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Objectives. To assess the diagnostic performance of stress cardiac magnetic resonance
(stress CMR) vs stress single-photon emission computed tomography (SPECT) in patients
presenting to the emergency department (ED) with chest pain.

Background. SPECT imaging is the most utilized outpatient procedure in the United States.
The diagnostic accuracy of SPECT can be limited by soft tissue attenuation and low spatial
resolution. Stress CMR has much higher spatial resolution and without the susceptibility to soft
tissue attenuation.

Methods. Eighty-seven patients without a history of CAD presenting to the ED with chest
pain were prospectively enrolled. Patients underwent both stress CMR and stress SPECT
imaging within 12 hours of presentation. Both the stress imaging tests were interpreted
immediately for clinical purposes and coronary angiography was performed if either was
abnormal. Patients were considered to have significant CAD if identified by angiography
(250%) or if a cardiac event (cardiac death, myocardial infarction or revascularization)
occurred during follow-up (mean 2.6 + 1.1 years).

Results. Thirty-seven patients were referred for coronary angiography; 29 due to a positive
stress test and eight patients for persistent chest pain despite two negative stress tests. There were 22
patients who had significant CAD (250%). The remaining patients were followed for 2.6 + 1.1 years.
At the conclusion of the follow-up period, there were four clinical events. The sensitivity, specificity,
and diagnostic accuracy of CMR are 85%, 93%, and 89 %, respectively. The sensitivity, specificity,
and diagnostic accuracy of stress SPECT are 84%, 91%, and 88 %, respectively.

Conclusion. Stress CMR has similar diagnostic accuracy as stress SPECT in diagnosis of
CAD. (J Nucl Cardiol 2016;23:287-97.)
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Abbreviations

CAD Coronary artery disease

CE- Cardiovascular magnetic resonance
MARC and single-photon emission computed

tomography for diagnosis of coronary
heart disease: a prospective trial

ECG Electrocardiogram

ED Emergency department

hsCRP High-sensitivity C-reactive protein

LV Left ventricular

MI Myocardial infarction

MR- Comparison of perfusion-cardiac mag-
IMPACT netic resonance with single-photon|

emission computed tomography for
the detection of coronary artery disease|
in a multicenter, multivendor, random-
ized trial

MR- Magnetic resonance imaging for

IMPACT myocardial perfusion assessment in

II coronary artery disease trial: perfu-
sion-cardiac magnetic resonance Vs
single-photon  emission  computed
tomography for the detection of coro-
nary artery disease: a comparative|
multicenter, multivendor trial

NPV Negative predictive value
PET Positron emission tomography
PPV Positive predictive value
SPECT Single-photon  emission  computed
tomography
Stress Stress cardiac magnetic resonance
CMR
TE Echo time
TR Repetition time
INTRODUCTION

Coronary artery disease (CAD) is the leading cause
of mortality in the United States, accounting for one of
every five deaths in 2005." Stress testing has become the
primary tool in the diagnosis of CAD; with single-
photon emission computed tomography (SPECT) being
the prominent imaging modality used today. In the
United States alone, 7 million people undergo myocar-
dial perfusion imaging with SPECT every year.

SPECT imaging, however, has limitations including
long scan times and radiation exposure. In addition, it has
poor spatial resolution and is prone to attenuation
artifacts, which can limit the diagnostic accuracy.
Although, in a meta-analysis of the contemporary studies
performed between 1990 and 1997, the sensitivity and
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specificity of SPECT imaging were 87% and 64%,
respectively; there have been studies that have reported
sensitivity and specificity as low as 65% and 53%.%

Stress cardiac magnetic resonance (stress CMR) is a
relatively new imaging modality with much higher
spatial resolution and a shorter examination time than
SPECT and is not prone to soft tissue artifacts. In
previous studies, the sensitivity and specificity of stress
CMR has been shown to be 93% and 90%, respec-
tively.6’7 However, there are scant data validating these
results in a head-to-head comparison of both stress tests
performed on the same patient population in the Emer-
gency Department (ED) setting.

We hypothesized that a comprehensive stress CMR
study, including evaluation of ventricular wall motion
and function, viability, and adenosine stress/rest perfu-
sion will compare favorably to stress SPECT, in the
evaluation of patients with intermediate risk for CAD.

METHODS

Population

We prospectively recruited patients presenting to the ED
with acute chest discomfort deemed to have an intermediate
risk of CAD. Intermediate risk was defined as (a) one or more
CAD risk factors in a male >40 years old or female >50 years
old, or (b) two or more risk factors in a male >30 years old or
female >40 years old.® Risk factors included hypertension,
hyperlipidemia, diabetes mellitus, current smoker, or family
history of myocardial infarction (MI) prior to age 55. Patients
with intermediate risk were chosen to eliminate those with
very low probability of CAD in whom stress testing would not
be needed to discharge directly from the ED, and also to
increase the prevalence of CAD in the study population as the
prevalence in all patients presenting to the ED with chest pain
has been reported to be as low as 5%.° Patients at highest risk
for CAD, in whom stress testing would be inappropriate, such
as those with elevated cardiac enzymes or electrocardiographic
ST-segment changes consistent with on-going infarction or
ischemia, were excluded. To reduce “‘spectrum’” bias '° and to
provide the best estimates of sensitivity and specificity, we also
excluded patients with known CAD, including those with prior
MI or revascularization procedures. Other exclusion criteria
were aortic stenosis with a mean gradient >40 mmHg, second-
degree or higher atrioventricular block, pregnancy, hemody-
namic or clinical instability, non-cardiac medical problems that
could lead to hospital admission, and standard contraindica-
tions to CMR.

Written informed consent was obtained in all patients.
The study was approved by the institutional review board for
research ethics. Support for this study was obtained from a
National Institute of Health grant. There were no other sources
of funding. The authors are solely responsible for the design
and conduct of this study, and also for all study analyses, the
drafting and editing of the paper, and its final contents.
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Study Protocol and Patient Follow-up

Consecutive patients were recruited on weekdays from
7 AM to 3 PM and when the CMR and SPECT scanner had a
capacity for examinations within approximately 3 hours. All
patients underwent a comprehensive evaluation including
serial cardiac enzymes, serum lipid panel, high-sensitivity C-
reactive protein (hsCRP), and serial electrocardiograms. After
a second negative troponin level (typically 4 hours after the
initial blood draw), patients underwent stress CMR and stress
SPECT in random order on the same day. The time between
stress imaging tests was no more than 5 hours in all patients.
All underwent stress testing within 12 hours of their presen-
tation to the ED. If patients consumed caffeine within 16 hours
of the stress test, vasodilator stress tests were switched to
dobutamine. Stress imaging studies were clinically interpreted
immediately after completion without knowledge of the other
stress study result. If either stress study was interpreted as
abnormal, the patient was admitted for invasive coronary
angiography. If both studies were interpreted as normal, the
patient was discharged home and then followed for clinical
events (see Figure 1 for patient flow). Clinical follow-up
information was obtained via' telephone interview with the
patient, or, if deceased, with family members,2 contact with the
patient’s physician, and® hospital records.

To examine the independent value of stress imaging over
the available clinical information, both stress imaging studies
were interpreted (independently) a second time, months later,
blinded to patient name and all associated clinical information.
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Truth Standard for Significant CAD

The truth standard for the presence of significant CAD
was pre-specified and was a composite endpoint based on the
results of invasive coronary angiography if performed, and the
finding of adverse cardiac events during clinical follow-up, if
angiography was not performed (Figure 1). An adverse cardiac
event was defined as cardiac death, non-fatal MI, or revascu-
larization, and the definition of MI was based on the recent
multi-society consensus definition.!' Hospital records were
reviewed to confirm this endpoint. Cardiac death was defined
as death in the hospital for any cardiac condition or sudden
death, defined as death within 24 hours of chest pain or death
during sleep.

All x-ray coronary angiograms were analyzed masked to
patient identity, clinical information, and stress imaging results.
Significant CAD on coronary angiography was defined as >50%
luminal narrowing, assessed by percentage of diameter narrow-
ing, relative to adjacent ‘‘normal’’ luminal diameter of at least
one major epicardial artery, by visual assessment.

Stress CMR

Acquisition. The stress CMR examination has been
described previously.'>!® It consisted of 4 components that
were performed in the following order: (a) cine imaging at rest
for assessment of left ventricular (LV) function, (b) adenosine
gadolinium first-pass imaging for assessment of stress

Total population
N=87

Patients with adequate data

for analysis N=85

Stress Positive*
N=29

Positive CAD N=22 |l Negative CAD N=7

All Negative for CAD Positive
CAD N=4

Stress Negative
N=56

Clinical Follow

Coronary

Angiography N=8

up N=48

Figure 1. Flow diagram of patients enrolled in study. Stress test positive mean either stress CMR
or stress SPECT is positive. *A positive result by either test modality (stress CMR and/or stress
SPECT) was followed by the referral for coronary angiography.
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perfusion, (c) repeated first-pass imaging without adenosine
15 minutes later for assessment of rest perfusion, and (d)
delayed enhancement imaging for assessment of MI.

CMR was performed on a 1.5-Tesla Siemens scanner
using phased-array receiver coils. Details of the individual
components are as follows. Cine images were acquired in
multiple short-axis (every 10 mm throughout the entire LV)
and 3 long-axis views using a steady-state free precession
sequence (slice thickness, 6 mm; interslice gap, 4 mm; repe-
tition time (TR), 3.0 ms; echo time (TE), 1.5 ms; temporal
resolution, 35-40 ms; flip angle, 60°; in-plane resolution,
~1.7 x 1.4 mm). Following cine imaging, the patient table
was partially moved outside the scanner to allow direct patient
observation and full access. Adenosine (140 pg-kg™'-min™")
was infused under continuous ECG and blood pressure
monitoring for approximately 3 minutes. At 2.5 minutes into
the infusion, the patient was re-positioned in the magnet and
underwent first-pass perfusion imaging during an infusion of
0.075 mmol-kg ™'  gadolinium contrast (Gadoversetamide,
[Mallinckrodt, St Louis, MO]) followed by a 50 cc saline
flush, both at 4 ml-s~". Typically 4 short-axis slices (matched to
cine locations excluding most basal and apical slices) were
obtained per heartbeat using a saturation-recovery, gradient-
echo sequence as described previously (TE: 1.1 ms, delay time:
90-110 ms, temporal resolution: 110-125 ms, voxel size:
3.0 x 1.8 x 8 mm, acceleration factor of 2).'%!® Patients were
asked to breath-hold during the left ventricular perfusion phase
as visualized in real time on the user interface display. Rest
perfusion imaging was performed using the same sequence
settings and the same dose of contrast 15 minutes later. Finally,
delayed enhancement imaging was initiated 5 minutes follow-
ing rest perfusion imaging using a segmented inversion recovery
sequence (slice thickness, 6 mm; interslice gap, 4 mm; TR,
9.5 ms; TE, 3.8 ms; flip angle, 25° in-plane resolution
1.8 x 1.4 mm) in the identical image planes to cine imaging.'*

Analysis. For the immediate clinical interpretation,
scans were interpreted by a single reader. For the blinded
interpretation, scans were read qualitatively by consensus of 2
experienced readers; a pre-designated third reader was con-
sulted in cases of interpretive discordance. The specific
algorithm described by Klem et al'> was used to define an
abnormal stress CMR study. In brief, evidence of a stress
perfusion defect or delayed enhancement was considered
abnormal, unless there were matched stresses and rest perfusion
defects without evidence of delayed enhancement. The latter
was considered to represent artifactual perfusion defects. The
criterion for a perfusion defect was a persistent delay in first-
pass myocardial enhancement in more than three consecutive
images. Cine findings were considered when perfusion results
were equivocal. For the blinded interpretation, CMR scans were
placed in random order with identity markers removed.

SPECT TI-201 and Tc-99m Imaging

Initially, resting myocardial SPECT images were
acquired, while the patient was in a supine position with
shoulders flexed to 180°, using a GE Millennium MyoSIGHT
rotating gamma camera (General Electric Company,
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Milwaukee, WI). Resting images were performed after receiv-
ing thallium (201Tl) (predetermined using a weight-based
algorithm) for patients weighing less than 300 lbs using the
following parameters: 201T1 dosing up to 4mcl; imaging time:
18 minutes; 36 views/30 seconds per view; matrix 64 x 64;
circular; Collimator: LEHR. Patients weighing greater than
300 Ibs underwent resting images with technetium (Tc-99m),
but followed the same parameters with the exception of a
dosing rate of 12-15 mcl. Stress imaging for patients less than
300 1bs was performed with Tc-99m and used the following
parameters: Tc-99 m dosing range 24-35mcl; imaging time:
15 minutes; 36 views/25 seconds per view; matrix 64 x 64;
circular; 16 frames/RR interval. Again, the same parameters
were used for patients weighing over 300 1bs, only the dosing
ranged from 35 to 40 mcl.

Treadmill Exercise Testing

All treadmill tests were conducted using either the Bruce
or Modified Bruce protocols (GE Medical Systems CASE
Stress System Version 5 with Series 2000 Marquette Tread-
mill, General Electric Company, Milwaukee, WI). End points
of exercise were predetermined according to absolute and
relative indications for terminating exercise testing.'> One
minute prior to peak exercise, patients received Tc-99m
(weight-based) and were imaged 15 to 20 minutes post
exercise. All 12 leads of the standard ECG were monitored
and used for analysis. ST measurements were assessed visually
80 ms post J-point during exercise or recovery with the PR
segments used as the baseline. The criteria for determining a
positive exercise ST-segment response were as follows:
>1.0 mm horizontal or downsloping depression 80 ms post
J-point in at least three consecutive beats.

Statistical Analysis

Continuous data are reported as mean =+ standard devia-
tion (SD). Two sample t-tests were used to assess differences
in continuous variables and Fisher’s Exact tests were used to
assess differences in discrete variables. The sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and diagnostic accuracy of CMR stress perfusion
and stress SPECT for the detection of CAD were compared
using McNemar’s Chi square tests. All statistical tests were
two-tailed; P < .05 was regarded as significant.

RESULTS

Baseline Characteristics

A total of 87 patients were prospectively enrolled,
and all completed both the stress tests. Two patients
were deemed to have non-interpretable SPECT image
quality, and were excluded. The remaining 85 patients
were included in the analysis, and had a mean age of
56 + 7 years and 59 (69%) were male. Over half of the
patients had hypertension or dyslipidemia, just under a
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quarter of the patients were diabetic, and a third had a
family history of premature CAD (Table 1).

Twenty-six patients had significant CAD, 22
patients with significant stenosis on coronary angiogra-
phy, and four patients had a clinical event on follow-up
(1 MI, and three revascularizations).

On comparing patients with and without CAD, the
patients with CAD were significantly older (59 = 7 vs
54 + 7) and had a higher prevalence of diabetes (32% vs
17%). There was no significant difference with regard to
gender, history of hypertension, dyslipidemia, family
history of premature CAD, or smoking (Table 1).
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Evaluation for CAD

Twenty-nine out of 85 patients were found to have
either a positive stress CMR and/or positive stress
SPECT; all patients with the positive stress test were
referred for coronary angiography. Another eight
patients with both the stress tests being normal were
referred for coronary angiography after discussion with
their physician because of recurrent chest pain within
6 weeks of recruitment, and all of them were negative
for significant CAD. The remaining 48 patients with
both stress tests being normal were followed for a mean

Table 1. Characteristics of patients with and without CAD

Entire group (n = 85) CAD* (n = 26) No CAD (n = 59) P value

Characteristics
Age (years) 56.3 £+ 7.1
Male gender 59 (69%)
Cardiac history
Diabetes 18 (21%)
Hypertension 56 (66%)
Cigarette smoker 11 (13%)
Hypercholesterolemia 44 (52%)
Family history of CAD 29 (33%)
Total no. CAD risk factors 2.7+1.6
Other medical history
Renal disease 5 (6%)
Peripheral vascular disease 3 (4%)
GERD 19 (22%)
COPD 6 (7%)
BMI 274+ 48
Medications
Statins 19 (22%)
Beta-blockers 21 (25%)
Aspirin 29 (34%)
ACE-inhibitors 23 (27%)
Calcium channel blocker 11 (13%)
Blood tests
Total Cholesterol (mg-dL™") 182 + 38
LDL (mg-dL™") 116 £ 29
HDL (mg-dL™") 47 + 13
Triglycerides (mg-dL™") 172 + 78

hsCRP median (IQR)" 0.30 (0.09, 0.76)

12 lead ECG
Heart rate 63 +13
NSST changes 21 (25%)
NSTW changes 17 (20%)

Sinus rhythm 85 (100%)

59.1 +7.2 543 £ 6.8 0.04
2 (25%) 31 (60%) 0.12
8 (32%) 10 (17%) 0.02
17 (68%) 39 (66%) 0.83
4 (16%) 7 (12%) 0.74
13 (50%) 31 (53%) 1.00
8 (31%) 21 (35%) 1.00
2.8 £0.9 24+ 1.1 0.40
1 (4%) 4 (7%) 1.00
0 (0%) 3 (5%) 0.82
8 (31%) 13 (17%) 0.21
2 (8%) 4 (7%) 1.00
278 £ 5.1 28.1 £5.3 0.70
6 (23%) 13 (22%) 1.00
9 (35%) 12 (37%) 0.67
12 (46%) 17 (29%) 0.04
8 (31%) 15 (25%) 0.17
3 (11%) 8 (14%) 0.62
193 £ 31 201 + 41 0.63
98 + 33 115 + 27 0.28
41 + 11 49 + 17 0.35
183 + 89 168 = 91 0.52
0.31 (0.11, 0.61) 0.37 (0.14, 0.93) 0.41
71 £ 21 68 + 10 0.72
9 (35%) 12 (20%) 0.07
5 (19%) 12 (20%) 0.16
26 (100%) 59 (100%) 1.00

CAD is defined as significant coronary stenosis on angiography or the occurrence of event at the conclusion of follow-up period
ACE-inhibitor angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, CAD coronary
artery disease, COPD chronic obstructive pulmonary disease, CVA cerebrovascular accident, GERD gastroesophageal reflux dis-
ease, HDL high-density lipoprotein, LDL low-density lipoprotein, NSST non-specific ST-segment, NSTW non-specific T-waves

T For high sensitivity C-reactive protein the values expressed as median and interquartile range

* Values are expressed as mean + standard deviation
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of 2.6 + 1.1 years (Figure 1). Forty-two patients did not
have any cardiac event throughout the follow-up period.
Two patients were lost to clinical follow-up; however,
both were alive according to the National Death Index.
One patient died of metastatic prostate cancer. One
patient had a MI and three patients underwent a
coronary revascularization procedure.

Stress SPECT Results

Stress SPECT imaging was completed in all of the 87
enrolled patients; in two patients, image quality was deemed
non-interpretable and they were excluded from analysis.
Fifty-four patients had exercise SPECT and 33 patients had
persantine SPECT. Twenty-two patients (26%) had a
positive SPECT study. Sixteen out of the 22 patients with
a positive SPECT were found to have had significant CAD
on coronary angiography (Figures 2, 3, and 4).

Of the 63 patients who had negative stress SPECT,
one patient was found to have CAD on coronary
angiography (referred because of positive stress CMR)
and two patients had an adverse cardiac event on follow-
up (total three patients with false negative test), leading
to a sensitivity, specificity, PPV, NPP, and diagnostic
accuracy of 84%, 91%, 72%, 95%, and 88%, respec-
tively. In the patients who underwent exercise SPECT,
the target heart rate was achieved in 82%. The patients
who did not achieve the 75% of the target heart rate
were changed to pharmacologic stress.
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Stress CMR Results

CMR stress testing was completed in all of the
eighty-seven enrolled patients. Of the eighty-five
patients used in the study analysis, 21 (25%) had a
positive stress CMR and 64 had negative stress CMR for
CAD on blinded analysis.

Of the 21 patients with positive stress CMR, 17
patients were found to have CAD with coronary
angiography. Out of the 64 patients with a negative
stress CMR, three patients had an adverse cardiac event
at the end of the follow-up period (3 false negative a
negative studies), leading to sensitivity, specificity, PPV,
NPV, and diagnostic accuracy of 85%, 93%, 81%, 95%,
and 89%, respectively.

We found no significant difference in sensitivity,
specificity, or diagnostic accuracy of both stress CMR
and stress SPECT for detection of CAD, (Table 2). In
assessing the concordance between the two studies, the
correlation coefficient between the 2 test by Fisher’s
Exact test was r = 0.79, P < .001.

DISCUSSION

In patients with suspected coronary heart disease,
SPECT is the most widely used test for the assessment
of myocardial ischemia, but its diagnostic accuracy is
reported to be variable and it exposes patients to
ionizing radiation. Stress CMR has emerged as a

94 93%

92

90

88

86 %
84
82
80

78 T .

89%

L. Stress Nuclear
L] Stress CMR

Ry,

Se
Yegy, oec,,}_%
(g2

e,
C[, -
Lle
g

Figure 2. Diagnostic performance of stress CMR and stress nuclear imaging.
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Patient Adenosine Infusion?
Entering 140 pg/kg/ min
Scanner
Contrast Contrast
Injection? Injection?
Contrast
Stres-s 15 minutes interval Res‘F Enhancement
Perfusion Perfusion
MRI
45min ..

0 Continuous ECG and blood pressure monitoring Time
1. Adenosine 2. Gadolinium contrast: Gadoversetamide
Dosage: peripheral IV line, over 3 Dosage: 0.0625-mmol/kg bodyweight (2 x, rest
minutes and stress)

Infusion rate: 3.5 mL/s, peripheral IV line
Saline flush: 50 mL at 3.5 mL/s

Figure 3. Stress CMR protocol.

AzStress CMR of 3 patient with the stress images (upper reaw] and
rest images (lower row) showing inferolateral subendocardial
perfusion defect. B: SPECT image of the came patient showing
normal myocardial perfuston and C: Coronary angiogram of the
same patient showing cntical stenosis of a large obtuse marginal
branch.

Figure 4. Example of a true positive stress CMR.

potential modality for the diagnosis and risk stratifica- incorporating adenosine stress perfusion imaging is not
tion of patients with documented or suspected CAD. Our only safe and accurate but also has similar diagnostic
study demonstrates that a comprehensive CMR protocol performance to stress SPECT with similar sensitivity,
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Table 2. Diagnostic performance of stress CMR and stress SPECT

Sensitivity Specificity

Accuracy PPV NPV

Clinical interpretation

Stress CMR 85% (69%-94%) 93% (85%-97%)
17/20 61/65

Stress SPECT  84% (70%-92%) 91% (82%-98%)
16/19 60/66

Comparison P=0.21 P =0.09

90.5% (84%-97%)

81% (59%-91%) 95% (92%-100%)

77/85 17/21 61/64

89.4% (81%-96%) 72% (68-92%) 95% (91%-99%)
76/85 16/22 60/63
P=0.16 NA NA

Values in square brackets indicate 95% confidence intervals

PPV positive predictive value, NPV negative predictive value, NA not applicable since these are not paired data

specificity, and diagnostic accuracy without the hazards
of radiation exposure. The sensitivity (85%) and speci-
ficity (93%) of stress CMR were obtained in a patient
population that had an intermediate pretest probability
of having significant CAD. This is an important concept
since it reflects the actual benefit of stress test applica-
tion in clinical practice. We excluded patients with both
high and low pretest probability of having CAD in order
to reduce pretest referral bias, which can inappropriately
affect the sensitivity and specificity of the test. In
addition, we excluded patients with prior myocardial
infarction or known history of CAD as this could
artificially increase the sensitivity of the tests.

Our study highlights several important points: First
it is done in patients presented to the ED with chest pain
that required further evaluation by stress testing. This
may pave the way for stress CMR to be considered as a
good rule-out test in patients presenting with possible
acute coronary syndrome as it is safe and quick with
high diagnostic performance. Second, we interpreted
both stress CMR and stress SPECT qualitatively by
visual assessment. This is an important aspect for stress
CMR to become part of the routine clinical practice.
Finally, we demonstrated very good agreement between
stress SPECT and stress CMR in the same patient
population.

In this study, patients underwent coronary angiog-
raphy when either stress CMR or stress SPECT on
immediate clinical interpretation was abnormal. We
chose this study design to allow patients with normal
stress imaging results (on one modality) to undergo
angiography, and thereby reduce post-test ‘‘verifica-
tion”” bias.'® Nonetheless, patients who had normal
results on both the stress tests did not undergo coronary
angiography. Thus, we also required systematic patient
follow-up to track clinical events and additional cardiac
workup, if any, for recurrent chest pain. We surmised
that our definition of a ‘‘true negative,”” which required
both the initial stress interpretations to be negative and
also follow-up to be negative, would lead to a very low

rate in which patients with significant CAD would be
missed.

Comparison with Other Studies

The sensitivity and specificity of stress CMR, in our
study, were comparable to other published data with
sensitivities ranging from 83% to 88% and specificity
ranging from 85% to 89%."'>'""'® In prior studies, stress
CMR did very well compared to stress SPECT in
diagnosing CAD. Ishida et al'® compared stress CMR
perfusion and SPECT in 69 patients who also underwent
catheter-based x-ray angiography and found a signifi-
cantly greater area under the receiver-operating
characteristic curve for CMR perfusion imaging com-
pared with that in SPECT. Sakuma et al*® found superior
but not statistically significant diagnostic accuracy for
perfusion imaging compared with that in SPECT in 40
patients. More recently these results were confirmed on
two large-scale prospective trials: the (MR-IMPACT)
and the CE-MARC trials. The MR-Impact trial exam-
ined the diagnostic performance of perfusion-CMR vs
SPECT in 214 patients and the authors reported that
perfusion-CMR is superior to SPECT in the entire study
population®' The CE-MARC trial is the largest, prospec-
tive stress CMR trial to date that enrolled 752 patients
and the investigators reported that stress CMR has
higher diagnostic accuracy compared to SPECT in
diagnosing CAD.** Moreover, the recently published
MR-IMPACT 1I trial which was designed to assess the
superiority of stress CMR compared to stress SPECT in
diagnosing CAD showed that stress CMR has superior
sensitivity, while stress SPECT has superior specificity
in 533 patients.”> The favorable capabilities of stress
CMR perfusion imaging are likely due to superior
spatial resolution compared with that in SPECT allow-
ing for the distinction between subendocardial and
transmural defects, which is important because suben-
docardial perfusion defects can indicate ischemia at an
early stage. Some of the previous studies, however,
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employed quantitative assessment of stress CMR perfu-
sion, which entails laborious, time-consuming post-
processing. In our study, we used visual evaluation to
reflect the real clinical practice and to fit the requirement
for a rapid diagnostic test with high diagnostic accuracy
to evaluate ED patients.

This study and prior studies used cardiac catheteriza-
tion as a gold standard. In three studies that compared stress
CMR to positron emission tomography (PET) and SPECT,
there was higher agreement between stress perfusion-CMR
and either PET or SPECT, than between stress CMR and
cardiac catheterization, suggesting that cardiac catheteriza-
tion may not be the best gold standard in the evaluation of
ischemia.'>'®** Future studies, including MR-INFORM)25
and (CE-MARC—Z),26 will expand the evidence base for
CMR compared with fractional flow reserve and impor-
tantly both are multicenter and multivendor trials.

Advantages and Disadvantages of CMR vs
SPECT

Stress CMR is becoming a well-validated stress
perfusion imaging modality that has a higher spatial
resolution than SPECT; however, the prognostic data in
the cardiac CMR literature, although growing, are not as
robust as SPECT. Practical advantages of stress CMR
include a relatively short examination time as compared
to stress SPECT (most studies were completed within
45 minutes), no ionizing radiation, and good safety and
tolerability (no adverse events in this study), particularly
with the abbreviated infusion time of adenosine (3 min-
utes maximum). In addition, the ability to obtain high-
resolution pictures in patients with a large body habitus
and the ability to visualize the aorta to rule out dissection
are two important advantages of stress CMR. Finally,
stress CMR has the ability to detect myocardial infarction
long after serologic markers return to normal. Practical
disadvantages of stress CMR include the small bore
resulting in limitation of body habitus and claustrophobia.
Other disadvantages are an inability to perform the test at
the bedside as well as perfusion imaging artifacts.
Probably the most important disadvantage to stress
CMR is the inability to assess functional capacity.

Practical disadvantages of stress SPECT include
moderate temporal resolution, limited spatial resolution;
longer scan time, lack of anatomical landmarks, and
radiation exposure.”’ In a study of patient exposure to
low-dose ionizing radiation, myocardial perfusion imag-
ing had the highest average effective dose (15.6
millisieverts) and the highest percentage (22.1%) of all
effective doses to the entire patient population from all
major radiologic procedures.?®
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LIMITATIONS

There are a few limitations of this study, including
the relatively low prevalence of disease. Although we
specifically identified intermediate risk patients, there
were still only 29 patients found to have significant
CAD. Secondly, cardiac catheterization as a gold stan-
dard has its problems. There may be a subgroup of
patients that have endothelial dysfunction, or syndrome
X, with a normal epicardial disease by coronary
angiography. The use of 50% stenosis as a cut off for
CAD could be considered too low and performing
fractional flow reserve might have improved the accu-
racy of the gold standard. Another potential limitation is
that the stress laboratory protocol is to use dual isotope
which some consider inferior to single isotope. In
addition, analysis was performed on the patient level and
not on the coronary artery level which could lead to a
patient having a positive anterior wall ischemia but on
coronary catheterization having right coronary artery
stenosis and this patient would be considered a true
positive study. Finally, the study is subjected to the
common verification bias where a patient with positive
stress test went for cardiac catheterization, while
patients with negative test were just followed up for
cardiac events. We found it inappropriate to refer
patients for coronary angiography when they have 2
negative stress tests and attempted to address this by
following these patients for clinical events over 22
years. Although this is not an ideal gold standard, we
feel it adequate as patients who have 2 negative stress
tests that both have a sensitivity of approximately 85-
90% and have no clinical events on 2% year follow-up
are unlikely to have significant CAD.

NEW KNOWLEDGE GAINED

We are reporting similarly high diagnostic accuracy
for Stress CMR and Stress SPECT in patients presenting
to the ED with chest pain and intermediate pretest
probability.

CONCLUSION

Stress CMR has comparable diagnostic perfor-
mance to stress SPECT in patients at intermediate risk
for CAD presenting to the ED with chest pain.

An example of a patient with abnormal stress
CMR showing subendocardial inferolateral perfusion
defect. Invasive angiography showed critical stenosis
of a large obtuse marginal branch. Stress nuclear
imaging of the same patient showed no perfusion
abnormalities.
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