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The Importance of Thoracic Tomography in Prognosis in 
Critical Covid 19 Patients

Kritik Covid 19 Hastalarinda Toraks Tomografisinin Prognozdaki Önemi

Aim: Computed tomography (CT) images of the chest are often 

used to support the diagnosis of COVID-19 and infectious diseases. 

This study aims to question the importance of specific chest CT 

results in predicting the prognosis of COVID-19 patients being 

followed up in the intensive care unit (ICU).

Material and Method: For this study, 20 critically ill patients whose 

RT-PCR tests were positive for COVID-19 were included. Mortality, 

invasive and non-invasive mechanical ventilator requirement, 

APACHE II scores and ICU staying days were compared   chest CT 

scans with  have poor prognosis results  before admission to ICU. 

Results: Critical patients who were followed up in the ICU due to 

COVID-19 disease with crazy paving pattern on chest CT images, it 

was concluded that there is a statistically significant requirement 

for invasive mechanical ventilation support during the ICU period 

(p=0.04). We reported that all patients with pleural and pericardial 

effusion required invasive mechanical ventilation support. One of 

the chest CT results observed in critical COVID-19 patients ın ICU  

is that the consolidation / ground glass opacity pattern> 1 may 

have a higher (about five-fold) mortality rate. Most of our critical 

COVID-19 patients who stayed in intensive care for a long time had 

a crazy paving pattern on chest CT images.

Conclusion: We believe that some results obtained from chest CT 

scans in COVID-19 disease may predict the prognosis of the patient 

during the intensive care period.
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ÖzAbstract

Veysel Garani Soylu1, Öztürk Taşkın1, Ufuk Demir1, Yunus Yaşar2

Amaç: Toraks bilgisayarlı tomografi (BT) görüntüleri sıklıkla COVID-19 

ve bulaşıcı hastalıkların teşhisini desteklemek için kullanılmaktadır. Bu 

çalışma, yoğun bakım ünitesinde (YBÜ) izlenen COVID-19 hastalarının 

prognozunu tahmin etmede spesifik göğüs BT sonuçlarının önemini 

sorgulamayı amaçlamaktadır.

Gereç ve Yöntem: Bu çalışmaya RT-PCR testleri COVID-19 için pozitif 

olan 20 kritik hasta dahil edildi. YBÜ'ye kabul edilmeden önce  çekilen 

toraks BT taramalarında kötü prognoz sonuçları; mortalite, invazif ve 

non-invaziv mekanik ventilatör gereksinimi, APACHE II skorları ve YBÜ 

yatış günleri ile karşılaştırıldı.

Bulgular: Göğüs BT görüntülerinde kaldırım taşı paterni olan 

COVID-19 hastalığı nedeniyle YBÜ'de izlenen kritik hastalarda, YBÜ 

takibinde;invazif mekanik ventilasyon desteği gereksinimi istatistiksel 

olarak anlamlı bulundu (p=0.04). Plevral ve perikardiyal efüzyonu olan 

tüm hastaların invazif mekanik ventilasyon desteğine ihtiyacı oldu. 

Yoğun bakım ünitesinde kritik COVID-19 hastalarında gözlenen göğüs 

BT sonuçlarından olan, konsolidasyon / buzlu cam opasite paterninin> 

1 olan hastalar daha yüksek (yaklaşık beş kat)  ölüm oranına sahipti. 

Yoğun bakım yatış süresi daha fazla olan hastalarda kaldırım taşı 

manzarası görünümü mevcuttu.

Sonuç: COVID-19 hastalığında göğüs BT taramalarından elde edilen 

bazı sonuçların yoğun bakım döneminde hastanın prognozunu 

öngörebileceğini düşünüyoruz.
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INTRODUCTION 
In mid-December 2019, several cases of pneumonia of 
unknown origin appeared in certain hospitals in Wuhan City, 
Hubei Province, China.[1] These cases of pneumonia were 
reported to be caused by coronavirus.[2] The virus, which is the 
causative agent of pneumonia, was called SARS-CoV-2 and 
the disease that it caused was named Coronavirus Disease 
2019 (COVID-19) by the World Health Organization (WHO) 
in February 2020.[3,4] SARS-CoV-2 belongs to β-coronavirus, 
a typical RNA virus. Usually, it is round- or oval-shaped with 
a diameter of 60–140 nm under an electron microscope. Its 
outer membrane has unique spikes of ~9–12 nm, similar to 
the Sun’s corona.[2] On March 11, 2020, WHO announced that 
the COVID-19 epidemic is a worldwide “pandemic”.[4]

Note that COVID-19 is transmitted from person to person 
by respiratory droplets and contact. Similar to severe acute 
respiratory syndrome coronavirus (SARS-CoV) and Middle East 
respiratory syndrome coronavirus (MERS-CoV), the common 
clinical symptoms of patients with COVID-19 are fever, coughing, 
shortness of breath, and fatigue.[5] Despite mild symptoms and 
good prognosis in most patients, it can cause serious diseases 
such as pneumonia, pulmonary edema, acute respiratory distress 
syndrome, multiple organ failure, and even death.[6,7]

Reverse transcription PCR (RT-PCR) is the most useful test 
worldwide for diagnosing COVID-19 disease; however, the 
positivity rate of RT-PCR is 30%–60%.[8,9] It is a fact that, along 
with RT-PCR test, chest CT results are useful for its diagnosis.
Clinical physicians, epidemiologists, virologists, and 
phylogeneticists are trying to control the pathogenesis of 
infection and the spread of COVID-19, while certain researchers 
are examining imaging models using chest radiography 
and computerized tomography (CT). For example, typical 
radiographical patterns that are seen in the chest CT scans 
of almost all COVID-19 patients are ground glass opacity, 
multifocal irregular consolidation, and/or interstitial changes 
with peripheral distribution.[10,11]

CT was used for diagnosing the disease.[12] To answer the 
question “Does computerized tomography provide insight 
about the prognosis of the disease?” current studies are still 
insufficient. In this study, therefore, we aimed to investigate 
the importance of CT in predicting the prognosis of COVID-19 
patients during the intensive care process.

MATERIAL AND METHOD
Our study includes 20 critical COVID-19 patients who were 
followed up in the Covid intensive care unit of Kastamonu 
Training and Research Hospital and whose RT-qPCR tests 
conducted by the hospital laboratory tested positive between 
March 2020 and July 2020. There were no patients who 
previously performed lobectomy with lung surgery or patients 
with findings that could be superposed by COVID-19 disease 
findings in tomography images (interstitial lung disease, 
tuberculosis, etc.).

Ethics committee approval for the study was received from the 
Non-Invasive Clinical Research Ethics Committee of Zonguldak 
Bülent Ecevit University on 25 June 2020, with the decision 
numbered 2020/14.
Patient files were retrospectively reviewed. For each patient, 
data concerning duration of intensive care stay, requirement 
for invasive-noninvasive mechanical ventilator support, 28-day 
mortality, APACHE II score at the time of first admission to intensive 
care unit and non-contrast chest CT results taken within the last 24 
h prior to admission to intensive care unit was recorded.
Chest CT images were retrospectively evaluated by a radiologist 
with six years of experience in thoracic radiology, using multi-
planar reconstruction tools on CT images from a PACS workstation 
(Sisopacs, Sisoft). All scans were acquired using a 16-row multi-
detector scanner (Siemens Somatom Emotion 16, Erlangen, 
Germany). All images were obtained using the parameters 120 kVp, 
150 Ma, 1.5 mm collimation, 1.35: 1 pitch, 512×512 reconstruction 
matrix and 1.0 mm slice thickness.
In recent studies, bad prognosis markers on chest CT images 
of critical COVID-19 patients with lung involvement have been 
determined to be CT score, presence of pleural/pericardial 
effusion, consolidation/ground glass pattern of >1, presence of 
COVID-19 evidence in the right upper and middle lobe of the lung, 
crazy-paving pattern, and linear opacity. Ct score was evaluated as 
quantitative measures. These markers were the results specified in 
the literature.[6,13-16]

Statistical analysis was performed using SPSS (IBM Corp., Armonk, 
NY, USA). In terms of normality, the distribution of variables was 
assessed using the Kolmogorov–Smirnov test. Descriptive data 
were expressed as mean ± standard deviation and lower and upper 
values were also specified. Normally distributed data containing 
continuous variables were then analyzed using Student’s t test, 
and categorical variables were analyzed using the Chi-square test 
in which Fisher’s exact test was used in the presence of frequency 
values of <5 in any cell in the cross table. Note that p<0.05 was 
considered to be statistically significant.

RESULTS
In this study, 20 critical COVID-19 patients were included. Note that 
16 (80%) patients were male and 4 (20%) were female; the age 
range was between 37 and 87. At least one comorbidity (DM, HT, 
etc.) was present in 17 patients (85%) and APACHE II scores varied 
between 13 and 35. During their intensive care stay, 11 patients 
(55%) died and 14 patients (70%) required invasive mechanical 
ventilator support. Moreover, intensive care hospitalization of the 
patients was between 1 and 60 days, whereas the mean duration 
of stay was 13.25 days (Table 1).
According to the tomography results of the patients herein, there 
were nine patients (45%)  with linear opacity, 5 patients (25%) with 
pleural and pericardial effusion, 8 patients (40%) with crazy-paving 
pattern, 17 patients (85%) with upper and middle lobe involvement 
of the right lung, and 7 patients (35%) with consolidation/ground 
glass ratio of >1 (Figure 1).
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 Their CT scores ranged between 2 and 33, and there were 14 
patients (70%) with a CT score of <19.5 (Table 2, Figure 2).
Critical COVID-19 patients with crazy-paving pattern on their CT 
images in the last 24 h prior to their admission to the intensive 
care unit were reported to have a statistically significant 
requirement for invasive mechanical ventilator during their stay 
in the ICU (P=0.04). Although presence of pleural/pericardial 
effusion does not bring about a statistically significant difference 
in terms of the requirement for invasive mechanical ventilators, all 
of the patients with pleural and pericardial effusion were placed 
on IMV (n=5). There was no statistically significant difference 
reported in other results of bad prognosis on chest CT in terms of 
requirement for IMV during the intensive care stay.

Table 1. Demographic data

sex additional disease age mv 
need mortal

days 
of icu 
stay

apache 
ii

M HF 37 NIMV - 9 16
M COPD 70 IMV + 11 31
M LUNG CANCER 61 NIMV - 1 20
M COPD+HT+DM 73 IMV + 26 31

M LUNG 
TRANSPLANTATION 54 IMV + 6 17

M HT 59 IMV - 26 16
F COPD+HT 57 NIMV - 1 14
M DM+HT 59 IMV + 19 20
F DM+HT+CKD 77 IMV + 14 28
M - 45 IMV - 14 14
M CKD 55 NIMV - 4 24
M COPD+DM 80 IMV + 4 33
F BREAST CANCER +HT 75 IMV + 9 23
M CVD 87 IMV + 3 35
M - 44 IMV + 28 13
M TESTICULAR TM 38 IMV + 7 13
M COPD 77 IMV - 60 21
F HT+DM+HF 74 NIMV - 3 15
M - 86 IMV + 9 33
F DM 75 NIMV - 11 16

ICU, intensive care unit; F,female; M, male; HF, heart failure; COPD, chronic
 obstructive pulmonary disease; HT, hypertension; DM, diabetes  mellitus; CKD: chronic kidney 
disease; CVD, cerebrovasculer disease; TM, tumor; NIMV:  non-invasive mechanical ventilation; IMV, 
invasive mechanical ventilation

Figure 1. 1)Lineer opacity, 2)Pleural effusion, 3)Crazy-paving, 4)Consolidation

Figure 2. Lineer opacity-Pleural/perdicardial effusion-Crazy-paving-upper and 
middle lobe involvement of the right lung-consolidation/ground glass ratio>1 
-CT score over 19.5

Table 2. Tomography results of the patients

ct 
score 

linear 
opacity

pleural/
pericardial 

effusion 

consolidation/
ground glass 

ratio > 1

right upper/
middle lobe 
involvement 

crazy-
paving

number 
of lobes 
involved 

2 + - - - - 1

10 - + - - - 2

12 - + - + - 4

14 - - - + - 5

15 - - - + - 5

19 + - + + - 5

20 + - - + - 5

20 + + - - - 4

20 - - - + - 5

21 + - + + + 5

23 + - + + + 5

23 - - - + - 5

24 + - - + + 5

24 + - - + + 5

25 - + + + - 5

27 - - + + + 5

28 + - - + + 5

29 - - + + - 5

31 - - + + + 5

33 - + - + + 5

+:yes -: no
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In statistical analysis of 28-day mortality, although all of the 
bad prognosis results on chest CT do not create a statistically 
significant difference; consolidation/ground glass ratio >1 
was found to be approximately five times more mortal.

As in the statistical analysis of all findings of bad prognosis on 
chest CT in terms of mortality, the statistical analyses of these 
results did not have a significant difference in the statistical 
analyses of the duration of intensive care unit stays of critical 
COVID-19 patients. However, we reported that patients with 
crazy-paving pattern on their chest CT had a longer stay in 
the intensive care unit [patients with intensive care unit stay 
longer than 7 days n =12, patients with crazy-paving pattern 
n=7 (58.3%)] (Table 3).

There was no statistically significant correlation between 
APACHE II scores and their poor prognosis findings on chest 
CT of the COVID-19 patients followed up in the ICU (Figure 3)

DISCUSSION
In the current study, we intended to answer the question "Can 
we have a preliminary information about the intensive care 
process of COVID-19 patients based on their chest CT scans 
performed prior to their admission to intensive care unit? ".

COVID-19 disease is more common in the male population. 
In a meta-analysis by Li et al.[17], 60% of people suffering from 
COVID-19 are men.  The male population rate was 80% (n=16) 
in the present study and the male population was dominant.

The overall mortality rate of COVID-19 disease as of 25th 
August  was 2.36% in general society in Turkey.[18]  However, 
we know that mortality rate is higher in patients admitted to 
intensive care. In the study of Pavan et al., the mortality rate of 
critical COVID-19 patients is 50%.[19]  In the present study, our 
mortality rate was 55% (n: 11), which is somewhat similar to 
the study by Pavan et al.

Critical COVID-19 patients require invasive mechanical 
ventilator support during intensive care follow-up. In our study, 
14 patients (70%) were administered invasive mechanical 
ventilator support. In a study by Yang et al., including 52 
critical COVID-19 patients, 37 patients (71%) required invasive 
mechanical ventilator support.[20] 

In COVID-19, chest CT was used to support the diagnosis of 
the disease in general and to determine the severity of the 
disease.[6,21] However, clinical and laboratory data are used 
for its prognosis.[22,23]  There are still limited number of studies 
in the literature, which report that the chest CT findings 
can provide information about the prognosis of COVID-19 
patients. In a study by Liu et al.[24], early thoracic findings were 
reported to provide information about the prognosis of the 
disease. 

In existing studies, certain chest CT findings were correlated 
with the severity of the disease.[13,14]  In a study by Yang et al.[13], 
intended to determine the severe COVID-19 disease, it is stated 
that a CT score of >19.5 could be used to identify patients 
in critical condition.  Note that the CT score may reveal the 
severity of the disease; however, according to the result in our 

Figure 2. Lineer opacity-Pleural/perdicardial effusion-Crazy-paving-upper and 
middle lobe involvement of the right lung-consolidation/ground glass ratio>1 
-CT score over 19.5

Table 3. Statistical analysis of all findings of bad prognosis on chest CT

TOTAL (n/%) Linear Opacity 
(n/%)

Pleural /
Pericardial 

Effusion (n/%)
Consolidation/Ground 

Glass Ratio 1> (n/%)
Upper Right and 

Middle Lobe 
Involvement (n/%)

Crazy-Paving 
Pattern (n/%)

CT score over 
19.5

n (%) 20 (100%) 9 (45%) 5 (25%) 7 (35%) 17 (85%) 8 (40%) 14 (70%)
imv (+) 14 (70%) 7 (50%) 5 (35.7%) 6 (42.8%) 12 (85.7%) 8 (57.1%) 11 (78.5%)
nimv (+) 6 (30%) 2 (33.3%) 0 (0%) 1 (16.6%) 5 (83.3%) 0 (0%) 3 (50%)

P=0.64 P=0.26 P=0.35 P=1 P=0.04 P=0.3
mortality (+) 11 (55%) 6 (54.5%) 3 (27.2%) 6 (54.5%) 9 (81.8%) 6 (54.5%) 9 (81.8%)
mortality (-) 9 (45%) 3 (33.3%) 2 (22.2%) 1 (11.1%) 8 (88.8%) 2 (22.2%) 5 (55.5%)

P=0.40 P=1 P=0.07 P=1 P=0.19 P=0.33
icu stay under 
7 days 8 (40%) 4 (50%) 2 (25%) 2 (25%) 6 (75%) 1 (12.5%) 6 (75%)

icu stay over 7 
days 12 (60%) 5 (41.6%) 3 (25%) 5 (41.6%) 11 (91.6%) 7 (58.3%) 8 (66.6%)

P=1 P=1 P=0.64 P=0.53 P=0.07 P=1
IMV, invasive mechanical ventilation; NIMV, non-invasive mechanical ventilation; +:yes -: no
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study, CT score is not predictive of 28-day mortality, duration 
of intensive care stay, and invasive mechanic ventilator 
support in the critical COVID-19 patients.
Note that the presence of ground glass pattern in chest CT was 
considered a typical diagnostic image of COVID-19 disease.[25]  
Moreover, the presence of consolidation of the lungs agrees 
more with the severity of the disease.[24]  As a result of our 
study, we reported that high consolidation in the chest CT 
(consolidation/ground glass ratio >1) increased mortality in 
critical Covid patients by five times.
In the study by Peijie et al.[24], it was found that presence 
of crazy-paving pattern on the chest CT images of critical 
COVID-19 patients is correlated with the severity of the disease.  
Moreover, our study demonstrated that the presence of crazy-
paving pattern on chest CT was statistically correlated with the 
requirement for invasive mechanical ventilator support of the 
critical COVID-19 patients during their intensive care unit stay 
(p:0.04). Although the crazy-paving pattern does not make a 
statistically significant difference in the duration of intensive 
care stay, there was chest CT finding present in >50% of the 
patients with intensive care stay of >7 days (n=7, 58%).
Pleural/pericardial effusion is more common in critical 
COVID-19 patients compared to normal COVID-19 patients.[6] 
In our study, we reported that all of the patients with pleural/
pericardial effusion required invasive mechanical ventilator 
support.
We believe that linear opacity and upper right/middle lobe 
involvement, which are chest CT results of critical COVID-19 
patients in certain studies,[6,16] do not provide an insight 
into the prognosis of critical COVID-19 patients during the 
intensive care process.
APACHE II score is a commonly used scale to predict mortality 
in critical patients.[26]  In our study, we reported that the 
results that we consider bad prognosis on chest CT are not 
correlated with APACHE II scores of the critical COVID-19 
patients.
Because of the small number of patients, there are relative 
limitations in our study. To reveal the relation between chest 
CT and prognosis, additional studies with more participants 
are required.

CONCLUSION
Clinical and laboratory data were primarily used as prognostic 
factors in COVID-19 patients. With this study, we believe that 
radiological imaging can help predict the prognosis and 
support for diagnosing critical COVID-19 patients.
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