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Abstract
To propose Japanese national DRLs for air-kerma at the reference point (Ka,r), air-kerma area product (PKA),
�uoroscopy time (FT), and number of cine images (CI) for four age groups. We posted a nationwide questionnaire
to 132 facilities. Questions focused on identifying the procedure, age, weight, height, Ka,r, PKA, FT, and CI during
diagnostic and therapeutic pediatric cardiac catheterization. For diagnostic cardiac angiography, the 75th percentile
values were as follows; Ka,r: 103, 127, 194, and 351 mGy; PKA: 7.0, 12.3, 14.3, and 47.2 Gy.cm2; FT: 36.8, 30.7, 33.4,
and 35.7 min; and CI: 2018, 2313, 2408, and 2016 images for less than one year, 1–5 years, 6–10 years, and 11–15
years respectively. For therapeutic cardiac angiography, the 75th percentile values were as follows: Ka,r: 146, 209,

130, and 501 mGy; PKA: 7.54, 16.0, 8.35, and 46.0 Gy.cm2; FT: 56.5, 52.0, 49.4, and 52.0 min; and CI: 4075, 4514,
3576, and 5984 images for less than one year, 1–5 years, 6–10 years, and 11–15 years respectively. Our survey of
diagnostic and therapeutic cardiac catheterization in Japanese pediatric patients showed that all age-based
Japanese 75th percentiles for the Ka,r, PKA, FT, and CI were higher than in other surveys. Based on the result of our
study, it is necessary to establish DRLs for pediatric cardiac catheterization examinations in Japan, in order to
optimize the safety of pediatric protocols for diagnostic and therapeutic cardiac catheterization.

Introduction
Fluoroscopy-guided procedures have been used more frequently for pediatric patients in recent years[1, 2]. However,
some organs and tissues in children are more sensitive to ionizing radiation and have greater potential to develop
malignancies associated with diagnostic medical radiation [3, 4]. According to the UNSCEAR report, estimates of
lifetime cancer risk for those exposed as children are uncertain and might be a factor of 2–3 times greater than
estimates for a population exposed at all age [5]. The “as low as reasonably achievable” (ALARA) concept
emphasizes radiation dose reduction while still maintaining acceptable image quality [6]. It is thus necessary to
optimize programs for radiation safety, as well as characterizing dose, x-ray image quality, imaging systems and
measurement of patient doses related to diagnostic and therapeutic cardiac catheterization in the pediatric
population.

One possible solution for optimal determination of diagnostic and therapeutic radiation doses, establishment of a
local diagnostic reference level (DRL), is currently under consideration in several countries[7–10]. A certain level of
control is necessary for radiation exposure of patients, therefore, the International Commission on Radiological
Protection (ICRP) has recommended the use of DRLs [11]. However, these have not yet been evaluated for pediatric
cardiac catheterization in Japan. Furthermore, according to ICRP publication 135, there are no current national DRL
values for pediatric interventional radiology or interventional cardiology anywhere in the world[12] .

The purpose of this study was to conduct a nationwide questionnaire survey concerning air-kerma at the reference
point (Ka,r), air-kerma area product (PKA), �uoroscopy time (FT), and number of cine images (CI) during diagnostic
and therapeutic cardiac catheterization in Japanese pediatric patients, and to propose national DRLs for four
pediatric age groups—less than one year, 1–5 years, 6–10 years, and 11–15 years. This research may represent the
�rst national DRL report published anywhere in the world.

Materials And Methods
This retrospective study was approved by Tsuchiya General Hospital review board; in-formed consent was waived.
And institutional review board approval was not required for this retrospective nationwide questionnaire study. We
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sent questionnaires to 132 facilities using conventional post and the e-mail system of the Japanese Society of
Radiological Technology. We subsequently received responses by post and e-mail. The survey period was from
March 2017 to August 2017.

We also searched the NGC (National Guideline Clearinghouse) and NICE (National Institute for Health and Care
Excellence) for clinical guidelines and performed exhaustive searches of PubMed and CiNii. In addition, we
performed Internet searches for similar information. Keywords used within the search were “Japan”, “Japanese”,
“diagnostic reference level” and “pediatric” (Fig. 1).

Survey items and data analysis

The quantities for the Ka,r, PKA, FT, and CI were obtaind for the questionaire. Ka,r is expressed in Gy. Ka,r is the air
kerma at a point in space located at a �xed distance from the focal spot (see Patient entrance reference point)
cumulated from a whole x-ray procedure. PKA is expressed in Gycm2. PKA is the integral of the air kerma free-in-air
(i.e. in the absence of backscatter) over the area of the x-ray beam in a plane perpendicular to the beam axis. The
accuracy of the displayed value is ±35%[13]. FT and CI were collected from the displayed values on the Angio
device.

For each patient, the identi�ed procedure, age, weight, height, body mass index (BMI), Ka,r, PKA, FT, and CI were
registered. Data were extracted from the patient dose reports produced by the dose reporting system at the end of
each procedure. Data for all procedures were divided into two groups (diagnostic and therapeutic) and four age
groups that ranged from less than one year, 1–5 years, 6–10 years, and 11–15 years, as was done in previous
papers[7–9]. From these data, we extracted the minimum, 25th percentile, median, 75th percentile, and maximum
value using the boxplot method. In addition, we compared the 75th percentile in the diagnostic and treatment
groups using Mann-Whitney's U test, with P < 0.05 regarded as representing a signi�cant difference. Statistical
analyses used the free statistical software EZR, version 1.33 ( http://www.jichi.ac.jp/saitama-
sct/SaitamaHP.�les/statmedEN.html)[14]. We also investigated �uoroscopy and exposure rates used in diagnosis
and treatment. In addition, we examined characteristics of hospitals, vendors, equipment age, and number of
analog and digital units.

Results
Among the 132 facilities to which the questionnaires were sent, 43 facilities (33%) responded. Hospital
characteristics were as follows: national hospitals (21 facilities), public hospitals (14 facilities) and others (8
facilities). X-ray imaging system vendors were Philips Medical Systems (116 units), Canon Medical Systems
Corporation (111 units), Siemens Medical Systems (105 units) and Shimadzu Corporation (1 unit). The total
number of units was 333. And equipment age was as follows: less than 5 years (126 units), 5 to less than ten years
(176 units), and10 years or greater (31 units).All imaging units were �at panel detectors for a digital system.

At each facility, we collected up to 10 cases. In total, 333 patients were available for data analysis for both
diagnostic cardiac catheterization (n=276), at ages less than one year (n=62), 1–5 years (n=137), 6–10 years
(n=45) and 11–15 years (n=32); and therapeutic procedures (n = 57) at ages less than one year (n=7), 1–5 years
(n=31), 6–10 years (n=11) and 11–15 years (n=8). We also accepted blank Ka,r (n=4), PKA (n=63) and CI (n=39)
values because some angiographic devices cannot display some of these values. Therefore, blank values were
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excluded at the time of analysis. The diagnostic and treatment populations were also treated as separate
populations.

Patient demographics

The 75th percentiles for diagnostic angiography are shown in Table 2 for those aged less than one year, 1–5 years,
6–10 years and 11–15 years, respectively. Table 3 shows the minimum, 25th percentile, median, 75th percentile,
and maximum values for Ka,r, PKA, FT and CI with therapeutic angiography.

The 75th percentiles for therapeutic angiography are shown in Table 3 for those aged less than one year, 1–5 years,
6–10 years, and 11–15 years. The diagnosis showed that Ka,r  and PKA tended to increase with age increasing, but
no treatment was observed. In addition, FT and CI were age-independent in both diagnosis and treatment.

Table 4 contains Mann-Whitney U test comparisons of the 75th percentiles for diagnosis and treatment. The
diagnostic and therapeutic populations were similarly distributed and comparable. There were no signi�cant
differences for Ka,r and PKA between the diagnostic and therapeutic procedures. However, the FT of therapeutic
procedures (55 minutes) was 1.7 times greater than that for diagnostic procedures (32.7 minutes), and the CI of
therapeutic procedure (4132 images) was 1.8 times that of diagnostic procedures (2265 images); there were also
signi�cant differences in the FT and CI on comparison of diagnostic and therapeutic procedures (P<0.05).

Fluoroscopy Rate and Exposure Rate for Diagnostic and Therapeutic Procedures

The most commonly used �uoroscopy rate for each institution where diagnostic procedures were performed was
7.5 pulses/sec followed by 15, 10, 6, 6.25 and 3 pulses/sec. For diagnostic procedures, the commonest exposure
rate was 30 frames/sec, followed by 15, 60 and 25 frames/sec (Fig. 2a-b).

For therapeutic procedures, the �uoroscopy rate at most institutions was 7.5 pulses/sec followed by 15, 10 and 6
pulses/sec. The most commonly used exposure rate during therapeutic interventions was 30 frames/sec, followed
by 15, 25, 7.5, 60 and 1 frames/sec (Fig. 2c-d).

Discussion
A great bene�t of recent advances in non-invasive examination using modalities like echocardiography, cardiac CT
and MRI is that the number of indications for diagnostic cardiac angiography has decreased in comparison with
the past. Nevertheless, reliable and detailed measurement of blood �ow, vascular resistance and blood pressure still
depends on invasive angiography.

According to ICRP publication 135, there are no current national DRL values for pediatric interventional radiology or
interventional cardiology. Several countries have tried to establish local pediatric DRL values for interventional
procedures[12]. There are however no studies that attempt any form of qualitative synthesis (Fig. 1). Therefore, our
study may be the �rst instance in the literature of large-scale, national DRL research applied to pediatric
interventional cardiology.

The present nationwide survey found that the radiation dose used in pediatric diagnostic and therapeutic cardiac
catheterization was much higher than reported in previous literature[7–10]. As compared with previous reports,
radiation dose was remarkably high: from 2 to 4 times greater in those aged 1 to 5 years and 1.2 to 4.5 times
greater in those aged 6 to 15 years (Fig. 3, 4). There are several possible reasons for such obvious differences. First,
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Ubeda’s et al., who investigated DRL in Chile and Costa Rica and determined 75th percentile values for diagnostic
and interventional cardiac catheterization, based their �ndings on results from just a single center in both countries.
In this study, all equipment for Chile, Costa Rica, and Spain was from the same manufacturer. In contrast, our DRL
data originate from equipment from various manufacturers. Therefore, the acquisition parameters, SID, frame and
pulse rates, and added �ltration used by the device differ. We have not performed detailed analyses, but this is one
possible cause for the higher DRL in Japan. The present study included 43 facilities from an entire nation in which
there might be a wide range of dose settings within each hospital.

Second, in addition to variation in dose settings, results might be in�uenced by other factors including a wide
variety of angiography units from many vendors, the size of the �eld being irradiated, soft line elimination �lters,
bed height, and source image distance. In other words, while 75th percentile values were 2–3 times higher than in
the articles referred to above, our result might fundamentally re�ect a national reference level.    

Third, Japan is in a unique situation regarding control of radiation exposure, as there are very few medical
physicists in the entire country. Radiological technologists thus need to play the role of medical physicists in
managing the radiation dose.

Comparing diagnostic and therapeutic interventions, Ubeda’s results were similar. In this study there were no
signi�cant differences for Ka,r between the diagnostic and therapeutic procedures.

However, the Ka,r (189 mGy) of treatment procedures was 1.3 times the Ka,r (142.1 mGy) of diagnostic procedures,
and Ka,r tended to be higher than the diagnosis.

In addition, it is necessary to consider diagnosis and treatment separately when formulating DRL because
signi�cant differences are found for FT and CI.

A further observation is that many facilities use the same �uoroscopy rates (7.5 pulses/sec) and exposure rates (30
frames/sec) for both diagnostic and therapeutic cardiac catheterizations. Previous reports describe �uoroscopy
rates and exposure rates of 10–15 pulses/sec and 10–30 frames/sec[15], almost the same as in the present
survey.

Among various methods used for exposure dose reduction, decreasing �uoroscopy rates and exposure rates is
thought to be one of the most effective techniques during cardiac catheterization[16, 17]. It is necessary to use
�uoroscopy rates and exposure rates in a manner that is appropriate to the patient’s speci�c diagnosis and
individual status.

In addition to delays in establishing DRLs for cardiac angiography, national guidelines regarding clinical
examinations used for decision making in diagnosis of and drug therapy for pediatric patients with congenital heart
disease and cardiovascular disorders have only recently been published[18]. Compared to other countries,
acquisition of diagnostic guidelines and national DRLs may be somewhat late; we therefore hope that establishing
DRLs for cardiac catheterization will quickly lead to national dose regulation.

Our study has some limitations. First, national DRLs are usually determined by the accumulation of data from
many cases. For each age group in the diagnostic cardiac catheterization group, the number of cases was large 26
to 137 and we therefore consider the values to be reliable. However, the number of cases for therapeutic cardiac
catheterization (excluding ages 1–5), for which DRL data are available, is small, and may therefore be less reliable.
We intend to examine more cases in the future. More detailed data may also be derived where missing values are
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present using multiple imputation of values. Second, we did not evaluate individual cases or diseases. Further
evaluation will therefore be necessary to take into account differences between diagnostic and interventional
radiology (IVR) procedures. Third, kV, mA, pulse duration and frame duration values were not collected, nor were
details of any additional �ltering. Also, pediatric exposure doses by age were evaluated. However, pediatric DRLs
recommend the use of weight categories, rather than age bands[19]. DRLs presented as a function of patient weight
rather than weight categories. Therefore, it is necessary to further analyze using weight categories. Fourth,
�uoroscopy rate and exposure rate are programmable techniques, and may therefore vary across the different
protocols programmed into �uoroscopic units. Therefore, �uoroscopy and exposure rates were not collected.
However, the device manufacturer, inch size, number of �uoroscopic pulses, and number of imaging frames were
speci�ed for each case. Fifth, there are numerous patient factors that in�uence the derivation of DRLs in
interventional procedures, unlike in general radiography. These patient factors may include variable patient
anatomy (e.g., body habitus, vascular tree variations, blood vessel diameters), lesion variability, and factors related
to operator and equipment. These factors may all play a role in DRLs. Finally, we did not evaluate the images
acquired at cardiac catheterization for vascular enhancement and subjective image quality.

Conclusion
Our survey of diagnostic and therapeutic cardiac catheterization in Japanese pediatric patients showed that all age-
based Japanese 75th percentiles (at ages less than one year, 1–5 years, 6–10 years, and 11–15 years) for the Ka,r,
PKA, FT, and CI were higher than in other surveys. To promote the optimization of diagnostic and therapeutic cardiac
catheterization involving pediatric protocols, it is therefore necessary to establish DRLs for pediatric cardiac
catheterization examinations in Japan.

Abbreviations
air-kerma at the reference point (Ka,r)

air-kerma area product (PKA)

�uoroscopy time (FT)

cine images (CI)

diagnostic reference level (DRL)

International Commission on Radiological Protection (ICRP)

Declarations
Funding This study was funded by Japanese Society of Radiological Technology Research Grant (2016,2017)

Con�icts of interest/Competing interests , Availability of data and material, Code availability,

Authors' contributions : Not applicable

Ethics approval



Page 7/14

All procedures performed in studies involving human participants were in accordance with the ethical standards of
the Institutional Review Board (IRB) and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. This ar-ticle does not contain any studies with animals performed.This retrospective study was
approved by Tsuchiya General Hospital review board (No. E160530-2).

Consent to participate, Consent for publication

Consent to participate and Consent for publication was obtained from all individual participants included in the
study.

Acknowledgments

This study was supported by Japanese Society of Radiological Technology (JSRT).

The authors are grateful to the JSRT members for their cooperation in the questionnaire. We are grateful to Dr.
Hiroshi Mizutani, Dr. Syouichi Suzuki, and Dr. Yoh Katou, and Dr. Koichi Chida for helpful discussions and
comments on the manuscript.

References
1. Allen HD, Driscoll DJ, Fricker FJ, et al (1991) Guidelines for pediatric therapeutic cardiac catheterization: A

statement for health professionals from the committee on congenital cardiac defects of the council on
cardiovascular disease in the young, the American Heart Association. Circulation 84:2248–2258.
https://doi.org/10.1161/01.CIR.84.5.2248

2. Schueler BA, Julsrud PR, Gray JE, et al (1994) Radiation exposure and e�cacy of exposure-reduction
techniques during cardiac catheterization in children. American Journal of Roentgenology.
https://doi.org/10.2214/ajr.162.1.8273659

3. (2007) The 2007 Recommendations of the International Commission on Radiological Protection. ICRP
publication 103. Annals of the ICRP 37:1–332. https://doi.org/10.1016/j.icrp.2007.10.003

4. Linet MS, Kim KP, Rajaraman P (2009) Children’s exposure to diagnostic medical radiation and cancer risk:
Epidemiologic and dosimetric considerations. In: Pediatric Radiology

5. Smith G (2014) UNSCEAR 2013 Report. Volume I: Report to the General Assembly, Annex A: Levels and effects
of radiation exposure due to the nuclear accident after the 2011 great east-Japan earthquake and tsunami

�. Strauss KJ, Kaste SC (2006) ALARA in Pediatric Interventional and Fluoroscopic Imaging: Striving to Keep
Radiation Doses as Low as Possible During Fluoroscopy of Pediatric Patients-A White Paper Executive
Summary. Journal of the American College of Radiology. https://doi.org/10.1016/j.jacr.2006.04.008

7. Martinez LC, Vano E, Gutierrez F, et al (2007) Patient doses from �uoroscopically guided cardiac procedures in
pediatrics. Physics in Medicine and Biology 52:4749–4759. https://doi.org/10.1088/0031-9155/52/16/003

�. Ubeda C, Vano E, Miranda P, Leyton F (2012) Pilot program on patient dosimetry in pediatric interventional
cardiology in Chile. Medical Physics. https://doi.org/10.1118/1.3702590

9. Ubeda C, Vano E, Salazar L, et al (2018) Paediatric interventional cardiology in Costa Rica: Diagnostic reference
levels and estimation of population dose. Journal of Radiological Protection. https://doi.org/10.1088/1361-
6498/aa9c09



Page 8/14

10. Tsapaki V, Kottou S, Korniotis S, et al (2008) Radiation doses in paediatric interventional cardiology procedures.
Radiation Protection Dosimetry 132:390–394. https://doi.org/10.1093/rpd/ncn313

11. (1996) Radiological protection and safety in medicine. A report of the International Commission on
Radiological Protection. Annals of the ICRP 26:1–47

12. Vañó E, Miller DL, Martin CJ, et al (2017) ICRP Publication 135: Diagnostic Reference Levels in Medical
Imaging. Annals of the ICRP 46:1–144. https://doi.org/10.1177/0146645317717209

13. Miyake Et Al H (2011) [Medical electrical equipment - part 2-43: particular requirements for the basic safety and
essential performance of X-ray equipment for interventional procedures]. Nihon Hoshasen Gijutsu Gakkai
zasshi 67:298–301

14. Kanda Y (2013) Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone
marrow transplantation 48:452–458. https://doi.org/10.1038/bmt.2012.244

15. Shope TB (1996) Radiation-induced skin injuries from �uoroscopy. RadioGraphics.
https://doi.org/10.1148/radiographics.16.5.8888398

1�. Aufrichtig R, Xue P, Thomas CW, et al (1994) Perceptual comparison of pulsed and continuous �uoroscopy.
Medical Physics 21:245–256. https://doi.org/10.1118/1.597285

17. Kudo K, Osanai M, Hirota J, et al (2015) A Method for Reducing Skin Dose under IVR Pulsed Fluoroscopic X-ray
Irradiation. Radiation Emergency Medicine 4:34–39

1�. (2014) Guidelines for drug therapy in pediatric patients with cardiovascular diseases (JCS 2012). Digest
version. Circulation journal : o�cial journal of the Japanese Circulation Society 78:507–533.
https://doi.org/10.1253/circj.cj-66-0083

19. Ubeda C, Miranda P, Vano E (2015) Local patient dose diagnostic reference levels in pediatric interventional
cardiology in Chile using age bands and patient weight values. Medical Physics 42:615–622.
https://doi.org/10.1118/1.4905116

Tables
Table 1 Median (range) values of number, height, weight and body mass index (BMI) for each age group (N=333).

Age Height (cm) Weight (kg) BMI (kg/m2)

<1 year

 (n=69)

61.3 (46.5-88.5)

[56.0-67.0]

5.8 (2.7-11.8)

[4.2-7.0]

15.1 (10.9-29.5)

[13.4-16.3]

1–5 years

 (n=168)

85.7 (54.0-138.4)

[74.8-5.9]

11.7 (3.8-29.0)

[8.9-13.9]

15.7 (10.7-26.8)

[14.7-16.6]

6–10 years

(n=56)

120 (67.5-151)

[112-134]

23.9 (7.4-42.4)

[19.0-28.6]

16.2 (10.8-22.5)

[15.0-17.1]

11–15 years

(n=40)

146 (62.9-170)

[143-155]

41.8 (6.1-81.5)

[35.6-48.2]

19.2 (14.5-34.7)

[16.6-20.6]

Median (range)

https://doi.org/10.1253/circj.cj-66-0083
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[IQR]

Table 2 The minimum, 25th percentile, median, 75th percentile, and maximum values for Ka,r, PKA, FT, and CI for
diagnostic protocols in four pediatric age groups.

 Age n Minimum 25th

percentile

Median 75th
percentile

Maximum

Ka,r                    [mGy] <1 year 62 8.9 36 58 103 358

1-5 years 134 11 36 80 127 329

6-10 years 45 19 79 129 194 385

11-15
years

31 11 109 161 351 1047

PKA                         [Gy.cm2] <1 year 44 0.1 1.8 4.3 6.96 62.1

1-5 years 115 0.9 3.7 6.3 12.3 39.4

6-10 years 35 1.9 6.3 10.9 14.3 61.3

11-15
years

26 0.6 11.2 19.4 47.2 110.1

Fluoroscopy time [min] <1 year 62 5.3 15.6 22.9 36.8 89.4

1-5 years 137 4.2 15.2 20.9 30.7 99.0

6-10 years 45 5.5 14.3 22.5 33.4 54.4

11-15
years

32 1.0 15.8 26.2 35.7 73.8

Cine images        
[counts]

<1 year 51 168 1100 1538 2018 4336

1-5 years 126 273 1199 1582 2313 4304

6-10 years 43 888 1392 1720 2409 9004

11-15
years

27 28 1312 1758 2016 3590

Table 3 The minimum, 25th percentile, median, 75th percentile, and maximum values for Ka,r, PKA, FT, and CI for
therapeutic protocols in four pediatric age groups.
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 Age n Minimum 25th

percentile

Median 75th

percentile

Maximum

Ka,r                    [mGy] <1 year 7 23 34 47 146 173

1-5 years 31 23 54 98 209 608

6-10 years 11 17 19 40 130 237

11-15 years 8 29 50 111 501 595

PKA                         [Gy.cm2] <1 year 7 1.2 1.4 1.8 7.54 9.7

1-5 years 25 1.8 4.3 6.1 16.0 105.9

6-10 years 10 1.1 2.6 3.5 8.35 16.8

11-15 years 8 7.1 10.0 18.2 46.0 73.5

Fluoroscopy time [min] <1 year 7 19.3 20.4 40.0 56.5 78.4

1-5 years 31 13.8 23.5 37.5 52.0 121.9

6-10 years 11 7.4 10.0 18.0 49.4 63.9

11-15 years 8 9.9 13.0 30.8 52.0 64.0

Cine images         [counts] <1 year 5 1827 2417 3278 4075 4264

1-5 years 28 562 1490 2478 4514 8216

6-10 years 8 295 614 819 3576 4976

11-15 years 6 288 410 2100 5984 8292

Table 4 Comparison of 75th percentile for Ka,r, PKA, �uoroscopy time and cine images for diagnostic and
therapeutic procedures

  Present study Ubeda et al. (2015)

  Diagnostic Therapeutic   Diagnostic Therapeutic  

 n 75th
percentile

n 75th
percentile

p n 75th
percentile

n 75th
percentile

p

Ka,r     
[mGy]

272 142.1 57 189 0.588 200 31.4 317 43.1 0.01

PKA    
[Gy.cm2]

220 13.8 50 13.5 0.938 200 2.8 317 2.47 0.131

Fluoroscopy
time [min]

276 32.7 57 55 0.0001 200 15.9 317 20.6 0.001

Cine
images      
[counts]

247 2265 47 4132 0.0009 200 1101 317 892 0.001
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Figures

Figure 1

Literature search �owchart.
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Figure 2

Distribution of �uoroscopy rates and exposure rates for diagnostic and therapeutic protocols a Fluoroscopy rate:
Diagnostic [pulses/sec] b Exposure rate: Diagnostic   [frames/sec] c Fluoroscopy rate: Therapeutic
[pulses/sec] d Exposure rate: Therapeutic  [frames/sec]
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Figure 3

Comparison by age of median Ka,r for all pediatric procedures in this study, compared with other surveys
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Figure 4

Comparison by age of median PKA for all pediatric procedures in this study, compared with other surveys


