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Introduction
Despite advances in knowledge about COVID-19, it remains a multifacet-
ed disease, with several aspects still requiring further investigation. There 
is an ongoing need to access and understand long-term, lasting effects 
of COVID-19 or its clinical handling. The main objective is to analyze 
risks associated with the radiological investigation performed in patients 
with neurological symptoms and COVID-19 during the initial pandem-
ic. 
Methods
A group of 116 patients, referred to a Neurological-Unit during the initial se-
mester (Apr-Sep/2020) of the pandemic in Pernambuco, Brazil, and positivi-
ty (SARS-CoV-2 RT-PCR) for COVID-19 was compared to a similar group, 
conducted under the same institutional protocols, in a pre-pandemic period. 
All investigation data used are part of Institutional-Clinical-Image-Databank 
(BIC-HPS), which automatically stores all imaging performed at the Unit. 
Groups were similar (in age, p=0.73; sex, p=0.78; and main comorbidities 
at admission: hypertension p=0.30, diabetes-2, p=0.09). 
Results
The COVID-19-group was submitted to a significantly greater number of 
investigations (medical imaging: p<0.001, radiological exams: p<0.001, 
and number of tomographic scans: on average: 3.4, 1-12, ±2.0, p<0.001), 
surpassing safety-limits for radiation exposure. 
Conclusions
The study points out the elevated number of clinical investigations under-
taken in COVID-19 patients during early pandemic and highlights risks 
associated – including long-term health risks associated with radiation 
exposure. 
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Introduction

Although severe acute respiratory syndrome (SARS-type 2) 
is the best-known manifestation of COVID-19, neurological 

symptoms have been observed in COVID-19, with or without re-
spiratory illness (1, 2). In non-specialized hospitals, around 36.4% 
of patients with COVID-19 display neurological symptoms, ranging 
from alteration of level of consciousness to acute cerebrovascular 
disease, including skeletal muscle dysfunction (3). Therefore, it is 
not uncommon that this patient requires investigation of the nervous 
system (4). Furthermore, in the beginning of pandemic, facing an 
unknown virus, when specific diagnostic methods were not yet 
available, imaging - particularly computed tomography (CT) of 
the thorax - were used to ascertain diagnosis, when suspicion of 
COVID-19 existed, and this practice has persisted in some loca-
tions, in parallel to and despite the development and availability of 
genomic and serological tests (5). 

This study utilizes a Bank-of-Clinical-Images from a Neurologi-
cal-Unit (BIC-HPS), which automatically stores all imaging per-
formed, without deletion, with the objective of comparing the policy 
of exam acquisition in neurological patients with positivity for 
COVID-19 with that performed in similar patients, treated under 
same institutional protocols, but in a period in which COVID-19 
was not a Public-Health concern, seeking, in rethinking past actions, 
prepare the Health-System and its users for future demands. 

Methods
The work was performed in Hospital Metropolitano Oeste Pelópidas 
Silveira IMIP/SES/SUS, Recife, Pernambuco, Brazil

Retrospective study, comparing number and type of imaging exams 
performed during hospitalization of neurological patients with and 
without COVID-19 (Diagram 1). All medical images were accessed 
through BIC-HPS.

Considering the state of knowledge about diagnostic tests of infec-
tion at the time, a choice was made to select control-group from a 
chronological moment prior to COVID-19 pandemic and not from 
synchronic patients with negative RT-PCR.

The following clinical images were accounted for: a) non-contrast 
cranial computed-tomography (CCT-NC), b) contrast-enhanced cra-
nial computed-tomography (CCT-CE), c) computed-tomography 
of other regions (CT-OR), d) total computed-tomographies (CT-T), 
e) ultrasounds (US), f) echocardiograms (ECHO), g) angiography 
(ANG), h) Holter-24h.

Source: The author (2020).

Diagram 1. Summary of the study design
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Ethical Approval

Study was enrolled in HPS under number PAPP-HPS-2020-71-37 
and subsequently approved by Research Ethical Committee (CAAE 
37330720.7.0000.5201). 

Place of study

The research was conducted in a Specialized-Tertiary-Unit 
of Brazilian-Public-Health-System, whose primary profile 
at inauguration (2011-2012) was to serve as a Cardiological/
Cerebrovascular Reference Unit in the state of Pernambuco.

The Unit possesses a clinical archive, the BIC-HPS, in continuous 
function since 2014, interfacing for research (anonymized) and 
assistance (non-anonymized), without deletions, thus making up a 
continuous database, being distinct from a sample by convenience 
or even from Picture Archive and Communicating Systems (PACS) 
available in the region, which suffers periodic programmed deletion. 

Criteria for inclusion

Patients with positivity (SARS-CoV-2 RT-PCR) for COVID-19 

treated at HPS, who performed CCT from March until 
September/2020 were included in test-group. Control-group 
included patients who performed CCT in 2018, but similar in 
age and sex to test-group and randomly selected from BIC-HPS.

Criteria for exclusion

Non-hospitalized patients were excluded. Since this study is part of 
larger initiatives (including outcome evaluation and neuroimaging 
findings) patients who have not performed CCT within 24 hours 
of admission (6), images with artifacts and with signs of previous 
surgical manipulation were excluded.

Statistics

Softwares Excel 2019 and STATA-SE 12.0 were used. All tests 
considered  95% confidence interval. 

Characteristics of sample

Groups were similar in age, gender and main comorbidities at 
time-of-admission (Table 1). Age ranged between 22-99y, in both 
groups.

Table 1. Sample characteristics

COVID-19 Group Non-COVID-19 Group p

Age (average) 64.1 anos (±14.9) 63.4 (±14.8) 0.73
Elderly (≥65 years old) 55.2% 52.3% 0.69
Women 37.9% 36% 0.78
Systemic arterial hypertension 90.9% 96.6% 0.30
Diabetes 68.2% 85.7% 0.09

Source: The author (2020).

Results
Exams: 
Frequency and Type (Table 2)

Table 2. Number of individualized exams (by type) performed on each group

Exam
COVID-19 NON-COVID-19

p
Average n SD Average n SD

CCT-NC 1.9 1-7 ±1.2 1.8 1-6 ±1.1 0.37

CCT-CE 0.1 0-1 ±0.3 0.03 0-1 ±0.2 0.02

CT-OR 1.3 0-5 ±1.1 0.2 0-3 ±0.5 <0.001*

CT-T 3.4 1-12 ±2.0 2.0 1-8 ±1.4 <0.001*

MR 0.1 0-2 ±0.3 0.1 0-1 ±0.2 0.61

US 0.6 0-3 ±0.7 0.6 0-4 ±0.7 0.75

ECHO 0.3 0-2 ±0.5 0.1 0-1 ±0.3 0.004*

ANG 0.1 1-2 ±0.3 0.03 0-1 ±0.2 0.14

Holter-24h 0.02 0-1 ±0.1 - - - 0.22
CT: computed tomography; CCT: cranial computed tomography; NC: non-contrast; CE: contrast-enhanced; OR: other regions; T: 
total; MR: magnetic resonance; US: ultrasound; ECHO: echocardiogram; ANG: angiography. “-“: not performed. Please note that MR 
numbers presented here were acquired elsewhere and inserted at BIC-HPS at request of the therapeutic team at patients` admission, 
since no MR equipment is available at the Unit. 

In grouping all the radiological exams (only the ones which emit ionizing radiation (IR) it was possible to construct Table 3. When all 
imaging exams were grouped, Table 4 was obtained. The groupings showed difference between groups, with statistical significance 
(p<0.0001).
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Discussion
In face of the challenges of a new disease, potentially fatal and 
causing a pandemic, as has been the case with COVID-19, imaging 
became essential to handling patients. However, an increase in 
number of such exams have implications both economical and 
biological. In the latter context, due to it being a contagious disease, 
the logistics to performing imaging require modification, since it 
involves patient´s transportation, which can risk isolation protocol, 
with a variety of immediate consequences. However, delayed 
biological complications must also be kept in focus, particularly 
when considering exams involving ionizing radiation (IR).

Biological Effects Of Radiation In Neuroimaging 

Imaging can be grouped according to emission, or lack thereof, of IR. 

Biological effects due to low-dose and/or chronic radiation exposure 
may lead to diseases such as cancer after a latency period, which 
will depend on radiation dose, irradiated organ and type of effect 
considered, and reparative mechanisms available (7). The severity of 
effects to low-doses does not depend, therefore, on dose absorbed - 
however, the larger the dose absorbed, the higher the probability will 
be of effects` occurrence. Due to all these characteristics and factors 
involved throughout the latency period, proving direct causality 
relation between exposure and disease is virtually impossible (8).

CT scans have revolutionized medical investigation for allowing 
tridimensional and anatomical evaluation, with progressively better 
definition. Its use, thereafter, has rapidly increased in the last decades. 
Today, around 50% of median radiation dose for the population 
comes from medical exposure, with around one-quarter due only to 
CTs (9). CT scans utilize around 10-100 times more radiation than 
conventional radiographies and, therefore, doses absorbed through 
the former are within the highest observed in diagnostic radiology 
(10-100mGy) (9). Considering the tendency to repeat CTs, doses 
may exceed safety-limits and increase risk of cancer (10). Around 
one-third of CTs in adults are cranial, with about 75% obtained in 
hospitals (11).

Most of what is known about quantitative amounts of radiation 

capable of generating biological effects (radiation-threshold) has 
been based in studies of subgroups of survivors of atomic bombs. 
There was a significant increase in general risk of cancer in the 
subgroup of survivors who received low-doses of radiation, varying 
from five to 150mSv (12-14). Average dose in this subgroup was of 
around 40mSv, which is approximately the absorption dose of two 
or three regular, adult´s CT scans (11). Another study with survivors 
supports the evidence that doses above 100mSv have increased the 
occurrence of various types of cancers compared to the occurrence 
in the non-exposed population. It is, however, worth remembering 
that survivors received instant, full-body exposure to a mixture of 
radiation more complex than x-ray beams used in CT (9).

However, a study conducted with 400.000 workers of a nuclear 
industry who were exposed to an average dose of approximately 
20mSv (the approximate dose of a single, adult CT scan) has 
shown significant increase in cancer in workers who received doses 
between 5-150mSv - consistent with studies of bomb survivors 
(11, 15, 16). Therefore, there is evidence that exposure to doses of 
radiation corresponding to two or three CT scans (resulting in an 
average dose of 30-90mSv) results in an increased risk of cancer 
(11).

Number Of Exams And Exposure To Radiation In Covid-19

In COVID-19, neuroimaging studies have highlighted types 
of findings, potential patterns, and the importance of those for 
diagnosis and handling of infected patients, but rarely do they 
address the implications of number of exams performed.

In a 2020 study, the number of imaging exams performed is 
evaluated, however without comments on risks to safety (17). 
Another study, involving neuroradiology experts, establishes 
recommendations for neuroimaging in COVID-19, however it 
does not comment on exposure to radiation and how the proposed 
investigation protocols might minimize such risks (4).

Concerns about radiation exposure in COVID-19 appears in a 
study published in early 2021, in Turkey, in the initial stages of the 
pandemic (5). These authors point out that many CTs of the thorax 
were initially performed, due to the lack of diagnostic tests (5).

Table 3. Overview of radiological exams by group

Group Minimum number 
of exams

Maximum number 
of exams Average SD P

COVID-19 1 12 3.5 ±2.0
<0.001

Non-COVID-19 1 9 1.4 ±2.1

The table above presents the global number of radiological exams (CCT-NC, CCT-CE, CT-OR and ANG) for each group, considering 
all exams registered in the BIC-HPS. Numbers do not include radiographies, since those were not included in the BIC-HPS at the time. 

Table 4. Overview of imaging exams by group

Group Minimum number 
of exams

Maximum number 
of exams Average SD p

COVID-19 1 15 4.40 ±2.6
<0.001

Non-COVID-19 1 12 2.80 ±2.0

The table above presents the global number of imaging exams (CCT-NC, CCT-CE, CT-OR, ANG, US, ECHO and Holter-24h) for 
each group, considering all exams registered (and not only exams involving IR, as depicted in Table 3). Numbers do not include 
radiographies, since those were not included in BIC-HPS at the time. 
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After the completed sequencing of the genome of SARS-CoV-2 and 
the development of the first protocol of RT-PCR for diagnosis of 
COVID-19, the World Health Organization (WHO) recommended 
RT-PCR as gold standard for diagnosis of SARS-CoV-2 due to its 
being highly sensitive and able to detect infections with minimal 
levels of pathogens present in patient´s sample (18, 19). But, methods 
based on RT-PCR require sophisticated equipment and specialized 
labs, which has limited widespread use, in several parts of the 
world (20). At HPS, as of April 13th, 2020, the institutional protocol 
(derived from government recommendations), instructed swab for 
RT-PCR of SARS-Cov-2 in symptomatic patients, preferably up 
to seven days after the start of symptoms (21). In this study, all 
patients included in COVID-19 group were diagnosed based on RT-
PCR, eliminating the potential confounding effect of an increase in 
numbers of radiological tests to fill a void of laboratorial diagnostic 
tests, as have occurred in other parts of the world (5).

This study demonstrates that, although there was not a tendency 
to an increased number of CCT in the neurological patients with 
COVID-19 (Table 2), when compared to control-group; the number 
of CT-OR in COVID-19 group was markedly superior. There was 
also a tendency in COVID-19 group to present a higher number 
of CT-T. This difference had statistical significance (p<0.001 for 
CT-OR and CT-T).

Comparing that with control-group, the tendency of there having 
been a concentration of higher number of exams on a smaller 
number of patients was noted. It is observed that, in COVID-19 
group (n=116) there was an average of 3.47 (varying from one to 12, 
±2.0) radiological exams and 4.41 (varying from one to 15, ±2.6) 
imaging exams (which includes exams without IR, as described 
on Tables 3 and 4), compared to an average of 2.07 (varying from 
one to nine, ±1.4) radiological exams and 2.8 (varying from one 
to 12, ±2.0) imaging exams in the non-COVID-19 group (n=86). 
This difference has statistical significance (p<0.001). It thus 
demonstrates that radiation exposure was accentuated, since there 
was higher number of exams on a smaller number of patients 
(Tables 3 and 4).

Estimating the degree of exposure involves knowing the average 
effective doses associated with different exams.

Having established the equivalent and effective doses after a 
particular exam, combined with data of hazardous doses of 
radiation, it is possible to estimate the risk of cancer from exposure 
to imaging exams. Based on this data, Table 5 was produced. From 
that it is possible to conclude that, with anything above two cranial 
CT scans, patients start being at risk of delayed complications from 
IR.

Table 5. Effective doses and limit of exposure to radiation emitted 
by the main exams of CT scans

Exam Effective dose 
(mSv)

Number of 
exams to reach 

hazardous 
effective dose of 

5mSv

Number of exams 
to reach hazardous 
effective dose of 

100mSv

Abdominal CT 10 0.2 10

Cranial CT 2 2.5 50

Thoracic CT 8 0.62 12.5

Pelvic CT 10 0.2 10

Table 5 summarizes the exposure to IR (effective dose) during 
performance of CTs, as well as the number of exams necessary 
for exposure to hazardous doses (between 5mSv and 100mSv) 
associated with deleterious long-term biological effects (11, 12, 
14-18). 

It is noted that regular investigation of a neurological patient 
already approaches this safety-limit - an understanding not 
universally present among specialists who request this exam. 
However, when COVID-19 is added to patients’ picture, and due 
to the need of tomographic investigation of other regions, this 
safety-limit is exceeded.

It is observed in COVID-19 patients the performance of a superior 
number of total exams, when compared to other patients of same 
profile (Table 3). This may be explained by it being a new disease; 
nonetheless, the therapeutic team - which requests and analyzes 
this data – is bound to account for the different requirements - as 
of logistics involving pre- and post-performance of these exams 
and potentially environmental and direct patient risks.

Evaluating now the summation of radiological (Table 3) and 
imaging exams (Table 4), the significant increase of exams 
performed in patients with COVID-19 was maintained, with 
statistical significance (p<0.001 in comparison between groups in 
both tables), emphasizing long-term risks previously mentioned. 
It should be emphasized that this data does not account for 
the number of radiographies performed - being, therefore, an 
underestimation.

If careful assessment of the need for the examination by a 
conscientious therapeutic team is one way to avoid exposure, 
there are other ways of minimizing radiation during imaging 
that cannot be avoided. Radiologists must, in inter-consultation, 
recommend alternatives. Radiology technicians must be trained 
in reducing radiation-dose. Reductions of over 50% in dose is 
possible, by adjusting technical parameters and quality-control 
checking (10).

Despite importance, delayed biological complications of 
radiation derived from medical investigation, is still an under-
discussed topic. Many healthcare professionals are unaware of it. 
In 2003, 130 doctors, including ten radiologists were interviewed, 
about radiation dose of main imaging utilized in medical 
practice (22). Results demonstrated that 97% underestimated 
radiation exposure from exams and correct answers ranged from 
0-59%. Still, five and eight percent of phisicians, respectively, 
were unaware that US and MR are IR-free. This points out to 
insufficient knowledge about IR among doctors - not only the 
opinion-making tier among healthcare professionals, but also 
those who request these investigations daily (22).

In the context of COVID-19, it was expected that, due to it being 
a novel disease, the necessity for additional clarifying exams 
would manifest. However, this study demonstrates that, for the 
investigation of a neurological patient - already on the limit of 
the safety-threshold for long-term effects - safe alternatives must 
be prioritized.

Furthermore, an alert must be made about long-term effects 
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derived from increased number of clinical exams with IR, 
performed all over the world during COVID-19 pandemic. Data 
from this study points out that patients with COVID-19 and 
neurological manifestations are the focus of concern.

Due to its nature as a Specialized-Unit in a Public-Health-System, 
the results of this study must be extrapolated to other scenarios 
with caution. The absence of MR device in the Unit and the non-
computation of X-rays at the time of the study are limitations 
inherent to the Unit´s historical moment, and its potential impacts 
on the results of this study have been debated. Even so, similar 
clinical and working situations are not unique to this Health Unit, 
being, in fact, reasonably common considering a world-based 
scenario, which make this study results valid and pertinent. 

It seems imperative, at present, to: a) raise awareness among 
healthcare professionals involved in care of these patients about 
judicious use of exams and b) develop investigation protocols 
favoring modalities IR-free and, in the future, to continue following 
up these patients for understanding the belated lessons from 
COVID-19 pandemic.
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