Relationship between CT Severity Score and Capillary

Blood Oxygen Saturation in Patients with COVID-19
Infection

Marzieh Aalinezhad'®, Fariba Alikhani’®, Pooya Akbari®®, Mostafa Haji Rezaei*®, Samira Soleimani®®, Atousa Hakamifard®

ABSTRACT

Background: COVID-19 pneumonia is responsible for the latest pandemic. Usage of pulmonary computed tomography (CT) scan is known to
be an important method in the diagnosis of COVID-19. Here, we aimed to evaluate the relationship between CT severity score and capillary
blood oxygen saturation in patients with COVID-19 infection.

Methods and material: This is a cross-sectional study performed in 2020 on patients with COVID-19 infection. All patients underwent pulmonary
CT scan and CT severity score was calculated. The initial capillary oxygen saturation by the time of admission was also collected. Data were
collected and analyzed.

Results: A total number of 270 patients diagnosed with COVID-19 infection entered the study. The initial mean capillary oxygen saturation was
89.65 + 8.09%. The mean score in patients was 15.16 + 8.08. We also indicated that 27 patients had hypoxia by the time of admission and these
patients had significantly higher CT severity scores (p = 0.001). Diabetes mellitus (p = 0.001), hypertension (p = 0.001), and chronic obstructive
pulmonary disease (COPD) (p = 0.03) and totally having an underlying disease (p < 0.001) were significantly associated with decreased capillary
oxygen saturation. Patients with hypertension (p = 0.001) and patients with the previous medical disease (p = 0.01) had significantly higher CT
severity scores than others. There was a significant reverse relationship between CT severity score and capillary oxygen saturation (r = —0.44,
p < 0.001).

Conclusions: We showed that there was a significant reverse relationship between CT severity score and capillary oxygen saturation which
has great clinical importance. Furthermore, we indicated that previous medical history could also play an important role in CT severity score.
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INTRODUCTION

Coronavirusis a large family of viruses that includes the common cold
virus and the agent of a severe acute respiratory syndrome (SARS).
Coronavirus disease (COVID-19) is an infectious disease caused by
a newly discovered coronavirus."? The novel coronavirus is a new
respiratory coronavirus that started in late 2019 and early 2020 in
Hubei province and Wuhan city of China and has caused a new crisis
for the world.? The disease is called “acute respiratory syndrome
coronavirus 2" (SARS-CoV-2), and the World Health Organization
(WHO) named the virus COVID-19 after the death toll exceeded
1,000.* The virus is transmitted from animals to humans and, due to
the behavior of the virus and its highly contagious nature, was quickly
spread through human-to-human contact all around the globe.>®
The SARS-CoV-2 virus started in Wuhan, Hubei Province,
China, in early December 2019, and then gradually spread to
other parts of the world, causing a pandemic.” The most common
clinical manifestations of COVID-19 pneumonia are fever, fatigue,
dry cough, myalgia, shortness of breath, and gastrointestinal
complications, such as diarrhea and vomiting.®” Based on the
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evidence, the manifestations of the disease vary in individuals, but
the main manifestations include cough, upper airway inflammation,
myalgia, headache, acute respiratory distress syndrome (ARDS),
decreased blood O, saturation, and pulmonary involvement in
imaging studies.'’ It has also been declared that these pulmonary
involvements are the mostimportant prognostic factors in patients
with COVID-19infection.

Lung computed tomography (CT) scan is an important method
in the diagnosis of pulmonary abnormalities, which also has a very
valuable role in screening the patients suspected of infections as
well as diagnosis and clinical classifications of these patients."
Using CT scans, physicians are also able to follow-up patients after
discharge from the hospital. In previous studies, imaging findings
of lung infection caused by COVID-19 have been described in CT
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scans. The most common patterns of this infection are bilateral
and multilobar ground-glass opacities.'>'® It has also been shown
that the peripheral and lower lobes of the lung are mostly affected.
Further studies also showed other radiological patterns, such as
crazy paving pattern, airway change, and reverse halo sign for
patients infected with COVID-19.""®

Some studies have also emphasized the relationship between
CT scan findings and the clinical condition of patients explaining
the possible role of lung CT scan in determining the severity and
spread of the disease. CT severity score is a semi-quantitative
scoring system that is developed to determine the severity and
extent of pulmonary involvement in viral pneumonia.'’® Some
previous studies have suggested that this scoring system could be
used to quantify the spread of COVID-19 pneumoniain the lungs of
patients and also could be used to evaluate the clinical conditions
of patients."” By the time of admission of patients with COVID-
19 infection to the hospital, the measurement of blood oxygen
levels with a pulse oximetry device is performed for almost all the
patients.'® Hypoxia could be indicated in patients using this device,
which indicates a higher severity of the disease and a greater need
for intensive care.' Very few studies have evaluated the possible
relationships between quantitative imaging indexes of patients and
their clinical conditions. Most of the former studies have focused
on the relationship between pulmonary CT scan findings and
the clinical condition of patients, and some reported paradoxical
results but very few studies tried to evaluate quantitative imaging
indexes and clinical conditions of patients. To date, very few
studies have evaluated the use of CT severity score in patients with
COVID-19 infection and no studies have been conducted in Iran.
In the present study, regarding the importance and prevalence of
COVID-19 infection in Iran and also regarding the high values of
investigating the clinical conditions and their relationships with
imaging characteristics, we aimed to evaluate and investigate the
relationship between CT severity score and blood oxygen level by
the time of admission in patients with COVID-19 infection.

MetHoDS AND MATERIAL

This is a cross-sectional study performed in 2020 in Isfahan, Iran
on patients with COVID-19 infection. The research committee of
Isfahan University of Medical Sciences has approved this study and
the ethical committee has also confirmed it (Ethics code: IR.MUI.
MED.REC.1399.301).

The inclusion criteria were patients over 14 years of age,
confirming COVID-19 infection with PCR testing, patients who
underwent pulmonary CT-scan, and measurements of capillary
oxygen saturation using pulse oximetry at the time of admission,
and having written informed consent to participate in the study. The
exclusion criteria were incomplete data in the patient’s electronic
documents, atypical CT scans of the lung for COVID-19 infection,
congenital heart and lung anomalies, any history of chronic heart
and lung disease, and having severe hemoglobinopathy or anemia.

The study was performed by the census method. All of the
patients referred to our medical center with a diagnosis of COVID-19
wereincluded in the study based on inclusion and exclusion criteria.
Demographic data of patients including age, sex, and presence of
any past medical histories were collected. We collected all of the
comorbidities and compared the CT-scan results and other clinical
data among patients with or without these comorbidities.

The pulmonary CT scan was performed for all patients as
following: all subjects underwent CT scan of the lung with slice
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thickness = 0.625-5 mm during hospitalization by Hitachi 32-MDCT
device and were in supine and deep inspiration. The CT scan
images were then reconstructed. Two experienced radiologists
with a specialized board in the field of lung imaging simultaneously
examined the pulmonary CT scan of all patients and calculated the CT
scan score for patients (@an experienced radiologist is a radiologist who
has at least three years of experience in the field of body imaging). In
cases of disagreement, they asked for help from a third radiologist
who has more experience in body imaging (at least 10 years).

To calculate the CT severity score according to the anatomical
structure of the lung, 18 segments of both lungs were divided into
20 separate areas so that the apicoposterior segment of the left
upper lung was divided into the apical and posterior regions and
the antromediobasal segment of the left lung was also divided
into the anterior and basal regions. The radiologists examined
the presence and spread of opacity in all 20 areas and scored each
areaas0, 1,and 2 for 0%, below 50%, and above 50%, respectively.
The final score was obtained from the sum of points in each of the
20 areas and was considered as a CT severity score, which had a
range of 0-40.

The capillary blood oxygen saturation was also collected from
documents of all patients. Hypoxia was measured by capillary blood
saturation using pulse oximetry and hypoxia was defined as oxygen
levels < 95%. It should also be noted that the time interval between
performing pulse oximetry and pulmonary CT scan in patients
was a maximum of one day. Data were collected and analyzed to
investigate the relationship between CT severity score and patient’s
capillary blood oxygen saturations using SPSS software version 23.
Independent t-test, Mann-Whitney U test, and Pearson correlation
coefficient were performed at an error level of 5%.

REesuLTs

A total number of 270 patients diagnosed with COVID-19 infection
entered the study. The mean age of patients was 60.72 + 16.74 years
(25-97 years). The initial measurements of blood oxygen levels
showed that mean blood oxygen saturation was 89.65 + 8.09%
(40-100%). Analysis of the CT severity score showed that the mean
score in patients was 15.16 + 8.08 (10-40).

We also indicated that a total number of 27 patients had hypoxia
by the time of admission and these patients had significantly higher
CT severity scores based on independent t-test (p = 0.001). The
mean CT severity score in patients with hypoxia was 18.14 + 7.43
and the mean CT severity score in patients without hypoxia was
12.64 + 7.25.

We evaluated CT severity score and blood oxygen saturation in
patients based on gender and indicated that the mean CT severity
score was significantly lower in male patients (Table 1).

Table 1: Analysis of CT severity score and oxygen saturation in patients
based on gender

Standard

Variable Mean deviation ~ p-value

Age Female 61.16 16.36 0.73
Male 60.47 17.07

Oxygen saturation Female 88.47 10.46 0.056
Male 90.55 5.50

CT severity score Female 16.82 8.35 0.003
Male 13.91 7.6
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Table 2: Frequency distribution of various underlying diseases and their
relationship with oxygen saturation

Table 3: Relationship between underlying diseases and CT severity
score

Frequency Oxygen saturation

Frequency CT severity score

Underlying disease (N (%)) (mean + SD) p-value Underlying disease (N (%)) (mean + SD) p-value
Diabetes mellitus 80(29.6) Without 90.93 + 5.75 0.001* Diabetes mellitus 80(29.6) Without 14.30+7.89 0.09
With 86.55+11.45 With 17.21 +£8.20
Hypertension 87(32.2) Without 91.19 +5.54 0.001* Hypertension 87 (32.2) Without 13.97+7.53 0.005*
With 86.36 + 11.17 With 17.65 + 8.64
Chronic heart 46 (17.0) Without 89.87 +8.34 0.06 Chronic heart disease 46 (17.0) Without 15.15+823 0.85
disease With  88.53 +6.71 With  15.19+7.40
Chronic renal failure  7(2.6)  Without 89.71 +8.03 0.90 Chronic renal failure 7(2.6) Without 15.13+8.13 0.72
With 87.14 + 10.65 With 16.14 £ 6.03
Chronic lymphocytic  1(0.4)  Without 89.66 +8.10 0.40 Chronic lymphocytic 1(0.4) Without 1520+8.07 0.22
leukemia With  87.00+0.0 leukemia With 5.00+0.0
Cholesterolemia 15(5.6)  Without 89.67 +8.18 0.53 Cholesterolemia 15(5.6) Without 15.06+8.14 0.36
With 89.20 + 6.66 With 16.80 £ 6.90
Interstitial lung 2(0.7)  Without 89.64 +8.12 0.78 Interstitial lung 2(0.7) Without 15.10+8.02 0.40
disease With  90.50 +3.53 disease With  23.00 +15.15
COPD 9(3.3) Without 89.83 +8.02 0.03* COPD 9(3.3) Without 15.19+8.11 0.98
With 84.22 +8.87 With 14.55+7.56
Gastric cancer 1(0.4) Without 89.65 + 8.11 0.56 Gastric cancer 1(0.4) Without 15.15+8.09 0.82
With 89.00 + 0.0 With 17.00+0.0
Thalassemia 2(0.7)  Without 89.62 +8.12 0.59 Thalassemia 2(0.7) Without 15.17+8.10 0.66
With 92.50 +0.70 With 13.00 +5.65
Asthma 5(1.8) Without 89.67 + 8.09 0.53 Asthma 5(1.8) Without 15.13+8.14 0.46
With 82.00 + 0.0 With 16.80 + 3.49
Pulmonary infection ~ 1(0.4)  Without 89.66 +8.11 0.72 Pulmonary infection 1(04) Without 15.20+£8.07 0.82
With 89.00 + 7.96 With 5.00£0.0
Down syndrome 1(04)  Without 89.64 +8.11 0.72 Down syndrome 1(0.4) Without 1520+8.07 0.19
With 90.00 + 0.0 With 3.00+0.0
Alzheimer's 1(04)  Without 89.64 +8.11 0.72 Alzheimer's 1(0.4) Without 1520+8.06 0.19
With 90.00 + 0.0 With 3.00x0.0
Parkinson’s 1(0.4) Without 89.64 +8.11 0.72 Parkinson’s 1(0.4) Without 15.18+8.08 0.46
With 90.00 + 0.0 With 9.00%0.0
Hyperthyroidism 1(04)  Without 89.64 +8.11 0.87 Hyperthyroidism 1(0.4) Without 15.14+8.09 0.44
With 92.00 + 0.0 With 20.00£0.0
Total 137 (50.7) Without 91.82 +5.57 <0.001* Total 137 (50.7) Without 13.65+7.61 0.01*
With 78.52 +9.52 With 16.62 +8.28

*Significant, based on the Mann-Whitney U test; COPD, chronic obstruc-
tive pulmonary disease

Analysis of demographic data indicated that 50.7% of patients
had at least one previous medical disease. Hypertension (32.2%)
and diabetes mellitus (29.6%) were most common among patients.
Investigating the relationship between underlying diseases and
oxygen saturation showed that diabetes mellitus (p = 0.001),
hypertension (p = 0.001), and chronic obstructive pulmonary
disease (COPD) (p = 0.03) and totally, having an underlying disease
(p < 0.001) were significantly associated with decreased oxygen
saturation in patients (Table 2).

We also showed that patients with hypertension (p = 0.001)
and patients with the previous medical disease (p = 0.01) had
significantly higher CT severity scores than others. These data are
also summarized in Table 3.

Based on Pearson’s correlation test, we showed that there was
a significant reverse relationship between CT severity score and
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*Significant, based on the Mann-Whitney U test; COPD, chronic obstructive
pulmonary disease

oxygen saturation (r = —0.44, p < 0.001). This correlation was also
significant among patients with underlying diseases (r = —0.50,
p < 0.001) and among patients with no underlying diseases
(r=-0.28, p = 0.01). On the other hand, no significant correlations
were detected between oxygen saturation and age (p = 0.19).

Discussion

In the present study, we showed that patients with hypoxia had
significantly higher CT severity score. We also showed that diabetes
mellitus, hypertension, COPD and totally, having an underlying
disease were significantly associated with decreased oxygen
saturation. Furthermore, patients with hypertension and previous
medical disease have significantly higher CT severity score. Our
data also showed that there was a significant reverse relationship
between CT severity score and oxygen saturation, which has pivotal
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clinicalimportance. These data emphasize the relationship between
CT severity score and clinical condition of patients with COVID-19
infections. So far, some previous studies have discussed this issue
but paradoxical results were also reported.

In a study by Yang et al. in China, quantitative and semi-
quantitative indicators of chest CT scan and their relationship to the
clinical conditions of patients were evaluated. They investigated
CT scan findings of 102 patients with COVID-19 infection and
showed 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."” It should also
be mentioned that respiratory distress > 30 beats/min; resting
blood oxygen saturation < 93%; or partial pressure of arterial blood
oxygen (Pa0O,)/oxygen concentration (FiO,) < 300 mm Hg were
regarded as clinical severity criteria. These data are in line with
our findings, showing higher CT severity scores in patients with
hypoxia. Another study was performed by Zhao et al. on 101 cases
of COVID-19 infection to investigate possible relationships between
chest CT findings and clinical conditions of patients. They indicated
that ground-glass opacities or mixed ground-glass opacities and
consolidation and vascular enlargement were most common in
patients but they also emphasized the use of quantitative and semi-
quantitative indicators for further evaluation or even prediction
of the clinical condition of patients. They suggested that a CT
severity score can help in the evaluation of the severity and extent
of the disease.?’ These data are in line with our findings. However,
previous studies were not able to evaluate possible relationships
between CT severity score and clinical characteristics of patients.
We also showed that patients with hypertension and patients with
previous medical disease had significantly higher CT severity scores
which is another key point of the current study.

The beneficial use of CT severity score in patients with COVID-
19 infections has been also indicated in some other studies?' but
they could not determine any specific clinical feature in patients
that were correlated with this score. Another study was conducted
in China by Xiong et al. on 42 patients with COVID-19 infection to
determine any possible relationship between chest CT scan findings
and clinical parameters. They indicated that COVID-19 infection
usually presents with ground glass opacities in pulmonary CT scan,
whichis also correlated with higher C-reactive protein, erythrocyte
sedimentation rate, and lactate dehydrogenase. However, they
could not suggest any related clinical feature with the severity of
CT scan findings.?2 We believe that such variations could be due to
differences in the studied populations. So far, the possible relation
between CT severity score and oxygen saturation in patients with
COVID-19 has not been investigated in the studies. Here for the
first time, we showed a significant relationship between oxygen
saturation and CT severity score. This might be considered a key
finding for patients with COVID-19 infection to evaluate or even
predict their clinical conditions.

Fang et al. compared the results of CT severity score to results
of reverse transcription-polymerase chain reaction (RT-PCR) in 51
patients with COVID-19 infection. They showed that the sensitivity of
chest CT was greater than that of RT-PCR (98% vs 71%, respectively;
p < 0.001) and patients with higher CT severity scores had more
severe infection in the following days.? These results indicate that a
higher CT severity score is related to more severe clinical conditions
in patients. We also believe that associations between higher CT
severity scores and hypoxia could justify this issue. In a recent study
by Yang et al,, they tried to describe the clinical characteristics and
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imaging manifestations of 149 hospitalized patients with confirmed
COVID-19infection. They showed that multifocal peripheral ground
glass or mixed opacity with predominancein the lower lung was the
most common finding in patients and the severity of such findings
was associated with the severity of the infection in some cases.?*
Cheng et al. also evaluated CT scan findings of patients suspicious
of COVID-19 infections and reported that imaging patterns of
multifocal, peripheral, pure ground-glass opacity (GGO), mixed
GGO, or consolidation with a slight predominance in the lower
lung in the first week of illness could be considered as findings
which are highly suspicious of COVID-19. But they were not able to
clarify if there were any correlations between such CT scan findings
and clinical features of patients.?> As we showed, previous studies
could not discuss if there were any relationships between clinical
conditions in COVID-19 infected patients and CT severity score. The
limitations of this study were that this study could have unknown
potential confounders, we used the data that were originally
collected for these purposes, not all the relevant information, and
we had also an inferior level of evidence compared with prospective
studies. We also had a restricted study population compared to
some former studies and therefore, suggest that more studies on
larger populations should be performed. We also suggest that
physicians should consider CT severity score as a useful method
to evaluate patient’s conditions.

CONCLUSION

Here we showed that patients with hypoxia have significantly higher
CT severity scores. We showed that there was a significant reverse
relationship between CT severity score and oxygen saturation
which has great clinical importance. Furthermore, our data showed
that previous medical history could also play an important role in
CT severity score. These data were in line with some of the previous
studies but some other studies could not discuss them. We suggest
that physicians should pay more attention to CT severity scores in
patients with COVID-19 infection.
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