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OBJECTIVE. The radiation dose, artifact incidence, and image quality of high-resolution
chest CT examinations performed with standard and low doses and patient cooperation were
investigated in children and young adults.

SUBJECTS AND METHODS. Three successive controlled studies were conducted in
different groups of children and young adults, totaling 203 patients. Dosimetry of high-reso-
Iution CT was performed at 180, 50, and 34 mAsin three groups of 25 patients. Streak artifact
incidence using aternating 50- and 34-mAs slices was assessed and correlated with patient
compliance with breath-holding commands in 44 children. Image quality was evaluated in
scans obtained with 34 versus 180 mAsin cooperative patients (n = 42) and in scans obtained
with 50 versus 180 mAsin noncooperative patients (n = 42). Artifacts and image quality were
assessed by controlled repeated interpretations.

RESULTS. Radiation dose was 5.4 + 1.6 mSv for 180 mAs, 1.5 + 0.5 mSv for 50 mAs,
and 1.1 + 0.3 mSv for 34 mAs. Cooperation was obtained in 66% of the patients. Artifacts
were more frequently seen in scans of noncooperative patients (30%) and in 34-mAs scans
(47%); the highest incidence was found using 34 mAs in noncooperative patients (60%, p =
0.02). No differences in image quality scores were seen in scans obtained with 50 mAs versus
those obtained with 180 mAs in noncooperative patients (p < 0.05), and small differences
were found in scans obtained with 34 mAs versus those obtained with 180 mAs in coopera
tive patients for fissures (p = 0.005) and peripheral structures (p = 0.02).

CONCLUSION. Low-dose high-resolution CT provided a significant reduction in radiation
dose (72% for 50 mAs and 80% for 34 mAs) and good-quality images of the lung when performed

with 50 mAsin noncooperative and 34 mAsin cooperative pediatric and young adult patients.

ecause chest CT provides morein-

formation than chest radiography

[1-3] and is increasingly used in

children, efforts must be made to ensure that
CT will be performed with the least radiation
possiblewhile maintaining good image quality.
High-resolution CT of the chest, generdly
performed using milliampere-second settings
of between 100 and 200 mAs [1-4], isthe ex-
amination of choice for detection of many
lung disordersin children. Lowering the milli-
ampere-second value will result in a propor-
tiond reduction in patient dose; it will aso,
however, increase image noise and potentialy
decrease the detectability of low-contrast detail
[5-9]. In 1990, Naidich et d. [10] reported that
good-qudity conventional lung scans could be
obtained in adults using low milliamperage.
Ambrosino et a. [11], in a retrospective study,
showed the feasihility of low-dose high-resolu-

tion CT for evauaing the pediatric chest.
However, this approach has not been widdy
adopted and, to date, a controlled comparative
study investigating image quality of high-reso-
Iution CT scans using different milliamperage
Settings has not been performed in children.

In 1995, we began to routinely use alow-mil-
liamperage setting for high-resolution CT in our
pediatric patients. We noticed that when using
the lowest setting available on our unit (34
mAS), some of the examinaions, particularly
those of young children, showed an devated in-
cidence of linear artifacts, which we attributed
to low milliamperage, lack of cooperation, or
both. In this study, we measured radiation dose
delivered with standard-dose and with low-dose
high-resolution CT and compared the incidence
of dtresk artifacts and its relation with patient
cooperation in examinations peformed with
two low-milliampere settings. Using the results
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from our artifact study, we designed an image
evaluation protocol that was aimed at compar-
ing the quality of high-resolution CT chest im-
ages obtained with one standard (180 mAs) and
two low-milliampere settings (34 and 50 mAS)
ininfants, children, and young adults.

Subjects and Methods
Radiation Dose Study

A study was conducted to compare relative radia-
tion doses in three groups of 25 children and young
adults of smilar ages (age range, 1-19 years, mean
age + standard deviation [SD], 8.23 + 4.32 years, av-
erageweight + SD, 26.7 + 11.3 kg) who were exam-
ined with high-resolution chest CT at our ingtitution.
All studieswere performed on the same CT unit (CT
Twin |I-Plus, Elscint, Haifa, Isragl). High-resolution
CT in group A was performed using a 1-mm colli-
mation a 10-mm intervals, 120 kVp, 180 mAs, and
1 sec. Ingroup B, we used the sametechnical factors
asin group A, but we changed the milliamperage to
50 mAs (50 mA and 1 sec). In group C, we used 34
mAs (50 mA and 0.67 sec; 223° partid-arc scan-
ning), while keeping the remaining technical factors
constant. The 34-mAs setting was selected because
50 mA is the minimum tube current and 0.67 sec is
the shortest scan time available on our CT unit.

Reconstruction of the raw data from groups A
and B was carried out using a high-resolution acqui-
gtion interpolation agorithm, whereas in group C
because of technical limitations of partial-arc scan-
ning, a standard acquisition interpolation agorithm
was applied. High-spatid-frequency reconstruction
agorithmswere used for presentation of mediastinal
and lung images. In addition, mediastina images
were recongtructed using the standard filter. The sen-
sors for radiation dose measurement were strips of
nine contiguous lithium fluoride (LiF:Mg,Ti) ther-
moluminescent chips (TLD-100; Harshaw-Bicron,
Newbury, OH), each measuring 3.2 x 3.2 x 0.9 mm,
that were mounted on the underside of a 10-mm-
thick acrylic block, which was taped to the patient's
skin on the upper third of the chest. Two dices per
strip were usualy registered. The chips were cdi-
brated for a 10-mm-depth individua dose equivalent
and were read using reader chips (Harshaw 3500
TLD; Harshaw-Bicron). The average dose per strip
was caculated. For additional dosimetric informa-
tion, we measured doses from conventional (120
kVp, 100 mAs, 10-mm dlices every 10 mm) and he-
lical (120 kVp, 100 mAs, 10-mm dice thickness,
pitch of 1.5) chest CT techniques in another two
groups of 10 children, examined with the same CT
unit and dosimetric method.

Artifacts and Patient Cooperation Study

This comparative controlled repeated-measure-
ments study was designed to determine the influence
of radiation dose and patient cooperation on theinci-
dence of linear artifacts in low-dose high-resolution
CT. A group of 44 consecutive children (age range,
15 days-16 years, mean age = SD, 7.61 + 4.65
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years, median age, 7 years) referred for high-resolu-
tion CT examination were included in the study.
None of our patients received contrast materia or
hed central catheters during high-resolution CT.
Once the patient arrived at the CT unit, the techni-
cian instructed older children in breath-holding and
recorded whether they followed commands during
the examination. Sedation was not required. CT
scans were obtained aternating 1-mm-collimation
dices with two different low-dose techniques a 10-
mm intervals as follows. Two consecutive series
were obtained with dices a 20-mm intervals: the
first, with 50 mAs (in 1 sec); the second, starting 10
mm below the first dice of the previous series, with
34 mAs (in 0.67 sec). The remaining technica pa-
rameters (1-mm slices, 120 kVp, 5122 matrix, and
high-speatial-frequency reconstruction bone ago-
rithm) were kept constant. At the end of the CT ac-
quisition, half the dices had been obtained using 34
mAs, and the other haf had been obtained using 50
mAs. The field of view was adjusted to match the
patient’s chest width: 180 mm (11.36% of patients),
250 mm (68.18%), and 430 mm (20.45%). The total
number of dices varied from eight to 18 (median,
14.5 dices). Using lung parenchyma window set-
tings (level, =700 H; width, 1500 H), the series of
images that had been obtained with 50 and 34 mAs
were printed on separate 35 x 43 cm laser-camera
films. Theimageswereidentica in size, fully anony-
mous, and had no technical factor overlay.

Artifact Interpretation

Three radiologists, two senior pediatric radiolo-
gistsand one senior radiology resident, interpreted the
images independently. Image sets were assessed in
random order on the same standard viewbox. The
characterigtics of the evaluaion were established in
consensus before starting the experiment. Only stresk
atifacts affecting the lung structures were assessed.
Artifacts originating from medica devices were not
present and were not conddered. Each set of images
was cdlassfied according to the following ordina
scae 1, no artifacts present; 2, artifactsin one or two
dices, 3, artifacts in more than two dlices, 4, artifacts
indl dices, and 5, artifacts prevent interpretation.

Study of Image Quality

According to the results of the artifacts and pa-
tient cooperation study, in which artifacts were
found to be more frequent on scans in noncooper-
ative patients when obtained with 34 mAs rather
than with 50 mAs, we designed a protocol to con-
duct two comparative controlled repeated-mea-
surements studies of high-resolution CT image
quality. One study was in noncooperative patients
examined with 50 versus 180 mAs, and the other
study was in cooperative patients examined with
34 versus 180 mAs. To test the null hypothesis
that there is no significant difference in image
quality between low- and conventional-dose chest
CT images, the study was designed to compare in
each patient an image obtained with a low milli-
ampere setting with a repeated image obtained
with the standard milliampere setting. Blinded

random repeated interpretations were performed
by multiple observers.

The study of the noncooperative group included
45 consecutive pediatric patients (age range, 1
week—9.6 years; mean age £ SD, 2.45 + 2.68 years;
median age, 1.5 years) referred for high-resolution
CT of the lung who were unable to follow breath-
holding commands. The chest CT examinations
were performed using 50 mAs and 1 sec. Sedation
was required in one patient only. Indications for
high-resolution CT in thisgroup were cystic fibrosis,
bronchopulmonary dysplasia, meconium aspiration,
histiocytosis X, pneumonia associated with
immunodeficiency, bronchiolitis obliterans, severe
asthma, and suspected bronchiectasis. Findings from
19% of the examinations were norma. On comple-
tion of low-dose high-resolution CT examinations
and after informed parental consent had been ob-
tained, an additiona single slice was repeated at the
level of the carina using 180 mAs and 1 sec while
maintaining the other technical factors constant.

The study in the cooperative group included 45
consecutive pediatric and young adult patients (age
range, 7.0-21.9 years, mean age + SD, 12.8 + 354
years, median age, 13 years) who were referred for
high-resolution CT of the lung and able to follow
breath-holding commands. The chest CT examina-
tions were performed using 34 mAs and 0.67 sec.
Sedation was not required. Indications for high-reso-
lution CT in this group were suspected cytic fibrosis,
bronchiectes's, interdtitia lung disease, pneumonia
associated  with  immunodeficiency, bronchiolitis
obliterans, severe asthma, and higtiocytosis X. Find-
ings in 26% of the examinations in this group were
normd. Asin the noncooperative group, an additiona
180-mAs dlice was obtained & the level of the carina
All CT examingtions were performed between Sep-
tember 1997 and January 1998.

The gtandard- and low-milliamperage scans ob-
tained at the carina were recorded on 36 x 43 cm la-
ser-camera film after remova of dl identifying data
and technical details. Six images were printed per pa
tient: two lung images (at the leve of the caring), ob-
tained with sandard and low milliamperages at
Settings appropriate for visudization of the pulmonary
parenchyma (level, =700 H; width, 1500 H) and four
mediastina images (et theleve of the caring), two ob-
tained with standard and two with low milliamperage.
Each pair was reconstructed with both standard and
high-spatia-frequency  recongtruction  agorithms
(level, 35 H; width, 450 H). Individua images were
cut from the multiformat film and given a random
number. Three cases from each group were excluded
for failing to meet image presentation requirements,
leaving atotal of 42 patients in each group for analy-
sis. Eighty-four lung images (42 pairs) were obtained
for the comparison of 50 versus 180 mAsin noncoop-
erdive paients. One hundred sixty-eight mediastina
images were obtained for the comparison of 50 versus
180 mAswith standard (42 pairs) and with high-spa-
tid-frequency (42 pairs) reconstruction agorithms.
The same number of paired images was obtained in
the 42 cooperative patients examined with 34 versus
180 mAs.
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Image Quality Assessment

After the scoring criteriawere established in con-
sensus, the images were reviewed by four pediatric
radiologists and one radiology senior resident. The
radiologists assigned a subjective image quality
score to each of the six following parametersusing a
5-point ordinal scale from 5 (highest qudity) to 1
(lowest quality): number and severity of stregk arti-
facts (0, 1, >1, interpretation difficult, interpretation
impossible); bronchi identified within 20 mm of hila
(>3 well defined, <3 well defined, >3 poorly de-
fined, <3 poorly defined, 0); identification of vascu-
lar structures within 20 mm of hila (>4 well defined,
<4 well defined, >4 poorly defined, <4 poorly de-
fined, 0); identification of fissures (complete well de-
fined, incomplete well defined, complete poorly
defined, incomplete poorly defined, not seen); pe-
ripheral structures within 10 mm from pleura (abun-
dant and well defined, scarce and well defined,
abundant and poorly defined, scarce and poorly de-
fined, none) and mediastinum mottle (none, dight,
abundant, interpretation difficult, interpretation im-
possible). When the score for the two lungs differed,
the higher score was selected.

Lung images and mediastina images were as-
sessed three times by each radiologist, randomly and
independently, at 1-week intervals on the same stan-
dard viewbox. During each session, theimageswere
successively presented in a frame centered on a
black background (blackened radiographic film)
with no technical overlay and in arandom sequence.
The series were rerandomized after each session. To
reduce duration of and reviewer fatigue from each
interpretation session, lung images and mediastina
images were interpreted separately on different days.
In two patients, the repeated dlice was above the ori-
gin of the major fissures; these images were ex-
cluded from the datistical analysis for this item.
After completion of the 15 interpretation sessions,
30,240 scores (720 per patient) were analyzed.

Measurement of image noise, the random varia-
tion of the CT number of a homogeneous density
object, was assessed by scanning a homogeneous
CT cdibration cylindric water phantom (diameter,
200 mm) with the same three techniques described
(34, 50, and 180 mAs). The vaues of the CT number
were obtained from the average of five round 1000-
mm? regions of interest centered at the isocenter and
at the 3-, 6-, 9-, and 12-0' clock positions.

Statistical Analysis

Nonparametric methods were applied to ana-
lyze image scores. Statistical significance was set
a ap vaue of lessthan 0.05, and confidence inter-
vals were set at 95%. Theinterquartile interval, the
range of the central 50% of values, was used asthe
index of dispersion for nonparametric results and
is less sensitive to outliers than the mean and stan-
dard deviation. Means were enclosed for parame-
tersthat behaved asinterval data. Spearman’s rank
correlation analysis was used to test for trends.
Chi-square tests were applied for intertechnique
comparisons. The Mann-Whitney test and Wil-
coxon's signed rank test were used to compare
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scores between techniques and their significance.
Intra- and interobserver agreement were measured
using kappa statistics, a method to anayze multi-
variate categoric data obtained from repeated mea-
surements [12-14]. Kappa val ues were reported as
follows: 0, agreement is a random effect; less than
0.20, poor agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, sub-
stantial agreement; and 0.81-1.00, aimost perfect
agreement [12]. Relative risk analyses were per-
formed between low-dose techniques to assess
how dose and cooperation influence the incidence
of artifacts. To assess the relevance of the differ-
ences between image quality scores, we calculated
the effect size index. Effect size statistics are used
to determine the magnitude of an effect, expressed
as the mean difference in SD units, and calculated
for paired observations using the following for-
mula: (meany _g/ SDp _g) x 2.5. An effect size
index value of close to 0.2, 0.5, and 0.8 is consid-
ered small, medium, and large, respectively [15].

Results
Radiation Dose Study

Dosimetric readings adjusted to a 10 mm
depth provided relative dosimetry of the different
techniques, and they were reported as “individ-
ua dose equivaent penetrating.” The number of
high-resolution CT dices per patient varied from
sevento 18 (mean, 13.75; SD, 3.95) according to
the patient’'s chest length. High-resolution CT
dose results were 5.4 + 1.6 mSv for 180 mAs,
1.5+ 0.5mSv for 50mAs, and 1.1+ 0.3mSv for
34 mAs. Compared with the sandard-dose tech-
nique (180 mAs), low-dose techniques resulted
in dose reductions of 72% for 50 mAs and 80%
for 34 mAs. The dose for conventional chest CT
(120 kVp, 100 mAs, 10-mm dices every 10
mm) was 13.6 + 1.4 mSy, and the dose for hdli-
cd CT (120 kVp, 100 mAs, 10-mm dice thick-
ness, pitch of 1.5) was8.7 £ 1.0 mSv.

Artifacts and Patient Cooperation Study

Twenty-nine (66%) of our 44 petients coop-
erated with the breath-holding commands (95%
confidence interva [Cl], 51-80%; p = 0.04).
The cooperative patients were older (age range,
5-16 years, meanage+ SD, 10.13 + 3.34 years,
median age, 10 years) than those who failed to
cooperate (n = 15; age range, 15 days—6 years,
mean age + SD, 2.73 + 2.31 years; median age,
3 years), with a strong positive correlation with
age (Spearman’s rank correlation coefficient,
rho = 0.816; two-sided, p < 0.0001).

A score of 1—no artifacts present—wes as-
sgned to four and 26 of 29 cooperative children
examined with 34 and 50 mAs, respectively, and
to oneand nineof 15 noncooperative children ex-
amined with 34 and 50 mAs, respectively. A

score of 2—artifacts limited to one or two
dices—to 13 and three of 29 cooperdive chil-
dren scanned with 34 and 50 mAS, respectively,
and tofiveand five of 15 noncooperative children
sudied with 34 and 50 mAs, respectively. A
score of 3—artifacts in more than two dices—
was assigned to 12 and O of 29 cooperative chil-
dren with 34 and 50 mAs, respectively, and to
five and one of 15 noncooperative children with
34 and 50 mAs, repectively. A score of 4—arti-
factsindl dices—wasonly assigned to four non-
cooperative children examined with 34 mAs. A
score of 5—artifacts prevent interpretation—was
not assgned to any patient in our series.

Scans without artifacts were obtained with
50 mAsin 77% of patients and with 34 mAs
11%. Scans in cooperative patients were ob-
tained without artifacts with 50 mAsin 90% of
patients and with 34 mAs in 14%. Regardless
of patient cooperation, examinations per-
formed with 50 mAs had fewer artifacts (range
of scores, 1-3; mean score + SD, 1.22 + 0.47,;
median score, 1; interquartile interval, 1-1)
than those with 34 mAs (range of scores, 1-4;
mean score + SD, 2.45 + 0.81; median score,
2; interquartile interval, 2-3). Regardless of
the technique used, artifacts were more fre-
quently seen in noncooperative patientsthan in
cooperative patients (p < 0.01). Patient-by-pa-
tient analysis showed more artifacts on scans
obtained with 34 mAs than on scans obtained
with 50 mAs, with a median difference be-
tween scores of one (95% Cl, 1-15; p <
0.0001). The highest incidence of artifacts was
found in the group of noncooperative patients
when examined with 34 mAs: only 7% of the
noncooperative patients examined using the
50-mAs technique had more than two artifact-
affected dices, whereas this occurred in 60%
of the patients examined with 34 mAs (p =
0.02). A score of 4 (al dices affected) was ap-
plied only to the group of noncooperative pa-
tients examined with 34 mAs (27%).

Interobserver agreement in scoring arti-
facts was substantial in both series (50 mAs,
K =0.793; 34 mAs, k = 0.743). To detect po-
tential interobserver bias in scoring depend-
ing on their ability to identify the technique
applied to each image, we subtracted the
score for 34 mAs from the score for 50 mAs
and performed a kappa analysis of the differ-
ences for each patient. We found substantial
agreement among the observers (k = 0.668),
suggesting that no bias was present.

Reative risk andysiswas performed after pa-
tients were grouped as having examinaionswith
“low” (<2 dices affected) or “high” (>2 dices
affected) artifact incidence. For the total popula

987



tion (n = 44), without taking cooperation into ac-
count, the reative risk of higher atifact
incidence was 1.86 times greater with 34 mAs
(95% ClI, 1.46-2.58) than with 50 mAs. The
highest relative risk, 2.44 times greater (95% Cl,
1.51-4.93), was found when noncooperative pa-
tients (n = 15) were examined with 34 versus 50
mAS. In an attempt to find a balance between a-
tifacts and dose, the scores obtained with 50
mAS in noncooperative patients (n = 15) and in
the totd populaion (n = 44) were compared.
The differencein rdaiverisk, 1.04 times grester
(95% Cl, 0.95-1.39), was not significant. Inter-
edtingly, artifact incidence was lower (p = 0.01)

Lucaya et al.

in CT examinations performed with 50 mAsin
noncooperative children (n = 15) than in CT ex-
aminations performed with 34 mAsin coopera:
tive children (n = 29). The rdlative risk for the
latter waslower (1.59 times; 95% Cl, 1.11-2.32;
risk difference, 34.71%) than the relative risk for
34 versus 50 mAs in the whole population (1.86
times, 95% Cl, 1.46-2.58) without taking into
account patient cooperation.

According to these results, patients were
assigned to cooperative or noncooperative
groups in the subsequent image quality studies
conducted to compare low and standard milli-
ampere high-resolution CT techniques.

Study of Image Quality

Scores from pairs of CT images acquired at
the level of the carina with the standard- and
low-amperage technique in the same peatient
were gtatistically compared to assess variations
in quality parameters. The results obtained with
this approach should not be affected by pathol-
ogy, age, or body size diversity within the
groups of patients. Analysis of the image qual-
ity parameters in the noncooperative patients
showed no datigticaly significant differences
in studies performed with 50 versus 180 mAs
(Teble 1 and Fig. 1). Inthe group of cooperative
petients examined with 34 and 180 mAs (Table

Image Quality Scores for Repeated Scans Obtained with Low-Dose (50 mAs) and Standard-Dose (180 mAs) High-
Resolution CT in 42 Noncooperative Children
Image Quality Score?
K (Range)®
Variable Evaluated 50 mAs 180mAs p
Median Interquartile Mean + SD | Median Interquartile Mean + SD Interobserver | Intraobserver
Interval Interval
Streak artifacts 5 55 4.90 +0.37 5 5-5 4.91+0.35 0.70 0.36-0.44 0.63-0.75
Bronchi 4 3-4 357+1.18 4 34 361+1.18 0.73 0.36-0.50 0.78-0.88
Vessels 4 3-5 3.62+1.23 4 2-5 3.59+1.28 0.93 0.31-0.52 0.76-0.83
Fissures 2 1-4 250 + 1.57 3 1-5 2.86 +1.59 0.28 0.47-0.58 0.77-0.90
Peripheral structures 4 2-5 344 +1.35 4 3-5 367129 0.23 0.35-0.45 0.69-0.88
Mediastinum
Standard filter 4 3-4 3.54+0.76 5 5-5 472+053 |<0.0001 | 0.21-0.40 0.63-0.72
High-contrast-resolution filter 2 2-3 2.20+0.79 3 3-3 299+0.76 | <0.0001 0.19-0.40 0.57-0.73

@Each set of images was classified according to the 5-point ordinal scale from 5 (highest quality) to 1 (lowest quality) as detailed in the “Image Quality Assessment” section of “Subjects and
Methods.”

bKappa values were reported as follows: 0, agreement is a random effect; less than 0.20, poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; and 0.81-1.00, almost perfect agreement [12].

Fig. 1.—3-month-old female infant with bronchopulmonary dysplasia.

A and B, High-resolution CT scans of chest obtained with 50 mAs (A) (average image quality score, 2.36) and with 180 mAs (B) (average image quality score, 2.57) reveal
no significant difference in image quality between A and B. Interstitial thickening and areas of hyperlucent lung (arrows) producing pseudocystic appearance are clearly
visible on both images.
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2), we found dtetigtically significant differences
in three scores. Images obtained with the 34-
mA s technique received lower scores regarding
fissures (—9.4%, p = 0.002) (Fig. 2) and periph-
era dructures (—4.92%, p = 0.02) (Figs. 2-4)
and had a small but significant advantage over
180 mAsin stregk artifacts (+4.26%, p = 0.04).
Effect size index values were medium for dif-
ferences in fissures (0.47) and peripherd struc-
tures (0.53) and medium to large for stresk
artifacts (0.75). The scores assigned to the re-
maining parameters showed no sgnificant dif-
ferences (Figs. 2-4).

The evaluation of the quality of the im-
ages of the mediastinum resulted in poor

scores for both low-dose high-resolution
CT techniques. Images acquired with either
34 or 50 mAs received significantly lower
scores than their 180 mAsS counterparts
(Tables 1 and 2). All mediastinum images
reconstructed using the standard filter re-
ceived better scores than those obtained
with the high-spatial-frequency reconstruc-
tion algorithm (p < 0.0001). Image noise
(SD of the mean CT number of a water
phantom) was significantly higher with the
low-dose techniques. Mean values were
78.32 + 9.56 for 34 mAs, 91.88 + 14.61 for
50 mAs, and 48.48 + 6.51 for 180 mAs.
After analyzing intraobserver agreement

of the image quality parameters, we found a
substantial to near-perfect kappa correlation
(range, 0.57-0.91; mean, 0.78) for the three
repeated interpretations. The kappa coeffi-
cient for interobserver correlation was mod-
erate, with a range of between poor and
substantial (range, 0.16-0.67; mean, 0.48).
The greatest differences were found assess-
ing mediastinal images and in the evaluation
of vessels and bronchi in the group exam-
ined with 34 mAs. Results for intra- and in-
terobserver agreement were within the range
usually reported in controlled blinded inter-
pretation studies and sustain the reproduc-
ibility of our results[16].

Image Quality Scores for Repeated Scans Obtained with Low-Dose (34 mAs) and Standard-Dose (180 mAs) High-
Resolution CT in 42 Cooperative Children
Image Quality Score?
K (Range)b
Variable Evaluated 34 mAs 180 mAs p
Median Interquartile Mean + SD | Median Interquartile Mean + SD Interobserver | Intraobserver
Interval Interval
Streak artifacts 5 5-5 4.86 + 0.41 5 5-5 4.63 £ 0.68 0.04 0.45-0.55 0.65-0.77
Bronchi 4 4-5 411+0.83 4 4-5 417+ 0.70 0.54 0.20-0.44 0.72-0.87
Vessels 4 4-4 3.97+0.85 4 4-5 4.09+0.77 0.10 0.16-0.26 0.60-0.79
Fissures 5 3-5 3.95+1.33 5 4-5 435+ 1.17 0.005 0.36-0.47 0.71-0.92
Peripheral structures 4 2-5 367+1.15 4 3-5 3.85+1.13 0.02 0.36-0.47 0.67-0.91
Mediastinum
Standard filter 3 3-4 3.29+0.78 5 4-5 471+052 | <0.0001 | 0.27-0.50 0.57-0.73
High-contrast-resolution filter 2 2-3 2.16+0.78 3 3-4 3.34+0.71 | <0.0001 [ 0.20-0.32 0.68-0.81

3Each set of images was classified according to the 5-point ordinal scale from 5 (highest quality) to 1 (lowest quality) as detailed in the “Image Quality Assessment” section of “Subjects and
Methods.”

bKappa values were reported as follows: 0, agreement is a random effect; less than 0.20, poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; and 0.81-1.00, almost perfect agreement [12].

Fig. 2—11-year-old boy with pulmonary histiocytosis X.
A and B, High-resolution CT scans of chest obtained with 34 mAs (A) (average image quality score, 4.07) and 180 mAs (B) (average image quality score, 4.01) show wide-
spread thin-walled, air-filled cysts (arrows). Fissures appear sharper in B than in A.
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Fig. 3.—12-year-old boy with cystic fibrosis.

A and B, High-resolution CT scans of chest obtained with 34 mAs (A) (image quality average score, 4.40) and 180 mAs (B) (average image quality score, 4.33) show peri-
bronchial thickening (curved arrows), bronchiectasis, and tree-in-bud appearance of peripheral bronchi (straight arrows).

N

A

Fig. 4—13-year-old boy who was examined to rule out bronchiectases. Images show normal findings.
A, High-resolution CT scan of chest obtained with 34 mAs (average image quality score, 4.58) shows that depiction and sharpness of lung structures are good. Noise, best
identified in low-contrast structures of mediastinum and chest wall, is more evident in this image than in B.
B, High-resolution CT scan of chest obtained with 180 mAs (average image quality score, 4.50) shows several streak artifacts (arrows).

Discussion

High-resolution CT plays a major role in
lung studies, and its indications for the as-
sessment of pediatric lung disorders are in-
creasing [1, 2, 4, 17-19]. The high-resolution
CT dose with a standard-milliampere setting
is 6.5 times lower than that of conventiona
CT, but it is still 12 times higher than that of
anteroposterior and lateral chest radiography
[20]. Radiation exposure is particularly wor-
risome in children, in whom absorbed CT
dose is more uniform, effective dose is
higher, and risk of radiation-induced damage
is considered greater than in adults [21, 22].

990

Because radiation dose is directly propor-
tional to amperage at a fixed kilovoltage,
slice width, and table increment, reductions
in amperage reduce dose. However, because
high-resolution CT increases noisein the CT
image, high milliamperage-second settings
have been recommended to reduce this effect
[6, 17, 23]. Our results confirm that com-
pared with standard-dose high-resolution
CT, low-milliamperage techniques decrease
rediation dose proportionally to milliamper-
age reduction: 72% for 50 mAs and 80% for
34 mAs [24]. The concept of reduced tube
current for conventional 10-mm-collimation

chest CT was introduced by Naidich et al.
[10], who obtained diagnostic-quality im-
ages of the lung with settings as low as 20
mAs, although noise degraded image quality
of mediastinal structures. Rusinek et al. [25]
showed low-dose (20 mAs) conventional CT
to be suitable for primary screening of lung
nodules. Rogdla et a. [26] reported ade-
quate image quality of helical chest CT scans
obtained using 25 mAsin children.
Zwirewich et d. [27] showed thet, in most of
thelr adult patients, high-resolution CT images
acquired with 40 mAs yielded anatomic infor-
mation equivaent to that obtained with 400
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mAs with no sgnificant loss of spatid resolu-
tion or image degradation caused by stresk arti-
facts. Use of low-dose high-resolution CT in
children was firgt reported by Ambrosino et al.
[11] who showed that high-resolution CT per-
formed using between 40 and 80 mAs provided
acceptable images for evaluation of most lung
disorders. The results of our study investigating
artifacts and patient cooperation using low am-
perages reveded that streak artifact incidence
not only depended mainly on radiation dose, but
aso depended, to a high degree, on patient co-
operation. Overdl, the artifact incidence was
more sgnificant in 34-mAs studies than in 50-
mAs sudies. However, in most cooperative
children examined with 34 mAs, artifacts were
limited to a few dices. In 27% of the noncoop-
erative children, the scans obtained with 34
mAs were found to have artifacts in al dices,
wheress this never occurred in cooperdtive pa
tients. Our experience differs from that of Pos-
nisk et a. [28] who when sudying adult
noncooperative patients with 0.6 and 1 sec
found no differences in artifact incidence, a-
though low doses were not used. Regardless of
patient cooperation, artifact incidence in 50
mAs scans was very low. Cooperation plays a
major role when the lowest milliamperage set-
tings are applied. Although some dices ob-
tained with 34 mAsin cooperative children may
contain artifacts, the overdl image quality was
preserved. With the god of reducing radiation
exposure as much as possible, the use of this
Setting in cooperative patients can be sustained.
Because high-resolution CT is routinely
performed with low-milliamperage settings
in our department, we considered it unethical
to perform a complete standard-dose high-
resolution CT for comparison purposes. This
consideration is why only a single additional
slice at standard dose was added for our im-
age quality study. Our results show that [ow-
dose high-resolution CT scans effectively
depict normal vascular, bronchial, and pe-
riphera structures of the lung. In the com-
parative study on 50 versus 180 mAs, we
found no significant differences in lung im-
age quality scores (Fig. 1). With the excep-
tion of lung fissures, al parameters received
good scores in the group of noncooperative
patients examined with either 50 or 180
mAs. The low scores assigned to fissures
with both techniques in the noncooperative
group were probably caused by age-related
poor visualization of this anatomic land-
mark. Comparison of scans obtained with 34
versus 180 mAs only showed very small dif-
ferences for fissures (Fig. 2) and peripheral
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structures. The median score for these pa-
rameters was the same at the two settings,
but the scans obtained with 34 mAs received
lower scores more frequently than their 180-
mAs counterparts. This discrepancy in scor-
ing was caused by blurring of the anatomic
landmarks in the 34-mAs scans, which ex-
plains the small but significant statistical dif-
ference between the 34- and 180-mAs
scores. Fissures and peripheral structures
were, however, identified with the same inci-
dence using the two settings (Figs. 2-4). In
contrast to our findings in the artifacts study,
the score for artifacts in the image quality
study was dlightly better for the 34-mAs
scans than for 180-mAs scans (p = 0.04).
This finding may have come about because
the latter study was conducted only in coop-
erative patients, scan time for the low-milli-
amperage technique was shorter than that for
the standard technique, and, most important,
we evauated a single dlice rather than a set
of dices. The quality of mediastina images
is poor with al high-resolution CT tech-
niques. This low quality is because low-con-
trast structures, such as the mediastinum, are
affected more by noise than high-contrast
structures, such asthe lung [8, 22]. However,
mediastinal image scores were significantly
better for scans obtained with 180 mAs than
those obtained with low-milliampere settings
(p < 0.0001). In addition, regardiess of the
milliamperage setting used, mediastinal im-
ages reconstructed with the standard filter re-
ceived better scores than those reconstructed
with the high-contrast-resolution filter. This
finding is because of the smoothing effect of
the standard reconstruction filter on noisein-
volving low-contrast mediastinal structures.

The current study has proved that good-
guality scans can be obtained using low-mil-
liamperage techniques. However, this study
was not designed to assess the diagnostic ac-
curacy of the scans obtained with different
techniques, which is work that remains to be
done (one we plan to complete).

In conclusion, high-resolution CT of the
chest performed with 50 and 34 mAs deliv-
ers radiation doses 72% and 80% |lower, re-
spectively, than the standard 180-mAs dose.
Low-dose high-resolution CT examinations
using the 34-mAs technique in children un-
able to follow breath-holding commands
showed a high incidence of linear artifacts
and should not be used in these patients.
There were no differences in image quality
between scans obtained with 50 mAs and
those obtained with 180 mAs. Small differ-

ences, consisting of dight blurring of fissures
and peripheral structures, were apparent
when scans obtained with the 34-mAs set-
ting were compared with those obtained with
the 180-mAs setting.

High-resolution CT chest images of a qual-
ity comparable with that of images acquired
the standard technique can be obtained with 50
mAs in al children. In cooperative children,
the 34-mAs technique produces good images,
which may be affected by some stresk arti-
facts. Nevertheless, to obtain further reduc-
tions in radiation exposure, this technique is
appropriate for children following breath-
holding commands. Our results do not justify
the routine use of milliampere settings of
more than 50 mAs for high-resolution chest
CT in children.
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