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Purpose: The aim of this work was to evaluate the dosimetric impact of high-resolution thorax CT during COVID19 outbreak in the University Hospital of Parma. In two months we have performed a huge number of thorax CT
scans collecting effective and equivalent organ doses and evaluating also the lifetime attributable risk (LAR) of
lung and other major cancers.
Materials and Method: From February 24th to April 28th, 3224 high-resolution thorax CT were acquired. For all
patients we have examined the volumetric computed tomography dose index (CTDIvol), the dose length product
(DLP), the size-specific dose estimate (SSDE) and effective dose (E103) using a dose tracking software (Radi
metrics Bayer HealthCare). From the equivalent dose to organs for each patient, LAR for lung and major cancers
were estimated following the method proposed in BEIR VII which considers age and sex differences.
Results: Study population included 3224 patients, 1843 male and 1381 female, with an average age of 67 years.
The average CTDIvol, SSDE and DLP, and E103 were 6.8 mGy, 8.7 mGy, 239 mGy⋅cm and 4.4 mSv respectively.
The average LAR of all solid cancers was 2.1 cases per 10,000 patients, while the average LAR of leukemia was
0.2 cases per 10,000 patients. For both male and female the organ with a major cancer risk was lung.
Conclusions: Despite the impressive increment in thoracic CT examinations due to COVID-19 outbreak, the high
resolution low dose protocol used in our hospital guaranteed low doses and very low risk estimation in terms of
LAR.

1. Introduction
The new emerging viral pneumonia named COVID-19 (Coronavirus
Disease 2019) related to the novel coronavirus SARS-CoV-2 (Severe
Acute Respiratory Syndrome Coronavirus 2) is affecting several coun
tries in particular Northern Italy with a dramatic outbreak from the end
of February 2020 [1,2].
The reference standard for the diagnosis of SARS-CoV-2 infection is
the collection of respiratory tract specimens, analysed using nextgeneration sequencing or real-time reverse transcription polymerase
chain reaction (RT-PCR) methods [3], with a sensitivity ranged between
60% and 71% [4–7]. Several works reported that the chest CT to detect
COVID-19 pneumonia guaranteed superior sensitivity (around 97%)
with respect to standard reference [5,6,7,8]. This has initially suggested
that CT imaging may be helpful in early detection of COVID-19 sus
pected interstitial pneumonia patients. Latest recommendations proved
that there is no general consensus in the use of CT for COVID-19

diagnosis because in the first stage of the disease it could be negative [9].
More precisely, European Radiology Society (ESR) and European Soci
ety of Thoracic Imaging (ESTI) suggested using CT imaging to stratify
patients selected from first-line clinical trials [9]. This because CT im
aging, with respect to chest radiography, is more sensitive to ground
glass opacity, which is the principle imaging feature of COVID-19
pneumonia. Chest radiography is instead recommended in patient
follow up [9].
In our Institution more than three thousand high-resolution thorax
CT were performed from the beginning of the outbreak to help diagnosis
and staging of COVID-19 pneumonia [10]. Such a big number required
also for a couple of weeks an installation of a further mobile CT in order
to meet the increasing demand for such methodology.
This impressive and sudden increase of this diagnostic investigation
could lead to dosimetric consequences in patients and low dose pro
tocols for chest CT in patients suspected with COVID-19 pneumonia are
recommended [11]. Indeed, there is concern that exposure to the
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ionising radiation of CT might increase the risk of developing solid
cancers and leukaemia [12].
The aim of this study was the evaluation of the dosimetric impact of
high resolution thorax CT during COVID-19 outbreak in our Institution.
For this reason, as first analysis, mean organ doses and effective doses
were evaluated. Then, we investigated the lifetime attributable risk
(LAR) of cancer incidence associated with these exposures according to
National Research Council Biologic Effects of Ionizing Radiation (BEIR)
VII report [13].

2.4. Dosimetric data
The CTDIvol values provided by every CT scanners were verified by
direct measurements in 16 and 32 cm diameter dedicated poly
methylmethacrylate (PMMA) phantoms with a calibrated dose meter
(RaySafeTM X2 CT Sensor). A good agreement, within 10%, between
recorded and measured values of CTDIvol was obtained for all CT
scanners and scan thickness.
The mean organ dose calculation of the CT scans was performed
using the Radimetrics software by pre-run Montecarlo simulations uti
lizing 20 types of Cristy phantoms.
Using the scanogram information, a suitable phantom is matched
automatically to the patient and the calculation is adapted to the CT
acquisition parameter. The equivalent doses to the organs were then
used to calculate the effective dose E103 according to the tissue
weighting factors reported in ICRP 103 [14].
The equivalent doses to the following organs were reported: stom
ach, colon, liver, lung, bladder, thyroid, red marrow and reminder or
gans. Uterus and ovary were also included for female population and
prostate for males.

2. Materials and methods
2.1. Study population
Between February 24th and April 28th 2020, 3224 high-resolution
(HR) thorax CT scans were performed at the University Hospital of
Parma for suspected SARS-CoV-2 infection.
Due to the evolution and the emergence of the disease, the care
pathways have been modified during the time of pandemic and, for this
reason, the patients have been directed to different CT systems. Separate
diagnostic pathways were expressly developed for those patients due to
confinement requirements and for this reason, data collection was
extremely simplified and no exclusion criteria were needed.
Moreover, in support during most critical weeks, a mobile CT was
also rented allowing to increase the number of exams daily.

2.5. Estimation of cancer risk
The lifetime attributable risks (LARs) of cancer induction were esti
mated from organ equivalent doses using the Biological Effects of
Ionizing Radiations (BEIR) VII report. The LAR represents the incidence
of solid cancers and of leukemia per 100,000 subjects exposed to 100
mSv. The BEIR VII model was chosen because it is a conservative
approach (it probably overestimates risk of cancer induction at the low
doses that are typical of x-ray diagnostics). The model assumes that
cancer risk follows a “linear-no-threshold” (LNT) behavior also at low
doses (<100 mSv). It also considers a dose and dose-rate reduction
factor (DDREF) of 1.5 for solid cancers.
Moreover, BEIR VII provided risk estimates for 100 mSv that could
be scaled linearly on the basis of the actual equivalent doses to organs
received by the patient. Therefore, the relation between LAR and dose
could be written as:

2.2. CT equipment and techniques
The images were collected on two Somatom Definition Edge Scanner
(Siemens Healthcare, Germany) equipped with Stellar detector and
Admire iterative reconstruction, both installed in 2019 and on Somatom
Emotion 16 equipped with Ultra Fast Ceramic (UFC™) detector installed
on wheels (2007).
Given the sudden outbreak of the COVID-19 epidemic a pre-existing
Thorax HR protocol commonly used to investigate patients with sus
pected idiopathic interstitial pneumonia has been performed for sus
pected COVID-19-patient lungs. During the same period of the previous
year (February 24th and April 28th 2019) only 405 CT Thorax HR ex
aminations were acquired instead of 3224 exams.
The clinical thorax protocol was performed on Edge scanners using
120 kV, 1 mm slice thickness, 1.2 pitch and 128x0.6 mm collimation.
Similar protocol was implemented on Emotion 16 with 110 kV, 1 mm
slice thickness, 1.2 pitch and 16x0.6 mm collimation.
On all CT scanners, automatic exposure control named CARE Dose
4D, was turned on using effective 110 mAs.

LAR = LAR 100

H
/10
100

(1)

where H is the equivalent dose to the organ and LAR100 is the BEIR
VII risk estimate. LAR values have been divided by a factor 10, they
mean the cancer incidence per 10,000 subjects.
2.5.1. LAR estimates for the whole population
Table 12-5A of the BEIR VII report provides organ-specific risk es
timates (for bladder, breast, colon, liver, lung, ovaries, prostate, stom
ach, thyroid and uterus) and their uncertainties. The uncertainty of risk
estimates takes into account the uncertainties related to sampling vari
ability, to transport, and to DDREF. It does not include the modifying
effects of age at exposure. Details of the confidence interval computation
of risk estimates are reported in the Annex 12C of BEIR VII report. Data
from table 12-5A were thus used to compute LAR for the whole popu
lation, discriminating respect to gender only. Mean values of equivalent
doses for male and female subpopulations were employed. LAR uncer
tainty was obtained combining the equivalent dose uncertainty and the
risk estimates uncertainty. Detail of LAR uncertainty calculation are
described in statistical analysis subsection.

2.3. Data source
Examination data were collected using a dose tracking software
Radimetrics version 2.9.2b (Bayer HealthCare, Whippany, NY). Radi
metrics was installed on a virtual server (OS CentOS release 6.10), on the
existing RIS-PACS (Esaote) infrastructure with two vCPU, 16 GB Ram).
Moreover, Radimetrics has been customized for data anonymization.
Data of CT examinations performed have been extracted from the
DICOM header and CT Radiation Dose Structured Report (RDSR) files
produced by the scanners and stored in PACS. The information collected
includes patient information (age, gender), examination data (protocol
name, number of acquisitions, name of the device), acquisition data
(scan region, series name and technical parameters of each scan) and
exposure data (volumetric computed tomography dose index CTDIvol,
dose length product DLP). The size-specific dose estimates for body
examinations SSDE, equivalent dose to organs and effective dose E103
have been extracted from Radimetrics.

2.5.2. Age specific LAR estimates
In order to take into account the age at exposure in LAR computation,
we have considered table 12D-1 of BEIR VII. This table provides age- and
sex-specific risk estimates for several organs (bladder, breast, colon,
liver, lung, ovaries, prostate, red bone marrow, stomach, thyroid and
uterus).
Age-specific risk estimates were selected according to the age at
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exposure of each patient (without interpolation within categories)
considering discrete (non-overlapping) age categories according to table
12D-1 of the BEIR VII report. For LAR reporting several patient subcohorts were defined based on gender and age categories. Age- and
sex- specific LAR was finally averaged over the whole population to
compute a global LAR estimate for solid cancer and for leukemia.
Risk estimates for individual organs tabulated in table 12D-1 of BEIR
VII report lack of confidence intervals that allow a proper estimation of
LAR uncertainty. Thus, 95% confidence intervals were computed taking
into account the contribution of equivalent dose uncertainty only.

population was 92.8 ± 8.4 kg. Table 1 shows demographic data for the
total population and for each patient age-related sub-cohort.
3.2. Dosimetric Data Results
In Fig. 1 number of CT scans for suspected COVID-19 performed on a
daily basis in our Hospital are shown. This number has increased during
the first two weeks of March reaching a peak on the 19th of March and
then decreasing until the end of April.
In Table 2 the results of statistical analysis of CT scan dosimetric
parameters in terms of the mean value (MV), the median, the standard
deviation (σ) and 75th percentile (75th) are reported for total popula
tion, for females and males.
In Fig. 2 we illustrate the CTDIvol_Body and the SSDE frequency
distributions and in Fig. 3 we present the frequency distributions of E103.
For each organ, such as stomach, colon, liver, lung, bladder, thyroid,
red marrow, breast, uterus and ovary for the female population and the
prostate for the male population, the MV of equivalent dose to organ (H)
and the standard deviation (σH) were reported in Table 3.

2.6. Statistical analysis
For each dosimetric parameter (CTDIvol_Body, SSDE, DLP and E103)
we calculated the mean, the median value, the standard deviation and
the 75th percentile. The latter was considered in order to compare our
data with published values that are often reported as DRL [15]. The
mean value (H) and standard deviation (σH) of equivalent doses to or
gans have also been determined for both gender subpopulations. The
LAR standard errors were computed using the formula:
√̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

σ LAR = LARÂ⋅

σH
H

2

2

+

σLAR100 2
2

3.3. Estimated cancer risk

(2)

,

LAR100

Risk estimates reported in the BEIR VII report were scaled linearly
using CT exposure data which have been collected in the University
Hospital of Parma during COVID-19 outbreak. Organ specific LAR for
male and female subpopulation were determined using equation (1), i.e.
by the product between mean equivalent doses and risk estimates of
table 12-5A. Fig. 4 shows the LAR estimates for females and for males for
each cancer site (Fig. 4.a). For male we observed a major risk for the lung
cancer, while for female, both lung and breast cancer risks were sig
nificant. From the data of table 12D-1 we computed the mean LAR for
the whole population, matching the age specific risk estimate to the
corresponding age category. The mean LAR of all solid cancers was 2.1
cases per 10,000 patients, while the average LAR of leukemia was 0.2
cases per 10,000 patients (both genders, all age categories). In Fig. 4.b
LAR estimates of lung cancer are reported for all age categories in order
to evaluate a different behaviour with the age of exposure. LAR esti
mates for all other cancer types for different age categories are reported
in Fig. 4.c. Confidence intervals in Fig. 4.b and 4.c are clearly under
estimated. In fact, they do not take into account the uncertainty of risk
estimates, which is missing in table 12D-1.

whereLAR is the mean value of LAR of the subpopulation (male or
female), sD is the equivalent dose standard error (i.e. the standard devi
ation of the mean), σ LAR100 and LAR100 are respectively the standard
error and the mean value of risk estimates tabulated in table 12-5A of
BEIR VII report.
σ H was computed as follow:

σH
σ H = √̅̅̅,

(3)

n

where n is the subpopulation sample size.
sLAR100 was determined from tabulated confidence intervals using the
formula:
sLAR100 =

CI LAR100 + − CI LAR100 −
3.92

(4)

where CILAR100 + andCILAR100 − are the confidence intervals of LAR100
tabulated in table 12-5A of BEIR VII report.
The 95% confidence intervals of LAR were computed multiplying the
LAR standard error by a factor of 1.96.

4. Discussion
In this work we provide a summary of radiation dose data for chest

3. Results
3.1. Study population
Of the 3224 examined patients during a COVID-19 outbreak, 1843
(57.2%) were men and 1381 (42.8%) were women. The mean age was
67 ± 17 years (age range 17–105 years) and the mean weight of our
Table 1
Number of patients which belonged to each sub-cohort according to TABLE 12D1 of the BEIR VII report. In our cohort of patients nobody belongs to lower age
categories (below 17.5 age).
age category (y)

female

male

both genders

<17.5
17.5–25
25–35
35–45
45–55
55–65
65–75
>75
total population

0
13
59
105
161
215
227
601
1381 (42.8%)

0
24
52
101
243
346
421
656
1843 (57.2%)

0
37
111
206
404
561
648
1257
3224 (100%)

Fig. 1. The number of CT scans for suspected COVID-19 performed daily at the
University Hospital of Parma from February 24th to April 28th.
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Table 2
The mean value (MV), the median, the standard deviation (σ) and the 75th
percentile (75th) for CTDIvol_Body, SSDE, DLP_Body and E103 reported for total
population, for females and males.
Total

MV

σ

Median

75th

CTDIvol_Body (mGy)
SSDE (mGy)
DLP_Body (mGy⋅cm)
E103 (mSv)

6.8
8.7
239
4.4

2.7
3.0
94
1.6

6.2
7.8
219
3.9

8.0
9.8
281
5.0

Females
CTDIvol_Body (mGy)
SSDE (mGy)
DLP_Body (mGy⋅cm)
E103 (mSv)

MV
6.5
8.8
218
4.9

σ

Median
5.8
7.7
195
4.5

75th
8.9
10.5
266
5.9

Males
CTDIvol_Body (mGy)
SSDE (mGy)
DLP_Body (mGy⋅cm)
E103 (mSv)

MV
7.0
8.6
255
4.0

σ

Median
6.4
7.9
235
3.7

75th
8.0
9.5
290
4.4

3.0
3.6
98
1.9
2.4
2.5
88
1.1

Table 3
Equivalent dose H and standard deviation σH to organs for females and males.
Organ

Females
H ± σH (mSv)

Males
H ± σH (mSv)

Stomach
Colon
Liver
Lung
Bladder
Thyroid
Red marrow
Breast
Uterus
Ovary
Prostate

6.7
0.7
7.4
9.6
0.1
1.8
3.1
9.7
0.2
0.2
–

7.7
1.0
8.0
9.4
0.1
0.9
3.2
–
–
–
0.1

± 2.5
± 0.4
± 2.8
± 3.8
± 0.1
± 1.3
± 1.2
± 4.2
± 0.2
± 0.2

± 2.1
± 0.5
± 2.2
± 2.6
± 0.2
± 1.0
± 1.0

± 0.1

women with a high average age [1].
As reported in the advice from ESR [9], CT is indicated the most
appropriate tool for identifying ground glass opacity of COVID-19
pneumonia. Due to the considerable increase of CT examinations for
suspected patients COVID-19, we have considered interesting to eval
uate the our dosimetric results in terms of DRLs, while being aware that
the DRLs are estimated at a standard patient that does not match with
our population composed by more overweight COVID-19 patients.
Despite the differences in the sample examined, we have verified that
our medial values of the dosimetric indices are lower than national and
international DRLs.
Dosimetric results in terms of CTDIvol, SSDE, DLP and E103 are
comparable with patient suspected idiopathic interstitial pneumonia
and are in line with previous literature of doses reported for chest CT
[16]. In particular, >50% of cases present an effective dose below 4.5
mSv.
More precisely, our results expressed as the median value for all
dosimetric indices are lower compared to those reported, in particular in
[16] that summarized the CTDIvol, SSDE and DLP for International and
Italian DRLs for chest CT exams [16,17,18,19,20,21]. The most recent
Italian DRLs for chest exams [22] reported CTDIvol = 15 mGy and DLP
= 569 mGy⋅cm which are largely higher than our median values
(CTDIvol = 6.2 mGy and DLP = 219 mGy⋅cm).
The use of an advanced software for dosimetric calculations as
Radimetrics is a strength point of this work. Indeed, this software can
evaluate the mean organ doses, and thus effective doses, for different
groups of patients (both male and female) according to their body size.
The high dose values obtained for a small amount of patients (please
refers to Fig. 3) that reach an effective dose of about 13.5 mSv are
strongly dependent to their water equivalent diameter (WED) that
Radimetrics calculates from CT to obtain SSDE. High values of WED
depend on patient size [23], then these data refer to obese patients,
which seem to be most susceptible to COVID-19 complications.
SSDE is related to WED along the z-axis and so it reflects the size
variation that is present in our patient population, moreover the single
patient size can change along the z-axis of a CT scan in the thorax region
due to changes in body shape and attenuation at different areas, both
these effects are not included in CTDIvol evaluation but can be explored
looking at the SSDE frequency distribution. As expected, SSDE has an
average value greater than CTDIvol and all the frequencies are shifted
towards the right.
In a recent work by Agostini et al. [24], ultra low dose protocol with
an effective dose lower than 1 mSv is compared to high-resolution low
dose protocol with COVID-19 positive patients in terms of diagnostic
accuracy. In spite of the small sample size (8 patients), the authors
conclude that the two protocols are comparable for patient diagnosis. In
our institution radiologists have decided to use the high-resolution low
dose protocols instead of ultra low dose protocols because the former
guaranteed better delineation of the ground glass opacities typical of
COVID-19 pneumonia [25]. Although it is quite clear that both protocols
are suitable for solid nodules > 3 mm [26] there is no general consensus

Fig. 2. SSDE and CTDIvol_Body frequency distributions.

Fig. 3. E103 frequency distributions.

CT dose metrics for suspected COVID-19 pneumonia acquired during
Coronavirus disease outbreak in our Institution.
Ratio between men and women and age range of our population
reflects the characteristics of patients positive for COVID-19 pneumonia.
Indeed, it seems that COVID-19 mostly affects men with respect to
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Fig. 4. Lifetime attributable risk per 10,000 patients subjected to CT examination for COVID-19 infection. Fig. 4.a show LAR of each cancer site for females and for
males. Fig. 4.b reports LAR estimates of lung cancer for different age categories, while Fig. 4.c shows LAR estimates for all other cancer types. The 95% confidence
intervals are reported for all LAR estimates.

on the use of ultra low dose protocols for pulmonary emphysema,
ground-glass opacity nodules or micro nodules in particular for patients
with a BMI > 25 kg/m2 [25] because high BMI influences the level of
image noise on CT scans.
In order to evaluate the impact of radiation exposure connected to
these diagnostic exams, the BEIR VII model was applied to calculate the
risk of cancer induction. Using table 12–4 of the BEIR VII report it is
possible to compare the cancer incidence due to radiation exposure of
COVID-19 CT examinations (Fig. 4.a) to spontaneous cancer incidence.
Cancer incidences due COVID-19 CT examinations were more than one
order of magnitude greater than spontaneous cancer incidences for all
cancer sites except to the farthest sites from the (thorax) scanning re
gion, i.e. colon, uterus, ovaries and prostate. In particular, lung cancer
incidence was up to 20–50 times greater. However, cancer incidences
obtained in the present study by applying BEIR VII report were over
estimated for many reasons that are discussed below.
The risk of developing radiation induced lung cancer was higher for
women than for men by a factor that ranged between 1.9 and 2.5
depending on the age category (Fig. 4.b). This difference was probably
due to a greater lung sensitivity to radiation for the women. In fact, the

lung risk estimate in table 12D-1 of BEIR VII is 2.3 times higher for fe
male than for male at all ages, while equivalent doses to the lungs are
almost similar.
The risk of lung cancer seemed to decrease in both genders while the
age of exposure increased. Age dependence was clearly evident only for
first (17.5y-25y) and last (>75y) age categories with respect to the other
categories. It is important to notice that only a few cases belong to the
first age category: 24 for male and 13 for female.
As expected, lung cancer was the main disease which could be
induced by diagnostic exposures for both genders (Fig. 4.a). Breast
cancer risk was considerable for female also. For women, the risk of lung
or breast cancer induction exceeded the risk of any other cancer by a
factor of 6.9 or more. For men, the risk of lung exceeded the risk of any
other cancer by a factor of 2.3 or more. The second site in order of
greater LAR was the bladder in men. Results reported in Fig. 4.a are
systematically overestimated, due to the fact that risk estimates used in
this case are not age-specific and they refer to the generic U.S. popula
tion exposed to 0.1 Gy. The mean age of COVID-19 patients analyzed in
the present study was equal to 67 years, thus much higher than the mean
age of the U.S. population described in the BEIR VII report. The relative
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importance of breast cancer risk respect to other type of cancer is
overestimated in Fig. 4.a also, because the breast cancer risk has the
strongest age dependence. For example, from table 12D-1, the risk es
timate for breast decrease by a factor of 36 from age 20 y to age 70 y,
while the same factor for the lung risk estimate is only 2.4.
The merit of Fig. 4.a is to provide a more reliable quantification of
confidence intervals. The huge extent of confidence intervals is almost
exclusively due to risk estimate uncertainty of the BEIR VII report (not to
equivalent dose uncertainty) and attests that risk evaluation is only a
very approximate estimation.
From Fig. 4.c, LARs of all other cancers rapidly decreased as the age
of exposure increase, particularly for women. LAR estimates for females
exceeded LAR estimates for males at younger ages (until the 35y-45y age
category). Instead, the risk of induction of all other cancers was similar
at older ages between men and women.
The assessment of cancer risk, according to the BEIR VII, is based on
the linear no-threshold model and data collected from different pop
ulations living near nuclear facilities, exposed to high natural back
ground radiation, exposed from Chernobyl and atomic bomb survivors
[13]. The risk estimates of the BEIR VII report are thus an extrapolation
at low doses using the linear no-threshold model for radiation risk, based
on risk models generated from studies high level of radiation exposure.
Several works have discussed the weakness of this approach, both for the
use of linear no-threshold model and for the differences between pop
ulations [27,28]. All authors underlined that BEIR VII approach over
estimates risk of cancer induction at lower doses that are typical of X-ray
diagnostics. Moreover the application of the BEIR VII risk estimates is
not recommended on a population affected by a pathology such as
COVID-19. Even with this limitation, due to the sudden and considerable
increase of CT examinations for COVId19 pandemic, it is interesting to
provide an estimation, as rough as it may be, of the dosimetric impact of
such diagnostic tool.
In spite of all these weaknesses, cancer risk estimation according to
the BEIR VII allows a conservative approach that needs to be balanced
with diagnostic benefits of medical imaging.
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5. Conclusion
In this work we have demonstrated that despite the huge increment
in thoracic CT examinations due to COVID-19 outbreak, the highresolution low dose protocol used in our hospital guaranteed to stay
well beneath to national and international DRLs. Furthermore, we can
conclude that although we have used a risk estimation model that
overestimates the cancer induction, the results obtained in terms of LAR
are low and the diagnostic benefits of chest CT examinations are well
justified in these patients.
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