall function, especially in the territory of the left circumflex coronary
artery. The overall specificity and regional specificity produced by both
techniques were similar.

The higher sensitivity of second harmonic imaging can be explained
by the frequent occurrence of ischemia limited in one segment. Therefore,
the increased sensitivity by the use of second harmonic imaging was
mostly evident in patients with single-vessel disease, as a result of the
smaller magnitude of inducible ischemia in these patients, compared
with that in patients with multivessel disease. The lower sensitivity for
detection of disease in the left circumflex coronary artery, obtained by
fundamental imaging, can be related to the problems with resolution of
the endocardium of the lateral wall. The parallel orientation of the wall
and the ultrasound beam generates more clutter and near-field artefacts,
with consequent Joss of lateral resolution. Conversely, second harmonic
imaging characterised to reduce these noises produces better imaging

quality.
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The sensitivity of dobutamine stress echocardiography for the diagnosis
of coronary artery disease was significantly higher when second harmonic
imaging was used. This was most strikingly evident in patients with single-
vessel disease. Similarly, sensitivity was significantly improved for the analysis
of wall function, especially in the territory of the left circumflex coronary
artery. The overall and vhe regional specificity produced by both rechnigues

were stmilar.

Identification of viable myocardium

There is a relationship between the amount of viable myocardium
and the expected benefit of myocardial revascularisation.®! In patients
with significant left ventricular dysfunction, it is extremely important
to estimate the potential of improvement of left ventricular function
before considering revascularisation. The most practical tests at present
are nuclear testing and stress echocardiography.

It has been shown in a previous study that 201-thallium detected a
significantly higher percentage of viable segments than did dobutamine
stress echocardiography.!>'* A similar difference was observed when
19F-fluorodeoxyglucose imaging with positron emission tomography or
SPECT was compared with dobutamine stress echocardiography.*'®
Thus, the nuclear techniques appear to be more sensitive, probably
because the detection of myocardial viability by these techniques requires
less cellular integrity than is required for eliciting a contractile response
during dobutamine stress echocardiography. From a physiological point
of view, this can be explained by the fact that more severely damaged
myocardium (with less viable tissue and more fibrosis) may still exhibir
perfusion and glucose urilisation, but it has lost most of the contractile
reserve. Aside from this physiological explanation, technical factors
may also contribute to the difference between doburamine stress
echocardiography and nuclear imaging. In fact, imaging quality affects
dobutamine stress echocardiography to a greater extent than do nuclear
techniques, since a suboptimal acoustic window may limit an accurate
conclusion regarding the presence or absence of viable myocardium.

In our study (chapter 4) we evaluated myocardial viability in 30
patients with ischemic left ventricular dysfunction using nuclear imaging
(DISA-SPECT) and dobutamine stress echocardiography with both
fundamental and second harmonic imaging. In dysfunctional segments,
the use of doburamine stress echocardiography with fundamental
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imaging was less accurate than dobutamine stress echocardiography with
second harmonic imaging in detecting myocardial viability, considering
DISA-SPECT as the test reference. The agreement berween dobutamine
stress echocardiography with fundamental imaging and DISA-SPECT
imaging was 78%, and kappa value was 0.56. When sccond harmonic
imaging was used, the agreement between the two methods significantly
increased (agreement 89%, kappa = 0.77). The improvement in sensitivity
obtained with second harmonic imaging in dysfunctional segments
was mainly due to a reduction in the number of segments that were
SPECT viable and dobutamine stress echocardiography nonviable. This
was particularly related to better endocardial border visualisation and
detection of biphasic responses. Dobutamine stress echocardiography
studies were also analysed on an individual patient basis. Using the four
segments cut-off level (allowing for optimal identification of patients who
would benefit from revascularisation) a difference bertween fundamental
imaging and second harmonic imaging was obtained in six patients. Five
of them were classified as having nonviable segments by fundamental
imaging but viable by second harmonic imaging. Thus, a substantial
number of patients would have been denied revascularisation based on
fundamental imaging.

In dysfunctional segments, the use of second harmonic imaging during
dobutamine stress echocardiography was more accurate than fundamental
imaging in detecting myocardial viability. The agreement between
dobutamine stress echocardiography and DISA-SPECT was significantly
increased when second harmonic imaging was used, compared with the
agreement when fundamental imaging was used.

Impact of beta-blockers on contractile reserve

Dysfunctional but viable myocardium is characterised by a biphasic,
ischemic response or sustained improvement during dobutamine stress
echocardiography.®?' Beta-blockers have both a negative inotropic and
chronotropic effect on the heart” and are used for the treatment of
patients after myocardial infarction and heart failure 2% They adversely
affect the ability of dobutamine to elicit myocardial contraction and
viability.*? Although it is known that the reduced chronotropic response
during dobutamine stress echocardiography in patients on beta-blockers
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can be overcome by an increase in dobutamine dose and by the
addition of atropine on top of dobutamine, the influence of beta-blockers
at low-dose dobutamine stress echocardiography remains uncertain.
The question of whether and how beta-blockers affect the result of
dobutamine stress echocardiography is important, because it would
be an advantage if these agents could be continued to be used in
patients with left ventricle dysfunction undergoing dobutamine stress
echocardiography for demonstrating viability. Discontinuation of beta-
blockers may deprive these patients of the potential benefits of these
agents and may lead to rebound tachycardia and worsening of the clinical
status. Therefore, we assessed myocardial viability by doburamine stress
echocardiography in the same patients with and without beta-blockers.
Nuclear imaging was used as an independent reference test (chapter 5).

We found that in patients on beta-blocker therapy with severe
ischemic left ventricular dysfunction, the number of segments identified
as viable by dobutamine stress echocardiography was reduced. The kappa
value, evaluaring the agreement of viabilicy between dobutamine stress
echocardiography and nuclear scanning, was 0.71 and 0.78 respectively
in patients with and without beta-blockers. When patients were treated
with beta-blockers, 15% of the segments considered viable by nuclear
imaging showed no viability by dobutamine stress echocardiography. The
percentage of segments viable by nuclear imaging but not by dobutamine
stress echocardiography were 11% when beta-blockers were stopped. In
patients on beta-blocker therapy the resting wall motion score was also
significantly higher. Seventeen segments showing mild hypokinesia in
patients without beta-blockers worsened to severe hypokinesia when they
received a beta-blocker. The worsening of wall motion occurred despite
a decrease in afterload and may be due to the direct negative inotropic
effects of beta-blockers. Although the worsening of the function of
the ischemic myocardium is difficult to explain, it appears that the
effect of beta-blockade on wall function of chronically hypoperfused
myocardium differs from the effect of beta-blockade on the acutely
ischemic myocardium, in which acute beta-blockade causes improved
perfusion and wall motion.

Although beta-blocker therapy reduces the number of viable segments
in patients, there were no practical implications. In fact, all “viable”
patients were scored with and without beta-blocker therapy. If a study on
beta-blockers shows only limited viability, it is useful to repeat the test
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after discontinuing the beta-blocker therapy, especially when there is a
fixed heart rate during low-dose dobutamine. The other approach is to
repeat the test using DISA-SPECT. If the latrer test is used, one should
take into account that a number of viable segments assessed by scan will
not recover after revascularisation.

In patients with severe ischemic left ventricular dysfunction, beta-blocker
thevapy reduced the number of viable segments assessed by dobutamine stress
echocardiography when DISA-SPECT was used as a gold standard.

Risk stratification by dobutamine echocardiography

Diabetes mellitus is a major risk factor for cardiovascular morbidicy
and mortality.?>*” Coronary artery disease is the leading cause of death in
diabetic patients, and the related risk is independent of other conventional
risk factors for coronary artery disease.”®** Identification of diabetic
pacients at a high risk for death and myocardial infarction is an essential
step in planning the appropriate management strategy. The non-invasive
diagnosis and risk stratification of coronary artery disease in diabetic
patients is important for the selection and optimisation of therapeuric
interventions, which may improve chances for survival and reduce
complications of coronary artery disease.’»* Exercise stress testing
is the most widely used method for the diagnosis and functional
evaluation of coronary artery disease.’* However, exercise capacity
is frequently impaired in diabetic patients, particularly because of the
higher prevalence of peripheral neuropathy and vascular disease in this
population.®**® Dobutamine stress echocardiography has been reported
as a safe and feasible method for evaluation of coronary artery disease
in diabetic patients with limited exercise capacity.®®® However, data
regarding the incremental value of the technique in the risk stratification
of diabetic patients are scarce.’® Additionally, there is currently no
outcome dara to support the role of stress echocardiography in the
prediction of all causes of mortality in diabetic patients.

The aim of this study (chapter 6) was to assess the value of
dobutamine stress echocardiography in the prediction of death and
hard cardiac events in diabetic patients with known or suspected
coronary artery disease and to determine whether this method provides
incremental prognostic information relative to clinical data.
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Dobutamine stress echocardiography was performed on 396
diabetic patients. During a median follow-up of three years, 97
patients died (55 cardiac deaths) and 27 patients had non-fatal
myocardial infarction (82 hard cardiac events). Clinical predictors
of hard cardiac events were a history of congestive heart fajlure and
previous myocardial infarction. Clinical predictors of all causes of
mortality were age, hypercholesterolemia and history of congestive heart
failure. Dobutamine stress echocardiography provided incremental
prognostic information for the prediction of both end points. Hard
cardiac events were predicted by the presence of resting wall motion
abnormalities as well as by the percentage of ischemic segments at stress.
These findings demonstrate the importance of resting left ventricular
function and the severity of myocardial ischemia in determining the
outcome of diabetic parients.

The cumulative hard cardiac event rate was higher in patients with
abnormal dobutamine stress echocardiography results as compared with
that in patients with normal results (7% vs. 5% at one year, 18% vs. 8%
at three years and 23% vs. 10% at five years, overall P = 0.01). Peak
dobutamine wall motion score index, which measures the sum of resting
and stress-induced wall motion abnormalities, was incremental to clinical
dara in the prediction of all causes of mortality. The percentage of hard
cardiac events increased proportionally to the extension of myocardial
ischemia at dobutamine stress echocardiography. The cumulative death
rate in patients with abnormal dobutamine stress echocardiography
results as compared with thar in patients with normal results was 9% vs.
3% at one year, 29% vs. 11% at three years and 31% vs. 24% at five years
(overall P = 0.04). From these data it appears that the maximal value
of a normal dobutamine stress echocardiography study in the prediction
of a lower risk status is obtained at an intermediate term follow-up of
three years, where survival curves showed the greatest diversion between
patients with normal and abnormal study. At five years, the difference in
survival was less significant. As a result, in order to obtain an up-to-date
risk status in patients with an initial normal study, it is recommended to
repeat the test three years later.

Dobutamine stress echocardiography provides data incremental to clinical

variables for the prediction of death and cardiac events in diabetic patients
with suspected or known coronary artery disease. Resting left ventricular
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Function and extent of myocardial ischemia during dobutamine stress
echocardiography are important predictors of outcome in these patients.

New Clinicol Observations in Stress Myocardial Perfusion SPECT Imag-
ing

Diagnosis of single-vessel coronary artery disease

The use of 99m-technetium-labelled radioactive agents improves
imaging quality of exercise myocardial perfusion scintigraphy when
compared with the use of 20I-thallium *+#* Therefore, these agents
are now widely used in conjunction with exercise and pharmacologic
stress testing. However, recent experimental studies demonstrated that
sestamibi underestimated flow heterogeneiry induced by dobutamine
because its uptake plateaus at a lower flow rate than thart of vasodilator
agents.*? Additionally, dobutamine may interfere with sestamibi uptake in
the normally perfused myocardium, leading to further underestimation
of flow heterogeneity.# The implication of these experimental studies is
that sestamibi scintigraphy may have limited sensitivity in patients with
single-vessel coronary artery disease.*#* We compared the accuracy of
dobutamine stress echocardiography and simultaneous sestamibi SPECT
for the diagnosis of single-vessel coronary artery disease and evaluated
the agreement between both techniques regarding the presence and
the extent of stress induced wall motion and myocardial perfusion
abnormalities {chapter 7). The results of the study showed that both
echocardiography and sestamibi SPECT have a similar modest sensitivity
for the diagnosis of single-vessel coronary artery discase. The mean
number of ischemic segments was not different berween both techniques.
This implied that transient wall motion and myocardial perfusion
abnormalities occur with similar frequency and extent in patients with
single-vessel coronary artery disease during high dose dobutamine
infusion. Despite the modest sensitivity of sestamibi, echocardiography
did not provide an advantage in the overall or the regional diagnosis of
coronary artery disease in these patients. Sensitivity of both techniques
was lower in patients with left circumflex or right coronary artery stenosis.
There was no improvement in accuracy by the synergetic use of both
techniques for the diagnosis of single-vessel coronary artery disease.
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Both echocardiography and sestamibi SPECT had a similar sensitivity
Jor the diagnosis of single-vessel coronary artery disease. The mean number of
ischemic segments was not diffevent between both techniques. This implied
that transient wall motion and myocardial perfusion abnormalities occur
with similar frequency and extent in patients with single-vessel coronary
artery disease during high dose dobutamine infusion.

Diagnostic vaiue of tetrofosmin imaging

Previous studies have demonstrated both the feasibility and the
accuracy of dobutamine stress myocardial perfusion imaging with
201-thallium and 99m-technetium-sestamibi for the diagnosis of
coronary artery disease in patients with limited exercise capacity:*!
99m-Technetium-tetrofosmin is a newly introduced myocardial perfusion
tracer with favourable biokinesis and imaging characteristics. This
radiopharmaceutical is distributed within the myocardium in proportion
to regional myocardial blood flow. After intravenous injection, a relatively
rapid clearance of the tracer from the blood and extracardiac structures
occurs, with minimal redistribution from the myocardium. The accuracy
of myocardial perfusion scintigraphy with 99m-technetium-tetrofosmin
for the diagnosis of coronary artery disease in conjunction with exercise
or vasodilator stress echocardiography has been evaluated.** However,
few data are available regarding the use of tetrofosmin with dobutamine
stress testing. Although vasodilator stress agents are more widely
used for myocardial perfusion imaging than dobutamine, the latter is
particularly useful in patients who have contraindications for vasodilator
agents.”% As a result, we evaluated the accuracy of dobutamine stress
99m-technetium-tetrofosmin SPECT for the diagnosis of coronary artery
disease in patients with limited exercise capacity (chapter 8).

We found that in patients with limited exercise capacity and
suspected coronary artery disease, dobutamine tetrofosmin SPECT had a
good sensitivity and specificity for the diagnosis of coronary artery disease.
The overall sensitivity rate was 80%. The sensitivity rate was higher in
patients with multivessel coronary artery disease than in patients with
single-vessel coronary artery disease. Additionally, multivessel coronary
artery disease was identified in 57% of patients on the basis of perfusion
abnormalities in more than one vascular region. The stress myocardial
perfusion defect score was higher in patients with multivessel coronary
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artery disease than in patients with single-vessel coronary artery disease.
This demonstrated the ability of the test to identify extensive coronary
artery disease in patients who were known to be at a high risk for cardiac
events. The absence of perfusion abnormalities in patients with coronary
artery disease was associated with less severe coronary artery stenosis.
The lower sensitivity rate under this condition may be explained by
means of the early roll-off of tetrofosmin during the high-flow situation.
In addition, in this study no significant difference was detected for the
accuracy of the detection of individual coronary artery stenosis.

We concluded that dobutamine stress 99m-technetium-tetrofosmin
SPECT imaging is a clinically useful method for the diagnosis and
localisation of coronary artery disease in patients with limited exercise
capacity. The sensitivity and specificity rates of dobutamine tetrofosmin
SPECT imaging in this study were fairly comparable with the average
sensitivity and specificity rates of exercise tetrofosmin imaging reported
in carlier studies. Optimal accuracy of the technique was achieved by
using both fixed and reversible abnormalities for the diagnosis of coronary
artery disease in patients without an earlier myocardial infarction. False
negative test results occurred more frequently in patients with a lower
peak stress heart rate, single-vessel coronary artery disease and less severe
COronary artery stenosis.

In patients with limited exercise capacity, dobutamine tetrofosmin
SPECT imaging had a good sensitiviry and specificity for the diagnosis of
coronary artery disease. Therefore, it is a clinically useful method for the
diagnosis of coronary disease in this category of patients.

Impact of hypertension and left ventricuiar hypertrophy

Hypertension is a major risk factor for the development of coronary
artery disease and a frequent finding in patients referred for 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 coronary artery discase due to impairment of
coronary flow reserve.s*%°

Although exercise myocardial perfusion scintigraphy has been shown
to be more accurate than exercise electrocardiography for the diagnosis of
coronary artery disease, myocardial perfusion abnormalities may occur
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in hypertensive patients without significant epicardial coronary artery
disease. Such abnormalities may not necessarily represent a false positive
diagnosis of myocardial ischemia as they may represent the sequelae
of microvascular disease, impaired vasodilator reserve, and in a certain
subset of hypertensive patients, increased myocardial oxygen demand.
Although the occurrence of myocardial perfusion abnormalities in
hypertensive patients without epicardial coronary artery disease is well
documented, the impact of this observation on the specificity and value of
exercise stress myocardial perfusion scintigraphy for diagnosing coronary
artery disease in a routine clinical setting remains unclear. It is not
known whether myocardial perfusion scintigraphy suffers from particular
limitations in hypertensive patents. Such information is important for
physicians in deciding whether to refer hypertensive patients for this
type of imaging. Therefore, we compared the diagnostic accuracy of
exercise stress SPECT with 99m-technetium-labelled agents for diagnosis
and localising coronary artery disease in patients with and without
hypertension {chapter 9).

We found that exercise SPECT imaging provided a relatively high
sensitivity and specificity for the overall diagnosis of coronary artery
disease in hypertensive patients. The diagnosis of disease in individual
coronary artery territories was accomplished with moderate sensitivity
and high specificity, and did not differ among the three vascular regions.
This confirms the value of SPECT imaging in the correct diagnosis of
regional myocardial perfusion abnormalities.

There was no significant difference between patients with and
without hypertension in the sensitivity, specificity or accuracy of exercise
SPECT for overall and regional diagnosis of coronary artery disease.
Similarly, the accuracy of diagnosing multivessel coronary artery discase
on the basis of perfusion abnormalities in more than one vascular region
was not significantly different between the two groups. SPECT imaging
provided a higher sensitivity and accuracy than electrocardiography
irrespective of whether or not there was hypertension. Among hypertensive
patients, the presence of left ventricular hypertrophy did not affect the
sensitivity or specificity of the diagnosis of coronary artery discase. These
data showed that in hypertensive patients without previous myocardial
infarction referred for the diagnosis of coronary artery disease, exercise
SPECT myocardial perfusion imaging is a useful method for the overall
and regional diagnosis of coronary artery disease, with comparable
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sensitivity and specificity to those achieved in normotensive patients.
The similar specificity in the three vascular regions indicated thar false
positive results do not tend to involve a particular myocardial segment.

Exercise SPECT imaging provides high sensitivity and specificity for the
overall diagnosis of coronary artery disease in hypertensive patienis. In our
study there was no significant difference between patients with and without
Iypertension in the sensitivity, specificity or accuracy of exercise SPECT for
overall and regional diagnosis of coronary artery disease. Therefore, among
hypertensive patients, the presence of left ventricular hypertrophy did nor
affect vhe sensitivity.

Exercise-induced ventricular arrhythmias

We studied the relationship berween exercise-induced ventricular
arrhythmias and myocardial perfusion abnormalities in 2 homogeneous
population with intermediate pre-test probability of coronary artery
disease (chapter 10). In this particular group of patients, stress-testing
modalities are known to have the highest accuracy for the diagnosis of
coronary artery disease.”® The study design allowed evaluation of the
independent association between exercise-induced ventricular arrthythmias
and perfusion abnormalities by excluding patients with clinical conditions
known to be highly predictive of perfusion abnormalities, such as
previous myocardial infarction, known coronary artery disease detected
by angiography and revascularisation, as well as conditions known
to be associated with false positive perfusion studies or to predict a
worse prognosis on their own, such as ventricular hypertrophy, left-
bundle branch block and paced rhythm. The study showed that
exercise-induced ventricular arrhythmias were associated with a higher
prevalence of abnormal myocardial perfusion. Additionally, ischemic
electrocardiographic changes were more frequent in patients with than
in patients without ventricular arrhythmias. Since myocardial perfusion
abnormalities were highly predictive of coronary artery disease in partients
with intermediate pre-test probability of coronary artery disease, > it
could be assumed that exercise-induced ventricular arrhythmias were
associated with a higher prevalence of coronary artery disease in this
particular population. Electrocardiographic changes underestimated the
prevalence of perfusion abnormalities in this study, and therefore, exercise-
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induced ventricular arthythmias should be interpreted as a marker
of higher probability of coronary artery disease in the absence of a
sensitive imaging technique such as myocardial perfusion scintigraphy.
The association between exercise-induced ventricular arthythmias and
myocardial perfusion abnormalities is explained by the association
between myocardial ischemia and ventricular arrhythmias. The increase
in sympathetic nervous system activity and the circularing catecholamines
during exercise was an additional mechanism for inducing myocardial
ischemia and for triggering arthythmias in the ischemic myocardium.

Myocardial perfusion abnormalities were highly predictive of coronary
artery disease in patients with intermediate pre-test probability. It could be
assumed that exercise-induced ventricular arrhythmias were associated with
2 higher prevalence of coronary artery disease in this particular population.

Exercise-induced ventricular arrhythmias were reported as markers
of myocardial viability after acute myocardial infarction > We studied
the relation between exercise-induced ventricular arrhythmias and
scintigraphic markers of myocardial ischemia and viability in patients
with chronic left ventricular dysfuncrion referred for exercise stress testing
late after acute myocardial infarction. This particular group of patients
represents a large proportion of patients referred for functional evaluation
of coronary artery disease and assessment for possible revascularisation.
Our study {(chapter 11) showed that in patients with resting wall motion
abnormalities late after acute myocardial infarction, exercise-induced
ventricular arthythmias were associated with findings known to predict
adverse outcome. Patients with exercise-induced ventricular arrhythmias
had a higher prevalence of significant coronary artery disease and infarct
related artery stenosis than patients without ventricular arrhythmias.
Scintigraphic findings indicative of a high risk of cardiac events were
more frequent in patients with ventricular arrhythmias, because these
patients had a higher prevalence of reversible perfusion abnormalities in
the peri-infarction area and in the 2 2 vascular regions. These findings
were consistent with the higher prevalence of significant coronary artery
disease and infarct related coronary artery stenosis in patients with
ventricular arthythmias.®*3¢ The data of this study showed that patients
with exercise-induced ventricular arrhythmias had a higher prevalence
of ischemia in the dyssynergic myocardium. This can be explained by
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possible triggering of arrhythmias by the occurrence of ischemia on the
substrate of a partially infarcted myocardium in the dyssynergic regions.
The role of exercise in induction of ventricular arrhythmias may relate
to a complex pathophysiologic alteration in patients with coronary artery
disease. These included an increase in sympathetic activity, systolic
blood pressure, mechanical stretch of the myocardium and induction of
myocardial ischemia 5%

In patients with resting wall motion abnormalities late after acute
myocardial infarction, exercise-induced ventricular arvhythmias were
associated with findings known to predict adverse outcome. The data of this
study showed that patients with exercise-induced ventricular arrbythmias
had a higher prevalence of ischemia in the dyssynergic myocardium.

GENERAL CONCLUSIONS

Second harmonic imaging allows for better left ventricle endocardial
border identification at rest and at higher heart rate during dobutamine
stress  echocardiography. The accuracy of dobutamine stress
echocardiography for the diagnosis of significant coronary artery disease
and for the assessment of myocardial viability in parients with left
ventricular dysfunction is therefore significantly better when second
harmonic imaging is used.

The capability of dobutamine stress echocardiography in identifying
myocardial viability in patients with left ventricular dysfunction is
reduced by the administration of beta-blocker therapy.

Dobutamine stress echocardiography provides incremental dara for
the prognostic stratification of diabetic patients with suspected or known
coronary artery disease.

Both dobutamine stress echocardiography and sestamibi SPECT
imaging have a similar moderate sensitivity for the diagnosis of single-
vessel coronary artery disease. There is no improvement in diagnostic
accuracy by using both techniques.
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Dobutamine myocardial perfusion imaging using 99m-technetium-
tetrofosmin SPECT is useful for the diagnosis and localisation of
coronary artery disease in patients with limited exercise capacity.

Systemic arterial hypertension does not have an impact on the
accuracy of exercise stress myocardial perfusion imaging for the diagnosis
and localisation of coronary artery disease in patients with and without
left ventricular hypertrophy.

In patients with intermediate pre-test probability of coronary artery
disease, exercise-induced ventricular arrhythmias are predictive of 2 higher
prevalence of myocardial perfusion abnormalities. Myocardial ischemia in
the dyssynergic myocardium appears to be a major mechanism underlying
the occurrence of ventricular arthythmias in patients with exercise-
induced ventricular arrhythmias late after myocardial infarction.
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Samenvatting

In het eerste deel van dit proefschrift worden toepassingen van een
nieuwe echocardiografische techniek, second harmonic imaging geévalueerd
bij patiénten met coronairlijden. Deze nieuwe techniek is bestudeerd
tjdens dobutamine stress echocardiografie. Stress echocardiografie wordt
steeds vaker gebruike voor de functionele diagnostiek van coronairlijden en
aantonen van myocardvitaliceit. Een van de belangrijkste tekortkomingen
van stress echocardiografie, wanneer gebruik wordt gemaakt van
fundamental imaging, is de sub-optimale beeld kwaliteit. Dit kan leiden
tot een verminderde sensitviteit alsmede ook een grote variabiliteit in
beoordeling van het onderzoek. Second harmonic imaging verbetert
de echo kwaliteit. Dit heeft potentiéle voordelen bij dobutamine
stress echocardiografie. Immers tijdens stress echocardiografie worden
wandbewegingen bestudeerd. Hierbij is vooral de verdikking van het
endocard van belang. Juist deze verbeterde visualisatie van het endocard
is mogelijk van belang voor betere diagnostick van myocardischemie en
myocardvitaliteit.

In het tweede gedeelte van het proefschrift worden toepassingen van
myocard scintigrafie besproken, die gebruike kunnen worden voor de
diagnostick en prognose van coronairlijden.

In hoofdstuk 2 wordt de visualisatie van het endocard van het linker
venurikel bestudeerd tijdens dobutamine stress echocardiografie, zowel met
fundamental imaging als second harmonic imaging bij dezelfde parignten.
Tijdens second harmonic imaging trad er een duidelijke verbetering
op van de visualisatie van het endocard ten opzichte van fundamental
imaging. Dit verschil was aanwezig tijdens de rust opname en werd
nog duidelijker djdens lage dosis dobutamine en tjdens “pick stress”.
Dirt leidde tot een betere detectic van coronairlijden tijdens dobutamine
stress echocardiografie. Dit werd in hoofdstuk 3 aangetoond door een
dobutamine stress echocardiografie te verrichten gebruik makend van zowel
fundamental imaging als second harmonic imaging. Tijdens dobutamine
stress echocardiografie met gebruik van second harmonic imaging nam de
sensitiviteit voor de detectie van coronairlijden toe, vooral voor één-taks
coronairlijden. Dit trad vooral op in het stroomgebied van de circumflex
arterte. De specificiteit bleef onveranderd wanneer de dobutamine stress
echocardiografie gebruik maakte van second harmonic imaging.

Naast de verbetering van de sensitiviteit voor de detectie van
coronairlijden was ook de detectie van myocardvitaliteit verbeterd tijdens
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second harmonic imaging. Immers de detectiec van vitaliteit berust op
de aanwezigheid van een verbeterde contractie en vooral verdikking van
het endocard tijdens lage dosis dobutamine en een verslechtering van
wandbewegingen tijdens “pickstress”. In hoofdstuk 4 werd de detectie
van myocardvitaliteir bestudeerd met dobutamine stress echocardiografie
bij patiénten met een gestoorde linker ventrikel functie, waarbij een
gecombineerde nucleaire perfusic en metabolisme technick de “gouden
standaard” was. De overeenkomst met de nucleaire techniek nam toe
tijdens doburamine stress echocardiografie met second harmenic imaging
ten opzichte van fundamental imaging voor het aantonen van vitaal
myocardweefsel.

In hoofdstuk 5 werd de invloed van bétablokkers op het aantonen
van vitaal myocardweefsel bestudeerd tijdens dobutamine stress
echocardiografie. Betablokkers worden steeds vaker voorgeschreven,
ook bij hartfalen paciénten. Juist deze patiénten hebben baat bij
het aantonen van dysfunctioneel, maar vitaal myocardweefsel, daar
na coronairrevascularizatie een verbeterde functie kan optreden.
Betablokkers beinvioeden de detectie van vitaal myocardweefsel. De
verbeterde contractie response treedt op bij een hogere infusie dosis,
10 pg/kg/minuut in plaats van 5 pg/kg/min bij dezelfde patiénten
zonder bétablokkers. Naast een verschuiving van de “dose-response”
curve trad ook in een aantal dysfunctionele segmenten geen verbeterde
contractie op onder bétablokkers, terwijl een nucleair onderzoek wel
vitaliteir liet zien. Bétablokkers beinvloeden dus de detectie van vitaal
myocardweefsel, indien er twijfel is of de individuele patiént voldoende
viraal myocardweefsel heeft om een revascularizatie uit te voeren,
dan dient men dit onderzoek te herhalen nadat de betablokkers zijn
gestopt.

De prognostische waarde van dobutamine stress echocardiografie
bij patiénten met diabetes mellitus is nog onvoldoende onderzocht.
In hoofdstuk 6 wordt de aanvullende waarde van dobutamine stress
echocardiografie voor het voorspellen van late cardiale complicaties
bestudeerd. Klinische risico factoren zoals hartfalen en een oud
myocardinfarct zijn gerelateerd aan late cardiale complicaties. Resuleaten
van dobutamine stress echocardiografie geven extra, onafhankelijke
informatie. De aanwezigheid van afwijkingen in rust alsmede de
aanwezigheid van stress geinduceerde ischemie verhogen de kans op late
complicaties en identificeert een hoog-risico populatie.
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In de volgende hoofdstukken worden studies met perfusie scintigrafie
beschreven. In hoofdstuk 7 wordt de vergelijking beschreven tussen
echocardiografie en sestamibi SPECT tijdens dobutamine infusie voor de
diagnostick van één-taks coronairijden. Ischemie tijdens het onderzoek,
aangeroond door respectievelijk wandbewegingsstoornissen en perfusie
defecten laar een vergelijkbare sensitiviteit zien.

In een volgende studie, hoofdstuk 8, werd 99m-technetium-
tetrofosmin SPECT met dobutamine stress, geévalueerd voor de diagnose
van coronairlijden bij patiénten met ¢en verminderde inspannings
capaciteit. In deze groep patiénten had de test een uitstekende sensitiviteit
voor de detectie van coronairlijden. In cen volgend hoofdstuk 9, worde
de invloed van hypertensie op deze test bestudeerd. De aanwezigheid van
hypertensie en linker ventrikelhypertrofie, had geen invloed op de test
voor het aantonen van coronairlijden.

Tijdens perfusie scintigrafie met inspanning kunnen hartritme-
stoornissen ontstaan. Deze kunpen gerelateerd zijn aan de aanwezigheid
van coronairlijden. Bij patiénten met een lage kans op coronairlijden kan
dit een extra aanwijzing zijn naast perfusie defecten voor de aanwezigheid
van coronairlijden. Inderdaad laat deze studie zien dat het optreden van
hartritmestoornissen vaker voorkomt bij patiénten met coronairlijden. Naast
perfusie defecten komen ook ECG afwijkingen tijdens het onderzoek, als
maat voor myocardischemie, vaker voor bij pati€nten met ritmestoornissen.
In hoofdstuk 10 wordt beschreven dat patiénten met een beperkte
kans op coronairlijden een hogere kans hebben op een positieve test
met perfusie defecten als er hartritmestoornissen optreden. Ook bjj
patiénten die na een myocardinfarct worden geanalyseerd voor ischemie en
myocardvitaliteit, zijn hartritmestoornissen tijdens inspanning gerelateerd
aan complicaties op lange termijn als uiting van coronairlijden. Patiénten
met hartritmestoornissen hebben dan ook een hogere kans op late cadiale
complicaties (hoofdstuk 11).
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DSE
FI
SHI
MI
CAD
ECG
WMSI
WMA
BBL
ACE
DISA
SPECT
MIBI
PET
LAD
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v
IVS
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HR
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SD

n

dobutamine stress echocardiography
fundamental imaging

second harmonic imaging

myocardial infarction

coronary artery disease
electrocardiographic

wall motion score index

wall motion abnormalities
beta-blockers

angiotensin converting enzyme

dual isotope simultaneous acquisition
single photon emission computed tomography
technetium-methoxyisobutyl isonitrile
positron emission tomography

left anterior descending artery

left circumflex artery

right coronary artery

percutaneous transluminal coronary angioplasty
short-axis

horizontal long-axis
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left ventricle

interventricular septal thickness
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non significant

hazard ratio

confidence interval

standard deviation

number
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