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Introduction: SARS-CoV-2 infection affects the cardiopulmonary system in the
acute as well as long-term phase. The aim of the present study was to
comprehensively assess symptoms and possible long-term impairments 6 and
18 months after hospitalization for severe COVID-19 infection.

Methods: This prospective registry included patients with PCR-confirmed
COVID-19 infection requiring hospitalization. Follow-up approximately
6 months post discharge comprised a detailed patient history, clinical
examination, transthoracic echocardiography, electrocardiogram, cardiac
magnetic resonance imaging (cMRI), chest computed tomography (CT) scan,
pulmonary function test (PFT), six-minute walk test (6MWT) and a laboratory
panel. At the time of the second follow-up visit at 18 months, patients without
pathologic findings during the first study visit were contacted by phone to
inquire about the course of their symptoms. In all other patients all initial
examinations were repeated.

Results: Two hundred Patients, who were hospitalized for COVID-19, were
contacted by phone and were recruited for the study. Due to dropouts the
second study visit was performed in 170 patients. A comparison between the
two study visits at 6 and 18 months post discharge showed the following
results: Six months after discharge, 73% and 18 months after discharge 52%
fulfilled the criteria for Long COVID with fatigue being the most common
symptom (49%). Echocardiography at 6 months post discharge showed an
impaired left ventricular function in 8% of which 80% returned to normal. Six
months post discharge, cMRI revealed pericardial effusion in 17% which
resolved in 47% of the 15 patients who underwent a control cMRI. Signs of
peri- or myocarditis were present in 5% of the patients and were resolved in
all 4 patients who attended control studies. At 6 months, chest CT scans
identified post-infectious residues in 24%. In the 25 repeated chest CT scans
20% showed full recovery. Length of in-hospital stay was identified as a
significant predictor for persisting Long COVID (95% CI: 1.005-1.12, p = 0.03).
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Conclusion: Comparing 6 to 18 months, the prevalence of Long COVID decreased
over time, but a high symptom burden remained. Structural and functional
abnormalities were less frequent than the portrayed symptoms, and it thus
remains a challenge to substantiate the symptoms.
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1 Introduction

The severe acute respiratory syndrome coronavirus type 2
(SARS-CoV-2) affects the cardiopulmonary system in the acute
as well as in the long-term phase. Therefore, Long COVID
syndrome still presents a major challenge more than 3 years after
the beginning of the world-wide pandemic. Despite a rapid
development and deployment of very effective vaccines, which
reduced the prevalence of Long COVID, a vast number of
patients continue to suffer from persisting symptoms (1-4).

Previous studies revealed a Long COVID incidence of 60%-
70%
COVID-19 infection requiring hospitalization, declining, but still

even 6 months after hospitalization due to severe
remaining high, with 40%-50% after 12 months. Information is
scarce how long symptoms persist (5-8). As symptoms are in
general very heterogenous in general and include more than 200
different ones, with fatigue being most common (9, 10), it
continues to be difficult to substantiate symptoms with respective
underlying pathologies (11).

Early studies revealed cardiac involvement in 20%-40% of
affected patients in the acute setting with elevated troponin,
reduced left ventricular function, myo- and pericarditis being the
most prevalent findings (12-16).

Emerging data demonstrate that pathologies identified by
cardiac magnetic resonance imaging (cMRI) after COVID-19
infection mostly resolved after 6 months, suggesting
long-term recovery (17).

Regarding pulmonary involvement, radiographic changes
observed by chest computed tomography (CT) scans were mainly
fibrosis and ground glass opacities (18, 19).

These changes were generally considered reversible, but
persisted up to 12 months (19).

Whereas recent studies confirmed that neither ¢cMRI nor
pulmonary function testing uncovered pathologies explaining
the persistent symptom burden, including fatigue (8, 20-22) a
recent metanalysis on exercise
that

was impaired in Long COVID patients, suggesting that

cardiopulmonary testing

revealed cardiopulmonary exercise capacity testing

potential  mechanisms  might include deconditioning
autonomic function, endothelial dysfunction and muscular or
mitochondrial pathology (23).

Concerning Long COVID risk factors, studies to date identified
in the acute disease phase: high body-mass index (BMI), older age,
female gender, combination of five or more symptoms and most
strongly the severity of acute infection (6, 24-30). However, up
to now, the underlying pathology of Long COVID still remains

elusive in many cases (31).
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Even though several studies assessed long-term effects of
COVID-19, it remains elusive which percentage of patients
continue to suffer from cardiopulmonary impairment and how
these symptoms evolve over time.

In the present longitudinal cohort study, we provide a
comprehensive analysis of symptoms and possible long-term
impairment 6 and 18 months after hospitalization and thus,
shed light on the underexplored relation between persisting
symptoms and potential pathobiological changes of the cardio-
respiratory system.

2 Materials and methods
2.1 Study design and setting

This was a prospective registry, which enrolled 200 consecutive
patients with PCR-confirmed COVID19 infection requiring
hospital treatment between February 2020 and October 2021.
Patients were contacted by phone between July 2020 and April
2022 and were examined during two study visits, 6 and 18
months after hospital discharge in order to assess the presence
and evolution of cardiopulmonary long-term sequelae of
COVID-19. Both study visits were performed at the Division of
Cardiology, Favoriten Clinic, or at the Division of Cardiology,
Medical University of Vienna.

A detailed methodology of study-related clinical examinations
has been described in our previous publication reporting the
results of the first 150 patients at their 6 months follow-up visit (11).

Long COVID was diagnosed in the presence of at least one
persisting symptom at the first study visit (6 months after
discharge), which had to be related to the acute infection
independent from otherwise already underlying, non-COVID-
associated organ dysfunction (32, 33).

Our study complied with the Declaration of Helsinki, as well as
local laws, and was approved by the local ethics committee (EK 20-
153-0720). All study participants gave their written informed consent.

2.2 Population

As previously described in greater detail (11), patients had
either been hospitalized on a regular ward (91%, n=182) or an
intensive care unit (ICU; 9%, n = 18) of our dedicated COVID-19
unit. After hospital discharge, patients were contacted in a
consecutive manner. Exclusion criteria were age <18 years and/
or pregnancy.
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2.3 Study-related clinical examinations

In brief, all participants were examined in a standardized
manner and underwent a cardiac and pulmonary workup
walk  test
(6MWT), blood analysis including cardiac biomarkers, such as
(NT-proBNP) and
troponin T, transthoracic echocardiography (TTE), cMRI,

including  clinical  assessment,  six-minute

N-terminal brain natriuretic peptide
pulmonary function test (PFT) and chest CT scans. For cMRI

investigations, a standardized protocol was followed for
morphological and functional cardiac evaluation. The left
ventricular ejection fraction was calculated from manually
corrected endsystolic and enddiastolic endocardial contours in
short axis cine loops using dedicated Medis software (Medis
Medical Imaging, Leiden, Netherlands).

At the time of the second follow-up visit at 18 months, patients
who did not show any abnormalities during the first study visit or
refused to return for further follow-up examinations were
contacted by phone to inquire about the course of symptoms
(n=46). In all other patients with abnormalities during the
first study visit, blood analysis, TTE and 6MWT were repeated
(n=124). Chest CT scans, cMRI and PFT were only performed

in case of pathological findings during the first study visit.

2.4 Statistical analysis

Data were tested for consistency and continuous variables for
normality. Results from categorical variables are expressed as
absolute numbers and percentages, while continuous variables
are shown as mean and standard deviations. NT-proBNP and
troponin T were log-transformed with base 10. For between
group analyses, continuous variables were compared using a
bootstrap-t with and without the assumption of variance
homogeneity based on 4,000 Monte Carlo simulations. Pearson’s
chi-square and Fisher’s exact test were applied for discrete
variables. Univariable logistic regression models were applied to
test for independent risk factors for Long COVID, dyspnea and
fatigue using asymptotic as well as p-values based on Monte
Carlo with  95%
confidence intervals were used to estimate the effect size of each

simulation. Corresponding odds ratios
predictor. All reported tests were two-sided, and p-values <0.05
were considered statistically significant. All statistical analyses in
this report were performed by use of NCSS (NCSS 2022, NCSS,
LLC. Kaysville, UT, USA), STATISTICA 13 (Hill, T. & Lewicki,
P. Statistics: Methods and Applications. StatSoft, Tulsa, OK,

USA) and IBM SPSS (IBM Corp. Armonk, NY, USA) version 26.

3 Results
3.1 Study participants

A description of the study enrollment procedure is
illustrated in Figure 1A. In brief, patients who had been
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hospitalized between February 2020 and October 2021 were
contacted by phone between July 2020 and April 2022. Of the
1,695 consecutive patients who had been listed in our registry
of previously hospitalized COVID-19 patients, 1,475 were
contacted via phone until 200 patients agreed to participate in
the study.

Following the 6-months follow-up visit, a total of 30 patients
dropped out as they had either discontinued (5,5%; n=11) the
study or had been lost to follow-up (9,5%; n=19) as depicted
in Figure 1B.

The 2nd study visit was either carried out in person ambulatory
(62%; n =124), for those with abnormal results in at least one of
the examinations during the Ist study visit, or via telephone
(23%; n=46), for those without abnormalities within the 1st
study visit (14%; n =28) or those refusing to come to hospital a
second time (9%; n = 18).

The first study visit was 6.1 (+ 1.7) months and the second 19.1
(+ 4.6) months after hospital discharge.

Only 4 of the participants had received COVID-19 vaccination
prior to the infection, as the vaccination only became available
toward the end of the enrollment period.

3.2 Clinical parameters

Detailed patient characteristics 6 months after discharge are
depicted in Table 1, with data provided for the entire study
population (100%; n =200), symptomatic patients (73%; n = 146)
and asymptomatic patients (27%; n=54). In brief, the mean
duration of COVID-19 hospitalization was 11.0 (+11) days.
Patients with a longer in-hospital stay developed Long COVID
more frequently (p =0.004).

Mean age of the total study population was 53.3 (+14) years
and 85 patients (42.5%) were female. Overweight and a history
of arterial hypertension were the most common comorbidities.

Regarding laboratory results, cardiac or inflammatory
markers were not elevated 6 months post COVID-19 and no
differences with respect to laboratory parameters in Long
COVID vs. asymptomatic patients were found (p=0.08,
p=0.59, p=0.14).

Patient characteristics of the 170 (85%) patients attending the
second study visit are depicted in Table 2. The only significant
difference 18 months after hospital discharge between patients
suffering from Long COVID and the asymptomatic group was
the length of the 6MWT, which had been shorter in the Long
COVID group (p =0.003).

3.3 Imaging parameters

Imaging parameters 6 and 18 months post COVID-19 are
shown in Figure 2 as well as in Table 3.

Six months post COVID-19 infection, impaired left ventricular
function in echocardiography was detected in 15 (8%) study
participants, of which 5 patients attended their 18-month control
normalization of left ventricular

echocardiography, where

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1366269
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Niebauer et al.

10.3389/fcvm.2024.1366269

Registry of hospitalized
Covid-19 patients
n=1695

Contacted via telephone

B |

n=200

n=1475
Y
Refused to participate Study participation Lost to follow-up
n=340 n=200 n=935

15¢ Study visit ]

6 months post

Covid-19 infection

nd
Dropout Ambulator_y.z
=30 Study visit
n=124

FIGURE 1

(A) Patient flow-chart, n = number of patients (B) description of the study process of the 1st and 2nd study visit, n = number of patients.

Telephone 274 18 months post
Study visit Covid-19 infection
n=46

function could be documented in 4 (80%) of these 5 patients. At 6
months, reduced global longitudinal strain (GLS) was measured in
19 (14%) study participants.

cMRI revealed pericardial effusion in 27 (17%) study
participants, which resolved after 18 months in 8 (57%) of the 14
patients, who underwent a control ¢cMRI. Signs of peri- or
myocarditis were present in 7 (5%) of the patients at 6 months
and regressed in all 4 (100%) patients in control studies at 18
months. None of the patients with postinfectious changes had
received vaccination before the first study visit.

Pulmonary manifestation at 6 months included reduced vital
capacity in 17 (11%) patients in PFT. Values improved in almost half
of the patients (47%; n=28) and normalized in 1 of the 10 (10%)
patients, who attended the second study visit after 18 months.

Frontiers in Cardiovascular Medicine

At 6 months, chest CT scans identified post-infectious residues
in 41 (24%), which mainly included bilateral ground glass opacities,
pneumonic consolidation, lymph node enlargement and/or
fibrosis. In the 25 repeated chest CT scans 5 (20%) showed full
recovery after 18 months. Bilateral consolidations and scarred
residues were the most common persisting changes.

Neither a reduced vital capacity in the PFT (p=0.31) nor
bilateral changes in the chest CT scans (p =0.54) were associated
with persisting dyspnea.

No significant differences in terms of imaging
parameters were detected between the Long COVID and the
asymptomatic group in the first study visit 6 months as well
as in the second study visit 18 months post COVID-19

infection (Tables 3, 4).
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Cardiac and pulmonary structural and functional changes 6 and 18 months post COVID-19 in comparison with a separate graph pointing out the
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3.4 COVID-19-related symptoms

A comparison concerning symptoms between the two study
visits at 6 and 18 months post discharge showed the following

results: Six months after discharge, 73% (n = 146) and 18 months
after discharge 52% (n=89) still fulfilled criteria for Long
COVID with fatigue and exertional dyspnea being the most
common symptoms (Figure 3).

TABLE 3 Imaging parameters of the 200 study participants 6 months post COVID-19 infection, analyzed as a total study population as well as subdivided

according to symptoms 18 months post COVID-19 infection.

Imaging parameters Total study population (n = 200)

Long COVID (n=146)

Asymptomatic at follow-up (n=54)  p-value

Echocardiography

EF, % 60.3£6.8 60.5+6.5 599+73 0.98
GLS, % —-18.7+29 —18.6 +2.7 19.1+3.2 0.37
Diastolic dysfunction, (n, %) 9 (4.6) 57 (4.8) 2 (3.8) 0.24
Cardiac MRI

EF, % 59.2+7.0 59.7+6.8 57.99+7.5 0.35
LGE, (1, %) 12 (8.2) 7 (6.5) 5 (12.8) 0.30
Myocarditis/pericarditis, (1, %) 7 (4.8) 4 (3.7) 3(7.7) 0.32
Pericardial effusion, (n, %) 27 (19.0) 21 (19.8) 6 (15.4) 0.64
T1 time, ms 1,033.9+39.7 1,033.6 + 40.2 1,034.9 +39.0 0.96
ECV, % 25.6+2.6 257+2.6 254+27 0.50
Chest CT scans

Post COVID changes, (1, %) 41 (23.6) 32 (25.2) 9 (19.1) 0.49
Pulmonary function test

Reduced VG, (n, %) 17 (10.8) 10 (8.8) 7 (15.9) 0.20
Reduced FeV1/VC, (n, %) 3 (2.0) 2 (1.8) 1(22) 0.86

LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal strain measured using speckle tracking imaging; cMRI, cardiac magnetic resonance
imaging; LGE, late gadolinium enhancement; ECV, extracellular volume; CT, computed tomography; VC, vital capacity. Categorical variables are shown as absolute
numbers and percentages, while continuous variables are given as means with standard deviations. P-values are based on independent t-tests or bootstrap-t tests for
continuous variables and Pearson’s Chi-Squared or Fisher's Exact Test for discrete variables.
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TABLE 4 Imaging parameters of the 170 study participants at their second follow-up, analyzed as a total study population as well as subdivided
according to symptoms 18 months post COVID-19 infection.

Imaging parameters Total study population Long COVID Asymptomatic at follow-up p-value
(n=170)

Echocardiography

EF, % (n=113) 62.4+6.0 62.51 £ 6.45 62.30 £5.33 0.86

GLS, % (n=61) —18.7+53 —18.52 +5.89 19.50 £ 2.62 0.86

Diastolic dysfunction, (1, %) (n=110) 3(27) 1 (1.5) 2 (4.5) 0.56

Cardiac MRI

EF, % (n=22) 58.2+5.7 57.9+4.7 584+7.0 0.86

LGE, (n,%) (1 =22) 3 (13.6) 1(8.3) 2 (20.0) 0.45

Myocarditis/pericarditis, (1, %) (n=22) 0 (0) 0 (0) 0 (0) 1.0

Pericardial effusion, (1, %) (n=22) 7 (31.8) 4 (33.3) 3 (30.0) 1.0

T1 time, ms (n=22) 1,041.0 £ 54.4 1,050.0 £41.3 1,031.0 £ 67.8 0.43

ECV, % (n=20) 25.1 +2.6 25.1+25 25.00+2.9 091

Chest CT

Post COVID changes, (1, %) (n=41) 22 (53.9) 10 (50.0) 11 (61.0) 0.53

Pulmonary function test

Reduced VC, (n, %) (n=31) 11 (35.5) 3 (15.8) 8 (66.7) 0.007

Reduced FeV1/VC (n,%) 1(3.2) 1(5) 0 (0) -

LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal strain measured using speckle tracking imaging; cMRI, cardiac magnetic resonance
imaging; LGE, late gadolinium enhancement; ECV, extracellular volume; CT, computed tomography; VC, vital capacity. Categorical variables are shown as absolute
numbers and percentages, while continuous variables are given as means with standard deviations. P-values are based on independent t-tests or bootstrap-t tests for

continuous variables and Pearson’s Chi-Squared or Fisher's Exact Test for discrete variables.

Most symptoms were less frequently detected over time 3.5 Long COVID risk factors
except for fatigue and concentration/memory loss, which
both increased. Other less frequent symptoms included: The only predictor for persisting Long COVID 6 months post

chronic head ache, myalgia, palpitations, psychiatric issues and  discharge was the length of in-hospital stay [OR 1.14 (95% CI:

many more. 1.005-1.12), p=0.03] as an indicator for the severity of the
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Figure 3
Spectrum of Long COVID symptoms 6 and 18 months post discharge in relation to acute phase symptoms during hospital stay.
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TABLE 5 Risk factors for developing long COVID at 6 months post
COVID-19 infection.

10.3389/fcvm.2024.1366269

initial disease course (Table 5). No significant risk factors were
detected for Long COVID at 18 months (Table 6).

Risk factors for long COVID | p-value® | Odds ratio | 95% Cl Testing for specific symptoms, six months after discharge,
Length of in-hospital stay 0.004* 114 1.05-1.26 length of in-hospital stay was a risk factor for fatigue [OR 1.06
Admission to intensive care unit 0.13 (95% CI 1.008-1.107), p=0.021] as well as for persisting dyspnea
Age 0.12 1.02 0995-104 | [OR 1.069 (95% CI 1.035-1.16), p=0.001]. In addition,
Gender 034 073 0913 1 overweight [OR 2.33 (95% CI 1.15-4.74), p=0.003] and reduced
Overweight 0.45 0.75 0.36-1.58 ) ] o )
Previons illness o2 L6 088314 GLS in echocardiography were predictive for exertional dyspnea
NT-proBNP* 0.09 127 0.97-1.66 [OR 3.69 (95% CI 1.3-10.47), p = 0.005, Table 7].
Troponin T* 0.59 1.16 0.68-1.96
Ventilation TABLE 7 Risk factors for developing fatigue or exertional dyspnea
Oxygen 0.62 1.21 0.56-2.64 6 months after hospital admission due to COVID-19.
Nasal high flow 0.70 0.81 0.28-2.36
NIV 1.0 b) b) Risk factors for fatigue p-value* | Odds ratio = 95% Cl
Intubation 0.14 4.86 0.59-40.3 Length of in-hospital stay 0.021* 1.06 1.008-1.107
Pericardial effusion in MRI 0.54 1.35 0.50-3.67 Admission to intensive care unit 0.26 1.78 0.66-4.78
Reduced LVF in echocardiography 0.92 1.07 0.32-3.50 Age 0.67 101 0.99-1.03
Borderline GLS in echocardiography 0.50 1.40 0.53-3.67 Gender 0.39 0.78 0.46-1.37
Reduced GLS in echocardiography 0.49 1.52 0.45-5.07 Overweight 0.80 0.92 0.49-1.74
CT post COVID Changes 0.41 1.42 0.62-3.26 Previous illness 0.30 1.36 0.76-2.41
Reduced VC 021 051 0.18-1.45 NT-proBNP* 0.67 1.05 0.84-1.32
NT-proBNP, N-terminal pro brain natriuretic peptide; NIV, noninvasive ventilation, Troponin T* 075 093 0.57-149
MRI, magnetic resonance imaging; LVF, left ventricular ejection fraction; GLS, left Ventilation
ventricular global longitudinal strain; CT, computed tomography; NIV, Oxygen 0.96 0.98 0.52-1.85
noninvasive ventilation; VC, vital capacity. Nasal high flow 0.53 1.33 0.55-3.26
b) Cannot be computed. NIV 0.65 0.57 0.05-6.57
°Log (base 10) transformed.
#p-values based on univariate logistic regressions. Invasive ventilation 0.35 L71 0.55-5.30
*Highlights significant p-values. Pericardial effusion in MRI 0.10 0.48 0.19-1.14
Bold values represent the statistically significant results. Reduced LVF in echocardiography 0.94 0.96 0.33-2.76
Borderline GLS in echocardiography 0.21 1.71 0.75-3.94
Reduced GLS in echocardiography 0.20 1.94 0.71-5.34
Diastolic dysfunction 0.77 0.82 0.21-3.14
CT post COVID Changes 0.76 112 0.55-2.25
Reduced VC 0.56 0.74 0.27-2.06
TABLE 6 Risk factors for developing long COVID at 18 months post - - " -
COVID-19 infection. Risk factors for Exertional dyspnea p-value Odds ratio 95% CI
Length of in-hospital stay 0.001* 1.096 1.035-1.16
Risk factors for long COVID | p-valu Odds ratio | 95% Cl Admission to intensive care unit 0.10 2.18 0.82-5.79
Length of in-hospital stay 0.12 1.03 1.99-1.06 Age 0.25 1.01 0.99-1.03
Admission to intensive care unit 0.54 1.41 0.48-4.14 Gender 0.65 0.88 0.49-1.56
Age 0.6 1.01 0.98-1.03 Overweight 0.003* 2.33 1.15-4.74
Gender 0.28 0.71 0.38-1.32 Previous illness 0.41 1.28 0.71-2.32
Overweight 0.74 0.89 0.45-1.78 NT-proBNP* 0.75 1.04 0.82-0.132
Previous illness 0.71 1.12 0.60-2.10 Troponin T* 0.64 0.88 0.54-1.44
NT-proBNP* 0.35 1.13 0.88-1.46 Ventilation
Troponin T* 0.66 1.13 0.65-1.95 Oxygen 0.58 1.21 0.62-2.35
Ventilation Nasal high flow 0.051 248 0.99-6.17
Oxygen 0.71 1.14 0.57-2.28 NIV 0.96 1.06 0.09-12.3
Nasal high flow 0.53 0.73 0.27-1.98 Invasive ventilation 0.12 2.43 0.09-12.3
NIV 0.60 1.93 0.17-22.5 Pericardial effusion in MRI 0.24 1.66 0.71-3.90
Intubation 0.49 1.55 0.45-5.28 Reduced LVF in echocardiography 0.074 2.67 0.91-7.84
Pericardial effusion in MRI 0.97 0.98 0.41-2.37 Borderline GLS in echocardiography 0.33 0.63 0-24-1.64
Reduced LVF in echocardiography 0.18 2.53 0.65-9.90 Reduced GLS in echocardiography 0.005* 3.69 1.3-10.47
Borderline GLS in echocardiography 0.11 2.07 0.84-5.11 Diastolic dysfunction 0.09 341 0.83-14.1
Reduced GLS in echocardiography 0.81 1.15 0.37-3.62 CT post COVID Changes 0.49 1.28 0.63-2.61
CT post COVID Changes 0.65 0.84 0.39-1.80 Reduced VC 0.54 1.37 0.50-0.378
Reduced VC 0.32 0.55 0.17-1.77 NT-proBNP, N-terminal pro brain natriuretic peptide; NIV, noninvasive ventilation,

NT-proBNP, N-terminal pro brain natriuretic peptide; NIV, noninvasive ventilation
MRI, magnetic resonance imaging; LVF, left ventricular ejection fraction; GLS, left
ventricular global longitudinal strain; CT, computed tomography; VC, vital capacity.
?Log (base 10) transformed.

#p-values based on univariate logistic regressions.

Bold values represent the statistically significant results.
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LVF, left ventricular ejection fraction; GLS, left ventricular global longitudinal strain;
CT, computed tomography; VC, vital capacity.

?Log (base 10) transformed.

#p-values based on univariate logistic regressions.

*Highlights significant p-values.

Bold values represent the statistically significant results.
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3.6 Subgroup analysis normal ward vs. ICU

A subgroup analysis comparing normal ward and ICU
patients revealed differences in the 6-minute walk distance
(normal ward: 520.6 + 102.28 m vs. ICU: 434.54 + 13545 m, p
=0.006, Table 8) at 6 months as well as at 18 months (normal
ward: 546.1+73.22m vs. ICU: 423.6+72.06 m, p=0.001,
Table 9). No between-group differences were encountered with
respect to laboratory parameters at 6 or 18 months after
discharge (Tables 8, 9).

Regarding imaging parameters 6 months after discharge, GLS
was significantly more reduced (p=0.033, Table 10) and post-
COVID CT changes were more frequent in patients with former
ICU hospitalization (p=0.017, Table 10). No significant
differences with regards to imaging were found after 18 months
between normal ward and ICU patients (Table 11).

TABLE 8 Patient characteristics of 200 patients at their first follow-up 6
months post discharge after COVID-19 infection according to hospital
admission to either normal ward or ICU.

Normal ward Intensive care
(n=182, 90%)  unit (n=18, 10%)

Patient
characteristics

p-value

length of in-hospital 8.62+5.16 34.44 £22.05 0.0005*
stay

Age, years 53.06 +14.3 55.56 +10.86 0.47
Female, % 79 (43%) 6 (33%) 0.17
BMI, kg/m2 29.16 £5.53 31.16 +7.02 0.41
SBP, mmHg 136.3 +19.14 140.93 +20.63 0.41
DBP, mmHg 85.47 £10.79 85.64 +15.89 0.96
Heart rate, bpm 71.28 £10.45 7121+9.12 0.99
SpO,, % 97.85+1.09 96.6+1.9 0.095
Arterial hypertension, % 80 (44%) 9 (50%) 0.80
Coronary artery 9 (5%) 3 (17%) 0.08
disease 60, %

preexisting heart 1 (0.5%) 3 (16.7%) 0.002*
failure 59, %

Overweight, % 128 (73%) 14 (78%) 0.78
Diabetes mellitus, % 31 (17%) 5 (28%) 0.33
COPD or Asthma, % 17 (10%) 1 (5.6%) 1.0
6MWT, m 520.6 + 102.28 434.54 +135.45 0.006*
Hemoglobin, g/dl 15.1+10.4 13.7+1.87 0.077
eGFR, ml/min/1,73m? 86.29 +19.7 79.51 +18.6 0.19
CRP, mg/dl 0.82 £3.04 1.66 +3.09 0.14
NT-proBNP log, pg/ml* 397+1.15 4.67 +1.68 0.11
Troponin T log, ng/L" 142 £95.13 116.19 £101.8 0.43
CK, U/L 8.62+5.16 34.44 +22.05 0.32

SBP, systolic blood pressure; DBP, diastolic blood pressure; bpm, beats per minute;
SpO2, peripheral oxygen saturation; COPD, chronic obstructive pulmonary
disease; 6MWT, 6-minute walk test; eGFR, estimated glomerular filtration rate
calculated using the Cockroft Gault formula; CRP, C-reactive protein; NT-
proBNP, N-terminal pro brain natriuretic peptide; CK, creatine kinase.
Overweight was defined as a BMI of > 25 kg/m? according to the definition of
the World Health Organization. Categorical variables are shown as absolute
numbers and percentages, while continuous variables are given as means with
standard deviations. P-values are based on independent t-tests or bootstrap-t
tests for continuous variables and Pearson’s Chi-Squared or Fisher's Exact Test
for discrete variables.

#Log-transformed (base 10).

*Highlights significant p-values.

Bold values represent the statistically significant results.
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TABLE 9 Patient characteristics of 170 patients at their second follow-up
18 months post discharge after COVID-19 infection according to hospital
admission to either normal ward or ICU.

Patient Normal ward Intensive care p-
characteristics (n=154) unit (n=16) value
SBP, mmHg 134.54 £19.75 141.17 +26.48 045
DBP, mmHg 85.9 + 14.09 85.17 + 18.64 0.89
Heart rate, bpm 69.85+10.44 66.38 £ 9.86 0.34
Sp0,, % 96.62 + 10.62 97 +1.41 092
6MWT, m 546.1 +73.22 423.6 +72.06 0.001*
Hemoglobin, g/dl 15.61 +12.55 14.03 +1.57 0.17
eGFR, ml/min/1,73m? 79.55 + 13.90 75.04 +15.93 0.34
CRP, mg/dl 269+42 2.96 +3.88 0.83
NT-proBNP, pg/ml* 3.75+1.08 4.64+18 0.12
Troponin T, ng/L" 1.92+0.53 2.15+0.92 0.43
CK, U/L 145.39 + 134.14 98.15 + 42.32 0.024*

SBP, systolic blood pressure; DBP, diastolic blood pressure; bpm, beats per minute;
SpO2, peripheral oxygen saturation; 6MWT, 6-minute walk test; COPD, chronic
obstructive pulmonary disease; eGFR, estimated glomerular filtration rate
calculated using the Cockroft Gault formula; CRP, C-reactive protein; NT-
proBNP, N-terminal pro brain natriuretic peptide; CK, creatine kinase.
Overweight was defined as a BMI of > 25 kg/m? according to the definition of
the World Health Organization. Categorical variables are shown as absolute
numbers and percentages, while continuous variables are given as means with
standard deviations. P-values are based on independent t-tests or bootstrap-t
tests for continuous variables and Pearson’s Chi-Squared or Fisher's Exact Test
for discrete variables.

#Log-transformed (base 10).

*Highlights significant p-values.

Bold values represent the statistically significant results.

TABLE 10 Imaging parameters of the 200 study participants 6 months
post COVID-19 infection according to hospital admission to either
normal ward or ICU.

Normal ward

Imaging parameters

Intensive care p-

(n=182) unit (n=18) value
Echocardiography
EF, % 60.73 + 6.22 58.24 +7.04 0.12
Normal/intermediate/ 81 (65)/27 (22)/ | 2 (22)/4 (44)/3 (33) | 0.033*
reduced GLS, (1,%) 16 (13)
Diastolic dysfunction, (%) 96/0/4 94/0/6 0.95
Cardiac MRI
EF, % 59.68 + 6.68 55.09 + 8.84 1.00
LGE, (n,%) 11 (8.1) 1(9) 1.0
Myocarditis/pericarditis, 7 (5.3) 0 (0) 1.0
(n,%)
Pericardial effusion, (1,%) 25 (18.7) 3 (27.3) 0.44
Chest CT scans
Post COVID changes, (1, 32 (20.1) 9 (60) 0.017*
%)
Pulmonary function test
Reduced VC, (n,%) 13 (9.2) 4 (26.7) 0.061

LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal
strain  measured using speckle tracking imaging; cMRI, cardiac magnetic
resonance imaging; LGE, late gadolinium enhancement; ECV, extracellular
volume; CT, computed tomography; VC, vital capacity. Categorical variables are
shown as absolute numbers and percentages, while continuous variables are
given as means with standard deviations. P-values are based on independent
t-tests or bootstrap-t tests for continuous variables and Pearson’s Chi-Squared
or Fisher's Exact Test for discrete variables.

*Highlights significant p-values.

Bold values represent the statistically significant results.
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TABLE 11 Imaging parameters of the 200 study participants 18 months
post COVID-19 infection according to hospital admission to either
normal ward or ICU.

Echocardiography

EF, % 62.55+6.2 61.45+4.34 0.57
Normal/intermediate/reduced | 42 (75)/10 (18)/4 | 3 (60)/2 (40)/0 (0) 0.44
GLS, (n,%) (7)

Diastolic dysfunction, (1,%) 3 (3) 0 (0) 1.0
Cardiac MRI

EF, % 57.92 £5.96 59+0 0.86
LGE, (n,%) 3 (15) 0 (0) 1.0
Myocarditis/pericarditis, (1,%) 2 (10) 0 (0) 1.0
Pericardial effusion, (1,%) 6 (31.6) 1 (100) 0.35
Chest CT scans

Post COVID changes, (1,%) 16 (52) 5(71) 0.43
Pulmonary function test

Reduced VC, (n,%) 8 (32) 3 (50) 0.64

LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal
strain measured using speckle tracking imaging; cMRI, cardiac magnetic
resonance imaging; LGE, late gadolinium enhancement; ECV, extracellular
volume; CT, computed tomography; VC, vital capacity. Categorical variables are
shown as absolute numbers and percentages, while continuous variables are
given as means with standard deviations. P-values are based on independent
t-tests or bootstrap-t tests for continuous variables and Pearson’s Chi-Squared or
Fisher's Exact Test for discrete variables.

4 Discussion

The purpose of this study was to deliver a comprehensive
report on the prevalence of symptoms and possible cardio-
pulmonary long-term impairments 6 and 18 months after severe
COVID-19. The five major findings are:

Firstly, cardiac manifestations have been documented in both
TTE and cMRI and mostly resolved over time. In TTE, a reduced
left ventricular function was detected in 8%, almost matching the
10% of a previous study of only symptomatic patients 5 months
after infection (34). In our study, 80% normalized after 18 months.

Since cMRI is a valuable tool in assessing cardiac involvement
and it was thus also used in our study, we were able to detect
traces of pericardial effusion in 17% of mostly asymptomatic
patients. The reported prevalence in other studies varied between
4.6% as an incidental finding in patients with COVID-19 of mild
severity (35) and 90.7% (36) in critically ill patients. Follow-up
cMRIs showed resolution of pericardial effusion in more than half
of our patients. In accordance with a previous report, we speculate
that also in our study pericardial effusion was rather caused by
inflammation than infection, as effusions in the respective study
were commonly found to be sterile (37). As our first visit was
scheduled 6 months after discharge, and a similar study observed
that cardiac manifestations of COVID-19 mostly resolved within
that timeframe (17), it can be speculated that the rate of cardiac
manifestations in our study was actually higher than before
the
pericardial effusions in our study is lower compared to other

reported in similar studies. Furthermore, incidence of

studies (36), most likely due to a longer time period between the
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index infection and the cMRI. The absence of inflammatory
changes in the pericardium at 6 months in patients presenting with
a pericardial effusion is likely attributable to the putative recovery
since the index hospitalization and we interpret the pericardial
effusions as detecting the remnants of previous inflammation. This
would explain the lacking inflammatory changes on the MRI scans
with normal inflammatory parameters in the laboratory panel.

Since we performed cMRIs 6 and 18 months after discharge, we
were able to distinguish between cardiac manifestations secondary
to COVID-19 and preexisting pathologies.

In a recent international, retrospective, observational study,
acute severe COVID-19 myocarditis has been reported to be
rare with 2.4 “definite/probable” 1,000
hospitalizations increasing to 4.1 when also “possible” cases were

rather cases per
considered (38). In our cohort, however, results indicate a higher
incidence as signs of peri- or myocarditis were present in 5% of
the first cMRI after 6 months, mostly subclinical though, and
fully regressed in all follow-up c¢cMRIs. This full resolution of
signs of myocarditis also corroborates our clinical findings of
complete recovery and supports a causal relationship with
COVID-19 than

Nonetheless, the exact prevalence of cardiovascular involvement

rather coincidental underlying causes.
remains unknown but is likely to be underestimated as studies
vary regarding their patient inclusion criteria, MRI protocols and
follow-up time frames (36).

Secondly, concerning pulmonary manifestation, chest CT scans
6 months post hospital discharge showed postinfectious changes in
one fourth of the patients with mainly bilateral ground glass
opacities. Follow-up CTs revealed transformation to bilateral
consolidations and scarred residues. Although it had been
reported that such changes were generally reversible within 12
months (19), in our study, only 23% of our affected patients
showed full resolution after 18 months. In keeping with findings
from another study, this was not accompanied by pulmonary
functional impairment like early exertional dyspnea (39). Taken
together, cardiac sequelae of COVID-19 seem to resolve over
time, while pulmonary manifestations seem to last longer or
be persistent.

Thirdly, six months after hospital discharge, the majority of
patients still suffered from at least one symptom and 73%
fulfilled the criteria for Long COVID, decreasing to 52% after 18
months. The symptom burden remained high throughout the
study course with fatigue and exertional dyspnea being the most
common symptoms at both visits, matching findings from other
studies (7, 9, 10, 40).

Previous literature reports a 60%-70% incidence of Long
COVID 6 months after hospitalization due to severe COVID-19
infection, declining, but still remaining high, with 40%-50% after
12 months (3-6). Given the low number of patients requiring
admission to the ICU contrasted by a relatively high number of
Long COVID symptoms, this suggests that even patients with a
relatively mild disease course may develop Long COVID.

Symptoms decreased over time (7), and as in our study, fatigue
and memory impairment were among the most prevalent symptoms.
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Fourthly, the only risk factor being predictive for Long COVID
6 months after discharge was the length of the initial hospital stay
representing the severity of disease. This has been supported by a
recent study from Spain with a higher percentage of Long
COVID in patients with previous hospitalization (40, 41). This,
however, was only predictive for Long COVID at 6 but not 18
months after discharge in our study, which might be explained
by fewer abnormalities as well as a smaller number of affected
patients throughout the study.

Risk factors for Long COVID differ considerably among
published studies, due to cohorts being rather heterogenous.
Most often high body-mass index (BMI), older age, female sex,
combination of five or more symptoms and/or severity of acute
infection (6, 24-30) were mentioned. None of these, however,
were predictive in our study, where length of stay, as mentioned
above, was the only predictive variable, which is indirectly
correlated to severity of disease.

Fifthly, with regards to the persistence of symptoms, exertional
dyspnea could not be substantiated by diagnostic or clinical
findings, whereas overweight and a reduced GLS were predictive
for exertional dyspnea.

We could not identify any specific clinical manifestation that
could have served as a plausible explanation for the leading
symptom fatigue, which clinically resembles chronic fatigue
syndrome. However, as with other symptoms reported in our
study, length of the initial hospital stay and thus a marker of the
severity of the disease, was the only predictive risk factor. Recent
studies confirm that neither cMRI, chest CT scan nor pulmonary
function uncovered pathologies explaining persistent symptom
burden, including fatigue (8, 20-22).

Regarding the management of symptoms, existing evidence is
limited to exercise training rehabilitation, which improved
dyspnea in Long COVID (42). Initial research mainly focused on
symptom-centered treatments that included naltrexone against
beta blockers
syndrome, antihistamines and/or intravenous immunoglobulins

neuro-inflammation, for postural tachycardia
for immune dysfunction and cognitive pacing for cognitive
dysfunction. Current research focuses, among others, on further
treatment strategies for Long COVID such as elimination of
autoantibodies (31).

4.1 Limitations

Firstly, because a relatively large number of registry patients
had either been lost to follow-up (n=935), refused to participate
(n =340) before inclusion into the study or dropped out (n=30)
during the course of the study, an inherent bias of the reported
results cannot be excluded.

Therefore, secondly, an even larger sample size would have been
favorable. Adherence to control examinations could have been
better, but may partially be explained by the fact that persisting
symptoms and abnormalities documented during the first study
visit were rather minor and possibly disappeared over time.

Thirdly, a subgroup analysis comparing vaccinated and
unvaccinated patients was not feasible due to the limited number
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of individuals who had been vaccinated (n=4) before the
COVID-19 infection.

Fourthly, with respect to diagnostics in terms of the laboratory
panel, only leucocytes and C-reactive peptide had been measured.
Neither cytokines nor other inflammatory parameters, which could
have contributed to the pathogenesis of Long Covid, have been
measured in the present study.

Fifthly, even though the 6MWT was significantly reduced in
the Long COVID group, this test has not been validated for
prognostic and pathophysiological consequences in Long COVID
patients so far. A better tool for understanding the etiology of
the symptoms would have been the cardiopulmonary exercise
testing, which should be carried out in future studies.

4.2 Conclusion

During the course of our study, patients previously treated in-
hospital for severe COVID-19 infection showed a decrease in the
prevalence of Long COVID symptoms over time. Nonetheless,
even 18 months after hospital discharge still a high symptom
burden remained. Also, structural and functional abnormalities
documented 6 months after discharge were less frequent after 18
months. Interestingly, we found no correlation between
symptoms and structural and/or functional abnormalities, so it
remains a challenge to substantiate these symptoms. This raises
the (43)

contribute to the Long COVID symptoms, which has not been

question whether immunological factors could
examined in the present study. Our study also revealed that the
only significant risk factor for developing Long COVID was the
initial length of in-hospital stay, which serves as a marker of
disease severity.

In our cohort of patients that previously suffered from severe
COVID-19

cardiopulmonary examinations. In fact, very few patients had

infection, only few showed abnormalities in
cardiac involvement, with long-term effects being rather rare and

regressing in most over time.
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