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Background: Preoperative radiological imaging in pectus excavatum sometimes coincidentally yields 
additional intrathoracic abnormalities. In the context of a larger research project investigating replacement of 
CT scans by 3D-surface scanning as routine preoperative work-up for pectus excavatum, this study aims to 
quantify the incidence of clinically relevant intrathoracic abnormalities found incidentally using conventional 
CT in pectus excavatum patients.
Methods: A single-center retrospective cohort study was conducted including pectus excavatum patients, 
receiving CT between 2012 and 2021 as part of their preoperative evaluation. Radiology reports were 
reviewed for additional intrathoracic abnormalities and scored into three subclasses: non-clinically relevant, 
potentially clinically relevant or clinically relevant findings. Also, two-view plain chest radiographs reports, 
if available, were evaluated for those patients with a clinically relevant finding. Subgroup analysis was 
performed to compare adolescents and adults.
Results: In total, 382 patients were included, of whom 117 were adolescents. Although in 41 patients 
(11%) an additional intrathoracic abnormality was found, only two patients (0.5%) presented with a clinically 
relevant abnormality requiring additional diagnostics, postponing surgical correction. In only one of the 
two patients, plain chest radiographs were available, which did not show the abnormality. Subgroup analyses 
revealed no differences in (potentially) clinically relevant abnormalities between adolescents and adults.
Conclusions: The prevalence of clinically relevant intrathoracic abnormalities in pectus excavatum 
patients was low, supporting the notion that CT and plain radiographs can be safely replaced by 3D-surface 
scanning in the preoperative work-up for pectus excavatum repair.
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Introduction

Pectus excavatum is the most common congenital chest wall 
deformity, characterized by dorsal deflection of the sternum 
and adjacent cartilage (1). It is typically diagnosed in early 
childhood. The deformity is estimated to occur in 1:300 
live births (2) and affects predominantly the male sex, with 
a ratio ranging from 2:1 to 9:1 (3). Pectus excavatum can be 
accompanied by additional skeletal abnormalities such as 
scoliosis, and the outward projection of the ribs adjacent to 
the depression (4,5). If indicated, pectus excavatum can be 
surgically corrected via the open Ravitch procedure (6) or 
the minimal invasive Nuss procedure (7). 

Prior to treatment, patients are screened to determine 
the morphology and severity of their chest wall deformity 
[using objective indices such as the Haller index (8)] and 
to assess the presence of cardiopulmonary compression. 
Conventionally, this is done through computed tomography 
(CT), whereby pectus excavatum patients are exposed to 
a considerable amount of radiation (7,9). Currently, there 
is a lack of consensus on the diagnostic workup for pectus 
excavatum patients, and some experts still advocate for 
CT, as it provides a comprehensive view including all the 
aforementioned aspects (10). In addition, this imaging 
technique coincidentally detects additional intrathoracic 
abnormalities. Unfortunately, alternative imaging modalities 
associated with no or limited exposure to radiation have 
several disadvantages. For example, magnetic resonance 
imaging (MRI) is not suitable for claustrophobic patients, 
and is also more prone to motion artefacts, which often 
occurs when imaging pediatric patients (11-13). Plain chest 
radiographs on the other hand provide no information 
on the presence of cardiopulmonary compression, and 
literature on their ability to detect additional clinically 
relevant intrathoracic findings in pectus excavatum patients 
is limited (14). Echography is an acceptable alternative 
to detect cardiac compression; however, it provides 
no information on the deformity required for surgical 
planning (15). Information on the sensitivity and specificity 
of echography for the detection of different types of 
intrathoracic abnormalities is scarce. A novel promising, 
radiation-free imaging technique is three-dimensional 
(3D) surface imaging. This technique accurately assesses 
the morphology and severity of the deformity (13,16). 
Automatic quantification of morphological features is not 
limited to the Haller index (17). Furthermore, it provides 
information on cardiopulmonary compression as cardiac 
compression prediction models have been developed for 

and tested in pectus excavatum patients (18). However, 
this technique cannot be used to detect possible additional 
intrathoracic abnormalities. Therefore, the question is 
whether routine screening of pectus excavatum patients for 
intrathoracic abnormalities is warranted, especially because 
this patient group is predominately of young age. 

Hence, this paper is set up to provide evidence on the 
prevalence of clinically relevant intrathoracic abnormalities 
secondary to pectus excavatum in patients of all ages seeking 
surgical correction. 

Methods

This retrospective cohort study was conducted at the 
Department of Surgery, Division of General Thoracic 
Surgery of Zuyderland Medical Centre in Heerlen, The 
Netherlands, a tertiary referral center for chest wall 
disorders. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Medical Ethics Committee Zuyderland & 
Zuyd (ID: METCZ20220037; approval date: April 13th, 
2022), and individual consent for this retrospective analysis 
was waived. 

All patients who were referred for pectus excavatum 
and received CT as part of their diagnostic work-up, were 
eligible for inclusion. Patients imaged between 2012 and 
2021 were considered, with no age restrictions. Patients 
who received prior thoracic surgery were excluded. 

Variables and data analysis

The following patient characteristics were extracted from 
the electronic patient files: (I) sex; (II) age. Patients aged 10 
to 19 years were considered adolescents, and patients aged 
19 years or older were considered adults (19).

Radiology reports of obtained CTs were reviewed by 
two researchers (NJ, IM). Intrathoracic abnormalities 
were derived from the reports and scored according to the 
classification as introduced by Rattan et al. (14):
	 Class  I  abnormali ty :  incidental  and of  no 

significance; 
	 Class II abnormality: potentially clinically 

significant;
	 Class III abnormality: affected decision to perform 

surgery (also postponed surgery).
The class 3 abnormalities were divided into two 

subsections:
	 IIIa: surgery is postponed allowing diagnostic 
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work-up;
	 IIIb: surgery is postponed allowing treatment of 

the abnormality, or the surgical procedure was 
cancelled.

When a class III abnormality was described in the CT 
radiology report, the two-view plain chest radiographs 
report, if available, was reviewed to evaluate whether 
the specific abnormality was also detected by plain chest 
radiography. In the presence of an abnormality, its medical 
consequences were also derived from the electronic patient 
record.

Subgroup analysis on the number of CT scans with 
an additional intrathoracic abnormality in adolescents 
compared to adults was performed. In this analysis, the 
presence of multiple abnormalities in one individual patient 
was considered as one CT scan with an intrathoracic 
abnormality. 

The prevalence of the different types of abnormalities 
among adolescents compared to adults was also assessed. 
If one patient had multiple abnormalities across different 
classes (e.g., one class I abnormality and one class II 
abnormality), this was valued as such. However, each patient 
was only scored once within each class. 

Statistical analysis

Nominal variables were depicted as absolute numbers and 
percentages. Continuous data was presented as mean and 
standard deviation (SD) or as median and interquartile 
range (IQR) in the presence of skewness. The Fisher exact 
test was used for subgroup analysis and a P value ≤0.05 was 
considered statistically significant. Data were analyzed using 
SPSS statistics (IBM Corp. IBM SPSS statistics for MacOS, 
Version 27.0, Armonk, NY, USA).

Results

A total of 382 patients were enrolled, based on previously 
stated selection criteria. Median patient age of the entire 
cohort was 23 years (IQR, 18–36 years), with 117 (31%) 
patients within the adolescent group and 265 (69%) in 
the adult group. Median patient age was 16 years (IQR, 
14–17 years) in the adolescent group and 29 years (IQR, 
23–44 years) in the adult group. Most patients were male 
(n=302, 79%). In 341 patients (89%), no abnormalities 
other than the pre-identified pectus excavatum were 
reported. In the remaining 41 patients (11%), a total 
of 47 abnormalities were reported (Table 1). Class I 

abnormalities were most frequently observed, comprising 
36 (77%) reported abnormalities in 31 (8%) patients. 
Nine (19%) class II abnormalities were reported in 
8 (2%) patients. Of note, the single patient suffering 
from a thoracic aorta aneurysm was already diagnosed 
with the aneurysm and enrolled in a follow-up program 
at another institution. In 2 (0.5%) patients a class IIIa 
abnormality was identified, including a thymic lymphoma 
and pericardial effusion. Both abnormalities did not 
necessitate direct treatment and entered follow-up.  
Successful surgical correction of the deformity by the 
Nuss procedure was established in both patients. For the 
patient with a thymic lymphoma, preoperative plain chest 
radiographs were available. However, the abnormality was 
not visible on the plain chest radiographs. In the presented 
cohort, screening of 191 patients was required for the 

Table 1 Overview of reported abnormalities 

Class Description of abnormality n

I Lung nodule(s) 17

Small area of ground-glass opacity 3

Small area of avascular lung parenchym 1

Small area of pleural thickening 2

Subpleural adhesions 1

Pleural effusion 1

Atelectasis 3

Emphysema 1

Thickened bronchovascular bundle 2

Air trapping lung 1

Coronary artery calcification 2

Unilateral diaphragmatic paralysis 1

Subtotal 36

II Small lung infiltrate 6

Pericardial cyst 1

Ectopic thymus tissue 1

Aneurysm thoracic aorta 1

Subtotal 9

III Pericardial effusion 1

Thymus lymphoma 1

Subtotal 2

Total 47
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detection of one class III abnormality. 
Subgroup analysis revealed that an abnormality was 

found in 13% (34/265) of the adults, while an abnormality 
was reported in 6% (7/117) of the adolescents (Table 2). 
This difference in prevalence between both groups was 
statistically significant (P=0.05). 

In addition, class I abnormalities were more frequently 
found in adults (10%, 27/265) compared to adolescents 
(3%, 4/117, P=0.03). For class II and III abnormalities, no 
significant differences were observed between both age 
groups (Table 2). 

Discussion

Pectus excavatum patients are preoperatively screened to 
evaluate the severity and morphology of the deformity, and 
to assess the presence of cardiopulmonary compression. 
Currently, there is no consensus on the diagnostic protocol 
with some experts advocating CT as the primary imaging 
technique as it provides a comprehensive view including 
all aforementioned aspects (12). Coincidentally, additional 
intrathoracic abnormalities are found using this imaging 
technique. In the search for a diagnostic protocol that 
prevents patients from being exposed to unnecessary 
radiation, with 3D surface imaging as a promising radiation-
free alternative to CT (13,16,17), the question arises on the 
place of routine screening for intrathoracic abnormalities 

in preoperative pectus excavatum work-up. The objective 
of this study was therefore to determine the prevalence of 
additional clinically relevant intrathoracic abnormalities 
in pectus excavatum patients of all ages seeking surgical 
correction. 

In our retrospective cohort of 382 patients, consisting 
of all patients who embarked on preoperative assessment 
for pectus excavatum repair, 41 patients (11%) had one or 
multiple additional intrathoracic findings, of whom only two 
(0.5%) were classified as a clinically relevant abnormality. 
Hence, 191 patients needed to be screened to detect one 
clinically relevant abnormality. A decade ago, Rattan et al. (14)  
conducted a retrospective study among 209 pectus 
excavatum patients and accidental findings which affected 
the decision to perform or postpone surgery, were observed 
in only 1% of patients. As opposed to Rattan et al., who 
only included children and young adults (mean 13.1 years, 
3.4 SD), patients of all ages were included in the current 
study. The scientific starting point created by Rattan et al. 
potentially constituted a skewed image when extrapolated 
to the entire pectus excavatum population as the number 
of additional findings is generally known to increase with  
age (20). However, although class I abnormalities were more 
frequently observed in adults (median age of 29 years, IQR, 
23–44 years) by the present series, the presence of (possible) 
clinically relevant findings was comparable among both age 
groups. 

The clinical relevance of the identified cases in this study 
was the necessity to perform a more elaborate diagnostic 
workup. However, no patient needed direct treatment for 
the condition which was incidentally detected and in no 
patient the decision to surgically treat the pectus excavatum 
was changed. 

For only one of two cases with a class III abnormality, 
preoperative plain chest radiographs were available, which 
did not show the secondary finding. This in contrast to 
Rattan et al. (14), who demonstrated that there was no 
additional value for CT compared to two-view plain chest 
radiographs in identifying the found abnormalities in their 
series. However, as the decision to perform surgery was not 
affected, the finding in the current study does not support 
the necessity of acquiring a CT scan in the preoperative 
assessment for pectus excavatum repair. Furthermore, CT 
is associated with exposure to ionizing radiation which is 
considered a carcinogen. The acquisition of a single chest 
CT results in a mean radiation exposure of 7.0 mSv is (range, 
4.0–18.0) (21). Especially children and adolescents are at 
risk of developing a radiation-related pathology due to their 

Table 2 Abnormalities among adolescents compared to adults

Abnormality Adolescent, n [%] Adult, n [%] P value

Abnormality 0.05

Yes 7 [6] 34 [13]

No 110 [94] 231 [87]

Class I 0.03

Yes 4 [3] 27 [10]

No 113 [97] 238 [90]

Class II >0.99

Yes 2 [2] 6 [2]

No 115 [98] 259 [98]

Class III 0.52

Yes 1 [1] 1 [0.4]

No 116 [99] 264 [99.6]

Total 117 [100] 265 [100]
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relatively long life-time risk (22-24). A study by Miglioretti 
et al. (25) on the development of solid cancer and leukemia 
among pediatric patients (<15 years) who received a chest 
CT, demonstrated a life-time attributable risk of 18 per 
10,000 (0.2%) patients. The number needed to harm based 
on that study would be 556. In the study by Rattan et al. (14)  

105 (209/2) patients needed to be screened to detect 
one abnormality. Though, Rattan et al. took all sorts of 
accidental findings into account, all detected clinically 
relevant findings were intrathoracic abnormalities. In the 
current study 191 (382/2) patients had to be screened to 
detect one clinically relevant intrathoracic abnormality. 

The present study only reports on the necessity of CT 
in identifying additional intrathoracic abnormalities. Part 
of surgeons demand CT for their surgical planning in more 
severe or morphologic aberrant cases of pectus excavatum. 
In that case, a low-dose CT scan can be used in order 
to decrease radiation exposure as only costal structures 
need to be visualized. However, this does not apply for all 
surgeons and/or centers, and based on the presented data it 
is not possible to differentiate which patients benefit from 
receiving a CT. 

This paper suggests that routine acquisition of a CT scan 
only to evaluate the presence of additional intrathoracic 
abnormalities is not justified in the light of the hazardous 
effects of radiation exposure, especially in a young population. 

Limitations

In the present study, both CT scans and plain chest 
radiographs were reviewed by different radiologists. This 
could affect results due to interobserver bias. On the other 
hand, this study represents a real-world situation and the 
conclusion is therefore better applicable in other settings. 
Another limitation of the study is that not all patients 
routinely received a chest CT scan as part of their diagnostic 
work-up. This predominantly affected patients under the 
age of 18, as for those patients a CT was only performed 
upon discretion of the surgeon, compared to patients  
18 years and older who got a CT done per protocol. This 
may have led to an overestimation of the actual number 
of additional findings as the number of findings increases 
with age. However, as the prevalence of (possible) clinically 
relevant abnormalities was comparable for both age groups, 
this effect seems to be limited in the present study. 

The study is further limited by its retrospective design. 
However, based on the relatively low prevalence of 
intrathoracic findings, it is not feasible to include enough 

patients to achieve sufficient power in a prospective non-
inferiority study. Therefore, real-world evidence studies, 
such as the current exhibit the best available evidence. 

Conclusions

Prevalence of clinically relevant additional intrathoracic 
abnormalities detected using computed tomography in 
pectus excavatum patients of all ages is 0.5% with an 
associated number of 191 patients needed to screen to detect 
one abnormality. Furthermore, the detected abnormalities 
only led to additional diagnostics and postponement of the 
surgery and did not affect the decision to surgically correct 
the deformity. Among patients who both received a chest 
computed tomography scan and plain chest radiographs, the 
former could not be substituted by the latter to detect the 
reported clinically relevant abnormalities. However, as the 
found intrathoracic abnormalities did not affect the decision 
to perform surgery, this study suggests that there is no place 
for routine screening for intrathoracic abnormalities in the 
preoperative work-up for pectus excavatum repair.

Acknowledgments

Funding: None.

Footnote

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-1366/coif). 
The authors have no conflicts of interest to declare. 

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the 
Medical Ethics Committee Zuyderland & Zuyd (No. 
METCZ20220037; approval date: April 13th, 2022) and 
individual consent for this retrospective analysis was waived.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 

https://qims.amegroups.com/article/view/10.21037/qims-22-1366/coif
https://qims.amegroups.com/article/view/10.21037/qims-22-1366/coif


Janssen et al. Preoperative imaging in pectus excavatum3494

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3489-3495 | https://dx.doi.org/10.21037/qims-22-1366

the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Fokin AA, Steuerwald NM, Ahrens WA, Allen KE. 
Anatomical, histologic, and genetic characteristics 
of congenital chest wall deformities. Semin Thorac 
Cardiovasc Surg 2009;21:44-57.

2.	 Chung CS, Myrianthopoulos NC. Factors affecting risks 
of congenital malformations. I. Analysis of epidemiologic 
factors in congenital malformations. Report from the 
Collaborative Perinatal Project. Birth Defects Orig Artic 
Ser 1975;11:1-22.

3.	 Brochhausen C, Turial S, Müller FK, Schmitt VH, 
Coerdt W, Wihlm JM, Schier F, Kirkpatrick CJ. Pectus 
excavatum: history, hypotheses and treatment options. 
Interact Cardiovasc Thorac Surg 2012;14:801-6.

4.	 Hong JY, Suh SW, Park HJ, Kim YH, Park JH, Park SY. 
Correlations of adolescent idiopathic scoliosis and pectus 
excavatum. J Pediatr Orthop 2011;31:870-4.

5.	 Waters P, Welch K, Micheli LJ, Shamberger R, Hall JE. 
Scoliosis in children with pectus excavatum and pectus 
carinatum. J Pediatr Orthop 1989;9:551-6.

6.	 Ravitch MW, Madden JJ. Congenital Deformities of 
the Chest Wall and Their Operative Correction. Plast 
Reconstr Surg 1979;63:117. 

7.	 Nuss D, Kelly RE Jr. Indications and technique of Nuss 
procedure for pectus excavatum. Thorac Surg Clin 
2010;20:583-97.

8.	 Haller JA Jr, Kramer SS, Lietman SA. Use of CT scans 
in selection of patients for pectus excavatum surgery: a 
preliminary report. J Pediatr Surg 1987;22:904-6.

9.	 Kelly RE Jr. Pectus excavatum: historical background, 
clinical picture, preoperative evaluation and criteria for 
operation. Semin Pediatr Surg 2008;17:181-93.

10.	 Martinez-Ferro M. Indexes for Pectus Deformities. Chest 
Wall Deformities and Corrective Procedures, Cham: 
Springer International Publishing, 2016:35-60. 

11.	 Birkemeier KL, Podberesky DJ, Salisbury S, Serai S. 
Limited, fast magnetic resonance imaging as an alternative 
for preoperative evaluation of pectus excavatum: a 
feasibility study. J Thorac Imaging 2012;27:393-7.

12.	 Lo Piccolo R, Bongini U, Basile M, Savelli S, Morelli 
C, Cerra C, Spinelli C, Messineo A. Chest fast MRI: an 
imaging alternative on pre-operative evaluation of Pectus 

Excavatum. J Pediatr Surg 2012;47:485-9.
13.	 Guillot MS, Rouchaud A, Mounayer C, Tricard J, 

Belgacem A, Auditeau E, Omraam O, Fourcade L, 
Ballouhey Q. X-ray-free protocol for pectus deformities 
based on magnetic resonance imaging and a low-cost 
portable three-dimensional scanning device: a preliminary 
study. Interact Cardiovasc Thorac Surg 2021;33:110-8.

14.	 Rattan AS, Laor T, Ryckman FC, Brody AS. Pectus 
excavatum imaging: enough but not too much. Pediatr 
Radiol 2010;40:168-72.

15.	 Rodríguez-Granillo GA, Martínez-Ferro M, Capuñay C, 
Bellia-Munzón G, Deviggiano A, Raggio I, Fernandez-
Rostello E, Hurtado Hoyo E, Bastarrika G, Carrascosa P. 
Preoperative multimodality imaging of pectus excavatum: 
State of the art review and call for standardization. Eur J 
Radiol 2019;117:140-8.

16.	 Daemen JHT, Loonen TGJ, Lozekoot PWJ, Maessen 
JG, Maal TJJ, Hulsewé KWE, Vissers YLJ, de Loos ER. 
Optical imaging versus CT and plain radiography to 
quantify pectus severity: a systematic review and meta-
analysis. J Thorac Dis 2020;12:1475-87.

17.	 Coorens NA, Daemen JHT, Slump CH, Loonen TGJ, 
Vissers YLJ, Hulsewé KWE, de Loos ER. The Automatic 
Quantification of Morphological Features of Pectus 
Excavatum Based on Three-Dimensional Images. Semin 
Thorac Cardiovasc Surg 2022;34:772-81.

18.	 Daemen JHT, Heuts S, Rezazadah Ardabili A, Maessen JG, 
Hulsewé KWE, Vissers YLJ, de Loos ER. Development 
of Prediction Models for Cardiac Compression in Pectus 
Excavatum Based on Three-Dimensional Surface Images. 
Semin Thorac Cardiovasc Surg 2023;35:202-12.

19.	 World Health Organization. Adolescent Health 2022. 
Available online: https://www.who.int/health-topics/
adolescent-health#tab=tab_1 

20.	 Yigit Y, Ayhan H. Incidental CT Findings of Patients 
Who Admitted to ER Following a Traffic Accident. Turk J 
Emerg Med 2016;14:9-14.

21.	 Mettler FA Jr, Huda W, Yoshizumi TT, Mahesh M. 
Effective doses in radiology and diagnostic nuclear 
medicine: a catalog. Radiology 2008;248:254-63.

22.	 Don S. Radiosensitivity of children: potential for 
overexposure in CR and DR and magnitude of doses 
in ordinary radiographic examinations. Pediatr Radiol 
2004;34 Suppl 3:S167-72; discussion S234-41.

23.	 Kleinerman RA. Cancer risks following diagnostic and 
therapeutic radiation exposure in children. Pediatr Radiol 
2006;36 Suppl 2:121-5.

24.	 Brenner D, Elliston C, Hall E, Berdon W. Estimated risks 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Quantitative Imaging in Medicine and Surgery, Vol 13, No 6 June 2023 3495

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3489-3495 | https://dx.doi.org/10.21037/qims-22-1366

Cite this article as: Janssen N, Daemen JHT, Michels IL, 
Franssen AJPM, Maessen JG, Hulsewé KWE, Vissers YLJ, 
de Loos ER. Preoperative imaging of clinically relevant 
intrathoracic abnormalities in pectus excavatum patients. Quant 
Imaging Med Surg 2023;13(6):3489-3495. doi: 10.21037/qims-
22-1366

of radiation-induced fatal cancer from pediatric CT. AJR 
Am J Roentgenol 2001;176:289-96.

25.	 Miglioretti DL, Johnson E, Williams A, Greenlee RT, 
Weinmann S, Solberg LI, Feigelson HS, Roblin D, 

Flynn MJ, Vanneman N, Smith-Bindman R. The use of 
computed tomography in pediatrics and the associated 
radiation exposure and estimated cancer risk. JAMA 
Pediatr 2013;167:700-7. 


