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A B S T R A C T

Background: Pulmonary hypertension is a significant complication of COVID-19, but follow-up data on pul-
monary artery pressure after recovery from COVID-19 are limited.
Objectives: To investigate pulmonary artery pressure and heart dimensions in post-COVID-19 patients with-
out a history of significant cardiac pathology.
Methods: Data for 91 eligible adult patients were subjected to 2 analyses. First, patients were grouped accord-
ing to where they received COVID-19 treatment: the ICU, COVID-19 ward, or outpatient clinic. Second, the
severity of COVID-19 was grouped as no pulmonary involvement, non-severe pulmonary involvement, or
severe pulmonary involvement based on thoracic computed tomography scores. Heart dimensions were
measured and pulmonary artery pressure was estimated using transthoracic echocardiography. The correla-
tion between transthoracic echocardiography findings and COVID-19 severity was assessed.
Results: Pulmonary artery pressure and right-heart dimensions were significantly elevated in the post-
COVID-19 patients without a history of risk factors for pulmonary hypertension that presented to the cardiol-
ogy outpatient clinic with cardiac complaints. Both of these findings were correlated with the severity of
COVID-19 and the extent of lung involvement based on thoracic computed tomography.
Conclusion: The present findings confirm that increases in systolic pulmonary artery pressure and right ven-
tricular dimensions persist 2-3 months after recovery from COVID-19 in patients without a history of risk fac-
tor for pulmonary hypertension. Furthermore, the increase in pulmonary artery pressure and right
ventricular dimensions correlate with the severity of COVID-19 and the extent of lung involvement based on
thoracic computed tomography.
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Introduction

Pulmonary hypertension (PH) is a significant complication of
coronavirus disease-2019 (COVID-19), which is caused by SARS-CoV-
2. Although its true prevalence is unknown, PH is reported in about
15% of hospitalized patients, which negatively affects patient quality
of life in the future and is associated with new severe complications.1

The pathophysiology of PH associated with COVID-19 includes
chronic thromboembolism, myocardial involvement, and inflamma-
tory lung disease sequelae associated with direct damage to the ves-
sel wall.2�4 Yet, few clinical or follow-up data on long-term
pulmonary artery pressure in post-COVID-19 patients exist.2,5 An
understanding of the relationship between the radiological and clini-
cal severity of COVID-19, and possible cardiac effects may help cardi-
ologists be more vigilant in cases of COVID-19 patients without a
history PH. As such, the present study aimed to use transthoracic
echocardiography (TTE) to investigate pulmonary artery pressure
and heart dimensions in post-COVID-19 patients without a history of
significant cardiac pathology that were referred to our cardiology
department for outpatient examination due to cardiac symptoms.
Methods

Study population

This single-center retrospective cohort study included 138 conse-
cutive patients previously treated at our hospital for COVID-19 that
were referred to the cardiology department outpatient clinic 2-3
months after recovering from COVID-19 with symptoms of cardio-
vascular disease between April 2020 and June 2021. The study
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protocol was approved by the Institutional Ethics Committee (2021/
337) and written informed consent was obtained from all patients.

After the COVID-19 pandemic started our large tertiary university
hospital was designated as a regional pandemic hospital. The triage
of patients that presented with COVID-19 symptoms to the pandemic
outpatient clinic was based on the Turkish Ministry of Health Proto-
col.6 Mild cases with flu-like symptoms and oxygen saturation >94%
on room air are treated at home on an outpatient basis. In contrast,
symptomatic patients with >1 of the following⸺dyspnea at rest,
mental alteration, oxygen saturation <94% on room air, respiratory
rate >30 breaths min�1, PaO2/FiO2 <300 mmHg, and lung involve-
ment >50% based on thoracic computed tomography (TCT)⸺or addi-
tional risk factors were hospitalized. Patients with moderate
symptoms that required supplemental oxygen were treated in the
COVID-19 ward, and severe cases that required high-flow oxygen or
more advanced respiratory support were treated in the ICU.

All the study patients previously had a positive PCR test result
during COVID-19 and had returned to daily life after recovery. To
evaluate patients without a history of risk factors for PH, patients
that had not undergone TCT during COVID-19, patients previously
diagnosed with any form of PH, patients with a history of myocardial
Fig. 1. Patient e
infarction, cardiac arrhythmia, and heart failure leading to PH,
patients with chronic respiratory diseases, and those with a history
of pulmonary thromboembolism that could cause PH were excluded.
In addition, patients treated with vasodilators for PH were excluded.
TCT images recorded during COVID-19 were obtained from the hospi-
tal’s electronic database. Routine cardiac evaluation, 12-lead electro-
cardiography, and TTE were conducted upon referral to the
outpatient clinic. The severity of COVID-19 and patient grouping
were based on where they were treated, as follows: outpatient
(mild); COVID-19 ward (moderate); ICU (severe).

Transthoracic echocardiography

TTE was performed by a cardiologist with ultrasonography experi-
ence using a dedicated ultrasound machine (Vivid E9, GE Vingmead,
Horten, Norway) with an M5S cardiac sector probe (1.5-4.5 MHz),
according to the American Society of Echocardiography recommenda-
tions for transthoracic studies.7 In all, 3 consecutive cycles were aver-
aged for every parameter. Echocardiographic data were stored in an
electronic database. Left atrium dimension, and left ventricle end-sys-
tolic and end-diastolic diameters were measured. The left ventricular
nrollment.



K. Erdem and A. Duman / Heart & Lung 57 (2023) 75�79 77
ejection fraction (LVEF) was estimated via the modified Simpson’s rule.
Right ventricle (RV) chamber size, including basal and midventricular
dimensions and length, was measured. RV dimensions were measured
using the apical end-diastolic 4-chamber view. RV dilatation (RVD) cri-
teria were determined according to Lang et al.8 Right atrial pressure
was estimated and scored as 5, 10, 15, or 20 mm Hg based on inferior
vena cava diameter and distensibility, and pulsed-wave Doppler mea-
surement of hepatic vein flow. None of the patients had echocardio-
graphic evidence of pulmonary stenosis or RV outflow tract obstruction.
Systolic pulmonary artery pressure (sPAP) was estimated using the fol-
lowing formula: SPAP = 4 £ tricuspid regurgitation peak
velocity2 + right atrial pressure.

Mean pulmonary artery pressure (mPAP) was calculated as the
acceleration time of the pulmonary artery velocity (Pact) using the
Mahan formula9: [mPAP (mmHg) = 79 � (0.62 £ Pact (ms)].

PH was defined as resting sPAP >35 mmHg and mPAP >25
mmHg.10,11 Tricuspid annular plane systolic excursion (TAPSE) was
recorded using cross-sectional-guided M-mode at the RV free wall;
however, S’ wave right lateral annulus based on tissue Doppler, RV FAC
(RV fractional area change), and right atrium measurements were not
recorded because they were not routinely evaluated in our outpatient
TTE practice, except for patients with significantly high PAP and severe
RVD. In addition, none of the patients underwent RV catheterization.

Radiographic assessment

An experienced radiologist assessed pulmonary lesions in TCT
images using a simplified severity score based on Pan et al.,12 which
takes into account the extent of ground-glass opacity in each of the 5
lobes (0: involvemen; 1: <5% involvement; 2: 5%-25% involvement;
3: 26%-50% involvement; 4: 51%-75% involvement; 5: >75% involve-
ment). The total TCT score was the sum of the individual lobar scores
and ranged from 0 (no involvement) to 25 (maximum involvement).
The patients were then classified according to the compromised lung
values (COVID-19 severity): subgroup 1: no pulmonary involvement
(0 points); subgroup 2: non-severe pulmonary involvement (1-14
points); subgroup 3: severe pulmonary involvement (>15 points).12
Table 1
Patient demographics, risk factors, presenting symptoms, and laborat

ICU(n = 22) COVID-19 W

Demographics
Mean age, years 56.72 § 15.71 52.78 § 16.04
Male, n 13 (59%) 14 (50%)
Mean BMI, kg m�2 28.13 § 3.25 28.59 § 4.94

History of Risk Factors
Hypertension, n 7 (31.81%) 6 (21.42%)
Diabetes Mellitus, n 6 (27.27%) 3 (10.71%)
Current Smoker, n 4 (18.18%) 3 (10.71%)
Coronary Artery, n Disease, n 0 0
Presenting Symptoms
Exertional Dyspnea, n 22 (100%) 20 (71.4%)

Chest Pain, n 13 (43.3%) 9 (30.0%)

Palpitations, n 12 (26.7%) 14 (31.1%)
Dyspnea at Rest, n 9 (40.9%) 3 (10.7%)

Back Pain, n 18 (81.8%) 20 (71.4%)

Laboratory Findings
Mean D-dimer, ng/mL 293.40 § 161.51 221.50 § 127
Mean troponin, ng/L 3.98 § 2.77 4.57 § 4.32

Patients with coronary artery disease were excluded.
Statistical analysis

Prior to analysis the patients were grouped according to 2 criteria.
First, the patients were grouped according to where they were
treated for COVID-19, as follows: ICU: n = 22; COVID-19 ward:
n = 28; outpatient clinic: n = 41. Second, the patients were grouped
according to ground-glass opacity in TCT images, as follows: no pul-
monary involvement: n = 22; non-severe pulmonary involvement:
n = 21); severe pulmonary involvement: n = 48.

Data were analyzed using IBM SPSS Statistics for Windows v.21.0
(IBM Corp., Armonk, NY). Data are shown as number, percentage, and
mean § SD. The chi-square test was used to compare the frequency
distribution of categorical data between groups. The Kolmogorov-
Smirnov test, or Shapiro-Wilk test, and skewness and Kurtis values
were used to determine the normality of the distribution of numeri-
cal data. The ANOVA test and Tukey’s post-hoc test were used to
compare numerical data between >2 groups. The level of statistical
significance was set at P < 0.05.
Results

The study included 138 consecutive post-COVID-19 patients that
underwent TTE, but only 91 patients were included in the analysis, as
47 were excluded due to a history of risk factors for PH (Fig. 1). Base-
line clinical characteristics are shown in Table 1. The median patient
age was 49.00 years (IQR: 63.5-40.5 years), and 50.5% of the patients
were female. The median time from COVID-19 recovery to outpatient
clinic referral was 67.00 d (IQR: 76-56 d).

Clinical features
Presenting symptoms
The most common presenting symptom was exertional dyspnea

(52.7%), followed by palpitations (48.3%), chest pain (31.8%), and dys-
pnea at rest (15.3%). Some patients had �2 symptoms (Table 1).
ory findings.

ard(n = 28) Outpatient(n = 41) P

47.89 § 11.71 0.063
18 (43.9%) 0.515
28.33 § 3.26 0.915

7 (17.07%) 0.402
4 (9.75%)
6 (14.63%) 0.753
0 NA

7 (17.1%) ICU vs. Outpatient
P < 0.001

ICU vs. COVID-19 Ward
P = 0.006

8 (26.7%) ICU vs. Outpatient
P = 0.001

19 (42.2%) 0.823
2 (4.9%) ICU vs. Outpatient

P < 0.001
ICU vs. COVID-19 Ward
P = 0.013

16 (39.0%) ICU vs. Outpatient
P = 0.001

.75 238.48 § 126.81 P = 0.064
4.61 § 3.22 P= 0.804



Table 3
Comparison of TTE and TCT findings.

*Severe
involvement

(n = 48) *Non-severe
involvement

(n = 21) *No involvement
(n = 22)
sPAP, mmHg 31.89 § 6.98*# 21.10 § 4.68 17.90 § 2.09
mPAP, mmHg 21.23 § 4.33*# 14.15 § 3.27 12.50 § 1.50
RV basal diameter,
mm

31.52 § 2.93*# 27.84 § 2,85 25.59 § 2.53

RV mid diameter,
mm

31.63 § 2.76*# 28.52 § 2.91y 25.86 § 3.22

RV longitudinal
dimension, mm

75.91 § 5.70*# 66.05 § 4.61 65.72 § 4.75

TAPSE, mm 19.31 § 2.62y 20.47 § 2.26 21.05 § 1.27
LVEF, % 59.77 § 3.22 60.73 § 3.73 61.31 § 2.66
Left atrium diame-
ter, mm

37.76 § 3.19 36.84 § 3.00 34.81 § 3.86

LVESD, mm 30.95 § 3.32 31.05 § 5.32 28.81 § 2.95
LVEDD, mm 49.17 § 3.29 47.42 § 4.54 46.77 § 3.49

Data are presented as mean § SD. sPAP: systolic pulmonary artery pressure;
mPAP: mean pulmonary artery pressure; RV: right ventricle; LV: left ventricle;
LVEF: left ventricular ejection fraction; LVESD: LV end-systolic diameter;
LVEDD: LV end-diastolic diameter; TAPSE: tricuspid annular plane systolic
excursion.*Based on TCT severity score.9

*P < 0.001 vs. non-severe involvement.
#P < 0.001 vs. no-involvement.
yP < 0.05 vs. no-involvement.
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TTE measurements
PH was observed in 15 patients (16.4%). Both sPAP and mPAP

were elevated in 10 of the 15 patients, and sPAP elevation only was
observed in 5 patients, whereas mild RVD was observed in 16
patients (17.5%). In all, 13 patients (14.2%) had both PH and RVD.

TTE findings according to where patients were treated for COVID-
19 are presented in Table 2. sPAP and mPAP in the ICU patients were
significantly higher than in the COVID-19 ward patients and outpa-
tients (P < 0.001). Moreoever, sPAP and mPAP were significantly
higher in the patients treated in the COVID-19 ward than in the out-
patients (P < 0.001). RV dimensions, basal diameter, mid diameter,
and longitudinal dimensions were significantly larger in the ICU
patients than in those treated in the COVID-19 ward (P < 0.05) and
the outpatients (P < 0.001). RV dimensions were also significantly
larger in the COVID-19 ward patients than in the outpatients (P <

0.001). TAPSE was shorter in the ICU patients than in the outpatients
(P = 0.010). The LVEF did not differ significantly according to where
the patients were treated for COVID-19

A comparison of TTE and TCT findings is shown Table 3. sPAP and
mPAP in the patients with severe pulmonary involvement were sig-
nificantly higher than in the patients with non-severe involvement
and no involvement (P < 0.001). RV dimensions, basal diameter, mid
diameter, and longitudinal dimensions were significantly larger in
the patients with severe pulmonary involvement, as compared to
those with non-severe involvement and no involvement (P < 0.001).
RV mid diameter was also significantly larger in the patients with
non-severe pulmonary involvement (P < 0.021). TAPSE was signifi-
cantly shorter in patients with severe pulmonary involvement than
in those with no involvement. (P < 0.05). The LVEF did not differ sig-
nificantly according to the degree of pulmonary involvement.

Discussion

The present study observed significant increases in PAP and right-
heart dimensions in adult post-COVID-19 patients without a history
of risk factors for PH that presented to the cardiology outpatient clinic
with cardiac complaints. These increases were correlated with the
severity of COVID-19 and the extent of pulmonary involvement based
on TCT. The present findings suggest that significant increases in sPAP
2-3 months after recovery from COVID-19 can occur even in low-risk
patients that present for cardiac assessment.

The primary characteristic of COVID-19 is prominent pulmonary
involvement.13 Whereas in most COVID-19 cases symptoms are mild,
including fever, cough, and flu-like symptoms, the disease can lead to
Table 2
TTE findings according to where patients were treated for COVID-19.

ICU (n = 22) COVID-19 Ward

(n = 28) Outpatient
(n = 41)
sPAP, mmHg 35.63 § 8.02*y 28.03 § 4.29* 19.80 § 4.26
mPAP, mmHg 23.45 § 4.97*y 18.75 § 3.18* 13.65 § 2.84
RV basal diameter, mm 32.38 § 2.51*y 30.28 § 3.33* 26.53 § 2.94
RV mid diameter, mm 33.14 § 1.95*y 30.00 § 3.10* 27.19 § 3.15
RV longitudinal dimension,
mm

77.33 § 5.52*y 73.35 § 6.39* 66.63 § 5.11

TAPSE, mm 18.84 § 3.02* 19.80 § 2.31 20.73 § 1.65
LVEF, % 60.04 § 3.89 59.88 § 2.84 60.75 § 3.08
Left atrium diameter, mm 38.18 § 2.19 37.03 § 3.86 36.00 § 3.54
LVESD, mm 30.40 § 3.27 30.46 § 3.37 30.43 § 4.38
LVEDD, mm 48.90 § 3.61 48.67 § 3.55 47.48 § 3.86

Data are presented as mean § SD. sPAP: systolic pulmonary artery pressure; mPAP:
mean pulmonary artery pressure; RV: right ventricle; LV: left ventricle; LVEF: left
ventricular ejection fraction; LVESD: LV end-systolic diameter; LVEDD: LV end-dia-
stolic diameter; TAPSE: tricuspid annular plane systolic excursion.
*P < 0.001 vs. outpatient.

y P < 0.001 vs. COVID-19 ward.
the development of pneumonia.14 Among patients with severe COV-
ID�19 pneumonia, »40% develop ARDS and 20% of such ARDS cases
are severe. Among these patients that recover, >33% are expected to
develop long-term fibrotic abnormalities.15,16 Hypoxic pulmonary
vasoconstriction, high airway pressure mechanical ventilation, and
thrombotic events can all contribute to endothelial and alveolar
injury, resulting in fibrosis.17 Fibrotic changes in the lungs and other
factors are most commonly responsible for the development of PH
during the course of COVID-19.18 Even in mild and moderate COVID-
19 patients lung edema, inflammatory infiltrates, and thickening of
the alveolar septa can lead to parenchymal damage, resulting in
altered pulmonary hemodynamics, which then leads to an increase
in PAP and RV involvement.1

The prevalence of PH in critically ill COVID-19 patients with ARDS
and respiratory failure is significant.1 Considering that most patients
suffer from mild-moderate COVID-19 and are treated in wards or at
home, the incidence of PH in such patients is not precisely known.
Earlier TTE studies primarily assessed COVID-19 patients with severe
pneumonia or ARDS.19�21 Earlier studies on post-COVID-19 patients
generally followed-up all patients, including patients with a history
of or risk for PH.2,5 The present study differs significantly in that it
excluded patients with a history of risk factors for pH and patients
with known comorbidities that can lead to an increase in PAP. In
addition, the present study included only post-COVID-19 patients
that presented to the cardiology outpatient clinic with cardiac com-
plaints, with the aim of determining the incidence of PH (which is
expected to decrease gradually after recovery from COVID-19) in
such patients and to determine if there is a relationship between the
severity of COVID-19 and increased PAP.

Pagenesi et al. 1 observed that the prevalence of PH among ICU
and non-ICU hospitalized COVID-19 patients was 12%. The prevalence
of PH during hospitalization is assumed to decreasee after recovery
from COVID.2 The present findings were observed in post-COVID-19
patients; therefore, it may be expected that the observed increases in
PAP will gradually decrease and that the incidence of PH in the
patients will be lower than in hospitalized COVID-19 patients. Inter-
estingly, the prevalence of PH in the present study was 10.9%, which
is close to that reported by Pagenesi et al..1 Furthermore, in the



K. Erdem and A. Duman / Heart & Lung 57 (2023) 75�79 79
present study sPAP increased as the severity of COVID-19 or the TCT
score increased.

COVID-19 pneumonia affects both the left and right ventricles of
the heart.19�21 During hospitalization the most common cardiac
manifestation during the acute phase of COVID-19 is RV dilatation/
dysfunction.21 Assessment of RV function in hospitalized COVID-19
patients is an independent predictor of 60-d mortality and can be
used to identify patients with a high risk of poor outcome.17,19

COVID-19 is also associated with other cardiac complications, includ-
ing myocarditis, acute myocardial infarction, heart failure, and cen-
tral and peripheral thromboembolic events.22 Myocardial injury
occurs in »20%-30% of hospitalized COVID-19 patients 22,23; there-
fore, we think myocardial injury resulting from COVID-19 infection
may be the primary reason post-COVID-19 patients without a history
of cardiac disease present to our cardiology outpatient clinic with
cardiac symptoms.

The present study has a few limitations, including its retrospective
design. Moreover, the study population was small due to limiting the
study to patients that recovered from COVID-19 and had a negative his-
tory of risk factors for PH. Additionally, baseline TTE values for the
patients were not obtained and there was no control group. Because this
was not a prospective echocardiographic study the data are limited to
the routine echocardiography criteria recorded during patient evaluation
in our outpatient clinic; therefore, heart diameters and ventricular func-
tions were not recorded in all the patients. Another limitation is that the
TTE assessments were not validated via invasive RV catheterization.
Finally, the presented data represent the findings obtained 2-3 months
post-COVID-19 and longer-term follow-up may be required to more
clearly determine if the observed increase in sPAP persists over time.

Conclusion

The present findings show that 2-3 months after recovering from
COVID-19 sPAP and RV dimensions are increased in patients without
a history of risk factors for PH. Furthermore, the increases in PAP and
RV dimensions correlate with the severity of COVID-19 and the
extent of pulmonary involvement based on TCT. Based on these find-
ings, we think it is necessary for cardiologists to consider PH in post-
COVID patients, and to carefully review the radiological and clinical
findings in patients with cardiac compaints that present after recov-
ery from COVID-19.
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