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The article aims to demonstrate the variation in tube current and dose delivered to the patients with the employment of 
AEC (Automatic Exposure Control) technique as compared to fixed tube current technique in CT thorax performed on multi-
detector row CT. The study conducted on 200 subjects of age group 14- 30 years by performing CT chest, using Automatic 
Exposure Control technique in 1st group (100 subjects) and fixed tube current technique in 2nd group (100 subjects) for 
comparing dose. Height and weight of each subject was also noted down for finding Body Mass Index (BMI).The subjects 
with BMI range of 16 – 22 kg/meter2 were included in the study. The data was evaluated for percentage volume dose 
reduction in terms of CTDIvol in 1st group as compared to 2nd group depending on Body Mass Index of the patients. 
The image quality with regard to the detection of pathology been compared in both the groups. Data was also analyzed 
retrospectively for clavicular ossification staging. Volume dose index (CTDIvol) reduced inversely to BMI in 1st group as 
compared to 2nd group. A significant reduction in dose delivered to patient in terms of volume dose index (CTDIvol) was 
achieved using AEC technique and correlation of percentage dose reduction and BMI was found to be statistically significant 
(p≤ 0.01).

Introduction:
The attention of CT scan users all over the world has now driv-
en on the doses from CT with regard to children and young 
adults and the potential cancer risk, as the use of CT is in-
creased due to upcoming noninvasive advanced techniques in 
CT such as angiography, virtual bronchography, enterography, 
colonoscopy, perfusion CT and multiphasic CT etc. Dose deliv-
ered to the patient in CT is relatively high, but CT is more sen-
sitive in earlier detection and characterization of the disease in 
chest region [1, 2]. The introduction of spiral CT and multi-detec-
tor-row CT scanner has facilitated the rapid acquisition of imag-
es and completion of scanning of a particular region in single 
breath- hold (few seconds). The ability to acquire thinner slice 
collimation and overlapping sections has advanced the clinical 
applications of CT and raised the patient throughput [3].

But the major drawback of this frequently used technique is in-
creased dose delivered to the patient for producing good qual-
ity scans. The most important and misleading fact in using CT 
parameters is that there is no adverse effect on image quality in 
CT for increasing patient dose with increased technical factors 
like conventional radiography, thus upper range of these fac-
tors is not bothered by the operators. The image quality of CT 
mage is defined by 3 components:  1) spatial resolution 2) con-
trast and 3) mottle or noise [4,5]. These technical factors might 
not been of much concern if quality would have been the only 
issue, but understanding how CT image quality is related to 
these factors should ensure that diagnostic information is not 
lost while reducing the corresponding radiation dose [6].Image 
quality and dose delivered to the patient in CT scan is actually a 
balancing act which is to be performed by the operator.

The conditions of exposure dose are quite different in CT from 
other conventional x-ray examinations. Thus specific tech-
niques of dose measurement have been developed to assess 

patient doses in CT. CT is a unique modality in using a narrow 
beam of x-ray to expose the patient from multiple angles with 
multiple exposures along the length of the patient to cover a 
volume. Keeping in view, all these modality-specific parame-
ters a dose descriptor, CTDI (CT Dose Index) was developed to 
measure the radiation dose distribution in CT from single slice 
and then to calculate dose from multiple slices [7-9].The CTDI is 
the integral of the dose distribution profile in z-axis (axis of 
table translation) of single slice i.e.  (1)

CTDI = 1/T ∫∞
-∞ D (z) dz                                                     (1)

Where T is slice thickness and D(z) is dose as a function of 
position along z-axis .

To avoid the difficulty of measuring dose over an infinite dis-
tance Food and Drug Administration (FDA) decided to meas-
ure the dose over the distance of 7 CT slices on either side of 
the center and is defined as CTDIFDA in FDA code regulations. 
[10-12] 

CTDIFDA = (1/nT) -7T∫7T D (z) dz                                                (2)       

Where n = number of slices per scan,       

The limitation of this index was the dose profile to be inte-
grated over 14 slice widths (changeable with slice thickness). 
To overcome this, the International Electro-technical Commis-
sion defined a new dose descriptor, CTDI100 in 1991 to meas-
ure the dose over fixed length 10-cm pencil ionization cham-
ber (CT dose chamber). [7.11]       

CTDI100 = (1/nT) 5cm∫-5cm D (z) dz                                              (3)     

Another dose descriptor, CTDIW (the weighted index) was later 
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on introduced to get a weighted average of the center and 
peripheral contribution to dose within the scan plane [7] as 
dose was not uniformly distributed within the object.

             CTDIW = (1/3)(CTDI100)center + (2/3)(CTDI100)peripheral

CTDIvol (final dose descriptor) used in helical CT

  CTDIvol = CTDIW /pitch, 

These CTDI descriptors are obviously meant to serve as an index 
of radiation dose, not an accurate estimate of the dose (12).

Several techniques are available to reduce the dose delivered 
to the patient in CT such as reducing kVp, increasing pitch, re-
ducing tube current, scan time/rotation time (sec), scan length, 
beam collimation  etc., but each one of these involves some 
tradeoff in image quality of the image quality. Energy factor 
‘kVp’ is generally kept constant in most of applications and 
optimized to ensure an adequate contrast to noise ratio for a 
given imaging task [3]. The radiation dose is linear with mAs, if 
all other factors are kept constant (phantom measurements and 
simulations). Thus reducing mAs by 50% results in the dose 
reduction in similar way, but the noise will increase by 41% 
(1/√(mAs)[13]. Depending on the requirement of clinical applica-
tions, this reduction may be readily accepted [13]Pitch is another 
method to reduce radiation dose, but with limited use, as it re-
sults in increased effective slice thickness [13].

The most genuine technique of dose reduction in CT is vary-
ing mAs (mille Amperes x seconds) with patient size. The small 
size adult patients are mostly imaged on CT using full-sized 
adult techniques (to minimize noise in the thickest body part), 
as the image quality is not affected adversely with increased 
exposure factors, but dose to the patient is increased. There-
fore, significant efforts have been put to develop size and 
weight-based imaging protocols to reduce radiation dose to 
pediatrics and small-sized adult patients, while still obtaining 
sufficient diagnostic image quality [12,14]. Modern multi-detector 
CT scanners are provided with this software named Automatic 
Exposure Control system (AEC).   
Present study has been carried out to show how the values of 
CTDIvol and effective mAs   are affected, while scanning the 
patients of different body built using Care-dose4D technique 
(AEC in Siemens 16-slice CT scan (12)). Reference mAs were 
kept constant for all the patients, so as to get consistency in 
quality of resultant images. Medial clavicular ossification status 
of the subjects included in this study was also analyzed retro-
spectively from CT chest examination, as all subjects were in 
the age group of 14 to 30 years who presented with all infec-
tive, inflammatory and malignant diseases. 

Material and method:
Material: 
200 subjects included were in the study in the age range of 
14- 30 years and BMI range of 16-22kg/m2 with all kind of in-
fective, inflammatory or malignant disease. Their CT examina-
tions were performed for their respective diagnostic purpose 
and were retrospectively analyzed for finding the ossification 
status of medial clavicular epiphyseal cartilage for age estima-
tion in addition to the basic purpose of their examination.

Method: 
Total number of subjects divided into two groups and exam-
ined with two different techniques.

1st Group using AEC technique:  
Thorax CT of 100 subjects was performed using AEC (Care-
dose4D) technique with reference mAs=150, on Siemens 
sensation -16 (16 slice) CT scan. All the other parameters 
were kept constant KVp—120, Pitch—1.15, and slice collima-
tion-16x1.5.  The parameter of reference mAs (150) was kept 
constant for all the subjects of this group. Height and weight 
of each subject noted to find out BMI in each case and then 
corresponding values of effective mAs and CTDIvol were noted 

down for each subject.

2nd Group using fixed tube current technique: 
Thorax CT of 100 other subjects was performed on same 
machine with fixed mAs technique using parameters,  KVp—
120, mAs—150 (fixed), Pitch Factor—1.15 and slice collima-
tion-16x1.5. Height and weight of each subject noted here 
also to find out BMI in each case.

The value of tube current has been selected as 150mAs for 
fixed current technique, because all the routine CT of thorax 
region are usually performed at this value in our department 
and this quality is readily accepted by all the radiologists for 
reporting. The same value of reference mAs in AEC technique 
is therefore selected for comparison purpose. Another reason 
is based on the reference of several published studies which 
have shown not much improvement in quality above 140 mAs 
used in CT protocols for CT chest examination [15,16].

Automatic exposure control (AEC) technique: It is x-ray beam 
modulation technique based on patient’s size. It is now 
equipped in almost all MDCT scanners. Care-dose4D (in Sie-
mens, Malvern, Pennsylvania), Smart Scan (in General Electric, 
Milwaukee, Wisconsin), and SURE Exposure (Toshiba, New 
YORK) are commercial versions of this current modulation [12]. 
Based on a user’s defined Image Quality Reference mAs, Care-
dose4D modulates the tube current on-line during each tube 
rotation according to the patients angular attenuation profile 
[Application Guide, Siemens Medical Solution,Sensation-16]. 

Evaluation criterion: The present study has been conducted to 
show the relationship of CTDIvol and mAs with BMI of the pa-
tients in thorax CT scan performed using AEC technique and 
percentage dose reduction in this technique with respect to 
BMI of the patient as compared to fixed tube current tech-
nique. BMI is a statistical measure which compares a person’s 
weight and height.BMI is defined as individual’s body weight 
divided by the square of his or her height. The formulae univer-
sally used in medicine produce a unit of measure of kg/m2 [17].

SI unit of BMI= mass (kg)/ (height (m))2    

Results and discussion:               
Results:     BMI range = 16-22 kg/meter for N= 200 subjects
                Age range = 14 – 30 years for N= 200 subjects
           CTDIvol range = 4.29-10.04 for group 1st 
                                  10.50(fixed) for group 2nd

            The corresponding values of CTDIvol, mAs and BMI  
of both the groups recorded for comparing percentage vol-
ume dose index reduction in AEC technique (1st group) as 
compared to fixed current technique (2nd group) with respect 
to BMI of subjects. The values of mAs automatically reduced 
with reduction in BMI of subjects in 1st group(AEC technique) 
and similarly the dose delivered in terms of CTDIvol, but re-
mained unchanged in 2nd group(fixed mAs technique) and 
are well shown for some subjects in the table 1. The corre-
sponding values of these parameters for 1st group are also 
given in table 2 for comparison with 2nd group. The statis-
tical derivations carried out for data set of 1st group (AEC 
used subjects) to show the relationship of CTDIvol with BMI of 
the subjects. The relationship (Pearson Correlation) between 
CTDIvol and BMI of the subjects was found to be positive and 
highly significant (p≤ 0.01) and shown in table 3. Percentage 
reduction of dose in terms of CTDIvol in each subject of 1st 
group was calculated as compared to that of 2nd group (fixed 
value of CTDIvol= 10.50mGy) and given in 9th column of table 2. 

Table 1: Corresponding values of mAs, CTDIvol and BMI in 
2nd group (fixed mAs): 

S.
No.

Age/
Sex KVp mAs 

(fixed)
CTDIvol 
(mGy)

Weight 
(Kgs)

Height 
(meters)

BMI= 
wt(Kgs)/
Ht(meters)2

1. 20/M 120 150 10.5 55 1.60 21.48
2. 16/M 120 150 10.5 45 1.50 20.00
3. 14/M 120 150 10.5 45 1.60 17.57
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4. 21/F 120 150 10.5 42 1.57 17.04
5. 19M 120 150 10.5 57 1.75 18.61
Table 2: Corresponding values of mAs, CTDIvol, BMI in 1st group (AEC) and percentage reduction in CTDIvol in this group 
as compared to 2nd group(fixed mAs): 

S.No. Age/Sex KVp mAs (AEC) CTDIvol (mGy) Weight (kg) Height 
(meters) BMI= wt(kg)/Ht(meter)2

%Reduction(CTDIvol)  in this 
group(1st) in comparison with 
fixed mAs technique group(2nd) 
(10.5mGy)

1. 28/M 120 140 9.89 54 1.62 20.57 5.8%

2. 17/M 120 78 5.51 40 1.55 16.64 47%

3. 15/M 120 93 6.51 45 1.66 17.41 38%

**. Correlation is significant at the 0.01 level (2-tailed).

Figure graph* 

Foot note:* BMI in terms of kg/m2 is plotted along X-axis 
with range 16-22 kgs/m2. Percentage reduction in vol-
ume dose index ( CTDIvol  measured in mGy) of AEC (1st 
) group  than original / fixed dose index (10.5mGy of 2nd 
group) is plotted along Y-axis with the range o% -60%. 
The figure shows the relationship of percentage reduction 
in volume dose index (CTDIvol) in the subjects performed 
with AEC (Care-Dose 4D) technique as compared to subjects 
performed with fixed current technique with respect to their 
BMI.

Discussion:  
Today with the capability of performing rapid multi-phasic 
studies, and increased use of CT, cumulative patient dose is 
rising up. Now the focusing of the users has been drawn on 
implementation of as-low-as-reasonably–achievable (ALARA) 

[18] concept into CT protocols. Absorbed dose in tissues from 
CT are among the highest observed in the diagnostic radiolo-
gy and can often approach or exceed levels known to increase 
the probability of cancer [19].

Applying  (AEC) technique to thorax CT can reduce patient 
dose up to 20% and helps in individualizing the scanning 
protocol( children and small adults) by dynamic modulation 
of tube current[20,21]. A considerable reduction of patient dose 
in the range of 35-60% and 53-65% can be achieved by 
AEC technique in CT especially in young adults and pediat-
ric patients [22,23]. A consistency in image quality can also be 
achieved using this technique while doing CT scan of varied 
thickness body part, such as neck region, because drastic 

4. 22/F 120 78 5.48 40 1.55 16.64 47.8%

5. 20/M 120 88 6.18 52 1.75 16.97 41.1%

Table 3: Correlation of CTDIvol with BMI in group 1st (AEC 
used): 

 CTDIvol  in 
mGy BMI

CTDIvol  in mGy
 
 

Pearson Correlation 1 .983(**)

Sig. (2-tailed)  .000

N 100 100

BMI
 
 

Pearson Correlation .983(**) 1

Sig. (2-tailed) .000  
N 100 100

** Correlation is significant at the 0.01 level (2-tailed).

Then percentage reduction of dose in terms of CTDIvol in each 
subject of 1st group was calculated as compared to that of 2nd 
group i.e. fixed value of CTDIvol= 10.50mGy and Pearson cor-
relation of percentage dose reduction with BMI of the subjects 
was found to be significant (p = 0.01) and linear( fig: graph). 
The percentage dose reduction is inversely proportional to 
the BMI of the patient in this study and in a patient with BMI 
value of 16.00 kg/m2, the dose in terms of CTDIvol has been 
found reduced to almost half (5.30 mGy) as compared to 
fixed tube current technique (10.50mGy), no reduction was 
achieved beyond BMI= 22kg/m2.    

Fig. Graph*: Showing percentage reduction in CTDIvol, with re-
spect to BMI of the subjects performed with AEC (Care-Dose 
4D) technique: Reduced volume dose index with AEC Tech-
nique in group 1st patients as compared to group 2nd patients 
is calculated and percentage of reduction was also calculated 
and shown in 9th column of table 2 in each patient of group 
1st. Percentage reduction in CTDIvol in each patient is plotted 
in this graph against BMI of that patient i.e. fig. graph and 
table 4 show the correlation of percentage reduction with re-
spect to BMI in all 100 patients of group 1st. 

Table 4 and fig graph*: Shows the correlation of percent-
age volume dose index (CTDIvol) reduction in group 1st 
with respect to BMI:
Table 4:

BMI %Reduction IN=n 
Dose

BMI

Pearson 
Correlation 1 -.945**

Sig. (2-tailed) .000

N 100 100

%Reduction 
IN=n Dose

Pearson 
Correlation -.945** 1

Sig. (2-tailed) .000

N 100 100
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change in attenuation profile is adjusted by online tube cur-
rent modulation. Gomi et al. (2008) achieved improved image 
quality by using AEC in low chest CT for screening purpose 
without increasing collective dose [24].

Namasivayam et al. (2006) [25] compared the results of two study 
groups performing MDCT of neck using z-axis AEC and with 
fixed-current technique (300 mA). They concluded that z-axis AEC re-
sulted in similar subjective noise and diagnostic acceptability with con-
siderable dose reduction compared with those of fixed tube current.

The present study has been conducted on 200 patients for 
chest CT-examinations using Care-dose4D[12]technique(AEC in 
Siemens sensation-16 MDCT system) in 100 subjects and fixed 
tube current in another 100 subjects. BMI of all patients was 
calculated from their height and weight, and corresponding 
mAs and CTDIvol recorded in each case. The subject included 
in the study were having BMI between 16 to 22 kg/m2, as no 
reduction in dose could be found in the subjects having BMI≥ 
22 kg/m2. The relationship of CTDIvol and BMI was found to 
be highly significant (p≤ 0.001). A considerable reduction in 
dose (more than 50%) depending upon the BMI of patient 
has been achieved using this technique without deteriorating 
quality of scans. The correlation of percentage dose reduction 
and BMI was also found significant (p≤ 0.01). The technique 
has been proved beneficial in reducing patient dose in terms 
of CTDIvol for performing CT examination of young adults and 
adolescents and that is very important in this age, as normal 
body tissues are more sensitive to dose effects in growing age. 

Conclusion: 
No difference was found in the quality of scans, as all the im-
ages acquired, permitted the evaluation of diagnosis in chest 
CT as well as the staging of clavicular ossification in bone win-
dow and no information was obscured due to noise in the im-
age. The patient’s volume dose index (CTDIvol) was reduced 
considerably especially in small size young adults. This tech-
nique reduces dose to the subject in terms of CTDvol, without 
compromising the quality of scans with consistency in image 
quality due to constant reference mAs used in all subjects.

Image Quality comparison in both the techniques with 
regard to diagnostic acceptability for reporting purpose:
The radiologists were unable to distinguish which technique has 
been used to perform the scan, while reviewing a blinded set of 
images. The noise in the image depends on mAs used. But it is 
not reduced blindly in AEC technique but managed depending 
on the attenuation profile of body tissue, as reference mAs was 
kept constant. The image quality was consistent in the resultant 
image with reference mAs constant. Practically it can be seen in 
the Fig. 1 and Fig. 2, as ossification stage is well demonstrated 
on fig 1: a, b with fixed mAs and fig 2: a, b with reduced mAs. 
Similarly soft tissue lesions in the lung are also seen with same 
quality in both the technique fig 1 (c: mediastinal window; d: 
lung window) with fixed mAs and fig 2 (c: mediastinal window; 
d: lung window) with reduced mAs (AEC technique). 

CT image showing quality with fixed mAs{150}

b:   CT image showing quality with fixed mAs{150}

c:  CT image showing quality with fixed mAs{150}

CT image showing quality with fixed mAs{150}

 a
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a:mAs-88,CTDIvo– 6.18mGy,stage, BMI – 17.30 Kgms/me-
ters2

b: mAs-93, CTDIvol –6.51mGy,stage1,BMI– 17.57Kgms/
meters2

c:Mediasinal window showing nodular lesion , mAs-
86,  CTDIvol – 6.06mGy, BMI – 17.21Kgms/meters2

d: lung window showing pathology in lung   mAs-86,  CT-
DIvol – 6.06mGy,  BMI – 17.21Kgms/meters2

 b 

 c 

 d 
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