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Abstract: (1) Background: While the COVID-19 pandemic has been persisting for almost 2 years,
more and more people are diagnosed with residual complications such as pulmonary hypertension
(PH) and right ventricular dysfunction (RVD). This study aims to evaluate the course of PH and
borderline PH (BPH) at 3 and 6 months after the acute COVID-19 infection and investigate if there
are differences regarding its evolution between the patients from the first three waves of this disease.
(2) Methods: We analyzed, by transthoracic echocardiography (TTE), the 3 and 6 months’ evolution
of the echocardiographically estimated systolic pulmonary artery pressures (esPAP) in 116 patients
already diagnosed with PH or BPH due to COVID-19 during the first three subsequent waves of
COVID-19. (3) Results: We documented a gradual, statistically significant reduction in esPAP values,
but also an improvement of the parameters characterizing RVD after 3 and 6 months (p < 0.001).
This evolution was somewhat different between subjects infected with different viral strains and
was related to the initial severity of the pulmonary injury and PH (adjusted R? = 0.722, p < 0.001).
(4) Conclusions: PH and RVD alleviate gradually during the recovery after COVID-19, but in some
cases, they persist, suggesting the activation of pathophysiological mechanisms responsible for the
self-propagation of PH.

Keywords: pulmonary hypertension; right ventricular dysfunction; transthoracic echocardiography;
post-COVID-19 syndrome; long-term evolution

1. Introduction

As the COVID-19 pandemic has been haunting for almost two years [1], causing
the outburst of successive infection waves with constantly evolving strains of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which are more virulent and
pathogenic than the other [2,3], it has become obvious that this disease is associated with
long-term complications and sequels of most organs and systems, with the respiratory
and cardiovascular (CV) ones being the most frequent and well-known [4-6]. Terms
as post-acute and long-COVID-19 have emerged to describe the prolonged persistence
of symptoms and functional limitations, associated or not with objective pathological
findings [7,8]. Whereas the acute COVID-19 infection often determines widespread lung
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injury, associated with diffuse involvement of the pulmonary vasculature, pulmonary
microembolism or even thromboembolism, and myocardial lesions, the patients recovering
from COVID-19 frequently accuse ongoing symptoms for a long time after the acute
illness [9,10], justified in most cases by sequelae. One of these complications, which
may explain some persisting symptoms such as dyspnea, fatigue, and reduced exercise
tolerance, is pulmonary hypertension (PH) with a large spectrum of pathophysiological
types, ranging from arterial PH (group 1), PH of group 3—due to lung disease and/or
hypoxia—to chronic thromboembolic (group 4 PH) or even of group 2 PH (due to left heart
disease) [9]. Whereas the prevalence of this pathology is a largely debated topic in the
medical literature [11,12], there are little data concerning its outcome, and more emphasis
has been put on the evolution of pulmonary lesions [13-15]. Although the diagnosis of PH
would require right heart catheterism (RHC), the transthoracic echocardiography (TTE)
allows an accurate estimation of the systolic pressure in the pulmonary artery (esPAP) and
also offers an adequate evaluation of the right ventricular function (RVF), which is the
most convenient method for the assessment and follow-up of these patients [16,17].

In this study, we aimed to investigate, by employing TTE, the evolution of esPAP and
right ventricular dysfunction (RVD) at 3 and 6 months after acute SARS-CoV-2 infection in
patients already diagnosed with PH and suffering from post-acute COVID syndrome, and
to estimate the extent and timing of their improvement. Another aim was to investigate if
there were differences regarding the course of PH between adult patients, without other
significant associated pathologies, who suffered from a SARS-CoV-2 infection during the
three waves of COVID-19.

2. Materials and Methods
2.1. Study Population

This study was conducted on a group of 116 patients already diagnosed with PH or
borderline values of esPAP, associated or not with RVD, at 4 to 8 weeks after a SARS-CoV2
infection during the first [18], second [19], and third wave of COVID-19. They were identi-
fied from a total group of 383 subjects recovering from a SARS-CoV2 infection and who
were referred to the outpatient cardiology or internal medicine services of our hospital
for persisting symptoms such as dyspnea, fatigability, palpitations, chest pain/discomfort,
and reduced exercise tolerance. As a consequence, they were all diagnosed with post-acute
COVID-19 syndrome and were invited to attend a comprehensive cardiologic examination,
including electrocardiogram (ECG) and TTE. Following these assessments, we diagnosed
PH in 51 patients, associated or not with RVD, and in 65 other individuals, we assessed the
borderline values of esPAP with or without borderline alteration of RVF. All these individ-
uals were younger than 55 years and had no history of PH or significant pulmonary/CV
diseases that could explain PH. They all underwent during the acute phase of the SARS-
CoV2 infection an initial assessment consisting of chest computed tomography (CCT) and
laboratory tests. Only subjects willing to attend a follow-up program were included in the
study, namely a second CCT at 4-8 weeks after the acute pulmonary infection to document
the regression of pulmonary injury, and cardiologic examinations with TTE at 3 and 6
months after the SARS-CoV?2 infection, to follow the evolution of esPAP and/or of RVFE.

Inclusion criteria:

1.  Patients aged over 18 but younger than 55 years, to avoid the impact of age on
pulmonary and CV structure and function;

2. The existence of a SARS-CoV?2 infection within 4-8 weeks before the first exam, con-
firmed by a positive result of real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) assay of nasal and pharyngeal swabs, with a mild/moderate pulmonary
injury during the acute phase, confirmed by CCT either during the hospitalization or
as an outpatient during a COVID-19 evaluation, including CCT and laboratory tests;

3. The persistence of symptoms defining the post-acute COVID-19 syndrome;
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4. An initial cardiologic examination with TTE, suggesting the presence of elevated
esPAP values, with or without RVD, at 4-8 weeks after the acute infection and a
second CCT assessment confirming the regression of pulmonary lesions;

5. The willingness to attend subsequent cardiologic examinations with TTE at 3 and 6
months after the COVID-19.

Exclusion criteria:

1.  Patients under 18 or over 55 years old;

2. Individuals who did not agree to sign the informed consent or those not willing to
undergo all assessments;

3. Subjects already diagnosed with PH before the COVID-19, those with a pre-existing
history of other significant pulmonary and/or CV diseases, those who suffered
confirmed pulmonary thromboembolism/deep vein thrombosis during COVID-19, or
identified during the study with significant previously unknown cardiac pathology;

4.  Patients without a pre-existing COVID-19 assessment, including laboratory tests and
CCT describing the severity of their lung injury, and /or without a subsequent control
confirming the regression of these lesions;

5. Patients with severe/critical forms of COVID-19 or with pulmonary infection associ-
ated with severe respiratory insufficiency, requiring mechanical ventilation.

2.2. Evaluation Methods

After signing informed consent, these patients were included in the study; their
baseline clinical characteristics, CCTs results, laboratory data, as well as their pre-existing
cardiologic examinations and TTE results, were collected from their medical records. The
severity of the pulmonary injury was established based on the initial CCT performed
either during the hospitalization or, in outpatients, on the COVID-19 evaluation together
with laboratory determinations (especially C-reactive protein (CRP). According to these
results, our patients were classified with mild (<30% pulmonary injury) or moderate
(30-60% lesions) [20-22] forms. In order to evaluate their functional status, we assessed
the severity of the post-acute COVID-19 syndrome and employed the Post-COVID-19
Functional Status (PCFS) scale. This is a methodology developed to estimate the severity
of functional limitations during the recovery after COVID-19: 0 signifies “no limitations
and symptoms”; 1—"negligible limitations of usual activities with persistent symptoms”;
2—"slight limitations with significant symptoms”; 3—"moderate limitations and not able
to perform all usual activities due to symptoms, but still able to take care of himself without
assistance”; 4—"severe limitation due to symptoms and requiring assistance to take care of
themselves” [23].

Afterward, a comprehensive clinical exam, ECG, and TTE were performed in all sub-
jects, which were repeated at 3 and 6 months after the acute infection. All TTE assessments
were performed according to guidelines [16,17,24,25]. After a detailed examination of
cardiac structure and function, we determined carefully several parameters characterizing
RVT and allowing the estimation of esPAP:

1.  Tricuspid Regurgitation Velocity (TRV) was determined from an apical window with
continuous Doppler;

2. The estimated esPAP was assessed based on the peak TRV and adding the right
atrial pressure (RAP), which was estimated by determining the inferior vena cava’s
diameter, as well as its respiratory variations. In our study, we assumed that esPAP
levels >35 mm Hg at rest indicates PH [24,26] with its gravity ranging from mild
(35-44 mmHg) to moderate (45-60 mm Hg) and severe (>60 mm Hg) [25,26];

3. Tricuspid annular plane systolic excursion (TAPSE); was determined in M-Mode, at
the lateral margin of the level of the tricuspid valve annulus; levels under 17 mm,
were considered suggestive for RVD dysfunction;

4.  Fractional area change (FAC) was determined in four chamber views; values <35%
being considered pathological;



J. Clin. Med. 2021, 10, 5272

40f11

5. Right ventricular global longitudinal strain (RV-GLS) was determined in apical four
chamber views [25,27];

6. The eccentricity index to differentiate RV volume and pressure overload by mea-
suring two LV minor axes (one parallel to the interventricular septum and another
perpendicular to it) at both end-diastole and end-systole.

According to the latest international recommendations, right ventricular dysfunction
(RVD) was defined as either FAC < 35%, TAPSE < 17 mm, and/or RV-GLS < —28%, values
placed in the close vicinity of these limits being considered borderline (TAPSE 17-20 mm;
for FAC, between 35% and 36%; and for RV-GLS, —28 to —29) [24,25,27].

The Local Scientific Research Ethics Committee of our hospital approved the design
and methodology of our study (No. 206/7.09.2020).

2.3. Statistical Methods

Numeric variables were presented as mean and standard deviation (SD) or median
and interquartile range (IQR), and categorical variables were presented as frequency and
percentages. We employed the Shapiro-Wilk test to check for the Gaussian distribution of
numeric variables. The Chi-square test was used to evaluate the significance of differences
in the proportions of clinical and laboratory findings. We employed the Mann-Whitney
U test to compare general characteristics between patients with pulmonary hypertension
and borderline. Kruskal-Wallis test was used to compare patients” characteristics of the
three waves. The evolution of TTE parameters and the PCFS scale over the three periods
of time was analyzed by the Friedman test. For the evaluation of the potential connection
between esPAP, RV-GLS, and other laboratory results, we employed Spearman’s correlation
test. The individual impact of several confounding factors on the variance of continuous
variables was assessed by building multivariate regression models. The quality of the
model was described using the accuracy of prediction and R squared. The data analysis
was performed using the Statistical Package for the Social Sciences v.26 (SPSS, Chicago, IL,
USA). A p-value lower than 0.05 was considered statistically significant.

3. Results

This study was conducted on 116 patients who suffered from a SARS-CoV-2 infection
confirmed by an RT-PCR test, with mild /moderate pulmonary injury (confirmed by a CCT)
during the first, second, and third wave of COVID-19. They were all aged between 30 and
55 years, with a median of 48 (43-52.75) years. Fifty-seven of them were men (49.13%)
and 59 women (50.86%). Their demographical, clinical, and laboratory characteristics
are depicted in Table 1. They all underwent a cardiologic examination with a detailed
TTE during 4-8 weeks after the acute illness, and were diagnosed with elevated values
of esPAP, associated or not with altered RVE. In order to analyze the differences between
the evolution of patients who suffered from COVID-19 during the different waves, we
divided them into three subgroups: Group A—37 patients infected with the SARS-CoV-2
virus during the first wave; Group B—40 subjects infected during the second wave; Group
C—39 patients diagnosed with COVID-19 during the third wave.

According to this criterion, 51 subjects had values of esPAP of over 35 mmHg, which
placed them in the category of subjects with confirmed PH, associated with RVD or bor-
derline RVE. In this subset, there were 28 men (54.9%) and 23 (45.09%) women, and their
median age was 52 (45-54) years. They attended medical services accusing between two
and four persisting symptoms and were framed according to the PCFS scale at a median
level of 3. They all had a pulmonary injury on the CCT, most of them (76.47%) of moderate
severity (Table 1). Using TTE, we determined increased esPAP values comprised between
36 and 55 mmHg, median 44.69 (40.52-48.56) mmHg. Forty-nine patients had associated
RVD and two borderline values of FAC, TAPSE, and /or RV-GLS.
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Table 1. Characteristics of the study population.

Patients’ Characteristics

at the First Evaluation 51 Patients with PH 65 Patients with Borderline Values p
Age (years) 52 (45-54) 46 (42.5-50) 0.0012
Gender: -male 28 (54.9%) 29 (44.61%) 0271b
-female 23 (45.09%) 36 (55.38%) ’
BMI (Kg/m?) 30.5 (27.47-31.80) 27.45 (25.09-30.31) 0.008 @
Initial pulmonary injury on CCT: 35 (31-40) 15 (6-27.50) <0.001 2
-Mild: <30% 12 (23.52%) 52 (80%) <0'001 b
-Moderate: 30-60% 39 (76.47%) 13 (20%) '
Initial CRP (mg/dL) 43.57 (39.12-50.80) 30.28 (26.58-37.52) <0.0012
PCFS scale 3(2-3) 2 (2-2) <0.001 2
Echocardiographic parameters

LAVI (mL/m?) 29.7 (21.59-34.85) 25.43 (18.46-33.39) <0.0012
LVEF (%) 43 (40-50) 55 (50-60) <0.0012
RA diameter (mm) 38 (37-40) 34 (33-35) <0.0012
RA area (cm?) 14.44 (13.69-16) 11.56 (10.89-12.25) <0.001 2
RV diameter (mm) 33 (32-35) 28 (27-29) <0.0012
TRVmax: (m/s) 3.15 (2.98-3.30) 2.69 (2.61-2.70) <0.0012
esPAP (mmHg) 44.69 (40.52-48.56) 33.94 (32.24-34.16) <0.001 2
TAPSE (mm) 16 (15-17) 20 (19-21.5) <0.0012
FAC (%) 33.11 (30.24-34.02) 35.85 (35.17-36.62) <0.001 2
RV-GLS (%) —22 (—25-—19) —28 (—29-—28) <0.001 2
Eccl: End-diastole 1.4 (1.2-1.6) 1.1 (1-1.2) <0.0012

End-systole 1.4 (1.1-1.6) 1.1 (1-1.1) <0.0012

Legend: PH—pulmonary hypertension; p—statistical significance; BMI—body mass index; CCT—chest computed tomography; CRP—C
reactive protein; PCFS—Post-COVID-19 Functional Status; LAVI—left atrial volume index; LVEF—left ventricular ejection fraction; RA—
right atrium; RV—right ventricle; TRV max—maximum tricuspid regurgitation velocity; esPAP—echocardiographically estimated systolic
pressure in pulmonary artery; TAPSE—tricuspid annular plane systolic excursion; FAC—fractional area change; RV-GLS—right ventricular
global longitudinal strain; Eccl—eccentricity index; *—Mann-Whitney U test; >—Chi-square test.

In the second subset, 65 subjects were included, diagnosed with esPAP values of under 35
but over 30 mmHg, which is not quite normal for their category of age. Twenty-nine (44.61%)
were men, and 36 (55.38%) were women, and their median age was 46 (42.5-50) years, being
somewhat younger than the first subset of patients. The majority of them claimed less
persisting symptoms, considered at a median level 2, according to PCFS. They had a less
severe pulmonary injury on CCT, namely mild forms in 80% of cases. Referring to their TTE
examinations, they had esPAP values between 30 and 34.81 mmHg, which are higher than
expected for this category of age. Concerning RVF, in 35 subjects (53.84%), we evidenced
pathological values of one or more parameters defining RVD.

By analyzing these two subsets of patients, we observed that those with PH were
older (p = 0.001), male gender prevailed, had higher BMI (p = 0.008) compared to patients
with borderline values. As evaluated during the acute phase of COVID-19, patients with
moderate forms of severity prevailed (76.47%, p < 0.001); based on the CCT, they had a
more severe pulmonary injury and higher degrees of inflammation, with more increased
CRP (p < 0.001). In the study, these patients accused more symptoms with higher PCFS
levels (Table 1).

Referring to the TTE parameters, we noticed statistically significant correlations
(p < 0.001) between the values of esPAP, determined both, initially, as well as during
evolution, with the magnitude of the initial pulmonary injury assessed on CCT, with the
initial CRP levels and the echocardiographic parameters characterizing RVF (TAPSE, FAC,
and RV-GLS) (Table 2).

As we followed up on the evolution of these patients at 3 and 6 months, we noticed a
gradual improvement in their clinical status and, especially in the TTE assessed parameters
such as esPAP and those characterizing the RVE. Their progress, both in patients with PH
and those with borderline values, is presented in Figure 1. At the end of the follow-up, from
the total group of 116 patients, only 8 still had slightly elevated levels of esPAP (under 40



J. Clin. Med. 2021, 10, 5272 60f 11

mmHg), and 17 had borderline values. Their RVF improved in parallel with the reduction
in PH.

Table 2. Correlations between the initial and 6 months’ values of esPAP and other parameters.

esPAP at the Initial Evaluation esPAP after 6 Months
Parameter
r 95%CI P r 95%CI p
Initial pulmonary injury 0.821 0.736; 0.881 <0.001 0.746 0.640; 0.815 <0.001
Initial CRP 0.837 0.743; 0.899 <0.001 0.725 0.602; 0.821 <0.001
PCFS 0.713 0.604; 0.796 <0.001 0.601 0.465; 0.705 <0.001
TAPSE —0.889 —0.929; —0.823 <0.001 —0.782 —0.862; —0.671 <0.001
FAC —0.894 —0.929; —0.844 <0.001 —0.745 —0.829; —0.633 <0.001
RV-GLS 0.925 0.878; 0.957 <0.001 0.783 0.680; 0.862 <0.001

Legend: esPAP—echocardiographically estimated systolic pressure in the pulmonary artery; r—correlation coefficient; CI—confidence
interval; p—statistical significance; CRP—C reactive protein; PCFS—Post-COVID-19 Functional Status; TAPSE—tricuspid annular plane
systolic excursion; FAC—fractional area change; RV-GLS—right ventricular global longitudinal strain.
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Figure 1. Evolution of patients’ characteristics at 3 and 6 months. Legend: esPAP—echocardigraphically estimated systolic
pressure in the pulmonary artery; FAC—fractional area change; RV-GLS—right ventricular global longitudinal strain;
PCFS—Post-COVID-19 Functional Status; p-statistical significance of Friedman test.

Starting from the premise that there could be some differences regarding the course of
PH and RVD between the patients included in our study and who suffered from COVID-19
during different waves of this illness, we divided them accordingly and analyzed the
results. Although our study comprises a small number of examined people (116), we
noticed a higher prevalence of PH (15.57%, 20.3% borderlines) among the individuals
from group C, who were infected mainly with the British strain of the SARS-CoV-2 virus
during the third wave of COVID-19 in comparison to those affected during the first and
second wave. As presented in Table 3, we observed some significant differences regarding
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the age of these patients (they were younger) and the severity of the pulmonary injury.
Although the severity of PH and/or of RVD was higher in group C, the differences were
not statistically significant when compared to the subjects from groups A and B.

Table 3. Baseline characteristics of patients from the first, second, and third wave of COVID-19.

Patients’ Characteristics at the

Group A

Group B

Group C

First Evaluation 37 Patients 40 Patients 39 Patients P
Patients with PH + RVD 15 (12% of 125) 19 (12.66% of 150) 17 (15.70% of 108) b
Borderline PH/RVD 22 (17.6% of 125) 21 (14% of 150) 22 (20.37% of 108) 0.826
Age (years) 49 (45-54) 50 (46-53) 44 (40-47) <0.001 2
Gender: male 22 (59.45%) 18 (45%) 17 (43.58%) 0311 "
female 15 (40.54%) 22 (55%) 22 (56.41%) :

BMI 27.72 (24.48-31.22) 30.12 (27.54-32.67) 27.73 (26.12-31.45) 0.067 2
Initial pulmonary injury on TCT 20 (5-35) 26.5 (15-35) 30 (25-38) 0.045 4
Mild: <30% 22 (59.45%) 22 (55%) 16 (41.02%) 02405
Moderate: 30-60% 15 (40.54%) 18 (45%) 23 (58.97%) :
Initial CRP 34.5 (25.62-41.95) 38.06 (30.30-43.29) 39.11 (29.67-41.82) 0.198 @
PCFS 3 (2-3) 3 (2-3) 3 (2-3) 0.1152
Echocardiographic parameters

TRVmax: PH £ RVD 3.1(2.95-3.29) 3.15 (2.97-3.30) 3.19 (3.03-3.40) 0.4432
borderline PH/RVD 2.64 (2.60-2.70) 2.69 (2.64-2.70) 2.7 (2.60-2.71) 0.1812
esPAP: PH & RVD 44.18 (39.80-48.29) 44.69 (40.28-48.56) 46.73 (41.70-49.62) 0.4432
borderline PH/RVD 33.3 (32.04-34.16) 33.94 (32.98-34.26) 34.16 (32.04-34.37) 0.1812
TAPSE: PH 4+ RVD 16.63 (15.10-17.50)22 15.37 (12.25-16.50)19 0.0872
borderline PH/RVD (20-22) 16 (13.67-17)20 (19-21) (18.75-20) 0.0012
FAC: PH £+ RVD 33.56 (31.57-34.56) 33.11 (30-34) 32.87 (29.89-33.67) 0.159 2
borderline PH/RVD 36.1 (35.59-37) 35.85 (35.10-36.61) 35.39 (34.78-35.89) 0.0052
RV-GLS: PH + RVD —23 (—25-—19) —22 (—26-—20) —20 (—24-—17.50) 0.1272
borderline PH/RVD —29 (—29-—28) —29 (—29-—28) —28 (—29-—27) 0.0752

Legend: Group A—patients recovered from the first COVID-19 wave with PH 4 RVD/borderline cases; Group B—patients recovered
from the second COVID-19 wave with PH + RVD/borderline cases; Group C—patients recovered from the third COVID-19 wave with
PH + RVD/borderline cases; p-statistical significance; BMI—body mass index; CCT—chest computed tomography; CRP—C reactive
protein; maximum tricuspid regurgitation velocity—TRV max; esPAP—echocardiographically estimated systolic pressure in pulmonary
artery; tricuspid annular plane systolic excursion—TAPSE; right ventricular global longitudinal strain—RV-GLS; *—Kruskall-Walllis test;
b__Chi-square test.

The evolution of PH and RVD in all groups of patients was favorable, with a gradual
reduction in esPAP and an improvement of the parameters characterizing RVF (Figure 2).

Starting from the premise that several factors could predict the evolution of PH, we
used the multivariate linear regression analysis to build a regression model based on the
forward stepwise method, and we employed the Akaike information criteria (AIC) to
select the best model (Table 4). After the adjustment of several potentially confounding
factors such as gender, age, and BMI, we identified the most significant predictors for the 6
months’ evolution of PH in our patient groups. Our results, obtained on relatively small
populations infected with the SARS-CoV-2 virus during the first, second, and third wave of
COVID-19, highlighted that the evolution of PH was somewhat different, probably due to
the progressively increasing pathogeny of this agent. At 6 months, subjects from the second
wave had, on average, esPAP 1.76 mmHg higher than those from the first wave, and,
similarly, those from the third wave had increased mean values compared to those from
the second wave. Other important elements were the magnitude of the pulmonary injury,
assessed on the CCT during the acute infection, and the initial severity of PH, expressed by
the levels of esPAP. Thus, an increase of 1% of the lung injury determined a higher mean
value of esPAP at 6 months (0.127 mmHg), and an augmentation of the initial esPAP, with
1 mmHg predicted an elevation of 0.7 mmHg of the 6 months’ levels of esPAP. All these
factors were responsible for 72.2% of the esPAP values at 6 months (adjusted R? = 0.722)
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Figure 2. Evolution of esPAP, FAC, RV-GLS, and PCFS scale in patients with PH and borderline values who suffered
from COVID-19 during the first, second, and third wave. Legend: esPAP—echocardiographically estimated systolic
pressure in the pulmonary artery; FAC—fractional area change; RV-GLS—right ventricular global longitudinal strain;
PCFS—Post-COVID-19 Functional Status; p-statistical significance of Friedman test.

Table 4. Multivariate linear regression predicting the esPAP levels at 6 months.

Variable B Standard Error p 95% CI for 3
Wave 1.763 0.472 <0.001 0.827;2.700
Initial Pulmonary Injury 0.127 0.046 0.007 0.036; 0.218
esPAP (initial) 0.702 0.084 <0.001 0.535; 0.868

Legend: esPAP—echocardiographically estimated systolic pressure in the pulmonary artery; Cl—confidence
interval; B—regression coefficient; p—statistical significance; CI—confidence interval.

4. Discussion

With the COVID-19 pandemic inducing a global health crisis, both through the burden
on health services with the treatment of acute cases and through long-term care of the
persisting consequences of this disease, recently, numerous papers discussing the complica-
tions of SARS-CoV-2 infection have been published in the medical literature [28,29]. Great
importance has been given to the pulmonary and cardiovascular repercussions of this dis-
ease [11,18]. Of these, PH has aroused special interest, with many researchers focusing on
the pathophysiology, epidemiology, treatment, and less on the long-term evolution of this
complication [9,11,12]. Its prevalence varies largely depending on the studied population
(elderly, patients from intensive care units, or younger outpatients), the severity of the
COVID-19 form (mild, moderate, or severe) associated diseases, but generally, values of
around 15% were advanced by Pagnesi et al. [11]. The prevalence of RVD is even higher, at
around 39% [30], but exact data are lacking. That is why we only included younger patients
in our study, where changes induced by aging on the lung and cardiovascular system
are minimal, without pre-existent PH and heart diseases, or who suffered from a mild
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or moderate form of COVID-19 during the acute illness. After investigating 383 patients
recovering from this disease, all who were diagnosed with post-acute COVID-19 syndrome,
we established by using TTE, in our study group, a prevalence of around 13.3% of increased
esPAP values, suggesting PH, but it varied from 12% and 12.66%, respectively, in patients
infected during the first (the B1.1. subtype strain in most cases) and the second wave with
south-east European strains (mostly the subtypes B1.5., B1.2,, and B1.1.), to 15.7% in those
from the third wave where the British strain of the SARS-CoV-2 virus (the strain VOC
202012/01) prevailed, although these were of younger age. Of course, compared to the
enormous number of people infected with various strains of the SARS-CoV-2 virus, we are
aware that our study group is too small to conclude statistically significant data.

According to guidelines [26], PH is suggested by TTE assessed esPAP of over 35 mmHg,
but available data indicate that the normal esPAP values are lower; thus, the clinical sig-
nificance of levels between 31 and 34 mmHg is unclear, and therefore, we considered
them borderline; numerous subjects included in our study who fell in this category also
highlighted aspects in other studies [30]. More than half of them had pathological values
of the parameters characterizing RVF, raising the dilemma that these consequences of
COVID-19, even subtle, could be much more frequent. These alterations could explain, at
least partially, the persistence of symptoms such as dyspnea, fatigue, chest discomfort, and
reduced exercise capacity for months after the recovery from the acute phase of COVID-19,
sufferings described now by the term post-acute and long COVID-19 syndrome [7,28,31].

Several studies focused more on the regression of pulmonary lesions in these patients
and observed residual abnormalities at more than 3 months after the acute illness, or even
the development of interstitial lung disease [5,9,12,31,32]. Less attention was granted to
the long-term outcome of PH, and that is why the principal purpose of our study was to
follow, by TTE, the 3 and 6 months’ evolution of esPAP values, as well as of other TTE
parameters characterizing RVF in patients already diagnosed with PH as a consequence
of COVID-19. We observed a gradual improvement of these parameters after a follow-up
of 3 and 6 months. Thus, after this period, we still noticed pathological values in several
patients (15.68%).

It is, therefore, rational that patients recovering from COVID-19, especially those who
had suffered from severe or moderate forms, should be followed up regularly to certify the
regression of their pulmonary lesions and associated complications; some algorithms are
even being proposed [10].

Study limitations: in this study, we did not certify our results, obtained by TTE, with
the data of the RHC, and the natriuretic peptides were also not determined in all patients.

5. Conclusions

Elevated systolic pulmonary artery pressures suggesting pulmonary hypertension
associated with right ventricular dysfunction are commonly encountered in patients recov-
ering from COVID-19, explaining some of the persistent symptoms. They seem to improve
gradually after 3 to 6 months from the initial infection; the extent of the recovery is related
to the initial severity of this complication and of the lung injury, but apparently also to
the pathogeny of the virus. In some individuals, pathological values persist, raising the
suspicion either that it would take a longer time for the remission of these changes or that
there are several pathophysiological mechanisms responsible for the self-propagation and
maintenance of pulmonary hypertension.

Author Contributions: Conceptualization, C.T., M.T,, VE.L,, ARM,, T.G.C, C.O.,S.A.P. and G.N.P;
methodology, C.T., M.T. and G.N.P; software, G.N.P; validation, C.T., M.T,, VE.L.,, ARM.,, T.G.C,,
C.0O,, S.AP. and G.N.P; formal analysis, C.T., M.T. and G.N.P,; investigation, C.T. and M.T.; resources,
C.T,, M.T. and G.N.P,; data curation, C.T., M.T. and G.N.P,; writing—original draft preparation, C.T.,
M.T, VEL., ARM, TG.C,, C.O,, S.AP. and G.N.P; writing—review and editing, C.T., M.T. and
G.N.P; visualization, C.T., M.T.,, VE.L.,, ARM.,, TG.C,, C.O,, S.A.P. and G.N.P,; supervision, C.T., M.T.
and G.N.P; project administration, C.T., M.T. and G.N.P,; funding acquisition, NA. All authors have
read and agreed to the published version of the manuscript.



J. Clin. Med. 2021, 10, 5272 10 of 11

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Local Scientific Research Ethics Committee of our
hospital (No. 206/7.09.2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Our data are available at https://www.doi.org/10.17632/sbpc5gs85g.
1/ last accessed on 9 November 2021.

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1.  CDC Coronavirus Disease 2019 (COVID-19). Available online: https://www.cdc.gov/coronavirus/2019-ncov /lab/resources/
antibody-tests-guidelines.html (accessed on 10 January 2021).

2. Rambaut, A.; Holmes, E.C.; O'Toole, A.; Hill, V.; McCrone, J.T.; Ruis, C.; du Plessis, L.; Pybus, O.G. A dynamic nomenclature
proposal for SARS-CoV-2 lineages to assist genomic epidemiology. Nat. Microbiol. 2020, 5, 1403-1407. [CrossRef] [PubMed]

3.  Aleem, A.; Akbar Samad, A.B.; Slenker, A.K. Emerging Variants of SARS-CoV-2 and Novel Therapeutics against Corona-Virus
(COVID-19); StatPearls Publishing: Treasure Island, FL, USA, 2021.

4. Huang, Y,; Tan, C.; Wu, J; Chen, M.; Wang, Z.; Luo, L.; Zhou, X; Liu, X.; Huang, X.; Yuan, S.; et al. Impact of coronavirus disease
2019 on pulmonary function in early convalescence phase. Respir. Res. 2020, 21, 163. [CrossRef] [PubMed]

5. Blanco, J.-R.; Cobos-Ceballos, M.-].; Navarro, EF; Sanjoaquin, I.; Revillas, FA.D.L.; Bernal, E.; Buzon-Martin, L.; Viribay, M.;
Romero, L.; Espejo-Perez, S.; et al. Pulmonary long-term consequences of COVID-19 infections after hospital discharge. Clin.
Microbiol. Infect. 2021, 27, 892-896. [CrossRef] [PubMed]

6.  Bellan, M,; Soddu, D.; Balbo, P.E.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.; Battistini,
S.; et al. Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital Discharge. JAMA
Netw. Open 2021, 4, €2036142. [CrossRef] [PubMed]

7. DelRio, C.; Collins, L.E; Malani, P. Long-term Health Consequences of COVID-19. JAMA 2020, 324, 1723. [CrossRef]

8.  Moreno-Pérez, O.; Merino, E.; Leon-Ramirez, J.-M.; Andres, M.; Ramos, ].M.; Arenas-Jiménez, J.; Asensio, S.; Sanchez, R.;
Ruiz-Torregrosa, P.; Galan, L; et al. Post-acute COVID-19 syndrome. Incidence and risk factors: A Mediterranean cohort study. J.
Infect. 2021, 82, 378-383. [CrossRef]

9.  Cascino, T.M,; Desai, A.A.; Kanthi, Y. At a crossroads: Coronavirus disease 2019 recovery and the risk of pulmonary vascular
disease. Curr. Opin. Pulm. Med. 2021, 27, 342-349. [CrossRef]

10. Norderfeldt, J.; Liliequist, A.; Frostell, C.; Adding, C.; Agvald, P,; Eriksson, M.; Lénnqvist, P. Acute pulmonary hypertension and
short-term outcomes in severe Covid-19 patients needing intensive care. Acta Anaesthesiol. Scand. 2021, 65, 761-769. [CrossRef]

11. Pagnesi, M.; Baldetti, L.; Beneduce, A.; Calvo, F.; Gramegna, M.; Pazzanese, V.; Ingallina, G.; Napolano, A ; Finazzi, R.; Ruggeri,
A.; et al. Pulmonary hypertension and right ventricular involvement in hospitalised patients with COVID-19. Heart 2020, 106,
1324-1331. [CrossRef]

12.  Potus, F; Mai, V.; Lebret, M.; Malenfant, S.; Breton-Gagnon, E.; Lajoie, A.C.; Boucherat, O.; Bonnet, S.; Provencher, S. Novel
insights on the pulmonary vascular consequences of COVID-19. Am. |. Physiol. Cell. Mol. Physiol. 2020, 319, L277-1.288. [CrossRef]

13.  Wu, X,; Liu, X; Zhou, Y,; Yu, H.; Li, R.; Zhan, Q.; Ni, F; Fang, S.; Lu, Y; Ding, X.; et al. 3-month, 6-month, 9-month, and 12-month
respiratory outcomes in patients following COVID-19-related hospitalisation: A prospective study. Lancet Respir. Med. 2021, 9,
747-754. [CrossRef]

14.  You,].; Zhang, L.; Ni-Jia-Ti, M.-Y.-D.-L.; Zhang, J.; Hu, E; Chen, L.; Dong, Y.; Yang, K; Zhang, B.; Zhang, S. Anormal pulmonary
function and residual CT abnormalities in rehabilitating COVID-19 patients after discharge. J. Infect. 2020, 81, e150-e152.
[CrossRef]

15. Malik, B.; Abdelazeem, B.; Ghatol, A. Pulmonary Fibrosis After COVID-19 Pneumonia. Cureus 2021, 13. [CrossRef]

16. Vrettou, A.-R,; Parissis, J.; Ikonomidis, I. The Dual Role of Echocardiography in the Diagnosis of Acute Cardiac Complications
and Treatment Monitoring for Coronavirus Disease 2019 (COVID-19). Front. Cardiovasc. Med. 2020, 7, 19. [CrossRef]

17. Bursi, F; Santangelo, G.; Sansalone, D.; Valli, E; Vella, A.M.; Toriello, F.; Barbieri, A.; Carugo, S. Prognostic utility of quantitative
offline 2D-echocardiography in hospitalized patients with COVID-19 disease. Echocardiography 2020, 37, 2029-2039. [CrossRef]

18. Tudoran, M.; Tudoran, C.; Lazureanu, V.; Marinescu, A.; Pop, G.; Pescariu, A.; Enache, A.; Cut, T. Alterations of Left Ventricular
Function Persisting during Post-Acute COVID-19 in Subjects without Previously Diagnosed Cardiovascular Pathology. J. Pers.
Med. 2021, 11, 225. [CrossRef]

19. Tudoran, C.; Tudoran, M.; Pop, G.; Giurgi-Oncu, C.; Cut, T.; Lazureanu, V.; Oancea, C.; Parv, E; Ciocarlie, T.; Bende, F.
Associations between the Severity of the Post-Acute COVID-19 Syndrome and Echocardiographic Abnormalities in Previously
Healthy Outpatients Following Infection with SARS-CoV-2. Biology 2021, 10, 469. [CrossRef]

20. Gandhi, R.T;; Lynch, J.B.; Del Rio, C. Mild or Moderate Covid-19. N. Engl. J. Med. 2020, 383, 1757-1766. [CrossRef]


https://www.doi.org/10.17632/sbpc5gs85g.1/
https://www.doi.org/10.17632/sbpc5gs85g.1/
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
http://doi.org/10.1038/s41564-020-0770-5
http://www.ncbi.nlm.nih.gov/pubmed/32669681
http://doi.org/10.1186/s12931-020-01429-6
http://www.ncbi.nlm.nih.gov/pubmed/32600344
http://doi.org/10.1016/j.cmi.2021.02.019
http://www.ncbi.nlm.nih.gov/pubmed/33662544
http://doi.org/10.1001/jamanetworkopen.2020.36142
http://www.ncbi.nlm.nih.gov/pubmed/33502487
http://doi.org/10.1001/jama.2020.19719
http://doi.org/10.1016/j.jinf.2021.01.004
http://doi.org/10.1097/MCP.0000000000000792
http://doi.org/10.1111/aas.13819
http://doi.org/10.1136/heartjnl-2020-317355
http://doi.org/10.1152/ajplung.00195.2020
http://doi.org/10.1016/S2213-2600(21)00174-0
http://doi.org/10.1016/j.jinf.2020.06.003
http://doi.org/10.7759/cureus.13923
http://doi.org/10.3389/fcvm.2020.00129
http://doi.org/10.1111/echo.14869
http://doi.org/10.3390/jpm11030225
http://doi.org/10.3390/biology10060469
http://doi.org/10.1056/NEJMcp2009249

J. Clin. Med. 2021, 10, 5272 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Rubin, G.D.; Ryerson, C.J.; Haramati, L.B.; Sverzellati, N.; Kanne, J.; Raoof, S.; Schluger, N.-W.; Volpi, A.; Yim, J.-J.; Martin,
LB.K.; et al. The Role of Chest Imaging in Patient Management during the COVID-19 Pandemic: A Multinational Consensus
Statement from the Fleischner Society. Radiology 2020, 296, 172-180. [CrossRef]

Francone, M.; Iafrate, F.; Masci, G.M.; Coco, S.; Cilia, F; Manganaro, L.; Panebianco, V.; Andreoli, C.; Colaiacomo, M.C.;
Zingaropoli, M.A; et al. Chest CT score in COVID-19 patients: Correlation with disease severity and short-term prognosis. Eur.
Radiol. 2020, 30, 6808-6817. [CrossRef]

Klok, F.A.; Boon, G.J.; Barco, S.; Endres, M.; Geelhoed, ].M.; Knauss, S.; Rezek, S.A.; Spruit, M.A.; Vehreschild, J.; Siegerink, B. The
Post-COVID-19 Functional Status (PCFS) Scale: A Tool to Measure Functional Status over Time after COVID-19. Eur. Respir. ].
2020, 56, 2001494. [CrossRef]

Lang, R.M.; Bierig, M.; Devereux, R.B.; Flachskampf, FA.; Foster, E.; Pellikka, P.A.; Picard, M.; Roman, M.].; Seward, ].; Shanewise,
J.S.; et al. Recommendations for Chamber Quantification: A Report from the American Society of Echocardiography’s Guidelines
and Standards Committee and the Chamber Quantification Writing Group, Developed in Conjunction with the European
Association of Echocardiography, a Branch of the European Society of Cardiology. J. Am. Soc. Echocardiogr. 2005, 18, 1440-1463.
[CrossRef]

Badano, L.P; Kolias, T.J.; Muraru, D.; Abraham, T.P.; Aurigemma, G.; Edvardsen, T.; D’'Hooge, J.; Donal, E.; Fraser, A.G.; Marwick,
T.; et al. Standardization of left atrial, right ventricular, and right atrial deformation imaging using two-dimensional speckle
tracking echocardiography: A consensus document of the EACVI/ASE/Industry Task Force to standardize deformation imaging.
Eur. Heart ]. Cardiovasc. Imaging 2018, 19, 591-600. [CrossRef]

Galie, N.; Humbert, M.; Vachiéry, J.-L.; Gibbs, S.; Lang, I.M.; Kaminski, K.A.; Simonneau, G.; Peacock, A.; Noordegraaf, A.V,;
Beghetti, M.; et al. 2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task Force
for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European
Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International
Society for Heart and Lung Transplantation (ISHLT). Eur. Heart J. 2015, 37, 67-119. [CrossRef] [PubMed]

Baycan, O.F; Barman, H.A ; Atici, A,; Tatlisu, A.; Bolen, F,; Ergen, P; Icten, S.; Gungor, B.; Caliskan, M. Evaluation of biventricular
function in patients with COVID-19 using speckle tracking echocardiography. Int. ]. Cardiovasc. Imaging 2021, 37, 135-144.
[CrossRef] [PubMed]

Richter, D.; Guasti, L.; Koehler, F.; Squizzato, A.; Nistri, S.; Christodorescu, R.; Dievart, F.; Gaudio, G.; Asteggiano, R.; Ferrini, M.
Late phase of COVID-19 pandemic in General Cardiology. A position paper of the ESC Council for Cardiology Practice. ESC
Heart Fail. 2021, 8, 3483-3494. [CrossRef] [PubMed]

Liang, L.; Yang, B; Jiang, N.; Fu, W.; He, X.; Zhou, Y.; Ma, W.-L.; Wang, X. Three-Month Follow-Up Study of Survivors of
Coronavirus Disease 2019 after Discharge. J. Korean Med. Sci. 2020, 35, e418. [CrossRef] [PubMed]

Szekely, Y.; Lichter, Y.; Taieb, P.; Banai, A.; Hochstadt, A.; Merdler, I.; Oz, A.G.; Rothschild, E.; Baruch, G.; Peri, Y.; et al. Spectrum
of Cardiac Manifestations in COVID-19: A Systematic Echocardiographic Study. Circulation 2020, 142, 342-353. [CrossRef]
Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V,; McGroder, C.; Stevens, ].S.; Cook, J.R.; Nordvig, A.S.; Shalev, D;
Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601-615. [CrossRef]

Suzuki, Y.J.; Nikolaienko, S.I.; Shults, N.V.; Gychka, S.G. COVID-19 patients may become predisposed to pulmonary arterial
hypertension. Med. Hypotheses 2021, 147, 110483. [CrossRef]


http://doi.org/10.1148/radiol.2020201365
http://doi.org/10.1007/s00330-020-07033-y
http://doi.org/10.1183/13993003.01494-2020
http://doi.org/10.1016/j.echo.2005.10.005
http://doi.org/10.1093/ehjci/jey042
http://doi.org/10.1093/eurheartj/ehv317
http://www.ncbi.nlm.nih.gov/pubmed/26320113
http://doi.org/10.1007/s10554-020-01968-5
http://www.ncbi.nlm.nih.gov/pubmed/32803484
http://doi.org/10.1002/ehf2.13466
http://www.ncbi.nlm.nih.gov/pubmed/34170086
http://doi.org/10.3346/jkms.2020.35.e418
http://www.ncbi.nlm.nih.gov/pubmed/33289374
http://doi.org/10.1161/CIRCULATIONAHA.120.047971
http://doi.org/10.1038/s41591-021-01283-z
http://doi.org/10.1016/j.mehy.2021.110483

	Introduction 
	Materials and Methods 
	Study Population 
	Evaluation Methods 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

