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Abstract
Background

In COVID-19 Pneumonia both capillary oxygen saturation and chest Computed tomography scan are important
tools to assess severity of the disease. Here, we investigated the relation between computed tomography severity
score and capillary oxygen saturation in patients with the infection. Objective: This study is assigned to assess
the correlation between computed tomography lung findings and capillary oxygen saturation using pulse
oximeter among patients with Coronavirus Disease — 19. Patients and Method: A cross-sectional study
consisted of 120 adult patients (72 male, 48 female) with Coronavirus Disease-19 who were initially seen in the
Rozhawa Emergency Hospital, Lalav Hospital for Respiratory Care Unit and Outpatient clinic in Erbil city from
August 1st 2020 to July 31sd 2021. All patients underwent pulmonary CT-scan, and measurements of capillary
oxygen saturation using pulse oximetry at the time of admission or first medical contact. Results: The total
number of patients was 120. Their mean age (SD) was 54.7 (14.2) years, the median was 56 years, and the age
range was 23 — 83 years. More than half of the patients were aged > 50 years, and 60% were males. The
majority (86.7%) were non-smokers, and only 11.7% had history of chronic lung disease. It is evident that there
was a strong inverse significant correlation between the SpO2 and the degree of lung involvement. The more the
% of lung involvement, the less the SpO2 levels(p < 0.001).1t is evident that 20.2% of the non-smokers had
extensive lung involvement (> 75%) while none of the ever smokers had extensive lung involvement; in
addition to that, 31.3% of the ever-smokers had limited lung involvement (< 5%) compared with 1.9% among

the non-smokers (p < 0.001).
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The degree of lung involvement was 51-75% among 71.4%, and >75% among 14.3% of the patients with
history of chronic lung disease, compared with 26.4% and 17.9% respectively among those with no such a
history (p = 0.017). Conclusion: The present study showed that patients with hypoxia had significantly higher

computed tomography severity score and lung involvement.

Keywords: COVID-19; CT-Scan Scoring; Severity of Chest.

1. Introduction

Chest imaging has been considered as part of the diagnostic workup of patients with suspected or probable
COVID-19 disease where RT-PCR is not available, or results are delayed or are initially negative in the
presence of symptoms suggestive of COVID-19. Imaging has been also considered to complement clinical
evaluation and laboratory parameters in the management of patients already diagnosed with COVID-19 [1].
Although the reference standard diagnostic tool of COVID-19 infection is the reverse transcription-polymerase
chain reaction assay (RT-PCR) which estimates viral load from a nasopharyngeal swab or tracheal aspirate [2,3]
However, recent studies reported low sensitivity of RT-PCR in the early stage (reaching from 37 to 71%),
probably due to the respiratory tract viral load, samples source, the procedures, and timing of samples
acquisition, as well as the intrinsic features and quality of the testing kits [4], while chest computed tomography
(CT) has established 56-98% sensitivity in detecting COVID-19 early presentation and can be helpful in
correcting false-negative RT-PCR through the early phases of the disease [5,6]. A non-contrast, high resolution
CT chest imaging plays a pivotal and essential role in the early disease detection, particularly in patients with
false-negative RT-PCR results, as well as in managing and monitoring the course of disease [7,8]. Moreover, the
disease severity can be assessed from the CT findings, significantly supporting the physicians in their clinical
decision and delivering effective and timely management [9]. CT severity score is a semi-quantitative scoring
system that is developed to determine the severity and extent of pulmonary involvement in viral pneumonia
[10]. In order to standardize the radiological descriptions, multiple chest CT scoring systems have been
developed, including chest CT severity score (CT-SS), chest CT score, the total severity score (TSS), modified
total severity score (m-TSS), and 3-level chest severity score in correlation with the clinical staging of disease
[11-14]. In addition, the Coronavirus Disease 2019 (COVID-19) pandemic has caused an increase in the use of
pulse oximeters, is a device that is usually placed on a fingertip. It uses light beams to estimate the oxygen
saturation of the blood and the pulse rate. It is a non — invasive method to determine the severity of hypoxia.
Guidance published in January 2021 by the WHO includes a provisional recommendation for “use of pulse
oximetry monitoring at home as part of a package of care, including patient and provider education and
appropriate follow-up”[15]. To the best of our knowledge, no study in the country investigated the correlation
between CT severity score and oxygen saturation, however one study in the country correlated the CT severity
index with some clinical parameters [16], and globally we found one study in Iran in which the extent of CT
lung involvement was correlated with capillary oxygen saturation using pulse oximeter [17]. Thus, our study's
objective is to evaluate and to estimate the correlation between CT lung findings and capillary oxygen saturation

using pulse oximeter among patients with COVID - 19.
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2. Materials and Methods

This is a cross-sectional study consisted of 120 adult patients with COVID-19 who were initially seen in the
Rozhawa Emergency Hospital, Lalav Hospital for Respiratory Care Unit and Outpatient clinic at Erbil city from
August 1st 2020 to July 31st 2021. The inclusion criteria were as follows: all adult patients were aged > 18 years
with confirmed SARS — CoV2 infection using RT-PCR test of nasal and throat swab specimens, who underwent
pulmonary CT-scan, and measurements of capillary oxygen saturation using pulse oximetry at the time of
admission or first medical contact, and having written informed consent to participate in the study. The
exclusion criteria were: Age of less than 18 years, pregnancy, severe anemia, any history of severe
hemoglobinopathy. Patients were considered to be current smokers if they had smoked at all during the last
month; ex-smokers if they had ever smoked; and nonsmokers if they had never smoked. Demographic data of
patients, including age, sex, and the presence of any chronic lung diseases were collected. The non-contrast
lung CT scan was requested for all patients during first medical contact. Different experienced radiologists with
a board certificate in the field of pulmonary imaging examined the lung CT scan of all patients and calculated
the severity of lung involvement using the CT scan score. The Chest CT score is a quantitative image scoring
system used to assess the lung changes and involvement by COVID-19 based on approximate estimation of
pulmonary involved areas. Each of the five lung lobes has been visually scored and given a score from 1 to 5: 1:
representing less than 5% lobar involvement, 2: 6-25% lobar involvement, 3: 26-50% lobar involvement, 4:
51-75% lobar involvement, 5. > 75% lobar involvement. The resulting total CT score is the sum of each
individual lobar score and ranges from 0 to 25. The capillary blood oxygen saturation was also measured for all
subjects using over the counter oximeter that was placed on a fingertip. Hypoxia was defined as a capillary
oxygen level of< 95%. An informed written consent was obtained from each patient, the study was consistent
with the World Medical Association (WMA) Declaration of Helsinki medical research protocols and approved
by the local KBMS ethical committee. Data were analyzed using the Statistical Package for Social Sciences
(SPSS, version 25). Fisher’s exact test was used (instead of the Chi square test) when the expected frequency
(value) was less than 5 of more than 20% of the cells of the table. The Pearson correlation coefficient was
calculated to assess the strength of correlation between two numerical variables. A p value of < 0.05 was
considered as statistically significant. Follow this order when typing manuscripts: Title, Authors, Affiliations,
Abstract, Keywords, introduction, materials and methods, results, conclusion, Acknowledgements, References,

Appendix. Collate.

3. Results

The total number of patients was 120. Their mean age (SD) was 54.7 (14.2) years, the median was 56 years, and
the age range was 23 — 83 years. Table 1 presents the age distribution and shows that more than half of the
patients were aged > 50 years, and 60% were males. The majority (86.7%) were non-smokers, and only 11.7%

had history of chronic lung disease (Table 1).
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Table 1: Basic characteristics of the studied sample.

No. (%)
Age (years)
<30 6 (5.0)
30-39 14 (11.7)
40-49 25 (20.8)
50-59 26 (21.7)
60-69 32 (26.7)
>70 17 (14.2)
Gender
Male 72 (60.0)
Female 48 (40.0)
Smoking
Ever smoker 16 (13.3)
Non-smoker 104 (86.7)
History of chronic lung disease
Yes 14 (11.7)
No 106 (88.3)
Total 120 (100.0)

Figure 1 shows that there was a strong inverse significant correlation between the SpO2 and the degree of lung

involvement. The more the % of lung involvement, the less the SpO2 levels (Figure 1).
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Figure 1: Correlation between degree of lung involvement and SpO2.

It is evident in Table 4 that the more the degree of lung involvement, the more the percentage of patients who

had moderate or severe decrease in SpO2 level (p <0.001).

Table 2: SpO2 levels by degree of lung involvement.

Sp0O2

Normal Mild Moderate Severe
Percentage of
lung N No. (%) No. (%) No. (%) No. (%0)
involvement
<5 7 7 (100.0) 0(0.0) 0(0.0) 0 (0.0
6-25 24 0(0.0) 24 (100.0) 0(0.0) 0 (0.0
26-50 30 0(0.0) 0(0.0) 30 (100.0) 0 (0.0) <0.001*
51-75 38 0(0.0) 0(0.0) 10 (26.3) 28 (73.7)
> 75 21 0 (0.0) 0 (0.0) 0 (0.0) 21 (100.0)
Total 120 7 (5.8) 24 (20.0) 40 (33.3) 49 (40.8)
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*By Fisher’s exact test.

It is evident in Table 3 that 20.2% of the non-smokers had extensive lung involvement (> 75%) while none of
the ever smokers had extensive lung involvement; in addition to that, 31.3% of the ever-smokers had limited

lung involvement (< 5%) compared with 1.9% among the non-smokers (p < 0.001).

Table 3: Degree of lung involvement by smoking status.

Percentage of lung Ever smoker Non-smoker Total

involvement No. (%) No. (%) No. (%) p

<5 5(31.3) 2(1.9) 7 (5.8)

5-25 1(6.1) 23 (22.1) 24 (20.0)

26-50 4 (25.0) 26 (25.0) 30 (25.0) < 0.001*
51-75 6 (37.5) 32 (30.8) 38 (31.7)

>75 0 (0.0) 21 (20.2) 21 (17.5)

Total 16 (100.0) 104 (100.0) 120 (100.0)

*By Fisher’s exact test.

The majority of those with a history of chronic lung disease had extensive lung involvement where it is evident
in Table 4 that the degree of lung involvement was 51-75% among 71.4%, and >75% among 14.3% of the
patients with a history of chronic lung disease, compared with 26.4% and 17.9% respectively among those with

no such a history (p = 0.017).

Table 4: Degree of lung involvement by history of chronic lung disease.

History of chronic lung disease

Percentage of lung Yes No Total

involvement No. (%) No. (%) No. (%) p

<5 0(0.0) 7 (6.6) 7 (5.8)

5-25 0 (0.0) 24 (22.6) 24 (20.0)

26-50 2 (14.3) 28 (26.4) 30 (25.0) 0.017*
51-75 10 (71.4) 28 (26.4) 38 (31.7)

> 75 2 (14.3) 19 (17.9) 21 (17.5)

Total 14 (100.0) 106 (100.0) 120 (100.0)

*By Fisher’s exact test.
4. Discussion

In this cross-sectional study, we found that patients with hypoxia had significantly higher CT severity score and
lung involvement, specifically there was a strong inverse significant correlation between the SpO2 and the

degree of lung involvement. The more the % of lung involvement, the less the SpO2 levels.

This finding is parallel of the same results of Aalinezhad M and his colleagues [17] in which there was a

significant reverse relationship between CT severity score and oxygen saturation.
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In another recent study conducted in United Arab Emirates, GA Saeed and his colleagues found that oxygen

requirement increase with the increasing CT severity [18].

This progressive increase in oxygen requirement can be due to the direct damage of the lung by the virus
causing inflammatory changes in the alveoli that limit oxygen exchange, leading to acute respiratory distress,
pulmonary fibrosis, and death. In addition, significant pulmonary thromboembolic effects were also found on

autopsies from patients who died from COVID-19 disease [19, 20].

In a study by Yang and his colleagues in China, quantitative and semi-quantitative indicators of chest CT scan
and their relationship to the clinical conditions of patients were investigated. They studied the CT scan findings
of 102 patients with COVID-19 infection and conducted that the total CT severity score was significantly higher
in patients with severe COVID-19 infections compared to mild cases. They also suggested that a CT severity

score could be used to evaluate the severity of pulmonary involvement [21].

Another preliminary data in Italy by Marco Francone and his colleagues suggest the potential role of CT score
for predicting the outcome of SARS-CoV-2 patients. CT score is highly correlated with laboratory findings and
disease severity and might be beneficial to speedup diagnostic workflow in symptomatic cases [22]. However;
none of the above-mentioned studies investigated the correlation between CT severity scores and the degree of
hypoxia as our work did. We showed that there is a significant relation between chronic lung diseases and
extensive lung involvement on CT scan imaging and specifically they had lower SpO2 saturation on
presentation in comparison to those without chronic lung disease. The same finding had been conducted from

the results of Aveyard P and his colleagues and Sanchez-Ramirez DC and his colleagues [23,24].

It had been concluded that tobacco smoking was associated with adverse outcomes and risk factor for severity
among patients with COVID-19 [25, 26], 27However; in our study we found that ever smokers had less severe
disease and lesser degree of hypoxia and lung involvement. The same findings observed in individual studies of
Chen Q and his colleagues Dong X and his colleagues Kim ES and his colleagues, Park SY and his colleagues
and Zheng Y and his colleagues [28, 29, 30, 31, 32].

5. Conclusion

In this cross-sectional study, we found that patients with hypoxia had significantly higher CT severity score and
lung involvement, specifically there was a strong inverse significant correlation between the SpO2 and the
degree of lung involvement. Moreover, those with chronic lung diseases had more extensive lung involvement

and lower SpO2 on presentation

6. Limitations

There are several limitations in our study: First, small sample size and the need for a larger multicenter cohort to
increase the accuracy of the findings. Second, we did consider the limited impact of other comorbidities on CT
severity. Third, CT images as well as peripheral capillary oxygen saturation were obtained once and no long

term follow up data were obtained. Finally, some of chest CT score estimations are approximate and subjective
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7. Recommendations

Our recommendation is that the future larger studies are expected to better clarify the estimated % of lung

involvement by measuring the peripheral oxygen saturation using a pulse oximeter.

8. List of Abbreviations

Table 5
Abbreviation Stands for
COVID-19 Corona Virus Disease — 19
CT Computed Tomography
Sp02 Peripheral Capillary Oxygen Saturation
WHO World Health Organization
RT-PCR Reverse Transcription —Polymerase Chain Reaction
SARS - CoV2 Severe Acute Respiratory Syndrome — Coronavirus
CT-SS Computed Tomography — Severity Score
TSS Total Severity Score
m-TSS Modified Total Severity Score
Reference

[1]. World Health Organization. COVID-19 clinical management: living guidance, 25 January 2021. World
Health Organization; 2021.

[2]. Wong HY, Lam HY, Fong AH, Leung ST, Chin TW, Lo CS, Lui MM, Lee JC, Chiu KW, Chung TW,
Lee EY. Frequency and distribution of chest radiographic findings in patients positive for COVID-109.
Radiology. 2020 Aug;296(2):E72-8.

[3]. Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TM, Pan I, Shi LB, Wang DC, Mei J, Jiang XL.
Performance of radiologists in differentiating COVID-19 from non-COVID-19 viral pneumonia at
chest CT. Radiology. 2020 Aug;296(2):E46-54.

[4]. ChanJF, Yip CC, To KK, Tang TH, Wong SC, Leung KH, Fung AY, Ng AC, Zou Z, Tsoi HW, Choi
GK. Improved molecular diagnosis of COVID-19 by the novel, highly sensitive and specific COVID-
19-RdRp/Hel real-time reverse transcription-PCR assay validated in vitro and with clinical specimens.
Journal of clinical microbiology. 2020 Apr 23;58(5):e00310-20.

[5]. Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TM, Pan I, Shi LB, Wang DC, Mei J, Jiang XL.
Performance of radiologists in differentiating COVID-19 from non-COVID-19 viral pneumonia at
chest CT. Radiology. 2020 Aug;296(2):E46-54.

[6]. Kanne JP, Little BP, Chung JH, Elicker BM, Ketai LH. Essentials for radiologists on COVID-19: an

123



International Journal of Applied Sciences: Current and Future Research Trends (IJASCFRT) (2022) Volume 13, No 1, pp 117-125

[7].

(8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

update—radiology scientific expert panel. Radiology. 2020 Aug;296(2):E113-4.

Liu J, Yu H, Zhang S. The indispensable role of chest CT in the detection of coronavirus disease 2019
(COVID-19). European journal of nuclear medicine and moleculear imaging. 2020 Jul;47(7):1638-9.
Wasilewski PG, Mruk B, Mazur S, Péttorak-Szymczak G, Sklinda K, Walecki J. COVID-19 severity
scoring systems in radiological imaging—a review. Polish journal of radiology. 2020;85:e361.

Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N, Diao K, Lin B, Zhu X, Li K, Li S. Chest
CT findings in coronavirus disease-19 (COVID-19): relationship to duration of infection. Radiology.
2020 Feb 20:200463.

Bankier AA, Janata K, Fleischmann D, Kreuzer S, Mallek R, Frossard M, Domanovits H, Herold CJ.
Severity assessment of acute pulmonary embolism with spiral CT: evaluation of two modified
angiographic scores and comparison with clinical data. Journal of thoracic imaging. 1997 Apr
1;12(2):150-8.

Li K, Fang Y, Li W, Pan C, Qin P, Zhong Y, Liu X, Huang M, Liao Y, Li S. CT image visual
quantitative evaluation and clinical classification of coronavirus disease (COVID-19). European
radiology. 2020 Aug;30(8):4407-16.

Salaffi F, Carotti M, Tardella M, Borgheresi A, Agostini A, Minorati D, Marotto D, Di Carlo M, Galli
M, Giovagnoni A, Sarzi-Puttini P. The role of a chest computed tomography severity score in
coronavirus disease 2019 pneumonia. Medicine. 2020 Oct 16;99(42).

Yang R, Li X, Liu H, Zhen Y, Zhang X, Xiong Q, Luo Y, Gao C, Zeng W. Chest CT severity score: an
imaging tool for assessing severe COVID-19. Radiology: Cardiothoracic Imaging. 2020 Mar
30;2(2):e200047.

Yang R, Li X, Liu H, Zhen Y, Zhang X, Xiong Q, Luo Y, Gao C, Zeng W. Chest CT severity score: an
imaging tool for assessing severe COVID-19. Radiology: Cardiothoracic Imaging. 2020 Mar
30;2(2):€200047.

Al-Mosawe AM, Fayadh NA. Spectrum of CT appearance and CT severity index of COVID-19
pulmonary infection in correlation with age, sex, and PCR test: an Iraqi experience. Egyptian Journal
of Radiology and Nuclear Medicine. 2021 Dec;52(1):1-7.

World Health Organization. COVID-19 clinical management: living guidance, 25 January 2021. World
Health Organization; 2021.

Aalinezhad M, Alikhani F, Akbari P, Rezaei MH, Soleimani S, Hakamifard A. Relationship between
CT severity score and capillary blood oxygen saturation in patients with COVID-19 infection. Indian
Journal of Critical Care Medicine: Peer-reviewed, Official Publication of Indian Society of Critical
Care Medicine. 2021 Mar;25(3):279.

Saeed GA, Gaba W, Shah A, Al Helali AA, Raidullah E, Al Ali AB, Elghazali M, Ahmed DY, Al
Kaabi SG, Almazrouei S. Correlation between chest CT severity scores and the clinical parameters of
adult patients with COVID-19 pneumonia. Radiology Research and Practice. 2021 Jan 6;2021.
Prudhomme JB, Ware LB. Acute lung injury and acute respiratory distress syndrome: mechanisms and
potential new therapies. Drug Discovery Today: Disease Mechanisms. 2004 Oct 1;1(1):123-8.
Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, Vanstapel A, Werlein C,

Stark H, Tzankov A, Li WW. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in

124



International Journal of Applied Sciences: Current and Future Research Trends (IJASCFRT) (2022) Volume 13, No 1, pp 117-125

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

Covid-19. New England Journal of Medicine. 2020 Jul 9;383(2):120-8.

Yang R, Li X, Liu H, Zhen Y, Zhang X, Xiong Q, Luo Y, Gao C, Zeng W. Chest CT severity score: an
imaging tool for assessing severe COVID-19. Radiology: Cardiothoracic Imaging. 2020 Mar
30;2(2):2200047.

Francone M, lafrate F, Masci GM, Coco S, Cilia F, Manganaro L, Panebianco V, Andreoli C,
Colaiacomo MC, Zingaropoli MA, Ciardi MR. Chest CT score in COVID-19 patients: correlation with
disease severity and short-term prognosis. European radiology. 2020 Dec;30(12):6808-17.

Aveyard P, Gao M, Lindson N, Hartmann-Boyce J, Watkinson P, Young D, Coupland CA, San Tan P,
Clift AK, Harrison D, Gould DW. Association between pre-existing respiratory disease and its
treatment, and severe COVID-19: a population cohort study. The lancet Respiratory medicine. 2021
Aug 1;9(8):909-23.

Sanchez-Ramirez DC, Mackey D. Underlying respiratory diseases, specifically COPD, and smoking
are associated with severe COVID-19 outcomes: a systematic review and meta-analysis. Respiratory
Medicine. 2020 Sep 1;171:106096.

Clift AK, von Ende A, San Tan P, Sallis HM, Lindson N, Coupland CA, Munafd MR, Aveyard P,
Hippisley-Cox J, Hopewell JC. Smoking and COVID-19 outcomes: an observational and Mendelian
randomization study using the UK Biobank cohort. Thorax. 2022 Jan 1;77(1):65-73.

Zhu J, Ji P, Pang J, Zhong Z, Li H, He C, Zhang J, Zhao C. Clinical characteristics of 3062 COVID-19
patients: a meta-analysis. Journal of medical virology. 2020 Oct;92(10):1902-14.

Hu L, Chen S, Fu Y, Gao Z, Long H, Ren HW, Zuo Y, Wang J, Li H, Xu QB, Yu WX. Risk factors
associated with clinical outcomes in 323 coronavirus disease 2019 (COVID-19) hospitalized patients in
Wauhan, China. Clinical infectious diseases. 2020 Oct 15;71(16):2089-98.

Chen Q, Zheng Z, Zhang C, Zhang X, Wu H, Wang J, Wang S, Zheng C. Clinical characteristics of
145 patients with corona virus disease 2019 (COVID-19) in Taizhou, Zhejiang, China. Infection. 2020
Aug;48(4):543-51.

Dong X, Cao YY, Lu XX, Zhang JJ, Du H, Yan YQ, Akdis CA, Gao YD. Eleven faces of coronavirus
disease 2019. Allergy. 2020 Jul;75(7):1699-709.

Kim ES, Chin BS, Kang CK, Kim NJ, Kang YM, Choi JP, Oh DH, Kim JH, Koh B, Kim SE, Yun NR.
Clinical course and outcomes of patients with severe acute respiratory syndrome coronavirus 2
infection: a preliminary report of the first 28 patients from the Korean cohort study on COVID-19.
Journal of Korean medical science. 2020 Apr 6;35(13).

Park SY, Kim JH, Kim HJ, Seo B, Kwon OY, Chang HS, Kwon HS, Kim TB, Kim H, Park CS, Moon
HB. High prevalence of asthma in elderly women: findings from a Korean national health database and
adult asthma cohort. Allergy, asthma & immunology research. 2018 Jul 1;10(4):387-96.

Zheng Y, Xiong C, Liu Y, Qian X, Tang Y, Liu L, Leung EL, Wang M. Epidemiological and clinical
characteristics analysis of COVID-19 in the surrounding areas of Wuhan, Hubei Province in 2020.
Pharmacological research. 2020 Jul 1;157:104821.

125



