L))

Check for
updat

Original Article

Page 1 of 9

Radiation doses in CT examinations from the West China Hospital,
Sichuan University and setting local diagnostic references levels
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Background: Our study aims to summarize the data of radiation doses collected from consecutive CT
examinations by using the Radiometrics software and contributing to the establishment of the region’s
diagnostic reference levels (DRLs).

Methods: The radiation doses in 158,463 CT examinations performed on 106,275 adults between April
2017 and April 2019 were retrospectively analyzed. The median value and interquartile range (IQR) of
volumetric CT dose index (CTDIvol), dose-length product (DLP), effective dose (ED), and size-specific
dose estimate (SSDE) were calculated according to the scanning region.

Results: The median CTDIvol (mGy) for each scanning region was 42.3 (head), 6.2 (chest), and 9.0
(abdomen). The median DLPs (mGy.cm) for single-phase, multi-phase, and all examinations were as follows:
607, 794, and 641 for the head; 220, 393, and 237 for the chest; 298, 1,141, and 570 for the abdomen. The
median EDs (mSv) for single-phase, multi-phase, and all examinations are as follows: 1.6, 2.6, and 1.8 for the
head; 5.1, 8.1, and 5.3 for the chest; 5.8, 20.3, and 10.4 for the abdomen.

Conclusions: Our study’s results could provide a basis for the evaluation of CT scanning radiation dosage

and supply evidence for the establishment of local DRLs in China’s Sichuan Province.
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Introduction (GSI) are providing more and more valuable information

The development of multislice spiral computed tomography for clinical diagnosis (2-5). However, the diagnostic

(MSCT) has led to a noticeable quantum leap in the clinical benefits of CT imaging are associated with unavoidable

performance of CT, enabling a faster and correct diagnosis radiation exposure. Exposure to the ionizing radiation

of diseases. As imaging techniques develop so rapidly, using of CT scans, even at relatively low doses, will bring

CT has increased greatly in the past few years (1). Many
new techniques including CT angiography (CTA), CT
perfusion imaging (CTP), and gemstone spectral imaging

incrementally increased risks of cancer, especially in women
and young people (6-8). Although techniques of low-

dose CT scanning are widely used in clinical applications
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nowadays, the radiation dose is still the biggest obstacle
to popularizing using CT (3). With the public’s growing
recognition of the importance of radiation protection, dose
management has become a research hot spot in the field
of CT imaging (9-11). Nowadays, nearly all CT scanners
are required to report radiation doses as some particular
values, including volumetric CT dose index (CTDI,,) and
dose-length product (DLP) (12). These values are usually
given in a dose report by CT modality automatically and
effective dose (ED) could be calculated from the organ
dosage and tissue-weighting factors. However, a single
dose report only reflects the dose level of a specific single
examination. Diagnostic reference levels (DRLs) with big
data of consecutive CT examinations could better reflect
the average dose level in individual hospitals or regions and
guide radiology facilities in quality improvement efforts to
optimize CT workflow (13). Some researchers or health
oversight organizations in the United States and Europe have
investigated the DRLs of local hospitals (13-15). Although
the National Health Commission of China has issued the
national standard of the radiation dose for adults in CT
scan, there are few studies from dose data of a large sample
of the radiation dose, and there is also a lack of research on
classification by single phase scan and multiple phase scan.
And in China, the ethnic and physical differences of the
population in different regions lead to a large gap in the
height and weight of local patients treated in hospitals in
different regions (for example, people in north China are
usually taller and stronger than those in the south), which
will affect the parameter setting of CT scans and the final
radiation doses. In addition, different regions in China have
very different levels of economic development, leading to
a large gap in the performance of CT equipment in public
hospitals. Considering patients from different regions may
have substantial differences in average body size, as well as
different equipment and workflow, it is necessary to establish
more local diagnostic reference levels (LDRLs) in China.

The purpose of our study is to summarize the data of
radiation doses collected from consecutive CT examinations
in West China Hospital and to develop the DRLs of this
region. We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5443).

Methods
Patients

This retrospective study was conducted according to
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the ethical guidelines of the Declaration of Helsinki (as
revised in 2013) and approved by the Ethics Committee
of West China Hospital. Written informed consent was
obtained from all patients or their next of kin before the
CT examination. All patients were informed of the benefits
and risks of CT scans, the possibility that their data might
be used in medical research, the privacy policy, and other
related information. We collected the dose data of adults for
the head, chest, and abdomen CT scans obtained between
April 2017 and April 2019 from 10 scanners in West China
Hospital.

Assessment and statistics of radiation doses

The scanning data were transferred from CT scanners to
a single server of picture archiving and communication
system (PACS) and found by Radimetrics (Bayer
Healthcare, Whippany, NJ, USA). This software tool can
identify and track the dose data from the dose report files
on PACS, including the parameters of CTDI,, and DLP.
Also, Radiometrics can calculate the size-specific dose
estimate (SSDE) by calculating patient diameter from the
middle-level scan length. And Radimetrics can also calculate
ED automatically by using radiation exposure parameters
and phantom libraries. ED is calculated on the organs
exposed by the applied radiation multiplied by tissue-
weighting factors. In radiometrics, the organ doses are first
calculated using Monte Carlo probabilistic simulations
that account for scattered radiation using a library that
includes standardized male and female anthropomorphic
mathematical phantoms. The ED is estimated according
to the published ICRP103 tissue-weighting factors (16,17).
The radiation dose was analyzed for single-phase and
multiphase scans (including contrast-enhanced scans and
angiography) separately. In multiphase scans, we averaged
the SSDE and CTDlIvol for each radiation event and added
the DLPs and effective doses from each radiating event to
obtain the total metric for the examination. And the brief
scans obtained to determine the timing for the injection of
iodinated contrast medium (monitoring trigger scans) were
not included in the calculation.

According to the clinical requirements of our hospital,
abdominal contrast-enhanced scans are generally performed
in 3 phases (plain scan, late arterial phase, and vein phase),
while other areas are generally performed in 2 phases.
Abdominal CT angiography is generally performed in
4 phases (plain scan, arterial phase, portal vein phase, and
vein phase), chest angiography is usually performed in
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No. Manufacturer of CT scanner Model of CT scanner Number of detector rows Installation time
CT1 Siemens Somatom Definition AS 64 2013-5-14
CT2 Philips Brilliance 64 64 2006-11-29
CT3 Siemens Somatom Definition AS 64 2013-5-14
CT4 Siemens Somatom Definition Flash 64 2013-5-14
CT5 Siemens Somatom Sensation 16 16 2003-11-1
CT6 Philips Brilliance 16 16 2006-7-11
CT7 Siemens Somatom Definition Flash 64 2015-3-25
CT8 GE Revolution 256 2016-9-5
CT9 Siemens Somatom Definition AS 64 2012-12-7
CT 10 Siemens Somatom Definition AS 64 2009-12-18

3 phases, and angiography of other examined areas is usually
performed in 2 phases.

CT modalities

Scans were obtained from 10 CT scanners at three
institutions of West China Hospital (including headquarter
and two branches). Table 1 shows the specifications and
other details of the ten scanners in this study.

Statistical analysis

These dose data were collected and analyzed on the
Radimetrics platform so that we could get the median
value and interquartile range (IQR) of CTDIvol, DLP,
ED, and SSDE for each examined region. We summarized
dose data of all patients included, and compare the results
with other similar studies. This study is a collection and
summary of large sample data, without using statistical test
methods.

Results
Number of patients and examinations

Totally 158,463 diagnostic CT examinations performed
on 106,275 adults (men: n=52,463; women: n=53,812)
were enrolled in our retrospective analysis, including
29,762 examinations for head (18.8% of 158,463), 73,591
examinations for chest (46.4% of 158,463), 37,271
examinations for abdomen (23.5% of 158,463), and 17,839

© Annals of Translational Medicine. All rights reserved.

examinations for chest & abdomen (11.3% of 158,463). The
median age of all patients was 46.9+10.2 years.

Data of radiation doses

The statistics of radiation dose parameters are reported
in Tuble 2, including median value and IQR. In general,
the 75th percentiles are usually selected as DRLs. So, we
used the 3rd quartile (QQ3) as a simple point of reference
from which hospitals of this area can compare their
radiation doses. Table 3 summarizes the Q3 of dose data
in our study.

Comparison with other DRLs

And we compared the DRLs (Q3) of CTDI,, and DLP
in our study with those in other researches or guidelines
published in previous, including DRLs from the United
States of America (13), UK (15), Japan (18), and China’s
Jilin (19) and Jiangsu (20) Province. The results are
shown in Figures 1 and 2 [Zhou et al’s (20) study did not
provide DRLs of CTDI,,. Therefore, data from China’s
Jiangsu province were unincluded in the comparison
of Figure 1]. It is also worth mentioning that a single-
phase scan (plain scan) and a multiphase scan (including
contrast-enhanced CT scan and CT angiography) were
studied separately in our study and the national standard
of China. However, some research only included plain
scan data or did not explicitly indicate it, so that the
figures only included single-phase scan dose data of our
study.
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Table 2 Radiation dose data of each examination type in our study (numbers in parentheses are SSDEs)

CTDl,,, (mGy)

DLP (mGy.cm) Effective dose (mSv)

Area and
examination Number of 554 50th 75th 25th 50th 75th 25th 50th 75th
type examinations nercentile  percentile  percentile  percentile percentile percentile percentile percentile percentile
Q1) (Q2) (Q3) Q1) (Q2) (Q3) Q1) (Q2) (Q3)
Head
Single phase 25,153 34.5 41.5 50.1 393 607 818 1.3 1.6 2.3
Multiphase 4,609 38.6 49.2 53.0 693 794 1,093 2.3 2.6 3.6
All 29,762 34.5 42.3 51.3 498 641 829 1.4 1.8 2.4
Chest
Single phase 63,246  41(6.2) 6.3(9.4)  8.4(11.9) 144 220 302 3.2 5.1 6.5
Multiphase 10,345  43(6.1) 55(7.9 97(141) 289 393 697 5.8 8.1 14.1
Al 73,591 4262 6293 85(120) 158 237 332 36 53 7.0
Abdomen
Single phase 17,332 59(9.3) 7.6(11.1) 98(132) 166 298 442 3.2 58 8.4
Multiphase 19,939 7.5(10.6) 10.4 (14.8) 12.5(17.6) 698 1,141 1,466 12.6 20.3 28.8
All 37,271 6.5(9.7) 9.0(12.4) 12.1 (16.7) 298 570 1,187 5.7 10.4 21.6
Chest & abdomen
Single phase 5,299 7.2(10.5) 89 (12.4) 109(14.8) 364 479 659 7.8 9.8 122
Multiphase 12,540 8.2(12.2) 11.8(16.2) 12.9(19.3) 1,098 1,431 1,808 19.4 26.7 33.0
All 17,839 7.9(11.4) 99(14.00 12.4(17.8) 662 1,175 1,648 12.0 21.0 30.6

SSDE, size-specific dose estimate; CTDI,,,, volumetric CT dose index; DLP, dose-length product.

Discussion

Presently, radiation doses of CT scans are usually reported
as two values: CTDI,,; and DLP (21), these two values
are automatically calculated by CT scanners according
to scanning parameters. CTDI,,, is an index of average
scanner output (mGy), which reflects specific scanning
parameter choices in one scanning transverse slice related to
radiation dose. DLP is the product of CTDI,, and scanning
length (mGy 3 cm). CTDI,, and DLP are determined
for a 32 em phantom (all body CT examinations: chest,
abdomen, trunk, and spine) and a 16 cm phantom (head
CT examination). However, neither CTDI,,, nor DLP
indicates the specific factors of patients. The American
Association of Physicists in Medicine (AAPM) task group
204 has introduced the concept of size-specific dose
estimate (SSDE) to refine CTDI,,, on patient size, derived
from CTDI,,;, and measures patient diameters using look-
up tables for conversion factors (6,22,23). In other words,
SSDE reflects an adjusted CTDI,,; measurement according

© Annals of Translational Medicine. All rights reserved.

to patient size. Calculating SSDE requires manual or
automatic measurement of cross-sectional diameters of
patients on transverse C'T" images or localizers, and requires
complex calculation procedures, the main obstacle to the
expansion of the practical application of SSDE (13,24).
In our study, the software tool Radimetrics automatically
calculated SSDEs. What is more, it also calculates effective
dose (ED) by using the library of cristy phantoms and
matching patients to a particular phantom on gender, age,
weight, or diameter. SSDE and ED both consider the
factors of patients so that they can reflect the radiation dose
level more accurately. The Radiometric software obtained
the DLP and CTDI,,; values by reading the dose report
from the CT scanners, so these two values were accurate,
while SSDE and ED were calculated, so their accuracy
needs to be verified. Considering there have been many
types of research directly using the results of Radimetrics,
we did not analyze its accuracy (13,19). The accuracy and
scientificity of its calculation method could be explored in
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Table 3 Preliminary local CT DRLs from West China Hospital
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Area and examination type CTDl, (MmGy) DLP (mGy.cm) Effective dose (mSv)
Head
Single phase 50.1 818 2.3
Multiphase 53.0 1,093 3.6
All 51.3 829 2.4
Chest
Single phase 8.4 302 6.5
Multiphase 9.7 697 141
All 8.5 332 7.0
Abdomen
Single-phase 9.8 442 8.4
Multiphase 12.5 1,466 28.8
All 12.1 1,187 21.6
Chest & abdomen
Single phase 10.9 659 12.2
Multiphase 12.9 1,808 33.0
All 12.4 1,648 30.6

DRL, diagnostic reference level; CTDI,,, volumetric CT dose index; DLP, dose-length product.

the follow-up study. The term diagnostic reference level
(DRL) was first introduced in 1996 by the International
Commission on Radiological Protection ICRP) (25). The
DRL process involves collecting dose data of consecutive
examinations from participating institutions, usually set at
the 75th percentile of the histogram of aggregated dose data
(13,26). DRLs provide a means for practices comparing
their radiation dose to benchmarks derived from aggregated
dose data collected on a local, regional, or national level (25).
By setting this dose reference level, it becomes possible
to determine the facilities or units with higher doses
for evaluation of the reason for such doses and perform
optimization. The DRL process has been popularized
in the United States, Europe, and Japan, and is applied
with good results (13-15). In China, although the national
standard of DRLs for adults in CT scans has been issued by
the National Health Commission (27), there are still few
studies on dose data of a large sample of patients or multi-
center and cross-regional studies. Zhou et 4/. (20) and Zhou
et al. (19) investigated radiation dose data from CT scans in
Jiangsu and Jilin provinces of China to help establish their
local DRLs, but these studies did not collect data of single-
phase and multi-phase scans separately. Multiphase scans,

© Annals of Translational Medicine. All rights reserved.

including angiography and contrast-enhanced scans, often
have higher radiation doses than plain scans because they
require separate scans before and after contrast injections.
Moreover, the exposure parameters of multi-phase scanning
are different from those of plain scanning, so it is necessary
to set up a reference standard for its separate classification
statistics. It is also hoped it could be counted separately,
or a more detailed classification of scanning scheme could
be established in the future multi-center and cross-region
research.

In our study, we collected dose data of consecutive
clinical CT examinations over two years (Apr. 2017-Apr.
2019) at three institutions of West China Hospital (including
headquarter and two branches, Yongning Branch and
Shangjin Branch), and 158,463 examinations of 106,275
adults were enrolled. West China Hospital, namely West
China Health Center, is the largest general hospital in
Sichuan province of China, many CT examinations are
performed in the department of radiology of West China
Hospital daily. Meanwhile, more than 10 CT scanners from
various manufactures (including Siemens, Philips, and GE)
had been installed as of 2017 since 2003 (shown in Table 1),
covering old and new imaging equipment. Therefore, the
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Figure 1 DRLs of CTDI,, for adults from different studies. DRL, diagnostic reference level; CTDI,;, volumetric CT dose index.
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Figure 2 DRLs of DLP for adults from different studies. DRL, diagnostic reference level; DLP, dose-length product.

dose data we collected was representative to a certain extent
and could help develop the DRLs of this hospital and this
region. Institutions in Sichuan Province or other areas of
China can use our metrics as a starting point to assess their
CT dose levels.

We compared the local DRLs obtained in our study with

© Annals of Translational Medicine. All rights reserved.

DRLs from guidelines or research in the United States,
UK, and Japan. Our results showed similarly or lowered
CTDlvol and DLP. Further, compared with China’s
national standards and the results of China’s Jilin and
Jiangsu provinces, our DRLs are also relatively lower (shown
in Figures I and 2). These results may be attributed to the
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continuous progress of low-dose CT scanning technology,
as well as the emphasis on radiation doses in West China
Hospital and the corresponding measures taken. For dose
optimization, we have several suggestions on the experience
of West China Hospital. First, enable real-time automatic
exposure control technology when scanning, including
Siemens’ Care Dose 4D (28), Care kV (29) technology, and
so on. Secondly, the iterative reconstruction algorithm
could significantly reduce the radiation dose on the
premise of ensuring image quality, including Siemens’
IRIS technology (30) and GE’s ASIR and ASIR-V
technology (31). Thirdly, the training and learning of CT
technicians should be strengthened to construct CT scan
workflow more standardized in the preparation of patients
before the examination and the setting of scan parameters to
accurately formulate the scanning plan and avoid rescanning
due to operational errors. Fourthly, a complete radiation
dose and image quality control system should be established
to review and analyze the cases of excessive radiation doses
regularly. As for the specific impact of these techniques
or measures on the reduction of radiation dose, we are
conducting further comparative research with the help of
the Radimetrics software to explore it. It must be noted, due
to the huge differences in patient ethnicity, patient body
size, scanning sequence, scanning equipment, workflow and
other factors between hospitals in each country or region,
the differences between DRLs reported from different
studies may not be as significant actually, but more about
helping set up local DRLs. Moreover, the establishment
of DRLs is mainly to provide reference for radiation dose
control in local hospitals, but for a specific patient, the
scanning parameters and radiation dose of CT scan should
be optimized according to their body size, gender, age,
medical history and other factors on the premise of meeting
clinical diagnosis.

Our study has some limitations. First, only two years of
data in one hospital were enrolled, meaning the sample size
was small. Dose data from more hospitals and more patients
need to be included, only then will DRLs on regional or
national levels be set up. Most hospitals in the Sichuan
province of China do not yet have Radiometrics, or similar
software installed and not join the data-sharing network,
we are not yet able to obtain more hospitals’ data. It is
expected the cloud platform of the Sichuan radiation quality
control center under construction and the multi-center
research will help a lot to set up the DRLs on the province
level. Together, we hope West China Hospital and other
hospitals will continue to update and add to these dose data
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for the creation of benchmarks, as only constantly updated
DRLs are meaningful. Then, with some constraints, we
only analyzed the examined area of the head, chest, and
abdomen. More examined body parts should be included
in a future study. And the categories are not detailed
enough, for example, the examinations of the abdomen in
our study included the upper abdomen, lower abdomen,
whole abdomen, abdomen, angiography, and other types
of abdomen CT scans. So, the value of our local DRLs for
clinical guidance is limited, and further research is needed.
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