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Abstract

Background: COVID-19, which caused a global pandemic, has exhibited a wide spectrum of clinical manifestations, ranging from asymptomatic cases to
severe hyperinflammatory responses, respiratory failure, and ARDS. Long-term complications in the post-acute stage of COVID-19 are predominantly
associated with the respiratory system. This study aimed to evaluate the long-term pulmonary functions of patients who either managed their COVID-19
infection at home or were discharged after short-term hospital care.

Materials and Methods: In this retrospective study, peripheral oxygen saturation (SaO2), end-tidal carbon dioxide (ETCO2), inspiratory maximum pressure
(IMP), and plateau pressure (PP) were measured. Driving pressure (P drive) and compliance (C) values were calculated under general anaesthesia in patients
who had mild COVID-19 or had no history of COVID-19.

Results: No significant differences were observed in the respiratory dynamics between patients with a history of mild COVID-19 and those without, when
evaluated under general anaesthesia.

Conclusion: This study demonstrated that mild COVID-19 does not lead to long-term deterioration in respiratory dynamics under anaesthesia. However,
additional post-stress evaluations are necessary to identify potential latent respiratory dysfunction in patients recovering from mild COVID-19.
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regular service with viral pneumonia, 20% of them were
followed in intense care with approximately 5% were
Coronavirus acute respiratory syndrome (SARS-COV-2) intubated.>* With the infection agent in the lungs the
emerged in Wuhan, China in December 2019. After initial inflammatory cells (neutrophile, macrophage and monocyte)
spread of the disease, World Health Organization admitted intravenously pass to alveolar area. Alveolar capillary
COVID-19 as pandemics in the World in March 2020. It’sa  memprane structure is damaged and the exudation of the
communicable disease which is mainly by droplet infection,  pjasma proteins rich in coagulation factors-fibrinogen occurs.
respiratory secretions and direct contact in human beings. The tissue factor (TF) on the damaged endothelium,
The patient could be appeared in several types ranged from monocyte and macrophage causes the formation of the
symptomatic  carriage  to  atypical  pneumonia,  fibrin3 COVID-19’s long term complications are
hyperinflammatory response, respiratory failure and ARDS  predominantly considered to be in the form of respiratory
during the pandemics.! COVID-19 also significantly  gystem complications. This study aims to investigate the long
increased  the  risk  of  hypercoagulability and  term pulmonary functions of the patients who contracted

thromboembolism. Besides those who have the disease at  cowvID-19 infection at home or went back home after a short
home, there were severe number of patients who admitted to ey nospital surveillance.

the hospital. Most of those patients (80%) were followed at
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2. Materials and Methods

The study analysed the medical records of patients who
received general anaesthesia in 2022 and 2023 at Mersin City
Training and Research Hospital. This was conducted after
obtaining approval from the Mersin University Clinical
Research Ethics Committee (Grant number: 28.07.2021-
523). The records reviewed included patients who either had
no history of COVID-19 infection or had contracted mild
COVID-19, managed either at home or through a short-term
hospital stay.

Patients were excluded from the study if they were
younger than 18 years or older than 60 years. Additionally,
those with a history of allergy, chronic obstructive pulmonary
disease, bronchial asthma, or malignancy were not included.
The study also excluded patients who had undergone
surgeries in the prone, Trendelenburg, or lateral decubitus
positions, as well as those who had thoracic surgery,
laparoscopic abdominal surgery, obstetric, or non-obstetric
procedures.

For both groups, demographic data, types of operations,
and operation durations were collected from anaesthesia
records. During the maintenance phase of anaesthesia,
specific parameters were carefully standardized to ensure
consistency across all cases. The tidal volume was set at 7
mL/kg, the inspiratory pause was 10%, positive end-
expiratory pressure (PEEP) was 5 mmHg, and the respiratory
rate was 12 breaths per minute. The peripheral oxygen
saturation (Sa02), end-tidal carbon dioxide (ETCO2),
inspiratory maximum pressure (IMP), and plateau pressure

Table 1: Comparison of spirometry measurements

(PP) were recorded at 1, 15, and 30 minutes after
endotracheal intubation. Additionally, compliance (C) and
driving pressure (P drive) were calculated from these values.

Lung images of all patients were reviewed, and the
presence of dyspnoea was assessed from preoperative
records. This comprehensive approach ensured the inclusion
of relevant data to assess the long-term pulmonary effects of
mild COVID-19 in patients undergoing general anaesthesia.

2.1. Statistical analysis

Qualitative data was presented as numbers and percentage
with guantitative values as mean and standard deviation. The
distribution of the data was analyzed using one-sample
Kolmogorov-Smirnov test. Comparisons were made between
groups by Mann-Whitney U test. All analyses were
completed using Statistical Package for social Sciences
program (SPSS Inc, Chi, IL) wversion 20. Statistical
significance was accepted as p<0.05.

3. Results

A total of 70 patients were included in the study, of which 24
(34.4%) were female. The comparison of spirometry
measurements between patients with a history of mild
COVID-19 and those without COVID-19 showed no
significant differences in any parameters, including
inspiratory maximum pressure (IMP), plateau pressure (PP),
compliance (C), and driving pressure (P drive) (Table 1,
Figure 1).

COVID-19 () COVID-19 (+) P
(MeanxSD) (n=35) (Mean£SD)(n=35)
Gender (Female) (n/%) 10 (28.6) 14 (40) 0.3147
Duration of anaesthesia (min) 76.48+33.03 74.42+44.02 0.543°
Pi-18'min 17.34+3.53 16.74+2.75 0.597°
Pi-15™ min 18.05+3.24 17.45+3.12 0.409°
Pi-30™ min 18.11+3.15 18.02+3.22 0.967°
PPIt-1tmin 14.11+2.32 13.34+3.08 0.122°
PPIt-15"" min 14.97+1.88 14.31+2.90 0.165°
PPIt-30" min 14.85+2.34 14.55+3.11 0.444°
C-18'min 51.11+15.26 58.80+21.48 0.076°
C-2"9measurement 48.71+10.24 52.11+14.42 0.269°
C-3"Ymeasurement 48.65+9.82 51.57+16.30 0.738°
EtCO»-1%t measurement 34.94+5 .49 35.77+4.08 0.878°
EtCO2-2"Y measurement 32.51+5.15 33.20+4.27 0.873°
EtCO2-3" measurement 32.2245.25 32.76+4.67 0.700°
DP-1st measurement 9.08+2.41 8.17+3.04 0.072°
DP-2"Y measurement 9.97+1.88 9.00+3.19 0.082°
DP-3"Y measurement 9.88+2.34 9.71+3.20 0.541b

Pi, inspiratory pressure; PPIt, plateau pressure; C, compliance; EtCO2, end-tidal carbon dioxide; DP, driving pressure

*p<0.05, 2Chi-square test, "Mann-Whitney U test
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Table 2: Lung images (Chest X-ray and CT of all patients)
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Figure 1: Comparison of compliance and driving pressure changes

Preoperative chest radiographs were available for all
patients, and lung imaging data for those with a history of
COVID-19 infection were reviewed. No abnormalities were
observed in the imaging data. Additionally, no evidence of
dyspnoea was recorded in the preoperative assessments of
any patient with a history of COVID-19 (Table 2).

Peripheral oxygen saturation (SaO2), end-tidal carbon
dioxide (ETCO2), IMP, and PP values were consistently
recorded at the 1st, 15th, and 30th minutes post-intubation
under anaesthesia. These values, along with the calculated
compliance and driving pressure, showed no significant
differences between the groups. All measurements remained
within normal ranges.

4., Discussion

In COVID-19 infection, the observed complications were
expected to be in the form of interstitial pulmonary disease
and pulmonary-vascular diseases in radiological and clinical
terms. Some of the studies involved sequel changes in the
form of ground glass opacity changes in 94% of the cases
about three weeks later in their second computed tomography
(CT) imaging. Yet, several studies found out reduction in the
pulmonary carbon monoxide diffusion capacity.>* Another
study which investigated cases that went through SARS
found out sequel changes in the chest radiography in 36% of
the patients at the end of 12" week and ongoing reticular
changes in 30% at the end of six months.*

In those who contracted the disease as COVID-19
pneumonia, studies are still in progress on the duration of the
changes that may affect the respiratory system function of the
patients after post-infection, the type of permanent changes it
made and it will make is not known for certain yet and studies
are still in progress in this field.*

The largest study in this area found out that reduced
carbon monoxide diffusion capacity was the most frequent
respiratory anomaly in the six months’ follow-up after the
discharge. It was asserted that 22-56% of the patients had this
kind of issue depending on the severity of the respiratory
failure which emerged during the admission to the hospital.*
In addition, it was also reported that objective anomalies were
observed in high resolution computed tomography following
the recovery from acute infection even in the patients who
contracted with the disease showing minimal symptoms.*’

However, among the patients included in our study, no
follow-up HRCT scans were available for those who had
recovered from COVID-19, only preoperative chest
radiographs were reviewed.

Huang’s study examined limited data with regard to
respiratory muscle function. It was found that maximum
static inspiratory and expiratory pressure were under the
normal values in a significant amount of the patients
discharged from the hospital during early follow-up.® In order
to determine the form of changes in respiratory function
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during time whether those anomalies are temporary or
permanent, it is emphasized that there is a need for
longitudinal studies with longer period of follow-up where
respiratory function parameters are evaluated repeatedly.®

In his compilation, Boutou et al.” reported that the
patients who recovered from COVID-19 typically consulted
with reduced pulmonary diffusion and abnormal respiratory
function in short term follow-up. In addition, authors also
emphasized that the results are currently quite limited to
reach a reliable conclusion to determine the frequency of the
abnormalities and to determine whether they could be
temporary or permanent. In our study, we found that there
was no difference between IMP, PP, P drive values reflecting
pulmonary dynamics, especially pulmonary compliance,
between patients known not to had COVID-19 infection
under general anaesthesia and all patients known to have
COVID-19 infection at home or with short-term
hospitalization. This outcome seems to be the most valuable
result of our study.

In addition to ours, there are studies conducted with the
patients who had mild COVID-19 infection. In his study with
healthy young adults who had mild COVID-19 infection,
Alper et al.? demonstrated that there were no adverse changes
in their respiratory function tests hence it was concluded that
there were no pulmonary function loss observed after
COVID-19 in this patient group. While a couple of studies
showed that some of the patients who recovered from SARS-
CoV-2 infection could have abnormal respiratory functions
and disrupted exercise capacity, it was emphasized that this
data could not be generalized for the patients who went
through mild COVID-19. Since our study was planned
retrospectively, it was not possible to perform pulmonary
function tests beforehand. In addition, indeed, the findings
emphasized in these studies overlap with the results of our
study.*1%11  Moreover, another study investigated the
respiratory function tests conducted after discharge in 110
patients those had an average of 27 days in hospital stay, and
of those, respiratuar function test (RFT) findings of the 24
patients who did not have pneumonia and 67 patients who
had pneumonia and 19 patients who had severe pneumonia
were compared with each other. While diffusion capacity was
found lower in 30% of those who did not have pneumonia,
42% of those with pneumonia and 82% of those with severe
pneumonia, the total pulmonary capacity was found to be
under normal values in 47% of the patients with severe
pneumonia. There was no difference in terms of RFT
parameters.’®® Several tests have been utilized to monitor
the deterioration of physical capacity in patients with
coronavirus disease in which Badal et al. showed the
impairment in patients with COVID-19 using six-minute
walk test.* In addition, Lippi et al. emphasized that even in
patients with severe or moderate COVID-19, permanent
changes affecting many systems, ranging from fatigue and
shortness of breath to cognitive disorders may occur in late
stages of the disease.'> We found no evidence of dyspnae in

the preoperative records of any of our patients who had
COVID-19.

In Behera et al. study, 75 patients with Covid-19
infection were evaluated in the long term and divided into
two groups as mild symptomatic group and moderate-severe
pneumonia group. The most common complaint was
shortness of breath, followed by cough, and 85.7% of patients
in the mild symptomatic group had negative lung auscultation
findings. In this group, spirometric testing was normal in
46.93% of patients, restrictive in 40.81% and mixed in
12.24%.16

The dynamic lung measurements taken in our study were
taken at rest and under complete muscle relaxation, and the
fact that they were normal does not indicate the absence of
implicit respiratory dysfunction, as in studies showing
possible respiratory dysfunction after HVPT.17-%°

In a study investigating long-term sequelae after Covid-
19, Boteleux et al. examined patients with mild and moderate
Covid-19 and found that 34% of these patients with mild
Covid-19 who were treated as outpatients had
hyperventilation syndrome (HVS) on exertion. Exertional
dyspnea affects the quality of life and rehabilitation programs
have been reported to improve the quality of life of these
patients.®

In another study demonstrating functional impairment in
the respiratory system affecting quality of life with silent
unrecognized symptoms, mild Covid-19 patients with poorly
understood dyspnea underwent hyperventilation provocation
testing (HVPT) and the role of dysfunctional breathing was
examined. The six patients studied showed delayed “end-
tidal” CO2 (PETCO2) recovery consistent with a typical
chronic hyperventilation syndrome with provocation testing
for respiratory and cardiac undiagnosed symptoms. This
study shows that PETCO?2 kinetics and respiratory behaviour
worsen after hyperventilation challenge in patients with
normal cardiac and pulmonary function but without signs of
HVS.»°

Genecand et al. found a condition characterized by
hyperventilation, periodic sighing and irregular breathing in
patients with normal pulmonary function tests and maximum
oxygen consumption (V'02) in a study of patients who had
Covid-19 on an average of 212 days. Patients with
dysfunctional respiratory disorders have no or negligible
organic damage. In these patients, attention is drawn to the
respiratory pattern, which appears to affect quality of life.?°

The long-term impact of positive CT findings on
respiratory symptoms, pulmonary function and quality of life
is still unknown.>1620 |t is understood that even those with
mild disease should be followed up in terms of long-term
pulmonary function.t’-2

Our study had a few limitations that should be
considered. Firstly, only a subset of patients with COVID-19
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had available lung imaging data, which restricted our ability
to evaluate pre-existing lung conditions comprehensively.
Additionally, preoperative spirometric measurements were
not performed, limiting the baseline assessment of lung
function prior to anaesthesia.

As the study was retrospective, it was not feasible to
conduct pre-exertional exercise tests to comprehensively
evaluate the cardiac and respiratory systems of all patients.
Also, a stepwise evaluation of respiratory dynamics—
starting with high-volume pressure tolerance (HVPT) tests,
followed by pulmonary function tests, and then assessing
respiratory dynamics under general anaesthesia could not be
performed. Lastly, the respiratory dynamic measurements in
our study were conducted under resting conditions, which
may not reveal subtle dysfunctional respiratory patterns that,
as seen in other studies, might only become apparent under
stress.

These limitations highlight the need for prospective
studies with more comprehensive methodologies to explore
this area further. Future studies should include baseline high-
volume pressure tolerance (HVPT) tests and subsequent lung
dynamic assessments under general anaesthesia for both
COVID-19 and non-COVID-19 groups.

5. Conclusion

No significant differences in respiratory dynamics were
observed between patients with and without mild COVID-19.
Additionally, there was no evidence of long-term
deterioration in lung function in patients recovering from
COVID-19 who underwent general anaesthesia. These
results indicate that mild COVID-19 does not have a lasting
impact on respiratory performance under anaesthesia,
highlighting the importance of routine pulmonary function
monitoring for comprehensive care. Despite the declining
prevalence of the disease, new strains of COVID-19 continue
to emerge, making it critical to monitor pulmonary functions
and lung tomography in patients, particularly for long-term
follow-up.
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