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Reduced administered activity, reduced
acquisition time, and preserved image quality
for the new CZT camera

Jenny Oddstig, PhD,? Fredrik Hedeer, MD,” Jonas Jégi, MD, PhD,”
Marcus Carlsson, MD, PhD,” Cecilia Hindorf, PhD,?
and Henrik Engblom, MD, PhD"

Background. For a 1-day myocardial perfusion SPECT (MPS) the recommendations for
administered activity stated in the EANM guidelines results in an effective dose of up to 16 mSv
per patient. Recently, a gamma camera system, based on cadmium zinc telluride (CZT) tech-
nology, was introduced. This technique has the potential to reduce the effective dose and scan
time compared to the conventional Nal gamma camera. The aim of this study was to investigate
if the effective dose can be reduced with a preserved image quality using CZT technology in
MPS.

Methods. 1In total, 150 patients were included in the study. All underwent a 1-day **™Tc-
tetrofosmin stress-rest protocol and were divided into three subgroups (n = 50 in each group)
with 4, 3, and 2.5 MBqg/kg body weight of administered activity in the stress examination,
respectively. The acquisition time was increased in proportion to the decrease in administered
activity. All examinations were analyzed for image quality by visual grading on a 4-point scale
(1 = poor, 2 = adequate, 3 = good, 4 = excellent), by two expert readers.

Results. The total effective dose (stress + rest) decreased from 9.3 to 5.8 mSv comparing 4
to 2.5 MBqg/kg body weight. For the patients undergoing stress examination only (35%) the
effective dose, administrating 2.5 MBq/kg, was 1.4 mSv. The image acquisition times for
2.5 MBq/kg body weight were 475 and 300 seconds (stress and rest) compared to 900 seconds
for each when using conventional MPS. The average image quality was 3.7 £+ 0.5, 3.8 £+ 0.5, and
3.8 + 0.4 for the stress images and 3.5 £ 0.6, 3.6 + 0.6, and 3.5 + 0.6 for the rest images and
showed no statistically significant difference (P = .62) among the 4, 3, and 2.5 MBqg/kg groups.

Conclusions. The new CZT technology can be used to considerably decrease the effective
dose and acquisition time for MPS with preserved high image quality. (J Nucl Cardiol 2013;20:38-44.)
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BACKGROUND

Myocardial perfusion single photon emission com-
puted tomography (MPS) is an established non-invasive
imaging technique for detection of myocardial perfusion
defects. The conventional technology with a Nal-crystal

From the Radiation Physics,® Department of Clinical Physiology,”
Skéne University Hospital, Lund University, Lund, Sweden.

Received for publication Jun 21, 2012; final revision accepted Sep 30,
2012.

Reprint requests: Henrik Engblom, MD, PhD, Department of Clinical
Physiology, Skane University Hospital, Lund University, Lund,
Sweden; henrik.engblom@med.lu.se.

1071-3581/$34.00

Copyright © 2012 American Society of Nuclear Cardiology.

doi:10.1007/512350-012-9634-6

38

was introduced more than 50 years ago and is the most
widely used nuclear medicine imaging technique. Con-
ventional MPS is associated with time-consuming image
acquisition and a relatively high administered activity is
required to enable adequate image quality.

Recently, a new generation of gamma camera sys-
tems was introduced based on a novel detector technology
utilizing semiconductor detectors of cadmium zinc tellu-
ride (CZT)."? This technology is associated with higher
sensitivity and better spatial and energy resolution com-
pared to conventional MPS and its agreement with
conventional MPS using a Nal-crystal technology has
been clinically validated in several studies.” Further-
more, the CZT camera system enables complete 3D
coverage and simultaneous image acquisition of the heart
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using a stationary gantry with 19 pinhole collimators.
Therefore, the CZT system allows for a significant
reduction of acquisition times compared to conventional
systems and have shown the potential for high patient
throughput. Previous studies have reported a decrease of
scan time from approximately 15 down to a few min-
utes"*® with the administered activity recommended in
guidelines.*'® For a 1-day MPS the activity recommen-
dations in the guidelines will result in an effective dose of
up to 16 mSv per patient. Thus, MPS is one of the
procedures in diagnostic nuclear medicine that gives the
highest effective dose contribution.'"'? Instead of using
the advantages with the CZT camera systems to perform
fast myocardial perfusion imaging,®>”’ this technology
could be used to reduce the administered activity to
decrease the effective dose to the patient. One previous
study '? indicates that reduced activity could be used but
further validation is needed.

The aim of this study was therefore to investigate if
the administered activity can be reduced with preserved
image quality using the new CZT technology.

METHODS

Study Design

The study group comprised 150 consecutive patients
referred for MPS due to known or suspected coronary artery
disease. All patients underwent a 1-day °°™Tc-tetrofosmin
stress protocol according to clinically established protocols.
Exclusion criteria were a patient weight more than 100 kg,
patients undergoing a 2-day protocol and patients undergoing
the rest examination before the stress examination.

The patients were consecutively included into three
different subgroups. The first 50 patients were injected with
4 MBg/kg, the following 50 patients with 3 MBg/kg, and the
last 50 patients with 2.5 MBq/kg body weight of **™Tc-
tetrofosmin at stress (exercise or pharmacologic) according to
clinically established protocols. Imaging was performed with a
CZT camera (Discovery NM 530c, GE Healthcare) approxi-
mately 1 hour after injection at stress. The rest examination was
undertaken according to a predefined, in-house developed time
schedule designed to meet the ASNC recommended guidelines.
Thus, individually adjusted activity was administered at rest
depending on the duration between the two examinations, with
a minimum of 2 hour, resulting in decreased activity with
increased duration. The rest examination was only performed if
the stress examination images were interpreted as abnormal.

All patients provided written informed consent to partic-
ipate in the study and the study was approved by the regional
ethics committee.

Acquisition and Reconstruction

The Discovery NM 530c equipment consists of 19
stationary CZT detectors simultaneously imaging 19 views

Oddstig et al 39
New CZT camera

of the heart. Each CZT detector contains 32 x 32 pixel
elements (2.46 x 2.46 mm) and is equipped with pinhole
collimators made of tungsten focusing on the heart. The CZT
semiconductor detector operates at room temperature. The
compact system design allows acquisition without any detector
motion as the detectors are aligned around the patient and all
19 projections of the heart are acquired simultaneously.

Performance assessment of the Discovery NM 530c camera
shows a linear count rate response below 800 MBq of **™Tc.
Acquisition after stress with injection of 4 MBq/kg body weight
was made with a scan time of 300 seconds based on the study by
Herzog et al.® When the injected activity was decreased to 3 and
2.5 MBq/kg body weight, the acquisition time was increased
linearly to compensate for a count loss due to the decreased
activity to keep the number of counts in the image constant.
Patients were imaged in supine position with the arms positioned
over the head. A 15% symmetrical energy window at 140 keV
was used. Electrocardiogram-gated scans were acquired using
8 bins. No correction for scatter or attenuation was performed.

For the rest examinations, up to three times higher activity
of “™Te-tetrofosmin was injected depending on the time
interval between injection at stress and rest. Image acquisition
at rest was made with the same protocol as at stress but with a
decreased image acquisition time. For the 4 MBq/kg body
weight group an acquisition time of 180 seconds, as recom-
mended from GE Healthcare based on the study by Herzog et al,®
was used. For the patient groups with injected activities of 3 and
2.5 MBq/kg at stress, the acquisition time was increased
linearly. The syringe was measured before and after injection
of ®™Tc-tetrofosmin to calculate the administered activity.

Penalized maximum likelihood iterative reconstruction
adapted to the Discovery NM 530c three-dimensional geometry
was used to create transaxial images of the left ventricle. For the
gated images, 30 iterations with an alpha of 0.4 and a beta of 0.4
was used for both stress and rest investigations and the images
were post-filtered with a Butterworth filter with cut-off frequency
of 0.4 and power 10. For the non-gated images, 40 and 50
iterations with an alpha parameter of 0.51 and 0.41 and a beta of
0.3 and 0.2 were used for the stress and rest studies, respectively.
The non-gated images were post-filtered with a Butterworth filter
with a cut-off frequency of 0.37 and a power of 7. All reconstruc-
tion parameters used followed the recommendations from the
manufacturer. The images were reconstructed on a dedicated
workstation (GE Healthcare). All images were reconstructed in
the standard axes (short axis, vertical long axis, horizontal long
axis) and polar maps of the left ventricle were created.

Quantitative Analysis

The total number of counts collected in the study was
calculated for all patients by multiplying the detector counts by
the scale factor of the value derived from the DICOM
information of the study.

Image Analysis

The software package Quantitative Gated SPECT (QGS)
(version 4.0, Cedars Sinai Medical Centre, Los Angeles, CA)
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was used for image analysis. All examinations were analyzed
in a randomized sequence by two expert readers (HE and JJ),
both with approximately 10 years of experience with MPS.
The observers were blinded to information of scan time,
injected activity, and patient data as well as to each other.
The image quality was visually graded on a 4-point scale
(1 = poor, 2 = adequate, 3 = good, 4 = excellent). When
grading the images for image quality the following variables
were considered: rotating raw data projection, noise level, the
homogeneity of the uptake as seen on both the tomographic
short- and the long-axis slices and on the polar plot represen-
tation. The gated images were graded as either diagnostic or
non-diagnostic based on uptake homogeneity and the ability to
estimate wall thickening. After the evaluation of all this
available information, the observer appointed a grade based on
the confidence level for stating normal findings, fixed perfusion
defect, or stress-induced ischemia. In the cases where there
was a disagreement with regards to diagnosis, consensus
reading was undertaken.

Dosimetry

The effective dose was determined based on data in the
ICRP publication 106.'* The mean weight (79 kg in all groups)
and the mean administered activity were used for the calcu-
lation of the effective dose for rest and stress. For comparison,
the effective dose was also calculated based on the EANM
recommendations on administered activity for MPS.>°

Statistical Analysis

The data are presented as mean + SD. Statistical analysis
was performed using IBM SPSS Statistics v.20.0 (Chicago,
Illinois, USA). ANOVA was used to compare continuous
variables and a »° test was used to compare categorical
variables. The inter-observer agreement for image quality was
expressed as mean difference + SD. For assessment of inter-
observer agreement rate for the presence of perfusion defects
on a per-patient basis prior to consensus reading, Kappa
statistics was used. Statistical significance was defined as
P < .05.

RESULTS

Patient characteristics and MPS study results are
shown in Table 1. All 150 patients successfully under-
went stress examination with mean activity of 318, 238,
and 203 MBq at stress for the 4, 3, and 2.5 MBq/kg
protocols, respectively (Table 2). Examination at rest
was performed in 97 patients (65%) based on the
interpretation of the stress images. The mean duration
between stress and rest activity administration was
3.5 = 1.1 hour resulting in a mean administered activity
for the rest examination of 892, 636, and 547 MBq for
the 4, 3, and 2.5 MBq/kg protocols, respectively
(Table 2). Scan time duration was 300, 400, and
475 seconds for the stress examination and 180, 240,
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and 285 seconds for the rest examination for the 4, 3,
and 2.5 MBq/kg protocols, respectively.

The mean value of the total number of counts in the
images for each study group was similar, with 1168000 +
251000, 1124000 + 310000, 1130000 + 268000 counts
for the stress examinations and 2144000 + 418000,
2039000 + 480000, 2211000 + 501000 counts for the
rest examinations for the 4, 3, and 2.5 MBqg/kg group,
respectively. No statistically significant difference could
be seen between the groups (P = .46 stress, P = .45 rest)
(Figure 1). Taken into account that the image acquisition
time for the stress examination was 1.7 times that of the
rest examination and the decay of the administered
activity for the stress examination, the mean ratio
between rest and stress activity was 3.9 + 0.3 at the time
of the rest acquisition.

Typical image quality of one patient study from
each activity group is shown in Figure 2. The image
quality on the 4-point scale for both expert readers was
3.7+£0.5,3.8 0.5, and 3.8 + 0.4 for the stress images
and 3.5+0.6, 3.6 +0.6, and 3.5 + 0.6 for the rest
images for the 4, 3, and 2.5 MBq/kg group, respectively.
There was no significant difference in image quality
between the three groups (P = .62). The inter-observer
variability between the two expert readers on the 4-point
scale was 0.04 + 0.5. In no cases, the difference between
the observers exceeded 1 point. The three activity
groups, 97%, 96%, and 98%, of the studies, respectively,
were graded as ‘‘good’” or ‘‘excellent’’ by the expert
readers (Table 3). None of the studies had an image
quality graded as ‘‘poor’’. For the gated studies, two
studies in the 2.5 MBq/kg group was interpreted as non-
diagnostic by both expert readers. In the 3 MBq/kg
group and the 4 MBq/kg group, all gated studies were
interpreted as diagnostic. The inter-observer agreement
rate for the presence of perfusion defects (fixed or stress-
induced) on a per-patient basis was 94% with a Kappa
value of 0.87.

The total effective dose (stress and rest) decreased
from 9.3 mSv in the 4 MBq/kg group to 5.8 mSv in the
2.5 MBqg/kg group (Table 4).

DISCUSSION

This study shows that it is possible to perform MPS
with the new CZT technology with both a significantly
reduced effective dose and a shorter scan time with a
preserved image quality as compared to conventional
MPS technology and the EANM guidelines.

There was no statistically significant difference in
image quality between the three activity groups. Also,
the image quality was graded as ‘‘good’’ or ‘‘excellent’’
in the vast majority of the studies by both expert readers.
These results are consistent with those shown by Duvall
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Table 1. Patient characteristics (N or mean + SD)
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Entire study 4 MBq/kg 3 MBq/kg 2.5 MBq/kg
population group group group
n =150 n =50 n =50 n =50

Age (years) 67 £ 11 66 + 11 67 £ 10 68 + 11
Gender

Male 89 (59%) 29 (58%) 33 (66%) 27 (54%)

Female 61 (41%) 21 (42%) 17 (34%) 23 (46%)
BMI (kg/m?) 26.7 £ 3.6 27 £3.9 26.5+3.5 26.7 £ 3.6
Body weight (kg) 79 £ 13 79 £ 13 79 £ 12 79 £ 13
Cardiac risk factors

Diabetes 27 (18%) 10 (20%) 11 (22%) 6 (12%)

Hyperlipidemia 89 (59%) 32 (64%) 28 (56%) 29 (58%)

Hypertension 97 (65%) 37 (74%) 33 (66%) 27 (54%)

Smoking 107 (71%) 33 (66%) 37 (74%) 37 (74%)

Family history of CAD 62 (41%) 13 (26%) 24 (48%) 25 (50%)
Known CAD 60 (40%) 19 (38%) 21 (42%) 20 (40%)

History of MI 41 (27%) 10 (20%) 15 (30%) 16 (32%)

PCI 39 (26%) 12 (24%) 14 (28%) 13 (26%)

CABG 24 (16%) 7 (14%) 10 (20%) 7 (14%)
Type of stress

Exercise 82 (55%) 33 (66%) 24 (48%) 25 (50%)

Pharmacologic 68 (45%) 17 (34%) 26 (52%) 25 (50%)

Stress only 53 (35%) 20 (40%) 17 (34%) 16 (32%)
MPS result

Normal 100 (67%) 36 (72%) 29 (58%) 35 (70%)

Abnormal 50 (33%) 14 (28%) 21 (42%) 15 (30%)
Left ventricular volumes and function at stress

End diastolic volume 110 £+ 52 106 + 52 116 + 59 107 + 45

(mL)

End systolic volume 53 + 45 51 £ 45 59 + 56 51 + 33

(mL)

Ejection fraction (%) 56 + 13 57 + 13 56 + 16 56 + 11

BMI, Body mass index; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG,

coronary artery bypass grafting

et al,'"’ confirming that high image quality can be
obtained also with low administered activity. Even
though the two expert readers performed the image
quality grading separately and the scale used is
subjective, the inter-observer variability was low.

The number of counts in an examination is linear to the
acquisition time. Therefore, the acquisition time was
prolonged proportional to the amount of administered
activity in the three activity groups, respectively. The mean
total number of counts in the examinations did not differ
between the three activity groups, which probably explains
why there was no difference in image quality between the
three groups. A proportional prolonged acquisition time
can be used to receive an adequate examination in the case
of low administered activity, e.g., due to high residual

activity in the syringe. In three patients, examined after the
study of the 150 patients was concluded, measurement of
the syringe after activity injection showed that too low
amounts of activity had been administered to the patients at
stress—1.5, 1.6, and 1.7 MBq/kg body weight, respec-
tively. In these cases, the acquisition time was therefore
prolonged proportional to the low administered activity to
obtain the same amount of total counts in the images as if
the administered activity had been normal. The image
quality was considered good and diagnostic in all three
cases and the total number of counts was equal to the
number of counts in an examination with normal amount of
administered activity (Figure 3).

Compared to conventional MPS technology, the
acquisition time was decreased from approximately
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Table 2. Administered activity and acquisition
time for the three groups of administered
activity (mean * SD)

4 MBq/ 3 MBq/ 2.5 MBq/
kg kg kg

Mean activity 318 + 54 238 +40 203 +35
stress (MBq)

Acquisition 300 400 475
time stress
(second)

Mean activity 892 + 134
rest (MBq)

Acquisition 180 240 285
time rest
(second)

Mean total
activity
(MBq)*

636 + 122 547 + 134

1230 + 171 878 £ 156 753 = 171

*Based on the patients who underwent both stress and rest
examination

900 seconds for rest and stress examination, respec-
tively, down to approximately 300 and 475 seconds for
rest and stress examination, respectively. The advanta-
ges with a decreased acquisition time are shorter time
for the patients in the camera and a possibility for an
increased patient throughput. In addition, the risk for

4 MBq/kg

Stress (300s) Rest (1805s)

Stress (400 s)
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Figure 1. Number of total counts in the stress and rest
images =+ the standard error of the mean versus administered
activity for the three activity groups. The number of patients
that underwent stress examination is 50 in each group, for rest
examination the number of patients is 32, 32, and 35 for the 4,
3, and 2.5 MBq/kg groups, respectively.

patient motion during acquisition decreases with a
decreased acquisition time. A large decrease of the
administered activity and a proportional increase of
acquisition time increase the risk for motion artifacts
since the Discovery NM 530c has, at this date, no
possibility to correct for patient motion.

3 MBq/kg 2.5MBg/kg

Rest (240s)  Stress (475s) Rest (2855)

Figure 2. Perfusion images, with typical image quality, showing normal perfused myocardium of
one patient from each activity group examined with a 1-day **™Tc-tetrofosmin protocol at stress
and rest. Images are shown as short axis (SA), vertical long axis (VLA), and horizontal long axis

(HLA).
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Table 3. Image quality for each study by both expert readers, N (%)

Activity group

Image quality 4 MBq/kg 3 MBq/kg 2.5 MBq/kg Total

1 (poor) (0] (0] 0 (0]

2 (adequate) 5 (3%) 7 (4%) 4 (2%) 16 (3%)

3 (good) 45 (28%) 36 (22%) 44 (26%) 125 (25%)
4 (excellent) 110 (69%) 123 (74%) 120 (72%) 353 (72%)
Total 160 (100%) 166 (100%) 168 (100%) 494 (100%)

Table 4. Effective dose to a 79 kg patient for an
administered activity of 4, 3, 2.5 MBq/kg or
according to the EANM guidelines

4 MBq/ 3 MBq/ 2.5 MBq/
kg kg kg

Effective 2.2 1.6 1.4 3.6
dose
stress
(mSv)

Effective 7.1 5.1 4.4 12.2
dose
rest
(mSv)

Total 9.3 6.7 5.8 15.7
effective
dose
(mSv)

EANM

The collective total effective dose would be lower taken to
account the patients undergoing stress examination only

In this study, the total effective dose was decreased
from 9.3 to 5.8 mSv when the administered activity was
reduced from 4 to 2.5 MBq/kg body weight at stress. An
effective dose of 5.8 mSv for a 79 kg patient means a
dose reduction of 63% compared to the 15.7 mSv
recommended by the EANM guidelines. A total effec-
tive dose of 5.8 mSyv is consistent with the effective dose
shown by Duvall et al."?

Millions of MPS studies are performed each year
worldwide. Reducing the administered activity to this
patient group will result in a decreased collective dose
and consequently a decreased risk associated with
ionizing radiation exposure for this group of patients.
This study clarifies the possibility to decrease the
administrated activity down to 2.5 MBq/kg body weight
with high clinical image quality. Previously published
recommendations from ASNC aim to decrease the
effective dose for MPS to 9 mSv in the year 2014."

Stress

1.7 MBq/kg
950 s acquisition

Figure 3. Perfusion images at stress of three patients admin-
istered with a low amount of activity at stress due to residual
activity in the syringe. The administered activity was 1.5, 1.6,
and 1.7 MBg/kg body weight, respectively, and the acquisition
time was therefore prolonged in proportion to the reduced
activity. Images are shown as short axis (SA), vertical long
axis (VLA), and horizontal long axis (HLA).

Nine mSv (9 mSv) corresponds to the initial effective
dose in this study before activity reduction. Decreased
administered activity is not only beneficial for the
patient but it is also advantageous for the staff working
with the patient. Exposure to radioactivity in this range
adds a very small risk for stochastic effects of radiation.
However, hypothetically there is no threshold for the
occurrence of cancer or genetic effects based on the
probability for chromosomal damage. Therefore, it is of
importance to reduce the administered activity as much
as possible, following the principle of As Low As
Reasonably Achievable (ALARA).16

Several different methods could be used to decrease
the administered activity and effective dose. Starting the
MPS protocol with examination at stress and analyzing
the stress images before deciding of the need for rest
examination reduce the effective dose. In this study,
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myocardial perfusion defects could be excluded in 35%
(53/150) of the cases after stress imaging. In the case of
a 1-day protocol, the majority of the total effective dose
comes from the second examination. In this study, 75%
of the total effective dose was received from the second
examination. The effective dose for a patient undergoing
stress examination only was 1.4 mSv. The use of a 2-day
protocol is another means to decrease the effective dose
to the patient. A lower amount of activity can be
administered for the second examination using a 2-day
protocol (due to the decay of **™Tc), compared to using
a 1-day protocol. Thus, the administered activity in the
second examination can be decreased approximately by
a factor of 3. Consequently, an MPS study including
both stress and rest examinations can be performed with
an effective dose of 3.6 mSv for a 79 kg patient if a 2-
day protocol is applied. A decrease in the injected
activity also enables MPS to be performed during times
of limited **™Tc availability.

CONCLUSIONS

The effective radiation dose and the acquisition
time can be considerably decreased with preserved high
image quality when MPS is performed with the novel
CZT technology. A stress and rest examination, using a
1-day protocol, can be performed with an effective dose
of 37% compared to the dose recommended in interna-
tional guidelines.
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