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Assessment of Effective Dose Received in Various Computed

Tomography Protocols and Factors Affecting It

Abstract

Purpose of Study: The purpose of the study was to evaluate the effect of patient characteristics
and equipment-related factors on the computed tomography (CT) dose received by patients from
positron emission tomography-CT (PET-CT) using system-generated dose-length product (DLP)
values and also to check the effective dose (ED) received from various CT protocols at our institute.
Materials and Methods: This retrospective study included 78 adult patients who underwent F-18
fluorodeoxyglucose whole-body PET-CT and were divided into three groups based on the area of
primary cancerous lesion. In Group A, we had 44 patients who underwent PET-CT (head-and-neck
protocol), in Group B, we had 24 patients who underwent PET-CT (whole body with brain protocol),
and in Group C, we had 10 patients who underwent PET-CT (pelvis protocol). All of the patients
under the study are of South Asian ethnicity. A majority of patients 53.85% were males and remaining
46.15% were females. The product of conversion factor (k-coefficient), as described in “American
Association of Physicists in Medicine Report No. 96” and DLP value generated by the scanner,
was used to calculate the ED. Moreover, we also performed regression analysis to check relation
between body weight, height, scan range, tube current, Volume computed tomography dose index
(CTDIvol), DLP, and ED. Results: The regression analysis shows that scan range, patient height,
weight, tube current, and DLP were significantly correlated with ED (P < 0.05 for all). Moreover,
the DLP and conversion factor method estimated the ED from various groups. Patients under Group
A (head-and-neck protocol), Group B (whole body with brain protocol), Group C (pelvis protocol)
received an average ED of 22.45 mSyv, 22.40 mSyv, and 21.24 mSy, respectively. Conclusion: ED
from CT component of PET-CT can be assessed as the product of scanner-generated DLP and
conversion factor for selected range. Moreover, body weight, scan range, and tube current had an
independent significant effect on ED received from CT.

Keywords: Computed tomography dose index, dose-length product, effective dose, positron
emission tomography-computed tomography

represents an important advancement and
helps to bring anatomical and molecular
imaging to the forefront in cancer diagnosis,
staging, and therapy monitoring.>3! The
CT images are acquired along with PET
for anatomical localization and attenuation
correction. With this development, every
center is making use of implementation
of various CT protocols (arterial, venous,
and delayed washout) merging with
PET-acquired data, to have a more fruitful
information.[*) However, the CT component
increases the ED to patient widely from
5 mSv to 25 mSv*”! in comparison to the
data acquired by PET alone modality.

Introduction

This study investigated the effect of
biological variables of discrete differences
(patient height, weight, and scan range)
and computed tomography (CT) scanning
parameters (tube current, CTDIvol, and
dose-length product [DLP]) on effective
dose (ED) of CT. A number of researchers
have investigated the effects of CT scanning
parameters to the radiation dose.!'! However,
relatively minimal focus has been directed to
identify the effect of bodily variables on that
of radiation dose delivered. The present study
report extends this line of investigation.

Nowadays, the fusion technology has grown
leaps and bounds. Combined positron
emission tomography-CT (PET-CT)

The radiation exposure from CT can be
determined by two factors: scanner related,
i.e., scanner design and operator handling
and patient related, i.e., bodily variables
such as height, weight, and scan range.
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Thus, it is required to have a clear understanding on how
the patient characteristics and scanning parameters have
their impact on ED delivered to the patient.

Several studies have addressed the scanner related (CTDIvol
and dose-length product [DLP]) and ED correlation.!"
However, to our knowledge, there is relatively minimal
attention directed at identifying the role that biological
variables play in determining the ED.

Our study addresses this and attempts to focus on
scanning parameters as well as patient characteristics
and their correlation with ED received from CT,
using system-generated DLP wvalues and conversion
factor (k-coefficient) as described in “American Association
of Physicists in Medicine (AAPM) Report No. 96.”1#

Along with this, as various CT protocols (arterial, venous,
delayed, and regional) provide with additional information,
it also increases the radiation burden to the patient. Hence,
in this study, we also evaluate the ED delivered to patients
from various CT protocols and their relation.

Materials and Methods
Subject

This study included 78 adult patients who underwent F-18
fluorodeoxyglucose (18F-FDG) whole-body PET-CT under
PET-CT machine of General Electric (Discovery STE, 16
slice CT scanner and BGO crystal).

All of the patients under the study are of South Asian
ethnicity. A majority of patients, 53.85%, were males
and remaining 46.15% were females. Male patients had
weight range from 36 Kg to 75 Kg with an average weight
of 55.38 Kg, had height range from 150 cm to 182 cm
with an average height of 165.7 cm, and average body
mass index (BMI) of 20.08. Female patients had weight
range from 26 Kg to 105 Kg with an average. weight of
50.16 Kg, had height range from 134 cm to 166 cm with
an average height of 150.6 cm, and average BMI of 21.96.

All 78 patients were divided into three groups based on
the area of a primary cancerous lesion. In Group A, we
had 44 patients who underwent PET-CT (head-and-neck
protocol — primary cancer of head and neck) with a weight
range from 33 Kg to 75 Kg with an average weight of
52 Kg, had height range from 143 cm to 182 cm with
an average height of 162.5 cm, and average BMI of
19.59. In Group B, we had 24 patients who underwent
PET-CT (whole body with brain protocol — primary cancer
of lung or breast) with a weight range from 35 Kg to 105 Kg
with an average weight of 55.9 Kg, had height range from
134 cm to 175 cm with an average height of 153.5 ¢cm, and
average BMI of 23.51. In Group C, we had ten patients
who underwent PET-CT (pelvis protocol — primary cancer
of pelvis) with a weight range from 26 Kg to 75 Kg with
an average weight of 50.2 Kg, had height range from
144 cm to 180 cm with an average height of 154.6 cm,

and average BMI of 20.78. The PET-CT scan was acquired
in four acquisitions in each protocol [Table 1 provides
detailed CT acquisition parameters for each protocol]. The
acquisitions in groups are as follows:

Group A (head-and-neck protocol):

1. Breath-hold thorax CT: Mid neck to umbilical region,
arms up, without intravenous contrast

2. Head-and-neck CT: Skull base to upper mediastinum,
arms down, with intravenous contrast (arterial)

3. Whole-body CT (WBCT): Head to mid-thigh, arms up,
without intravenous contrast

4. Whole-body PET: Head to mid-thigh, arms up: 2 min/
bed (craniocaudal direction).

Group B (whole body with brain protocol):

1. Breath-hold thorax CT: Mid neck to umbilical region,
arms up, without intravenous contrast

2. WBCT: Head to mid-thigh, arms up, with intravenous
contrast (venous)

3. Whole-body PET: Head to mid-thigh, arms up: 2 min/
bed (craniocaudal direction)

4. Brain CT: Brain only, arms down, no intravenous
contrast.

Group C (pelvis protocol):

1. Breath-hold thorax CT: Mid neck to umbilical region,
arms up, without intravenous contrast

2. Pelvis CT: Umbilical region to mid-thigh, arms up, with
intravenous contrast (arterial)

3. WBCT: Head to mid-thigh,
intravenous contrast

4. Whole-body PET: Head to mid-thigh, arms up: 2 min/
bed (caudocranial direction).

arms up, without

Three CT acquisitions were done on PET-CT scan of each
patient. Hence, a total of 234 CT scans were performed on
all 78 patients.

Procedure

Patients had fasted for at least 5-6 h prior for PET-CT
study, and all possible contraindications to inject contrast
were ruled out. Written informed consent was signed by
each patient. The patients were then injected with 18F-FDG
and were to sit in postinjection room in calm position, and
for all brain PET-CT patients injected with 18F-FDG were
kept in quiet/darkened room.

Scan was acquired after 45 min of injection with the use
of multiphase CT protocol as described above in three
mentioned categories of patients. An average dose of
60—70 ml intravenous contrast (Contrapaque 240: iodine
concentration of 240 mg/ml) was used for an adult patient
with a flow rate of 2.3-2.4 ml/s.

Timing of CT scan delay with respect to intravenous
contrast was varied according to the protocol.
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Table 1: Detailed computed tomography acquisition parameters for each protocol

Scan Scan type Thickness Pitch  Tube potential Tube current (mA)  Prep group (sec)
(kV)
Head and neck Helical 1.25mm  0.938:1 120 150-180 (smart mA)  25-30 s based upon bolus tracking
arterial CT (arterial phase CT)
Brain CT Axial 2.5 mm - 120 250 mA 0s
Pelvis arterial CT ~ Helical 1.25mm  0.938:1 120 150-200 (Smart mA)  25-30 s based upon bolus tracking
(arterial phase CT)
Thorax CT Helical 1.25 mm 1.375:1 120 150-180 (smart mA) 595
Whole Body CT Helical 3.75 mm 1.375:1 120 150-320 (smart mA)  40-50 s delay based upon contrast

administered (venous phase CT)

Smart mA — Modulates tube current according to patient characteristics. In Thorax CT 5.9 sec prep is to used to instruct patient to hold their
breath during acquisition (to limit motion artifacts in image). For simplicity of calculation, Smart Prep CT was included in Arterial phase CT.

CT: Computed tomography

e Head-and-neck CT: 25-30 s delay based on bolus
tracking technique (arterial phase CT)

« WBCT: 4050 s delay based on
administered (venous phase CT)

e Pelvis CT: 25-30 s delay based on bolus tracking
technique (arterial phase CT).

contrast

Estimation of effective dose

In this study, we have estimated the ED from the CT
alone modality in PET-CT. DLP represents the total
energy delivered to the patient from CT protocol, which
is obtained from the product of absorbed dose and scan
length, wherein CTDIvol represents the absorbed radiation
dose over the x, y, and z direction.

The various numerical expressions are as follows:

DLP(mGy.cm) = CTDIvol(mGy ) x scanlength (cm)

CT_ﬂ; Pitch =
Pitch NxT

CTDIvol =

CTDIw = %CTDIC + % CTDI

In CTDIvol, I represents the table increment per rotation
of beam, N represents the number of tomographic sections
imaged in single axial scan, and T represents the width of
tomographic section along the z-axis imaged by one data
channel. CTDIw is a useful indicator of scanner radiation
output for a specific kVp (kept constant = 120 kVp)
and mAs (variable), where the values of 1/3 and 2/3
approximate the relative areas represented by the center
and edge values.!"

To estimate the ED, we used the DLP and k-coefficient
method, wherein the DLP was recorded from the
system-generated data for various protocols used [Figure 1],
and the conversion factor (k-coefficient) values for adult
were defined as 0.0021, 0.0031, 0.0059, 0.014, 0.015,
and 0.015 mSv/mGy/cm for the head, head and neck,
neck, chest, abdomen-pelvis, and trunk respectively was
used according to “AAPM report no 96”1 [Table 2]. The

Dose Report

Scan Range CTDIlvel DLP Phantom
{mm) (mGy)  (mGy-cm) cm

| Scout - - - -
2 Helical 1303.000-1703.000 5.44 235.76 Body 32
200 Axial 1221.000-1221.000 45.84 45.87 Body 32
4 Helical 1112.250-1393.500 20.07 591.74 Body 32
5 Helical 124.000-11116.180 11.11 1233.65  Body 32
Total ExamDLP: 2107.02

Series Type

1/1

Figure 1: System generated dose report in case of head and neck protocol.
Series 2 Represents dose report about breathhold thorax computed
tomography. Series 200 Represents dose report of smart prep CT dose.
Series 4- Represents dose report of arterial phase head and neck computed
tomography. Series 5- Represents dose report of whole body computed
tomography. Note: For simplicity of calculation, Smart Prep dose was
included in arterial phase computed tomography dose

product of conversion factor (k-coefficient) and DLP value
was used to calculate the ED.P'1 Sum of all regional ED
gives whole-body ED obtained by the protocol.

Data analysis

In this study, the data analysis was conducted in two steps:
descriptive analysis and main analysis. The descriptive
analysis was used to compare the regional ED with the
whole-body ED received in each group. It is also used to
find relationship between ED received by patient of all
three groups (Group A, B, and C).

For the main analyses, we acquired patient’s height and
weight (from records), and scan range, tube current,
CTDIvol, and DLP were acquired from scanning system.
Association between them was tested with a series of Pearson
correlations. A second set of analyses was multivariate linear
regression analyses to determine whether the effect of patient
characteristics and equipment is significant on ED.
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Statistical analysis

In descriptive analysis, the values are presented as
mean * standard deviation (SD) and correlation was
assessed by Pearson test. Multivariate linear regression
was performed to determine the effect of patient height,
weight, scan range, tube current, CTDIvol, and DLP on the
ED. A linear regression equation was determined by least
square method. P < 0.05 was considered as statistically
significant. To assess the magnitude of association between
variables and ED, we calculated the squared coefficients of
determination (R* and adjusted R?).

Results
Descriptive results

In Group A, patients underwent thorax CT, WBCT,
and head-and-neck CT received (avg. = SD) ED of
22.45 £+ 1.58 mSv [Figure 2]; in Group B, patients underwent
thorax CT, WBCT, and brain CT received (avg. + SD) ED

of 22.40 + 2.44 mSv [Figure 3]; and in Group C, patients
underwent thorax CT, WBCT, and pelvis CT received
(avg. £ SD) ED of 21.24 £+ 3.11 mSv [Table 3 and Figure 4].

Thorax CT and WBCT are common scan among all
three groups, which delivered (avg. = SD) ED of
337 £ 031 mSv and 17.13 £ 1.95 mSy, respectively.
Moreover, the regional scan of head and neck, brain CT,
and Pelvis CT delivered (avg. £SD) ED of 1.69 + 0.18 mSy,
1.70 + 0.16 mSv, and 2.29 + 0.26 mSy, respectively. Table 4
and Figure 5 summarize the ED received in various scans.

Main analysis

To test the hypothesis that ED would be associated with
various parameters/variables, i.e., (height, weight, scan
range, tube current, CTDIvol, and DLP), a series of
correlations between these were computed. Scan range,
tube current, and DLP were strongly positively correlated
with ED and patient’s height and weight were weakly
positively correlated [Table 5].

25.00

245

2000

17.29
1500
1000
500
348
000 -
Whole body Thorax

Efiectve dose (mSv)

160

Atterial Head & Neck Total ED

22401753125

17.4347

Effectve Dose (mSV)

3.263%25

1703690625

o

‘Whole body Thorax. Bain Total

Figure 2: Effective dose received in head and neck protocol

Figure 3: Effective dose received in whole body with brain protocol

Table 2: Conversion factor k-coefficient (mSv/mGy/cm)

Region of the body 0 year old 1 year old 5 year old 10 year old Adult
Head 0.011 0.0067 0.0040 0.0032 0.0021
Head and neck 0.013 0.0085 0.0057 0.0042 0.0031
Neck 0.017 0.012 0.011 0.0079 0.0059
Chest 0.039 0.026 0.018 0.013 0.014
Abdomen and pelvis 0.049 0.030 0.020 0.015 0.015
Trunk 0.044 0.028 0.019 0.014 0.015
We assumed conversion factor for Whole body to be same as that of trunk, i.e., 0.015 (adult)

Table 3: Effective dose delivered in various protocols
Group Thorax CT  Whole body CT Head and neck Brain CT  Pelvis arterial Ttal

arterial CT CT

Group A 3.47+0.26 17.28+1.43 1.69+0.18 _ _ 22.45+1.58
Head and Neck protocol (mSv)
Group B 3.26+0.32 17.43£2.20 _ 1.7+0.16 _ 22.40+2.44
Whole Body with Brain
protocol (mSv)
Group C 3.22+0.37 15.72+2.83 2.29+0.26 21.24+3.11

Pelvis protocol (mSv)

For simplicity of calculation, Smart Prep CT was included in Arterial phase CT. ED (mSv) represented as Average+SD. SD: Standard deviation,

CT: Computed tomography, ED: Effective dose
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Table 4: Effective dose received in various scans

Scan Height Weight Scan range Tube current CTDlIvol DLP (mGy.cm) ED (mSv)
(cm) (Kg) (cm) (mA) (mGy)

Head and neck arterial CT 162.57 52 24.75 177.14 19.8 516.81 1.69

Brain CT 153.54 55.92 15 230 53.28 811.28 1.7

Pelvis arterial CT 154.6 50.2 30.7 197.8 22.24 710.34 2.29

Thorax CT 158.77 52.97 36.99 163.28 5.58 22531 3.37

Whole body CT 158.77 52.97 97.82 291.13 11.43 1142.07 17.13

For simplicity of calculation, Smart Prep CT was included in Arterial phase CT. CT: Computed tomography, DLP: Dose-length product, ED:

Effective dose

Table 5: Correlation of various parameters with effective dose

Pearson correlations Height (cm)  Weight (kg) Scan range (cm) Tube current (mA) CTDIvol (mGy) DLP (mGy.cm)
Weight (kg) 0.493

Scan range (cm) 0.104 0.05

Tube current (mA) —0.065 0.056 0.818

CTDIvol (mGy) —0.119 0.084 -0.4 0.129

DLP (mGy.cm) 0.036 0.11 0.763 0.943 0.244

ED (mSv) 0.05 0.064 0.983 0.884 —0.284 0.834

Scan range, Tube current and DLP are Strongly Positively correlated with ED. Patient’s Height and Weight are Weakly Positively correlated

with ED. DLP: Dose-length product, ED: Effective dose

S
21.2456118
2
15.721995
15
2
€
g
£
8
g
& 10
s
5
3.220605
- =i
) -
Whole body Thorax Aneial Pelvis Total ED

Figure 4: Effective dose received in pelvis protocol

Multivariate linear regression analysis [Table 6] shows
that R’ value is 98.7%, which means that the variables
and ED are strongly associated. Moreover, regression
equation was determined which gives us ED as function
of variables.

EffectiveDose(mSv) = -2.35-0.027 x Height (cm ) +0.014 x
Weight (kg)+0.148 xScanrange (cm) +0.019
TubeCurrent(mA )-0.036 x CTDIvol (mGy)

+0.002xDLP (mGy.cm)

Conclusion

The results of this study suggest that body weight, scan
range (depends on patient height), and tube current had an
independent significant effect (P < 0.05, R* value = 98.7%)

36

18
1713
16

14

10

Effective Dose (MSv)

337
2.29

2 = g -

0 - -

Head and Neck CT Brain CT Pelvis CT Thorax CT

Whole Body CT

Thorax and WBCT are common scan amongst all 3 groups

Figure 5: Effective dose received in various scans

on ED received from CT. Our most important finding is
that ED received by patient depends mostly on scan range
and tube current. Moreover, we have devised an equation
to find ED in mSv from different variables.

ED received is a better parameter to allow comparison of
different CT protocols used in fusion imaging of PET-CT.
ED received from CT component can be estimated by
multiplying DLP calculated on the scanner by conversion
factor.!12 ED received from CT component of PET-CT
widely varies from 5 to 25 mSv.%1%1314] The ED received
in whole body with brain protocol and head-and-neck
protocol is almost same, i.e., 22.40 mSv and 22.45 mSy,
respectively. However, ED received in pelvis protocol is
5.15% lesser as compared to them [Figure 6].

Majority of radiation dose has been delivered through
whole-body scanning, ie., 17.13 mSv (654%) and
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Table 6: Regression analysis
Regression Equation
Individual ED (mSv)=-2.35 -0.027 xHt (cm) +0.014 xWt (Kg)
+0.148 xScan range (cm) +0.019 xTube current (mA) -0.035
xCTDIvol (mGy) +0.002 xDLP (mGy.cm)

Model summary (a=0.05)

S R? R? (adjusted) R? (pred)
0.782234 98.79% 98.76% 98.66%
Analysis of variance

Source Adjusted MS F P
Regression 1890.33 3089.33 0.000
Height (cm) 11.86 19.39 0.000
Weight (kg) 6.21 10.15 0.002
Scan range (cm) 213.05 348.18 0.000
Tube current (mA) 18.39 30.05 0.000
CTDIvol (mGy) 5.69 9.31 0.003
DLP (mGy.cm) 16.16 26.41 0.000
Error 0.61

Lack-of-fit 0.61

Pure error 0.00

Total

MS: Mean square, DLP: Dose-length product

21.25

= Total Effective Dose (mSv)

Efecsve Dose (mSv)

1950

19.00

1850

18.00

Head and Neck

‘Whole Body with Brain PeNis

Figure 6: Effective dose delivered in various groups

remaining thorax, pelvis, head and neck, and brain CT scans
contribute 12.87%, 8.7%, 6.45%, and 6.49%, respectively,
to the radiation dose delivered through CT component.
Indeed, the dosage is not less to be ignored; hence, a
clinical justification should always be evaluated before
proceeding for the study. Additional CECT data from early
scans (arterial phase) provide optimal vascular enhancement,
precise localization, and delineation of primary tumor.'
Conrad et al'® described the superiority of scans obtained
20 s after the start of injection over scans acquired 70 s after
the start. They showed that the contrast between squamous
cell carcinoma of the head and neck and surrounding
soft-tissue structures was significantly better on the arterial
phase scans (20 s delay) than on the later scans (70-s delay).

Brain CT was performed in patients of the second
group (whole body with brain CT protocol) having primary

breast cancer or lung cancer because the incidence of brain
metastases in patients with lung cancer in approximately
25%, with only 5% surviving beyond the 1% year after
diagnosis.'!8] Breast cancer is the second most common
cause of brain metastases, with metastases occurring in
at least 10%—16% of patients,!'”! as these studies showing
that breast and lung cancer will metastasize commonly
in brain, so for accurate diagnosis of brain CT scan was
performed. Through our study, we can explain that there
is very minimal variation in radiation exposure in various
protocols, so we can perform these protocols as they
can improve diagnostic information and yield in better
prognosis, thus management of disease. In the near future,
with the advancement of technology,”” we hope to reduce
the ED delivery to patients with an optimal imaging quality.
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