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CHAPTER 1

INTRODUCTION

Dobutamine stress testing is increasingly used for the diagnosis and
functional evaluation of coronary artery disease {1-10). High dose dobutamine
in conjunction with echocardiography or myocardial perfusion scintigraphy was
shown to have a good accuracy for the diagnosis and localization of coronary
artery discase (1-6). Low-dose dobutamine echocardiography is of potential
value in the identification of myocardial viability and the prediction of functional
improvement of dyssynergic myocardium spontaneously or after revascuiari-
zation (11-13). However, the clinical utility and limitations of dobutamine stress
testing in the diagnosis of myocardial viability and ischemia in some clinical
settings have not been investigated, The - role of dobutamine stress
echocardiography and myocardial perfusion scintigraphy in the diagnosis of
peri-infarction ischemia has not been established. The influence of fixed wall
motion and perfusion abnormalities on the occurrence of ischemic response in
peri-infarction area in patients with infarct-related artery stenosis was not
studied. Additionally, it is not known if observation of various changes in
contractility from low to high-dose dobutamine may be provide data regarding
myocardial viability and ischemia additional to those obtained only at low or
high dose.

Previous studies have focused mainly on the value of echocardiography
and myocardial perfusion scintigraphy in conjunction with dobutamine stress
testing and little attention was given to electrocardiographic changes during the
fest which may be of clinical value especially in presence of suboptimal
echocardiographic or scintigraphic imaging. Furthermore, the significance of the
presence of a combination of ischemic markers like angina, ST-segment
depression, transient wall motion abnormalities and reversible perfusion defects
has not been evaluated. It is not known if a combination of theses markers in
a positive study would identify patients-with more severe ischemia and may be
of potential value in prognostic stratification of patients with known or suspected
caronary artery disease.

In this work, we investigated the value of dobutamine stress testing in
the assessment of myocardial ischemia and viability in some clinical settings that
have not been previously investigated. Furthermore we assessed the value of
symptoms and new observations on electrocardiographic and wafl motion
changes during the test for the assessment of myocardial ischemia and viability.

Part 1
Payt I deals with various topics related to the diagnosis of myocardial
ischemia during dobutamine stress test in consideration of symptoms,
electrocardiographic, scintigraphic and echocardiographic findings during stress.
|



Chapter 2: is a study of myocardial perfusion and wall motion abnormalities in
patients with ST-segment elevation during dobutamine stress test in which the
relationship between ST-scgment elevation and myocardial ischemia was
assessed in a large population with suspected myocardial ischemia.

Chapter 3: is a study of the relationship between dobutamine-induced T-wave
normalization in the efectrocardiogram and myocardial ischemia on simultaneous
echocardiography and myocardial perfusion scintigraphy in patients with non Q-
wave myocardial infarction.

Chapter 4 and 5 deal with the value of angina and ST-segment depression in
patients with a positive dobutamine stress test as predictors of the severity of
myocardial ischemia assessed by echocardiography and myocardial perfusion
scintigraphy respectively.

Chapter 6: is a study of the theory that in patients with reversible perfusion
defects on dobutamine perfusion scintigraphy, the absence of transient wall
motion abnormalities on simultaneous echocardiography implies the presence of
}zss severe ischemia.

Chapter 7: is a study of the value of dobutamine stress echocardiography for
the detection of vascular compromise after coronary artery bypass surgery.
Chapter 8: deals with the value of dobutamine stress echocardiography for the
diagnosis of peri-infarction and remote coronary artery stenosis in symptomatic
patients late after acute myocardial infarction and studies the impact of the
extent and severity of regional baseline wall motion abnormalities on the
accuracy of the test for detecting infarct-related artery stenosis.

Chapter 9: is a parallel study using dobutamine 201 thatlium SPECT imaging.
Chapter 10: is a study of the relationship between contractile response of
akinetic segment to both low and high dose dobutamine and myocardial ischemia
assessed by simultaneous 201 thallium SPECT.,

Chapter 11: is a study of fixed and inducible wall motion abnormatities as
predictors of systolic blood pressure response during dobutamine stress test in
patients with left ventricular dysfunction after myocardiai infarction.

Chapter 12 and 13: are reports of 2 patients with different congenital coronary
artery anomalies in whom dobutamine stress testing was clinically useful in the
functional assessment of the anatomical abnormalities.

Part 11

Part II deals with the value of dobutamine stress echocardiography,
thatlium perfusion scintigraphy and electrocardiography for the diagnosis of
myocardial viability and the prediction of functional improvement spontaneously
or after revascularization.

Chapter 14: we assessed the value of low-dose dobutamine echocardiography
in the prediction of improvement of veniricular function after first acute
myocardial infarction in patients without cardiac medications, The study group



comprised patients with or without thrombolysis, which was not previously
investigated,

Chapter 15: is a head to head comparison of low-dose dobutamine
echocardiography and rest-redistribution thallium SPECT myocardial perfusion
imaging for the diagnosis of myocardial viability and the prediction of
spontancous recovery of left ventricular function after a recent myocardial
infarction,

Chapter 16 and 17: we assessed the value of T-wave normalization and ST-
segment elevation respectively during dobutamine stress test in the diagnosis of
myocardial viability and the prediction of late functional improvement in
patients with recent Q wave myocardial infarction.

Chapter 18: is an editorial dealing with the published data in addition to our
experience regarding the functional significance of stress-induced ST-segment
elevation after a recent myocardial infarction.

Chapter 19: we evaluated the relationship between the echocardiographic
phenomenon of akinesis becoming dyskinesis at high dose dobutamine stress and
myocardial viability in patients with chronic ischemic left ventricular
dysfunction undergoing surgical revascularization.

Chapter 20: is a study of the impact of the severity of coronary artery stenosis
and the collateral circulation on the extent of myocardial viability and reversible
dysfunction in patients with chronic left ventricular dysfunction undergoing
dobutamine stress testing before elective coronary artery bypass graft surgery.
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Part I ASSESSMENT OF MYOCARDIAL ISCHEMIA
CHAPTER 2

Reprinted with permission from the Am J Cardiol

Evalvation By Quantitative 99m-Technetiom
MIBI SPECT end Echocardiography of

Myocardial Perfusion and

Abnormalities in Patients With
Dobutamine-induced ST-Segment Elevation

Abdou Elhendy, MD, Marcel L. Gelsijnse, MD, Jos R.T.C. Roelandt, MD, PhD,
Ron T. van Domburg, MSc, Jan H. Cornel, MD, Folkert J. TenCate, MD, PhD,
Joyce Postma-Tjoq, 8Sc, Ambroos E.M. Reiis, MSc, Galol M. El-Said, MD,
and Paole M. FioreHi, MD, PhD

ST-segment elevakion during exercise festing has been
aliributed to myocardio! ischemic ond woll metion
abnormalities [WMA), However, the functiona! signifi-
cance of 5T-segment elevation during dobutamine siress
testing [DST) has not been evaluated in patienks

for diognostic evaluation of myecardial ischemia, DST
{up to 40 pg/kg/min} with simultaneous echocardiog-
raphy and technetium-99m sestamibi single-pheton emis-
sion computed tomography (SPECT} was performed in
229 conseculive pafients with suspected myocardiol is-
chemia who were unable to an adequate exer-
cise tost; 127 (55%) had a previous acute myocardial
infarction [AMI).-5T elevation was defined a5 21 mm
new or additional J point elevations with o horizental
or upstoping ST segment lasking 80 ms, Reversible per-
fusion defects on SPECT and new or worsening WMA
during stress on_echocardiography were considered
diognostic of ischemio. ST elevation occurred in 40

paients {z'zlq iﬁﬁng_the magrof them (85%) had
s AMI, All potiants with ST-segment elevation
ﬁod obnomol scinkigrams {fixed or reversible defects,
or both) and abnormal wall motion [fixed or transient
defects, or both) ot peck stress. In patients who had ST
elavation and no previous AMI [n = &), ischemia was
detected In oll by echocardiography and in 5 (83%) by
SPECT, In patiants with s IMJ, the prevalence
of ischemia wos not different with or without ST ele-
vation (53% vs 43% by echocardiography and 53% vs
48% by SPECT, ively). Baseline reglona! woll
motion score in the infarct zone was higher in patients
with ST elevation. In conclusion, myocardial i
defects and WMA of peck stress are o hallmark in
patients with ST-segment elevation during DST, How-
ever, ST-segment elevation Is a specific marker of ische-
mia only in patients without previous AM.
{Am J Cordiol 1995;76:441-448)

xercise-induced $T-segment elevation in the elec-

trocardiogram has been altribuied Lo left ventricular
dysfunction, myocardial aneurysm, or transmural mryo-
cardiat ischemia due lo severe coronary artery stenosis
or coronary spasm.™1! Despile the known role of wall
motion abrormalities (WMAY) in patienis with ST ele-
vation during exercise,*® previous studies have focused
mainly on resting WMA, and litle altention was paid to
stress-induced WMA that may be associated with this
electrocardiographic finding. It has been postulated that
WMA due to either nyocardial infarction or exercise-
induced ischemia represent a common underlying mech-
anism of exercise-induced ST elevation. However, few
data are available to support this contention.® In a few
studies, ST elevation during dobutamine steess testing
(DST) was attributed to myocardial ischemia in the

From the Thoraxcenter and the Depariment of Mucleor Medicine, Uni
sersity Hospital RorerdemDikzigt and Erasmus University, Roterdom,
The Nethedands_ This study wes supported in pad by the Deportment
of Cardiclogy, Coiro Uni»efsﬁ;Hospéhl, Cairo, Egypt, ond E:Granl
NHS 94 135 Fom the Duich Heont Foundotion, den . The
Netredands. This work was presented in part ot the &7th Anouol Sci
entfic Session of the Amencan Heart waton, Dallas, Texas,
Nowember 1994, Manuscripl recelved April 10, 1995; revised
manuscript teceived ond occepied June 19, 1995,

Address for reprints: Packo M. Ficceri, MD, PRD, Thoraxcenter, Ba
300, Dx Molenaerplain 40, 3015 GD Roterdam, The Netherdands.

absence of previous acute myocardial infarction (AMI)'2
and o stress-induced left ventricular asynergy in patients
evaluated early after AMI. 2 However, the functionat sig-
nificance of this electrocardiographic finding has not
been reported in patients referred for diagnostic evatua-
tion of myocardial ischemia. Accordingly, the aim of this
study was to evaluate the prevalence and functional sig-
nificance of ST elevation during DST in patients with
suspected myocardial ischemia wndergoing DST with
simultancous echocardiography and technetium-99m
sestamibi single-photon emission computed tomography

(SPECT),

METHODS

Study population: The study population comprised
229 consecutive patients {137 men and 92 women, mean
age 59 + i1 years) with known or suspected coronary
artery disease unable to exercise or to perform an ade-
quate exercise test, referred to our imaging aboratory
for evaluation of chest pain by dobutamine technetium-
99m sestamibi SPECT. Simultaneous echocardiography
was perfortned in all patients as a part of a research pro-
tocal in our center. All patients gave informed consent
to undergo the study, Patients with bundfe branch block
or ventricular hypertrophy were excluded. One hundred
twenty-seven patients (35%) had a previous AMI, which



TABLE | Clinical Charocterivics ond Hemodynamic Variables During Dobutomine
Stress Testing in Patients With {group A) and Without group B) $T-Segmant Elevation

given to patients not achicving 85% of
their age-predicted maximal heart rate. ™

A 12-lead electrocardiogram was Fe-

G :

ﬁ'?ﬁé? In '_°“,PB§; p Vol | corded each minute. The tevel of ST

Fandeomon 37 105783 505 segment was calculated after signal
prY & e y

Msan ags 1) 58210 59512 NS a\eragmg.by a(c:osrgpuzter as;;lsicdasys
Previous AMI 34 (85} 93 149) <0.0001 tem‘ (Ca: tovet 712, Schiller, Baar,
Resting HR {beots/min} 72213 &9 14 NS Switzerland). Cuff blood pressure was
;’5"; :’Rhfbﬁh}{;ﬂnl 1322 16 1342 16 NS measured cvery 3 minutes. The elec-
 of targel HR seached 34 [79) 158 {82) NS i : i 7 ex-
ek T A ¢ S I B e i
Peak sysiolic BF fmm Hol 139 £ 35 146 £ 30 NS perient logists unaware o
Resting diaslolic 8P (mm Hg) 77+ 13 79 £ 12 NS clinical, echocardiographic, or sciMi-
Peak diasiolic B? fmm Hg} 74215 75114 NS graphic data. Pathologic Q waves were
3“ B deptessi 1230 48 {25) NS defined according 1o established crile-
bl bl 14 135) #»A <005 ria.!3 ST elevation was defined as new

Vohues oro expressad as sean & SO or number of patients ().

AMI = coute myocardial inforchon; 8P = blood pressurs; HR « heart rote.

or additional elevation 21 mm at the J
point, with a horizontal or upsloping

$T-segment lasting 80 ms during

TABE K Echocardiographic ond Scinsgraphle Findings in 102 Patients Without
Previous Infarciion With {group A} and Without [group B) ST-Segment Elevtlxﬁon

stress in 21 electrocardiographic lead
(the PQ segment was considered the
isoclectric line).? ST-segment depres-

Group A Group B sion was defined as =1 mm horizontal
v =4 {n = 96} pVale | o downsloping depression 80 ms after

Normal echocacdiography 0 70 {73) <0.005 the § point, and betow the resting base-
wm 3 ;:;1 " 2 E?gv]o 1 ; g g ';‘% or;g line tevel. The test was interrupted pre-
dsd <Q.005 i 7 H -sep-

Naw or worsansd WA & [100) 22 29} iy maturely if severe chest pain, ST 5€g8
Normal scinfigraphy 0 3 [65) <0.005 ment depression >2 mm, ST elevation
RPD with or without FPD 5183 27 (28) <0005 »2 mm in patients with normal base-
ok e o oy o g lin electrocaudiogram, significant ven-
.ﬁ?;. : Foxed pechsion defach; RPD = ravarsibla pecusion deficts; WMA = woll motion aboor- tricular or supraventricular arrhythmia,

or a systolic blood pressure decrease

of >40 mm Hg occuned during the

TABLE I Echocardiogrophic ond Scintigraphic Findings in 127 Patients With
Preious Infarction With [group A} and Withaut (group B) $E-Segment Elevation

test.
Sestomibi si emission com-
puted fomography imaging: Approxi-

Group A Group B mately 1 minute before the termination

{n = 34) {n=93) p¥ake | of the stress test, an intravenous dose
Normal echocardiogiom [ 16 (17} <0 of 370 MBq of sestamibi was admin-
wm o '°"k . 32 (94) &9 (74) <0.05 istered. Stress SPECT imaging was
New or vorssned WMA ?; (130) 7783 <00 begun | hour after sestamibi injection,
WMS at rest 25.0 ,[,56}4 214? 14313 (0'&5,5 For the resting studies, 370 MBq of
WALS of peck sirans 27164 232164 00001 | sestamibi was injected 24 hours after
lchemic WS 19132 1832 NS the first study. Lelt ventricular images
yrriiomd d":’””l‘ segmen atrat 2943 Llel7 <0001 | were divided into 6 segments: anteri-
Normal ;im(::m segments af peak 37 3 1 2 0001 | or, lateral, inferoposterior, interventi-
RPD with of without FPD 18 {53} 45 {43} < NS cular septum (subdivided in anterior
Perfusion defoct score of reat 3,023 £ 2,955 1,589 21,345 <0.03 and posterior septum), and apex. Image
r“hf:ﬂ?cn d’d’:" wore of peok shess 2,978 £ 2,363 17751 2,281 <005 interpretation was performed by an ex-
Khemic pefution score 401+ 737 3801322 NS perienced observer unaware of the pa-

Yohus oce saprorred a3 meon & SD o numbsr of patiants [4).
YYMS « wall motica score: other obbradations as ipnu!ob!ro i

tients” electrocardiographic orechocar-
diographic data, A persistent perfusion

was recent {<1 month) in 34 palients. The diagnosis of
AMI relied upon a typical history of chest pain, a diag-
moslic increase in serum creatine kinase and evolution-
al electrocardiographic changes. On the day of the test,
154 patients (67%) were receiving antianginal therapy:
113 of them were receiving B blockers.

e shess tesk Dobutamine was infused
through an antecubital vein starting al a dose of 10 pg/
kgjmlp. increasing by 10 pg/kg/min every 3 minutes to
amaximum of 40 pg/kg/min. Atropine (up to | mg) was

defect on both stress and resting imag-
ing was classified as a fixed defect. A reversible defect
was defined as a perfusion defect on stress images that
partially or completely resobved at rest imaging. This was
considered diagnostic of ischemia.’® The interpretation
of the scan was semiguantitatively performed by visual
analysis, and assisted by the circumferential profiles
analysis, Toassess perfusion defect size, perfusion defect
score was quantifatively calcilated at rest and at stress
images by measuring the area between the Jower limil
of normal values (x2 SDY and the actual circumferential



profile in 6 shor-axis slices. Ischemic perfusion score
was derived by subtracling rest from stress score in seg-
ments with reversible defects.

echocardiography: Stress echocardiography was
performed in all Falienls according to a previously
described protocol.'® For both rest and stress studies, the
lelt ventricular wall was divided into 16 segments and
scored using a 4-point scale: | = normal, 2 = hypokine-
siu, 3 = akinesia, and 4 = dyskinesia. Both inward endo-
cirdial motion and eryocardial thickening were consid-
¢red for anatysis. Wall motion score was derived by the
summation of the score of the 16 segments. The diag-
nosis of ischemia was based on the occorrence of new
or worsening WMA during the test, compared with base-
line, in 21 segment. As we have previously concluded,”
ischemia was not considered when akinetic segments at
rest became dyskinetic during siress. Ischemic wall
motion score was defined as the difference between peak
und rest regional wall motion score in ischemic seg-
ments. Assessment of images was performed by 2 expe-
Henced invesligators without knowledge of scintigraph-
ic or electrocardiographic data. In case of disagreement,
a consensus was reached with a third investigalor, In our
center, the infer- and intraobserver varability for the
interpretation of siress echocardiographic stuedies is 91%
and 92%, respectively.’

Coronary anglography: Coronary angiography was
performed, using the Judkins technique, within 3 months
in 106 patients (46%). Significant corenary artery dis-
ease was defined as a diameter sienosis of 250% in 21
major epicardial artery.

Regional myocardio! funcion and perfusion: In pa-
tients with myocardial infarction, the location of resting
WMA was presumed Lo represent the infarction zone.
o assess regional myocardial perfusion and function, 2
myocardial segments were identified: (1) the anterior
segment, which included the anterior wall, the interven-
tricufar seplum, and the apex (assigned to leads V, 1o
V.); and (2) the inferior segment, which included the
inferior and posterior wall {assigned 1o leads I, 111, and
aVF). Because of the infrequent occurrence of resting
\WMA confired only to the lateral wall, this segment,
together with leads [, aVL, V, and Vg, were added to
either the anterior or the inferior segment in the pres-
ence of concomitant abnormalities in 1 of these seg-
ments, Myocardial segments at echocardiography and at
SPECT were matched in (hese 2 locations.

Statishicol analysis: Unless specified, data are present-
ed as mean values £ SD. The chi-square and Fisher’s exacl
tests were used to compare differences between propor-
tions. The Stedent’s # test was used for analysis of con-
tinuous data. A p value <0.05 was considered statisti-
cally significant.

RESULTS

Dobutamine stress lesk Heart rate and systolic blood
pressure increased significantly from rest to peak stress
(70 + 13 vs 134 & [6 beats/min and 135 £ 25 vs 145 &
32 mm Hg, respectively, p <0.000! for both). In 30
patients, the test was interrupted prematurely before
reaching the maximal dose or 85% of the larget heart
rale because of a limiting side effect (angina in 15

patients, ST-segment depression in 7 patients, hypoten-
sion in 6 patients, and significant tachyarrhythmias in 2
patients),

ST elevation of 2| mm occurred in34 of 127 patients
with (27%) and in 6 of 102 patients without (6%) pre-
vious AMI. These 40 patients formed group A. Group
B comprised 189 patients without ST elevation; 93 of
them (49%) had previous AML, Patients in group A had
a higher prevalence of previous AMI and male gender.
In patients with previous AM], pathologic Q waves were
detected in 27 of 34 group A patients (79%) and in 59
of 93 group B patients {63%), p = NS, Clinical charac-
teristics and hemodynamic data in both groups are list-
ed in Table I. Echocardiographic and scintigraphic find-
ings in both groups are listed in Tables I (patients
without AMI} and II (patients with previous AMI).

Siress schocardiogrophy: ST elevation was associat-
ed with a higher prevalence of myocardial ischemia in
patients without (Figure 1) but not with (Figure 2) pre-

£ <0,0001 p<0.005
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Myocardial Segments With Baseline Dyssynergy With and Without ST-Segment Elevation
During Dobutomine Streys Testing in Patients With Previous Myocordial Infarcrion

Results of sestamibi single-photon
emission com tomogrophy: ST
clevation was assoctated with a high-

er prevalence of ischemia in patients
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ST Elevation Mo ST Elecotion waves: 16 of 27 (59%) versus 2 of 7
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(Table V) segments. In both lecations,
resting score was higher with ST ele-

_

vious AMI. In patients with previous AM1, ST elevation
was associaled with a higher prevalence of resting
WMA, a higher wall motion score al rest and at peak
stress, a similar ischemic wall motion score {Figure 3},
and more myocardial segments with akinesia or dyski-
nesia at rest and at peak stress (Table 1li). Tn patients
:mlh pr.evious AMI and ST elevation, the prevalence of
ischemia did not differ in the presence or absence of ¢
waves: 15 of 27 (56%) versus 3 of 7 (43%), respective-
ly (p = NS),
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FIGURE 3. Res), paak, and ischemic woll motion M|
in patienh with previ rchion ms')iio‘;: =MS4],

0 previoys ardiol info
ondd without (n'2 93] ST-segemen! elevation

vation, whereas the ischemic score and
prevalence of ischemia were not dil-
ferent with or without ST elevation.

The elecirocardiograms and perfusion scans of 2
patients with previous anterior AMI, ST-scgment eleva-
tion in Q leads during DST, and a perfusion defect on
resting images with (Figure 5) and without (Figure 6)
partial reversibilily are presented.

Analysis of subgroups: PATIENTS WITHOUT PREVIOUS
MYOCARDIAL INFARCEION: In patients with reversible
perfusion defects and no previous AMI, the ischemic
perfusion score was significantly higher in paticnts with
(n = 5) than withowt {n = 27) ST elevation (994 652
vs 271 + 407, p <0.01). Similarly, in patients with stress-
induced WMA who had no previous AMI, the ischemic
wall motion score was significantly higher in patients
with (n = 6) than without (n = 22) ST elevation (4.2 £
32 vs 27 £ 3.1, p <0.05).

PATIENTS WITH RECENT MYOCARDIAL INFARCTION: ST
elevation occuired in 16 of 34 patients (47%) with recent
AME Prevalence of ischemia was not different with or
without ST elevation: ¢ of 16 (56%) versus ¢ of 18
patients (50%} by echocardiography and 9 of 16 (56%)
versus |E of 18 (61%) by SPECT, respectively.

PATIENTS WITH ST-SEGMENT DEPRESSION: ST-segment
depression occurred in 29 patients with and in I8 with-
out previous AMI ({4 in group A and 33 in group B).
ST depression was associated with a higher prevalence
of ischemia in patients without previous AMI {12 ol 18
{67%] versus 16 of 84 [19%] [p <0.000!1 by echocardi-
ography} and 13 of 18 {72%] versus 19 of 84 [23%] [p
<0.008! by SPECT]) and with previous AME (18 of 29
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[62%%] versus 40 of 98 {41%] {p <(.05 by echocardiog-
raphy], and 20 of 29 [69%] versus 41 of 98 [} [p
<0.03 by SPECT}). In group A patients with previous
AMI (n = 34, the prevalence of ischemia by both tech-
niques was not different in patients with (n = 12} und
without (n = 22} concomitant ST-segment depression.

Coronary onglography: Coronary angiography was
performed in 19 group A patients (48%). Three of them
had no previcus AMI. All patients had significant coro-
nary artery disease: 3-vessel (a = 7), 2-vessel (n = 3),
and I-vessel (n = 9} disease, The site of ST elevation
was predictive of significant disease in the comespond-
ing coronary arery in all patients.

Eighty.seven group B patients (46%) underwent
coronary angiography. Significant coronary artery dis-
ease was detected in 39 patients; 3-vessel {n = 6), 2-ves-
sel (n = I7), and 1-vessel (n = 36} disease. No signifi-

cint disease was detected in 28 patients. [n patients with
previous AMI, 5T elevation was associated with a high-
er prevalence of total occlusion of 21 major artery {50%
vs %, p <0.005), whereas the prevalence of multives-
sel disease was 56% in patients with (9 of 16) and 29%
in patients without { k4 of 48} ST efevation (p = NS).

DISCUSSION

In the present study, the prevalence and functionat
significance of ST elevation during DST was evaluated
in patients with knewa or suspected coronary artery dis-
ease in whom the test was performed with simultaneous
echocardiography and technetivm-99m sestamibi SPECT
for diagnostic evatuation of myocardial ischemia. Qur
results show thay dobutamine-induced ST elevation is a
common occurrence in patients with previous AMI, In
such patients, ST elevation is associated with more se-
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arrow). Abbreviations os in Figure 48,

vere plobal and regional left ventricular dysfunction. and
a higher prevalence of tetal acclusion of 21 coranary
artery. Results also show that despite being compatihle
with ischemia. ST efevation in patients with recent or
old myocardial infarction is not specific for stress-
induced overall or peri-infarction ischemia asessed by
¢chocardiography und SPECT. The low specifivity for
l\c!wmiu was ilso noted in patients without Q waves,
This can be explained by the low sensitivity of Q waves
for the detection of baseline WMA, espectally in patients
with ald myocardial infarction.™ tn contrast. ST de pres-
ston was asseciated with a higher prevalence of ische-
mita. However, patients with concomitant ST-vegment
depressinn and elevation did eot have u higher preva-
lence of jschemia than patients with isolated ST elevae
tion. This may be explained by the vecurmrence of recip-

10

rocal ST depression without true ischermie ™" In patients
without previous AMI. ST elevition was not o usud
oceurrence () and wins associuted with wchemia in
the corresponding miyocardial segments. ln patients
without previous AME wha had ischemia on echocardi-
ography or SPECT. ischemia was more severe in pitienis
with than without 8T clevation.

Comparison with previous studies: Coma-Canella®
reported ST elevatien during DST in 20 of 90 patients
with angina and a0 previous AME AN il severe core-
ey artery stenoses. The high prevalence of §T eleva-
fion in that study miy be related e the selection of
paticnts with a hiph prevateace ol unstable angina, How-
ever, no imaping techniyue was apphicd tor the detec-
tion of ischemia. Comi-Canelt et ™ repenied that in
patients with recent AN who underwent DST with thal-
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and peck dobutomine shress elecrocardiogram of a $2-yeor-old man with a history of old antedior myotar-
waves in leads ¥, to V,, showing $T-segment elevakion in ¥, o V. B, dobuhm'?rg shess and rest u{:mibi

single-photon emission computed tomographic images of the mmezgg:nl, shawing o largs ond severe fixed perfusion defect in

the anterior wall {verticol amows) ond septum (horizontol errows),

tiuen seintigruphy and redionuclide ventriculography, ST
clevition way not related o ischemia but 0 stress-
induced left ventricular asynergy. However, the inverse
correution between the change in regianal cjection frac-
tion und 1he Jevel of ST elevation in their study may rep-
reseil a poor contractile respanse in myecardial seg-
ments comesponding t0 ST elevation rather than
stress-induced asynergy, which is a specific marker of
ischemie. Previtali et o' reported u cave of high-dose
dobutamine-induced ST elevation and akinesia of the
interior wall in u patient with 2-vessel disease. Coronary
angiopraphy performed during ischendic episodes re-
vealed pateacy of coronary arteries. excluding coronary
spasen as ananderlying mechantsm. They concladed that
dobutinnine may induce ransmuraf myocardial ischemia
in the presence of severs coronary lesions by increasing

eviations as in figure 48,

myocardial oxygen demand and inducing myocardiul
bloed flow maddistribution.

ST elevation doring exercise has been atrbuted 1o
lefi ventricular WMA, myocardial aneurysm. or trans-
murat myocardial ischemia due to either severe corenary
artery spasm or fixed corenary anery disease.'" Galkik
et al’ reported that exercise-induced ST elevation is an
ominows sign of severe reversible hypoperfusion in
patients without previous AML. In our study, ST eleva-
tion identified u population with more severe reversible
hypoperfusion und stress-induced WMA than patients
who had ischemia without ST elevation. The absence of
a4 history or electracurdiographic finding of AM{ appears
o be the most common characteristic that sepurates
patients in whom stress-induced ST elevation reflects
severe ischemia from those with marked abnormality of

11



feft veptricula.r function.® However, exercise-induced ST
clevation in patients after acute AMI has been attribuled
in some studies to peri-infarction ischemia.®™¥ Marg-
onato ¢t af®® reported that exercise-induced ST elevation
after acute AMI correlated with reversible thallium-201
perfusion defects in the peri-infarction area. A limitation
of that study is the absence of a control group with the
same clinical characteristics without ST elevation or T-
wave normalization,

Machanism of ST-segment elevation: Chahine et al®
postulated that WMA, that are eithier permanent in pa-
tients with previous AMI er transient due 1o ischemia in
the absence of AMI constitute a common mechanism
underlying ST elevation during siress. The results of our
study support this hypothesis, because we detected
WMA in all patients with ST elevation at peak stress in
corresponding nryocardial segments in the presence or
absen_ce of previous AME,

Clinical implications; With regard to an ischemic re-
sponse to dobutarine infusion, ST-segment elevation in
patients without previous AMI would help with diagno-
sis in the presence of suboptimal or equivocat echocar-
dm'graphlc' or scintigraphic images, and would identify
patients with more severe ischemia. Becanse ST eleva-
tion is not a specific marker of ischemta In patients with
previous AMI, it should not be used as a eriterion for
termination of DST.

Study limitations: The diagnosis of ischemia in this
study relied on stress echocardiography and SPECT
without performing coronary angiography in all patients.
However, these techniques were reporied as accurate
melhods for the diagnosis of coronary artery dis-
ease. 5222 Eehocardiographic detection of ischemia
may be difficult in severely dyssynergic segments. How-
ever, echocardiography accurately detects ischemia in
Lhe normat peri-infarction region represented in the same
electrocardiographic segment. Funthermore, there was a
goub!e check on the occurrence of ischemia using 2
imaging techn@ques: with these 2 techniques, a simifar
prevgaleqce of ischemia was encountered. The intake of
medications may have reduced the prevalence of ische-
mia at echocardiography and SPECT. Howevey, it is
unlikely thatischemia was seen on the clectrocardiogram
in the absence of transient perfusion or WMA, or both,
beca‘use perfus:on and WMA occur earlier than electro-
cardiographic changes in the ischemic cascade.?®
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'CHAPTER 3

T WAVE NORMALIZATION DURING DOBUTAMINE
STRESS TEST IN PATIENTS WITH NON-Q MYOCARDIAL
INFARCTION: A MARKER OF MYOCARDIAL
ISCHAEMIA?!

Abdou Elhendy MD, Marcel L Geleijnse MD, Alessandro Salustri
MD, Ron T van Domburg BSE, Jan H Cornel MD, Mariarosaria
Arnese MD, Jos RTC Roelandt MD, Paolo M Fioretti MD.

From the Thoraxcenter, Division of Cardiology, and the Department of Nuclear
Medicine, University Hospital Dijkzigt and Erasmus University, Rotterdam, the
Netherlands.

ABSTRACT

Conflicting results in heterogenous patient population have been
described on the functional significance of stress-induced T wave normalization
(TWN) in the ECG. The aim of this study was to evaluate the relation between
TWN during dobutamine stress test (DST) and stress-induced ischaemia
evaluated by echocardiography and myocardial perfusion scintigraphy in patients
with previous non-Q myocardial infarction. Among 520 patients who underwent
DST in conjunction with simultaneous echocardiography and 201 thallium or
sestamibi SPECT for evaluation of suspected myocardial ischemia, 36 were
selected according to the following criteria: previous non-Q myocardial
infarction, normal QRS, negative T waves in 2 or more ECG leads and no
significant ST segment depression or elevation at rest or during stress. Diagnosis
of ischaemia relied upon the occurrence of reversible perfusion defects by
scintigraphy and stress-induced wall motion abnormalities by echocardiography.
During the test TWN (defined as negative T wave becoming upright in one or
more ECG lead) occurred in 20 patients (group 1), while in 16 patients T
waves remained negative (group 2). The prevalence of ischaemia was higher in
group 1 than in group 2 both by scintigraphy (85% vs 38%, p=0.004) and by
echocardiography (70% vs 32%, p=0.02). The sensitivity, specificity and
accuracy of TWN for the detection of ischaemia were 74%, 77% and 75% by
SPECT and 74%, 65% and 69% by echocardiography respectively.
Conclusion: In patients with non-Q myocardial infarction and suspected
myocardial ischaemia, TWN without concomitant ECG changes during DST is
associated with a higher prevalence of ischaemia compared to patients with

! Eur Heart J; in press.
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persistent T wave inversion. This ECG finding should not be disregarded as a
marker of ischaemia in that particular patient population,

Key Words: Dobutamine stress echocardiography, SPECT perfusion imaging,
T wave normalization, Myocardial ischaemia.

INTRODUCTION

Conflicting results have been described on the functional significance
of the normalization of inverted T waves in the electrocardiogram during
exercise stress test (1-5). In particutar, some studies have demonsirated that T
wave normalization (TWN) has a low specificity for myocardial ischaemia (4,5).
Therefore, some authors have proposed that in addition to myocardial ischaemia
a direct "neurogenic" mechanism due to sympathetic stimulation may be
responsible of TWN (6,7). Dobutamine is a sympathomimetic agent used for
pharmacological  stress  testing (8-12). The observations on the
electrocardiographic changes during dobutamine stress test have been confined
to the classical ST segment depression and/or elevation (8,9) with no available
data regarding the prevalence and the functional significance of TWN during
dobutamine stress test in absence of concomitant ST segment changes. Patients
with non-Q wave myocardial infarction frequently exhibit negative T waves on
baseline electrocardiogram, The significance of normalization of negative T
waves during stress in these patients has not been evaluated. Therefore, the aim
of this study was to evaluate the relationship between TWN during dobutamine
stress test and stress-induced ischaemia assessed by simultaneous debutamine
stress echocardiography and single photon emission computed tomographic 201
thallium or 99m MIBI imaging in patients with previous non-Q myocardial
infarction undergoing dobutamine stress test for diagnostic evaluation of
myoccardial ischaemia.

METHODS
Patient selection

The study group comprises 36 out of 520 consecutive patienis referred
for the nuclear imaging laboratory of our institute for the diagnosis or the
functional assessment of coronary artery disease who underwent dobutamine
siress test in conjunction with echocardiography and 201 thallium or sestamibi
SPECT, They fulfilled the following criteria: [) a previous myocardial
infarction based on the typical history of chest pain and a diagnostic rise {at
least twice the normal values) of the serum creatine kinase, Infarction was
recent (<1 month) in 12 patient (33%). 2) normal QRS defined as absence of
pathological Q waves, ventricular hypertrophy or bundle branch block. 3)
normat ST segment both at rest and at peak stress defined as absence of =1 mm
ST segment depression or elevation. 4) negative T waves at rest in = 2 leads.
Mean age was 59 + 11 years. There were 25 men. At the time of the study 19

14



patients were treated with beta-blocking agents.

Dobutamine stress test

Dobutamine was infused through an antecubital vein starting at a dose
of 10 pg/kg/min, increasing by 10 pg/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 their age predicted maximal heart rate. The ECG (3 leads) was
monitored throughout dobutamine infusion and a {2-lead ECG was recorded
each minute. Cuff blood pressure was measured every 3 minutes, The test was
interrupted prematurely if severe chest pain, sigaificant ventricular or
supraventricular arrhythmia or systolic blood pressure fall of >40 mm Hg
occurred during the test.

SPECT imaging
Approximately 1 minute before the termination of the stress test, an

intravenous dose of 370 MBq of sestamibi (8 patients) or 74 MBq of thallium
(28 patients) was administered, The acquisition of stress SPECT imaging was
started immediately after thallium injection and one hour after sestamibi
injection. For the resting studies, 370 MBq of MIBI were injected 24 hour after
the first study. Resting thallium studies were acquired 4 hours after the test, 30
min after the reinjection of 37 MBq of thallium. Image acquisition and
interpretation were performed according to a previously described protocol (11).
Shortly, The left ventricular images were divided into 6 scgments; anterior,
lateral, infero-posterior and septal (subdivided in anterior and posterior septum)
and apical. A persistent perfusion defect on both stress and resting imaging was
classified as fixed. A reversible defect was defined as a perfusion defect on
stress images that partially or completely resolved at resting imaging. This was
considered diagnostic of ischaemia. The interpretation of the scan was
semiquantitatively performed by visual analysis assisted by the circumferential
profiles analysis. To assess the extent and severity of hypoperfusion, each of
the 6 major left ventricular segments was scored on a 4 grade score where (0 =
normal and 3 = severely reduced or absent uptake. Perfusion score was derived
by the summation of the individual score of the 6 myocardial segments for both
rest and stress imaging. The difference between stress and rest score (ischemic
score) was considered represemtative of the total amount of stress-induced
hypoperfusion and presumably myocardial ischaemia.

Stress echocardiography

Stress echocardiography was performed in all patienis according o a
previously described protocol (i1). For both rest and stress studies, left
ventricular wall was divided into 16 segments and scored using a 4-point scale
of wall motion and thickening, where 1=normal, 2=hypokinesis, 3 =akinesis
and 4 =dyskinesis. The diagnosis of ischaemia was based on the occurrence of
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new or worsening wall motion abnormatities during the test in one or more
segments, Wall motion score was derived by the summation of individual scores
of the 16 segments at rest and at peak stress. The difference (A) between peak
and rest wall motion score was used as a global measure of stress-induce left
ventricular dysfunction and presumably ischaemia, The overall outcome of stress
with the 2 imaging modalities was expressed as normal, ischaemia (new wall
motion abnormalities or transient perfusion defects), infarction (fixed wall
motion abnormalitics or fixed perfusion defects) or infarction+ischaemia
(worsening of resting wall motion abnormalities or partially reversible defects).

Coronary angiography: Coronary angiography was performed, using the Judkins
technique, within 3 months of the stress test, in 24 patients. Significant coronary
artery disease was defined as a diameter stenosis =50% in one or more major
epicardial arteries.

Electrocardiographic localization of abnormalities: To correlate the location of

electrocardiographic abnormalities with scintigraphic, echocardiogarphic and
angiographic abnormalitics, 2 electrocardiographic sites were considered: 1)
anterior (leads V1-V4) which was assigned to the anterior wall, septum and apex
and to the left anterior descending coronary artery . 2) infero-lateral
(ILIII,aVE,I,aVL,V5,V6) which was assigned to the lateral, and infero-posterior
wall and to the left circumflex and the right coronary artery.

Statistical analysis: Unless specified, data are presented as mean values + SD.
The chi square test and Fisher exact test were used to compare differences
between proportions. The Student ¢ test was used for analysis of continuous
data. A p<0.05 was considered stafistically significant. Results were
represented with the corresponding 95% confidence interval.

RESULTS

No serious complications occurred during the test. Heart rate increased
from 65 + 12 to {31 + 13 beats/min at peak stress (p <0.001} and systolic
blood pressure increased significantly from 127 4 20 to 141 4 25 mm Hg
(p <0.005). Atropine was administered in 22 patients. Typical angina occurred
during the test in 13 patient. Based on the changes of T waves during
dobutamine stress test, patients were divided in 2 groups, group | (n=20) with
TWN and group 2 (n=16) with persistent negative T waves. The demographic
data, stress test results and coronary arteriography findings in 24 patients are
summarized in Table [. Peak rate pressure product was similar with or without
TWN (19,650 + 4,960 vs 17,275 + 4,168, p = NS). Age, gender, beta
blocker therapy and proportion of patients with a recent myocardial infarction
were not significantly different in the two groups.
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Figure 1. Distribution of the perfusion patterns in patients with (open bars)
and without {dashed bars) T wave normalization, FPD = fixed perfusion
defects; RPD = reversible perfusion defects.

SPECT results: The distribution of the scintigraphic patterns in patients with and
without TWN is depicted in Figure 1a, Consistent with the history of previous
myocardial infarction, few patients had a normal resting scan. The prevalence
of an ischemic pattern on stress scintigraphy was higher in patients with than
patients without TWN. Reversible perfusion defects occurred in 17 out of 20
patients with TWN (85%) and in 6 out of 16 (38%) without TWN (p=0.004).
Ischemic score was significantly higher in patients with TWN (table II). In
patients with TWN and ischaemia on SPECT, reversible perfusion defects
occurred in myocardial segments corresponding to ECG sites of TWN in 15 of
17 patients (88 %).

Stress Echocardiography: The distribution of the echocardiographic patterns in
patients with and without TWN is depicted in Figure 1b. Consistent with the
history of myocardial infarction and SPECT findings, few patients had a normal
resting echocardiogram. New or worsened wall motion abnormalities occurred
in 14 out of 20 patients with TWN (70%) and in 5 out of 16 (32%) without
TWN (p=0.02). A wali moticn score was significantly higher in patients with
TWN (table II). In patients with TWN and ischaemia on echocardiography,
stress-induced wall motion abnormalities occurred in myocardial segments
corresponding to ECG sites of TWN in 12 of 14 patients (86%).In the 36
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patients studied, 30 had resting wall motion abnormalities. Worsening of these
abnormalities at peak stress was more frequent in patients with TWN: 11/16
(69%) vs 4/14 (29%), p = 0.03. Reversible perfusion defects occurred in the
corresponding myocardial segments (on the 6 segment model) with baseline
dyssynergy on echocardiography in 15 of 30 patients. The prevalence of these
defects was significantly higher in patients with TWN: 12/16 (75%) vs 3/14
(21%), p = 0.005. The correlation between TWN, transient perfusion defects
(scintigraphic "ischaemia") and new or worsening wall motion abnormalities
(echocardiographic "ischaemia"} is shown in Figures 2a and 2b. The diagnostic
accuracy of TWN to predict the echocardiographic and scintigraphic ischaemia
is summarized in table IIL.

]
% of patients
80 no TWN

60+ y
407 /
20% /

7  —

Normal Infarction tschemia

Infarction
+ ischemia

Figure 2. Distribution of the echocardiographic patterns in patients
with (open bars) and without (dashed bars) T wave normatization.

Coronary angiography: Group 1 (patients with TWN): Significant coronary
stenosis was detected 12 of the 14 patients who underwent coronary
angiography; 6 patients had a single vessel disease, 4 had 2 vessel disease, and
2 had 3 vessel disease. The remaining 2 patient had <509% lesions in the left
anterfor descending coronary artery. All patients with significant coronary
stenosis had TWN in a corresponding myocardial segment. Group 2 (patients
without TWN): Significant coronary stenosis was detected in 8 of the 10 patients
who underwent coronary angiography; 5 patients had a 2 vessel disease, and |
had 3 vessel disease. One patient had <50% lesions in the LAD and the RCA
and the remaining patient had a normal coronary angiogram.
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TABLE 1 DEHIDWMWWMM
M| o, | B | B | BRE | BB | M|
[ 2 2 125 170/85 A 2 RCA
2 L2 1.2 14G 18G/7¢ & i RCA
3 2 2 130 160/115 2 2 Cx, BCA . |
5 L2 2 128 100165 2 2 LAD
4] 2 2 122 | §80/80 1 i LAD, Cx, RCA
1 1.2 1 137 160160 i 0 LAD <50%
8 2 i 137 145790 [ 1 LAD, Cx
9 L2 L2 150 85751 1.2 I LAD
10 1.2 1.2 152 | 171/75 1.2 1.2 _RCA. Cx. |
il L2 I 162 164476 i 0 LAD <50%
12 2 2 152 151480 2 J.2 RCA.LAD. Cx
i3 2 2 9% [28/79 2 2 -
14 1.2 2 142 121475 2 2 Cx
13 1 1 142 127/66 i) L] -
16 1 1 [34 105(52 1 ] LAD
17 1 1 136 138/73 H i -
18 [.2 1.2 125 143/80 L2 1.2 -
19 L2 1.2 135 138/88 1.2 1 -
20 2 2z 131 2 2 -
21 1.2 g 110 160476 1] (1] -
22 A 4] 160 120/80 { 1] -
23 ' 0 110 140/90 0 1]
24 1.2 [ tmn 135/80 2 0 RCA <50%
25 1.2 0 [36 190/70 4] 0 -
26 1.2 4] 20 L00/80 2 )] LAD
27 2 1] 128 | 128170 0 1 LAD. Cx
28 2 0 148 140/58 1.2 0 -
29 2 Q 125 [30/73 2 2 LAD
J0 12 0 20 jaose 3 1.2 1 -
31 2 [\ 143 145/101 1] I LAD, RCA
Ky 2 0 139 90154 [t} 0 LADL Cx, RCA
33 1.2 g 124 (24058 | G Q LAD
2 0 127 130/80 0 1] RCA
512 [\} 133 125/70 1.2 L2 nommal
%guon 112 anterior; meero Tateramg—_abs 20183 cft anlerior e?cendmg, x=circumitex; RCA=

coronary arlery; WMA =wall mation a

bnormahues HR hcart rate; BP=blood pressure; + present;

petformed; RPD =reversible perfusion defect; bpm=beats per minute; TWN=T wave normalization.
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Table II. Wall motion and perfusion score at rest and peak stress with and
without T wave normalization (TWN).

TWN no TWN P value
Rest wall motion score 21.0 + 4.2 274+ 73 NS
Peak wail motion score 23.1 + 6.4 219+ 53 NS
A wall motion score 214+£39 0.2 + 2.1 0.03
Stress perfusion score 7.15 + 4.6 5.25 + 4.2 NS
Rest perfusion score 39433 3.8 4 3.6 NS
A perfusion score 33429 1.5 +23 0.04

A = stress-rest

TABLE III. Diagnostic accuracy of T wave normalization to predict
reversible perfusion defects (RPD) and stress-induced wall motion
abnormalities (WMA) % and 95% C.I., (confidence intervals).

RPD WMA
% 95% C.L % 95% C.L
Sensitivity 74 60-88 74 59-88
Specificity 77  63-91 65  59-80
Accuracy 75 61-89 69  54-84
Positive predictive value 85 73-97 70 55-85
Negative predictive value 63  47-78 69  54-84

DISCUSSION

The results of dobutamine stress test mostly rely on the interpretation
of different imaging modalities, since ST-segment changes have been reported
to be less accurate for the diagnosis of coronary artery disease (9). However,
no information are available on the functional significance of TWN during
dobutamine stress test. The data available based on exercise stress test mostly
indicate a poor positive predictive value and a low specificity for myocardial
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ischaemia. However, such data were obtained in non homogeneous populations
with different prevalence of coronary disease, often with concomitant ECG
abnormalities, and different reference methods for ischaemia (1-5). All these
factors make the comparison difficult between the previous data and those in the
present study. Since the mechanism of TWN can be related to myocardial
ischaemia but also to the direct effect of the sympathetic stimulation in otherwise
normal myocardium (6,7), it can be expected that TWN is more frequently
related to ischaemia in a population with proven coronary disease. The results
of the present study, including a well defined homogeneous population and state-
of-the-art methods for the noninvasive functional assessment of myocardial
ischaemia (9-12), confirm this hypothesis. Indeed, we found a strong association
between TWN and the imaging markers of myocardial ischaemia in particular,
a high positive predictive value of TWN (85%) for the presence of reversible
perfusion defects was detected. The specificity of TWN was slightly higher for
the detection of transient perfusion defects than new wall motion abnormalities
(Table II). This can be explained by the known higher prevalence of perfusion
defects compared to wall motion abnormalities (11). This is due to the fact that
perfusion scintigraphy may detect both malperfusion and true ischaemia. In
contrast, stress echocardiography is more specific for true myocardial ischaemia.

The high prevalence of myocardial ischaemia in segments with baseline
dyssynergy both by echocardiography and SPECT in patients with TWN
compared to patients with persistent negative T waves is an indicator of the
presence of jeopardized viable myocardium in the peri-infarction zone. This is
supported by the agreement between the sites of TWN in the ECG, myocardial
ischaemia and coronary stenosis. We have previously reported that in patients
with recent myocardial infarction, T wave normatization at low dose dobutamine
infusion is a predictor of myocardial viability and spontaneous improvement of
function (13). The results of both studies underscore a relation between TWN
and two different signs of myocardial viability: spontancous recovery of function
of the smunned myocardium and peri-infarction ischaemia in a stunned or
hibernating myocardium subtended by a stenosed coronary artery.

Limitations of the study
We have evaluated a patient population with a previous myocardial

infarction and suspected myocardial ischacmia. A high prevalence of ischaemia
would be expected in such population. However, specificity of TWN in our
study was derived from a control group with persistent negative T wave and
similar clinical characteristics. To our knowledge, no previous study utilized a
similar approach to derive specificity of TWN. Coronary angiography was not
used as a gold standard. However, the aim of the study was to assess the
refationship between TWN and stress-induced ischaemia using accurate markers
of ischaemia which have been previousty validated (7-9) rather than defining the
relation with coronary anatomy. A significant coronary stenosis, particularly in
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infarct related artery may not necessarily be associated with stress-induced
ischaemia. Furthermore, non-invasive stress testing is frequently used to assess
the functional significance of a documented coronary stenosis in patients with
previous myocardial infarction.

In conclusion, in patients with previous non-Q wave myocardial
infarction, isolated TWN during dobutamine stress test is associated with the
presence of echocardiographic and scintigraphic myocardial ischaemia. In this
specific group of patients, this ancillary electrocardiographic pattern should not
be disregarded as an indicator of myocardial ischacmia in cases with poor or
difficultly interpretable cardiac stress images.
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CHAPTER 4

Reprinted with permission from the Am J Cardiol

Stress-Induced Left Veniricular Bysfunction
in Silent and Symptomatic Myocardial
ischemia During Dobufamine Stress Test

Abdou Elhendy, MD, Marcel L. Geleijnse, MD, Jos R.T.C. Roslandt, MD, PhD,
Jan H, Corne!, MD, Ron T. van Domburg, MSe, and Paclo M. Fioretfi, MD, PhD

The extent and severity of dobutomine-induced left ven-
triculor fLv} nction with and without angina were
evaluated in 105 conseculive patients with significont
coronary ortery disease anda positive dobutomina stress
echocurdiogmﬂ:ic lest, defined as new or worsening
wall motion o fifies during high-dose dobuta:
mine stress {up to 40 pg/kg/min). Walt motion score
{WMS) was derived using a 16-segment, d-grade scor-
ing method, difference between siress and rest
WMS {AWMS) was derived as o global measure of
stress-induced LV dysfunction. Typkeal angina occurred
in 61 patients {58%) during the test, There was no sig-
nifku:;fﬁﬁfemmc betwsen patients with or \::;ﬁwul an-
gina with respact 0 age, gender, preval previous
21fyocurﬂiof Hurdio?muhhemi disease, or number
:iuh:sod aorz):cry :frlerli.'es. Puﬁe;ﬂs with u;;gfl‘:a htﬁ:
o higher prevolence of a history of angina re
teslrglles!, stress, and AWMS:oanmber and distribution

of ischemic segments, and number of segments with an
increase in regional WMS of 22 were not significantly
different in patients with or without angina. $T-segment
ssion was more frequent in patienfs with engina
{56% vs 29%, p <0.05), Palients with {vs those with-
oult $T-segment depression had a significantly higher
number of ischemic segments with normal baseline con-
traction, an equal tolal number of ischemic segments,
and a similar AWMS, 1t is concluded that in palients
with anatomically and functionally significant coronary
artery disease, the amount of stress-induced 1V dys-
function evoluated by dobutamine shress echocardiog-
raphy is similar in palients with or without angina, $T-
segmen? depression is more commen in pofients with
angina and is associoted with more extensive ischemic

in normally contracting segments al rest,
{Am J Cardiol 1995,75:1112-1115)

ilent ischemia may be expressed as asymptomatic

ST-segment depression, reversible perfusion de-
fects, or transient wall motion abnormalities in patients
wilh corenary artery disease.’"!! Available data regard-
ing the influence of the severity of ischemia on the devel-
opment of pain are conflicting.'* The dobutamine stress
test (DST) is an accurate method for the fupctional eval.
uation of patients with known or suspecied coronary
arlery disease, especially in those with lmiled exercise
capacity.'-¥ It has been reporied that ischeria, mani-
fested as transient wall motion abaormalilies during a
DST, may occur without symptoms.'>1 However, it is
not known if there is a dilference in the amount of abnor-
mally contracting myocardium in patients with or with-
out angina during a positive DST. The latter is impor-
1ant for prognostic stratification.'>!6 Consequently, the
aim of this study was to compare the clinical character-
istics and extent of myocardial ischemia during a posi-
tive DST in patients with or without angina.

METHODS

Potient population: The study population comprised
105 conseculive patients with significant coronary artery
disease and a posilive dobulamine stress echocardiograph-
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mus University, Roterdom, The Netherdands. Dr. Edendy is support
ed by the Degf‘-‘menl of Cordology, Coto Uniersity Hospital,
Caito, Egypt. Dr. Geleijnse is suppored by Grant NHS 64,135

from the h Head Foundoton, den H:;? he Methedands Mony
script received Janvary &, 1995; revised manvscript received ard
accepled Mach 9, 1995,

Address for reprints: Paclo M Fioreti, MD, PAD, Tharascenter, Ba
300, Dr Molewotarplein 40, 3015 GD Rorerdam, The Netherlands

ic test, defined as new or worsened wall motion abnor-
malities during a DST. All patients had a limited exer-
cise capacily and were referred for a DST for diagnostic
evaluation of myocardial ischemia. Significant coronary
artery disease was defined as 250% luminal diameter
stenosis of 21 major coronary artery detected at angiog-
raphy within 3 months of a DST,

Mean age was 60 + 9 years; 83 patients (79%) were
men, Seventy-two patients (695} had a previous myo-
cardial infarction,

‘Fhe baseline electrocardiogram was interpretable for
ischenia in 92 patients {absence of elecirocardiograph-
ic evidence of left ventricular [LV] hypertrophy or bun-
dle branch block). Eighty-two patients (785%) were
receiving antianginal medications; 50 of them were 1ak-
ing beta blockers. A history of typical exerlional angina
in the pretest period was obtained in 5t patients (49%).

Dobutamine stress besk Dobutamine was infused as
an incremental dose of 10 pgfkg/min every 3 minutes to
a maximum of 40 pg/kg/min. Atropire (up to 1 mg) was
given to patients not achieving 85% of their age-pre-
dicted maximal heart rate. The elecirocardiogram was
monitored throughout dobutamine infusion and a 12-lead
electrocardiogram was recorded each minute.

Echocardiographic images weve acquired at rest and
during the test and recovery. For both rest and stress stud-
ies, the LV wall was divided into 16 segments and scored
using a 4-point scale of wall motion and thickening: 1
= normal, 2 = hypokinesia, 3 = akinesia, and 4 = dys-
kinesia. The diagnosis of ischemia was based on the oc-
currence of new or worsening wall motion abnormali-
ties during DST. Wall motion score (WMS) was derived
as 4 measure of global LV function by summution of the
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TABME | Clinical Charaeteristics of Patients With and Without Angina During o Posifive
Dobutamine Stress Echocardiographic Test
ina Silent
In = 61} {r = 44}

Age {yr} 61 58
Mals gender 50 (82} 3375
Betoblocker thetapy 27 {44) 23 (52)
History of ongina pectoris 36 (59} 15 (34)*
Previous myocordiol infarction 40 {64) 32 72}
HMohivessel diseass 43 (70 25 {57}
Mo. of diseosed arteries 21 +08 1909
Peak heod eata (beats/min) 131216 141 2 10!
Peak systolic blood peassura fmm Hg) 139 2 26 133 2 29
Peok roteprasswe product 18,215 » 3,970 18,834 1 3,892
Peak dobutaming dose (ng/kg/min) B7 k1]
Akopine administration 29 {48) 23 {52
Atrgpine dota {mg/patisn)] 0.4 203 0.7 +03
$T-4sgment deprassion? 30/54 {54) £1/38 (29)*

*p <Q.05; Tp <Q.0005,

Hohues derived from interpretobla slactrocardiogroms.

Vahott ora exprarssd o3 nomber {5} or mean £ 50.

score of the 16 segments both at rest and at peak stress.
The difference between stress and rest WMS (AWMS)
was used as a global measurement of the amount of
stress-induced LV dysfunction. image interpretation was
performed by 2 experienced observers without the
knowledge of the patients’ elinical data. In case of dis-
agreernent, a thied investigator reviewed the images and
a majority decision was achieved. In our laboratory, in-
ter- and intraobserver agreement for stress echocardio-
graphic assessment are 91% and 92%, respectively.”?

The test was interrupted if severe chest pain, $T-seg-
ment depression >2 mm, ST-segment elevation >2 mm
in patients with normal baseline efectrocardiogram, sig-
nificant ventricular or supraventricular arthythmia, or a
systolic blood pressure decrease of >40 mm Hg occurred
during the test.

Stotistical analysis: Unless specified, data are present-
ed as mean + SD. The chi-square and Fisher's exact tests
were used to compare differences between proportions.
Student's ¢ test was used for analysis of continuous data.
A p value <0.05 was considered statistically significant.

RESULTS

The test was performed in all patients without seri-
ous complications, The test was interrupted premature-
ly before reaching the maximal dose or the target heart
rate in 18 patients. Reasons for premature termination of
the test were angina (n = 93, 8T-segment depression {n
= 3), and hypotension (n = 6). The test was not inter-
rupted because of stress-induced wall metion abnor-
malities in any patient. Typical angina was provoked in
6l patients (58%) during the test. The remaining 44
pattents (42%) were considered to have silent ischemia.
Age, gender, prevalence of previous myocardial infarc-
tion, diabetes mellitus, hypertension, smoking, multi-
vessel disease, and number and distribution of stenosed
coronary arteries were ot sipnificantly different between
both groups. Clinical characteristics of both groups are
listed in Tabie L

Patients with dobutamine-induced angina had a high-
er prevalence of typical effort angina before the test (59%

TABLE | Echocordiogrophic Findings of Patients With ond Wik
out Angine During a Positive Dobutomine Stess Echocardio-
grophic Tes!

Angino Sitent
n = 61} (= 4dy
Rast WS 8627 243+ 4
Skess WIS 28018 79+7
AWMS 4423 362
Total no. of ischamic segmants 33122 281:2
Mo, of ischemic segments with 1519 14215
ssynergy of resf
No(.’yof {schemlic sagments 182 1.9 bd 212
normol of resf
No. of segments with 033208 02505

reglonal AYWMS 22

Yolues oce exprasisd a3 maon + $D.
WIS = wll motion score; AYWMS = differance batwaan siress ond rew

woll mofion score.

vs 34%, p <0.03). There was no significant dilfe{ence
between both groups with respect to the use of antiang-
inal medication at the time of the test, the use of atropine,
peak dobutamine and atropine doses, or peak systolic
blood pressure. Peak heart rate was significantly lov.:er
in patients with angina (131 £ 16 vs 141 £ 10 beats/min,
p <0.0005), However, peak rate-pressure prpducl was not
significantly different in patients with or without angina.
ST-segment depression (21 mm horizontal or down-
stoping depression 80 ms after the J point below the rest-
ing baseline level) occumed in 41 of the 92 patients
{45%) who had an interpretable e!ecuucardiogmm. S’I‘
segment depression was more frequent in patients with
angina (56% vs 29%, p <0.05). L
Stress achocardiography: There was no significant
difference between patients with or without angina with
respect 1o rest WMS (23.6 £ 7 vs 24.3 £ 6), stress WMS
(28 £ 8vs27.9 2 7), AWMS (44 £3 vs 3.6 + 2), num-
ber of overall ischemic myocardial segments (3.3 £2 vs
2.8 + 2), ischemic segments with an increase in region-
al score of 22 during stress (0.33 + 0.8 vs 0.25 = Q.5),
ischemic segments with normal baseline contractioh (L8
£ 1.9 vs 1.4 + 1.2), or ischemic segmenis exhibiting dys-
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synergy at rest {L.5 £ 1.9 vs 1.4 = 1.5). The difference
was still not significant after exclusion of patients whese
test was interrupled before reaching the target heart rate.
Distribution of ischemia in the vascular temitories of
individual coronary arteries was not different with or
without chest pain. Reclassification of patients defining
silent ischemia as absence of both angina and ST-seg-
ment depression did not alter the comparable findings of
rest, stress, and AWMS, and number of ischemic seg-
ments In the sifent and symptomatic groups. Echocar-
diographic findings of both groups are fisted in Table 1L.

In patients with an interpretable electrocardiogram,
there was no significant difference between patients with
or without ST-segment depression with respeet to rest
WMS (232 +6vs 234 £ 7), stress WMS (27427 vs
26.6 + B), AWMS (4.2 £ 2.5 vs 3.3 £ 2.5, or total num-
ber of ischemic segments (3.6 £ 2 vs 2.9 £ 1.9). ST-seg-
ment depression was associated with a significantly high-
er number of ischemic segments with normal baseline
contraction (2.3 £ 2 vs 1.3 x 1.4, p <0.05),

DISCUSSION

The resulis of our study are derived from a popula-
tion with inadequate exercise capacity undergoing a DST
for diagnostic evaluation of myocardial ischemia. Our
data show that in patients with anatomically and func-
tionally significant coronary artery discase documented
by coronary angiography and a positive dobutamine
stress echocardiographic test, the occurrence of angina
during the test is not related to the extent or the severi-
ty of stress-induced LV dysfunction of the extent of coro-
nary artery disease, Angina was more likely (o occur in
patients with a history of angina in the pretest period.
Patients with or without angina have otherwise compa-
rable clinical characteristics. ST-segment depression was
mofe common in patients with angina and was associ-
ated with a higher extent of stress-induced LY dysfunc-
tion in myocardial segments with normal baseline con-
traction. However, the overall extent and severity of
stress-induced LV dysfunction were not significantly dif-
ferent with or without ST-segment depression.

Comporison with previous studies: Some investigators
have reported a greater exient and severity of ischemia
in symptomatic patients than in those with silent ische-
mia. Iskandrian and Hakki?® reported that angina corme-
lated with more severe deterioration of regional function
using first-pass radionuclide ventriculography. Travin et
al* reported that patients with exercise-induced thallium
redistribution without angina had less ischemia than
patients with angina. Klein et al' reported that the induc-
tion of chest pain is associated wilh more extensive thal-
lium perfusion abnormalities when analyzed in a broad-
spectim population with coronary artery disease. The
analysis of chest pain tended to lose its value when it
was restricled to a coronary artery disease population
with a greater prior likelihood of inducible ischemia.

In contrast, numerous sudies have failed to find a dif-
ference in the amount of ischemic myocardium between
patients with sitent and symptomatic ischemia during
exercise siress testing.>?

The diagnosis of ischemia by myocardial perfusion
scintigraphy relies on the detection of stress-induced
hypoperfusion®?§; however, this does not always signi-
fy ischemia. Stress-induced LV dysfunction, which rep-
resents frue ischentia, can be accurately detected by
echocardiographic evaluation of wall motion and thick-
ening during stress fest. Silent ischemia during exercise
stress lesting was evaluated by echocardiography only
in 2 studies. Marwick et al® reported a similar extent and
severily of exercise-induced wall motion abnormalities
and a similar prevalence of ST-segment depression in
patients with or without chest pain. However, evaluation
of wall moticn immediately after exercise may not allow
for evaluation of peak ischemic burden in these patients
becavse of a possibly rapid, complete, or panial recov-
ery of wall motion in the immediate postexercise peri-
od. In our study, symplomatic ischemia was associated
with a higher prevalence of ST-segment depression than
silent ischemia. This finding may suggest a common
patiiway for both the electrcal and painful response to
ischemic stimulus.? Qur findings are consistent with oth-
er reports that deseribed a higher prevalence of ST-seg-
ment depression in patients with versus without angina
during ischemic episodes. 78

Hecht et al® concluded that exercise-induced ST-seg-
ment depression is the single most significant variable
related to’ the amount of ischemia evaluated by supine
bicyele stress echocardiography, and that exercise chest
pain had no significant relation. Tn our study, ST-seg-
ment depresston was associated with more extensive is-
chemia in myocardial segments with normal baseline
conteaetion. However, the total number of ischemic seg-
ments as well as the AWMS were not significamtly dif-
ferent with or without ST-segment depression. This may
be explained by a lower sensitivity of $T-segment de-
pression for detecting ischemia in segments with base-
Jine dyssynergy. The greater the amount of ischemic seg-
ments with normal baseline contraction, the more chance
of involvernent of more “ron-electrically silent areas” of
miyecardium, and consequently the development of ST-
segment depression, The discrepancy between our find-
ings and those of Hecht e1 al may be explained by a dif-
ference in the relative proportion of normat and dys-
synergic segments at rest that devetoped ischemia during
strgss,

Dobutamine stress echocardiography allows evalua-
tion of regional wall motion and thickening in multiple
planes during peak stress without the interference of
rapid respiratory movements as with exercise. We are
not aware of other studies in which the relation between
chest pain and ST-segment depression and the extent and
severity of dobutamine-induced LV dysfunclion were
studied in patients with coronary artery disease and a
positive dobutamine stress echocardiographic test,

Clinicol implications: The absence of chest pain dur-
ing a positive dobutamine stress echocardiographic test
should not be interpreted as evidence of less severe is-
chemia. Conscquently, greater attention should be paid
to the amount of stress-induced myocardiul dysfinciion
in the management of patients with a positive test rather
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than to the occurrence of symploms. The prognostic sig-
nificance of sitent wall motion abnormalities induced by
dobutamine stress remains to be determined.

Study limitations: Despite the fact that echocardio-
graphic evaluation of wall molion is an accurate method
for evaluating the extent of siress-induced ischemia,
eviluation of the severity of wall motion abnormalities
relies upon a semiquantitative visual analysis of images.
However, this is the routinely applied methed in most
clinical laboratories. Most patients were receiving anti-
anginal medication, which may have decreased the
prevalence of angina or ST-segment depression and
influenced the extent and severity of ischemia, Never-
theless, the percentage of patients with or without angi-
na who received medication was net different, and the
effect of medications in both groups can be expected to
be similar.
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CHAPTER 5

ALTERED MYOCARDIAL PERFUSION DURING
DOBUTAMINE STRESS TEST IN SILENT VERSUS
SYMPTOMATIC MYOCARDIAL ISCHEMIA ASSESSED BY
QUANTITATIVE SPECT IMAGING!
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From the Thoraxcenter and the Department of Nuclear Medicine, University
Hospital Rotterdam-Dijkzigt and Erasmus University, Rotterdam, The
Nethertands.

ABSTRACT

Aim of the study was to compare the extent and severity of reversible
underperfusion in silent versus painful myocardial ischemia during dobutamine
stress test. A consecutive series of 161 patients with significant coronary artery
disease and reversible perfusion defects on 201 thallium or 99m technetium
MIBI SPECT performed at rest and at high dose dobutamine stress (up to 40
pg/kg/min) were studied. The left ventricle was divided into 6 segments.
Ischemic score was derived by subtracting rest from stress defect score using
quantitative measurements. Results were derived separately for MIBI and
thallium studies. Patients with multivessel disease had a higher ischemic score
and a higher number of reversible perfusion defects than patients with single
vessel disease, Typical angina occurred in 82 patient (51%) during the test.
There was no significant difference between patients with or without angina with
respect to age, gender, peak rate-pressure product, prevalence of previous
myocardial infarction, diabetes mellitus, multivessel discase, number of stenotic
coronary arteries or the percentage diameter of the most severe stenosis. Stress,
rest, and ischemic score as well as number and distribution of reversible defects
were not different with or without angina. Patients with angina had more
frequently a history of typical angina before the test (67% vs 38%, p <0.0005)
and ST-segment depression during the test (50% vs % 33%, p<0.01). It is
concluded that in patients with coronary artery disease and ischemia detected by

! Submitted for Publication. Presented in part at the 68th Scientific
Sessions of The American Heart Association, Anaheim, California.
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dobutamine scintigraphy, the extent and severity of coronary actery disease and
myocardial perfusion abnormalities are similar with or without angina during
stress testing,

Key words: Silent ischemia, dobutamine stress test, SPECT imaging.

INTRODUCTION

Pharmacological stress testing with dobutamine is increasingly used for
non-invasive diagnosis and evaluation of coronary artery disease in patients with
suspected myocardial ischemia and inadequate exercise capacity (1-8). The
induction of myocardial ischemia with dobutamine infusion is mainly due to an
increase of myocardial contractility and heart rate (9). Dobutamine was also
reported to induce coronary blood flow heterogeneity (10). Recent studies
showed that dobutamine stress test in conjunction with 99m technetium MIBI or
201 thallium single photon emission computed tomographic imaging is an
accurate method for the diagnosis and localization of myocardial ischemia and
coronary artery disease based on the detection of reversible underperfusion (3-
8). The latter was shown to be more sensitive than angina and ST-segment
depression (3-8). However, the extent and severity of dobutamine-induced
underperfusion has not been compared in presence or absence of concomitant
angina. Since recent studies have shown that the extent and severity of exercise-
induced underperfusion have an impact on the prognosis (11-12), identification
of stress test variables associated with more severe perfusion abnormalities is
a clinically relevant issue, Therefore, the aim of this study was to assess the
extent and severity of dobutamine-induced perfusion abnormalities with or
without angina during dobutamine stress test in patients with coronary artery
disease.

METHODS
Patient population

The study population was derived from a consecutive series of patients
with limited exercise capacity referred to the nuclear imaging faboratory of our
canter for diagnostic evaluation of myocardial ischemia. All patients underwent
dobutamine stress test in conjunction with 99m-technetium MIBI or 201 thallizm
SPECT. One hundred sixty one patients were included according to the
following criteria: 1) significant coronary artery disease defined as >50%
diameter stenosis of one or more major epicardial arteries. 2) the occurrence of
myocardial ischemia during the test defined as reversible perfusion defects on
MIBI or thallium SPECT in the distribution of =1 stenotic coronary artery.
Mean age was 59 £+ 10 years; 129 (80%) were males. A history and/or an
electrocardiographic evidence of a previous myocardial infarction were present
in 105 patients (65%). Nine patients had left ventricular hypertrophy and 18 had
left bundle branch block by electrocardiographic criteria. The remaining 134
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patients (83%) had a resting electrocardiogram interpretable for ischemia. A
history of typical effort angina before the test was obtained in 85 patients
(53%). On the day of the test, 120 patients (75%) were receiving antianginal
medication; including beta blocker therapy in 62.

Dobutamine stress test _

Dobutamine was infused through an antecubital vein starting at a dose
of 5 pg/kg/min for 3 minutes, 10 pg/kg/min for 3 minutes, increasing by 10
pg/kg/min every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up to 1
mg) was given in patients not achieving 85% of their age predicted maximal
heart rate (5). The electrocardiogram was monitored throughout dobutamine
infusion and recorded each minute. Cuff blood pressure was measured every 3
minutes, Significant ST-segment depression was defined as = 1mm horizontal
or downsloping depression 80 ms after the J point, below the resting baseline
level, The test was interrupted if severe chest pain, ST-segment depression > 2
mm, ST-segment elevation >2 mm in patients without previous myocardial
infarction, significant ventricular or supraventricular tachyarrhythmia or systolic
blood pressure fall of >40 mm Hg occurred during the test.

SPECT imaging

Approximately 1 minute before the termination of the stress test, an
intravenous dose of 370 MBq of MIBI (77 patients) or 74 MBq of thallium (84
patients) was administered. The acquisition of stress SPECT imaging was started
immediately after thallium and one hour after MIBI injection. For the resting
MIBI studies, 370 MBq were injected at least 24 hour after the first study. For
the resting thallium studies, imaging was acquired 4 hours after the stress test,
20 minutes after the reinjection of 37 MBq of thalliuin. Image acquisition and
interpretation were performed according to a previously described protocol (5).
The left ventricular images were divided into 6 segments: anterior, septal
{subdivided in anterior and posterior septum), lateral, infero-posterior and
apical. A persistent perfusion defect on both stress and resting imaging was
classified as a fixed defect. A reversible defect was defined as a perfusion defect
on stress images that partially or completely resolved at resting imaging. This
was considered diagnostic of ischemia. An experienced observer, unaware of
patients’ clinical or angiographic data reviewed the images, The interpretation
was semiquantitatively performed by visual analysis assisted by the
circumferential profiles analysis, Each of the 6 left ventricular segments was
scored on a 4 grade score where 0 = normal and 3 = severely reduced or
absent uptake. Visual perfusion defect score was derived by the summation of
the individual score of the 6 myocardial segments for both rest and stress
imaging. The difference between stress and rest score (ischemic score) was
considered representative of the total amount of stress-induced underperfusion.
Perfusion defect score was quantitatively calculated at rest and at stress images
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by measuring the area between the lower limit of normal values (+ 2 standard
deviations) and the actual circumferential profile in 6 short axis slices. Ischemic
perfusion score was derived by subtracting rest from stress score only in
segments with reversible defects. Because of the potential difference in the size
of perfusion defects between MIBI and thallium studies (13}, quantitative
perfusion defect score was studied separately with each tracer.

Quantitative coronary angiography

All patients underwent coronary angiography within 3 months of
dobutamine stress test. Coronary lesions were quantified using a previously
described method from our canter (14).

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
square test and Fisher exact test were used to compare differences between
proporticns. The Student r test was used for analysis of continuous data. A

p <0.05 was considered statistically significant.

RESULTS
Hemodynamic response

Heart rate increased from 71 4 13 to 138 4 17 beats /min at peak
stress (p <0.0001) and systolic blood pressure from 129 + 21 to 134 + 32 mm
Hg (p<0.05). Atropine was administered in 70 patients (mean dose = 0.65
mg). In 31 patients, the test was interrupted prematurely before reaching the
maximal dose or the target heart rate because of a limiting side effect. Reasons
for premature termination of the test were angina in 18 patients, ST-segment
depression in 3 patients, hypotension in 8 patients and tachyarrhythmias in 2
patients. ST-scgment depression occurred in 56 (43%) of 134 patients with
interpretable electrocardiogram. Eighty-two patients (51%) developed typical
angina during the test (symptomatic ischemia group). The remaining 79 patients
(49%) without angina during the test constituted the silent ischemia group.

Demographic, hemodynamic and angiographic characteristics (table I)

There was no significant difference between patients with or without
angina with respect to age, gender, prevalence of previous myocardial
infarction, diabetes mellitus, hypertension or smoking. A history of typical
effort angina was encountered more frequently in patients with angina during the .
test. Peak heart rate was significantly lower in patients with angina, whereas
peak systolic biood pressure and peak rate pressure product were not
significantly different in both groups. In patients with interpretable
electrocardiogram, ST-segment depression occurred in 35 of 70 patients with
and in 21 of 64 patients without angina (50% vs 33%, p<0.05).Prevalence of
multivessel disease, number of coronary arteries with significant stenosis,
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percentage diameter of most severe stenosis and distribution of individual
coronary artery stenosis were not significantly different between the two groups.

Table I. Clinical and angiographic data of patients with corenary artery
disease and reversible perfusion defects with and without angina during
dobutamine stress test.

Angina, Silent,

_ N=82 N=79
Age, years 59 4+ 9 58 4+ 10
Male gender 67 (81%) 62 (718%)
Beta blocker therépy 30 (37%) 32 (40%)
History of angina pectoris 55 (67%) 30 (38%)
Previous myocardial infarction 50 (61%) 55 (69%)
Multivessel disease 56 (68%) 49 (62%)
Number of stenotic arteries 2.03 + 0.8 1.96 + 0.9
% diameter of most severe stenosis 88 + 17% 91 + 13%
Peak heart rate (beats/min) 131 + 17 139 & 177
Peak SBP, mm Hg 139 + 32 130 £+ 31
Peak rate pressure product 18175 + 4279 17896 4 4555
Peak dobutamine dose, ug/kg/min 38+06 39+ 4

SBP = systolic blood pressure, * p<0.0005, ** p<0.01.

SPECT results (table II)

There was no significant difference between patients with or without angina
with respect to total number of myocardial segments with reversible defects,
completely reversible defects, number of segments with perfusion defects on
resting imaging, stress perfusion defect score, rest score, ischemic score by both
visual and quantitative analysis. Exclusion of patients in whom the test was
interrupted prematurely or patients in whom the electrocardiogram was not
interpretable did not alter the comparable extent and severity of underperfusion
with or without angina. The regional distribution of reversible defects was not
different in both groups (table IIT).
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Table H. Scintigraphic data of patients with coronary artery disease and
reversible perfusion defects with and without angina during dobutamine

stress test,
Angina Silent
N =82 N=179
Stress score 9.1+ 44 0.6 + 4.2
Rest score 4.9 + 3.1 5.3 +3.1
-Ischemic score 42 4 2.3 4.3 4+ 2.6
Number of reversible defects 2.0+ 1.1 204+ 1.0
Number of completely reversibie defects 1.0+ 0.9 1.0 £ 0.8
Number of fixed defects on rest imaging 1.7+ 1.4 1.84 15
Quantitative stress defect (MIBI) 1326 + 1251 1251 4+ 1354
Quantitative rest defect (MIBI) 963 + 1189 825 + 965
Quantitative ischemic defect (MIBI) 472 + 630 458 + 671
Quantitative stress defect (TI) 2116 + 1662 2356 1+ 1498
Quantitative rest defect (T1) 1546 4 1002 1884 + 1285
Quantitative ischemic defect (T1) 803 + 870 710 + 674

Tl = 201 thallium, MIBI = technetium-99m methoxyl isobutyle isonitrile.

Table ITI. Distribution of reversible perfusion defects in patients with or
without angina during dobutamine stress test,

Angina, N = §2 Silent, N = 79
Anterior 23 (28%) 23 (29%)
Septal anterior 29 (35%) 20 (25%)
Septal posterior 30 37%) 25 (32%)
Infero-posterior 52 (63%) 49 (62%)
Lateral 12 (15%) 16 (20%)
Apex 17 (21%) 25 (32%)

Values are expressed as number and % of patients with reversible defects.
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Patients with ST-segment depression: In the 134 patients with interpretable
electrocardiogram, there was no significant difference between patients with or
without ST-segment depression with respect to total number of reversible defects
(2.0 £ 1.2 vs 1.8 % 0.8), completely reversible defects (1.1 + 1.0 vs 0.9 +
0.7), visual ischemic score (4.3 + 2.6 vs 4.0 + 2.0) or quantitative ischemic
score (table IV). Reversible perfusion defects without angina or ST-segment
depression occurred in 43 of 134 patients with interpretable electrocardiogram
(32%), whereas a combination of angina and ST-segment depression occurred
in 35 patients (26). Parameters of reversible hypoperfusion were not different
in various combinations of angina and ST-segment depression compared to
patients without these findings (table 1V).

Table IV: Quantitative ischemic perfusion defect score in patients with
different cembinations of angina and ST-segment depressien during
dobutamine stress test.

yes no tracer

ST depression 485 1 645 430 + 654 MIBI
859 + 701 765 + 836 Thallium

ST depression 441 4 614 465 + 679 MIBI
and Angina 858 + 767 820 + 909 Thallium

ST depression 502 + 699 420 + 571 MIBI

- A H

andfor Angina 902 + 956 . 753 + 626 Thallium

Extent and severity of ischemia in single versus multivessel disease: Patients with
multivessel disease (N = 105) had a significantty higher number of reversible
perfusion defects (2.3 + 1.2 vs 1.8 + 0.8, p <0.01), visual ischemic score
(4.7 £ 2.7 vs 3.7 £ 1.9, p<0.01), quantitative ischemic thallinm score (956
+ 1081 vs 478 &+ 643, p<0.05) and ischemic MIBI score (590 + 760 vs 310
+ 409, p<0.05) compared to patients with single vessel disease (figure 1),

DISCUSSION

Evaluation of the extent and severity of reversible perfusion defects
during stress testing is important for prognostic stratification of patients with
coronary artery disease (11-12). In our study, the additional value of angina
and/or ST-segment depression in patients with coronary artery disease and
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dobutamine-induced ischemia manifested as reversible perfusion defects on
thallivm or sestamibi SPECT was evaluated. Our finding of a higher number of
reversible perfusion defects and ischemic score in patients with multi- versus
single vessel disease validates the use of perfusion scintigraphy in the assessment
of the extent of myocardial ischemia. Our results show that in patients with
significant coronary artery disease and myocardial ischemia . detected by
dobutamine perfusion scintigraphy, the extent and severity of coronary artery
disease and reversible underperfusion is not different with or without angina
during the test. Parameters of reversible underperfusion were alse similar in
patients who had both angina and ST-segment depression compared to other
patients without this combination. Apart from a higher prevalence of a history
of typical angina in symptomatic patients during the test, clinical characteristics
were not different in patients with or without angina during dobutamine stress
test.

1 vessel dissase 2 vossel disease 3vessel disease
] B3 i
ischemic
score
1000 |
750

500

MIBI Thallium

Figure 1. Ischemic perfusion defect score in patients with single, two and
three vessel disease showing a positive correlation between the defect severity
and number of stenotic coronary arteries.

250

Comparison with previous studies

To our knowledge, this is the first study in which the extent and
severity of underperfusion in silent and symptomatic ischemia during
dobutamine stress test were evaluated. Discordant results have been published
about the functional significance of silent versus symptomatic ischemia during
exercise stress test (15-20). Reversible exercise-thallium defects were reported
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to be more extensive and severe in patients with compared to those without
angina in studies of Klein et al. (15) and Travin et al. (16), while others failed
to demonstrate that difference (17-20). Klein et al. (15) concluded that the
induction of pain is associated with substantially more functional abnormalities
when patients with a broad spectrum of coronary artery disease are evaluated.
They indicated that chest pain tends to loose its apparent value when its analysis
is restricted to coronary artery disease population with a greater pre-test
likelihood of manifesting ischemia.

Studies of left ventricular function: Various studies compared the amount of
abnormally contracting myocardium in silent and painful ischemia during
exercise stress test using radionuclide ventricutography (21-23) or
echocardiography (24-26). Iskandrian and Hakki (21) and recently
Nihoyannopolos et al. (26) reported that angina correlated with more severe
deterioration of regional function. Other studies demonstrated a comparable
segmental and global exercise-induced left ventricular dysfunction in silent and
symptomatic ischemia evaluated by exercise radionuclide veniriculography (22-
23) or echocardiography (24-25). We have recently shown that in patients with
coronary artery disease, the exient and severity of dobutamine-induced left
ventricular dysfunction assessed by echocardiography are not different with or
without angina {27). The resuits of this scintigraphic study confirm our previous
findings. Despite that stress-induced wall motion abnormalities are highly
specific for myocardial ischemnia, this study on a larger patient population offers
the following complementary advantages: 1) the quantitative assessment of
perfusion compared to the visual semi-quantitative echocardiographic assessment
of wall motion. 2) the ability of perfusion scintigraphy to detect ischemia in
akinetic segments. 3) the less operator dependent characteristics of perfusion
imaging technique. 4) the higher sensitivity of perfusion scintigraphy than
echocardiography at submaximal stress (28).

Hemodynamic and electrical response: Our results demonstrate a slightly lower
peak heart rate in patients with angina and a comparable peak rate-pressure
product. This may be attributed to early interruption of the test in 18 patients
because of angina. However, exclusion of patients in whom the test was
terminated prematurely did not alter the comparable parameters of
underperfusion in patients with or without angina. The lower peak heart rate in
patients with angina is consistent with previous reports on exercise (15,20) and
dobutamine stress testing (27). ST-segment depression occurred more frequently
in the symptomatic group, This higher prevalence of electrically silent ischemia
in asymptomatic patients has been reported during dobutamine (27) and exercise
stress test as well (17,20,25) which may suggest a common pathway for both
the electrocardiographic and pain response to ischemic stimulus (20).
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ST-segment depression and the amount of ischemia

In our study, the extent and severity of reversible underperfusion during
dobutamine stress test were not different with or without ST-segment
depression. We have previous reported a similar ischemic wall motion score
with or without ST-segment depression during dobutamine stress test and a
higher number of ischemic segments with normal baseline contraction in patients
with ST-segment depression. However, in the present study we failed to identify
a corresponding difference in number segments with completely reversible
defect with or without ST-segment depression. This contradiction may be
explained by the fact that a partially reversible defect may represent ischemia
in absence of baseline wall motion abnormalities. Hecht et al. (20) and
Mahmarian et al. (19) reported that in patients with coronary artery disease,
positive and negative exercise electrocardiographic findings were associated with
a similar amount of ischemia assessed by exercise thallium scintigraphy.
Conversely, Hecht et al. (25) concluded that exercisc-induced ST-segment
depression is the single most significant variable in relation to the amount of
ischemic myocardium assessed by exercise echocardiography.

Limitations of the study

We assessed myocardial ischemia on basis of reversible perfusion
defects which may represent flow malperfusion as well as true ischemia, The
detection of reversible perfusion defects in severcly dyssynergic segments may
represent a clinical challenge (29). However, a recent study showed a high
sensitivity of dobutamine thalliom scintigraphy for the detection of peri-
infarction ischemia (30}. An other limitation of the study is that most of patients
were receiving antianginal medications which may modify symptoms and signs
of ischemia. We have previously shown that the adminstration of atropine
enhances the detection of myocardial ischemia during dobutamine stress test
especially in patients receiving beta blockers (31,32). Furthermore, the
percentage of patients receiving medications was not different on both group.
Finally, ST-segment depression in patients with myocardial infarction may
represent reciprocal changes without ischemia. Despite this limitation, exercise-
indaced ST-segment depression after myocardial infarction was generally
considered as a marker of a positive test associated with an adverse outcome
(33).

Conclusions

In patients with coronary artery disease and ischemia manifested as
transient perfusion defects on dobutamine SPECT imaging, the extent and
severity of coronary artery disease and reversible underperfusion are comparable
in patients with or without angina during the test. Patients with symptomatic
ischemia have a higher prevalence of typical effort angina before the test and a
higher prevalence of ST-segment depression during the test. The amount of
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ischemic myocardium is similar in patients with or without ST-segment
depression. The absence of angina and/or ST-segment depression in a population
with anatomically and functionally significant coronary artery disease should be
disregarded as a marker of less severe ischemia.
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ABSTRACT

Rationale. Aim of the smdy was to compare the clinical characteristics,
hemodynamic response and severity of ischemia in patients with coronary artery
disease and reversible perfusion defects on dobutamine MIBI SPECT with or
without transient wall motion abnormalities,

Background. The occurrence of reversible perfusion defects without concomitant
wall motion abnormalities in patients with coronary artery disease was attributed
to Iess severe ischemia. However, little data are available to support this
observation.

Methads. Fifty four consecutive patients with significant coronary artery disease
and reversible perfusion defects on dobutamine (up to 40 pg/kg/min) MIBI
SPECT were studied (mean [+ SD] age 59 4+ 11 years, 38 men). All patients
underwent simultaneous echocardiography. The myocardium was divided into
6 matched segments and ischemic perfusion score was quantitatively derived in
myocardial segments with reversible defects.

Results. New or worsening wall motion abnormalities occurred in 40 (74 %)
patients (group A) and were absent in 14 (26%) patients (group B). There was
no significant difference between both groups with respect to age, previous
myocardial infarction, number of abnormal coronary arteries (1.8 + 0.8 + 1.6
+ 0.9), mmber of reversible perfusion defects (1.6 £ 0.9 vs [.8 £ 0.7) or
ischemic perfusion score (412 + 750 vs 526 + 553). Patients of group A had
a higher prevalence of male gender (80% vs 43%, p<0.01) a higher peak
systolic blood pressure (147 + 30 vs 127 + 31 mm Hg, p <0.05), a higher
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peak rate pressure product (19,632 + 4,081 vs 16,939 £ 4,344, p<0.01), and
a higher prevalence of angina (53% vs 14%) and ST-segment depression (55%
vs 14 %) p <0.03 in both.

Conclusions. In patients with coronary artery disease and ischemia on
dobutamine MIBI SPECT, the absence of transient wall motion abnormatities
is associated with a similar extent and severity of reversible perfusion defects,
a lower stress rate-pressure product and a higher prevalence of female gender
compared to patients with transient wall motion abnormalities. Mechanically
silent ischemia should be disregarded as a marker of less severe ischemia on
myocardial perfusion scintigraphy.

Key words: Dobutamine stress echocardiography-MIBI SPECT imaging-
Myocardial ischemia.

INTRODUCTION

The diagnosis of myocardial ischemia relies upon the detection of
different pathophysiologic sequela of coronary artery disease. These include
reversible hypoperfusion and wall motion abnormalities, ST-segment depression
and typical anginal pain (i-3). Reversible perfusion and wall motion
abnormalities during exercise or pharmacological stress testing are the most
accurate markers of myocardial ischemia in patients referred for evaluation of
coronary attery discase (1-14). It has been demonstrated that hypoperfusion
precedes the occurrence of wall motion abnormalities in the ischemic cascade
(15-16). The severity of myocardial ischemia assessed by thaliium scintigraphy
has been reported to determine the occurrence or absence of concomitant
transient wall motion abnormalities during dobutamine stress test (17). If this is
confirmed by other studies, a combination of reversible perfusion defects and
transient wall motion abnormalities would identify patients with severe ischemia
and provide additional data for the management and prognostic stratification of
patients with coronary artery disease. In this study we compare the clinical,
hemodynamic and scintigraphic variables in patients with coronary artery disease
and reversible perfusion defects on dobutamine MIBI SPECT with and without
transient wall motion abnormalities on simultanecus echocardiography.

METHODS
Patients selection

The study population comprised 54 consecutive paticnts with chest pain
and inability to perform an adequate exercise test, referred to our cardiac stress
imaging laboratory who underwent dobutamine stress echocardiography in
conjunction with MIBI SPECT myocardial perfusion imaging. All patients
fulfilled the following criteria: 1) The presence of reversible perfusion defects
on MIBI SPECT in the vascular territory of =1 stenotic coronary artery. 3)
Adequate imaging quality. Mecan age was 59 - 11 years. There were 38 men
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and 16 women. Thirty one- patients (57%) were receiving antianginal
medications including beta blockers in 28 (52%). Thirty seven patients (69%)
had a previous myocardial infarction.

Dobutamine siress (est

Dobutamine was infused through an antecubital vein starting at a dose
of 10 pg/kg/min, increasing by 10 pg/kg/min every 3 minutes to a maximum
of 40 pg/kg/min. Atropine (up to [ mg) was given in patients not achieving
85% of their age and sex predicted maximal heart rate (18), The ECG was
monitored continuously and recorded each minute. Blood pressure was measured
every 3 minutes. The test was interrupted if severe chest pain, ST-segment
depression > 2 min, significant tachyarrhythmias or systolic blood pressure fall
> 40 mm Hg occurred during the test.

Stress echocardiography

Echocardiographic images were acquired at rest and during the test and
recovery. Left ventricular wall was divided into 16 segments (19) and scored
using a 4-point scale, where 1=normal, 2=hypokinesis, 3=akinesis, 4 =
dyskinesis {4-5). Both wall motion and thickening were considered for analysis.
Wall motion score was obfained by the summation of the individual score of the
16 segments. The diagnosis of ischemia relied upon the occurrence of wall
motion abnormalities in one or more normal segment and/or the occurrence of
akinesis or dyskinesis in one or more hypokinetic segment at rest. As we have
previously concluded, ischemia was not considered if akinetic segments became
dyskinetic without improvement at low-dose dobutamine (20). The
echocardiograms were recorded on video tapes and digitized on optical disk
(Vingmed CFM 800). Images were compared side by side in quad-screen
format. Images interpretation was performed by 2 experienced observers without
the knowledge of the patients’ clinical, demographic or scintigraphic data. In
case of disagreement, a majority decision was achieved by a third investigator.
We have previously reported an inter-and intra-observer agreement for
dobutamine stress echocardiographic assessment in our lahoratory of 91% and
92% respectively (21).

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 dobutamine infusion. For resting studies
370 MBq of MIBI were injected at least 24 hours after the stress study (8). For
cach 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 6 short axis slices was divided into 8 equal segments. The
interpretation of the scan was semiquantitatively performed by visual analysis
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assisted by the circumferential profiles analysis. Stress and rest tomographic
views were reviewed in side by side pair by an experienced observer who was
unaware of the patients’ clinical or echocardiographic data. A reversible
perfusion defect was defined as a perfusion defect on stress images that partially
or completely resolved at rest in 2 or more contiguous segments or slices. This
was considered diagnostic of ischemia. A fixed perfusion defect was defined as
a perfusion defect on stress images in 2 or more contigious segments or slices
which persists on rest images. Echocardiographic and scintigraphic images were
matched into 6 major segments: anterior, inferior, septal (subdivided into
anterior and posterior) posterolateral and apical. To assess the severity of
hypoperfusion, each of the 6 major left ventricular segments was scored on a
4 grade score where 0 = normal and 3 = severely reduced or absent uptake.
Perfusion score was derived by the summation of the score of the 6 myocardial
segments, Visual ischemic score was obtained by subtracting rest from stress
score. Perfusion defect score was quantitatively calculated by measuring the area
between the lower limit of normal values (£ 2 standard deviations) and the
actual circumferential profile in 6 short axis slices. Ischemic score was derived
by sulrtracting rest from stress score in segments with reversible defects,

Coronary angiography

Coronary angiography was performed, using the Judkins technique,
within 3 months in all patients. Significant coronary artery diseasc was defined
as a diameter stenosis =50% in onec or more major epicardial arteries.
Coronary arteries were assigned to particular myocardial segments as previously
described (4).

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
square test and Fisher exact test were used to compare differences between
proportions. The Student / test was used for analysis of continuous data. A
p <0.05 was considered statistically significant.

RESULTS
Dobutamine stress test

Heart rate increased from 69 - 12 at rest to 131 + 18 beats /min at
peak stress {p<0.0001) and systolic blood pressure from 129 + 20 at rest to
141 + 30 mm Hg at peak stress, p<(.01).

MIBI SPECT results

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

Stress echocardiography

Wall motion abnormalities were detected in 35 patients (65%) at rest.
New or worsening wall motion abnormalities were detected in 40 patients
(74%). These patients comprised group A. Group B comprised 14 patients
(26 %) without stress-induced wall motion abnormalities. Nine patients in group
B had basecline wall motion abnormatities, which were confined to the infarct
region in all of them. 4 of these patients showed improvement of contraction in
the infarct region; whereas 5 patients had unchanged wall motion during
dobutamine infusion. In group A, all patients had transient wall motion
abnormalities in the vascular territories of = [ abnormal coronary artery. A total
of 83 ischemic segments were detected, 6 of them (7%) were not in the vascular
territory of an abnormal artery (3 inferior, 1 lateral and 2 anterior scgments).
In group B, a negative echocardiogram was associated with a reversible
perfusion defect confined to a dyssynergic segment in 4 patients (29%). The
involved segments were hypokinetic in 3 patients and akinetic in one patient. 2
of these patients had improvement of thickening during dobutamine infusion.

Clinical characteristics and hemodyhamic response
There was no significant difference between group A and B with respect

to age, previous myocardial infarction, risk factors or beta blocker therapy. In
patients with previous myocardial infarction, the infarct location was anterior
in 13 (50%) of group A and 3 (27%}) in group B. Patients of group B had a
higher prevalence of female sex, a lower peak rate pressure product, a lower
peak systolic blood pressure, a lower incidence of angina and ST-segment
depression during the fest (table 1) and a trend to a lower peak dobutamine dose
(37.9 & 5.8 vs 39.8 + 1.6, p = 0.06) compared to group A. Systolic blood
pressure increased significantly from rest to peak stress in group A (p <0.01)
but not in group B. Atropine was given in 20 patients in group A (50%) and in
6 patients in group B (43%).

A drop or failure of increase of systolic blood pressure from rest to
peak stress occurred in 12 patients (30%) in group A and in 9 patients (64%)
in group B (p<0.05). The test was interrupted in 9 (23 %) patients in group A
(angina in 6 patients and ST-segment depression in 3 patients) and in 3 (21%)
patients (all with angina) in group B (p = NS). Twenty two patients in group
A (55%) and 4 patients of group B (29%) achieved 85% of the maximal
exercise heart rate predicted for age and sex (p = 0.09).
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Table 1: Clinical features and hemodynamic data in patients with reversible
perfusion defects on dobutamine MIBI SPECT with and without transient
wall motion abnormalities.

Transient WMA + Transient WMA -
(N = 40) (N = 14)

Age (years) 61 + 10 57 + 12
Female sex 8 (20%) 8 (57%)
Previous infarction 26 (65%) 11 (79%)
Beta blocker medication 23 (58%) 5 (36%)
Rest HR 70 £ 13 68 + 1I
Peak HR 134 + 16 125 + 18
Rest SBP 130 + 18 128 + 23
Peak SB 147 +3 27+ 31"
Rest rate-pressure product 9,160 + 2,553 8,765 + 2,535
Peak rate-pressure product 19,632 + 4,081 16,939 + 4,344 °
85% of target HR achieved 22 (55%) 4 (29%)
Angina during the test 21 (53%) 2 (14%)"
ST-segment depression 17 (35% ¥ 2 (149"

SBP = systolic blood pressure (mm Hg), HR = heart rate (beats/min), WMA
= wall motion abnormalities, * p<0.01, ** p<0.05, # = in patients with
interpretabie ECG.

Echocardiographic, angiographic and scintigraphic data

There was no significant difference between both groups with respect
to prevalence of multivessel disease, number and distribution of abnormal
coronary arteries or resting wall motion score. Peak wali motion score was
higher in group A. The number of reversible perfusion defects as well as stress,
rest and ischemic perfusion score were not different in hoth group (tabie 2). The
distribution of reversible defects in the 6 segments was similar (table 3) except
for a higher prevalence of anterior defects in group B (p <0.01). Inclusion of
the 5 patients of group B who had unchanged wall motion during dobutamine
infusion in group A did not change the comparable parameters of reversible
hypoperfusion in the 2 groups. All patients with left bundle branch block (N =
6) and left ventricular hypertrophy (N = 3) had transient wall motion
abnormalities,
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Table 2: Echocardiographic and angiographic data in patients with
reversible perfusion defects on dobutamine MIBI SPECT with and without
transient wall motion abnormalities,

Transient WMA + Transient WMA -

N = 40) N =14
Resting WMA 26 (65%) 9 (64%)
Resting wall motion score 22 4 6 20 + 4
Stress wall motion score 26 +7 20 + 47
Multivessel disease 22 (55%) 5 (37%)
Number of stenotic arteries 1.8 £ 0.8 1.6 +£0.9
LAD disease 27 (68%) H(71%)
LCx disease 18 (45%) 5 (36%)
RCA disease 25 (63%) T (50%)

LAD = left anterior descending coronary artery, LCx = left circumflex
coronary artery, RCA = right coronary artery, WMA = wall motion
abnormalities, * p<0.01.

Variables associated with female gender:
A negative stress echocardiogram was obtained in 8 of 16 females and

in 6 of 38 males (50 % vs 16%, p<0.01). The following variables were not
different between females and males: age (62 + 13 vs 58 + 9 years), resting
wall motion score (19.7 £ 4.5 vs 22.7 £ 5.9), peak systolic blood pressure
{140 4; 28 vs 142 + 32 mm Hg), rate pressure product (17,403 + 4,385
vs 19,210 + 4,384, p = 0.2), number of abnormal coronary arteries (1.5 &
0.9vs 1.8 + 0.8, p = 0.2) and number of reversible defects (1.8 + 0.8 vs 1.6
+ 0.9). Male gender was associated with a higher peak heart rate (135 + 15
vs 124 + 16 beats/min, p<(.05}, peak wall motion score (256 + 7 vs 21.2
+ 0.5, p<0.05), a higher prevalence of multivessel disease (61% vs 25%,
p <0.05), a trend to a higher prevalence of previous infarction (76% vs 50%,
p = 0.06), a higher stress perfusion score (1609 + 1590 vs 598 + 937,
p <0.05), rest score (1132 + 1212 vs 416 + 832, p <0.05) and ischemic score
(554 + 795 vs 181 + 172, p<0.05).

Patients on beta blocker therapy: There was no significant difference between
patients with or without beta blocker therapy with regard to age, gender, extent
of coronary artery disease, prevalence of ischemia on echocardiography, or
quantitative perfusion defect score. Patients on beta blockers had a lower peak
heart rate (126 + 17 vs 139 £ 15, p<0.01), a lower peak rate pressure product
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(17869 F 4250 vs 20116 + 3706, p<0.05) and a higher maximal dobutamine
dose (40 + 0 vs 37 + 6 pg/kg/min, p <0.05). Among patients receiving beta
blockers, peak heart rate was higher in group A compared to group B (130 +
i8 vs 108 + 16, p<0.05).

Table 3: Distribution of reversible perfusion defects and perfusion defect
score in patients with and without transient wall motion abnormalities.

Transient WMA +  Transient WMA -

(N = 40) (N = 14)

Anterior 10 (25%) 9(64%)"
Inferior 18 (45%) 6 (36%)
Posterolateral 8 (20%) 1 (7%)
anterior septum 8 (20%) 4 (29%)
Posterior septum 9(23%) 321%)
Apex 11 (28%) 3(21%)
Number of reversible defects 1.6 +£ 0.9 1.8 + 0.7
Rest perfusion defect score 1,032 + 1,286 600 + 559
Stress perfusion defect score 1,362 + 1,642 1,135 + 988
Quantitative ischemic score 412 + 750 526 + 553
Visual ischemic score 3.5+2 3.8 +1.2

*p<0.01,

DISCUSSION

Identification of stress test variables associated with more severe
ischemia is important in the management and prognostic stratification of patients
with coronary artery disease especially in the presence of equivocal indications
for revascularization (22), The echocardiographic method of evaluation of wall
motion during stress test employed in clinical practice depends upon a
semiquantitative visual evaluation with a limited scoring scale of different grades
of dyssynergy (4-12). Conversely, the detection of a reversible perfusion defect
with the relatively automated myocardial SPECT imaging is assisted by
quantitative analysis of perfusion defect size. Theoretically, this can explain the
lack of stress-induced wall motion abnormalities in patients with reversible
hypoperfusion on basis of Jess severe flow malperfusion and presumably less
severe ischemia (14). Therefore, it is important to find whether the absence of
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inducible wall motion abnormalities identifies a population with different clinical
characteristics, extent and severity of ischemia, different hemodynamic response
to dobutamine or extent of coronary artery disease.

The results of our study are derived from a symptomatic patient
population with coronary artery disease and reversible defects on dobutamine
perfusion scintigraphy. The data show that the presence or absence of transient
wall motion abnormalities inn conjunction with a reversible perfusion defect is
not related to the severity of ischemia assessed by quantitative MIBI SPECT
imaging. The absence of transient wall motion abnormalitics correlated with a
lower peak rate pressure product, impaired systolic blood pressure response at
peak stress, and higher prevalence of female sex. The lower rate pressure
product in the group with a negative echocardiogram can be explained by the
occurrence of hypopetrfusion earlier than wall motion abnormalities in the
ischemic cascade (15-16). Consequently, diagnostic techniques dependent on the
detection of wall motion abnormalities may be more vulnerable to a submaximal
stress cormpared to perfusion imaging techniques (12). The association between
transient wall motion abnormalitics and a higher prevalence of both ST-segments
depression and/or angina during stress may be explained by the iate occurrence
of angina and ST-segment depression following impairment of perfusion and -
function in the ischemic cascade (15,16,23). Since the latter stops before the
occurrence of mechanical dysfunction in patients without transient wall motion
abnormalitics, theses patients were more likely to have less angina and ST-
segment depression. There was a higher prevalence of reversible perfusion
defects in the anterior wall in patients with than without transient wall motion
abnormalities, which may be due to the difficulties in delineation of the entire
endocardium of the anterior wall in the apical 2 chamber view. The apparent
trend to a higher resting wall motion and perfusion defect score in patients with
transient wall motion abnormalities may be due to the relatively higher
prevatence of anterior myocardial infarction in the former group. All patients
with left bundle branch block or left ventricular hypertrophy had a positive
echocardiographic study. This is not surprising, since diagnostic problems in
this population were described with scintigraphy (24,25) and not with
echocardiography which was reported to be more accurate in patients with than
without left ventricular hypertrophy (11).

Comparison with previous studies

This is the first study which evaluates the severity of myocardial
ischemia in patients with reversible perfusion defects in presence or absence of
simultaneous transient wall motion abnormalities during stress test. Coma-
Canella et al. (17) studied patients after recent myocardial infarction by
dobutamine stress with radionuclide angiography and 201 thattium SPECT in 2
separate days. They concluded that mild to moderate ischemia on basis of visual
analysis of reversible thallium defects is compatible with improvement or no
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change of regional function whereas scvere ischemia results in worsening of
function. Unlike radionuclide angiography, echocardiography allows
tomographic evaluation of both endocardial excursion and wall thickening
improving the detection of mechanical dysfunction. The difference between the
2 studies may be explained by the tomographic assessment of wall motion and
quantitative assessment of perfusion in our study.

Accuracy of dobutamine stress testing in females

Despite that exercise perfusion scintigraphy is more accurate than
electrocardiography in females (26), there are some inherent diagnostic
problems of perfusion scintigraphy in females including a false positive test due
to a shifting breast artifact. In our study, females had a higher incidence of a
negative echocardiogram, a lower peak heart rate, a lower peak wall motion
score and a lower ischemic perfusion defect score. It can not be precisely
concluded whether these findings are due to the lower prevalence of multivessel
discase, a lower peak heart rate or due to a difference in inducibility and/or
detection of wall motion abnormalitics in females. It has been reported that
exercise echocardiography is an accurate method for the diagnosis of coronary
artery disease in females (27). As the predicted maximal exercise heart rate is
higher in males than females at a given age (28), a similar calculation of the
maximal heart rate during dobutamine stress test may not be appropriate for
females undergoing dobutamine stress echocardiography in which the detection
of ischemia may be critically dependent on heart rate increment.

Accuracy of dobutamine stress testing at various levels of stress
Previous studies have shown that a submaximal dobutamine stress test,

defined as a test in patients receiving beta blockers or inability to compete the
standard protocol is associated with a reduced sensitivity of echocardiography
whereas the effect on sensitivity of perfusion scintigraphy was less prominent
(11,12). Since dobutamine stress test is an exercise simulator stress modality,
an important increase of rate pressure product is required to have a high
accuracy especially for the detection of abnormal wall motion. We have
previously shown that in unselected patient population with suspected
myocardial ischemia who underwent dobutamine stress echocardiography with
simultaneous MIBI SPECT, the addition of MIBI studies to echocardiographic
studies which are negative for ischemia at submaximal test was particularly
useful for the prediction of cardiac events (29).

The effect of beta blockers

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

The role of systolic biood pressure response

High dose dobutamine infusion induces myocardial ischemia by
increasing metabolic demand due to an increase of heari rate and myocardial
contractility (31-33). Coronary vasodilatation and flow heterogeneity results
from the increased myocardial demand and a weak vasodilator effect (33). The
effect of dobutamine on systolic blood pressure is influenced by mechanisms
related to contractility and systemic vascular resistance (34). Therefore, the
importance of systolic blood pressure response in the attainment of an adequate
stress test level has not been proven. An interesting finding of our study is that
patients with a negative echocardiogram had impaired systolic blood pressure
response in contrary to those with a positive test. This difference is unlikely to
be due to myocardial ischemia because in this situation, impaired systolic blood
pressure response is expected to occur in the group with rather than without
mechanical dysfunction. Conversely, impaired systolic blood pressure response
is most probably a reason of a negative echocardiogram and can be explained
by a possible predominant peripheral vasodilator response in these particular
patients. The role of systolic blood pressure response is supported by the
reported findings of a significant increase of systolic bicod pressure with
dobutamine, even comparable to that obtained with exercise in some studies
(7,35). Echocardiography was reported to have a good sensitivity comparable
to that of perfusion scintigraphy when applied with stress modalities associated
with heart rate and systolic blood pressure increase like exercise (1-2) and
dobutamine (8-9), whereas sensitivity is low compared to perfusion scintigraphy
when applied with vasodilator stress testing with dipyridamole (36) in which
there is a mifd increase of heart rate meanwhile, systolic blood pressure drops
or does not change. For echocardiographic imaging, sensitivity of dobutamine
and exercise was found to be higher than dipyridamole (37). It can be postulated
that in particular patients, a modest but a critical increment of systolic blood
pressure during dobutamine infusion is required to increase the left ventricular
wall stress to result in subendocardial ischemia and deterforation of function that
can be detected by visual assessment. This may not be as critical for reversible
hypoperfusion which occurs at a lower stress level.

Limitations of the study

The number of patients with a negative echocardiogram was small.
Patient population was heterogenous including some patients with previous
myocardial infarction. However, only one patient had a negative
echocardiographic study and a reversible perfusion defect confined to an akinetic
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segment. The assessment of the severity of ischemia by perfusion scintigraphy
may have some pitfalls as the latter detects flow malperfusion as well as true
ischemia. Difference in perfusion may be attenuated in patients with multivessel
disease (17). Finally, some patients were receiving medications including beta
blockers. Nevertheless, we have shown previously that the addition of atropine
increases the sensitivity of dobutamine echocardiography especially in patients
receiving beta blockers.

Clinical implication

Since a lower peak rate pressure product correlated with a negative
dobutamine echocardiographic test in patients with reversible perfusion defects,
great attention should be given to achieve a higher product in patients
undergoing dobutamine stress echocardiography alone, This may include
stopping beta blockers and implement of stress protocol aiming at the attainment
of a higher heart rate like atropine adminstration (18,30) or the use of longer
dobutamine infusion time (38). The occurrence of mechanically silent ischemia
manifested as reversible perfusion defects without transient wall motion
abnormalities should be disregarded in the management of patients with
coronary artery disease as a marker of less severe ischemia as assessed by
myocardial perfusion scintigraphy.
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ABSTRACT

Exercise echocardiography is an accurate technique for the assessment
of graft function after coronary artery bypass grafting (CABG). Although
dobutamine stress echocardiography is a feasible alternative in patients with
limited exercise capacity, its value in this particular patient population has not
been assessed. Dobutamine (up to 40 pg/kg/min) stress echocardiography was
performed in 50 patients at (mean [+ SD]) 5.1 + 5.4 years (range 3 months to
19 years) after CABG. Ischemia was defined as new or worsened wali motion
abnormalities, Significant vascular compromise was defined by quantitative
measirements as =350% luminal diameter stenosis in a graft or in a native
coronary artery if the stenosis was distal to the graft or involved non grafted
artery.

Ischemia was detected in 25 of 32 patients with and in 2 of the 18
patients without vascular compromise (sensitivity = 78%; CI 67-90, specificity
= 89%; CI 80-98, positive predictive value = 93%; CI 85-100, negative
predictive value = 70%; CI = 57-82; accuracy = 82%; CI 71-93). The
sensitivity was 64% (7/11) in patients with vascular compromise in one region,
83% (10/12) in 2 regions and 89% (8/9) in 3 regions. Sensitivity was 86% in
patients who achieved 85% of the target heart rate. Dobutamine siress
echocardiography is an accurate method for the assessment of graft function in
patients after CABG and provides useful data for the setection of patients in
whom coronary angiography may be indicated.

Key Words: Dobutamine stress echocardiography - Coronary artery bypass
grafting
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INTRODUCTION

The detection of myocardial ischemia is the hallmark of the non-
invasive evaluation of graft function (1-5) after coronary artery bypass grafting
(CABG). Exercise electrocardiography was shown to have a limited accuracy
in this clinical setting (3). Recent studies have demonstrated a high accuracy of
exercise echocardiography for the detection of myocardial ischemia in patients
with significant graft or progressive native coronary artery stenosis (3-5).
However, in patients with limited exercise capacity, an alternative stress
modality is required for the functional evaluation of these patients.

The value of dobutamine echocardiography in the diagnosis and
functional assessment of coronary artery disease has been established in various
clinical indications including the assessment of the results of coronary
angioplasty (6-11). However, its role in the assessment of adequate myocardial
perfusion in patients after CABG has not been studied. Therefore, the aim of
this study was fo assess the value of dobutamine stress echocardiography in the
functional evaluation of patients after CABG unable to perform exercise stress
testing.

METHODS
Patient selection

Study population comprised 50 patients unable to perform exercise
stress test who were studied by dobutamine stress echocardiography 3 months
to 19 years after coronary artery bypass grafting (mean = 5.1 :£ 5.4 vears,
range 3 months to 19 years). Reasons for stress testing were chest pain in 36
patients and exertional dyspnea in 2 patients, whereas in 12 patients, the test
was performed for routine functional assessment. All patients gave an informed
consent to undergo the test. Mean age was 58 + 9 years. There were 41 men
and 9 women. Thirty five patients (70%) were receiving oral nitrates and/or
calcium antagonists and 15 (30%) were receiving beta blockers at the day of the
test. A history or an electrocardiographic evidence of myocardial infarction was
present in 39 patients,

Dobutamine stress test

Dobutamine was infused through an antecubital vein starting at a dose
of 5 followed by 10 pg/kg/min (3 minutes stages), increasing by 10 ug/kg/min
every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up to 1 mg) was
given in patients not achieving 85% of their age predicted maximal heart rate
at the maximal dobutamine dose (12), The electrocardiogram was monitored
throughout dobutamine infusion and was recorded cach minute, Cuff blood
pressure was measured every 3 minutes. The test was interrupted if severe chest
pain, ST-segment depression > 2 inm, significant ventricular or supraventricular
arrhythmia or systolic blood pressure fall of >40 mm Hg occurred during the
test. Ischemia at the electrocardiogram was defined as =0.1 mV horizontal or
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downsloping ST-segment depression 80 mS from the J point compared to
baseline level or =0.1mV ST-segment elevation in electrocardiogram leads
corresponding to non infarcted myocardium (13).

Stress echocardiography

Echocardiographic images were acquired at rest and during stress and
recovery. The echocardiograms were recorded on video tapes and were also
digitized on optical disk and displayed side by side in quad-screen format
(Vingmed CFM 800) to facilitate the comparison of rest and stress images. Left
ventricular wall was divided into 16 segments (14) and scored using a 4-point
scale, where 1 =normal, 2= hypokinesis, 3 = akinesis, 4 = dyskinesis. The
interpretation of images was performed by 2 experienced observers without the
knowledge of the patients’ angiographic data. In case of disagreement, a third
reviewer revised images and a majority decision was achieved. In our
laboratory, inter-and intra-observer agreement for stress echocardiographic
assessment are 92% and 94% respectively (15). Both wall motion and
thickening were considered for analysis. The diagnosis of ischemia was based
on the occurrence of new or worsening wall motion abnormalities in one or
more segments. As previously reported, ischemia was not considered when
akinetic segments at rest became dyskinetic without improvement at low-dose
dobutamine (16).

Coronary angiography

Coronary angiography was performed, using the Judkins technique,
within 3 months in all patients. The clinical course was stable in the period
between coronary angiography and dobutamine stress testing. Coronary stenosis
was quantified using a previously described method from our center {17).
Significant coronary artery discase was defined as a diameter stenosis =50%
in a graft or in a native coronary artery if the stenosis was distal to the graft or
involved non grafted artery., Coronary arterics were assigned to particular
myocardial segments as previously described (9).

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
square test and Fisher exact test were used to compare differences between
proportions., The Student 7 test was used for analysis of continuous data. A
p<0.05 was considered statistically significant. Sensitivity, specificity,
predictive value and accuracy were derived according to standard definition and
presented with their corresponding 95% confidence interval {CI).

RESULTS

Coronary angiography
There was no significant vascular compromise in 18 patients, whereas

58



in 32 patients significant graft or native non grafted coronary artery stenosis was
detected. Vascular compromise was detected in one region in 11 patients
(22%), in 2 regions in 12 patients (24 %) and in 3 regions in 9 paticnts (18%).
Significant stenosis of the left anterior descending coronary artery (LAD) region
was detected in 22 patients (44 %), of the right coronary artery (RCA) in 20
patients (40%) and of the Ieft circumflex coronary artery (LCX) in 20 patients
(40%).

Dobufamine stress {est

Heart rate increased from 70 + 12 at rest to 135 £+ 18 beats /min at
peak stress (p <0.001) and rate pressure product from 9013 + 2212 to 17065
+ 9129 (p <0.001) whereas systolic blood pressure did not change significantly
(128 4 20 at rest vs 127 + 26 mun Hg at peak stress). Angina occurred in 15
(30%) patients, ST-scgment depression in 13 (26%) and ST-segment elevation
in 10 (20%) patients, which was confined to infarction leads in all of them. In
8 (16%) patients, the test was interrupted prematurely before reaching the
maximal dose or the target heart rate because of a limiting side effect. Reasons
for premature termination of the test were angina (5 patients), ST-segment
depression (1 patients), hypotension (2 patients) and significant tachyarrhythmias
(1 patient). ST-scgment depression occurred in 10 patients with vascular
compromise (3 with single region and 7 with multi-region compromise) and in
3 patients without vascular compromise (sensitivity = 31%; CI 18-44,
specificity = 83%; CI 73-94, positive predictive value = 77%; CI 65-89,
negative predictive value = 41%; CI = 27-54; accuracy = 50%; CI 36-64),

Stress echocardiography

Ischemia was detected in 25 of 32 patients with and in 2 of the 18
patients without vascular compromise (sensitivity = 78%; CI 67-90, specificity
= 89%,; CI 80-98, positive predictive value = 93%; CI 85-100, negative
predictive value = 70%; CI = 57-82; accuracy = 82%; CI 71-93): Sensitivity
and accuracy were significantly higher than electrocardiography (p <0.06001 and
< 0.001 respectively). The sensitivity was 64% (7/11) in patients with vascular
compromise in one region, 83% (10/12) in 2 regions and 89% (8/9) in 3
regions, There was a trend to a higher sensitivity in patients with multivessel
compared to those with single vessel compromise (86% [18/21] vs 64 % [7/11],
p<0.1),

The impact of maximal stress heart rate
In patients with vascular compromise, peak heart rate was significantly

higher in patients with than without ischemia at echocardiography (135 + 22 vs
120 + 18, p<0.05). The sensitivity was relatively higher with than without the
achicvement of 85% of the target heart rate (86% [19/22} vs 60% [6/10])
respectively.
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Prediction of the extent of vascular compromise

An ischemic pattern in 2 different vascular territories, suggestive of
multivessel compromise occurred in 12 of 21 patients (57%) with muitivessel
and in 2 of 11 patients with single vessel compromise (sensitivity = 57%; CI
40-74, specificity = 82%; CI 68-95, positive predictive value = 86%; CI 74-
98, negative predictive value = 50%; CI = 33-67; accuracy = 66%; CI 49-
82). The sensitivity, specificity, and accuracy of dobutamine stress
echocardiography for the detection of vascular compromise in the LAD, LCX
and RCA regions are shown in the table 1. Sensitivity and specificity improved
by considering the RCA and LCX together, probably due to the frequent
overlap in their territories. By the use of 2 myocardial regions (LAD and
combined LCX and RCA), ischemia was detected in 30 of 47 regions with and
in 8 of 53 regions without vascular compromise (sensitivity = 64 %, specificity
= 85%). Sensitivity in each vascular region was not different in presence or
absence of myocardial infarction in the same region (60% vs 65% in LAD and
69% vs 58% in the RCA-LCX region respectively, p = NS). Of the 8 false
positive regional diagnose, 3 occurred in relation to lesions between 40 and 50%
and 4 occurred in regions with normal baseline contraction. A false positive
diagnosis of ischemia in the septum was encountered in 2 patients. Septat motion
at rest was normal in one patient and abnormal in the other.

Table 1. Sensitivity, specificity and accuracy of dobutamine stress
echocardiography for the diagnosis of significant stenosis in individual
vascular regions in patients with previous coronary artery bypass grafting.

sensitivity specificity accuracy
LAD 64 (50-77) 86 (76-95) 76 (64-88)
LCX 50 (36-64) 80 (69-91) 68 (55-81)
RCA 45 (31-59) 76 (64-88) 63 (50-77)
RCA + LCX 64 (51-77) 84 (74-94) 74 (62-86)

LAD = left anterior descending, LCX = left circumflex, RCA = right
coronary artery

DISCUSSION

Coronary artery bypass pgrafting is an effective intervention for
symptomatic relief, prolongation of survival and improvement of left ventricular
function in particular subset of patients with coronary artery disease (18).
However, myocardial perfusion after surgery may be compromised by late graft
occlusion and progression of coronary artery disease in non-grafted or in grafted
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coronary arteries distal to the bypass (19). Therefore, the assessment of
myocardial ischemia in this population is important to detect vascular
compromise and to select patients in whom coronary angiography may be
indicated. The value of exercise echocardiography in this clinical setting has
been established (3-5). In patients with limited exercise capacity,
pharmacological stress testing may represent a feasible alternative. Although the
value of dobutamine stress echocardiography in the detection of myocardial
ischemia has been assessed in a variety of clinical situations (6-11), its role in
the assessment of patients after CABG has not been studied. Qur study shows
that dobutamine stress echocardiography is a moderately sensitive and highly
specific technique for the detection of vascular compromise in patienis after
CABG. Sensitivity was relatively high in presence of vascular compromise in
more than one region and in patients who achieved 85% of the maximal heart
rate. In individual vascular territories, sensitivity was not different in presence
or absence of myocardial infarction in the corresponding region. Despite the
known effect of CABG on the mation of the septum (20), only one of the 8 false
positive results involved the septum with abnormal wall motion at rest.

Comparison with previous studies

This is the first study in which the value of dobutamine siress
echocardiography in the functional evaluation of patients after CABG was
assessed. The sensitivity (78%) and specificity (89%) of dobutamine
echocardiography for the detection of vascular compromise are aligned with
those of the largest exercise echocardiographic study by Kafka et al. (79% and
82 % respectively) in patients after CABG (3). The sensitivity was not reduced
in presence of wall motion abnormalities in our patients despite that we used the
criteria of new or additional wall motion abnormalitics only to define an
ischemic response. Kafka et al. (3) reported that the use of failure of
improvement of dyssynergic segments during exercise as a criterion for ischemia
increased the sensitivity at the expense of specificity. Similar findings have been
reported by Marcovitz et al. with dobutamine stress echocardiography (7). This
may be explained by the possibility that failure of improvement may signify
ischemia or myocardial necrosis. Overall sensitivity and specificity of
dobutamine echocardiography in our study are comparable to those reported on
dobutamine echocardiography in patients without CABG (6-10) denoting the
absence of particular limitations of the techniqgue in patients after CABG.

The detection of regional vascular compromise

The localization of inducible wall motion abnormalities identified the
area of vascular compromise in a high proportion of segments. Improvement of
regional sensitivity and specificity by combining the RCA and LCX territories
can be explained by the vascular overlap described previously in these regions
(4). Using the 2 segment model (anterior for LAD and infero-posterolateral for
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the RCA and LCX) gave an equal sensitivity in both regions. Kafaka et al. (3)
reported a low sensitivity in the LCX region. The difference may be explained
by separate analysis of the LCX in the latter study with the possibility of
missing some diagnostic results in the inferior wall which was assigned only to
the RCA. Furthermore, the lateral wall may be more vuinerable to respiratory
artifacts in the postexercise period imposing a difficulty of interpretation of wall
motion in this particular region, There was a relatively low sensitivity of
dobutamine echocardiography for identifying multivessel discase on basis of
inducible abnormalities in more than one region (57 %), which is slightly iower
than that of exercise echocardiography reported by Kafka et al. (69%). This can
be explained by vascular overlap and different threshold for ischemia in
different vascular territories with the potential to reach an end point of the test
{e.g angina, electrocardiographic or hemodynamic changes and maximal
dobutamine dose) before the occurrence of ischemia in other territories. This
may also explain the relatively low sensitivity for detecting individual coronary
artery stenosis in this population with high prevalence of mulitivessel disease.

Influence of hemodynamic response

In patients with vascular compromise, peak heart rate was higher in
patients with than without ischemia at echocardiography. The importance of the
maximal stress heart rate for the occurrence of ischemia at exercise (21) or
dobutamine echocardiography (%) has been previously demonstrated.

Limitations of the study

The number of patients without vascular compromise was relatively
small. However, this number was even higher compared to most of previous
studies on exercise echocardiography after CABG (4,5). Some patients were
receiving medications including beta blockers in 30%, which may decrease the
sensitivity of dobutamine stress echocardiography. Nevertheless, we have
previously shown that the adminstration of atropine at peak dobutamine dose
enhances the sensitivity of dobutamine stress echocardiography especially in
patients receiving beta blockers (12).

Conclusion

Dobutamine stress echocardiography is an accurate method for the
diagnosis of vascular compromise in patients after CABG and provides useful
data for the selection of patients in whom coronary angiography may be
indicated.

62



REFERENCES

1) Wainright RG, Brennard -Rober DA, Maisey MN, Sowton E. Exercise
thallium 201 myocardial scintigraphy in the follow-up of aortocoronary bypass
graft surgery. Br Heart J 1980:43:56-66,

2) Bjoernstad K, Aakhus 8, Lundbom J, Bolz KD, Rokscth R, Skjaerpe T,
Hatle L. Digital dipyridamole stress echocardiography in silent ischemia after
coronary artery bypass grafting and/or after healing of acute myocardial
infarction. Am J Cardiol 1993;72:640-646.

3) Kafka H, Leach AJ, Fitzgibbon GM. Exercise echocardiography after
coronary artery bypass surgery: Correlation with coronary angiography. J Am
Coll Cardiol 1995;25:1019-1023.

4) Sawada SG, Judson WE, Ryan T, Armstrong WF, Feigenbaum H. Upright
bicycle exercise echocardiography after coronary artery bypass grafting. Am J
Cardiol 1989;64:1123-1129,

5) Crouse LJ, Vacek JL, Beauchamp GD, Porter CB, Rosamond TL, Kramer
PH. Exercise echocardiography after coronary artery bypass surgery. Am J
Cardiol 1992;70:572-576.

6) Salustri A, Fioretti PM, Pozzoli MMA, McNeill AJ, Reelandt JRTC.
Dobutamine stress echocardiography: its role in the diagnosis of coronary artery
disease. Eur Heart J 1992;13:70-77.

7y Marcovitz PA, Armstrong WF. Accuracy of dobutamine siress
echocardiography in detecting coronary artery disease. Am J Cardiol
1992;69:1269-1273,

8) Dagianti A, Penco M, Agati L, Sciomer S, Dagianti A, Rosanio S, Fedcle
F. Stress echocardiography: Comparison of exercise, dipyridamole and
dobutamine in detecting and predicting the extent of coronary artery disease. J
Am Coll Cardiol 1995;62:18-25.

9) Marwick TH, D'Hondt AM, Baudhuin T, Willemat A, Wijns W, Detry ],
Melin J. Optimal use of dobutamine stress for the detection and evaluation of
coronary artery disease: combination with echocardiography, scintigraphy or
both? J Am Coll Cardiol 1993;22:159-167.

10) Sawada SG, Segar DS, Ryan T, Brown SE, Dohan AM, Williams R,
Fineberg NS, Armstrong WF, Feigenbaum H. Echocardiographic detection of
coronary artery disease during dobutamine infusion, Circulation 1991;83:1605-
1614.

i1) McNeill AJ, Fioretti PM, Ei-Said EM, Salustri A, de Feyter P, Roelandt
JRTC, Dobutamine stress echocardiography before and after coronary
angioplasty. Am J Cardiol 1992;69:740-745.

12) Fioretti PM, Poldermans D, Satusiri A, Forster T, Belloti E, Boersma E,
McNeill AJ, El-Said ESM, Roelandt JRTC. Atropine increases the accuracy of
dobutamine stress echocardiography in patients taking beta-blockers. Eur Heart
J 1994,15:355-360.

13) Elhendy A, Geleijnse ML, Roelandt JRTC, Domburg RT, Cornel JH,

63




TenCate FJ, Postma-Tjoa J, Reijs AEM, El-Said GM, Fioretti PM. Evaluation
by quantitative 99m-techmetium MIBI SPECT .and echocardiography of
myocardial perfusion and wali motion abnormalities in patients with dobutamine-
induced ST-segment elevation. Am J Cardiol 1995;76:441-448.
14) Bourdilion PDV, Broderik TM, Sawada SG, Armstrong WF, Ryan T,
Dillon JC, Fineberg NS, Feigenbaum H. Regional wall motion index for infarct
and _non-infarct region after reperfusion in acute myocardial infarction:
comparison with global wall motion index. J Am Soc Echocardiogr 1989;2:398-
407.
i5) Bellotti P, Fioretti PM, Forster T, McNeill AJ, El-Said EM, Salustri A,
Roelandt JRTC. Reproducibility of the dobutamine-atropine echocardiography
stress test. Echocardiography 1993;10:93-97.
16) Arnese M, Fioretti PM, Cornel JH, Postma-Tjoa J, Reijs AEM, Roelandt
JRTC. Akinesis becoming dyskinesis during high-dose dobutamine stress
echocardiography: a marker of myocardial ischemia or a mechanical
phenomenon? Ant J Cardiol 1994;73:896-898.
17) Baptista J, Amese M, Roelandt JRTC, Fioretti P, Keane D, Escaned J,
Boersma E, Di Mario C, Serruys PW. Quantitative coronary angiography in the
estimation of the functional significance of coronary stenosis: Correlation with
dobutamine-atropine stress test. J Am Coll Cardiol 1994;23:1434-1439,
18) Yusuf 8, Zucker D, Peduzzi P, Fisher LD, Takare T, Kennedy IW, Davis
K, Killip T, Passamani E, Norris R, et al. Effect of coronary artery bypass graft
surgery on survival; overview of 10-year results from randomised trials by the
Coronary Artery Bypass Graft Surgery Trialists. Lancet 1994;344 (8922):563-
570.
19) FitzGibbon GM, Leach AJ, Kafka HP, Keon WJ. Coronary bypass graft
fate: long term angiographic study. J Am Coll Cardiol 1991;17:1075-1080,
20) Waggoner AD, Shah AA, Schuessler JS, Crawford ES, Nelson JG, Miller
RR, Quinones MA. Effect of cardiac surgery on ventricular septal motion:
assessment by intraoperative echocardiography and cross-sectional two-
dimensional echocardiography. Am Heart J. 1982;104:1271:1278.
21) Marwick TH, Nemec JJ, Pashkow FJ, Stewart WJ, Salcedo EE. Accuracy
and limitations of exercise echocardiography in a routine clinical setting. J Am
Coll Cardiol 1992;19:74-81.

64



CHAPTER 8
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CORONARY ARTERY STENOSIS IN PATIENTS WITH
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AND SEVERITY OF LEFT VENTRICULAR DYSFUNCTION'
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ABSTRACT

Background. Though the presence of baseline left ventricular dysfunction was
postulated to represent a limitation of stress echocardiography for the detection
of ischemia, the influence of baseline dysfunction on the test accuracy has not
been assessed. Aim of the study was to evaluate the accuracy of dobutamine
stress echocardiography for the diagnosis of coronary artery stenosis in
symptomatic patients with old myocardial infarction and to assess the influence
of the severity of left ventricular dysfunction on the accuracy for the detection
of individual coronary arfery stenosis.

Methods. Dobutamine (up to 40 pg/kg/min) stress echocardiography was
performed in 132 symptomatic patients with old myocardial infarction. Ischemia
was defined as new or worsened wall motion abnormalitics. For each coronary
artery, regional wall motion in the corresponding territory was classified as
normal, mildly, moderately or severely impaired on basis of wall motion score
index. Significant coronary stenosis was defined as =50% diameter stenosis.
Resuits. Ischemia was detected in 87 of 111 patients with, and 3 of 21 patients
without coronary artery stenosis (sensitivity = 78%; CI 71-86, specificity ="
86%; CI 79-92, accuracy = 80%; CI 73-87). The accuracy for the diagnosis of
individual coronary stenosis was 69%, 74%, 74% and 61 % in presence of
normal wall motion, mild, moderate and severe wall motion abnormalities in the
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corresponding territories respectively (p = NS). The sensitivity was higher in
presence of mild or moderate wall motion abnormalities (73 %) than with normal
wall motion (53 %) or severe wall motion abnormalities (56 %, p <0.05 in both}.
In territories subtended by a stenotic artery, regional wall motion score index,
percentage of dyssynergic segments and percentage of akinetic and dyskinetic
segments was not different with or without ischemia.

Conclusion. Dobutamine stress echocardiography has a good overall accuracy
for the diagnosis of coronary artery stenosis in symptomatic patients with old
myocardial infarction. Accuracy for individual coronary artery is not influenced
by the degree of regional dysfunction. The presence of baseline dysfunction
should be disregarded as a limitation of dobutamine stress echocardiography for
eliciting myocardial ischemia and the diagnosis of significant coronary artery
stenosis in this population.

Key Words: coronary artery disease, myocardial infarction, dobutamine stress
echocardiography, ischemia.

INTRODUCTION

Previous studies have demonstrated the value of dobutamine stress
echocardiography for the detection of peri-infarction and remote ischemia (1-3)
and the assessment of myocardial viability in patients with myocardial infarction
(4,5). However, most of these studies were performed for routine predischarge
functicnal assessment of patients with recent myocardial infarction (1-3). The
vatue of dobutamine stress echocardiography has not been assessed in a
homogenous population of symptomatic patients with old myocardial infarction
and suspected myocardial ischemia who represent a substantial proportion of
patients referred the functional assessment of coronary artery disease.
Furthermore, the influence of the extent and severity of baseline Ieft ventricular
dysfunction on the accuracy of the test for the diagnosis of myocardial ischemia
and significant coronary artery stenosis has not been assessed. The latter is
important, since echocardiographic diagnosis of myocardial ischemia relies upon
the occurrence and/or worsening of wall motion abnormalities (6-8), which may
be difficult to elicit, in presence of severe baseline dyssynergy (9). In some
studies, the presence of bascline dyssynergy was considered diagnostic for
significant coronary artery stenosis {10-11). This approach, does not disclose the
refation between the patient symptoms and myocardial ischemia and may be
confounding after thrombolytic therapy or revascularization of infarct-related
artery. Therefore, the aim of this study was to assess the accuracy of
dobutamine stress echocardiography for the diagnosis of coronary artery stenosis
on basis of inducible ischemia and to find whether baseline left ventricular
dysfunction influence the accuracy of the test for the diagnosis of individual
coronary artery stenosis in symptomatic patients with old myocardial infarction.
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METHODS
Patient selection

Study population comprised 132 consecutive patients with chest pain,
unable to perform an adequate exercise test, who were referred to our imaging
laboratory for evaluation of myocardial ischemia. All patients fulfilled the
following criteria: 1) previous myocardial infarction > 3 months. The diagnosis
of myocardial infarction relied upon the standard criteria of prolonged chest
pain, a diagnostic rise (at least twice the normal value) and fall of serum
creating kinase and serial electrocardiographic changes. 2) the presence of wall
motion abnormalities at baseline echocardiogram. 3) absence of severe heart
failure, severe valvular heart disease, hypertension, hypotension or a history of
sustained ventricular tachyarrhythmias. Al patients gave an informed consent
to undergo dobutamine stress echocardiography.

Mean age was 60 4 9 years. There were 101 men and 31 women.
Ninety patients (68%) were receiving oral nitrates and/or calcium antagonists
and 38 (29%) were receiving beta blockers at the day of the test. Q waves, in
the electrocardiogram were present in 88 patients (67%). Those were detected
in the anterior (or anterolateral) leads in 40 patients, inferfor (or inferolateral)
leads in 31 patients and in both locations in 17 patients,

Dobutamine stress test: Dobutamine was infused through an antecubital vein
starting at a dose of 5 followed by 10 pg/kg/min (3 minutes sages), increasing
by 10 ug/kg/min every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up
to 1 mg) was given in patients not achicving 85% of their age predicted
maximal heart rate (12). The electrocardiogram was monitored throughout
dobutamine infusion and was recorded each minute, Cuff blood pressure was
measured every 3 minutes. The test was interrupted if severe chest pain, ST-
seginent depression >2 mm, significant ventricular or supraventricular
arrhythmia or systolic blood pressure fall of >40 mm Hg occurred during the
test.

Stress echocardiopraphy: Echocardiographic images were acquired at rest and
during stress and recovery. The echocardiograms were recorded on video tapes
and were also digitized on optical disk and displayed side by side in quad-
screen format (Vingmed CEM 800) to facilitate the comparison of rest and stress
images. For both rest and stress studies, left ventricular wall was divided into
16 segments and scored using a 4-point scale, where 1 =normal, 2 =hypokinesis,
3 =akinesis, 4 = dyskinesis (7,13). The interpretation of images was performed
by 2 experienced observers without the knowledge of the patients’ angiographic
data. In case of disagreement, a third reviewer revised images and a majority
decision was achieved. Tn our laboratory, inter-and intra-observer agreement for
stress echocardiographic assessment is 92% and 94% respectively (14). Both
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wall motion and thickening were considered for analysis. Wall motion score
index was derived by dividing the summation of individual score of the 16
segments by 16. For each vascular territory, regional wall motion score index
was derived by the summation of the score of segments in the related territory
and dividing the summation by the number of segments. According to this
index, 3 grades of regional dysfunction were defined: 1) >1 to 1.7, classified
as mild, 2) >1,7-2.3, moderate. 3) >2.3, severe regional dysfunction. The
accuracy of dobutamine stress echocardiography for detecting individual
coronary artery stenosis was assessed in absence of baseline wall motion
abnormalities and in presence of different grades of regional dysfunction.
Dyssynergy index was derived by dividing the number of dyssynergic segments
by the total number of segments in each vascular territory. Similarly, akinesis-
dyskinesis index was derived by dividing the number of akinetic and dyskinetic
segments by the fotal number of segments in the same territory, Diagnostic
criteria of ischemia were the appearance of wall motion abnormalities during
stress in one or more normal segment at rest and/or the occurrence of akinesis
or dyskinesis during stress in one or more hypokinetic segments at rest, As we
have previously concluded (I5), ischemia was not considered when akinetic
segments at rest became dyskinetic during stress without improvement at low-
dose dobutamine (5-10 pg/kg/min).

Coronary angiography: Coronary angiography was performed, using the Judkins
technique, within 3 months in all patients. Coronary stenosis was quantified
using a previously described

method from our center (16}. Significant coronary artery disease was defined
as a diameter stcnosis =50% in one or more major epicardial arteries.
Coronary arteries werc assigned to particular myocardial segments at
echocardiography as previously described (17): 1} the left anterior descending
coronary artery {LAD) was assigned to the anterior wall, anterior septum,
posterior septum (except for the basal segment) apical anterior and apical septal
segments. 2} the left circumflex coronary artery (L.Cx) was assigned to the
lateral and the posterior watl. 3) the right coronary artery (RCA) was assigned
to the inferior wail and the basal part of the posterior septum. The apical lateral
segment was considered as an overlap segment between the LAD and the 1.Cx,
and if abnormal, it was assigned to the abnormal artery. Similatly, the apical
inferior segment was considered as an overlap segment between the LAD and
RCA. = Due to the possible overlap between the RCA and LCx in the
posteroinferior region (11), these 2 arterics were also analyzed together by
grouping their vascular territories and assigning abnormalities to the LCx and/or
RCA,

Statistical analysis: Unless specified, data are presented as mean values + SD.
The chi square test and Fisher exact test were used to compare differences
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between proportions. The Student ¢ test was used for analysis of continuous
data. A p<0.05 was considered statistically significant. Sensitivity, specificity,
predictive value and accuracy were derived according to standard definition and
presented with their corresponding 95% confidence interval (CI).

RESULTS . . :
Dobutamine stress test: Heart rate increased from 70 4 13 at rest to 136 + 16
beats /min at peak siress {p <0.0001) and rate pressure product from 9003 +
2563 to 17707 £ 9204 (p<0.0001) whercas systolic blood pressure did not
change significantly (128 + 19 at rest vs 131 + 28 mm Hg at peak stress).
Angina occurred in 62 (47 %) patients, 8T-segment depression in 46 (35%) and
ST-segment elevation in 40 (30%) patients (with or without concomitant ST-
segment depression). In 28 (21%) patients, the test was interrupted prematurely
before reaching the maximal dose or the target heart rate because of a limiting
side effect. Reasons for premature termination of the test were angina (13
patients), ST-segment depression (3 patients), hypotension (10 patients) and
significant tachyarrhythmias (2 patients).

Table 1. Accuracy of dobutamine stress echocardiography for the diagnosis
of significant LLAD stenosis on hasis of inducible ischemia in presence or
absence of regional wall motion abnormalities in the corresponding
territories.

Sensitivity ~ Specificity ~ Accuracy

Overall % (CD) 59 (51-67) 82 (75-88) 67 (59-76)
number of pts 49/83 40/49 89/132
Normat % (CD) 50 (33-67) 83 (70-96) 69 (53-85)
wall motion  number of pts 7/14 15/18 22/32
-Mild WMA % (CI) 71 (56-87) 85 (72-97) 76 (62-91)
number of pts 15/2} 11/13 26/34
Moderate % (CD 55 (36-74) 75 (59-91) 61 (43-79)
WMA ~ number of pts 11/20 6/8 17/28
Severe % (CD 57 (41-73) 80 (67-83) 63 (48-78)
WMA number of pts 16/28 - 8&/10 24/38
Cl = 95% confidence interval, pts = patients, WMA = wall motion
abnormalities.
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Figure 1, Percentage diameter stenosis of the related ariery in territories with
and without baseline wall motion abnormalities (WMA), decived only in
arteries with =50% stenosis.

Table 2: Accuracy of dobutamine stress echocardiography for the diagnosis
of significant LCx stenosis on basis of inducible ischemia in presence or
absence of regional wall motion abnormalities in the corresponding
territories,

Sensitivity ~ Specificity Accuracy

Overall % (CI) 53 (45-62) 82 (76-89) 68 (60-76)
number of pts 34/64 56/68 20/132
Normal % (Ch 39 (27-51) 90 (82-97y 71 (60-82)
wall motion  number of pts 9/23 35/39 44/62
Mild WMA % (CI) 47 (28-66) 78 (62-94) 58 (39-77)
number of pts 8/17 719 15/26
Moderate % (CI) 73 (57-89) 71 (55-88) 72 (56-89)
WMA number of pts 11/15 10/14 21129
Severe % (CI) 67 (43-91) 67 (43-91) 67 (43-91)
WMA number of pts 6/9 4/6 10/15
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CI = 95% confidence interval, WMA = wall motion abnormalities,

Coronary angiography: Significant coronary artery disease was detected in 111
patients (84 %). Thirty two patients (24 %) had singie vessel disease, 45 (34%)
had 2 vessel disease and 34 (26%) had 3 vessel disease. Significant stenosis of
the LAD was detected in 77 patients (58%), of the RCA in 83 patients (63 %)
and of the LCx in 64 patients (48%). Twenty one patients had normal coronary
arteries or <50% lesions. In coronary arteries with significant stenosis, the
mean percentage diameter stenosis was significantly higher in arteries with than
without wall motion abnormalities in the corresponding territories (p <0.0! in
the LAD and RCA, p<0.05 in LCx territories) and showed a trend to more
severe stenosis with more severe regional wall motion abnormalities (figure 1).

Stress echocardiography

Baseline: Wall motion abnormalities at baseline echocardiography were detected
in all patients. Mean wall motion score was 1.71 + 0.46 (range 1.13 t0 2.75)
in the whole left ventricular myocardium, 1.78 + 0.66 (range 1 to 2.8) in LAD
territories, 1.47 + 0.57 (range 1-2.8) in LCx territories and 1.81 + (.65 (range
[ t0 2.9) in RCA territories.

Stress: Wall motion score index increased significantly from baseline (1.71 +
0.46} to peak stress (1.90 + 0.52, p<0.001). Ischemia was detected in 87 of
111 patients with significant coronary artery stenosis (78%) and in 3 of the 21
patients (14 %) without significant coronary artery disease; 2 of them had lesions
between 40 and 45% in the related artery (sensitivity = 78%; CI 71-86,
specificity = 86%; CI 79-92, positive predictive value = 97%; CI 93-100,
negative predictive value = 43%; CI = 34-51; accuracy = 80%; CI 73-87).
The sensitivity was 66% in patients with single vessel disease, 82% in
2 vessel disease and 85% in 3 vessel disease. The sensitivity was significantly
higher in patients with multivessel than with single vessel discase (84 % vs 66%,
p<0.05). An ischemic pattern in 2 different vascular territories, suggestive of
multivessel involvement occurred in 37 of 79 patients with multivessel disease
and in 6 of 53 patients with single vessel or without coronary artery stenosis
(sensitivity = 47%; CI 38-535, specificity = 89%; CI 83-94, positive predictive
value = 86%; CI 80-92, negative predictive value = 53%; CI = 44.61;
accuracy = 64%; CI 55-72), The mean number of stenofic coronary arferies
was 1.9 + 0.8 in patients with mild, and 2.1 + 0.8 with moderate or severe
wall motion abnormalities (p=NS). Sensitivity was 73 % (43/58) in patients with
mild, 87% (34/39) with moderate and 75% (10/14) with severe wall motion
abnormalities (p = NS). Ischemia was detected in 74 of 98 patients with and
in 5 of 34 patients without significant stenosis of the infarct-related artery
(sensitivity = 76; CI 68-83, specificity = 85; CI 79-92, accuracy = 78%; CI
= 71-85). Ischemia was detected in 54 of 74 patients with and in 5 of 41
patients without remote coronary artery stenosis, after exclusion of 17 patients
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with extensive infarction and wall motion abnormalities involving the 3 vascular
territories (sensitivity = 73; CI 69-81, specificity = 88; CI 82-94, accuracy =
78%; CI = 71-86).

Table 3: Accuracy of dobutamine stress echocardiography for the diagnosis
of significant RCA stenosis on basis of inducible ischemia in presence or
absence of regional wali motion abnormalities in the corresponding
territories.

Sensitivity Specificity ~ Accuracy

Overall % (CD _ 62 (54-71y 69 (61-77y 65 (57-73)
pis nr 48/77 38/55 86/132
Normal wall % (CI) 46 (29-63) 76 (62-91) 65 (49-81)
motion pis nr 6/13 16/21 22/34
Mild WMA % (CD 71 (55-86) 60 (43-77) 66 (49-82)
pis nr 12/17 9/15 21/32
Moderate % (CI) 83 (68-98) 67 (48-86) 79 (63-95)
WMA pts nr 15/18 4/6 19/24
Severe WMA % (CD 52 (37-67) 69 (55-83) 57 (42-72)
pts ar 15/29 9/13 24/42

wall motion

CI = 95% confidence interval, pts = paticnts, WMA
abnormalities.

The sensitivity, specificity, and accuracy of dobutamine stress
echocardiography for the detection of individual stenosis of the LAD, LCx and
RCA are shown in table 1,2 and 3 respectively. Accuracy was calculated in
absence and in presence of different grades of baseline dysfunction in the
corresponding territory. Sensitivity was not different in the 3 vascular
territories. There was a trend to a lower specificity in the RCA compared to
other territories. Because some of the false positive results in the inferior wall
may be attributed to LCx disease, the vascular territories of RCA and LCx were
grouped and abnormalities were assigned to a disease in either of them (table 4).
This approach increased the specificity of the RCA from 69% to 76%,
meanwhile the specificity of the LCX decreased from 82% to 76%. The overall
accuracy for detection individual coronary artery stenosis was derived by adding
the accuracy for LAD to the accuracy in the combined RCA and LCx segment
(table 5). Twenty eight % of false positive results occurred in relation to arteries
with stenosis between 40% and 50% . There was no significant difference in the
diagnostic accuracy in presence or absence of baseline wall motion abnormalities

72



and in various grades of regional dyssynergy in the related vascular territories
(figure 2), However, the sensitivity in territories with mild and moderate wall
motion abnormalities (added together) was higher than in territories with severe
wall motion abnormalities (73% vs 56%, p<0.05) and in those with normal
baseline contraction (73% vs 53%, p <0.05).

Table 4: Accuracy of dobutamine stress echocardiography for the diagnosis
of significant RCA and/or LCx stenosis on hasis of inducible ischemia in
presence or absence of regional wall motion abnormalities in the
corresponding territories,

Sensitivity Specificity  Accuracy

Overall % (CI) 72 (64-79) 76 (68-83) 73 (65-30)
number of pts 68/95 28/37 96/132

Normal % (CI) 56 (38-74) 86 (73-98) 70 (54-86)
wall motion  number of pts 9/16 12/14 21730

Mild WMA % (CT) 73 (60-87) 67 (52-81) 71 (58-85)
number of pts 22/30 8/12 30/42

Moderate % (CD) 85 (74-96) 71 (58-85) 83 (71-94)
WMA number of pts 29/34 577 34/41

Severe % (CI) 53 (31-76) 75 (55-95) 58 (36-80)
WMA number of pts 8/15 3/4 11/19

CI = 95% confidence interval, pts = patients, WMA = wall motion
abnornialities,

In individual vascular territories, subtended by a stenotic coronary
artery, therc was no significant difference in baseline regional wall motion score
index (figure 3), dyssynergy index (figure 4), akinesis-dyskinesis index (figure
5) in presence (true positive) or absence (false negative) of ischemia at
echocardiography in the same vascular territories. Similarly, in absence of
stgnificant stenosis, none of these indices was significantly different between the
false positive and true negative studies (figure 3-5). However, there was a small
trend to higher percentage of dyssynergic segments in both true and false
positive studies (figure 4) and a trend to a higher percentage of akinetic-
dyskinetic scgments in the false negative studies (figure 5).
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Figure 2. Accuracy of dobutamine stress echocardicgraphy for the
diagnosis of coronary stenosis in territories with normal wall motion,
mild, moderate and severe wall motion abnormalities (WMA).
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Figure 3. Regional wall motion score index (WMSD in vascular
territories with or without stenosis of the related artery, in presence
or absence of regional isclhiemia at dobutamine echocardiography.
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Figure 4, Regional akinesis + dyskinesis index in vascular territories
with or without significant stenosis of the related arlery, in presence
or absence of regional ischemia at dobutamine echocardiography.
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Figure 5. Regional akinesis + dyskinesis index in vascular territories
with or without significant stenosis of the related artery, in presence
or absence of regional ischemia at dobutamine echocardiography.

75




Table 5: Accuracy of dobutamine stress echocardiography for the diagnosis
of individual coronary artery stenosis in presence or absence of regional
wall motion abnormalities in the corresponding territories, derived by
adding LAD to the combined RCA and LCx territories,

Sensitivity Specificity  Accuracy

Overall % (CI) 66 (60-72) 79 (74-84) 70 (64-76)
number of pts 117/178 68/86 185/264
Normal % (CI 53 (41-66) 84 (75-93) 69 (58-8D)
wall motion  number of pts 16/30 27/32 43/62
Mild WMA % (CI) 73 (62-83) 76 (66-86) 74 (64-84)
number of pts 37/51 19/25 56/76
Moderate % (CI) 74 (64-84) 73 (63-84) 74 (64-84)
WMA number of pts 40/54 11/15 51/69
Severe % (CD) 56 (43-69) 79 (68-89) 61 (49-74)
WMA number of pts 24/43 [1/14 35/57

CI = 95% confidence interval, pts = patients, WMA = wall motion
abnormalities,

DISCUSSION

The assessment of myoccardial ischemia provides a valuable data
regarding the function of coronary arteries that can not be obtained by routine
angiography. Therefore, patients with previous myocardial infarction are
frequently referved for the assessment of the functional significance of coronary
stenosis documented at angiography. The detection of myocardiai ischemia in
that setting confirms the retationship between the patient symptoms and coronary
artery disease and helps in decision making regarding revascularization which
is likely to improve symptoms.

Because of the ability of dobutamine stress echocardiography to assess
left ventricular function and to detect ischemia at high dose, it is increasingly
used for functional evaluation of patients after myocardial infarction (1-5).
However, previous studies have focused mainly on the assessment of patients
after a recent myocardial infarction, mostly for routine evaluation in absence of
symptoms (1-3). The extension of these studies to a large homogenous
population of symptomatic patients with old myocardial infarction has not been
carried out. Exercise performance in these paticnts may be limited by pulmonary
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and joint disease, physical deconditioning and particularly exertional dyspnea
due to left ventricular dysfunction, Furthermore, the accuracy of the
clectrocardiography for the diagnosis of ischemia may be reduced due (o the
presence of pathological Q-waves or conduction abnormalities, the low
specificity of ST segment elevation for ischemia and the confounding occurrence
of reciprocal ST-segment depression without true ischemia (18). Therefore, the
assessment of the value of dobutamine stress echocardiography for the diagnosis
of ischemia in this population appears to be a clinically relevant issue. However,
in presence of baseline dyssynergy, the detection of coronary artery stenosis
may be influenced by various factors, including the encroachment on the
number of segments in which ischemia can be elicited and the tethering effect
of a dyssynergic segments during stress on an adjacent normal segment which
can mimic ischemia. Because of these potential limitations, it was suggested that
patients with left ventricular dysfunction represent a population in whom
perfusion may be preferred to echocardiographic imaging (9).

The present study
Our study shows a good overall accuracy of dobutamine stress

echocardiography, based on the detection of inducible ischemia, for the
diagnosis of significant coronary artery stenosis in symptomatic patients with
regional left ventricular dysfunction after myocardial infarction. Sensitivity was
higher in multivessel versus single vessel disease which can be explained by a
larger amount of jeopardized myocardium with multivessel disease. The high
sensitivity in multivessel disease is an advantage for the technique, since the
sequela of a false negative test in patients with multivessel discase are more
serious than in patients with single vessel disease who were shown to have a
better prognosis (19).

Effect of baseline wall motion abnormalities

There was no significant difference in the accuracy for the detection of
significant stenosis in an individual artery in presence or absence of wall motion
abnormalities in the corresponding territories, Furthermore, the accuracy was
not different in presence of mild, moderate or severe wall motion abnormalities.
However, the sensitivity in vascular territories with mild and moderate wall
motion abnormalities was higher compared to those with severe abnormalities
(73% vs 56%) and those with normal wall motion (73% vs 53%). This may be
explained by many factors including a high prevalence of non-transmural
infarction in territortes with mild and moderate wall motion abnormalitics,
which is known to be associated with a high prevalence of myocardial ischemia
(20). A recent study showed that the sensitivity of ischemia assessed by
dobutamine thallium scintigraphy for the diagnosis of significant coronary
stenosis was significantly higher in the peri-infarction compared to remote
segments (21). The presence of baseline dyssynergy in some of the analyzed
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segments may be due to severe ischemia rather than myocardial infarction (22).
The differentiation between theses 2 situations may be difficult in this population
due to the low sensitivity of Q waves for the detection of wall motion
abnormalities (23). If baseline dyssynergy is a manifestation of severe ischemia,
the latter may be more inducible during stress in these vascular territories. The
finding of more severe coronary stenosis in arteries with than without wall
motion abnormalities in the related territories and the trend to more severe
stenosis in association with more severe wall motion abnormalities may enhance
sensitivity in dyssynergic territories and maintain a similar sensitivity in normal
segments compared to severely dyssynergic segments by compensating for the
reduced number of myocardial segments in which ischemia can be detected.
Despite the iack of echocardiographic criteria for the diagnosis of ischemia in
akinetic and dyskinetic segments, the latter does not usually involve the entire
vascular territory. Finally, ischemia can be detected in hypokinetic segments
when akinesis or dyskinesis occur during stress.

Wall motion score index, representing an overall estimation of the
extent and severity of baseline dysfunction, did not influence the stress results
in presence or absence of significant stenosis. This was demonstrated by the
similar wall motion score index in true positive, compared to false negative and
in true negative compared to false positive results. However, there was a
constant trend to a higher percentage of dyssynergic segment in association with
both true and false positive results. This may be explained by a the possible
confounding effect of tethering in presence of extensive wall motion
abnormalities which may passively increase sensitivity by reducing specificity.
A constant trend to a higher number of akinetic and dyskinetic segments in false
negative compared to true positive results was also observed. However, the
difference was small and did not reach a statistical significance,

Comparison with previous studies

This is the first study which evaluates the accuracy of dobutamine stress
echocardiography for the detection of coronary artery stenosis in a homogenous
patients population with old myocardial infarction. A limited number of stucies
were reported in patients after a recent myocardial infarction. Berthe et al. (1)
reported an accuracy of 87% for dobutamine stress echocardiography in the
detection of multivessel disease in 30 patients after a recent myocardial
infarction. Takeuchi et al. (2) reported a sensitivity and specificity of 93% and
91% of dobutamine stress echocardiography for the detection of significant
infract related artery stenosis after a recent myocardial infarction. Sawada et al.
(7) reported that in 41 patients with baseline
wall motion abnormalities, the sensitivity and specificity of dobutamine stress
echocardiography for the detection of coronary artery disease in remote
segments were 81% and 87% respectively, However, none of theses studies
assessed both remote and peri-infarction ischemia and there are no reports
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concerning the overall accuracy in patients with baseline left ventricular
dysfunction.

Marcovitz et al. (10) reported that in a heterogenous patient population
with or without baseline wall motion abnormalities undergoing dobutamine
stress echocardiography, most of the false positive resuits were encountered in
patients with baseline wall motion abnormalitics. Conversely, Armstrong et al.
(11) reported a trend to a higher accuracy in patients with than without baseline
wall motion abnormalities undergoing exercise echocardiography. However,
these 2 study considered the diagnosis of coronary artery stenosis in presence
of bascling wall motion abnormalities that did not change during stress. The
contradiction may be explained by a difference in proportion of patients with
wall motion abnormalities who had no significant stenosis of the infarct related
artery as occurs after thrombolysis or revascularization procedures. Wall motion
abnormalitics due to reasons other than coronary artery disease will further
compromise the specificity of this approach which has also the limitation of
failure to disclose the relationship between the patient symptoms and inducible
ischemia.

The overall sensitivity and specificity of dobutamine stress
echocardiography for the detection of coronary artery disease in our study in
patients with old infarction are aligned with those found in large studies in
population without previous myocardialinfarction (17,24,25) and in heterogenous
poputation (8,10,26).

Accuracy for individual coronary artery disease

There was no significant difference in the sensitivity for detecting
individual coronary stenosis in the 3 territories. A similar finding has been
reported by Marwick et Al (17). In contrast, Armstrong et al. (11) found a
lower sensitivity of exercise echocardiography for LCx. This may be related to
the post exercise acquisition of images and the interfering effect of respiratory
movement on the lateral wall.

In our study, the assignment of the inferior wall to the RCA and
posterior wall to the LCx was associated with a relatively low sensitivity for
LCx disease and a low specificity for RCA. This can be explained by vascular
overlap in the inferior wall described by other investigators (11,27). When RCA
and 1.Cx were considered together, specificity increased only for the RCA and
was slightly reduced for the LCx. Theses findings suggest that a significant
proportion of inferior ischemia is due to LCx disease, meanwhile a relation
between posterior ischemia and RCA disease may not be equally significant,

Limitations of the study: Most patients had multivessel disease which may
influence the sensitivity and specificity for the diagnosis of individual coronary
artery disease, due to overlap of vascular territories. Most patients were
receiving antianginal therapy including beta blocking agents in 29% which may
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reduce the prevalence of ischemia and decrease the sensitivity of the ftest.
However, these limitations are expected to a have a uniform influence on all
segments rather than a particular group of segments. Furthermore, we have
previously shown that atropine increases the sensitivity of dobutamine
echocardiography especially in patients receiving beta blockers (12). Finally, the
number of patients without significant coronary artery disease was relatively
small. This is expected in symptomatic population after myocardial infarction.
Therefore we performed analysis on segmental basis to avoid this limitation
which is related to the nature of the selected patient group.

Summary and conclusion

Our results arc derived from a consecutive serics of symptomatic
patients with previous myocardial infarction, referred for non-invasive
evaluation of coronary artery disease and comprised a wide range of baseline
left ventricular dysfunction. The theoretical limitation of echocardiographic
detection of ischemia in presence of baseline dyssynergy could not hold in our
study. Conversely, the presence of mild or moderate abnormalities was
associated with a higher sensitivity compared to normal segments and severely
dyssynergic segments. Dobutamine stress echocardiography is an accurate
method for the detection of functionally significant coronary artery disease in
patients with myocardial infarction. In this population, the presence of baseline
dyssynergy should be disregarded as a limitation of the test for the detection of
myocardial ischemia and the diagnosis of significant coronary artery stenosis.
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ABSTRACT

Aim of the sudy was to assess the value of dobutamine 201 thallium
scintigraphy for the diagnosis of infarct-related and remote coronary artery
stenosis in symptomatic patients with left ventricular dysfunction late after acute
myocardial infarction. Dobutamine (up to 40 pg/kg/min) - atropine (up to 1 mg)
stress fest in conjunction with stress-reinjection 201 thailium SPECT was
performed in 71 symptomatic patients with left ventricular dysfunction >3
months after myocardial infarction. Ischemia was defined as reversibie perfusion
defects. Results: Significant coronary stenosis {=50% luminal diameter
stenosis) was detected in all patients. Sensitivity of reversible thallium defects
for the diagnosis of coronary stenosis was 80% in all patients, 70% in patients
with 1-vessel disease, 79% with 2-vessel disease, and 86% with 3-vesscl
disease. The sensitivity for detecting infarct-related artery stenosis was 71%
(95% CI, 60-81), specificity = 83%; (95% CI, 75-92) and accuracy = 72%;
(95% CI, 61-82). Those for remote coronary stenosis were 74 %; (95% CI, 63-
86), 80%; (95% CI, 70-90) and 76%; (95% CI, 65-87) respectively. Ischemic
perfusion score was significantly higher in patients with multi-versus singie
vessel disease. Dobutamine thallium scintigraphy is an accurate method for the
diagnosis of coronary stenosis on basis of reversible hypoperfusion in
symptomatic patients late after myocardial infarction with a comparable
sensitivity for detecting remote and infarct-related artery stenosis.

' Submitted for publication.
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INTRODUCTION

Exercise 201 thallium perfusion scintigraphy is a widely used technique
for the diagnosis and functional assessment of coronary artery disease (1-4). The
presence of scintigraphic markers of myocardial ischemia after myocardial
infarction, based on reversible hypoperfusion, is a predictor of future cardiac
events (3,4). In symptomatic patients with impaired systolic function, the
detection of myocardial ischemia identifies myocardial segments at jeopardy and
identifies patients in whom symptoms may improve after revascularization.

Since exercise tolerance may be reduced in patients with left ventricular
dysfunction, dobutamine stress testing represents a feasible and safe alternative
(5-11). However, in presence of severe myocardial dysfunction and severe
perfusion abnormalities at rest, the detection of reversible perfusion defects
represents a technical challenge for thaliium scintigraphic techniques (12,13).
Conversely, a recent study in patients after a recent myocardial infarction has
shown that the sensitivity of dobutamine thallium scintigraphy for the diagnosis
of infarct-related artery stenosis was high compared to poor sensitivity for
remote coronary ariery stenosis (14), Accordingly, the aim of this study was to
assess the value of dobutamine 201 thatlium single photon emission computed
tomographic (SPECT) imaging for the detection of myocardial ischemia in
symptomatic patients with left ventricular dysfunction late after acute myocardial
infarction and to assess to which extent can the severity of persistent perfusion
abnormalities influence the accuracy of the technique for the detection of
individual coronary artery stenosis, based on reversible perfusion defects.

METHODS
Patienis selection

Study popuiation comprised 71 patients, referred to our nuclear imaging
laboratory for evaluation of myocardial ischemia who fulfilled the following
criteria;
I} previous myocardial infarction >3 months. The diagnosis of myocardial
infarction relied upon the standard criteria of prolonged chest pain, a diagnostic
rise (at least twice the normal value) and fall of serum creatine kinase and serial
electrocardiographic changes. Mean time from the infarction was 5.3 + 6.1
years.
2) the presence of wall motion abnormalities on resting echocardiogram. 3)
absence of left bundle branch block, left ventricular hypertrophy, severe heart
failure, valvular heart disease, severe hypertension, hypotension, or a history
of sustained ventricular tachyarrhythmias. All patients gave an informed consent
to undergo dobutamine stress testing in conjunction with 201-thallium perfusion
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scintigraphy. Mean age was 59 + 9 years. There were 58 men and 13 women.
Forty seven (66%) patients were receiving oral nitrates and/or calcium
antagonists and 38 patients (54 %) were receiving angiotensin converting enzyme
inhibitors at the day of the test. Beta blocking agents were stopped 2 days before
the test. Symptoms before testing included typical angina in 57 patients, atypical
chest pain in 3 patients and exertional dyspnea in 25 patients. Myocardial
infarction was anterior (or anterolateral) in 39 patients, inferior (or inferolateral)
in 20 patients and combined anterior and inferior in 12 patients.

Dabutamine stress test

Dobutamine was infused fhrough an antecubital vein starting at a dose
of 5 followed by 10 ug/kg/min (3 minutes stages), increasing by 10 pg/kg/min
every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up to 1 mg) was
given in patients not achieving 85% of age predicted maximal heart rate (15).
The ECG was monitored during dobutamine infusion and a 12-lead ECG was
recorded each minute. Cuff blood pressure was measured every 3 minutes. The
test was interrupted if severe chest pain, ST-segment depression >2 rmm,
significant ventricular or supraventricular arrhythmia or systolic blood pressure
fall of >40 mm Hg occurred during the test, Ischemia at the ECG was defined
as =0.1 mV horizontal or downsloping ST-segment depression 80 mS from the
J point compared to baseline level or =0.1mV ST-segment elevation in ECG
leads corresponding to myocardial regions without infarction (16).

Echocardiography

Echocardiographic images were acquired in the standard views. Left
ventricular wall was divided into 16 segments and scored using a 4-point scale,
where I=normal, 2=hypokinesis, 3=akinesis, 4 = dyskinesis (16). Both wall
motion and thickening were considered for analysis. Wall motions score index
was derived by dividing the summation of the score of the 16 segments by 16,
Regional wall motion score index was derived by dividing the score of the
segments in cach vascular territory by the number of segments in that territory.

Thatlium SPECT imaging

Approximately { minute before the termination of the stress test, an
intravenous dose of 74 MBq of 201 Tl was administcred (17). The acquisition
of stress SPECT imaging was started immediately after the test. For the
reinjection studies, imaging was acquired 4 hours after the stress test, 20
minutes after the reinjection of 37 MBq of Tl. Image acquisition was performed
with a Stemens Gammniasonics single-head Rota Camera. 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 wail were defined. Each of the
6 short axis slices was divided into 8 equal segments. The interpretation of the
scan was performed by visual analysis assisted by the circumferential profiles
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analysis. All tomographic views were reviewed in side by side pair (stress and
reinjection) 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 resoived at
reinjection imaging in 2 or more contiguous segments or slices. This was
considered diagnostic of ischemia. A fixed perfusion defect was defined as a
perfusion defect on stress images in 2 or more contiguous segments or slices
which persists on reinjection images. To assess perfusion defect size, perfusion
defect score was gquantitatively calculated by measuring the area between the
fower limit of normal values (+ 2 standard deviations) and the actual
circumferential profile at reinjection and stress images. Ischemic perfusion score
was derived by subfracting rest from stress score in segments with reversible
defects, Reinjection (fixed) defect score was derived in the peri-infarction area
and was compared in vascular territories with and without reversible perfusion
defects, in presence of significant stenosis of the related artery.

Coronary angiography
Coronary angiography and left ventriculography were performed, using

the Judkins technique, within 3 months in alf patients. Coronary artery lesions
were quantified as discussed previously (18). Significant coronary artery disease
was defined as a diameter stenosis >50% in one or more major epicardial
arteries. Coronary arieries were assigned to particular myocardial segments as
follows: 1) the left anterior descending (ILAD) coronary artery was assigned to
the anterior wall, anterior septum, posterior septum (except for the basal
segment) apical anterior and apical septal segments. 2) the left circumflex (LCX)
coronary arfery was assigned to the lateral and posterior wall. 3) the right
coronary artery (RCA) was assigned to the inferior wall and the basal part of
the posterior septum. The apical lateral segment was considered as an overlap
segment between the LAD and the LCX and was assigned to the abnormal
artery. Similarly, the apical inferior segment was considered as an overlap
segment between the LAD and RCA,

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
sguare test and Fisher exact test were used to compare differences beiween
proportions. The Student ¢ test was used for analysis of continuous data. A
p<0.05 was considered statistically significant. Sensitivity, specificity,
predictive vatuc and accuracy were derived according to standard definition and

presented with their corresponding 95% confidence interval (CI).
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RESULTS
Coronary angiography

Significant coronary artery diseasc was detected in all patients. Ten
patients (14 %) had single vessel disease, 33 (46%) had 2 vessel disease and 28
(39%) had 3 vessel disease. Significant stenosis of the LAD was detected in 62
patients (87%), of the RCA in 52 patients (73%) and of the LCX in 46 patients
(65%), Significant stenosis of LCX and/or RCA was detected 61 patients (86 %).
In stenotic coronary arteries, the mean percentage diameter stenosis was
significantly higher in infarct-related than remote coronary arteries (78 + 21 vs
62 + 25%, p<0.05).

Dobutamine stress test

Heart rate increased from 72 + 13 at rest to 139 1 15 beats /min at
peak stress (p <0.0001) whereas systolic blood pressure did not change (125 +
21 at rest vs 123 + 25 mm Hg at peak stress). Atropine was administered in 27
(38%) patients. Angina occurred in 41 (58%) patients, ST-segment depression
in 24 (32%) of whom, 2 had l-vessel and 22 had multivessel disease. ST-
segment elevation occurred in 32 (44 %) patients, all of them had baseline wall
motion abnormalities in the related segment. In 15 (21%) patients, the test was
interrupted prematurely before reaching the maximal dose or the target heart
rate. Reasons for premature termination of the test were angina (5 patients), ST-
segment depression (1 patients), hypotension (8 patients) and significant
tachyarrhythmias {1 patient).

201 Thallium SPECT

All patients had abnormal perfusion scintigraphy (fixed with or without
reversible perfusion defects) in =1 vascular territory. Ischemia (partially or
completely reversible perfusion defects) was detected in 57 patients (80%).
There was no significant difference between patients with or without ischemia
with respect to mean ejection fraction (40 + 13 vs 35 + 10%), peak heari rate
(139 + 13 vs 138 £ 13) or peak rate pressure product (16931 4 3856 vs 17035
+ 3207). The sensitivity of dobutamine 201 thallium scintigraphy for the
detection of coronary artery disease, on basis of reversible perfusion defects was
80% in all patients, 70% in patients with single vessel disease, 79% in patients
with 2-vessel disease, and 86% in patients with 3 vessel disease, Sensitivity was
relatively higher in multivessel versus single vessel disease (82% vs 70%),
though the difference was not statistically significant. The sensitivity was higher
than electrocardiography (p<0.0001). The sensitivity and specificity for the
detection of significant stenosis in individual arteries on basis of reversible
perfusion defects are shown in table 1. Because of the overlap between the LCX
and RCA in the posteroinferior region, the sensitivity and specificity for
detecting stenosis in either arteries were calculated by combining both vascular
territories. '
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Ischemia was detected in more than one vascular territory in 39 of 61
patients with multivessel discase and in 2 of 10 patients with single vessel
disease (sensitivity for detecting coronary stenosis in > 1 region = 64%; CI,
53-75, specificity = 80%; CI, 71-89 and accuracy = 66%; CI, 55-77). Peri-
infarction ischemia was detected in 46 of 65 patients with and in 1 of 6 patients
without significant stenosis of the infarct-related artery (sensitivity = 71%; CI,
60-81, specificity = 83%; CI, 75-92 and accuracy = 72%; CI, 61-82). Inthe
59 patients who had infarction confined to the anterior or inferior location,
remote ischemia was detected in 29 of 39 patients with and in 4 of 20 patients
without remote coronary stenosis (sensitivity = 74%; CI, 63-86, specificity =
80%; CI, 70-90 and accuracy = 76%; CI, 65-87)[table 1].

Table 1. Sensitivity, specificity and accuracy of reversible perfusion defects
on dobutamine thallium scintigraphy for the diagnosis of significant stenosis
in individual regions in patients with previous myocardial infarction.

stenosis yes no  sensitivity  specificity  accuracy
LAD 62 9  65(53-76) 89 (81-96) 68 (57-79)
LCX 46 25 61 (50-72) 76 (66-86) 66 (55-77)
RCA 52 19 67 (56-78) 74 (63-84) 69 (85-80)
RCA £ LCX 61 10 74 (64-84) 80 (71-89) 75 (65-85)
Infarct-related artery 65 6 71 (60-81) 83 (75-92) 72 (61-82)

Remote coronary artery 39

20

74 (63-86)

80(70-90)

76(65-87)

LAD = left anterior descending, LCX = left circumflex, RCA = right
coronary artery. Sensitivity, specificity and accuracy are presented as percentage
and (95% confidence interval).

Effect of fixed wall motion and perfusion abnormalities

In infarct regions subtended by a stenotic coronary artery, regional
quantitative perfusion defect score at reinjection (figure 1) and regional wall
motion score index on resting echocardiogram (figure 2) were significantly
lower in presence than in absence of reversible perfusion defects in the same
vascular territory only in the LCX and RCA territories; whereas no difference
was found in the LAD territories.
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Figure 1. Regional perfusion defect score after reinjection in
infarct regions with significant stenosis of the related artery,
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thallium SPECT.
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Extent and severity of ischemia in single versus multivesse! discase

Patients with multivessel disease had a higher number of segments with
reversible perfusion defects (2.5 £ 1.3 vs 1.7 1 0.9, p <0.01) and a higher
ischemic defect score (1056 + 1021 vs 423 + 633, p<0.01) compared to
patients with single vessel disease.

DISCUSSION

The diagnosis of myocardial ischemia is important for the management
and prognostic stratification of patients after myocardial infarction. The presence
of thallium redistribution on exercise thallium scintigraphy in this population
identifies patients at a higher risk of cardiac events (3,4).

Dobutamine stress testing is an cxercise simulator used as a safe and
feasible alternative for exercise in patients with limited exercise capacity. High
dose dobutamine infusion may induce myocardial ischemia in presence of fixed
coronary artery stenosis due {o an increase of myocardial oxygen demand and
induction of flow heterogeneity (19-20). Recent studies have demonstrated the
value of dobutamine perfusion scintigraphy in the diagnosis and localization of
coronary artery disease, based on the occurrence of reversible hypoperfusion
during the test in patients without previous myocardial infarction (5-11). The
role of dobutamine thallium scintigraphy in the assessment of myocardial
viability and the prediction of improvement of left ventricular function after
revascularization has been previously studied (17). However, little is known
about the value of dobutamine perfusion scintigraphy for the diagnosis of peri-
infarction and remote ischemia in patients with previous myocardial infarction.
A recent study has shown a poor sensitivity of dobutamine thallium scintigraphy
for the diagnosis of remote coronary artery stenosis early after myocardial
infarction (14). Therefore, the diagnostic accuracy of dobutamine thallium
scintigraphy in patients with myocardial infarction needs further assessment.

The present study

The results of our study show a good overall sensitivity of dobutamine
thallium SPECT myocardial perfusion scintigraphy for the diagnosis of
significant coronary artery stenosis on basis of reversible hypoperfusion in a
well defined symptomatic patient population with left ventricular dysfunction
late after myocardial infarction. The sensitivity for the detection of remote
coronary artery stenosis was comparable to that for the infarct-related artery.
The refatively low sensitivity for the detection of individual coronary stenosis
and multivessel involvement on basis of inducible ischemia in more than one
vascular territory can be explained by the possible attenuation of differences in
perfusion in presence of multivessel disease and that remote ischemic segmenis
may appear as contiguous. An other explanation is a different threshold for
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ischemia in different territories in the same patients, with a possibility of
reaching an end point of symptoms, hemodynamic or electrical changes
following the occurrence of ischemia in one territory before others. Exercise
thallium scintigraphy has been reported to underestimate the extent of coronary
artery disease after myocardial infarction (21). Similar findings were reported
with adenosine thallium (22} and dobutamine MIBI scintigraphy (8) in patients
without previous myocardial infarction. The vascular overlap between the LCX
and RCA in the posteroinferior region (9,23) may explain the low accuracy
when each artery was analyzed separately.

Influence of the severity of resting perfusion abnormalities on the diagnosis of
ischemia

In presence of infarct-related artery stenosis, the severity of fixed wall
motion and perfusion abnormalitics contributed to a lower prevalence of peri-
infarct redistribution only in the LCX and RCA territories, while the severity
of resting abnormalities was not different with or without reversible perfusion
defects in territories with LAD stenosis. This can be explained by the large
myocardial mass in the LAD territories comprising the anterior wall, anterior
and posterior septum and apex, which maintains an adequate substrate for
ischemia even in presence of a relatively large infarction in contrast to RCA and
LCX which supply a smaller myocardial mass in which the induction of
myocardial ischemia may be critically dependent on the extent of intact
myocardinm in the related territories. Despite that the scverity of resting
perfusion abnormalities was a factor reducing the sensitivity for the diagnosis
of significant RCA or LCX stenosis, the sensitivity for the diagnosis of peri-
infarction and remote ischemia was not different. This can be explained by the
more severe diameter stenosis of the infarct-related compared to remote stenosis
which may compensate for the reduction of myocardial mass functioning as a
substrate for ischemia in the peri-infarction region. Mean ejection fraction was
not different with or without ischemia. Similar results were reported by Sutton
et al, in patients with residual critical stenosis after thrombolysis for acute
myocardial infarction, undergoing exercise thallium scintigraphy, although mean
peak creatine kinase level was lower in patients with ischemia (24). Our findings
of a similar peak heart rate and rate pressure product in patients with or without
ischemia are consistent with the findings of Sutton et al (24),

Comparison with previous studies
This is the first study which evaluates the accuracy of dobutamine

perfusion scintigraphy for the diagnosis of peri-infarct and remote coronary
artery stenosis in a symptomatic population late after acute myocardial

infarction,
Coma-Canella et al. (14) studied 63 patients with dobutamine thallium
SPECT early after a recent myocardial infarction. The sensitivity of thallium

91



scintigraphy for the detection of coronary stenosis was 75% for infarct-related
and 18% for remote coronary artery stenosis. The low sensitivity for remote
stenosis compared to our results may be related to the inclusion of
predominantly asymptomatic population as opposed to our patients which can
be expected to influence the inducibility of ischemia. An other factor may be
refated to the use of quantitative assessment of perfusion in all patients in our
study which may enhance the detection of mild reversible defects. The higher
sensitivity for remote coronary artery stenosis in our study (74 % vs 18% in the
other study) is concordant with our finding of a higher quantitative ischemic
perfusion defect score in patients with multivessel compared to single vessel
disease; whereas the previous study, based on visual semiquantitaive assessment
failed to find such difference. It has been demonstrated that quantitative analysis
is superior to visual analysis of exercise thailium images in the diagnosis of
coronary artery stenosis in patients with known or suspected coronary artery
disease (25). The overall accuracy of dobutamine thallium scintigraphy for the
diagnosis of significant coronary artery stenosis in -patients with previous
myocardial infarction is aligned with previous studies on dobutamine perfusion
scintigraphy in patients without previous myocardial infarction (5-11).

Limitations of the study

All patients had significant coronary artery stenosis precluding
evaluation of the overall specificity of the technique. However, coronary
stenosis was not an inclusion criteria and this finding represents the high
predictive value of the clinical status of this popuiation for significant coronary
stenosis. Nevertheless, we have demonstrated a good regional specificity of the
technique. Despite that thallium reinjection improves the detection of ischemia
in dyssynergic segments (12), it has been reported that some reversible defects
at redistribution may become fixed after reinjection with a possibility of
underestimating ischemia if redistribution images were not acquired (13).

Summary and conclusion
Dobutamine thallium scintigraphy is an accurate method for the

diagnosis of coronary stenosis on basis of reversible hypoperfusion in
symptomatic patients with left ventricular dysfunction late after myocardial
infarction with a comparable sensitivity for the detection of remote and infarct-
related artery stenosis. The severity of fixed wall motion and perfusion
abnormalities contributes to a lower prevalence of peri-infarction ischemia only
in the circumflex and right coronary artery territories probably due to the a
smaller myocardial mass compared fo the territories of the left anterior
descending coronary artery.
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ABSTRACT

There are no standard criteria for the diagnosis of myocardial ischemia
in akinetic segments during dobutamine stress echocardiography (DSE). The aim
of the study was to assess the relation between different responses of akinetic
segments during DSE and ischemia assessed by 201 TI SPECT. DSE (up to 40
pgl/kg/min} with simultaneous stress-reinjection Tl SPECT was performed in 67
patients with old myocardial infarction and corenary artery stenosis. Fourteen
myocardial segments were matched for both DSE and SPECT, Ischemia on
SPECT was defined as reversible Tl defects. In 257 akinetic segments, 4
patterns during DSE were identified: I) biphasic in 41 segments (16%), defined
as improvement at low-dose (5-10 pg/kg/min) fottowed by worsening at high-
dose. II) persistent akinesis in 155 segments (60%). III) akinesis becoming
dyskinesis in 39 segments (15%). IV} sustained improvement in 22 segments
(9%}). Reversible Tl defects were detected in 21 segments (51%) in group I, 20
segments (13%) in group II, none in group III and in 2 segments in group IV
(9%). The prevalence of reversible defects in biphasic segments was higher
compared to other patterns (p <0.00001 vs group Il and III, p <0.005 vs group
1V). Ischemic perfusion defect score was significantly higher in group I than
group II. The positive predictive value of biphasic response for reversibie Tl
defects was similar to that of stress-induced dyssynergy in normal segments at
2rest (51% vs 58%). It is concluded that of the varying responses of akinetic
segments to deobutamine infusion, the biphasic response is associated with the
highest prevalence and greatest severity of ischemia on Ti SPECT. Observation
of contractile response at both low and high dose DSE provides a valuable

' Am J Cardiol; in press.
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approach for the diagnosis of myocardial ischemia in akinetic segments.
Key Words: Dobutamine stress echocardiography - Thallium SPECT imaging

INTRODUCTION

Dobutamine stress test in conjunction with echocardiography or
myocardial perfusion scintigraphy is increasingly used for the diagnosis and
functional evaluation of coronary artery disease (1-9). The standard
echocardiographic criteria for the diagnosis of ischemia rely upon the
occurrence of new or worsening wall motion abnormalities (1-4), However, in
severcly dyssynergic segments, no further deterioration of function can occur
during the test and consequently, the diagnosis of ischemia in these segments
represents a limitation of the echocardiographic technique. It was suggested that
a "biphasic respons¢” manifested as a confractile response at low-dose
dobutamine followed by worsening at high dose is a sign of myocardial ischemia
(10,11). However, little data are available to confirm this conclusion. The
diagnosis of myocardial ischemia by dobutamine perfusion scintigraphy is based
on the occurrence of reversible perfusion defects (4-6). Since the technique is
independent on interpretation of wall motion, it can be used for evaluation of
ischemia in akinetic segments. Therefore, the aim of this study was to assess the
relationship between different responses of akinetic segments during dobutamine
stress echocardiography (DSE) and ischemia on simultancous 201 TI SPECT
myocardial perfusion imaging in patients with previous myocardial infarction,

METHODS
Patient selection

Study population comprised 67 consecutive patients with previous
myocardial infarction >3 months and exertional chest pain, referred to our
imaging lahoratory for evaluation of myocardial ischemia, in whom DSE was
performed in conjunction with 201 T1 SPECT imaging and had technically
interpretable images. The diagnosis of myocardial infarction relied upon the
standard criteria of prolonged chest pain, a diagnostic rise of serum creatine
kinase and serial electrocardiographic changes. Patients were included if they
had = 2 akinetic segments on baseline echocardiogram. Mean age was 59 +
9 years. There were 55 men and 12 women. Forty seven (70%) patients were
receiving oral nitrates and/or calcium antagonists at the day of the test. If
administered, beta blockers were stopped 2 days before the test.

Dobutamine stress test

Dobutamine was infused through an antecubital vein in 3 minutes stages
starting at a dose of 5 pg/kg/min, 10 pg/kg/min, increasing by 10 pg/kg/min
to a maximum of 40 ug/kg/min. Atropine (up to 1 mg) was given in patients not
achieving 85% of their age predicted maximal heart ratc at peak dobutamine
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dose (12). The electrocardiogram was monitored during infusion and recorded
each minute. Cuff blood pressure was measured every 3 minutes. The test was
interrupted if severe chest pain, ST-segment depression >2 mm, significant
ventricular or supraventricular arrhythmia or systolic blood pressure fail of > 40
nun Hg occurred during the test,

Stress echocardiography

Echocardiographic images were acquired at rest and during the test and
recovery. For both rest and stress studies, left ventricular wall was divided into
16 segments and scored using a 4-point scale, where I =normal, 2=hypokinesis,
3=akinesis, 4 = dyskinesis (1,3). Both wall motion and thickening were
considered for analysis. Each segment was scored at rest, at low dose
dobutamine and at peak stress. Criteria of ischemia were the appearance of wall
motion abnormalities during stress in one or more normal segment at rest and
the occurrence of akinesis or dyskinesis during stress in one or more
* hypokinetic segment at rest. Images were recorded on video tapes and were also
digitized on optical disk-Vingmed CFM 800 and displayed side by side in quad-
screen format to facilitate the comparison of rest, low-dose and peak stress
images. Images interpretation was performed by 2 experienced observers
without the knowledge of the patients scintigraphic data. In case of
disagreement, a majority decision was achieved by a third reviewer. In our
laboratory, inter-and intra-observer agreement for echocardiographic assessment
are 84% and 87% for resting images and 92% and 94% for dobutamine stress
images respectively (13). 4 patterns of contractile response in akinetic segments
during DSE were identified: 1) biphasic response: defined as akinetic segments
demonstrating a contractile response at low-dose dobutamine (5-10 pg/kg/min)
and becoming akinetic at peak stress. II) persistent akinesis: defined as
unchanged akinetic pattern throughout the test. III) akinesis at rest becoming
dyskinesis at peak stress. 1V) sustained improvement: defined as akinetic
segment at rest becoming normal or hypokinetic at low-dose, without worsening
at peak stress.

Thallium SPECT imaging
Approximately 1 minute before the termination of the stress test, an

intravenous dose of 74 MBq of 201 Tl was administered {13). The acquisition
of stress SPECT imaging was started immediately after the test. For the
reinjection studies, imaging was acquired 4 hours after the stress test, 20
minutes after the reinjection of 37 MBq of T1. For each study six obligue (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 6 short axis slices
was divided into 8 equal segments. The septal part of the 2 basal slices (4
segments) was not considered for analysis because this region corresponds to the
fibrous portion of the interventricular septum and normally exhibits reduced
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uptake. The interpretation of the scan was performed by visual analysis assisted
by the circumferential profiles analysis. Stress and reinjection tomographic
views were reviewed in side by side pair by an experienced observer who was
unaware of the patients’ echocardiographic data. A reversible perfusion defect
was defined as a perfusion defect on siress images that partially or completely
resolved at reinjection imaging in 2 or more contiguous segments or slices. This
was considered diagnostic of ischemia, A fixed perfusion defect was defined as
a perfusion defect on stress images in 2 or more contiguous segments or slices
which persists on reinjection images. Perfusion defect score was quantitatively
calculated by measuring the area between the lower limit of normal values (+
2 standard deviations) and the actual circumferential profile in 6 short axis
slices. Ischemic perfusion score was derived by subtracting rest from stress
score. Myocardial segments identified at scintigraphy were matched with those
identified at echocardiography in a 16 segment model. The basal septal segments
were excluded from analysis.

Coronary angiography
Coronary angiography was performed, using the Judkins technique,

within 3 months in ail patients, Significant coronary artery disease was defined
as a diameter stenosis =50% in one or more major epicardial arteries using a
quantitative method described previcusly (14). Coronary arteries were assigned
to particular myocardial segments as previously described (3,15).

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
square test and Fisher exact test were used to compare differences between
proportions. The Student ¢ test was used for analysis of continuous data. A
p <0.05 was considered statistically significant.

RESULTS
Dobutamine stress test

Heart rate increased from 73 -+ 13 at rest to 137 + 15 beats /min at
peak stress (p < 0.0001) whereas systolic blood pressure did not change (125 +
21 at rest vs 123 + 25 mm Hg at peak stress). There was no significant
increase of heart rate or systolic blood pressure at low dose-dobutamine
compared to baseline values (82 + 17 beats/min and 124 + 23 mm Hg
respectively). Angina occurred in 37 (55%) patients, ST-segment depression in
22 (33%) and ST-segment elevation in 28 (42%) patients The test was
interrupted before reaching the maximal dose or the target heart rate because of
angina in 4 patients, ST-segment depression in 1 patient, hypotension in 7
patients and significant tachyarrhythmias in 1 patient.
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Stress echocardiography

A total of 257 akinetic segments were identified on baseline
echocardiogram. 4 groups of akinetic segments were identified: I) biphasic
response detected in 17 patients (25%); in 41 segments (10%). 1T} persistent
akinesis in 50 patients (75%); in 155 segments (60%). II) akinesis becoming
dyskinesis in 14 patients (21%); in 39 segments (15%); none of these segments
improved at low-dose. IV) sustained improvement, detected in 10 patients
(15%); in 22 segments (9%). Some patients had different responses in different
segments. In the 63 segments with contractile response at low dose dobutamine,
the response was observed at a dose of 5 pg/kg/min in 18 segments and at 10
pg/kg/min in 45 segments. There was no significant difference between the 4
groups in the corresponding heart rate or systolic blood pressure af rest, low-
dose and peak stress. New wall motion abnormalities were detected in 89 of 403
segments (22 %) with normal baseline contraction.

Table I: Scintigraphic pattern, quantitative perfusion defect score and
prevalence of significant stenosis of the related coronary artery in each
group of akinetic segments identified according to the response fto
dobutamine infusion.

Group I Group 1T Group ITT Group IV
biphasic persisient akinesis sustained
akinesis dyskinesis improvement
N = 41 N = 155 N =139 N =22
Reversible defect 21 (51%) 20 (13%) 0 2 (9%)
complete 5 (12%) 6 (4%) 0 2 (9%
partial 16 (39%) 14 (9%) 0 0
Fixed defect 16 (39%) 127 (82%) 39 (100%) 11 (50%)
Normal 4 (10%) 8 (5%) 0 9 d1%)
Stress defect score 2794220 294+ 265 307+ 180 1001130
Reinjection defect score 1404 170° 2734255 302+177 90+110"
Ischemic defect score 1364 142" 56490 0 80116
Coronary stenosis =50% 37 (90%) 132 (85%) 35 (89%) 15 (68%Y

* = p<0.05 vs IF and III, *¥ = p<Q.05 vs II (values are derived only in segments with reversible
perfusion defects), # = p<0.05 vs other groups.

201 thalliom SPECT imaging
The distribution of scintigraphic pasterns is presented in table 1. Group

I comprised segments with the highest prevalence of reversible perfusion defects
(p<0.00001 vs group II and 111, p<0.005 vs group IV). The prevalence of
reversible T1 defects was higher in group II versus III (p <0.05) while the
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difference was not significant in group II versus IV and in group III versus IV
(figure 1), Perfusion defect score at reinjection was lower in group IV than
other groups (p <0.05) and lower in group I versus IT and III (p <0.05). Normal
perfusion was detected in 21 segments (8%) and did not tend to involve a
particular anatomic location. Ischemic perfusion score was higher in group I
than 1T (p <0.05) [table I]. In myocardial segments with normal contraction at
rest, reversible perfusion defects were detected in 52 of 89 (58 %) segments with
and in 18 of 314 (6%) segments without stress-induced wall motion
abnormalities {(p <0.00001). The prevatence of reversible perfusion defects in
akinetic biphasic segments was not different compared to segments with normal
baseline contraction and stress-induced wall motion abnormalities (51% vs

58%).

Coronary angiography

Significant coronary artery disease was detected in all patients. Twelve
patients (18%) had single vessel disease, 25 (37%) had two-vessel disease and
30 (45%) had 3 vessel disease. There was no significant difference between
group I, II or III with respect to prevalence of sicnosis in the related artery,
whereas the prevalence was higher in each of these groups compared to group
IV (p<0.05 in all) [table 1].

DISCUSSION

Our results show that among the 4 different contractile responses of
akinetic segments during DSE, a biphasic response was associated with the
highest prevalence of reversible perfusion defects (and presumably ischemia)
compared to segments with persistent akinesis, sustained improvement and
akinesis becoming dyskinesis. The degree of reversibility as measured by
ischemic perfusion score was greater in segments with biphasic response
compared to those with persistent akinesis by quantitative analysis. Furthermore,
the use of a biphasic response in akinetic segments as a criterion for ischemia
gave a positive predictive value comparable to the standard criterion of a normal
segment becoming dyssynergic during stress. The relation between a biphasic
response and ischemia can be explained by the presence of a hibernating viable
myocardium subtended by a stenotic coronary artery, which exhibits a
contractile response to low-dose dobutamine and ischemia provoked by an
increase of heart rate and flow maldistribution at high-dose dobutamine (16).
Nevertheless, 51 % of reversible perfusion defects in akinetic segments were not
in the biphasic group. Reversible Tl defects occurred infrequently in akinetic
segments with sustained improvement (9%) and in persistently akinetic segments
(13%). Segments with persistent akinesis and reversible 201 Tl defects may
represent a hibernating myocardium unresponsive to dobutamine or severely
necrotic myocardium with small amount of viable, ischemic myocardium
resulting in reversible hypoperfusion meanwhile incapable of demonstrating a
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contractile response at low-dose dobutamine. Panza et al. have concluded that
the celluiar mechanism responsible for thallium uptake requires less degree of
myocyte functional integrity compared to mechanism responsible for positive
inotropic response to dobutamine (17) which may explain the presence of
reversible perfusion defects in some segments with persistent akinesis. These
investigators demonstrated that the positive inotropic response of dyssynergic
myocardium fo low-dose dobutamine is directly related to thatlium uptake {17)
which is compatible with our findings of more severe fixed perfusion defects
and less severe reversible perfusion defects in persistently akinetic compared to
biphasic segments. The absence of reversible perfusion defects in akinetic
segments becoming dyskinetic at high dose dobutamine supports our previous
report in which this pattern was atiributed to passive myocardial bulging
unrelated to myocardial ischemia (18). The presence of normal perfusion in 8%
of akinetic segments in our study is difficult to explain. Myocardial stunning is
a possible mechanism, which may be supported by the finding of the highest
prevalence of normal perfusion and lowest prevalence of significant coronary
stenosis in segments with persistent improvement. However, it is not known if
myocardial stunning can exist more than 3 months after infarction. Other
explanations may include methodelogical limitations in detecting reversible
defects and difficulties in registration of images obtained with different
methodologies,

Comparison with previous studies

Senior and Lahiri (10) reported that the use of biphasic response
increased the sensitivity of DSE for the detection of reversible defects on
simultaneous MIBI or tetrofosmin SPECT in 44 patients with left ventricular
dysfunction. However, the contribution of other responses of akinetic segments
was not studied, Furthermore, a global rather than a matched segmental analysis
was used. Biphasic response to dobutamine infusion in animal studies was
shown to be characteristic of ischemic or short term hibernation, Worsening of
wall motion at high dose was associated with myocardial acidosis and lactate
accumulation (19). lack of improvement of contractility during DSE was
described as a sign of ischemia due to exhaustion of coronary reserve (5,6,20).
However, this is more likely to be applicable to normal or hypokinetic rather
than akinetic segments,

Limitations of the study
Myocardial ischemia was assessed by Tl perfusion scintigraphy which

detects flow malperfusion as well as true ischemia. Despite that reinjection
technique enhances the detection of reversible perfusion defects (21), some of
these defects can be missed if redistribution images were not acquired (22).
However, it is unlikely that underestimation of defect reversibility will occur
more frequently in a particular group of segments. Though biphasic akinetic
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segments showed the highest prevalence of reversible Ti defects, the positive
predictive value of this pattern for reversible perfusion defects was not high.
However, the predictive value was comparable to that of the standard criterion
of a normal segment becoming dyssynergic during stress. This may be explained
by the previousty mentioned limitations of correlating 2 imaging modalities
which detect different pathophysiologic sequela of coronary artery disease.

Congclusion

In symptomatic patients with left ventricular dysfunction after
myocardial infarction, a biphasic response of akinetic segments during DSE is
associated with the highest prevalence and most severe myocardial ischemia on
basis of 201 T1 SPECT compared to segments with persistent akinesis, sustained
improvement and akinetic segments becoming dyskinetic. The positive predictive
value of a biphasic response for reversible Tl defects is comparable to that
obtained by the standard echocardiographic criteria for ischemia in segments
with normal baseline contraction. Observation of contractile response of akinetic
segments at both low and high dose DSE may provide a valuable approach for
the echocardiographic diagnosis of myocardiai ischemia in akinetic segments.
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CHAPTER 11

IMPAIRED SYSTOLIC BLOOD PRESSURE RESPONSE
TO DOBUTAMINE STRESS TEST:
A MARKER OF MORFE. SEVERE FUNCTIONAL ABNORMALITIES
IN PATIENTS WITH MYOCARDIAL INFARCTION!
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ABSTRACT

Objectives. Aim of the study was to assess the relationship between systolic
blood pressure response to high dose dobutamine stress test and the severity of
left ventricular dysfunction in patients with myocardial infarction.
Background. Dobutamine-induced hypotension has been disregarded as an
indicator of more severe functional abnormalities in patients with known or
suspected coronary artery disease. However, the functional significance of
systolic blood pressure response to high dose dobutamine has not been assessed
in a homogenous population with left ventricular dysfunction.

Methods. Dobutamine stress (up to 40 pg/kg/min) echocardiography was
performed in 326 consecutive patients with left ventricular dysfunction after
myocardial infarction. Ischemia was defined as new or worsening wail motion
abnormalities. Patients were divided into 3 equal groups with mild, moderate
and severe wall motion abnormalities according to resting wall motion score
index.

Results. Systolic blood pressure and heart rate increased significantly from rest
to peak dobutamine stress (127 + 22 vs 134 4 27 mun Hg and 72 3 14 vs 122
+ 24 beats/minute, p<0.00001 in both). The change of systolic blood pressure
from rest to peak dobutamine stress (A systolic blood pressure) was significantly
higher in patients with mild compared to moderate wall motion abnormalities
(16 £ 29 vs 6 + 26 mm Hg, p<0.01), whereas systolic blood pressure
dropped in patients with severe wall motion abnormalitics (A systotic blood
pressure = -2 mm Hg, p<0.01 vs moderate and <0.00001 vs mild wail
motion abnormalities). A systolic blood pressure = 10 mm Hg occurred in 153

! Submitted for publication.
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patients (47%). By multivariate analysis, independent predictors of failure of
systolic blood pressure increase were higher wall motion score index at rest and
at peak stress (p<0.00001 in both), higher resting systolic blood pressure
{p <0.005), medication with calcium channel blockers (p <0.005) and higher
age {p<0.05). Systolic blood pressure drop =10 mm Hg occurred in 89
patients (27 %). Independent predictors were higher wall motion score index at
rest (p<0.01) and at peak stress (p<0.005), a higher resting systolic blood
pressure {p <0.001), medication with angiotensin-converting enzyme inhibitors
{p<0.05) and a higher age (p <0.05). Ischemia was detected in 182 patients
(56 %) and was not an independent predictor of systolic blood pressure increase
or decrease.

Conclusion. In patients with myocardial infarction undergoing dobutamine stress
echocardiography for the evaluation of myocardial ischemia, Ieft ventricular
function is the most powerful predictor of systolic blood pressure response to
dobutamine stress.

INTRODUCTION

Exercise-induced hypotension has been recognised as a marker of severe
coronary artery disease, extensive functional abnormalities and poor prognosis
(1-3). Despite that dobutamine stress testing is an exercise simulator stress
modality, previous studies have failed to demonstrate a difference in functional
abnormalities between patients with or without dobutamine-induced hypotension
(4-9). The development of hypotension in normal subjects during dobutamine
stress testing has been attributed to intraventricular obstruction and vagal
stimulation due to high cardiac output (8-9). However, previous studies were
performed in unselected paticnt population with or without regional wall motion
abnormalities. It is not known if the extent of functional abnormalitics may play
a role in a selected patient population with left ventricular dysfunction after
myocardial infarction in whom intraventricular obstruction and vagal reflexes
due to high cardiac output are less likely to occur. Furthermore, previous
studies have focused on dobutamine-induced hypotension whereas the
significance of failure of systolic blood pressure increase during dobutamine
stress test has not been assessed. Therefore, the aim of this study was assess the
relationship between systolic blood pressure response and the exfent of
functional abnormalities in patients with previous myocardial infarction
undergoing dobutamine stress testing for evaluation of myocardial ischemia,

METHODS
Patient population

Study population comprised a consecutive series of patients, referrved for
evaluation of myocardial ischemia who fulfilled the following criteria: 1)
previous myocardial infarction based on the standard criteria of prolonged chest
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pain, a diagnostic rise of serum enzymes and serial ECG changes. 2) The
presence of wall mofion abnormalities at resting echocardiogram. 3} absence of
severe heart failure, valvular heart disease, severe hypertension, hypotension,
or a history of sustained ventricular tachyarrhythmias. Patients in whom the test
was ferminated before reaching an ischemic end point (angina, ST-segment
depression or {ransient wall motion abnormalitics) or the target heart rate
because of reasons other than blood pressure changes were excluded. Thice
hundred-twenty six patients fulfitled the previous criteria. All patients gave an
informed consent to undergo dobutamine stress echocardiography. Mean age
was 59 + 10 years. There were 251 men and 75 women. The test was
performed in 111 patients within 1 month from the infarction; whercas the
infarction was old in 215 patients (mean time = 4.7 4 5.9 years). Symptoms
before testing included chest pain in 182 and exertional dyspnea in 21 patients.
Ninety patients were referred for routine assessment; whereas 33 patients were
referred for the assessment of function after revascularization procedures.
Myocardial infarction was anterior (or anterolateral) in 145 patients, inferior (or
posterolateral} in 126 patients and in both locations in 55 patients.

Dobutamine stress test

Dobutamine was infused through an antecubital vein starting at a dose
of 5 followed by 10 pg/kg/min (3 minutes stages), increasing by 10 pg/kg/min
every 3 minutes to a2 maximum of 40 pg/kg/min. Atropine {up to 1 mg) was
given in patients not achieving 85% of age predicted maximal heart rate (10).
The electrocardiogram was monitored throughout dobutamine infusion and
recorded each minute. Cuff blood pressure was measured every 3 minutes. The
test was interrupted if severe chest pain, ST-segment depression >2 mum,
significant ventricular or supraventricular arrhythmia or systolic blood pressure
fall of >40 mm Hg occurred during the test. Ischemia at the ECG was defined
as =0.1 mV horizontal or downsloping ST-segment depression 80 mS from the
I point compared to baseline level or =0.1mV ST-segment elevation in ECG
leads corresponding to segments without resting wall motion abnormalities (11).

Stress echocardiography
Echocardiographic images were acquired at rest and during stress and

recovery. For both rest and stress studies, left ventricular wall was divided into
16 segments and scored using a 4-point scale, where I =normal, 2=hypokinesis,
3 =akinesis, 4 = dyskinesis. The interpretation of images was performed by 2
experienced observers without the knowledge of the patients’ angiographic data.
In case of disagreement, a third reviewer revised images and a majority decision
was achieved. In our laboratory, inter-and intra-observer agreement for stress
echocardiographic assessment is 92% and 94% respectively (12). Both wall
motion and thickening were considered for analysis. Wall motion score index
was derived by dividing the summation of individual score of the 16 segments
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by 16. Ischemia was defined as new or worsening wall motion abnormalities.
As we have previously concluded (13), ischemia was not considered when
akinetic segments at rest became dyskinetic during stress without improvement
at low-dose dobutamine (5-10¢ ug/kg/min).

Coronary angiography

Coronary angiography was performed, using the Judkins technique,
within 3 months in 186 patients (57 %). Coronary stenosis was quantified using
a previously described method from our center (14). Significant coronary artery
disease was defined as a diameter stenosis =50% in one or more major
epicardial arteries.

Statistical analysis

Unless specified, data are presented as mean values + SD. The chi
square test test was used to compare differences between proportions. ANOVA
test was used to determine the differences between groups. The Student ¢ test
was used for analysis of continuous data. A p<0.05 was considered statistically
significant. Logistic regression analysis was used to determine independent
predictors of systolic blood pressure increase or decrease = 10mm Hg.

RESULTS
Baseline left ventricular function

3 groups were identified according to resting wall motion:
-Group 1, included 99 patients with mild wall motion abnormalities (wall metion
score index between 1.06 and 1.31).
-Group 2, included 110 patients with moderate wall motion abnormalities (wall
motion score index between 1.38 and 1.81).
-Group 3, included 117 patients with severe wall motion abnormalities (wall
motion score index =1.88).

Classification of patients aimed at the constitution of 3 equal groups.
The presence of some patients with the same wall motion score index resulted
in a shght difference in number of patients in each group. Clinical
characteristics and medications are shown in table 1. There was no significant
difference between the 3 groups with regard to age, gender, risk factor and
nitrate therapy. Patients of group 3 had a higher prevalence of a history of
angina compared to group 1 {p <0.05). Beta blockers and calcium blockers were
more frequently taken in patients of group 1 (p <0.005 vs group 2 and <0.0001
vs group 3). Intake of diuretics and angiotensin converting enzyme inhibitors
was more frequent in group 3 (p <00001 vs group 1 and <0.005 vs group 2)
and in group 2 compared to group 1 (p <0.001).
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Table 1. Clinical characteristics of the 3 groups of patients with previous
myocardial infarction, classified according to the severity of resting wall
motion abnormalities.

Group | Group 2 Group 3

(N =99 (N =110 (N =117
Age 59 + 11 60 + 10 58 + 11
Females 28 (28%) 21 (19%) - 26 (22%)
History of chest pain 50 (50%) 57 (52%) 75 (64 %)
Beta blockers 47 (47%) 30 (27%) 23 20%)
Calcium blockers 47 (47%) 30 (27%) 39 (33%)
Nitrates 51 (52%) 50 (45%) 64 (55%)
ACE inhibitors 17 (17%) 49 (45%) 82 (70%)
Diuretics 13 (13%) 36 (33%) 63 (54%)
LVH 2 (2%) 4 (4%) 2(12%)
Hypertension 34 (34%) 39 (35%) 38 (32%)
Diabetes mellitus 13 (13%) 24 (22%) 22 (19%)

ACE = angiotensin-converting enzyme - LVH = left ventricular hypertrophy

Hemodynamic response and echocardiographic findings in different groups
Systolic blood pressure and heart rate increased significantly from rest

to peak dobutamine stress (127 1 22 vs 134 + 27 mm Hg, and 72 + 14 vs 122
4 24 beats/minute, p<0.00001 in both). Atropine increased the heart rate
significantly to 136 + 17 beats/min (p<0.0001); whereas systolic blood
pressure did not change (134 + 28 mm Hg). Resting, peak, A systolic bloed
pressure, and percentage of patients with =10 mm Hg systolic blood pressure
increase or decrease in the 3 groups are shown in table 2,

Peak heart rate and systolic blood pressure are derived at the maximal
dose of dobutamine before atropine adminstration. It shows that the more severe
the wall motion abnormalities, the lower the A systolic blood pressure and the
higher the prevalence of drop and failure of increase of systolic blood pressure
increase. A systolic blood pressure was significantly higher in group 1 compared
to group 2 (16 + 29 vs 6 + 26 mm Hg, p<0.01), whereas systolic blood
pressure dropped in group 3 (A systolic blood pressure = -2 mm Hg, p<0.01
vs group 2 and <0.00001 vs group 1) {figure 1]. The percentage of paticnts
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with =10 mm Hg A systolic blood pressure was significantly higher in group
i than 2 and 3 (p<0.0.05 and <0.0005 respectively) and in group 2 vs 3
(p<0.05). The same significant difference existed with A systolic blood
pressure =20 mm Hg. Systolic blood pressure drop =10 mm Hg was more
prevalent in group 3 (p <0.001 vs group 1, p<0.05 vs group 2). Wall motion
score index increased significantly in the whole group from rest o peak stress
(1.67 & 0.44 vs 1.79 + 0.51, p <0.00001). Echocardiographic data are shown
in table 3. The prevalence of ischemia was significantly lower in group [
(p<0.05 vs group 2, p<0.0005 vs group 3).

Table 2. Hemodynamic data of the 3 groups of patients with previous
myocardial infarction, classified according to the severity of resting wall

motion abnermalities.

Group | Group 2 Group 3

(N=29% (N=110) (N =117)
Resting SBP : 130 +£23 129+ 20 124 +23
Peak dobutamine SBP 145 + 26 135 + 27 122 4+ 25
Peak dobutamine + atropine SBP 146 + 28 135 £ 27 122 4 26
A SBP 16 + 29 6 + 26 2+ 21
Resting HR 6+ 13 70+ 12 78 % 15
Peak dobutamine HR 114 £ 26 123 425 124 £+ 25
Peak stress Heart rate 130 + 19 136 + 15 140 £+ 17
A SBP =10 62 (63%) 54 (49%) 39 (32%)
A SBP =20 41 41%) 31 (28%) 15 (13%)
A SBP =-10 17(17%) 28 (25%) 44 (38%)
A SBP <-20 11 (11%) 19 (17%) 27 21 %)

SBP = systolic blood pressure (mm Hg), HR = heart rate (beats/minute).

Predictors of systolic blood pressure response

An increase of systolic blood pressure =10 mm Hg occurred in 153

patients (48%). Patients with A systolic blood pressure =10 mm Hg were
significantly younger, had a lower resting heart rate, a lower resting systolic
blood pressure, a similar maximal heart rate, a higher peak systolic blood
pressure, a higher frequency of beta blockers medication, a lower frequency of
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calcium channel blockers, angiotensin converting enzyme inhibitor and diuretic
medications, a lower wall motion score index at rest and at peak stress, and a
lower prevalence of ischemia (table 4).

Table 3. Dobutamine stress data of the 3 groups of patients with previous
myocardial infarction, classified according to the severity of resting wall
motion abnormatlities,

Group 1 Group 2 Group 3

(N =99 (N = 110) (N =117
Peak dobutamine dose 384 + 4.4 38.1 + 4.8 37.5 + 6.1
Atropine given 45 (45%) 41 (37%) 30 (26%)
Resting WMSI 12 £ 0.8 1.57 . 0.14  2.18 + 0.22
Peak WMSI 1.25 £ 0.2 171 £ 0.26  2.36 + 0.31
Eschemia on echocardiogram 41 (41%) 64 (58%) 77 (66%)
ST-segment depression 30 (30%) 35 (32%) 25 (21%)
Angina 20 (20%) 31 (28%) 57 (49%)

40/50 (80%)  55/60 (92%)  64/76 (86%)
15/50 30%)  40/60 (67%)  51/76 (67%)

Coronary stenosis”

Multivessel disease’

* data are derived only in patients who underwent coronary angiography
WMSI = wall motion score index.

Multivariate analysis of baseline characteristics identified baseline wall
motion score index (p<0.00001), systolic blood pressure (p<0.005),
medication with calcium channel blockers (p<0.005) and age (p<0.05) as
independent predictors of a systolic blood pressure increase =10 m Hg.
Multivariate analysis of stress test variables (angina, ST-segment depression,
peak heart rate, ischemia at echocardiography and peak wall motion score
index) identified peak wall motion score index as an independent predictor
{p <0.00001).

Systolic blood pressure drop =10 mm Hg occurred in 89 patients
(27%). These patients were significantly older, had a higher resting heart rate,
a higher resting systolic blood pressure a similar maximal heart rate, a lower
peak systolic blood pressure, a lower frequency of beta blockers medication, a
higher frequency of angiotensin converting enzyme inhibitor and diuretic
medication, a higher wall motion score index at rest and at peak stress, and a
similar prevalence of ischemia (table 5).
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Table 4, Clinical, angiographic, echocardiographic and hemodynamic data
of patients with or without A systolic blood pressure =10 mm Hg during
dobutamine stress test,

A SBP =10 A SBP <10 p value

mm Hg mm Hg

(n = 153) (N =173)
Age 58 + 11 60 + 10 0.04
Beta blockers 47 (31 %) 30 (17%) 0.0046
Calcium blockers 44 (29%) 72 (42%) 0.015
ACE inhibitors 57 (37%) 91 (53%) 0.0055
Peak dobutamine dose 385 + 44 37.5 + 5.9 0.07
Resting HR 69 £+ 13 74 + 15 0.0008
Peak HR 121 4 26 123 + 24 0.35
Resting SBP 123 + 19 131 + 23 0.0002
Peak SBP 149 + 23 120 + 24 <0.00001
Rest WMSI 1.55 + 0.38 1.78 + 0.46 <0.00001
Peak WMSI 1.62 + 0.46 1.93 £ 0.50 < 0.00001
Ischemia 75 (49%) 104 (60%) 0.045
Coronary stenosis 70/78 (90%) 87/106 (82%) 0.14
Multivessel disease 42/78 (54 %) 63/106 (59%) 0.45

ACE = angiotensin-converting enzyme, HR = heart rate (beats/minute), SBP
= systolic blood pressure (mm Hg), WMSI = wall motion score index.

Multivariate analysis of baseline characteristics identified baseline wall motion
score index {p <0.01), systolic blood pressure (p <0.001), age (p<0.05) and
medications with angiotensin converting enzyme inhibitors (p<0.05) as
independent prediciors of a systolic blood pressure drop =10 m Hg.
Multivariate analysis of stress test variables identified peak wall motion score
index (p <0.005) as an independent predictor. The same findings were obtained
by considering peak systolic blood pressure at peak dobutamine + atropine
stress.
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Table 5, Clinical, angiographic, echacardiographic and hemodynamic data
of patients with or without A systolic blood pressure <-10 mm Hg during

dobutamine stress test.

A SBP =-10 ASBP >-10 p value

mm Hg mm Hg

(n = 89) (N = 237)
Age 62+ 9 58 £ 11 0.0016
Beta blockers 18 (20%) 81 (34%) 0.0i4
Calcium blockers 33 (37%) 83 (35%) 0.72
ACE inhibitors 56 (63%) 92 (39%) 0.0001
Peak dobutamine dose  37.1 + 6.4 38.3 + 4.8 0.07
Resting HR 77 £ 15 70 + 13 (.0001
Peak heart rate 126 + 23 121 + 0.25 0.15
Resting SBP 137 + 23 123 + 20 0.0001
Peak SBP 115 + 23 140 + 26 0.00001
Rest WMSI 1.82 +£ 0.44 1.61 + 0.42 0.005
Peak WMSI 1.97 + 0.49 1.72 + 0.50 0.01
Ischemia 54 (61%) 125 (53 %) 0.2
Coronary stenosis 45/55 (82%) 112/129 (87%) 0.38
Multivessel disease 34/55 (62%) 61/129 (47%) 0.07

ACE = angiofensin-converting enzyme, HR = heart rate (beats/minute), SBP
= systolic blood pressure (mm Hg), WMSI = wall motion score index.

Patients with myocardial ischemia

There was no significant difference between patients with or without
ischemia with regard to rest or peak systolic blood pressure before or after
atropine. The adminstration of atropine did not change systolic blood pressure
significantly in patients with or without ischemia. Patients with ischemia had a
higher wall motion score index at rest and at peak stress, The percentage of
patients taking calcium blockers or nitrates was higher in patients with than
without ischemia (table 6}.
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Coronary angiography

Coronary angiography was performed in 186 patients (57%).
Angiographic data are given in table 3. The prevalence of coronary stenosis was
not different in the 3 groups whereas the prevalence of multivessel disease was
significantly higher in group 3 and 2 compared to group 1 (p <0.0001, <0.005
respectively).

Table 6, Clinical, echocardiographic and hemodynamic data of patients with
or without myocardial ischemia during debutamine stress echocardiography.

Ischemia no ischemia  p value
(N =182) (N = 144)
Age 59+ 9 58 + 11 0.6
Beta blockers 53 (29%) 47 (33%) 0.5
Calcium blockers 79 (43%) 37 (26%) 0.001

Nitrates 108 (59%) 57 (40%) 0.0004
ACE inhibitors 83 (46%) 65 (45%) 0.9
Peak dobutamine dose 380+53 380+54 0.9
Resting HR 70 + 13 74 + 14 0.02
Peak dobutamine HR 123 + 24 121 £+ 26 0.6
Peak dobutamine + atropine HR 136 + 16 135 + 18 0.7
Resting SBP 127 + 23 127 + 22 0.9
Peak dobutamine SBP 131 + 27 136 + 27 <0.14
Pcak dobutamine + atropine SBP 132 + 28 136 4 29 0.12
A systolic blood pressure 04 + 27 09 + 25 0.1
Rest WMSI 1.73+0.42  1.61 + 0.44 0.005
Peak WMSI 1.974 0.46 1.56 + 0.47 0.00001

ACE = angiotensin-converting enzyme, HR = heart rate (beats/minute), SBP
= gystolic blood pressure (mm Hg), WMSI = wall motion score index.

DISCUSSION
Veniricular function is an important determinant of prognosis after acute
myocardial infarction (15). Therefore identification of stress test variables
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associated with more severe left ventricular dysfunction is a clinically relevant
issue. It has been demonstrated that abnormal left ventricular function at rest is
an important predictor of exertional hypotension (3). However, a similar
significance of dobutamine-induced hypotension has not been proven.

Mechanism of dobutamine-induced hypotension
Systemic vascular resistance was shown to decrease at high dose

dobutamine infusion (5). Despite this, all previous clinical studies have
demonstrated a significant increase of systolic blood pressure during dobutamine
stress test in patients with or without coronary artery disease (10-14,16,17).
This would suggest that in most of subjects, an increase in cardiac output
corrects for the reduction of systemic vascular resistance. Unlike exercise stress
testing, a decrease of systolic blood pressure during dobutamine stress testing
was disregarded as a marker of the presence or a measure of the extent of
coronary artery disease or its related functional abnormalities. Marcovitz et
al.(8) reported that the prevalence and severity of coronary artery disease as
well as prognosis were not different in patients with or without hypotension
during dobutamine stress testing. Hypotension was associated with higher
prevalence of female gender, more advanced age and lower prevalence of beta
blockers adminstration. Lieberman et al. (7) reported that in 105 patients with
known coronary artery disease evaluated 6 months afier coronary angioplasty,
dobutamine-induced hypotension was not asscciated with the presence or
severity of coronary artery disease or with echocardiographic wall motion
abnormalities. Predictors of dobutamine-induced hypotension were high baseline
systolic blood pressure, advanced age and high left ventricular ejection fraction.
Pellika et al.(9) reported that dynamic left ventricular obstruction may develop
frequently in patients undergoing dobutamine stress echocardiography. They
concluded that obstruction rather than ischemia may explain a decrease in blood
pressure during dobutamine stress echocardiography. Tanimoto et al.(5) studied
the mechanism of hypotension in 59 patients with significant coronary artery
stenosis. Contributing mechanism to hypotension were inadequate increase of
cardiac output due to impaired systolic reserve, induced myocardial ischemia
with abbreviated left ventricular filling period and a decrease of cardiac output
due to cavity obliteration and reflex bradycardia. A combination of more than
one mechanism was encountered in some patients.

The present study

In this study, we assessed the influence of functional abnormalities on
systolic blood pressure response to dobutamine in a defined patients group with
a wide range of severity of feft ventricular dysfunction after myocardial
infarction. Our results show that, a drop or failure of systolic blood pressure to
increase at peak dobutamine stress was associated with more severe wall motion
abnormalitics both at rest and at peak stress. Mean systolic blood pressure
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increased in patients with mild compared to moderate wall motion abnormalities,
whereas systolic blood pressure dropped in patients with severe wall motion
abnormalities. Left ventricular function at rest and at peak stress was the most
powerful predictor of systotic blood pressure response at high dose dobutamine.
These findings show that systolic blood pressure response to dobutamine is
strongly related to the severity of wall motion abnormalities in patients with
myocardial infarction.

SBP increase

(mm HQ) - mild
20 p<0.01 moderate
| P71 severe WMA
10 p<8.01
: .
WLl
L )
p<0.00001

-0

Figure 1. A systolic blood pressure (SBP) from rest to high dose dobutamine
in patients with mild, moderate and severe resting wall motion abnormalities

{(WMA).

Comparison with previous studies

The apparent contradiction between our results and the previously
mentioned studies may be explained by the presence of 2 major mechanisms
contributing to blood pressure response. The first mechanism is related to the
increase of myocardial contractility during dobutamine infusion which may
cause marked reduction of end-systolic dimensions and stroke volume, cavity
obliteration and intraventricular obstruction (5,8,9). The increase of myocardial
contractility may be responsible for a brisk increase of cardiac output with
reflex vagal induced hypotension. This mechanism is supported by the findings
of Tanimoto et al. who described the association between hypotension with
greater reduction of left ventricular size {5) and the findings of Lieberman et al.
(7) of a higher baseline ejection fraction in patients with hypotension. Beta
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blocker adminstration may guard against hypotension by decreasing cavitary
obstruction or the peripheral beta, mediated vasodilatation (5,8). The second
mechanism is related to myocardial dysfunction and inability of the dyssynergic
myocardium to respond adequately to inotropic stimulation. The reduction of
both systemic vascular resistance and ventricular filling with tachycardia at high
dose dobutamine will not be compensated with a concomitant increase of
contractility which may result in a fall of stroke volume and subsequent
hypotension or failure of systolic blood pressure increase. Furthermore, the
stroke volume during tachycardia in patients with left ventricular dysfunction
may be critically vulnerable to reduced left ventricular fiiling according to
Starling law. This mechanism is supported by the findings of Tanimoto et al. (5)
who described an impaired systolic rescrve in 42% of patients who developed
hypotension in their study. Cohen et al. (18) found that systolic blood pressure
response in patients undergoing dobutamine stress test was blunted only in
patients with 3-vessel disease. They explained this finding by the lower value
of resting ejection fraction in these patients compared -to patients with 1 or 2-
vessel disease,

The first mechanism is more likely to occur in patients with normal
veniricles at rest, whereas it is expected to be less prominent in patients with
baseline left ventricular dysfunction in whom cardiac output can not increase
equally and end-systolic dimensions can not be reduced critically as in subjects
with normal ventricles. Therefore, the second mechanism is more likely to
determine systolic blood pressure response in patients with left ventricular
dysfunction. When analysis is performed in unselected population with or
without baseline wall motion abnormalities (4-9), both mechanisms will tend to
keep an equal prevalence of hypotension with or without wall motion
abnormalities as shown in previous studies. In contrast, analysis of a particular
group with left ventricular dysfunction as shown in our study demonstrated the
role of the severity of wall motion abnormalities in the determination of systolic
blood pressure response.

The role of myeccardial ischemia _

Although the prevalence of ischemia was lower in patients with than
without A systolic blood pressure =10 mm Hg, ischemia was not an
independent variable associated with systolic blood pressure increase in contrast
to resting wall motion score index which was an independent predictor of blood
pressure increase.  While ischemia was defined as transient functional
abnormalities, its relation with systolic blood pressure response could not be
proven in our study, This can be explained by the fact that at peak stress, the
amount of inducible dysfunction was 15% of the total amount of abnormalities
(A wall motion score index = 0.12 of (.79 presenting the abnormal score index
at peak stress). Additionally, these inducible abnormalities may be counteracted
by the increase of contractility in normal segments. Because ischemia was more
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prevalent in patients with more severe baseline dysfunction, the contribution of
inducible abnormalities may be overshadowed by the highly significant
contribution of baseline abnormalities. The trend to a lower A systolic blood
pressure in patients with than without ischemia can be explained by the
relatively higher resting wall motion score index in patients with ischemia,

The extent of coronary artery disease

The extent of coronary artery disease was not different in patients with
than without impaired systolic blood pressure response. This can be explained
by the possibility that stenotic arteries supplying normal myocardium at rest do
not contribute significantly to blood pressure response due to minimal
contribution of myocardial ischemia to the lafter. The magnitude of ileft
ventricular dysfunction at rest is not always related to the extent of coronary
artery disease. For instance, a patient with stenosis of the LAD only may have
extensive wall motion abnormalitics in the anterior wall, septum and apex;
whereas a patient with 2 vessel disease involving the RCA and LCX may have
hypokinesis confined to the posterior wall. Additionally, some patient may have
persistent severe wall motion abnormalities despite adequate revascularization.
Hakki et al. (1) reported that in patients with coronary artery disease, both the
extent of coronary artery disease and functional abnormalities were higher in
patients with than without exercise-induced hypotension. However, the extent
of functional abnormalities was the only independent predictor of hypotension

(1).

The effect of medications

The intake of calcium antagonists was an independent predictor of
failure of systolic blood pressure increase, This may be explained by the potent
arterial vasodilator and the negative inotropic effects of these medications
inhibiting adequate increase of contractility. It is to be noted that both the
negative inotropic effect of calcium antagonists and the positive inotropic effect
of sympathomimetics are achieved by alteration of calcium kinetics (19).
Similarly, the intake of angiofensin-converting enzyme inhibitors was an
independent predictor of systolic blood pressure drop as reported previously (5).
This may be explained by the reduction of both systemic vascular resistance and
left ventricutar filling due to venous dilatation. Since these medications tend to
decrease circulating catecholamine concentration at rest and particularly with
exercise (20) and restore fowards normal downregulated beta adrenergic
receptors in patients with heart failure (21), alteration of the sensitivity of
adrenoreceptors to sympathomimetics may also explain the association with
dobutamine-induced hypotension.

In contrast with previous reports (5,8), medication with beta blockers
was not a predictor of systolic blood pressure increase or decrease in our study.
This may show that the protective effect of beta blockers against hypotension is
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mainly due to the prevention of marked reduction of ventricular volumes by
decreasing the positive inoiropic response to dobutamine. Since marked
reduction of ventricular volumes is less likely to occur in patients with left
ventricular dysfunction, medication with beta blockers was not associated with
the favourable systolic blood pressure response described in previous studies
which included population with normat resting left ventricular function,

The effect of baseline systolic blood pressure
Hypertension was described as a predisposing factor to dobutamine-

induced hypotension (8). We found a strong independent association between a
higher systolic blood pressure at rest and drop or failure of systolic blood
pressure increase at peak dobutamine stress. Lieberman et al. (7) reported that
a high baseline systolic blood pressure was independently predictive of
dobutamine-induced hypotension in patients with or without left ventricular
dysfunction. However, the higher systolic blood pressure at rest does not imply
a clinical definition of hypertension or the presence of left ventricular
hypertrophy. The independent association between higher systolic blood pressure
at rest and impaired systolic blood pressure response to dobutamine is difficult
to explain. It may be postulated that the higher systolic blood pressure at rest
is associated with a high sensitivity of the systemic arterioles to sympathetic
stimulation (22). Since the net result of high dose dobutamine infusion is a
reduction of systemic vascular resistance, this e¢ffect may be intensified in
patients with higher sensitivity to catecholamine.

Limitations_of the study
The interaction between various factors like baseline systolic blood

pressure, wall motion abnormalities, medications and myocardial ischemia in
patients with moderate and severe left ventricular dysfunction may impose a
difficulty in the assessment of the relation between myocardial ischemia and
systolic blood pressure response in this population. Further studies may be
needed to asses the results of revascularization on blood pressure response of
these patients. Global left ventricular function was assessed by semiquantitative
evaluation of wall motion and thickening which is not independent on the
observer. However, even gjection fraction has its own limitations as a measure
of contractility being dependent on loading conditions and heart rate, Wall
motion score index has been used as analogous to the ejection fraction with a
similar prognostic value in patients with myocardial infarction (23).

Summary and conclusion

In patients with left ventricular dysfunction aftex myocardial infarction
undergoing dobutamine stress echocardiography for evaluation of myocardial
ischemia, resting left ventricular function is a powerful predictor of systolic
blood pressure response to high dose dobutamine. Further studies are required

120



to assess the prognostic value of systolic blood pressure response to dobutamine
in this population.
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ABSTRACT

Exercise 201 TI SPECT has been used as a useful method for the
assessment of patients with anomalous left coronary arfery communicating to the
pulmonary artery (ALCAPA syndrome). In this report, we describe an adult
patient with this anomaly who was evaluated by dobutamine stress test in
conjunction with simultaneous 201 T1 SPECT and echocardiography before and
after surgery. A large perfusion defect in the anterior wall, septum and apex
was detected on the preoperative stress scan with partial reversibility on
reinjection scan. Worsening of wall motion abnormalities in the septum and
anterior wall was detected by stress echocardiography. In the studies performed
3 months and 1 year after reimplantation of the left coronary artery in the aorta,
a smaller fixed perfusion defect in the anterior wall and apex - was detected
without reversibility. No siress-induced wall motion abnormalitics were
detected. Despite the improvement of perfusion, there was no improvement of
regional or global left ventricular function at rest. We report that both
dobutamine 201 Tl SPECT and echocardiography were useful for the detection
of reversible ischemia and for the assessment of the surgical outcome of an adult
patient with ALCAPA syndrome,

Key Words: Dobutamine stress echocardiography, Thallium SPECT, ALCAPA
syndrome

' J Nucl Med, in press.
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INTRODUCTION

ALCAPA syndrome is a rare congenital anomaly characterised by an
anomalous left coronary artery communicating to the pulmonary artery (1).
Most of unireated patients with this anomaly die during childhood from
myocardial infarction and heart failure. Rarely, some patients survive to
adulthood due to extensive collateralization from the right coronary artery to the
left coronary artery (1,2). The detection of myocardial ischemia in patients with
ALCAPA is important to identify viable left ventricular (LV) myocardium at
jeopardy of irreversible damage. Therefore, exercise thallium scintigraphy has
been used to assess myocardial perfusion and to evaluate the results of surgery
in these patients (3-7). Dobutamine stress test (DST) in conjunction with
myocardial perfusion or echocardiographic imaging is increasingly used for
evaluation of coronary artery disease (8-11). In patients with LV dysfunction,
low-dose dobutamine echocardiography and Tl scintigraphy are useful for the
detection of myocardial viability (12-13). In this report we describe an adult
patient with ALCAPA in whom DST with simultaneous echocardiography and
201 Ti SPECT was useful for the detection of myocardial ischemia and
evaluation of the results of surgery.

Methods: Dobutamine was infused intravenously starting at a dose of 5
pg/kg/min increasing every 3 min to 10, 20, 30 and 40 pg/kg/min,
Echocardiography was performed at rest and throughout the test. 1 min before
termination of infusion, 80 MBq of 201 T] were injected intravenously. Images
were acquired within 5 minutes after the end of the test and 4 hours following
the test, after reinjection of 40 MBq Tl. Image acquisition and interpretation
was performed according {o a previously described protocol (8). The diagnosis
of ischemia relied upon the occurrence of reversible perfusion defects and new
or worsened wall motion abnormalities. The diagnosis of viability in dyssynergic
scgments relied upon the occurrence of a contractile response during low-dose
dobutamine (5-10 pg/kg/min) and the presence of reversibility or a fixed defect
containing =50% of the maximal Tl uptake.

Study_patient: A 35 year old woman presented with palpitations and atypical
chest pain. Physical examination revealed a grade I11/VI diastolic murmur in the
second left intercostal space. Baseline ECG showed Q waves in [-aVL-V6 and
poor R wave progression in precordial leads. Echocardiography revealed a
dilated LV, akinetic apex and hypokinetic anterior septum and anterolateral
wall. The left coronary artery was seen coming out from the posterior wall of
the pulmonary artery with a diastolic flow into the pulmonary artery detected
by continuous and colour flow Doppler. Coronary angiography revealed a
tortuous widely dilated right coronary artery communicating through extensive
collaterals with the left coronary artery which was filling the pulmonary artery
(figure TA). Gated blood pool scintigraphy (GBP) showed hypokinesis of the
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anterior wall and anterior septum and LV gjection fraction (EF) of 51%. DST
with simultaneous T1 SPECT and echocardiography was performed for the
detection of myocardial ischemia and viability. Typical angina occuired during
the test. A large perfusion defect in the anterior wall, apex and anterior septum
was detected on stress imaging with partial reversibility on reinjection (figure
II). The apex was considered viable on basis of partiai TI reversibility. T} counts
in the apex was 9116 at stress and 11051 units at reinjection comprising 70%
and 85% of the maximal normal counts respectively. Baseline echocardiogram
showed akinesis of the apex and hypokinesis of the anterior walt and anterior
septum. During low-dose dobutamine, no contractile response was observed in
the apex. At peak stress, worsening of wall motion abnormalities was detected
in the anterior wall and septum.

The patient underwent reimplantation of the left coronary artery in the
aorta. DST was repeated 3 months and I year after surgery which revealed a
fixed perfusion defect in the anterior wall and the apex without reversibility
However, the defect size was smaller compared to preoperative scan by
quantitative analysis, No stress-induced wall motion abnormalities were
detected. There was no improvement of regional LV wall motion on the
echocardiogram or of global function by GBP (EF = 43% after { year),

Table 1. Left ventricular ejection fraction, quantitative perfusion defect
size’and maximal stress heart rate (HR) before and after surgery.

Ejection  stress  reinjection  maximal
fraction %  defect defect stress HR

Preoperative 51 2879 1314 130
Postoperative (3 months) 35 661 793 134
Postoperative (1 year) 43 539 627 143

* Defect size is a uniteless measure of the area between the lower limit of
normal values (12 standard deviations) and the actual circumferential profile in
the 6 short axis slices.

The values of EF, quantitative Tl defects and maximal dobutamine
stress heart rate before and after surgery are summarized in table 1. Follow up
coronary angiography performed 14 months after operation showed antegrade
filling from the aorta of a dilated left coronary artery with slow flow and abrupt
reduction of the calliper distally (figure IB). Collateral circulation resolved
completely. Symptoms of palpitations and atypical chest pain did not improve.
The course of the patient was uneventful during a follow up period of 2 years
with a persistent regional LV dysfunction on serial echocardiograms. Holter
monitoring revealed no high grade arrhythmias.
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Figure I: A) Preoperative right coronary injection showing a dilated, tortuous right coronary
artery filling the left coronary artery (arrow) through extensive collaterals with retrograde
filling of the pulmonary artery. B) Postoperative selective left coronary arlery injection
showing proximal dilatation of the left coronary astery with abrupt calliper reduction distally,
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Figure H: Preoperative dobutamine and reinjection 201 thallium SPECT images
of the 6 short axis slices, provided with the corresponding circumferential
profife. The images show a completely reversible defect in the septum (arrows).
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DISCUSSION

The detection of myocardial ischemia in patients with ALCAPA is
important to identify the myocardium at risk of irreversible dysfunction. The
combined effect of an increase of myocardial oxygen demand and flow
malperfusion induced by dobutamine (15,16) may serve as an appropriate
mechanism of eliciting ischemia in patients with ALCAPA, in whom the
mechanism of ischemia is a combination of coronary steal into the pulmonary
artery and inadequate coliateral flow in face of an increased demand (6,17).
Since these patients may develop an acquired native coronary artery or graft
disease, the ability to establish a two coronary artery system provides an
advantage over ligation of the left coronary artery (18).

In our study patient, myocardial ischemia could be elicited before
surgery during DST as manifested by angina, reversible Tl defect and stress-
induced wall motion abnormalities. Echocardiography and Ti SPECT
concordantly localized ischemia. The absence of these ischemic markers
postoperatively identified a successful surgical correction, which was confirmed
by coronary angiography.

A reversible Tl defect without a contractile response to low-dose
dobutamine was detected in the apex. This viability pattern on TI SPECT was
predictive of a significant improvement of perfusion postoperatively. However,
no improvement of LY function occurred in a follow up period of 2 years. The
discrepancy of viability patterns between echocardiography and TI SPECT may
be explained by the high sensitivity of Tl for the detection of small islands of
ischemic myocardium which are not capable of restoration of contractility after
revascularization of a segment with extensive scarring as we have previously
reported (13). The characteristics of chronic ischemia in ALCAPA patients are
apparently different from those with atherosclerotic coronary heart disease in
terms of the mechanism and duration of ischemia which starts since birth due
to a drop of pulmonary artery pressure below coronary perfusion pressure (6).
A recent study described a delayed improvement of function up to 3 years after
surgery in children with ALCAPA (19). The lack of improvement of LV
function after improvement of perfusion has been attributed to a delayed
subcellular adaptive response, impairment of energy production and transfer and
altered sensitivity of myofilaments to calcium (19-21). The unique anatomy of
the left coronary artery with dilatation and slow flow proximally and a smalil
calliper distally, shown in the postoperative angiogram, may have an impaction
on functional recovery. The change of the pressure and direction of flow
postoperatively may result in a change of vessel morphology on the long term,
and consequently improvement of LV function.
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CHAPTER 13

MYOCARDIAL ISCHEMIA ASSESSED BY DOBUTAMINE
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SUMMARY

Congenital coronary artery fistula is a rare anomaly characterised by a
communication between one or more coronary arteries with a cardiac chamber,
coronary vein or less frequently with the pulmonary artery (1-3). The reported
complications of this anomaly are congestive heart failure, infective endocarditis
and myocardial infarction {4-5). Although angina is not an infrequent complaint
in adult population with coronary to pulmonary artery fistulae (4), objective
evidence of myocardial ischemia in absence of concomitant atherosclerotic
coronary ariery disease has not been described. In this report, we describe an
adult patient with chest pain and bi-coronary to pulmonary artery fistulae in
whom myocardial ischemia was documented by high dose dobutamine stress
echocardiography.

STUDY PATIENT

A 48 years old woman presented with exertional chest pain progressing
to occur at rest. She was admitted to the intensive care unit with the diagnosis
of unstable angina. Physical examination was unremarkable apart from a systolic
murmur grade II/VI in the 2nd left intercostal space. The electrocardiogram
during chest pain revealed T wave inversion in precordial leads reverting fo the
upright position after the episodes of pain. Cardiac enzymes were normal.
Coronary angiography revealed no significant narrowing of coronary arteries.
Numerous small fistulous communications between the proximal LAD and
pulmonary artery were detected. A single small fistufa was also detected from
the LCX to the pulmonary artery. Right coronary angiography revealed a large
fistula originating from the ostium of the RCA and communicating with the
pulmonary artery (figure 1). To assess the functional significance of anginal

! Submitted for publication.
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chest pain and coronary abnormalities, the patient underwent bicycle exercise
99-m technetium MIBI SPECT study after stabilization of symptoms with
medical treatment. Heart rate increased from 65 to 120 beats/min and the test
was terminated because of fatigue without precordial symptoms. Perfusion
scintigraphy revealed no significant abnormality. Because of the submaximal
heart rate attained with exercise, the patient underwent a high dose dobutamine
(up to 40 pg/kg/min) - atropine (0.5 mg) stress echocardiography. Heart rate
increased from 66 to 142 beats/min. No significant arrhythmia occurred during
the test, The resting echocardiogram was normal. During stress, there was a
gradual reduction of motion and thickening of the inferior wall and the basal
part of the posterior septum progressing to dyskinesis (figure 2). The test was
considered diagnostic of myocardial ischemia in the RCA territory. The
diagnosis was made by 2 independent observers unaware of the patient’s
clinical, angiographic or scintigraphic data who agreed on the presence and
localization of abnormalities, The patient continued on medical treatment
consisting of beta blockers which resulted in a partial symptomatic relief.

DISCUSSION

The correlation between symptoms of angina and specific markers of
myocardial ischemia is important to clarify the functional significance of angina
in adult patients with coronary artery fistulae. So far, myocardial ischemia has
not been documented in patients with coronary to pulmoenary artery fistulae, in
absence of concomitant atherosclerotic coronary artery disease. Few reports
have described the presence of an objective evidence of myocardial ischemia in
the more common type of fistulae communicating to cardiac chambers or
coronary veins. Brooks et al. (6) described 2 patients with congenital coronary
artery fistulae communication to the left ventricle without concomitant
atherosclerotic narrowing who had significant electrocardiographic changes
during ischemic episodes. Glynn et al. (7) reported a patient with a fistula
communicating between the LAD and coronary vein who had a reversible
perfusion defect on exercise thallium scintigraphy. In our study patient,
myocardial ischemia was documented by the presence of transient wall motion
abnormalities in the RCA territory during dobutamine stress echocardiography.
The occurrence of myocardial ischemia confined to the RCA territory can be
explained by the smaller size of fistulac of the LAD and the LCX. The lower
peak exercise compared to peak dobutamine heart rate may explain the
conclusive findings of myocardial ischemia on dobutamine stress
echocardiography as opposed (o exercise myocardial perfusion scintigraphy.
Nevertheless, Said et al. reported that exercise MIBI scintigraphy failed to
reveal myocardial ischemia in a 49 year old woman with atypical chest pain and
multiple coronary-pulmonary fistulae (8). This may point to the importance of
symptomatic status on the occurrence of inducible ischemia in these patients.
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Figure 1 A) Lefi coronary artery angiogram showing multiple small fistufae originating from
the proximal LAD and coliecting in a convoluted vascuiar aggregation ¢horizontal arrow)
which drains into the pulmonary artery (veriical arrow). B) Selective injection of the fistula
from the right coronary artery ostium showing opacification of the pulmonary artery (arrow).
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Figure 2. 2-dimensional echocardiographic images at rest and at high dose
dobutamine stress from the apical 4 chamber view (top) and apical 2 chamber
view (bottom), showing dyskinesis of the basal posterior septum and basal
inferior wall at high dose dobutamine stress indicated by arrows.
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Myocardial ischemia in patients with coronary fistulae is thought to be
due coronary steal (6,7). Although myocardial perfusion scintigraphy is a
relatively sensitive method for detecting flow malperfusion as a result of
coronary steal, the presence of flow malperfusion may not always imply the
occurrence of true ischemia. In contrast, transient mechanical dysfunction
mostly implies inadequacy of myocardial supply relative to oxygen demand
during stress and represents a highly specific marker of myocardial ischemia
(9). For that purpose, in patients with limited exercise capacity, dobutamine
stress testing may be preferred to vasodilator stress agents as it produces
hemodynamic changes similar to exercise. Therefore with dobutamine,
myocardial ischemia is more likely to be provoked under circumstances
simulating those occurring during life activity in symptomatic patients.

CONCLUSION

Myocardial ischemia could be documented in an adult patient with bi-
coronary to pulmonary artery fistulae who presented with angina. The
occurrence of transient wall motion abnormalities during high dose dobutamine
stress echocardiography in this patient shows that flow malperfusion may result
in true ischemia during stress. Tomographic assessment of myocardial ischemia
with dobutamine stress echocardiography may be helpful in the evaluation of
anginal symptoms in patients with coronary artery fistulae.
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Part I ASSESSMENT OF MYOCARDIAL VIABILITY

CHAPTER 14
Reprinted with permission from the Am J Cardiol

Prediction of Improvement of Ventricular
Function After First Acute Myocardial
infarction Using Low-Dose Dobutamine

$Stress Echocardiography

Messandro Salustri, MD, PiD, Abdou Elhendy, MD, Polyxeny Garyfallydis, Mo,
Massimo Ciavatti, MD, Jan H. Cornel, MD, Folkert J. ten Cate, MD, Eric Boersma, BSE,
Antonio Gemelli, MD, Jos R. T. C. Roefandt, MD, and Paolo M. Fioretti, MD, PhD

This study was peiformed to aseess the prova-
tonce of spontaneous improvement of reglonal
loft ventricular function In patients after scute
myocsedlal Infarction, and to evaluate the role of
low-dosa dobutamine strese echocardlography
for Hs prediction. In 57 patients with a first
acute myocardial infarction (thrombolysls, n =
27; Q@wave, n = 48), regional wall motion was
evalusted whh 2-dimensional echocardiography
at rest, during a low<doso dotirtaming stress
test porformed within 1 weel after hospital
admisslon, and st 3-month follow-up. Myocardial
visbility was considared i there was en Improve-
ment of 21 grade in dyseynergic sagmertts from
rest to low-dosa dobutamine infusion; recovery
of reglonal function was defined as &n Improve-
meint of 21 grade betwean rest and followup
ochocandlograms. Wall motion ecore Indox
decreasad from rest to low-dosa dobutamine
echocardiography (1.486 + 0,28 to 1.38 x 0.30,
p <0.0001), and this change perslsted at follow-
up study (1.37 = 0.30}, No differences were
found between patients who did and did not
undergo thrombolyls, or betwesn those who had
Qwave and non-Q-wave inferction. At bassiine
echoeardiography, 189 of 627 sagmernts were
dysaynerglc (85 hypokinetic, 104 sldnstic). Vie-
blilty at low-gose dobutamine stress echocardl
ography was more frequent In hypokinetic than
in akinetic segments (30 of 85 vs 12 of 104,
odds ratio 4.18, 95% confidence Interval [C]
1,87 to 9.48). SpontancOus recovery was nue
frequont In hypokinetic than in akinetic sog-
maents (30 of 85 v 20 of 104, odds ratlo 2.29, C)
1.13 to 4.68), Sensitivity, spacifichty, and posl-
tive and nogatlve predictive values of lowdoze
dobitamine stross echocardiography for predict.
Ing ato recovery of reglonal function were 68%,
84%, 79%, end 858%, rospactively. Sensitivity wae
lowsr In akinetic segments than In hypoldnatic
sogmemts (35%, €1 0.14 to 0.56, vs 87%, C1 0.78
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to 0.99). An Improvemont during low-dose dobut-
amine siress echocardiography was a strong pre-
dictor of reversible postischemic dysfunction
(odds ratlo 17.1, CI 3.8 to 87.1), In conclusion, In
patients sfter a first, relatively uncomplicated
mﬂammﬂdkﬂm:ﬂmmm
recovery occlds In 28% of the dyssynarglic
mairte. Lowdose doburtemine stress s
raphy provides very specific information for pre-
dicting Iack of Improvemant and has a high
sonsitivity for proaBcting improvement kn bypold-
netic sogments, but Is not usatul In lentifying
aldnetic segments that will spomtansousty

Improve,
(Am J Cardiol 1684;74:983-RE8)

yocardial stunning is defined as transient pro-

tonged postischemic dysfunction that may occur

after the restoration of a normal coronary flow.!
It has been observed in seve ral clinical conditjons, includ-
ing in patients after acute myocardial infarction treated
with thrombolysis. 2~ The natural history In patients with
acute myocardial infarction not treated with thrdmbolysis
inctudes potential improvement in left ventrichilar func-
tion at foltow-up.® If this is true, the evaluation of viable
myocardium should be desirable in all patients early after
an acute myocardial infarction, and could influence the
choice between medical treatment or coronary revascu-
larization in selected patients. With the combined analy-
sis of flow and metabolism, positron emission tomogra-
phy scanaing is the reference noninvasive method for
assessing the presence of viable myocardium.? Recently,
myecardial perfusion scintigraphy with different isotopes
and with different protocols has been proposed for the
same purpose.? The administration of dobutamine in con-
junction with echocardiographic wall motion analysis has
been proposed as a simpler altemative 1o the more sophis-
ticated and expensive nuclear techniques® 12 Despite
interest in these findings, little is known about the spon-
tancous recovery of segmental lefi ventricular function
and the potentia! role of low-dose dobutamine stress echo-
cardiography for its prediction. Accordingly, the aims of
this study were to assess the incidence of late (3 months)
spontaneous improvement of regional lefi ventricular
function in an unselected series of patients after a first
acute myocardial infarction, and to evaluate the potential
role of low-dose dobulamine stress echocardiography
{performed within 1 weck after nryocardial infarction) for
its prediction,
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TABLE | Prediction of Recovery of Dyssynergic Segments Using Dobutamine Stress
Echocardiography
Positivg Negative
Predictive Predictive
Sansitivity Soeaticity Value Valug
Al dyssynergle E5% W% 79% 88%
segments {n = 159) {0.53-0.79) (0.89-0.97) {0.66-0.92) (0.83-0.93}
Axinabc 5% 9% 58% 86%
segments {n = 104) {0.14-0.56) {0.89-0.99) {0.30-0.86) {0.79-(.93)
Hypokinglic 7% 93% B7% 93%
segments (n = 85} {0.75-0.99} {0 86-1.0} {0.75-099) (0 86-1.0)
Vahes in parenthosgs afe the 95% confdanca wlenvah,

METHODS

Patient group: Fifty-seven consecutive patients (48
men and & women, mean age 58 £ 10 years, range 25to
76) wete prospectively enrolled in this study. Criteria for
recruitment were: {1} admission at our institutions with
a diagnosis of first acute myocardial infarction (pro-
longed chest pain, =1 mm ST-segment deviation in 22
leads on the initial electrocardiogram, and typical crea-
tine kinase-MB isoenzyme pattern); and (2} wall motion
abnormaliftes on a resting echocardiogram performed
within 7 days of admission, Patients with valvular heart
disease (n = 2), prior myocardial infarction (n = 4), pre-
vious coronary artery bypass graft or perculaneous trans-
luminal coronary angioplasty (n = 3), postinfarction
angina requiring revascularization procedures (n = 3), or
infarction complicated by severe hemodynamic instabil-
ity {n = 2} were excluded. No patient was excluded
because of inadequate echocardiogram. Twenty-seven
palients were treated with thrombolytic agents within 6
hours from the beginning of symptoms, and 30 had con-
traindications or late presentation to the hospital. Eight
patieats had a non—Q-wave myocardial infarction, and 2
of them underwent thrombolytic therapy. The site of
myocardial infarction was anterior in 30 patients and
inferior andfor lateral in 27,

Predischarge dobutamine stress echocardlography
and follow-up etudy: After piving verbal informed con-
send, all patiends underwent dobutamine stress echocardi-
ography within 7 days after hospital admission. Antiang-
inal drugs, digitalis, and other drugs that might alier
myocardial contractility were withdrawn 24 1o 48 hours
before the test. Dobutamine was infused by a volumet-
fic pump at incremental doses according to a pretocol
bitsed on 2 stages of 5 and [0 pgkg/min (5 min/dose)
and 3-minule stages of 20, 30, and 40 pg/kg/min, plus
the addition of awopine (0.25 to | mg) in patients not
achieving 85% of their age-predicted maximal heart rate
who had no symptoms or signs of ischemia. The first 2
stages were considered a “low-dose stress test” and were
evaluated for the presence of viable myocardium.
Throughout the dobutamine infusion, an electrocardio-
gram lead was coentinuously monitored on the echocar-
diographic monitor. Twelve-lead electrocardiograms and
blood pressures were recorded at rest and al the end of
cach stage. A 2-dimenstonal echocardiogram was mon-
itored throughoul the test and recorded on videotape at
test and during the last minute of each sfage. The fest
was slopped in case of severe new wall motion abnoe-
malities, typical anging, significant cardiac archythmias,
or any other limiting side effects. At 3-month follow-up.

2-dimensicnal echocardiograms were obtained at rest in
all patients after adeguate phamtacologic washoul.
Echocardiograms were recorded on videotape for sub-
sequent analysis and comparison wih the previous
examination, All echocardiograms were reviewed on the
videotapes and a consensus was achieved by 2 observers
unaware of the clinical data. For the purposes of this
study, the left ventricudar wall was divided into H seg-
ments.” Both inward wall motion and wall thickening
were evaluated, and each segment was graded as | =
normat or hyperkinetic, 2 = hypokinetic, 3 = akinetic,
and 4 = dyskinetic, Bascline images before dobutamine
infusion were used as references and compared with the
corresponding images during low-dose dobutamine infu-
sion, An improvement of 21 grade in the dyssynergic
segments during dobutamine infusion was considered as
a marker of viable myocardium. Thus, hypokinetic seg-
ments retuming to nonmal, and systolic myocardial thick-
ening becoming apparent in a segment that was either
akinetic or dyskinetic were considered as a positive (est
for the presence of viable myocardiem. Follow-up echo-
cardiograms were compared with the corresponding rest
images before dobutamine infusion for comparative seg-
mental analysis, For each segment, a recovery of func-
tion was defined as an improvement of 21 grade, For
each study, a wall motion score index was calculated,
dividing the sum of the scores by the number of the seg-
ments. Because hyperdynamic lefl ventricular segmentls
during low-dose dobutamine stress echocardiography
were scored as normal (1), wall metion score index was
affected only by abnormally contracting segments.

Statlstical analysis: Continuous data are expressed
as mean + SD. Continvous variables were analyzed using
analysis of variance for repeated measurements and
paired ¢ tesi with the Bonferreni cormrection. An unpaired
7 fest was used when appropriate. Sensitivity, specificity,
and positive and negative predictive values rely on the
standard definition and are reported with the corre-
sponding 95% confiderce interval (CI). The difference
in late recovery was expressed as the odds ratio with the
corresponding Cl. Differences were considered signifi-
cant il the nufl hypothesis could be rejected art the .05
probability level.

RESULTS

The median interval from myocardial infurction to
debutaming test was 4 days (range Yio 7), Afropine was
added 1o dobutamine in 35 patients, No complications
occurred during the dobutamine stress test, Heant rate
and systolic blood pressare were 80 1 19 bewy/min and
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143 £ 38 mm Hg at rest and 82 £ 20 beats/min and 143
1 38 mm Hg after low-dose dobulamine infusion, Nine-
teen patients (339} had a positive fow-dose dobutamine
steess echocardiogram, and 16 of these (84%) had recov-
ery of at least | segment al folow.up, whereas 29 of the
38 patients (76%) with a negative low-dose dobutamine
stress echocardiogram had no improvement (n = 28) or
even a worsening (n = 1) at follow-up. There was a sig-
nificant reduction in watl motion score index between
rest and both low-dose dobutantine infusion and follow-
up echocardiograms {146 £ 0.29 vs 1.39 £ 0.30 vs 1.37
1 0.30, p <0.0001). Patients did not differ according to
the Lype of treatment (thrombolysis vs no thrombolysis)
or the type of infarction (Q-wave vs non-Q-wave).

Analysls of segments: At baseline, 189 of 627 seg-
ments were dyssynergic (30%). Eighty-five of them were
hypokinetic and 104 akinelic. E.ow-dose dobutamine
stress echocardiography revealed the presence of viable
myocardium in 42 of 189 segments (22%). Al baseline,
30 of these were hypokinetic and 12 were akinetic (7
became hypokinetic, 5 normal). Thus, viability was de-
tected more frequenily in hypokinetic than in akinetic
segments (35% vs 12%, odds ratio 4,18, C1 1.87 109.48),
At follow-up, 50 of 189 segments (26%) recovered: 10
from akinetic to normak, 10 from akinelic to hypokinetic,
and 30 from hypokinetic to normal. Recovery occurred
in 33 of 42 segments (79%;) that improved with low-
dose dobutamine siress echocardiography, and in only
17 of 147 (12%) that did net improve, Recovery was
more frequent in hypokinetic than in akinetic segrents
(35% vs 19%, odds ratio 2,29, C1 113 to 4.68) (Figure
1). When considering only the “viable” segrments at low-
dose dobutamine stress echocardiography, there was a
trend toward more frequent fate recovery in the hypoki-
netic than in the akinetic segments (87% vs 58%, odds
ratio 4.64, CI 078 10 29.55). Sensitivities, specificities,
and predictive values of low-dose debutamine stress
echocardiography for the prediction of spontanceus
recovery at follow-up are reported in Table 1, both for
the overall group and according to the different degrees
of dyssynergy.

Prodictors of spontaneocus recovery: improvement
irn wadl motion during low-dose dobutamine stress echo-
cardiography (odds ratio 17.1, CI 3.5 to 97.1) and
hypokinesia al rest (odds ratio 2.29, C1 1.13 10 4.68) were
the anly indicaters of reversible postischemic dysfunc-
tion alter acuse myocardial infarctior.

DISCUSSION

To our knowledge, this is the first study in which
patients with a first, relatively uncomplicated acute nyo-
cardia! infarction were evaluated by dobutamine stress
echocardiography and followed up 1o observe the spon-
taneous recovery of function, independent of reatment
with thrombolytic agents. Moreover, the potential con-
founding effects of antianginat therapy were avoided.
Thus, we attempted to describe the natural history of
dyssynergic segments, The main findings of the present
study can be sunumarized as foliows: (1) Approximately
one fourth of the dyssynergic segments alter acue nyo-
cardial infarction show a spontancous recovery at 3-
month follow-up. (2) The incidence of the recovery is

higher in hypokinetic than in akinetic segments. (3) Low-
dose dobutamine stress echocardiography is very spe-
cific [or predicting the lack of improvement in segmen-
tal left ventricular function (94%). (4} The sensitivity is
high (874%) in hypokinelic segments, and towest {35%)
in akinetic segments. Among the affected left ventricu-
lar segments in our population, the prevalence of akine-
sia and hypokinesia was similar {55% vs 45%, respec-
tively). However, improvement during the low-dose
dobulamine stress fest and late spomtaneous recovery
occurred more frequently in the hypokinetic segments.
This is not surprising, since it seems logical to hypoth-
esize that hypokinetic segments contain a mixture of
scar, nosmal, and viable myocardium, whereas in the aki-

[A

Dyssynergic Segmoants
189

SUPRGYED DOBUTAUNE UKCHANOED
WALL UOTION | ECHOCARDICORAPHY {WALL MOTIOR

42 (22%) 147 (78%)

(/‘\, FOLLOW.UP (/x\)

HO RECOVEAY AECOVERED RECOVERED KO RECOVERY
IXWALL MOTION WALL MOTION WALL WOTION INWALL MOViON

9(21%) 33(79%) 17 (12%) 130 (88%)
B Hypokinetic Segmants

85

IWFROVED DOBUTAMINE UNCHANGED
WALL HOTION | ECHOCRRDIOORAFNY | WALL NOTON

30 {35%) 55 (85%)
(/j\» *"J\a
KO RECOVERY RECOVERED REGOVERED 80 RECOVERY
INWALL MOTION  WALL Qo HON WALL HOTHON IN WALE WOTION
4 {13%) 26 (B7%) 4 (7%) 61 {93%)
C Akinstic Segments

104

IUPAOVED DOBUTAWIME UNCKAXQED
WALL MOTIOH | ECHOCARDICORAPHY | WALL MOTION
92 {88%)

12 (12%)
(/J\> /l\,
MORECOVERY  RECOVERED  RECOVERED NO RECOVERY
IN WALL WOTIOM WALL WOTION WALL HOTION N WALL MOTIGN
§(42%)  7(58%) 13 (14%) 79 (86%)

FIMURE 1. Responts of the sedmants 10 fow-doss dobirt-
amine stress schocardiography and the resutts at fod
tow-up for afl the dyssynsrgic segments (A), including
only hypokinetic (8) or akinetic (C) sagmants.
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netic segments the amount of scar is predominant. ‘The
time course of recovery of the hypokinelic segments
demonstrates that in one thitd of the cases, the dysfunc-
tion was probably based on the presence of myocardial
stunning. This phenomenon is less frequent when aki-
netic segments are considered, Among the segments (hat
were viable during low-dose dobutamine stress echo-
cardiography, there was a clear trend {oward less fre-
quent spontaneous recovery in akinetic than in hypoki-
netic segments (58% vs 879%). It is conceivable that some
of these akinetic segments sustain incomplete reperfu-
sion, resulling in a combination of myecardial stunning
and hibemation, with [ess chance of spontaneous recov-
ery, The comparative role of low-dose dobutaming stress
echocardiography and positron emission tomography for
detecting viable myocardinm was first assessed by Pier-
ard et al. Viability was found in 10 patients with acule
anterior myocardial infarction, and recovery occurred in
6 of them; paticats with no viable nyocardium detecied
by echocardiography had no funciional recovery at fol-
low-up. Patients in whom echocardiography revealed
viable myocardium but who did not have late function-
al recovery were characterized by an abnormatly high
glucose-to-perfusion ratio, suggesting jeopardized myo-
cardium and persistent ischemia. This pattern may ex-
plain our finding of absence of recovery in some seg-
ments that showed “viability™ with low-dose dobutamine
stress echocardiography.

Fhe role of low-dose dobulamine stress echocardi-
ography for identifying viable myocardium and predict-
ing improvement afler coronary revascularization {either
with percutancous transluminal coronary angioplasty or
corenary artery bypass grafting) was assessed by Baril-
la et al." In this study, 21 patients with anterior non-Q-
wave myocardial infarction or post-thrombolytic thera-
py, or both, were evaluated. Wall motion improved
during dobutamine stress echocardiography in all but 1
paticit, as indicated by a reduction in wall motion score
index, At foilow-up, all patients had an improvement in
contractility, although the magnitude was greater in the
13 patients who underwent revascularization. Recently,
Smart et al'l investigated the role of different indicators
of reversible postischemic dysfunction (wall motion at
different doses of dobutamine, non-Q-wave myocardial
infarction, peak creatine kinase) in 51 patients after
thrombolytic therapy. Low-dose debutamine stress echo-
cardiography had a sensitivity of 36% and a specificity
of % for reversible dysfunction, and was sensitive in
all infarct locations. Of the other variables not related to
stress echocardiography, nen—Q-wave myocardial infarc-
fion was sensitive only in anterior infarction, However,
in (hat study, 22 patients underwent revascularization
before hospital discharge on the basis of angiographic
findings alone, and this can affect the real assessmient of
myocardial stunning. Although these data indicate that
low-dose dobutamine-induced wall motion improve-
ment may be sensitive for reversible postischemic dys-
function, all these studies focused on patients after
thrombolytic therapy, often fimited to anterior nyocar-
gla}‘infarction; furthermore, the role of revascularization
Is difficult to evaluate, and the relative importance of the
paltern of dyssynergy al rest has not been considered.

Study limHatlons: Several limilations of the present
study deserve further consideration. Coronary arleriog-
raphy was not performed in our patients on a routine
basis and neither posilron emission tomographic scan-
ning for metabolic activity nor thallium scintigraphy was
performed. However, we believe that the reference
method for stunned myocardium should be spontaneous
recovery of wall motion as we have evaluated. Echocar-
diograms were evaluated qualitatively and digital cine-
foop systems were not used. In a previous study using
dobutamine stress echocardiography, digital techniques
did not offer advantages over analysis on videotapes in
terms of diagnosis of myocardial ischemia.® Changes in
regional wall motion, and particularly hypokinetic sep-
ments becoming normal, are subtle and difficull (o eval-
uate. Dobutamine stress echocardiography was per-
formed within 7 days of hospital admissien, Thus, some
segments could have afready recovered, lowering the
prevalence of a positive low-dose dobulamine stress
echocardiogram. Finally, the results of this study cannot
be extrapolated to paticats with complicated acute niyo-
cardial infarction, who represent the ideal larget popu-
lation and for whom proper identification of miyocardial
viability is clinically most relevant,

Acknowledgments: We are indebted to all nurses
working at our instilutions for assistance in performing
the echocardiographic studies.

L Bofli R. Mechanism of mpovandial “stunning. "™ Ce ilatiin 990K2:723-734.
2. Bolli R. Myocsndial “stunning™ in man. Circielarion |9ERAEATI-169).

A Bourdition PDV, Broderkh, TM. Wilitans ESD Davis C. Dillon JC, Amptnng
WF, Fineberg N, Ryan T, Feigenboum H. Early revovery of reghons] fefl sentric:
ular furwtlon after reperfusiun in soute myecandial infan o avwgead by serol -
dimensdonal echocandiography, Am J Candicl 1989.63:611-618

4. Serruys PW. Simoons ML, Suryapvanata #, Veemeer F. Wijns W, van den Brand
M. Bar F. Zuaan C, Kreun H, Remme W, Res L Verheun FWA. van Bombarg
K. Lubmen J, Hugerholte PG Presenvation of glohal and regivosl kit ventroutar
function after early thrombolysis in acute myovardial infarction. S Ae Cell Cardi
o 1986:7:729-T4L.

B. Patel B, Kioner RA. Praklenk K, Braunwald E Postischomic niyocardral “stun-
ning™ a clinjcally relevant phenomenoa. Ann fasern Med 1955:118.626-62).

8. Picard MH, Wilkins GT, Ray PA, Weymen AE. Nateral hiviory of Jefi seatric-
wlar sire and function after avute mywrandial infantion, Anewment and predition
by evhxanbographic endovangil surface mappang. Cirontation [990K24844- 494,
7. Goult KL Yoshida K. Hew MU, Haymie M. Multani N, Stnalling RW. Myw-
candial metabotism of fuonsdeoty ghaose compared 1 sell membvane inkegrily for
e polassium 2nalogie fUbidivni-¥2 for 2vewing infand sise in man by PET. /
Niecd Med 1931;32:1-9,

& Ditsizian V., Bonva RO, Curreat diagnostiv rechnigocs of avsewing viability in
patients with hiternating and sturowd myovardivm, Chresdotion IPLETE- X1,

9. Marzullo P, Parodi O, Resenhofer B, Szmbuceli G, Prano 1 Distante AL ¢iinwl-
11 A L"Abbate A, Value of rest thallium- 200 Aechntium-99m wstamibi wans arkd
dobutimine echovandiogrephy for detavting myovardial sishiluy. Ani J Cardad
19915166172

10. Prerand LA, Delambeere CM, Berte €. Rige P, Kultertas HA Jdentificatiin
of viable myvvardium by euhucantography during dobutamine infusion in patients
with mywandis! infandion after thrmholytie therapy: comparion with ponitron
emission tomography. J Am Cofl Curdiof J9ALTST021- 1031

A4 Smarg SC, Sawadz §, Ryan T, Segar [3, Atherton L Berknalz K. Bourdithan
POV, Feigentoum H. Luw-thwe dobitamine ecbovandingraphy derovis revenible
dysfumsion after Thrombolytic therspy of zouwe myocardial inlansion Cinefucos
1PIER 405415

12 Barills F, Ghevtghiode M. Alan M. Khufa F, {rofdhtein §. Loacdine ddztamine
in patients with st myocandal infantion identifics viabe but pot centradile
myocantium ard prodits the magritede of improveniend 2w athimotion aboomaad
e in npuoneg fowotirtary v asulidzaton Am Neart J 191:022 §522 159,
13 Pvanu B, Landi . Bologiewe 1, Chiarznd G Chiarella o Sevean G Selava
MU, Ganddfo N, Previtali M. Odandini A, Mangana F, Firedlc 8, Mapapa O, Minar-
¢ G Bianhi F. Marini C, Radti M, Macbelaai G Seven 5, for the £PRT Stady
Limup, Progmativ salue of dipyridumole echovankoprephy cardy aftes unceerplucar-
o mywandead infantive 3 darge-wate, milinenter trial A d Maf IS A -AIX
& Saluwn A, Droeeitt AL Pozroli MMA. MoNell AL Rochands JRTC. Dubota-
mine strews eubovandiography s it role in the dagmnis o vonanan amery diwase
Fur Heart £ IWWETRT0-77.

139




CHAPTER 15

LOW-DOSE DOBUTAMINE ECHOCARDIOGRAPHY AND
REST-REDISTRIBUTION 201-THALLIUM TOMOGRAPHY
IN THE ASSESSMENT OF SPONTANEOUS RECOVERY OF

LEFT VENTRICULAR FUNCTION
AFTER RECENT MYOCARDIAL INFARCTION!

Abdou Elhendy, MD, Giuseppe Trocino, MD, Alessandro Salustri,
MD, PhD, Jan H Cornel, MD, Jos RTC Roelandt MD, PhD,
Eric Boersma, MSc, Ron T van Domburg, MSc,
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From the Thoraxcenter, Division of Cardiology, and "Department of Nuclear
Medicine, University Hospital Rotterdam-Dijkzigt and Erasmus University,
Rotterdam, The Netherlands.

SUMMARY

Spontaneous improvement of contraction and perfusion occurs after
acute myocardial infarction. The relative merit of low-dose dobutamine
echocardiography (LDDE) and rest-redistribution thailium scintigraphy (RR TI)
in this setting has not been evaluated, We studied 30 patients at 7 + 3 days
after acute myocardial infarction with LDDE (5-10 pg/kg/min) and RR TI
SPECT. Viability was defined as improvement of wail thickening at LDDE and
the presence of redistribution or a defect with uptake = 50% of peak activity
at RR TI. Baseline echocardiogram and RR Ti were repeated after 3 months.
In 112 dyssynergic segments, viability was detected in 60 (54%) by RR Tl and
in 39 (35%) by LDDE (p < 0.005). Spontancous improvement of function was
detected in 35 (31%) segments. In the same region, Tl uptake increased
significantly. The sensitivity, specificity and accuracy of LDDE for the
prediction of late improvement of wall motion were 77%, 84% and 82%. Those
of RR Tl were 77%, 57% and 63% respectively. Specificity and accuracy of
LDDE were higher than RR Ti (p <0.005). It is concluded that myocardial
viability pattern after acute myocardial infarction is more frequently detected by
RR TI than'by LDDE. Both techniques are equally sensitive but LDDE is more
specific predictor of spontaneous recovery of regional left ventricular function.

L Am Heart J; in press. Presented in part af the 68th Scientiffic
Sessions of the American Heart Association, Anaheim, California.
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INTRODUCTION

Recent clinical studies have shown that after a recent myocardial
infarction, late spontaneous recovery of regionat left ventricular function and
myocardial perfusion occurs in a substantial percentage of patients (1-7). This
finding is consistent with the concept of myocardial stunning (8,9) and may have
important clinical implications for an improved risk stratification (10,11) and for
a more proper selection of patients for coronary revascularization procedures
(12-16). Therefore, the prediction of late functional cutcome of left ventricular
function would be desirable, if this could be obtained with a noninvasive,
simple, accurate, reproducible method. Low-dose dobutamine stress
echocardiography (LDDE) and rest-redistribution thallium scintigraphy (RR TI)
have the potential of fulfilling most of these pre-requisites (2-7,10; 17-18).
However, the relative value of both techniques in the detection of viable
myocardium after a recent myocardial infarction has not been compared in the
same patient population. Accordingly, the aim of the present study was
threefold: 1) to study the agreement between LDDE and RR Tl on the diagnosis
of myocardial viability in patients with a recent myocardial infarction, 2) to
describe the spontancous changes of regional left ventricular function and
perfusion at 3 months after myocardial infarction, 3) to asscss the relative
predictive value of LDDE and RR Tl to predict the late spontaneous
improvement of regional left ventricular function.

METHODS

Study population: Thirty two consecutive patients with a recent myocardial
infarction and uncomplicated eatly clinical course were included in the study.
The mean age was 61 + 1 years (range 37-78) and 21 (70%) were males, The
diagnosis of myocardial infarction was based on the presence of at least two of
the following criteria: prolonged chest pain (> 30 min), deviation = 1 mm in
at least two leads on the standard electrocardiogram and significant increase (at
least twice the upper normal limit) of serum creatine kinase. The site of the
infarction was inferior or infero-postero-lateral in 20 patients, and anterior or
anteroseptal in 12. Intravenous thrombolysis was given in 17 patients; the delay
in the hospital admission or other clinical conditions were the contraindications
in the others. A non-Q wave myocardial infarction was present in 5 patients,
Fourteen patients underwent a diagnostic coronary angiography. All patients
underwent LDDE at a mean of 7 + 3 days (range 5 to {4 days) after the
infarction. The anti-anginal therapy was not discontinued before the test and
included beta-blockers in 5 patients. RR Ti was performed in all patients at a
mean time interval of 1.2 days (range 1-2 days} from LDDE. All patients gave
a written consent to participate in the study.
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Dobutamine stress-echocardiography

Dobutamine was infused with a volumetric pump at incremental doses
(5 - 10 pg/kg/min) with steps of 3 minutes. A 12-lead electrocardiogram and
arterial blood pressure were recorded at basal conditions and at the end of each
stage. Patients were mornitored with 3 ECG leads and two-dimensional
echocardiography throughout the test. Echocardiogram (in standard multiple
short and long axis views) was recorded on video tape at rest and during
dobutamine infusion. The images were also digitized and stored on an optical
disk (Vingmed CFM 800) for a display in quad-screen format. A 16-segment
model of the left ventricle, according to the recommendations of the American
Society of Echocardiography (19) was used for the evaluation of left ventricular
wall motion. Both inward wall motion and systolic myocardial thickening were
considered for the assessment. Each segment was graded with a 4-point score
grading, from [ to 4 (I = normal or hyperkinesis; 2 = hypokinesis; 3 =
akinesis 4 = dyskinesis). Wall motion score index was calculated dividing the
sum of the scores by the number of the segments analyzed. Echocardiographic
images were interpreted by two observers blinded to the patients’ scintigraphic
data. A third observer was asked in cases of disagreement and a majority
decision was reached. In our laboratory, the inter-and intraobserver concordance
on the response of wall motion during LDDE are 92% (Kappa 0.84) and 94%
(Kappa 0.86) respectively (20). The test was considered positive for the
presence of viable myocardium if =1 dyssynergic segment had =1 decrease of
wall motion score compared with resting echocardiogram during dobutamine
infusion.

Rest-redistribution thallium SPECT

On fasting, 110 MBq of 201-Tl were injected intravenously at rest, 5
minutes after sublingual adminstration of 1 mg of nitroglycerin. The acquisition
of the SPECT images was started within 10 minutes after the injection and
repeated 4 hours later. A Picker 3 headed Camera (Prism 3000, Ohio) equipped
with low energy, high resolution parallel hole collimators was used. One
hundred twenty projections were obtained, over 360 degrees (3 degrees step-
wise increment), with an acquisition time of 45 seconds per head. The
interpretation of the images was based on 6 short-axis, 3 longitudinal and 3
transverse long-axis slices. The analysis was performed visually with the
assistance of quantitative measurements (circumferential profile analysis). Rest
and redistribution images were displayed side-by-side for comparison. Analysis
was performed by an experienced observer blinded to the results of LDDE. In
order to obtain a matched regional assessment of wall motion and T1 uptake, the
same 16-segment model used for interpretation of the echocardiogram was
applied for the interpretation of the SPECT images. The area falling more than
two standard deviations below mean noral values was calculated at each level
and the sum of the values was considered as the severity of global Tl uptake
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defect. Myocardial viability in dyssynergic segments was considered in the
corresponding segment at RR Ti in presence of normal perfusion, a reversible
defect or a fixed moderate defect with regional Tl uptake = 50% of maximal
(100%) uptake.

Follow-up studies

A rest echocardiogram was performed in all patients at three months,
The echocardiographic images were acquired in digital format and stored on the
same optical disk used for the pre-discharge study. The images of the baseline
and follow-up echocardiogram were visualized side-by-side in a quad-screen
format allowing a proper assessment of segmental changes. A regl.nal
improvement of left ventricular function was defined as a decrease of ~vall
motion score = | grade. A rest-redistribution Tl SPECT was performed in 18
of the 32 patients and the analysis of the results was made as described before.
The results were compared with those of the initial study to assess spontaneous
changes of myocardial perfusion.

Statistical analysis: Continuous data were expressed as mean + SD. Baseline
and follow-up walli motion score index and Tl defect were compared by paired
Student’s t-test. Differences were considered significant when p<0.05. The
diagnostic accuracy of LDDE and RR Tl was evaluated by calcufating the
sensitivity, specificity, positive and negative predictive value and the
corresponding 95% confidence interval. Agreement between the two methods
was expressed by the kappa-value. Values between 0.75 and | were considered
indicative of good, between 0.40 and 0.75 of moderate and between 0 and 0,40
of poor agreement,

RESULTS

No complications occurred during dobutamine infusion. Heart rate and
systolic blood pressure at rest were 69 + 14 beats/min and 120 + 13 mm Hg
respectively and they did not change significantly during dobutamine infusion
(73 + 14 beats/min and 127 + 18 mm Hg respectively). During follow-up, two
patients underwent coronary angioplasty for angina and were excluded from the
analysis, while the other 30 had an uncomplicated clinical course up to the
repeated tests at three months after the infarction. Eighteen of these 30
remaining patients were studied at follow-up with RR TI.

Regional myocardial function and perfusion: Twenty segments were excluded
from analysis due poor quality. At baseline echocardiogram, 112 of the 460
segments analyzed were dyssynergic and 35 (31%) of them had a late
spontangcous improvement (in 14 patients). Viable myocardium was detected in
39 segments by LDDE (35%) and in 60 (54%) by RR Ti (agreement 56%,
kappa 0.15; Figure 1). The prevalence of a viability pattern on RR Tl was
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+ 25 14

LDDE
- 35 38

Agreament = 56%
Kappa = 0.14

Figure 1.Agreement for the detection of myocardial viability
by low-dose dobutamine echocardiography (LDDE) and rest-
redistribution thallium SPECT (RR TI),

significantly higher compared to LDDE (p <0.005). Out of the 39 dyssynergic
segments with an improvement of wall motion during LDDE, 27 (69%)
recovered at the follow-up whereas 8 out of the 73 segments with a negative
LDDE (11%) improved at follow-up (Figure 2). A viability pattern on T}
SPECT was present in 60 of the 112 dyssynergic segments (54 %). Wall motion
at follow-up improved in 27 (45%) of these segments. Fifty two dyssynergic
segments (46%) were not viable on RR TI; 8 of them (15%) showed
improvement of contractility at follow-up (Figure 3). Sensitivity, specificity,
predictive values and diagnostic accuracy of LDDE and Tl SPECT for the
prediction of late improvement of regionat wall motion are reported in table I.
Sensitivity of both technigues was comparable; whereas specificity and accuracy
of LDDE were higher (p<0.0005 and <0.005 respectively). Sensitivity,
specificity, predictive values, and accuracy of LDDE and RR TI for the
prediction of functional recovery are also shown in table T,

Percentage Tl defect in dyssynergic segments was significantly lower
in segments with than without improvement at low-dose dobutamine (34 + 27
vs 52 4 22 %, p<0.0005) and in segments with than without late functional
improvement (38 + 27 vs 60 + 14%, p<0.0001). Resting wall motion score
pindex in the entire study group did not change significantly from baseline
echocardiogram to follow-up (1.40 £+ 0.29 vs 1.32 + 0.28).
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112 dyssynergic segments

+ |.DDE - L.DDE
39 {35%) 73(66%)
Improvement
[ I I l
+ - + -
7 (69%) 12(31%) 8{11%) 85 (89%)

Figure 2. Flow-chart with the results of Ilow-dose
dobutamine echocardiography (LDDE) for the detection of
myocardial viability in the dyssynergic segments and the
improvement of contractility at follow-up.

112 dyssynergic segments

+RR Ti -RRTI
80 (54%) 52 (46%)
Improvement
I I I I
+ . + N
27 (45%) 33(55%) 8(15%) 44 (85%)

Figure 3. Flow-chart with the results of rest-redistribution
thallium SPECT (RR Tl) for the detection of myccardial
viability in the dyssynergic segments and the improvement
of contractility at follow-up.
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Sequential changes of thallium uptake

In the 18 patients in whom RR Tl SPECT at follow-up was performed,
the mean value of the quantitative defect in the 66 dyssynergic regions analyzed
decreased from 50% + 19% to 45% + 18% (p<0.001). There was a trend
towards a greater reduction of Tl defects in the regions with compared to those
without a late recovery of contractility (6.2% + 14.2% vs 4.9% + 13.8%, P
= NS). The index of severity of total thallium uptake defect decreased in the

whole study group from 2137 + 1321 to 1438 + 947 (p<0.05).

Table 1. Diagnostic accuracy with 95% confidence intervals of low-dose
dobutamine echecardiography and rest-redistribution thallivm SPECT for
the prediction of late spontaneous improvement of dyssynergic segments
after acute myocardial infarction, '

SENS SPEC PPV NPV ACC
LDDE 77 84 69 39 82
95% C.I. 69-85 78-91 61-78 83-95 75-89
RR TI 77 57 45 85 63
95% C.I 69-85 48-66 36-54 78-91 54-72

ACC = diagnostic accuracy; C.I. = confidence intervals; LDDE = low-dose
dobutamine echocardiography; NPV = negative predictive value; PPV =
positive predictive value; SENS = sensitivity; SPEC = specificity; RR Tl =
rest-redistribution thallium SPECT,

DISCUSSION

Several clinical observations have confirmed the experimental data on
the frequent occurrence of a spontaneous recovery of myocardial contractility
during the first days after an acute myocardial infarction (21,22), consistent with
the presence of a substantial amount of stunned myocardium. However, few
clinical studies have been addressed to describe the late functional recovery of
the infarcted area that occurs between 1 week and 3 months after the infarction
(2-7), if such improvement is accompanied by a concomitant improvement of
myocardial perfusion (23), if it is predictable, and by which method.

In the present study, LDDE and quantitative RR Tl SPECT at a mean
of 1 week after infarction were used to predict the late spontancous recovery of
regional left ventricular function after 3 months. The main findings of the
present study are the following: 1) 31% of dyssynergic segments have a
spontaneous improvement; 2) there is an improvement of Tl uptake in the
dyssynergic regions, by 10% (5% from 50% defect size) on average; 3) a
coniractile reserve of the dyssynergic regions detected by LDDE is a powerful
predictor of late recovery of regional left ventricular function; 4) a RR Tl
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pattern of myocardial viability is equally sensitive but less specific for late
spontaneous recovery of contractility.

Spontaneous improvement of left ventricular fanction and perfusion

Although this stidy includes a small papulation, there is no previous
clinical study with serial assessment of left ventricular function and Tl uptake
from the first week up to 3 months after an acute myocardial infarction. The
incidence of functional improvement of the dyssynergic segments of 31% was
similar to that reported in other studies (7,8). Global left ventricular function,
assessed by wall motion score index showed a trend towards a slight
improvement, but did not reach a statistical significance, possibly due to the
small size of the study group. Myocardial regional Tl uptake in dyssynergic
regions improved significantly at follow-up. In our study, a state-of-the-art
method was used to assess myocardial viability, including RR TI SPECT
(10,24), muitiple head camera, guantitative assessment of regional uptake and
premedication with nitrates (25). The data of our study are consistent to the
results recently published by Galli et al with 99m Tc sestamibi (23). This is not
surprising, since recent data have demonstrated a great similarity between Tl
and sestamibi for the assessment of myocardial viability (26). Spontancous
improvement of perfusion may be attributed to a late resolution of myocardial
and vascular stunning (23), the creation of new macre or micro collateral
circuits and spontaneous thrombolysis (9). A late resolution of Tl defects has
been also described in clinical models of hibernating myocardium, after
successful coronary angioplasty (27),

Predictors of improvement of regional left ventricular function

L.DDE was a strong predictor of spontancous improvement of regional
wall motion (Table I). These data are aligned with those of previous reports (2-
7). In contrast, the assessment of myocardial viability by Tl scintigraphy could
only identify segments with low but not those with high probability of
spomtancous improvement, The explanations for these discordant results are
difficult to find. It can be speculated that the time course of improvement of
myocardial perfusion and function might be different, unabling a proper
prediction of one parameter from the other. The low specificity of Tl to predict
improvement of wall motion can be also partially related to the presence of
hibernating myocardium, subtended by severely stenotic coronary lesions which
is amenable to improvement after revascularization. However, this assumption
entails a limited sensitivity of LDDE for the detection of myocardial viability
in 2 hibernating myocardium, since most of the non-recovered segments with
evidence of viability on RR T were identified as non-viable by LDDE. Despite
the advantage of Tl scintigraphy over echocardiography in term of quantitative
assessment of abnormalities, it has inherent technical limitations since it
provides relative and not absolute information on myocardial uptake. It can not
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be excluded that pre-medication of nitrates may improve the sensitivity of RR
Tl at the expense of specificity. Because of the potentials for hypokinesis to
occur in normal subjects (28), some hypokinetic segments may not be related
to the acute coronary events. Consequently, these segments may show evidence
of viability without improvement at follow up and compromise the accuracy of
the 2 techniques.

Comparison with previous studies

Lomboy et al. (29} studied 31 patients 2 days after acute myocardial
infarction with planar RR Ti. Twenty-two patients underwent radionuclide
angiography 3 days after infarction and at variable follow-up period. The
presence of viability pattern in the infarct zone was predictive of improvement
of ejection fraction and regional function on follow-up radionuclide angiogram
as opposed to patients without viability pattern who had worsening of ejection
fraction and regional function. These different results compared to our study can
be explained by the difference in patient population and methodology. In the
study of Lomboy et al., revascularization, performed in 17 patients may have
enhanced the accuracy of RR TI due to recovery of a hibernating myocardium.
A limitation of that study is the lack of consistency in the time of obtaining
follow-up studies of myocardial function by radionuclide angiography, which
ranged from 6 - 270 days, with 64 % of the studies performed before discharge
(8 + 2 days after infarction). It has been previously demonstrated that a
substantial proportion of myocardial segments may recover spontaneously from
7 days to 2-3 months after acute myocardial infarction (6,7). These segments
would be considered as non-viable if the follow-up studies are performed
earlier. Despite that radionuclide angiography is a good method for the
assessment of global function, its value in the assessment of regional function
may be limited by the inability to assess wall thickening. The latter is important
in the assessment of myocardial viability because endocardial excursion alone
may be passively altered by an adjacent segment. The echocardiographic
fechnique is more useful in the tomographic evaluation of regional wall motion
and thickening and consequently provides tomographic abilities equivaient to
those of RR Tl SPECT imaging.

The agreement between thallium scintigraphy and low-dose dobutamine

echocardiography on the presence of myocardial viability
Two recent studies on patients with chronic left ventricuiar dysfunction

and reduced ejection fraction have shown that a viability pattern is more
frequently obtained with stress-reinjection Tl techniques than with LDDE
consistent with our findings on RR Tl after acute infarction (20,30). Arnese et
al. (20) have recently reported that in patients with chronic ieft ventricular
dysfunction, LDDE and dobutamine stress-reinjection Tl scintigraphy have a
comparable sensitivity for the prediction of regional myocardial recovery after
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surgical revascularization whercas specificity of LDDE was significantly higher
than Tt scintigraphy. Panza et al. (30) reported that a positive inotropic response
to dobutamine was directly related to the magnitude of T1 uptake. In our study,
thallium uptake in dyssynergic segments was significantly higher in segments
with than without improvement at LDDE and in segments with than without late
functional improvement. It was suggested that the cellular mechanisms
responsible for a positive inotropic response to adrenergic stimulation requires
a higher degree of myocyte functional integrity than those responsible for TI
uptake (30). This may explain the lower specificity of Tl scintigraphy in the
study of Arnese et al. and in this study by the possibility that only myocytes
with a high degree of functional integrity are capable of restoration of function
spontaneously or after revascularization.

Limitations of the study

The study group is limited to patients with relatively uncomplicated
clinical course and mildly or moderatety reduced left ventricular function, The
extension of these information to a group of patients with more advanced left
ventricular dysfunction would be desirable and clinically more relevant.
Coronary arteriography was performed in a minority of patients and therefore
the association between angiographic anatomy and the functional outcome could
not be performed. It can not be excluded that some of the dyssynergic segments
classified as viable by RR TI, which did not improve at follow-up represent
myocardiat hibernation due to the presence of significant stenosis of the related
coronary artery. Regional function was assessed at baseline and at follow-up
studies rather than global function which represent an important determinant of
prognosis after acute myocardial infarction (31). However, the occurrence of
compensatory hypertrophy after acute infarction tends to preserve the global
ejection fraction (8-32). This hypertrophy may resolve when improvement of
regional function cccurs and thus ejection fraction may not change from baseline
to follow-up despite of regional improvement (8). Identification of myocardial
segments of interest was based on echocardiographic analysis. This may seem
to be in favour of a better accuracy of LDDE. Since echocardiography is an
accurate method for the assessment of regional fanction, we believe that
identification of dyssynergic myocardial segments using a bascline
echocardiogram is feasible for the selection of myocardial regions of interest.
A recent study by Panza et al. (30) used a similar approach.

Conclusions

The prevalence of a viability pattern on RR Ti is higher than on LDDE
in dyssynergic segments after acute myocardial infarction. About one third of
these segments shows spontancous improvement of wall motion from day 7 to
3 months and this improvement is paralleled by an improvement of TI uptake.
Our study also demonsirates that both LDDE and RR Tl are equally sensitive
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but LDDE is more specific predictor of late spontaneous recovery of regional
function.

Acknowledgement: we ave grateful to Illonka Hoffmanns-van den Ancker for the
arrangement of follow-up studies.
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CHAPTER 16

Reprinted with permission from the Am J Cardiol

T-Wave Normalizafien During Dobuidmine
Echocardiography for Diagnosis of Viable Myocardium
Alessandro Salusiri, MD, Polyxeni Garyfallidis, MD, Abdou Ethendy, MD,

Massimo Ciovalti, MD, Jan H. Cornel, MD, Antonio Gemelli, MD, Folkert J. Ten Cale, MD,
Jos R.T.C. Roelandi, MD, and Paolo M. Fiorefti, MD

ow-duse dobutaming stress echocardiography has

been proposed as a uselul toof for assessing rever-
sible dysfanction alter myocardial infarction.)? Howev-
er, subtle regional wall motion improvement during low-
dose dobutamine infusion cun be difficuit to evaluate,
especially in akinetic segmeins:” In our experience with
dobutanvine stress (esting in postinfarction patients, we
frequently observed the occurrence of T-wave normal-
ization with low-dose dobutamine without signs of myo-
cardiad ischemia. Because we were puzzled by this elec-
trowardiographic (ECG) finding, we wondered whether
this pattern could reflect the presence of reversible
mechanical dysfunction. In particular, we wanled to test
the hypothesis that nomalization of the inverted T wave
during low-dose dobuatamine infusion represents a sign
of dysfunctioning but still viable myocardium in patients
affer recent myocirdial infarction.

res

With thix aim in mind, we engolled in a prospective
study Y consecutive patients admitied to our institutions
who fulfilied the following admission critetia: (1) first
Q-wave myocardial infarction (as documented by histo-
1y, typical isoenzyines curves, and ECG changes); (2)
negative T waves in 22 infurct-related ECG leads; and
{3} segmental wall motion abnormalities on the resting

Fiom the Thuascenes, Didsion of Co’ddo?y, Unaersity Hospital
Peserdam Dy 2gt, Dr Motaaoerplein 40, 3015 GD, Roverdom, The
Nathadonds, and the Diision of Cod-ology. Sondro Pertnt Hospr
1l Pume, faty Manuscriptrecewed August 11, 1094; revised many
wogt receed Movernber 17, 1994, ond accepled November 21

echocardtogram. Patients with overt heart failure and
early postinfarction angina requiring revascularization
were excluded. Fifty patients were treated with throm-
bolytic agents, The ECG lecation of the infarction was
anterior in 39 and inferior andfor laterat in 5| patieats.
Low-dose dobulamine stress echocardiography (5 and
10 pgkg/min, each stage lasting 5 minutes) was per-
formed within 7 days afler hospital admission, with ade-
quate withdrawal of all antianginal and other cardioac.
tive drugs. Regional wall mofion was evaluated on an
H-segment 4-grade scale, where | =normal, 2 = hypoki-
nesia, 3 = akinesia, and 4 = dyskinesia. Any improve-
ment in wall motion during low-dose dobetamine infu-
sion in 2| segment already dyssynergic al rest was
considered positive for the presence of viable myocardi-
um. A wall motion score index was derived by dividing
the sum of the individual scores by the number of the
segments. A 12-lead electrocardiogram was recorded at
rest and every minute during the test. T-wave normal-
izalion was defined as negative T waves becoming
upright in 22 infarci-related ECG Jeads during dobuta-
mine infusion. Both cchocardiograms and elecirocar-
diograms were reviewed and a consensus reached by 2
observers unaware of the results of the other test, In 59
patients a rest echocardiogram was oblained afier 3
months. During this period, no cardiac events (unstable
angina, niyocardial infarciion, revascularization proce-
dure} oceurred. Late spontaneous recovery of function
was defined as any improvement of wall motion in the
infarct area from predobutamine to follow-up echocar-
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JABLE | Resting Dyssynezgias ond Lmprovement in Wall Motion in 29 Patents With Positive Results on LowDose
Dobwioming Enc?sooof iography
Group | Group 2
[n = 18)* n= 1041
Mean no. of dysgynergic segrents (75% CI] 31 1.9-43) 15 (23-48]
Mean no. of dyssynergic segments improving with 1DD {95% CI) 2.2 [1.6-2.8) 1.7 {1.3-2.2)
% of dystynergic segmnts improving with LDD {95% CI] 84 (71.95) 58 {37-78)
Hean WMSH ol rest (95% Ci) 1.58 {1.34-1.81} 1.71 {1.44-1.99)
Mean WS of (DD {95% CI) 132[1.02-1510 1.4 {1.18-1.70]
Mean changes In WMSI from test to LDD {95% C1) 0.26 [0.19-033) 027 10%
*Potisnly with Tawave normalizeton during lowdoss dobufamine infusion
1Patients with peryistant nagotive T waves during lowdase dobutamine tahusiea.
L Cl» confidance [rtaval; LDD = kawdose dobutaming infusion; WHSI = woll motion score index J

diograms. The agreement between echocardiography
and elecrocardiography was defined as the percentage
of concordant diagnosis, and it was also assessed by cal-
culating the k value and its standard emor; K values
between 0.56 and 075 were considered jndicative of
good agreement. Sensilivity, specificity, accuracy, and
positive and negative prediciive values of both echocar-
diography and electrocardiography for predicting late
sponfaneous recovery of function relied on standard def-
initions, and their values wére expressed as percentage
with 95% confidence intervals,

All patients completed low-dose dobutamine stress
testing without adverse effects, Both heart rate and sys-
tolic blood pressure were similar at rest and at low-dose
dobutamine infusion (76 % 18 vs 78 £ 18 beats/min; 140
t 36 vs 140 + 36 mm Hg, respectively). Improvement
in wall motion in the infarct area during dobutamine
infusfon oceurred in 29 patients {32%?), while the T wave
nommalized in 23 {26%). An example of T-wave nor-
malization during dobutamine infusion is shown in Fig-
ute {. The overall agreement between echocardiography
and electrocardiography was 82% (x = 0.57) {Figure 2}.
Patients with improvement in wall motion and T-wave
normalization (group 1, n = 18) were compared with
those with improvement in wall motion but no change
in the negative T waves (group 2, n = 113, In these 2 sub-
groups, both the number of dyssynergic segnients at rest
and the changes in wall motion score index during low-
dose dobutamine infusion were similar. However, the
percentage of resting dyssynergic segments that im-
proved during low-dose dobutamine infusion was high-
er in patients with T-wave nomnalization (Table I At
follow-up, spontaneous recovery in the infarct area was
present in 21 of 59 patients (36%). ln these 21 patients,
agreement between echocardiography and elecirocardi-

ography was 62%, Echocardiography and electrocardi-
ography had similar values of sensitivity, specificity,
accuracy, and positive and negative predictive values for
predicting Tate spontaneous recovery of function, When
either improvement in wall motion or T-wave normmal-
ization was considered, there was a trend toward high-
¢r sensitivity, without loss of specificity (Table H).

In recent years there has been an increasing interest in
the detection of viable myocardiun. Inotropic challenge
with jow-dose dobutamine infusion has the potential fo
recruit the contractile reserve of dysfunctioning but stil
viable myocardium which can be recognized by 2-dimen-
sional echocardiography. The resulls of this approach are
encouraging, both for stunned and hibemating myocardi-
um, However, the prevalence of this phenomenon as eval-
uated in previous studies by low-dose dobutamine stress
echocardiography is different.'* This may be due to the
difficult and subjective evaluation of subtle changes in seg-
mental wall motion and thickening during dobutamine
infusion. Fusthermore, wall motion can also be affected
by factors not primarify related 1o the inotropic state, Thus,
evaluation of other nonechocardiographic parameters may
be helpful for identifying viable myocardium during low-
dose dobutamine infusion.

The undeelying pathophysiology of negative T waves
in ischemic heart disease is not completely understood,
There is clinical evidence that T-wave inversion is asso-
ciated with viable myocardium in patients with unstable
angina, being an electrophysiologic correlate of npo-
cardial stunning® Tn this clinical seiting, negative T
waves reflect primary changes due o an abnormal path-
way of electrical repolarization. In Q-wave myocardial
infasction, negative T waves in the infarct ECG leads
may result from change in the order of repotarization

secondary to alterations of the se-

Myocardiol Infarction

TABLE # Relative Valus of Echacardiogrophy and Elecirocordiogrophy During Dobute
mine $tress Testing for Predicting tote Spantaneous Recovery of Function Afier Acute

guence of depolarization. However,
experimental nd clinical data indicate
that sympathetic denervation of viable

myocardium distal ta the area of necro-

-]

ecaoggdG/ 71 (45-88] 89 73-97] 3 P1-91) 79([54-94) 85 {70-94]

Seos. Spec. Acc. i NPV sis also may delay repolarization and
Echo" 57 [34-78) 89 [75-97} 78 {85-87) 75 (d47-92) 79 [64-90) result in primary ncgative T waves.® In
H(e 47 {25701 92 (78-98) 76 |63-84) 76 [46-95) 76 (81-87] patients with recent myocardial infarc-

tion, inotropic stirulation with low-
dose dobutamine may have the polen-

:hnpfm-e_mqfu in contrachfity during lowdose debulaming sass teyting.
Normabizotion of regotive T wovms durieg kwdoss dobulaming shess tast
Vohits ore expeessed o peeca

tive valus; #PY = positive peadicrive

with carrasponding 95% corfidence intarroly
Acc. = atentocy; Echo = schocar uﬁ:r:phy; ECG = electrocardiogrophy; NPY = ragative pradic-
volu; S403. = sansitivity, Spec. = spacdicity,

tial 10 normalize primary T-wave
changes (unmasking the presence of
viable myocardium), while secondary

T-wave changes are nat affected.
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FIGURE 2, Agreement betwesn improvement
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strass tesling in the original group of 90
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echocardiogrophy.

mine echocardiography in our study cop-
pared with available data’ can be ex.
plained by several factors: the different
patients selected, the different echocar-
diographic left ventricular model and def.
inition of improved wall motion and re-
versible dysfunction, and the prevalence
of akinetic segments at rest, which has

FGURE 1. Twelve-lead elecirocardi
teming infusion (B} in a
abve T waves al rest in

og(r’om at rest {A) and dur
teral Q-wave myocardial

The resulis of the present study indicate a good agree-
ment between improvement in wall motion and normal-
ization of nepative T waves during low-dose dobutamine
infusion. We have also found that, conditional 1o patients
wilh positive results on low-dose dobutamine stress
echovardiography, the percentage of dyssynergic seg-
ments improving during dobutamine infusion was high-
er in those with a concomitant F-wave normalization,
However, wnd most interesting, 5 patients with negative
resulis on ow-dose dobataming echocardiography had
T-wave nomalization as well, with late spontaneous
insprovemnent in wall motion in all 3 who were evaluat-
ed at follow-up. Thas, the main finding of the present
study is the udditional value of this ECG pattem for pre-
dicting kate spontaneous recovery of segmental wall
moticn, The higher sensitivity of electrocardiography
added 10 echocardiography compared with that of echo-
cardiography alene was not corroborated by a clear sep-
aration of the comresponding 95% confidence intervals,
However, from this figure we estimated that =[,000
patienss should be needed to reach a statistival signifi-
cance. The results of the present study may also explain
the Jow specificity for myocardial ischemia of normal-
ization of negative T waves during exercise reperted in
previons studies.? This finding may represent viable
myocardium not at risk, Finally, the relatively low sen-
silivity for predicting recovery with fow-dose dobuta-

Hent with
E:ds 1 and V1 nermalize during inotropic stimukation.

wA Been shown o Jower sensitivity of the
test,
Toveddose dobor These preliminary data indicate that

T-wave normalization during low-dose
dobutamine stress testing is an ancillary
sign of viable myocardium after acute
myocardial infarction and increases the
sensitivity of echocardiography for predicting late
sponfaneous recovery of function,

infarction. Neg-
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CHAPTER 17

RELATIONSHIP BETWEEN ST-SEGMENT ELEVATION
DURING DOBUTAMINE STRESS TEST
AND MYOCARDIAL VIABILITY
AFTER A RECENT MYOCARDIAL INFARCTION!

Abdou Elhendy MD, PhD, Jan H Cornel MD, Jos RTC Roelandt
MD,PhD, Ron T van Domburg MSc, Marcel L Geleijnse MD,
Antonio Sciarra MD, Paolo M Fioretti MD, PhD.

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus
University, Rotterdam, the Netherlands.

ABSTRACT

Though exercise-induced ST-segment elevation (STE) in patients with recent
myocardial infarction has been related to residual myocardial viability, the
relation between this pattern and late improvement of function has not been
evaluated. Aim of the study was to assess the relation between STE during
dobutamine stress test and late improvement of function after acute Q-wave
myocardial infarction. Seventy patients were studied 8 + 3 days after acute
myocardial infarction with high dose dobutamine stress echocardiography (up
to 40 pgl/kg/min) and a follow-up echocardiogram at 85 + 10 days. A 16
segments-4 grade score model was used to assess left ventricular function.
Functional improvement was defined as a reduction of wall motion score =1
in =1 segments at follow-up. Myocardial revascularization was performed in
23 patients (33 %) before follow-up studies. STE occurred in 40 patients (57 %).
Late functional improvement occurred in 35 patients (50%). Patients with STE
had a higher prevalence of functional improvement (68% vs 30%, p <0.005)
and a higher number of improved segments at follow-up (1.9 + 2.2 vs 0.5 +
1.1, p<0.005), Wall motion score decreased from baseline to follow-up in
patients with STE (24.7 + 8 vs 23.6 4 6.9, p<0.05) but not in patients
without STE (22.3 £+ 9.7 vs 23.2 + 7.5). The accuracy of STE for the
prediction of functional improvement was similar to that of low-dose dobutamine
echocardiography in patients with anterior infarction (80% vs 83%) and in
patients who underwent revascularization (78% vs 83% respectively). It is
concluded that in patients with a recent Q wave myocardial infarction,
dobutamine-induced STE is a valuable marker of myocardial viability

! Submitted for publication. Presented at the 54th Annual Scientific
Sessions of the American College of Cardiclogy, Orlando, Florida 1996.
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particularly when the test is performed without or with suboptimal
echocardiographic imaging.

Key words: Dobutamine stress test, ST-segment elevation, myocardial viability

INTRODUCTION

The detection of myocardial viability after myocardial infarction is
important for the proper selection of patients in whom myocardial function is
more likely to improve after revascularization (1-3). Thallium scintigraphy,
positron  emission tomography and low-dose dobutamine (LDD)
echocardiography are useful methods for that purpose (1-7). In a recent study,
exercise-induced ST-segment elevation (STE) was reported as a specific marker
of residual viability (8). However, these results have not yet been confirmed by
other studies. Dobutamine stress test (DST) is an exercise simulating stress
modality which is increasingly used for the functionai assessment of patients
after myocardial infarction (9-11). We have previously reported that
normalization of negative T-waves in the electrocardiogram during LDD
infusion in patients with a recent myocardial infarction is a marker of
myoecardial viability and a predictor of late improvement of function (12). STE
is a common finding in this population during DST (9. However the
relationship between this pattern and late functional improvement has not been
studied. Consequently, the aims of the study were: {) to find the relationship
between STE during DST after a recent myocardial infarction and myocardial
viability assessed by LDD echocardiography. 2) to compare the value of STE
and LDD echocardiography in the prediction of late improvement of left
ventricular function.

METHODS
Patient selection

The study comprised 70 consecutive patients with a recent myocardial
infarction who were studied by DST for the diagnosis of residual myocardial
viability and ischemia. All patients fulfilled the following criteria: 1) A recent
myocardial infarction =<2 weeks diagnosed by standard criteria of chest pain,
a diagnostic rise and fall of the serum creatine kinase and electrocardiographic
changes. 2) The absence of severe heart failure, hypotension, high grade
ventricular arrhythmias or chest pain not responding to medical therapy. 3) The
presence of pathological Q waves and wall motion abnormalities in the
corresponding segments at the day of the study. 4) Absence of myocardial
aneurysm, left ventricular hypertrophy or bundle branch block. All patients gave
a consent to participate in the study. There were 49 men (70%) and 21 women
(30%). Mean age was 58 4 11 years. Thirty one patients (44 %) were receiving
oral nitrates and/or calcium channel biockers. If administered, beta blocking
agents were stopped 1 day before the test.

157



Dobutamine stress test: DST was performed 8 4+ 3 days after infarction (range
= 6-14 days). Dobutamine was infused through an antecubital vein starting at
a dose of 5 pg/kg/min for 3 minutes, 10 pg/kg/min for 3 minutes, increasing
by 10 pg/kg/min every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up
to 1 mg) was given in patients not achieving 85% of their age predicted
maximal heart rate (13). The electrocardiogram (3 leads) was monitored and a
12-lead electrocardiogram was recorded each minute. The level of ST-segment
was calculated, after signal averaging by a computer-assisted system (Cardiovet
CSG/12, Schiller). Cuff blood pressure was measured every 3 minutes. The
electrocardiograms were reviewed by 2 cardiologists unaware of the
echocardiographic data. STE was defined as new or additional = 0.1mV
elevation of the J point with a horizontal or upsloping ST-segment lasting 80 ms
during stress in 2 or more leads with Q waves considering the PQ segment as
the isoelectric line (14). ST-segment depression was defined as = 0.1mV
horizontal or downsloping depression 80 ms after the J point, below baseline
level. The test was interrupted if severe chest pain, ST-segment depression >2
mm, significant arrhythmia or systolic blood pressure fall of >40 mm Hg
occurred during the test.

Stress echocardiography: The echocardiogram was performed and recorded on
video tape at rest and during stress, Rest, LDD and peak stress images were
also digitized and stored on an optical disk (Vingmed CFEM 800} for a display
in quad-screen format. A 16-segment model was used to assess left ventricular
function (15) was used. Both inward endocardial motion and myocardial
thickening were considered for analysis. Each segment was graded with a 4-
point score grading (I = normal or hyperkinesis; 2 = hypokinesis; 3 =
akinesis; 4 = dyskinesis). Wall motion score was derived by the sunumation of
the score of the 16 segments. The test was considered positive for the viability
if =1 dyssynergic segment had =1 decrease of wall motion score during LDD
(5-10 pg/kg/min). Viability index was defined as the number of dyssynergic
segments with improvement at LDD divided by the total number of dyssynergic
segments. The diagnosis of ischemia was based on the occurrence of new or
worsening wall motion abnormalities in one or more segments. As previously
reported, ischemia was not considered when akinetic segments at rest became
dyskinetic without improvement at LDD (16). Assessment of images was
performed by 2 experienced investigators without knowledge of the patients’
electrocardiographic data. In case of disagreement, a majority decision was
achieved by a third investigator. In our center, the inter- and intra-observer
variability for the interpretation of dobutamine stress echocardiographic studies
are 92% and 94% respectively (3).

Follow-up studies: A rest echocardiogram was performed in all patients 85 +
10 days after infarction (range 71-98 days). The images of the baseline, LDD
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and follow-up were compared side-by-side in a quad-screen format. Regional
improvement of function was defined as a decrease of wall motion score =1
grade in =1 segments. Improvement index was derived by dividing the number
of improved segments at follow-up by the total number of dyssynergic segments
in the initial study.

Coronary angiography: Coronary angiography was performed using the Judkins
technique, within 1 month afier infarction in 34 patients (49%). Significant
coronary artery disease was defined as a diameter stenosis =50% in one or
more major epicardial arteries.

Assignment of the electrocardiogram to myocardial segments and coronary

arteries: Two electrocardiographic segments were identified: 1) the anterior
segment which included leads Vi-V4 and was assigned fo the anterior wall, the
interventricular septum and the apical anterior and apical septal segments, and
to the left anterior descending coronary artery at angiography. 2) the
inferolateral segment which inctuded leads I, III, aVF, I, aVL, V5, V6 and was
assigned to the inferior and posteroiateral wall and to the left circumtlex and/or
the right coronary artery at angiography. The apical lateral and apical inferior
segments were considered as overlap segments between the anterior and
inferolateral locations and were assigned to the segments with concomitant
abnorinalities. Regional wall motion score was derived by the summation of the
score of the segments in the corresponding location of Q waves at rest, LDD
and follow-up. Regional viability and improvement indices were derived in each
location as previcusly mentioned.

Statistical analysis: Unless specified, data are presented as mean values + SD.
The chi square test and Fisher exact test were used to compare differences
between proportions. The Student t test was used for analysis of continnous
data. A p<0.05 was considered statistically significant. Sensitivity, specificity,
predictive value and accuracy were derived according to the standard definition
and were presenfed with the corresponding 95% confidence intervals (CI).

RESULTS
Dobutamine stress test

There was a significant increase of heart rate, systolic blood pressure
and rate pressure product from rest to peak stress (71 £ 13 vs 136 £+ 18
beats/minute; p<0.001, 121 + 27 vs 137 + 30 mm Hg; p<0.0! and 8,631 +
1,543 vs 18,619 + 4,325; p<0.0001 respectively).

Stress echocardiography: All patients had wall motion abnormalities at rest.
Among 377 dyssynergic segments in regions corresponding to Q waves, 106
segments (28%) improved at LDD. Wall motion score decreased significantly
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from rest to LDD (23.8 + 5.3 vs 22.3 + 5.7, p<0.0001). Ischemia was
detected in 32 patients (46%).

no mber of
isn;g::::g Bl ST elovation no ST slevallon
3.00
p<0.005 p=<0.005 p=NS
97 S B 1 1

.60

0.60

all patients anterior Ml inferior MI

Figure 1 The number of dyssynergic segments with late functional
improvement in patients with recent Q wave myocardial infarction (MI} with
and without ST-segment elevation during dobutamine stress test.

Rate pressure product did not change significantly from rest to LDD.
In 9 patients (13 %), the test was interrupted prematurely. Reasons for premature
termination were angina in 7 patients, ST-segment depression in 1 patient and
hypotension in 1 patient. One patient had atrial fibrillation at peak dobutamine
dose. He was successfully treated by pharmacological cardioversion, Ventricular
premarture beats occurred in 24 patients. Two patieats had a short ventricular
tachycardia (< 10 complexes). Fifty four patients (77%) achieved 85% of the
maximal heart rate predicted for age and sex. Atropine was administered in 22
patients (31%). Angina occurred in 15 patients (21%) and ST-segment
depression in 29 patients (41%). STE was present in 24 patients (34 %) at rest.
New or additional STE in Q leads occurred in 40 patients (57 %) during stress
(group A). The remaining 30 patients (43%) constituted group B including 5
patients with STE at rest who had no further elevation during stress. The mean
heart rate at STE was 109 + 24 beats/min (p<0.01 vs resting heart rate) and
mean dobutamine dose was 31 + 11 pg/kg/min.

Echocardiographic data (table II): There was a trend to a higher resting wall
motion score and a higher number of dyssynergic segments in group A. There
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was ne significant difference between both groups with respect to prevalence of
ischemia. Group A patients had a higher prevalence of viability pattern at LDD.
At follow-up patients of group A had a higher prevalence of regional
improvement and a higher number of improved segments. Wall motion score
decreased from baseline to follow-up in group A (24.7 + 8 vs 23.6 £ 6.9,
p <0.05) but not in group B (22.3 + 9.7 vs 23.2 £+ 7.5).

In patients of group A, there was no significant difference between
patients with and without Iate functional improvement with respect to heart rate
at STE (108 4+ 25 vs 112 4+ 22 beats/min) or dobutamine dose at STE (31 +
i1 vs 31 £+ 11 pg/kg/min).
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Figure 2 Regional wall motion score at baseline, low-dose dobutamine and
follow-up in patients with recent anterior infarction with and without ST-
segment elevation.

Follow-up echocardiography: Twenty three patients (33%) underwent
revascularization of the infarct related artery before follow-up (15 with anterior
and 8 with inferior infarction) which was performed before DST in 11 patients.
At follow-up, improvement of thickening occurred in 95 of the 377 dyssynergic
segments (25%; in 35 patients).

Comparison of patients with (group A) and without (group B) ST segment
elevation
Clinical and hemodynamic data (table I}: There was no significant difference
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between group A and B with respect to thrombolytic therapy, angina during
siress, peak systolic blood pressure, peak rate pressure product and percentage
of patients achieving 85% of the target heart rate. Patients of group A had a
higher peak heari rate and a higher prevalence of ST-segment depression.

EER nen B2 Low-dose e roltow-up

wall motien score
NS NS

I P<0.001 l l P<0.005 !

87-sogment alevalion no ST-segment elevation

Figure 3. Regional wali motion score at baseline, low-dose dobutamine and
follow-up in patients with recent inferior infarction with and without ST-
segment elevation,

Anterior versus inferior myocardial infarction: In patients with anterior
infarction (table IIT), there was a trend to a higher regional wall motion score
at rest and a higher number of dyssynergic segments in group A. Prevalence of
viability pattern and number of viable segments at LDD were higher in group
A. At follow up, the prevalence of functional improvement, number of
improved segments (figure 1) and improvement index were higher in group A.
Wall motion score decreased from baseline to follow-up studies (figure 2) in
group A (19.9 + 4.3 vs 17.9 + 5.9, p<0.05) and showed a slight non
significant increase in group B (18.6 + 6.6 vs 19.0 4 7.3).

In patients with inferior infarction (table 1V, including 4 patients with
STE in anterior leads as well), none of these previous variables was different
in both groups. There was a slight, non significant decrease of wall motion
score (figure 3) from rest to follow-up in group A (9.4 vs 9.0) and a slight non
significant increase in group B (9.1 vs 9.3). The prevalence of overall,
homozonal or remote ischemia was not significantly different between group A
and B regardless of the site of infarction. The sensitivity, specificity and
accuracy of STE and LDD echocardiography for late functional improvement
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in the whole population and in the subgroups with anterior and inferfor
infarction are shown in table V. Accuracy of STE was higher in paticnts with
anterior versus inferior infarction (80% vs 57%, p <0.05). In patients with
anterior infarction, accuracy of LDI) echocardiography was similar to that of
STE (83% vs 80%); whereas in patients with inferior infarction, accuracy of
LDD echocardiography was higher than STE (77% vs 57%, p<0.05).

Table I: Clinical features and hemodynamic data in patients with recent Q
wave myocardial infarction with (group A) and without (group B) ST-
segment elevation,

Group A Group B

N = 40 N = 30
Age (years) 57 + 11 6! + 11
Male gender 31 (78%) 18 (60%)
Anterior infarction 18 (45%) 12 (40%)
Inferior infarction 26 (65%)" 18 (60%)
Thrombolysis 21 {(53%) 13 (43%)
Peak HR 141 + 18 130 + 18
Peak SBP 134 + 25 142 + 36
Peak rate-pressure product 18,775 + 3,806 18,384 + 5,129
85% of target HR achieved 32 (80%) 22 (73%)
Maximal dobutamine dose 38.8 4 4.0 37.0 + 7.7
Angina during the test 7 (18%) 8(27%)
ST-segment depression 22 (55%) 7(23%)"

SBP = systolic blood pressure (mm Hg}, HR = heart rate (beats/min), WMA
= wall motion abnormalities, * p<0.01, # 4 patients had ST-segment clevation
in anterior leads as well,

Figure 4 demonstrates the distribution of functional recovery in various
combinations of STE and viability pattern at LDD echocardiography in patients
with anterior myocardial infarction. It shows that in the 14 patients with ST-
elevation and viability pattern at LDD echocardiography, late improvement of
function occurred in {2 patients (positive predictive value of the combination =
86%), whereas no improvement occurred in any of the 9 patients without STE
or viability at LDD echocardiography (negative predictive value = 100%).
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Table II. Echocardiographic data of dobutamine stress test and follow-up
in patients with Q wave myocardial infarction with (group A) and without
(group B) ST-segment elevation.

Group A Group B

N = 40 N = 30
Dyssynergic segments, ar 59+ 3.8 47 + 3.9
Resting WMS 24.7 + 8.0 223 + 9.7
LDD WMS 17.9 + 4.8 18.4 + 6.8
Follow-up WMS 23.6 +£ 6.9 232+ 75
Viability at LDD, pts 27 (68%) 12 (40%)'
Viable segments at LDD 1.8 + 2.2 .1+ 1.6
LD viability index 0.34 + 0.36 0.33 4+ 0.42
Improvement at follow-up, pts 26 (68%) 9 (30%Y
Improved segments, nr 1.9 4+ 2.2 0.5+ 1.1°
Improvement index 0.38 + 0.36 0.22 + 0.40
Ischemia at high-dose, pts 20 (50%) 12 (40%)

LDD = low-dose dobutamine echocardiography, WMS = wall motion score,
pts = patients.* p<0.05, # P<0.005.

Coronary angiography and revascularization procedures
Coronary angiography was performed in 19 patients of group A and in

15 of group B. Coronary angioplasty of the infarct related artery was
successfully performed before DST in 6 patients in group A and 5 patient in
group B. There was no significant difference between both groups with respect
to prevalence of multivessel disease (42% vs 33%) or significant stenosis of
infarct related artery (68% vs 67%). Twelve patients underwent a
revascularization a procedure 15 + 8 days after DST. In these patients, the
interval between intervention and follow-up ranged from 35 to 83 days (mean
72 days). Intervention included coronary angioplasty (3 patients of group A and
3 patients of group B) and coronary artery bypass graft (4 patients of group A
and of 2 patients of group B), In the 34 patients in whom coronary angiography
was performed, functional improvement occurred in 12 of 23 patients (52%)
with and in 5 of 11 patients (45%) without revascularization (p = NS). In
patients who underwent revascularization, the accuracy of STE for the
prediction of late functional improvement was comparable to that of LDD
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echocardiography (78% vs 83% respectively; table V).

Table III, Regional echocardiographic data of dobutamine stress test and
follow-up in patients with anterior Q wave myocardial infarction with
(group A) and without (group B) ST-segment elevation.

Group A Group B

N = 18 N=12
Dyssynergic segments, nr 63 124 4.7 + 3.1
Resting WMS 19.9 + 4.3 18.6 £+ 6.6
LDD WMS 17.9 £+ 48 18.4 4 6.8
Follow-up WMS 179 + 5.9 19.0 £ 7.3
Viability at LDD, pts 14 (78%) 3(25%)
Viable segments at LDD 1.7 £ 2.2 0.2 + 0.4"
LDD viability index 28.8 + 34.8 12.2 4 33.1
Improvement at follow-up, pts 15 (83%) 3(25%)
Improved segments, nr 22 + 2.2 0.1 + 0.3"
Improvement index 0.40 + 0.37 0.11 + 0.33*
Homozonal ischemia, pts 5 (28%) 4 (25%)

LDD = low-dose dobutamine echocardiography, WMS = wall motion score,
pts = patients, * p<0.005, ** p<0.0001, # p<0.05.

DISCUSSION

The functional evaluation of patients with recent myocardial infarction
beforc hospital discharge aims at the detection of peri-infarction and remote
ischemia, the assessment of baseline ventricuiar function and the identification
of viable myocardium in the infarct region. Recent studies have inferred the
value of dobutamine stress echocardiography in that clinical seiting (5-7,10-12).
Some recent observations pointed out that electrocardiographic changes during
stress testing may also provide useful information on myocardial viability. We
have recently shown that normalization of inverted T-waves in patients with a
recent myocardial infarction during LDD infusion is a marker of myocardial
viability as well as a predictor of functional improvement (12). Margonato et af,
reported that exercise-induced STE is a specific marker of myocardial viability
assessed by positron emission tomography (8).
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Figure 4. Distribution of late functional recovery in patients with anterior
myocardial infarction in various combinations of ST-segment elevation and
viability at low-dose dobutamine echo (LDDE).

Our study is the first which evaluates the relation between stress-
induced STE and improvement of function after a recent myocardial infarction,
The results of our study show that in patients studied 8 days after a recent Q-
wave myocardial infarction, dobutamine-induced STE is associated with a higher
prevalence of late functional improvement of dyssynergic segments 2-3 months
after infarction as well as & higher number of improved segments compared to
patients without STE. This difference was remarkable in anterior compared to
inferior infarction. The accuracy of STE for the prediction of functional
improvement was comparable {0 that of LDD echocardiography in patients with
anterior infarction and in those who underwent revascuiarization. Despite that
patients with STE had a relatively more extensive regional wall motion
abnormalities, they had a higher prevalence of functional improvement. Since
revascularization was performed only in 33% of patients, it can be postulated
that in patients with more extensive wall motion abnormalities who developed
STE, myocardial stunning was more severe and required a longer time to
functional improvement {17). Consequently these patients had more extensive
wall motion abnormalities 1-2 weeks after infarction and a higher rate of late
functional improvement compared to patients without STE in whom myocardial
stunning is presumed to be less severe and might have completely or partially
resolved before DST.
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The heart rate and dobutamine dose at ST-segment elevation

STE was associated with a significant increase of heart rate and
occurred mostly at doses higher than 10 pg/kg/min. This is not surprising, since
the heart rate does not increase significantly at LDD (7). Previous studies have
shown the importance of heart rate increment for the occurrence of STE during
excrcise (18). In our study the mean heart rate and mean dobutamine dose at
STE were not different in patients with or without functional improvement.

Table 1V. Regional echocardiographic data during dobutamine stress fest
and follow-up in patients with inferior Q wave myocardial infarction with
(group A) and without (group B) ST-segment elevation,

Group A (N = Group B (N

26) = 18)
Dyssynergic segments, nr 2.5+ 1.6 274 1.5
Resting WMS 9.4 2.2 9.1+ 1.6
LDD WMS 85+ 24 7.9 + 2.1
Follow-up WMS 9.0+ 2.6 934 2.8
Viability at LDD, pts 15 (58%) 10 (56%)
Viable segments at LDD 1.0 + 1.1 Lo+ 1.3
LDD viability index 38.1 £ 39.2 48.2 + 49.1
Improvement at fotlow-up, pts 13 (50%) 6 (33%)
Improved segments, nr 09 £1.2 0.7 £ 1.1
Improvement index 0.32 + 0.39 0.31 + 0.46
Homozonal ischemia, pts 10 (38%) 5(28%)

LDD = low-dose dobutamine echocardiography, WMS = wall motion score,
pts = patients.

Prevalence of stress-induced ST-sepment elevation after acute myocardial
infarction

Exercise-induced STE has been reported to occur more frequently in
patients with recent than with old myocardial infarction (8). The difference may
be explained by a high prevalence of myocardial viability in patients with recent
infarction. This viable myocardium may improve (spontancously or after
revascularization), undergo necrosis or continug as an ischemic hibernating
myocardium. In the first two situations, viable myocardium will no longer exist
and consequently the prevalence of STE will decrease as the infarct gets older.
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This theory is supported by a previous study which has shown that the majority
of recently infarcied myocardial regions retain residual metabolic activity, the
extent of which was inversely related to the time elapsed from the occurrence
of acute event. Exercise-induced STE was more common in patients with than
without flourodeoxyglucose uptake in the underperfused regions (19).

Table V. Diagnostic accuracy (%) with 95% confidence intervals of low-dose
dobuiamine echocardiography and ST-segment elevation during dobutamine
stress test (overall and regional) for the prediction of late improvement of
left ventricular funciion after a recent myocardial infarction.

SENS SPEC PPV NPV ACC
LDDE overail 83 71 74 81 71
95% C.I. 74-92 61-82 64-85 71-90 67-87
LDDE anterior 83 23 88 77 83
95% C.I. 70-97 70-97 77-100 62-92 70-97
LDDE inferior 89 68 68 89 77
95% C.1. 80-99 54-82 54-82 80-99 65-90
STE overall 74 60 65 70 67
95% C.I. 64-85 49-71 54-76 59-81 56-78
STE anterior 83 75 83 75 80
95% C.I. 70-97 60-90 70-97 60-90 66-94
STE inferior 68 48 50 67 57
95% C.I. 55-82 33-63 35-65 53-81 42-71
IDDE (revasc) 83 82 83 82 83
95% C.1. 68-99 66-98 68-99 66-9% 67-98
STE (revasc) 83 73 77 80 78
95% C.1. 68-99 54-91 60-94 64-96 61-95

ACC = diagnostic accuracy; C.1. = confidence mntervals; LDDE = low-dose
dobutamine echocardiography, NPV = negative predictive value; PPV =
positive predictive value; SENS = sensitivity; SPEC = specificity; STE = ST-
segment elevation, Revasc = revascularized patients (N = 23),

Relationship between ST-sepment elevation and myocardial jschemia

In our study, there was no significant difference between patients with
or without STE during DST with regard to prevalence of homozonal or remote
ischemia on echocardiography. We have previously shown that dobutamine-
induced STE in patients with recent or old myocardial infarction is compatible
but not specific for ischemia on simultancous myocardial perfusion SPECT
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imaging (20). The higher prevalence of ST-segment depression in patients with
than without STE can be explained by the occurrence of reciprocal changes
without true ischemia (21).

Similar findings have been reported by Coma-Canella et al. (22), They
reported a poor response of regional ejection fraction in patients with recent
myocardial infarction and STE during DST. These findings do not preclude
myocardial viability, since imaging was performed at high dose dobutamine
which may lack the sensitivity for eliciting a contractile reserve and may
provoke ischemic dysfunction. Furthermore, radionuclide angiography is not the
method of choice for the assessment of regional function due to the limited
tomographic views and inability to assess myocardial thickening.

Many other authors have reported that exercise induced STE is not
specific for ischemia in patients with myocardial infarction (18, 23,24). In
contrast, Shimonagata et al.(25) and Margonato et al.(26) reported that exercise-
induced STE after a recent myocardial infarction is specific for ischemia on
thaflium scintigraphy.

Exercise-induced ST-segment elevation as a marker of viability

Margonato et al. (8) reported that exercise-induced STE in patients with
previous myocardial infarction is highly specific for viability assessed by
positron emission tomography. The accuracy of STE was higher in anterior
versus inferior infarction. However, there are some limitations of that study
including the heterogeneity of population with respect to the time from
infarction. Myocardial regions of interest were defined as those with perfusion
defects on rest sestamibi SPECT. This approach does not consider dyssynergic
segments with normal perfusion. These segments are likely to be viable and if
included, the prevalence of viable myocardium may increase in patients without
STE who had less severe coronary stenosis and possibly normal perfusion in
dyssynergic segments at rest, The low accuracy of STE in inferior versus
anterior infarction in our study and in the study of Margonato et al. (8) may be
explained by the need of a critical mass of dyssynergic myocardium for the
occurrence of STE which is more available in anterior compared to inferior
infarction. The similar accuracy of LDD echocardiography and STE for the
prediction of functional recovery in patients with revascularization in our study
may be related to the relatively higher prevalence of anterior infarction in the
latter group.

Mechanism of ST-segment elevation

STE was believed to result from an electric gradient created between
normal and ischemic or necrotic myocardium that can be aggravated by exercise
(23). It may be postulated that in patients with viable myocardium, sympathetic
stimulation as occurs during exercise or dobutamine infusion creates
heterogeneity of contraction in the infarct zone between the viable segments that
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improve and the non-viable segments that do not improve or move
paradoxically. This heterogeneity of contraction may be the underlying
mechanism of STE in patients with viable myocardium.

Limitations of the study: The anatomy of infarct related artery was not
delineated in all patients. The majority of patients did not undergo a
revascularization procedure. It can not be excluded that some of the persistently
dyssynergic segments may improve after revascularization. However, there was
no rationale to catheterize asymptomatic patients with uncomplicated clinical
course. Late functional improvement was spontaneous in most of patients
consistent with myocardial stunning. The value of dobutamine-induced STE in
the setting of myocardial hibernation has to be expanded in a large number of
patients. It is to be noted that in patients with recent myocardial infarction,
improvement of function after early revascularization does not rule out
myocardial stunning as a mechanism of reversible dysfunction since we have
previously shown that about one third of dyssynergic. segments detected at a
mean of 1 week from the onset of infarction recover spontancously after 3
months (7).

Clinical implications: In patients with recent myocardial infarction undergoing
pre-discharge high-dose DST, STE in Q leads during the test occurs in patients
with a higher prevalence of viable myocardium identified at LDD
echocardiography and a higher prevalence and extent of late functional
improvement than patients without STE. The accuracy of STE for the prediction
of functional improvement is comparable to that of LDD echocardiography in
patients with anterior infarction and in those with myocardial revascularization.
Although some authors discourage the use of electrocardiographic recording
during debutamine stress echocardiography (27), we recommend that more
attention should be given for the proper positioning of electrocardiographic leads
and obtaining high quality tracings, particularly when the test is performed
without or with suboptimal echocardiographic imaging.
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CHAPTER 18

STRESS-INDUCED ST-SEGMENT ELEVATION AFTER A
RECENT MYOCARDIAL INFARCTION:
MYOCARDIAL NECROSIS, VIABILITY OR BOTH?

Abdou Elhendy MD, Paolo M Fioretti MD, PhD.

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus
University, Rotterdam, the Netherlands.

INTRODUCTION

The assessment of residual myocardial ischemia and viability is
important for the management of patients after acute myocardial infarction.
Recent data have inferred the value of dobutamine stress echocardiography for
that purpose (1,2). ST-segment elevation is frequently induced by dobutamine
or exercise stress festing in these patients. Thercfore, it is important to evaluate
the functional significance of this electrocardiographic finding and its refation
to the presence of jeopardized myocardium in the infarct region.

Relationship between sfress-induced ST-segment elevation and myocardijal
ischemia

While available data agree on the specificity of stress-induced ST-
segment elevation for ischemia in patients without previous myocardial
infarction (3,4), the significance of this findings in patients with myocardial
infarction is controversial (4-8). Margonato et al. (7) found reversible defects
on exercise thallium scintigraphy in 16 of 17 patients with exercise-induced ST-
segment elevation after acute myocardial infarction. However, there was no
control group without ST-segment elevation to exclude that the high predictive
value of ST-segment elevation for ischemia is refated to the selection of patients
with high likelihood of manifesting peri-infarction ischemia. Fox et al. (8)
reported that in patients with myocardial infarction, exercise-induced ST-
segment elevation couid by abolished in 11 patients after coronary artery bypass
grafting even in absence of improvement of global left ventricular function after
surgery suggesting that ST-segment eclevation was related to myocardial
ischemia.

! Eur Heart J; in press.
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In contrast, Ethendy et al. (4) reported a specificity of ST-segment
elevation during dobutamine stress test of 56% and 50% for myocardial
ischemia assessed by myocardial perfusion scintigraphy and echocardiography
respectively in 34 patients with recent myocardial infarction. Similarly,
Lanzarini et al. (5) reported a specificity of 50% of ST-segment elevation for
myocardial ischemia assessed by echocardiography in 42 patients. In these 2
studics, the prevalence of ischemia was not different with or without ST-
segment elevation, whereas patients with ST-segment elevation had more severe
resting left ventricular dysfunction. Similar findings were reported by Coma-
Canella et al. (6) in 88 patients with recent myocardial infarction undergoing
dobutamine thallium scintigraphy.

The apparently discordant conclusions regarding the significance of
stress-induced ST-segment elevation in patients with previous myocardial
infarction may reflect differences in patient population or methodological
deficiencies. Most of the clinical studies which investigate the significance of
ST-segment elevation are performed in patients with high pretest likelihood of
manifesting inducible ischemia, a finding that may damp a significant difference
in the prevalence of homozonal ischemia between patients with or without ST-
segment elevation. Despite the reasonable overall sensitivity of the currently
used methods for the assessment of ischemia, mainly echocardiography and
perfusion scintigraphy, the sensitivity for detecting ischemia in individual
vascular territories is not actually high. In a study by Marwick et al., (9) the
sensitivity of dobutamine MIBI SPECT and echocardiography in patients with
single vessel disease ranged between 62 and 76% in different vascular
territories. Sensitivity for individual vessel stenosis may be further reduced in
presence of multivessel disease due to different ischemic threshold and in the
presence of resting wall motion and perfusion abnormalities, almost always
encountered in patients with ST-segment elevation in the peri-infarction leads
(4). This contention is supported by the high predictive value of ST-segment
elevation for significant, mostly severe stenosis of the related coronary artery
as shown in different studies (4-7). Despite that resting wall motion
abnormalities are more severe in patients with ST-segment elevation, these
abnormalities seldom involve the entire vascular territory particularly in the
LAD related infarction, a findings that heralds a high prevalence of jeopardized
myocardium. Animal studies have shown that acute ischemia adjacent to a
chronic infarction induces ST-segment elevation at the surface of the scar
despite the virtual absence of viable tissue within the infarction, suggesting a
passive ST-segment potential transmission through the infarction (10}, Whether
the absence of inducible ischemia on the standard techniques denotes the absence
of functional significance of coronary stenosis, or underestimation of
dysfunction, cannot be determined due to the lack of golden standard in the peri-
infarction area.
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Relationship between ST-segment elevation and myocardial viability

In the study of Lanzarini et al. (5), the prevalence of myocardial
viability pattern at low-dose dobutamine was not different with or without ST-
segment elevation (1). Conversely, Margonato et al. (11) reported that in 34
patients with previous myocardial infarction, myocardial viability assessed by
positron emission tomography was more frequently encountered in patients with
than without exercise-induced ST-segment elevation. In 21 patients with anterior
myocardial infarction, the sensitivity, specificity and accuracy of exercise-
induced ST-segment elevation for detection of residual viability were 82%,
100% and 86% respectively. The difference in the methods and patient
population may again play a role in these controversial conclusions. Despite the
similar prevalence of viability pattern found by Lanzarini et al. with or without
ST-segment elevation, myocardial viability was highly prevalent with ST-
segment elevation (87%). If ST-segment elevation reflects myocardial viability,
a more sensitive technique, like positron emission tomography may further
detect viability in the remaining 13% of patients. As we have previously shown
(1), the sensitivity of low-dose dobutamine echocardiography in the detection of
stunned myocardium after a recent myocardial infarction is relatively low in
akinetic segments. Furthermore, the presence of more extensive akinesis as in
patients with ST-segment elevation may hinder the development of systolic
thickening at low-dose dobutamine by tethering of a necrotic segment on the
adjacent akinetic but viable segments. Additionally, it cannot be excluded that
in presence of severe coronary stenosis as in case of patients with ST-segment
elevation, ischemia may develop at low-dose dobutamine preventing the
occurrence of a contractile respense in dyssynergic segments.

The relation between exercise-induced ST-sepment elevation and
myocardial viability reported by Margonato et al. is supported by their previous
study (12) in which they found that the majority of recently infarcted myocardial
regions retain residual metabolic activity, the extent of which was inversely
related to the time elapsed from the occurrence of acute event, Exercise-induced
ST-segment elevation was more common in patients with than without
flourodeoxyglucose uptake in the underperfused regions (12). However,
exclusion of dyssynergic segments with normal perfusion in that study (11) may
underestimate myocardial viability in patients without ST-segment elevation who
had less severe coronary stenosis and are likely to have normal resting
myocardial perfusion in dyssynergic segments. Myocardial stunning may
represent the underlying pathophysiology of ST-segment elevation after
myccardial infarction. Resolution of myocardial stunning may be a factor
contributing to the lower prevalence of ST-segment elevation in patients with old
infarction (11). In this situation, the presence of myocardial viability in
dyssynergic regions with ST-segment elevation in the related leads may
represent myocardial viability without ischemia.
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Coma-Canella et al. (6) reported an inverse linear correlation between
ST-segment elevation and increase of regional gjection fraction assessed by
dobutamine radionuclide angiography after a recent myocardial infarction. This
finding cannot preclude the presence of myocardial viability in regions
corresponding to ST-segment elevation because imaging was acquired at high
dose dobutamine, which may be insensitive for eliciting contractile reserve in
viable segments and may induce ischemic dysfunction. Furthermore,
radionuclide angiography cannot assess regional myocardial thickening which
is required for the diagnosis of myocardial viability.

While the previous studies aimed at the assessment of the relation
between ST-segment elevation and myocardial viability (5,11), these studies are
limited by the small number of patients included and inability to assess the
prevalence and extent of spontaneous or post-revascularization improvement of
left ventricular function with or without ST-segment elevation, which is more
clinically relevant than a correlative study with markers of viability.

SUMMARY AND CONCLUSIONS

Stress-induced ST-segment elevation after acute myocardial infarction
cannot identify patients with a higher prevalence of peri-infarction ischemia
based on reversible wall motion or perfusion abnormalities. Whether this finding
reflects poor sensitivity and specificity of ST-segment elevation for ischemia or
methodological problems in the selection of patients or the techniques of
assessment of peri-infarction ischemia cannot be precisely concluded. Because
of the high prevalence of severe coronary stenosis in patients with ST-segment
elevation, a large prospective study before and after revascularization would
help in a better understanding of its significance. Despite the high prevalence
of viability pattern in patients with ST-segment elevation after a recent
myocardial infarction, the refationship between this pattern and late functional
improvement has not been evaluated. Therefore, a large study is needed to
assess the prevalence and extent of late improvement of left ventricular function
in patients with or without stress-induced ST-segment elevation after acute
myocardial infarction.
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CHAPTER 19

AKINESIS BECOMING DYSKINESIS DURING
DOBUTAMINE STRESS ECHOCARDIOGRAPHY:
A PREDICTOR OF POOR FUNCTIONAL RECOVERY
AFTER SURGICAL REVASCULARIZATION!

Abdou Elhendy MD, Jan H Cornel MD, Jos RTC Roelandt MD, PhD,
Ron T van Domburg MSc, Paolo M Fioretti MD, PhD.

From the Thoraxcenter, University Hospital Rofterdam-Dijkzigt and Erasmus
University, Rotterdam, the Netherlands,

ABSTRACT

Background. Akinesis becoming dyskinesis at high dose dobutamine stress
echocardiography (DSE) has been disregarded as a marker of myocardial
ischemia. However, the relationship between this pattern and myocardial
viability has not been assessed.

Methods. We studied 42 patients with myocardial infarction who underwent
DSE (up to 40 pg/kg/min) before coronary artery bypass surgery, and resting
echocardiogram 3 months after surgery. Viability in akinetic segments was
considered if systolic thickening occuired at low-dose dobutamine (LDD).
Results. During high dose DSE, dyskinesis occurred in 35 of the 164 akinetic
segments {group A). The remaining 129 segments comprised group B. Segments
of group B had a higher prevalence of viability pattern at LDD (18% vs 0%,
p<0.01) and a higher prevalence of functional improvement (20% vs 0%,
p<0.005) compared to group A. In absence of viability pattern at LDD,
postoperative improvement occurred in 10% of segments in group B and in none
of segments in group A, resulting in a higher negative predictive vatue of LDD
in group A versus B (100% vs 90%, p<0.05).

Conclusion. The phenomenon of akinesis becoming dyskinesis at high dose DSE
is associated with absence of viability pattern at LDD and poor functional
outcome after surgical revascularization. Observation of this pattern provides
additional data to those obtained only at LDD echocardiography.

Key words: Dobutamine stress echocardiography - Myocardial viability -
coronary artety bypass surgery.

I Submitted for publication. Presented in the 54th annual Scientific Sessions
of the American College of Cardiology, Orlando, Florida 1996.
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INTRODUCTION

In patients with coronary artery disease and left ventricular dysfunction,
the detection of myocardial viability is important for the proper identification
of patients in whom left ventricular function may improve after revascularization
(1,2). Recent studies have demonstrated the value of dobutamine stress
echocardiography for the detection of myocardial viability at low-dose (2,3) and
ischemia at high dose (4,5). We have recently reported that akinetic segments
at baseline echocardiogram, developing dyskinesis at high dose dobutamine,
without improvement at low-dose dobutamine (LDD) represent a mechanical
phenomenon unrelated to myocardial ischemia assessed by simultaneous
perfusion scintigraphy (6). However, the relationship between this pattern and
functional improvement after revascularization has not been studied. Therefore,
the aims of this study were: 1) to assess the relationship between the pattern of
akinesis becoming dyskinesis at high dose dobutamine stress echocardiography
and functional improvement after surgical revascularization. 2) to find if
observation of this phenomenon improves the value of LDD echocardiography
for the prediction of postoperative functional improvement,

METHODS
Study population

Study population comprised 42 patients with coronary artery disease and
left ventricular dysfunction, undergoing coronary artery bypass surgery who
fulfilled the study inclusion criteria:
- history of previous (> 3 months old) myocardial infarction,
- two or more akinetic segments on preoperative resting echocardiography.
- Abscnce of unstable angina, severe heart failure, or significant valvular
discase.
- Absence of perioperative myocardial infarction. Mean age was 59 4 9 years.
There were 33 males and 9 females. Thirty nine patients had typical angina and
9 patients had exertional dyspnea before the test. Single vessel disease, defined
as diameter stenosis of a major coronary artery >350%, was present in 6
patients, 2 vessel disease in 15 patients and 3 vessel disease in 21 patients. The
meat ¢jection fraction determined by angiography was 39 + 14%. Thirty nine
patients were receiving antianginal therapy. In patients receiving beta blocking
agents, the latter were withdrawn 2 days before stress testing.

Dobutamine stress test

The test was performed according to a previously described protocol
(2). Dobutamine was infused through an antecubital vein starting at a dose of
5 pg/kg/min for 3 minutes, 10 pg/kg/min for 3 minutes, increasing by 10
pg/kg/min every 3 minutes to a maximum of 40 pg/kg/min. Atropine (up to |
mg) was given in patients not achieving 85% of their age predicted maximal
heart rate (7). The electrocardiogram was monitored throughout dobutamine
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infusion and recorded each minute. Cuff blood pressure was measured every 3
minutes. The test was interrupted prematurely if severe chest pain, ST-segment
depression >2 mm, significant ventricular or supraventricular arrhythmia or
systolic blood pressure fall of >40 mm Hg occurred during the test.

Stress echocardiography

As previously described (2), the echocardiogram in standard views was
performed and recorded on video tape at rest and during stress. Rest, low-dose
and peak stress images were also digitized and stored on an optical disk
(Vingmed CFM 800) for a display in quad-screen format. Left ventricular
function was assessed using a 16-segment model. Both inward endocardial
motion and myocardial thickening were considered for analysis. Each segment
was graded with a 4-point score grading (I = normal or hyperkinesis; 2 =
hypokinesis; 3 = akinesis 4 = dyskinesis). Akinesis was considered in the
absence of systolic wall motion and thickening. Dyskinesis was defined as
absence of systolic thickening with outward bulging away from the center of left
ventricular cavity in systole. To reduce the confounding effect of tethering,
segmental wall thickening was analyzed frame by frame during the first half of
systole. Wall motion score index was derived by dividing the summation of the
16 segments by 16. Viability in akinetic segments was considered if myocardial
thickening was observed during LDD infusion (5-10 pg/kg/min). Ischemia was
defined as the appearance of new wall motion abnormalities or worsening of a
hypokinetic segment. 2 experienced investigators assessed the images. In case
of disagreement, a third investigator viewed the images and a majority decision
was achieved. We have previously reported a good inter- and intra-observer
agreement on the assessment of rest and stress echocardiographic images in our
laboratory (2,8).

Follow-up studies

A rest echocardiogram was performed in all patients, 3 months after
surgery. An improvement of akinetic segments was considered if systolic
thickening occurs postoperatively, Absence of improvement was considered in
case of surgical excision of the segment or absence of systolic thickening at
follow-up. Myocardial segments which were not revascularized were not
included in analysis.

Statistical analysis

Continuous data are expressed as mean + standard deviation,
Univariate analysis for categorial variables was performed using the chi-square
test with Yate’s correction or Fisher’s exact test. Differences were considered
significant if the null hypothesis could be rejected at the 0.05 probability level.
Sensitivity, specificity and positive and negative predictive values were based

upon their standard definitions and are reported with the corresponding 95%
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confidence intervals (C.1.).

RESULTS
Dgbutamine stress test

Heart rate increased from 71 -+ 12 at rest to 139 + 13 beats /min at
peak stress (p <0.001) and rate pressure product from 9112 + 2744 to 16776
+ 4126 (p<0.001). Rate pressure product did not change significantly at LDD
(10 pg/kg/min). Angina occurred in 29 patients (59%). In 10 patients (24 %),
the test was interrupted prematurely before reaching the maximal dose or the
target heart rate. Reasons for premature termination of the test were angina (3
patients), ST-segment depression (1 patient) and hypotension (6 patients).

Low-dose dobutamine echocardiography

Wall motion score index decreased significantly from rest to LDD (1.82
+ 0.4 to 1.57 + 0.38, p<0.01). Among 164 akinetic segments at baseline
echocardiogram which were revascularized, improvement at LDD was observed
in 23 segments (14 %).

Table 1, Diagnostic accuracy of low-dese dobutamine echocardiography for
the prediction of functional imprevement of akinetic segments after surgical
revascularization,

SENS SPEC PPV NPV ACC
% 58 94 65 92 88
95% C.I 50-65 91-98 58-73 88-96 83-93

ACC = diagnostic accuracy; C.1. = confidence intervals; NPV = negative
predictive value; PPV = positive predictive value; SENS = sensitivity; SPEC
= specificity.

High dose dobutamine echocardiography

Ischemia (new or worsened wall motion abnormalities) was detected in
38 patients (90%). Dyskinesis a peak stress developed in 35 of the 164 akinetic
segments (group A). This pattern was observed in 12 patients. The remaining
129 akinetic segments constituted group B. Systolic thickening at LDD was
observed in 23 segments of group B (18%) and in none of segments in group
A (p< <0.01). There was no significant ditference between both groups with
regard to the corresponding rate pressure product at rest, LDD or peak stress.
Baseline wall motion score index was not different between patients with or
without akinesis becoming dyskinesis in one or more segments (1.84 + 0.41 vs
1.81 + 0.40 respectively).
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Postoperative results
A significant improvement of symptoms occurred after surgery. At

follow up echocardiography, improvement occurred in 26 of the 164 akinetic
segmenis (16%). Improvement occurred in 26 segments in group B (20%) and
none of segments in group A (P <0.005). Eight segments in group A (23%) and
12 segments in group B (9%) were excised due to the presence of gross
pathology identified during surgery (p < 0.05). Functional improvement occurred
in 15 of 23 segments with and in 11 of 141 segments without viability pattern
at LDD echocardiography. The sensitivity, specificity, predictive valuc and
accuracy of low dose dobutamine echocardiography for the prediction of
postoperative functional improvement in akinetic segments are shown in table
. The negative predictive value was significantly higher in group B compared
to group A (100% vs 90%, p<0.05; figure 1).

p<0.05
Negalive predictive value I l

100%

0% I

4%

20%

GY% |

No Yas

Akinesic becoming dyskinesis

Figure 1, Figure [. The negative predictive value of low dose dobutamine
echocardiography for postoperative functional improvement in akinetic
segments with and without dyskinesis at high dose dobutamine.

Coronary angiography

Coronary angiography was performed in 15 patients (5 patients with and
10 patients without akinesis becoming dyskinesis) after surgery and revealed
patency of grafts to analyzed segments in all patients.

DISCUSSION
In symptomatic patients with coronary artery disease and left ventricular
dysfunction, myocardial revascularization aims at improvement of baseline
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function, amelioration of symptoms, and improvement of prognosis (9). For that
reason, the non invasive assessment of myocardial viability and ischemia before
revascularization is important for the selection of patients who will benefit from
the procedure. Dobutamine stress echocardiography is increasingly used for the
functional assessment of patients with ischemic left ventricular dysfunction (2-5).
The diagnosis of myocardial viability relies upon the occurrence of a contractile
response of dyssynergic segments during LDD infusion (2,3). Myocardial
ischemia is considered when new or worsening of wall motion abnormalities
occur during the test (4,5,7). We have previously reported that akinetic
segments which do not respond to LDD meanwhile develop dyskinesis at high
dose are associated with absence of perfusion scintigraphic evidence of ischemia
(6). In the previous study, we could not identify any segment showing the
pattern of akinesis becoming dyskinesis with improvement at LDD.
Consequently, the question remains whether this pattern is compatible with the
presence of myocardial viability or not and awaits extension of the previous
study. Furthermore, the detection of reversible perfusion defects in presence of
severe resting hypoperfusion represent a technical challenge (10). Therefore, we
assessed, in a new series of patients, the relationship between the pattern of
akinesis becoming dyskinesis and myocardial viability at LDD and we studied
the more relevant issue of post revascularization outcome of these segments.

Our data show that in symptomatic patients with coronary artery
disease, the phenomenon of akinesis becoming dyskinesis at high dose
dobutamine stress test is consistently associated with absence of viability pattern
at LDD as well as absence of functional improvement- after surgical
revascularization. Some of these segments were excised due to gross pathology
identified at surgery and the remaining segments failed to exhibit systolic
thickening 3 months after surgery. Furthermore, the observation of this pattern
at high dose gave additional information to those obtained only at LDD. In
absence of this pattern, 0% of akinetic segments identified at LDD as non
viable showed functional improvement after surgery. Thus the negative
predictive value of dobutamine stress echocardiography for postoperative
improvement was significantly higher in association with this pattern (100% vs
90%).

The steady increase of myocardial contractility in normal segments
(11,12), and possibly in viable dyssynergic segments during dobutamine infusion
may cause flappy akinetic segments with severe necrosis to bulg paradoxically
in systole. Therefore, akinetic segments showing this pattern failed to
demeonstrate systolic thickening at LDD or after revascularization. Despite that
myocardial ischemia is considered when a normal or hypokinetic segment at rest
become dyskinetic at peak stress, this condition did not seem to apply to akinetic
segments. It can be postulated that dyskinesis developing in a normal or
hypokinetic segment represents severe ischemia, which in turn requires a
substantial mass of preserved myocardium that may not be available in akinetic
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segments,

We have previously reported the value of LDD echocardiography for
the prediction of recovery of regional function after recent myocardial infarction
(3) and after coronary artery bypass surgery in patients with chronic left
ventricular dysfunction (2). The results of this study demonstrate an additional
value of observation of worsening of akinetic segments at high dose dobutamine
for the prediction of functional recovery.

Limitations of the study
Coronary angiography was performed only in 36% of patients after

surgery. However, in all of these patients, sustained patency of the grafts to the
analyzed segments was demonstrated, Additionally, symptomatic improvement
occurred in all patients after surgery denoting successful revascularization.

Summary and conclusion
In symptomatic patients with coronary artery disease and left ventricuiar

dysfunction, the phenomenon of akinesis becoming dyskinesis at high dose
dobutamine stress test is associated with absence of viability pattern at LDD
echocardiography and lack of functional improvement after surgical
revascularization. Observation of this pattern at high dose provides additional
data to those obtained at LDD and improves the negative predictive value of
dobutamine stress echocardiography for postoperative functional improvement
of akinetic segments.

REFERENCES

1) Ragosta M, Beller GA, Watson DD, Kaul S, Gimple LW, Quantitative planar
rest-redistribution 201-Tl imaging in detection of myocardial viability and
prediction of improvement in left ventricular function after coronary bypass
surgery in patients with severely depressed left ventricular function. Circulation
1693;87:1630-41.

2) Arnese M, Cornel JH, Satustri A, Maat APWM, Elhendy A, Reijs AEM, et
al. Prediction of improvement of regional left ventricular function after surgical
revascularization:; a comparison of low-dose-dobutamine echocardiography with
201-Ttsingle-photonemission computed tomography. Circrlation 1995;91:2748-
52.

3) Salustri A, Elhendy A, Garyfallydis P, Ciavatti M, Cornel JH, Ten Cate FJ,
et al. Prediction of recovery of ventricular dysfunction afier first acufe
myocardial infarction using low-dose dobutamine echocardiography. Am J
Cardiol 1994;74:853-66.

4) Berthe C, Pierard A, Hiernaux M, Trotteur G, Lempereur P, Carlier J, et al.
Predicting the extent and focation of coronary artery disease in acute myocardial
infarction by echocardiography during dobutamine infusion. Am J Cardiol

184



1986;58:1167-72.

5) Takeuchi M, Araki M, Nakshima Y, Kuroiwa A. The detection of residuat
ischemia and stenosis in patients with acute myocardial infarction with
dobutamine stress echocardiography. J Am Soc Echocardiogr 1994;7:242-52,
6) Arnese M, Fioretti PM, Cornel JH. Posima-Tjoa J, Reijs AEM, Roelandt
JRTC. Akinesis becoming dyskinesis during high-dose dobutamine stress
echocardiography: a marker of myocardial ischemia or a mechanical
phenomenon? Am J Cardiol 1994;73:896-8.

7y Mc Neill Al, Fioretti PM, El-Said EM, Salustri A, Forster T, Roelandt
IRTC. Enhanced sensitivity for detection of coronary artery disease by addition
of atropine to dobutamine stress echocardiography. Am J Cardiol 1992,70:41-6.
8) Pozzoli MMA, Fioretti PM, Salustri A, Reijs AEM, Roelandt JRTC.
Exercise echocardiograply and technetium-99m MIBI single photon emission
computed tomography in the detection of coronary artery disease. Am J Cardiol
1991;67:350-5.

9 Yoshida K, Gould KL. Quantitative relation of myocardial infarct size and
myocardial viability by positron emission tomography to left ventricular ¢jection
fraction and 3-year mortality with and without revascularization. J Am Coll
Cardiol 1993;22:984-97.

10) Dilsizian V, Bonow RO. Differential uptake and apparent 201 Tl washout
after thallium reinjection: Options regarding late redistribution imaging before
reinjection or late redistribution imaging after reinjection. Circulation
1992;85:1032-8.

11} Chatterjee K: Effects of dobutamine on coronary hemodynamics and
myocardial energetics, in Chatterjee K (ed): Dobutamine: A ten year review.
New York, New York NCM Publishers, 1989, pp 49-67.

12) Ruffolo RR, The pharmacology of dobutamine. Am J Med 1987,294:244-8.

i85



CHAPTER 20

THE EFFECT OF SEVERITY OF CORONARY ARTERY
STENOSIS AND THE COLLATERAL CIRCULATION ON THE
FUNCTIONAL OUTCOME OF DYSSYNERGIC MYOCARDIUM

AFTER REVASCULARIZATION IN PATIENTS WITH
CHRONIC LEFT VENTRICULAR DYSFUNCTION!
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ABSTRACT

Background. Patency of the infarct related artery and the presence of high grade
collateral circulation have been associated with more myocardial preservation
early after acute myocardial infarction. However, the influence of these
angiographic parameters on the extent of functional improvement of dyssynergic
myocardium after revascularization in patients with chronic left ventricular
dysfunction has not yet been evaluated. Therefore, we assessed the influence of
these parameters on myocardial viability in patients with chronic left ventricular
dysfunction undergoing dobutamine stress echocardiography before elective
coronary artery bypass grafting.

Methods. Forty patients {mean age =59 1 8 years, 30 males) with old
myocardial infarction and coronary artery stenosis (=50% diameter stenosis)
subtending severely dyssynergic segments were studied by dobutamine stress
echocardiography before coronary artery bypass grafting. Left ventricular
function was assessed using a 16 segments-5 grade score model.  Viability was
defined as improvement of thickening of severely dyssynergic segments at low-
dose dobutamine. Functional recovery was defined as improvement of
thickening at echocardiography obtained 3 months after surgery.

Results, There were 56 stenotic coronmary arteries subtending severely
dyssynergic myocardial segments, of which 38 were occluded. Among 186
severely dyssynergic segments postoperative functional recovery occurred in 42
(23%}). There was no significant difference between myocardial regions with
patent or occluded coronary arteries with respect to prevalence of viability or

' Submitted for publication.
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functional recovery, number of viable or recovered segments, and percentage
of viable or recovered segments relative to the total number of dyssynergic
segments in the same region. In patients with total occlusion, the previous
parameters were not different between regions with different grades of collateral
circulation. Sensitivity, specificity and accuracy of low dose dobufamine
echocardiography for predicting postoperative functional improvement of
severely dyssynergic segments were 71% (CI. 65-78), 90% (CI. 86-95) and
86% (CI. 81-91) respectively.

Conclusion. In patients with chronic left ventricular dysfunction following
myocardial infarction, the presence of total occlusion of coronary arteries
supplying severely dyssynergic regions does not imply a lower prevalence or
extent of functional recovery following revascularization regardiess of the grade
of angiographicaily visualised collateral circulation. The benefit of
revascularization of these segments is equivalent to that of seginents with patent
coronary arteries. Independent on the severity of coronary stenosis in these
patients, noninvasive evaluation of myocardial viability using techniques like
low-dose dobutamine echocardiography is required to identify myocardial
regions with high probability of functional improvement following
revascularization,

Key Words: Myocardial viability. Dobutamine stress echocardiography.
Coronary artery bypass grafting.

INTRODUCTION

Previous studies have demonstrated the value of coronary artery bypass
grafting in amelioration of symptoms, improvement of left ventricular function
and prolongation of survival in patients with chronic ischemic left ventricular
dysfunction (1,2). The assessment of myocardial viability is important to predict
the occurrence of functional improvement of dyssynergic segments after
revascularization {3,4). The clinical utility of various techniques in this clinical
setting has been established. These include positron emission tomographic
assessment of myocardial perfusion and metabolism, 201-thallium myocardial
perfusion scintigraphy and low-dose dobutamine echocardiography (2-4). Few
studies have been addressed to a assess the relationship between coronary
angiographic findings and myocardial viability in severely dyssyncrgic regions
in paticnts with chronic left ventricular dysfunction (5,6). The value of
angiographically visualised collateral vessels to occluded coronary arteries in
maintaining myocardial viability in the related dyssynergic segments is
controversial (5,6). Furthermore, angiographic findings have been correlated
with metabolic markers of viability without studying the impact on functional
outcome of dyssynergic segments after revascularization, which is the ultimate
target of the identification of viable myocardium. Therefore, the aim of this
study was to assess the relationship between the severity of coronary artery
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stenosis in patients with chronic left ventricular dysfunction and myocardial
viability at low-dose dobutamine echocardiography and to determine the impact
of the severity of coronary stenosis and collateral circulation in occluded
coronary arteries on the prevalence and magnitude of functional improvement
of dyssynergic segments following revascularization.

METHODS

Study patients: The study population was derived from a consecutive series of
patients with left ventricular dysfunction and significant coronary artery stenosis
who underwent dobutamine stress echocardiography for the diagnosis of
myocardial ischemia and viability before coronary artery bypass grafting.
Patients were included if they fulfilled the following criteria: 1) the presence of
proximal or mid coronary artery stenosis (=50% luminal diameter stenosis) of
=1 major coronary artery subtending a myocardial region with akinesis or
severe hypokinesis on resting echocardiogram. 2) coronary artery bypass
grafting of arteries supplying the dyssynergic regions within 1 month after
dobutamine stress test without concomitant myocardial resection. 3) absence of
perioperative infarction. Forty patients fulfilled these criteria and all gave an
informed consent to undergo dobutamine stress echocardiography before and
after surgery. There were 30 males and 10 females. Mean age was 59 + 8
years. Symptoms before surgery included angina in 37 patients and dyspnea in
8 patients. Beta blocking agents were stopped 2 days before dobutamine stress
test., Medications at the day of the test included calcium chancel blockers in 20
patients, nitrates in 29 patients and angiotensin converting enzyme inhibitors in
24 patients. All patients had previous myocardial infarction diagnosed by the
standard criteria of chest pain, diagnostic rise of cardiac enzymes and serial
electrocardiographic changes. The mean time from the infarction was 4 + 5.3
years (range 6 months to 25 years). The infarction was anterior (or
anterolateral) in 19 patients, inferior (or infero-posterolateral) in 12 patients and
in both locations in 9 patients.

Dobutamine stress test: Dobutamine was infused through an antecubital vein
starting at a dose of 5 followed by 10 pg/kg/min (3 minutes stages), increasing
by 10 pg/kg/min every 3 minutes fo a maximum of 40 pg/kg/min. Atropine (up
to | mg) was given in patients not achieving 85% of their age predicted
maximal heart rate at the maximal dobutamine dose. The ECG was monitored
throughout dobutamine infusion and was recorded each minute. Cuff bloed
pressure was measured every 3 minutes. The test was interrupted if severe chest
pain, ST-segment depression > 2 mm, significant ventricular or supraventricuiar
arrhythmia or systolic blood pressure fail of >40 mm Hg occurred during the
test.

Stress echocardiography: Echocardiographic images were acquired at rest and
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during stress and recovery. The echocardiograms were recorded on video tapes
and were also digitized on optical disk and displayed side by side in quad-
screen format (Vingmed CEM 800) to facilitate the comparison of rest, low-dose
and maximal stress images. Left ventricular wall was divided into 16 segments
and scored using a S-point scale, where I=normal, 2=mild hypokinesis, 3=
severe hypokinesis, 4 = akinesis, 5 = dyskinesis {4). The interpretation of
images was performed by 2 experienced observers without the knowledge of the
patients’ angiographic data. In case of disagreement, a majority decision was
achieved by a third reviewer. In our laboratory, inter-and intra-observer
agreement for stress echocardiographic assessment are 92% and 94%
respectively (7). Both wall motion and thickening were considered for analysis.
The diagnosis of ischemia was based on the occurrence of new or worsening
wall motion abnormalities in one or more segments. As previously reported,
ischemia was not considered when akinetic segments at rest became dyskinetic
without improvement at low-dose (8). Myocardial viability in akinetic or
severely hypokinetic segments was considered as =1 decrease of wall motion
score during low-dose dobutamine (5-10 pg/kg/min).

Follow-up studies: A rest echocardiogram was performed in all patients, 3
months after surgery. The echocardiographic images were stored on the same
optical disk used for the preoperative study. The resting pre and postoperative
itnages were visualized side-by-side in a quad-screen format allowing a proper
assessment of segmental changes. An improvement of akinetic or severely
hypokinetic segments was considered as a reduction of wall motion score =1,
At the day of performing the follow-up echocardiograms, dobutamine stress
echocardiography was repeated in 28 patients, using the previously described
method. The remaining 12 patients did not agree to undergo dobutamine stress
test.

Coronary angiography: Coronary angiography was performed, using the Judkins
technique, within 1 month in all patients. Coronary stenosis was quantified using
a previously described method from our center (9). All 35-mm films were
analyzed using the Cardiovascular Angiography Analysis System IT (CAAS 1I,
Pie Medical). Measurements were performed from end-diastolic frames with
optimal vessel opacification. For edge detection, a region of interest of 512 x
512 pixels was selected and digitized using a high fidelity charge coupled device
video camera. The lumen edges were detected on the basis of the weighted sum
of the first and second derivative function of the brightness profile of each scan
line perpendicular to the vessel centerline. The vessel diameter function was
determined by computing the shortest distance between the right and left
contours. Calibration of these measurements to absolute values was achieved by
using a catheter tip as a scaling device. A computer derived estimation of the
original arterial dimension at the site of obstruction was used to calculate the
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interpolated reference diameter. This technique is based on a computer derived
estimation of original values over the analyses region. The calculation is based
on a first degree polynomial computed through the diameter values of the
proximal and distal portion of the arterial segment, followed by a transiation to
the 80th percentile level. Significant coronary artery disease was defined as a
diameter stenosis =50%. Collateral channels to completely occluded coronary
arterics were assessed by observing the degree of opacification distal to the
occlusion and was graded using the TIMI classification (5,10): Grade 1: absent
filling to the distal vessel, grade 2: minimal, in case of faint opacification of the
distal vessel or visualisation of a small vessel, grade 3: well developed
collaterals with visualization and dense opacification of the entire distal vessel.
Coronary arteries were assigned to particular myocardial segments as previously
described (11). 2 experienced observers who were unaware of the results of
dobutamine stress test reviewed the angiograms. In case of disagreement, a
consensus was reached by a third observer. For stenotic coronary arteries
subtending  scvercly dyssynergic regions, the following regional
echocardiographic parameters were studied in the corresponding area: wall
motion score index (derived by dividing the summation of the score of
individual segments in the related region by the total umber of segments
subtended by the related artery), prevalence of ischemia, prevalence of viability
in severely dyssynergic segments at low dose dobutamine, viability index
(derived by dividing the number of severely dyssynergic segments with
improvement at low-dose dobutamine by the total number of severely
dyssynergic segments in the same region), prevalence of functional recovery of
severely dyssynergic segments after surgery and recovery index (derived by
dividing the number of recovered segments by the total number of severely
dyssyncrgic segments in the same region).

Stafistical analysis: Unless specified, data are presented as mean values + SD.
The chi square test and Fisher exact test were used to compare differences
between proportions. The Student ¢ test was used for analysis of continuous
data. A p<0.05 was considered statistically significant. Sensitivity, specificity,
predictive value and accuracy were derived according to standard definiiion and
presented with their corresponding 95% confidence interval (CI}.

RESULTS

Coronary angiography: There were 56 arteries supplying severely dyssynergic
myocardial regions, The involved arteries were: the left anterior descending (28
territories), left circumflex (11 territories) and the right coronary artery (17
territories). Of these arteries, 38 (68%) were occluded. Coronary coliaterals
grade 1 were observed in 7 arteries (18%), grade 2 in 10 arteries (26%) and
grade 3 in 21 arteries (55%). Eighteen arteries were patent with a diameter
stenosis =50% (mcan of 65+ 8%). Of the 40 patients, 7 had single vessel
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disease (i8%), 13 had 2 vessel disease (33%) and 20 (50%) had 3 vessel
disease.The angiographic ejection fraction in the whole population was 41 +
13%.

Hemodynamics: Dobutamine stress test was performed without serious
complications in any patient. Heart rate increase significantly from rest to peak
stress (72 + 13 vs 141 + 15 beats/min, p <0.0001); whereas systolic blood
pressure did not change significantly (126 + 23 vs 122 + 25 mm Hg). Angina
occurred in 28 patients (70%) and ST-segment depression in 15 patients (38%).

Dobutamine stress echocardiography: At baseline, a total of 186 severely
dyssynergic segments were detected in the 56 coronary artery regions. The
mean number of severely dyssynergic segments per region was 3.3 £+ 2.3
(range = 2 - 9 segments). Systolic thickening at low dose dobutamine occurred
in 25 of 134 akinetic segments (19%) and improved in 19 of 52 severely
hypokinetic segments (37%, p = 0.01). The viability pattern was observed in
21 of the 56 vascular territories (38%) in 17 of the 40 patients (43%). In the
entire population, wall motion score index decreased significantly from rest to
low dose dobutamine (1.96 + 0.37 vs 1.7 £+ (.35, p<0.001) and increased
significantly at high dose (2.24 £ 0.37, p<0.0001 vs resting value). Ischemia
was detected in 27 of the 56 vascular territories (48 %}.

Table 1. Diagnostic accuracy of low-dose dobutamine echocardiography for
the prediction of functional recovery of severely dyssynergic segments after
coronary artery bypass grafting,

SENS SPEC PPV NPV ACC
% 71 90 68 92 86
95% C.I 65-78 86-95 61-75 88-96 81-91

ACC = diagnostic accuracy; C.I. = confidence intervals; NPV = negative
predictive value; PPV = positive predictive value; SENS = sensitivity; SPEC
= gpecificity.

Follow-up data: Symptoms of angina improved in all patients after
revascularization. Regional improvement of ventricular function occurred in 42
of the 186 severely dyssynergic segments (23%). This was more frequent in
severely hypokinetic compared to akinetic segments: 18/52 (35%) vs 24/134
(18%), p = 0.01. Improvement occurred in 25 vascular territories (45 %) in 21
patients (53%). The distribution of viability pattern at low-dose dobutamine
echocardiography and functional improvement of severely dyssynergic segments
after revascularization is shown in figure I. Sensitivity, specificity, predictive
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value and accuracy of low-dose dobutamine stress echocardiography in the
prediction of post-revascularization improvement of severely dyssynergic
segiments arc given in table 1. In 28 patients who underwent high dose
dobutamine echocardiography after surgery, angina occurred only in 2 patients.
No patient developed ischemia at high dose dobutamine echocardiography in the
studied vascular territories. Coronary angiography was performed in 13 patients
(33%) after surgery and revealed no significant graft stenosis in the studied
regions in all patients.

Table 2. Regional echocardiographic data in myocardial areas with severe
dyssynergy in presence of occlusion or patency of the related coronary
artery.

Occluded arteries  Patent arteries p

(N = 38) (N = 18) value
WMSI at rest _ 2,74 + 0.39 272 £ 039 09
WMSI at low-dose dobutamine  2.51 + 0.46 2.49 + 0.44 0.8
WMSI at peak stress 2.96 + 0.45 289+ 043 0.6
Nr of dyssynergic segments 34+ 24 3.1 +£2.2 0.9
Prevalence of viability 14 (37%) 7 (39%) 0.9
Number of viable scgments 0.73 + 1.19 0.87 + 1.42 0.8
Viability index 0.26 + 0.39 024 + 030 0.8
Prevalence of ischemia 17 (45%) 10 (56%) 0.5
Functional recovery 16 (42%) 9 (50%) 0.6

0.78 £ 0.9 0.8
0.28 +£0.37 0.9

Number of recovered segments 0.7 + 1

Recovery index 0.24 + 0.35

WMSI = wall motion score index.

The effect of coronary artery patency on myocardial viability and functional

oufcorme.

There was no significant difference (Table 2} between myocardial
regions subtended by occluded and those with stenotic but patent coronary
arteries with regard to resting, low-dose and peak wall motions score indexes,
prevalence of ischemia, myocardial viability and functional recovery, number
of viable and recovered segments and indexes of viability and functional
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recovery (figure 2) . No significant correlation was found between percentage
diameter stenosis and viability index (r= - 0.12) or recovery index (r = - 0.18).

186 dyssynergic segments

H 1
+1DBE - LDDE

44 (24%) 142 (76%)
Functional recovery

+ + -

30(68%) 14{32%) 12 (8%} 130 (62%)

Figure 1. Flow-chart with the results of low-dose dobutamine
echocardiography (LDDE) for the detection of viability and the prediction of
functional recovery after revascularization.

The effect of the grade of coronary collateral circulation in_occluded arteries.

In myocardial regions subtended by occluded coronary arteries, there
was no significant difference in the previously mentioned parameters between
regions with different grades of coliaterals (table 3).

DISCUSSION

There is a growing evidence that patients. with chronic left ventricular
dysfunction late after acute myocardial infarction may have a variable amount
of viable myocardium in the infarct region which is amenable to improvement
after revascularization (3-6). Despite the evidence of favourable effect of infarct-
refated artery patency and collateral circulation on the functional outcome of the
infarct region in recent myocardial infarction (12-17), it is not known if such
favourable effects of these angiographic findings exist in patients with chronic
left ventricular dysfunction late after myocardial infarction,

The present study
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This is the first study which evaluates the influence of patency of
coronary arteries and the grade of collateral circulation on the functional
outcome of dyssynergic scgments after myocardial revascularization in patients
with chronic left ventricular dysfunction. Our results show that in patients with
left ventricular dysfunction late after acute myocardial infarction and significant
stenosis of coronary arteries subfending severely dyssynergic myocardium, the
prevalence and extent of both myocardial viability assessed by low dose
dobutamine and functional recovery after surgical revascularization are not
related to the severity of coronary stenosis in the related arteries. Similarly in
dyssynergic regions subtended by occiuded coronary arteries, the prevalence and
extent of both myocardial viability and functional recovery were not related to
the grade of collateral circulation. These angiographic findings could not
identify myocardial segments with a higher probability of functional recovery
following revascularization. In contrast, low-dose dobutamine echocardiography
could predict improvement of severely dyssynergic segments after
revascularization with a moderate sensitivity and a high specificity.

Occluded arteries Patant arteries
L N =38 0 N =18

6.40 |

230 |

0.20

010

0.00

viability index recovery index

Figure 2, Viability and recovery indexes in myocardial regions with severe
dyssynergy in presence of occlusion or patency of the related coronary artery.

Comparison with previous studies

Patency of the infarct-related artery and the presence of high grade
collateral circulation distal to an occluded coronary artery have been associated
with more favourable changes of left ventricular function and geometry after
acute myocardial infarction (12-17). It has been shown that in patients with
recent anterior myocardial infarction, the severity of the baseline residual
stenosis of the infarct related artery is an important predictor of change in left
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ventricular volumes in the first year after infarction. Total occlusion of the
infarct-related artery was associated with greater left ventricular dilatation and
functional impairment (15,16). Meijer et al. (17) reported that in patients with
anterior myoccardial infarction studied 3 months after acute anterior myocardial
infarction, ejection fraction improved in patients with patency of the infarct-
related artery but not in patients with reocclusion. They concluded that after
successful thrombolysis of acute myocardial infarction, reocclusion without
reinfarction withholds salvaged myocardium from regaining contractility with
deleterious consequences for regional and global left ventricular function and for
remodelling. Similarly, the presence of high grade collateral circulation was
associated with a significant reduction of infarct size and better segmental and
global left ventricular function (10,12,14). The lack of favourable effect of
coronary artery patency on the presence and extent of myocardial viability and
the functional outcome of dyssynergic segments after revascularization in our
study can be explained by the chronic nature of left ventricular dysfunction and
coronary angiographic findings in our patients studied at a mean of 4 4 5.3
years after infarction as opposed to patients with recent myocardial infarction.
In patients with recent infarction acute coronary occlusion results in left
veniricuiar dysfunction and evolutional changes of left ventricular function
which are dependent on myocardial flow after recanalisation by thrombolysis or
through collaterals to occluded arteries. Consequently, the amount of necrotic
and viable myocardium will vary according to the amount of myocardial flow
after the initial coronary occlusion (10,12,14). However, in patients with
chronic left ventricular dysfunction as in our study, the anatomic status of the
infarct related artery may not be representative of the status in the vulnerable
early phase of myocardial infarction. Coronary artery occlusion may have
developed gradually allowing for the development of adequate collateral
channels which may be visualised or not with routine angiography (18,19). This
gradual process of occlusion and collateralization may help to maintain adequate
blood flow to severely dyssynergic but viable myocardium which is capable of
functional recovery after complete revascularization. On the other hand, the
presence of a patent artery supplying a dyssynergic area in patients with chronic
left ventricular dysfunction does not mean necessarily that the artery was patent
in the early period following the infarction. Late recanalization of occluded
arteries may have occurred after the development of substantial myocardial
necrosis. Marzullo et al. (6) showed that in patients with regional left
ventricudar dysfunction studied 19 + 34 months after myocardial infarction,
resting coronary flow is equally reduced in viable compared to non viable
segments identified at positron emission tomography. However, coronary flow
reserve after dipyridamole adminstration was higher in viable segments and was
comparable to coronary flow reserve in segments with mild reduction of resting
perfusion. These data show that in patients with chronic left ventricular
dysfunction, the vasodilator reserve constitutes an important factor in
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maintaining myocardial viability rather than resting flow which is already
reduced in both viable and non viable dyssynergic regions. Finally, the selection
of patients with severe regional dyssynergy in our study would result in
exclusion of patients in whom the less severe residual coronary artery stenosis
resulted in considerable myocardial salvage and consequently they had normal
or mildly impaired regional left ventricular function.

Table 3. Regional echocardiographic data in myocardial areas with severe
dyssynergy subtended by occluded coronary arteries in presence of different
grades of angiographically visualised collateral circulation,

Grade | Grade 2 Grade 3

(N=7) (N = 10) (N = 2I)
WMSI at rest 276 £ 040 2.82 £ 031 2.66 £ 0.42
WMSI at LDD 2,57 + 046 2,60 4+ 0.50 2.34 + 0.52
WMSI at peak stress 3.01 + 47 3.07 +£ 0.49 2,85 1 0.41
Prevalence of viability 2 (29%) 4 (50%) 8 (38%)
Nr of viable segments 0.65 + 1.12 0.73 + 1.40 075 + l.6l
Viability index 023 +£ 039 0.26 £ 0.37 0.30 + 043
Prevalence of ischemia 3 (43%) 5 (50%) 9 (43%)
Functional recovery 2 (29%) 4 (50%) 10 (48%)
Nr of recovered segments g.61 £+ 1 0.80 + 093 071 + 1.15
Recovery index 0.20 + 0.35 029 + 042 0.23 £ 0.39

WMSI = wall motion score index.

The influence of coliaterat circulation to occluded arteries

We found that in patients with chronic left ventricular dysfunction and
occluded coronary arteries subtending regions with severe dyssynergy, the
grade of collaterals visualized by angiography was not related to the prevalence
or extent of myocardial viability assessed by low dose dobutamine
echocardiography. Di Carli et al. (5) reported similar findings in 42 patients
with chronic left ventricular dysfunction in myocardial regions subtended by
occluded corenary arteries undergoing positron emission tomographic imaging
for the assessment of myocardial viability. Sambuceti et al. (18) reported that
in 19 patients with angina and isolated occlusion of the left anterior descending
or left circumflex coronary artery who had no previous myocardial infarction,
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the angiographic score of collateral circulation was not associated with
differences in myocardial function or perfusion at baseline or during pacing.
However, a trend to a higher maximal blood flow after dipyridamole
adminstration and a higher coronary reserve was found in patients with than
without high grade collaterals. Our study is the first to demonstrate that the
prevaience and extent of post revascularization regional improvement of
dyssynergic segments subtended by occluded coronary arteries are not related
to the grade of the collateral circulation identified by routine angiography. This
may be explained by the fact that angiography can detect epicardial collateral
channels with a luminal diameter > 100 pm, while most of the subendocardial
and intramural channels may be as small as 20 um (19). Sabia et al. (20)
reported that in 33 patients with recent myocardial infarction and occluded
infarct-related artery, there was no significant correlation between angiographic
collateral garde and myocardial perfusion assessed by myocardial contrast
echocardiography, inferring the importance of small collateral circuits that can
not be visualized at angiography in maintaining myocardial perfusion in
myocardial regions with occluded coronary arteries.

These non visualized channels may keep adequate myocardial flow to prevent
permanent damage of the hibernating dyssynergic segments which might
improve after restoration of normal coronary flow with revascularization as
demonstrated in our study. In contrast to our findings and those reported by Di
Carli et al.(5), Marzullo et al. (6) found that non viable segments were more
likely to be perfused by an occluded vessel and less collateralized than viable
segments, However, the number of coronary arteries analyzed in that study was
small comprising 14 arteries of which 6 were patent.

Limitations of the study: Most of the analyzed myocardial regions were
subtended by occluded coronary arteries (68%). However, we did not select
patients on basis of the severity of coronary stenosis. This high prevalence of
occluded coronary arteries represents the severity of coronary artery disease in
a population selected for coronary artery bypass grafting. Among occluded
coronary segments, only few segments showed absent collaterals. This may be
explained by chronic ischemia in this symptomatic population allowing for the
development of high grade collaterlas in most of the occluded arteries. In the
study of Di Carli et al. (5), only 18% of occluded arteries subtending severely
dyssynergic regions had absent collateral circulation, which is similar to our
findings. Follow-up coronary angiography after coronary artery bypass grafling
was performed only in 33% of patients. However, adequacy of revascularization
of the analyzed segments is demonstrated by the abolition of ischemia and
angina during dobutamine stress echocardiography and symptomatic
improvement following coronary artery bypass grafting. Furthermore, the
parameters of myocardial viability at low-dose dobutamine were comparable in
regions with or without occluded coronary arteries.
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Conciusion

In patients with chronic left ventricular dysfunction following
myocardial infarction, the presence of iotal occlusion of coronary arteries
supplying severely dyssynergic regions does not imply a fower prevalence or
extent of myocardial viability or functional recovery following revascularization
even in absence of high grade collaterals visualized at angiography. The
potential benefit of revascularization of these segments is equivalent to that of
segments with patent coronary arteries. Independent on the severity of coronary
stenosis in these patients, noninvasive evaluation of myocardial viability using
techniques like low-dose dobutamine echocardiography is still reguired to
identify myocardial regions with high probability of functional recovery
following revascuiarization.
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SUMMARY AND CONCLUSIONS

Dobutamine stress testing is a safe, feasible and accurate method for the
diagnosis and functional assessment of coronary artery disease especially in
patients with limited exercise capacity (1-12). In patients with left ventricular
dysfunction, low-dose dobutamine echocardiography is a useful method for the
assessment of myocardial viability and the prediction of functional improvement
spontaneously (13,14) or after revascularization (15). In this work, the value of
various clectrocardiographic, echocardiographic and scintigraphic markers of
myocardial ischemia and viability was evaluated. Furthermore, we demonstrated
the value of dobutamine stress testing in particular clinical indications that have
not been previously assessed including symptomatic patients with previous
myocardial infarction and patients after coronary artery bypass surgery.

Dobutamine electrocardiography

Despite that a recent study disregarded the value of electrocardiographic
recordings during dobutamine stress testing and recommended to save the cost
of recording (16), our study underscores the value of electrocardiographic
observation during dobutamine stress testing for the detection of myocardial
viability and ischemia. The occurrence of ST-segment elevation during
dobutamine stress testing after a recent Q- wave myocardial infarction was
associated with a higher prevalence and extent of late functional improvement
of both regional and global left ventricufar function compared to patients without
ST-segment elevation {17). The accuracy of ST-segment elevation for the
prediction of late functional improvement was comparable to that of low-dose
dobutamine echocardiography in patients with anterior myocardial infarction and
in those who underwent myocardial revascularization. Similarly, in patients with
recent Q wave myocardial infarction, T-wave normalization at low-dose
dobutamine was associated with echocardiographic markers of myocardial
viability and improved the accuracy of low-dose dobutamine echocardiography
for the prediction of sponfaneous improvement of regional left ventricular
function (18).

The value of some electrocardiographic changes induced by dobutamine
in the diagnosis and assessment of the severity of myocardial ischemia has been
investigated. The significance of exercise-induced T-wave normalization is
controversial (19,20). Most of the previous studies were performed in a
heterogenous population. Our study indicates that in patients with non Q-wave
myocardial infarction and negative T-waves undergoing dobutamine stress
testing for evaluation of myocardial ischemia, the prevalence of ischemia
assessed by myocardial perfusion scintigraphy and echocardiography was
significantly higher in patients with than without T-wave normalization. This
unique electrocardiographic finding has a moderate accuracy for the diagnosis
of ischemia in this selected patient population (21}.
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In patients without previous myocardial infarction, dobutamine-induced
ST-segment clevation was a specific marker of ischemia on echocardiography
and myocardial perfusion scintigraphy. Although this finding was uncommon in
patients without previous myocardial infarction, it was associated with more
severe ischemia in this small group of patients compared to patients who had
ischemia without ST-segment elevation (22).

Similarly, we have demonstrated that in patients with coronary artery
disease and transient wall motion abnormalities during dobutamine stress
echocardiography, the occurrence of ST-segment depression is associated with
more severe ischemia in myocardial segment with normal baseline contraction
(23).

While these electrocardiographic findings do not always provide
additional data to those obtained by simultaneous imaging techniques, they may
be of greater interest in presence of equivocal changes or subopitmal imaging
quality.

Particular aspects in the detection of myocardial ischemia in patients with
myocardial infarction

The detection of significant coronary stenosis of the infarct related
artery on basis of inducible ischemia is important to clarify the relationship
between the patient’ symptoms and myocardial ischemia and to predict
improvement of symptoms after revascularization. Unfortunately the
echocardiographic detection of additional wail motion abnormalities may be
limited by the pre-existence of resting wall motion abnormalities. It has been
suggested that myocardial perfusion scintigraphy should be preferred to
echocardiography in patients with previous myocardial infarction (2). Our study
shows that while the sensitivity of echocardiography is fower in regions with
severe compated to mild and moderate wall motion abnormalities, the sensitivity
was similar in normal myocardial regions compared to those with severe wall
motion abnormalities. The presence of regional wall motion abnormalities was
not particularly related to a false negative study. Additionally, the sensitivity of
dobutamine stress echocardiography for detecting remote and infarct-related
coronary artery stenosis was similar. Thus, we demonstrated a good overall
accuracy of dobutamine stress echocardiography in patients after myocardial
infarction with similar regional accuracy in infarct and remote segments,

Similarly, dobutamine thallium scintigraphy had a good accuracy for
detecting coronary artery disease on basis of reversible hypoperfusion in this
population. The severity of fixed perfusion abnormalities was a limiting factor
for detecting infarci-refated artery stenosis only in the Ieft circunflex and right
coronary artery territories, probably due to a larger myocardial mass in the left
anterior descending coronary artery territories which tend to maintain an
adequate normal myocardial mass functioning as a substrate for ischemia.
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An interesting finding of our study in patients with previous myocardial
infarction undergoing dobutamine stress testing is that left ventricular function
at rest is a powerful predictor of systolic blood pressure response to high-dose
dobutamine as opposed to the findings of previous studies in a heterogenous
population which failed to detect a difference in functional abnormalities with
or without dobutamine-induced hypotension (24,25). This may be explained by
the low likelihood of developing cavitary obstruction in patients with left
ventricular dysfunction in contrast to patients with normal left ventricle who
may develop hypotension due to marked increase of contractility and cavity
obliteration during dobutamine infusion.

Additiona! values of sequential changes of contractility from low te high

dose dobutamine

The classic timing of echocardiographic assessment of myocardial
viability and ischemia is at low and high dose dobutamine echocardiography
respectively. In this study we have demonstrated that observation of contractile
response of akinetic segments at both low and high dose dobutamine may
provide additional data regarding myocardial ischemia and viability that cannot
be obtained by one stage assessment. Akinetic segments exhibiting a biphasic
response, defined as improvement at low-dose, followed by worsening at high
dose dobutamine demonsirated the highest prevalence of ischemia assessed by
simultaneous thallinm SPECT imaging (26). This observation may help to
improve the sensitivity of dobutamine stress echocardiography for the detection
of functionally significant coronary artery disease in patients with myocardial
infarction,

The phenomenon of akinesis becoming dyskinesis at high dose
dobutamine stress echocardiography has been disregarded as a marker of
myocardial ischemia in absence of improvement of thickening at low-dose
dobutamine (27). In this work we demonstrated that this pattern is constantly
associated with absence of echocardiographic signs of viability at low dose
dobutamine as well as absence of functional improvement after surgical
revascularization (28). The negative predictive value of low-dose dobutamine
echocardiography for post-operative functional improvement was significantly
higher in akinetic segments with than without dyskinesis at peak stress. Thus,
2 stages assessment of viability in this setting provided additional data to those
obtained only at low-dose stage.

Combination of ischemic markers as a predictor of more severe ischemia
In patients with coronary artery discase and inducible ischemia during
dobutamine stress echocardiography or myocardial perfusion scintigraphy, the
absence of angina pectoris during the test may be interpreted as an indictor of
less severe functional abnormalities. In our study we demonstrated that in
patients with anatomically and functionally significant coronary artery disease,
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the extent and severity of myocardial ischemia are not different with or without
angina during dobutamine stress test (23,29). Consequently, in patients with a
positive echocardiographic or scintigraphic test for ischemia, it would be
inappropriate to underestimate the severity of myocardial ischemia in absence
of inducible angina.

The significance of a negative dobutamine stress echocardiographic
study for ischemia in patients with coronary artery disease and reversible
perfusion defects on simultaneous myocardial perfusion scintigraphy has not
been investigated. Theoretically this may imply that ischemia was not of enough
severity to provoke left ventricular dysfunction. Our study shows that in patients
with coronary artery disease and reversible perfusion defects on dobutamine
MIBI SPECT, the extent and severity of reversible hypoperfusion and
presumably myocardial ischemia are not different with or without transient wall
motion abnormalities (30). A negative echocardiographic study in this
population was more common in females and was associated with a lower peak
rate pressure product. This confirms the lower sensitivity of echocardiography
compared to myocardial perfusion scintigraphy in submaximal stress tests and
can be explained by the late occurrence of mechanical dysfunction following
impairment of perfusion in the ischemic cascade (31). The clinical implication
of this study is that MIBI imaging may be required in patients undergoing
dobutamine stress echocardiography in whom the test ends at submaximal level
without evidence of myocardial ischemia.

CONCLUSIONS

1) Dobutamine stress echocardiography is an accurate, safe and relatively cheap
method for the diagnosis of significant coronary artery disease and the
assessment of myocardial viability in patients with left ventricular dysfunction.

2} Dobutamine perfusion scintigraphy may be recommended in conjunction with
negative submaximal dobutamine echocardiographic studies.

3) The absence of symptoms during a positive dobutamine echocardiographic or
scintigraphic study in patients with coronary artery disease should be
disregarded as a marker of less severe ischemia.

4) Observation of contractile response of akinetic segments at both low and high
dose dobutamine echocardiography provides additional data regarding
myccardial ischemia and viability that cannot be obtained by evaluation of only
one stage.

5) Dobutamine stress echocardiography is an accurate method for the diagnosis
of coronary artery disease in symptomatic patients after myocardial infarction,
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with comparable sensitivity for the detection of remote and infarct-related artery
stenosis,

6) Left ventricular function after myocardial infarction is a powerful predictor
of systolic blood pressure response to high dose dobutamine stress test,

7) Electrocardiographic changes during dobutamine stress test can provide
important clues regarding the presence and extent of both myocardial ischemia
and viability in patients with coronary artery disease. -
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SAMENVATTING EN CONCLUSIES

De dobutamine stress test is een veilige en geschikte methode voor
de diagnose en funktionele inschatting van coronairlijden, in het bijzonder
bij patiénten met een onvoldoende inspanningstolerantie. Ook bij patiénten
met een doorgemaakt hartinfarct heeft de test waarde voor het inschatten
van de¢ uitgebreidheid van het coronairlijden. Bij patiénten met cen
gestoorde  hartspier functie in rust, is lage dosis dobutamine
echocardiografie een nuttige methode voor de bepaling van hartspier
vitaliteit en de voorspelling van herstel van funktie. Bij hartspierdelen die
stilstaan (akinetisch) is zowel stress met lage als hoge dosis dobutamine
essenticel voor de diagnostiek van ischemie en vitaliteit. Indien de
dobutamine echocardiografische studie normaal is, maar de stress
submaximaal, wordt perfusie scintigrafie aanbevolen.

De afwezigheid van typische druk op de borst tijdens een positieve
dobutamine test is niet gerelateerd aan minder zuurstoftekort van het hart,
Electrocardiografische veranderingen tijdens de dobutamine test kunnen
belangrijke aanwijzingen pgeven betreffende de aanwezigheid en
uitgebreidheid van zuurstoftekort en vitaliteit van de hartspier.
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