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Abstract

Purpose: To analyze volumetric quantities of the most frequent features of 
chest CT scans in patients with COVID-19 pneumonia by stereological methods.

Materials and Methods: Chest CT scans of 29 patients confirmed with 
COVID-19 whose ages were from 27 to 66 was retrospectively evaluated. Lung 
images were obtained using computed tomography device with the patient in 
the supine position at full inspiration, without administration of contrast medium. 
The total lung volumes, volumes and volume ratios of ground glass opacities 
without and with consolidation and intraparenchymal pulmonary vessels were 
estimated by stereological methods. SPSS 26 was used to process the data. 
Results were expressed as means ± SD and percentages.

Results: Volumetric analyses showed that the mean of total lung volume 
in patients infected with 2019 novel coronavirus was 4352·06 ± 1324·45 cm3. 
The mean volumes of ground glass opacity without and with consolidation, 
intraparenchymal pulmonary vessels and intact remaining parenchyma in both 
lungs were 696·29 ± 397·44 cm3, 888·18 ± 510·05 cm3, 345·66 ± 135·83 cm3, 
and 3118·21 ± 1355·82 cm3 and their volume ratios were 17·27 ± 10·45 %, 
22·18 ± 13·53 %, 7.84 ± 1.56 %, and 69.98 ± 13.15 % respectively.

Conclusion: It was concluded that the volumes and volume ratios of ground 
glass opacity without and with consolidation and intraparenchymal pulmonary 
vessels and intact remaining parenchyma of COVID-19 pneumonia could be 
estimated practically on CT scans using stereological methods. 

Keywords: Humans; COVID-19; Lung volume; Tomography; X-Ray 
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Introduction
On December 31, 2019, several cases of pneumonia of unknown 

etiology were reported to World Health Organization WHO from 
Wuhan city, Hubei Province of china [1]. A novel coronavirus, 
which was named 2019-nCoV, was identified as the cause of these 
pneumonia cases in Wuhan. The presence of 2019-nCoV in lower 
respiratory tract specimens of patients was discovered by Reverse-
Transcription Polymerase Chain Reaction (RT-PCR) [2,3].

This disease was named COVID-19 by WHO, which is the acronym 
of “coronavirus disease 2019”. The virus that causes COVID-19 was 
named severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) by the International Committee on Taxonomy of Viruses, 
because it was very similar to the one that caused the SARS outbreak 
(SARS-CoVs) [4].

Coronaviruses are a large family of single strand positive 
RNA (+ssRNA) viruses, belonging to order Nidovirales, family 
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Coronaviridae, and subfamily Orthocoronavirinae that produce 
diseases ranging from the common cold to more severe diseases such 
as Middle East Respiratory Syndrome emerged in 2012 and Severe 
Acute Respiratory Syndrome (SARS-CoV) emerged in 2002 [5].

COVID-19 infection has not been previously recognized in 
humans and is extremely contagious. COVID-19 spread rapidly 
around China and all countries throughout the world and this 
condition was determined a Public Health Emergency of International 
Concern (PHEIC) on January 30, 2020 by WHO. Symptoms of 2019-
nCoV diseases include fever and respiratory infection, and radiologic 
abnormality, among these clinical features, radiologic features are 
particularly important for diagnosing and management of COVID-19 
pneumonia [6,7].

An initial analysis of the clinical features of the admitted patients 
in Wuhan with laboratory-confirmed 2019-nCoV confirmed that all 
patients had bilateral abnormal lung opacities on chest CT scans [8].

The volume of biological structures can be estimated by combining 
sectional radiological imaging techniques with the Cavalieri principle 
of volume estimation as described previously [9-11]. Volume and 
volume fraction of a component within a reference volume can be 
calculated to be close as possible as to reality using stereological 
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methods [12].

Our study aimed to evaluate volumetric quantities of the most 
frequent features of Spiral CT scans of the thorax in 29 patients 
infected with 2019 novel coronavirus by applying stereological 
methods. We believe this information is valuable for physicians and 
clinical groups to manage COVID-19 patients.

Materials and Methods
Patients

The inclusion criteria of this retrospective case series study 
were patients with confirmed 2019-nCoV, in which the 2019-nCoV 
infections was confirmed by real-time RT-PCR on throat swab 
specimens and negative test patients were excluded from the study. 
The 29 patients in our study population were 11 women and 18 men 
whose age ranged from 27 to 66 years who had admitted to two 
designated hospitals in Qom from March 2020 to April 2020. The 
Ethic Commission of Qom University of Medical Sciences approved 
this study (IR.MUQ.REC.1399.019). To prevent any possible break 
of secrecy, there was no connection between the patients and the 
researchers.

Image acquisition
Lung images were obtained with CT Scanners (Siemens’ 

SOMATOM Scope 16 Slice and NeuViz 16 Essence 16 slice) with 
the patient in the supine position during the inspiration phase of 
respiration, without administration of contrast medium. Spiral CT 
scan images of the thorax were obtained from pulmonary apex to the 
diaphragm using 7 mm slice width, 130 Kv, 100 mAs parameters for 
NeuViz 16 Essence 16 slice CT scanner and 5 mm slice width, 110 
Kv, 70 mAs parameters for Siemens’ SOMATOM Scope CT scanner.

Data collection
The total volume of lungs, volumes and volume ratios of ground 

glass opacity without and with consolidation, intraparenchymal 
pulmonary vessels, and intact remaining parenchyma were estimated 
by applying the point’s grid on series of serial sections of the spiral 
CT scans.

Volume estimation with cavalieri principle
The point’s grid, which is composed of crosses with area (1·61 

cm2), was overlaid randomly to cover the entire area of the lung 
sectional images and the numbers of intersections (i.e. upper right 
corner of the crosses) hitting the sectional images of the lung were 
counted on consecutive spiral CT scan images (Figure 1).

To estimate the volume of the lungs, the following formula was 
applied: 

V=T.a/p.∑P

Where “T” is the section thickness of consecutive sections “a⁄p” is 
area per point of point’s grid, and “∑P” is the total number of points 
hitting the lung transects [13].

Volume fraction
The volume fraction of a component within a reference volume is 

a simple and very widely used parameter in biomedical science [14-
16]. Thus, it is used to express the proportion of a phase or component 
within the whole structure. The volume fraction of a X phase within a 

Y reference volume is expressed as follows:

Vᴠ (X,Y) = (Volume of X phase in Y reference space)/(Volume of 
Y reference space)

Where “Vᴠ (X,Y)” indicates volume fraction of “X” phase within 
the “Y” reference volume. Using this method, “Vᴠ” (ground glass 
opacity without consolidation, total lung volume), “Vᴠ” (ground 
glass opacity without consolidation, total lung volume) and “Vᴠ” 
(intraparenchymal pulmonary vessels, total lung volume) can be 
estimated. Volume fraction ranges from 0 to 1 and is often expressed 
as a percentage [16].

In the light of the above information, the same points counted 
for the volume estimation were also used for the estimation of 
volume fraction of individual ground glass opacity without and with 
consolidation and intraparenchymal pulmonary vessels within the 
lung using the following formula:

Vv (Structure, total lung) = (∑P Structure)/(∑P total lung)

Where “∑P Structure” the number of points was superimposed the 
profiles of the ground glass opacity without and with consolidation 
and intraparenchymal pulmonary vessels and “∑P total lung” was the 
number of points superimposed the total lung. The total volume of 
the structures was obtained using multiplying the volume fraction by 
the total lung volume. 

V(structure)=Vv (structure).V (total lung)

Calculation of Coefficient Error (CE) for the cavalieri 
method

The coefficient error of stereological estimations was determined 
using the formula reported by Gundersen and Jensen [12].

Definitions
Ground-glass opacity is a radiological finding in computed 

Figure 1: A point’s grid superimposed on images of the thoracic CT scans of 
a 59-year-old man infected with COVID-19 pneumonia.
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tomography consisting of a hazy opacity that does not obscure the 
underlying bronchial structures or pulmonary vessels. Consolidation 
was defined as homogeneous opacification of the parenchyma 
obscuring the underlying vessels and airways [17].

Statistical analysis
All calculations and other related data were acquired as a 

worksheet using Microsoft Excel. After the primary setup and 
providing of the formulae, the point counts and formulae were 
entered for each subject and the final data gained automatically. SPSS 
version 26 was used to process the data. Results were expressed as 
means ± SD and percentages.

Results
According to the results of volumetric analyses on spiral CT 

scans, the means of total lung volume in right, left and both lungs 
were 2461·7 ± 758·36 cm3, 1890·31 ± 595·71 cm3, and 4352·06 ± 
1324·45 cm3 respectively. The mean volumes of ground glass opacity 
without and with consolidation and intraparenchymal pulmonary 
vessels in right lung were 386·88 ± 232·22 cm3, 513·21 ± 328·89 
cm3, and 189·07 ± 84·86 cm3 respectively and in left lung were 
309·41 ± 224·46 cm3, 374·97 ± 281·32 cm3, and 156·59 ± 60·41 cm3 
respectively. The mean volumes of ground glass opacity without and 
with consolidation, intraparenchymal pulmonary vessels, and intact 
remaining parenchyma in both lungs were 696·29 ± 397·44 cm3, 
888·18 ± 510·05 cm3, 345·66 ± 135·83 cm3, and 3118·21 ± 1355·82 cm3 
respectively (Table 1). 

To our study, it was observed that the means of volume Ratio 
of ground glass opacity without and with consolidation and 
intraparenchymal pulmonary vessels in right lung to total both 
lung volumes were 9·79 ± 6·26 %, 13·02 ± 8·71 %, and 4·27 ± 1·06 

% respectively and in left lung to total both lung volumes were 
7·47 ± 5·58 %, 9·16 ± 7·09 %, and 3·57 ± 0·89 % respectively. The 
means of volume Ratio of ground glass opacity without and with 
consolidation, intraparenchymal pulmonary vessels, and Intact 
remaining parenchyma in both lungs to total both lung volumes were 
17·27 ± 10·45 %, 22·18 ± 13·53 %, 7.84 ± 1.56 %, and 69.98 ± 13.15 % 
respectively (Table 2).

Discussion
According to volumetric data emerged in our study, the 

mean of total lung volume was 4352·06 ± 1324·45 cm3. The mean 
volumes of ground glass opacity without and with consolidation, 
intraparenchymal pulmonary vessels, and intact remaining 
parenchyma within both lungs were 696·29 ± 397·44 cm3, 888·18 
± 510·05 cm3, 345·66 ± 135·83 cm3, and 3118·21 ± 1355·82 cm3 and 
their volume ratios were 17·27 ± 10·45 %, 22·18 ± 13·53 %, 7.84 ± 
1.56 %, and 69.98 ± 13.15 % respectively. Our results indicate that 
volumetric quantities of the most frequent features of Spiral CT scans 
of the thorax in patients infected with 2019 novel coronavirus could 
be assessed by applying stereological methods.

Chest CT is a key factor of the diagnostic work-up for patients with 
suspected infection, and studies have shown some imaging findings 
commonly encountered in affected patients. Chest CT in patients 
with COVID-19 pneumonia shows ground-glass opacity with or 
without consolidative abnormalities. Case series have proposed that 
chest CT abnormalities are more likely to be bilateral [8,18]. 

Today, it is observed that Cavalieri Principle, an objective 
method of volume calculation, is often applied on images attained 
by radiologic studies in clinical practices [19-21]. It was perceived in 
many writings that images taken by CT would be valuable to reach 

Variables N Minimum Maximum Mean Std· Deviation

Right lung

Ground glass opacity without consolidation volume (cm3) 29 10·12 836·69 386·88 232·22

Ground glass opacity with consolidation volume (cm3) 29 10·12 1089·73 513·21 328·89

Intraparenchymal pulmonary vessel volume (cm3) 29 73·10 376·74 189·07 84·86

Total lung volume (cm3) 29 1568·80 4083·38 2461·75 758·36

Coefficient of error 116 0 0.07 0.022 0.017

Left lung

Ground glass opacity without consolidation volume (cm3) 29 17·99 768·74 309·41 224·46

Ground glass opacity with consolidation volume (cm3) 29 23·62 971·97 374·97 281·32

Intraparenchymal pulmonary vessel volume (cm3) 29 52·86 269·90 156·59 60·41

Total lung volume (cm3) 29 1113·34 3280·43 1890·31 595·71

Coefficient of error 116 0·00 0·09 0·027 0·020

Both lungs

Ground glass opacity without consolidation volume (cm3) 29 231·67 1501·33 696·29 397·44

Ground glass opacity with consolidation volume (cm3) 29 231·67 1929·80 888·18 510·05

Intraparenchymal pulmonary vessel volume (cm3) 29 125·95 646·64 345·66 135·83

Intact remaining parenchyma volume (cm3) 29 1189·82 6527·12 3118·21 1355·82

Total lung volume (cm3) 29 2873·33 7363·81 4352·06 1324·45

Table 1: Volumetric analyses of lungs, ground glass opacity without and with consolidation and intraparenchymal pulmonary vessels in patients with COVID-19 
pneumonia.
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sharper results in imaging the total lung obviously and calculations 
of lung diseases [22,23].

In the presented study, the mean of CE was 2.45%; it should be 
less than 5% [12]. This reflects the acceptability of the sectioning and 
the density of the points in the grid. The CE reflects the effectiveness of 
the applied stereological method i.e. Cavalier volume estimation. The 
estimation of the volume and volume fraction using the stereological 
approach applied in this study provides unbiased data about the 
volumetric quantities of the lung. The values obtained in this way 
are reliable and reproducible. Moreover, the stereological approach 
could be easily applied without altering routine radiological imaging 
techniques and the obtained data show little inter-observer variation 
[9,13,24,25]. 

Our study had some limitations. Firstly, our study analyzed the 
volumetric amounts of the most frequent features of CT scans of the 
thorax in patients infected with 2019 novel coronavirus pertaining to 
admission time and volumetric changes of the following up CT scans 
wasn’t analyzed. Another limitation of the present study is correlation 
between volumetric amounts of ground glass opacity without and 
with consolidation, intraparenchymal pulmonary vessels, and 
intact remaining parenchyma and requiring of patients to oxygen 
therapy and mortality wasn’t studied. More studies should be made 
to understand the efficacy of stereological methods in diagnosis and 
management of patients in order to decrease mortality of COVID-19 
pandemic. 

The radiologist plays a key role in the quick identification and 
early diagnosis of new cases of COVID-19, which can be of great 
advantage not only for the patient but also for the larger public 
health investigation and response systems. Images obtained by 
Spiral CT scan would be helpful to reach stronger results in imaging 
the total lung and evaluations of novel coronavirus pneumonia. 
Reliable quick diagnosis based on CT scans is crucial for clinicians 
to manage COVID-19 patients. We hope the stereological methods 
according to chest CT scans may help triage patients and screening 
patients requiring admission to ICU, oxygen therapy, and completely 
monitoring.

Variables N Minimum Maximum Mean Std· Deviation

Right lung

Ground glass opacity without consolidation Ratio 29 0·00 25·00 9·79 6·26

Ground glass opacity with consolidation Ratio 29 0·00 32·00 13·02 8·71

Intraparenchymal pulmonary vessel Ratio 29 3·00 6·00 4·27 1·06

Left lung

Ground glass opacity without consolidation Ratio 29 1·00 22·00 7·47 5·58

Ground glass opacity with consolidation Ratio 29 1·00 25·00 9·16 7·09

Intraparenchymal pulmonary vessel Ratio 29 2·00 6·00 3·57 0·89

Both lungs

Ground glass opacity without consolidation Ratio 29 3·70 43·30 17·27 10·45

Ground glass opacity with consolidation Ratio 29 4·00 57·00 22·18 13·53

Intraparenchymal pulmonary vessel Ratio 29 4·00 11·00 7·84 1·56

Intact remaining parenchyma Ratio 29 35·00 89·00 69·98 13·15

Table 2: Volume Ratios of ground glass opacity without and with consolidation and intraparenchymal pulmonary vessels to total lung volumes in patients with 
COVID-19 pneumonia (%).

Conclusion
It was concluded that the lung volume and volume fraction of 

ground glass opacity, consolidation, intrapulmonary vessels, and 
intact remaining parenchyma of COVID-19 pneumonia could be 
calculated accurately and effectively using the principle of Cavalieri 
on CT images with this study. 
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