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Oz

GiRiS ve AMAC: Bu calismada, hastaneye yatista Toraks Bilgisayarli Tomografide (BT) COVID-19
pnoémonisine ait parankimal bulgularin C reaktif protein (CRP) ile iliskisini arastirmay1 amagladik.

YONTEM ve GERECLER: 1 Nisan-30 Mayis 2020 tarihleri arasinda akciger tomografisinde akciger bulgular
saptanan ve hastaneye bagvuran ardigik 192 COVID-19 hastasi ¢alismaya dahil edildi. COVID-19 pulmoner
bulgular1 bagvuru Toraks BT ile degerlendirildi

BULGULAR: 192 hastanin ortanca yast 44 (31-59) yil olup, bunlarm %46,8'i (90) kadindi. Medyan CRP degeri
15.2mg/L (2.0-55) olarak bulundu. Hastalarin Toraks BT bulgulart soyleydi: %69.2 (133) buzlu cam opakhgi,
%33.8 (65) konsolidasyon, %6.2 (12) ters halo, %11.9 (23) cilgmn kaldirim, %20.8 ( 40) ayrik nodiil, %5.7 (11)
pulmoner vaskiiler genisleme, %3.6 (7) bronsektazi ve %17.1 (33) fibrozis ile. Nodiil prezentasyonu olmayan
hastalarda ortalama CRP 42,8+59,1 nodiil prezentasyonu olan hastalarda ise 34,7+53,2 bulundu. CRP ile ilgili
bagimsiz oOngoriciileri belirlemek ic¢in; Yukarida agiklanan gogiis BT parametreleri lineer regresyonda
degerlendirildi. Gogiis BT'sinde nodiil varligi (-26.1Cl %95; (-49.0,-3.1), p = 0.026), BSTI-CT skoru (20,6, CI
%95; 7.6, 33.6, p) arasinda istatistiksel olarak anlamli iliski saptandi. = 0,002) ve CRP degerleri.

TARTISMA ve SONUC: Calismamizda, hastaneye basvuran semptomatik COVID-19 hastalarinda nodiil gibi
atipik bulgular1 olan hastalarin Toraks BT'sinde tipik bulgulari olanlara gore CRP diizeylerinin daha diisik
oldugunu bulduk.

Anahtar Kelimeler: c reaktif protein, COVID-19, gogiis bilgisayarli tomografi, nodiil

Abstract

INTRODUCTION: In this study, we aimed to investigate the relationship between the parenchymal findings of
COVID-19 pneumonia on chest Coumputed Tomography (CT) and C reactive protein (CRP) at hospital admission.
METHODS: 192 consecutive COVID-19 patients with pulmonary findings on chest CT, who were admitted to the
hospital between 1st April to 30th May 2020, were included in the study. COVID-19 pulmonary findings were
evaluated in admission chest CT

RESULTS: Median age of 192 patients was 44 (31-59) years and 46.8% (90) of them were female. Median CRP
value was found to be 15.2mg/L (2.0-55). Chest CT findigs of the patients were as follows: 69.2% (133) with
ground glass opacity, 33.8% (65) with consolidation, 6.2% (12) with reversed halo, 11.9% (23) with crazy-paving,
20.8% (40) with discrete nodula, 5.7% (11) with pulmonary vascular enlargement, 3.6% (7) with bronchiectasis and
17.1% (33) with fibrosis. The mean CRP was found to be 42.8+59.1 in patients without nodule presentation and
34.7+53.2 in patients with nodule presentation. In order to determine independent predictors related to CRP; chest
CT parameters described above were assessed in the linear regression. Association with statisticaly significance
were determined between the presence of nodule on chest CT (-26.1Cl 95%; (-49.0,-3.1), p = 0.026), BSTI-CT
score (20.6, Cl 95%; 7.6, 33.6, p= 0.002) and CRP values.

DISCUSSION AND CONCLUSION: In our study, we found that patients with atypical findings as nodules had
lower CRP levels than those with typical findings on chest CT in symptomatic COVID-19 patients admitted to the
hospital.
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INTRODUCTION

At the end of 2019, SARS-CoV-2 disease (COVID-19)
due to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was identified for the first time in Wuhan, a
city in the Hubei Province of China, as a cause of the
disease resulting in pneumonia, and it was defined as
pandemic disease by the World Health Organization (1-3).
COVID-19 may manifest as a mild upper respiratory tract
infection or as a lower respiratory tract infection with
symptoms ranging from acute respiratory distress syndrome
to severe pneumonia in symptomatic patients.Alternative
rapid diagnostic methods have been needed because the
PCR test, the gold standard for the diagnosis of SARS-
COV-2, takes a long time to get a result and the sensitivity
of PCR is between 60 to 70% depending on the viral load in
the upper respiratory tract and swabbing quality (4,5).

The unexpected, extremely high admission rates of
symptomatic patientsin suspect of COVID-19 pneumonia to
emergency departments forced the diagnosis of COVID-19
pneumonia to be done radiologically to isolate the patients at
early stage and to hospitalize the patients as soon as possible
(6). Chest computed tomography (CT) is used as an
expetidious and effective diagnostic imaging modality in
diagnosis of COVID-19 pneumonia, given that it has very
characteristic CT presentations such as ground glass opacity
(GGO), consolidation and creazy paving (7,8) Also, CT
imaging along with presence of blood inflamation markers
plays a major role in the management and clinical follow-up
of COVID-19 pneumonia. CT sensitivity and specificity
reported in various COVID-19 Studies have been found to
differ significantly among symptomatic patients (60% to
98% and 25% to 53%, respectively. (9-11). However, chest
CT alone may not be sufficient to diagnose symptomatic
patients with uncharacteristic chest CT findings and the
diagnosis should be supported by inflammation markers
such as C-reactive protein (CRP).

In this study, we aimed to investigate the relationship
between hospital admission COVID-19 chest CT findings
and CRP value among patients with COVID-19

MATERIAL AND METHOD

Study design

This is a a single-center, retrospective and observational
study. 205 consecutive patients, who were admitted to the
hospital between 1st to 30th April 2020 with the diagnosis
of PCR (+) Covid-19 and with pulmonary involvement on
chest CT, were included in the study. Patients with known
structural lung disease, lung cancer chronic obstructive
pulmonary disease, rheumatologic disease and active non-
COVID infection were excluded from the study. Patients
without COVID-19 pulmonary findgs were excluded from
the study. Also, the patients whose diagnosis were not
confirmed by repeated PCR test in-hospital course were not
included in the study. The demographic and clinical
characterisitics of the patients were obtained from hospital
database. Hemogram, CRP and other biochemical
measurements were repeated according to the need during
the hospital course in addition to the measurements at
admission.

COVID19 hastalarinda nodil ve CRP

Chest CT protocol

The CT scans were obtained with a General Electric
Optima 540 (GE Healthcare Systems, Chicago, lllinois,
USA ) Using the following parameters: 120 kVp, 100 mA,
1.5 mm collimation, 1.375:1 pitch, reconstruction matrix of
512 x 512, slice thickness of 1.25 mm, and lung kernel
algorithm. The CT protocol were performed in a supine
position during breath-holding at full inspiration. All CT
images were evaluated using a lung window, with a window
level of =500 HU and window width of 1500 HU.

Chest CT image analysis

Two experienced radiologists in thorax CT radiology
evaluated the thin-section CT images respectively and make
a decision in consensus. Parenchymal findings were defined
as typical, indeterminate, atypical and non-covid according
to the Radiological Society of North America (RSNA)
consensus statement. The groups defined as typical,
indeterminate and atypical were also evaluated as mild,
moderate and severe involvement according to the
Computed tomography (CT) weighted scoring according to
the British Society of Thoracic Imaging (BSTI) consensus
statement. The distribution of pulmonary lesions also were
defined central (predominantly lung hilum, involving mainly
the central two-third of the lung), peripheral (predominantly
subpleural, involving mainly the peripheral one-third of the
lung), and bronchocentric, as depending on their location in
the lung. The predominant patterns were reported on CT
images as ground glass opacity (GGO, hazy areas of
increased attenuation without obscuration of the underlying
vessels), consolidation (homogeneous opacification of the
parenchyma with obscuration of the underlying vessels),
reversed halo, crazy-paving (GGO with inter lobular and
intralobular septal thickening), discrete nodule, pulmonary
vascular enlargement and fibrosis. On the CT images, other
atypical pulmonary findings such as air bronchogram,
cavitation, bronchiectasia, pleural effusion, pericardial
effusion, pneumothorax and mediastinal lymphadenopathy
(defined as a lymphnode greater than 1 cm in short-axis
diameter) were also defined.
This study was approved by the Institutional Ethics Board of
the Ministry of Health and our hospital. The study protocol
conforms to the Declaration of Helsinki (12).

Statistical analysis

All statistical analyses were performed using the IBM
SPSS software (IBM SPSS Statistics for Windows, Version
24.0, IBM Corp. Armonk, N.Y.) Continuous variables are
presented as mean + Standard deviations (SD), or if non-
normal distribution given as median interquartilerange 25—
75% (IQR). Categorical variables were expressed as
percentages. Correlation between variables was performed
using Spearman’srank or Pearson correlation test. Linear
regression model was used to assess correlates of CRP level
and Thoracic CT findings. In all the statistical analyses, a p
value of < 0.05 is considered statistically significant.
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RESULTS

For the study, 205 patients were evaluated. Of them, 13
(6.3%) patients were excluded from the study due to absence
of any pulmonary findings in chest CT. Finally, 192 patients
were included in the study. Median age of 192 patients
included in the study was 44 (31-59) yearsand 46.8% (90) of
them were female. Median CRP value at the admission
value was found to be 15.2mg/L (2.0-55). Involvement rates
of the lungs were as follows: 26.5% (51) with the right lung,
22.9% (44) with the left lung, 50.5% (97) with bilateral
involvement. According to RSNA classification, 50.5%
(97), 26.5% (51), 17.7% (34) and 5.2% (10) of the patients
were classified as typical, indeterminate, atypical and non-
covid respectively. As per BSTI-CT weight scoring;
frequencies of mild, moderate and severe diseases among
the patients were 23.6% (43), 32.4% (59) and 45.0% (80)
respectively. 15.1% (29), 3.6 % (7), 30.2% (58) 51.0% (98)
of the patients had as upper lobe, middle lobe, lower lobe
and diffuse involvement, respectively. Lesions distribution
in the lung were found to be centrally in 8.8% (17),
peripheral in 65.1% (125)and bronchocentric in 26.0% (50)
of the patients. Chest CT findigs of the patients were as
follows: 69.2% (133) with GGO, 33.8% (65) with
consolidation, 6.2% (12) with reversed halo, 11.9% (23)
with crazy-paving, 20.8% (40) with discrete nodula, 5.7%
(11) with pulmonary vascular enlargement, 3.6% (7) with
bronchiectasis and 17.1% (33) with fibrosis. Inorder to
determine independent predictors related to CRP; chest CT
parameters described above were assessed in the linear
regression. Association with statisticaly significance were
determined between the presence of nodule on chest CT (-
26.1Cl 95%; (-49.0,-3.1), p = 0.026), BSTI-CT score (20.6,
Cl 95%; 7.6, 33.6, p= 0.002) and CRP values at admission
(Table 1). Also, the relationship between BSTI-CT score
and CRP was shown in boxplot analysis (Figure 1). The
mean CRP was found to be 42.8+59.1 in patients without
nodule presentation and 34.7+53.2 in patients with nodule
presentation (Figure 2). The Area Under Curve (AUC) value
for CRP and absence of nodule presentation on chest CT
was determined as 0.62 (95% CI 0.53-0.70, p=0.02) using
ROC analysis (Figure 3).
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Figure 1. Boxplot analysis of the relationship between BSTI-CT score
and CRP. BSTI; British society of thoracic imaging, CT; computed
tomography

300,0-
250,0-
200,0-

150,0-
100,0- ’
50,0

T T
absence presence

Nodule

CRPadmission

Figure 2. Boxplot analysis of relationship between chest CT presentation
with/without nodula and CRP. CRP; C-reactive protein, CT; computed
tomography
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Figure 3. ROC graphics to detect the AUC value of admission CRP for
absence of nodula presentation. AUC; areac under curve, CRP; Creactive
protein, ROC; receiver operating characteristic

Tablo 1. Multivariable lineer regression analysis between CRP and
COVID-19 chest CT pulmonary findings

Variables Regresyon p value
Coefficents
%095 ClI

Unilateral vs Bilateral -2.2 (-36.9, 49.9) 0.81
BSTI-CTscore 20.6 (7.6, 33.6) 0.002
(mild/moderate/severe)
Distribution of pulmonary lesions -3.0(-34.9, 29.0) 0.69
(central/peripheral/bronchocentric)

-7.6 (-25.7, 10.5) 0.41
Consolidation 9.3(-9.3,28.1) 0.32
Reverse-halo 15.8 (-22.5, 54.3) 0.41
Creazy paving 15.5 (-14.4, 45.5) 0.30
Nodula -26.1 (-49.0,-3.1) 0.026
Pulmonary vascular enlargement 4.3 (-34.5,43.3) 0.82
Bronchiectasia 10.6 (-35.9, 57.2) 0.65
Fibrosis 11.9(-10.2, 34.1) 0.29

BSTI, british society of thoracic imaging; CRP, C-reactive protein; CT,
computed tomography; GGO, groun glass opacity
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DISCUSSION

The most common reason of admission to the hospitalis
pneumonia among the patients with COVID-19. Between
15% and 30% of hospitalized patients develop acute
respiratory distress syndrome (ARDS), the main cause of
death in COVID-19 (13). Bilateral, subpleural, peripheral
GGO, consolidation, reverse halo and creazy paving are the
common chest CT parenchymal findings in hospitalized and
symptomatic COVID-19 patients (14). Pulmonary findings
of COVID-19 pneumonia have been classified in the report
published by RSNA as a consensus statement in the last
year(15). In this report, COVID-19 CT imaging findings are
divided into 4 groups as follows: typical appearence,
indeterminate appearence, atypical appearence and negative
for pneumania. Typical appearance is defined by the
presence of specific distribution of focal or multifocal GGO
with or without consolidation, crazy paving, reverse halo
sign findings. Indeterminate appereance is defined as
multifocal, diffuse, perihilar or unilateral GGO or few very
small GGO with or without consolidation lacking a specific
distrubition and are nonrounded or nonperipheral. In the
atypical appearence group, there are findings such as
isolated lobar or segmental consolidation with or without
GGO, discrete small nodules, lung cavitation and smooth
interlobular septal thickinig. A similar classification was
published by BSTI in 2020. Classic and probable patterns in
the classification of the BSTI report overlap with the
findings in the RSNA typical and indeterminate appearence
of COVID-19 classifications (16). In our study,
approximately 2/3 of the patients had typical and
indeterminate COVID-19 chest CT presentation and atypical
chest CT presentation was detected in 17.7% of the patients
(Figure 4,5).

Figure 4. Unenchanced axial image of lungs of in a patient with positive
RT-PCR show bilateral peripheral multifocal nodules with surrouning
GGO. GGO; ground glass opacity

COVID19 hastalarinda nodil ve CRP

Figure 5. Unenchanced axial image of lungs of in a patient with positive
RT-PCR show bilateral, peripheral, posterior dffuse GGOand
consolidation. GGO; ground glass opacity

GGO are the earliest findings of the disease which are
seen in most of the COVID-19 patients in different studies
(17,18) . Other early-stage findings are air space
consolidations and bronchovascular thickening.
Consolidation can sometimes be seen super imposed on
ground-glass opacities at the earlystages of the disease .
Consolidation in  COVID-19 pneumonia often lies
insegmental style and/or along broncho vascular structures
scattered across subpleural regions As the disease
progresses, the density of the consolidation areas, especially
in the GGO, and tendencies of consolidation increase and
progress to the upper parts of the lungs (19,20). Ground
glass density, consolidation, and thickening of the
interlobular septum are defined as exudation of the alveoli,
filling of the alveoli with inflammatory exudation, and
inflammatory involvement of the pulmonary interstitium,
respectively (21,22). As expected, in most patients with
these findings, high CRP values may be detected at hospital
admissions, and CRP increases as the extent of lung findings
increases. As the of these Chest CT findings progresses CRP
also increases. In our study, as chest CT findings changes
from mild to severe according to the BSTI classification, the
CRP values increased with statistical significance. There
were significant correlations among the degree of
pulmonary inflammation and the main clinical symptoms
and the laboratory results in patients with classic chest CT
findings.

COVID-19 patients may present with less common CT
findings such as nodule other than classic CT findings (23) .
Despite the confusion in defining of discrete nodule or solid
nodule, commonly known definition for is as follows: a
rounded or irregular opacity with well or poor defined
edges, measuring less than 3 cm in diameter (21).
Pseudonodular consolidation suggesting a pattern of
organizing pneumonia, seen in approximately 10% of
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COVID-19 patients, has also been classified as nodular
involvement in recent articles (24). Nodule may ocur as
multifocal, solid irregular or with visible halo in a small
number of COVID-19 patients (25,26,27). Multifocal,
irregularly bounded nodules with minimal ground glass
patterns can be seen in 3-13% of cases with COVID-19
pneumonia (26,27). This finding is also observed in other
viral pneumonias as similar to COVID-19 (28). Althgouh
the underlying pathophysiological mechanism has not been
fully elucidated, it is one of the radiological findings of the
pulmonary inflamation process of viral pneumonia. The
relationship between pulmonary inflamation which is one of
the main predictors of mortality in COVID-19 patients and
inflammatory marker CRP was shown (29). But it is not
exactly known what kind of relationship exsists between
different type of chest CT parenchymal findings which are
radiological markers of pulmonary inflamation and CRP. On
this basis, we aimed to investigate the relation between chest
CT findings such as distrubition and severity of pulmonary
involvement and CRP. It was not suprising to us to find that
CRP value increased significantly in parallel to the severity
of the lung involvement defined according to BSTI.
Additionaly it was found that COVID-19 patients with
presence of nodule presantation had statistically significant
lower CRP values compared to the patients with typical
presentation on chest CT at hospital admission. The studies
investigating the relationship between Chest CT and CRP in
COVID-19 patients have found a correlation between the
severity of pneumonia and CRP (29-31). These results were
also consistent with our study. The main limitations of these
studies were inclusion of small-number populations, use of
different methods to determine the severity of pulmonary
involvement, and poor statistical analysis. However, the
relationship of chest CT findings such as GGO, creazy
paving, and nodule with CRP value has not been evaluated
previously and there are no studies in the literature
investigating this association in COVID-19 patients. Our
study differs from other studies in this aspect since it is the
first study that investigated this association.

CONCLUSION

Chest CT is used in diagnosis and follow-up of
COVID-19 patients. The relationship between the
typical findings and their distribution is known with
inflammation markers and this relationship plays an
important role in the hospitalization and clinical
follow-up of COVID-19 patients. There are
insufficient data to make a similar interpretation in
patients with atypical chest CT presentations. In our
study, we found that patients with atypical findings as
nodules had lower CRP levels than those with typical
findings on chest CT in symptomatic COVID-19
patients admitted to the hospital. It may require for
further studies to assess whether this finding has
clinical implication.

Limitations

The main limitation of the study was the
discrepancy in the definition of the nodule observed on

chest CT. Another important limitation was the lack of
chest CT follow-ups, so the progression of the nodules
detected at presentation cannot be tracked down. In
addition, clinical implication of atypical chest CT
presentation such as node was not evaluated.
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