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Introduction and objective. To assess the reliability of
early analysis of the most frequently used cardiac magne-
tic resonance (CMR)-derived indexes for predicting systo-
lic function recovery and ventricular remodeling in pa-
tients after a first acute myocardial infarction with a patent
culprit artery.

Patients and method. 17 patients were studied with an
initial CMR protocol that included regional assessment of
wall thickness and wall thickening, low-dose dobutamine
response, first-pass gadolinium myocardial perfusion ima-
ging and delayed enhancement. These results were com-
pared with those obtained for segmental and global func-
tion in a second CMR study 6 months later.

Results. Of the 272 myocardial segments evaluated in
the initial study, 73 showed severe systolic dysfunction.
The findings were used to calculate sensitivity and specifi-
city of each of the indexes mentioned above for predicting
myocardial viability. The sensitivities and specificities for
each index were wall thickness =5.5 mm, 100% and 12%;
low-dose dobutamine response, 41% and 93%; normal
myocardial perfusion, 78% and 68%; delayed enhance-
ment, 81% and 95%. Multivariate analysis showed that de-
layed enhancement was the only independent predictor of
contractility (r=—0.83, P=.0001), ventricular volumes (end-
diastolic: r=0.61, P=.009, end-systolic: r=0.67, P=.003)
and ejection fraction (r=—0.73, P=.001) at 6 months.

Conclusions. Delayed enhancement seen in CMR is a
reliable, quantifiable index for predicting recovery of sys-
tolic function and ventricular remodeling in patients after a
first infarction with a patent culprit artery.
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Fiabilidad de los indices de viabilidad miocardica

por resonancia magnética para predecir la mejoria
de la funcion sistélica en pacientes con un primer
infarto reciente y arteria abierta

Introduccidn y objetivo. Analizar la fiabilidad del ana-
lisis precoz de los indices mas ampliamente utilizados en
resonancia magnética cardiaca (RMC) para predecir la
recuperacién de la funcién sistélica y el remodelado ven-
tricular en pacientes con un primer infarto agudo de mio-
cardio y arteria causante del infarto permeable.

Pacientes y método. Se estudié a 17 pacientes me-
diante RMC en la que se valoré el grosor de la pared, la
respuesta a bajas dosis de dobutamina, la perfusién mio-
cardica de primer paso con gadolinio y el porcentaje de
captacion tardia de contraste. Los hallazgos de la RMC
inicial se correlacionaron con la funcion segmentaria y
global obtenida en la RMC al sexto mes.

Resultados. De los 272 segmentos de la RMC inicial,
73 mostraron disfuncion sistdlica severa, a partir de los
cuales se calcularon la sensibilidad y especificidad de
cada unos de los indices para predecir viabilidad miocar-
dica. Un grosor diastélico = 5,5 mm obtuvo una sensibili-
dad del 100% y una especificidad del 12%; en la res-
puesta a la dobutamina, éstas fueron del 41 y el 93%; en
una perfusién normal, del 78 y el 68%, y en una capta-
cion tardia < 50%, del 81 y el 95%, respectivamente. La
captacion tardia fue el Unico predictor independiente de
la contractilidad (r = —0,83; p = 0,0001), de los volumenes
ventriculares (telediastdlico, r = 0,61; p = 0,009; telesisto-
lico, r = 0,67; p = 0,003) y la fraccién de eyeccion (r =
—-0,73, p = 0,001) al sexto mes.

Conclusiones. La captacién tardia mediante RMC es
un indice cuantificable y fiable para predecir la mejoria de
la funcion sistélica y el remodelado ventricular en pacien-
tes tras un primer infarto con arteria abierta.

Palabras clave: Resonancia magnética cardiaca. Infar-
to de miocardio. Viabilidad miocardica. Captacion tardia.
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ABBREVIATIONS

DCE: delayed contrast enhancement.

bT: baseline thickness.

dobT: dobutamine-induced wall thickening.
6mT: thickness at 6 months.

DWT: diastolic wall thickness.

AMI: acute myocardial infarction.

CMR: cardiac magnetic resonance.

INTRODUCTION

Detection of viable myocardium in patients with
severe regional or global left ventricular dysfunction
is important for determining the prognosis and thera-
peutic management of ischemic heart disease. The
established techniques for assessing myocardial via-
bility are low-dose dobutamine echocardiography
and techniques using radioactive isotopes.! Because
of significant technological advances over the past
years, cardiac magnetic resonance (CMR) imaging is
being increasingly used for this purpose. With this
technique, imaging of cardiac morphology as well as
information on contractile function, perfusion, and
the extent of myocardial necrosis are obtained in the
same examination.'* Cardiac magnetic resonance of-
fers various possibilities within the viability study,
such as assessment of diastolic wall thickness, res-
ponse to low-dose dobutamine, and preservation of
flow in the area of infarction, as well as imaging with
delayed contrast enhancement (DCE). The diagnostic
accuracy of this last technique, which identifies the
presence and extent of necrotic areas and determines
myocardial viability, has been shown in several stu-
dies.! Nevertheless, the relative role of each of these
parameters for predicting improvement in dysfunc-
tional myocardium following revascularization is un-
certain.

The aim of this study was to determine the reliabili-
ty of early analysis of the most extensively used CMR
indicators for predicting recovery of systolic function
and ventricular remodeling in an optimal scenario of
patients with a first ST-segment elevation acute myo-
cardial infarction (AMI), single vessel disease and
patent culprit artery.

PATIENTS AND METHODS
Patients

The study included 17 patients with a first ST-seg-
ment elevation AMI, defined as typical chest pain of
more than 30 minutes’ duration, ST segment eleva-
tion >1 mm at 80 ms from the J point in more than
one lead that did not normalize with nitroglycerin,
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and elevated markers of myocardial injury. The ex-
clusion criteria were a history of known heart disease
(ischemic or not), presence of an intercurrent disease
that would make long-term follow up difficult, signi-
ficant involvement of an artery that had not caused
the infarction (>50% stenosis on coronary angiogra-
phy), culprit artery not patent after pre-discharge
catheterization, or contraindications for CMR (im-
plants incompatible with the magnetic field). The
ethics committee of our hospital approved the study
and all patients gave informed consent to participate.
Baseline characteristics of the study group are de-
scribed in Table 1.

Initial CMR imaging was performed at 12+8 days
after the infarction. Previously, all patients had under-
gone coronary angiography (7+5 days post-infarction)
and, in cases of >50% residual stenosis (13 patients),
angioplasty with or without stent placement. At 6
months CMR was repeated (18030 days) to evaluate
left ventricular changes, and repeat cardiac catheteri-
zation was done (180+12 days) to assess persistence of
arterial patency (<50% stenosis), which was confirmed
in all cases.

CMR Imaging Protocol

Cardiac magnetic resonance imaging was per-
formed on a 1.5T system (Magnetom Sonata;
Siemens, Erlangen, Germany) with a surface coil,
prospective cardiac gating and breath-holding. Cine
sequences for functional assessment (TrueFISP; TR:
25 ms; TE: 1.6 ms; flip angle: 61°; matrix: 256x128;
slice thickness: 6 mm) were acquired in several
planes (2-, 3-, and 4-chamber views and 1-cm short-
axis views from the mitral valve to the apex) at rest
and after intravenous administration of 10 ug/kg/min
of dobutamine. Subsequently, at least 3 short-axis
views were planned (basal, midventricular, and api-
cal) for acquisition of first-pass myocardial perfusion
sequences (TrueFISP; TI: 110ms; TR: 190 ms; TE: 1
ms; flip angle: 49°; matrix: 128x72) after administra-
tion of 0.1 mmol/kg of gadolinium (gadopentate

TABLE 1. Characteristics of the Study Group

Age, years 57+10
Male sex, % 15 (88%)
Hypertension 8 (47%)
Diabetes 5 (29%)
Smoking 13 (76%)
Dyslipidemia 7 (41%)
Anterior location 11 (65%)
Thrombolysis 14 (82%)
Primary angioplasty 3 (18%)
Initial end-diastolic volume index, mL/m? 66+13
Initial end-systolic volume index, mL/m? 36+0 4
Initial ejection fraction, % 47+12
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Fig. 1. Short-axis cardiac magnetic resonance images in a patient with
anteroseptal infarction. Images from the initial cine study (a and b)
show anterior and septal akinesia. First-pass myocardial perfusion
clearly depicts hypointense areas in the anterior and septal aspects (c)
and transmural delayed contrast enhancement affects the dysfunctio-
nal segments (d). The 6-month control images (e and f) show an ab-
sence of contractile improvement in the segments demonstrating hy-
poperfusion and delayed enhancement, as well as an increase in
ventricular diameters.

dimeglumine; Magnograf®) at a rate of 3 mL/s. Sixty
consecutive images were taken at each slice position.
Ten minutes after contrast injection, inversion-reco-
very images (TrueFISP, TR: 700 ms; TE: 1.1; slice
thickness: 6 mm, flip angle: 50°, matrix: 195x192,
adapting inversion time in each case to “null” the
myocardium signal) were acquired in views identical
to the functional cine sequences in order to obtain
DCE images.

The 6-month control CMR consisted in acquisition
of functional cine images following the same protocol
as in the initial examination.

No medication was interrupted for the CMR studies;
73% of patients were under treatment with beta-bloc-
kers and 8% with calcium channel blockers. Two ex-
amples of the CMR images obtained are shown in Fig-
ures 1 and 2.
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Fig. 2. Short-axis cardiac magnetic resonance images from a patient
with anterior infarction. The initial cine images (a and b) depict ante-
rior and anteroseptal wall akinesia. First-pass myocardial perfusion de-
monstrates homogeneous arrival of contrast to the entire myocardium
(c). Delayed contrast enhancement is located in the anterior aspect
and is <50% of wall thickness (d). The 6-month control images (e and
f) clearly depict improved systolic function of the initially dysfunctional
segments.

Analysis of CMR Images

The images acquired were analyzed using the Syn-
go platform with Numaris 4 software. The left ventri-
cle was divided into 16 segments following the
American Heart Association model.® The ejection
fraction (%) and ventricular volumes indexed to body
surface area (mL/m?) were obtained from the short-
axis cine sequences by Simpson’s rule. Three short-
axis cine sequences (basal, medial, and apical) were
selected to measure diastolic wall thickness (DWT, in
mm), baseline thickness (bT: systolic thickness-dias-
tolic thickness, in mm) and thickening after low-dose
dobutamine administration (dobT, in mm) in each
segment. A segment was considered to have signifi-
cant systolic dysfunction when the bT was <2 mm.
Dobutamine response was considered positive when
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a dysfunctional segment presented a dobT of =2
mm.’

First-pass myocardial perfusion was assessed quali-
tatively and classified as normal (perfusion=1) or hy-
poperfusion (any delay or absence of contrast reaching
the myocardium) (perfusion=0).

Transmural extent of delayed enhancement (thick-
ness of enhanced area/total ventricular wall thickness
x100%) was calculated from the images with myo-
cardium suppression and classified into ranges (0%-
25%, 26%-50%, 51%-75%, and 76%-100%).

In the 6-month CMR study we measured ventricular
volumes, end-diastolic volume variation with respect
to initial values (%), ejection fraction and wall thic-
kening (6mT, in mm) following the same 16-segment
model.

Definition of Myocardial Viability

An initially dysfunctional segment (bT<2 mm) was
considered viable when it presented improved contrac-
tility at 6 months (6mT=2 mm).

Statistical Analysis

All calculations were done with SPSS 9.0 (Chicago,
Ilinois, USA). Significance was set at a P-value of
<.05. Continuous variables were expressed as mean +
standard deviation (SD). Categorical values were ex-
pressed as percentages of the study population and
compared with the 2 test.

For the continuous variables (DWT and percentage
of DCE), receiver operator characteristics (ROC)
curves were analyzed to obtain the best cut-off for the
detection of myocardial viability. Sensitivity and
specificity were calculated for the four indicators stu-
died, as well as positive and negative predictive values
for the diagnosis of myocardial viability. Multiple lo-
gistic regression analysis, including the variables
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DWT, dobT, perfusion and DCE, was performed for
the initially dysfunctional segments to determine the
best predictor of myocardial viability.

For the analysis by patient, we obtained the mean
value of each viability indicator in the segments be-
longing to the affected coronary territory (regional
DWT, regional dobT, regional perfusion, regional
DCE). The mean 6mT values for the affected coronary
territories were also determined (regional 6mT). Bi-
variate correlations were obtained between the myo-
cardial viability indicators (regional DWT, regional
dobT, regional perfusion, regional DCE) and the 6-
month ventricular parameters (end-diastolic volume
index and end-systolic volume index, changes in end-
diastolic volume, ejection fraction, regional 6mT),
using the Pearson coefficient. Subsequently, linear
multiple regression analysis was done for each 6-
month ventricular parameter, including the indicators
of cardiac viability that had shown a statistically sig-
nificant correlation in each model.

RESULTS
Analysis by Segment

Among the 272 segments assessed at initial CMR
imaging, 73 (27%) showed severe systolic dysfunc-
tion. Twenty-five (34%) had improved at the 6-month
study. Using the values obtained for the initially dys-
functional segments, we calculated the diagnostic va-
lue of each indicator studied for predicting myocardial
viability (Table 2).

Diastolic Thickness

The most effective cut-off point for predicting
myocardial viability at 6 months was 5.5 mm
(AUC=0.671 [0.545-0.797]; P=.014). There were 5
segments with lower diastolic thickness that did not

TABLE 2. Characteristics of the Initially Dysfunctional Segments*

Parameter No. of Segments No. of Segments With Improved Function at 6 Months P
DWT
=5.5mm 68 32 (47%) .014
<5.5mm 5 0
dobT .001
>2mm 15 12 (80%)
<2 mm 54 17 (32%)
Perfusion .001
Normal 38 25 (66%)
Abnormal 35 7 (20%)
DCE <.0001
Absent 24 23 (96%)
Present 49 9 (18%)

*DCE indicates delayed contrast enhancement; DobT, dobutamine-induced wall thickening; DWT, diastolic wall thickness.
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improve at 6 months. Diastolic thickness =5.5 mm
showed a sensitivity of 100%, specificity of 12%,
positive predictive value of 47% and negative predic-
tive value of 100% for the diagnosis of myocardial
viability.

Inotropic Response

Among the 73 segments, 69 were analyzed with
dobutamine (4 segments could not be assessed because
of errors in image acquisition), and 15 (21%) of them
showed a positive inotropic response. At the 6-month
study, 80% of the segments showing a dobutamine res-
ponse were viable, versus 32% of those that did not
have an initial response (P=.001). Response to dobuta-
mine had a sensitivity of 41%, specificity of 93%, po-
sitive predictive value of 80% and negative predictive
value of 69% for predicting functional improvement.

Myocardial Perfusion

A total of 38 (52%) dysfunctional segments showed
normal first-pass perfusion. Among them 66% im-
proved at 6 months versus 20% of those that presented
initial perfusion defects (P=.001). Normal perfusion
had a sensitivity of 78%, specificity of 68%, positive
predictive value of 66% and negative predictive value
of 80% for diagnosing viability.

Delayed Contrast Enhancement

Delayed contrast enhancement was detected in 49
(67%) dysfunctional segments. Only 18% of segments
with DCE improved, as compared to 96% of those
without DCE (P<.0001). Absence of DCE had a sensi-
tivity of 72%, specificity of 98%, positive predictive
value of 96%, and negative predictive value of 82% as
a predictor of myocardial viability.

When DCE was classified into ranges, percentage of
transmurality was <25% in 33%, 26%-50% in 7%,
51%-75% in 22%, and >75% in 38%. The number of
segments that improved at six months was related with
a smaller extent of DCE: improvement was 96% in
those with <25% enhancement, 80% in those with
26%-50% enhancement, 13% in those with 51%-75%
enhancement and 11% in those with >75% enhance-
ment (Figure 3). The best cut-off point of extent of
DCE for predicting functional improvement at 6
months was a transmurality of <50%, with a sensitivi-
ty of 81%, specificity of 95%, positive predictive value
of 93% and negative predictive value of 87%
(AUC=0.91 [0.83-0.99]; P<.0001).

Multivariate Analysis

In the multivariate analysis of the four indicators
studied, DCE transmurality was the only independent
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Fig. 3. Percentage of segments with improved contractile function,
based on extent of delayed contrast enhancement.

factor predicting myocardial viability at 6 months
(odds ratio [OR]=84.5 [15.8-451.3]; P<.0001).

Analysis by Patient

In the analysis by patient, the 4 indicators of myo-
cardial viability studied (regional DWT, regional
dobT, regional perfusion, and regional DCE) were cor-
related with the parameters of regional systolic func-
tion (regional 6mT), global systolic function (ejection
fraction) and 6-month ventricular volumes (Table 3).
Regional DWT showed no significant correlations. Re-
gional dobT correlated with end-systolic volume
(r=-0.503; P=.0039), ejection fraction (r=0.584;
P=0.014), and regional 6mT (r=0.572; P=.016). Re-
gional perfusion correlated with end-diastolic volume
(r=—0.505; P=.038), end-systolic volume (r=—0.675;
P=.0003), and ejection fraction (r=0.782; P<.0001).
Regional DCE correlated with end-diastolic volume
(r=0.609; P=.009), change in end-diastolic volume
(r=0.509; P=.037), end-systolic volume (r=0.669;
P=.003), ejection fraction (r=-0.725; P=.001), and re-
gional 6mT (r=—0.827; P=.0001).

Multivariate Analysis

In the multivariate analysis of 6-month ventricular
parameters, regional DCE was the only independent
predictor of end-diastolic volume (R?>=0.371; P=.009),
change in end-diastolic volume (R?=0.259; P=.037),
end-systolic volume (R?>=0.447; P=.003), ejection
fraction (R?>=0.525; P=.001) and regional 6mT
(R?=0.683; P=-.0001).

DISCUSSION

Among the CMR indicators of myocardial viability
assessed in this study, the presence and quantitation of
DCE was the most reliable for predicting improved
contractility in segments with severe systolic dysfunc-
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TABLE 3. Bivariate Correlation Between Indicators of Myocardial Viability and Ventricular Parameters

at 6 Months*

rwT rdobT tPERF tDCE
remT r=0.468 NS r=0.572 P=.0016 r=0.433 NS r=—0.827¢  P=.0001
6mEDVI ==0.243 NS =—0.451 NS =-0.505  P=.038 r=0.609" P=.009
AEDVI r=0.076 NS r=—0.128 NS r=—0.144 NS r=0.509" P=.037
BmESVI r=—0.300 NS r=—0.503  P=.039 r=—0.675  P=.003 r=0.669*  P=.003
6mEF r=0.251 NS r=0.584 P=.014 r=0.782 P<.0001 =—0.725*  P=.001

*rDCE indicates regional transmurality of delayed contrast enhancement; rémT, regional thickness at 6 months; rdobT, regional thickening with dobutamine; 6mEF,
ejection fraction at 6 months; rDWT, regional diastolic wall thickness; 6mEDVI, end-diastolic volume indexed to body surface area at 6 months; 6mESVI, end-sys-
tolic volume indexed to body surface area at 6 months; AEDVI, variation in end-systolic volume at 6 months with respect to initial; rPERF, regional first pass myo-

cardial perfusion.
dIndependent predictor in the multivariate analysis.

tion after a recent AMI. In addition, DCE was the best
predictor of ventricular remodeling, and there was a
correlation between the transmural extent of CDE and
6-month ventricular volumes and ejection fraction.

We found that a diastolic wall thickness of less than
5.5 mm ruled out the existence of viable myocardium.
This result is in keeping with other studies affirming
that wall thinning after infarction is a specific finding
indicating an absence of myocardial viability or func-
tional improvement.®!° This parameter is limited, how-
ever, since it is an infrequent finding and has poor sen-
sitivity.

Improved contractility following low-dose dobuta-
mine seen in the present study was also a highly spe-
cific indicator of systolic functional recovery, but
again, sensitivity was low. Some studies analyzing the
inotropic reserve after infarction with CMR imaging
have demonstrated high specificity and sensitivity for
the detection of viability with this indicator.>!! In con-
trast, Gunning et al'? found that the inotropic response
to dobutamine showed high specificity (81%), but low
sensitivity (50%) for the diagnosis of myocardial via-
bility, as was our experience. In any case, the dose
used and the fact that most of the patients were under
treatment with beta-blockers or calcium channel
blockers, which were not interrupted for the examina-
tion, may be the reason for the low sensitivity of the
response to dobutamine in our study group.

We found that the presence of normal myocardial
perfusion had acceptable sensitivity with somewhat
lower specificity for predicting viability. Myocardial
hypoperfusion in areas affected by the infarct and later
revascularized represents the phenomenon of
microvascular obstruction, in which blood flow is re-
duced even when the epicardial artery is opened.>!
Several studies have shown that detection of hypoper-
fusion by CMR imaging is associated with an absence
of viability® and with a poorer prognosis following in-
farction,'* although the data on the relative value of
this finding are contradictory. Finally, DCE was found
to be the most reliable indicator for differentiating
between necrotic and viable myocardium, and the ex-
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tent of DCE was the best predictor of contractile im-
provement. The remaining indicators lost diagnostic
importance in the analysis. Prior experimental'® and
clinical® studies have demonstrated that the use of
DCE imaging allows characterization of tissues with
high spatial definition and permits healthy myocardial
tissue to be distinguished from necrotic tissue. The ini-
tial CMR studies based viability on the presence or ab-
sence of DCE. Kim et al'® designed the first study in
which the transmural extent of DCE was analyzed, and
showed that the percentage of segments in which con-
tractile function improved decreased in parallel to the
increase in transmurality. In later studies with a similar
design, a similar inverse association was observed be-
tween DCE transmurality and systolic function follow-
ing revascularization.!”1

One potential limitation to the use of DCE for defi-
ning myocardial viability is a possible overestimation
of the size of the infarct. This potential pitfall has been
described mainly in animal studies,?®?! and seems to be
due to myocardial edema present in the acute/subacute
phase following infarction, which contributes to in-
creasing the size of DCE in the image.? This phenome-
non could partly explain the fact that 13% of segments
with 51%-75% transmural DCE in our study and 11%
of those with more than 75% DCE showed improve-
ment at 6 months.

In the literature, the data on the relative value of per-
fusion and DCE for the diagnosis of myocardial via-
bility are contradictory. Some studies contend that the
presence of perfusion defects in patients with reper-
fused AMI indicates an absence of viability, regardless
of the presence or not of DCE.?2% Other studies, how-
ever, have shown that perfusion®*?® or dobutamine res-
ponse? do not provide additional information when the
extent of DCE is assessed. Although detection of mi-
crovascular obstruction could be useful additional in-
formation since it has an adverse effect on healing, it
should be remembered that hypoperfusion reflects only
a part of the necrotic tissue affected by this phenome-
non, not all the necrotic area, a fact that would limit the
use of this factor alone to establish the diagnosis of via-
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bility. In any case, the differing results between studies
could also be due to the use of different protocols for
acquiring and analyzing the images. There is clearly a
need for more extensive studies using standardized pro-
tocols to enable assessment of the relative value of
each of these findings.

Quantification of DCE in the present study was reli-
able in both the analysis by segment and the analysis
by patient, as evidenced by its relation with ventricular
remodeling. In addition, DCE was the only indepen-
dent predictor of 6-month ventricular volumes and
ejection fraction, as well as variations in end-diastolic
volume during follow-up. These results concur with
findings reported by Choi et al,'” who showed an asso-
ciation between the percentage of DCE and contractile
improvement in each segment, and the relationship of
DCE with ventricular remodeling. Another similarly
designed study found that early DCE quantification af-
ter AMI was the only independent predictor of ejection
fraction at 6 months; other parameters such as dobuta-
mine response and first-pass perfusion did not provide
additional information.”® These data seem to indicate
that viability is not a dichotomous entity, but instead
that there are intermediate degrees between the com-
plete absence of contractility and total normalization
of contractility, such that the presence of a certain ex-
tent of revascularized viable myocardium could avoid
posterior remodeling.

LIMITATIONS

One of the limitations of this study is the small
number of participating patients; studies in larger se-
ries are required to confirm the findings. Another is
the qualitative assessment used with first-pass perfu-
sion. Quantitative evaluation of this variable might
have increased the accuracy of the method.

CONCLUSIONS

Cardiac magnetic resonance imaging is a reliable
diagnostic technique for the study of myocardial via-
bility in patients with ischemic heart disease. This
study analyzes the predictive power of several indica-
tors of viability by CMR images obtained in an optimal
scenario: early assessment in patients with a first reper-
fused AMI, patent artery, single-vessel lesion, and mea-
surement of functional improvement at 6 months.

Among the parameters studied, DCE was the most
accurate for detecting viable myocardium. Absence of
DCE or less than 50% transmurality in segments with
severe contractile alterations showed a high sensitivity
and specificity for the diagnosis of viability. Moreover,
this indicator was the best predictor of ventricular re-
modeling, thereby providing important prognostic in-
formation in patients who have experienced myocar-
dial infarction.
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