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Abstract

Background: COVID-19 infection can lead to significant cardiovascular complications, including
pulmonary hypertension (PH) and functional impairment. This study investigates the prevalence
and functional impairment in non-critical, non-mechanically ventilated patients three months
post-recovery from COVID-19 at Suez Canal University Hospital in Ismailia City. Methods: Con-
ducted as a cross-sectional descriptive study, it included 104 non-critically ill patients three
months after recovering from COVID-19 pneumonia. Participants were categorized into mild and
moderate/severe groups based on WHO criteria. We measured troponin and CRP levels at admis-
sion, performed echocardiographic assessments of the right ventricle, calculated pulmonary ar-
tery systolic pressure, and conducted a six-minute walk test to evaluate functional status. Results:
Pulmonary hypertension was found in 72% of patients, with a higher prevalence in the moder-
ate/severe group. Additionally, functional capacity impairment was more pronounced in this
group. A significant negative correlation was observed between troponin I levels (r = -0.808), CRP
levels (r = -0.681), pulmonary hypertension (r = -0.930), and functional status. Conclusions: PH is
common in non-critical COVID-19 cases, affecting 72% of patients. There is a significant negative
correlation between baseline troponin | and CRP levels, pulmonary hypertension, and functional
impairment.
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Introduction

The coronavirus disease-19 (COVID-19), ini-
tially identified in Wuhan, China, and subse-
quently declared a pandemic, has resulted
in significant morbidity and mortality on a
global scale . On February 14, 2020, Egypt
reported its initial case of COVID-19 infec-
tion. The COVID-19 virus has the potential

to transmit via airborne droplets and mi-
croscopic particles. Individuals may remain
infectious for as long as 20 days and can
transmit the disease evenin the absence of
symptoms (). The COVID-19 epidemic has
presented substantial limitations to
healthcare systems worldwide ). Recent
research advancements on severe acute
respiratory syndrome coronavirus 2 (SARS-
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CoV-2) have demonstrated that the virus
has a profound impact on cardiac tissues,
affecting their structure and function sig-
nificantly (). It is possible for patients who
have been infected with severe acute res-
piratory syndrome coronavirus 2 (SARS-
CoV-2) to exhibit a wide range of symp-
toms, which may range from having no
symptoms at all to suffering severe illness.
According to the severity of the disease,
which will be addressed in further depth in
the methodology, individuals who have
SARS-CoV-2 infection may be categorized
as having mild, moderate, severe, or criti-
cal sickness. In general, this classification is
based on the severity of the disease ©.
There is a possibility that some individuals
may continue to have symptoms after re-
covering from SARS-CoV-2 infection. These
symptoms are referred to as post-COVID-
19 syndrome or protracted COVID-19.
Based on the findings of studies, around
sixty percent of patients may have at least
one of these symptoms, which may last for
weeks or even months. Shortness of
breath, fatigue, cough, muscular discom-
fort, and overall weakness (asthenia) are
the most typical symptoms that patients
experience after COVID-19. These symp-
toms may have a considerable influence on
a patient's ability to carry out their regular
activities (7). Due to the limitations of car-
diorespiratory fitness and pulmonary func-
tion that are the results of COVID-19, it is
conceivable for a person to have persistent
fatigue and weakness. This is a possibility
®), This has led to a piqued interest in the
field of medical research to examine the
cardiorespiratory response and functional
capacity of patients who have recovered
from COVID-19. The objective of this inves-
tigation is to create a rehabilitation pro-
gram that has the potential to mitigate the
effects of COVID-19 on the daily activities of
patients (). There are multiple approaches

to assess the functional capacity and phys-
ical performance of individuals with pulmo-
nary deficiencies. Among these, the six-mi-
nute walk distance (6MWT) test has be-
come the gold standard for measuring sub-
maximal exercise capacity. It is a simple,
non-invasive, and cost-effective method
commonly used in both surgical and medi-
cal facilities to evaluate a patient's ability
to perform everyday activities. By as-
sessing the distance a patient can walk
over six minutes, the test provides insights
into their overall functional status and
quality of life. This test is particularly valua-
ble because it reflects the physical endur-
ance required for daily tasks, making it
highly relevant for patients with respira-
tory or cardiovascular limitations. The
American Thoracic Society (ATS) intro-
duced and standardized the 6MWT in 2002
(9), establishing clear guidelines for its im-
plementation and interpretation. These
guidelines ensure consistency and reliabil-
ity in its use across different clinical set-
tings. The test has proven to be especially
effective in diagnosing and monitoring
chronic respiratory conditions such as
chronic obstructive pulmonary disease
(COPD) (o), Research has consistently
demonstrated its strong validity and repro-
ducibility in assessing exercise capacity and
tracking disease progression, making it an
indispensable tool in the management of
pulmonary and cardiac diseases. The objec-
tive of our study is to assess the prevalence
of pulmonary complications and the ex-
tent of functional impairment in non-criti-
cal, non-mechanically ventilated patients
three months after recovering from
COVID-19. This research was conducted at
Suez Canal University Hospital in Ismailia
City.

Subjects and Methods

A cross-sectional study was performed on
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the population of Ismailia City with ap-
proval from the Research Ethics Commit-
tee of Suez Canal University. The research
was performed on the population mem-
bers. The exclusion and inclusion criteria
were used to select eligible individuals, and
two groups were established. The post-
COVID-19 patients were divided into mild
and moderate/severe categories, with crit-
ically ailing patients being excluded from
the study. Patients who are adults and
have been infected with SARS-CoV-2 may
be divided into the following categories ac-
cording to the severity of their illness ©:

e Mild illness: Individuals exhibiting any
of the following COVID-19 symptoms
and signs (e.g., fever, sore throat,
cough, headache, malaise, myalgia,
vomiting, nausea, diarrhea, anosmia,
ageusia) without dyspnea or abnor-
mal chest imaging, and who do not
need hospitalization.

e Moderate illness: Individuals with
lower respiratory tract illness con-
firmed through clinical or radiological
evaluation and requiring hospitaliza-
tion are classified as having an oxygen
saturation (SpO2) of 94% or higher, as
measured by pulse oximetry per-
formed on ambient air at sea level.

e Severe illness: individuals who have a
respiratory rate that is more than
thirty breaths per minute, a PaO2/FiO2
ratio that is less than 300 mm Hg, a
SpO2 level that is lower than 94% on
room air at sea level, or lung infiltrates
that are greater than fifty percent,
which requires them to be admitted to
a ward.

e Critically sick patients: those patients
who have severe respiratory failure
and need mechanical ventilation and
hospitalization in the critical care unit
throughout their treatment.

Inclusion Criteria

= Patients who have received a posi-
tive diagnosis for COVID-19 by a pol-
ymerase chain reaction (PCR) test
validated by a physician.

» Three months after the commence-
ment of acute sickness (post-recov-
ery period).

= Mild, moderate, and severe COVID-
19 symptoms according to WHO
standards, excluding critically sick
and mechanically ventilated pa-
tients.

» Subjects who are age-matched
(over 18) and gender-matched.

Exclusion Criteria

» Subjects had a history of respiratory
or cardiac diseases, including
asthma, acute myocardial infarc-
tion, and tuberculosis.

» History of musculoskeletal diseases
that hinder the execution of the
test, including recent fractures or
advanced osteoarthritis.

» History of recurrent hemoptysis.

* Tobacco use, Obesity, neoplasia,
and inadequately controlled diabe-
tes mellitus.

» Subjects unable to finish the exam-
ination owing to causes such as
neuromuscular disorders or mental

illness

* Subjects undergoing oxygen treat-
ment.

* Subjects using orthoses or prosthe-
ses.

* Subjects exhibiting exacerbated

symptoms during data collecting.

A structured questionnaire was used to
collect the patient's basic clinical data, and
an examination was done on all patients
enrolled in the study, including general and
local cardiac examinations. Resting 12 lead
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ECG and echocardiography were per-
formed on all patients. Echocardiography
was  performed  (General  Electric
Healthcare Company, Vivid iq) with a 2.5-
MHz phased array probe. An evaluation of
chamber dimensions and functionality, val-
vular pathology, and the probability of pul-
monary hypertension was conducted.
Measurements were performed retrospec-
tively and offline using historical photo-
graphs by two independent observers who
were unaware of the clinical data. The se-
verity of tricuspid regurgitation was evalu-
ated via color flow from the apical four-
chamber perspective. The inferior vena
cava (IVQ) was seen in the subcostal view,
and its diameter was evaluated (>"3), A con-
tinuous-wave (CW) Doppler was used on
the television to determine the right ven-
tricular systolic pressure (RVSP) after in-
cluding the predicted right atrial pressure
based on the dimensions and collapsibility
of the inferior vena cava (IVC) (4%), The es-
timation of Pulmonary Artery Systolic Pres-
sure (PASP) was conducted using the fol-
lowing formula: SPAP = 4 times (tricuspid
regurgitation (TR) peak velocity)? + right
atrial pressure (RAP);[16 ]Pulmonary hyper-
tension (PH) is characterized by a systolic
pulmonary artery pressure (SPAP) over 35
mm Hg, with severity classified as mild (35—
44 mm Hg), moderate (45-60 mm Hg), and
severe (>60 mm Hg) (7:'8), The assessment
of RAP (central venous pressure) and TR
grading was conducted in accordance with
established recommendations (©),

Six-Minute Walk Test

The following procedures were done fol-
lowing ATS guidelines to determine the se-
lected patients' exercise capacity and func-
tional impairment (). Before initiating the
test, each subject's demographic infor-
mation was collected and recorded. Using
a pulse oximeter, the following parame-

ters were measured: heart rate (HR), res-
piratory rate (RR), blood pressure (BP),
and oxygen saturation (Sp0O.). It was
taught to the participants that they should
walk as far as they could in six minutes.
Every minute, participants were given
standardized instructions, and they were
permitted to take a break if they felt as if
they were out of breath. They were then al-
lowed to resume walking when they were
ready to do so. The participant's score on
the test was determined by the distance
that they were able to traverse. Two exam-
inations were carried out, with a break in-
terval of twenty to thirty minutes in be-
tween each one, to aid learning and in-
crease performance.

Statistical Analysis

The statistical analysis was conducted us-
ing R software, version 4.2.1. A p-value of
<0.05 was set as the threshold for deter-
mining statistical significance. Quantitative
variables were summarized using means
and standard deviations, while categorical
variables were described using absolute
numbers and percentages. To assess differ-
ences before and after the tests, paired t-
tests were employed for variables such as
respiratory rate (RR), heart rate (HR),
blood pressure (BP), and oxygen satura-
tion (SpO2). Independent t-tests were uti-
lized to compare group means, and cate-
gorical variables were analyzed using Chi-
square tests. The results of the 6-Minute
Walk Test (6MWT), specifically the total
distance walked, were examined for bivari-
ate correlations using Pearson's correla-
tion coefficient. Also, scatter plots with re-
gression lines were generated to assess
the relationships between variables.

Results

A total of 207 people were originally en
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rolled in the study; however, 103 patients
diagnosed with COVID-19 were not in-
cluded for various reasons, as seen in Fig-
ure 1. After completing all of the tests, a to-

Study Population
n= 207 patients

J

tal of 104 people were examined for the re-
search. These subjects were separated into
two groups: fifty patients went into the
mild group, and fifty-four patients went
into the moderate/severe group.

97patients Excluded
CAD
Arrhythmia

[ n= 110patients

Asthma
OSAS
COPD

6 patients Excluded for

Final Study Population
n= 104patients

]

A

Suboptimal image quality

Mild Cases
n= 50 patients

Moderate/severe Cases
n= 54 patients

Figure: The study population selected

A total of thirty-three healthy controls
were matched. It was found that the mean
age was 48.8 years with a standard devia-
tion of 10.7 years, with the majority of the
participants being male (55.8 percent). As
shown in Table 2, seventy-five patients in
the study developed pulmonary hyperten-
sion 3 months after recovery from the
COVID infection representing 72% of the
studied population. Sixty percent of the
mild group while 83.3% of the mild to se-
vere group developed pulmonary hyper-
tension. As demonstrated in Table 1, there
is a statistically significant difference be-
tween the group who developed pulmo-
nary hypertension and those without re-
garding Troponin level at baseline admis-
sion indicating myocardial injury and CRP
at baseline admission indicating the role of
inflammatory response. Table 2 highlights
a comparison between functional capacity
and post-test cardiorespiratory responses
among patients classified as mild and

those categorized as moderate/severe. Re-
garding functional capacity, measured by
the 6-minute walk test (6 MWT), the mild
group walked an average of 510.14 * 43.14
meters, while the moderate/severe group
covered 414.65 * 56.29 meters. This indi-
cates a significant mean difference of 95.45
+13.15 meters (p < 0.001), reflecting better
functional capacity in the mild group. Re-
garding the post-test heart rate, the mild
group had an average of 101 + 11 beats per
minute compared to 108 + 7 beats per mi-
nute in the moderate/severe group, with a
statistically significant difference of 7 = 4
beats per minute (p = 0.041). The post-test
respiratory rate also showed a notable in-
crease in the moderate/severe group (27.6
+ 2.3 breaths/min) compared to the mild
group (23 * 3 breaths/min), with a signifi-
cant mean difference of 4.6 + 0.7
breaths/min (p<0.001). While the mild
group exhibited slightly higher post-test
oxygen saturation (SpO2) levels (98.1 *
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0.3%) compared to the moderate/severe
group (97.9 *+ 0.2%), the difference of 0.2 +
0.10% was not statistically significant
(p=0.243). Similarly, differences in post-
test systolic blood pressure (128.7 + 8.2
mmHg vs. 129.4 * 3.2 mmHg, p=0.741) and
diastolic blood pressure (78.8 + 3.7 mmHg
vs. 82.4 * 3.1 mmHg, p=0.312) were not sig-
nificant. These findings suggest that while
functional capacity and some post-test pa-
rameters, such as heart and respiratory
rates, differed significantly, others like

SpO2 and blood pressure showed no signif-
icant variation between the groups. As
shown in Table 3 and Figure 3 there is a sta-
tistically substantial strong negative corre-
lation between the PASP level and the
walking distance in the 6MWT (r=0.930).
The more the PASP, the less the distance
walked in the 6MWT. Table 4: Spearman’s
correlation coefficient for the relation be-
tween CRP levels at admission and 6MWD
among study participants (n=104).

Incidence of Pulmonary Hypertension Incidence of Pulmonary Hypertension in the mild
80 m 75 group
70 35
0 30
50 25
B 20
40 20
m 29

30 15
20 10
10 5

0 0

Pulm. HTN No Pulm. HTN Pulm. HTN No Pulm. HTN
A B

50
a5
40
35
30
25
20
15
10

| 45

Pulm. HTN

Incidence of Pulmonary Hypertension in the
moderate/ severe group

m9

No Pulm. HTN

C

Figure 2: Development of Pulmonary hypertension in the studied population. (A) in all population in-
cluded. (B) in the mild group only. (C) in the moderate/ severe group only.

As shown in Table 4 and Figure 4 there is a
statistically significant moderate negative

correlation between the CRP level at ad-
mission and the walking distance in the
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6MWT (r=-0.861). The higher the CRP level
at admission, the less the distance walked
in the 6MWT. As shown in Table 5 and Fig-
ure 5 there is a statistically significant neg

ative correlation between the CRP level at
admission and the walking distance in the
6MWT (r=-0.861). The higher the troponin
level at admission, the less the distance
walked in the 6MWT.

Table 1. The distinction between patients with pulmonary hypertension
and those without in terms of troponin, CRP, and 6MWD.

Lab test No pulmonary HTN | Pulmonary HTN p-value
(n=29) (n=75)

Troponin (mean * SD) 19.6 +24.7 39.2+27.5 < 0.001"

CRP (mean * SD) 12.6 + 4.2 16.1£5.4 0.003"

1. Mann Whitney U test; *Statistically significant at p < 0.05.

Table 2. Comparison of functional capacity and post-cardiorespiratory
responses between the two groups.
) Mild Grou Moderate/Severe Grou Mean
Variables N= (Mean :SII)D) N=(Mean +SD) P Difference + SD p-Value
Distance (m) 510.14 * 43.14 414.65 + 56.29 95.45 * 13.15 <0.001
Post-HR 10111 108 +7 7t 4 0.041
Post-RR 23%3 27.6 £2.3 4.6%0.7 <0.001
Post-Spo2 98.1£0.3 97.9+0.2 0.2+0.10 0.243
Post-Systolic BP 128.7+8.2 129.4%3.2 -0.7%0.5 0.741
Post-Diastolic BP 78.8+3.7 82.4%3.1 4.4%30.6 0.312

Discussion

This study revealed a strong association
between the occurrence of pulmonary hy-
pertension and the severity of cases. The
findings indicated that 72% of the partici-
pants developed pulmonary hypertension
within three months after recovering from
COVID-19. Similarly, research conducted by
Taha et al., published in the Egyptian Jour-
nal of Bronchology, reported a comparable
incidence rate of 70% for pulmonary hyper-
tension following COVID-19 recovery (9,
Research published in the Journal of the
American College of Cardiology (JACC) re-
ported that approximately 10-15% of indi-
viduals who recovered from mild to severe
cases of COVID-19 experienced elevated
pulmonary artery pressures three months
post-recovery (?°), Research published by
Antoniou et al, in European Respiratory
Journal indicated that about 5-10% of non-

hospitalized COVID-19 patients showed
signs of PH during follow-up assessments
(1), A study featured in Nature Communica-
tions revealed that up to 20% of individuals
with post-acute sequelae of SARS-CoV-2in-
fection (PASC), commonly referred to as
long COVID-19, exhibited symptoms of pul-
monary hypertension (PH). This preva-
lence was observed even among patients
who had not been critically ill during the
acute phase of the infection . This high
percentage in our study could be explained
by the fact that our study group had de-
layed presentations to the healthcare sys-
tem. They began receiving home and non-
specific treatments on an outpatient basis.

Potential Mechanisms 3)
Persistent Lung Damage:
Fibrosis: COVID-19 can cause significant
lung injury, leading to pulmonary fibrosis,
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which stiffens the lung tissue leading to
vascular resistance.

Inflammation: Ongoing low-grade lung in-
flammation can contribute to vascular
changes and PH.

Endothelial Dysfunction: COVID-19 is
known to cause endothelial cell damage,
leading to vasoconstriction, thrombosis,
and increased pulmonary vascular re-
sistance, contributing to PH.

Table 3: Spearman’s correlation coefficient for the relation
between PSAP levels and 6MWD among study participants (n=104)

6MWD (Mean * SD) 441.31 + 68.19

r

p-value

PASP (Mean * SD) 39.78 * 6.58

_0_930**

< 0.001*

*Statistically significant at p < 0.05, **. Correlation is significant at the 0.01level (2-tailed)
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Figure 3 Scatter Plot showing the correlation between the pulmonary artery
systolic pressure and the 6-minute walking distance test.

Correlation between CRP and 6MWD

6MWD (Mean * SD) 441.31 * 68.19
r p-value

CRP (Mean * SD) 15.12 * 5.34

-0.681** < 0.001%

*Statistically significant at p < 0.05, **. Correlation is significant at the o0.01 level (2-tailed)
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Table 4: Spearman’s correlation coefficient for the relation
between PSAP levels and 6 MWD among study participants (n=104)

6MWD (Mean * SD) 441.31 + 68.19
r p-value

Troponin (Mean * SD) 33.69 + 28.02

-0.808%* < 0.001%

*Statistically significant at p < 0.05, **. Correlation is significant at the 0.01 level (2-tailed)

Microthrombi and Vascular Occlusion: The
formation of microthrombi in pulmonary
vessels during the acute phase of COVID-19
can persist and lead to chronic thrombo-
embolic pulmonary hypertension (CTEPH).
Hypoxia-Induced Pulmonary Vasocon-
striction: Chronic hypoxia, resulting from
persistent lung damage and impaired gas
exchange, can cause vasoconstriction and
contribute to the development of PH (3),
Our study showed that individuals recover-
ing from COVID-19 in the moderate/severe
group have lower physical abilities com-
pared to those in the mild group. Research
published in journals like Chest and Euro-
pean Respiratory Journal has shown that
many COVID-19 survivors have a reduced
6MWD even months after recovery. A de-
crease of 20-30% in the 6MWD compared to
baseline values has been reported in some
cohorts (4 Data from post-COVID-19 clinics
indicate that up to 40-60% of patients eval-
uated 3-6 months post-infection exhibit a
reduced 6MWD, highlighting persistent

functional impairment 5. The six-minute
step test, often referred to as the 6MST,
conducted on individuals with severe
COVID-19 produced results similar to those
shown in earlier studies. Research con-
ducted by Lydia J. and colleagues revealed
a decrease in the average number of steps
climbed, recorded at 86 + 39 steps %), Fur-
thermore, research conducted by Bianca
Setra and associates revealed subpar per-
formance on the 6MST, with individuals av-
eraging 92.3 ascending steps 7). The re-
duced performance observed in the post-
COVID-19 group may be attributed to a
combination of intrapulmonary and ex-
trapulmonary factors. Intrapulmonary
causes include pathological changes in the
lung tissue caused by the SARS-CoV-2 virus,
which can lead to structural and functional
impairments. These alterations often re-
sult in pulmonary dysfunction and abnor-
malities in gas exchange, further compro-
mising respiratory efficiency and physical
performance %), Studies have shown that
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individuals who have been exposed to
COVID-19 often have problems in pulmo-
nary function, decreased diffusion capac-
ity, pulmonary vascular damage, and weak
respiratory muscles 2% 39, The inflamma-
tory response that is caused by the virus
may be connected with extrapulmonary
reasons such as arthralgia, myalgia, and pa-
ralysis. These abnormalities in the neuro-
muscular system are related with the virus
(2), Modified lung function, sarcopenia,
and chronic inflammation are some of the
factors that might make it difficult to exer-
cise following COVID-19 B3). A decline in
performance in the post-COVID-19 group
may also be caused by factors such as inac-
tivity during the quarantine period or the
effects of their medication 3. The Post-
COVID Functional Scale (PCFS) reveals that
persons who underwent COVID-19 encoun-
tered very little impairments in their day-
to-day activities. This percentage accounts
for 55% of the total. There was a connec-
tion between these limits and weariness as
well as trouble breathing G4. The post-
COVID-19 group did not experience any ox-
ygen desaturation throughout the testing
process, despite the fact that they did ex-
perience weariness and moderate dysp-
nea. Patients who have recovered from
COVID-19 may have fatigue and dyspnea as
a result of immunological reactions that
cause lingering lung abnormalities or psy-
chological discomfort brought on by condi-
tions such as anxiety, sleeplessness, and
depression 4 3%, According to the findings
of a research conducted by Sperling and
colleagues, tiredness is a symptom that is
often and persistently experienced by
younger COVID-19 patients who have nor-
mal PFT. In addition, they noted that desat-
uration during exercise was only seenin in-
stances that were severe after COVID-19
had been administered. Post-COVID-19 in-
dividuals may have prolonged tiredness

and shortness of breath as a consequence
of an immunological reaction to ACE2,
which causes residual damage and altera-
tions in the lungs. This, in turn, causes pa-
tients to experience fatigue and shortness
of breath G7), In addition, individuals who
are diagnosed with COVID-19 often report
psychological discomfort, which may in-
clude symptoms such as anxiety, sleepless-
ness, and depression. These symptoms
may be contributing causes. A correlation
between exhaustion and anxiety has been
established via research, which was not
previously recognized in the participants
before the COVID-19 study. Furthermore,
Hugo B and colleagues came to the conclu-
sion that anxiety and sadness after COVID-
19 episodes are associated with an in-
creased likelihood of suffering from persis-

tent symptoms such as pain and dyspnea
(38),

Conclusion

This study indicates that 72 percent of sub-
jects had pulmonary hypertension three
months post-recovery from a Covid-19 in-
fection. A reduced 6MWD was often seen
among these individuals, indicating a func-
tional impairment in exercise capacity. This
was seen even among cohorts of patients
who were not in serious condition. This im-
pairment was shown to correlate with the
severity of the first presentation, which
was previously unrecognized. The 6MWD,
when used as an assessment instrument
for COVID-19 patients, may aid in evaluat-
ing their functional capacity and daily activ-
ities.

Limitations

A small number of patients on whom the
study was conducted. Diagnosis of pulmo-
nary hypertension in this study depends on
transthoracic echocardiography instead of
right heart catheterization.
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