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Abstract:

Objective: In some adult patients diagnosed with Covid-19, abnormal lung imaging and then
pulmonary fibrosis were detected in these patients after discharge. Studies on pulmonary
function tests have been carried out in these patients, but not yet in pediatric patients. In our
study, we performed pulmonary function tests 1 month after discharge in pediatric patients
diagnosed with Covid-19. Thus, we thought that when we encountered pulmonary
dysfunction in our patients, we could reduce morbidity and mortality by enabled them get

involved in pulmonary rehabilitation programs.

Material and Methods: In this prospective study, pediatric patients aged 5-18 years who
were hospitalized and discharged with the diagnosis of Covid-19 were included. Pulmonary

function tests were performed with spirometry in our patients.

Results: 76 patients were screened. 34 patients were able to perform pft. When the percentage
values of the patients in pulmonary function tests were compared with the test value of 100,
no significant decrease was found. When the actual values measured by spirometry were
compared with the predictive values that should be at the same age, weight and height, no
significant decrease was found. However, in the correlation analysis, a moderately negative

correlation was found between the length of hospital stay and Fef 25-75.

Conclusion: The fact that the decreasing of Fef 25-75 as the hospitalization period increases
due to Covid-19 may be meaningful in terms of showing us that having covid 19 worsens
lung functions even in pediatric patients. More comprehensive studies are needed to

understand the prognosis of these patients.
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Introduction

Sars-CoV-2 was declared as a pandemic by WHO on March 11, 2020 '. It has been reported
that it is transmitted from person to person by droplets or by contact with eyes, mouth and
nasal mucosa after touching contaminated places . It has been reported that the virus can
remain on inanimate surfaces for 72 hours °. It is stated that it generally affects adults, and
that the disease is overcome with mild symptoms in children *. As it is known, radiological
imaging may not be correlated with lung functions. Pulmonary function test is the most
objective test that evaluates pulmonary functions in the evaluation of lung diseases °.
Abnormalities were detected in lung imaging of patients diagnosed with Covid-19 while they

were discharged, and pulmonary fibrosis was detected in some patients °

. Huang et al.
performed respiratory function tests on adult patients diagnosed with Covid-19 after recovery
and found that pulmonary functions were impaired . When we scanned the literature, we
realized that pulmonary functions were evaluated after Covid-19 disease in adult patients, but
such studies were not conducted in pediatric patients. We evaluated the pulmonary functions
of our pediatric patients who were followed up with the diagnosis of Covid-19 1 month after
discharge with a pulmonary function test. Thus, we thought that when we encountered

pulmonary dysfunction in our patients, we would ensure their early diagnosis and treatment

by taking them into pulmonary rehabilitation programs.
Materials and Methods
Patients

The study started after obtaining the approval of the ethics committee (No: 2020/15-08). In
this prospective study, pediatric patients aged 5-18 years who were hospitalized and
discharged with the diagnosis of Covid-19 were included in the study. Patients with chronic
diseases such as neurological disease, heart disease, pulmonary hypertension, cystic fibrosis,
immunodeficiency, incompatible children who cannot pulmpnary function test (children who
can't blow into the spirometer), children under 5 years old and mentally retarded patients were
excluded from the study. Patients diagnosed and treated with Covid -19 according to WHO
Diagnostic Criteria were called to the hospital at least 1 month after discharge with recovery.
Written informed consent was obtained from the patients before the pulmonary function test,
and pulmonary function test was performed with a spirometer. Predicted values for the same
age, height and weight of the patients were taken as a control. It was compared with the actual

values of the patients. In addition, congenital heart disease and pulmonary hypertension were



evaluated by the pediatric cardiologist, and as a result, patients with congenital heart disease

and pulmonary hypertension were excluded from the study.
Spirometry

Pulmonary function tests were performed with the Zan 100 spirometer (Zan 100, nSpire,
Health Inc., Germany) device. Each test was repeated at least 3 times and the highest values
were recorded. In the pulmonary function test of the patients, FVC (forced vital capacity),
FEV1 (forced expiratory volume in the first second) and FEF 25-75 (forced expiratory flow
between 25% and 75% of FVC) were examined.

Statistical Analysis

In this study, using the program "G Power-3.1.9.4", the minimum number of patients was
calculated as 34 with 5% type 1 error when the effect size was taken as 0.5 with 80% power at
95% confidence level. Patients were selected randomly. SPSS 25 (Statistical Package for
Social Sciences) package program was used. The data were presented as statistics, as mean,
standard deviation, frequency and percentage distributions. The suitability of the data to
normal distribution was evaluated with the Kolmogorov-Smirnov Test. Single-sample T test
was used for the analysis of numerical data meeting the parametric test assumptions, and the
Chi-square test was used for the analysis of categorical data. Sign test was used to analyze
non-normally distributed data. In comparison of predictive and actual data, independent
sample T test (Student T test) was used for normally distributed data, and Mann Whitney-U
test was used for non-normally distributed data. Spearman correlation test was used to detect
the correlations among data. Retrospectively, patients' chest radiographs were evaluated by 2
observers (1 pediatrist and 1 radiologist). The kappa value was checked to measure the
harmony between the 2 observer. For statistical significance, the probability of error (p value)

was chosen as 0.05. Test results were considered significant if p <0.05.
Results

A total of 76 patients were screened. Of these, 39 were eligible for the study. Others were
excluded from the study because they had asthma, history of allergic disease,
immunodeficiency, and other underlying diseases. 5 of the patients could not perform pft. All
34 patients were able to perform pft. The demographic and clinical characteristics of the
patients participating in the study are given in table 1. There were 18 female and 16 male
patients and the mean age was 12.7 £ 3.12 years old. Eleven of the patients were

asymptomatic, 14 were mild, and 9 were moderate. Time remaining Covid-19 PCR positive



median was 6 days (IQR 5). Length of stay in hospital day 7 (9), time after discharge day 49
(36). Chest radiographs of 34 pediatric patients were retrospectively interpreted by 2
observers. Accordingly, chest radiography of 7 children was interpreted as atypical and 6 of
them were in the form of major airway disease. The kappa value was measured to measure the
agreement between the two observer who interpreted the chest radiographs retrospectively.
The agreement between two observer was very good k = 0.83, Spearman correlation r =
0.849, p = 0.000. When the pft results of the patients were compared with the test value of
100, the results obtained were shown in table 2. The comparison of the actual values of the
patients predicted to be at the same age, height and weight is shown in table 3, figure 1 and
figure 2. A negative correlation was found between the length of hospital stay and FEF 25-75
(r: -0.364 p: 0.035). The all patients were evaluated by a pediatric cardiologist. Pulmonary

hypertension and congenital heart disease were excluded.
Discussion

Worldwide, by WHO, 44,888,869 confirmed cases and 1,178,475 deaths were reported due to
covid-19 until October 30, 2020 ®. There are still unclear points on many issues such as the
pathogenesis of COVID-19, clinical findings, and the course of the disease in children and
adults. Generally, it is stated that adult patients have more severe disease and pediatric
patients experience milder and mostly asymptomatic > '°. It is not known exactly how the
lungs are affected in the short and long term after the illness. Related to this, studies have
been conducted on respiratory function tests in adult patients. However, when we scanned the
literature in pediatric patients, we found that no such study was performed. We conducted this
study to understand how Covid-19 disease affects the functions of the lungs in pediatric
patients. In our study, we evaluated the respiratory functions of pediatric patients who were
discharged due to Covid-19 using spirometry.

In our study, when the percentage values of the patients in pulmonary function tests were
compared with the test value of 100, no significant decrease was found. When the actual
values measured by spirometry were compared with the predictive values that should be at the
same age, weight and height, no significant decrease was found. However, in the correlation
analysis, a moderately negative correlation was found between the length of hospital stay and
Fef 25-75. This shows us that Fef 25-75 decreases as the duration of hospitalization increases.
Fef 25-75 gives information about obstruction in medium and small diameter bronchi. As the
degree of restrictive diseases increases, indirect decreases can be observed in the FEF25-75

value . Lv et al. found restrictive ventilation disorder and increased small airway disease in



critically ill patients in the respiratory function test they performed in adults during Covid -19
disease . In our study, it may be significant in terms of showing that it worsens lung
functions in pediatric patients as the length of hospitalization due to Covid-19 increases.

Data on CT findings of COVID-19 pneumonia in children are very limited. The American
Pediatric Radiology Association recommends that another imaging method should be
preferred instead of tomography in children, and if there is an absolute necessity for use,
applications should be made in line with the principle of "ALARA" (As Low as Reasonably
Achievable) . We did not have our patients underwent computed tomography unless there
was a medical necessity. Follow-up thoracic CT can be used to evaluate the development
and / or occurrence of fibrotic lung disease in patients with persistent changes in pulmonary

function tests after the disappearance of acute infection '.

For COVID-19 pneumonia in children, a structured reporting style in 4 categories, typical,
indeterminate, atypical and negative, was created for plain radiography '*. Chest radiographs
of 34 pediatric patients were retrospectively interpreted by 2 observers. Accordingly, chest
radiography of 7 pediatric patients was interpreted as atypical. 6 of them were in the form of
major airway disease. We think that this may show us that covid-19 is passed on as an upper
respiratory tract infection in children, does not affect alveoli, and therefore is more easily

overcome in children.

Kara et al. evaluated the patients who were followed up with pneumonia from a cardiac
perspective during active infection and suggested that even mild pneumonia may affect the

5, In our study, we evaluated our patients in terms of cardiac

cardiovascular system
conditions and we did not find any significant cardiac pathology in our patients. This may be

because we evaluate after patients recover.

It is not recommended to perform pft because it is a high-risk situation for droplet formation
during the disease '°. Therefore, pft could not be performed on our patients during infection. It
is recommended to perform two negative real-time Polymerase Chain Reaction (RT-PCR)
tests for SARS-CoV-2 at 24-hour intervals on nasopharynx and throat swabs after symptoms
have improved, and 30 days after discharge '® 7. We performed pft after the specified

conditions were met for our patients.

According to current data, COVID-19 is milder in children than in adults. While the rate of
patients with a poor course of COVID-19 in adult patients is 18.5%, severe prognosis and

need for intensive care have been reported in 5.9% of pediatric patients. COVID-19 is



classified as asymptomatic, mild, moderate, severe, and critical, according to clinical,

1

laboratory and radiological findings '®. Patients with mild and moderate intensity were

included in our study. Severe patients could not be studied because our pediatric patients with
severe clinics usually had comorbid conditions that prevented them from performing

pulmonary function tests.

It is alarming that the disease has a high mortality rate in adults and its severe course
especially in children with underlying diseases. In our study, the fact that the Fef 25-75 flow
was found to be low as the length of hospitalization increases in Covid-19 disease with a
moderate and mild course is significant in terms of worsening lung functions. There is a need

for larger studies in the short and long term to understand the prognosis of these patients.
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