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Abstract
CT scans are an indispensable tool for evaluating head injuries and 

neurological symptoms, yet they are the leading contributor to medical 
radiation exposure in the United States. High levels of such exposure 
pose significant health risks for children, whose developing bodies are 
less resilient to radiation injury. Here we review mean radiation dose 
(Total Exam DLP) and CTDlvol from head CT scans of 149 cases to 
assess for factors thought to be potential contributors to excess radiation 
exposure. Such factors included scan indication (trauma, shunts, other 
head complaints), number of repeat scans, and the type of facility the scan 
was performed (adult vs. pediatric). Analyses revealed that among scans 
performed to evaluate head trauma or routine indications (e.g. headache, 
vomiting focal neurologic deficits), the mean radiation dose a administered 
was significantly higher in adults hospitals when compared to pediatric 
hospitals. Findings highlight the importance of ensuring appropriate 
dose settings to increase the safety of CT scans for children. Based on 
our results identifying suboptimal scanner settings as a fundamental cause 
of excess radiation exposure, the evidence supports adjusting protocols 
to appropriate settings as the most effective method of reducing excess 
radiation exposure to children receiving head CT scans. 
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Introduction
Computed tomography (CT) scans have become a cornerstone of modern 

medicine since their advent in the 1970s. The utilization of CT scans has 
increased an estimated 10% annually since the mid-1990’s [1]. Their 
capability to provide unparalleled visualization and detection of a variety of 
medical conditions has contributed to their widespread use in the current day 
and a dramatic increase in their use over the past decade [2-5]. In children, 
CT scans of the head are frequently obtained despite minimal suspicion 
or expectation for abnormalities on CT imaging, due to the significance 
of potential complications of head injuries and neurological disorders in 
children [6]. These include the fact that head trauma is the leading cause of 
mortality and morbidity in children [7]. Over 50% of children presenting to 
the emergency room with head injuries receive head CT scans - of these, an 
estimated 1 in 3 CT scans were unnecessary [8].

Although CT scans are an integral tool in the diagnosis and evaluation of 
a wide variety of medical conditions, they the leading contributor to medical 
radiation exposure in the United States today [2,6,7]. Altogether, CT scans 
account for an estimated 75% of all medical radiation exposure [6]. This is 



Lin JJ, et al., J Pediatr Perinatol Child Health 2023
DOI:10.26502/jppch.74050166

Citation: Jianna J Lin, Jeremy Zhang, Lucille Anzia, Laura L Hayes. Failure to Adjust CT Scanners to Pediatric Settings is a Major Cause of 
Unnecessary Radiation Exposure to Children. Journal of Pediatrics, Perinatology and Child Health. 7 (2023): 210-217.

Volume 7 • Issue 4 211 

suspected to be due to not only the increasing use of CT scans, 
but alsothe fact that CT scans inherently deliver much higher 
doses of radiation than other types of medical imaging, such 
as conventional radiographs or mammograms [8]. Radiation 
exposure poses an especially deleterious effect on children, 
whose developing bodies are more sensitive to radiation harm 
than those of adults [9].

CT scans are obtained using a rotating machine that emits 
X-rays, a form of ionizing radiation, through a patient’s body. 
This enables the capture of two-dimensional images of the 
body from multiple angles, which are digitally combined 
to create 3D cross-sectional images of the body’s internal 
structures. This process produces images of much greater 
detail than traditional x-rays, enabling greater detection and 
visualization of various medical conditions. However, because 
the process of obtaining CT scans involves repeated and 
prolonged exposure to radiation, the effective dose required 
to produce one head CT scan is equivalent to approximately 
100 chest X-rays [10]. Although this exposure to ionizing 
radiation allows an unparalleled visualization of the body’s 
internal structures in high detail, excess exposure to ionizing 
radiation is known to cause harmful health consequences 
[11,12].

Ionizing radiation is a known carcinogen [10], as 
revealed by exposures from nuclear disasters in Hiroshima, 
Nagasaki [12,13], and Chornobyl [14]. Exposure to medical 
ionizing radiation has been known to cause significant harm 
to children. The first study that assessed the risk of cancer 
associated with a CT scan during childhood found a clear 
dose-dependent relationship between brain tumors and 
leukemia, with risk of both cancers increasing directly with 
cumulating radiation dose. Each 50 milligray or mGy (mGy 
is a unit of estimated dose of ionizing radiation absorbed) to 
the head was associated with a threefold increase in risk for 
brain tumors, while each 50 mGy dose to bone marrow was 
associated with a threefold increase in risk for leukemia [15]. 
The dependent relationship between cancer and pediatric CT 
scans has been recently reported in head CT scans as well 
[16].

Today, it is widely accepted that ionizing radiation has 
greater detrimental health effects for children than for adults, 
such as greater relative risk of cancers of brain, breast, 
skin, thyroid, and leukemia [17]. It is suspected that this 
increased susceptibility to the harms of ionizing radiation 
in children is due to greater radiosensitivity of developing 
organs and tissues [18,19]. Children and adolescents who 
received multiple CT scans have been found to have an 
increased risk for cancer [20-27]. Studies have shown that 
children who undergo multiple head CT scans are at a higher 
risk of developing leukemia and brain tumors than those 
who do not undergo any CT scans [2]. Children exposed to 
medical radiation of the head have also been found to suffer 

from long-term intellectual decline, attention difficulties, 
slowed thinking, and memory impairment [27]. Estimates 
of lifetime age-dependent cancer mortality risks associated 
with common CT examinations predict that of the roughly 
600,000 abdominal and head CT scans performed annually 
in children under 15 years old, approximately 500 of these 
individuals will die from CT radiation-related cancer [28].

A certain level of radiation administration is required for 
image quality. However, during the CT scanning process, 
children sometimes receive a higher-than-necessary dose 
of radiation while being scanned [25]. Recent literature is 
filled with reports of cases of excessively high radiation dose 
[29,30].

Current efforts are being made to optimize radiation dose 
and decrease excessive radiation dose in pediatric patients. 
One such effort is the Image Gently and Think A-Head 
campaign, which was launched in 2008 and focuses on 
radiation safety in pediatric imaging. The campaign promotes 
the use of the ALARA (As Low As Reasonably Achievable) 
principle, which means that radiation doses should be kept 
as low as possible while still obtaining high-quality images 
[31]. Other initiatives, such as the Image Wisely campaign, 
focus on reducing radiation exposure in adult patients [32]. 
Although these efforts have been made, cases of higher-than-
necessary radiation still exist. This calls for increased public 
attention to the need for optimizing radiation dose in pediatric 
head CT scans.

Attempts to elucidate the causes of excess radiation 
administration to children during the CT scanning process have 
revealed improper CT scanner settings that are inappropriate 
for a child’s smaller body size or for the indication the scan 
is being taken for as a potential contributor [29,33]. Due to 
their smaller size, children do not require as much radiation 
as adults for a head CT for the same indication, because 
the radiation dose required for appropriate image quality is 
directly related to patient size. Pediatric head CT protocols 
are often based on the patient’s age, and use lower tube 
currents and voltage settings to decrease the radiation dose 
without compromising image quality [29,33].

Differing indications for head CT scans require differing 
radiation doses for appropriate image quality. Head CT 
scans are commonly used for various indications, including 
evaluation of trauma, shunt dysfunction, and other routine 
indications. For instance, head CT scans performed for 
possible shunt malfunction do not require as much dose as 
trauma studies because the evaluation of ventricular size does 
not require as much detail.

Methods
In this study, we reviewed the radiation dose administered 

and number of repeat scans in head CT scan examinations 
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across 8 hospitals within a healthcare system: 3 pediatric 
hospitals (serving pediatric patients exclusively) and 5 adult 
hospitals (serving patients of all ages) in the Atlantic region 
of the United States. All imaging reviewed was obtained 
by a radiologist through a random query for head CT scans 
performed between January 2021 through October 2021 on 
Picture Archiving and Reporting System (PACS), where the 
imaging data of patients receiving imaging at this healthcare 
system is stored.

All CT scans reviewed were performed in patients ≤ 18 
years of age. Demographics and clinical data are reported 
in Table 1. The median age of the patients was 10 years 
(interquartile range: 4–15 years). Patients were 15.7% (20) 
Caucasian, 3.15% African American, 3.15% (4) Hispanic or 
Latino, 1.57% Other, and 51.2% unknown. Figure 1 illustrates 
the study methodology and sample sizes of all comparison 
groups. Of the 149 cases of head CT scans obtained through 
random query on PACS, 22 cases were excluded, n = 18 for 
inability to obtain radiation dose values, n = 2 for inability 
to view the imaging associated with the case on PACS, and 
n = 2 for the case not being a CT of the head, but rather, 
of the abdomen. The remaining 127 cases of head CT scans 
were included in the final analysis (Figure 1). Of these, we 
categorized each CT head exam into three groups: trauma 
(n = 56), shunt (n = 22), and routine (n = 49), due to the 
differences in radiation dose required for appropriate image 
quality of head CT scans obtained for different indications, 
as discussed above. Clinical data regarding head CT scan 
indication for each of the three indications are reported in 
Table 2.

For each of the three indications, CT head scans were 
categorized by the type of facility in which they were performed 
(adult vs. pediatric), resulting in six total comparison groups. 
Of the CT head scans performed for trauma, n = 34 were 
performed in pediatric hospitals and n = 22 were performed 
in adult hospitals; of those performed for cerebral shunts, n 
= 20 were performed in pediatric hospitals and n = 2 were 
performed in adult hospitals; of those performed for routine 
indications, n = 32 were performed in pediatric hospitals 

and 17 were performed in adult hospitals. For each case, the 
radiation dose in terms of Total Exam DLP and CT Dose 
Index in mGy/cm and mGy, respectively, patient weight, 
total number of scans taken, facility type (adult vs. pediatric), 
and scan indication were reviewed.

Radiation Dose Measurement and Calculation
Total exam dose length product (DLP) is a commonly used 

radiation dose metric in computed tomography (CT) imaging 
that represents the total amount of radiation delivered to a 
patient during an entire CT exam [34]. DLP is calculated by 
multiplying the CT dose index (CTDI) by the length of the 
scanned volume, which takes into account both the radiation 
intensity and the length of the scanned region. Essentially, 
DLP quantifies the radiation dose the patient receives over 
the course of the entire CT exam and is measured in units 
of milligray centimeters (mGy-cm) [35,36]. CTDLvol, or 
CT dose-length product per unit volume, is a relatively new 
metric that has been developed to provide a more accurate 
representation of the radiation dose received by a patient 
during a CT scan. It accounts for the fact that the dose is not 
evenly distributed throughout the body and varies depending 
on the specific area being scanned. CTDLvol is calculated 
by dividing the CT dose-length product (DLP) by the scan 
length and the volume of the scanned region [37].

The primary measures analyzed were Total Exam Dose 
Length Product (DLP) and CT Dose Index (CTDIvol), both 
of which are standard units used to measure radiation 
dose, as described earlier. For each case, both metrics were 
obtained from dose report data on PACS. PACS typically 
stores two types of information: the CT images themselves 
and the dose report data. The dose report data included 
exam DLP and CTDlvol for each CT head examination. In 
our study, Total Exam DLP and CTDIvol measures was 
calculated by summation of the Total Exam DLP and CTDIvol 
doses administered for all scans taken during the CT head 
examination. This included the CT head scans themselves 
and also scout scans, which are images taken as a part of 
the CT head examination process to aid in the planning and 

 Total Trauma group Shunt group Routine group
 n = 127 n = 56 n = 22 n = 49

Age, years 10 (4 – 15) 9.5 (3 – 15) 3 (1.33 – 10) 12 (5.5 – 15)

Ethnicity 

Caucasian 20 12 1 7

Hispanic or Latino 4 1 0 3

African American 4 2 1 1

Other 2 1 0 1

Unknown 65 33 20 12

Table 1: Patient characteristics and indications for head CT scan. CT computed tomography. For age, median age and interquartile range are 
reported.
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DLP and CT Dose Index, respectively, for each comparison 
group. t-tests for independent samples were utilized to 
compare mean Total Exam DLP and mean CTDIvol of head 
CT scans between pediatric and adult hospitals for CT scans 
performed for trauma and routine indications. This was done 
to determine if there was a significant difference in the amount 
of radiation exposure patients received between adult versus 
pediatric hospitals. A p-value < 0.05 was used to determine 
significant differences. No t-tests were performed for the 
CT head for cerebral shunts group as there were too few CT 
head examinations for the shunt indication completed in an 
adult hospital for any meaningful statistical analysis using 
independent t-test.

Ethics approval and patient consent
This was a HIPAA-compliant retrospective study with 

the approval of Nemours Children’s Health Institutional 
Review Board. Informed patient consent was waived by 
Nemours Children’s Health Institutional Review Board and 
all methods were performed in accordance with the ethical 
standards of Helsinki Declaration. The cases that were used 
for analysis were randomly selected from head CT scans from 
January 2021 through October 2021 and read by a radiologist 
affiliated with these hospitals.

Results  
Radiation dose data (Mean Total Exam DLP, Mean 

CTDIvol), number of repeat scans, and P values from t-tests 
comparing Mean Total Exam DLP and Mean CTDIvol 
between adult and pediatric hospitals is reported in Table 3.

Total Exam DLP 
The primary variable mean Total Exam DLP was 

significantly different in head CT scans administered for 
trauma between adult (M = 406.1 mGy/cm) and pediatric (M 
= 302.9 mGy/cm) hospitals (p = 0.009), as illustrated in Figure 
2A. Mean Total Exam DLP was also significantly different in 
head CT scans administered for routine indications between 
adult (M = 407.1 mGy/cm) and pediatric (M = 391.7 mGy/
cm) hospitals (p = 0.002). 

Trauma (n = 56)

Blunt force trauma to craniofacial region 38

Fall on craniofacial region 12

Motor vehicle accident 5

Assault 1

Shunt (n = 22)

Altered mental status in patient with IC or VP shunt 13

IC or VP shunt assessment 4

Bradycardia in patient with IC shunt 2

Increased seizure activity in patient with IC shunt 2

Ventricular size evaluation 1

Routine (n = 49)

Vomiting 25

Altered mental status 9

Focal neurologic deficits 4

Seizures 3

Abnormal head circumference 2

Craniosynostosis (Trigonocephaly) 2

Pupil dilation abnormalities 2

Cerebral edema, hemorrhage 2

Table 2: Clinical data for each head CT scan indication. IC 
intracerebral, VP ventriculoperitoneal, CSF cerebrospinal fluid.

Head CT Scan Indication Variable Pediatric Hospital Adult Hospital P-value

Trauma

 n = 32 n = 29  

Mean Total Exam DLP (mGy/cm) 302.9 406.1 0.009

Mean CTDlvol (mGy) 16.7 24.8 0.002

Number of Repeat Scans 1 0  

Routine

 n = 31 n = 18  

Mean Total Exam DLP (mGy/cm) 407.1 391.7 0.002

Mean CTDlvol 16.6 22.8 <0.001

Number of Repeat Scans 0 0  

Table 3: two-tailed t test for independent samples assuming equal variances comparing mean Total Exam DLP and mean CTDlvol between 
pediatric versus adult hospitals for CT head scans for trauma and routine indications.

subsequent radiologist review of images. That is, the radiation 
dose associated with all scans performed during a CT head 
examination process were included in the calculation of both 
measures of radiation dose. Total exam DLP was then to 
assess the total radiation dose a patient received during the 
CT head examination process [3]. The number of repeat scans 
(and the reason for the repeat scan- usually patient motion 
during the scanning process) were collected from PACS dose 
report data as secondary measures. 

Statistical analyses     
Mean Total Exam DLP and mean CT Dose Index were 

calculated by taking the arithmetic mean of the total exam 
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CTDIvol     
The other primary variable mean CTDIvol was 

significantly different in head CT scans administered for 
trauma indications between adult (M = 24.8 mGy) and 
pediatric (M = 16.7 mGy) hospitals (p = 0.002), as seen in 
Figure 2B. Mean CTDIvol was also significantly different 
in head CT scans performed for routine indications between 
adult (M = 22.8 mGy) and pediatric (M = 16.6 mGy) hospitals 
(p <0.001).

Repeat Scans     
There was no significant difference in the number of 

repeat scans, between adult and pediatric hospitals for either 
trauma or routine indications, as only one case required 
repeat scanning due to motion. The number of repeat scans 
was therefore also not associated with a significantly higher 
mean radiation dose. 

Discussion
The results of this study demonstrate that pediatric patients 

who received head CT scans for trauma or routine indications 
at hospitals serving all ages received significantly higher 
radiation doses compared to those who received head CT 
scans at hospitals serving pediatric patients exclusively. This 
difference was observed across both radiation dose metrics 

 
Figure 1: Flow chart of the project. DLP dose length product, CTDIvol CT dose-length product per unit volume.

 
Figure 2 (A-B): DLP dose length product, CTDIvol CT dose-length product per unit volume.
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studied, including total radiation dose (total exam DLP) and 
intensity of the radiation (CTDlvol). These results suggest 
that there exists a tendency towards excessive exposure of 
pediatric patients to radiation levels that exceed the dose 
required for an adequate head CT scan in adult hospital 
settings, irrespective of whether the scans are conducted for 
the evaluation of head trauma or routine indications. 

Notably, our results suggest that repeat scanning is not 
a principal contributor to excessive radiation exposure in 
children undergoing head CT scans. In the CT head exams we 
reviewed, there was only one case of a repeat scan for motion 
artifact. Therefore, repeat scanning for motion may be ruled 
out as a significant contributor to unnecessarily high radiation 
exposure. This evidence excluding the possibility that repeat 
scanning is a contributor to significantly undue radiation 
exposure further underscores that excess radiation dose is 
primarily due to a lack of optimization of scan parameters for 
children. This finding further implicates the type of facility, 
pediatric versus adult, as the primary differentiator of rates 
of excess radiation dose in a hospital. A larger sample size 
would be helpful in further supporting this claim by showing 
insignificant contribution of increased radiation exposure due 
to repeat scanning.

Existing literature supports our findings that excessive 
radiation administration is related to flaws in CT scanning 
protocols and imaging technician fatigue. For instance, 
Van der Merwe et al. [38] found that CT scans occurring 
after-hours used higher radiation dosages than those during 
business hours, possibly suggesting technologist fatigue as a 
contributor to inappropriate radiation dose use. Our findings 
that repeat scanning for motion was not a cause for higher 
radiation exposure further underscore that the primary cause 
of unnecessarily high radiation dose usage involves errors or 
events during the CT scanning process.

Our results may also suggest that imaging technologist 
fatigue accounts for excessive radiation administration. This 
is because there is a greater range of radiation doses used in 
CT scanners in adult hospitals, meaning that the consequences 
of failing to adjust the radiation dose administered between 
patients is likely to have a greater chance of providing an 
inappropriate dose for the next patient when compared to 
pediatric hospitals. For this reason, if an imaging technician 
fails to change the radiation dose between patients due to 
fatigue, if they worked at an adult hospital, it is plausible that 
the consequences of their fatigue would be more likely to 
expose a pediatric patient to an unnecessarily high level of 
radiation than if they worked at a pediatric hospital. Imaging 
technician fatigue may therefore explain the observed 
differences in radiation dose between adult and pediatric 
hospitals in the present study.

Such errors during the CT scanning process that may 
serve as principal contributors to excessively high radiation 

exposure include inadequate training for medical imaging 
technologists, imaging technologist fatigue, and a lack of 
consistency or standardization of the CT scanning protocol 
across hospital facilities of all types. Consequently, 
emphasizing appropriate radiation doses in medical imaging 
technologist training curriculums and the employment of 
standardized CT scanning protocols involving appropriate 
adjustment of radiation dose and prevention of imaging 
technologist fatigue are promising strategies for reduction of 
occurrences of excess radiation exposure to children during 
the head CT scanning process. Our findings indicate that 
ensuring that technologists in adult hospitals are aware of 
the dangers of failing to adjust CT scanner settings for the 
patients age to ensure the lowest necessary dose of radiation 
is administered when scanning children is an effective 
method for ensuring children receive the appropriate dose of 
radiation.

It is important to consider factors in pediatric hospitals 
makes them less prone to administering excess radiation 
dose when compared to adult hospitals, and what factors 
in adult hospitals make them more prone to administering 
unnecessarily high radiation doses to pediatric patients. 
Pediatric and adult hospitals have two main differences in 
regard to head CT examinations. First, in pediatric hospitals, 
the range of radiation doses required is generally lower due to 
the smaller size of the patients, and CT scanning protocols are 
specifically designed for children. In contrast, adult hospitals 
typically have a wider range of radiation doses required, as 
they treat patients of varying sizes and may be more apt to not 
use the specialized protocols for pediatric patients and rather 
rely on automatic scanner settings.

Following standardized CT examination protocols for 
children will likely decrease radiation dose, according to our 
results. Across hospital systems, protocols for the CT scanning 
process vary. A study that reviewed CT head scans across 
151 hospitals in seven countries and found that radiation 
doses between hospitals differed. The authors concluded 
that institutional decisions regarding technical parameters 
and operating procedures for CT scanners were important 
factors contributing to the level of radiation administered to 
patients [39]. CTDlvol can be used to optimize scan protocols 
and minimize patient radiation exposure while maintaining 
diagnostic image quality. Together, total exam DLP and 
CTDlvol measures are valuable indicators of radiation dose a 
patient is exposed to during the CT scanning process, and 
therefore, monitoring and comparing these metrics for CT 
scans performed within and between different institutions is 
of utmost importance in efforts targeted towards minimizing 
patient radiation exposure while maintaining diagnostic 
image quality.

Limitations of our study include focusing the review on 
head CT scans performed within hospital facilities in the 
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Eastern United States. Specifically, all scans included in the 
study were performed within 8 hospitals within the same 
enterprise. All of the locations were supposed to be using 
the same age-based protocols. Although there were scans 
performed at multiple hospitals included in the study, it is 
possible that facilities in other regions of the nation have 
distinct head CT scanning protocols. Additionally, due to the 
lack of national standardization of head CT protocols, it is 
possible that the differences in radiation dose between adult 
and pediatric hospitals discovered in the present study are not 
present in other hospital systems. Further research is needed 
to better understand the factors contributing to the observed 
differences in radiation dose administration between adult 
and pediatric hospitals, and to develop strategies to mitigate 
the risk of excess radiation exposure in all healthcare settings.

In conclusion, the present study provides compelling 
evidence that pediatric patients undergoing CT head scans 
for both trauma and routine indications are at heightened 
risk for exposure to unnecessarily high radiation dose in 
adult hospitals compared to pediatric hospitals. The observed 
discrepancies have significant implications for the safety and 
health of children. To mitigate this risk and increase the safety 
of head CT scans for children, we recommend that institutions 
utilize standardized, age-based head imaging protocols for 
every child. The implications of these findings underscore 
the urgent need to address the issue of unnecessary radiation 
exposure to children in clinical practice. We hope the results 
of this study contribute to increased safety of head CT scans 
for children across the nation and beyond.
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