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Abstract
Objective. The outbreak of coronavirus SARS-COV2 disease 2019 (COVID-19) necessitates fast and
accurate diagnostic tools. RT-PCR has been identi�ed as gold standard test with Chest-CT and Chest-
Radiography showing promising results as well. However, several institutions are discouraging the use of
radiological procedures for COVID-19 diagnosis, partly due to radiation risk. This study aimed to provide
quantitative data towards an effective risk-to-bene�t analysis for the justi�cation of radiological studies
in COVID-19 diagnosis to guide policy and decision makers.

Methods. The analysis was performed in terms of mortality rate per age group. COVID-19 mortality was
extracted from epidemiological data across 159,107 patients in Italy. For radiological risk, the study
considered 659 Chest-CT performed in adult patients. Organ doses were estimated using a Monte Carlo
method and then used to calculate the Risk Index that was converted into a related 5-year mortality rate
(SEER, NCI).

Results. COVID-19 mortality showed a rapid rise for ages >30 years old (min:0.30%; max:30.20%),
whereas only 1 death was reported in the analyzed patient cohort for ages <20 years old. The rates
decreased for radiation risk across age groups. The median mortality rate across all ages for Chest-CT
and Chest-Radiography were 0.72% (min:0.46%; max:1.10%) and 0.03% (min:0.02%; max:0.04%),
respectively.

Conclusions. COVID-19, Chest-Radiography, and Chest-CT mortality rates showed different magnitudes
and trends across age groups. In higher ages, COVID-19 risk far outweighs that of radiological exams.
Based on risk comparison alone, Chest-Radiography and Chest-CT for COVID-19 care is justi�ed for
patients older than 30 and 50 years old, respectively.

Key Points
Based on risk comparison alone, Chest Radiography and chest CT for COVID-19 care is justi�ed for
patients older than 30 and 50 years old, respectively.

COVID-19 and Chest Radiography risk are comparable in the 20-29 age group (0.10% vs. 0.03%).

COVID-19 and Chest CT risk are comparable in the 30-39 age group (0.30% vs. 0.80%), in the 40-49
age group (0.90% vs. 1.10%), and in the 50-59 age group (2.50% vs. 1.01%).

Introduction
Between December 2019 and April 23rd 2020, 2.7 million cases of coronavirus SARS-COV2 disease
(COVID-19) have been reported,1 with over 186,000 attributed deaths worldwide.2 More than 180
countries report an outbreak, with US, Spain, and Italy showing the largest number of cases. On January
30th 2020, the World Health Organization (WHO) declared the pandemic a “public emergency of
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international concern”. In this scenario, accurate and fast diagnosis is one of the most necessary tools to
curb the spread of the COVID-19.

To date, the standard diagnostic method for COVID-19 has been reverse transcriptase polymerase chain
reaction (RT-PCR).3 However, this diagnostic test tends to be slow, requires a speci�c manufacturing
process, is not always promptly available, and has a varied and often low sensitivity within the range of
60-95%.4 Because the infected patients frequently have lung involvements, radiological imaging has been
used in many affected countries as an alternative for diagnosis of the disease. Frequent imaging �ndings
are bilateral pulmonary ground-glass opacities and consolidations with peripheral predominance.5 Chest
CT and Chest Radiography have shown promising performance with CT sensitivity reported to be up to
98%.6-8 Imaging can, therefore, offer an additional tool for the diagnosis or follow-up for the COVID-19
pandemic. Nevertheless, several international institutions are discouraging the use of radiological studies
for the diagnosis of coronavirus infection. In particular, the American College of Radiology recommends
that “CT should not be used to screen for or as a �rst-line test to diagnose COVID-19” and the Center for
Disease Control (CDC) does not currently recommend the use of radiological imaging to diagnose COVID-
19.9

In spite of the reservations, the need for rapid diagnosis to mitigate a rapidly spreading pandemic is at an
all-time high, and radiological examination is continuing to be used in many countries for the early
diagnosis of the disease and its follow-up. But such use, or prospective use, should be ordained
considering the sensitivity and speci�city of the procedure as well as its safety. In terms of safety, an
underlying issue with radiological procedures is radiation risk. Radiation risk is not the only factor that
should be taken into account for justifying the use of imaging in COVID care; nonetheless, it is an
essential factor of consideration. Currently, there is no study addressing the potential risk in the use of CT
and Radiography in the diagnosis of COVID-19 and how that compares with COVID-19 risk.

The purpose of this study was to compare, in real clinical populations, the COVID-19 infection mortality
risk versus the intrinsic risk associated with its diagnosis through CT and Radiography techniques to
guide policy makers on the best strategy in managing COVID-19 patients. COVID-19 risk was extracted
from epidemiological data and analyzed in terms of mortality per age group. Analogously, the ionizing
radiation risk was evaluated in terms of mortality per age group considering the Risk Index from Monte
Carlo based organ doses and converted to a 5-year relative mortality rate.

Materials And Methods
This study considered the COVID-19 mortality rate in the epidemiological data across 159,107 patients
published by Istituto Superiore di Sanità – Integrated surveillance of COVID-19 in Italy.10 We treated the
reported observations as samples from a Bernoulli random variable and used maximum likelihood
estimation to calculate the mortality rate in each age group. The associated uncertainties were then
evaluated in MATLAB 2019b (Mathworks, Inc.) as binomial con�dence intervals (CI) with a 95%
signi�cance level.11
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For radiological risk estimation, this study included 659 Chest CT examinations without contrast
performed on adult patients (median age = 62.8 years old; range = [18.1 – 79.9] years old) in US between
March 2018 and January 2019 using typical imaging protocols (tube voltage: 120kV; pitch: 1.53; slice
thickness: 2.5mm) and dose levels (median CTDIvol: 7.58 mGy; CTDIvol range: [2.07 – 37.44] mGy). The
study was performed in compliance with the Health Insurance Portability and Accountability Act and was
determined to be exempt from Institutional Review Board requirements.

To estimate the mortality rate associated with Chest CT examination, patient-speci�c organ doses (OD)
were calculated using patient-informed approaches validated in previous studies.12 Each patient was
matched to a virtual human model from the XCAT phantom library (18-78 years old, 52-117 kg, 23/35
M/F).13 The matching was based on patient lung height and patient diameter to �nd a phantom with the
closest thoracic organ distribution (Figure 1).

Organ doses were tallied and adjusted for tube current modulation.12,14 Following the National Research
Council BEIR VII report, organ doses were then used to calculate the radiation Risk Index (RI) for each
patient.15 Using the National Cancer Institute Surveillance, Epidemiology, and End Results Cancer
Statistics Review 1975-2015 (NCI – SEER),16 the RI was converted to a 5-year relative mortality rate for all
cancers, giving an upper bound for the Chest CT mortality rate.

Radiography mortality was calculated by re-scaling the organ doses estimated in the CT studies
following Zhang et al. study that reported the average lung dose in PA radiography examinations to be
about 2% of that in Chest CT.17 The Radiography organ doses were then used to calculate the
Radiography-related radiation Risk Index per each patient and the 5-year relative mortality rate for all
cancers as described above, giving an upper bound for the Chest Radiography mortality rate. A schematic
of the Chest CT and Chest Radiography mortality estimation method is provided in Figure 2.

The risks associated with Chest Radiography, Chest CT, and COVID-19 were then compared in terms of
mortality as a function of age.

Results
COVID-19 cases per age group, mortality rates per age group, and the related con�dence intervals are
reported in Table 1. Chest CT and Chest Radiography mortality median and interquartile range per age
group are also reported in Table 1 and in Figure 3.

Table 1. COVID-19 total number of cases; COVID-19, Chest CT, and Chest Radiography mortality rate per age group.
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Age group (years) COVID-19 cases Covid-19 Mortality
(% across age groups; [95% CI])

CT mortality (%)
median; [IQ range]

Radiography mortality (%) median; [IQ range]

0-9 1123 0.10; [0.00 – 0.05] n/a n/a
10-19 1804 0.00; [0.00 – 0.04] 0.84; [0.47 – 1.16] 0.03; [0.02 – 0.05]

20-29 7737 0.10; [0.04 – 0.20] 0.86; [0.45 – 1.99] 0.03; [0.02 – 0.08]

30-39 11686 0.30; [0.21 – 0.42] 0.80; [0.33 – 2.04] 0.03; [0.01 – 0.08]

40-49 20519 0.90; [0.78 – 1.04] 1.10; [0.55 – 3.17] 0.04; [0.02 – 0.13]

50-59 29858 2.50; [2.32 – 2.68] 1.01; [0.42 – 1.80] 0.04; [0.02 – 0.07]

60-69 24040 9.50; [9.13 – 9.88] 0.72; [0.33 – 1.28] 0.03; [0.01 – 0.05]

70-79 25717 24.10; [23.58 – 24.63] 0.46; [0.17 – 0.93] 0.02; [0.01 – 0.04]

80-89 26706 30.20; [29.65 – 30.75] n/a n/a

>90 9813 25.00; [24.14 – 25.87] n/a n/a

Unknown 104 1.90; [0.23 – 6.77] n/a n/a

TOTAL 159107 12.60; [12.44 – 12.76] 0.72; [0.33 – 1.35] 0.03; [0.01 – 0.05]

 

Figure 4 shows the three mortality risks. Only 1 death due to COVID-19 was reported in Italy across
patients between 0 and 19 years old. The risk exhibited a rapid rise between 30 and 89 years old with a
gradual decrease for patients older than 90 years old. Chest CT and Chest Radiography data followed the
same trends across age groups with a median Radiography risk magnitude that was 4.17% of the CT risk.
COVID-19 and Chest Radiography risk showed similar values for the 20-29 age group, whereas COVID-19
and Chest CT were comparable for patients between 30 and 60 years old.

Discussion
This study compared the mortality rate associated with COVID-19 in over 159,000 patients with an upper
bound of mortality for Chest CT and Chest Radiography in adult clinical populations. To our knowledge,
such a comparison has not previously been made. The data demonstrates how the risk associated with
radiation burden in radiological procedures cannot be overlooked, especially for CT examinations.
However, because the COVID-19 mortality shows signi�cant differences across age groups, the
justi�cation and the choice of the appropriate diagnostic strategy should include patient age considering
younger patients that are more sensitive to ionizing radiation.18 In the 30-39-year old age group, COVID-19
mortality is higher than that estimated for Chest Radiography, but it is comparable with the �rst quartile
of the CT induced risk. Between 40 to 59 years old, CT and COVID-19 have similar estimated mortality
rates, with the novel coronavirus risk rising rapidly for patients over 60 years old. Based on risk
comparison alone, Chest Radiography and CT for COVID-19 care is justi�ed for patients older than 30 and
50 years old, respectively.

The scienti�c community already accepts that the risks induced by radiological procedures are small,
compared with other lifetime risks from various sources19 and that the risk-to-bene�t ratio is favorable
when such techniques are used for symptomatic patients, even in the case of CT, the modality with the
highest associated radiation burden.20 Despite this consolidate knowledge, �ve months after the �rst
reported COVID-19 case, utilizing diagnostic imaging for diagnosis is not unanimously accepted. Few
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countries (i.e. Italy and China) are using diagnostic imaging,5-8,21 whereas others do not.9 A recent
Multinational Consensus Statement from the Fleischner Society evaluated the utility of diagnostic
imaging representing different factors.22 We emphasize that radiation burden is obviously not the only
factor under scrutiny for determining the role of imaging in COVID-19 care.  However, it is an essential
factor to be considered. The present study offers quantitative data, isolating radiation safety, to inform
decision making towards a more patient-centric diagnostic approach.

Some limitations to this study merit discussion. First, the reported comparison did not account for co-
morbidities or other clinical considerations that can strongly affect the justi�cation of medical
procedures. Furthermore, the risk was compared in cohorts from two different countries (Italy and US).
This was due to the limited availability of the data at this time. However, the reported methodology can be
extended to more uniform populations when the new epidemiological data will be available. Second, the
conversion from RI to mortality following NCI – SEER data16 ignored the timeframe of the risk: COVID-risk
is associated with death in the matter of weeks or months while radiation risk is in years and decades.
There is currently no method to compare risks that differ in their time horizon. Third, Radiography organ
doses were calculated by re-scaling the organ doses estimated in CT studies, though using reasonable
models.17,23 Fourth, the radiation risk analysis was limited to only adult patients and one clinical protocol
performed with one scanner model from one vendor. It is known that different vendors pursue different
strategies in the management of dose and image quality across clinical populations.24,25 However, the
differences in dose magnitude are not large enough to affect a population risk study. Lastly, this study
only focused on radiation risk associated with imaging. Future studies can extend the methodology to
include the sensitivity and speci�city associated with radiological procedures towards a more
comprehensive risk-to-bene�t evaluation.

Conclusions
The data reported in this study offer a �rst approach to risk-to-bene�t evaluation in the use of radiological
procedures for diagnosis of COVID-19. Because the mortality associated with the pandemic disease and
the statistical risk associated with radiological procedures change with patient age and show different
trends, the use of CT and Radiography to support the diagnosis of COVID-19 should not be a priori
excluded. Care should be used in the justi�cation of the best modality, as well as in the optimization of
the device parameters that should consider patient age.

Abbreviations
COVID-19: coronavirus SARS-COV2 disease 2019;

RT-PCR: reverse transcriptase polymerase chain reaction;

CTDIvol: volume Computed Tomography Dose Index;

OD: Patient-speci�c organ dose;

RI: Risk Index;
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SEER, NCI: National Cancer Institute Surveillance, Epidemiology, and End Results Cancer Statistics
Review 1975-2015.
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Figures

Figure 1

Example of patient matching to a virtual human model.
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Figure 2

Schematic of radiological procedures risk estimation.

Figure 3
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Figure 3. Distribution of Chest CT (black) and Chest Radiography (blue) mortalities per age. Each dot
represents a patient undergoing Chest CT or Radiography.

Figure 4

Figure 4. COVID-19 mortality per age (red) compared to those from radiation used in Chest CT (black) and
Chest radiography (blue).


