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Stress computed tomography perfusion (CTP) delivers a comprehensive evaluation of both the anatomical and functional aspects in a single exam-
ination. It stands out as the only non-invasive technique capable of quantifying coronary stenosis and assessing its functional impact, offering a con-
solidated diagnostic and management approach for patients with confirmed or suspected coronary artery disease (CAD). This very practical review
(‘How to.. approach) provides guidance on conducting and interpreting static and dynamic CTP, along with an analysis of the strengths and limita-
tions of these methodologies.
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Introduction

The most appropriate and comprehensive diagnostic flow chart for pa-
tients with stable coronary artery disease (CAD) is an evolving and still
unresolved matter of debate. Anatomical imaging of the coronary ar-
teries using computed tomography angiography (CCTA) has a very
high negative predictive value in patients with low-to-intermediate
risk of its diagnostic and prognostic role to rule out CAD with low ra-
diation exposure, and these are the main reasons for its recommenda-
tion as an early test to rule out disease.”™ In contrast, cases of patients
with known or previously revascularized CAD are significantly more
complex, challenging the role of non-invasive coronary artery imaging.
In these patients, the addition of functional information is prognostically
useful® and in patients with previous history of percutaneous coronary
intervention (PCI), functional strategy has been shown to be more cost-
effective as compared to anatomical assessment.®

CT myocardial perfusion imaging (CTP) has been demonstrated as a
technique offering a unique and comprehensive tool for the evaluation
of patients with stable chest pain, providing information on coronary
atherosclerosis and myocardial perfusion during the same session.”®
CTP has been validated against a clinically well-accepted approach
[combined invasive coronary angiography (ICA) and single-photon
emission computed tomography (SPECT)],” SPECT,'® stress cardiac
magnetic resonance,’ and invasive fractional flow reserve (FFR).'?

Imaging of myocardial perfusion with CT was performed as early as
the 1980s, but its routine clinical use has remained limited, due to tech-
nical issues that could not be addressed with earlier CT technology.”*™"*

The technical improvements of CT scanners, such as increased tem-
poral and spatial resolution and increased coverage, have renewed in
the latest years the interest in performing myocardial perfusion CT im-
aging, 11

There are two main methods for CTP acquisition: static and dynam-
ic myocardial CTP that will be discussed in this practical review (‘How
to..” approach).
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How to prepare patients

ECG monitoring and measurements of blood pressure are performed.
Two intravenous (IV) lines are essential for CTP studies: one for con-
trast injection and another for the administration of the vasodilator
agent (adenosine or dipiridamole). If regadenoson is used, then we
need only one venous access. Patients are asked to observe a fast for
6 h before the scan and to refrain from taking caffeine for 24 h prior
to the scan. Caffeine is a competitive inhibitor of the adenosine recep-
tor, and thus, its ingestion can lead to suboptimal pharmacological stress
and a false negative scan. Prior to rest CTCA, rate-limiting medication
such as beta-blockers may be required to optimize the heart rate and
sublingual glycery! tri-nitrate can be administered to improve visualiza-
tion of the coronary arteries. Figure 1 describes how to prepare patients
(upper panel). Table 1 describes the main differences among the vasodi-
lators in terms of mechanism of action, half-life, and way of infusion.

Contrast media injection protocol

For both rest and stress CT scans, an intravenous low-iodine contrast
agent has to be administered using a power injector. The contrast vol-
ume is related to the patient’s weight and the type of scanner used, ran-
ging from 60 to 120 mL in single-energy CT scanners. It can be
significantly reduced if dual-energy CT (DECT) technique is applied
or if a wide-coverage CT scanner is used (50 mL). The contrast bolus
should be delivered with a total injection time of 10 s or less. It is re-
commended to inject a saline chaser (40-50 mL) following the iodine
contrast bolus. CT perfusion techniques are used to image the transit
of contrast material from the coronary arteries to the myocardium.
Because iodinated contrast material attenuates X-rays proportional
to the concentration of iodine, hypoattenuated areas in the myocar-
dium represent myocardial regions of hypoperfusion and/or reduced
intravascular blood volume.
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How to perform and evaluate a CT myocardial perfusion imaging
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Figure 1 How to prepare patients and how to perform a CT perfusion protocol. Figure 1 describes in the upper panel what we need to prepare the
patients for a CTP study (we need to stop caffeine and some foods such as bananas 24 h before the study) In the lower panel, it has been described the
flow in suspected CAD (rest before stress acquisition) and in revascularized patients (stress before the rest).

How to perform CT myocardial
perfusion

In Figure 1 (lowers two panels), the workflow of the CTP protocol is
described in a subset of patients with suspected CAD and previous
revascularization.

Two CT scans have to be carried out: one with pharmacological stress
and another in rest condition. A third, optional, delayed CT acquisition
can be performed to complete the CT perfusion protocol for the dis-
crimination between viable and nonviable myocardium. The decision
to select the opening scan (rest or stress) depends on the pre-test prob-
ability of CAD, previous revascularization, and/or the extent of calcium
score. It is better to start with the stress phase among patients with
intermediate-to-high pre-test and with moderate-to-high calcium
scores, and in patients with previous revascularization, as ischaemia
needs to be prioritized. When stress CT imaging is performed first,
the myocardium is not contaminated by any previous contrast media
and so the detection of ischaemia is optimized. On the other hand, it
is preferred to initiate the rest phase if the patient has a low to intermedi-
ate probability of CAD with no calcium or mild calcium in the coronary
arteries, as it is highly probable that the patient has normal coronary ar-
teries, and the high negative predictive value of the CCTA will allow to
rule out CAD and thus won't require to continue with the stress phase.

Static CTP

How to acquire static CTP

Static myocardial CTP, which has been more extensively investigated,
refers to the assessment of myocardial perfusion obtained from a single

data sample of contrast enhancement acquired during the first-pass en-
hancement of CTCA."? Static CT perfusion imaging is highly dependent
on the contrast material bolus timing.

How to evaluate static CTP

Visual assessment of CT perfusion images is the most common ap-
proach for qualitative assessment of myocardial perfusion. The normal
myocardium enhances homogeneously after the injection of intraven-
ous contrast material. During the first pass, contrast material diffuses
to the interstitial space with a homogeneous incremental increase of
myocardial signal intensity over time, which is directly proportional
to the iodine content in the tissue. Normal left ventricular myocardial
enhancement demonstrates substantially lower attenuation in the lat-
eral wall when compared with the anterior, septal, and inferior walls
in patients with normal coronary arteries. The lateral myocardial wall
is located adjacent to the air within the lungs and is not subjected to
the same beam-hardening effect as the inferior and the septal myocar-
dium, which is located near more dense thoracic structures. This may
result in a lower attenuation.” The myocardium will be evaluated on
short-axis (apical, medium, and basal slices) and long-axis views (two-,
three- and four-chamber projections) with 4- and 8-mm-thick average
multiplanar reformatted images. A narrow window width and level
(200-350W and 150-200 L) is recommended for perfusion defect
evaluation. Each myocardial segment will be correlated to the specific
coronary territory as described by Cerci et al.?’ Myocardial analysis
consists of the evaluation of the myocardium in short-axis views
from the apex to the base of the left ventricle, using the 17 segments
suggested by the American Heart Association classification.

Static CTP can be semiquantitatively analysed using myocardial CT
attenuation in each myocardial segment or subendocardial or epicardial
layer.*? The transmural perfusion ratio (TPR), defined as the ratio of
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Table 1 Stress agents used for the evaluation of myocardial perfusion

Cost

Side effects

Half-life

Method and timing of

Mechanism of action

Intravenous

Stress

infusion

access

agent

High

Facial flushing diaphoresis nausea asthma

10s

Continuous infusion at a

Coronary vasodilatation induced by

Double access

Adenosine

bradyarrhythmias

dose of 0.14 mg/kg per

not-selective A1 adenosine-receptor

minute over 3-5 min

stimulation (increasing cellular cAMP levels)

Low

Coronary vasodilatation induced by increasing  Continuous infusionata  25-30 min (need the Facial flushing diaphoresis nausea asthma

Double access

Dypiridamole

bradyarrhythmias

antidote

dose of 0.56 mg/kg over

cellular cAMP levels by inhibition of the

aminophylline)

4—6 min

phosphodiesterase enzymes that normally

break down cAMP
Coronary vasodilatation induced by selective

Intermediate—high

Not contraindicated in asthma; headache, dizziness,

2-3 min

Intravenously bolus

Single access

Regadenoson

Not widely

nausea, stomach discomfort, decreased sense of

infused in 10 s followed

A2A adenosine-receptor stimulation

available

taste, mild chest discomfort, or warmth, redness,

by a saline chaser

or tingly feeling under your skin

segment-specific subendocardial attenuation to subepicardial attenuation,
has been introduced as a quantitative index of static CTP= However,
more recent studies demonstrated that visual assessment of static CTP
provides superior diagnostic performance over the TPR22%

Strengths and limits of static CTP

Static CT perfusion imaging that is based on a single acquisition after in-
jection of the stress agent is highly dependent on the contrast material
bolus timing. A drawback of static CT perfusion is that the peak attenu-
ation may be missed because only one sample of data is acquired.

Another challenge of myocardial CTP is represented by beam-
hardening artefacts which could be misinterpreted as perfusion de-
fects.® With the development of dual-energy CT, beam-hardening
artefacts can be attenuated or even cancelled by the generation of
monochromatic images at medium-to-high energy levels. Static CT per-
fusion imaging has been performed by using the dual-energy mode.*® In
a static CTP protocol, a review of multiple cardiac phase images can
help to distinguish true perfusion defects from motion or beam-
hardening artefacts.'"*> True perfusion defects are distributed among
the coronary territories, from the subendocardial to the transmural
myocardial wall?” In addition, true perfusion defects may persist on
stress images throughout all cardiac phases, from systolic to diastolic.
Unlike true perfusion defects, motion or beam-hardening artefacts
do not correspond to a coronary territory and might appear in only
one or two cardiac phases.”” A common location of beam-hardening
artefacts is the basal inferior wall, likely due to the nearby enhancing
descending aorta and vertebral bodies.

Static CTP may underestimate myocardial hypoperfusion in case of
balanced ischaemia (i.e. multivessel coronary artery disease) as it en-
ables only qualitative, or at most semi-quantitative evaluation of myo-
cardial perfusion®®

Figure 2 shows how to acquire and evaluate static CTP and the main
strengths and limits of this perfusion approach.

Analysis of the current literature for static
CTP

The diagnostic accuracy of CTP has been compared with that of other
non-invasive imaging modalities, including SPECT, MRI, and positron
emission tomography (PET).'%?”° CTP provides incremental benefit
for the diagnosis of haemodynamically significant stenosis defined by
FFR, particularly by improving specificity.”>*° In a meta-analysis, CTP
showed comparable diagnostic accuracy to MRl and PET and was bet-
ter than SPECT for the detection of myocardial ischaemia defined by
FFR.2 In a meta-analysis performed by Pelgrim et al., CTP showed ac-
ceptable diagnostic performance, with a sensitivity ranging from 75%
to 89% and specificity from 78% to 95% compared with invasive angi-
ography, SPECT, or MRI*'

The CORE320 study, which is the largest study of CTP thus far per-
formed, compared the diagnostic performance of static CTP acquired
by a wide-detector scanner in 381 patients with that of combined
SPECT and invasive coronary angiography.9 In that study, the combin-
ation of CCTA and CTP correctly identified patients with flow-limiting
coronary stenosis. In a substudy of CORE320, CTP showed higher diag-
nostic accuracy than SPECT in predicting obstructive CAD on quanti-
tative invasive coronary angiography.'® Recently, the PERFECTION
study evaluated the diagnostic accuracy of CTP, performed with a
whole-heart coverage CT scanner for the detection of functionally sig-
nificant CAD by using ICA plus invasive FFR as the reference standard in
100 consecutive intermediate- to high-risk symptomatic patients
authors concluded that the inclusion of stress CTP for the evaluation
of patients with an intermediate to high risk of CAD improved the diag-
nostic performance of CCTA for detecting functionally significant
CAD."” CCTA alone demonstrated a per-vessel and per-patient
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How to acquire Static CTP

As a normal CCTA: acquisition of
one single phase during the first-
pass of the contrast agent at the
time of peak myocardium
attenuation (50 cc of low lodine
contrast medium followed by 50
ml of saline solution af 5 ml/s of
infusione rate)

How to evaluate Static CTP

Visual assessment of reformatted CT perfusion images,
slice thickness of 4 mm, with narrow window width and
level (200-350W and 150-200 L, respectively)

Strenghts
-Simple acquisition (as CCTA)

-Short breath-hold

-Simple analysis (just need reformatted images)

-Provides integrated anatomic and functional evaluati
single examination

-Feasible also in revascularised patients

-highly dependent on the contrast material
bolus timing > peak attenuation

may be missed because only one sample of
data is acquired

-Breath, high hear rate artefacts and beam
hardening artefacts could be
misinterpretated as perfusion defect

-only qualitative evaluation of myocardial
perfusion

-myocardial hypoperfusion may go
undetected in case of balanced ischemia

Figure 2 How to: static CTP. Figure 2 describes in the left panel how to acquire and evaluate a static CTP and in the right panel the main strengths and

drawbacks of this method.

specificity, positive predictive value, and accuracy of 76%, 63%, and
98%, and 54%, 68%, and 76%, respectively. Combining CCTA with sta-
tic stress CTP, per-vessel, and per-patient specificity, positive predictive
value, and accuracy significantly improve in both models (94%, 86%,
93% and 83%, 86%, 91%).

The CATH2 was a randomized controlled trial aimed to evaluate the
clinical efficacy of combined examination with CCTA and CTP com-
pared to CCTA alone in 300 patients hospitalized for acute-onset chest
pain.*? Patients were randomized 1:1 to examination with coronary
CTA or coronary CTA+CTP. The primary endpoint was the fre-
quency of coronary revascularization among patients referred for
ICA based on index computed tomography evaluation. A post-
discharge diagnostic strategy of coronary CTA + CTP safely reduces
the need for invasive examination and treatment in patients suspected
of having ischaemic heart disease. Static CTP may also improve CCTA
diagnostic accuracy in patients who underwent prior percutaneous
intervention with coronary stenting. Rief et al. showed that a combined
CCTA + CTP protocol improved cardiac CT diagnostic rate and accur-
acy compared with CCTA alone (100% vs. 78% and 87% vs. 71% at the
patient level and vessel level, respectively) in 20 patients previously
treated with coronary stenting.>® Similarly, Magalhaes et al. reported
a diagnostic accuracy in the territory-based analysis of 91% for
CCTA+CTP evaluation vs. 77% for CCTA alone in 46 patients.’*
The ADVANTAGE prospective study evaluated 150 patients with pre-
vious coronary stent implantation and demonstrated a diagnostic ac-
curacy of CTP significantly higher than that of CCTA in the
territory-based and patient-based analysis (92.1% vs. 85.6% and
86.7% vs. 76.7%, respectively) when quantitative coronary angiography
was used as a gold standard. Similarly, CTP specificity and diagnostic ac-
curacy were significantly higher than those of CCTA when invasive FFR
was employed as a gold standard. Of note, the radiation exposure of
cardiac CT (CCTA + CTP) was 4.15 + 1.5 mSv.*

Dynamic CTP

How to acquire dynamic CTP

Patients preparation, pharmacological stress protocol, and contrast ad-
ministration do not differ from static CT perfusion; on the contrary,

while for static CTP, only one scan is performed at the time of peak

myocardium contrast attenuation, for dynamic CTP, during intraven-
ous contrast medium injection, repeated rapid CT scans are acquired
to allow determination of time—attenuation curves (TACs). Indeed, dy-
namic CTP refers to the assessment of myocardial perfusion based on

multiple samples of myocardial attenuation at sequential time points of

contrast enhancement after injection of a short contrast material bolus
to create time—attenuation curves allowing us to quantify myocardial
blood flow (MBF). More specifically approximately 20-25 CT scans
are performed during contrast medium wash-in and wash-out through
the myocardium while patients breath normally; thus, respiratory mo-
tion correction is needed in order to reduce motion artefacts. From

TAGs, a value of myocardial flow is then obtained through different

methods; all techniques are based on the dynamic change of attenu-
ation values recorded on the specific regions of interest, which are pro-
portional to the concentration of contrast material in the myocardium
and of consequence to myocardial blood flow, even if the relationship

between contrast medium retention and myocardial perfusion is not

linear and mathematical modelling are needed.*¢8

How to evaluate dynamic CTP

After injection of a stress agent repeated rapid CT scans need to be ac-
quired during intravenous contrast medium injection to allow deter-

mination of time-attenuation curves (TACs). From TACs, a value of

MBF is then obtained through different methods, all based on the dy-
namic change of attenuation values, that are proportional to the
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How to acquire dynamic CTP

During intravenous contrast medium
injection (0.7 ml/kg of low-iodine
contrast agent followed by 0.5 ml/kg
at 5 ml/s of flow rate) , repeated
rapid CT scans (20-25) are acquired
for the detection of contrast wash-in
and wash-out phases through the
myocardium allowing the
determination of time-attenuation
curves /TACs)

How to evaluate dynamic CTP

Dedicated post-processing
softwares to obtain myocardial
blood low quantification from
TACs

Atenuaton (0]

Strenghts

-Regular breaths with wide coverage scanner
-Quantitative evaluation of myocardial perfusion and myocardial blood flow
-Less beam hardening artifacts

-Useful in multivessel patients

-Feasible also in revascularised patients
-Comprehensive evaluation of coronary circulation:

-Longer breath hold with shuttle
mode acquisition

-Higher radiation dose

-Need dedicated post-processing
softwares

-Longer acquisition time in
comparison to static

-Lack of MBF cut-off

Figure 3 How to: dynamic CTP. Figure 3 describes in the left panel how to acquire and evaluate a dynamic CTP and in the right panel the main

strengths and drawbacks of this method.

concentration of contrast material in the myocardium and of conse-
quence to MBF.3*7® In particular, orientation of three- and two-
chamber views and short-axis view are obtained. A region of interest
in the ascending aorta is placed for arterial impact function (AlF) calcu-
lation. References of basal anterior and inferior wall and apex are placed
for myocardial segmentation in a standard 17-segment model, with
endocardial and epicardial borders. For quantification of MBF, myocar-
dial time/attenuation curves are coupled with the AIF using a hybrid de-
convolution model. MBF maps were reconstructed as a stack of
colour-coded images with a slice thickness of 3.0 mm. Measurements
of MBF are automatically calculated as a mean value usually expressed
as mL/100 mL/min in every single myocardial segment; point-by-point
value is also available. The value of hyperaemic MBF of 101 mL/100 g/min
was used as an optimal threshold for absolute MBF to identify function-
ally significant CAD, as previously validated.?® Nevertheless, substantial
divergences in the reported optimal cut-off values and diagnostic accur-
acy for MBF calculated from CTP datasets have been reported.**~*
This may be caused not only by technical or methodologic reasons
but also by systematic interindividual differences in MBF. As recently re-
ported, a relative measure of focal MBF in comparison with healthy re-
mote myocardium (MBF ratio) may be more accurate for the
identification of haemodynamically significant coronary artery sten-
osis.** A multicentre study indicated that the assessment of MBF ratio
allows superior discrimination of significant coronary artery stenosis
compared with absolute MBF in patients undergoing coronary CTA
and CTP.%

Analysis of the MBF ratio may help overcome diagnostic limitations
due to methodologic differences or interindividual MBF variability and

may allow a more robust identification of patients with myocardial is-
chaemia. Figure 3 showed how to acquire and evaluate dynamic CTP
and the main strenght and limits of this perfusion approach.

Strengths and limits of dynamic CTP

One of the major strengths of dynamic CTP is that is not a subjective and
qualitative evaluation of myocardial perfusion but is a quantitative evalu-
ation of perfusion with the calculation of MBF. It does not require breath-
hold but regular breaths with a wide-coverage scanner. In comparison
with static CTP less beam-hardening artefacts are described although
some artefacts (i.e. the presence of very dense structures may cause
beam hardening) may result in hypodense areas in myocardium, most
commonly on the posterolateral wall, mimicking perfusion defects.’®

The dynamic approach has a significant advantage over the static mo-
dality, which is represented by the fact that it provides a quantitative
measurement of the regional MBF compared to a qualitative assess-
ment of myocardial perfusion only. This is particularly useful in the set-
ting of diffuse CAD, where qualitative perfusion assessment is not
sensitive enough and may not be sufficient to identify a functionally sig-
nificant stenosis in the presence of diffuse and balanced ischaemia.*
Despite growing evidence for the diagnostic accuracy of CTP, a robust
cut-off value for hyperaemic MBF that allows the identification of
hemodynamically relevant stenosis is lacking.

One of the main drawbacks of dynamic CTP is the high radiation
dose, which is directly correlated with acquisition protocol; more spe-
cifically radiation doses of at least 11 mSv and up to 18 mSv have been
previously reported, with further increase if coronary anatomy needs
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A CASE of STATIC CTP

58 years old male with atypical chest pain and a negative stress test

CCTA/REST CTP

STRESS CTP

Figure 4 A case of static CTP. A case of 58-year-old male with atypical chest pain and a negative stress test: A 60—70% stenosis of the left anterior
descending artery (LAD) was found at CCTA (panels A-B). Note the mixed plaque with positive remodelling and low attenuation in the short-axis view
(panel C). Rest CTP was normal (panels D—E), while static stress CTP showed a perfusion defect in the mid-apical portion of the anterior wall (panels F—

G). At ICA, LAD stenosis was confirmed (panel H).

to be evaluated as dynamic CTP data set cannot be used for coronary
anatomy evaluation and a separate CT scan has to be acquired.'**3#748
With wide-coverage scanners, the radiation dose was lower (5.63 + 4.2
mSy for the whole cardiac CT exam, CCTA and CTP).*

Analysis of the current literature of
dynamic CTP

Dynamic CTP for MBF quantification was first described in an animal
model in 1987."® In 2008, the first human study with 16-slice MDCT
compared to myocardial scintigraphy showed promising results; how-
ever, it must be underlined that using 16-slice MDCT authors were
not able to cover and obtain data from the whole heart.*” Similar re-
sults were reported in 2012 by So et al. with 64-slice MDCT at the ex-
pense of high radiation dose (19.4 mSv).*® In 2013, Rossi et al. suggested
that dynamic CTP had high diagnostic accuracy than anatomical evalu-
ation of coronary artery by CCTA when compared with invasive FFR
(cut-off of <0.75) using a second-generation CT scanner (AUC, 0.95
vs. 0.89, respectively)*

In 2018, a meta-analysis was performed including 13 studies and 482
patients. Most of the studies used adenosine as a stressor agent, and
dual-source CT was the most represented scanner type (69%).
Authors reported good diagnostic accuracy of dynamic CTP when com-
pared to different reference standard, including invasive FFR for myocar-
dial ischaemia detection; more specifically, sensitivity and specificity of

0.83 and 0.90 at the segment level, and of 0.93 and 0.82 at the patient
level, respectively, were reported. However, radiation dose ranged
from 5.3 to 10.5 mSv per dynamic perfusion and 9.3 to 18.1 for the en-
tire CT scan protocol, including coronary anatomy evaluation.*’

To the best of our knowledge, only a few studies addressed the prog-
nostic role of dynamic CTP. In 2017, Meinel FG et al. enrolled 144 pa-
tients who underwent both CCTA and dynamic CTP; the authors
reported that myocardial perfusion CT has incremental predictive value
over clinical risk factors and detection of coronary artery stenosis with
CCTA>® More recently, CCTA, FFRct, and dynamic CTP were evalu-
ated in a multicentre trial that included 84 patients; authors demon-
strated that myocardial blood flow evaluated by dynamic CTP
acquisitions has the highest prognostic value, over CCTA and
CT-FFR values, in terms of future major adverse cardiac events (cardiac
death, nonfatal myocardial infarction, unstable angina requiring hospi-
talization, or revascularization) at a mean follow-up of 18 months.>'

Dynamic CTP with last-generation CT scanner may be used for ac-
curate quantification of myocardium blood flow (MBF) and results ob-
tained in recent studies demonstrated that dynamic CTP may have a
prognostic role over anatomical evaluation and FFRct.>” Also, another
multicentre trial (SPECIFIC), using third-generation dual-source CT, in-
vestigated the diagnostic performance of dynamic stress CTP in add-
ition to CCTA compared to ICA and FFR and demonstrated that
Dynamic CTP offers incremental diagnostic value over CCTA alone
for the identification of hemodynamically significant CAD.>
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A CASE of DYNAMIC CTP

70 years old female with previous stents on LAD, LCX and RCA with atypical angina

CCTA/REST CTP

DYNAMIC STRESS CTP

Figure 5 A case of dynamic CTP: 70-year-old female with known CAD (stents on LAD, LCX, and RCA) with atypical chest pain: CTCA showed a
restenosis of the stent on mid-distal LAD (arrow, panel A), patent stent on LCX (panel B) and a restenosis of the stent on RCA (arrow, panel C). Rest
CTP was normal (panels D) from basal until apical portion, while dynamic stress CTP showed a reduction of MBF values in anterolateral and inferolateral

wall (panel E).

Dynamic CTP offers an approach to evaluate the entire cascade of
the myocardial perfusion, which translates into a true functional test.
This could be particularly important in women and diabetic patients
in whom microcirculatory disease could contribute to chest pain.
The mean radiation dose ranged from 5.3 for CCTA/static CTP ap-
proach to 10.5 mSy for the dynamic perfusion®>3?,

Figures 4 and 5 show two cases of static CTP and dynamic CTP,

respectively.

Challenging patients (high calcium burden,
atrial fibrillation, pacemaker electrodes,

and multiple premature beats)

The recent improvements in CT technology with whole coverage de-
tector and increased rotation speed allows to scan also patients in atrial
fibrillation and with premature beats in one cardiac beat."” Patients with
high calcium burden are considered as high pre-test probability of CAD
and usually the stress phase is performed before the rest using a Kvp of
100 and 120. Patients with pacemaker are studied as other patients
with same anatomical and clinical characteristics but the presence of
electrodes can generate some artefacts especially in the septum and in-
ferior wall of left ventricle.

Low kilovolt scanning, new CT detector technology, as photon
counting CT and algorithmic solutions are promising approaches to re-
ducing CT radiation dose and image artefacts, also in paediatric
patien‘c553‘54

Conclusions

Multicenter and multivendor cost-effectiveness studies are required in
order to fix clinical indication for obtaining dynamic myocardial CTP im-
aging and CTP-PRO trial is the first ongoing randomized trial testing the
cost-effectiveness of CCTA + CTP with a detailed analysis of the costs
of perfusion imaging®™ CTP would likely find an ideal role in patients
with moderate, diffuse multivessel coronary lesions or patients already
revascularized, helping physicians to better triage patients, and reducing
the possible over-referral to myocardial revascularization after
CCTA %849

Current evidence suggests that adding static or dynamic CTP imaging
is a safe and powerful tool to improve the accuracy and the positive
predictive value of CCTA alone because it not only provides anatomic
information concerning luminal stenosis, plaque morphology, and total
plaque burden but also provides data on myocardial tissue haemo-
dynamics. The combined use of CTA+ CTP should be the routine
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approach for patients with intermediate stenosis in the setting of sus-
pected CAD and in stented patients.
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