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Abstract

AIM: To determine the influence of anthropomorphic
parameters on the relationship between patient center-
ing, mean computed tomography (CT) numbers and
quantitative image noise in abdominal CT.

METHODS: Our Institutional Review Board approved
study included 395 patients (age range 21-108, years;
male:female = 195:200) who underwent contrast-en-
hanced abdominal CT on a 16-section multi-detector
row scanner (GE LightSpeed 16). Patient centering in
the gantry isocenter was measured from the lateral lo-
calizer radiograph (off center S = patient off centered
superior to isocenter; off center I = patient off centered
inferior to isocenter). Mean CT numbers (Hounsfield
Units: HU) and noise (standard deviation of CT num-
bers: SD) were measured in the anterior (aHU, aSD)
and posterior (pHU, pSD) abdominal wall subcutaneous
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fat and liver parenchyma (LivHU, LivSD) at the level of
the porta hepatis. Patients’ age, gender, weight, body
mass index and maximal anteroposterior diameter were
recorded. The data were analyzed using linear regres-
sion analysis.

RESULTS: Most patients (81%; 320/395) were not
correctly centered in the gantry isocenter for abdomi-
nal CT scanning. Mean CT numbers in the abdominal
wall increased significantly with an increase in the off-
centering distance, regardless of the direction of the
off-center (P < 0.05). There was a substantial increase
in pSD (P = 0.01) and LivSD (P = 0.017) with off-cen-
tering. Change in mean CT numbers and image noise
along the off-center distance was influenced by the pa-
tient size (P < 0.01).

CONCLUSION: Inappropriate patient centering for CT
scanning adversely affects the reliability of mean CT
numbers and image noise.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Increasing use of computed tomography (CT) has raised
concerns about potential risk of radiation-induced car-
cinogenesis. Clinical and technical strategies have been
suggested to reduce radiation dose without compromis-
ing diagnostic information™®. For radiation dose reduc-
tion, current multi-detector row computed tomography
(MDCT) scanners are armed with several technologies
such as X-ray intensity shaping bow-tie filters and auto-
matic exposure control (AEC) techniques.

Bow-tie or beam shaping filters configure the X-ray
beam to the cross-sectional geometry of the body region
being scanned, so that the thinner peripheral portion of
the body receives a lower radiation dose compared to the
thicker central portion of the cross section”. These fil-
ters affect the incident X-ray beam characteristics which
in turn affect their attenuation from the patient. Errors
in centering of patients in the CT gantry isocenter can
result in overestimation or underestimation of regional
X-ray attenuation, which in turn can lead to erroneous
estimation of tube current with the AEC techniquesm.
Thus, both bow-tie filters and AEC techniques require
optimum patient centering within the gantry isocenter to
reduce radiation dose while maintaining diagnostic image
quali M,

Previous studies have shown that inappropriate pa-
tient centering on the gantry affects image quality and
radiation dose obtained with AEC techniques[g’lo]. How-
ever, the effect of patient off-centering on mean CT num-
bers and image noise has not been assessed with respect
to patient size. Therefore, the purpose of our study is to
determine the influence of anthropomorphic parameters
on the relationship between patient centering, mean CT
numbers and quantitative image noise in abdominal CT.

MATERIALS AND METHODS

Patient population

This retrospective study was approved by the Human Re-
search Committee of the Institutional Review Board of
Massachusetts General Hospital.

The requirement for informed consent was waived.
The study protocol was in compliance with the Health
Insurance Portability and Accountability Act.

The study comprised 395 consecutive patients who
underwent routine abdominal CT (mean age, 57 years;
age range, 21-108 years) at a single tertiary health care
hospital in October 2009. There were 195 male patients
(49%, 195/395 patients; mean age, 57 years; age range,
21-108 years) and 200 female patients (51%, 200/395 pa-
tients; mean age, 57 years; age range, 20-94 years).

Patient body weight and body mass index [(BMI =
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weight in kg/(height in meters)’] were recorded. Maxi-
mal anteroposterior (AP) diameter of the abdomen was
measured from the lateral localizer radiograph. Lateral
localizer radiographs were preferred over transverse CT
images, as often in large patients transverse CT images do
not have skin to skin field of view, whereas lateral radio-
graphs have skin to skin coverage in all patients from use
of a large field of view of 50 cm.

The outcome variables of our study included CT
numbers [Hounsfield units (HU)]|, and quantitative image
noise [standard deviation of the CT numbers (SD)| mea-
sured in the subcutaneous fat of the anterior and poste-
rior abdominal wall as well as in liver parenchyma.

Scanning protocol

Routine contrast-enhanced abdominal CT was petformed
on a 16-section multi-detector row scanner (GE Light-
Speed 16; GE Healthcare, Waukesha, WI, United States)
in all patients included in our study. In our institution, we
acquired two localizer radiographs for each patient in lat-
eral and AP projections at 80 kVp and 20 mA.

Transverse CT images were acquired from the top
of the diaphragm to the pubic symphysis in all patients
in single helical acquisition following administration of
non-ionic contrast medium (Iopamidol 370 mg%, Bracco
Diagnostics, Princeton, NJ, United States) injected at the
rate of 2.5-3 cc per second. The scanning parameters
comprised of 120 kVp, 0.5 s gantry rotation time, 1.375:1
beam pitch, 27.5 mm table speed per gantry rotation, and
16 X 1.25 mm detector collimation. Images were recon-
structed with 5 mm section thickness at 5 mm intervals
using a standard soft tissue reconstruction kernel.

A combined automatic exposure control technique
(Auto mA 3D, GE Healthcare) was used to scan all pa-
tients. This technique uses the noise index as a surrogate
for image quality, or more precisely, the average noise in
the entire image. The Auto mA 3D technique performs
tube current modulation at different projections (angular
modulation or x-y modulation) with in individual sec-
tion positions as well as at different section positions
along the patient’s long axis or scanning direction (z-
modulation). In addition to the noise index, the technique
requires users to specify a range of tube current between
which such tube curtent modulation should occut. The
latter allows the user to control the extent of tube current
modulation. As per our standard department protocols,
the noise index is adjusted according to body weight: <
60 kg, 10 noise index; 61-90 kg, 12.5 noise index; > 91 kg,
15 noise index. The minimum and maximum tube cut-
rent limits were set at 120 and 440 mA.

Assessment of patient centering

CT images were reviewed on a clinical web-based PACS
within the firewalls of our hospital (Radamicas, Merge
Healthcare, Hartland, WI, United States). Patient off-
center distance from the gantry isocenter was measured
from lateral localizer radiographs (Figure 1) by one of
the authors (Kim MS with 10 years of experience). Off-
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Figure 1 Calculation of off-centering distance. First, the gantry isocenter (G)
was determined as the midpoint of the entire image (thick line). Next, maximal
anterior-posterior diameter of the patient (broken line) was measured. Lastly,
distance (asterix) between the midpoints of maximal patient diameter (P) and
gantry isocenter (G) was measured to obtain the off-centering distance.

centering of patients was estimated from the images by
first determining the gantry isocenter as the midpoint of
the entire image or the scan field of view: Next, the maxi-
mal anterior-posterior diameter of the patient was mea-
sured. Lastly, distance between the midpoints of maximal
patient diameter and the gantry isocenter was measured
to obtain the off-centering distance.

Once the lateral projection localizer radiograph is
acquired, technologists plan the acquisition of transverse
images. For reconstruction of transverse images, the plan-
ning field of view (FOV) defaults to the center of the
localizer radiograph. In the case of appropriate patient
centering, technologists only have to adjust the size of
display FOV. However, with patient off-centering, in our
experience the technologists change the position of dis-
play FOV without actually re-centering the patient in the
gantry isocenter. This re-centering of display FOV rather
than re-centering of the patient, leads to patient off-cen-
tering. Therefore, for the purpose of our study, we used
localizer radiographs instead of transverse CT images
to estimate patient off-centering. In addition, previously
described automatic centering techniques have also used
lateral localizer radiographs to estimate the extent of pa-
tient off—centeringm.

The off-center distance was arbitrarily divided into
5 groups based on the distance between the patient AP
center on the lateral projection radiograph and the gantry
isocenter; 0-5 mm (considered ideal centering), 6-10 mm,
11-20 mm, 21-30 mm and greater than 30 mm from the
gantry isocenter. The direction of off-centering (supe-
rior and inferior) compared to gantry isocenter was also
evaluated.

Regions of interest and radiation dose

After measuring the distance and direction of off-cen-
tering, the mean CT numbers and their image noise
(standard deviation of HU) were measured from the 5
mm contrast-enhanced transverse abdominal CT image
in liver parenchyma at the level of the porta hepatis using
a circular 30-50 mm” region of interest (ROI). Mean CT
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numbers and image noise were measured in the anterior
and posterior abdominal wall subcutaneous fat using cit-
cular 10-30 mm” regions of interest.

CT dose index volume (CTDIv in mGy) from the
dose information page of each CT examination included
in our study was recorded.

Statistical analysis

Data were tabulated in a spreadsheet program (Microsoft
Excel; Microsoft, Inc., Princeton, NJ, United States). Sta-
tistical analysis was performed using a statistical analysis
package (SAS/STAT 9.2; SAS Institute, Cary, NC, United
States). Linear regression analysis was performed to eva-
luate the relationship between off-centering, mean CT
numbers and image noise. In addition, the same analysis
was used to evaluate the influence of patient age, gen-
der, body weight, BMI and maximal AP diameter of ab-
domen on the variability of mean CT numbers, SD and
CTDlva with off-centering. A P value less than 0.05 was
considered to indicate a statistically significant difference.

RESULTS

Centering and off-centering: distribution and magnitude
Only 19% of patients (75/395 patients; male:female, 41:34)
were centered correctly in the gantry isocenter. Most pa-
tients (81%, 320/395 patients; male:female, 154:166; mean
age, 57 years) were off-centered with respect to the gantry
isocenter. In terms of magnitude of off-centering, most
patients were off-centered by 11-20 mm (39%, 125/320
patients) followed by 21-30 mm off-centering (26%,
85/320 patients) and greater than 31 mm off-centering
(17%, 63/320 patients) (Table 1).

Amongst the off-centered patients, 99 patients were
centered superior to the gantry isocenter (off-center S,
31%, 99/320 patients; male:female, 53:46; mean age,
58 years) and 221 patients were centered inferior to the
gantry isocenter (off-center I, 69%, 221/320 patients;
male:female, 101:120; mean age, 57 years). Interestingly,
most patients with greater than 31 mm off-centering were
positioned inferior to the gantry isocenter (84%, 53/63
patients; male: female, 21: 32) (Table 1).

Off-centering, patient demographics and size

There was no significant difference between patient age
in the centered and off-centered groups or in the differ-
ent off-centering groups (P = 0.15). Although we had
almost equitable distribution of male and female patients
in our study, more men (z = 40/75 patients, 54%) were
centered adequately in the gantry isocenter than women (7
= 35/75 patients, 46%0).

There was no significant difference between patient
weight, AP diameter and BMI of centered (weight = 78.6
+ 27.6 kg, AP diameter, 28.2 + 5.5 cm, BMI 26.7 + 6.3
kg/m’) and off-centered (weight = 78.0 + 19.0 kg, AP di-
ameter, 28.6 £ 5.5 cm, BMI 27.6 £ 6.0 kg/mz) patients (P
= 0.41, 0.29 and 0.16, respectively). However, patients off-
centered above the gantry isocenter (weight = 89.4 £ 21.3
kg, AP diameter, 32.1 £ 5.8 cm, BMI 30.7 * 7.1 kg/m’)
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Table 1 Patient size, computed tomography numbers and quantitative image noise at different magnitude and direction of off-

centering (mean + SD)

Distance Direction BMI Weight AP diameter CTDlwol aHU pHU LivHU asD pSD LivSD
(#patients) (#patients) (kg) (mGy) (cm)
0-5 mm Ideal 27 77 28 13.4 975+272 -928+149 117.0+434 99+49 11.8+4.3 17.0+£3.7
(n="75) centering  (18-59) (31-181)  (17-52)  (5.2-483) (-117~-45) (-121~-34)  (63~153) (5~45) (4~33) (9~15)
6-10 mm A 28 76 27 141 -982+93 -909+95 114.0+20.0 11.0+2.6 123 +£3.0 17.8+3.4
(n=47) (n=20)  (20-38) (54-107)  (17-33)  (9.0-33.0) (-115~-78) (-106~-71)  (55~153) (6~18) (7~16) (10~30)
B 28 79 29 13 951+13.1 -88.7+19.3 117.6+26.9 9.7+£23 134+401 174+52
(n=27)  (21-40) (54-127)  (20-53) (7.2-234) (-115~-60) (-109~-59)  (80~167) (6~15) (8~23) (13~23)
11-20 mm A 30 88 31 154 -96.9+134 -933+14.0 109.9+225 11.0+3.6 126+3.7 181+49
(n=125) (n=47)  (19-51) (54-130)  (23-40)  (9.2-422) (-116~-45) (-114~-44)  (63~158) (6~22) (7~23) (11~31)
B 27 74 28 13.2 971+131 -929+11.8 119.3+252 95124 119+£3.2 179143
(n=78)  (17-49) (35-136)  (15-44)  (5.8-345) (-115~-53) (-124~63)  (31~175) (6~18) (8~21) (11~29)
21-30 mm A 29 89 32 13.9 965+109 -89.0+128 1074+2631 124+331 13.6+391 18.7+3.81
(n =85) (n=22)  (20-37) (46-129)  (19-53)  (6.2-267) (-112~-74) (-118~-56)  (40~142) (7~20) (9~24) (6~20)
B 26 73 27 12.7 946+13.7 -853+13.01 122.3+251 104+2.8 13.3+3.71 179+49
(n=63)  (15-35) (40-109)  (17-38)  (5.9-235) (-113~-44) (-110~-43)  (55~177) (6~23) (6~22) (11~34)
331 mm (n A 36 96 34 14.2 943+74 -891+16.6 116.6+248 164+7.01 14.0+5.0 26.7 £4.01
=63) (n=10)  (22-52) (65-141)  (28-46)  (10.1-21.1) (-103~-80) (-100~-77)  (81~153) (9~29) (8~24) (21~38)
B 26 74 27 14.1 -941+13.7 -87.1+13.5" 125.0+24.8" 94+25 13.5+4.7° 172+4.0
(n =53) (19-38)  (49-118) (19-36) (6.1-42.6)  (-129~-68)  (-113~-61) (63~167) (6~18) (8~30) (11~30)

‘Implies significant statistical difference (P < 0.05). Off-centering distance and direction had a greater effect on image noise as compared to the mean
computed tomography (CT) numbers. Numbers in parentheses are ranges. A: Superior off-centering; B: Inferior off-centering; aHU: Mean CT numbers in
the anterior abdominal wall; pHU: Mean CT numbers in the posterior abdominal wall; LivHU: Mean CT numbers in liver, aSD: Quantitative noise in the
anterior abdominal wall; pSD: Quantitative noise in the posterior abdominal wall; LivSD: Quantitative noise in the liver.

Table 2 Computed tomography numbers and quantitative image noise for ideally centered and off-centered patients (mean + SD)

Direction aHU pHU LivHU asD pSD LivSD
Ideal centering -97.5+15.9 -92.8 +15.1 117.0+£21.5 99+49 11.8+43 17.0+3.7
A -96.9+11.5 (0.4) -91.4 £12.5 (0.25) 111.1 +24.3 (0.05) 11.8 £4.1 (0.004)" 12.8 + 3.8 (0.045)" 18.8 £ 5.3 (0.003)"
B -95.5 +14.4 (0.16) -89.1 £ 14.5 (0.03)" 121.0 £24.5 (0.1) 9.8 £2.6 (0.33) 12.8 +3.9 (0.03)" 17.6 +4.3 (0.09)

‘Implies significant statistical difference (P < 0.05). Numbers in parentheses are P values. A: Superior off-centering; B: Inferior off-centering; aHU: Mean
computed tomography (CT) numbers in the anterior abdominal wall; pHU: Mean CT numbers in the posterior abdominal wall; LivHU: Mean CT numbers
in the liver; aSD: Quantitative noise in the anterior abdominal wall: pSD: Quantitative noise in the posterior abdominal wall; LivSD: Quantitative noise in
the liver.

were significantly larger than patients centered below the off-center, mean CT numbers and objective image noise
gantry isocenter (weight = 73.1 * 15.8 kg, AP diameter, is summarized in Table 2. Regardless of the direction of
27.0 £ 4.5 cm, BMI 26.0 = 4.9 kg/mz) when the off- off-centering, the mean CT numbers measured in the

centering distance exceeded 10 mm (P < 0.0001). The abdominal wall were significantly higher in off-centered
largest differences in BMI, abdominal AP diameter and patients compared to those centered correctly in the gan-
weight between off-centering superior and inferior were try isocenter (P = 0.034-0.0009). When the direction of
seen with greater than 30 mm off-centering (P < 0.0001) off-centering was taken into account, only the mean CT
(Table 1). For subjects with less than 10 mm off-center- numbers in the posterior abdominal wall increased signif-
ing, there was no difference between body weight, BMI icantly for patients centered below the gantry isocenter (P
or AP diameter in the superior (weight = 79.3 = 15.4 kg, = 0.03). This change in mean CT numbers was less than
AP diameter, 28.4 + 4.3 cm, BMI 28.9 £ 6.0 kg/ m’) and 10% in absolute numbers (Table 2). When the magnitude
inferior off-centering directions (weight = 81.1 * 22.6 kg, of off-centering was taken into account, there was no sig-
AP diameter, 29.8 £ 7.2 cm, BMI 28.8 + 6.8 kg/m’) (P = nificant change in mean CT numbers with up to 20 mm
0.36, 0.19 and 0.48, respectively). off-centering from the gantry isocenter (P = 0.1-0.47).
The effect of off-centering on CTDIv is illustrated in When data were normalized for patients’ age, gender,
Table 1. There was no significant difference between CT- weight, BMI and AP diameters, mean CT numbers in all
Dl in patients with and without appropriate centering three regions between superior and inferior off-centering
(P=0.8). varied significantly for patients with different body wei-
ghts (P < 0.001).
Off-centering and image quality Image noise increased significantly in the postetior
The relationship between distance along the direction of abdominal wall and liver parenchyma with an increase in
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Figure 2 More attenumated X-ray beam is received in the center of bow-
tie filter corresponds to the posterior abdominal wall and the anterior
abdominal wall when patients are centered the gantry isocenter. A: When
the patient is centered in the gantry isocenter, bow-fie filter (F) allows most X-rays
(darker gray) to traverse thicker, central parts of the patient and fewer X-rays
(white) in the peripheral portion to pass through thinner, peripheral parts of the
patient; B: When the patient is positioned above the gantry isocenter, the anterior
portion of the patient's abdominal wall which is further from the gantry isocenter
receives fewer X-rays (white) with a consequent increase in noise, whereas the
posterior abdominal wall receives the central more intense X-ray beam (darker
gray), and therefore has less noise; C: When the patient is positioned below the
gantry isocenter, the anterior portion of the patient's abdominal wall coincides
with the gantry isocenter to receive more X-rays, resulting in no significant
change in its noise, whereas the posterior abdominal wall moves away from the
gantry isocenter and receives fewer X-rays which leads to higher noise.

off-centering distance. When the direction of off-center-
ing was taken into account, noise in the anterior abdomi-
nal wall (P = 0.004) and liver (P = 0.003) increased signif-
icantly only with superior off-centering, whereas noise in
the posterior abdominal wall increased significantly with
both directions of off-centering (P = 0.03-0.045). There
was a significant difference in image noise in the abdomi-
nal wall and liver between superior and inferior off-cen-
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tering after normalizing BMI, body weight and maximal
AP diameter of abdomen (P < 0.0001). Although there
was a difference in objective image noise between supe-
rior and inferior off-centering, subjective image quality
was not compromised for all 397 abdominal CT exami-
nations, as reviewed from the radiology reports.

DISCUSSION

The role of appropriate patient centering has been em-
phasized for CT scanning, in particular when using AEC
techniques and bow-tie filters to reduce radiation dose®™.
Optimal patient centering implies matching the patient’s
mean center of mass with the center of the bow-tie filter
which coincides with the center of the gantry in the CT
scanner for optimal use of bow-tie filters. When a patient
is not centered optimally, inappropriate compensation of
the X-ray beam by bow-tie filters allows more X-ray to
the surface of the thinner peripheral portion of the body
while the X-ray beam incident upon the thicker central
portion is reduced.

Li et al” reported that the peripheral and surface ra-
diation dose increases by 12% and 18%, respectively, in
images of an elliptical water phantom centered 30 mm
below the isocenter, and by 41% and 49% in the same
phantom centered 60 mm below the isocenter. These
authors reported an overall increase of 6% and 22% in
overall image noise at 3 and 6 cm phantom off-centering
from the gantry isocenter. Conversely, Matsubara e# al™
reported a much smaller increase in overall image noise
(15%) with 5 cm off-centering of a circular water phan-
tom.

Our study highlights the variation in image noise for
different anatomic locations in the abdomen. We noted a
maximal increase in image noise of 16.5% in the poste-
rior abdominal wall and 10% in the liver with patient off-
centering of greater than 3 cm. In contrast, the increase
in image noise with the same magnitude of off-centering
was only 4% in the anterior abdominal wall. These dis-
crepancies in change of image noise may be explained on
the basis of differences in the regional X-ray beam atten-
uation in anterior and posterior abdominal wall and liver.
Compared to the low attenuation from soft tissue of the
anterior abdominal wall, the posterior abdominal wall has
higher attenuation due to the vertebral column and there-
fore also has a greater increase in image noise with off-
centering compared to the anterior abdominal wall. Since
liver has higher attenuation than the anterior abdominal
wall but lower than that of the posterior abdominal wall,
with off-centering there is an intermediate change in im-
age noise in the liver.

Our study also highlights the influence of directionali-
ty of vertical off-centering on image noise. When patients
are centered above the gantry isocenter, the center of
bow-tie filter corresponds to the posterior abdominal wall
and the anterior abdominal wall receives more attenu-
ated X-ray beam (Figure 2). This is likely the reason for a
greater increase in image noise in the anterior abdominal
wall than in the posterior abdominal wall with superior
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off-centering. Conversely, when patients are off-centered
below the gantry isocenter, there is a greater increase in
the posterior abdominal wall noise as it lies in the path of
the more attenuated X-ray beam traversing through the
peripheral thicker portion of the bow-tie filter.

This selective change in image noise with directional-
ity of off-centering can also be explained on the basis of
differences in CTDlvol with off-centering of patients. We
noted a slightly higher CTDILva with off-centering in the
superior direction than in the inferior direction, and that
may be due to the fact that patients centered above the
gantry isocenter were substantially larger than patients
centered below the gantry isocenter. It must be empha-
sized that with use of automatic exposure control, the
CTDI vol changes with the size of the patient.

We also found that with off-centering there is some
change in the CT numbers in different geometric loca-
tions of the images although this change is much less
compared to the change in image noise (1%-5% relative
to ideal patient centering). This modest change in CT
numbers with off-centering may also be a result of differ-
ential beam attenuation by bow-tie filters in off-centered
patients as relevant to the image noise.

Interestingly, we also noted a substantial influence
of patient size on magnitude and direction of off-
centering. Patients centered above the isocenter tended
to be substantially larger than those centered below the
isocenter. This may be explained on the basis of incor-
rect or underestimation of centering of patients with
large body habitus. Unfortunately, we found that despite
rising awareness about the risks associated with CT scan-
ning and recent publications emphasizing an increase
in radiation dose with patient off-centering, there was a
very modest difference between the proportion of off-
centered patients in our study (81%) compared to that
reported in two prior studies (95%-95.5%) conducted at
different institutions™'". In our institution, technologists
are reminded about the importance of patient centering
from time to time, although there is no fixed routine or
interval for completing such notification. The fact that
off-centering continues to occur in the vast majority of
our patients perhaps suggests that manual off-centering
by the CT technologists is either not properly performed
or cannot be performed with a great deal of accuracy.
Regardless of the reasons for off-centering, there is an
urgent need for an automatic assisted patient centering
technique on CT equipments which are otherwise being
armed with sophisticated dose reduction techniques such
as automatic exposure control and bow-tie filters. In this
direction, it is important to note that some vendors have
introduced a feature to allow CT users to change table
position for better patient centering directly from the CT
scanner (Siemens Definition Flash, Siemens Medical So-
lutions, Forchheim, Germany) user interface after check-
ing the localizer radiograph. This ability helps technolo-
gists to “fine tune” or “correct” patient centering without
the need to go into the CT gantry suite.

There are clinical implications resulting from our stu-
dy. There needs to be greater education and training of
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the CT technologists for patient centering, The method
of centering patients with large body habitus needs spe-
cific attention. Differential distribution of image noise
is influenced by both magnitude and direction of off-
centering and hence off-centering should be avoided in
order to maintain a uniform image quality. Radiologists
should bear in mind that there is a slight but statistically
insignificant change in mean CT numbers in the liver
with off-centering;

There are limitations in our study. Although we in-
cluded a large number of patients in our study, we did
not perform a power analysis to determine the actual
sample size required to test our hypothesis. In particular,
there were fewer patients in the off-centering groups
with more than 30 mm off-centering distance from the
gantry isocenter. Another limitation was that the size and
location of the ROIs being measured were not homoge-
neous for each patient. The size of ROIs in abdominal
subcutaneous fat ranged from 10 to 30 mm” according to
the amount of subcutaneous fat. Likewise, the liver ROIs
ranged from 30 to 50 mm” to include just the liver paren-
chyma and avoid inclusion of large blood vessels within
the ROI. Although we did not perform a formal detailed
subjective image quality assessment, we carried out a ret-
rospective analysis of the radiology reports to check im-
age quality of these CT examinations. Study reports are
stored in the hospital database along with the images and
comments on suboptimal image quality affecting diagnos-
tic confidence. We found that none of the examinations
showed suboptimal image quality. Another limitation of
our study is that we did not compare the effect of dif-
ferent off-centering distances and directions in the same
patient as it was not feasible and practical to scan patients
several times with different off-centering. It is possible,
although unproven from our study, that greater changes
in CT numbers and image noise may have come to light
on an individual patient basis. We also did not assess the
effect of horizontal off-centering of the patients on im-
age noise and mean CT numbers.

In conclusion, inappropriate patient centering in the
gantry isocenter adversely affects the mean CT numbers
and image noise along the distance of off-center. There-
fore, attention to appropriate patient centering is impor-
tant for maintaining image quality and optimizing radia-
tion dose during MDCT examination, particulatly in large
patients.

COMMENTS

Background

Computed tomography (CT) radiation dose related risks are one of the major
concerns amongst the medical community, media and general public. There are
several attempts in the past to optimize radiation dose associated with CT by
following the principle of “as low as reasonably achievable”. X-ray beam shap-
ing filters are designed to expose the peripheral thinner portions of the body
with lower radiation dose as compared to thicker central portion. This assump-
tion only works when the authors have the patient perfectly centered in the X-ray
beam. Any offcentering of patient affects the selected tube current and finally
radiation dose associated with CT.

Research frontiers
Prior studies have shown that patient offcentering from the CT scanner iso-
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center does affect the associated radiation dose with tube current modulation
techniques. However, the relationship between mean CT numbers or the
Hounsfield values and the image noise has not been assessed with respect to
patient size.

Innovations and breakthroughs

The study highlights the influence of directionality of vertical off-centering on
image noise. When patients are centered above the gantry isocenter, the center
of bow-tie filter corresponds to the posterior abdominal wall and the anterior
abdominal wall receives more attenuated X-ray beam. The authors also found
that with off-centering there is some change in the CT numbers in different
geometric locations of the images although this change is much less compared
to the change in image noise (1%-5% relative to ideal patient centering). This
modest change in CT numbers with off-centering may also be a result of differ-
ential beam attenuation by bow-tie filters in off-centered patients as relevant to
the image noise.

Applications

Clinical implications of this study are the need for greater education and training
of the CT technologists for patient centering. The method of centering patients
with large body habitus needs specific attention. Differential distribution of im-
age noise is influenced by both magnitude and direction of off-centering and
hence off-centering should be avoided in order to maintain a uniform image
quality. Radiologists should bear in mind that there is a slight but statistically
insignificant change in mean CT numbers in the liver with off-centering.
Terminology

Bow-tie or beam shaping filters: These filters configure the X-ray beam to the
cross-sectional geometry of the body region being scanned, so that the thinner
peripheral portion of the body receives a lower radiation dose compared to the
thicker central portion of the cross section. Patient Off-centering: Any deviation
of patients center from the CT scanner gantry iso-center, which can be either
vertically or horizontally.

Peer review

This is a good descriptive study in which authors analyze the affect of patient
offcentering on CT image noise and Hounsfield Units numbers. The results are
interesting and show an increase in 16% image noise in posterior abdominal
wall and suggest a need for education and training of CT technologist in more
accurate patient centering.
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