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COMPUTED TOMOGRAPHY MYOCARDIAL

PERFUSION IMAGING WITH TRANSESOPHAGEAL
ATRIAL PACING STRESS TEST IN PATIENTS WITH
BORDERLINE STENOSES IN THE CORONARY ARTERIES:
A COMPARISON WITH FRACTIONAL FLOW RESERVE

To evaluate the diagnostic accuracy of cardiac perfusion computed tomography (PCT) with
transesophageal electrocardiostimulation (TE ECS) for detection of ischemia in patients with
borderline coronary stenosis (50-75%) compared to measurements of fractional flow reserve (FFR).

The study included 25 patients with borderline (50-75%) coronary stenosis as per data of computed
tomography angiography (CTA) or coronary angiography (CAG). Later the patients underwent
invasive measurement of FFR and cardiac PCT on a 320-row detector tomograph in combination
with the TE ECS stress test. FFR values <0.8 indicated the hemodynamic significance of stenosis.

All patients completed the study protocol. Cardiac pacing duration was 6 min for all patients. Four
patients required intravenous administration of atropine sulphate. PCT with TE ECS detected
significant for FFR stenoses with sensitivity, specificity, and predictive value of a positive result and

PCT with TE ECS in combination with CTA can be considered as an informative method for
simultaneous evaluation of the condition of coronary arteries and detection of myocardial ischemia.
This method is particularly relevant for assessing the hemodynamic significance of borderline coronary
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oronary computed tomography angiogram (CTA)
C is widely used to detect atherosclerotic changes
in coronary arteries. According to current clinical
guidelines, coronary CTA is the diagnostic technique
of choice in patients with suspected non-ST-segment
elevation acute coronary syndrome (NSTE-ACS) and
coronary heart disease (CHD) with low to medium
probability [1, 2]. Prospective clinical studies have
shown that coronary CTA is associated in patients
with suspected CHD with better clinical outcomes
compared to diagnostic tests used to identify myo-

4

cardial ischemia alone [3, 4]. Coronary CTA is
limited by the impossibility of performing functional
assessment of the identified stenotic lesions. Ad-
ditional stress tests with myocardial imaging, i.e.,
echocardiography, single-photon emission compu-
ted tomography (SPECT), magnetic resonance ima-
ging (MRI), are often needed to determine the
hemodynamic significance of stenosis and indications
for myocardial revascularization. Perfusion computed
tomography (PCT) is a method used to identify
myocardial ischemia [S].
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Stress tests, such as exercise, pharmaceuticals, or
transesophageal pacing (TEP), are used to assess
myocardial perfusion or transient ischemia. TEP
is a safe and effective stress test for patients who
are unable to exercise [6]. In TEP, heart rate (HR)
recovers immediately after the stimulation is ceased,
and induced myocardial ischemia usually continues
for no more than a minute, which can be manifested
by ST segment depression in several electrocardiogram
(ECG) complexes after TEP is discontinued. Thus, TEP
can be used during PCT.

The obvious benefit of using PCT is the possibility
of assessing simultaneously coronary anatomy and the
functional significance of stenosis. This technique is of
the most interest in patients with suspected ACS who
have borderline stenosis (50-75%) shown by coronary
CTA. The study also included patients with confirmed
acute myocardial infarction (AMI) with borderline
stenosis in non-infarct-related arteries detected during
coronary angiography (CAG).

Invasive measurement of fractional flow reserve
(FFR) is the gold standard in determining the
functional significance of stenosis [7]. It reflects the
gradient between the mean coronary pressure proximal
to the stenosis site and the mean aortic pressure. The
threshold FFR value is 0.8 [8]. Many studies have
demonstrated that the FFR-oriented approach to
revascularization was associated with a reduced risk
of cardiovascular complications, including AMI and
death [9]. Thus, the FFR measurement was used
as a reference technique in our study to evaluate the

Table 1. Clinical characteristics of patients /
with acute coronary syndrome (n=19)
and acute myocardial infarction (n=6)

Patients
with NSTE-ACS
Parameter and AMI
n %
Total number of patients 25 100
Mean age, years 63+7.8
Sex, M/F 17/8 68/32
Postinfarction cardiosclerosis 9 36
Hypertension 19 76
Hypercholesterolemia 16 64
Diabetes mellitus 4 16
Smoking 12 48
History of CVA 1 4
Burdened family history 10 40

NSTE-ACS, non-ST-segment elevation
acute coronary syndrome; AMI, acute myocardial infarction;
CVA, cerebrovascular accident.
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diagnostic capabilities of PCT more accurately and
objectively.

Objective

Determine diagnostic accuracy of myocardial
PCT with TEP in detecting ischemia in patients with
borderline (50-75%) coronary stenosis compared to
the FFR measurements.

Material and methods

The study included 25 patients admitted to the
intensive care and resuscitation units. Patients with
suspected ACS and borderline (50-75%) coronary
stenosis detected by coronary CTA (n=19) and AMI
patients with borderline stenosis in non-infarct-related
arteries (n=6) were subsequently subjected to invasive
FFR and PCT with a 320-slice scanner in combination
with the TEP stress test

The suspected ACS group included patients with
negative troponin tests and no ischemic changes
in ECG. AMI was diagnosed under the criteria of
the Fourth Universal Definition of MI dated 2018
[10]. This included detection of a rise and/or fall of
cTn with at least one value above the 99th percentile
and with at least one of the following: symptoms
of acute myocardial ischemia; new ischemic
electrocardiographic (ECG) changes; development of
pathological Q waves; imaging evidence of new loss
of viable myocardium or new regional wall motion
abnormality in a pattern consistent with an ischemic
etiology.

Exclusion criteria were the presence of more than
one >50% stenotic lesions per artery, new focal lesion
or post-MI scar in the artery bed of interest, renal failure
(glomerular filtration rate less than SO mL / min), history
of allergy to iodine-containing drugs, pregnancy and
breastfeeding, severe concomitant diseases affecting
the prognosis independently, contraindications to TEP,
and claustrophobia.

Clinical characteristics of patients included in the

study are given in Table 1.

Coronary CTA

Coronary CTA was carried out using a scanner with
a 320 slice detector. During one 0.275 sec X-ray tube
rotation, a total of 640 tomographic slices 0.5 mm
thick were simultaneously made, with the intravenous
administration of 50-70 mg (depending on patient
weight) of a contrast agent (350-370 mg iodine/mL).
The X-ray tube voltage was 100 kV with body mass
index (BMI) <25 kg/m? (120 kV with BMI >25
kg/m?). When the thoracic topography was performed,
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the area of interest was marked from 1 cm above the
aortic root and to the diaphragm level. The contrast
agent was administered intravenously at a rate of 5
mL /sec using an automatic syringe. The arterial phase
of the investigation began automatically when the peak
concentration of the contrast agent was reached in the
lumen of the aortic root. Prospective ECG gating was
used in the R — R range of 75-95%. Oral or intravenous
beta-blocker was used in BP >6S bpm.

PCT protocol

The protocol included two phases of the investi-
gation: Coronary CTA accompanied by the TEP
stress test (stress phase) and at rest, with the same
tomographic parameters and contrast agent doses.
Patients included in the study based on coronary CT
angiographic findings were subjected only to the stress
phase of PCT, and resting myocardial perfusion was
evaluated on the baseline CT images. The TEP stress
test was performed using a transesophageal pacemaker
Ezotest DMS. The investigation was performed on an
empty stomach (no meals within 3-4 hours before).
Antianginal agents, including beta-blockers, were
discontinued 48 hours before the investigation. Patients
with AMI were investigated on days 7-10 of the disease.

Stress phase

At the beginning of the investigation, topography
was performed in the lateral and frontal views, used
as the boundaries of the investigational area (from the
trachea bifurcation to the lower heart border). Then,
the stress test started while the patient was lying on a
CT table monitored for the parameters of the 12-lead
ECG and blood pressure (BP). TEP was initiated at
the rate of 20 impulses per minute less than the sub-
maximum HR calculated using the formula:

0.75%(220 - patient’s age).

The pacing rate was increased discreetly every minute
without stopping stimulation by 10 ppm for 3 minutes
until the submaximal HR was reached, one minute at
each step. If atrioventricular block grade 2 developed
the Wenckebach periods, 1 mg of atropine sulfate was
administered intravenously. The last step of stimulation
was performed at the maximum HR for 3 minutes. Total
stimulation time was 6 minutes. The contrast agent was
automatically injected through a peripheral venous
catheter at the end of the 6th minute of stimulation,
and when its peak concentration was reached in the
aortic root projection, stimulation was immediately
discontinued, and coronary CTA was performed.

6

Rest phase

The resting investigation was carried out 20 minutes
after the stress phase. Oral or intravenous beta-blocker
was used in BP >65 bpm. The mean effective dose was
11.2+4.6 mSw.

Analysis of the coronary CTA findings

Coronary CT angiograms were analyzed by a skil-
led expert. The extent of stenosis in each coronary seg-
ment was assessed visually. Patients with one lesion of
50-75% and no other >50% lesions in the same artery
were included in the study.

Myocardial perfusion analysis

The phase with the least number of artifacts was
selected in the reconstructed images. The images
were evaluated, excluding the left ventricular (LV)
apex, by two experts who used the 17 Segment Model
recommended by the American Heart Association
[11]. Each of the 16 myocardial segments was assessed
visually for the absence or presence of myocardial
contrasting defects (perfusion defects). The contrasting
defect was a darker myocardial segment with reduced
X-ray density in relation to the rest of LV segments.
Experts assessing myocardial perfusion defects were
unaware of the coronary stenosis locations.

3D cardiac reconstruction with automatic color
coding based on X-ray myocardial density was used for
visual imaging: 0 (blue) for normal perfusion, 1 (green)
for mild perfusion reduction, 2 (yellow) for moderate
perfusion reduction, 3 (orange) for severe perfusion
reduction, 4 (red) for no perfusion.

CAG and FFR

CAG was performed with an Allura Xper FD-
10 device with a 6F catheter, placed at the mouth of
the coronary artery using a radial approach. Non-
ion iodine-containing contrast agents were used.
Angiograms were analyzed visually and automatically
in the Xcelera system.

To dilate epicardial arteries for the FFR measurement,
250 mcg of nitroglycerin was injected intracoronarily.
The intracoronal pressure sensor was then brought to
the guiding catheter’s tip to measure pressure in the
proximal coronary bed. When the pressure curves
normalized, the intracoronary probe was moved
distally of the coronary stenosis. Maximum hyperemia
was achieved by injecting papaverine into the artery
(20 mg for the left coronary artery, 12 mg for the right
coronary artery). FFR was then measured, followed by
a manual retraction of the probe to the artery mouth, in
order to determine the hemodynamic significance of

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1343



§ ORIGINAL ARTICLES

an atherosclerotic plaque at different coronary artery
levels. FFR >0.80 corresponded to a hemodynamically
insignificant lesion, and FFR <0.80 corresponded to a
hemodynamically significant lesion.

Statistical analysis

The data obtained was processed using MedCalc
19.2.0. Sensitivity, specificity, positive and negative
predictive values (PPV, NPV) were calculated, in order
to predict the ability of PCT to confirm or rule out
ischemia in the area supplied by the artery of interest
compared to the FFR measurements.

Results

If coronary CTA failed to assess coronary arteries
(severe calcification, artifacts), patients were excluded.
The study included 19 patients with NSTE-ACS and
borderline coronary stenosis shown by coronary CTA
and 6 patients with AMI after CAG.

All patients (n=25) completed the full investigation
protocol. The artificial pacing lasted for 6 minutes.
Four patients needed atropine sulfate during the stress

phase with TEP. None of the patients had any ischemic
changes on ECG or anginal attacks.

During myocardial perfusion assessment, transient
perfusion defects were detected in 8 (32%) patients.
Figure 1 shows the findings of PCT and CAG with FFR
measurement in a 56-year-old patient with suspected
ACS as a clinical case study. PCT detected a transient
perfusion defect in the anterior and anterolateral mid-
segments. CAG found 70% proximal stenosis in the left
anterior descending artery; FFR was 0.68.

The consistency of expert opinion was 92%. Image
quality was poor for 3 patients (12%) due to increased
signal-to-noise ratio or heart contraction artifacts.

In patients with perfusion defects, stenosis in the
corresponding artery was 70-75% in S cases and 60—
69% in 3 cases.

Borderline stenosis was detected in a non-infarct-
related artery in 6 patients during an emergency
transcutaneous coronary intervention for AMIL
FFR was measured after PCT in 19 patients with
suspected ACS and 50-75 % stenosis shown by coro-
nary CTA.

Figure 1. Myocardial PCT and coronary angiography with FFR measurement

Stress

Coronary angiography

RS

Uniform contrasting of the left ventricular (LV) myocardium is observed in the perfusion computed tomography (PCT)
images at rest (A). The reduced contrast area (perfusion defect, arrows) in the anterior-lateral LV is observed in the stress PCT
images (B). In the 3D cardiac CT images with color mapping obtained at rest (B) and during stress (D), the perfusion defect
area is colored orange (H, arrows). The coronary angiogram (D) shows proximal 70% stenosis of the left anterior descending
artery (arrow). Fractional flow reserve (FFR) was 0.68, which corresponded to hemodynamically significant stenosis.
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Previously detected borderline stenosis was
confirmed in all patients. Borderline stenosis was
located in the left anterior descending artery (n=13),
right coronary artery (n=5), circumflex artery (n=4),
obtuse marginal artery (n=2), and diagonal branch
(n=1). Stenosis was 50-59% (n=40, 60-69% (n=8),
and 70-75% (n=13).

FFR was measured in all 25 patients. FFR indicated
hemodynamically significant stenosis in 15 (60%)
patients. Mean FFR was 0.75 + 0.14. FFR was significant
in 2 patients with 50-59% stenosis, 4 patients with 60—
69 % stenosis, and 9 patients with 70-75% stenosis.

PCT identified FFR-significant stenosis with sensi-
tivity, specificity, PPV, and NPV equal to 47, 90, 87, and
53%, respectively (Table 2).

FFR and PCT findings were consistent in 16 patients.
PCT perfusion defects were true-positive in 7 of 15 pa-
tients and true-negative in 9 of 10 patients.

Sensitivity, specificity, PPV, NPV for PCT were 67,
81, 67, and 81%, respectively, for the FFR threshold of
<0.75 (see Table 2).

Discussion

Several clinical studies have demonstrated the high
diagnostic accuracy of the combination of coronary
CTA and PCT of myocardium compared to CAG
and various imaging techniques for stress-induced
ischemia [12—16]. Vasodilator stress tests were used in
all studies: adenosine, regadenoson, and dipyridamole.
Most of the pharmaceuticals used as stress agents are
not approved in the Russian Federation and cannot
be administered. Experimental studies have been
conducted to assess myocardial perfusion using CT
with adenosine triphosphate [17], but the technique
has not yet been commonly used. TEP is an accessible
diagnostic method with a low risk of complications. It
should be noted that we have used an improved TEP
protocol, which made it possible to adapt the study to
patients by reducing test duration while significantly
increasing the diagnostic accuracy of the study [18].

Many studies evaluating the diagnostic accuracy
of PCT for myocardial ischemia use stress SPECT as
a reference technique [13, 19, 20]. For example, the

multi-center study CORE 320 (n=381) [13] evaluated
the combination of coronary CTA/PCT with the
adenosine stress test compared to CAG/SPECT. The
sensitivity of the analysis was 78%, specificity was 73%,
PPV and NPV were 64 and 85%, respectively. When
comparing PCT to SPECT in detecting perfusion
defects, sensitivity, specificity, PPV, and NPV were
75, 54, 63, and 68%, respectively. However, stress
SPECT is not the gold standard in assessing myocardial
ischemia. It should be noted that in multiple-vessel
coronary artery disease, due to diffuse reduction of LV
contractility, hypoperfusion is possible, as shown by
both SPECT [21] and CT [16]. The measurement of
FFR is the gold standard in determining the functional
significance of stenosis [7]. Clinical trials have shown
that revascularization based on FFR measurements
is associated with reduced incidence of clinically
significant cardiovascular complications [8]. According
to the literature, the sensitivity of stress SPECT
compared to FFR is 56-86% [22, 23]. Therefore, our
findings of stress PCT with TEP were compared with
the values of FFR.

In this study, PCT with TEP showed relatively
specificity (90%) and PPV (87%), but sensitivity
and NPV were not high, 47 and 53%, respectively.
The sensitivity was higher in studies evaluating the
diagnostic accuracy of various imaging techniques
of stress-induced myocardial ischemia compared to
FFR. For example, in the meta-analysis performed in
2015 [24], the sensitivity of the techniques was: 61%
for SPECT, 87% for MRI, 83% for positron emission
tomography, and 78% for PCT. It should be noted
that dynamic PCT was also included in the analysis
in these studies [25, 26]. Its specific nature is that it
allows a more accurate quantification of myocardial
perfusion to be performed when compared to the
static PCT used in our study. In our opinion, it is not
entirely correct to combine the two perfusion defect
assessment techniques for an overall assessment of CT
sensitivity. According to a meta-analysis of the data
from several studies of coronary CTA, PCT, and CT-
FFR for the detection of hemodynamically significant
stenosis compared to the invasive assessment of FFR,

Table 2. Diagnostic accuracy of PCT compared to FFR measurements

PCT
FFR
Sensitivity, % Specificity, % PPV, % NPV, %
0.8 47 90 87 S3
0.75 67 81 67 81

PCT, perfusion computed tomography;

FFR, fractional flow reserve; PPV, positive predictive value; NPV, negative predictive value.
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the PCT sensitivity in detecting ischemia was 83%
[27]. This meta-analysis also included studies with
both static and dynamic PCT. Another characteristic
of the studies is that different FFR thresholds were
used: 0.8 and 0.75. According to the Guidelines on
Myocardial Revascularization of the European Society
of Cardiology (2018), stenosis is hemodynamically
significant at FFR <0.80 [7]. We used this threshold
in our study. However, FFR <0.75 is often used to
detect lesions which cause more severe ischemia with
a high predictive value [9]. In our study, sensitivity,
specificity, PPV, NPV for PCT were 67, 81, 67, and 81%,
respectively, for an FFR threshold of <0.75 (see Table
Thus, it can be assumed that gray-zone FFR (0.75-
0.8) was associated with lower ischemia volume and its
underestimation in the myocardial perfusion analysis.

The fundamental feature of the studies of PCT
diagnostic accuracy compared to FFR [28-30] is the
inclusion of patients with coronary stenosis of >50%
without restricting the upper value of the degree of
narrowing. Our work studied patients with so-called
borderline (50-75%) stenosis. Our choice of the
study design was based on the fact that clarifying the
hemodynamic significance of stenosis is of the greatest
clinical interest in such patients, especially in those
cases where the clinical picture and data of laboratory
tests and clinical investigations raise doubts about the
presence of CHD.

Moreover, we initially evaluated PCT independently
of the coronary imaging techniques. In all studies
analyzing the diagnostic capabilities of PCT, the
method was studied in combination with the assessment
of stenosis. The criterion for the hemodynamic
significance of stenosis was its value of >50% according
to coronary CTA or corresponding perfusion defect
shown by PCT. Therefore, if a perfusion defect is
doubtful, the decision on the presence or absence of
ischemia can be made based on the location and nature
of coronary stenosis. In most studies, the combined
analysis of coronary CTA and PCT using this approach

has a higher sensitivity than the assessment of ischemia
by PCT alone [31].

TEP is an accessible and safe type of stress test, but it
has limitations: sometimes it is impossible to deliver a
probe in the esophagus due to increased vomiting reflex,
and in some cases pacing is impossible. This technique
also has contraindications, for example, esophageal
diseases: tumor, diverticulosis, strictures, achalasia.
PCT should be performed with caution in patients with
chronic kidney disease, as the stress/rest combination
study requires two-time administration of a contrast
agent. According to our findings, the sensitivity of PCT
with TEP is not high, which can also limit this method.
However, sensitivity and specificity can be assessed
with confidence with more observations.

Our study is a pilot. Obviously, more patients with
stenotic coronary lesions of different degrees, different
forms of CHD should be included to continue studying
the method. Before introducing the method into clinical
practice, a combined analysis of PCT and coronary
CTA must be performed as well as an assessment of
the predictive value of this approach. It is interesting to
compare this technique with other imaging methods of
myocardial ischemia with a high diagnostic accuracy:
stress SPECT, stress echocardiography, stress MRI.

Conclusion

Perfusion computed tomography is a well-
established technique that improves the diagnostic
accuracy of CTA in detecting >50% coronary stenosis.
Our study demonstrates that the use of transesophageal
pacing as a stress test for perfusion computed
tomography allows identifying transient defects in
myocardial perfusion in patients with coronary heart
disease. This approach is particularly relevant in

detecting borderline (50-75%) coronary stenosis.
No conflict of interest is reported.

The article was received on 25/08/2020

REFERENCES

1. Collet J-P, Thiele H, Barbato E, Barthélémy O, Bauersachs J,
Bhatt DL et al. 2020 ESC Guidelines for the management
of acute coronary syndromes in patients presenting with-
out persistent ST-segment elevation. European Heart Jour-
nal. 2020;ehaa$75. [Epub ahead of print]. DOI: 10.1093/eur-
heartj/ehaaS75

2. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes. European Heart
Journal. 2020;41(3):407-77. DOI: 10.1093/eurheartj/ehz425

3. Douglas PS, Hoffmann U, Patel MR, Mark DB, Al-Khalidi HR, Ca-
vanaugh B et al. Outcomes of Anatomical versus Functional Test-

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1343

ing for Coronary Artery Disease. New England Journal of Medi-
cine. 2015;372(14):1291-300. DOI: 10.1056/NEJMoal415516
4. The SCOT-HEART Investigators, Newby DE, Adamson PD,
Berry C, Boon NA, Dweck MR et al. Coronary CT Angiogra-
phy and 5-Year Risk of Myocardial Infarction. New England
Journal of Medicine. 2018;379(10):924-33. DOI: 10.1056/
NEJMoal805971
S. Seitun S, De Lorenzi C, Cademartiri F, Buscaglia A, Trava-
glio N, Balbi M et al. CT Myocardial Perfusion Imag-
ing: A New Frontier in Cardiac Imaging. BioMed Re-
search International. 2018;2018:7295460. DOI:
10.1155/2018/7295460



§ ORIGINAL ARTICLES

6.

10.

11.

12.

13.

14.

1S.

16.

17.

10

Modi SA, Siegel RJ, Birnbaum Y, Atar S. Systematic Overview
and Clinical Applications of Pacing Atrial Stress Echocardiog-
raphy. The American Journal of Cardiology. 2006;98(4):549~
56.DOI: 10.1016/j.amjcard.2006.02.067

. Neumann F-J, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,

Benedetto U et al. 2018 ESC/EACTS Guidelines on myocardi-
al revascularization. European Heart Journal. 2019;40(2):87-
165. DOI: 10.1093/eurheartj/ehy394

. Sergienko LV, Ansheles A.A., Kukharchuk V.V. Atherosclerosis

and dyslipidemias: modern aspects of pathogenesis, diagnos-
tics and treatment. — M.: OOO ‘Patis’;2017. — 140 p. [Russian:
Cepruenko M.B., Aamesec A.A., Kyxapuyk B.B. Arepockaepos
U AMICAMITUAEMHH: COBpEeMEHHBIE aCIIeKTHI IATOreHe3a, AMarHo-
cTuxu u AedeHus. — M.: OO0 «ITaruCCx», 2017. - 140c]. IS-
BN 978-5-903630-88-2

. Johnson NP, Téth GG, Lai D, Zhu H, Acar G, Agostoni P et al.

Prognostic Value of Fractional Flow Reserve: Linking physi-
ologic severity to clinical outcomes. Journal of the American
College of Cardiology. 2014;64(16):1641-54. DOI: 10.1016/j.
jacc.2014.07.973

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Mor-
row DA et al. Fourth universal definition of myocardial infarc-
tion (2018). European Heart Journal. 2019;40(3):237-69.
DOI: 10.1093/eurheartj/ehy462

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S,
Laskey WK et al. Standardized Myocardial Segmentation and
Nomenclature for Tomographic Imaging of the Heart: A State-
ment for Healthcare Professionals From the Cardiac Imaging
Committee of the Council on Clinical Cardiology of the Amer-
ican Heart Association. Circulation. 2002;105(4):539-42.
DOI: 10.1161/hc0402.102975

Blankstein R, Shturman LD, Rogers IS, Rocha-Filho JA, Oka-
da DR, Sarwar A et al. Adenosine-Induced Stress Myocardi-

al Perfusion Imaging Using Dual-Source Cardiac Computed
Tomography. Journal of the American College of Cardiology.
2009;54(12):1072-84. DOI: 10.1016/j.jacc.2009.06.014
Magalhaes TA, Kishi S, George RT, Arbab-Zadeh A, Vavere AL,
Cox C et al. Combined coronary angiography and myocardi-

al perfusion by computed tomography in the identification of
flow-limiting stenosis — The CORE320 study: An integrat-

ed analysis of CT coronary angiography and myocardial per-
fusion. Journal of Cardiovascular Computed Tomography.
2015;9(5):438-45.DOI: 10.1016/j.jcct.2015.03.004

Ko SM, Park JH, Hwang HK, Song MG. Direct comparison of
stress- and rest-dual-energy computed tomography for detec-
tion of myocardial perfusion defect. The International Jour-
nal of Cardiovascular Imaging. 2014;30(Suppl 1):41-53. DOI:
10.1007/s10554-014-0410-3

Alessio AM, Bindschadler M, Busey JM, Shuman WP,

Caldwell JH, Branch KR. Accuracy of Myocardial Blood

Flow Estimation From Dynamic Contrast-Enhanced Cardi-

ac CT Compared With PET. Circulation: Cardiovascular Im-
aging. 2019;12(6):008323. DOI: 10.1161/CIRCIMAG-
ING.118.008323

Seitun S, Castiglione Morelli M, Budaj I, Boccalini S, Gal-

letto Pregliasco A, Valbusa A et al. Stress Computed Tomog-
raphy Myocardial Perfusion Imaging: A New Topic in Car-
diology. Revista Espafiola de Cardiologia (English Edition).
2016;69(2):188-200. DOI: 10.1016/j.rec.2015.10.018
Soboleva G.N., Gaman S.A., Ternovoy S.K., Shariya M.A., Kar-
pova L.E., Karpov Yu.A. Disturbance of myocardial perfusion in
non-obstructive coronary arteries by volume computed tomog-
raphy combined with adenosine triphosphate pharmacological
test. Russian Electronic Journal of Radiology. 2018;8(3):273~
8. [Russian: Co6oaesa I.H., T'aman C.A., Tepuosoit C.K., ITla-
pus M.A,, Kaprosa 1.E., Kapnos I0.A. Hapymenue neppysuu
MHOKapAa A€BOTO KEAYAOUKA IIPY HEU3MEHEHHbBIX KOPOHAPHBIX
apTepUsIX 10 AAHHBIM 06’beMHOI KOMIIBIOTePHO ToMOrpaduy,
COBMeII[eHHO C papMaKOAOTHYECKOM IPO6OI aAeHO3UHTPHU-

18.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

docoarom. Poccurickuit daexTpournsit XKypraa Aydepoit Au-
arnoctuku. 2018;8(3):273-8]. DOI: 10.21569/2222-7415-
2018-8-3-273-278

Saidova M.A., Botvina Ju.V., Shitov V.N. Method of iden-
tifying latent coronary artery disease in patients with isch-
emic heart disease. Patent RU 2 502 465 C1. Application:
2012125644/14/2012.06.20. Av. At: https://yandex.ru/
patents/doc/RU2502465C1_20131227. [Russian: Caunpo-

Ba M.A., Borsuna }0.B., Illutos B.H. Cioco6 BbisiBA€HUS
CKPBITOM KOPOHAPHON HEAOCTATOYHOCTH Y 6OABHBIX HIIEMH-
geckoit 6oae3nnio cepana. [Tarent RU 2 502 465 C1. 3asBka:
2012125644/14/2012.06.20. AoctynHo Ha: https://yandex.
ru/patents/doc/RU2502465C1_20131227]

George RT, Arbab-Zadeh A, Miller JM, Vavere AL, Bengel FM,
Lardo AC et al. Computed Tomography Myocardial Perfusion
Imaging With 320-Row Detector Computed Tomography Ac-
curately Detects Myocardial Ischemia in Patients With Ob-
structive Coronary Artery Disease. Circulation: Cardiovascu-
lar Imaging. 2012;5(3):333-40. DOI: 10.1161/CIRCIMAG-
ING.111.969303

Nasis A, Ko BS, Leung MC, Antonis PR, Nandurkar D,

Wong DT et al. Diagnostic accuracy of combined coronary an-
giography and adenosine stress myocardial perfusion imaging
using 320-detector computed tomography: pilot study. Euro-
pean Radiology. 2013;23(7):1812-21. DOI: 10.1007/s00330-
013-2788-z

Melikian N, De Bondt P, Tonino P, De Winter O, Wyffels E,
Bartunek J et al. Fractional Flow Reserve and Myocardial Per-
fusion Imaging in Patients With Angiographic Multivessel Cor-
onary Artery Disease. JACC: Cardiovascular Interventions.
2010;3(3):307-14. DOI: 10.1016/j.jcin.2009.12.010

Danad I, Raijmakers PG, Driessen RS, Leipsic J, Raju R,
Naoum C et al. Comparison of Coronary CT Angiography,
SPECT, PET, and Hybrid Imaging for Diagnosis of Ischemic
Heart Disease Determined by Fractional Flow Reserve. JAMA
Cardiology. 2017;2(10):1100-7. DOI: 10.1001/jamacar-
dio.2017.2471

Driessen RS, Raijmakers PG, Danad I, Stuijfzand WJ, Schum-
acher SP, Leipsic JA et al. Automated SPECT analysis com-
pared with expert visual scoring for the detection of FFR-de-
fined coronary artery disease. European Journal of Nucle-

ar Medicine and Molecular Imaging. 2018;45(7):1091-100.
DOI: 10.1007/s00259-018-3951-1

Takx RAP, Blomberg BA, Aidi HE, Habets J, de Jong PA, Na-
gel E et al. Diagnostic Accuracy of Stress Myocardial Perfusion
Imaging Compared to Invasive Coronary Angiography with
Fractional Flow Reserve Meta-Analysis. Circulation: Cardio-
vascular Imaging. 2015;8(1):e002666. DOI: 10.1161/CIRCI-
MAGING.114.002666

Greif M, von Ziegler F, Bamberg F, Tittus J, Schwarz F,
D’Anastasi M et al. CT stress perfusion imaging for detec-

tion of haemodynamically relevant coronary stenosis as de-
fined by FFR. Heart. 2013;99(14):1004-11. DOI: 10.1136/
heartjnl-2013-303794

Rossi A, Dharampal A, Wragg A, Davies LC, van Geuns RJ, An-
agnostopoulos C et al. Diagnostic performance of hyperaemic
myocardial blood flow index obtained by dynamic comput-

ed tomography: does it predict functionally significant coro-
nary lesions? European Heart Journal Cardiovascular Imaging.
2014;15(1):85-94. DOI: 10.1093/ehjci/jet133

Gonzalez JA, Lipinski MJ, Flors L, Shaw PW, Kramer CM, Saler-
no M. Meta-Analysis of Diagnostic Performance of Coronary
Computed Tomography Angiography, Computed Tomography
Perfusion, and Computed Tomography-Fractional Flow Reserve
in Functional Myocardial Ischemia Assessment Versus Invasive
Fractional Flow Reserve. The American Journal of Cardiology.
2015;116(9):1469-78. DOI: 10.1016/j.amjcard.2015.07.078

. Ko BS, Cameron JD, Meredith IT, Leung M, Antonis PR, Na-

sis A et al. Computed tomography stress myocardial perfusion

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1343



§ ORIGINAL ARTICLES

imaging in patients considered for revascularization: a com-
parison with fractional flow reserve. European Heart Journal.
2012;33(1):67-77.DOI: 10.1093/eurheartj/ehr268

29. Ko BS, Cameron JD, Leung M, Meredith IT, Leong DP, Anto-
nis PR et al. Combined CT Coronary Angiography and Stress
Myocardial Perfusion Imaging for Hemodynamically Signifi-
cant Stenoses in Patients With Suspected Coronary Artery Dis-
ease: a comparison with fractional flow reserve. JACC: Cardio-
vascular Imaging. 2012;5(11):1097-111. DOI: 10.1016/j.jc-
mg.2012.09.004

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1343

30. Pontone G, Andreini D, Guaricci Al, Baggiano A, Fazzari F, Gug-

31.

lielmo M et al. Incremental Diagnostic Value of Stress Computed
Tomography Myocardial Perfusion with Whole-Heart Coverage
CT Scanner in Intermediate- to High-Risk Symptomatic Patients
Suspected of Coronary Artery Disease. JACC: Cardiovascular Im-
aging. 2019;12(2):338-49. DOI: 10.1016/j.jcmg.2017.10.025
Tanabe Y, Kurata A, Matsuda T, Yoshida K, Baruah D, Kido T
et al. Computed tomographic evaluation of myocardial isch-
emia. Japanese Journal of Radiology. 2020;38(5):411-33.
DOI: 10.1007/s11604-020-00922-8

11



