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Abstract

We determined the diagnostic accuracy of 320-row
multidetector computed tomography (MDCT) for
anomalous pulmenary venous return and pulmonary
vein stenosis, the quality of pulmonary vein images,
factors affecting image quality, and the amount of
radiation exposure in 19 pediatric patients with
congenital heart disease, The results of surgery
or cardiac catheterization for 74 pulmonary veins
in 10 and 9 palients with anomalous and normal
pulmonary venous return, respectively, served as the
gold standard. The diagnostic accuracy of anomalous
pulmonary venous return was 1009%. The observers
missed pulmonary vein stenosis that was detected by

cardiac catheterization at two sites, and misread an
additional three normal pulmonary veins as stenctic.
Image quality was evaluated using scores from 1
(poor) to 4 {excellent). The median score assigned
to each pulmonary vein was 4. A small physique
and spontaneous respiration were both significantly
associated with high scores for image quality. The
median cffective radiation dose was 1.50 mSv. These
results show that 320-row MDCT has good ability to
diagnose anomalous pulmonary venous return, but
rather low ability to diagnose pulmonary vein stenosis.
Patients were exposed to less radiation with 320-
row MDCT than with conventional 64-row MDCT.

Key words ! 320-row muliidelector computed tomography, puimonary vein,
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I. Introduction

Total and partial forms of anomalous
pulmonary venous return (APVR) comprise
a congenital heart disease (CHD)} that affects
the return of venous blood to the systemic
veins and/or right atrium. The clinical picture
of APVR ranges from heing asymptomatic
to causing heart failure in early infancy,
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depending on the number of pulmonary
veins (PV) with abnormal return. The only
treatment for total APVR is early surgery,
for which the venous return path and the
presence or absence of stenosis within it
must be defined. Such accuracy is particularly
important in mixed-type disease involving
several paths of return to the systemic venous
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circulation.

F.chocardiography is the most popular
modality for diagnosing APVR. However,
the accurate definition of the venous return
‘path by echocardiography can be hampered
by a limited acoustic window and operator
skill. On the other hand, MRI provides better
visualization of the PV without involving
radiation exposure ", but protracted image
acquisition and a need for MRI-compatible
medical devices cause difficulties with
assessments of neonates and infants with
serious ilinesses.

Sixteen- and 64-row multidetector CT
(MDCT) offer excellent visualization of the
pulmonaty venous return paths but at the cost
of high radiation exposure *”. Newer 320-row
MDCT offers the advantages of less radiation
exposure and more rapid image acquisition
than previecusly possible. The application of
320-row MDCT to patients with CHD has not

132 and the diagnostic

been deseribed in detai
accuracy for APVR or image quality has not
been validated.

Here, we used 320-row MDCT to assess
pediatric patients with CHD with or without
APVR and return path stenosis confirmed
by surgery or cardiac catheterization to
determine the diagnostic accuracy of the
imaging modality, the quality of APVR images
and stenosis, and the amount of radiation

eXposure,

II. Materials and methods
1. Patients
We used 320-row MDCT to assess 22
pediatric (age=15 years) patients with CHD
in whom the presence or absence of APVR
and return path stenosis had been confirmed

by surgery or cardiac catheterization at our
institation between January 2008 and July
2012, The following three patients were
excluded: a 2-month-old infant with blurred
PV in cardiac catheterization images; a 1-day-
old neonate with a levoatriocardinal vein; and
a 6-year-old with pulmonary arteriovenous
fistula who had been assessed using a dynamic
volume imaging protocok.

We compared the effective dose and
duration of radiation éxposure between these
19 patients and 19 age-, height- and weight-
matched controls that were selected from
among those who had been assessed for CHD
by 64-row MDCT at our institution hetween
2007 and 2008, ‘

The present study was approved by the
Ethics Committee of Iwate Medical University
Sechool of Medicine {Approval No. H22-181).

2. CT angiography

The patients were administered with a
chloral hydrate enema or with oral triclofos
sodium or diazepam, and both midazolam and
pentazocine were then injected intravenously
immediately before CT angiography. Thirteen
of the palients breathed spontaneously without
breath-holding throughout the procedure,
and six on artificial ventilation were switched
to bag ventilation, for which the hag was
squeezed for about 5 seconds at the time of
image acquisition.

Angiographic images were acquired in the
cranial-caudal direction using an Aquilion ONE
320-row MDCT (Toshiba Medical Systems,
Tokyo, Japan) under the following conditions:
tube rotation period, 0.35 s; tube voltage,
80~100 kV; tube current, b0-180 mA; slice
thickness, 0.5 or 1 mmn; imaging range, 8-16
cm. The tube current was not modulated and
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Table 1. Scoring scale for image quality of pulmonary vein,

1 {poor) =non-diagnostic
2 {fair) =gtriuctures of the pulmonary connection are visible but blurred
3 (good) =only primary branches can be assessed

4 (excellent) =the second branches of the pulmenary vein and connection are easily assessed

primary branch - secondary branch

Fig. 1. Left lower pulmonary vein assessed by 320.
row MDCT using MPR.
Secondary branch of left lower pulmonary
vein and connection are easily assessed. This
image was evaluated as 4 (excellent). MDCT,
multi-detector row computed tomography;
MPR, multiplanat reformation.

ECG synchronization was omitted.

Omnipaque 300, 360, and 370 contrast agents
{1 mL/kg) were diluted 1.5- to 3-fold with
physiological saline and infused into two, one and
sixteen patients, respectively. Undiluted contrast
agent was required to optimize visualization of
the scimitar vein in one patient with scimitar
syndrome {Patient No. 8). Contrast agent was
infused into a peripheral vein using a DUAL
SHOT® GX injector (Nemoto Kyorindo: Tokyo,
Japan) and a 24 G needle at a rate of 0.5-2.0
mL/s to a maximum of 2.0 mL/kg, and then
switched to physiological saline, which was
infused at the same rate in a volume of 1.5-2.0
mL/kg to drive the contrast medium. The
amount of time taken for the contrast medium
to arrive at target sites was estimated using

automatic bolus tracking. Image acquisition was
started when the contrast medium reached a
target site.

3. CT image reconstruction

The CT images were reconstructed using
a work station (Ziosoft Inc., Tokyo, Japan).
Volume rendering and maximum intensity
projection images as well as multiplanar
reformation images were created, and 3D
images were created using volume rendeting,

4, CT diagnosis

Two certified radiologists with at least
15 years of experience who were blinded
to the clinical information and the surgical
or test results separately diagnosed the
conditions of the patients twice based on
the same multiplanar reformation images.
The CT findings were then retrospectively
compared with those of surgery or cardiac
catheterization, and the diagnostic accuracy
for APVR and return path stenosis was
evaluated. The two radiologists evaluated
the presence or absence of APVR and return
path stenosis on the same set 'of images of
9 randomly assigned patients from among
the 19 at 1 year later to determine the
reproducibility of the CT diagnosis.

5. CT image evaluation

The quality of CT images of the PV was
evaluated as described by Kawakami et al.'.
The following scores (Table 1 and Fig. 1)
were assigned to each of the four PV: 1, poor
(non-diagnostic); 2, fair {pulmonary connection
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structures visible but blurred), 3, good (only
primary branches assessable), or 4, excellent
(secondary branches of PV and connections
easily assessable). The reproducibility of image
quality was similarly assessed 1 year later as
described above.

6. Amount and duration of radiation

exposlre

The estimated radiation exposure is
expressed as the effective dose-length
product (DLPe [mGy X cm] obtained hy
multiplying the CT dose index [CTDI (mGy)))
by the imaging range, and the effective dose
(mSv) was obtained by multiplying that value
by a conversion coefficient, The conversion
coefficients of 0.039, 0.026, 0.018 and 0.013
mSv/mGy X cm differed according to the ages
of <1, 1-4, 5-9 and 10-15 years, respectively .
We compared the effective dose and duration
of exposure between the two groups of patients
assessed by 320-row and 64-row MDCT,

7. Statistical analysis

The characteristics of the patients, imaging
conditions, inter-observer evaluations of each
PV site and estimated radiation exposure
were compated between the two groups using
the Mann-Whitney test. Intra-observer values
for PV sites were compared amoeng the four
groups using the Kruskal-Wallis test. The
resultant data are expressed as median (range}
values. Inter-observer evaluations of the
image quality and the reproducibility of intra-
observer evaluations for each PV site were
assessed using kappa coefficients 'Y, Factors
affecting image quality were determined by
multiple regression analysis, for which the
image quality scores for each ohserver and
for each PV site were included as dependent
variables, and patient characteristics {age,

height, weight), presence/absence of tracheal
intubation, imaging conditions (tube voltage,
tube current, imaging range), duration of
radiation exposure, CTDI, DLPe and effective
dose were included as independent variables,
All data were statistically analyzed using
SPSS for Windows (SPSS Japan, Tokyo, Japan),
and p<0.05 (two-tailed) was considered to
indicate a statistically significant difference.
Unless otherwise stated, all data presented
in this manuscript are expressed as in the
original publications, as means * standard
deviation (3D).

TI1. Results
1. Characteristics of the patients

Three patients had total APVR, 3 had partial
APVR (2 had scimitar syndrome), six had
asplenia (4 had complication of total APVR),
5 had polysplenia and 1 each had PV stenosis
and Cantrell's syndrome. Eleven patients had
heterotaxy syndrome (Table 2). The patients
comprised 8 males and 11 females (median
age, 20 days; range, 0 d-74 m; height 51.0
cem; range, 42.0-109.0 em; weight, 3.7 kg;
range, 1,8-18.9 kg). 6 patients who required a
respirator weighed significantly less than the
other 13 who breathed spontaneousty (median
and range: 3.0 and 1.8-3.9 vs. 5.1 and 2.5-
18.9 kg, respectively, p = 0.043). Age (median
and range: 5 and 0-30 vs, 90 and 0-2220 d,
respectively, p=0.065) and height (median
and range: 48.3 and 42.0-55.0 vs. 60.3 and
45.5-109.0 cm, respectively, p=0.148) did not
significantly differ between the two groups.
The gold standards comprised 13 and 6
patients who were assessed by catheterization
and surgery, respectively. The accuracy of
detecting the pulmonary venous return (PVR)
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Fable 2, Patients’ characteristics.

Case  Gender Age  Weight(kg)

Diagnosis

< Anomalous Pulmonary Venous Return >

1 M 0d 28
2 F 1d 30
3 F 10d 18
4 M 0d 25
5 M 1d 29
6 F 9d 37
7 M 4m 49
8 F lylm 75
9 F 6y2m 189
10 M 2m 53
<Normal Pulmonary Venous Return>
11 F 12 d .34
12 M 1y4m 100
13 M 3d 24
14 F 5d 2.9
15 F 204 39
16 F 1m 39
17 F 3y8m 119
18 F 2ylm 88
19 M 15d 30

TAPVR(IV), PDA.

TAPVR(II ), ASD

TAPVR(IV), ASD

TAPVR( 1), Asplenia, SA, SV, PS

TAPVR(IV), Asplenia, SV, PA, MAPCA, Bil SVC
TAPVR( Il b), Asplenia, SA, SV, PA, PDA, PLSVC
TAPVR( I b), Asplenia, cAVSD, DORV, PS ‘
Scimitar Syndrome, Sequestration

Scimitar Syndrome, Sequestration, Dextrocardia
PAPVR, TOF, ASD, PDA, PLSVC, LPA stenosis

Asplenia, cAVSD, PA, Bil PDA, LSVC

Asplenia, SV, PA, LSV, Dextrocardia

Polysplenia, SV, PA, MAPCA

Polysplenia, HLHS, 5V, MA, PDA, CoA, Dexirocardia
Polysplenia, SV, TGA, MA, V3D, ASD, PDA
Polysplenia, 8V, DORV, BS

Polysplenia, cAVSD, PA, PAVFE

LPV stenosis, ASD, PLSVC

Cantrell Syndrome, SV, DORV, PA, MA, ASD, PDA

ASD=atrial septal defect, Bil SVC=hilateral superior vena cava, cAVSD=complete atrioventricular

septal defect, CoA=coarctation of the aorta, DORV=double-cutlet right ventricle, LPA=left pulmonay
artery, LSVC = left superior vena cava, MA=mitral atresia, MAPCA= major acrtopulmonary collateral
artery, PA=pulmonary atresia, PAPVR=partial anomalous pulmonary venous return, PAVI'=pulmenary
arteriovenous fistula, PDA=patent ductus arteriosus, PLSVC=persistent left superior vena cava,
PS=pulmonary stenosis, SA=single atrium, SV=single ventricle, TAPVR=total anomalous pulmonary
venous return, (Ia)=supracardiac type to innominate vein, (Ib)=supracardiac type to superior vena cava,
{IIby=paracardiac type to right atrium, (I1I}= infracardiac type, IV)=mixed type, TGA=transposition of the
great arteries, TOF=tetralogy of Fallot, VSD=ventricular septal defect.

path did not significantly differ between the
two groups,

All patients were assessable by CT
without complications. The interval between
CT assessment and surgery or cardiac
catheterization was 25 (0-310) days.

The 19 patients who had been assessed by
64-row MDCT at our institution had a median
age of 2 months (3 d-67 m), were 54.0 (43.0-
110.0) em tall, and weighed 3.7 (2.0-17.0)
kg; additionally, two of these patients had
heterotaxy syndrome.

2. CT diagnosis of PVR path and its

reproducibility

Figure 2 shows CT images typical of -total
APVR, Cardiac catheterization was unable
to visualize 2 of 76 PV in the 19 patients;
therefore, a total of 74 PV were evaluated.
The CT diagnoses of the PVR path reached
agreement between the two radiclogists in
terms of both normal and anomalous return,
and the sensitivity, specificity, positive and
negative predictive values and accuracy were
all 100% (Table 3). The diagnoses of PVR
in 3 patients with mixed-type total APVR
also agfeed with the surgical findings. The
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Inferior vena cava

Fig. 2. Infra-cardiac type total anomalous pulmonary venous return assessed by 320-row MDCT using MPR.

A common PV trunk is formed by the RUPV, RLPV, LUPV and LLPV. Vertical vein runs caudally and
connects ta portal vein. LLPV, left lower pulmonary vein; LPV, left pulmonary vein: LUPY, left upper
pulmonary vein; MDCT, multi-detector row computed tomography; MPR, multiplanar reformation;
RLPV, right lower pulmonary vein; RPY, right pulmonary vein; RUPYV, right upper pulmonary vein.

Table 3. Diagnostic accuracy of 320-row MDCT for detection of pulmonary venous return.

Operation or Catheter

Anomalous return  Normal return Total

Anomalous return 26 0 26

320-row MDCT Normal return 0 48 48
Tatal 26 48 74

Sensitivity 100%, Specificity 100%, Positive Predictive Vaiue 100%,

Negative Predictive Value 100%, Accuracy 100%

reproducibility of the CT diagnostic results
was investigated by reevaluating 34 veins in
9 patients 1 year later, and the accuracy was
100% for both observers,

3. Evaluation of PV stenosis and

reproducibility

Cardiac catheterization confirmed PV

stenosis in the left upper and left lower PV

{Patient 18). Seventy-four and 34 veins in the
19 and 9 patients were assessed during the
first and second CT evaluations, The two
sites of stenosis were not recognized by the
radiologists at both assessments of the images
{Table 4). Observer A assigned an image
quality rating of “excellent” for these sites at
hoth visual assessments, whereas Observer B
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Table 4. Diagnostic accuracy of 320-row MDCT for detection of pulmonary venous stenosis.

<First time of observer A>

Operation or Catheter

19 patients Stenosis No stenosis Total
Stenosis 0 0 0

320row MDCT No stenosis 2 72 : 74
Total 2 72 74

Sensitivity 0%, Specificity 100%, Positive Predictive Value 0%,

Negative Predictive Value 97%, Accuracy 97%

<Second time of ohserver A>

Operation or Catheter

nine of the 19 patients Stencsis No stenosis Total
Stenosis 0 6 6

320row MDCT No stenosis 2 26 28
Total 2 32 34

Sensitivity 0%, Specificity 81%, Positive Predictive Value 09,

Negative Predictive Value 93%, Accuracy 76%

<First time of observer B>

Operation or Catheter

19 patients Stenosis No stenosis Total
Stenosis 0 2 2

320.row MDCT No stenosis 2 70 72
Total 2 72 74

Sensitivity 0%, Specificity 97%, Positive Predictive Value 0%,

Negative Predictive Value 979, Accuracy 95%

[
<S8econd time of observer B>

Operation or Catheter

nine of the 19 patients Stenosis No stenosis Total
Stenosis 0 0 0

320-row MDCT No stenosis 2 32 34
Total 2 32 34

Sensitivity 0%, Specificity 100%, Positive Predictive Value 09,

Negative Predictive Value 94%, Accuracy 4%

assigned ratings of “excellent” and “good”
ior thé left upper and lower PV, respectively,
at hoth assessments.

- Normal pulmonaty veins were misread as
stenosis in three patients (Patient nos. 4, 7,
and 16) at either assessment. Six sites of 32
normal pulmonary veins were recognized
as stenosis by Observer A at the second
assessment of the images, and two sites in 72

normal pulmonary veins were recognized as
stenosis by Observer B at the first assessment
(Table 4). Both ohservers assighed an image
quality rating of “excellent” for these sites.

4, Evaluation of CT image quality and its

reproducibility

Observers A and B both assigned scores of
4 {2-4 and 3-4, respectively) for all PV sites
in both assessments. A comparison of intra-
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Table 5, Weighted & statistics for detection of pulmonary venous return.

<Inter-ohserver>

RUPY RLPV LUPv LLPV
First time 0.99 097 0.96 0.98
Second time 1.60 098 0.96 ' 095
<Intra-observer>

RUPYV RLPV LUPV LLPV
Observer A 092 0.92 093 083
Observer B 0.93 0.98 0.99 0.99

RUPV=right uppe.r pulmonary vein, RLPV=right lower pulmonary vein,
L.UPV=left upper pulmonary vein, LL.LPV=left lower pulmonary vein

Table 6. Factors affecting scores for image quality.

. <Observer A>

Independent variable Standardized Confficient( £ ) P

RUPV Age - 0662 0.0L1
Intubation — 0492 0.024
DLPe 0493 0.042
RLPV Intubation — (.525 0.019
‘ Weight - 0519 0,034

LUPY ‘ none
LLPV Intubation — 0.757 0.003
Height - 0,944 0.004
Range 0.651 0.016
Tube current 0.541 0.022

<Observer B>

Independent variable Standardized Confficient{ £ ) P

RUPV nene

RLPV none

LUPV Intubation - 0483 0.014
Tube current - 0483 0.015

LLPV Height - 2164 0031

RRUPV=right upper pulmenary vein, RLPV=righi lower pulmonary vein,
LUPV=left upper pulmonary vein, LLPV=left lower pulmonary vein,

DLPe=effective dose length product.

observer image quality scores for cach PV site
found no significant differences between the
first and second assessments by Observers
A (p=0.947 and 0.608, respectively) and B (p
=0.593 and 0.461, respectively). The inter-
observer image quality evaluation scores for

cach PV site also did not significantly differ
between the first and second assessments
of the right upper PV {(p=0.142 and 1.00,
respectively), right lower PV {p=0.149 and
0.270, respectively), left upper PV (p=0.598
and 0.063) or left lower PV {(p=0.942 and
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Table 7. Corresponding relevant radiation and system setup with effective radiation dose equivalent.

Case Exposure time CTDI DLPe Effective Radiation Dose
(sec) (mGy) (mGy % cm) {mSv)
1# 14.46 656 539 ' 21.0
2% 583 26,0 410 1.60
3# 6.69 536 386 151
4 750 311 63.7 248
5% 18.19 100.0 974 175
6 8,58 449 276 1.08
7 . 1359 90.5 1333 520
8 12.24 63.0 302 118
9 1231 206 384 1.50
10 6.27 287 234 091
11 15.96 48.3 995 388
12 6,18 383 491 1.28
13 470 186 34.2 1.33
14# 1011 ' 515 b32 207
15# 12.86 533 230 090
- 16 8.50 354 238 0.93
17 503 283 1920 499
18 848 182 204 053
19 769 39.1 255 0.99

#tintubation, CTDI = CT dose index, DLPe=effective dose length product.

0.317, respectively).

Table b shows the results of the inter- and
intra-observer reproducibility of the detection
of PVR. Inter-observer kappa coefficients as
a function of the PV site during the first and
second visual assessments were (.96-0.99
and 0.96-1.00, respectively. Similarly, the
intra-observer kappa coefficients as a function
of the PV site for Observers A and B were
0.92-0.93 and 0.98--0.99, respectively. These
results confirmed the high reproducibility of
all values.

5. Analysis of factors affecting evaluation of

CT image qualily

Tabhle 6 shows the factors that might affect
CT image quality. A small physique and
spontaneous respiration were both significantly
associated with high scores for image guality.
The associations between imaging conditions
and scores for image quality were inconsistent

between observers.

6. Estimated radiation exposure

Tahle 7 shows the imaging conditions and
estimated radiation dose for each patient. -
The median exposure time was 8.50 sec and
the median effective dose was 1.50 mSv. No
significant association was observed between
imaging conditions and estimated radiation
dose. The effective dose determined as a
function of disease did not significantly differ
(p=1.00) between total APVR alone (1.60
[1.561-2.10] mSv: n=3)} and total APVR with
complicating asplenia syndrome (2,69 [1,18~
5.20] mSv; n=4). The duration of exposure was
14.2 (4.5-68.0) seconds and the effective dose
was 4,66 (1.50-51.3) mSv in 19 age-, height-,
and weight- matched control patieats who had
been assessed by 64-row MDCT. The duration
of exposure was significantly shorter (p=
$.019), and the effective dose was significantly
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lower (p<0.001) with 320- than with 64+ow
MDCT.

IV. Discussion

We compared the findings of 320-row
MDCT and the results of surgery or cardiac
. catheterization for 74 PV in 19 pediatric
patients with CHD. We investigated the
diagnostic accuracy for APVR and PV
stenosis and evaluated CT image quality,
We then investigated the reproducibility of
these findings and determined the amount of
radiation exposure. The diagnostic accuracy
for the PVR path was excellent, and the image
quality was very good, regardless of the target
PV site. In addition, both the reproducibility
of diagnosis and the image quality of 320-row
MDCT were good, although the diagnostic
accuracy for PV stenosis was low. The
duration of exposuie was significantly shorter
and the effective dose was significantly lower
with 320- than with 64-row MDCT.

Kim et al.? used 4-row MDCT to evaluate
14 patients (median age, 2.3 months; range,
3 d-8 m) with total APVR (supra-cardiac-
type, n=7; cardiac-type, n=4; infra-cardiac-
type, n=1; mixed-type, n=2). They reported
visualization rates of 1009% for the PVR
path with hosizontal cross-sectional images
and 95-989% with 3D reconstructed images.
Kawakami et al. "’ used contrast-enhanced MR
angiography to assess 31 patients (median
age, 2.1 y; range, 2 d-9 y), 11 of whom had
total APVR (supra-cardiac-type, n=>5; cardiac-
type, n=3: infra-cardiac-type, n =3). They
reported 939% sensitivity, 100% specificity,
and 97% for each of the positive and negative
predictive values and accuracy, respectively.
The diagnostic accuracy of 320-row MDCT

in the present study was better than that
previousty reported, and the course of the PV
in 3 patients with mixed-type total APVR was
also able to be identified.

The two rladiologists could not identify
stenosis of the normal return in PV of one
patieﬁt and misread a normal pulmonary
vein as stengsis in three patients in either
assessment. These PV were narrow, and
blood flow on the same side was reduced,
The Image quality was rated as excellent
or good, but evaluating stenosis of a narrow
and low-flow PV might be difficult with 320-
row MDCT. Oh et al. ® used 64-row MDCT
to assess 23 patients with total APVR aged a

 mean of 2.5 (range, 1-5) days, and determined

the diagnostic accuracy for stenosis of the
common PV trunk, the vertical vein, and
the site of return of the vertical vein. They
found that the sensitivity and specificity were
both 100%, but the diaghostic accuracy for
stenosis of the normal PV was not evaluated.
The present study cohort did not include
any patients with total APVR accompanied
by vertical vein stenosis, so we were unable
to evaluate the diagnostic accuracy for this
condition.

The quality of CT images of the PV has
not been reported. Two radiologists in the
study by Kawakami et al.” evaluated the
quality of contrast-enhanced MR angiographic
images of 31 patients using the methods

_ described herein, and generated a mean score

of 3.73. Matsuo et al.'"® assessed 33 patients
with suspected APVR aged a mean of 9.3
(range, 1-6b) years using non-contrast MR
angiography with a fast two-dimensional
gradient-recalled-echo sequence and cardiac-
triggered segmented acquisition (FASTCARD)
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They also evaluated the quality of PV image
using the methods described herein. They
reported rates of good or excellent image
quality of 74%, 90%, 77% and 849% for the
right upper and lower, and left upper and
lower PV, respectively. Observer A in the
present study judged that 89.5%, 94.79%,

94.4% and 94.4% of images of the right

upper and lower, and left upper and lower PV,
respectively, were of good or excellent quality,
and Observer B judged that all four PV sites
were of good or excellent quality, Thus, the
capability of 320-row MDCT to visualize the
PV therefore equals or exceeds that of MR
angiography.

Several factors affected image quality scores
depending on the PV site. Noise is reduced
by a small physique, and we surmised that
image contrast would therefore be high.
Quality is generally improved by having the
patient hold their breath during inspiration
at the time of image acquisition, but patients
did not hold their breath in the present study.
Nevertheless, venous return was increased
under spontaneous respiration, and the PV
was thus easier to visualize. A higher voltage
and current, as well as a broad imaging range,
increase exposute, but improve image quality.
However, why a low current affected the high
quality scores assigned by Observer B, but
not those assigned by Observer A, remains
uncleat, ‘

The reported effective doses of radiation
during 64-row MDCT on pediatric patients
with CHD range from 2.5 + 2,1t0o 5.0 = 3.9
mSv . Compared with 64-row MDCT, 320-
row MDCT has a shorter imaging duration,
which allows for less radiation exposure. Al-

1. 8)

Mousily et al.” reported an effective dose of

0.8 = .39 mSv with ECG synchronization
during prospective gating during CT
assessment of eight children with CHD and
a mean age of 8.1 (range, 0.1-49) months,
which is lower than the effective dose of 1.8
= 0.7] mSv without synchronization. Zhang
et al.” reported a low effective dose of 0.42
+ (.06 mSv during CT imaging with ECG
synchronization by prospective gating of 22
pediatric patients {mean age, 18 m; range, 14
d-9 y) with complex cardiac anomalies, and
the accuracy was also good. ‘

The effective dose was lower in the
present study than that in the above reports
describing 64-row MDCT, but higher than
that reported for 320-row MDCT. The reasons
for this might be as follows. We did not
perform ECG synchronization by prospective
gating. We calculated values using the same
conversion coefficient for infants aged from
4 to 12 months and neonates (0.039 mSv/
mGy X em), whereas Zhang et al.® used the
same conversion coefficient for such infants
and children aged 1-4 v (0.026 mSv/mGy X
cim). Whereas the present study included one
patient in the age range of 4 to 12 months, the
report by Zhang et al. does not indicate the
number of patients in each age group. Thus,
we were unable to compare the effective
dose using the same conversion coefficient.
Radiation exposure might be further reduced

" using tube current modulation. Accordingly

we recently reduced the Aquilion ONE tube
rotation period to 0.275 s, and presently
include ECG synchronization by prospective
gating, We therefore aim to further reduce
exposure to medical radiation'. Further
investigation into diagnostic accuracy and
image evaluation under conditions of reduced




124 Satoshi NAKAXD, et al,

exposure is required.

Although stenosis of a narrow PV required
very careful evaluation, we were able to
accurately diagnose APVR from 320-row
MDCT images with excellent image quality
and reproducibility, while exposing patients to
less radiation compared with conventional 64-
row MDCT.
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