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OBJECTIVE: It is accepted that the only way to end severe acute respiratory syndrome coronavirus 2 epidemic is through community 
vaccination. The frequency and clinical features of infection after vaccination are not known clearly. The aim of this study is to determine 
the frequency and clinical features of coronavirus disease 2019 seen after either the first or second dose of CoronaVac vaccination in 
healthcare workers and their relatives.

MATERIAL AND METHODS: This is a cross-sectional retrospective survey study. The study was carried out in 2013 volunteers, includ-
ing 1903 (94.5%) healthcare workers and 110 (5.5%) relatives of healthcare workers. The frequency and clinical features of coronavirus 
disease 2019 before and after the first or second dose of CoronaVac vaccination were retrospectively evaluated using an online question-
naire conducted in July 2021.

RESULTS: A total of 2013 people, 1312 women and 701 men, participated in the study. Of these individuals, 245 (12.1%) were poly-
merase chain reaction positive for coronavirus disease 2019 before vaccination. Of this group, 185 (75.5% of polymerase chain reaction 
positives and 9.1% of the whole population) received home-based therapy, while 38 (15.5%) received hospital admission. Asymptomatic 
polymerase chain reaction positivity before vaccination was seen in 22 (9%) individuals.

There were 177 (8.8%) participants who developed polymerase chain reaction positivity at any time after vaccination. In 129 (72.8%) of 
these participants, polymerase chain reaction positivity occurred 21 days after the second dose of vaccine. While the number of patients 
hospitalized before vaccination was 38 (15.5% of the polymerase chain reaction positivity group and 1.89% of the general population), 
the number of patients hospitalized after the vaccination was 17 (10.1% of the polymerase chain reaction positivity group and 0.80% of 
the general population). The decrease in hospitalization proportion was statistically significant (P = .002).

CONCLUSION: The frequency of coronavirus disease 2019, severe illness, and hospitalization rates were found to be lower in post-
vaccination period. The vaccine is effective in preventing coronavirus disease 2019 and severe disease. 
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a complex disease caused by the etiological agent severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), at the end of 2019, in the city of Wuhan, in China. As of September 2021, according 
to World Health Organization (WHO) data, 220 million cases and more than 4.5 million deaths were reported due to 
COVID-19.1 Severe acute respiratory syndrome coronavirus 2 is accepted as a public health problem all over the world 
due to its easy and rapid spread, straining health systems, and clinical management.2 As a result, although important 
measures have been taken, including social distancing, quarantine, and isolation, SARS-CoV-2 has adversely affected not 
only the infected people but also the entire population, the global economy, and resources. The only way to control the 
pandemic is community vaccination. For this purpose, the development of a vaccine against COVID-19 has become an 
urgent agenda for the whole world for the last 2 years.3

Since the outbreak began, researchers have worked to develop a vaccine against COVID-19. As of March 2021, there 
were 5  vaccines in phase IV trials: Sinovac Research and Development Corporation (CoronaVac), Pfize​r/Bio​NTech​–
Fosu​n Pharma (BNT162b2); Moderna–National Institute of Allergic and Infectious Diseases (mRNA-1273), Astra​Zeneca–
Uni​versity of Oxford (AZD1222); and Janssen Pharmaceutical (Ad26.COV2.S, Johnson and Johnson).4 Developing and 
approving effective vaccines during this time has been possible thanks to coordinated work between the scientific and 
medical communities and government agencies such as the Food and Drug Administration.5 CoronaVac is an inac-
tivated  vaccine against SARS-CoV-2 developed by Sinovac Biotech, China, which was approved by World Health 
Organization in June 2021. The inactivated SARS-CoV-2 vaccine, CoronaVac, acquired emergency use approval from 
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the Turkish Medicines and Medical Devices Agency based 
on the initial efficacy results of a nationwide phase III trial 
in January 2021; CoronaVac was first administered to health-
care workers in Turkey and afterward, the risk groups were 
vaccinated as stratified.6 While information about the safety 
and effectiveness of vaccines is increasing, unfortunately, 
we have also started to encounter patients who have had a 
post-vaccine COVID-19 infection in real life. However, the 
frequency of reinfection after vaccination and the clinical 
features of reinfection are not clearly known yet. 

The main objective of this study is to make a contribution in 
determining the frequency and clinical features of COVID-19 
infection seen after the first or second dose of CoronaVac in 
healthcare workers and their relatives.

MATERIAL AND METHODS

Study Design and Population
In order to determine the polymerase chain reaction (PCR) 
positivity that may occur after vaccination against COVID-
19, an online questionnaire was sent via e-mail to those 
who agreed to volunteer for the research with an informed 
consent. The study is approved by the Cukurova University 
Ethical Committee (112/2021). Our target audience in the 
study is healthcare professionals and their relatives. A total 
of 2013 volunteers, including 1903 (94.5%) healthcare work-
ers and 110 (4.5%) relatives of healthcare workers older than 
18 years of age who received a single or double dose of the 
CoronaVac vaccine, participated in the cross-sectional survey 
study. The frequency and clinical features of COVID-19 after 
the first or second dose of CoronaVac vaccination were retro-
spectively evaluated using an online questionnaire between 
1 and 31 July 2021. 

Individuals with positive SARS-CoV-2 nucleic acid amplifi-
cation test after receiving 1 or 2 doses of CoronaVac were 
defined as post-vaccine COVID-19-infected participants. 

Questionnaire
We designed an online self-administered questionnaire 
after CoronaVac vaccination. In the survey, primarily the 
basic demographic characteristics (age, gender, occupation, 
smoking history, and health status), the history of COVID-19 
infection before vaccination, the presence of antibody test 
in the blood after CoronaVac vaccine, the presence of anti-
spike antibodies, the positivity of SARS-CoV-2 PCR, the time 
of PCR positivity, and the symptoms related to post-vaccine 
COVID-19 infection were recorded.

Antibody Test
In the questionnaire, a question was asked whether partici-
pants had their antibody levels checked voluntarily (since 
there was no routine use). The participants were required to 
answer this question as positive if the results are above the 
positive cut-off value specified in the anti-spike antibody kit 
used in the laboratory where they checked the antibody level. 

Statistical Analysis
The descriptive statistics were presented as frequency and 
percentages for categorical variables while mean ± standard 
deviation was given for continuous variables. All statistical 
analyses were conducted by using the IBM Statistical Package 
for the Social Sciences version 23 program. Figure 1 was 
generated using the ggplot2 package in the R programming 
language.7

RESULTS

A total of 2013 volunteers, including 1903 (94.5%) healthcare 
workers and 110 (4.5%) relatives of healthcare workers, were 
included in the study. Of the volunteers, 1312 were women 
and 701 were men. Of the health workers, 893 (44.4%) were 
specialist physicians, 332 (17.5%) were family physicians, 
175 (8.7%) were general practitioners, and 127 (6.3%) were 
nurses. Four hundred eighty-two participants (24%) had a 
smoking history. Detailed sociodemographic characteristics 
are documented in Table 1.

Of the 2013 volunteers, 245 (12.1%) were PCR positive before 
vaccination. Of this group, 185 (75.5% of PCR positives and 
9.1% of the general population) received home-based treat-
ment, while 38 (15.5%) received hospital-based treatment. 
Asymptomatic PCR positivity before vaccination was seen in 
22 (9%) participants (Table 2). There were 177 (8.8%) par-
ticipants who developed PCR positivity at any time after vac-
cination. In the group with PCR positive after CoronaVac, in 
129 (72.8%) of these participants, PCR positivity occurred 
21 days after the second dose of vaccine (Figure 1).

A decrease in hospitalization was observed after vaccination. 
While the number of patients hospitalized before vaccina-
tion was 38 (15.5% of the PCR positivity group and 1.89% 
of the general population), the number of patients hospital-
ized after the vaccination was 17 (10.1% of the PCR positivity 
group and 0.80% of the general population) (Table 2). The 
most common symptoms during PCR positivity are muscle/
joint pain (140, 19.4%), fatigue (135, 18.7%), headache 
(113, 15.6%), runny nose/sore throat (108, 14.9%), cough 
(94, 13%), fever (84, 11.6%), shortness of breath (38, 5.3%), 
and clouding of consciousness (11, 1.5%).

The association between PCR positivity after CoronaVac and 
gender, age, and smoking status was examined, and no sta-
tistically significant correlation was found between PCR posi-
tivity and gender, age, and smoking status after vaccination.

Of the 2013 people who answered the question about the 
antibody test, 689 (34.23%) had an antibody test. Out of 689 
people who had antibody tests at least 2 weeks after vaccina-
tion, 595 (86.3%) people (29.5% of the general total) were 
found to be above the positive cut-off value specified in the 
anti-spike antibody laboratory kit.

MAIN POINTS

•	 The inactivated coronavirus disease 2019 (COVID-19) 
Vaccine (CoronaVac) reduces the rate of COVID-19 and 
hospitalizations due to severe acute respiratory syndrome 
coronavirus 2. 

•	 The need for hospitalization due to COVID-19 infec-
tion was 15.5% before and 10.1% after CoronaVac, 
respectively.

•	 The positivity rate anytime in unvaccinated and postvac-
cination periods was 12.1% and 8.8%, respectively.
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DISCUSSION

Vaccination against COVID-19 started with CoronaVac in 
January 2021 in healthcare workers in our country and the 
society stratified later on. This study was conducted in July 
2021 and includes the healthcare workers and their relatives 
as participants. The frequency of COVID-19 was 12.1% and 
8.8% before and after vaccination, respectively, based on 
the self-report of the participants. The need for hospitaliza-
tion due to COVID-19 was 15.5% before and 10.1% after 
CoronaVac. An anti-spike antibody value above the labor​

atory​-dete​rmine​d lower limit was found in 86.3% of partici-
pants who had tests at least 2 weeks after vaccination.

A few real-world studies concerning the effectivity of mRNA 
vaccines against SARS-CoV-2 have been published in the lit-
erature.8,9 A hospital-wide cohort study determined a 71% 
and 97% decline in acute SARS-CoV-2 infection rates com-
pared to the pre-vaccine period in healthcare workers after 
the first and second dose, respectively.8 In another real-life 
study including 3950 healthcare workers with no previous 
laboratory documentation of SARS-CoV-2 infection, 1.38 
SARS-CoV-2 infections were confirmed by reverse transcrip-
tion-PCR per 1000 person-days among unvaccinated partici-
pants. In contrast, among fully immunized (≥14 days after the 

Figure 1.  Polymerase chain reaction positivity days after the first and second doses of CoronaVac.

Table 1.  Sociodemographic Characteristics of the 
Participants

Variable Descriptive Statistics

Gender, n (%)

  Female 1312 (65.18)

  Male 701 (34.82)

Profession, n (%)

  Specialist physician 893 (44.36)

  Primary care physician 352 (17.49)

  General practitioners 175 (8.69)

  Research assistants 98 (4.87)

  Nurse 127 (6.31)

  Dentist 74 (3.68)

  Pharmacist 17 (0.84)

  Other and unemployed 277 (13.76)

Age (mean ± standard deviation) 46.32 ± 11.65

Presence of smoking history, n (%) 482 (24.39)

Table 2.  PCR Positivity and Clinical Characteristics of 
COVID-19 in Pre- and Postvaccination Periods*

PCR positivity before vaccination 245 (12.17)

  Home-based treatment 185 (9.19)

  Hospital-based treatment 38 (1.89)

  Asymptomatic 22 (1.09)

  ICU 3 (0.15)

PCR positivity after vaccination 177 (8.79)

  Home-based treatment 129 (6.41)

  Hospital-based treatment** 17 (0.84)

  Asymptomatic 30 (1.49)

  ICU 2 (0.10)

COVID-19, coronavirus disease 2019; ICU, intensive care unit; 
PCR, polymerase chain reaction.
*All parameters were shown as n (%).
**Hospital-based treatment includes ICU patients.
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second dose) persons, 0.04 infections per 1000 person-days 
were reported, and among partially immunized (≥14  days 
after the first dose and before the second dose) persons, 0.19 
infections per 1000 person-days were reported.9 A study 
aimed to determine the early vaccine efficacy concluded 
that 1.07% of vaccinated healthcare workers had COVID-19 
infection, whereas 10.29% of the unvaccinated group had 
acute COVID-19 infection.10 A letter concerning healthcare 
workers in the United States showed that 2.61% of unvac-
cinated, 1.82% of partially vaccinated, and 0.05% of fully-
vaccinated participants had SARS-CoV-2 infection after 
mRNA vaccines within the first month.11 The positivity rate of 
SARS-CoV-2 was 0.05% in healthcare workers approximately 
in 2 months period after the inoculation of the first dose of 
mRNA vaccine.12 An Israel study indicated 0.45% of the vac-
cinated and 7.26% of the unvaccinated groups were PCR (+) 
in 63 days period.13 Severe acute respiratory syndrome coro-
navirus 2 PCR positivity rate was 0.85% in a comprehensive 
study enrolling healthcare workers within the first 3 months 
after inoculation of mRNA vaccine.14

To the best of our knowledge, this is the first report emphasiz-
ing the postvaccination PCR positivity rate and the clinical 
characteristics of postvaccine COVID-19 after CoronaVac 
vaccination. The positivity rates anytime in unvaccinated 
and postvaccination periods were 12.1% and 8.8%, respec-
tively, in our study. These are relatively higher rates when 
compared with the studies described earlier. This may be 
due to the fact that the higher infectious rate in Turkey 
relates to disease course especially between January and 
July 2021.15 Another factor contributing to the high infection 
rate might be that only inactivated vaccines were available 
during the first immunization phase. Especially starting from 
late March until July, the number of daily cases increased 
to an average of 60 000 new cases per day.16 Parallel to the 
normal population, the case and death rates of healthcare 
workers have also changed; while the deaths of healthcare 
workers decreased between March 2020 and June 2020, 
they reached a peak value by climbing after June until 
December.17

Our questionnaire investigated a period between the begin-
ning of the vaccination (June 2021) until end of July 2021. 
There was only CoronaVac available in the period of June 
2021 to April 2021 in Turkey. We included the participants 
only after the first and second doses of CoronaVac vaccina-
tion period for follow-up information. In July, third dose of 
any vaccine either with BioNTech/Pfizer mRNA vaccine or 
CoronaVac was officially recommended to prioritize health-
care workers; however, we did not intend to collect any infor-
mation about the third dose in this study. 

The PCR positivity mostly occurred after 21 days of the sec-
ond dose of CoronaVac. This is too early for diminished 
antibody response and therefore vaccine efficacy. However, 
we did not know the exact occurrence time of that positive 
result. It could have been just after 21 days after vaccina-
tion or more depending on follow-up period. Although we 
did not collect the exact time of SARS-CoV-2 infection, we 
could comment that the longest period of the second vac-
cine dose in the study was no longer than 6 months where 
we know that the efficacy of the vaccine is still acceptable.18 

We argue that there would be 2 ways to explain the postvac-
cination high PCR positive rate; either the participants did 
not take enough precautions since several variants become 
predominant during the pandemic progress or the positive 
PCR mostly occurred when the immunity against the virus 
was diminished by nature after several months of vaccina-
tion. Despite all the interpretations, that data shows the vac-
cination reduces the SARS CoV-2 infection rates from 12.1% 
to 8.8% which shows statistical significance. The data need 
further evaluation. 

Another important point of this study is that it provided the 
first data to the literature describing the clinical features of 
COVID-19 cases after CoronaVac. The need for hospitaliza-
tion due to COVID-19 infection was 15.5% before and 10.1% 
after CoronaVac. In some of the limited number of mRNA 
vaccine studies, it was shown that there was no difference 
in clinical presentation compared to the pre-vaccine period, 
while in others, asymptomatic cases were more common in 
post-vaccine PCR (+) COVID-19 cases. A study including 
the healthcare workers in Madrid showed that 47% of new 
infections were symptomatic while the remaining 53% were 
detected as a part of the screening program.8 A cohort con-
cerning the incidence of SARS-CoV-2 infection after the first 
dose of mRNA vaccine determined no significant difference 
in clinical presentation between vaccinated and unvacci-
nated participants.10 Asymptomatic acute COVID-19 infec-
tion rate was 70.4% and 30.9% in mRNA vaccinated and 
unvaccinated groups in a retrospective cohort, respectively.13 
In the literature review, no data were accessible showing the 
frequency of hospitalization with acute COVID-19 infection 
in the post-vaccine period. Although a head-to-head com-
parison could not be established, the dynamics of the epi-
demic and COVID-19 hospitalization criteria have changed 
throughout the pandemic; the increment of asymptomatic 
cases in the post-vaccine period in other similar studies sup-
ports the data in our study.

The major limitation of this study is that it is nature of 
descriptive online survey that questions the retrospective 
data. Therefore, it carries low reliability due to this design. 
Although there is participation from all provinces of Turkey, it 
still does not represent the whole country. The lack of active 
laboratory surveillance in the study may have resulted in an 
underestimation of asymptomatic or mild cases. Since the 
PCR test could not be performed on all patients participating 
in the study, post-vaccination positivity was of course made 
according to the person's notification, but it is already known 
that of Ministry of Health of the Republic of Turkey recom-
mends SARS-CoV-2 PCR testing in the presence of at least 1 
symptom during daily screening or by an identified exposure, 
regardless of vaccination status through the entire period of 
the pandemic.

CONCLUSION

Although these data need to be validated in prospective 
larger series, the study is remarkable as it is the first real-world 
study  reporting on the SARS-CoV-2 infection rate and the 
clinical features of the disease after CoronaVac. In light of 
these data, CoronaVac emerges as a useful tool in reducing 
the rate of COVID-19 and the hospitalization due to it. 
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OBJECTIVE: External reporting is frequently used due to the significant increase in computed tomography examinations in recent years 
and the insufficient number of personnel in internal reporting. We aimed to evaluate the adequacy of outsourcing reporting.

MATERIAL AND METHODS: Patients who were seen or hospitalized as a consultation by thoracic surgeons with thoracic computed 
tomography between January 2021 and January 2022 were included in the study retrospectively. Computed tomography results reported 
by radiologists working in our hospital were grouped as “internal reports,” and the results reported externally by a company were grouped 
as “outsourcing reports.” The total number of computed tomography examinations taken during the same period and the number of 
examinations reported by a daily average radiologist were also determined. False-negative findings in internal and outsourcing reports 
were evaluated and statistically compared between groups.

RESULTS: A total of 84 702 computed tomography scans were taken in 2021. In external reporting, 1 physician reported an average of 
202.83 computed tomography scans per day (74 033 per year). A total of 350 thorax computed tomography reports were evaluated. A 
total of 304 (86.9%) thorax computed tomography examinations were reported with external reporting and 46 (13.1%) with internal 
reporting. False-negative findings other than those reported were found in 81 reports (23.1%). A significantly higher deficiency was 
observed in external reporting (77/304) compared to internal reporting (4/46). (P = .013).

CONCLUSION: The effectiveness of external reporting was found to be lower than internal reporting due to a possible lack of com-
munication and audit problems. In order to minimize the errors and related liability arising from external reporting, primarily a legal 
standardization is required with realistic reporting numbers of external reporting.

KEYWORDS: Computed tomography, overlooked findings, outsourcing, radiology, thoracic surgery
Received: May 18, 2022	 Accepted: September 15, 2022	 Publication Date: February 10, 2023

INTRODUCTION

With the transformation of the health system in Turkey in the early 2000s, the referral system was abolished and all 
patients can apply to any hospital they want. In addition, the defensive approach is adopted by physicians with malprac-
tice regulations that are disproportionate to income. Due to these, a significant increase is observed in the number of 
hospital admissions and computed tomography (CT) examinations.1

Additionally, with technological developments, outsourcing/external reporting has been actively used in our country for 
the last 10 years.1 Adding to this, the pandemic process and the evaluation of lung involvement in coronavirus disease 
2019 with CT have greatly increased the burden on radiologists.2 With the inadequacy in the number of radiologists 
employed, outsourcing reporting has become more widely used to solve this problem.1

In the radiological reporting of standard CT, an average of 3%-5% and up to 15% in 1 study, the error margin is stated in 
the literature.3-4 In addition, there are studies representing that the margin of error in external reporting is higher due to 
fundamental reasons such as disconnection between the clinician and the radiologist and the greater number of daily CT 
evaluations.5

We aimed to evaluate the efficiency and margin of error of outsourcing reporting in thorax CT scans taken in our hospital, 
together with possible reasons.

MATERIAL AND METHODS

Ethics committee approval from the Niğde Ömer Halisdemir University Ethics Committee with the decision number E-958​
60085​-050.​02.04​-1383​33 was obtained before the study and the study was carried out in accordance with the principles 
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of the Helsinki Declaration. Since it was a retrospective study 
and anonymous patient data were shared, patient consent 
was not required.

The total number of CT scans taken between January 2021 
and January 2022 in our hospital was determined. Internal 
and external reporting and the number of evaluations per day 
per radiologist were calculated. When calculating the num-
ber of CT scans evaluated daily, the total number of CT scans 
was divided by 52 weeks in the year, since internal reporting 
was done 1 day per week by each radiologist. Since external 
reporting is used every day and especially in the emergency 
room, the divisor of 365 was used.

Patients who were evaluated by the thoracic surgeon after 
consultation in the emergency department, hospitalized 
after being evaluated in the outpatient clinic, or referred to 
the upper center for further examination were included in 
the study between January 2021 and January 2022 retrospec-
tively. Patients who did not have a thorax CT and had no 
pathological findings found in the CT were excluded from 
the study.

Computed tomography results reported by radiologists 
working in our hospital were grouped as “internal reports,” 
and those reported externally by a company were grouped 
as “outsourcing reports.” Computed tomography findings 
were evaluated in 3 groups as “bone,” “mediastinum,” and 
“parenchyma.”

Patients' age, gender, reason for admission, internal/external 
report status, indication for evaluation, false-negative find-
ings outside the report, and life-threatening condition due 
to missed pathology were recorded retrospectively on the 
database. False-negative findings in internal and outsourcing 
reports were evaluated and statistically compared between 
groups. Computed tomography scans of patients with false-
negative findings were re-evaluated by an employed radiolo-
gist, and false-negative findings were reconfirmed.

When determining a life-threatening situation, the effects of 
fractures and dislocations of the bones in the body were clas-
sified according to their degree. Fractures are classified as 
mild, moderate, and severe (Table 1). In case of more than 1 
fracture in the body, in order to find the effect on vital func-
tions, the squares of the degrees of each fracture are added 
and the square root of the total number is taken. If the number 
is greater than 0.5, it is graded above, if it is small, it is graded 

down. Two or three points for all kinds of rib fractures result-
ing from thoracic trauma (2 points for each 3 rib fractures, 1 
point for more than 3 rib fractures). Three points are given for 
nondisplaced sternum fracture and 4 points for a displaced 
sternum fracture. In addition, pneumothorax, hemothorax, 
lung contusion, and major organ damage were grouped as 
life-threatening cases. 6

Statistical Analysis
All analyses of the research were evaluated with the Statistical 
Package for the Social Sciences version 24.0 package pro-
gram (IBM Corp.; Armonk, NY, USA). Descriptive statistics 
were given as number of units (n), percent (%), and mean ± 
standard deviation (mean ± SD) for age. Pearson chi-square 
analysis was used to compare the distribution of categorical 
variables between groups. A P value below .05 was consid-
ered statistically significant.

RESULTS

The total number of CT scans taken in our hospital in 2021 
was 84 633. Of these CT scans, 84 702 were reported in out-
source reporting and 8775 in internal reporting. Two radiolo-
gists served in external reporting and 6 radiologists in internal 
reporting. The number of CT scans reported by each radiolo-
gist and their daily average are shown in Table 2.

A total of 350 patients included in the study. The mean age 
of 350 patients who participated in the study was 48.36 ± 
20.64 (min: 9, max: 94), and the median age was 50.50. The 
demographic and clinical characteristics of the patients are 
shown in Table 3.

MAIN POINTS

•	 The study reveals that there is a significant amount of 
overlooked data in outsourced reporting in branch-spe-
cific thoracic surgery thoracic computed tomography 
examinations.

•	 Overlooked data did not yield significant results in terms 
of life-threatening condition and/or hospitalization.

•	 The majority of tomography examinations are evaluated 
in external reporting.

•	 There is a need for standardization in evaluation and 
quality control in outsourcing reporting.

Table 1.  Rib Fracture Severity

Classification Number of Fractured Ribs

Mild 1

Moderate 2-3

Severe 4-5-6

Table 2.  Annual and Average Daily Number of CTs 
Reported per Radiologist and Internal-External Reporting 
Rate

Radiologist

Number of 
Annual 
Reports

Average 
Number of 

Reports per Day Ratio (%)

OR1 74 033 202.83 89.6%

OSR2 1825 5

IR1 2142 41.19 10.4%

IR2 1527 29.36

IR3 808 15.53

IR4 1346 25.88

IR5 1444 27.76

IR6 1508 29

IR, internal reporter; OSR, outsourcing reporter.



Thorac Res Pract. 2023; 24(1): 34-39

36

When our cases are evaluated in terms of thorax CT, 304 
(86.9%) cases were reported with external reporting and 46 
(13.1%) with internal reporting. In the evaluations between 
the reporting of the patients and the opinion of the surgeon, 
false-negative findings were found in 81 patients (23.1%). 
Internal and external reporting data results, along with sub-
groups of bone, parenchyma, and mediastinum, are shown in 
Table 4. When the rate of detection of false-negative findings 
was evaluated, a significantly higher deficiency was observed 
in external reporting (77/304) compared to internal report-
ing (4/46) (P = .013). Some overlooked CT findings at the 
mediastinum, bone, and parenchyma levels are shown in 
Figures 1-4.

Hospitalization indications of 81 patients with false-negative 
findings were evaluated. While 32 patients (39.5%) had an 
indication for hospitalization, it was observed that no hospi-
talization was required in 49 (60.5%) patients, and no signifi-
cant correlation was found between the internal and external 
reporting groups (P = .543) (Table 5).

When the effect on the vital functions of the patients with 
false-negative findings is evaluated, 8 (9.9%) life-threatening 
and 73 (90.1%) non-life-threatening findings were omitted; 
non-life-threatening cases were also grouped as 13 (16%) 

Table 3.  Demographic and Clinical Characteristics of 
Patients

Characteristics n = 350 Ratio (%)

Gender

  Female 73 20.9

  Male 277 79.1

Reason for admission

  No complaint 9 2.6

  Blunt trauma 195 55.4

  Dyspnea 65 18.6

  Chest pain 23 6.6

  Penetrating trauma 21 6

  Cough 17 4.9

  Hemoptysis 6 1.7

  Fever 5 1.4

  Other 10 2.9

Table 4.  Evaluation of Insource–Outsource Reporting Effectiveness Between General and Subgroups

False-negative finding

Total

Reporting

P

Outsource Insource

n = 350 n = 304 % n = 46 %

Absent 269 227 74.7 42 91.3 .013*

Present 81 77 25.3 4 8.7

Mediastinum 5 4 5.2 1 25 .322

Parenchyma 10 9 11.7 1 25

Bone 66 64 83.1 2 50

Figure 1.  Extravasation from the aorta overlooked in the report.

Figure 2.  Sternal fracture overlooked in the report.
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mild, 42 cases (51.9%) moderate, and 18 cases (22.2%) 
severe in total cases.

DISCUSSION

In the outsourcing reporting, it is seen that 202.83 CT scans 
are reported daily by only a radiologist. While the margin 
of error detected in outsourcing reporting was found to be 
significantly higher than in internal reporting, no significant 
results were obtained when bone, parenchyma, and medias-
tinum groups were evaluated within themselves.

Outsourced reporting has become an instrument that is 
actively used all over the world, especially due to the need 
for rapid reporting and evaluation of tomography taken in 
emergency services, as well as the significant increase in the 
number of scans.7 As a matter of fact, the reporting of 89.6% 
of thorax CTs taken in our hospital with outsourcing reveals 
a similar picture.

It is stated that the number of images read in the literature is 
higher in outsourced reporting than in internal reporting.8 At 
the same time, the increase in the workload, combined with 
the lack of communication, can cause a serious increase in 
the margin of error.9 Due to its low cost, especially in the USA, 

the use of outsourcing in all service offerings has increased 
considerably in the last period. In addition, outsourcing has 
become very common in the health system, especially in 
branches such as radiology, where remote imaging is evalu-
ated. Although it is still used for pre-evaluation before health 
tourism for other branches, radiology has become the main 
field of outsourcing.10 In this sense, it can be said that telera-
diology has shaped the radiology approach of the future after 
the widespread use and access of the internet and covering 
the whole of life.11

When evaluating the share of diagnostic errors in outsourc-
ing, it is stated that the margin of error in home reporting 
is less than 5% in the literature.12,13 However, in a study on 
2040 CT and magnetic resonance (MR) images, outsourced 
CT and MR reports were evaluated by 2 different radiolo-
gists and found a 21.4% disagreement (with potential clinical 
consequences for the patient in 2.9% of patients).8 Apart from 
life-threatening factors such as pneumothorax and hemo-
thorax, hospitalization and/or intensive care unit admission 
is indicated in patients over the age of 65 who have more 
than 2 rib fractures and develop respiratory distress.6 In our 
study, 25.3% of outsourced reporting cases had discrepan-
cies and missing findings, while 10% included pathologies 
that required hospitalization.

In addition, reporting through a physician who does not work 
in the hospital brings along the communication problem with 
the clinician. At the same time, the problems experienced 
in communicating the history and physical examination find-
ings to the reporting unit constitute the limitations of external 
reporting when evaluated in light of the literature.1 In addi-
tion, the low number of cases, especially in internal reporting, 
makes it difficult to obtain healthy results in further evalua-
tions in subgroups. Of course, larger and multicenter studies 

Figure 3.  Right hilar mass obliterating the bronchus overlooked in the report.

Figure 4.  Rib fractures overlooked in the report.

Table 5.  Evaluation of Patients with False-Negative 
Findings in Terms of Hospitalization Indications

Reporting

False-
Negative 
Finding

Hospitalization 
Indication

PPresent Absent

Outsource 77 (95.1%) 31 (40.3%) 46 (59.7%) .543

Insource 4 (4.9%) 1 (25%) 3 (75%)
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evaluating the results of whole-body CT may also enable to 
evaluate the efficacy of subgroup and other system CTs.

As determined by the Hospital Standards Commission of 
the American Society of Radiology and defined as closest to 
the ideal, a radiologist stated that it is appropriate to evalu-
ate 25 patients and 30-35 examinations per day, since each 
patient can include more than 1 examination. Similarly, the 
Swedish radiologist stated that this burden is not too high, at 
the American College of Radiology Teachers' Conference. He 
stated that a total of 500 procedures per day are performed 
in their clinics, from simple procedures such as chest and 
bone to the most complex neuro​logic​al-ca​rdiov​ascul​ar pro-
cedures. There were 13 radiologists who performed these 
procedures, 38 reports were made per person per day, and 
with this data, an annual average radiologist made an average 
of 8000 evaluations.14

Another study showed that lung cancer detection was 
impaired with reduced imaging time, and similarly, when the 
radiologist reported more than 20 studies per day, error rates 
in abdominal CT reporting increased.15

It may be safe to outsource a teleradiology program with an 
active quality assurance program. An active quality assur-
ance program should be an integral part of any teleradiology 
program. Continuous feedback improves the performance 
of radiologists.16 This situation, which is seen as compatible 
with other literature data, can only be increased by provid-
ing quality assurance.8 In order to ensure this quality, it has 
been stated that standardization should be established with 
the items listed below17:

•	 Clinical information
•	 Communication with the clinician in emergency 

pathologies
•	 Standard reporting method outline
•	 Radiologist contact information should be included in 

the report
•	 Review by local radiologists
•	 Mutual audit (internal-outsourced)
•	 Same enrollment provisions, including specialist reg-

istration, relicensing, recertification, revalidation, 
reaccreditation, assessment, clinical governance, and 
inconsistency

•	 Language proficiency in the report
•	 Legal liability scope
•	 A report should be created at the end of each term 

regarding the reporting physicians.

However, when the idealized numbers in the literature and 
the number of evaluations of a single radiologist in external 
reporting in our study are compared, even if the number of 
external reporting is expected to be higher, the enormous dif-
ference explains the results of the study itself.

The value of the study is that it is one of the first studies to 
evaluate the effectiveness of external reporting on a branch 
basis. In addition, we think that total CT numbers are evalu-
ated on a hospital basis and provide valuable data to explain 
the reason for the disruption in daily reporting numbers.

The limitation of the study was the inclusion of cases with 
findings already in the study did not make it possible to eval-
uate false-positive patients.

In conclusion, the effectiveness of outsourced reporting was 
found to be lower than internal reporting due to a possible 
lack of communication and audit problems. By providing 
standardization in outsourced reporting, legally limiting the 
number of reports evaluated to a certain number per radiolo-
gist will bring about an increase in quality. The multidisci-
plinary and multicenter conduct of this study will provide a 
broader illumination on the subject.
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OBJECTIVE: This study aimed to determine the maximum diameters of the pulmonary artery and ascending aorta and their ratio to each 
other to enable early diagnosis and treatment of possible pulmonary hypertension and to prevent possible complications in patients 
infected with severe acute respiratory syndrome coronavirus 2.

MATERIAL AND METHODS: A total of 120 patients aged 40 years and older, 60 patients (30 females and 30 males) with severe acute 
respiratory syndrome coronavirus 2 infection and 60 individuals (30 females and 30 males), were included in this retrospective study. 
Maximum pulmonary artery and maximum ascending aorta diameters were measured at the level of bifurcatio trunci pulmonalis in the 
transverse axial plane by computed tomography, and their ratios to each other were determined.

RESULTS: Our study revealed a statistically significant increase in maximum pulmonary artery and maximum ascending aorta diameters 
in both genders in patients with coronavirus disease 2019 compared to the control group and a statistically significant increase was found 
in the maximum pulmonary artery–maximum ascending aorta ratio in women with coronavirus disease 2019 compared to the control 
group (P < .05).

CONCLUSIONS: Knowing the diameters of maximum pulmonary artery and maximum ascending aorta and the maximum pulmonary 
artery–maximum ascending aorta ratio in hospitalized severe acute respiratory syndrome coronavirus 2-infected patients is a valuable 
predictive marker of pulmonary hypertension and a guide in determining the appropriate treatment. These data, which are easy to calcu-
late from thorax computed tomography, may be beneficial in the prognosis of the disease.

KEYWORDS: COVID-19, pulmonary artery, ascending aorta, thorax, computed tomography
Received: June 1, 2022	 Accepted: September 15, 2022	 Publication Date: February 10, 2023

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic continues to affect the entire world due to new variants emerging 
over time.1,2 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) primarily affects the lungs and respiratory sys-
tem. At the same time, it exerts detrimental effects on the vascular endothelium by disrupting its functional and structural 
integrity.3 The virus usually presents with hypercoagulation, as it increases the load of the ventricular dexter (VD), causing 
deterioration of its functions. One study reported that COVID-19 pneumonia increases pulmonary artery (PA) pressure, 
resulting in VD dysfunction.4 Another study showed that this relationship between PA and VD could cause mortality in 
hospitalized COVID-19 patients.5 Pathophysiological changes in the lungs of COVID-19 patients are easily detectable by 
computed tomography (CT), and all possible clinical presentations, from viral pneumonia to acute respiratory distress syn-
drome (ARDS), can be distinguished from CT images.6-12 Bilateral interstitial abnormalities initially present as subpleural 
ground-glass opacities (GGOs). In later stages, progressive consolidations and reticular patterns may arise, and the devel-
opment of cytokine dysregulation, diffuse ARDS, and alveolar and interstitial damage may exacerbate the condition.6,8,10 
Diffuse lung consolidation and ARDS may alter pulmonary vascular features,13 yielding pulmonary hypertension,14,15 
which in COVID-19 patients may also result from an overlap of these processes with increasingly reported pulmonary 
arterial thrombosis.16-20 The ratio between the maximum diameters of the PA and the ascending aorta (Ao) on CT is a very 
practical and noninvasive way of diagnosing pulmonary hypertension. Patients with COVID-19 can also be given iodin-
ated contrast material for CT pulmonary angiography, which will facilitate the diagnosis of pulmonary arterial thrombosis 
during the CT scan.14,15,21,22 Several studies have shown that maximum PA diameter (MPA), maximum Ao diameter (MAo), 
and MPA–MAo ratio indices obtained from thoracic CT are useful parameters in predicting clinical outcomes in various 
lung diseases and COVID-19.23 This study aimed to reveal the relationship between MPA, MAo, and MPA–MAo to enable 
early diagnosis and treatment of pulmonary hypertension in patients infected with SARS-CoV-2 and to prevent possible 
complications.
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MATERIAL AND METHODS

The Malatya Clinical Researches Ethical Board (2021/25)E 
approved the study (2021/25). All procedures were applied 
in accordance with the Declaration of Helsinki.

Study Population
Individuals aged 40 and over who were diagnosed with 
COVID-19 in the Radiology Department between March 
2019 and December 2021 and who underwent CT scans 
were included in the COVID-19 group, and individuals 
without COVID-19 with CT scans taken between January 
and December 2018 were included in the control group. 
Retrospective measurements were taken from a total of 120 
people, 30 women and 30 men in the COVID-19 group and 
30 women and 30 men in the control group. The study was 
conducted at a single center and by a specialist radiologist.

Patients aged 40 years and older who were diagnosed with 
COVID-19 by real-time reverse trans​cript​ase-p​olyme​rase 
chain reaction test and examined with contrast-enhanced CT 
imaging were included in the study. Patients aged 40 years 
and younger, those who did not have contrast-enhanced CT 

imaging, pregnant women, and outpatients were excluded. 
Other exclusion criteria were any history of primary pul-
monary arterial hypertension, chronic thromboembolism, 
interstitial lung disease, and severe chronic obstructive pul-
monary disease (COPD). Patients with missing data were also 
excluded from the study.

Thoracic Computed Tomography Imaging and Analysis
Thoracic CT examinations were performed in the supine 
position. During inspiration, 80-100 mL of low-osmolarity 
non-ionic iodinated contrast material was administered with 
an automatic pump with an injection rate of 4-5 mL/s, fol-
lowed by 40 mL of serum physiological solution injected for 
homogeneous distribution. A separate room was prepared for 
CT imaging of COVID-19 patients. Passive air ventilation was 
performed for at least 30 minutes after each CT scan, and 
machine surfaces were disinfected with ethanol and didec​
yldim​ethyl​ammon​ium chloride. All CT images were evalu-
ated in axial, sagittal, and coronal planes. Patients' CT scans 
were interpreted by a single radiologist to increase the reli-
ability of the study.

Images were obtained from a dual-source spiral CT named 
Somatom Definition Flash, Siemens Healthcare, Forchheim, 
Germany. Scanning parameters were as follows: 120 kV; 
250 mAs: return time, 0.35 seconds; pitch, 1.5. Images were 
reconstructed at a slice thickness of 2 mm using a high-fre-
quency reconstruction algorithm. Images were acquired dur-
ing a deep inspiratory breath-hold without applying contrast.

The presence of unilateral or bilateral GGO, patchy infiltra-
tion, pleural effusion, and fibrotic changes was evaluated on 
CT images. Maximum pulmonary artery was measured at the 
level of bifurcatio trunci pulmonalis perpendicular to the ves-
sel direction on transverse axial images, and MAo was mea-
sured at its maximal diameter using the same CT section. The 
data obtained were recorded in millimeters. The MPA–MAo 
ratio was then calculated by dividing MPA by MAo (Figure 1). 
The study was carried out in collaboration with an anatomist 
and a radiologist. Radiological examinations were performed 
by a specialist radiologist with 10 years of experience.

Statistical Analysis
IBM Statistical Package for the Social Sciences Statistics for 
Windows version 25.0 (IBM Corp., Armonk, NY, USA) soft-
ware package was used for statistical data analysis. The con-
formity of the data to the normal distribution was tested with 

MAIN POINTS

•	 Evidence from several patient populations showed that 
pulmonary artery (PA) enlargement, which can be calcu-
lated easily with computed tomography (CT) scanning, is 
a parameter that can predict negative results.

•	 Studies on pulmonary hypertension have reported that a 
maximum pulmonary artery (MPA)–maximum ascending 
aorta (MAo) ratio of >0.9 to 1.0 is associated with a poor 
prognosis and is considered a more useful marker than 
the peak gradient of tricuspid regurgitation measured by 
echocardiography.

•	 The diagnosis of pulmonary hypertension brings many 
complications. Nevertheless, these complications can be 
prevented by early intervention thanks to early diagnosis 
with CT, which allows MPA and MPA/MAo ratio to be 
determined even in large populations.

•	 The maximum diameters of PA, ascending aorta, and 
their ratio, which can be easily obtained from thoracic CT, 
can be very beneficial in the prognosis of the disease by 
allowing early diagnosis of symptoms that may adversely 
affect the patient, such as pulmonary hypertension.

Figure 1. (A)  Pulmonary artery (PA) and ascending aorta (A) measurement on contrast-enhanced thoracic computed tomography (CT) in a 
patient with COVID-19 pneumonia. (B) View of COVID-19 pneumonia in thoracic CT parenchymal window.
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the Kolmogorov–Smirnov test. Mean and standard deviation 
were used for numerical data, number and percentage values 
were used for categorical data, and independent sample t-test 
and Mann–Whitney U-test were used for group comparisons. 
A P-value equal to or less than .05 was considered statisti-
cally significant for all analyses.

RESULTS

The mean age of the analyzed COVID-19 patients, 50.33 ± 
12.09 mm in women and 48.73 ± 13.99 mm in men, was 
not statistically significantly different (P = .429). The mean 
MPA diameter was 30.17 ± 2.81 mm in COVID-19 patients, 
30.36 ± 2.87 mm in women, and 30.0 ± 2.8 mm in men, and 
the difference was not statistically significant (P = .637). The 
mean MAo diameter was also not statistically significantly dif-
ferent, with 32.21 ± 3.71 mm in COVID-19 patients, 32.01 
± 3.14 mm in women, and 32.39 ± 4.18 mm in men (P = 
1.710). Finally, the mean MPA/MAo ratio was 0.94 ± 0.82 
and did not differ statistically significantly by gender, with 
0.94 ± 0.08 in women and 0.93 ± 0.08 in men (P = .485).

There was no statistically significant difference between the 
ages of COVID-19 and control groups in both genders (P > 
.05). The MPA and MAo mean diameters of both male and 
female COVID-19 patients were statistically significantly 
higher than that of the control groups (P < .05). Although 
the MPA/MAo ratio of men exposed to COVID-19 was higher 
than the control groups, the difference was not statistically 
significant (P > .05). On the other hand, this ratio was statis-
tically significantly higher in women with COVID-19 com-
pared to the control group (P < .001) (Table 1 and Figure 2).

The comparison of the COVID-19 and control groups 
revealed statistically significantly higher MPA, MAo, and 
MPA/MAo values in the COVID-19 patients than in the con-
trol group (P < .001) (Table 2).

DISCUSSION

Besides being a primary lung disease, COVID-19 is an infec-
tious pathology that damages the endothelial system by acti-
vating many inflammatory and prothrombotic steps. Acute 
lung injury and respiratory distress syndrome are the most 
severe forms of the disease and are related to pulmonary vas-
cular function disorders. Therefore, pulmonary hemodynam-
ics, vascular anatomic changes, and pulmonary hypertension 
development can provide prognostic clues in COVID-19 
patients. Evidence from several patient populations showed 
that PA enlargement, which can be calculated easily with CT 
scanning, is a parameter that can predict negative results.14,22 
A study conducted in a healthy population reported MPA 
as 26.1 ± 2.4 mm in men and 22.9 ± 1.9 mm in women.24 
Another study reported the normal reference values of MPA 
diameter as 24.7 ± 2.7 mm in healthy individuals.25 Similar 
to these studies, our study found the MPA diameter to be 24.8 
± 2.6 mm in women and 24.7 ± 2.6 mm in men in the con-
trol group. The MPA diameter was reported as 35.3 mm in 
patients with COPD22 and 29 mm in patients with cystic lung 
disease.26 Another study conducted on patients with COVID-
19 found the MPA diameter to be 26.3 ± 4.4 mm.27 The mor-
tality rate of individuals with pulmonary hypertension was 

Table 1.  Comparison of COVID-19 and Control Group by Gender

Female Male

COVID-19 Group 
(n = 26)

Control Group 
(n = 25) P

COVID-19 Group 
(n = 30)

Control Group 
(n = 25) P

Age 50.33 ± 12.09 47.00 ± 9.85 .220 48.73 ± 13.99 45.56 ± 8.80 .299

MPA (mm) 30.3 ± 2.87 24.8 ± 2.60 .000 30.00 ± 2.80 24.7 ± 2.65 .000

MAo (mm) 32.01 ± 3.14 29.03 ± 3.54 .003 32.39 ± 4.18 28.00 ± 3.52 .000

MPA/MAo 0.9 ± 0.08 0.8 ± 0.06 .000 0.9 ± 0.08 0.89 ± 0.09 .870

COVID-19, coronavirus disease 2019; MAo, maximum ascending aorta; MPA, maximum pulmonary artery.

Figure 2.  (A) Measurement of pulmonary artery (PA) and ascending aorta (A) in contrast-enhanced thoracic computed tomography (CT) in 
the control group without lung pathology. (B) Thoracic CT image of normal lung parenchyma.

Table 2.  Comparison of COVID-19 and Control Group

COVID-19 Group 
(n = 56)

Control Group 
(n = 50) P

MPA (mm) 30.17 ± 2.81 24.81 ± 2.60 .000

MAo (mm) 32.21 ± 3.71 28.51 ± 3.53 .000

MPA/MAo 0.94 ± 0.82 0.87 ± 0.08 .000

COVID-19, coronavirus disease 2019; MAo, maximum ascending 
aorta; MPA, maximum pulmonary artery.
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reported to be high in the last 5 years in individuals with MPA 
diameter measurements of ≥37.7 mm,28 while this rate was 
determined as ≥48 mm in another study.29 In our study, the 
MPA diameter was 30.3 ± 2.87 mm in women and 30.0 ± 
2.8 mm in men. The findings of our study were similar to pre-
vious studies, yet they also demonstrated an increase in MPA 
diameter in both genders compared to the control group. We 
cannot directly conclude that PA enlargement is secondary to 
SARS-CoV-2 infection. The contribution of right ventricular 
systolic dysfunction in pathogenesis should also be consid-
ered. D'Alto et  al30 reported that patients with COVID-19 
showed depressed right ventricular functions with a slight 
increase in PA pressure. Therefore, we believe that right ven-
tricular functions should also be evaluated in COVID-19 
patients with an increase in PA diameter.

A study conducted with COPD patients found the MAo diam-
eter to be 35.8 ± 4.9 mm.22 Erdoğan et al27 reported the mean 
MAo diameter in COVID-19 patients as 32.9 ± 5.2 mm. They 
also examined the patients by categorizing them according 
to their survival status and showed that those who died from 
COVID-19 had higher MAo diameters than those who sur-
vived. Another study showed that patients with cystic lung 
disease had a MAo diameter of 31 mm.26 In our study, the 
diameter was 32.01 ± 3.14 mm in women and 32.39 ± 4.18 
mm in men, with a mean value of 32.21 ± 3.71 mm. Our find-
ings were consistent with the results of these previous stud-
ies22,26,27; the MAo diameter increased in the patient groups 
compared to the control group in both genders. Ground-glass 
opacity, pulmonary consolidation, air bronchogram and air-
way changes, pulmonary vascular enlargement, reticular pat-
tern and linear opacification, pleural effusion, and pulmonary 
thromboembolism are considered the main chest CT findings 
of COVID-19.15,31 The results not only show that COPD affects 
the MAo diameter more, but they also reveal an increase 
in the MAo diameter due to COVID-19 that should not be 
ignored by clinicians. Impairment of pulmonary hemodynam-
ics after large-scale consolidation with inflammatory and vas-
cular changes, referred to as vascular enlargement,32 may also 
be a concern in COVID-19 patients with weak intravascular 
structure and high thromboembolic risk.20,33-39

Studies on pulmonary hypertension have reported that an 
MPA–MAo ratio of >0.9 to 1.0 is associated with a poor 
prognosis and is considered a more useful marker than the 
peak gradient of tricuspid regurgitation measured by echo-
cardiography.40,41 Other studies on patients with pulmonary 
hypertension reported that an MPA–MAo ratio of 1.0 or 
higher predicts worse outcomes.42,43 Baldi et al26 reported the 
MPA–MAo ratio as 0.95 in patients with cystic lung disease. 
Erdoğan et al27 found the MPA–MAo ratio in patients with 
COVID-19 as 0.80 ± 1.2. Another study determined the MPA–
MAo ratio as 0.80 ± 0.09.25 Spagnolo et al23 showed in 45 
COVID-19 patients with thoracic CT scan that the MPA–MAo 
ratio increased after SARS-CoV-2 infection and was signifi-
cantly correlated with the extent of pneumonia. In our study, 
the mean MPA–MAo ratio was 0.94 ± 0.82 and increased 
statistically significantly in women. This outcome may be 
associated with a poor prognosis, as in the previous studies. 
The diagnosis of pulmonary hypertension brings many com-
plications.13-15,21,22 Nevertheless, these complications can be 

prevented by early intervention thanks to early diagnosis with 
CT, which allows MPA and MPA/MAo ratio to be determined 
even in large populations.14,22

Our study lacks data from transthoracic echocardiography 
and right heart catheterization, which would provide more 
definitive conclusions about hemodynamic status and PA 
enlargement. Additionally, CT scan follow-ups could have 
yielded more beneficial results.

CONCLUSION

In conclusion, our findings reveal a significant increase in the 
MPA and MAo values in COVID-19 patients compared to the 
control group. The MPA–MAo ratio in women with COVID-
19 was also significantly higher than the control group. These 
parameters, which are easy to obtain from thoracic CT, can 
be very beneficial in the prognosis of the disease by allow-
ing early diagnosis of symptoms that may adversely affect the 
patient, such as pulmonary hypertension.
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Since the emergence of coronavirus disease 2019, a large spectrum of clinical manifestations following this acute viral infection has been 
reported especially autoimmune manifestations and inflammatory disorders. However, a causal link has not yet been established. Herein, 
we reported a case of pulmonary mediastinal sarcoidosis following coronavirus disease 2019 infection. A 41-year-old woman with no 
clinical or radiographic symptoms or signs of sarcoidosis prior to coronavirus disease 2019 infection developed dyspnea, cough, and 
fatigue, a few months after discharge. A chest thoracic scan performed 3 months after hospital discharge showed regression of ground-
glass opacities with the appearance of pulmonary micronodules. Clinical examination and spirometry were normal. The evolution was 
marked by progressive worsening of dyspnea and significant weight loss. A chest thoracic scan performed 6 months after discharge 
showed bilateral and symmetrical hilar and mediastinal and paratracheal lymphadenopathy. Bronchoalveolar lavage with cell count 
showed a lymphocytosis of 19.5% and a CD4/CD8 T cell ratio of 2.2. Endobronchial lung biopsy revealed noncaseating epithelioid 
granulomas. Sputum culture excluded tuberculosis. The diagnosis of pulmonary-mediastinal sarcoidosis was made. She was treated with 
an oral corticosteroid. The patient showed significant improvement during the 3-month follow-up period. Post-coronavirus disease sar-
coidosis is very rare. Complementary studies are needed to discern the link between these diseases.
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INTRODUCTION

Since the worldwide coronavirus disease 2019 (COVID-19) pandemic began, a number of post-viral inflammatory dis-
orders and autoimmune diseases have been reported.1 While the occurrence post-COVID-19 infection of autoimmune 
diseases has been well elaborated, the development of sarcoidosis remains obscure and only a few cases in the literature 
have been reported. The link between these diseases is not clear, but several mechanisms of this virus have been proposed 
as a trigger for abnormal inflammatory response.

Herein, we report the third case of pulmonary mediastinal sarcoidosis following a COVID-19 infection diagnosed in a 
41-year-old Tunisian patient.

CASE PRESENTATION

We present a 41-year-old patient with no history of any autoimmune diseases or sarcoidosis hospitalized in our depart-
ment in November 2020 with complaints of fever and diarrhea for several days. Coronavirus disease 2019 infection was 
confirmed by reverse trans​cript​ion-p​olyme​rase chain reaction. The oxygen saturation was 92%. Chest thoracic scan 
(Figures 1A and 1B) showed common manifestations of COVID-19 without lung architectural distortion. The extent of 
lung abnormalities was estimated at 25%-50%. The infection’s severity was classified as moderate requiring low-flow oxy-
gen therapy (2 L/min) and corticosteroid therapy. The length of the stay in the hospital was 5 days. The patient reported an 
initial improvement, followed few weeks later by the onset of persistent fatigue, cough, and exertional dyspnea. Clinical 
examination was normal, notably with no signs of bacterial infection. Chest thoracic scan at 3 months after discharge 
showed a significant regression of ground-glass opacities with the appearance of nodules in the lower lobes of both lungs. 
Bronchial fibroscopy and spirometry were normal. Six months later, the patient reported significant weight loss with pro-
gressively worsening dyspnea. Chest thoracic scan (Figures 2A and 2B) showed bilateral and symmetrical hilar, mediastinal 
and paratracheal lymphadenopathies, and bilateral lower lobe nodules. Bronchoalveolar lavage with cell count showed 
a lymphocytosis of 19.5% and a CD4/CD8 T-lymphocyte ratio of 2.2. Endobronchial lung biopsy revealed noncaseating 
epithelioid granulomas. Sputum smear and culture ruled out tuberculosis. The angiotensin-converting enzyme II (ACEII) 
level was high. The diagnosis of sarcoidosis was established on the basis of compatible clinical, radiologic, and histologi-
cal findings. Spirometry was normal: forced expiratory volume in one second (FEV1: 2.320 L, 92% of predicted normal 
value), forced vital capacity (FVC: 2.670 L, 86%), and an FEV1/FVC ratio of 86%. Ophthalmology test, echocardiography, 
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and nervous system evaluation ruled out extrapulmonary 
sarcoidosis. Treatment started with prednisolone. During the 
2-month follow-up period, the patient’s symptoms subsided 
and she showed much improvement.

DISCUSSION

The occurrence post-COVID-19 infection of autoimmune 
diseases has been well elaborated. A systematic review of 
reported cases, published in October 2020, found that 33 
cases of patients with COVID-19 developed an autoim-
mune disease after 2 to 33 days after the onset of viral illness. 
These autoimmune diseases included subacute thyroiditis, 
Kawasaki disease, coagulopathies, antiphospholipid syn-
drome, immune thrombocytopenic purpura, autoimmune 
hemolytic anemia, and Guillain–Barré syndrome.2

The development of sarcoidosis post-COVID-19 infec-
tion remains extremely rare. Only 6 cases were previously 
reported (Table 1). Recently, a case of pulmonary-medi-
astinal sarcoidosis following a COVID-19 infection was 
published on January 12, 2022. It is about a patient with 
a previous prostate cancer history who developed pulmo-
nary sarcoidosis 1 year after severe COVID-19 disease. 
However, the patient's history of prostate cancer could be 

a confounding factor in attributing the development of sar-
coidosis to a post-COVID-19 effect.3 Five other case reports 
of sarcoidosis, including 1 case of sarcoidosis stage 1, 1 
case of sarcoidosis stage 2 published on April 2021, and 3 
cases of biopsy-confirmed sarcoid-like reaction, were diag-
nosed several weeks after COVID-19 infection.4-6 To our 
knowledge, our patient was the third case of pulmonary-
mediastinal sarcoidosis. He had no personal or family his-
tory of cancer or interstitial lung diseases, and he developed 
manifestations of sarcoidosis after 6 months of COVID-19 
infection. 

The link between COVID-19 and sarcoidosis is not well 
established. It has been suggested that this virus might trig-
ger the formation of noncaseating granulomas via the renin–
angiotensin system and the innate immune system. Indeed, 
the S protein of this virus attaches to host cells through 
ACEII, allowing fusion with the cell membrane and release 
of viral RNA. After entry, through this host receptor (ACEII), 
severe acute respiratory syndrome coronavirus 2 causes an 
exacerbated inflammatory response and favors a “cytokine 
storm” that is considered central to the progression of the 
disease to acute respiratory distress syndrome. It activates 
pro-inflammatory cytokines such as interleukin (IL)-6, IL-10, 
interferon-gamma (IFN-γ), and tumor necrosis factor-alpha. 
This cytokine dysregulation is common to the pathophysiol-
ogy of both COVID-19 and sarcoidosis. Research demon-
strated a high percentage of Th17.1 cells in the lung lavage of 
sarcoidosis patients compared with control patients and that 
approximately 60% of these cells, which present the domi-
nant phenotype, produced only IFN-γ.3,4,7

Several studies confirm the role of ACEII expression 
and activity in COVID-19 pathogenesis. The physiologi-
cal role of ACEII is to cleave angiotensin II to angiotensin. 

MAIN POINTS

•	 Here, we present the third case of pulmonary medias-
tinal sarcoidosis following a coronavirus disease 2019 
(COVID-19) infection, confirmed on pathology.

•	 Coronavirus disease 2019 has been implicated in the 
development of granulomatous manifestations.

•	 Sarcoidosis following COVID-19 infection is very rare 
and the link between these diseases remains obscure.

Figure 1.  (A) Typical computed tomography (CT) manifestations of coronavirus disease 2019. (B) Initial CT of the mediastinum.

Figure 2.  (A) Bilateral lung nodules. (B) Bilateral and symmetrical hilar, mediastinal lymphadenopathies.
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Angiotensin-converting enzyme II is highly expressed by lung 
epithelial cells, a major target of the disease, resulting in an 
inflammatory response in the lower airways of the lungs. 
Moreover, it is known that ACEII is regulated in macrophages 
located within the granulomatous tissue in sarcoidosis and 
plays an important role in granuloma formation and in the 
regulation of tumor necrosis factor-alpha production.4,7

Furthermore, recent finding reports that CD8+ mucosal-acti-
vated invariant T cells, which may be involved in the patho-
genesis of sarcoidosis, might also play a role in self-sustaining 
inflammation in the lungs of patients with COVID-19.8

As with other autoimmune diseases, disruption of the 
immune system is likely a causative agent in the develop-
ment of sarcoidosis after COVID-19 infection. Longer follow-
up is needed to confirm the diagnosis or to differentiate it 
from transient symptoms due to the host’s immune response 
to COVID-19.9

Because of the rarity of the disease, treatment and outcomes 
would be similar to those of people who are not infected with 
COVID-19.

CONCLUSION

This case report may be valuable for increasing awareness of 
the possibility of post-COVID sarcoidosis. The shared mecha-
nism needs to be studied, but it requires more patients.
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sarcoidosis 

COVID-19, coronavirus disease 2019; CT, computed tomography; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Hypereosinophilic syndrome is a heterogeneous disease characterized by eosinophilic tissue inflammation and eosinophilia. Pulmonary 
involvement could be seen in up to 55% among children with hypereosinophilic syndrome. A 3-year-old boy with chronic hypereosino-
philia and respiratory complaints was diagnosed with idiopathic hypereosinophilic syndrome. Atelectasis was detected in the radiological 
evaluation, and bronchial casts with eosinophilic structures were removed by bronchoscopy. Steroid, inhaled hypertonic saline, inhaled 
bronchodilator, inhaled corticosteroid, and leukotriene receptor antagonist were used for 1 year in the management of hypereosinophilic 
syndrome, and related eosinophilic casts and repetitive bronchoscopies were administered for removal of the casts. The patient was 
successfully managed with an inhaled N-acetyl cysteine treatment. In children, the long-term prognosis of hypereosinophilic syndrome is 
uncertain. Comprehensive diagnostic tests are required for the early diagnosis and management of pediatric hypereosinophilic syndrome. 
In the presented case, the rare occurrence of pulmonary involvement of hypereosinophilic syndrome in a 3 year-old-boy with recurrent 
hypereosinophilic casts and its management were discussed.

KEYWORDS: Bronchial cast, children, hypereosinophilic syndrome
Received: March 23, 2022	 Accepted: September 6, 2022	 Publication date: February 10, 2023

INTRODUCTION

Hypereosinophilic syndrome (HES) is a rare disease and characterized by an absolute eosinophil count of more than 
1500/mm3 for at least 6 months and the presence of end-organ damage.1 In the absence of an identifiable cause of eosino-
philia and the presence of end-organ damage, the diagnosis of idiopathic HES should be considered. Children with HES 
can have pulmonary involvement in up to 55% of cases.2

Plastic bronchitis (PB) or cast bronchitis is a rare condition which causes partial or complete obstruction in tracheobron-
chial tree with the presence of mucofibrinous plugs and may result in severe respiratory distress, dyspnea, cyanosis, and 
wheezing.3,4 Pathophysiology of PB may be related to alveolar–capillary barrier damage, mucosal fragility, increased 
venous pressure, lymphatic congestion, or decreased lymphatic drainage. Endobronchial cast which is a rubber-like or 
thick gelatinous-mucoid structure may cause airway obstruction, infection, or segmental atelectasis.5 The optimal treat-
ment of primary disease is the priority.

Plastic bronchitis has not been previously described in the pulmonary component of HES. Herein, the first definition of 
pulmonary involvement of HES in a 3-year-old boy with recurrent hypereosinophilic casts removed by bronchoscopic 
intervention is discussed.

CASE REPORT

A 3-year-old boy was admitted to our hospital with a 6-month history of dyspnea and chronic dry cough which was 
unresponsive to inhaled beta-2 agonist treatment. Neither the patient nor his family had any history of atopy, recurrent 
bronchiolitis or wheezing, cardiac disease, recurrent skin lesions, or itching. The patient had normal growth; his oxygen 
saturation at room air was 98%; he had no clubbing in the physical examination. He had prolonged expirium in auscul-
tation and other system findings were normal. In laboratory findings, the eosinophil percentage was 16.5, the absolute 
eosinophil count was 2200/103, and other total blood count parameters were in the normal range. Acute phase reactants 
were negative. When past medical records were examined, it was observed that the hypereosinophilia persisted for more 
than 6 months. In chest x-ray, a double contour sign in the lower zone of the left lung and consolidation in the right upper 
zone were seen on admission (Figure 1A). In thorax computed tomography (CT), on the left lung lower lobe superior 
segment, atelectasis sitting on the pleura at the base was observed, but common ground glass opacity was not observed.
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Stool parasitic investigation and serology of parasitic infec-
tions (Toxocara canis, Entamoeba histolytica, Cryptococcus, 
Ascaris, Strongyloides, Echinococcus granulosus) for the 
etiology of hypereosinophilia were negative. Abdominal 
ultrasound, echocardiographic examination, immunoglobu-
lin levels (Ig G, A, M, and E), lymphocyte subgroups, serum 
tryptase level, and perinuclear antineutrophil cytoplasmic 
antibodies (p-ANCA) and cytoplasmic antineutrophil cyto-
plasmic antibodies (c-ANCA) values were normal. The sweat 
chloride test was 23 mEq/L; cystic fibrosis transmembrane 
regulator gene mutation and skin prick test, and food and 
house dust mite-specific IgE levels were negative. In the bone 
marrow aspiration, normocellular bone marrow, hyperpla-
sia in myeloid cells, and an increase in eosinophils (20%) 
were detected. FIP1LI/PDGFRA and t (9:22) mutations were 
both negative. No cause of chronic hypereosinophilia was 
detected. The patient was diagnosed with idiopathic HES 
after excluding parasitic, allergic, immunological, rheumato-
logical, and hematological diseases. The consolidation in the 

right upper lobe was added to the left lower lobe atelectasis, 
which was detected during the admission process (Figure 1B).

The patient underwent bronchoscopy and a dense, mucoid 
structure which was dirty yellow in color was observed at 
the entrance of the right lung upper lobe apical segment 
(Figure 2A). Inside the left lower lobe bronchus, a dirty yellow 
tough crusty structure, approximately 0.5 × 1 cm in size, was 
detected (Figure 2C). They were removed by rigid bronchos-
copy (Figure 2B and D). Eosinophilia not exceeding 15% was 
detected in the bronchoalveolar lavage fluid and no micro-
organisms were observed. After the removal of the bronchial 
casts, radiological appearance improved (Figure 1C). The 
pathological assessment of the bronchial casts showed eosino-
philic mucinous structure with 80% eosinophilic infiltration 
(Figure 2E). Systemic steroid treatment was started as HES 
treatment (1 mg/kg/day). Systemic steroid, inhaled hypertonic 
saline, inhaled bronchodilator, inhaled corticosteroid, and leu-
kotriene receptor antagonist were used for 1 year in the man-
agement of HES-related eosinophilic casts (Figure 3). However, 
3 more fiberoptic bronchoscopy (FOB)s were required due 
to recurrent casts and respiratory problems in the first year 
of follow-up. Inhaled N-acetyl cysteine (NAC) was added to 
the patient’s treatment and eosinophilic casts did not repeat. 
The patient, who was followed without treatment for the last 
3 years, had no complaints during the final check-up and had 
an absolute eosinophil count of 800 and eosinophilia of 7.5%. 
Written consent was obtained from parents.

DISCUSSION

In children, small case series of HES have been described 
in the literature. The presentation of the disease is diverse. 
There could be dermatologic, pulmonary, gastrointestinal sys-
tem, cardiac, and/or neurologic involvement.6 The presenta-
tion of idiopathic HES is heterogeneous and may vary from 

MAIN POINTS

•	 Although hypereosinophilic syndrome is very rare in 
children, parenchymal pulmonary involvement can be 
seen in 55% of patients.

•	 In the presented case, recurrent eosinophilic casts due 
to underlying hypereosinophilic syndrome were first 
described, while pulmonary parenchymal involvement 
was not observed contrary to expectations in hypereo-
sinophilic syndrome.

•	 Atelectasis appearing in different regions at different times 
on chest x-ray may be an indicator of bronchial casts.

•	 The basic approach for the diagnosis of a bronchial cast 
is bronchoscopy and cytopathological examination of the 
extracted cast.

Figure 1.  Left lower lobe atelectasis in the chest x-ray on admission (A). Right upper lobe and left lower lobe atelectasis on chest x-ray before 
the first bronchoscopy (B). Control chest x-ray a day after bronchoscopy and removal of the eosinophilic casts and a significant improvement 
of the atelectasis was observed (C).

Figure 2.  The appearance of the dense, mucoid structure which was in dirty yellow color at the entrance of the right lung upper lobe apical 
segment during fiberoptic bronchoscopy (A). The macroscopic view of eosinophilic casts removed from the right upper lobe apical segment 
(B). The appearance of dirty yellow tough crusty structure in the left lower lobe bronchus (C) during fiberoptic bronchoscopy and the 
macroscopic view after removal (D). Microscopic view of eosinophilic casts at 100× magnification with hematoxylin–eosin staining (E).
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nonspecific complaints such as fatigue, cough, dyspnea, itch-
ing, and skin rash to life-threatening cardiac and/or neuro-
logic findings. Cardiac, pulmonary, and skin are known to be 
the most common involvements in the pediatric age group.7 
The most common pulmonary findings of HES are dyspnea, 
cough, and wheezing. Abnormal chest x-ray and CT find-
ings such as parenchymal infiltrates, patchy ground glass 
opacities, pleural effusion, intrathoracic lymphadenopathy, 
and pulmonary emboli could be seen.8 In one of the largest 
series with 49 patients aged 12 to 88 years with HES, 45% of 
patients with pulmonary involvement had dyspnea, 39% had 
cough, and 24% had wheezing.8 Pulmonary involvements 
during childhood vary from 27.5% to 55.3%.7,9 In the study 
conducted by Tavil et al.2 half of the pediatric patients had 
pulmonary involvement presented as cyanosis, crackles on 
auscultation, and thorax CT findings.2 In the presented case, 
the patient had only dry cough and respiratory distress. There 
were no findings of parenchymal infiltration, ground glass 
opacity, lymphadenopathy, or pulmonary embolism on the 
CT scan. Atelectasis was detected only in the distal of the 
existing casts. In the present case diagnosed with idiopathic 
HES, we determined bronchial casts without parenchymal 
lesions. Pulmonary involvement of HES associated with 
recurrent casts has not been defined so far.

Plastic bronchitis, fibrinous bronchitis, bronchitis pseudo-
membranosa, and Hoffmann bronchitis are all terms used 
to describe bronchial casts. In children, it has been reported 
in association with a variety of cardiorespiratory disorders, 
such as cystic fibrosis, asthma, allergic bronchopulmonary 
aspergillosis, respiratory infections (H1N1, severe coronavi-
rus disease 2019, etc.), congenital heart disease (CHD), and 
acute chest syndrome associated with sickle cell disease.10,11 
The presented case had no history of recurrent wheezing or 
atopy and did not respond to the asthma treatment. All these 

disorders and diseases including asthma were excluded with 
a detailed examination of the patient.

Bronchial casts are classified clinically and pathologically 
in various ways. Based on cast histology, a pathological 
approach was adopted by Seear et al12, and casts were classi-
fied into type 1 or inflammatory casts and type 2 or acellular 
casts. Inflammatory casts were often developed due to bron-
chial diseases and presentation of this type was often acute. 
Acellular casts could be seen in idiopathic cases and cya-
notic CHD. Madsen et al13 attempted to categorize bronchial 
casts based on the underlying condition and form of the casts. 
Mucinous, inflammatory, and chylous casts may develop in 
patients with structural CHD. The patients without structural 
CHD were classified as lymphatic disease or chylous casts, 
acute chest syndrome associated with sickle cell disease or 
fibrinous casts, and atopy or eosinophilic casts.13 In the exist-
ing literature, eosinophilic casts are commonly associated 
with atopy, allergy, and underlying inflammatory diseases of 
the lung.13,14 We can evaluate the hypereosinophilic casts due 
to idiopathic HES in this group.

Management of bronchial casts can be defined as the treat-
ment of an underlying disease.5 In addition to the removal 
of the casts with rigid or flexible bronchoscopy, it has been 
experienced in the literature that some medical treatments 
may be beneficial in type 1 casts. Fibrinolytic agents and anti-
coagulants (tPA, unfractionated heparin, and urokinase), dor-
nase alpha against cellular DNA and NAC as mucolytic can 
be administered by nebulization or intraoperatively through 
bronchoscope.5,11 Systemic steroids to decrease secre-
tions and anti-inflammatory activity and bronchodilators 
to assist in airway clearance and to reduce bronchospasm 
can be given.5,12 Hypertonic saline with chest physiotherapy 
can be employed in airway clearance.5 In addition to these 

Figure 3.  Figure showing the relationship between the patient’s treatment scheme, peripheral blood eosinophil counts, and bronchoscopic 
interventions.
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medications, oral macrolides may help reduce inflammation 
and secretions of the cast.5 Type 2 casts can be removed with 
bronchoscopy in terms of symptomatic relief.5 Bronchoscopy, 
steroids, and inhaled NAC were experienced beneficial in 
one of the most extensive case series with 9 children.12 The 
presented case was treated with systemic steroid, inhaler 
hypertonic saline, inhaled bronchodilator, inhaled corticoste-
roid, and leukotriene receptor antagonist; however, the most 
effective treatment option was inhaled NAC.

The long-term prognosis of HES is unknown in children. For 
the early detection and management of complications in 
pediatric HES, comprehensive diagnostic investigations are 
essential. In this case, we wanted to share the rare occurrence 
of HES-based eosinophilic cast in the bronchial tree and how 
it was managed to contribute to the existing literature.

Informed Consent: Written informed consent was obtained from the 
patients who agreed to take part in the study. 
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