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Abstract

Introduction: Coronary artery revascularization is indicated in patients with documented significant obstruction of coronary
blood flow associated with a large area of myocardial ischemia and/or untreatable symptoms. There are a few invasive or noninva-
sive methods that can provide information about the functional results of coronary artery narrowing. The application of more than
one method of ischemia detection in one patient to reevaluate the indications for revascularization is used in case of atypical or
no symptoms and/or borderline stenosis.

Aim: To evaluate whether the results of cardiac magnetic resonance need to be reconfirmed by the invasive functional method.

Material and methods: The hospital database revealed 25 consecutive patients with 29 stenoses who underwent cardiac mag-
netic resonance (CMR) and fractional flow reserve (FFR) between the end of 2010 and the end of 2014. The maximal time interval
between CMR and FFR was 6 months. None of the patients experienced any clinical events or underwent procedures on coronary

arteries between the studies.

Results: According to the analysis, the agreement of CMR perfusion with the FFR method was at the level of 89.7%. Assuming
that FFR is the gold standard in assessing the severity of stenoses, the sensitivity of CMR perfusion was 90.9%. The percentage of
non-severe lesions which were correctly identified in CMR was 88.9%.

Conclusions: The study shows that CMR perfusion is a highly sensitive method to detect hemodynamically significant CAD and
exclude nonsevere lesions. With FFR as the reference standard, the diagnostic accuracy of MR perfusion to detect ischemic CAD is

high.
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Introduction

Coronary artery revascularization with either percu-
taneous coronary intervention (PCl) or coronary artery
bypass graft surgery (CABG) is indicated in patients with
documented significant obstruction of coronary blood
flow associated with a large area of myocardial ischemia
and/or untreatable symptoms [1].

There are few invasive or noninvasive methods that can
provide information about the functional results of coro-
nary artery narrowing [2]. Fractional flow reserve (FFR) is
a common invasive method considered the gold standard
of ischemia detection [3, 4]. The FFR represents the ratio
between the maximal achievable blood flow in a narrowed
coronary artery and the theoretical maximal flow in a nor-
mal non-obliterated artery. Non-invasive methods include
single photon emission computed tomography (SPECT),
stress echocardiography and cardiac magnetic resonance

(CMR). One of the non-invasive methods is CMR stress
perfusion, which can show areas of reversible perfusion
deficit during stress induced by drug infusion [4]. Both FFR
and CMR stress perfusion are frequently used to document
ischemia in qualification for coronary revascularization [5].

The application of more than one method of ischemia
detection in one patient to reevaluate the indications for
revascularization is sometimes used in case of atypical
or no symptoms and/or borderline stenosis [6]. Accord-
ing to this strategy, some patients who underwent CMR
may undergo FFR during planned PCI. A second subset of
patients undergoing multiple functional studies consists
of patients who had a negative result of FFR and were
followed up with CMR.

We decided to use the data of multimethod ischemia
detection from the hospital registry to compare results of
testing with two methods, CMR and FFR.

Corresponding author:

Pawet Siastata MD, Department of Interventional Cardiology and Angiology, Institute of Cardiology, 42 Alpejska St, 04-628 Warsaw, Poland,

phone: +48 509 844 357, e-mail: pawel.siastala@gmail.com
Received: 14.05.2016, accepted: 19.08.2016.

26

Advances in Interventional Cardiology 2017; 13, 1 (47)


mailto:pawel.siastala@gmail.com

Aim

The purpose of this study was to evaluate the agree-
ment of cardiac magnetic stress perfusion with FFR as
the gold standard in assessing the severity of stenoses in
coronary artery disease.

Material and methods
Study group

The search of the hospital database revealed 25 con-
secutive patients with 29 stenoses who underwent CMR
and FFR between the end of 2010 and the end of 2014.
The maximal time interval between CMR and FFR was
6 months. None of the patients underwent any clinical
events or procedures on coronary arteries between the
studies. Four patients from this group underwent analy-
sis of two lesions in different arteries.

The analysis of the study revealed the presence of
two subsets of patients. The first subset (group ) includ-
ed 15 patients who had a positive CMR stress perfusion
test. During coronary angiography following CMR assess-
ment their lesions were defined as borderline (40-80%);
therefore FFR was performed to reconfirm the presence
of ischemia. The second subset (group Il) included 9 pa-
tients with negative FFR examination. Due to persisting
nonspecific anginal symptoms those patients were qual-
ified for CMR perfusion as a noninvasive method of fur-
ther assessment.

Results were analyzed in the context of risk factors
such as hypertension, dyslipidaemia, diabetes mellitus,
previous myocardial infarction, atrial fibrillation, the ex-
tent of the atherosclerosis and cigarette smoking.

Informed consent for both CMR and FFR studies was
obtained from each participating patient.

Fractional flow reserve

Fractional flow reserve was measured as the ratio of
the pressure distally to the lesion to pressure proximal
to the narrowing performed with a dedicated 0.014 inch
pressure wire during maximal hyperemia (Figure 1 A).
To obtain hyperemic conditions, a maximal vasodilatory
stimulus with intravenous adenosine 140 pg/kg/min in-
fusion through the antecubital vein was used. According
to the guidelines FFR lower than 0.80 was generally con-
sidered as associated with significant myocardial isch-
emia [7]. In all patient Radi Medical System, Sweden was
used with St. Jude Medical, USA wires (in 2008 St. Jude
Medical acquired Radi Medical System). All patients were
told to avoid for 24 h before the examination products
containing caffeine such as coffee, tea, cola, or chocolate
that may interfere with adenosine and diminish the hy-
peremic effect.

Coronary angiography was performed from the fem-
oral or radial approach. The heart rate and arterial pres-
sure were continuously monitored throughout the pro-
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cedure and the electrocardiogram was simultaneously
recorded.

Cardiac magnetic resonance

All patients underwent a CMR scan by means of a 1.5
Tesla scanner (Magnetom Avanto, Siemens, Erlangen,
Germany) (Figures 1 B-D). Scout images and electro-
cardiographic gated breath-hold steady state free pre-
cession (SSFP) cine images in 2- and 4-chamber views
were registered to set up final short axis imaging planes.
Systolic function assessment was based on SSFP imag-
es from the mitral valve insertion point to the apex to
encompass the entire left ventricle (LV). Imaging param-
eters were as follows: field of view 28 x 34 cm, matrix
416 x 512, effective repetition time 33 to 54 ms, echo
time 1.2 ms, flip angle 64 to 79°, slice thickness 8 mm,
gap 1.6 mm, in-plane image resolution 1.6 x 1.6 mm to
1.8 x 1.8 mm, temporal resolution 25 to 40 phases per
cardiac cycle.

This was followed by first-pass stress perfusion using
a saturation-recovery echo gradient sequence registered
in 3 short axis slices (basal, mid-ventricular, peri-apical)
after intravenous administration of 0.1 mmol/kg of gado-
linium contrast agent at 3.5 ml/s (gadobutrol — Gadovist,
Bayer Schering Pharma AG, Berlin, Germany) and flushed
with 30 ml of isotonic saline. Hyperemia was obtained
with 4-minute infusion of 0.73 mg/kg of dipyridamole.
Imaging parameters were as follows: field of view 27 x
36 cm, matrix 94 x 192, effective repetition time 165 ms;
echo time 1.08 ms; flip angle 12°, slice thickness 10 mm,
in-plane image resolution 2.9 x 1.9 mm.

Delayed enhancement (DE) images were obtained
with a breath-hold segmented inversion recovery se-
quence performed 10 min after contrast injection and ac-
quired in the same orientation as the cine images. Imag-
ing parameters were as follows: field of view 28 x 34 c¢m,
matrix 154 x 256, effective repetition time 700 ms, echo
time 4.9 ms, flip angle 30°, slice thickness 8 mm, gap
1.6 mm, in-plane image resolution 1.7 x 1.3 mm. The
inversion time was adjusted to completely null normal
myocardium (typically between 250 and 350 ms).

Cardiac magnetic resonance image analysis

Cardiac magnetic resonance cine images were an-
alyzed using dedicated software (MASS 6.2.1, Medis,
Leiden, the Netherlands). Initially, short axis images were
previewed from the base to the apex in a cinematic mode,
then endocardial and epicardial contours for end-diastole
and end-systole were manually traced. Delineated con-
tours were used for the quantification of end-diastolic
and end-systolic volumes normalized to body surface
area (BSA) and ejection fraction (LVEF).

Stress perfusion deficit at first pass of gadolinium
contrast perfusion through the myocardium indicative of
ischemia was defined as a lack of perfusion in at least
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one myocardial segment, present for at least five dynam-
ic cycles after a maximal myocardial signal intensity in-
crease, calculated by means of the Mean Curve software
of the Siemens working station and not corresponding to
area of DE. Rest perfusion following stress perfusion was
performed at the discretion of the physician and only in
some patients, mainly for the differentiation of artifacts
and true stress perfusion deficits. Stress perfusion defi-
cits not corresponding directly to DE and below half of
the segment thickness were calculated as 3% of the LV
mass and those above half of the segment thickness as
6% of the LV mass [8]. Significant ischemia in CMR was
defined as ischemia of at least 10% of LV mass supplied

by the analyzed artery. In patients with two narrowed ar-
teries, FFR in examined vessels was analyzed in the con-
text of CMR results according to supplied areas.

Statistical analysis

All results for categorical variables were presented as
numbers and percentages and for continuous variables
as mean and standard deviation (SD) or median and in-
terquartile range (IQR), depending on the normality of
distribution assessed using the Kolmogorov-Smirnov
test. Pearson’s or Spearman’s test was applied to assess
any correlations, including the correlation between FFR
and CMR results, depending on the normality of distribu-

B

Figure 1. A — Fractional flow reserve measurement in right coronary artery. B-D — Cardiac magnetic resonance
stress perfusion images demonstrating large perfusion deficits (arrow) in the right coronary artery territory
extending from basal slice (B) through mid-ventricular slice (C) to apical slice (D)
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tion. All tests were two-sided with the significance lev-
el of p < 0.05. Statistical analyses were performed with
MedCalc statistical software 10.0.2.0 (MedCalc, Mariak-
erke, Belgium).

Results

Mean age in the analyzed group was 66 years (68%
males) (Table I). Mean FFR in the whole group of patients
was 0.82, while the average FFR was 0.69 in group | and
0.9 in group Il. The median ischemia size in CMR perfu-
sion was 7.7% (0-15). The median ischemia size in CMR
perfusion in group | was 14.5, whereas in group Il it was
2.8 (p = 0.18).

According to the analysis the agreement of CMR per-
fusion with the FFR method was at the level of 89.7%
(26 of 29 analyzed stenoses). The correlation between
the FFR result and CMR result was negative (Figure 2).
Assuming that FFR is the gold standard in assessing the
severity of stenoses, the sensitivity of CMR perfusion
was 90.9% (10 of 11 analyzed stenoses). The percentage
of non-severe lesions which were correctly identified in
CMR was 88.9% (16 of 18 analyzed stenoses). The posi-
tive predictive value (PPV) characterizing CMR perfusion
in assessing the significance of cardiac ischemia was
83.3% (10 of 12 analyzed stenoses). The percentage of
lesions which tested negatively in CMR perfusion and
truly were non-severe was 94.2% (16 out of 17 analyzed
stenoses).

The average size of ischemia in CMR perfusion in pa-
tients with a positive FFR result in the analyzed artery
was 14.5%, whereas in patients with negative FFR it was
2.8%. Mean FFR in the whole group of patients was 0.82,
while the average positive FFR was 0.69 and the average
negative FFR was 0.9.

Results in 3 of 29 analyzed arteries were inconsistent
in FFR and CMR. Considering FFR as the gold standard, in
CMR perfusion we obtained 2 false-positive results and
1 false-negative. FFR in 1 of 2 patients with false-pos-
itive CMR perfusion was 0.9 and the size of ischemia

1.0 {o
8
09 .8 o o
8 o o
o 8 °
o
L 0.8+ °
° 8 ° °
O 7 | o o
o
o
0.6 1
0 5 10 15

Ischemia in CMR (%)

Figure 2. The negative correlation between the
results of FFR and CMR
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Table I. Characteristics of study group

Parameter Result
General information:
Age [years] 63 +16
Male, n (%) 17 (68)
Previous MI, n (%) 8 (32)
BMI [cm/m?] 28.6 5
BSA [m?] 1.89 0.17
LVEF 61 (23-84)*
FFR 0.82 (0.57-1.0)
Number of patients 25
Number of analyzed arteries 29
Angina class according to CCS, n (%):
CCSO 17/25 (68)
CCS1-2 5/25 (20)
CCS 3-4 3/25 (12)
Risk factors of CAD, n (%):
Hypertension 19/25 (76)
Multilevel atherosclerosis 4/25 (16)
Diabetes mellitus type 2 10/25 (40)
Dyslipidemia 18/25 (72)
Atrial fibrillation 7/25 (28)
Cigarette smoking 11/25 (44)
Past history of CAD, n (%):
Multivessel disease 13/25 (52)
Previous PCI 9/25 (36)
Previous CABG 2/25 (8)
Angiographic data, n (%):
Previous PCl of the analyzed vessel 6/29 (20.7)
Analyzed arteries, n (%):
LM 2/29 (7)
LAD 16/29 (55)
Dg 3/29 (10)
Cx 4/29 (14)
RCA 4/29 (14)
CMR results:
Ischemia in the analyzed territory, n (%) 12 (41)
Ischemia size in the analyzed territory, % 7.7 (0-15)*
Ischemia in other territories, n (%) 9 (31)
Ischemia size in other territories, % 9.4 (6-18)*

*Median (IQR), BMI — body mass index, BSA — body surface area, CABG — cor-
onary artery bypass graft, CAD — coronary artery disease, CCS — Canadian Car-
diovascular Society grading of angina pectoris, CMR — cardiac magnetic reso-
nance, Cx — circumflex branch of left coronary artery, Dg — diagonal branch of
left coronary artery, FFR - fractional flow reserve, LAD — left anterior descending
coronary artery, LM — left main coronary artery, LVEF — left ventricular ejection
fraction, Ml — myocardial infarction, PCI — percutaneous coronary intervention,
RCA —right coronary artery.
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was 12%. In the second false positive result FFR 0.84
and CMR ischemia 18% were obtained. The patient with
a false-negative CMR perfusion result had 0.76 FFR and
9% ischemia.

Discussion

Myocardial perfusion is critical to the supply of oxy-
gen and substrate for contractile function [9]. Generally,
low myocardial perfusion can be caused by epicardial
coronary artery stenosis as well as abnormal coronary
microcirculation [10]. Accurate measurement of ischemic
stenoses of the epicardial coronary arteries is essential
for reasonable revascularization.

Previous studies have shown the usefulness of qual-
itative assessment of CMR perfusion imaging for the di-
agnosis of coronary artery disease (CAD) [11, 12]. The FFR
represents one of the most objective methods to deter-
mine the hemodynamic significance of CAD [13].

Our study has shown that there is undoubtedly a cor-
relation between the result of CMR perfusion and the in-
vasive functional method FFR (Figure 1). There is no need
to perform invasive FFR to confirm or exclude the sever-
ity of lesions which were qualified based on CMR per-
fusion. Moreover, CMR offers an overall assessment of
the myocardial tissue including myocardial vitality [14].
Our research enhances the results of previous reports
confirming the adequacy and consistency of both meth-
ods [15]. However, as mentioned, 3 of 29 results of FFR
and CMR perfusion were not consistent. A false-positive
test result was related to patients with multivessel cor-
onary artery disease. Moreover, one of them had severe
multilevel atherosclerosis and diabetes mellitus type 2,
which is associated with failure of the microvascular
circulation that probably resulted in a negative invasive
functional test in the left anterior descending artery and
finally a truly positive CMR perfusion result but recog-
nized in the microcirculation of the myocardium. On the
other hand, a false-negative result was obtained in a pa-
tient with distal narrowing of the circumflex artery which
reulted in multisegment subendocardial stress ischemia
that did not reach the level of significance in CMR per-
fusion.

Ebersberger et al. studied 116 patients and demon-
strated the accuracy of cardiac CMR perfusion in compar-
ison to FFR as a reference standard, being an adequate
method to detect ischemia in lesions with FFR values
< 0.80, with 75% sensitivity, 95% specificity, 86% PPV,
and 90% negative predictive value. Myocardial perfusion
CMR was demonstrated to be a robust imaging technique
in the evaluation of significant coronary lesions [16].

Moreover in 2014, Li et al. [2] performed a systemic
review and meta-analysis. Their investigation proved the
accuracy and reliability of CMR perfusion. They identified
14 studies evaluating 1073 arteries and 650 patients.
The pooled sensitivity and specificity were 0.90 and 0.87.
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There are some limitations of this study. Our study is
retrospective. FFR and CMR perfusion were not performed
at the same time but with an interval of 6 months maxi-
mum. Moreover, to trigger hyperemia two different medica-
ments were used. In CMR perfusion we used dipyridamole,
whereas during the FFR procedure we used adenosine.

Conclusions

The present study tried to show that CMR perfusion
could be a highly sensitive method to detect hemody-
namically significant CAD and potentially can exclude
nonsevere lesions. With FFR as the reference standard,
the diagnostic accuracy of CMR perfusion to detect isch-
emic CAD seems to be high. For patients with a high pre-
test probability of CAD, CMR perfusion may be applied as
a confirmatory test. Nevertheless, these patients are gen-
erally recommended for invasive testing regardless of the
presence of troublesome symptoms or clinical findings.
Consequently, CMR perfusion appears to be the most
clinically useful method in patients with an intermediate
pre-test probability of CAD [17].
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