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Radiation dose to patients from imaging modalities is measured
or calculated to assess the risk of the procedure and compare it
with the benefits. Periodic review of image acquisition methods
and the radiation dose used are an essential part of optimization
in medical imaging. The aim of this study was to estimate
patient radiation dose from SPECT myocardial perfusion imag-
ing (MPI) using CT images for attenuation correction. Methods:
SPECT and CT image acquisition parameters such as adminis-
tered activity (AA), CT dose index (CTDIvol), and dose–length
product for 415 patients who had undergone SPECT MPI using
CT attenuation correction were reviewed. Effective dose (ED)
for the SPECT part, the CT part and the total ED for the pro-
cedure were calculated. AA, CTDIvol, and ED values were com-
pared between the 2 sexes and between body mass indexes
(BMIs), imaging scanner models, and imaging centers. Statisti-
cal analyses were performed using t tests and 1-way ANOVA at
P , 0.05 level of significance. Results: The range of AAs used
for MPI was found to be 1,206–1,964 MBq per patient regard-
less of sex. The resulting mean ED of 8.8 mSv for men was
significantly lower (P 5 0.002) than the 10.4 mSv for women
for SPECT. The range of CTDIvol was 1.12–3.97 mGy, resulting
in an mean ED of 0.8 mSv for men, significantly lower (P ,
0.001) than the 1.1 mSv for women for CT. The average com-
bined EDs for male and female patients were 9.6 and 11.5 mSv,
respectively. A positive correlation was found between AA and
patient BMI (r5 0.48; P , 0.001), indicating patient size–related
AAs. However, CTDIvol was found to depend only on the scan-
ner model, regardless of BMI. Conclusion: The ED from
SPECT/CT MPI studies was around 11 mSv, with 10 mSv being
from the SPECT part of the study. The extra risk to the patients
from CT imaging for attenuation correction is small compared
with the benefit incurred from accurate diagnosis.
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The use of SPECT, in conjunction with CT for the pur-
pose of attenuation correction (AC), is common in myocardial
perfusion imaging (MPI) (1–3). AC using CT images has been
proven to provide better image quality and a more accurate
diagnosis of coronary artery disease. CT imaging delivers a
higher photon flux resulting in better image quality but at higher
patient doses than are delivered by traditional transmission
scans (4). The risk–benefit analysis of using CT for attenuation
correction in SPECT MPI should include the radiation detri-
ment caused by the additional radiation dose to the patient (5).
Some studies have reported patient radiation doses for the
SPECT or CT component of MPI and have recommended
establishing diagnostic reference levels as a means of optimiz-
ing each component of the imaging procedure (6–9). In terms
of patient dose estimation, the contribution from the SPECT
part of the imaging is derived from the administered activity
(AA) of the radiopharmaceutical, whereas the CT contribution
is established from the dose–length product and the volume CT
dose index (CTDIvol) of the scan. To compare patient doses
from different modalities and to assess the total risk to the
patient, effective dose (ED) has been used (10–12).

The patient doses reported in the literature for routine
SPECT/CT imaging procedures show wide variations caused
by several image acquisition parameters and patient attri-
butes. Similar variations in patient doses have been reported
for MPI studies using SPECT/CT units (1–4,13,14). For
SPECT, the type of tracer, AA, imaging protocol, and patient
size influence the patient dose, whereas in CT the x-ray tube
voltage (kVp), tube current (mA), and scan length affect the
patient dose (4). Hence, studies involving patient dose mea-
surements are important for establishing best practices and
adhering to the optimization principle of radiation protec-
tion. Repeated patient dose measurements from different
imaging centers, countries, and regions have contributed to
optimizing imaging procedures and establishing diagnostic
reference levels. The aim of this study was to estimate the
patient radiation dose from the CT part, the SPECT part, and
the total SPECT/CT MPI scan.

MATERIALS AND METHODS

Clinical Centers and Imaging
This retrospective study was performed by reviewing the imag-

ing data of 415 randomly selected patients who were referred for
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MPI studies using 7 different SPECT/CT scanners at 4 different
nuclear medicine imaging centers (named C1–C4). The institu-
tional review board approved this retrospective study and waived
the requirement to obtain informed consent. All centers are part of
the public hospital system and performed MPI studies routinely.
The data collection was performed on 5 GE Healthcare scanners
(4 Discovery 670 and 1 Infinia Hawkeye) and 2 Siemens scanners,
each equipped with a multislice CT scanner (Table 1). All centers
used 99mTc-tetrofosmin (Myoview; GE Healthcare) as the radio-
pharmaceutical, followed a 2-d stress first imaging protocol, used
low-energy high-resolution collimators, and acquired the CT im-
ages for attenuation correction only. The SPECT images from the
GE Healthcare scanners were of a 64 · 64 matrix, whereas the
images from the Siemens scanners were of a 128 · 128 matrix. All
SPECT images from GE Healthcare scanners were reconstructed
using ordered-subset expectation maximization, and the images
from the Siemens scanners were reconstructed using 3-dimen-
sional fast low-angle shot. All CT images were acquired with a
512 · 512 matrix and a 5-mm slice thickness without any auto-
matic exposure control or dose modulation.

Data Collection
Patient demographics such as age, sex, height, and weight were

recorded from each of the patient image files. Body mass index
(BMI) was calculated as weight (kg) divided by square of the
height (m). For SPECT dosimetry, the scanner model, collimator
type, image matrix size, AA for the stress study, AA for the rest
study, acquisition time per view, image reconstruction method,
and number of views were recorded. The EDs for the stress and
rest studies were calculated from the AAs using sex-specific
conversion factors already published (15,16). The total ED for
SPECT was calculated by adding the ED for the stress study to
that for the rest study. For CT dosimetry, the kVp, mA, CTDIvol,
dose–length product, image matrix size, and slice thickness were
noted. The dose–length products were converted to ED values
using the sex-specific conversion factors from the literature (4).
The total patient dose for SPECT/CT MPI was calculated as the
sum of ED SPECT and ED CT values. All CTDIvol measurements
were made using the 32-cm-diameter dosimetry phantom, and the
accuracy of CTDIvol and dose–length product for all scanners was
tested as part of routine quality assurance programs.

Statistical Analysis
Patients were grouped on the basis of sex, and each sex was

analyzed separately. The EDs for SPECT were statistically tested
for any dependence on scanner type, imaging center, and image

matrix size. The EDs for stress and rest tests were compared using
paired t tests. Any correlation between EDs from the SPECT part
of the study and BMI was investigated for each sex separately. The
EDs for CT were tested for any dependence on scanner type, kV,
and patient BMI. The total EDs were investigated for any corre-
lation with patient BMI. All statistical analyses were performed
using Statistical Package for Social Sciences (version 17), with the
significance level set at a P value of less than 0.05. The Student t
test and 1-way ANOVAwere used as appropriate for all statistical
tests. When statistically significant differences were not observed
between male and female patients, the subjects were pooled for
sex-neutral analysis.

RESULTS

This study was performed on 415 patients (268 men and
147 women) from 4 imaging centers. Patient characteristics
such as age, height, weight, and BMI are listed in Table 2.
The image acquisition parameters used in SPECT and CT
are detailed in Table 3. A wide range of AAs was observed
for the SPECT part of MPI, with a maximum-to-minimum
ratio of around 4 for AA for both rest and stress studies
among the 4 centers. Similar variation was observed for
CTDIvol, with a maximum-to-minimum ratio of 3.5. Statis-
tically significant differences were not observed (P .
0.380) in AA between male and female patients for either
the stress test or the rest test, image matrix size, or scanner
model within each center in all 4 imaging centers. Paired t
testing did not find any significant difference (P5 0.864) in
AA between the stress and rest tests for either sex. When
different imaging centers were compared, significant differ-
ences in total AA were observed, with the mean AA for
each center ranging from 1,206 to 1,964 MBq (P , 0.001)
for the stress and rest studies combined. The CTDIvol also

TABLE 1
Equipment Design Parameters Used at Each Imaging Center Included in Study

Imaging center Scanner Image reconstruction SPECT image matrix No. of CT slices

C1 GE Discovery 670 OSEM 64 · 64 16
C2 GE Discovery 670 OSEM 64 · 64 16

Siemens Symbia 3D-FLASH 128 · 128 16
C3 GE Discovery 670 OSEM 64 · 64 16
C4 GE Discovery 670 OSEM 64 · 64 16

GE Hawkeye OSEM 64 · 64 4
Siemens Intevo 3D-FLASH 128 · 128 16

GE 5 GE Healthcare; OSEM 5 ordered-subset expectation maximization; 3D-FLASH 5 3-dimensional fast low-angle-shot.

TABLE 2
Patient Demographics of Study

Demographic Mean ± SD Range Skewness

Age 60 ± 11 29–88 −0.048
Height (m) 1.64 ± 0.99 1.34–1.90 −0.189
Weight (kg) 88 ± 20 39–172 10.742
BMI (kg/m2) 32.6 ± 7.2 17.4–70.7 11.134
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showed significant differences (P , 0.001) among imaging
centers, with the mean values for different centers ranging
from 1.4 to 3.8 mGy (Table 4). Although the SPECT EDs
differed between male and female patients, when the SPECT
ED was compared among the 4 centers, the sex of the patient
was ignored.
The overall mean value from all 4 centers was 1,616 6

411 MBq for AA for SPECTand 2.36 1.1 mGy for CTDIvol
for CT. Within each imaging center, no significant differ-
ences (P . 0.56) were observed in AA among the different
SPECT/CT scanners. The CTDIvol values were found to be
specific to each scanner, without regard to patient age, size,
or sex. Table 5 illustrates the EDs for male and female pa-
tients for the 2 imaging modalities separately and the total
ED for the SPECT/CT MPI study. The EDs for female pa-
tients were significantly higher than those for male patients
even though AA and CTDIvol did not significantly differ. The
SPECT contribution to the total ED was about 10 times
higher than the ED from CT. However, the ED from SPECT
and the total ED showed statistically significant (P , 0.001)
positive correlations with BMI whereas the ED from CT
did not show any correlation with BMI (Figs. 1–3). The im-
age matrix size of SPECT did not have any influence on
AAs or EDs.

DISCUSSION

The EDs, of around 10 mSv from SPECT and about 1
mSv from CT, leading to a total radiation dose of 11 mSv
for SPECT/CT MPI, from this study do not differ signif-
icantly from values reported and recommended in the liter-
ature (1–5,10–12). However, these values are much smaller
than those previously reported (1–15 mSv from CT and 6–
37 mSv from SPECT) for routine SPECT/CT studies (14).

The increase in total ED, and hence the risk of developing
radiation-induced cancer, by the introduction of CT for
attenuation correction is small compared with the risk in-
volved in the 2-d stress/rest SPECT protocol. Therefore, the
benefits of using CT images for attenuation correction,
leading to better image quality and a more accurate diag-
nosis of coronary artery disease, outweigh the extra risk
introduced by CT (17–20). The differences in EDs from
SPECT and CT between male and female patients result
mainly from the differences in the conversion factors used
to calculate the ED. The major contribution for these dif-
ferences in conversion factors comes from the involvement
of breast tissue in female patients (15). Since no significant
differences in AA or CTDIvol were observed between the 2
sexes, we can report that female patients are presented with
slightly elevated risk from the same imaging procedure.
More stringent radiation dose optimization steps need to be
followed when female patients are referred for SPECT/CT
MPI studies.

The current study also found that the AA for the SPECT
part of MPI depended mostly on the protocol followed by
each imaging center. When different scanner models were
used within 1 imaging center, the AAs did not depend on
the scanner model or the image matrix size, indicating that
imaging centers have protocols for calculating AA based
only on patient characteristics. The positive correlation
found between AA and BMI reassures clinicians that imag-
ing procedures are performed with suitable protocols. This
practice can be considered as following the personalized
AA model for MPI, which has been advocated as a method
of radiation dose optimization (11). In contrast, the CTDIvol
values were observed to be fixed for a particular scanner
model regardless of patient characteristics. This practice
may lead to overexposure of small patients and image deg-
radation of large patients. It was also observed that the
scanner manufacturers have set constant parameters for ac-
quiring attenuation correction images on CT, as reported in
the literature. This may be because the nuclear medicine
technologists who perform MPI studies may not have had
any formal training in CT imaging, which is relatively new
in nuclear medicine. This issue can be overcome by includ-
ing CT imaging as part of the undergraduate curriculum of
nuclear medicine technology or offering remedial courses

TABLE 3
Image Acquisition Parameters for SPECT and CT Images

Modality Parameter Mean ± SD Range Skewness

SPECT Stress study 813 ± 211 297–1,183 −0.719
AA (MBq) Rest study 803 ± 200 305–1,180 −0.778
CT kVp — 120–140 —

mA — 10–50 —

CTDIvol (mGy) 2.3 ± 1.1 1.12–3.97 10.718

TABLE 4
Dosimetry Quantities, as Mean ± SD, from 4 Imaging Centers

Imaging center N AA stress (MBq) AA rest (MBq) CTDIvol (mGy) ED SPECT (mSv) ED CT (mSv) ED total (mSv)

C1 118 1,000 ± 83 964 ± 81 1.6 ± 0.0 11.5 ± 1.2 0.6 ± 0.2 12.1 ± 1.3
C2 102 601 ± 136 605 ± 122 1.4 ± 0.2 7.0 ± 2.8 0.6 ± 0.2 7.6 ± 2.8
C3 101 758 ± 134 750 ± 120 3.8 ± 0.0 8.2 ± 1.5 1.2 ± 0.2 9.4 ± 1.6
C4 94 870 ± 90 872 ± 90 2.4 ± 1.1 10.4 ± 1.3 1.4 ± 1.0 11.8 ± 1.7
P ,0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

N 5 number of patients.
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for practicing technologists. Once the technologists recog-
nize how the various image acquisition and reconstruction
parameters affect image quality, they will be able to per-
form patient-specific image acquisition. CT imaging has
been incorporated into the undergraduate curriculum of nu-
clear medicine technology at our institution over the last
3 y. Discontinuing the practice of using fixed acquisition pa-
rameters and instead using patient-specific parameters with
automatic exposure control and radiation dose modulation
methods can reduce the ED from CT (1,13,14). The scan
length (and hence dose–length product) for a CT scan gen-
erally depends on the region of interest, in MPI the myo-
cardium. Restricting the scan length to the required region
of interest will reduce the ED from CT imaging. Further
dose reductions can be achieved using a lower x-ray tube
voltage for the CT image acquisition. However, any changes
in the CT numbers of the tissue due to a lower x-ray tube
voltage should be investigated (21).
The wide range (1,206–1,964 MBq) of mean AAs found

in this study, among the 4 centers, indicates that there is
room for radiation dose optimization in the SPECT part of
MPI. The recommended value of AA for stress and rest MPI
studies—1,850 MBq (10)—is lower than some of the values

found in this study. Among the 4 imaging centers, C2 used
the lowest mean AA. This center used 2 different SPECT/CT
scanner models and 2 different image matrices but did not
show any difference in the mean AA used between the scan-
ners. The image quality for the higher-matrix images was
maintained by using a longer acquisition time rather than by
increasing the AA. The center C1 used the largest mean AA
on the single SPECT/CT scanner model that was available.
Investigations into the reduction of AA in centers using
higher amounts than other centers are recommended. A fur-
ther reduction of patient radiation doses can be achieved by
adopting the recommendations of the American Society of
Nuclear Cardiology and performing stress-only protocol or
1-d low-dose stress imaging protocol (21).

TABLE 5
ED (in mSv) from Various Components of SPECT/CT MPI

Study and Total ED for Entire Procedure

Component
Male

mean ± SD
Female

mean ± SD P

ED stress study 4.6 ± 1.1 5.0 ± 1.4 0.019
ED rest study 4.2 ± 1.1 5.4 ± 1.4 ,0.001
ED SPECT 8.8 ± 2.2 10.4 ± 2.8 0.002
ED CT 0.8 ± 0.4 1.1 ± 0.8 ,0.001
ED total 9.6 ± 2.2 11.5 ± 3.0 ,0.001

FIGURE 1. Correlation (r 5 0.48; P , 0.001) of ED (mSv) from
SPECT with BMI (kg m−2).

FIGURE 2. Correlation (r 5 0.00; P 5 0.832) of ED (mSv) from
CT with BMI (kg m−2).

FIGURE 3. Correlation (r 5 0.46; P , 0.001) of total ED (mSv)
with BMI (kg m−2).
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This study had some limitations. First, the study did not
compare the quality of images acquired using different scan-
ners or at different imaging centers. Since all images were
used for interpretation by physicians, they were assumed to
be diagnostically acceptable. Second, the range of scanner
models used in this study comes from 2 major SPECT/CT
scanner manufacturers and hence the results may not extend
to other scanner models. Future investigations into radiation
dose reduction could be directed toward reducing the
radiopharmaceutical dose; 1-d stress-rest study protocols
and their benefits to patients are recommended. Image qual-
ity improvements due to attenuation correction using CT
images in SPECT MPI are well documented in the litera-
ture. However, further image-quality analyses of the effects
of CT attenuation on SPECT MPI imaging are proposed for
the future.

CONCLUSION

This study found the ED from the SPECT and CT com-
ponents of SPECT/CT MPI to be in the range of 10 and 1
mSv, respectively. We conclude that the excess risk from
CT image acquisition for attenuation correction of SPECT
images is small compared with the benefits presented by CT
attenuation correction. The ED and the potential risk to fe-
male patients are slightly higher than those to male patients,
given use of the same image acquisition parameters.

DISCLOSURE

No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Tootell AK, Szczepura K, Hogg P. Comparison of effective dose and lifetime risk

of cancer incidence of CT attenuation correction acquisitions and radiopharma-

ceutical administration for myocardial perfusion imaging. Br J Radiol. 2014;87:

20140110.

2. Lecchi M, Malaspina S, Scabbio C, Gaudieri V, Del Sole A. Myocardial perfu-

sion scintigraphy dosimetry: optimal use for SPECT and SPECT/CT technolo-

gies in stress-first imaging protocol. Clin Transl Imaging. 2016;4:491–498.

3. Einstein AJ, Johnson LL, De Luca J, et al. Radiation dose and prognosis of ultra-

low-dose stress-first myocardial perfusion SPECT in patients with chest pain

using high efficiency camera. J Nucl Med. 2015;56:545–551.

4. Rausch I, Fuchsel FG, Kuderer C, Hentschel M, Beyer T. Radiation exposure levels

of routine SPECT/CT imaging protocols. Eur J Radiol. 2016;85:1627–1636.

5. Einstein AJ, Moser KW, Thompson RC, Cerqueira MD, Henzlova MJ. Radiation dose

to patients from cardiac diagnostic imaging. Circulation. 2007;116:1290–1305.

6. Song HC, Na M, Kim J, Cho S, Park J, Kang K. Diagnostic reference levels for

adult nuclear medicine imaging established from the national survey in Korea.

Nucl Med Mol Imaging. 2019;53:64–70.

7. Dennis JL, Gemmel AJ, Nicol AJ. Optimization of the CT component of SPECT-

CT and establishment of local CT diagnostic reference levels for clinical prac-

tice. Nucl Med Commun. 2018;39:493–499.

8. Ali WM, Elawad RM, Ibrahim MAA. Establishment of dose reference levels for

nuclear medicine in Sudan. OJ Radiol. 2016;6:258–263.

9. Iball GR, Bebbington NA, Burniston M, et al. National survey of computed

tomography doses in hybrid PET-CT and SPECT-CT examinations in the UK.

Nucl Med Commun. 2017;38:459–470.

10. DePuey ED. Myocardial perfusion SPECT. American College of Radiology

website. https://www.imagewisely.org/Imaging-Modalities/Nuclear-Medicine/Myocardial-

Perfusion-SPECT. Accessed January 23, 2020.

11. Pretorius PH, King MA, Johnson KL, Yang Y, Wernick MN. Towards personalized

injected patient dose for cardiac perfusion SPECT imaging: a retrospective study.

IEEE Xplore website. https://ieeexplore.ieee.org/document/8069575. Accessed

January 23, 2020.

12. Wells RG. Dose reduction is good but it is image quality that matters. J Nucl

Cardiol. July 24, 2018 [Epub ahead of print].

13. Sharma P, Sharma S, Ballal S, Bal C, Malhotra A, Kumar R. SPECT-CT in

routine clinical practice: increase in patient radiation dose compared with

SPECT alone. Nucl Med Commun. 2012;33:926–932.

14. Larkin AM, Serulle Y, Wagner S, Noz ME, Friedman K. Quantifying the increase

in radiation exposure associated with SPECT/CT compared to SPECT alone for

routine nuclear medicine examinations. Int J Mol Imaging. 2011;2011:879202.

15. Andersson M, Johansson L, Minarik D, Leide-Svegborn S, Mattsson S. Effective

dose to adult patients from 338 radiopharmaceuticals estimated using ICRP

biokinetic data, ICRP/ICRU computational reference phantoms and ICRP

2007 tissue weighting factors. EJNMMI Phys. 2014;1:9.

16. Andersson M. Erratum to: effective dose to adult patients from 338 radiophar-

maceuticals estimated using ICRP biokinetic data, ICRP/ICRU computational

reference phantoms and ICRP 2007 tissue weighting factors. EJNMMI Phys.

2015;2:22.

17. Tamam M, Mulazimoglu M, Edis N, Ozpacaci T. The value of attenuation

correction in hybrid cardiac SPECT/CT on inferior wall according to body mass

index. World J Nucl Med. 2016;15:18–23.

18. Apostolopoulos DJ, Savvopoulos C. What is the benefit of CT-based attenuation

correction in myocardial perfusion SPET? Hell J Nucl Med. 2016;19:89–92.

19. Peli A, Camoni L, Zilioli V, et al. Attenuation correction in myocardial perfusion

imaging affects the assessment of infarct size in women with previous inferior

infarct. Nucl Med Commun. 2018;39:290–296.

20. Thompson RC. CT attenuation correction for thallium SPECT MPI and other

benefits of multimodality imaging. J Nucl Cardiol. 2019;26:1596–1598.

21. Dorbala S, Ananthasubramanium K, Armstrong IS, et al. Single photon emission

computed tomography (SPECT) myocardial perfusion imaging guidelines: instru-

mentation, acquisition, processing, and interpretation. J Nucl Cardiol. 2018;25:

1784–1846.

RADIATION DOSE IN CARDIAC SPECT/CT • Brindhaban 147

https://www.imagewisely.org/Imaging-Modalities/Nuclear-Medicine/Myocardial-Perfusion-SPECT
https://www.imagewisely.org/Imaging-Modalities/Nuclear-Medicine/Myocardial-Perfusion-SPECT
https://ieeexplore.ieee.org/document/8069575

