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Abstract
Objective: This study aimed to retrospectively calculate patient effective dose from whole body PET/CT

scanning with the low-dose protocol on the PHILIPS GEMINI TF PET/CT scanner and to evaluate the LAR of cancer
for male and female patients using the BEIR VII report model.

Methods: The radiation dose associated with a CT was calculated according to the CT dose-length
product. The PET effective dose was estimated based on the assumption of the injected 18F-FDG activity using ICRP
publication 80. The estimated doses were also modified by the weight of each patient. The total effective dose was
computed by the summation of the CT and the PET component. LAR of cancer was calculated using the approach
described in the BEIR VII report.

Results: The mean of CT dose-length product was 311.75±24.79 mGy.cm, and its individual by depended
on the scan length of the patient. The CT contribution to the total effective dose was 5.62±0.44 mSv with the CT
protocol setting at 120 kVp and tube current-exposure time of 50 mAs. For the PET component, the mean adminis-
tered activity of 18F-FDG was 205.61±17.63 MBq. Correspondingly, the total effective dose was found to be 4.83±1.03
mSv when scaling with patient weight. Hence, the mean total effective dose of dual-modality PET/CT was 10.45±1.02
mSv. Additionally, the total effective dose was also reported, according to the age and gender of the patient. The total
effective dose was estimated as follows: children male: 10.90±1.09 mSv and children female: 10.91±3.30 mSv, adult
male: 10.19±0.97 mSv and 10.62±1.02 mSv for adult female, respectively. In addition, LAR of cancer incidence was
0.13% and 0.05% for children and adult, respectively. The incidence of cancer risks increased when age of patient at
exposure decreased.

Conclusion: The effective dose from the PHILIPS GEMINI TF PET/CT studies with low dose protocols
was found to be lower than that previously reported in the literature. With the same result of LAR of cancer incidence,
the risk was low in our studies and was not the major consideration in PET/CT follow-up imaging.
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Introduction
Positron emission tomography (PET), now almost

45 years after its initial development in 1970, has be-

come an established nuclear medicine imaging modality

that has proved especially useful in clinical oncology(1).

However, PET alone is limited by its lack of anatomical

localization and attenuation correction of the PET data.

Therefore, the dual-modality imaging in the form of PET

and Computed Tomography (CT) is provided for co-regis-

tered functional and anatomical data in a single image

study, which is provided for the correction of the PET

data alone(2-4). The 2-deoxy-2-[fluorine-18]fluoro-D-glucose

(18F-FDG) is most widely used in clinical oncology with

PET/CT scanner. The most important aspect is the ability

to accurately localize increased FDG activity to specific

normal or abnormal anatomic locations, which may be

difficult or even impossible with PET alone(5). The imag-

ing of 18F-FDG from this dual-modality system has been

widely accepted in routine nuclear medicine imaging,

especially in clinical oncology. However it is also associ-

ated with an increase in the radiation dose received by

the patient. A whole body of 18F-FDG PET/CT examina-

tions are generally accompanied by substantial radiation

dose to the patients that may enhance the cancer

risk(6).

We have started routine service of PET/CT imaging

in Ramathibodi Hospital since 2011. The number of ma-

lignancy patients for whole-body 18F-FDG PET/CT exami-

nations was increased about 60.52% from June 2011 to

December 2014. Therefore, we aimed to (a) retrospec-

tively calculate patient effective dose from whole body
18F-FDG PET/CT scanning with the low-dose protocol,

and to (b) evaluate the lifetime attributable risk (LAR) of

cancer for male and female patients using the Biological

Effects of Ionizing Radiation (BEIR VII report) model.

Methods

1. Patients

A total of 532 cases of patients (229 males, 303

females) imaged with PHILIPS GEMINI TF PET/CT scan-

ner at Ramathibodi Hospital was reviewed. All patients

received both verbal and written information about the

study. After a six-hour fasting period, the patient was

injected with 185 MBq of 18F-FDG. Height and weight

were recorded. Meanwhile, the research project was

approved by the Institutional Review Board of Faculty of

Medicine, Ramathibodi Hospital, Mahidol University,

Bangkok, Thailand.

2. Whole body imaging

The whole body PET/CT scan was performed one

hour after intravenous injection of 18F-FDG using non-

contrast CT for attenuation at the same level with imag-

ing acquired at 2 min per bed position. The patient was

scanned from the level of vertex to upper thighs with

arms above the head. The PET/CT scanner (PHILIPS

GEMINI TF) with Time-of-Flight (TOF) technology and

the three dimensions (3D) acquisition mode and iterative

reconstruction method was prepared in this study. The

scanner has four rings of LYSO block detectors giving 18

cm axial field of view, 90 cm patient aperture, and is

integrated with a 64 detector CT scanner. All patients

were performed with CT scanner according to 120 kVp

with 50 mAs per slice, 0.829 for pitch and 0.75 sec for

rotation time, respectively. Images were reconstructed
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at a slice thickness of 4 mm at 4-mm interval for inter-

pretation.

3. Dose calculations

The effective dose from the CT component (EDCT)

of the examination was calculated corresponding dose-

length product (DLP) values and conversion factor (k):

EDCT (mSv) = k (mSv/mGy.cm) x DLP (mGy.cm)......Eq.1

DLP was determined by multiplying the volume

computed tomography dose index (CTDIvol) value by the

scan length in the units of centimeters. The CTDIvol

value is reported in the units of mGy. Once the CTDIvol

values had been measured on a particular CT scanner by

the manufacturer, they were stored in a table and could

be computed from the technique factors used to scan

the patient(7-9). For the k conversion factor, we used

the value of 0.018 mSv/mGy.cm, which is the conver-

sion factor suggested for the whole body PET/CT scan(4).

The effective dose from the PET component (EDPT)

of the examination was calculated corresponding to the

administrated activity of 18F-FDG. The means of dose

coefficients of FDG were provided by the International

Commission On Radiological Protection (ICRP) in its Pub-

lication 80(10) for a variety of organs and tissues of the

adult hermaphrodite MIRD phantom. ICRP has reported

the dose coefficients according to the weight range cat-

egory of patients; 0.019 mSv/MBq for a 70 kg adult,

0.025 mSv/MBq for a 57 kg adult, and 0.036 mSv/MBq

for a 33 kg child, respectively. The weight range cat-

egory was applied as necessary to patients who fell into

the nearest of category such as larger than 65 kg, 45-65

kg, and less than 45 kg(4,11). However, the effective dose

that was calculated from the standard ICRP model may

not be true for the individual patient and may be overes-

timated. The effective doses, which were also modified

by the weight-scaled of each patient (EDPT), were ap-

plied to this study(4).

.........Eq.2

Finally, The total effective dose (EDTOTAL) associ-

ated with dual-modality PET/CT scanner was computed

by the summation of the CT and the PET component.

EDTOTAL (mSv) = EDCT + EDPT ......................Eq.3

4. Risk assessment using the BEIR VII
report

The lifetime attributable risk (LAR) for the patient

undergoing whole body dual-modality PET/CT examina-

tions was estimated by using the BEIR VII report(12,13).

The whole body LAR of cancer was calculated according

to the data available in table 12D-1 for all types of can-

cer. This table shows lifetime risk estimates of cancer

incidence and mortality resulting from a single dose of

100 mSv at several specific ages. Estimates are shown

for all types of cancer, leukemia, solid cancer, and can-

cer of several specific sites. For example, a 20-year-old

male received a dose of 8.5 mSv to the whole body

from a PET/CT scan. Table 12D-1 shows the estimated

lifetime risk of being diagnosed with all cancer types for

a male exposed to 100 mSv at age 20 as 977 per 100,000.

The estimate for a male exposed at 8.5 mSv was ob-

tained as (8.5 / 100) × 977 = 83 per 100,000 (about 1 in

1,200).
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Results
Clinical information of our patients (229 males, 303

females) with 18F-FDG PET/CT examinations was retro-

spectively reviewed. The mean of age, weight and height

was 58.66±14.23 (range, 13-90) years, 60.88±11.55

(range, 34-103) kilograms, and 160.51±8.70 (range, 141-

186) centimeters, respectively.

A total of 532 patients were imaged with PET/CT

scanner after the administered activity of 18F-FDG

(205.61±17.63 MBq) for one hour. The mean DLP from

CT component was 311.75±24.79 mGy.cm. The CT con-

tribution to the mean effective dose (EDCT) was 5.62±0.44

mSv with the CT protocol setting of 120 kVp and tube

current-exposure time 50 mAs. For the PET component,

the mean effective dose (EDPT) was found to be 4.83±1.03

mSv when scaling with patient weight. Hence, the mean

of total mean effective dose (EDTOTAL) per patient of

dual-modality 18F-FDG PET/CT was 10.45±1.02 mSv. Table

1 summarizes the mean ED for the total cohort of 532

patients, according to the age and gender.

The LAR for the patient undergoing whole body

dual-modality 18F-FDG PET/CT examinations was esti-

mated by using the BEIR VII report. The risk of cancer

incidence of our patients was 0.125% (about 1 in 799)

and 0.129% (about 1 in 775) for children male and fe-

male and 0.046% (about in 2195) and 0.054% (about 1

in 1883) for adult male and female, respectively. Figure

1 shows the LAR for cancer risk estimation using the

EDTOTAL, which was estimated according to age and gen-

der.

Discussions

The main clinical application of 18F-FDG PET/CT

imaging is in the diagnosis of oncology patients, includ-

ing staging work-up and follow-up treatment.  The EDTOTAL

from PET/CT examinations depend on the administrated

activity of 18F-FDG and the CT protocol used(4,14,15). This

means that the EDTOTAL was associated with the sum of

the PET (EDPT) and CT (EDCT) effective dose values.

The administrated activity of 18F-FDG in the patient

has caused internal exposure (EDPT). In our study, the

mean administered activity of 18F-FDG was 205.61±17.63

Table 1 Summary of the mean ED for the total cohort of 532 patients according to the age and gender.

Adults Children

Male Female Male Female

Age (yrs) 60.75±12.18 58.85±13.18 15.91±1.19 15.00±3.87

Body weight (kgs) 67.34±11.09 56.49±9.62 54.98±9.57 49.00±7.00

Body height (cms) 167.50±6.26 155.21±6.01 168.18±10.01 158.00±12.57

Administered activity (MBq) 206.56±17.70 205.05±17.53 203.34±20.30 196.03±14.00

DLP (mGy.cm) 325.67±24.43 302.37±19.05 296.39±39.78 288.84±17.00

EDCT (mSv) 5.86±0.44 5.44±0.34 5.53±0.42 5.20±2.88

EDPT (mSv) 4.33±0.94 5.18±0.96 5.19±0.60 5.70±2.39

EDTOTAL (mSv) 10.19±0.97 10.62±1.02 10.90±1.09 10.91±3.30
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MBq. Our result was lower than that in the study of

Yunus NA et. al; it was 375±63.45 MBq(15). With the

TOF technology and the 3D acquisition mode of PET/CT

scanner of our study, the administrated activity of 18F-

FDG may be decreased. It should be compromised be-

tween image quality and radiation safety. In addition,

Etrad C, et. al. showed that the average 18F-FDG specific

activity was 20 % lower for PET units equipped with the

TOF technology with 49 PET/CT scanner surveyed in

France(16). However, the administrated activity of 18F-FDG

depended on patient weight. The 18F-FDG injection dos-

age in children, especially in infants and small children,

must be considerate. The European Association of Nuclear

Medicine (EANM) set 14 MBq for 3D acquisition as the

minimum recommended administration activity, and the

North American consensus guidelines set 37 MBq as

the minimum recommended administration activity of
18F-FDG for pediatric patients(17,18). The weight range of

our patients was found to be 34 to 103 kilograms, and

the desired activity of 185 MBq (Mean; 205.61 and SD;

17.63 MBq) was injected in all patients. This activity was

sufficient for image quality with whole body imaging lead-

ing to lower EDPT in our patients. However, The EDPT

was calculated with mass scaling of the individual pa-

tient, and the effective dose calculated from the stan-

dard ICRP model may not be true for the individual pa-

tient and may be overestimated. The EDPT was found to

be 4.83±1.03 mSv when scaling with patient weight.

The estimated EDPT of 
18F-FDG was approximately 2.35

× 10-2 mSv/MBq.

To calculate the EDCT, the value of DLP was re-

quired. The DLP was determined by multiplying the

CTDIvol with the scan length in the units of centimeters.

All patients were performed with low dose CT protocol

according to 120 kVp with 50 mAs per slice, 0.829 for

pitch and 0.75 sec for rotation time, which were associ-

ated with CTDIvol of 2.9 mGy. The mean DLP was found

to be 311.75±24.79 mGy.cm corresponding to the scan

length of whole body PET/CT imaging (vertex to upper

tights) which was 107.58±8.38 cm (range 96.0-129.6 cm).

Figure 1 The LAR for cancer risk estimation using the EDTOTAL, which was estimated according to age and gender
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When our CT protocol was performed, the EDCT was

found to be 5.62±0.44 mSv (range 5.20-6.77 mSv). In

contrast, when a diagnostic-quality CT scan (a standard

kVp of 140, 190 mA, and a pitch of 1.25) was used for a

PET/CT examination, the EDCT was 22 mSv(14).

The EDTOTAL for the whole body 18F-FDG PET/CT

examinations was 10.45±1.02 mSv and ranged from 7.87

to 13.26 mSv. Our study revealed that there was a cor-

relation with patient weight, administered activity of 18F-

FDG and scan length. Comparing to the previous study,

this ranges from 14.0 to 21.5 mSv(2,15,19,20).

To calculate the LAR for the patient undergoing

whole body 18F-FDG PET/CT examinations, Table in BEIR

VII report was applied to this study. The risk of cancer

incidence was 0.125% (about 1 in 799) and 0.129% (about

1 in 775) for children male and female and 0.046% (about

in 2195) and 0.054% (about 1 in 1883) for adult male

and female, respectively. Figure 1 shows that the ex-

cess lifetime risks for cancer incidence and mortality

from whole body 18F-FDG PET/CT examinations was quite

small, but tended to be higher in women than in men of

the same age and also higher when the patient was

exposed to radiation at the younger age, especially be-

fore 30 years of age. Our result was similar to the pub-

lications of Huang B, et al. and Brig G, et al.(3,21). How-

ever, the accuracy of estimating the radiation risk for

low-level ionizing radiation with 18F-FDG PET/CT exami-

nations is still a difficult problem to solve, and this re-

quires a number of patients.

Conclusions

The effective dose from the PHILIPS GEMINI TF

PET/CT studies with low dose protocols was found to
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