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ABSTRACT

Aim: Comparison of safety profile of low dose CT scan chest with standard dose CT scan in Covid 19.

Study design: Prospective study

Place and duration of study: Department of Radiology, Benazir Bhutto Hospital, Rawalpindi from -01-09-2020 to 31-03-2021.

Methods After approval from ERB, 45 COVID-19 positive patients diagnosed by PCR, aged 55 years and above were selected.
In the prospective study, these patients with normal CXR were advised for same day chest CT scan. Initially, a standard dose of
chest CT scan of 150mAs was applied. After assessing the chest signs of Covid on scan, a low-dose CT of 30mAs was
performed instantly. A comparison was made to check the diagnostic accuracy of standard-dose and low-dose CT for the

identification of features of typical COVID19 pneumonia.

Results: The mean age of patients was 58.27+7.23. An admirable intra-reader agreement was found between low- and
standard-dose CT in identifying typical findings of COVID pneumonia (intraclass correlation coefficient [ICC] = 0.98-0.99 with A
p value of less than 0.001 of all readers). Mean effective dose values of low and standard dose groups were 1.69+0.38 mSv and
7.21+1.23, correspondingly. Values of absolute cancer risk per mean cumulative effective dose of low & standard dose chest CT

examinations were 0.68 x 10 and 2.41x107* respectively.

Conclusions: The low dose CT chest protocol is better than standard dose for the identification of typical COVID-19 pneumonia
features in routine practice with substantial decrease in dose of radiation as well as estimated cancer risk.
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INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus Disease 19
(SARS- COVID-19) started from the Wuhan city of China in the last
month of 2019. This disease spread as a pandemic very speedily
and affected 203 nations more than 271 million confirm positive
cases and 5.3 million deaths globally, till December 20, 2021*. Due
to its high transmission, Covid became the biggest pandemic seen
in the last 100 years. The modern world faced the worst lockdowns
during the various waves of this disease, which bore serious
medical, social and financial constraints. In this pandemic, the fast
spread and surge in deaths can be prevented by timely detection,
appropriate treatment as well as public health measurements?.
Maintaining the social distancing and sanitizing the hands were the
only measures to protect against this disease. The real-time
reverse transcriptase polymerase chain reaction (RT-PCR) is
considered to be the specific diagnostic test for the detection of
coronavirus so far but it has certain limitations including limited
availability, great false-negative rate and sometimes a delay in
confirming the disease also occur®. Moreover, to increase
specificity, WHO and disease control centers recommend viral
testing for the identification of COVID-19 cases. Although these
tests have near-perfect specificity and high analytical sensitivity,
test sensitivity in clinical side might be affect severely due to
certain variables such as handling of specimen, type of specimen,
adequacy of specimen and infection stage of specimen
development*. Some patients showed false negative results of RT-
PCR but CT findings of coronavirus were there, they were finally
reported positive after sequential sampling®.

Computed tomography (CT) scans have thus proved
superior to other diagnostic tools in diagnosis of the viral infection®.
Contrarily, CT abnormalities may preclude positive RT-PCR in
symptomatic patients and in asymptomatic patients who
consequently tested positive by the gold standard PCR’. The X
rays of chest has been the benchmark test for diagnosis of chest
diseases. However, the X Rays chest has shown to be limited
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Value in diagnosis of viral pneumonia as far as sensitivity is
concerned?®. On the other hand, chest CT scan is documented as a
key tool in identifying severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pneumonia®.

The thoracic complications of Covid 19 have widely been
recognized on CT scans of chest®. The degree and severity of
disease have been identified on chest CT scans, which confirms
the superiority of CT scan over other screening methods'*'?, Some
studies have validated the significance of CT scans in identifying
the prognosis of the disease®®. CT scans of chest can figure out
the fallout of the infection and if done repetitively, they can also
determine the efficacy of treatment!. In contrary, some other
researchers have suggested that the importance of CT for
diagnosis and screening is not confirmed'. In some instances
when there is a lack of RT-PCR kits or availability issue then
patients can get advantage of CT radiographs of chest in the
identification of pneumonia caused by corona virus as it is readily
available, highly sensitive and has less test-to-result time interval.
Individuals who get utmost benefit from imaging are those who do
not respond to supportive treatment, those with comorbidities,
those who are at greater risk for complication and those who
represent acute clinical deterioration?®. This raised the need of CT
chest practice throughout the pandemic of COVID-19, which
encouraged the apprehension about high exposure of radiation to
patients as well as workers of health care department®”.

It has been documented and well established that this
ionizing radiation enhances the chance of cancer development, the
risk of which increases multifold when the patient has to undergo
multiple scans for prognostic purposes, as in Covid-19'8. Recently
a study revealed the effects of low dose chest CT and concluded
that it has almost zero deteriorating effects on human DNA in
comparison to standard-dose chest CT which leads to
chromosomal abnormalities and breakage of DNA double-strand?®.
During this pandemic International Commission of Radiological
Protection (ICRP) suggested that ALARA (as low as reasonably
achievable) principle should be adopted in routine radiology
practice. This was advised in order to limit the exposure of covid
patients to unnecessary radiations during the course of
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diagnosis®®. Some previous studies suggested the effects of low
dose CT and showed that low dose chest CT scan with low tube
current fallouts trustworthy sensitivity than standard dose CT
protocols in the diagnosis of intrathoracic pathologies including
lung masses, parenchymal abnormalities and pulmonary nodules.
It was demonstrated that low dose (25 or 40mAs) chest CT
protocol created good quality diagnostic images. This was helpful
for the protection of patients against exposure of radiation?:.
Another study concluded that use of tube current of 50mAs also
has reliable diagnostic results, so it can be used in replacement of
standard-dose of 150 mAs in daily practice?.

Recently it was reported that application of low dose and
ultra-low dose CT has consistent efficiency in the identification of
consolidative opacities in COVID-19 pneumonia cases. They
compared conventional as well as low-dose protocol in early
phases of disease, because in intermediary and late phases,
protocol of low dose CT will produce satisfactory diagnostic image
quality?®. Some non-comparison researches suggested that low
dose chest CT scan provides satisfactory diagnostic accuracy in
pneumonia of COVID-19%.

The rationale of minimal dose CT scans in the diagnosis and
prognosis of this pandemic has gained scientific validity?®. To date,
statistically advanced study based on comparison of standard and
low-dose CT on pulmonary findings of COVID-19 patients has not
been established yet.

For this purpose, the study was planned to compare 30-mAs
chest CT with 150 mAs. Current prospective study is designed to
assess the diagnostic accuracy of low and standard dose chest CT
in imaging of COVID-19 patients with normal CXR initially.

The hypothesis of the current study specifies that the
protocol of low dose chest CT would have an equivalent diagnostic
accuracy as standard protocol for the detection of COVID-19
pneumonia.

MATERIALS AND METHODS

This prospective study was conducted at the Department of
Radiology, Benazir Bhutto Hospital, Rawalpindi from 1% September
2020 and 31% March 2021. A total of 45 patients who were 55
years or older and had normal chest X rays, were further sent for a
same day CT scan (chest) without contrast. Just because the risk
of cancer associated with exposure to ionizing radiations is greater
in young people, therefore individuals below 55 years of age were
not included in the study. Selected patients were RT-PCR positive
for SARS-CoV-2 infection when initial imaging was done for the
assessment of severity and extent of COVID-19 pneumonia. The
research permission was granted by ethical committee of the
institute. After an informed consent from participants, the CT scan
(chest) of standard-dose was done, low-dose CT was conducted
when characteristic features of COVID-19 pneumonia were
recognized on standard protocol. The whole procedure was done
instantaneously with the patient unmoved on the table. Eventually,
45 patients were enrolled in current research.

CT chest protocols were established using a 16-detector CT
scanner (Philips, MX 16). In supine position, the patient
examination was done. Two consecutive helical CT scans were
obtained from the base of the neck to the liver dome. The tube
current was 150mAs and stable tube voltage was 120kVp which is
a standard protocol, after that low protocol of 30mAs was done.
From each acquirement raw data, attached slices of thickness of 3-
mm were reassembled based on lung construction algorithm. Both
protocols had a pitch factor of 1. None of the patient received
intravenous contrast material. Corresponding clinician was
immediately provided with interpreted CT examination results and
then he combined the results for clinical case management
decision. These radiologists were not involved in conducting the
scans. Results of RT-PCR and CXRs were also hidden from the
readers. A 3 point CT finding scale was used to record the
existence or absence of characteristic SARS-COV2 pneumonia
findings for the evaluation of visibility as well as clarity of typical CT

COVID-19 pneumonia findings on CT scan. The 3 point CT scale
is labelled as O, certainly absent; 1, ambiguous; 2, certainly
present. Each lobe of the lung was interpreted separately by the
readers. Right upper lobe (RUL), left upper lobe (LUL), right lower
lobe (RLL), left lower lobe (LLL) and right middle lobe (RML) and
assign one score to it. Score of 0 showed no typical lesion of
COVID-19 pneumonia or normal lung parenchyma. The reader
assigned the score 1 when the finding was indistinct (equivocal). A
score of 2 was given when one or more than one characteristic
lesion(s) of COVID-19 pneumonia were found in concerned lobe.
For all five lobes, the scores were combined to offer a sum of total
score that ranged from 0 to 10. All CT images were seen with both
mediastinal window and lung window settings where mediastinal
window has width, 400 HU; level, 40 HU and lung window has
width, 1600 HU; level, =550 HU settings. Any of the following
standard characteristic features of Covid 19 was labelled as
diagnostic criteria?®. Multifocal ground glass opacity (GGO) of
rounded morphology with or without consolidation or visible
intralobular lines (crazy paving), peripheral GGO with or without
consolidation or visible intralobular lines (crazy paving) and
reverse halo sign or other judgments of consolidating pneumonia.
Images of mediastinal window settings were also evaluated by the
readers for the assessment of pleural/ pericardial effusion or
mediastinal/hilar lymphadenopathy. For statistical analysis, kappa
(k) test was employed for analysis of inter-observer agreement
between 3 radiologists for every lobe. Intraclass coefficient
correlation (ICC) was calculated in order to study inter-observer
agreement via comparison of cumulative score of standard-dose
and low-dose. However, Intraobserver agreement among standard
and low-dose was evaluated by k values acquired from each lobe
and radiologist. For the evaluation of intracbserver agreement of
total lung score among low and standard dose, ICC was used.
Values of ICC and k were interpreted according to literature.?6:?”
The k value between 0.81-1.00 was considered as excellent
consensus, value of 0.61-0.80 for good consensus, value of 0.41—
0.60 is considered for moderate consensus; 0.21-0.40 for fair
consensus and value less than 0.20 indicated poor consensus.
ICC higher than 0.90 showed excellent agreement while ICC
between 0.75 and 0.90 were considered for good, values in
between 0.50 and 0.75 were considered moderate and less than
0.50 showed poor agreement. The a p value of less than 0.05 was
considered as statistically significant.

Effective radiation dose and cancer risk estimation It was
suggested the calculation for effective dose values (mSv) of chest
CT scan examination by multiplying two factors i.e. conversion
coefficients (0.016 mSv/mGy-cm) with dose-length product (DLP),
where DLP values were obtained from patients’ information?. This
current study measured cancer absolute risks with low and
standard-dose CT scan examinations according to the risk model
publicized in ICRP Publication®.

RESULTS

There were 32 males and 13 were females, aged between 55 to
100 years (mean age of 67.1347.23). The average BMI was
24.57+2.8 kg/m?. For observers A, B, and C the average total lung
scores in low-dose CT scan were 6.48+2.8, 5.40+2.1, and
5.9+3.17, respectively. For observers A, B and C, the total scores
in standard-dose CT protocol were 6.32+2.9, 5.38+2.7, and
5.8+3.28, correspondingly. All of the three observers didn’t report
any normal chest CT or without lung parenchymal abnormalities. k
value was used to estimate the agreement between the three
observers for each of the protocol i.e. standard-dose and low-dose
in all lobes. Observer consensus for assessing total lung score
was evaluated for the standard-dose and low-dose measurements
(Table 1). Based on ICC values, there is exceptional inter-observer
consensus in both standard-dose and low-dose results, 0.79 and
0.82, correspondingly. Statistical comparison between the
observers of standard-dose and low-doses was evaluated by using
K, whereas p values were estimated for each lobe. The maximum
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similarity amongst standard-dose and low-dose were seen in RUL,
RML and LUL i.e. the k coefficient varied between 0.92 to 1.00 in
the three observers (p<0.01). The lowermost agreement was
observed in RLL with a k value ranging from 0.53 to 0.79 (a p
value of< 0.01). Intraobserver consensus among standard and low
dose was assessed by using ICC in order to calculate total lung
score (Table 2). In the estimation of total lung score among
standard-dose and low-dose, all observers had high ICC (0.98-
0.99) with a confidence interval which was statistically significant
(P values < 0.01).

The mean volume computed tomography dose index (CTDI
vol) values in low and standard-dose groups were 3.107+0.78mGy
and 13.278+1.35 (P<0.01). The mean of DLP values was
104.748+23.65 and 398.56+88.69mGy-:cm in low and standard-
dose groups, respectively. The mean effective dose values
obtained from the low and standard-dose groups were 1.69+0.38
and 7.21+1.23 mSyv, respectively. Absolute cancer risk per mean
cumulative effective dose values in low and standard dose CT
examinations were 0.68x10™ and 2.41x10™ respectively (Table 3).

Table 1: agreement amongst the observers for both doses i.e. 30mA and 150mA, for individual lobes and TLS (total lung score)

Dose Lung lobe Kappa (k) P value for k ICC [confidence interval] P value for ICC
RUL 0.59 <0.01
RML 0.48 <0.01

Standard-dose RLL 0.52 <0.01 0.81 [0.66—-0.91] <0.01
LUL 0.62 <0.01
LLL 0.69 <0.01
RUL 0.57 <0.01
RML 0.45 <0.01

Low-dose RLL 0.57 <0.01 0.84 [0.70-0.93] <0.01
LUL 0.52 <0.01
LLL 0.71 <0.01

Table 2: Agreement between the observersfor low-dose and standard dose readings of all observers in calculation of individual lobes and TLS (total lung score)

Observer Lung Lobe | Value of Kappa (k) P value (for k) Interclass coefficient [confidence P value for ICC
interval] for TLS
RUL 0.99 <0.01
RML 0.93 <0.01
Observer A RLL 0.79 <0.01 0.98 [0.97-0.99] <0.01
LUL 0.91 <0.01
LLL 0.96 <0.01
RUL 1.00 <0.01
RML 0.91 <0.01
Observer B RLL 0.67 <0.01 0.98 [0.96-0.99] <0.1
LUL 1.00 <0.01
LLL 0.90 <0.01
RUL 0.97 <0.01
RML 0.98 <0.01
Observer C RLL 0.53 <0.01 0.99 [0.97-0.99] <0.01
LUL 0.94 <0.01
LLL 1.00 <0.01

Table 3: Statistics related to absolute risk of cancer with regards to dose of radiation emitted from standard-dose and low-dose computed tomography of chest in

recognition of thoracic features of COVID-19 (CAR = Cancer Absolute Risk)

CT dose index Dose Length Product (mGy-cm) Exchange ratio Operational _
Dose (mGy) (mSv/imGy-cm) dosage (mSv) CAR (x10-4)
Standard-dose 13.278+1.35 398.56+88.69 0.016 7.21 241
Low-dose 3.107+0.78 104.748+23.65 0.016 1.69 0.68
DISCUSSION imaging equipment. The chest CT scans must be employed to the

The pandemic nature of Covid 19 has necessitated the urge for
devising a standard radiologic protocol, with higher safety profile,
for diagnosis of chest abnormalities in the patients'®. As many
patients might be missed due to false negative PCR, the
application of chest CT scans has gradually gained importance in
the pandemic of COVID-19°. Despite the availability of vaccination,
the disease still bears a threat to the entire world with its variants,
delta and omicron being the latest in the seriesl. A
multidimensional and rapid action is mandatory to limit the
mortality of the disease. The overall impact of Covid-19 on
financial and health sector has raised the need for a swift and
reliable diagnostic tool to identify the thoracic complications of
Covid 19, without compromising the health of the subject by the
intensity of radiations®. Recent research has shown the high
sensitivity of chest CT with the presence of characteristic radiologic
features in the identification of COVID-19 pneumonia®l. Although
existing American College of Radiology (ACR) guidelines oppose
the use of CT scan as a primary diagnostic tool for Covid
diagnosis!® as general presentation of COVID-19 lesion on
computed tomography is linked with harmful radiations which is the
major cause of problems associated with infections after using the

suspected patients of covid 19 with the utmost effort to prevent any
potential risk of ionizing radiations, i.e. by using low dose
radiation®®. lonizing radiations have been identified as cancer risk
factor. This is already established that increasing trend of exposure
to radioactivity enhances the risk of carcinogenesis®.

Quantities of radiation in CT studies are among the major
determinants of cancers caused by imaging exposure. Despite
being a global emergency, research data regarding CT scan
imaging in Covid 19 is still under consolidation. No significant data
is thus far available to affirm the best CT utilization with low dose
of radiation and with consistent diagnostic accuracy®:. The critical
nature of COVID-19 pneumonia requires numerous CT images for
the diagnosis of doubtful uncategorized cases such as false
negative RT-PCR in the presence of strong clinical indicators or
patients with deteriorating clinical signs in the progression of Covid
and associated illness with definite history of exposure®, so this
inquiry was aimed to assess whether it is logically suitable to adopt
a low dose chest CT scan as a standard for diagnosis of Covid
features. Our study showed that the difference wasn'’t statistically
significant in detecting laboratory confirmed COVID-19 pneumonia
when standard-dose and the 30mA imaging were compared with
otherwise normal radiological findings, with tremendous consensus
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ratio between the evaluators. Our study established that newly
reported typical features for identification of COVID-19 on CT scan
of chest may be measured adequately by using low-dose CT
protocol. In the same line, the low-dose CT chest ultimate
diagnosis of pneumonia in COVID-19 remained unaffected in all of
our 45 patients with established Covid through positive RT-PCR
test. This study showed a remarkable success in the diagnostic
accuracy of the low dose CT scan alongside a safety index of
>70% protection against cancer caused by exposure to radiations.
Several previous studies have shown that despite reduced image
quality, 30mA CT scans have a similar precision in diagnosis as
the standard-dose. It was confirmed in these studies that the chest
abnormalities were equally identified by the CT scans conducted at
lower dosage®34. An earlier study reported that standard-dose and
low-dose have similar proficiency in the diagnosis of
chestanomalies®.

Low-dose proficiency has also been observed in CT
pulmonary angiography with equally good results as that in the
standard radiations of CT scan®. Another study validated that low-
dose chest scans of CT scan lung screening has been linked with
low mortality due to reduced risk of cancer by radiations, thus
increasing the safety profile of the scans®. Yet, no recent
acknowledged low-dose protocol for routine chest CT has been
identified in certain clinical cases such as COVID-19. There is
evidence that extensively spread disease on chest radiographs is
easier to identify on low-dose CT scans. All detected lesions on CT
scans were typical for COVID-19 pneumonia where most
commonly involved lobes were RLL and LLL, subsequently the
upper lobes, whereas RML was the least involved lobe, as shown
in the previous studies®®2, When the differences between the
scoring of standard-dose and low-dose were taken into account,
no marked influence was seen on the COVID 19 diagnostic
accuracy. This shows that low-dose chest CT scan is 100%
sensitive, while the ideal test being the standard-dose. However a
greater number of studies are requisite in order to assess more
precise sensitivity. Ethical issues are also considered as a
challenge in order to obtain two CT scans which are associated
with higher radiation exposure in such studies. Occasionally
respiratory motion can blur the images during CT scan, therefore it
is conducted on breath holding when the patient has inspired
deeply.

An additional limitation in our study was the unavailability of
a gold standard during the recording of the images which could
have accounted for some missed lesions.

CONCLUSION

The difference between the standard and low dose CT scans in
identifying the lung lesions of Covid 19 was not statistically
significant. Concurrently, there was a marked reduction in cancer
risk with low dose protocol. The low dose protocol has a beneficial
advantage over standard dose protocol as it has a valid diagnostic
ability and lower risk of cancer.
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REFERENCES

1. World Health Organization. Novel Coronavirus (COVID-19) dashboard. Available via
https://covid19.who.int/Accessed December 20, 2021

2. Centers for Disease Control and Progression. Corona virus 2019disease (COVID-
19). Available via https://www.cdc.gov/ coronavirus/2019-ncov/index.html Accessed
28 November 2020

3. lliescu FS, lonescu AM, Gogianu L, Simion M, Dediu V, Chifiriuc MC, Pircalabioru
GG, lliescu C. Point-of-Care Testing-the Key in the Battle against SARS-CoV-2
Pandemic. Micromachines.2021;12(12):1464.

4. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19.
Nature Rev Microbiol 2021;19(3):141-54.

5. Vandenberg O, Martiny D, Rochas O, van Belkum A, Kozlakidis Z. Considerations
for diagnostic COVID-19 tests. Nature Rev Microbiol 2021;19(3):171-83.

6. Akl EA, Blazi¢ |, Yaacoub S, Frija G, Chou R, Appiah JA, Fatehi M, Flor N, Hitti E,
Jafri H, Jin ZY. Use of chest imaging in the diagnosis and management of COVID-
19: a WHO rapid advice guide. Radiology 2021;298(2):E63-9.

7. Solomon JJ, Heyman B, Ko JP, Condos R, Lynch DA. CT of post-acute lung
complications of COVID-19. Radiology 2021;301(2):E383-95.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.
31

32.

33.

34.

35.

36.

37.

38.

Caruso D, Guido G, Zerunian M, Polidori T, Lucertini E, Pucciarelli F, Polici M, Rucci
C, Bracci B, Nicolai M, Cremona A. Post-acute sequelae of COVID-19 pneumonia:
six-month chest CT follow-up. Radiology 2021;301(2):E396-405.

Huang Z, Lei H, Chen G, Li H, Li C, Gao W, Chen Y, Wang Y, Xu H, Ma G, Lei B.
Multi-center sparse learning and decision fusion for automatic COVID-19 diagnosis.
Applied Soft Computing. 2021; 24:108088.

Wang T, Chen Z, Shang Q, Ma C, Chen X, Xiao E. A Promising and Challenging
Approach: Radiologists’ Perspective on Deep Learning and Artificial Intelligence for
Fighting COVID-19. Diagnostics 2021;11(10):1924.

Sheervalilou R, Ahmadzadeh J, Alavi S, Mobaraki K, Sargazi S, Shirvaliloo M,
Golchin A, Yekanlou A, Mehranfar S. Evaluation of Diagnostic Modalities for SARS-
Cov-2: A Review Study. Int J Epidemiol Res 2021; 29:129-37.

Dong D, Tang Z, Wang S, Hui H, Gong L, Lu Y, et al. The role of imaging in the
detection and management of COVID-19: a review. |[EEE Rev Biomedical
Engineering 2020;14:16-29.

Rahimzadeh M, Attar A. A modified deep convolutional neural network for detecting
COVID-19 and pneumonia from chest X-ray images based on the concatenation of
Xception and ResNet50V2. Informatics Med Unlocked 2020;19:100360.

Shi F, Xia L, Shan F, Song B, Wu D, Wei Y, Yuan H, Jiang H, He Y, Gao Y, Sui H.
Large-scale screening to distinguish between COVID-19 and community-acquired
pneumonia using infection size-aware classification. Physics Med Biol
202117;66(6):065031.

Barbosa CS, Chaves GW, de Oliveira CV, Bachion GH, Chi CK, Cerri GG, Lima TC,
Lee HJ. COVID-19 pneumonia in the emergency department: correlation of initial
chest CT findings with short-term outcome. Emergency Radiology. 2020
Dec;27(6):691-9.

Cozzi A, Schiaffino S, Arpaia F, Della Pepa G, Tritella S, Bertolotti P, Menicagli L,
Monaco CG, Carbonaro LA, Spairani R, Paskeh BB. Chest x-ray in the COVID-19
pandemic: Radiologists’ real-world reader

performance. European journal of radiology. 2020 Nov 1;132:109272.

Kwee TC, Kwee RM. Chest CT in COVID-19: what the radiologist needs to know.
RadioGraphics. 2020 Nov;40(7):1848-65.

Muhammad NA, Sabarudin A, Ismail N, Karim MK. A systematic review and meta-
analysis of radiation dose exposure from computed tomography examination of
thorax-abdomen-pelvic regions among paediatric population. Radiation Physics and
Chemistry. 2021 Feb 1;179:109148.

Shiri 1, Akhavanallaf A, Sanaat A, Salimi Y, Askari D, Mansouri Z, Shayesteh SP,
Hasanian M, Rezaei-Kalantari K, Salahshour A, Sandoughdaran S. Ultra-low-dose
chest CT imaging of COVID-19 patients using a deep residual neural network.
European radiology. 2021 Mar;31(3):1420-31.

From https://www.cdc.gov/nceh/radiation/alara.html accessed on 18 Nov., 2021.
National Lung Screening Trial Research Team. The national lung screening trial:
overview and study design. Radiology. 2011 Jan;258(1):243-53.

Ohno Y, Koyama H, Seki S, Kishida Y, Yoshikawa T. Radiation dose reduction
techniques for chest CT: Principles and clinical results. European journal of
radiology. 2019 Feb 1;111:93-103.

Shaw B, Daskareh M, Gholamrezanezhad A. The lingering manifestations of
COVID-19 during and after convalescence: update on long-term pulmonary
consequences of coronavirus disease 2019 (COVID-19). La radiologia medica.
2020 Oct 1:1-7.

Pontone G, Scafuri S, Mancini ME, Agalbato C, Guglielmo M, Baggiano A,
Muscogiuri G, Fusini L, Andreini D, Mushtaq S, Conte E. Role of computed
tomography in COVID-19. Journal of cardiovascular computed tomography. 2021
Jan 1;15(1):27-36.

Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof S, Schluger
NW, Volpi A, Yim JJ, Martin 1B, Anderson DJ. The role of chest imaging in patient
management during the COVID-19 pandemic: a multinational consensus statement
from the Fleischner Society. Radiology. 2020 Jul;296(1):172-80.

Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa statistic.
Fam med. 2005 May 1;37(5):360-3.

Iseki H. Cohen's kappa statistics as a convenient means to identify accurate SARS-
CoV-2 rapid antibody tests. medRxiv. 2020 Jan 1.

Mpumelelo N. Estimation of effective dose using the dose length product in chest
computed tomography procedures. International Journal of Radiation Research.
2021 Oct 1;19(4):979-86.

Protection R (2007) ICRP publication 103. Ann ICRP 37(2.4):2

Azadbakht J, Khoramian D, Lajevardi ZS, Elikaii F, Aflatoonian AH, Farhood B,
Najafi M, Bagheri H. A review on chest CT scanning parameters implemented in
COVID-19 patients: bringing low-dose CT protocols into play. Egyptian Journal of
Radiology and Nuclear Medicine. 2021 Dec;52(1):1-0.

Bhattacharya S, Maddikunta PK, Pham QV, Gadekallu TR, Chowdhary CL, Alazab
M, Piran MJ. Deep learning and medical image processing for coronavirus (COVID-
19) pandemic: A survey. Sustainable cities and society. 2021 Feb 1;65:102589.
Fung DL, Liu Q, Zammit J, Leung CK, Hu P. Self-supervised deep learning model
for COVID-19 lung CT image segmentation highlighting putative causal relationship
among age, underlying disease and COVID-19. Journal of Translational Medicine.
2021 Dec;19(1):1-8.

Solomon JJ, Heyman B, Ko JP, Condos R, Lynch DA. CT of post-acute lung
complications of COVID-19. Radiology. 2021 Nov;301(2):E383-95.

Kanne JP, Bai H, Bernheim A, Chung M, Haramati LB, Kallmes DF, Little BP, Rubin
G, Sverzellati N. COVID-19 imaging: What we know now and what remains
unknown. Radiology. 2021 Jun;299(3):E262-79.

Sun Z. Diagnostic value of chest CT in coronavirus disease 2019 (COVID-19).
Current medical imaging. 2020 May 1;16(4):274-5.

Mohan MH, Jobayr MR, Joori SM. A Protocol of Low Dose Chest CT to Verify
Suspected COVID-19 infection. Indian Journal of Forensic Medicine & Toxicology.
2021 Oct 1;15(4).

Li Y, Wang G, Li M, Li J, Shi L, Li J. Application of CT images in the diagnosis of
lung cancer based on finite mixed model. Saudi journal of biological sciences. 2020
Apr 1;27(4):1073-9.

PJMHS Vol 16, No.02, FEB 2022 129


https://covid19.who.int/
https://www.cdc.gov/
https://www.cdc.gov/nceh/radiation/alara.html

