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A B S T R A C T

Background: Long-COVID patients frequently complain of an Exaggerated Exertional Tachycardia (EET) and may 
represent a specific phenotype of post-COVID tachycardia syndrome. So far, no studies have investigated the 
factors contributing to EET.
Objectives: To determine the predictor factors of EET, seventy-nine Long-COVID-19 patients underwent 
comprehensive cardiologic and respiratory evaluations at follow-up visit after a median of 23 weeks from the 
acute phase of the disease. Methods: The heart rate (HR) response to exercise was assessed by the 6-minute walk 
test (6MWT), stratifying patients into two groups: EET and NET (normal exertional tachycardia). Results: The EET 
group was older, had higher body mass index and systolic blood pressure, with more comorbidities and lower 
resting HR, when compared to the NET group. The EET group also showed higher High-Resolution computed 
tomography scores and D-dimer levels during the acute phase compared to NET. At follow-up visit EET patients 
exhibited higher left ventricular mass and reduced systolic and diastolic function in both ventricles, as assessed 
by Doppler tissue echocardiography (myocardial S and E’ waves). We found a significant reduction in lung 
diffusion capacity and in mean oxygen saturation during the 6MWT in EET patients compared to NET ones. 
Stepwise logistic regression analysis identified the mean oxygen saturation during the 6MWT as the predictor of 
abnormal HR response to exercise.
Conclusions: We found that the exaggerated heart response to exercise in Long COVID-19 patients is associated to 
an impaired pulmonary function at rest and is predicted by the oxygen exercise-induced desaturation.

Introduction

Long-COVID-19 syndrome is a long-term clinical condition affecting 
various systems, including respiratory, cardiac, neurological, 

gastrointestinal, endocrine, renal, and hepatic ones, resulting in a sys
temic disease. The most common symptoms include fatigue, attention 
disorders, cognitive impairment, depression, dyspnea, reduced exercise 
tolerance, chest pain and cough.1 Women appear to be more frequently 
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affected than men.2,3

Tachycardia is also a commonly reported symptom in Long-COVID- 
19 patients, indicating potential dysfunction of the autonomic nervous 
system.1–6 Postural Orthostatic Tachycardia Syndrome (POTS), a clin
ical manifestation of autonomic disorders, is characterized by various 
symptoms, including tachycardia triggered by orthostatic 
challenges.7–10 Another condition associated with autonomic dysfunc
tion is inappropriate and persistent sinus tachycardia (IST), defined as a 
resting heart rate (HR) >100 beats per minute.11 Additionally, some 
patients report palpitations and rapid heartbeats, particularly during 
physical exercise. In our experience, palpitations and inappropriate HR 
response to exercise were reported in 27 % of Long-COVID patients, with 
women being more symptomatic than men (46 % vs. 22 %).2,3 Tachy
cardia is, therefore, a prevalent feature of post-COVID-19 syndrome. The 
term "post-COVID-19 Tachycardia Syndrome" has been proposed to 
describe this specific phenotype of Long-COVID-19 syndrome, which 
includes POTS, IST and sinus tachycardia.12

Several potential mechanisms, beyond autonomic dysfunction, have 
been proposed to explain post-COVID-19 Tachycardia Syndrome. These 
include autoimmunity with antibodies targeting adrenergic and 
muscarinic receptors, persistent hyper-inflammation, and cardiac or 
pulmonary sequelae of SARS-CoV-2 infection. However, the patho
physiology of this complex syndrome remains poorly understood.13,14

Understanding the mechanisms involved in this syndrome could be 
useful for the development of early preventive and personalized thera
peutic strategies, potentially mitigating cardiac complications such as 
cardiomyopathy, myocardial infarction, and arrhythmias.15

The aim of this study was to characterize patients presenting with 
exaggerated exertional tachycardia (EET), as a feature of "post-COVID- 
19 Tachycardia Syndrome" and to investigate its association with car
diac and pulmonary sequelae.

Methods

Study design and participants

This is a monocentric retrospective-prospective study that includes 
79 patients, who were discharged from the ward or from the outpatient 
clinic after a diagnosis of COVID-19 during the first wave of the 
pandemic and who were subsequently referred for a follow-up visit at 
the University-Hospital of Parma between May 2020 and November 
2020. In all patients, anthropometric parameters (age, sex and body 
mass index - BMI) were collected. Detailed information on lifestyle - 
high-risk behaviors, including smoking and level of physical activity 
(PA), with further consideration, when appropriate, of type, intensity, 
and duration of PA, in the year before COVID-19 infection were also 
recorded. Retrospective data about symptoms in the acute phase, hos
pitalization (i.e., intensive care unit stays, days of hospitalization), 
severity of lung involvement - as defined by a score of chest High- 
Resolution computed tomography (HRCT) (128-slice scanner, SOMA
TOM Definition Edge, Siemens Healthineers, Erlangen, Germany), and 
oxygen supplementation during hospitalization, pharmacological 
treatment, were also collected. Laboratory data at hospital admission, 
including D-dimer and reactive C protein (RCP), when available, were 
recorded.

Inclusion criteria were: aged ≥18 years, laboratory confirmed 
COVID-19, at least 3 months post-infection, and consent to participate. 
Exclusion criteria were: a history of severe heart or/and respiratory 
disease and/or an unwillingness to participate or to provide informed 
consent. Medical history, comorbidities such as systemic hypertension, 
coronary artery disease (CAD), chronic respiratory diseases (CRDs), 
diabetes, and pharmacological therapy before COVID-19 infection were 
also considered. The lifestyle of the patients was recorded in terms of 
physical activity, i.e., having a sedentary or physically active life.

Enrolled patients underwent a complete cardiac and pulmonary 
evaluation, including echocardiographic examination, spirometry, 6- 

minute walking test (6MWT), HRCT and laboratory tests; time in
tervals between cardiologic and pulmonary evaluations did not exceed 4 
weeks. At follow-up visit, the presence of symptoms, such as tachy
cardia, dyspnea, fatigue, chest pain, cough, and myalgia were recorded.

The patients were divided into two groups according to the median 
increase in exercise HR (≥ 28 % and <28 %) during the 6MWT. Forty 
patients showed an increase of HR ≥ 28 % during the 6MWT (EET 
group) and thirty-nine showed an increase of HR less than 28 %, defined 
as patients with normal exertional tachycardia (NET group). The two 
groups were compared in terms of anthropometric characteristics, age, 
and course of the disease in the acute phase (the acute care clinical 
setting), cardiac e pulmonary sequelae as well as risk factors, comor
bidities, and lifestyle behaviors in order to set up a personalized medical 
treatment plan.

The study protocol was approved by the local Ethics Committee 
AVEN (RESPCOV-2, Protocol n. 681/2020/SPER/AOUPR). Written 
informed consent was obtained from all participants.

6-Minute walking test

All patients performed the 6MWTs according to a standard tech
nique.16 Each individual completed the 6MWT in an undisturbed 
30-meter indoor, level hospital corridor. The walking distance was 
measured in meters. Before and immediately after the 6MWT, every 
participant rated the severity of perceived breathlessness using a 
100-mm horizontal visual analogue scale (VAS).17 A lightweight (0.3 kg) 
portable pulse oximeter (Healthdyne, Model 920 M, Marietta, GA, USA) 
was used to continuously measure SpO2 (%) and HR (bpm) from 5 min 
before the walk until test completion, as well as 5 min after completion, 
or until the baseline value was recovered. Desaturation was considered 
significant if the oxygen saturation dropped by ≥4 % from baseline 
during the 6MWT.18 The expected maximum HR was determined using 
the equation: 210–0.66 x age.19 The predicted distance for the 6MWT 
(6MWD) was calculated using the reference equations published by 
Enright and Sherril,20 which are based on age, sex, height, and weight. 
The formulas are: 

• For males:

6MWD (m) = (7.57 × height in cm) – (5.02 × age in years) – (1.76 ×
weight in kg) + 309 

• For females:

6MWD (m) = (2.11 × height in cm) – (2.29 × weight in kg) – (5.78 ×
age in years) + 667

The percentage of predicted distance (% predicted) was then calcu
lated using the following formula: % predicted = (actual 6MWD / pre
dicted 6MWD) × 100

Lung function testing

Spirometry was performed using a pneumotachograph connected to 
a computer for data analysis (Jaeger MasterScreen Body, CareFusion, 
Yorba Linda, CA 92,887–4668, Germany). Both forced vital capacity 
(FVC) and forced expiratory volume in the first second (FEV1) were 
measured and reported as absolute values (liters, L) and as percentages 
of a predicted value (predicted %). The FEV1/FVC value was recorded as 
a ratio. As indicators of lung air trapping, total lung capacity (TLC), 
residual volume (ReV) and the ratio of residual volume to total lung 
capacity (ReV/TLC) were also recorded. To guarantee data reliability, at 
least three measurements were made for every lung volume variable and 
spirometry test.21 Diffusing Capacity of the Lung for Carbon Monoxide 
(DLCO) (% pred.), the CO transfer coefficient (KCO, % pred.), and vol
ume alveolar (VA) (as absolute value in L and as % pred.) were measured 
by the single-breath method using a mixture of carbon monoxide and 
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methane and were measured at least in duplicate.21

Transthoracic echocardiography

M-mode, two-dimensional, and Doppler ECHO were performed by an 
ultrasonography-experienced cardiologist (GP), using a commercially 
available, multi-hertz sector, 2–4 MHz probe-equipped machine (Vivid 
S5, GE Healthcare, USA). LV end-systolic (LVESD) and end-diastolic 
(LVEDD) diameters, interventricular septal and posterior wall thick
nesses, LV mass (LVM), and relative wall thickness were calculated as 
previously described.22 Simpson’s biplane rule-based end-diastolic 
(LVEDV) and systolic (LVESV) volumes and ejection fraction (EF) were 
calculated, while Fractional Shortening (FS) was: [(LVEDD – 
LVESD)/LVEDD] x 100. Stroke volume (SV) was derived by the formula: 
LVEDV-LVESV.

RV dimensions were estimated from the short axis parasternal view 
in order to extract proximal right ventricular outflow tract (RVOT) as the 
distance from RV anterior wall to the aortic valve, and, from the apical 
four chamber view, we measured the longitudinal axis (RVLd) as the 
distance between the apex of the RV and the center of the tricuspid ring, 
and the transversal axis (RVTd), as the maximal transversal dimension 
in the basal one third of RV inflow, at the end-diastole.22

Mitral and tricuspidal inflow patterns were analyzed from the apical 
4-chamber view, and E and A wave and their ratio were considered as 
peak flow velocity (pv) and time velocity integral (tvi) in order to 
evaluate the conventional LV and RV diastolic function.

From the same projection, Doppler Tissue echocardiographic (DTE) 
analysis was performed at the lateral site (Lat.) and at the postero- 
septum (Sept.) of mitral annulus to assess the myocardial systolic (S) 
and diastolic (E’, A’) waves of LV, as well as at the lateral site of tri
cuspidal annulus to evaluate the longitudinal motion of RV. E/E’ was 
calculated in order to assess LV and RV filling pressure. Pulmonary ar
tery pressure (PAP) was estimated directly from the pv of the tricuspid 
jet (systolic pulmonary artery pressure, SPAP) and by the pulmonary 
flow acceleration time (AT) to assess pulmonary vascular resistance.22

Statistical analysis

Quantitative variables are reported as means ± SD or median (IQ 
range) depending on the normality (K-S test) and were compared using T 
Test or Mann-Whitney U test. Qualitative variables are reported as ab
solute and % prevalence and compared using the χ2 test or Fisher’s exact 
test.

We used a univariate logistic regression model to assess the rela
tionship between the post-COVID-19 exaggerated exertional tachy
cardia and cardiac and pulmonary sequelae, the severity of the disease in 
the acute phase (bio-humoral indices as RCP and D-dimer, and the 
severity of COVID-19 infection, assessed as hospitalization, length of 
hospitalization, ordinary or ICU admission, HRCT score, oxygen ther
apy, and invasive or non-invasive ventilation but also the patients’ age, 
sex, systolic BP (SBP), body mass index (BMI), smoking or being a former 
smoker, and comorbidities, such as hypertension, CAD, diabetes melli
tus, and CRDs.

After that, we carried out a stepwise binary logistic regression 
analysis in order to obtain the best predicting model for the risk of EET 
including the variables that were significant to the univariate logistic 
regression. Any concomitant pharmacological treatment was assessed as 
a potential confounder in the logistic regression analysis. An odds ratio 
(OR) value was then estimated, with its 95 % confidence interval and p- 
value for each variable included in the model. SPSS Statistics 17 (IBM, 
Inc. Chicago, IL, USA) was used for all analyses (IBM, Amork, NY). A 2- 
tailed p value<0.05 was considered statistically significant.

Results

Clinical characteristics

Table 1 shows the main characteristics of the study population: 33 
(42 %) were female, the mean age was 62±12 years. The EET group 
patients were older, with a significantly greater BMI (30 ± 6 vs 27 ± 5 
kg/m2, p = 0.018) and SBP (138 ± 17 vs 126 ± 15 mmHg, p < 0.001), as 
compared with NET group. Conversely, the resting HR was higher in 
NET compared with EET group (Table 1). The prevalence of comor
bidities, such as hypertension, CAD, diabetes mellitus, and CRDs, were 
more frequent in EET group. No difference in smoking status was found 
between the two groups (Table 1).

Thirty-four percent of the participants were on β-blockers, 24 % on 
ACE-inhibitors, 11 % on Angiotensin II Receptor Blockers (ARB), 16 % 
on calcium-channel blockers, 16 % on diuretics, and 16 % on antiplatelet 
therapy with a significant difference between the two groups in 
β-blockers, which were detected in higher percentage in EET group. The 
lifestyle did not significantly differ between EET and NET group 
(Table 1).

Acute COVID-19 characteristics

Data regarding the severity and the course of the acute disease are 
shown in Table 2. Sixty-four patients (81 %) were hospitalized without 
differences among the two groups (EET:88 % vs NET 74 %, p=ns), but a 
longer hospital stay (26±19 days vs 17 ± 12, p = 0.041) was found in 
EET group. Moreover, D-dimer was significantly increased in EET than 
in NET group without differences in RCP and creatinine. The distribu
tion of HRCT visual score (available in 68 patients) was higher in EET 
patients compared to NET patients (p = 0.014), indicating greater pul
monary involvement in this group (Table 2). There were no significant 

Table 1 
Baseline clinical data of the study population.

Variable Total N =
79

EET N =
40

NET n = 39 p

Age (y) 62±12 66 ± 10 58 ± 12 =0.004
Female No, % 33 (42) 14 (35) 19 (49) ns
Male No, % 46 (58) 26(65) 20 (51) ns
BMI (Kg/m2) 29±6 30 ± 6 27 ± 5 =0.018
Weight (kg) 82±18 86 ± 18 78 ± 17 =0.053
Height (cm) 169±10 169 ± 9 169 ± 11 ns
HR (bpm) 73±13 69 ± 11 77 ± 14 =0.004
SBP (mmHg) 132±17 138 ± 17 126 ± 15 =0.001
DBP (mmHg) 83±9 84 ± 10 82 ± 9 ns
Smokers and former smokers 

No. (%)
6 (8), 31 
(39)

2 (5), 22 
(55)

4 (10), 11 
(28)

ns

Hypertension, No. (%) 41 (52) 26 (65) 15 (38) =0.032
Dyslipidemia, No. (%) 29 (37) 19(48) 10 (26) =0.075
Diabetes mellitus, No. (%) 16 (20) 12 (30) 4 (10) =0.057
Obesity, No. (%) 29 (37) 19 (48) 10 (26) =0.075
CAD, No. (%) 11 (14) 9 (23) 2 (5) =0.026
CRDs, No. (%) 18 (23) 14 (35) 4 (10) =0.018
Diuretics, No. (%) 13 (16) 7 (18) 6(15) ns
Beta-blockers No. (%) 27 (34) 20 (50) 7 (18) =0.005
ACE inhibitors, No. (%) 19 (24) 11 (28) 8 (21) ns
ARB, No. (%) 9 (11) 5 (13) 4 (10) ns
Calcium channel blockers, 

No. (%)
13 (16) 5 (13) 8 (21) ns

Aspirin No. (%) 16 (20) 11 (28) 5 (13) ns
Livestyle No. (%) ​ ​ ​ ​
sedentary 25 (32) 14 (35) 11 (28) ns
occasional 32 (41) 13 (33) 19 (49) ns
regular 22 (28) 13 (33) 9 (23) ns

Data are mean±standard deviation or number of subjects with corresponding 
percentage. Abbreviations: ARB, angiotensin receptor blocker; BMI, body mass 
index; CAD, coronary artery disease; CRDs, chronic respiratory diseases; DBP, 
diastolic blood pressure; EET, exaggerated exercise tachycardia; HR, heart rate; 
NET, normal exercise tachycardia; SBP, systolic blood pressure.
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differences between EET and NET groups in the antibiotics, antivirals, 
systemic corticosteroids, Hydroxycloroquine, Colchicine, and low mo
lecular weight Heparin in the prophylactic dose or in the therapeutic 
dose (Supplementary Table).

In all patients, the most common symptom reported in the acute 
phase was fever (99 %), followed by dyspnea (82 %); other symptoms 
included cough (62 %), fatigue (33 %), chest pain (32 %), palpitations 
(28 %), and myalgia (15 %). When EET and NET groups were consid
ered, there were no significant differences in dyspnea (85 % vs. 79 %) 
and cough (58 % vs. 67 %). Fatigue, chest pain, palpitations, and 
myalgia were more frequent in NET compared with EET group (Fig. 1, 
top).

Post-COVID-19 characteristics

The majority of patients were still symptomatic with at least one 
symptom after a median follow-up of 23 weeks (115±34 days; 34–199 
days). The patients complained mainly of dyspnea (68 %) and fatigue 
(57 %), but also of palpitations (35 %), chest pain (30 %), cough and 
myalgia without significant differences between the two groups (Fig. 1, 
bottom). Additionally, D-dimer, RCP and creatinine values were not 
significantly different in the 2 groups (Table 2).

6MWT Lung function testing and HRCT

Resting HR was lower in EET vs NET group, due to a greater use of 
beta-blockers. However, EET patients showed a marked increase in HR 
during exercise compared with NET patients (42±12 % vs 19±7 %, p <
0.001) (Table 3). Mean oxygen saturation during the 6MWT and walking 
distance values were significantly lower in EET vs NET, without differ
ences in VAS dyspnea (Table 3). In addition, 14 patients (18 %) expe
rienced a ≥ 4 % drop in oxygen saturation during the 6MWT. Among 
them, 10 were in the EET group and 4 in the NET group (χ2 =2.944; p =
0.0862). Moreover, a significant reduction in TLC, DLCO and VA values 
were found in EET, when related to NET patients (Table 4). An 
obstructive ventilatory pattern (FEV1/FVC <70 %) was found in 6 pa
tients (7.6 %), equally distributed between EET and NET groups (n = 3 
per group), without any significant difference.

HRCT score (available in 75 patients) at follow-up did not show 
differences between the two groups (Table 2).

Transthoracic echocardiography

EET showed an increase in LVEDD and LVM vs NET without differ
ences in thicknesses, geometry and systolic parameters (EF and FS) 
(Table 5). A significant decrease of E’ wave, assessed both at septal and 
lateral wall, associated with a higher E/E’, was observed in EET 
compared with NET, suggesting an impairment of LV relaxation and an 
increase of pulmonary capillary pressure. The S wave was also reduced 
in EET compared with NET demonstrating an impairment both of LV 
diastolic and systolic function (Table 5). The RV evaluation did not show 
significant differences in diameters, pulmonary artery pressure and tri
cuspidal E/A ratio except for the parameters obtained with DTE, such as 
E’ and S waves, which were reduced in EET suggesting a possible 
impairment of RV function (Table 6).

Determinants of exaggerated exertional tachycardia

The only predictive variable for EET was the mean oxygen saturation 
during the 6MWT, a variable capable of identifying a solid predictive 
model for the syndrome with an accuracy of 68 %, as confirmed by the 
ROC curve. The ROC curve was statistically significant with an area of 
0.743, standard error 0.055, indicating that the model is able to give a 
cut-off between 86.5 and 88 mean O2 saturation to discern patients with 
and without EET (Fig. 2). No concomitant pharmacological treatments 
resulted potential confounder in the logistic regression analysis.

Discussion

Tachycardia is a symptom commonly reported from post-COVID-19 
patients, who also may complain of fatigue, dyspnea, chest pain, exer
cise intolerance, cognitive dysfunction, psychiatric disorders, as well as 
myalgias and arthralgias.1–6 The American College of Cardiology has 
included palpitations, together with chest pain, dyspnoea, and syncope, 
in the “Cardiovascular post-acute sequelae of SARS-CoV-2″ (PACS).23

These are categorized in two groups: CV-PACS (cardiovascular symp
toms in the absence of cardiovascular pathology), and CVD-PACS (car
diovascular symptoms due to cardiac injury).23 The etiology of 
tachycardia is complex, not only involving cardiovascular causes but 
also being potentially secondary to some factors, such as hypoxemia, 
physical deconditioning, inflammatory status or respiratory 
diseases.13,14,24

In patients with Long-COVID-19 tachycardia, two clinical conditions 
have been described: POTS, characterized by tachycardia following 
postural changes, and IST, defined by a resting heart rate >100 bpm. 
Both are included under the umbrella of “Long-COVID tachycardia 
syndrome”.12 The pathophysiological mechanisms of POTS and IST 
primarily involve autonomic dysfunction, but also autoimmunity 
related to previous SARS-CoV-2 infection (autoantibodies activating 
adrenergic and muscarinic receptors), chronic inflammation, decondi
tioning, and persistent pulmonary and cardiac injuries after 
COVID-19.13,14

An exaggerated tachycardia during exercise is frequently reported by 
patients with Long COVID syndrome. In previous studies,2,3 we found 
that approximately 27 % of patients with Long COVID-19 syndrome 
complained of this symptom, with a higher frequency in females 
compared to males. Knowledge of the factors contributing to EET could 
aid the prevention of tachycardia-related cardiac deterioration, hypo
kinetic cardiomyopathies, arrhythmias, and ischemic complications, 
thus enabling the development of targeted therapeutic strategies.15

In the present study, we evaluated patients with EET, by investi
gating not only its relationship with pulmonary and cardiac sequelae, 
but also factors such as age, sex, blood pressure, lifestyle behaviors, 
comorbidities, and the course of the disease, to identify predictors of the 
abnormal response to exercise. The abnormal HR response to physical 
exercise, as assessed by the 6MWT, was related to the age, BMI, SBP and 
HR of the patients, since the EET patients were older, had higher BMI 

Table 2 
Clinical, laboratory and imaging characteristics of SARS-CoV-2 infection.

Variable Total population 
N = 79

EET N = 40 NET n = 39 p

ACUTE PHASE ​ ​ ​ ​
Hospitalization No. 

(%)
64 (81) 35(88) 29 (74) ns

Intensive Care Unit 
N0.

3 2 1 ​

Length of 
hospitalization

22±17 26±19 17±12 =0.041

Creatinine (mg/dL) 1.0 ± 0.6 1.0 ± 0.5 1.1 ± 0.7 ns
D Dimer (ng/ml) 1843±2492 2585 

±3088
1101 
±1400

=0.02

RCP (mg/dL) 114±79 120±76 106±83 ns
HRCT score (%) 41 + 23 (n = 68) 48±22 (n 

= 33)
34±22 (n 
= 35)

=0.014

FOLLOW-up ​ ​ ​ ​
Creatinine (mg/dL) 0.9 ± 0.2 0.9 + 0.2 0.8 + 0.2 ns
D Dimer (ng/ml) 585±691 735±893 444±387 =0.09
RCP (mg/dL) 3.1 ± 4.2 3.5 ± 4.4 2.7 ± 4.1 ns
HRCT score (%) 8 ± 14 7 ± 11 (n =

37)
9 ± 16 (n =
39)

ns

Data are mean±standard deviation or number of subjects with corresponding 
percentage. Abbreviations: EET, exaggerated exercise tachycardia; HRCT, High- 
Resolution computed tomography; NET, normal exercise tachycardia; RCP, 
reactive C protein.
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and SBP, and lower resting HR. In addition, comorbidities such as hy
pertension, CAD, diabetes mellitus, and CRDs were more frequent in the 
EET group, as were the use of diuretics and beta-blockers. In the acute 
phase of SARS-CoV-2 infection, the EET group exhibited greater lung 
involvement, as assessed by the HRCT score, and activation of a pro- 
coagulant state, as evaluated by the D-dimer assay. On the other hand, 
the NET group complained of more symptoms in terms of fatigue, chest 
pain, palpitations, and myalgia, likely due to the younger age of these 
patients and their greater symptom perception.

At follow-up visit, patients with EET had higher LVM and lower 
systolic and diastolic function, as assessed by myocardial S and E’ waves 
in both ventricles. However, these findings do not necessarily suggest a 
direct relationship with COVID-19 and could be explained by cardio
vascular ageing - a physiological process in elderly adults characterized 
by an increased arterial stiffness, resulting in higher BP, left ventricular 

hypertrophy and impaired systolic and diastolic ventricular 
function.25,26

Moreover, EET and NET patients did not differ in the pulmonary 
sequelae of acute pneumonia (assessed by HRCT scan), but not in lung 
function, since the EET patients had lower values in oxygen saturation 
during the 6MWT as well as in VA and DLCO.

Interestingly, among clinical, cardiologic and respiratory parame
ters, the mean oxygen saturation during the 6MWT was the predictor of 
abnormal HR response to exercise. No concomitant pharmacological 
treatments, including beta-blockers, resulted potential confounder in 
the logistic regression analysis. The ROC curve analysis showed a 
diagnostic accuracy of 68 %, and an area under the curve (AUC) of 
0.743, indicating that the model is able to give a cut-off between 86.5 % 
and 88 % of mean O2 saturation for predicting the risk of an abnormal 
HR response to physical exercise. It is conceivable that in EET patients 

Fig. 1. Percentages of patients presenting with COVID-19-related symptoms during the acute phase of the disease (top) and at the time of follow-up (bottom).
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the oxygen desaturation during exercise is linked to the impairment in 
lung diffusion capacity and in turn can induce an abnormal HR response 
to exercise, as cardiac autonomic dysfunction. This finding is consistent 
with the patho-physiological response observed in respiratory patients 
with different ventilator defects, including COPD patients, where a 
reduction in DLCO is a determinant of exertional desaturation.27 Our 
results are consistent with the results of a recent study in COPD patients, 
where an abnormal HR response to exercise was due to the impairment 
in ventilatory efficiency and pulmonary vascular volume.24 It is of note 
that pulmonary vascular volume as well as the membrane diffusion 
capacity are the determinants of the diffusion lung capacity, which is the 
main pulmonary function impairment in Long COVID28

The therapeutic management of tachycardic patients with prior 
SARS-CoV-2 infection is not yet well defined, and various approaches 
have been proposed. Notably, lifestyle modifications and respiratory 
rehabilitation have shown benefit.12,14,29–31 The use of heart 
rate-lowering medications, such beta-blockers and ivrabradine, should 
be considered in tachycardic patients.32 However, in the present study, 
beta-blocker therapy was extensively used in the EET group, but it did 
not prevent the abnormal HR response to the 6MWT. Nevertheless, this 
study gives us the opportunity to characterize this specific phenotype of 
EET, which was more prevalent in older patients with comorbidities, as 
well as those with a more severe course of COVID-19, characterized by 
longer hospital stays, higher HRTC scores, and elevated D-Dimer levels. 

These data suggest that regular monitoring of respiratory pathology 
should be implemented in patients with EET.

In contrast, IST is typically characterized by non-exertional sinus 
tachycardia (HR > 100 bpm) and is more commonly observed in 
younger women without comorbidities who experienced mild COVID-19 
illness.11

Therefore, we believe that EET should be considered a distinct entity 
within the broader spectrum of post-COVID-19 dysautonomia.

Further clinical research is crucial to better characterize post-COVD 

Table 3 
6 -Min Walking test.

Variable EET n = 40 NET n = 39 p

6MWD (m 384 ± 82 401 ± 74 ns
6MWD (%) 117 ± 25 106 ± 24 =0.050
6MWW (Kg*m) 32,837 ± 7560 31,838 ± 9594 ns
Resting SpO2 % 95.4 ± 1.5 96.0 ± 1.5 =0.081
Mean SpO2 % 93.0 ± 2.7 94.9 ± 2.1 =0.001
Resting -Mean SpO2 % 2.5 ± 2.3 1.1 ± 1.7 =0.003
Resting VAS dyspnea (mm) 0.45 ± 0.85 0.51 ± 1.07 ns
Recovery VAS dyspnea (mm) 1.96 ± 2.11 1.88 ± 2.17 ns
Mean HR (bpm) 81.2 ± 15.6 93.9 ± 11.5 <0.001
Resting HR pre-test(bpm) 71.5 ± 9.9 88.2 ± 11.8 <0.001
Peak HR (bpm) 100.9 ± 12.9 104.5 ± 12.4 0.206
ΔHR % 41.6 ± 11.5 18.8 ± 6.7 <0.001

Data are mean±standard deviation except in percentage for the median increase 
in exercise heart rate (ΔHR %).
Abbreviations: EET, exaggerated exercise tachycardia; NET, normal exercise 
tachycardia; HR, heart rate; VAS, visual analogue scale.

Table 4 
Lung function test.

Variable EET n = 40 NET n = 39 p

FEV1 (L) 2.5 ± 0.8 3.1 ± 1 =0.004
FEV1 % 92±21 109±16 <0.001
FVC (L) 3.2 ± 1.0 3.9 ± 1.3 =0.007
FVC 94±19 118±18 <0.001
FEV1/FVC % 78.0 ± 9.9 79.3 ± 5.4 ns
TLC (L) 5.3 ± 1.3 6.1 ± 1.5 =0.014
TLC %pred 87.0 ± 15.3 102.3 ± 14.2 <0.001
RV (L) 2.0 ± 0.6 2.1 ± 0.6 ns
RV %pred 89.0 ± 22.5 99.6 ± 27.5 =0.073
RV/TLC % 38.7 ± 6.5 34.6 ± 7.0 =0.012
IC/TLC % 45.1 ± 7.6 47.2 ± 6.2 ns
DLCO % pred 72.2 ± 13.7 83.0 ± 15.6 =0.002
KCO % pred 94.1 ± 18.6 90.8 ± 13.2 ns
VA (L) 4.6 ± 1.1 5.4 ± 1.4 =0.013
VA % pred 79.1 ± 13.7 94.0 ± 14.4 <0.001

Data are mean±standard deviation. Abbreviations: VA, volume alveolar; DLCO, 
diffusing capacity of the lungs for carbon monoxide; EET, exaggerated exercise 
tachycardia; FEV1, forced expiratory volume in the first second; FVC, forced 
vital capacity; NET, normal exercise tachycardia; RV, residual volume; RV/TLC, 
ratio of residual volume to total lung capacity; TLC, total lung capacity.

Table 5 
Echo-based left ventricular structural and functional data.

Variable EET n = 40 NET n = 39 p

EDD (mm) 51± 5 47 ± 5 =0.002
ESD (mm) 30 ± 6 29 ± 4 ns
Septal wall thickness (mm) 10 ± 2 9.8 ± 1.9 ns
Posterior wall thickness (mm) 9 ± 2 8.9 ± 1.4 ns
EDV (ml) 113 ± 27 105 ± 28 ns
ESV (ml) 39 ± 19 33 ± 12 ns
LVM (g) 228 ± 63 192 ± 62 =0.012
LVM/BSA (g/m2) 117 ± 30 101 ± 25 =0.013
Relative wall thickness 0.39 ± 0.07 0.40 ± 0.06 ns
Ejection fraction (%) 67 ± 9 70 ± 6 ns
Fractional shortening (%) 40 ± 8 39 ± 5 ns
Cardiac output (ml) 74 ± 14 70 ± 16 ns
Mitral Epv (cm/sec) 57 ± 14 53 ± 11 ns
Mitral Etvi (cm) 10.0 ± 2.5 8.7 ± 1.9 =0.010
Mitral Apv (cm/sec) 72 ± 14 66 ± 13 =0.046
Mitral Atvi (cm) 7.9 ± 1.9 7.1 ± 1.4 =0.048
Mitral E/Apv (cm/sec) 0.80 ± 0.21 0.83 ± 0.22 ns
Mitral E/Atvi (cm) 1.27 ± 0.26 1.27 ± 0.40 ns
Sept.Spv (cm/sec) 6.3 ± 1.4 7.0 ± 1.2 =0.027
Sept. Stvi 1.4 ± 0.3 1.4 ± 0.2 ns
Lat Spv (cm/sec) 8.2 ± 2.1 9.2 ± 2.1 =0.046
Lat Stvi (cm) 1.5 ± 0.3 1.6 ± 0.3 ns
Sept. E’pv (cm/sec) 6.2 ± 2.0 7.0 ± 1.2 ns
Sept E’tvi (cm) 0.7 ± 0.2 0.8 ± 0.2 ns
Lat. E’pv (cm/sec 8.0 ± 3.1 9.9 ± 3.6 =0.016
Lat. E’tvi (cm) 0.9 ± 1.0 1.3 ± 1.7 ns
E/E’ 7.5 ± 3.7 6.0 ± 3.2 =0.052

Data are expressed as mean ± standard deviation or median (IQ range). Ab
breviations: BSA, body surface area; EDD, end diastolic diameter; EDV, end 
diastolic volume; ESD, end systolic diameter; ESV, end systolic volume; Lat, 
lateral site of mitral annulus; LVM, left ventricular mass; pv, peak velocity; tvi, 
time velocity integral; Sept., septal site of mitral annulus. (E’ in the E/E’ are the 
mean of Sept and Lat. Site).

Table 6 
Echo-based right ventricular structural and functional data.

Variable EET n = 40 NET n = 39 p

RVTd (mm) 37 ± 7 38 ± 7 ns
RVLd (mm) 66 ± 7 67 ± 8 ns
RVOT (mm) 33 ± 6 32 ± 4 ns
SPAP (mmHg) 30 ± 6 27 ± 5 ns
AT (msec) 109 ± 26 112 ± 27 ns
Tricuspidal Epv (cm/sec) 40 ± 9 42 ± 8 ns
Tricuspidal Etvi (cm) 7.6 ± 2.0 7.3 ± 1.8 ns
Tricuspidal Apv (cm/sec) 39 ± 9 42 ± 16 ns
Tricuspidal Atvi (cm) 5.7 ± 1.8 5.3 ± 2.2 ns
Tricuspidal E/Apv (cm/sec) 1.07 ± 0.30 1.07 ± 0.27 ns
Tricuspidal E/Atvi (cm) 1.45 ± 0.46 1.61 ± 0.76 ns
Spv (cm/sec) 13.1 ± 2.4 12.8 ± 2.6 ns
Stvi (cm) 2.5 ± 0.5 2.3 ± 0.4 =0.048
E’pv (cm/sec) 9.9 ± 2.7 9.9 ± 2.4 ns
E’tvi (cm) 1.5 ± 0.4 1.3 ± 0.4 =0.028
E/E’ 4.0 ± 1.8 4.5 ± 1.3 ns

Data are expressed as mean ± standard deviation. Abbreviations: AT, acceler
ation time; pv, peak velocity; RVLd, RV longitudinal dimension at the end- 
diastole; RVOT, right ventricular outflow tract; RVTd, RV transversal dimen
sion at the end-diastole; SPAP, systolic pulmonary artery pressure; tvi, time 
velocity integral.
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tachycardia syndrome and its sub-syndromes. There is a pressing need to 
improve our understanding of the pathophysiology of tachycardia post- 
COVID and to evaluate the efficacy of drugs in managing symptoms and 
reducing the risk of future cardiovascular events.

Limitations and strengths

The main limitation of this study is the monocentric retrospective- 
prospective nature involving long-COVID patients referred for follow- 
up visits at the University-Hospital of Parma. Unfortunately, the study 
protocol did not include additional follow-up visits beyond the initial 
assessment, so we do not have data on the evolution of residual tachy
cardia over time. However, based on our clinical experience, we have 
observed that the symptoms tend to improve in the majority of long- 
COVID patients over time, possibly in a spontaneous manner.

On the other hand, the major strength is the accurate cardiologic and 
respiratory evaluation of patients.

Conclusion

In the present study, we found that the exaggerated HR response to 
exercise in Long-COVID-19 patients is associated to an impaired pul
monary function at rest and is predicted by the oxygen exercise-induced 
desaturation.

Further clinical research is crucial to better characterize post-COVD 
tachycardia syndrome and its sub-syndromes. There is a pressing need to 
improve our understanding of the pathophysiology of tachycardia post- 
COVID and to evaluate the efficacy of drugs in managing symptoms and 
reducing the risk of future cardiovascular events.
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