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Myocardial hypoperfusion
caused by severe coronary stenosis —
revascularization?

Sagar Kulkarni, MBBS"; Bunny Saberwal, MBBS?; Francesca Pugliese, MD, PhD, FHEA FESC FSCCT?
'FY1 House Officer, Academic Track; 2Clinical Research Fellow; 3Consultant / Reader Advanced Cardiovascular Imaging;
William Harvey Research Institute Barts Heart Centre / Queen Mary University of London, London, UK

History

A 53-year-old male patient, a smoker,
suffering from exertional chest pain
for the past 4 months, came to the
hospital for a check-up. His medical
history included type 2 diabetes and
hyperlipidaemia. Coronary CT angi-
ography (CTA) was performed, fol-
lowed by a dynamic CT myocardial
perfusion imaging (MPI) in rest and
under stress using adenosine-medi-
ated vasodilation.

Diagnosis

Coronary CTA images showed a right
coronary artery (RCA) dominant sys-
tem as well as a severe stenosis in
the proximal left anterior descending
artery (LAD), caused by both calcified
and non-calcified plaques. No signifi-
cant stenosis could be visualized in
the circumflex (Cx) and RCA (Fig. 1).
MPI in rest showed no perfusion ab-
normalities in the myocardium with
a normal myocardial blood flow (MBF)
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of 95 mL/100 mL/min. MPI under
adenosine-induced vasodilation
showed a typical increase of MBF in
remote areas (165 mL/100 mL/min),
while there were large anterior and
septal defects with a significant re-
duction of MBF (65 mL/100 mL/min)
and reduced wall thickening corre-
sponding to severe hypoperfusion;
MBF was lower than in rest (Fig. 2).
The normal MPI findings in rest indi-
cate that there was no irreversible
tissue damage yet, the pronounced
MBF reduction under stress is consis-
tent with the exertional chest pain
of the patient. Subsequently, the
patient underwent percutaneous
coronary intervention (PCl), which
confirmed the CT findings and suc-
cessfully restored perfusion (Fig. 3).

Comments

The unique advantage of dynamic
CT MPI is the potential of combining

it with coronary CTA so that coronary
artery stenoses and their effects on
myocardial perfusion can be assessed
comprehensively and noninvasively
with a single modality.[1]

A systolic ECG-triggered Sequential
Shuttle mode is used with an abso-
lute delay of 250 ms, which is insen-
sitive to extra-systolic events and im-
proves myocardial perfusion evaluation
since the myocardium is thicker in
systole. It is also very robust for high
and varying heart rates which are
common in severe cases; in this pa-
tient the heart rate varied from 65 to
105 bpm over both examinations.
Quantitative myocardial perfusion CT
is performed using dynamic CT scan-
ning with contrast agent; stress is in-
duced by adenosine-mediated vasodi-
lation. Voxel time-attenuation curves
are measured as the contrast agent
passes through the heart. Perfusion
parameters, such as MBF, are calculat-
ed from them using a deconvolution

m Cinematic VRT

(Fig. 1a) and curved
MPR (Figs. 1b-1d)
images show a
severe stenosis in
the proximal LAD
(Fig. 1b, arrow)
caused by both
calcified and non-
calcified plaques. No
significant stenosis
can be visualized in
the Cx (Fig. 1c) and
RCA (Fig. 1d).
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MBF images in both short (Figs. 2a and 2b) and long (Figs. 2c and 2d) axis reveal large anterior and septal defects under stress
(Figs. 2b and 2d, arrows), and no perfusion defect in rest (Figs. 2a and 2c). Compared to a normal MBF of 95 mL/100 mL/min in
rest, MBF under stress is significantly reduced to 65 mL/100 mL/min in the affected areas and increased to 165 mL/100 mL/ min in

the remote areas.

algorithm.[2] CARE Dose4D (Real
time Anatomic Exposure Control) is
routinely applied to minimize radia-
tion exposure. If a severe coronary
stenosis with significant perfusion
defects in its territory under stress

is detected, it is still important for
therapy selection to have information
concerning tissue viability: Are there
areas that are already irreversibly
damaged? Therefore, in selected cas-
es it is helpful to also include a rest
MPI scan, which is not routinely done
when there are no concerns related
to fixed perfusion abnormalities. A
valid alternative to a rest perfusion
scan is a late enhancement scan
aimed at the visualization of myo-
cardial scarring. In this case, MPI
performed in rest was normal, which
made the presence of infarcted scar
tissue in the affected areas unlikely.
It is noteworthy that this patient had
no coronary flow reserve for the LAD
territory, as MBF was reduced below
rest values by a “steal effect” from
the remaining myocardium as a
consequence of adenosine-mediated
vasodilation. e

B A post-PCl image show a well
recanalized LAD in the proximal
segment (arrow).

Examination Protocol

Scanner SOMATOM Force

Scan area Heart Heart

Scan mode Prospective ECG Dynamic perfusion
triggered CTA (Stress | Rest)

Scan length 116 mm 105 mm

Scan direction Cranio-caudal Shuttle

Scan time 3.7s 32s

Tube voltage 80 /80 kV 70170 kv

Effective mAs 438 mAs 341 mAs

Dose modulation CARE Dose4D CARE Dose4D

CTDI, 6.42 mGy 53.35 mGy (13 sweeps)

41.1 mGy (10 sweeps)

DLP 75.1 mGy*cm 563.4/434.0 mGy*cm

Rotation time 0.25s 0.25s

Slice collimation 152 x 0.6 mm 192 x 0.6 mm

Slice width 0.75 mm 3.0 mm

Reconstruction 0.5 mm 2.0 mm

increment

Reconstruction kernel Bv40 (ADMIRE 2) Qr36

Heart rate 62-68 bpm 88-105/ 65-85 bpm
Contrast 300 mg/mL 300 mg/mL
Volume 60 mL 60 mL
Flow rate 7.5 ml/s 7.5 ml/s
Start delay Test bolus using Test bolus using
15mL + 40 mL saline 15 mL + 40 mL saline
References

[1] F. G. Meinel et al. Prognostic Value of
Stress Dynamic Myocardial Perfusion CT
in a Multicenter Population With Known
or Suspected Coronary Artery Disease.
AJR 2017; 208:761-769.

[2] A. Rossi, et al. Dynamic Computed
Tomography Myocardial Perfusion
Imaging: Comparison of Clinical Analysis
Methods for the Detection of Vessel-
Specific Ischemia. Circ Cardiovasc
Imaging 2017 Apr;10(4). pii: €005505.
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Apical hypertrophic cardiomyopathy

Yan Yi, MD'; Wei Wu, MD?; Zheng-Yu Jin, MD'; Yi-Ning Wang, MD'
"Department of Radiology; 2 Department of Cardiology; Peking Union Medical College Hospital,
Chinese Academy of Medical Sciencesand Peking Union Medical College, Beijing, P. R. China

History

A 61-year-old male patient, complain-
ing of progressive exertional chest
tightness, relieved by rest, for the past
11 years, was referred to us with sus-
pected coronary artery disease (CAD).
Standard twelve lead electrocardiog-
raphy (ECG) revealed ST-T segment
changes on leads V2-V6 and T wave
inversion. A coronary CT angiography
(CTA) combined with ATP-stress myo-
cardial CT perfusion was requested to
investigate the coronary artery status
and myocardial blood flow.

Diagnosis

Coronary CTA images showed mild
stenoses in the left anterior descend-
ing artery (LAD), the left circumflex
(LCX) and the right coronary artery
(RCA), all caused by mixed plaques.
The long-axis views of the left ventri-
cle, in both systole and diastole,
revealed a significantly thickened
apical myocardium. Myocardial per-
fusion images showed an extensive
reduction of myocardial blood flow
(MBF) in the apical portion. No isolat-
ed perfusion defect was demonstrat-
ed. In the delayed scans, partial en-
hancement in the apical myocardium
was shown, suggesting local fibrosis.

Comments

Hypertrophic cardiomyopathy (HCM)
is characterized by left ventricular

(LV) hypertrophy with various pheno-
types, of which apical HCM accounts

n Curved MPR images (Fig. 1a, LAD; Fig. 1b, Cx) and a thin MIP image (Fig. 1c) of the for approximately 2-15%.[1, 2] Clini-

coronary CTA show no significant stenoses. cally, patients with apical HCM may
present with exertional angina or
Long (Figs. 2a, 2b) and short (Figs. 2c, 2d) axis views of the left ventricle show an dyspnea and may have electrocardio-

extensive MBF reduction in the apical portion compared to the basal area. C e s .. .
picalp P graphic findings similar to those with
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CAD or in acute coronary syndromes.
[1, 3] Some of these patients may be
admitted for ICA due to suspected
CAD. Therefore, a pre-interventional
differential diagnosis is important.
Cardiac MR imaging has its advantag-
es,[1, 4, 5] is however limited to its
availability and by contraindications.
A coronary CTA combined with ATP-
stress myocardial CT perfusion can be
performed to investigate the coronary
arteries, the myocardium thickness
and the MBF. In this case, mild coro-
nary stenoses with unmatched exten-
sive reduction of MBF in the signifi-
cantly thickened apical portion are
revealed. This is highly suggestive of
an apical HCM.[1-3] These results as-
sist the physicians in making a prompt
diagnosis and appropriate treatment
planning, as well as to assess the
patient’s prognosis. @

References
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H(2016). Hypertrophic Cardiomyopathy
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Long axis views in the systole (Fig. 3a) and diastole (Fig. 3b) show a thickened
apical myocardium, partially enhanced in the delayed phase (Fig. 3c), suggesting

local fibrosis.

Examination Protocol

Scanner SOMATOM Force

Scan area Heart Heart Heart

Scan mode ECG Triggered Stress Myocardial  Dynamic 4D
Sequential scan Perfusion Spiral

Scan length 107 mm 105 mm 105 mm

Scan direction Cranio-caudal Shuttle Shuttle

Scan time 3.8s 345 6s

Tube voltage 90 kV 70 kV 80 kV

Effective mAs 398 mAsi/rot. 275 mAsirot. 307 mAs/rot.

cTDl, 20.2 mGy 39.73 mGy 24.17 mGy

DLP 218.1 mGy*cm 419.59 mGy*cm  255.2 mGy*cm

Rotation time

0.25s

0.25s

0.25s

Slice collimation 144 x 0.6 mm 192 x 0.6 mm 192 x 0.6 mm
Slice width 0.75 mm 1.5 mm 1.0 mm
Reconstruction 0.5 mm 0.7 mm 1.0 mm
increment
Reconstruction Bv40 (ADMIRE 3) Qr36 Qr36
kernel
Heart rate 74 — 85 bpm 72 — 85 bpm 78 — 83 bpm
Contrast 370 mg/mL 370 mg/mL -
Volume 45 mL+45 mL 44 mL + 44 mL -

saline saline
Flow rate 5.0 mL/s 5.5 mL/s -
Start delay Bolus trackingat 5 7 minutes after

the ascending
aorta with
100 HU + 5s

CTA
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Coronary artery fistula and
coronary aneurysm —
a rare incidental coincidence

Hui Song, MD, Yuquan Wang, MD, Rongpin Wang, MD

Department of Radiology, Guizhou Provincial People’s Hospital, P. R. China

History

A 58-year-old male patient, com-
plaining of recurrent paroxysmal
thoracalgia for the past year, pre-
sented himself for a check-up. After
resting, his symptoms were less
pronounced. Physical examinations,
electrocardiogram and chest radio-
graph were unremarkable. A coro-
nary CT angiography (cCTA) was
requested for further evaluation.

Diagnosis

cCTA images revealed an anomalous
fistula, connecting the proximal left
anterior descending artery (LAD) to
the main pulmonary artery (MPA).
The fistula was tortuous and dilated
towards the MPA which inserted
directly above the valve on the left
side. A saccular aneurysm, measur-
ing 4.6 x 2.5 mm in size, was also
shown in the mid segment of the
2nd diagonal branch of the LAD. The
origins and the courses of the right
coronary artery (RCA), the LAD and
the circumflex (Cx) were normal.

Comments

A coronary artery fistula (CAF) is
classified as an abnormality in the
termination of a coronary artery and
defined as an anomalous connection
between a coronary artery and a
major vessel or cardiac chamber.[1]

A coronary artery aneurysm (CAA) is
described as a localized dilatation of a
coronary artery segment more than
1.5-fold compared with adjacent nor-
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mal segments.[2] Both CAF and CAA
are rare and usually asymptomatic.
Nonetheless, these can have fatal
outcomes for the patients.

Conventional coronary angiography
can reliably demonstrate the proximal
part of the CAF. However, the drain-
age site may not be well seen due to
significant dilution of the contrast
agent.[1] As the angiography is limit-
ed to a "luminogram”, it cannot pro-
vide adequate information concern-
ing the vessel wall. This could lead to
an underestimation of the actual size
of an aneurysm or perhaps even to
overlook a CAA which may be occlud-
ed by a large thrombus or a plaque.[2]
Contrary to the invasive approach of
the conventional coronary angiogra-
phy, cCTA is a noninvasive alternative.
Potential applications of cCTA include
identification of anomalous origin
and course of coronary arteries, as-
sessment of the complexity of the
fistula, evaluation for aneurysmal
dilatation or thrombus formation

in the vessel.[2,3]

Excellent three dimensional image
data can be acquired by synchroniz-
ing image acquisition with cardiac
cycle using ECG - either triggered
prospectively or gated retrospectively.
In each cardiac cycle, the least move-
ment of the coronary arteries is
observed in two phases — the end-
systole (ES) and the end-diastole
(ED). At lower heart rates, the ES
phase (approximately 100-150 ms)

is much shorter than the ED phase.
However as the heart rate increases,
the ED phase shortens and can be
even shorter than the ES phase
while the ES phase remains mostly
unchanged.[4]

For comparable signal-to-noise ratio,
an ECG-gated spiral acquisition
requires a higher patient radiation
dose than an ECG-triggered sequen-
tial acquisition. This is due to the
fact that the ECG-gated acquisition
acquires image data with a small
spiral pitch and continuous X-ray
exposure. Thus patients with a
higher and regular heart rate, such
as in this case (92 bpm), would
benefit from the ECG-triggered
sequential scanning in the ES phase —
if an appropriate temporal resolution
is provided. We performed the cCTA
with SOMATOM Force, which provides
66 ms temporal resolution enabling
motion-free image acquisition. Addi-
tionally, the radiation exposure could
be substantially reduced by applying
techniques such as CARE Dose4D
(automatically controlled tube
current modulation) and ADMIRE
(advanced modeled iterative recon-
struction). The 70 kV setting was
chosen automatically by CARE kV
(automatic tube voltage optimiza-
tion), which significantly improved
contrast enhancement, although
only 35 mL contrast agent was ad-
ministrated. The lower kV setting
also contributes to the radiation
dose reduction. e
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Examination Protocol

Scanner SOMATOM Force

Scan area Heart

Scan mode Prospective
ECG-triggered
sequential scan

Scan length 133 mm

Scan direction

Cranio-caudal

Scan time

4

Tube voltage

70 kV

Effective mAs

389 mAs |/ rot.

Dose modulation

CARE Dose4D

cTDl,, 7.84 mGy
DLP 105.9 mGy*cm
Effective dose 1.48 mSv
Rotation time 0.25s
Slice collimation 192 x 0.6 mm
Slice width 0.75 mm
Reconstruction 0.5 mm
increment
Reconstruction Bv36 [ Bv40
kernel (ADMIRE 3)
Heart rate 92 bpm
Contrast 370 mg/mL
Volume 35 mL+30mL
saline
Flow rate 4 ml/s
Start delay Bolus tracking +
5s
References

[1] Zenooz et al. Coronary Artery Fistulas:
CT Findings. RadioGraphics 2009;
29:781-789

[2] Abou Sherif S, Ozden Tok O, Taskéylii O,
Goktekin O and Kilic ID (2017) Coronary
Artery Aneurysms: A Review of the
Epidemiology, Pathophysiology,
Diagnosis, and Treatment. Front.
Cardiovasc. Med. 4:24. doi: 10.3389/
fcvm.2017.00024

[3] Schmitt R, Froehner S, Brunn J, et al.
Congenital anomalies of the coronary
arteries: imaging with contrast-en-
hanced, multi-detector computed
tomography. Eur Radiol 2005;
15(6):1110-1121.

[4] Achenbach S, Ropers D, Holle J, Muschiol G,
Daniel WG, Moshage W (2000a).
In-plane coronary arterial motion
velocity: measurement with electron-
beam CT. Radiology 216:457-463.

n An axial image (Fig. 1a) shows the insertion of the fistula (arrowhead) into the MPA
on the left side. VRT images (Figs. 1b-1d) reveal a tortuous fistula (arrows)
connecting the proximal LAD to the MPA, and a small aneurysm (dashed arrows)
in the mid segment of the 2" diagonal branch of the LAD.

Curved MPR images show normal origins and courses of the RCA, the LAD and the
Cx. The fistula coming off the proximal LAD (arrow) is also shown.
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Coronary stenoses caused by

extensive calcification -

hemodynamic relevance?

Prof. Steven Dymarkowski, MD

Department of Radiology, University Hospital Leuven, Belgium

History

A 70-year-old female patient, suffer-
ing from chest pain with both typical
and atypical elements, presented
herself to the hospital. The patient
had an intermediate coronary risk
profile and a history of coronary
stenosis (70% in ramus intermedius)
revealed in a conventional coronary
angiography from 2010. A stress-ECG
test was inconclusive. A comprehen-
sive cardiac CT study, including
Coronary CT angiography (CTA) and
Stress Myocardial Dynamic Perfu-
sion, was ordered to simultaneously
evaluate both the coronary arteries
and the myocardium.

Diagnosis

Coronary CTA images showed a right
coronary artery (RCA) dominant
system. Extensive calcified plaques
were seen in all coronary arteries,

and in part severe, obscuring the
luminal views. A calcium score of
1333 was calculated. The origin of
the first diagonal and marginal
branch, the mid segment of the RI
and the distal circumflex (LCX) were
severely stenosed.
Adenosine-induced Stress Myocardial
Dynamic Perfusion CT images
showed an overall moderate reduc-
tion of the myocardial perfusion,
slightly pronounced circumferential-
ly in the basal area. MBF values,
measured in the polarmap, revealed
hemodynamic relevance in the basal
segments 1, 4, 5 and 6. No isolated
perfusion defect was demonstrated.
Since the reduced stress perfusion
suggested triple vessel disease, X-ray
coronary angiography was performed.
CT findings were confirmed with
over 70% of the stenoses.

Comments

In case of an extensive calcification
of the coronary arteries, it is difficult
to evaluate the stenoses. However,
the myocardial perfusion and viabil-
ity can be assessed regardless of the
conditions of the coronary arteries.
A quantitative myocardial stress
perfusion CT is performed using
adenosine-mediated vasodilation
and dynamic CT scan with contrast
agent. Time-resolved attenuation
curves are reconstructed as the
contrast agent passes through the
heart and perfusion parameters,
such as myocardial blood flow
(MBF), are calculated using a decon-
volution algorithm. In this case, a
systolic ECG-triggered Sequential
Shuttle mode is applied with an
absolute delay of 250 ms. Systolic
acquisition with an absolute delay is
insensitive to extrasystolic events
and it improves myocardial perfusion

n VRT images (Figs. 1a, 1b) and curved MPR images (Figs. 1c—f) show extensive calcified plaques in all coronary arteries. Severe
stenoses are visualized in the mid segment of the Rl (Figs. 1a, 1b, 1e; arrows), the distal LCX (curved arrow), the first diagonal
(Fig. 1d; arrowhead) and marginal branch (Fig. 1f; dotted arrow). No significant stenosis is seen in the RCA (Fig. 1c).
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MBF images in both short (Fig. 2a) and long (Fig. 2b) axis reveal
reduced basal blood flow, corresponding to hypoperfusion.

MBF of the endocardial compartment in AHA polarmap display.
Basal Segments 1, 4, 5 and 6 have MBF values between 94 and

103 mL/100 mL/min, corresponding to a range of 67 to 72% of the

remote myocardium (defined by the 75% percentile of all segments).
Both ranges are below the respective cutoff values (106 mL/100 mL/min
and 73%) for hemodynamic relevance determined in a recent study [1]

that used invasive FFR as reference.

evaluation since the myocardium

is thicker in systole. Additionally,
techniques associated with radiation
dose reduction, such as CARE Dose4D
(Real time Anatomic Exposure Control)
and CARE kV (Automatic Tube Volt-
age Optimization) were applied,

to achieve excellent image quality
with limited radiation exposure.

A software application for cardiac
perfusion evaluation enables a fast
calculation of the myocardial blood
flow and allows a polarmap display
providing segmental values.
Respective cutoff values for
hemodynamic relevance have been
published in a recent study that used
invasive FFR as reference.[1] ®

References

[1] Rossi A, Wragg A, Klotz E, Pirro F, Moon
JC, Nieman K, Pugliese F. Dynamic
Computed Tomography Myocardial
Perfusion Imaging: Comparison of
Clinical Analysis Methods for the
Detection of Vessel-Specific Ischemia.
Circ Cardiovasc Imaging.
2017 Apr;10(4). pii: e005505.
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Examination Protocol

Scanner SOMATOM Force

Scan area Heart Heart Heart

Scan mode Turbo Flash Turbo Flash Dynamic CT

Calcium Score CTA Perfusion

Scan length 130.5 mm 131.4 mm 102 mm

Scan direction Cranio-caudal Cranio-caudal Shuttle

Scan time 0.18s 0.18s 30s

Tube voltage 120/ 120 kV 90 /90 kv 70 kV

Effective mAs 88 mAs 444 mAs 169 mAs

Dose modulation ~ CARE Dose4D CARE Dose4D CARE Dose4D

cTol, 1.49 mGy 3.14 mGy 24.48 mGy

DLP 25.7 mGy*cm 54 mGy*cm 258.5 mGy*cm

Rotation time 0.25s 0.25s 0.25s

Pitch 3.2 3.2 NA

Slice collimation 192 x 0.6 mm 192 x 0.6 mm 48 x1.2mm

Slice width 3 mm 0.6 mm 3 mm

Reconstruction 1.5 mm 0.3 mm 2mm

increment

Reconstruction Qr36 Bv40 Qr36

kernel (ADMIRE 3)

Heart rate 70 bpm 66 bpm 90 bpm

Contrast - 350 mg/mL 350 mg/mL

Volume - 68 mL+50mL 50 mL+ 50 mL
saline saline

Flow rate - 4 mLis 6 mLl/s

Start delay - 11s 10s

Reprint of News & Stories

11



Clinical results - Coronary Artery Disease

Revealing a myocardial perfusion
defect, unseen on MRI, using
adenosine-stress Dual Energy CT

Ralf W. Bauer, MD,"; Jan-Erik Scholtz, MD?3
"Clinic of Radiology and Nuclear Medicine, Cantonal Hospital St. Gallen, Switzerland
2Goethe University, Frankfurt am Main, Germany
3Cardiac MR PET CT Program, Massachusetts General Hospital, Harvard Medical School, Boston, USA

History

A 68-year-old male patient, with a
known history of coronary artery
disease, was referred to our hospital
due to unclear chest pain. Previously
the patient had undergone percuta-
neous coronary angioplasty with stent
placement. An adenosine-stress myo-
cardial perfusion MRI was performed
revealing no perfusion defect. There-
after, the patient was referred for

a coronary CT angiography with ade-
nosine-stress myocardial perfusion
using Dual Energy CT (DECT) mode.

Diagnosis

CT was carried out directly under
stress conditions after an i.v. infusion
of adenosine (140 ug per kg body
weight per minute) and no rest
phase. CT angiography with systolic
reconstruction revealed a moderate
stenosis in the mid-left anterior
descending coronary artery (LAD)
caused by a non-calcified plaque.
Myocardial iodine distribution maps,
as a surrogate for myocardial perfu-
sion generated using syngo.CT DE
Heart PBV, showed a large perfusion
defect in the mid-septum with normal
wall motion and no late enhance-
ment (not shown). Invasive coronary
angiography confirmed the LAD ste-
nosis with a pathological fractional
flow reserve (FFR) of 0.68 and was
therefore stented. An additional
high-grade septal branch stenosis

was seen but not treated due to its
small vessel caliber.

Comments

The contradicting results of two
“gold standard” tests, i.e. adenosine-
stress MRI and invasive FFR, makes
this case interesting. While MRI, as
the preferred non-invasive imaging
test in this clinical scenario, is nega-
tive whereas a still novel and non
established method, i.e. adenosine-
stress DECT, delivers both informa-
tion on a moderate LAD stenosis and
its impact on myocardial perfusion
with an obvious perfusion defect

of the septum in agreement with
invasive coronary angiography and
FFR measurement. This case high-
lights the necessity of deepening
research and widening clinical
implication of myocardial perfusion
imaging with DECT as it can provide
both morphological and functional
information from one scan. Com-
pared to time-resolved myocardial
imaging approaches, such as
dynamic perfusion CT or MR,

DECT images are acquired in just
one single breath-hold within
typically 8-10 seconds shortly after
peak aortic enhancement. In our
opinion, this makes the Dual Energy
approach to myocardial perfusion
imaging an attractive method with
enormous potential for clinical use. @
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Examination Protocol

Scanner SOMATOM
Force

Scan area Heart

Scan mode Dual Source
Dual Energy

Scan length 97 mm

Scan direction

Cranio-caudal

Scan time

2.3s

Tube voltage

90/Sn150 kV

Effective mAs

1307102 mAs

Dose CARE Dose4D
modulation

cTDI, 20.75 mGy
DLP 266.3 mGy*cm
Effective dose 3.7 mSv
Rotation time 0.25s

Pitch 0.28

Slice collimation 128 x 0.6 mm
Slice width 1.5 mm
Reconstruction 1.0 mm

increment

Reconstruction
kernel

Qr40 ADMIRE 2

Heart rate 68-83 bpm
Contrast 400 mg/mL
Volume 50 mL

Flow rate 5 mL/s

Start delay Test bolus
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n Mid-ventricular short axis view of iodine distribution maps of stress DECT (Fig. 1a, arrow) reveals a large septal perfusion defect which
is not seen in the stress myocardial perfusion MRI (Fig. 1b).

CT angiography with systolic reconstruction shows a moderate stenosis of the LAD (Fig. 2a, arrow). An invasive coronary angiography
(Fig. 2b, arrow) confirms CTA results with pathological FFR of the LAD stenosis of 0.68 indicating an ischemia.
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Ultra-fast lLow-dose coronary
CTA at 0.37 mSv and with 35 mL
contrast agent

Julian L. Wichmann, MD; Carlo N. De Cecco, MD; U. Joseph Schoepf, MD
Department of Radiology and Radiological Science, Medical University of South Carolina, Charleston, SC, USA

History

A 77-year-old male patient, with
multiple risk factors including hyper-
tension, hyperlipidemia, and history
of cigarette smoking, was admitted
with recent onset of chest discomfort
and shortness of breath at rest. The
physical examination was unremark-
able. Patient characteristics, including
body mass index (25 kg/m?), blood
pressure (130/80 mmHg) as well as
ECG and echocardiography, were nor-
mal at admission. The chest discom-
fort and shortness of breath persisted
after admission and an initial set of
cardiac troponin | showed a level of
0.04 ng/mL. The patient was subse-
quently referred for coronary CT angio-
graphy (cCTA) for further evaluation.

Diagnosis

Calcium scoring revealed multiple
calcifications in the left main (LM),
left anterior descending (LAD), right
(RCA) and circumflex (Cx) coronary
arteries, most distinct in the LAD.
The total calcium score was 509,
corresponding to the 61st age, race,
and gender adjusted percentile.
cCTA images demonstrated an ap-
proximately 50% stenosis of the mid
LAD segment and mid CX without
LM stenosis. An extensive calcified
plaque caused significant stenosis
(>50%) of the ostium of the first
diagonal branch off the LAD. The
RCA showed only mild luminal irreg-
ularities in the mid-vessel segment.
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Invasive cardiac catheterization was
performed, confirming the stenosis
(>70%) of the first diagonal branch.
An everolimus-eluting stent was suc-
cessfully deployed after balloon an-
gioplasty. An excellent angiographic
result was achieved. The patient was
safely discharged 24 hours after the
procedure without recurrence of
symptoms during follow-up.

Comments

In this case, cCTA helped obtain a
definitive diagnosis and aided imme-
diate treatment in a patient with
atypical chest pain and a medium risk
for coronary artery disease. Excellent

n Curved MPR images show
mild stenosis in the LAD
and the Cx, as well as
luminal irregularities in
the RCA.
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Axial (Fig. 2a) and VRT (Fig. 2b) images reveal extensive calcified plaque in the proximal LAD which causes a severe stenosis at the
ostium of the first diagonal branch (arrows). Multiple calcified plaques are shown in all 3 coronary arteries (Fig. 2b).

image quality, despite diffuse coro-
nary calcifications, allowed for the
detection of hemodynamic-relevant
stenosis and facilitated planning of
the percutaneous interventional
procedure. Timely diagnosis is a
decisive factor in the management
of unstable angina considering that
“time is myocardium”.

All available latest Dual Source CT
radiation dose-saving techniques
were applied in this case. ECG-gated
ultra-high-pitch acquisition was
performed, automated tube current
modulation (CARE Dose4D) was
activated, and automated tube volt-
age modulation (CARE kV) resulted
in a 70 kV image acquisition. The
estimated effective dose was only
0.37 mSv. Performing the scan at
70 kV allowed restricting the contrast
media bolus to only 35 mL due to
the increased intravascular attenua-
tion of iodine. To further decrease
image noise associated with the low
tube voltage, advanced image-based
iterative reconstruction (ADMIRE,
level 3, 4, 5) was performed. @

Examination Protocol

Scanner SOMATOM Force
Scan area Heart

Scan mode Turbo Flash mode
Scan length 125.7 mm

Scan direction

Cranio-caudal

Scan time 0.17 s

Tube voltage 70 kV (CARE kV)
Effective mAs 555 mAs

Dose modulation CARE Dose4D
CcTDI,, 1.56 mGy

DLP 26.1 mGy*cm
Effective dose 0.37 mSv

Rotation time 0.25s

Pitch 3.2

Slice collimation 192 x 0.6 mm
Slice width 0.5 mm
Reconstruction increment 0.3 mm
Reconstruction kernel Bv40 (ADMIRE)
Heart rate 62 bpm

Contrast 370 mg/mL
Volume 35 mL + 50 mL saline
Flow rate 2.2mLls

Start delay Bolus tracking + 4 s
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Diagnosis of reversible myocardial
ischemia using Dynamic CT Perfusion:
confirmation by *O-labelled

water PET/CT

Kakuya Kitagawa, MD; Yasutaka Ichikawa, MD; Masaki Ishida, MD; Naoki Nagasawa, PhD; Yoshitaka Goto, MD,
and Hajime Sakuma, MD
Department of Radiology, Mie University School of Medicine, Mie, Japan

History

A 72-year-old male patient, suffering
from diabetes mellitus and elevated
triglyceride levels, was admitted

for surgical resection of an adrenal
tumor. Echocardiography was
performed for preoperative cardio-
vascular assessment. This revealed a
regional hypokinesis in the posterior
wall of the left ventricle. A cardiac CT
and a '>O-labelled water PET/CT were
requested for further evaluation.

Diagnosis

Coronary CT angiography images
depicted a high grade stenosis
caused by non-calcified plaques in
the proximal left anterior descending
artery (LAD, Fig. 1a), and a mild ste-
nosis caused by calcified plaques in
the proximal right coronary artery
(RCA, Fig. 1b). The circumflex
artery (Cx) was hypoplastic, and no
plaques were seen in the left-main
coronary artery (LM).

Myocardial blood flow maps, derived
from dynamic CT perfusion, revealed n Curved MPR images of the LAD (Fig. 1a) and the RCA (Fig. 1b) show a high-grade

a significant reduction of blood flow stenosis in the proximal LAD (Fig. 1a, arrow) and a mild stenosis in the proximal RCA

in the area subtended to the LAD (Fig. 1b, dashed arrow).

(Figs. 2a and 3a). A polar map of myocardial blood flow derived from dynamic CT perfusion shows
reduced perfusion in the anterior and apical segments (Fig. 2a). Volume rendering

Delayed enhancement CT showed images (Figs. 2b and 2c) show LAD wrapping around the apex (asteriks).

no abnormal enhancement and no B Short axis images of myocardial blood flow map (Fig. 3a) and delayed enhancement
evidence of infarction in the area CT (Fig. 3b) show no evidence of infarction in the area with reduced perfusion.

with reduced perfusion (Fig. 3b).
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Quantitative polar maps of myo-
cardial perfusion obtained from
°0-labelled water PET/CT also
demonstrated reduced myocardial
blood flow under stress and myocar-
dial perfusion reserve in the LAD
territory (Fig. 4).

Comments

Cardiac CT has evolved from the
morphological assessment of coro-
nary arteries to the assessment of
myocardial perfusion and viability.
As exemplified above, a comprehen-
sive cardiac CT examination can
provide almost all needed informa-
tion to guide patient management
and develop therapeutic strategies.
Dynamic CT perfusion, which had
been limited by relatively high radia-
tion and insufficient z-axis coverage,
has broadened its clinical appli-
cability since the introduction of
SOMATOM Force. This new system
allows higher tube current at lower
tube voltage and has a 96-row
detector covering 10.5 cm in the
cardiac shuttle mode.

*0-labelled water PET/CT imaging is
considered the gold standard for the
quantitative assessment of myocardi-
al perfusion because >O-labelled
water is a freely diffusible agent and
the extraction fraction is not affect-
ed by flow rates or the metabolic
state of the myocardium. However,
despite promising results in the
research context, its availability is
extremely limited. As shown here,
dynamic CT perfusion can provide
quantitative parametric maps

that agree well with >O-labelled
water PET/CT. @

Clinical results - Coronary Artery Disease

n Polar maps of myocardial blood flow (Fig. 4a) and myocardial perfusion reserve (Fig. 4b)
obtained from '*O-labelled water PET/CT demonstrate reduced perfusion in the anterior
and apical segments showing good agreement with the CT-derived polar map (Fig. 2a).

Examination Protocol

Scanner SOMATOM Force

Scan area Left ventricle Heart Left ventricle

Scan mode Stress myocardial cCTA (Seq.) Delayed
perfusion enhancement CT

Scan length 105 mm 120 mm 105 mm

Scan direction Shuttle Cranio-caudal Shuttle

Scan time 32s 5s 8s

Tube voltage 70 kV 80 kV 80 kV

Effective mAs

182 mAs/rot.

247 mAs/rot.

278 mAs/rot.

Dose modulation

CARE Dose4D

CARE Dose4D

CARE Dose4D

cTol, 24.2 mGy 10.4 mGy 15.8 mGy

DLP 255.8 mGy*cm  128.1 mGy*cm  167.2 mGy*cm

Effective dose 3.6 mSv 1.8 mSv 2.3 mSv

Contrast 370 mg/mL 370 mg/mL -

Volume 40 mL 60 mL -

Flow rate 5 mUis 4.7 mLls -

Start delay 4s Bolus tracking -

Scan timing Adenosine Adenosine cCTA
infusion infusion * 7 min
start release scan

* 3 min
scan Nitro
y 5min
scan
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Combined coronary and carotid CTA
with 60 mL contrast agent and a
radiation dose of only 1.7 mSv

Cintia A. Melo, MD; Maria Eduarda M. Siqueira, MD; Mayra Dias, MD; Rainer Haetinger, MD, PhD;
Luis A.G. Gabure, MD; Milena C. Gravinatti; Cesar A.M. Cattani, MD, PhD; Caroline B. de Paula’
Department of Radiology, Beneficéncia Portuguesa de Sao Paulo Hospital, Sao Paulo, Brazil

Siemens Healthineers, Brazil

History

A 55-year-old male patient, with
atypical chest pain, syncope, hyper-
lipidemia, and a family history of
coronary artery disease (CAD),
underwent a treadmill test. This was
inconclusive due to a left-bundle
branch block. A coronary and a
carotid CT angiography (CTA) were
requested by the referring physician
to rule out coronary and/ or carotid
artery disease.

Diagnosis

The coronary CTA (cCTA) showed
no evidence of coronary plaques or
stenoses. A small calcification area
in the pericardium, next to the right
atrium posterior wall, was seen.
There were also no clinical findings
in the carotid CTA.

Comments

cCTA and carotid CTA are valuable,
noninvasive imaging examinations
that support the physician in diag-
nostic accuracy. Previously, with

a single source CT scanner, two
separate acquisitions had to be
performed resulting in a higher
radiation dose and the need

for contrast agent of 70 mL for
cCTA and 50 mL for carotid CTA.
Using a Dual Source CT scanner
(SOMATOM Definition Flash), both
acquisitions are combined into one,
necessitating only 60 mL contrast

n VRT images from the cCTA show no evidence of coronary plaques or stenosis.

Curved MPR images of the RCA (Fig. 2a), the LAD (Fig. 2b) and the Cx (Fig. 2c) show
no evidence of coronary plaques or stenosis.

agent. This is made possible by
performing a spiral scan in Flash
mode with a very high pitch of

3.4. Radiation dose is also reduced
due to advanced technologies such
as a Stellar detector and sinogram
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affirmed iterative reconstruction
(SAFIRE). A slice width of 0.5 mm
also improves the definition of the
vessel lumen and reduces blooming
of the stent material. ®



Examination Protocol

Scanner SOMATOM

Definition Flash
Scan area Neck/Thorax
Scan mode Flash mode
Scan length 416.5 mm

Scan direction

Caudo-cranial

Scan time

091s

Tube voltage

100 kV

Effective mAs

282 mAs/rot.

Dose CARE Dose4D
modulation

Tl 2.75 mGy
DLP 129 mGy*cm
Effective dose 1.73 mSv
Rotation time 0.28s

Pitch 3.4

Slice collimation 128 x0.6 mm

Slice width 0.5/0.6/0.75 mm
Reconstruction  0.3/0.4/0.5 mm
increment

Reconstruction 126 (SAFIRE)
kernel

Temporal 75 ms
resolution

Heart rate 60-73 bpm
Contrast 350 mg/mL
Volume 60 mL

Flow rate 5 mLl/s

Start delay Testbolus +5 s

Clinical results - Coronary Artery Disease
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n Curved MPR images show normal bilateral vertebral and carotid arteries.
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Coronary CTA with 80 RV: improving
image quality with reduced radiation
and contrast medium dose

Takehito Shizuka, MD', Haruka Iwase, MD", Hiroaki Kobayashi, MD', Yae Matsuo, MD",

Saburou Yanagisawa, MD', Nobuaki Fukuda, MD', Akihiro Saitou, MD', Shitoshi Hiroi, MD", Toyoshi Sasaki, MD",
Chikashi Negishi, MD?, Youichi Satou, MD?
"Department of Cardiology; 2Diagnostic Imaging Center; National Hospital Organization Takasaki General

Medical Center, Japan

History

An 84-year-old female patient, with a
history of hypertension and dyslipid-
emia, was hospitalized due to heart
failure. Cardiac enzyme tests were
normal. After an improvement of her
heart failure, the first coronary CTA
was performed. This revealed an an-
eurysm and a chronic total occlusion

(CTO) of the left anterior descending
artery (LAD) and a 75% stenosis of
the right coronary artery (RCA) which
was then treated with a stent. A sec-
ond coronary CTA was performed to
evaluate the characteristics of the
CTO after the intervention.
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Diagnosis

An aneurysm located directly in
front of the diagonal and the septal
branches, as well as the CTO

(Figs. 1a and 1b), could be clearly
visualized in the LAD. Neither
calcified plaques nor thrombosis
were seen in the aneurysm (Figs. 1c
and 1d). A stent shown in the proxi-
mal RCA was patent (Fig. 3a). The
distal branches of the RCA were well
developed supposedly to compen-
sate the limited blood supply of the
occluded LAD. A few small calcified
plaques were present in the proximal
circumflex artery (Cx, Fig. 3b).

Comments

To achieve the optimal CT image
quality with the lowest possible
dose, various CT techniques have
been established. In the newly
developed Stellar Detector, the
photodiode and the analog-to-digital
converters (ADCs) were combined in
single application-specific integrated
circuit (ASICs). This therefore reduc-
es the path of the analog signal and
decreases the electronic noise which

n VRT images with different presets
(Figs.1a and 1b) showed the CTO
(arrows) and the aneurysm (dashed
arrows) in the LAD. Neither calcified
plaques nor thrombosis were seen
in the aneurysm (Fig. 1c - MPR and
Fig. 1d - MIP).



An angiographic image (Fig. 2a) and a VRT image (Fig. 2b) demonstrate both left and
right coronary arteries.

Examination Protocol

Scanner SOMATOM Definition Flash
Scan area Heart

Scan mode Flash mode

Scan length 111 mm

Scan direction

Cranio-caudal

Scan time 0.2s

Tube voltage 80 kV with CARE kV
Effective mAs 316 mAs

Dose modulation CARE Dose4D
DI, 1.46 mGy

DLP 27.1 mGy*cm
Effective dose 0.38 mSv

Rotation time 0.28s

Pitch 3.4

Slice collimation 128 x 0.6 mm

Slice width 0.75 mm
Reconstruction increment 0.4 mm
Reconstruction kernel I136f (SAFIRE)

Heart rate 56 bpm

Contrast

Volume 42 mL (including test bolus)
Flow rate 3.5 ml/s

Start delay Test Bolus

Clinical results - Coronary Artery Disease

in turn directly enhances the image
quality. In this case, SAFIRE as a raw
data-based iterative reconstruction
technique, Flash Cardio Spiral pro-
vided by Dual Source CT, CARE kV,
and CARE Dose4D were all addition-
ally applied to minimize the dose

to 0.38 mSv while maintaining the
image quality. The 80 kV setting
selected by CARE kV remarkably
enhanced the contrast although
only 42 mL (including test bolus
injection) contrast medium were
used. ®

A patent stent in the RCA (Fig. 3a) and
few small calcified plaques could be
revealed with curved MPRs (Fig. 3b).
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Unroofed coronary sinus syndrome —
diagnosis with Dual Source CT using

Flash mode

Hongliang Zhao, MD', Minwen Zhen, MD", Yi Huan, MD", Fu Fu Chen, MD?, Hong Tao Liu, MD?
"Department of Radiology, Xijing Hospital, the Fourth Military Medical University, Xian, P. R. China

2Siemens Healthineers, China

History

A 70-year-old female patient with
a known history of hypertension
presented herself to the hospital
complaining of stuffiness in the
chest for the past two months.

A Dual Source Coronary CT Angio-
graphy (CTA) was performed to
rule out coronary heart disease.

Diagnosis

The CTA images clearly showed an
atrial septal defect (ASD, Figs. 1-3)
with left-to-right shunting. The coro-
nary sinus (CS) opened into the left
atrium (Figs. 1-4), and the great and
middle cardiac veins were enlarged
before they joined the coronary
sinus. An anomalous vascular
structure, running in the right
atrio-ventricular groove, along with
the right coronary artery connected
the right atrium and the coronary
sinus (Figs. 1-5). Mixed plaques
were present in the proximal left
anterior descending (LAD) artery
with less than 50 % luminal stenosis
(Fig. 6). The other coronary vessels
appeared to be normal.

Comments

Unroofed coronary sinus syndrome
(URCS), also called coronary sinus
septal defect, is a rare congenital
cardiac anomaly. The roof of the CS
is either partially or completely ab-
sent resulting in a communication
between the CS and the left atrium

(LA). Trans-thoracic echocardio-
graphy is the most widely used
imaging modality for suspected
unroofed CS, but is limited in its
ability to visualize the posterior
cardiac structures such as the CS.
Dual Source CT, with its excellent
spatial and temporal resolution,
allows for the visualization and the
evaluation of the posterior structures
of the heart. With its widespread
use for coronary artery assessment,
Dual Source CT is emerging as a
potentially useful non-invasive
imaging modality for the evaluation
of the coronary venous system. A
variety of new techniques can be
combined to reduce the radiation
dose and to achieve better image
quality. In this case, CARE Dose4D,
tube voltage of 100 kV and Flash
Mode using a pitch of 3.4 were
jointly used to lower the patient
radiation dose to only 0.94 mSv. e
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Examination Protocol

Scanner SOMATOM
Definition Flash

Scan area Heart

Scan mode Flash mode

Scan length 195 mm

Scan direction

Cranio-caudal

Scan time 0.42s
Tube voltage 100 kV
Effective mAs 266 mAs

Dose CARE Dose4D
modulation

cTbl,, 2.6 mGy

DLP 67 mGy*cm
Effective dose 0.94 mSv
Rotation time 0.28s

Pitch 3.4

Slice collimation 128 x 0.6 mm
Slice width 0.75 mm
Reconstruction 0.4 mm
increment

Reconstruction  B26f

kernel

Heart rate 58 bpm
Contrast

Volume 60 mL

Flow rate 4 mLis

Start delay 19s
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m The ASD and jet of dense contrast (left-to-right shunt) entering the right atrium (arrowhead), as well as the site of the unroofing
(dashed arrows) are shown in Figs. 1-3. An anomalous vascular structure running within the right atrio-ventricular groove along
with the right coronary artery connecting the right atrium and the coronary sinus (arrows) are presented in Figs. 1-5. A mixed
plaques in the proximal LAD with less than 50% luminal stenosis (double arrows) is visualized in Fig. 6.
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Double Flash scan with single
contrast bolus for triple rule out

Adriano Camargo de Castro Carneiro, MD'";Tiago Augusto Magalhaes, PhD, MD"; Valéria de Melo Moreira, MD';
Mariana Macedo Lamacié, MSc, MD'; Helder Jorge de Andrade Gomes, MD'; Paulo César Ferraz Dias Filho, MD";
Matheus de Souza Freitas, MD'; Fabio Vieira Fernandes, MD'; Bernardo Noya Alves de Abreu, MD'; Juliana

Hiromi Silva Matsumoto Bello, MD'; Carlos Eduardo Elias dos Prazeres, MD’; Saulo de Tarso Oliveira Cantoni, MD?;
Hilton Muniz Ledo Filho, MD?; Caroline Bastida de Paula, BD?; Dany Jasinowodolinski, MD?, and Carlos Eduardo

Rochitte, PhD, MD'’

"Department of Cardiovascular CT and MRI of the Heart Hospital (HCor), Sao Paulo, Brazil;
2Department of Radiology of the Heart Hospital (HCor), Sao Paulo, Brazil;

3Siemens Healthineers, Brazil

n VRT images show the normal
pulmonary arteries.

History

A 76-year-old male patient, with a
known history of hypertension and
dyslipidemia, was presented to the
emergency department complaining
of acute retrosternal chest pressure.
The pressure began three hours previ-
ously, radiated to the back, was ac-
companied by dyspnea, nausea and
profuse perspiration and lasted for 20
minutes. The initial electrocardiogram
and biomarkers were normal. A CT ex-
amination was requested to rule out
coronary artery disease, pulmonary
embolism and/or aortic dissection (tri-
ple rule out).

Diagnosis

The images acquired from the initial

Flash scan showed contrast enhance-
ment solely in the pulmonary arteries
with no signs of pulmonary embolism

Curved MPR images show
a moderate stenosis in
the proximal LAD (arrow),
a mild stenosis in the
proximal RCA (dashed
arrow), and multiple
calcified plaques in all
three coronary arteries.

24 Reprint of SOMATOM Sessions 36 - siemens-healthineers.com/cardiac-ct-imaging

(Fig. 1). The coronary CT angiography
(cCTA) images, acquired from the sec-
ond Flash scan, showed a moderate
stenosis in the left anterior descend-
ing artery (LAD) and a mild stenosis in
the proximal right coronary artery
(RCA) (Figs. 2 and 3). No stenosis was
seen in the left main coronary artery
(LM) nor in the left circumflex artery
(Cx). An Agatston calcium score of
154 was calculated. There were no
signs of aortic dissection (Fig.4).The
patient was diagnosed with unstable
angina and was referred for an inter-
ventional coronary arteriogram which
confirmed the moderate stenosis in
the LAD. A drug-eluting stent was
implanted and the patient recovered
uneventfully.

Comments

cCTA has become a reliable, non-inva-
sive imaging method for ruling out
suspected coronary stenosis. Howev-
er, in the emergency department, a
triple-rule-out protocol for simultane-
ous evaluation of life-threatening
conditions such as acute coronary
syndromes, acute aortic syndromes
and pulmonary embolism has unclear
indications in the present guidelines.
Multiple CT examinations require
more contrast volume and result in
higher radiation exposure and in
compromised image quality.
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All three vascular systems were suc-
cessfully evaluated, which reduced
the patient’s time to diagnosis, time
to stay and, in the long run, the costs
to the emergency department. @

in the second Flash scan to avoid
potential beam hardening artifacts
caused by calcified plaques in the
coronary arteries.

In this case, a double Flash scan

protocol was introduced to reduce the
scan time (0.72 s), the radiation dose
(5.5 mSv) and the volume of contrast
agent used (60 mL). An initial test bo-

lus with 10 mL of contrast was used
to determine the peak enhancement
in the pulmonary trunk and in the
ascending aorta. Four seconds were
added to the peak enhancement time
so as to determine the start delay time.
A double Flash scan of the thorax was
then performed using only 60 mL

of contrast. The first scan (cranio-cau-
dal) was aimed at acquiring images
with contrast enhancement only in
the pulmonary arteries, whereas the
second scan (caudo-cranial) was to
acquire images with contrast en-
hancement in the coronary arteries
and the aorta. Taking into consider-
ation that the patient had a moderate

n VRT images reveal a normal aorta.

Examination Protocol

. . . Scanner SOMATOM Definition Flash
calcium score, a higher kV was applied
Scan area Thorax Thorax
(pulmonary arteries)  (heart and aorta)
Scan mode Flash mode Flash mode
Scan length 329.2 mm 329.2 mm

Scan direction

Cranio-caudal

Caudo-cranial

Scan time 0.72s 0.72s
Tube voltage 100 kV 120 kV
Effective mAs 370 mAs 400 mAs
Dose modulation CARE Dose4D CARE Dose4D
cTDI, 3.59 mGy 6.48 mGy
DLP 140 mGy*cm 254 mGy*cm
Effective dose 1.95 mSv 3.55 mSv
Rotation time 0.28s 0.28s
Pitch 3.4 3.4
Slice collimation 128 x 0.6 mm 128 x 0.6 mm
Slice width 0.6 mm 0.6 mm
Reconstruction increment 0.4 mm 0.4 mm
Reconstruction kernel B26f, 126f B26f, 126f
Heart rate 55-61 bpm 50-61 bpm
Contrast
B VRT images show a moderate volume 60 mt

stenosis in the proximal LAD Flow rate 5 mL/s

:EE’;E;(;::I‘A&: (?:Ldsf;f)n:::;: Start delay Test bolus (pulmonary trunk) + 4 s

dashed arrow). Test bolus (ascending aorta) + 4 s
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D-Transposition of the great arteries —
CT evaluation of a newborn

Pannee Visrutaratna, MD, and Wai Leng, Chin’
Department of Radiology, Faculty of Medicine, Chiang Mai University, Thailand
'Siemens Healthineers, RHQ Singapore

History

A 13-day-old female newborn suffer-
ing from desaturation was scheduled
for a surgical operation on an arterial
switch. A cardiac CT scan was ordered
to evaluate the anatomy of the heart,
the great vessels and the coronary
arteries prior to the operation.

Diagnosis

CT images showed a dextro-trans-
position of the great arteries (d-TGA)
with a usual type of the coronary
arteries. The aorta, originating from
the right ventricle (RV), was anterior
and to the right of the pulmonary
trunk which originated from the left
ventricle (LV) and was enlarged. A
cardiomegaly with an atrial septal
defect (ASD), a ventricular septal
defect (VSD) and a patent ductus
arteriosus (PDA) were seen along
with a juxta-ductal type coarction

of the aorta with hypoplastic aortic
arch. Bilateral hyperattenuation in
the posterior lung sections was pres-
ent, suggesting pulmonary edema.

Comments

Cardiac CT scan on a newborn is
always challenging due to a higher
heart rate and difficulties in breath-
hold. In this case, an ultrafast scan
mode, the Turbo Flash mode with

a scan speed of 737 mml/s, was per-
formed, enabling an acquisition of
98 mm in 0.13 s. The newborn was

free-breathing during the scan. A
fast true temporal resolution of 66 ms
provided by dual source CT allowed
an ECG-triggering in the systolic
phase (at 35% RR) and maintained
an excellent image quality to depict
all three coronary arteries despite the
infant’s higher heart rate (142 bpm).
The 70 kV, selected automatically by

CARE kV (automated dose-optimized
selection of X-ray tube voltage),
allowed for an excellent enhance-
ment with only 6 mL of contrast
agent. The combination of all these
advanced techniques contributed to
a confident diagnosis with a very
low radiation dose (0.72 mSv). @

n VRT images show a d-TGA with the aorta originating from the RV, and the pulmonary
trunk from the LV. Coronary arteries are with normal pattern.

MIP images (Fig.2a, 5 mm; Fig.2b, 8 mm) show the right coronary artery
(Fig.2a, arrowhead) and the left main coronary artery (Fig. 2b, arrow) branching
into the left anterior descending and left circumflex arteries.
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Examination Protocol

Scanner SOMATOM
Force

Scan area Thorax to upper
abdomen

Scan mode Turbo Flash mode

Scan length 97.5 mm

Scan direction

Cranio-caudal

Scan time

0.13s

Tube voltage

70 kV

Effective mAs

160 mAs/rot.

Dose CARE Dose4D

modulation

1Dl 0.45 mGy

DLP 6.9 mGy cm MIP (Figs. 3a and 3b) and VRT (Fig. 3¢)

Effective dose 0.72 mSv images show that the ascending aorta
’ is anterior and to the right of the

Rotation time 0.25s enlarged pulmonary trunk (asterisk).

- An ASD (arrowhead), a VSD (dashed
Pitch 3.2 arrow), aortic coarctation (white
Table speed 737 mmis arrow) with a PDA (white d.ashfed
arrow), and hyperattenuation in

Slice 192 x 0.6 mm both posterior lungs (arrows) are

collimation present.

Slice width 0.6 mm

Reconstruction 0.3 mm

increment

Reconstruction  Bv40

kernel

Heart rate 142 bpm

Contrast

Volume 6 mL

Flow rate 0.7 ml/s

Start delay CARE Bolus

n VRT (Fig.4a) and MinlIP (Fig. 4b) images show a normal bronchial tree with limited
volume of inflated lungs.
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Evaluation of Williams-Beuren
Syndrome in a two-month-old child
using a single rotation scan mode

Hans-Christoph Becker, MD

Department of Clinical Radiology, University Hospital Grosshadern, Munich, Germany

History

A two-month-old boy, with known
Williams-Beuren syndrome, was pre-
sented to the hospital for surgical
repair. Prior to surgery, a CT scan
was ordered to evaluate the cardio-
vascular structures. The main focus
was to define the origin of the
coronary arteries relative to the
aortic stenosis.

Diagnosis

CT images clearly showed a signifi-
cant stenosis of the ascending aorta
directly above the aortic root. Both
coronary arteries originated slightly
below the stenosis. A dysplastic right
pulmonary artery and a very small
fistula were also seen between the
descending aorta and the right
upper pulmonary vein.

Comments

CT scans are routinely used for car-
diovascular evaluations. In this case,
the CT aided in the planning of the
surgical correction of the aortic
stenosis, also demonstrating that
resection and re-insertion of the
coronary arteries would not be nec-
essary. Furthermore, it also showed
a dysplastic right pulmonary artery
and a very small DAPVF (descending
aorta-pulmonary vein fistula), which
would have not been echocardio-
graphically detected.

One of the challenges of performing
a CT scan on a baby, with a heart
rate of 153 bpm, was to complete
scanning as quickly as possible.
Therefore, a single rotation scan
mode was applied to acquire the
whole heart in just 0.15 s. This
resulted in an excellent image
quality without motion artifact even
though the baby was free breathing
during the scanning. Taking into
consideration the exposure dose

for the baby, 70 kV was selected to
achieve a DLP of only 12 mGy*cm.
This scan mode is routinely applied
in our department on small size
babies. @
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Examination Protocol

Scanner SOMATOM Force
Scan area Heart

Scan mode Single rotation
Scan length 46.8 mm

Scan direction

Cranio-caudal

Scan time 0.15s
Tube voltage 70 kV
Effective mAs 376 mAs

Dose CARE Dose4D

modulation

cTDI 2.09 mGy

DLP 12 mGy*cm

Effective dose  1.12 mSv

Rotation time 0.25s

Slice 192 x 0.6 mm

collimation

Slice width 0.6 mm

Reconstruction  Bv40 ADMIRE

kernel

Heart rate 153 bpm

Contrast 400 mg/mL

Volume 5mL+ 20 mL
saline

Flow rate 0.5 ml/s

Start delay 2 s after the con-

trast arrival at the
ascending aorta
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Bl A VRT (Fig. 1a) and three MIP
(Figs. 1b, 1c and 1d) images show a
significant stenosis (arrows) of the
ascending aorta directly above the
aortic root. Both coronary arteries
originate slightly below the stenosis.

VRT (Fig. 2a) and MIP (Fig. 2b) images
show a dysplastic right pulmonary
artery.

VRT images show a DAPVF from two
different views.
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Transposition of the great arteries
with multiple interventricular
communications and anomaly of
the coronary arteries

Valéria de Melo Moreira, MD, Adriano Camargo de Castro Carneiro, MD, Tiago Augusto
Magalhaes, PhD, MD, Juliana Hiromi Silva Matsumoto Bello, MD, Carlos Eduardo Elias dos
Prazeres, MD, Caroline Bastida de Paula, BM and Carlos Eduardo Rochitte, PhD, MD
Department of Cardiovascular CT and MRI of the Heart Hospital (HCor), Sao Paulo, Brazil

History

A neonate was born with a diagnosis
of transposition of the great arteries
(TGA) and isolated sub-pulmonary
ventricular septal defect (VSD). A
postnatal echocardiogram confirmed
the diagnosis and additionally
revealed an anomaly of the coronary
arteries. In view of the cardiac anato-
my, spatial arrangement of the great
vessels associated with the coronary
anomaly, a surgical palliation with
pulmonary artery (PA) banding and
atrioseptostomy was performed on
day 14 after birth. Seven months
later, the patient returned for sched-
uled Senning surgery. Clinical exami-
nation revealed an ejection systolic
cardiac murmur in the left upper
sternal border and cyanosis with
blood oxygen saturation of 75%

at room air. Senning surgery was
performed with ventriculoseptoplasty
and removal of PA banding.

In the postoperative period, the
patient developed complications,
including significant worsening

of the respiratory condition and
difficulties in extubation. Postopera-
tive echocardiography showed a
suspicious cava baffle stenosis.
Cardiovascular CT was requested

to evaluate intra-atrial baffle abnor-
malities.

30 Reprint of News & Stories

n Cinematic rendering (Figs. 1a and 1b) and MIP (Figs. 1c and 1d) images show a
satisfactory surgical result without significant luminal reduction points in the
topography of the pulmonary veins and cava vein tunnels.
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Diagnosis

CT images showed a satisfactory
surgical result without significant
luminal reduction points in the
topography of the pulmonary veins
and cava vein tunnels (Fig. 1). An
extremely complex interventricular
septum with multiple VSDs (Fig. 2)
and a severe hemodynamic
repercussion were evidenced.

The pulmonary arteries were signifi-
cantly dilated with patterns of
pulmonary parenchyma congestion
(Fig. 3).The coronary anomaly

(Fig. 4a) and a successful patch
(Fig. 4b) of a VSD were confirmed.

PA rebanding was performed to
reduce the pulmonary hyperflow.
The mechanical ventilation was
successfully withdrawn and the
patient was discharged from the
hospital.

Cinematic rendering (Figs. 2a and 2b) and MPR (Figs. 2c and 2d) images show an
extremely complex interventricular septum with multiple ventricular septal defects.
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MIP images demonstrate a significant dilation of the
pulmonary arteries and pulmonary parenchyma congestion
pattern.

Comments

TGA is a congenital cardiac malfor-
mation characterized by atrioventricu-
lar concordance and ventriculoarte-
rial discordance. The association
with other cardiac malformations
such as ventricular septal defect and
coronary anomalies may occur and
defines clinical presentations and
surgical management. The Senning
procedure is an atrial switch opera-
tion diverting the venous drainage.
It is an alternative surgical approach

32 Reprint of News & Stories

when the Jatene arterial switch
operation is not feasible.[1-7]

Multiple interventricular communi-
cations (“Swiss cheese” septal de-
fects) often become a therapeutic
challenge that require precise preop-
erative imaging for accurate delinea-
tion of the location, number, shape
and size of the ventricular septal
defects and a clear appreciation of

understanding the adjacent anatomy.

n Cinematic rendering (Fig. 4a) and MPR (Fig. 4b) images show
the coronary anomaly (Fig. 4c) and a successful VSD patch
(Fig. 4b, arrow).

In this case, CT images demonstrat-
ed complex muscular ventricular
septal defects, which had not
previously been diagnosed by
echocardiography. This finding

was not favorable for treatment
strategies such as device closure

or a surgical procedure.

Using the advanced technologies
such as scanning speed and radia-
tion dose reduction, CT has become



a complementary diagnostic tool in
challenging pediatric cardiac cases
with complex anatomical scenario.
In this case, the entire cardiac acqui-
sition was completed in 0.27 seconds
at free breathing using Turbo Flash
mode. A combination of dose
reduction techniques, such as

CARE Dose4D (real-time anatomic
exposure control) and SAFIRE
(sinogram affirmed iterative recon-
struction) were integrated to achieve
an effective dose as low as 0.9 mSv. e
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Examination Protocol

Scanner SOMATOM Definition Flash
Scan area Thorax

Scan mode Flash mode

Scan length 122.4 mm

Scan direction

Cranio-caudal

Scan time 0.27 s

Tube voltage 80 /80 kV
Effective mAs 200 mAs
Dose modulation CARE Dose4D
cTDl, 0.91 mGy
DLP 15 mGy*cm
Effective dose 0.9 mSv
Rotation time 0.28s

Pitch 3.4

Slice collimation 128 x 0.6 mm
Slice width 0.6 mm
Reconstruction increment 0.4 mm
Reconstruction kernel 126f

Heart rate 78 — 85 bpm
Contrast 370 mg/mL
Volume 12 mL

Flow rate 1 mL/s

Start delay Bolus tracking, manual start
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Turner syndrome with aortic coarcta-
tion and thin intraluminal obstructive
ring: a critical stenosis preserved by
iterative reconstruction

Frandics P. Chan, MD, PhD

Department of Radiology, Stanford University Medical Center, California, USA

History

A 7-year-old girl was presented for an
evaluation of her small stature when
compared to her peers. She was
evaluated by an endocrinologist and
diagnosed with Turner syndrome.
Due to the association of Turner
syndrome with cardiovascular abnor-
malities, an echocardiography was
performed. The echocardiography
showed a discrete aortic narrowing,
consistent with an aortic coarctation.
The peak pressure gradient estimated
by echocardiography was 50 mmHg.
In order to decide between endovas-
cular treatment with angioplasty

and stenting versus surgical repair,

a CT angiography of the chest was
performed to define the length and
narrowness of the coarctation, its
distance to the cervical arteries, and
any stenoses in these arteries. The
coarctation was surgically resected
and the aorta repaired with an
end-to-side connection.

Diagnosis

The aortic arch was right-sided with
a normal branching order of the
cervical arteries. The coarctation was
located distal to the left subclavian
artery at the juxtaductal position
(Fig. 1). All cervical arteries were
patent. Prominent intercostal arter-
ies (arrow) conducted retrograde
collateral flow into the distal aorta,
bypassing the obstruction. The outer

contour of the coarctation had an
“hour-glass” shape with a diameter
of 9 mm at the waist, but inside the
coarctation there was a web-like

ring that further narrowed the flow
lumen to a diameter of 4 mm (Fig. 2).

Comments

Turner syndrome is a genetic disease
in which the patient has only one
copy of the sex-determining chromo-
some, an X-chromosome, without a
second X- or Y-chromosome. Patients
with Turner syndrome are pheno-
typically female. The disease is asso-
ciated with a number of congenital
cardiovascular abnormalities includ-
ing coarctation of the aorta, bicuspid
aortic valve, aortic valve stenosis,
partial anomalous pulmonary venous
return, and others. Coarctation, which
occurs in 17% of these patients, is
the most frequent and clinically
important abnormality.

Management guidelines for Turner
syndrome include noninvasive
imaging, such as echocardiography
and MR angiography, to detect
coarctation.[1] CT angiography is
an alternative examination if MR
angiography is contraindicated

or high-resolution imaging is needed
for endovascular or surgical treat-
ment planning. Surgical repair is
preferred in young patients when
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Volume-rendered view of the aortic
arch: Note the hour-glass outer
contour and the web-like ring within
the flow lumen. A prominent
intercostal artery drains into the
distal aorta (arrow).

Volume-rendered view from the top
of the aortic arch: It shows the
opening of the intraluminal ring.



B Multiplanar reformat of the web-like obstruction (arrows) in the sagittal plane
(Figs. 3a-3c) and in the axial plane (Figs. 3d-3f) at different SAFIRE levels:
Figs. 3a and 3d: none; Figs. 3b and 3e: SAFIRE level 2; Figs. 3c and 3f: SAFIRE level 4.
The geometry of the obstruction is essentially unchanged.

their aortas have yet to grow to full
size. An endovascular approach may
be used in older patients with fully
developed aortas.

The use of iterative image reconstruc-
tion, such as SAFIRE, enables CT scans
with reduced radiation dose without
associated increase in image noise.
However, the image reconstruction
must not obscure or alter diagnosti-
cally important features. This case
demonstrated that an obstructive
ring as thin as one millimeter was
preserved by SAFIRE (Fig. 3). Accurate
representation of a vascular obstruc-
tion was important not only for
diagnostic assessment and treatment

planning, it also enables the calcula-
tion of hemodynamic information,
such as pressure gradients, shear
stress, and ventricular loading by
computational fluid dynamics.[2] e
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Examination Protocol

Scanner SOMATOM
Definition Flash

Scan area Thorax

Scan mode Flash mode

Scan length 160 mm

Scan direction

Cranio-caudal

Scan time 0.4s
Tube voltage 80 kV
Effective mAs 60 mAs

Dose CARE Dose4D
modulation

Tl 0.97 mGy
DLP 25 mGy*cm
Effective dose 1T mSv!
Rotation time 0.28s

Pitch 3

Slice 128 x 0.6 mm
collimation

Slice width 0.6 mm
Reconstruction 0.6 mm
increment

Reconstruction  B26f/I26f
kernel (SAFIRE)
Contrast 350 mg/mL
Volume 30 mL

Flow rate 2 mLlis

Start delay Bolus tracking

Estimated by applying a conversion factor
of 0.018, and an additional factor of 2.3
converting the reported DLP (32 cm) into

the DLP (16 cm).
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Low dose CT diagnosis of pediatric
aortic coarctation using CARE RV,
SAFIRE, and Flash Mode

Pei Nie, MD', Ximing Wang, MD', Zhaoping Cheng, MD', Yanhua Duan, MD', Xiaopeng Ji, MD',

Jiuhong Chen, MD, PhD?

Shandong provincial key laboratory of diagnosis and treatment of cardio-cerebral vascular diseases,
Shandong Medical Imaging Research Institute, Shandong University, Jinan, Shandong, P. R. China

2Siemens Healthineers, China

History

A 4-year-old boy was presented with
a history of hypertension. A physical
examination revealed upper extrem-
ity hypertension and diminished
femoral pulses. A systolic ejection
murmur, at the left upper sternal
border, radiated to the interscapular
area. A cardiovascular CT examina-
tion was requested to evaluate the
aortic anatomy prior to surgery.

Diagnosis

A thoracic CT Angiography (CTA)
scan with ECG triggering confirmed
the coarctation of the aorta

(Figs. 3, 5-8). The coarctation was
distal to the left subclavian artery
and measured 15 mm in diameter
proximal to the obstruction, 5 mm at
the smallest diameter, 16 mm distal
to the obstruction and 10 mm in
length. Additionally, a small patent
ductus arteriosus (Figs. 4, 7-8) was
found, connecting the main pulmo-
nary artery and the upper descend-
ing aorta. The cardiac structures, as
well as the origins and the courses
of the coronary arteries, showed no
abnormalities.

Comments

Flash Mode enables an ECG-trig-

gered spiral scan starting at 10% of
the R-R interval with a high pitch of
3.4. The heart rate varied between

78 to 100 bpm (Fig. 1), however,
the image acquisition of the entire
thorax was completed within one
cardiac cycle in only 0.46 s. There-
fore neither sedation nor breathhold
was necessary.

A combination of various techniques
was applied to lower the radiation
dose to 0.35 mSv — CARE Dose4D
(automatic tube current modulation),

Q1 Rate (bpm) Min: T8 Max 100 Avg: 92

Y + 98 - 100 - 98 - 83 - 8B

_—-||L"" 1‘\.--—;!"/'& — .-"‘l‘_ ____‘-FL/l.ﬂll_\__,._‘\-/‘ 1___--1'|L".."' _.--—fI'-" I'..,_-‘!»/n' _,-J- b
2 _1

5 -4 -3 -2

CARE kV (automatic tube voltage
optimization) and SAFIRE (raw data-
based iterative reconstruction).

The amount of contrast medium
used could also be reduced to 18 mL
(1.2 mL per kg body weight) — thanks
to the Flash scanning speed and the
intensive enhancement achieved at
70kV. @

95 . 98 .- 92 - 78 .« 85 . OF

0 1 2 1

n Flash Mode enables data acquisition within one cardiac cycle

18Jun-2012 10:23

Total DLP 8@ mGycm
Scan KV
Patient Position H-5P

Top:
! 70

Mo 70
FI_CorCTA 80 70 130

Medium Type

mAs [ ref.

el

lodine Conc

CTDvol*
mGy

DLP
mGycm

0.02L

0mA
0 018L

20 nasL

037L

Volurne
mg

The parameters of CT scanning and contrast injection were recorded in the patient

protocol.
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Examination Protocol

Scanner SOMATOM
Definition Flash

Scan area Thorax

Scan mode Flash mode

Scan length 144 mm

Scan direction

Caudo-cranial

Scan time 0.32s
Tube voltage 70 kV

with CARE kV
Effective mAs 130 mAs

Dose CARE Dose4D

modulation

1Dl 0.37 mGy

DLP 8 mGy*cm

Effective dose 0.35 mSv

Rotation time 0.28 s

Pitch 3.4

Slice 128 x 0.6 mm

collimation

Slice width 0.75 mm

Spatial 0.33 mm

Resolution

Reconstruction 0.5 mm

increment

Reconstruction  126f, SAFIRE

kernel

Heart rate 78 — 100 bpm

Contrast 350 mg/mL

Volume 18 mL (contrast)
+ 15 mL (saline)

Flow rate 1.5 ml/s

Start delay 255

Clinical results - Congenital Heart Disease

Maximum Intensity Projection (MIP) images (Figs. 3-4) and volume-rendered images
(Figs. 5-8) demonstrated the coarctation of the aorta (arrows) and the patent
ductus arteriosus (dashed arrows) between the main pulmonary artery and the
upper descending aorta.
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In clinical practice, the use of ADMIRE may reduce CT
patient dose depending on the clinical task, patient size,
anatomical location, and clinical practice. A consultation
with a radiologist and a physicist should be made to
determine the appropriate dose to obtain diagnostic
image quality for the particular clinical task.

In clinical practice, the use of SAFIRE may reduce CT
patient dose depending on the clinical task, patient size,
anatomical location, and clinical practice. A consultation
with a radiologist and a physicist should be made to
determine the appropriate dose to obtain diagnostic
image quality for the particular clinical task. The follow-
ing test method was used to determine a 54 to 60%
dose reduction when using the SAFIRE reconstruction
software. Noise, CT numbers, homogenity, low contast
resolution, and high contrast resolution were assessed in
a Gammex 438 phantom. Low-dose data reconstructed
with SAFIRE showed the same image quality compared
to full dose data based on this test. Data on file.
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