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Introduction

Objectives: To test the image quality and feasibility of a sequential low radiation dose
protocol for hybrid cardiac PET/CT angiography (CTA).

Background: Multidetector computed tomography (MDCT) is a non-invasive method
for coronary angiography. The negative predictive value of MDCT is high but
perfusion imaging has a role in detecting functional significance of coronary lesions.
This has encouraged combining these techniques. However, radiation dose is of
concern. We report our first experiences with a low dose sequential CTA mode
applicable to hybrid imaging.

Methods: In the first phase, 10 consecutive cardiac MDCT angiographies were
performed with spiral acquisition and compared in terms of image quality and dose
with the following 10 patients performed with a new sequential mode. In the
second phase, feasibility and radiation dose of a combined '*O-water rest-stress PET
perfusion/sequential CTA protocol were assessed in another group of 61 consecutive
patients.

Results: Mean effective radiation dose was 60% lower in the sequential group than in
the spiral group (19-3 versus 7:6 mSv, P<0-001). In the second phase, the new
sequential hybrid protocol proved possible in 87% of the patients given the
preconditions determined by the manufacturer. Mean effective dose of the CT
acquisition was 7-6 mSv and total dose from the PETCTA hybrid study 9:5 mSv.
Conclusion: Low dose PETCT allows cardiac hybrid studies with <10 mSv. The
protocol can be applied to almost nine out of 10 patients with CT image quality
comparable to spiral acquisition.

analyses, analysis of all coronary segments yielded segment-by
segment sensitivity of 90-98% and specificity of 91-96% for 64

Until recently, evaluation of patients with suspected coronary
artery disease (CAD) has been based on non-invasive methods of
detecting myocardial ischemia followed by invasive coronary
angiography. This paradigm, however, has recently been
challenged by the development of coronary multi-detector CT
(MDCT), which has emerged as an alternative for a non-invasive
test of CAD. As an evolving method, its appropriate usage and
indications are still evolving. Despite this, the number of
coronary MDCT studies has increased rapidly as improvement in
technology has occurred. The ability to non-invasively image
coronary arteries, and to obtain important clinical information
on the presence, severity, and characteristics of CAD including
the visualization of luminal obstruction and atherosclerotic
plaque, constitutes an attractive addition to previously available
diagnostic tools (Berman et al., 2006; Einstein et al., 2007).

At present, a large number of studies on the diagnostic
accuracy of MDCT have been published. In three recent meta-
© 2008 The Authors

MDCT (Vanhoenacker et al., 2007; Janne d’Othee et al., 2008;
Sun et al., 2008). High negative predictive values (96-100% in
segment-based analysis, 85-100% in patient-based analysis)
suggest that 64 detector MDCT can reliably rule out the presence
of hemodynamically significant (luminal narrowing >50%)
CAD when compared against invasive angiography (De Feyter
et al., 2007; Sun et a., 2008). Despite this, only moderate
correlation between the severity of stenoses and myocardial
perfusion abnormalities exists. A patient with normal perfusion
may already have slight coronary changes that warrant proper
medication (Schuijf et al., 2006).

These findings suggest that CT angiography and myocardial
perfusion imaging are complementary rather than substitutive
methods to evaluate CAD (Schuijf & Bax, 2008). and that is why
hybrid imaging such as cardiac PETCT is likely to offer added
value over CT only. The radiation dose of such combination,
unfortunately, may be large. In addition, radiation due to a
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coronary CT angiogram on a 64 MDCT scanner is higher than
with older 16 MDCT, and the dose received by the population is
growing due to this technology and the increase of the studies
performed (Berman et al., 2006; Hausleiter et al., 2006; Einstein
et al., 2007; Nickoloff & Alderson, 2007; Paul & Abada, 2007).

The rationale of our study was to test the feasibility, image
quality, diagnostic confidence and radiation dose of a low dose
sequential (‘step-and-shoot’) cardiac CT protocol installed on a
hybrid PETCT scanner in a clinical setting. While some reports
of this method performed on a stand-alone CT scanner are now
available (Hsieh et al., 2006; Earls et al., 2008; Hirai et al., 2008;
Husmann et al., 2008; Scheffel et al., 2008), there are no studies
in which this technique has been used as a part of a hybrid
PETAT study.

Patients and methods

In the first part of the study, a standard spiral and a sequential,
prospectively triggered MDCT protocol were compared by means
of image quality and radiation dose. In all cases, the indication for
the study was to rule out or to confirm suspected coronary artery
disease and the field-of-view was determined accordingly.
Patients with prior allergic reaction to iodinated contrast media
oratrial fibrillation (FA) were excluded. After an initial acquisition
to calculate calcium score, ten consecutive MDCT angiography
studies were performed with spiral acquisition while the
following ten patients were imaged using step-and-shoot mode
if and when the inclusion criteria after possible premedication
(sinus rhythm and HR <65 BPM with little variability) were met.
The manufacturer set these suggested criteria.

In the second part, we tested whether the sequential imaging
protocol is feasible in a larger series of patients. Sixty-two
patients with suspected coronary artery disease, and who were
scheduled for a hybrid cardiac PETCT (and catheter angiogra-
phy), were initially enrolled in this prospective study. Patients
with FA were excluded again. One patient was omitted from the
final analysis because MDCT acquisition failed due to injection
pump malfunction. The final study population of this phase
consisted of 61 patients.

All CT and PET scans were performed using a hybrid 64-row
PETCT scanner (GE Discovery VCT, General Electric, WI, USA).
After initial lateral and frontal scout images, a preliminary non-
enhanced data set were acquired to calculate the calcium score
and to optimize the field of view in the CT angiography (CTA).

16 X 2:5 mm collimation, 120 kV tube voltage and 200 mAs
tube current were used. The data in the contrast enhanced
studies, both in sequential and spiral modes, were collected
using the following parameters: 64 X 0625 mm collimation,
gantry rotation time of 350 ms, tube voltage of 120 kV (with
the exception of one very small patient with whom 100 kV was
used) and 600-750 mAs tube current depending on patient
size. In the sequential mode, the pitch was always 1-0 with
5 mm overlap between slice stacks. Prospective ECG triggering
determined the centre of the acquisition (end diastole, 75% of
the cycle) while the width of this window was set between 100
and 200 ms according to HR (Fig. 1).

If spiral mode was used, the pitch was set between 0-16 and
0-24 according to HR. Routinely used ECG modulation software
reduced radiation outside the 40-80% phase window by a
maximum of 40%.

After CTA, rest-stress perfusion cardiac PET with O-water
was performed as the second part of the one-stop-shop study.
Cyclone 3 oxygen generator (IBA Molecular, Belgium) was used
for '*0O isotope production and '*O-water was produced with
automatic Radio Water Generator (Hidex Oy, Finland). The
combined PET/CT protocol is demonstrated in Fig. 2.

For CT analysis, all phases (0-90% in 10% intervals and the
75% phase) of the retrospectively gated spiral data sets were
reconstructed retrospectively while all available data (usually
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Table 1 Typical radiation doses of diagnostic cardiac imaging

modalities.

Method Dose, mSv
99MTC sestamibi rest-stress® 11-3

01T stress-reinjection® 314
O-water® 2:5
82Rp 135
"*N-ammonia® 24

CTA (64 MDCT®) 84-214
Dual Source CT® <10
Coronary Angiography® 2:3-22"7

“Finstein et al., 2007.
YAchenbach et al., 2008.

65-85% phases) of the sequential sets were reconstructed in 5%
intervals. All data were sent to a GE ADW 4-4 workstation for
analysis. In-house developed software (Carimas) was used to
analyse '*O-water images after which we made PET/CT fusion
images using CardilQFusion software by GE.

The total radiation dose of the studies was recorded and the
effective dose of the CT calculated with a method proposed by
the European Working Group for Guidelines on Quality Criteria
in CT (EC99 1999). The effective dose is derived from the
product of the DLP and a conversion coefficient for the chest as
the investigated anatomic region. This conversion coefficient
(k = 0-017 mSv mGy~ ' ecm™') is averaged between male and
female models. '*O-water dose from two injections of
1100 MBq result to 2:05 mSv (Annals of the ICRP, 1998). The
estimated dose from a similar study performed with *’rubidium,
a more widely used alternative for measuring cardiac perfusion
in PET, is reported as 13-5 mSv (Table 1).

Results
Comparison of spiral and sequential CTA protocols

In the spiral group, eight of the 10 patients were female while in
the sequential group there were six males and four females. The
mean heart rates before the acquisition were 69-2 £ 9-7 and
622 + 11-0 in the spiral and sequential groups, respectively
(ns). Intravenous beta-blocker was administered in all patients
in spiral group and in six patients in the sequential group (IV.
metoprolol, 1 mg ml™!, 5-25 mg) to reach the target HR of
<60. All 10 patients of the spiral group and eight of 10 in the
sequential group were also administered isosorbide dinitrate
about 5 min prior to the acquisition, the reason for not giving
nitrate for the two being previously experienced headache due
to similar drug in both cases.

Nosignificant differences were present between the two patient
populations in terms of patient size (body mass index, BMI) or HR
(645 = 141 versus 56:6 £ 59 BPM, P = 0-13) during the
acquisition. The difference in mean HR in most part can be
attributed to one single patient with a very high HR of 98. The
patient characteristics are presented patient-by-patient in Table 2.
© 2008 The Authors
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The results of the assessments of image quality, reader
confidence and radiation dose of the phase one patients are
presented in Table 2. The studies were anonymized, blinded
and mixed before an experienced radiologist evaluated them.
Three separate readings were performed for each study and a
mean whole number was recorded as the result. The studies
were graded on a scale of 1-5 (with five being excellent and one
poor) in terms of image quality and diagnostic confidence.

There were no significant differences between the sequential
and spiral groups in terms of either image quality or reader
confidence. Mean image quality was 3:6/5 in the spiral group
and 3-7/5 in the sequential group while the subjective diagnostic
confidence of the reader was 4:0/5 and 4-3/5 in the same two
groups, respectively (Fig. 3).

The mean effective dose was 19:3 & 36 mSv in the spiral
group (range, 15:0—26:0 mSv) and 7-6 £ 0-8 mSv (range, 6-0—
8-4 mSv) in the sequential group. The mean dose reduction was
60-4% and the difference between the two groups statistically
was significant (P < 0-001).

The feasibility and radiation dose of sequential hybrid
PETAT protocol

In the second phase, the sequential technique proved feasible in
53 of the 61 patients (87%). The remaining eight patients
(13%) had heart rates either too high (>65 BPM) or unstable
even after maximum dose of i.v. metoprolol, or medication
could not be given due to contraindications. These patients were
studied with the spiral mode. Image quality between the spiral
and sequential groups were not compared in this part of the
study because of obvious preselection bias to each protocol. All
studies, however, were of diagnostic quality.

In the second phase, all patients underwent a combined
PETCT study, of which the radiation doses are shown in
Table 3. The mean total radiation dose from the sequential CT
(calcium score and contrast enhanced CTA) was 7°6 £ 1-1 mSv
(range, 5'9—10-2 mSv) whereas it was 19:9 * 3-2 mSv in the
eight patients that were scanned using spiral protocol. The mean
radiation dose of the dual (rest-stress) '*O-water PET perfusion
studies was 2:1 = 01 mSv in the spiral patients yielding a total
dose of 22:0 + 3-2 mSv. Because the PET protocol remained
unchanged regardless of the CT mode, the dose from PET was
almost similar to the spiral group (mean, 2:0 £ 0-2 mSv). The
mean total dose of the combined study was 9:5 £ 1-5 mSv with
sequential CT acquisition. This analysis included 50 patients
because PET failed in three subjects due to a technical failure in
the '*O-water system.

Examples of two hybrid-imaging cases and their correspond-
ing doses are presented in Figs 4 and 5.

Discussion

The results of the present study show that a comprehensive non-
invasive imaging of both coronary angiography and rest-stress
myocardial perfusion can be performed with radiation dose
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Figure 3 Example of sequential CT angiography with normal result. Radiation dose was 5.5 mSv.

Table 3 Radiation dose (mSv) of spiral and sequential hybrid CT/PET.

CTA + calcium  **O-water combined
Scan Type score PET protocol
Spiral (n = 8) 199 + 32 21 %01 220 * 32
Sequential (n = 50) 76 £ 1-1 2:0 £ 02 95 £ 15
n =158 P < 0-001 P <mns P < 0-001

<10 mSv in nine out of 10 patients. The results also suggest that
both the image quality and clinical confidence of MDCT are
preserved.

Radiation dose is becoming a major issue for cardiac imaging.
Even before the current CT-driven growth, the volume of
cardiac diagnostic procedures involving the use of ionizing
radiation — both within nuclear and invasive cardiology —
increased considerably. Due to improved accuracy, the number
of cardiac CT scans is growing rapidly and is expected to
increase (Berman et dl., 2006; Einstein et al., 2007). The mean
radiation dose of 64 MDCT cardiac studies has recently been
estimated as 15-2 mSv for males and 214 mSv for females (De
Feyter et al., 2007). Skin, breast, oesophagus and heart have the
highest recorded absorbed organ doses. Of particular concern is
the female breast that may receive a dose 10-30 times larger
than received by mammography screening (Nickoloff &
Alderson, 2007). In fact, the relative risk for breast cancer
incidence for girls and women is estimated to be 1:004—1:042
for a single examination (Hurwitz et al., 2007). In comparison,
diagnostic invasive selective coronary angiography has a mean
effective radiation dose of 2:3-22-7 mSv, and nuclear perfusion
imaging with SPECT has a mean effective radiation dose of
~15-20 mSv (Einstein et d., 2007).
© 2008 The Authors

The primary ways to avoid unnecessary radiation are, of
course, proper patient selection and preparation. Although data
from high-probability patients is still scarce, it seems that CTA is
at its best in low to medium risk groups. Massive coronary
calcifications deteriorate image quality and it has been stipulated
that patients with very high calcium scores should be omitted
from CTA in favour of other methods. Patient preparation
should be optimized including adequate heart rate control if
necessary.

Classic methods to decrease dose by reducing tube current
and voltage and increasing the pitch are widely used but
always compromise image quality at least to a certain degree.
Anatomy based current modulation depends on tissue atten-
uation; the more attenuating tissue there is in the field of view
the more radiation is used. An even more sophisticated
method, ECG-dependent X-ray tube current modulation,
reduces current only at phases outside the critical time
window between end systole and end diastole (Kalender et dl.,
1999; Jung et al., 2003; Morin et al., 2003; Prinak et al., 2006;
Fei et ., 2008).

The most recent innovations in CT dose containment largely
depend on new technical advances and the need of new
hardware such as twin tube systems or wide 256- or even 320-
slice detector arrays. It is likely that these machines do improve
image quality to dose ratio especially at higher heart rates
(McCollough et al., 2007; Achenbach et al., 2008; Rybicki et dl.,
2008; Stolzmann et al., 2008).

Our approach, sequential step-and-shoot imaging with
prospective ECG-triggering, utilizes existing hardware and is
essentially a modification of traditional axial imaging adapted to
a wide MDCT detector. The advantage of this technique is the

relative ease of implementation: it can be used with existing
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(a) LAD

(b) Anterior view

scanners including some hybrid PET/CT models. Although an

early report indicates that it may offer diagnostic CTA at doses as
low as 1-2 mSv (Husmann et al., 2008), we chose to use the
mode with a wider time window to ensure uncompromised
image quality. Even so, the technique reduced dose by more
than 60% as compared to spiral imaging with similar current,
slice thickness and voltage.

In addition to not to be able to scan patients with high or
unstable heart rates, there appears to be just a single main
limitation using the sequential technique, namely the lack of
anatomical information from phases outside the predetermined
time window. In contrast to ECG-modulated spiral imaging, the
step-and-shoot technique does not provide images of every
phase, thus disabling evaluating cardiac motion and functional
measures such as ejection fraction.

PET imaging of myocardial perfusion is a method to obtain
complementary functional information and also to quantify
absolute tissue perfusion when a suitable tracer is employed.

Posterior view

Figure 4 Example of hybrid PET perfusion and
CT angiography. a: CT angiography (spiral
mode) shows multi-vessel disease with
occluded left anterior descending artery (LAD)
and poorly visualized mid right coronary artery
(RCA). Moderate disease in left circumflex
artery LCX. b: Hybrid display during adenosine
stress demonstrates severe perfusion reduction
in LAD associated region (anterior view) while
perfusion was best preserved in LCX related
region (posterior view). Perfusion was colour
scaled so that red colour denotes 3.5 mVmin/g.
Resting perfusion was normal (not shown).
Total radiation dose of the hybrid study was
22.3 mSv.

When a short-lived radioisotope (such as '*O-water) is used, a
complete functional study to diagnose possible CAD may be
performed in a single session with a very low radiation dose. In
select cases, CT may also serve as a gate keeper as the first part of
a one-stop-shop protocol: a normal CTA effectively rules out
significant CAD (‘no coronary artery disease present’) while
even a patient with normal perfusion — if haemodynamically
non-significant coronary artery plaques are seen at CT- may
benefit from proper medication. Therefore, in our opinion, a
hybrid protocol that combines low dose CT with low dose PET
is desirable.

The principle limitation of the first part of our study is the
lack of anatomical gold standard such as catheter angiography to
confirm the good, although subjective image quality based on
the findings of a single reader. The good accuracy of step-and-
shoot technique has been, however, evaluated in a recent paper
(Scheftfel et ., 2008). The performance of spiral 64 coronary
MDCT is now generally well established.

© 2008 The Authors
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Anterior view

Figure 5 Example of hybrid PET perfusion
and CT angiography. a: CT angiography (step-
and-shoot mode) shows multi-vessel disease
with massive coronary calcifications and severe
stenoses in all major coronary arteries.

b: Hybrid display during adenosine stress
demonstrates quite preserved perfusion in
anterolateral wall but moderate reduction in
septal wall (anterior view). In RCA related
region the perfusion was the most severely
reduced (posterior view) indicating culprit
stenosis in this vessel. Perfusion was colour
scaled so that red colour denotes to

3.5 mVmin/g. Resting perfusion was normal
(not shown). Total radiation dose of the hybrid
study w as 11.3 mSv.

Statistically non-significant difference between average heart
rates between the two groups may have had effect on image
quality. Another major, although in our opinion unavoidable
limitation is that the reader cannot work completely blinded to
the used protocol due to obvious signs in images such as more
visible change in contrast media concentration between the
image stacks in sequential data sets.

Although reports indicate that females receive higher
effective doses from coronary CT than males, we did not
select patients on the base of their gender. This may have
exaggerated the difference of dose between the groups in the
first phase. On basis of the literature, however, it is unlikely
© 2008 The Authors

that this difference is large enough to explain but a minor
fraction of the reduction.

Conclusion

Sequential cardiac low dose CTA is feasible and can be
implemented into existing CT and hybrid PEUCT hardware. It
lowers CT dose by 60% with comparable image quality and can
be performed on almost nine out of ten patients. When
combined with a low-dose PET perfusion protocol, a complete
one-stop-shop cardiac exam with both anatomical and func-
tional information may be obtained at <10 mSv.

Journal compilation © 2008 Scandinavian Society of Clinical Physiology and Nuclear Medicine 29, 1, 81-88



88 Cardiac hybrid imaging, S. Kajander et al.

References

Achenbach S, Anders K, Kalender WA. Dual-source cardiac computed
tomography: image quality and dose considerations. Eur Radiol (2008);
18: 1188-1198.

Berman DL, Hachamovitch R, Shaw LJ, Friedman JD, Hayes SW,
Thomson LE, Fieno DS, Germano G, Slomka P, Wong ND, Kang X,
Rozanski A. Roles of nuclear cardiology, cardiac computed tomo-
graphy and cardiac magnetic resonance: assessment of patients with
suspected coronary artery disease. ] Nucl Med (2006); 47: 74-82.

De Feyter PJ, Meijboom WB, Weustink A, Van Mieghem C, Mollet NR,
Vourvouri E, Nieman K, Cademartiri F. Spiral multislice computed
tomography coronary angiography: a current status report. Clin Cardiol
(2007); 30: 437—442.

Earls JP, Berman EL, Urban BA, Curry CA, Lane JL, Jennigs RS, McCul-
loch CC, Hsieh J, Londt JH. Prospectively gated transverse coronary CT
angiography versus retrospectively gated helical technique: improved
image quality and reduced radiation dose. Radiology (2008); 246: 742—
753.

EC99. European guidelines on quality criteria for computed tomogra-
phy. Report EURO 16262 EN (1999), pp. 69—78. European Commission,
Luxembourg.

Einstein AJ, Moser KW, Thompson RC, Cerqueira MD, Henzlova M]J.
Radiation dose to patients from cardiac diagnostic imaging. Circulation
(2007); 116: 1290-1305.

Fei X, Du X, Li P, Liao J, Shen Y, Li K. Effect of dose-reduced scan
protocols on cardiac coronary image quality with 64-row MDCT.
A cardiac phantom study. Eur J Radiol (2008); 67: 85-91.

Hausleiter J, Meyer T, Hadamitzky M, Huber E, Zankl M, Martinoff S,
Kastrati A, Schomig A. Radiation dose estimates from cardiac multi-
slice computed tomography in daily practice: impact of different
scanning protocols on effective dose estimates. Circulation (2006); 113:
1305-1310.

Hirai N, Horiguchi J, Fujioka C, Kiguchi M, Yamamoto H, Matsuura N,
Kitagawa T, Teragawa H, Kohno N, Ito K. Prospective versus Retro-
spective ECG-gated 64-Detector Coronary CT Angiography: Assess-
ment of Image Quality, Stenosis, and Radiation Dose. Radiology (2008);
248: 424-430.

Hsieh J, Londt J, Vass M, Li J, Tang X, Okerlund D. Step-and-shoot data
acquisition and reconstruction for cardiac x-ray computed tomogra-
phy. Med.Phys (2006); 33: 4236-4248.

Hurwitz LM, Reiman RE, Yoshizumi TT, Goodman PC, Toncheva G,
Nguyen G, Lowry C. Radiation dose from contemporary cardiotho-
racic multidetector CT protocols with an anthropomorphic female
phantom: implications for cancer induction. Radiology (2007); 245:
742-750.

Husmann L, Valenta I, Gaemperli O, Adda O, Treyer V, Wyss CA, Veit-
Haibach P, Tatsugami F, von Schulthess GK, Kauffman PA. Feasibility
of low-dose coronary CT angiography: first experience with pro-
spective ECG-gating. Eur Heart ] (2008); 29: 191-197.

Janne d’Othee B, Siebert U, Cury R, Jadvar H, Dunn EJ, Hoffmann U.
A systematic review on diagnostic accuracy of CT-based detection

of significant coronary artery disease. Eur J Radiol (2008); 65: 449—
461.

Jung B, Mahnken AH, Stargardt A, Simon J, Flohr TG, Schaller S, Koos R,
Guenther RW, Wildberger JE. Individually weight-adapted examina-
tion protocol in retrospectively ECG-gated MSCT of the heart. Eur Radiol
(2003); 13: 2560-2566.

Kalender WA, Wolf H, Siess C, Gies M, Greess H, Bautz WA. Dose
reduction in CT by on-line tube current control: principles and vali-
dation on phantoms and cadavers. Eur Radiol (1999); 9: 323-328.

McCollough CH, Primak AN, Saba O, Bruder H, Stierstorfer K, Raupach
R, Suess C, Schmidt B, Ohnesorge BM, Flohr TG. Dose performance of
a 64-channel dual-source CT scanner. Radiology (2007); 243: 775—
784.

Morin RL, Gerber TC, McCollough CH. Radiation dose in computed
tomography of the heart. Circulation (2003); 107: 917-922.

Nickoloff EL, Alderson PO. A comparative study of thoracic radiation
doses from 64-slice cardiac CT. Br J Radiol (2007); 80: 537-544.

Paul J-F, Abada HT. Strategies for reduction of radiation dose in cardiac
multislice CT. Eur Radiol (2007); 17: 2028-2037.

Prinak AN, McCollough CH, Bruesewitz MR, Zhang J, Fletcher ]G.
Relationship between noise, dose, and pitch in cardiac multi-detector
row CT. Radiographics (2006); 26: 1785-1794.

Annals of the ICRP. Radiation dose to patients from radiopharmaceuticals. Recalculated
data for frequently used radiopharmaceuticals. (1998). Publ. 80, Vol 28, No 3.

Rybicki FJ, Otero HJ, Steigner ML, Vorobiof G, Nallamshetty L, Mit-
souras D, Ersoy H, Mather RT, Judy PF, Cai T, Coyner K, Schultz K,
Whitmore AG, Di Carli MF. Initial evaluation of coronary images from
320-detector row computed tomography. Int J Cardiovasc Imaging
(2008); 24: 535-546.

Scheffel H, Alkadhi H, Leschka S, Plass A, Desbiolles L, Guber I, Krauss T,
Gruenenfelder J, Genoni M, Luescher TF, Marincek B, Stolzmann P.
Low-dose CT coronary angiography in the step-and-shoot mode:
diagnostic performance. Heart (2008); 94: 1132-1137.

Schuijf JD, Bax JJ. CT Angiography: an alternative to nuclear perfusion
imaging? Heart (2008); 94: 255-257.

Schuijf JD, Wijns W, Jukema JW, Atsma DE, de Roos A, Lamb H]J,
Stokkel MP, Dibbets-Schneider P, Decramer I, De Bondt P, van der
Wall EE, Vanhoenacker PK, Bax JJ. Relationship between noninvasive
coronary angiography with multi-slice computed tomography and
myocardial perfusion imaging. ] Am Coll Cardiol (2006); 48: 2508—
2514.

Stolzmann P, Scheffel H, Schertler T, Frauenfelder T, Leschka S, Hus-
mann L, Flohr TG, Marincek B, Kaufmann PA, Alkadhi H. Radiation
dose estimates in dual-source computed tomography coronary angi-
ography. Eur Radiol (2008); 18: 592-599.

Sun Z, Lin CH, Davidson R, Dong C, Liao Y. Diagnostic value of 64-slice
CT angiography in coronary artery disease: A systematic review. Eur J
Radiol (2008); 67: 78-84.

Vanhoenacker PK, Heijenbrok-Kal MH, Van Heste R, Decramer I, Van
Hoe LR, Wijns W, Hunink MG. Diagnostic performance of multide-
tector CT angiography for assessment of coronary artery disease:
meta-analysis. Radiology (2007); 244: 419-428.

© 2008 The Authors

Journal compilation © 2008 Scandinavian Society of Clinical Physiology and Nuclear Medicine 29, 1, 81-88



