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Abstract: The most common arrhythmia associated with COronaVIrus-related Disease (COVID)
infection is sinus tachycardia. It is not known if high Heart Rate (HR) in COVID is simply a marker
of higher systemic response to sepsis or if its persistence could be related to a long-term autonomic
dysfunction. The aim of our work is to assess the prevalence of elevated HR at discharge in patients
hospitalized for COVID-19 and to evaluate the variables associated with it. We enrolled 697 cases of
SARS-CoV2 infection admitted in our hospital after February 21 and discharged within 23 July 2020.
We collected data on clinical history, vital signs, laboratory tests and pharmacological treatment.
Severe disease was defined as the need for Intensive Care Unit (ICU) admission and/or mechanical
ventilation. Median age was 59 years (first-third quartile 49, 74), and male was the prevalent gender
(60.1%). 84.6% of the subjects showed a SARS-CoV-2 related pneumonia, and 13.2% resulted in a
severe disease. Mean HR at admission was 90 ± 18 bpm with a mean decrease of 10 bpm to discharge.
Only 5.5% of subjects presented HR > 100 bpm at discharge. Significant predictors of discharge HR
at multiple linear model were admission HR (mean increase = β = 0.17 per bpm, 95% CI 0.11; 0.22,
p < 0.001), haemoglobin (β = −0.64 per g/dL, 95% CI −1.19; −0.09, p = 0.023) and severe disease
(β = 8.42, 95% CI 5.39; 11.45, p < 0.001). High HR at discharge in COVID-19 patients is not such a
frequent consequence, but when it occurs it seems strongly related to a severe course of the disease.
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1. Introduction

The arrhythmic risk related to COronaVIrus-related Disease (COVID) is still under
evaluation [1,2]. The most common arrhythmia related to SARS-CoV-2 infection is sinus
tachycardia, with palpitations as the principal clinical presentation [3], that sometimes
remains after the acute phase of severe illness as a long-term alteration. However, to the
best of our knowledge, both the prevalence of high Heart Rate (HR) at hospital discharge
and of its persistence over time (and for how long) is currently unknown [4].

HR, and even more its variability, has been related to worse outcomes in infection [5,6].
In fact, it is among the parameters used in some prognostic score for sepsis such as the
Sepsis-related Organ Failure Assessment (SOFA) [7]. Despite this, its pharmacological low-
ering as a therapeutic target in septic patients has not been associated with an improvement
in cardiac function [8] nor with the amelioration of mortality risk [9].

From this evidence, one could speculate that HR in infection is simply a marker of a
severe clinical condition and a high systemic response to sepsis at presentation. However,
another hypothesis could arise, i.e., that it is related to the emerging of an autonomic
dysfunction [10]. In fact, the persistence of sinus tachycardia and palpitation in subjects
suffering from SARS-CoV-2 infection has been hypothesized to be related to a long-term
dysregulation of autonomic system [11].

The importance of HR in diseases has been not only recognized in infection. In fact,
an HR higher than 100 bpm has been also inserted into the latest European guidelines on
hypertension as a prognostic marker since it is related to future cardiovascular events [12].
Therefore, the primary purpose of the present study was to assess the prevalence of elevated
HR at discharge (defined as an HR higher than 100 bpm [13,14]) in patients hospitalized
for COVID. Furthermore, we evaluated the variables associated with discharge HR. This
study arises from our clinical experience on COVID-19 patients in which we observed a
high prevalence of sinus tachycardia and elevated discharge HR that could also persist
over time. This led us to design this analysis on patients admitted to our hospital and to
try to understand why some patients experience this problem and some others don’t.

2. Materials and Methods
2.1. Study Population

This monocentric retrospective observational cohort study was performed by review-
ing the medical electronical case records of patients who were admitted to Niguarda
Hospital after the first Italian autochthonous COVID case on 21 February 2020, until
23 July 2020. Niguarda is one of the largest General Hospital (1167 beds) in the North of
Milan within a Metropolitan Area of 3,279,944 inhabitants on 1 January 2020, and it hosts
all the medical and surgical disciplines for adults and children including a 24-hours ED
with 96.588 visits and 32.612 in hospital admissions covering every intensity of care in 2019.

Inpatients from low-intensity general and specialist medical units, who were con-
secutively admitted to Niguarda Hospital between 21 February and 8 June 2020, were
screened for eligibility if the nasopharyngeal swab to search for the SARS-CoV-2 genome
was positive, regardless of the presence of the respiratory disease. The SARS-CoV-2 infec-
tion was defined if the genome was detected by reverse transcriptase-polymerase chain
reaction (RT-PCR) for one or more out of three SARS-CoV-2 genes tested on at least one
nasopharyngeal swab. All the adult patients (≥18 years) with a diagnosis of SARS-CoV-2
infection were included unless the following exclusion criteria were met: current preg-
nancy, in-hospital death, discharge after the end of the period of observation (23 July 2020),
absence of respiratory symptoms related to SARS-CoV-2 infection. If a patient had been
re-hospitalised in the period of interest only data from the first hospitalization have been
included in the analysis.

2.2. Outcome and Predictor Measurements

HR, the main outcome, was measured with central cardiac auscultation for 1 min.
It is expressed in beats per minute and the first value at admission and the last before
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the discharge were collected for analysis purposes. High HR was defined as a discharge
HR > 100 bpm [13,14]. The patient’s past medical history, symptoms and signs, vital signs,
and laboratory exams at the time of the admission were considered as potential predictors.
In detail, the inpatient’s electronical medical records were used to collect data about age,
gender, the onset date of COVID symptoms, the presence of COVID pulmonary disease,
the need for intensive care, the length of hospitalization, Charlson Comorbidity Index, ther-
apies with lopinavir/ritonavir, azithromycin, hydroxychloroquine or chloroquine, and/or
tocilizumab, concomitant drugs acting on heart rate (i.e., beta-blockers, antiarrhythmic,
ivabradine, and/or digoxin), systolic and diastolic Blood Pressures (BP), body temperature
in degrees Celsius, peripheral oxygen saturation. Moreover, the following laboratory vari-
ables were collected: white blood cell count (103/mm3), haemoglobin (g/dL), C-reactive
protein levels (mg/dL, normal reference < 0.5). Severe disease was defined as the need for
Intensive Care Unit (ICU) admission and/or mechanical ventilation.

2.3. Compliance with Ethical Standards

The study was conducted as part of the monocentric retrospective non-interventional
epidemiological research on Niguarda inpatients with SARS-CoV-2 infection (NOS_COVID-
19/1 protocol), which obtained the favourable opinion of the local Ethics Committee
(Milano Area 3, register number 249-13052020). The study protocol complies with the
Declaration of Helsinki.

2.4. Statistical Analysis

Baseline characteristics of patients included in the study were described using num-
bers and percentages for categorical variables or median and first and thirs quartiles (Q1,
Q3) for continuous variables. The distribution of parameters at admission and discharge
was reported as medians with Q1, Q3 and with mean and standard deviations (SD) and the
mean variation from admission to discharge was estimated with the corresponding 95%
confidence interval. The distribution of the HR (bpm) at admission, at discharge, and their
variation was compared between patients with or without severe disease (i.e., need for
admission to ICU and/or mechanical ventilation) by t-test and graphically using boxplots.
The distribution of variables at admission or during hospital stay was compared between
patients with HR at discharge ≤ 100 bpm vs. >100 bpm using Chi-square test for categorical
variables or Mann-Whitney test for continuous variables. The association of variables at
admission or during hospital stay with HR at discharge, treated as a continuous variable,
was also investigated using linear regression. One model for each predictor was fitted
adjusting only for HR at admission. Moreover, a multiple model including as covariates all
variables, except treatments for COVID-19, was fitted. A logistic multipredictor regression
model with the same covariates and using HR > 100 bpm at discharge as outcome was also
fitted. Finally, an enhanced multiple linear model including also treatments for COVID-19
was considered.

3. Results
3.1. Population Characteristics

Figure 1 showed the flow-chart of enrolled patients. Starting from 957 hospitalizations
in our hospital from 21 February 2020 to 8 June 2020. 260 were excluded with a final
sample of 697 subjects. Reason for exclusion were: hospitalization before 21 February
(n = 5), ongoing hospitalization at July 23th (n = 13), death (n = 205), pregnancy (n = 5),
age < 18 years (11), hospitalization following the index one (n = 9), absence of SARS-CoV-2
related symptoms (n = 13) and missing value of the heart rate at discharge (n = 4).
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Figure 1. Study flow-chart of patients included in the analysis.

Table 1 reports the demographic and clinical characteristics of the enrolled population.
Patients showed a median age of 59 (Q1, Q3: 49, 74) years, and a prevalence of males
of 60.1%. Symptoms begin 7 days before admission (Q1, Q3: 4, 10) and median hospital
stay was 15 (Q1, Q3: 10, 25) days. 84.6% of the subjects showed a SARS-CoV-2 related
pneumonia with 13.2% that presented a severe disease (defined as the need for admission
to ICU and/or mechanical ventilation) and 13.3% that had a thrombotic event (deep vein
thrombosis and/or pulmonary embolism) during the hospitalization.

Table 1. Features of the hospitalized patients with SARS-CoV-2 infection included in the study and comparisons between
patients with heart rate lower than or equal to 100 and higher than 100 beats per minute at hospital discharge.

Overall
n = 697

HR ≤ 100 bpm
659 (94.5%)

HR > 100 bpm
38 (5.5%) p *

Gender, female, n (%) 278 (39.9) 266 (40.4) 12 (31.6) 0.365

Age, years, median (Q1, Q3) 59 (49, 74) 60 (50, 74) 54 (37, 65) 0.004

Symptom onset before hospital admission, days,
median (Q1, Q3) 7 (4, 10) 7 (4, 10) 7 (4, 10) 0.545

COVID-19 pulmonary disease, n (%) 590 (84.6) 558 (84.7) 32 (84.2) 0.99

Severe disease, n (%) 92 (13.2) 78 (11.8) 14 (36.8) <0.001

Thrombotic event, n (%) 93 (13.3) 85 (12.9) 8 (21.1) 0.233

Length of hospitalization, days, median (Q1, Q3) 15 (10, 25) 15 (9, 24) 21.5 (10.5, 34) 0.036

Charlson Comorbidity Index, median (Q1, Q3) 2 (1, 4) 2 (1, 4) 1 (0, 3) 0.002

History of myocardial infarction, n (%) 46 (6.6) 45 (6.8) 1 (2.6) 0.497

Congestive heart failure, n (%) 32 (4.6) 32 (4.9) 0 (0.0) 0.32

Permanent atrial fibrillation, n (%) 54 (7.7) 53 (8.0) 1 (2.6) 0.368

Chronic obstructive pulmonary disease, n (%) 41 (5.9) 39 (5.9) 2 (5.3) 0.99

COVID-19 treatments 517 (74.2) 493 (74.8) 24 (63.2) 0.160

Lopinavir/ritonavir, n (%) 257 (36.9) 245 (37.2) 12 (31.6) 0.601

Azithromycin, n (%) 167 (24.0) 160 (24.3) 7 (18.4) 0.531
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Table 1. Cont.

Overall
n = 697

HR ≤ 100 bpm
659 (94.5%)

HR > 100 bpm
38 (5.5%) p *

Hydroxychloroquine or chloroquine, n (%) 488 (70.0) 466 (70.7) 22 (57.9) 0.135

Tocilizumab, n (%) 73 (10.5) 65 (9.9) 8 (21.1) 0.055

Corticosteroids, n (%) 278 (39.9) 261 (39.7) 17 (44.7) 0.653

Drugs acting on heart rate 216 (31.0) 209 (31.7) 7 (18.4) 0.123

Beta-blockers, n (%) 201 (28.8) 194 (29.4) 7 (18.4) 0.203

Antiarrhythmic, n (%) 40 (5.7) 39 (5.9) 1 (2.6) 0.625

Ivabradine, n (%) 3 (0.4) 3 (0.5) 0 (0.0) 0.99

Digoxin, n (%) 16 (2.3) 15 (2.3) 1 (2.6) 0.99

Heart rate at admission, bpm, median (Q1, Q3) 88 (78, 101) 88 (77, 101) 95 (80, 104) 0.037

Oxygen saturation at admission, %, median
(Q1, Q3) 96 (93, 98) 96 (93, 98) 94 (92, 97) 0.253

Systolic blood pressure at admission, mmHg,
median (Q1, Q3) 130 (120, 149) 130 (120, 150) 123 (119, 140) 0.174

Diastolic blood pressure at admission, mmHg,
median (Q1, Q3) 75 (70, 80) 75 (70, 80) 80 (70, 80) 0.862

Body-temperature at admission, Celsius, median
(Q1, Q3) 36.8 (36.1, 37.7) 36.7 (36.1, 37.6) 37.2 (36.5, 38.0) 0.044

Hemoglobin at admission, g/dL, median (Q1, Q3) 13.5 (12.1, 14.5) 13.5 (12.2, 14.6) 12.9 (11.9, 13.8) 0.099

C-reactive protein at admission, mg/dL, median
(Q1, Q3) 4.6 (1.4, 9.5) 4.3 (1.4, 9.3) 8.4 (4.7, 13.3) 0.002

White blood cell count at admission, 103/mm3,
median (Q1, Q3)

6.64 (4.84, 9.25) 6.53 (4.82, 9.31) 7.77 (5.62, 9.20) 0.16

Oxygen saturation at discharge, %, median
(Q1, Q3) 97 (96, 98) 97 (96, 98) 97 (95, 98) 0.052

Systolic blood pressure at discharge, mmHg,
median (Q1, Q3) 120 (110, 130) 120 (110, 130) 120 (110, 128.75) 0.169

Diastolic blood pressure at discharge, mmHg,
median (Q1, Q3) 70 (70, 80) 70 (70, 80) 70 (65, 80) 0.516

Body-temperature at discharge, Celsius, median
(Q1, Q3) 36.0 (36.0, 36.2) 36.0 (36.0, 36.2) 36.0 (36.0, 36.5) 0.09

Hemoglobin at discharge, g/dL, median (Q1, Q3) 12.1 (10.7, 13.2) 12.1 (10.8, 13.2) 11.6 (10.0, 12.7) 0.103

C-reactive protein at discharge, mg/dL, median
(Q1, Q3) 0.7 (0.2, 2.0) 0.6 (0.2, 1.9) 0.9 (0.2, 3.2) 0.787

White blood cell count at discharge, 103/mm3,
median (Q1, Q3)

6.59 (5.24, 8.10) 6.46 (5.24, 8.05) 7.43 (6.83, 8.46) 0.066

Q1, first quartile; Q3, third quartile; CI, confidence interval; bpm, beats per minute; COVID, COronaVIrus-related Disease; * Chi-square test
for categorical variables, Mann-Whitney test for continuous variables.

Median Charlson Comorbidity Index was 2 (Q1, Q3: 1, 4), 46 (6.6%) subjects had a
previous history of myocardial infarction, 32 (4.6%) of Heart Failure, 54 (7.7%) of permanent
atrial fibrillation and 41 (5.9%) of Chronic Obstructive Pulmonary Disease.

Table 2 reports cardio-circulatory and biochemical variables at admission, at discharge
and their variation. Mean HR at admission was 90 ± 18 bpm with a mean variation of
10 bpm while Systolic Blood Pressure and Diastolic one were respectively 133 ± 23 and
75 ± 12 mmHg. Respective mean variation from admission to discharge were 12 and
2 mmHg. Oxygen saturation significantly increased (1.9%, 95% CI: 1.6:2.2; from 95 ± 4 to
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97 ± 2%) and body temperature decreased (−0.9 ◦C, 95% CI: −1.0; −0.8; from 37.0 ± 1.0 to
36.1 ± 0.4 ◦C).

Table 2. Distribution of cardio-circulatory and biochemical variables at admission, at discharge and their variation.

At Admission At Discharge Mean Variation *
(95% CI)

Heart rate, bpm, median (Q1, Q3) 88 (78, 101) 79 (70, 88)
−10 (−12, −9)

Mean (SD) 90 (18) 80 (2)

Oxygen saturation, %, median (Q1, Q3) 96 (93, 98) 97 (96, 98)
+1.9 (+1.6, +2.2)

Mean (SD) 95 (4) 97 (2)

Systolic blood pressure, mmHg, median (Q1, Q3) 130 (120, 149] 120 (110, 130]
−12 (−14, −10)

Mean (SD) 133 (23) 122 (15)

Diastolic blood pressure, mmHg, median (Q1, Q3) 75 (70, 80) 70 (70, 80)
−2 (−3, −1)

Mean (SD) 75 (12) 73 (9)

Body-temperature, Celsius, median (Q1, Q3) 36.8 (36.1, 37.7) 36.0 (36.0, 36.2)
−0.9 (−1.0, −0.8)

Mean (SD) 37.0 (1.0) 36.1 (0.4)

Hemoglobin, g/dL, median (Q1, Q3) 13.5 (12.1, 14.5) 12.1 (10.7, 13.2)
−1.2 (−1.3, −1.1)

Mean (SD) 13.2 (1.9) 12.0 (1.8)

C-reactive protein, mg/dL, median (Q1, Q3) 4.6 (1.4, 9.67) 0.7 (0.2, 2.0)
−5.1 (−5.6, −4.5)

Mean (SD) 6.7 (6.9) 1.8 (2.8)

White blood cell count, 103/mm3, median (Q1, Q3) 6.64 (4.85, 9.25) 6.59 (5.24, 8.10)
−0.64 (−0.95, −0.34)

Mean (SD) 7.66 (4.73) 7.06 (3.94)

Q1, first quartile; Q3, third quartile; CI, confidence interval; bpm, beats per minute; * calculated as value at discharge minus value
at admission.

Mean Haemoglobin, C-reactive protein and white blood cell count at admission were
13.2 ± 1.9 g/dL, 6.7 ± 6.9 mg/dL and 7.66 ± 4.73 103/mm3 respectively with a significant
decrease during hospitalization.

Regarding therapies (Table 1), most of the patients were treated with hydroxychloro-
quine (70.0%) while 36.9% were treated with lopinavir/ritonavir, 24.0% with azithromycin,
39.9% with corticosteroid and 10.5% with tocilizumab. 31.0% of the subjects were treated
with drugs acting on HR, in particular 28.8% were on beta-blockers, 5.7% on antiarrhythmic
and 2.3% on digoxin while only 3 patients took ivabradine.

3.2. Elevated Heart Rate at Discharge

When subjects were classified according to discharge HR with the cut-off at 100 bpm
(≤100 bpm vs. >100 bpm—Table 1) we found that only a small percentage (5.5%) of subjects
presented a high discharge HR and that those subjects were younger (54—Q1, Q337-65 vs.
60—Q1, Q350-74, years, p = 0.004) and more frequently presented a severe disease (36.8 vs.
11.8%, p < 0.001) with a longer hospital stay (21—Q1, Q310.5-34 vs. 15 Q1, Q39-24, days,
p = 0.036).

Figure 2 showed the differences in admission (panel A) and discharge (panel B) HR
and changes in HR during hospital stay (panel C) when subjects were divided accordingly
to the presence of a severe disease. Particularly, subjects with severe disease presented a
slightly higher baseline HR (91—Q1, Q380-104 vs. 88—Q1, Q377-100, bpm p = 0.024) and a
higher discharge HR (87.5 Q1, Q379.5-99 vs. 77—Q1, Q370-86, bpm, p < 0.001) with a lower
HR decrease during hospitalisation (5—Q1, Q3-10;18 vs. 10—Q1, Q3-1;23, bpm, p = 0.005).
The prevalence of HR > 100 bpm was significantly higher in subjects with severe disease
compared with those without (15.2 vs. 4%, p < 0.001).
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Furthermore, subjects with high discharge HR presented a lower Charlson Comor-
bidity Index (a score of 1—Q1, Q30-3 vs. 2 Q1, Q31-4, p = 0.002) and higher HR (95—Q1,
Q380-104 vs. 88—Q1, Q377-101, bpm, p = 0.037) and body temperature (37.2—Q1, Q336.5-
38 vs. 36.7—Q1, Q336.1-37.6, ◦C, p = 0.044) at admission as well as higher C-reactive protein
(8.4—Q1, Q34.7-13.3 vs. 4.3—Q1, Q31.4-9.3, mg/dL, p = 0.002).

No significant differences were seen regarding COVID-19 treatment although it seems
that subjects with high discharge HR were treated more frequently with tocilizumab (21.2
vs. 9.9%, p = 0.055). Similarly, no differences were seen regarding drugs acting on HR.

3.3. Multipredictor Analysis

Table 3 showed the predictors of discharge HR. When adjusted only for baseline
HR, a significant relationship was found with age (mean increase = β = −0.10 per year,
95% CI −0.16; −0.04, p < 0.001), Charlson Comorbidity Index (β = −0.77 per unit, 95%
CI −1.13; −0.41, p < 0.001), systolic BP (β = −0.041 per mmHg, 95% CI −0.081; −0.001,
p = 0.046), hemoglobin (β = −0.52 per g/dL, 95% CI −1.02; −0.03, p = 0.039), severe disease
(β = 9.64, 95% CI 6.94; 12.35, p < 0.001), and HR acting drug (β = −2.67, 95% CI −4.73;
−0.62, p = 0.011).

Table 3. Predictors of heart rate at discharge in hospitalized patients with SARS-CoV-2 infection.

Models Adjusted Only by Heart
Rate at Admission Fully Adjusted Model *

Coefficient (95% CI) p Coefficient (95% CI) p

Heart rate at admission, per bpm increase 0.17 (0.13; 0.23) <0.001 0.17 (0.11; 0.22) <0.001

Age, per year increase −0.10 (−0.16; −0.04) <0.001 −0.03 (−0.12; 0.06) 0.511

Gender, female as reference 0.15 (−1.78; 2.08) 0.878 −0.08 (−2.11; 1.94) 0.935

Charlson Comorbidity Index, per unit increase −0.77 (−1.13; −0.41) <0.001 −0.36 (−0.91; 0.19) 0.195

Oxygen saturation, %, per unit increase −0.23 (−0.48; −0.02) 0.073 −0.09 (−0.36; 0.18) 0.506

Systolic blood pressure, per 1 mmHg increase −0.041 (−0.081; −0.001) 0.046 −0.010 (−0.051; 0.032) 0.640

Body-temperature Celsius, per unit increase 0.19 (−0.80; 1.18) 0.703 −0.47 (−1.47; 0.52) 0.348

Hemoglobin, per g/dL increase −0.52 (−1.02; −0.03) 0.039 −0.64 (−1.19; −0.09) 0.023

Severe disease, absence as reference 9.64 (6.94; 12.35) <0.001 8.42 (5.39; 11.45) <0.001

COVID-19 pulmonary disease, absence as reference 1.58 (−1.05; 4.22) 0.239 1.36 (−1.48; 4.20) 0.348

Drugs acting on heart rate, absence as reference −2.67 (−4.73; −0.62) 0.011 −1.84 (−4.01; 0.33) 0.097

COVID, COronaVIrus-related Disease; * Intercept (std. error) = 101.492 (24.632), adjusted R2 = 13.3%.
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When the model was fully adjusted, only admission HR (β = 0.17 per bpm, 95% CI
0.11; 0.22, p < 0.001), hemoglobin (β = −0.64 per g/dL, 95% CI −1.19; −0.09, p = 0.023), and
severe disease (β = 8.42, 95% CI 5.39; 11.45, p < 0.001) when significantly associated with
discharge HR.

Finally, no significant associations (nor at the model adjusted for baseline HR, nor at
the fully adjusted model) were seen with COVID-19 therapies (Table S1).

When a logistic regression model with the same covariates was performed with the
presence of sinus tachycardia as the dependent variable, subjects with severe disease
presented an Odds Ratio of 3.783 (95% CI 1.539–9.299, p = 0.004) to have a discharge
HR > 100 bpm (Table S2).

4. Discussion

Our study showed that high HR at discharge (i.e., sinus tachycardia) is not such a
frequent problem. In fact, only 5.5% of the patients discharged from our hospital after
COVID-19 present an HR higher than 100 bpm. The second important result of our study
is that the discharge HR is strongly related to the evidence of a severe disease that in this
analysis was defined as the need for ICU admission and/or mechanical ventilation. In fact,
the prevalence of sinus tachycardia at discharge is almost four times higher in patients with
severe disease than in patients without severe disease (15.2% vs. 4%). As already mentioned
in the introduction, sinus tachycardia is considered the most common arrhythmia related
to SARS-CoV-2 infection although no previous definitive data have been published [3].
Some clinicians focused the attention on the persistence of sinus tachycardia over time
with symptoms that could remain for longer than 3 weeks (long-COVID) or over 12 weeks
also called chronic-COVID [15,16]. However, few data exist, and our paper provides a
piece of information on this topic by reporting that only about one over 18 patients was
discharged with sinus tachycardia. However, when the analysis was stratified for disease
severity, the prevalence increased to about one over 7 patients with severe disease. This
last result raised the attention to the most severe patients in which this problem is probably
more frequent.

Our study has a major limitation that needs to be immediately discussed, i.e., no HR
data following the discharge are available and so we cannot conclude on the question
regarding how long this problem persists over time in patients suffering for long-term
symptoms. At the best of our knowledge, no paper has been published regarding this point.

The problem of persistent sinus tachycardia after severe respiratory infection is some-
thing already evaluated during the Severe Acute Respiratory Syndrome (SARS) coronavirus
in 2003. Some paper reports of a prevalence of high HR at 2 months from disease onset
between 15% [17] and 38% [18]. In the first paper, the presence of high HR was related to a
more severe disease at presentation (similarly to our results) while this was not the case for
the second one.

Another point of our study that deserved to be mentioned is the possible mechanism
under this increase in HR in some subjects. One could argue that discharge HR is simply
a marker of a worst clinical condition at presentation and a higher systemic response to
sepsis. However, some papers [11,19,20] proposed another hypothesis, i.e., that long-term
symptoms, particularly fatigue and tachycardia, could be related to secondary autonomic
dysfunction. In fact, it has been described also to be related to other viral and bacterial infec-
tion [21,22] and possible mechanisms of damage are the cytokine storm [23], autoantibody
formation [24], a direct viral damage [11] or all the previous together.

Sympathetic hyperactivation is a part of the autonomic dysregulation and it could be
one of mechanism at the basis of acute and chronic COVID manifestation [25,26]. In fact,
sympathetic overdrive with reduction of vagal anti-inflammatory tone has been proposed
as a factor that could help explain the acute COVID-related mortality [26]. Similar condition
of imbalance between sympathetic and parasympathic tone has been described also in
many CV condition [27–29]. These diseases are also the most frequent comorbidities in
patients who died of COVID-19 [30] in which, probably, the infection leads to a further
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enhancement of sympathetic activation. The infection itself and the cytokine storm can
further deteriorate the autonomic function leading to an enhancement of the inflammatory
response and to negative outcomes [25,26].

HR is a simple and quick way to evaluate sympathetic activity. Although some
concern remains on its capacity to discern between different component of the autonomic
nervous system, it can be used for a first screening [31].

A more complex but complete way to analyse the autonomic function is HR variability
(HRV). Beat-to-beat HRV is a physiological metric that provides insight into the interplay
between the parasympathetic and sympathetic nervous systems [32]. A reduction in HRV
is a marker of sympathetic overdrive and autonomic dysfunction and, in the set of CV
diseases, has been linked to an increase mortality [33]. It has been evaluated also in COVID
patients in which two studies found a significant reduction in HRV (and so the presence of
sympathetic overdrive) in infected patients [34,35].

The use of drugs acting on HR is quite frequent (31%) with most of these patients
taking B-blockers (28.8%). This is probably determined by the prevalence of previous heart
disease (6.6% of previous myocardial infarction, 4.6% of congestive heart failure, 7.7% of
permanent atrial fibrillation). However, analyses were corrected for drugs acting on HR,
and this was confirmed to be not a factor interfere discharge HR in the multivariate model.

Our study has some limitations. The principal one is the absence of a follow-up
that could help us defining for how long the sinus tachycardia persists after discharge.
The second limitation is the absence of a complete assessment of autonomic function and
impairment. In fact, we can only interfere some data from HR hypothesizing an autonomic
nervous system involvement. Finally, characterization of immune response or complication
was not complete and some other biomarker such as Interleukin, troponin or pro-Brain
Natriuretic Peptide, could be useful to complete the analysis regarding the association
between HR and the disease severity.

5. Conclusions

In conclusion, high HR at discharge (>100 bpm, i.e., sinus tachycardia) in COVID-19
patients is not such a frequent problem and it involves the 5.5% of our population. It seems
to be strongly related to the evidence of a severe course of disease. However, post-discharge
follow-up data are needed in order to understand persistence over time of sinus tachycardia
and if this have a prognostic implication or is only the marker of a worst disease. Finally,
more data are also needed to confirm the hypothesis that an autonomic system dysfunction
is implicated in a higher HR at discharge.

6. Future Research

• Post-discharge follow-up with HR evaluation is needed in order to understand persis-
tence over time of sinus tachycardia.

• Furthermore, from post-discharge HR evaluation and subsequent mortality also infor-
mation on its prognostic implication could be derived.

• A better autonomic function assessment should be done in the acute phase and post-
discharge in order to confirm the hypothesis that autonomic dysfunction could be
implicated in persistent sinus tachycardia.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jcm10235590/s1, Table S1: COVID-19 related treatments and their association with heart
rate at discharge in hospitalized patients with SARS-CoV-2 infection. Table S2: Logistic regression
showing the association of predictors with sinus tachycardia (heart rate at discharge > 100 bpm) in
hospitalized patients with SARS-CoV-2 infection.

Author Contributions: Conceptualization, A.M., N.U., C.G., O.M.E. and M.F.; methodology, P.R.
and D.P.B., formal analysis, investigation, I.C., E.G., E.P., A.V., C.S. and F.V.; data curation, D.L.,
F.D.G., M.A. and S.S.; writing—original draft preparation, A.M., N.U. and D.P.B.; writing—review
and editing, A.M., N.U. and D.P.B.; visualization, all authors; supervision M.F., A.A., M.G.V., C.R.,
O.M.E. and C.G. All authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/jcm10235590/s1
https://www.mdpi.com/article/10.3390/jcm10235590/s1


J. Clin. Med. 2021, 10, 5590 10 of 11

Funding: This research was funded by: Italian Ministry of University and Research (MIUR)—
Department of Excellence project PREMIA (PREcision MedIcine Approach: bringing biomarker
research to clinic); A. De Gasperis Cardiology and Cardiac Surgery Foundation.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Comitato Etico Milano Area 3 (protocol code
NOS/COVID-19/1 13/5/2020).

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

Data Availability Statement: Available on request.

Acknowledgments: We want to thanks all the doctors, nurses and the hospital personnel that work
in COVID department at the Niguarda Hospital.

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

References
1. Lakkireddy, D.R.; Chung, M.K.; Gopinathannair, R.; Patton, K.K.; Gluckman, T.J.; Turagam, M.; Cheung, J.; Patel, P.; Sotomonte, J.;

Lampert, R.; et al. Guidance for Cardiac Elec-trophysiology During the COVID-19 Pandemic from the Heart Rhythm Society
COVID-19 Task Force; Electrophysiology Section of the American College of Cardiology; and the Electrocardiography and
Arrhythmias Committee of the Council on Clinical Cardiology, American Heart Association. Circulation 2020, 141, e823–e831.

2. Genovesi, S.; Rebora, P.; Occhino, G.; Rossi, E.; Maloberti, A.; Belli, M.; Bonfanti, P.; Giannattasio, C.; Rossetti, C.; Epis, O.M.; et al.
Atrial Fibrillation and Clinical Outcomes in a Cohort of Hospitalized Patients with SARS-CoV-2 Infection and Chronic Kidney
Disease. J. Clin. Med. 2021, 10, 4108. [CrossRef] [PubMed]

3. Xiong, T.-Y.; Redwood, S.; Prendergast, B.; Chen, M. Coronaviruses and the cardiovascular system: Acute and long-term
implications. Eur. Hear. J. 2020, 41, 1798–1800. [CrossRef] [PubMed]

4. Kochi, A.N.; Tagliari, A.P.; Forleo, G.B.; Fassini, G.M.; Tondo, C. Cardiac and arrhythmic complications in patients with COVID-19.
J. Cardiovasc. Electrophysiol. 2020, 31, 1003–1008. [CrossRef]

5. Barnaby, D.P.; Fernando, S.M.; Herry, C.L.; Scales, N.B.; Gallagher, E.J.; Seely, A.J.E. Heart Rate Variability, Clinical and Laboratory
Measures to Predict Future Deterioration in Patients Presenting with Sepsis. Shock. 2019, 51, 416–422. [CrossRef]

6. De Castilho, F.M.; Ribeiro, A.L.P.; Nobre, V.; Barros, G.; de Sousa, M.R. Heart rate variability as predictor of mortality in sepsis: A
systematic review. PLoS ONE 2018, 13, e0203487. [CrossRef]

7. Bhattacharjee, P.; Edelson, D.P.; Churpek, M.M. Identifying Patients with Sepsis on the Hospital Wards. Chest 2017, 151, 898–907.
[CrossRef]

8. Wei, C.; Al Kattani, N.; Louis, H.; Albuisson, E.; Levy, B.; Kimmoun, A. If Channel Inhibition with Ivabradine Does Not Im-prove
Cardiac and Vascular Function in Experimental Septic Shock. Shock 2016, 46, 297–303. [CrossRef] [PubMed]

9. Schortgen, F.; Charles-Nelson, A.; Bouadma, L.; Bizouard, G.; Brochard, L.; Katsahian, S. Respective impact of lowering body
temperature and heart rate on mortality in septic shock: Mediation analysis of a randomized trial. Intensiv. Care Med. 2015, 41,
1800–1808. [CrossRef]

10. Badke, C.M.; Marsillio, L.E.; Weese-Mayer, D.E.; Sanchez-Pinto, L.N. Autonomic Nervous System Dysfunction in Pediatric Sepsis.
Front. Pediatr. 2018, 6. [CrossRef]

11. Dani, M.; Dirksen, A.; Taraborrelli, P.; Torocastro, M.; Panagopoulos, D.; Sutton, R.; Lim, P.B. Autonomic dysfunction in ‘long
COVID’: Rationale, physiology and management strategies. Clin. Med. 2021, 21, e63–e67. [CrossRef]

12. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; De Simone, G.;
Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the man-agement of arterial hypertension: The Task Force for the
management of arterial hypertension of the European Society of Cardiology (ESC) and the European Society of Hypertension
(ESH). Eur. Heart J. 2018, 39, 3021–3104. [CrossRef]

13. Olshansky, B.; Sullivan, R.M. Inappropriate sinus tachycardia. Europace 2019, 21, 194–207. [CrossRef] [PubMed]
14. Sheldon, R.S.; Grubb, B.P.; Olshansky, B.; Shen, W.K.; Calkins, H.; Brignole, M.; Raj, S.R.; Krahn, A.D.; Morillo, C.A.; Stewart,

J.M.; et al. 2015 heart rhythm society expert con-sensus statement on the diagnosis and treatment of postural tachycardia
syndrome, inappropriate sinus tachycardia, and vasovagal syncope. Heart Rhythm 2015, 12, e41–e63. [CrossRef]

15. Baig, A.M. Chronic COVID syndrome: Need for an appropriate medical terminology for long-COVID and COVID long-haulers.
J. Med. Virol. 2021, 93, 2555–2556. [CrossRef] [PubMed]

16. Halpin, S.; O’Connor, R.; Sivan, M. Long COVID and chronic COVID syndromes. J. Med. Virol. 2021, 93, 1242–1243. [CrossRef]
[PubMed]

17. Lau, S.-T.; Yu, W.-C.; Mok, N.-S.; Tsui, P.-T.; Tong, W.-L.; Stella, W.C. Tachycardia amongst subjects recovering from severe acute
respiratory syndrome (SARS). Int. J. Cardiol. 2005, 100, 167–169. [CrossRef] [PubMed]

18. Yu, C.-M.; Wong, R.S.-M.; Wu, E.B.; Kong, S.-L.; Wong, J.; Yip, G.W.-K.; Soo, Y.O.Y.; Chiu, M.L.S.; Chan, Y.-S.; Hui, D.; et al.
Cardiovascular complications of severe acute respiratory syndrome. Postgrad. Med. J. 2006, 82, 140–144. [CrossRef]

19. Lo, Y.L. COVID-19, fatigue, and dysautonomia. J. Med. Virol. 2020, 93, 1213. [CrossRef]

http://doi.org/10.3390/jcm10184108
http://www.ncbi.nlm.nih.gov/pubmed/34575219
http://doi.org/10.1093/eurheartj/ehaa231
http://www.ncbi.nlm.nih.gov/pubmed/32186331
http://doi.org/10.1111/jce.14479
http://doi.org/10.1097/SHK.0000000000001192
http://doi.org/10.1371/journal.pone.0203487
http://doi.org/10.1016/j.chest.2016.06.020
http://doi.org/10.1097/SHK.0000000000000593
http://www.ncbi.nlm.nih.gov/pubmed/26909707
http://doi.org/10.1007/s00134-015-3987-7
http://doi.org/10.3389/fped.2018.00280
http://doi.org/10.7861/clinmed.2020-0896
http://doi.org/10.1093/eurheartj/ehy339
http://doi.org/10.1093/europace/euy128
http://www.ncbi.nlm.nih.gov/pubmed/29931244
http://doi.org/10.1016/j.hrthm.2015.03.029
http://doi.org/10.1002/jmv.26624
http://www.ncbi.nlm.nih.gov/pubmed/33095459
http://doi.org/10.1002/jmv.26587
http://www.ncbi.nlm.nih.gov/pubmed/33034893
http://doi.org/10.1016/j.ijcard.2004.06.022
http://www.ncbi.nlm.nih.gov/pubmed/15820302
http://doi.org/10.1136/pgmj.2005.037515
http://doi.org/10.1002/jmv.26552


J. Clin. Med. 2021, 10, 5590 11 of 11

20. Raj, S.R.; Arnold, A.C.; Barboi, A.; Claydon, V.E.; Limberg, J.K.; Lucci, V.E.M.; Numan, M.; Peltier, A.; Snapper, H.; Vernino, S.
Long-COVID postural tachycardia syndrome: An American Autonomic Society statement. Clin. Auton. Res. 2021, 31, 365–368.
[CrossRef]

21. Carod-Artal, F.J. Infectious diseases causing autonomic dysfunction. Clin. Auton. Res. 2017, 28, 67–81. [CrossRef]
22. Katz, B.Z.; Stewart, J.M.; Shiraishi, Y.; Mears, C.J.; Taylor, R. Autonomic symptoms at baseline and following infectious mon-

onucleosis in a prospective cohort of adolescents. Arch. Pediatr. Adolesc. Med. 2011, 165, 765–766. [CrossRef]
23. Goldstein, D.S. The extended autonomic system, dyshomeostasis, and COVID-19. Clin. Auton. Res. 2020, 30, 299–315. [CrossRef]

[PubMed]
24. Guilmot, A.; Slootjes, S.M.; Sellimi, A.; Bronchain, M.; Hanseeuw, B.; Belkhir, L.; Yombi, J.C.; De Greef, J.; Pothen, L.; Yildiz,

H.; et al. Immune-mediated neurological syndromes in SARS-CoV-2-infected patients. J. Neurol. 2021, 268, 751–757. [CrossRef]
25. Porzionato, A.; Emmi, A.; Barbon, S.; Boscolo-Berto, R.; Stecco, C.; Stocco, E.; Macchi, V.; De Caro, R. Sympathetic activation: A

potential link be-tween comorbidities and COVID-19. FEBS J. 2020, 287, 3681–3688. [CrossRef] [PubMed]
26. Del Rio, R.; Marcus, N.J.; Inestrosa, N.C. Potential Role of Autonomic Dysfunction in COVID-19 Morbidity and Mortality. Front.

Physiol. 2020, 11, 561749. [CrossRef] [PubMed]
27. Grassi, G.; Ram, V.S. Evidence for a critical role of the sympathetic nervous system in hypertension. J. Am. Soc. Hypertens. 2016,

10, 457–466. [CrossRef] [PubMed]
28. Gronda, E.; Brambilla, G.; Seravalle, G.; Maloberti, A.; Cairo, M.; Costantino, G.; Lovett, E.; Vanoli, E.; Mancia, G.; Grassi, G.

Effects of chronic carotid baroreceptor activation on arterial stiffness in severe heart failure. Clin. Res. Cardiol. 2016, 105, 838–846.
[CrossRef]

29. Seravalle, G.; Quarti-Trevano, F.; Dell’Oro, R.; Gronda, E.; Spaziani, D.; Facchetti, R.; Cuspidi, C.; Mancia, G.; Grassi, G.
Sympathetic and baroreflex alterations in congestive heart failure with preserved, midrange and reduced ejection fraction. J.
Hypertens. 2019, 37, 443–448. [CrossRef]

30. Ruzzenenti, G.; Maloberti, A.; Giani, V.; Biolcati, M.; Leidi, F.; Monticelli, M.; Grasso, E.; Cartella, I.; Palazzini, M.; Garatti, L.; et al.
COVID and Cardiovascular Diseases: Direct and Indirect Damages and Future Perspective. High Blood Press. Cardiovasc. Prev.
2021, 28, 439–445. [CrossRef]

31. Trevano, F.Q.; Seravalle, G.; Macchiarulo, M.; Villa, P.; Valena, C.; Dell’Oro, R.; Mancia, G.; Grassi, G. Reliability of heart rate as
neuroad-renergic marker in the metabolic syndrome. J. Hypertens. 2017, 35, 1685–1690. [CrossRef] [PubMed]

32. Shaffer, F.; Ginsberg, J.P. An Overview of Heart Rate Variability Metrics and Norms. Front. Public Health 2017, 5, 258. [CrossRef]
[PubMed]

33. Villareal, R.P.; Liu, B.C.; Massumi, A. Heart rate variability and cardiovascular mortality. Curr. Atheroscler. Rep. 2002, 4, 120–127.
[CrossRef]

34. Hirten, R.P.; Danieletto, M.; Tomalin, L.; Choi, K.H.; Zweig, M.; Golden, E.; Kaur, S.; Helmus, D.; Biello, A.; Pyzik, R.; et al. Use of
Physiological Data from a Wearable Device to Identify SARS-CoV-2 Infection and Symptoms and Predict COVID-19 Diagnosis:
Observational Study. J. Med. Internet Res. 2021, 23, e26107. [CrossRef] [PubMed]
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