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Introduction and objectives. To investigate negative
contractile responses in the left ventricle during low-
dose dobutamine (LDD) gated single-photon emission
computed tomography (SPECT) in patients with ischemic
cardiomyopathy.

Methods. Sixty-eight consecutive patients (mean age,
60 [11] years; 7 male) with ischemic cardiomyopathy (ie, left
ventricular ejection fraction [LVEF] <40%) were evaluated
using gated-SPECT at rest and during LDD infusion.
Associations between a negative contractile reserve (ie, a
>1-grade improvement in wall thickening score with LDD
infusion) and scintigraphic viability criteria and coronary
angiography findings were analyzed.

Results. Some 42.6% (29/68) of patients had a negative
contractile reserve in one or more segments. In 14.7%
(n=10), the LVEF decreased by >4% with LDD. These
patients had more segments with a negative contractile
reserve (2.8 [2.5] vs 0.87 [0.40]; P=.042), and the cut-off
value on receiver operating characteristic curve analysis
was >2 segments with a negative contractile reserve
(sensitivity 70%, specificity 74%, positive likelihood ratio
2.71, negative likelihood ratio, 0.40). Some 94% (74/79)
of segments with a negative contractile reserve were in
viable myocardium (ie, normal or viable on scintigraphy).
Twelve of 17 segments with akinesia or severe hypokinesia
and a negative contractile reserve satisfied scintigraphic
viability criteria, with the majority (10/12) lying in territories
supplied by a patent coronary artery.

Conclusions. A negative contractile reserve was not
uncommon in patients with ischemic cardiomyopathy and
was associated with a general decrease in left ventricular
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systolic function. It was observed mainly in myocardial
segments that appeared viable on scintigraphy and were
supplied by a patent coronary artery.
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Reserva contractil negativa con bajas

dosis de dobutamina en los pacientes con
miocardiopatia isquémica estudiados mediante
gated-SPECT de perfusion miocardica

Introduccién y objetivos. Analizar la respuesta con-
tractil negativa (RCN) del ventriculo izquierdo (VI) en la
gated-SPECT con bajas dosis de dobutamina (BDD) en
pacientes con miocardiopatia isquémica (Ml).

Métodos. Se estudid prospectivamente a 68 pacientes
(media de edad, 60 + 11 afios; 7 mujeres) con Ml me-
diante gated-SPECT en reposo y durante la infusion de
BDD. Se relacioné la RCN (aumento de la puntuacién del
engrosamiento >1 unidad) con los criterios gammagrafi-
cos de viabilidad y los resultados de la coronariografia.

Resultados. El 42,6% (29/68) de los pacientes presen-
t6 uno o mas segmentos con RCN. En el 14,7% (n = 10)
de los pacientes se observé una disminucién de la frac-
cion de eyeccién > 4% con las BDD. Estos pacientes se
caracterizaron por tener un mayor nimero de segmentos
con RCN (2,8 = 2,5 frente a 0,87 + 0,4; p = 0,042), con un
valor de corte en el analisis de curva ROC >2 segmentos
con RCN (sensibilidad, 70%; especificidad, 74%; +LR,
2,71; -LR, 0,40). El 94% (74/79) de los segmentos con
RCN correspondia a miocardio vivo (normal o viable ga-
mmagraficamente). De los 17 segmentos con acinesia o
hipocinesia severa y RCN, 12 (71%) tenian criterios gam-
magraficos de viabilidad y en su mayoria (10/12) corres-
pondian a territorios con arteria coronaria abierta.

Conclusiones. La RCN no es un fenémeno infre-
cuente en los pacientes con Ml y se relaciona con una
disminucion de la funcién sistélica general del VI. Ma-
yoritariamente se observa en segmentos con criterios ga-
mmagraficos de viabilidad y dependientes de una arteria
coronaria abierta.
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ABBREVIATIONS

CX: left circumflex artery

EF: gjection fraction

IC: ischemic cardiomyopathy

LAD: left anterior descending artery

LDD: low-dose dobutamine

LV: left ventricle

NCR: negative contractile response

RCA: right coronary artery

SPECT: single-photon emission computed
tomography

INTRODUCTION

The noninvasive assessment of left ventricular
contractile reserve is relevant to the clinical
management of patients with ischemic heart
disease and systolic dysfunction. Conventional
imaging techniques that assess contractile reserve
include  echocardiography,'®  gated-SPECT,*8
magnetic resonance imaging'®? and, less frequently,
cardiac computerized tomography? and cardiac
catheterization? with low-dose dobutamine (LDD)
infusion. At low doses, dobutamine can increase
contractility without inducing ischemia. In clinical
practice, the results of these tests provide relevant data
that can influence decisions regarding treatment.

The analysis of left ventricular contractile reserve
normally focuses on assessing improvements in
myocardial wall thickening or contractility using
LDD infusion or a biphasic response during
echocardiography as indicators of myocardial
viability. In general, less attention is paid to the
segments in which contractility decreases with LDD
(negative contractile response [NCR]). The aim
of this study was to analyze, using gated-SPECT
myocardial perfusion with LDD, the decrease in left
ventricle (LV) wall segment thickeningin patients with
ischemic cardiomyopathy (IC) and its relationship
to overall left ventricular systolic function, with
evidence of viability provided by scintigraphy and
with normal coronary anatomy.

METHODS
Patients

A total of 68 consecutive patients <75 years of
age with a diagnosis of IC were assessed using gated-
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SPECT myocardial perfusion at rest and during
LDD infusion. The patients were recruited from
8 hospitals and, at the discretion of their clinical
cardiologist, underwent gated-SPECT at rest for the
myocardial viability study. The images were sent to
a Centralized Imaging Unit for analysis. Ischemic
cardiomyopathy was defined as confirmed coronary
artery disease using contrast-enhanced coronary
angiography, with LVEF <40% during gated-SPECT
myocardial perfusion at rest, and in the absence of
other heart disease.?® Exclusion criteria were previous
coronary revascularization, cardiac pacemakers, and
the presence of any other disease with poor short-
term prognosis.

Design

The patients who had been assessed using gated-
SPECT myocardial perfusion and fulfilled the
selection criteria were given a new appointment and,
after obtaining signed informed consent in each
center within 10 days of the previous test, underwent
gated-SPECT at rest using LDD and under uniform
image acquisition protocols at each center. Image
interpretation and statistical tests were conducted in
the imaging unit of the coordinating center whose
ethical committee had approved the study.

Gated-SPECT Using Low-Dose Dobutamine

First, a dose of 740 MBq to 925 MBq
PTc-tetrofosmin was injected at rest, and images
acquired at rest 30 min later. Next, 5 pg/kg/min
dobutamine was infused over 3 min. The dobutamine
dose was increased to 7.5 pg/kg/min at the same time
as a second gated-SPECT?* acquisition procedure
was conducted over 11 min, with continuous ECG
monitoring and blood pressure checked every
3 min. Images were acquired using gamma cameras
equipped with a high-resolution collimator, following
a semi-circular orbit starting in the 30° right anterior
oblique view with image capture every 3° until a 180°
turn was completed in the left posterior oblique view.
A 5th-order Butterworth filter at a cutoff frequency
of 0.4 was used for image reconstruction. The images
were obtained in short axis, horizontal long axis, and
vertical long axis.

The LV was divided into 17 segments,” and a
score was assigned to each one according to its
degree of perfusion (0 = normal perfusion; 1 =
mild hypoperfusion; 2 = moderate hypoperfusion;
3 = severe hypoperfusion; and 4 = no perfusion).?
Two blinded observers made a semiquantitative
analysis of each segment, assigning scores for both
contractility and wall thickening (0 = normal;

= mild reduction; 2 = moderate reduction; 3 =
severe reduction; and 4 = none).?3*
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Figure 1. Gated-SPECT myocardial perfusion. Example of negative contractile reserve in the antero-septo-apical region during low-dose dobutamine (LDD)
infusion. A decrease can be seen between rest (R) and LDD infusion in thickening and contractility of the antero-apical region (arrows), together with a
decreased ejection fraction of 4%. ANT indicates anterior; D, diastole; EC, short axis; ELH, horizontal long axis; ELV, vertical long axis; ENGR, polar map of

thickening; INF, inferior; PERF, polar map of perfusion; S, systole.

Segments were considered as viable on scintigraphy
when they had a grade 3-4 contractility score and a
grade 0, 1, or 2 perfusion score or when they had some
baseline wall thickening or grades 0, 1, and 2 with
LDD. A segment was considered contractile-reserve
negative when the wall thickening score increased
by 21 unit (Figure 1) during LDD infusion. The
anterior, septal and apical segments (1, 2, 7, 8, 13,
14, 17) were assigned to the left anterior descending
coronary artery (LAD); the lower segments (3, 4,
9, 10, and 15) to the right coronary artery (RCA);
and the lateral segments (5, 6, 11, 12, 16) to the left
circumflex artery.?

Left ventricle ejection fraction and ventricular
volumes (end-systolic volume [ESV] and end-diastolic
volume [EDV]) during gated-SPECT at rest and during
LDD infusion were measured using quantitative gated-
SPECT methodology.?® Inter-observer variability for
LVEF assessed by gated-SPECT was 0.5 (2.6) points
for LVEF as assessed in the imaging unit where these
calculations were performed.?’

Coronary Angiography

In total, 68 patients were evaluated using contrast-
enhanced coronary angiography. This was performed
using one of the 2 Philips systems, either the
Optimus M200 (biplane) or Integris (monoplane).
In all cases, a field of view of 17.8 cm was used. The
observer visually assessed coronary stenosis and this

assessment was confirmed by another interventional
cardiologist. Significant coronary stenosis was
considered present when this was >50% in any of the
3 main coronary vessels (LAD, CX, and RCA) and
in the left main coronary artery. The coronary artery
was considered open or non-occluded when stenosis
was <100%.

Statistical Analysis

Discrete variables are expressed as percentages and
continuous variables as means (standard deviation).
The y? test was used to compare 2 independent
discrete variables; when the number of expected
values in one or more boxes in the contingency table
was <5, Fisher’s exact test was used. The Student ¢
test for independent samples was used to compare
independent continuous variables; if the number
of subjects was <30, the Mann-Whitney test was
used. The cut-off value for the number of segments
with NCR able to cause a decrease in LVEF >3%
was determined by analysis of the receiver operating
characteristic (ROC) curves. The association between
the decrease in LVEF (dependent variable) and
the number of segments with NCR (independent
variable) in each coronary territory was assessed by
linear regression analysis adjusted for LVEF and
resting volumes, age, and sex (ENTER method). The
following variables were introduced into the model:
NCR of the region under study, LVEF at rest, EDV
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at rest, ESV at rest, age, and sex. All the variables
were analyzed using the SPSS software package
(SPSS, version 15, Chicago, IL, USA). A P value of
<.05 was used as a cutoff for statistical significance.

RESULTS

The clinical characteristics of the 68 patients
studied are shown in Table 1. No type of clinical,
hemodynamic, or electrocardiographic complication
was observed during LDD infusion. In total, 42.6%
(29/68) of the patients presented one or more
segments with NCR. The prevalence of segments
with NCR during LDD infusion was 6.8% (79/1156
segments), corresponding to 6.9% (33/476) of the
segments supplied by the LAD, 9.1% (31/340) of the
segments supplied by the RCA, and 4.4% (15/340) of
the segments supplied by the CX. All the segments
with akinesia or severe hypokinesia (n=476) were
segments with a grade 3-4 wall thickening score.
The prevalence of NCR in these segments was 3.6%
(17/476).

TABLE 1. Clinical, Scintigraphic, and Coronary
Angiographic Characteristics of the Patients
at the Time Inclusion in the Study

Age, mean (SD), y 60 (11.6)
Sex (women) 7(10.3)
Hypertension 38 (55.9)
Diabetes mellitus 22 (32.4)
Smokers 43 (63.2)
Hypercholesterolemia 40 (58.8)
Previous infarction 64 (94.1)
Anterior infarction 50 (73.5)
Inferior infarction 14 (20.6)
CCS class I-1l angina 9(13.2)
CCS class llI-IV angina 3(4.4)
NYHA class I-Il dyspnea 19 (27.9)
NYHA class IlI-IV dyspnea 8(11.8)
Beta-blockers 35(51.9)
Calcium channel blockers 4(5.9)
ACEI or ARA-II 36 (52.4)
Nitrites 20 (29.4)
Gated-SPECT, mean (SD)
LVEF, % 30.5(8.5)
EDV, mL 193 (68)
ESV, mL 138 (61)
SPS at rest 27.7(9.2)
STS at rest 31.2(14.7)
Coronary angiography
Occluded LAD 22 (32.4)
Occluded CX 6(8.8)
Occluded RCA 14 (20.6)

ACEI indicates angiotensin-conversion enzyme inhibitors; ARA-Il, angiotensin I
receptor antagonists; CCS, Canadian Cardiovascular Society; CX, left coronary
circumflex artery; LAD, left anterior descending coronary artery; NYHA, New York
Heart Association; RCA, right coronary artery; SPS, summed perfusion score; STS,
summed thickening score.

Data are expressed as n (%) or mean (standard deviation).
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Figure 2. Determination of the cut-off value of the number of segments
with negative contractile response (NCR) for a decrease in ejection fraction
>4% by analysis of receiver operating characteristic curves.

Negative Contractile Response and Overall
Left Ventricular Systolic Function

The ROC curve analysis indicated a cutoff value
of >2 segments with NCR for a 1-point decrease in
LVEF 24% (sensitivity, 70%; confidence interval [CI],
34.8-93; specificity, 74,14% [61%-84.7%)]; positive
likelihood ratio = 2.71; negative likelihood ratio
= 0.40) (Figure 2). During LDD infusion, 35.3%
(n=24) of the patients presented an increase in LVEF
<4%, and 14.7% (n=10) of the patients presented a
decrease in LVEF >4%. No clinical differences were
observed between the patients with and without a
decrease in LVEF >4% (Table 2).

A linear, negative and significant association
(adjusted for LVEF and resting volume, age, and sex)
was observed between the number of segments with
NCR in the territory of the LAD (=-1.98; 95% CI,
-3.19t0 -0.75; P=.002; ANOVA, F = 5.500; P<.001;
r’=0.4) and the RCA (B=-1.98; 95% CI, -3.21 to
—0.698; P=.003; ANOVA, F = 5.296; P<.001; r>=0.4)
in relation to the decrease in LVEF.

The patients with a decreased LVEF >4% had a
significantly greater number of segments with NCR
(2.812.5] vs 0.87[0.4]; P=.042). A significant increase
in ESV was observed in the patients with a decreased
LVEF >4% during LDD infusion, as well as a greater
number of patients with >2 segments with NCR
(Table 3).

Negative Contractile Response and Viability
on Scintigraphy

During LDD infusion, greater NCR was observed
in patients with baseline grade 0-2 wall thickening



Candell-Riera J et al. Negative Contractile Reserve in Gated SPECT

TABLE 2. Clinical Characteristics of the Patients With and Without a Decrease in LVEF >4%

Variables Decreased LVEF >4% (n=10) At Rest (n=58) P

Age, mean (SD), y 60 (11.6) 61(9.4) .386
Sex (women) 1(10) 6(10.3) 974
Hypertension 5 (50) 33(57.8) .642
Diabetes mellitus 2 (20) 20 (35) .349
Smokers 5(50) 38 (66.5) 311
Hypercholesterolemia 5 (50) 35 (61) 498
Previous infarction 9 (90) 55 (94.8) .84

Anterior infarction 7(70) 43 (74.1) .87

Inferior infarction 2 (20) 12 (20.7) .678
CCS class I-1l angina 1(10) 8(13.8) 744
CCS class llI-IV angina 1(10) 8(13.8) .201
NYHA class I-Il dyspnea 2 (20) 17 (29.3) 714
NYHA class lll-IV dyspnea 1(10) 7(12.1) .851
Beta-blockers 6 (60) 29 (50.8) .736
Ca++ channel blockers 1(10) 3(5.2) 485
ACEI or ARA-II 7(70) 29 (50.7) 320
Nitrites 4 (40) 16 (28) 470

ACEI indicates angiotensin-conversion enzyme inhibitors; ARA-Il, angiotensin Il receptor antagonists; CCS, Canadian Cardiovascular Society; NYHA, New York Heart

Association.
Data are expressed as n (%) or mean (standard deviation).

TABLE 3. Characteristics of Gated-SPECT and Coronary Angiography in Patients With and Without a Decrease in

LVEF >4%
Without a Decrease in LVEF >4% (n=58) With a Decrease in LVEF >4% (n=10) P
Gated-SPECT with LDD
AESV, mean (SD), mL —7.58 (20) 9.3 (20) .024
AEDV, mean (SD), mL —0.96 (26.8) -3.4(27.5) .652
>2 segments with NCR 15(25.9) 7(70) .010
Coronary angiography
Number of patent arteries 2. 41 (0.7) 2.2 (0.63) .37
Patent LAD 41 (70.7) 5(50) 274
Patent RCA 46 (79.3) 8 (80) .96
Patent CX 53(91.4) 9(90) .97

CX indicates left circumflex artery; LAD, left anterior descending artery; NCR, negative response contractile; RCA, right coronary artery; AEDV, end-diastolic volume difference

(dobutamine-rest); AESV, end-systolic volume difference (dobutamine-rest).
Data are expressed as n (%) or mean (standard deviation).

compared to the segments with grade 3 wall
thickening (16.43% vs 3.5%, respectively; difference,
16.9%; 95% CI, 5.8-20.7; x*=11.286; P<.001).

A total of 40.9% (195/476) of the segments with
severely decreased wall thickening (grade 3-4) in the
baseline study corresponded to segments appearing
viable on scintigraphy, since they presented grade 0-2
perfusion in the baseline images (Figure 3).

Of the 79 segments with NCR, 17 (21.5%)
corresponded to segments with akinesia or severe
hypokinesia, in which viability had to be studied. In
total, 70.6% (12/17) of these were viable according
to a perfusion score ranging from 0 to 2. The
remaining 62 segments with NCR were located
in regions which did not undergo a myocardial
viability assessment, since under baseline conditions
they presented normal perfusion or thickening or a
mild-to-moderate decrease. Thus, 93.7% (74/79) of

the segments with NCR were associated with live
myocardium (normal or viable), since only 6.3%
(5/79) of the segments with NCR had scintigraphic
signs of necrosis, defined as grade 4 perfusion plus
grade 3-4 wall thickening (Figure 3).

Negative Contractile Response and Coronary
Angiography

In total, 22.1% (15/68) of LAD presented ostial or
proximal occlusion and 10.3% (7/68), medial or distal
occlusion. Some 64.5% (21/33) of the anteroseptal
segments with NCR were supplied by a patent LAD.
Of the RCA segments, 10.3% (7/68) presented ostial
or proximal occlusions and 10.3% (7/68) medial or
distal occlusions. Some 87% (27/31) of the segments
with NCR were supplied by a patent RCA, and 2.9%
(2/68) of CX presented ostial or proximal occlusions
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Segments
n=1156
Perfusion 0-2 Perfusion 3-4
n=753 (65.1%) n=403 (34.9%)
Thickening 0-2 Thickening 3 Thickening 4 Thickening 0-2 Thickening 3 Thickening 4
n=558 (74.1%) n=195 (25.9%) n=0 n=122 (30.3%)* n=142 (35.2%) n=139 (34.5%)
RCN RCN RCN RCN
n=42 (7.5%) n=12 (6.2%) n=20 (16.4%) n=5 (3.5%)

Figure 3. Flow chart of the 1156 segments associated with baseline perfusion, baseline thickening and negative contractile reserve (NCR). *All the segments

had a baseline thickening score of 2.

and 5.9% (4/68) presented medial or distal occlusions.
The CX was patent in 100% (15/15) of the segments
with NCR in territories supplied by this artery.

Of the 12 viable segments with NCR, 83.3% (10/12)
were associated with a patent coronary artery; 3 were
in the territory of the LAD (all supplied by a patent
artery), 7 in the territory of the RCA (5 with a patent
artery), and 2 in the territory of the CX (both with
a patent artery).

DISCUSSION

The segmental analysis of systolic thickening and
left ventricular segmental contractility is complex.
Generally, contractile reserve—segmentary or
overall—is assessed during dobutamine infusion and
it can be observed that some segments can respond
with an increase, a decrease, or no change in wall
thickening.”* To date, echocardiographic,'” nuclear
cardiology,®!® and magnetic resonance imaging
studies'? have highlighted positive contractile
reserve as a synonym of myocardial viability. On
the other hand, the significance of a deterioration
in segmental systolic function or NCR due to an
inotropic stimulus, which can significantly influence
the decrease in LVEF, has received little attention.

This study investigated NCR in a population
of patients with IC using gated-SPECT at rest to
assess myocardial viability for medical reasons. The
first and striking finding was that the prevalence of
patients with 1 or more segments with NCR was
42.6%. Overall, 6.8% of the segments presented
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this type of response, a similar percentage to that
reported in an echocardiography study.!’

In 14.7% of patients, LVEF decreased by >4%, a
lower percentage than that found in other series (26%-
31.2%), although these studies included patients
with LVEF >50%.%12 The patients with a decrease
in LVEF of this magnitude were characterized by
having more segments with NCR and a greater
increase in end-systolic volume.

Another important finding to bear in mind is
that the majority of the segments with NCR
(93.6%) were in live myocardium (normal or viable
on scintigraphy). On the other hand, most of the
segments with akinesia or severe hypokinesia and
NCR appeared viable on scintigraphy and were
supplied by a patent coronary artery. The response
of the cardiac muscle to an inotropic stimulus is
due to a combination of different mechanisms; for
example, parietal stress, the tethering effect,?® high-
energy phosphate concentrations, the number of
normal segments that surround the area with changes
in contractility,” and receptor response.* However,
the mechanisms with the greatest influence on the
negative response are parietal stress, the tethering
effect and intracellular high-energy phosphate
concentrations.

The NCR mechanisms underlying the segments
assessed via LDD-SPECT imaging in our series
may not be the same as those which induce NCR
using high-dose dobutamine (biphasic response)
in echocardiographic studies, since the negative
component of the biphasic contractile response may



be caused by ischemia during high-dose dobutamine
infusion.? Despite this, both responses are negative
and have an impact on ventricular function.

Positron emission tomography (PET) studies have
shown that the contractile response is always lower
in segments with severe perfusion abnormalities at
baseline.’! Our results show that the prevalence of
NCR is also slightly lower when there are severe
perfusion abnormalities on baseline SPECT imaging.
These observations may indicate that as myocardial
damage increases, a contractile response, whether
positive (improvement) or negative (deterioration),
is less likely.

Another relevant finding of this study is the
association between segments with NCR and the
patency of their respective coronary artery. Although
TIMI flow and collateral circulation grades were not
assessed, the fact that the majority of the segments
did not have severely compromised wall thickening
at baseline plus the presence of a patent coronary
artery could be an indirect indicator of persistent
coronary flow and myocardial viability.

Limitations

The number of patients included in this series was
low, but it should be borne in mind that the number
of patients with IC who undergo LDD gated-
SPECT at rest for medical reasons in a single center
is limited. For this reason, 8 hospitals participated
and followed the same methodology. To keep inter-
observer variation in interpreting the results to the
minimum, all images were analyzed in a centralized
imaging unit.

The criterion for a decrease in LVEF >4% may seem
arbitrary, but was this was agreed on after analyzing
the best cutoff point on ROC curves, as described.
This cutoff point appears to be clinically relevant
and is similar to the one used in other series.!>?’

The lack of data on the collateral circulation,
distal bed and TIMI flow grade is a limitation of the
present study, since this data could have contributed
additional information to the complex interpretation
of the effect of LDD infusion. In any case, Barilla
et al*? found that the recovery of contractility of
dysfunctional viable myocardium supplied by
occluded arteries during inotropic stimulation with
LDD does not depend on increased coronary blood
flow, and even occurs in the absence of collateral
circulation.

This study does not provide data on exercise
SPECT, which would have provided information on
the possible presence of ischemia using LDD in the
segments with NCR. However, Melon et al** have
already demonstrated that the infusion of 10 pg/
kg/min dobutamine can cause ischemia in regions
irrigated by severely stenotic arteries.
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It should also be highlighted that the low number
of patients (n=10) in one of the groups could have
led to extreme and nonrobust results, and so they
should be verified with a larger number of patients.

CONCLUSIONS

A negative contractile reserve on gated-SPECT at
rest using LDD was not uncommon in patients with
IC and was associated with a decrease in overall LV
systolic function. It was mainly observed in segments
meeting scintigraphic criteria of viability and that
were supplied by a patent coronary artery. The
majority of the segments with severe contractile
dysfunction and NCR appeared viable on scintigraphy
and were supplied by patent coronary arteries.
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