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Intragastric Surgery for Children : Preservation of Long-term Organ Function
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Intragastric surgery is performed for benign tumor or early gastric cancer in adult
patients which are located in the sites difficult to resect using gastrofiberscopic tech-
niques. This procedure preserves gastric function and is less invasive because this pro-
cedure requires no large skin incision or incision into the stomach. We induced this pro-
cedure for 2 pediatric patients with benign diseases and the results were satisfactory in
terms of postoperative cosmetic and functional results. Intragastric surgery can be used
for benign gastric diseases in pediatric patients, with less invasiveness and long-term
preservation of gastric function.
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Urinary 8-Hydroxy-2’-Deoxyguanosine: A Biomarker
for Radiation-Induced Oxidative DNA Damage in Pediatric
Cardiac Catheterization

Shogo Kato, MD, Ken Yoshimura, MD, Takahisa Kimata, MD, Kenji Mine, MD, Takamichi Uchiyama, MD,
and Kazunari Kaneko, MD

Objective To determine the utility of urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) as a sensitive biomarker for
radiation-induced cellular DNA damage in children undergoing cardiac catheterization.

Study design We enrolled pediatric patients with congenital heart diseases requiring cardiac catheterization in
conjunction with healthy children and children under sedation as control. Demographic, clinical, laboratory and
invasive hemodynamic data, urinary 8-OHdG levels, and radiation exposure measurements were collected pro-
spectively.

Resulls Nineteen patients, 10 healthy children and 9 children under sedation, were studied. In 19 patients who
underwent cardiac catheterization, the median level of 8-OHdG in urine obtained at 24-48 hours after the procedure
was significantly higher than at baseline (44.0 vs 17.3 ng/mg creatinine, P = .0001). Furthermore, the urinary 8-
OHdG level after the procedure increased in 18 of the 19 study subjects. In contrast, there was no significant dif-
ference in 8-OHdG levels between the 2 spot urine samples obtained at arbitrary intervals of 24-48 hours in 10
healthy children (P = .7213), and at baseline and 24-48 hours following echocardiography in 9 children under seda-
tion (P = .1097). Stepwise multiple regression analysis revealed that the cumulative air kerma during the cardiac
catheterization was the variable which was strongly and significantly associated with the ratio of post- to precardiac
catheterization urinary 8-OHdG levels among the evaluated variables (R? = 0.7179, F = 11.0256, P = .0007).
Conclusions Urinary 8-OHdG could be a useful biomarker for radiation-induced cellular DNA damage in children
undergoing diagnostic cardiac catheterization. (J Pediatr 2015;167:1369-74).

Ithough medical radiation can be used effectively for diagnosis and treatment, it can also cause cancer. Children with
congenital heart diseases frequently undergo cardiac catheterization procedures for diagnostic or therapeutic purposes.’
Despite the clear clinical benefit to the patient, the complexity of these procedures may result in high cumulative radi-
ation exposure. The issue of radiation exposure during cardiac catheterization is particularly relevant for infants and children,
who are more radiosensitive than adults.” Epidemiologic studies of childhood exposure to radiation for the treatment of benign
diseases have demonstrated an increased cancer risk with increasing radiation dose.””

Tonizing radiation generates free radicals that can cause oxidative cellular DNA damage and contribute to carcinogenesis.
Oxidative stress can occur when reactive oxygen species are produced, or when the mechanisms maintaining normal reductive
cellular systems are impaired. Because the direct measurement of reactive oxygen species is difficult owing to their short half-
lives, stable products of oxidative processes are commonly measured as biomarkers of oxidative stress. Urinary 8-hydroxy-2’-
deoxyguanosine (8-OHdAG), the product of oxidative modification of guanine excreted into urine,” is one of the most sensitive
biomarkers of oxidative cellular DNA damage.® '’

The purpose of this study was to determine the utility of urinary 8-OHdG as a sensitive biomarker for radiation-induced
cellular DNA damage in children undergoing cardiac catheterization.

This prospective observational study enrolled infants and children who underwent cardiac catheterization at a single center.
Healthy children, and infants and children who underwent echocardiography under sedation, served as controls. Demographic,

8-OHdG  8-hydroxy-2’'-deoxyguanosine
AK Air kerma From the Department of Pediatrics, Kansai Medical
FT Fluoroscopy time University, Osaka, Japan
Pp Pulmonary pressure Funded by the Mami Mizutani Foundation. The authors
Ps Aortic pressure declare no conflicts of interest.
Qp Pulmonary blood flow 0022-3476/$ - see front matter. Copyright © 2015 Elsevier Inc. Al
Qs Systemic blood flow rights reserved.
it/ ol 0rg/ 10, 10164, jpeds 2015.07.062
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clinical, laboratory and invasive hemodynamic data, urinary
8-OHdG levels, and measures of radiation exposure were
collected prospectively.

The study subjects were infants and children who under-
went cardiac catheterization at Kansai Medical University
Hospital, Osaka, Japan, between July 2011 and June 2012.
Written parental informed consent for the measurement of
urinary 8-OHdG levels was obtained for each patient. Sub-
jects with conditions that may influence the level of urinary
8-OHJG, such as Kawasaki disease complicated with coro-
nary artery lesions and congenital heart disease requiring
therapeutic cardiac catheterization procedures,”'rj were
excluded from the study. Healthy control subjects, whose
guardians were working at Kansai Medical University Hospi-
tal voluntarily provided their urine samples. Sedated control
subjects were infants and children who underwent echocardi-
ography at Kansai Medical University Hospital. Written
parental informed consent for the measurement of collection
of urine and analysis of urinary 8-OHdG levels was obtained
for each patient, and the study was approved by the institu-
tional review board at Kansai Medical University Hirakata
Hospital.

We obtained urine samples from the enrolled subjects at
baseline and 24-48 hours after the end of the cardiac catheter-
ization procedure. In regard to control subjects, pairs of urine
samples from the healthy control subjects were obtained at
arbitrary interval of 24-48 hours in-their daily lives, and
from the control subjects at baseline and 24-48 hours
following echocardiography under sedation with oral triclo-
fos sodium. Clean-catch urine samples were collected for
toilet-trained subjects. Meanwhile, urine samples from study
subjects who were not toilet trained were obtained by using a
clean bag. Each urine sample was collected in plastic tubes.
The urine samples were centrifuged at 1500 rpm for 5 mi-
nutes, and the supernatants were stored at —80°C until the
analysis of 8-OHdG and creatinine. The samples were thawed
before the analysis, and 8-OHdG and creatinine levels were
measured in all samples. The study was approved by the
Research Ethics Committee of Kansai Medical University
(no. 1523).

Urinary levels of 8-OHdG were measured with competi-
tive immunochromatography (ICR-001; Techno Medica
Co, Ltd, Yokohama, Japan), and urinary levels of creatinine
were measured using the Jaffe method (ICR-001; Techno
Medica Co, Ltd). Urinary 8-OHdG levels were expressed
as ratios to the corresponding urinary creatinine concentra-
tions. We previously confirmed that urinary 8-OHdG levels
corrected for creatinine levels obtained using ICR-0001, a
novel automatic analytical system, were equivalent to those
determined with the standard technique, enzyme-linked
immune-sorbent assay.'’ In addition, the ratio of post- to
precardiac catheterization urinary 8-OHAG levels was
calculated and used as a comparative measure of radiation
exposure-related cellular DNA damage. Using urine sam-
ples obtained from the healthy control children, the ratio
of 8-OHdG level of the second sample to that of the first
sample was also analyzed to assess the variation of urinary

1370

8-OHdG levels in daily activities. Moreover, the ratio of
post- to pre-echocardiography urinary 8-OHdG levels in
sedated control subjects was calculated and analyzed to
assess the influence of oxidative stress by sedation with no
exposure to radiation.

All cardiac catheterization procedures were carried out by
the same experienced pediatric cardiologists under moni-
toring with a biplane cardiovascular radiograph system (Al-
lura Xper FD10/10; Philips Medical Systems, Eindhoven,
The Netherlands). The radiation exposure measures: air
kerma (AK) and fluoroscopy time (FT) were determined by
the dose-recording system. AK is the measure of radiation
energy absorbed per unit mass of air."* The radiation expo-
sure recorded for each enrolled subject was the cumulative
AK measured in mGy at the interventional reference point
by the built-in hardware and software (Allura Xper FD
FD10/10; Philips Medical Systems). The software defined

- the interventional reference point as a point located 15 cm

from the isocenter of the beam on the side of the radiograph
tube, and the measurement of AK was automated. The FT
was also recorded in each case.

Statistical Analyses

The data are expressed as medians and 5th-95th percentiles in
square brackets. Differences between the medians of 2
continuous variables were evaluated with the Wilcoxon
signed-rank test for numerical data and the 2-sided x test
for categorical data. Differences between the medians of 3
continuous variables were evaluated with the Kruskal-
Wallis test for numerical data. Regression analysis with
Spearman rank correlation was used to evaluate the relation-
ship between 2 variables. A stepwise multiple regression anal-
ysis in patients undergoing cardiac catheterization was used
to identify associations between urinary 8-OHdG levels and
demographic, and invasive hemodynamics and cardiac cath-
eterization variables, including age, body mass index, body
surface area, pulmonary blood flow (Qp): systemic blood
flow (Qs), pulmonary pressure (Pp):aortic pressure (Ps), cu-
mulative AK, dose of contrast medium, duration of catheter-
ization study, and FT. In this analysis, predictor variables
were added to models by using forward and backward step-
wise variable selection. All P values were 2-tailed, and a value
of P < .05 was considered to indicate a statistically significant
difference for all tests. All statistical analyses were performed
on a personal computer by using the Statistical Package for
Social Sciences (add-in software for Microsoft Excel: Excel
Statistics 2010; SSRI, Tokyo, Japan) for Windows software
package.

. Results

As demonstrated in Figure 1 (available at www.jpeds.
com), we analyzed the data of 19 patients undergoing
cardiac  catheterization. The  demographic  and
catheterization data as well as the invasive
hemodynamics and measures of exposure of the study

Kato et al
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Variables Value
Age (y) 1.4 [0.3-6.6]
Sex, male/female (n) 10/9
Body height (cm) 77.0[57.2-113.3]
Body weight (kg) 9.5[4.9-19.6]

0.44 [0.26-0.78]
14.9 [12.6-16.8]

Body surface area (m?)
Body mass index (kg/m?

Catheterization
General anesthesia/sedation (n) 0/19
Oxygen inhalation (n) k 0
Qp:Qs 1.90.9-4.2]
Pp:Ps 0.3[0.2-0.9]
Dose of contrast medium (mL) 4.0[2.2-9.9]

Duration of catheterization study (min) 41.0 [27.6-87.8]

Radiation
FT (min) 16.3 [7.7-50.1]
Cumulative AK (mGy) 69.9 [25.9-248.5]
oo W

Values represent medians with the 5th and 95th percentiles in square brackets.

population are summarized in Table I. Nineteen children
(10 boys and 9 girls) between 0.3 and 11.2 years of age
(median age: 1.4 years) with congenital heart diseases
were enrolled in this study. All the eligible patients
underwent cardiac  catheterization procedures for
diagnostic purposes. In addition, 10 healthy children (5
boys and 5 girls) between 0.5 and 3.7 years of age
(median age: 1.5 years) served as healthy controls. Nine
infants and children (5 boys and 4 girls) between 0.0 and
3.0 years of age (median age: 0.4 years) with physiologic
murmurs and congenital heart diseases served as sedated
controls.

The urinary 8-OHdG level before the cardiac catheteriza-
tion procedure was not significantly associated with age,
body weight, body height, body mass index, body surface
area, Qp:Qs, and Pp:Ps as determined with stepwise multiple
regression analysis.

The median urinary 8-OHdG level was 17.3 ng/mg creat-
inine [9.3-33.6] before cardiac catheterization, and it
increased to 44.0 ng/mg creatinine [15.3-363.3] after the
procedures. The median urinary 8-OHdAG level after the
procedures was significantly higher than at baseline
(P = .0002; Figure 2). It should be noted that the urinary
8-OHAG level after the procedure increased in 18 of the
19 study subjects. We have previously reported reference
data for urinary 8-OHdG levels, documenting the upper
limits of normal by age.'’ Based on these reference levels,
only 4 of the 19 children (21.1%) exceeded the upper
limits of normal for age for urinary 8-OHdG before the
cardiac catheterization procedures, but 14 of 19 children
(73.7%) exceeded the age-appropriate normal reference
range after the procedures. In contrast, there was no
significant difference in 8-OHdAG levels between the 2 spot
urine samples obtained at arbitrary interval of 24-
48 hours in 10 healthy children (P = .7213), and at
baseline and 24-48 hours following echocardiography in

Urinary 8-Hydroxy-2’-Deoxyguanosine: A Biomarker for Radiation-Induced Oxidative DNA Damage in Pediatric

Cardiac Catheterization
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Figure 2. Differences in urinary 8-OHdG levels at baseline
and 24-48 hours after the end of cardiac catheterization
procedures.

sedated control children (P = .1097). Furthermore, the
median value of the ratio of post- to precardiac
catheterization urinary 8-OHdG in patients undergoing
cardiac catheterization was significantly higher than the
median value of the ratio of 8-OHdG level of the second
sample to that of the first sample in healthy control
subjects, and the ratio post- to pre-echocardiography
urinary 8-OHdG levels in sedated control subjects (2.1
[1.2-15.9], 0.9 [0.8-1.4], and 0.8 [0.7-1.0], respectively,
P = .0004 and P = .0002; Figure 3).

As shown in Table II (available at www.jpeds.com), single
regression analysis was performed for the continuous
outcome variables. The postpre 8-OHAG was not
associated with age, body weight, body height, body mass
index, body surface area;, Qp:Qs, Pp:Ps, duration of
catheterization study, FT, and the dose of contrast
medium. A significant positive correlation was found only
between the post:pre 8-OHdG and cumulative AK during
the cardiac catheterization procedure (r; = 0.5318,
P = .0191; Figure 4 available at www.jpeds.com).

Furthermore, stepwise multiple regression analysis was
performed for the continuous outcome variables. In all 3
models, the post:pre 8-OHdG was not significantly associ-
ated with age, body mass index, body surface area, Pp:Ps,
duration of catheterization study, and FI; cumulative AK
during the cardiac catheterization was the variable that was
most strongly and significantly associated with the post:pre
8-OHdG (R? = 0.7179, F = 11.0256, P = .0007; Table III).

1371
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Figure 3. The correlation between ratio of the second to first
sample urinary 8-OHdG levels in healthy children, post- to
pre-echocardiography urinary 8-OHdG levels, and post- to
precardiac catheterization urinary 8-OHdG levels.

_ Discussion

In children with congenital heart disease, there is often a need
to perform multiple catheterizations, increasing the
radiation-associated risks.'””> Moreover, children with com-
plex heart disease can be exposed to large cumulative doses
increasing the estimated lifetime attributable risk of cancer
to up to 6.5% above baseline.'® Eisenberg et al'” also reported
that a substantial proportion of patients were exposed to high
cumulative levels of low-dose ionizing radiation during car-
diac imaging and therapeutic procedures after acute myocar-
dial infarction, and even moderate levels of exposure were

associated with an increased risk of cancer. In addition, Pearce
et al'® noted the increased incidence of leukemia in children
with cumulative bone marrow doses from computed tomog-
raphy of at least 30 mGy and significantly increased incidence
of brain tumor in children with brain doses of at least 50 mGy,
which implies that computed tomography scans almost
certainly entail a small cancer risk. In our study, the median
cumulative radiation dose of 69.9 mGy during the cardiac
catheterization procedures exceeded these values, suggesting
a potential risk of carcinogenesis.

Several studies have focused on identification of useful
biomarkers for the assessment of radiation-induced cellular
DNA damage in pediatric patients undergoing cardiac cath-
eterization: Ait-Ali et al'” suggested that radiation exposure
during cardiac catheterization procedures could be assessed
using micronucleus, as a biomarker of chromosomal DNA
damage and intermediate endpoint carcinogenesis, before
and after radiation exposure. The number of micronuclei
increased significantly after the cardiac catheterization proce-
dure in comparison with the baseline values; according to
Beels et al, gamma-H2AX foci, as a biomarker of DNA dam-
age during pediatric catheterization indicate that radiation
risks obtained using the “linear no-threshold” hypothesis®®
may be underestimated.”*

8-OHdG is the representative compound that may reflect
oxidative cellular DNA damage induced by reactive oxygen
species.” DNA can be oxidized to produce many oxidative
products; however, oxidation of the C-8 of guanine is one
of the more common oxidative events and results in a muta-
genic lesion that produces predominantly G-to-T transver-
sion mutations.” Thus, urinary level of 8-OHdG, a
product of oxidative modification of guanine, has been
recently used as one of the most sensitive and specific bio-
markers of oxidative stress.”” 8-OHdAG can be measured in
human DNA samples (eg, lymphocyte DNA, placental
DNA, other) and in urine and has been suggested as a
possible approach to the assessment of an individual’s cancer
risk due to oxidative stress.”

The FT (median: 16.3, 5th-95th: 7.7-50.1 minutes) in the
present study is comparable with that reported for diagnostic
cardiac catheterization in children with congenital heart dis-
eases (mean =& SD: 8.9 & 6.3 minutes).* Therefore, we should

Predictor variables B (95% Cl) t value Pvalue
Step 1
Cumulative AK 0.0560 (0.0251-0.0868) 3.8656 .0015
Step 2
Qp:Qs 2.6438 (—0.2714 to 5.5590) 1.9451 .0721
Cumulative AK 0.0792 (0.0409-0.1176) 4.4299 .0006
Step 3
Qp:Qs 3.7075 (0.9391-6.4759) 2.8932 .0126
Dose of contrast medium —1.0061 (—1.9618 to —0.0503) —2.2741 .0406
Cumulative AK 0.0892 (0.0540-0.1244) 5.4728 .0001
Final model R? = 0.7179 F =11.0256 P=.0007
. V.
Stepwise multiple regression analysis was employed.
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be aware that common diagnostic cardiac catheterization can
cause transient cellular DNA damage.

In the present study, there were 2 outliers in Figure 3 who
received nearly 200 mGy of radiation but had little to increase
in urinary 8-OHdG levels. It is generally accepted that
individual variability in radiation sensitivity may be present
in the normal population. Several studies aiming to
elucidate cellular and molecular mechanisms of individual
variability in radiation sensitivity have been published.”**
We presume that the 2 outliers in Figure 4 could have
individual genetic variation with regard to DNA damage
and repair, which leads to no increase in urinary excretion
of 8-OHdG.

Our study has some limitations. First, the sample size was
small, and all the subjects were from the same institution. A
larger-scale prospective study would allow for evaluating
regional and center-specific practice variations in pediatric
catheterization. Second, we did not collect dose-area prod-
uct data. AK was measured at a fixed point, and variations
in the distance between the radiograph tube and the patient
could cause errors in the values of exposure of the patients.
Thus, the AK measurements may have led to underestima-
tion of the magnitude of radiation exposure. Third,
although there were no cases of significantly elevated post-
procedural serum creatinine level, it is possible that patients
who received larger doses of contrast media developed
asymptomatic acute renal failure (contrast-induced ne-
phropathy). Thus, Brasch et al’® determined that 6%-10%
of patients undergoing coronary angiography had a post-
procedural increase in serum creatinine level. In addition,
Bianchi et al*’ reported that patients with acute renal failure
received a significantly larger dose of iodine contrast media
compared with other pediatric patients with congenital
heart disease undergoing cardiac angiography. Based on
these results, we hypothesize that the patients who received
a larger dose of contrast medium may have developed
contrast-induced nephropathy, resulting in decreased excre-
tion of 8-OHdG into urine and, consequently, decreased
post:pre 8-OHdG. Fourth, we were currently not able to
assess long-term follow-up data of the study subjects. There
is a need for large-scale long-term follow-up studies to
investigate whether the patients exposed during childhood
to radiation as a result of cardiac catheterization have an
increased risk of cancer.

We believe that awareness among pediatric cardiologists
can help to minimize long-term carcinogenic effects of radi-
ation exposure. @ '
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