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ABSTRACT
BACKGROUND: Coronavirus disease 2019 (COVID-19) can damage cardiac tissue by increasing troponin
levels and inducing arrhythmias, myocarditis, and acute coronary syndrome.
OBJECTIVES: To analyze the impact of COVID-19 on cardiac autonomic control in mechanically ventilated
intensive care unit (ICU) patients.
DESIGN AND SETTING: This cross-sectional analytical study of ICU patients of both sexes receiving me-
chanical ventilation was conducted in a tertiary hospital.
METHODS: Patients were divided into COVID-19-positive (COVID(+)) and COVID-19-negative (COVID(-)
groups. Clinical data were collected and heart rate variability (HRV) records obtained using a heart rate monitor.
RESULTS: The study sample comprised 82 subjects: 36 (44%) in the COVID(-) group (58.3% female; me-
dian age, 64.5 years) and 46 (56%) in the COVID(+) group (39.1% females; median age, 57.5 years). The
HRV indices were lower than the reference values. An intergroup comparison identified no statistically
significant differences in the mean normal-to-normal (NN) interval, standard deviation of the NN interval,
or root mean square of successive differences in NN intervals. The COVID(+) group had an increased low
frequency (P = 0.05), reduced high frequency (P = 0.045), and increased low frequency/high frequency
(LF/HF) ratio (P = 0.048). There was a weak positive correlation between LF/HF and length of stay in the
COVID(+) group.
CONCLUSION: Patients who received mechanical ventilation had lower overall HRV indices. COVID(+) pa-
tients who received mechanical ventilation had lower vagal HRV components. These findings likely indicate
clinical applicability, as autonomic control impairments are associated with a greater risk of cardiac death.

INTRODUCTION

Breathing difficulties with severe hypoxemia, caused by infection with the severe acute respira-
tory syndrome (SARS) virus, is the most important manifestation of coronavirus disease 2019
(COVID-19).! In addition to the possibility of a pulmonary lesion, COVID-19 may directly
cause heart damage in the form of myocarditis, heart failure, cardiogenic shock, acute coronary
syndrome, and cardiac arrhythmias. Clinical manifestations are also accompanied by increased
cardiac biomarker levels. The mechanisms that cause these cardiovascular disorders are not yet
clear; however, they are believed to be related to excessive inflammatory responses, hypoxemia,
thromboembolic phenomena, and endothelial dysfunction.?® The severity of infection increases
simultaneously with the activation of the inflammatory pathways that trigger cytokine storm.*

Cardiac autonomic control can be studied through heart rate variability (HRV), which is
the physiological phenomenon of variation in the time interval between heartbeats.>® Decreased
HRV is a sign of abnormal and insufficient adaptation of the autonomic nervous system (ANS)
and may indicate physiological malfunctioning in some clinical conditions.”’® Autonomic dys-
function is common in various disorders that occur in patients with critical conditions, such as
multiple organ dysfunction syndrome, sepsis, myocardial infarction, decompensated heart fail-
ure, and severe brain injury.!**

Furthermore, depressed parasympathetic activity has been implicated in the pathogenesis of
diseases associated with excessive inflammatory responses.' These changes may be clarified by the
inflammatory reflex theory - i.e., activation of the vagus nerve and consequently reduced inflam-
matory responses in septic and aseptic inflammation models.’® Reduced HRV may be an inde-

pendent predictive factor of 30-day all-cause mortality in intensive care unit (ICU) patients.'>!""*?
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OBJECTIVE
Given the likely cardiac damage caused by COVID-19, the objec-
tive of this study was to analyze the impact of this disease on car-

diac autonomic control in ICU patients.
METHODS

Study design
This cross-sectional analytical study was conducted between
August 2020 and February 2021 in an ICU that exclusively treated
adult SARS patients. The following data were collected from the
medical records: sample characterization (such as sex, age, vital
signs (heart rate [HR], systolic arterial pressure, diastolic arterial
pressure, peripheral oxygen saturation [SpO,]), history of current
disease, pre-existing diseases, and ICU length of stay).

Additionally, ventilatory parameters (positive end-expiratory
pressure, pressure support [PS], fraction of inspired oxygen [FiO,],
and arterial pressure of oxygen/FiO, ratio [PaO,/FiO,]) and ven-
tilatory muscle function data (maximum inspiratory pressure,
maximum expiratory pressure, and rapid and shallow breathing
index) were collected.

The samples were obtained for convenience. Participants in
the study included patients receiving mechanical ventilation (MV)
who underwent reverse transcription-polymerase chain reac-
tion (RT-PCR) for COVID-19 diagnosis. Those with positive and
negative results were included, and their groups were denoted
COVID(+) and COVID(-), respectively. Patients with complex
arrhythmias, second- or third-degree atrioventricular block, car-
diac pacemakers, heart transplants, or those taking antiarrhyth-
mic drugs were excluded.

This study was approved by the Research Ethics Committee
of the HUOC/PROCAPE Hospital Complex (no. CAAE
13364019.5.0000.5192) on June 26, 2019. The patients or their

legal guardians signed an informed consent form.

Heart rate variability
HRYV was measured with a Polar V800 heart rate monitor (Polar
Electro Oy, Kempele, Finland), with a Polar H10 heart rate sen-
sor (Polar Electro Oy) positioned at the patient’s xiphoid pro-
cess with a Polar Pro strap (Polar Electro Oy). The final data were
exported to Kubios HRV Standard software (release 3.3.1, 2019;
Kubios Oy, Kuopio, Finland), in which normal-to-normal inter-
vals (NNi) were processed and digitally filtered to eliminate arti-
facts. The Task Force of the European Society of Cardiology and
North American Society of Pacing and Electrophysiology recom-
mendations were followed.?

All patients received invasive pressure support MV and were
always assessed in the morning, between 8 oclock and noon, to

avoid the influence of the circadian rhythm. The subjects were

lying in bed in the supine position, with the headrest angled at
45°. Time and frequency domains were analyzed with the highest
quality and fewest-artifact 5-minute extracts.

The following HRV data were investigated in the time domain:
mean NNi (ms), standard deviation of the NN interval (SDNN,
ms), and the root mean square of successive differences in NN
intervals (RMSSD, ms). For the frequency domain, low frequency
(LE in normalized units [nu]), high frequency (HF, nu), and the
LF/HF ratio were analyzed.

Statistical analysis

The statistical analysis was performed using SPSS software
(release 22.0, 2013; SPSS Inc., Chicago, Illinois, United States,
Release 22.0, 2013). Initially, normality was verified using the
Kolmogorov-Smirnov test and homoscedasticity using Bartlett’s
test. Given the results and considering the nature of the study,
continuous variables were presented as medians (first quar-
tile - third quartile) (minimum value - maximum value) and
categorical variables as absolute and relative frequencies. The
Mann-Whitney U test compared the results of the continuous
variables between the two groups, while the Pearson chi-square
test (x?) analyzed the proportions of categorical variables. The
measures of central tendency and dispersion presented in
the study by Nunan were taken as normal reference values of
the HRV parameters analyzed in the present study.? A linear
regression was performed to evaluate possible confounding fac-
tors. All analyses were bilateral and performed at the 5% sig-
nificance level. When calculated, P values and 95% confidence

intervals were precise.

RESULTS

The study comprised 82 individuals divided into two groups
based on RT-PCR results for SARS-CoV-2. The COVID(-)
group had 36 (44%) subjects with a median age of 64.5 (56.0-
70.0) years; 21 (58.3%) were female. The COVID(+) group had
46 (56%) subjects with a median age of 57.5 (42.8-73.0) years;
18 (39.1%) were female. The groups were homogeneous, and the
sample characterization data are presented in Table 1.

No difference in vital signs was observed between the two
groups, except for SpO,, which was significantly lower in the
COVID(+) than COVID(-) group (95.5% versus 97.0%; P = 0.035).
Nonetheless, both values were normal. Among the ventilatory
parameters, the FiO, used was higher in the COVID(+) group
(P =0.024). There was no significant intergroup difference in ven-
tilatory muscle function.

The main comorbidities found in the COVID(+) group
were systemic arterial hypertension (52.2%) and diabetes mel-
litus (39.1%), with a statistically similar prevalence, in contrast
to the COVID(-) group. The patients’ length of stay by the day



Table 1. Characterization of positive and negative patients for COVID-19 admitted to an intensive care unit between August 2020 and
February 2021 under mechanical ventilation (n = 82)

Negative COVID (n = 36) Positive COVID (n = 46)

Variables P
Median (1Q-3Q) [Min-Max] Median (1Q-3Q) [Min-Max]

Age, years 64.5 (56.0-70.0)[28.0-81.0] 57.5(42.8-73.0)[31.0-88.0] 0.472
Heart rate, bpm 93.0(81.3-101.0)[58.0-119.0] 88.0 (73.0-104.0)[55.0-147.0] 0.492
Systolic blood pressure, mmHg 137.0 (113.8-156.5)[67.0 - 189.0] 128.5 (108.8-142.5)[64.0-166.0] 0.071
Diastolic blood pressure, mmHg 74.5 (66.3-86.8)[47.0-100.0] 69.5 (60.0-84.0)[48.0-117.0] 0.184
Peripheral capillary oxygen saturation, % 97.0 (95.0-98.0)[93.0-100.0] 95.5 (94.0-98.0)[91.0-100.0] 0.035
Length in intensive care unit, days 5.0 (3.0-10.8)[1.0-26.0] 9.0 (4.0-14.0)[1.0-34.0] 0.024
Positive end-expiratory pressure, cmHZO 6 (6-8)[5-10] 6 (6-8)[5-10] 0.795
Pressure support, cmH,0 10 (10-10)[8-18] 10 (10-12)[8-16] 0.682
Fraction of inspired oxygen, % 21 (21-30)[21-35] 25(21-35)[21-50] 0.024
PaO,/FiO, ratio 366 (310-471)[201-666] 356 (277-419)[140-633] 0.168
Maximal inspiratory pressure, cmH,0 -60 (-47 - -80)[-20 - -120] -60 (-60 — -100)[-30 —-120] 0.282
Maximal expiratory pressure, cmHZO 80 (46-100)[20 - 170] 70 (48-100)[20-150] 0.828
Rapid shallow breath index 44 (36-66)[12-110] 46 (37-66)[24-85] 0.602
Female sex, n (%) 21 (58.3%) 18 (39.1%) 0.084
Systemic arterial hypertension, n (%) 24 (66.7%) 24 (52.2%) 0.186
Diabetes mellitus, n (%) 19 (52.8%) 18 (39.1%) 0.218
Chronic obstructive pulmonary disease, n (%) 6(16.7%) 5(10.9%) 0.523

COVID-19 = coronavirus disease 2019; 1Q = first quartile; 3Q = third quartile; Min-Max = minimum-maximum; PaO, = oxygen blood pressure; FiO2 = fraction of

inspired oxygen.

of assessment was significantly longer in the COVID(+) group
(P =0.024) than in the negative group (Table 1).

All HRV parameter values for the patients in both groups
were significantly lower than the reference values. In con-
trast, the comparison of time domain indicators between the
COVID(+) and COVID(-) groups revealed no statistical differ-
ence in mean NNi, SDNN, or RMSSD values. In the frequency
domain, comparison between the groups revealed a signifi-
cant increase(P = 0.05) in LF, a significant decrease (P = 0.045)
in HE, and an increase in the LF/HF ratio (P = 0.048) in the
COVID(+) group (Table 2).

The indices in the frequency domain that showed a significant
difference in the COVID(+) group were subjected to linear regres-
sion to analyze possible confounding factors, and a weak positive
correlation was observed between LF/HF and days spent in the
ICU (P =0.01; r2 = 0.14) (Figure 1).

DISCUSSION

This study observed changes in cardiac autonomic control inter-
actions in ICU patients receiving invasive MV, whose RT-PCR
test was positive for COVID-19. These patients had lower vagal
activity and sympathetic hyperactivity in the frequency domain

than non-infected patients.

Strong hyperimmune reactions due to COVID-19 produce a
large adrenergic release, which is mainly modulated by the sympa-
thetic nervous system.>* Consequently, a modulated compensatory
response occurs via the cholinergic anti-inflammatory pathway of
the parasympathetic nervous system.** Thus, the ANS participates
in regulating this inflammatory reflex, and its balance is essential
for maintaining physiological homeostasis.'"'?

The vagus nerve is an important neuroimmunomodulator of
the anti-inflammatory pathway.?> When working properly, this
regulatory anti-inflammatory response limits viral infection dis-
semination and is vital for controlling and treating COVID-19.
However, when vagal activity is reduced, the inflammatory response
may get out of control, contributing to hyperinflammation - the
so-called cytokine storm.? In this regard, the results of this research
show decreased HF in the COVID(+) group, demonstrating that
these patients’ vagal component is reduced. Hence, unregulated
immune responses observed in severe cases of COVID-19 (those
which cause inflammation and SARS) may result from impaired
vagal activity in inflammation regulation.?

Various previous studies have already researched the cor-
relation between HRV and inflammatory markers.?*? Tateishi
et al. found that interleukin-6 (IL-6) was negatively correlated

with LF in septic ICU patients.?* Papaioannou et al. reported an
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Table 2. Measures of heart rate variability of positive and negative patients for COVID-19, admitted to the intensive care unit under
mechanical ventilation (n = 82)

Negative COVID (n = 36) Positive COVID (n = 46)
Variables P
Median (1Q-3Q) [Min-Max] Median (1Q-3Q) [Min-Max]
NNi medium, ms 639.5 (572.3-764.8)[451.0-1191.0] 653.0 (571.8-800.8)[8.6-1321.0] 0.581
SDNN, ms 8.1 (4.5-25.9)[3.0-65.0] 10.4 (6.2-21.3)[2.5-46.3] 0.562
RMSSD, ms 12.1 (4.5-32.2)[2.1-98.0] 12.9 (7.9-27.3)[2.0-68.6] 0.695
LF, nu 33.6 (24.8-55.4)[9.2-87.2] 47.2 (26.4-71.0)[7.2-87.8] 0.050
HF, nu 66.8 (44.3-74.9)[12.8-90.2] 51.4(28.9-71.8)[12.2-91.4] 0.045
LF/HF ratio 0.5 (0.3-1.3)[0.1-6.8] 0.9 (0.4-2.5)[0.1-7.2] 0.048

COVID-19 = coronavirus disease 2019; 1Q = first quartile; 3Q = third quartile; Min-Max = minimum-maximum; HF = high frequency; LF = low frequency; NNi =
N-N interval; RMSDD = square root of the mean squared differences of successive N-N intervals; SDNN = standard deviation of the N-N interval.

D_UTI = length in intensive care unit; FiO, = fraction of inspired oxygen; SpO, = peripheral capillary oxygen saturation; LF = low frequency; HF = high frequency.

Figure 1. Linear regression analysis between indices in the frequency domain and possible confounding factors days of ICU stay, SpO,, and Fio2.

4 Sao Paulo Med J. 2023;141(6):e2022513



inverse correlation between LF and LF/HF and C-reactive
protein levels.?

Previous studies examining the role of HRV in COVID-19
found that a reduction in HRV preceded an increase in inflam-
matory markers. However, these studies used small sample sizes
and did not statistically adjust for important confounders such as
age and comorbidities.”*

One of the first studies examining the potential role of HRV as
a surrogate marker for vagus nerve activity in COVID-19 showed
that age is a predictor of death only in cases of reduced HRV. This
suggests that the vagus nerve plays an important moderating and
protective role in COVID-19 and may even weaken the prognos-
tic role of aging.”’

Among the HRV parameters analyzed in the time domain,
SDNN and RMSSD are markers of parasympathetic tone. Their
values were low in both groups in the present study, demonstrating
that parasympathetic activity was reduced in patients with severe
disease who were receiving MV. This reduction was sharper in
the COVID(-) group, although the difference was not statistically
significant. A cross-sectional analytical study conducted in India
also found significantly higher RMSSD and SDNN values in the
COVID(+) group.” However, that study neither included severe
patients nor used oxygen therapy.

Jarczok et al. observed in a cross-sectional study that daytime
RMSSD values below 25 (+4) ms indicate high cardiovascular
risk.*® Hence, the low RMSSD values found in this study suggest
that ICU patients, with or without a confirmed COVID-19 diag-
nosis, were at an increased cardiovascular risk.

HRYV reductions have been associated with disease sever-
ity and increased mortality in ICU patients.!" Papaioannou et al.
observed that less clinically stable patients have a lower LF/HF
ratio and decreased overall variance; they also pointed out that
patients recovered from such reduction as they improved and were
discharged from the ICU.* Likewise, LF/HF values in the present
study were lower in both groups, demonstrating that the sample
patients were in a severe condition.

The average length of stay for the COVID(+) group was 9 days. It
is known that in the first two weeks of infection, the defense mech-
anisms are deregulated and the severity of the disease increases as
the cytokine storm is activated.**! A retrospective study conducted
in China analyzed chest computed tomography (CT) scans of 121
patients with COVID-19 and showed the most extensive disease
approximately 10 days after the onset of symptoms.** A study in
Mexico of COVID-19 patients observed that the interval between
the first symptoms and death was a mean 9 (range, 5-13) days.*
Thus, the weak positive correlation between LF/HF and days spent
in the ICU observed in the COVID(+) group may be related to the
greater dysregulation of the anti-inflammatory reflex observed in

the initial 10 days of the disease.

Limitations
This study has some limitations. The pandemic period and diffi-
culty in obtaining an interruption-free HRV record due to elec-
tronic equipment causing interference in the ICU environment
compromised the recruitment of a larger sample, which may
have limited the generalization of our findings. Recent studies
have shown that short-term recordings of HRV indices in the
time domain may not be monitored to interpret oscillations in
autonomic and regulatory nervous systems. This may explain the
lack of significant differences in the RMSSD and SDNN between
the groups in the present study.

Although HRYV spectral analysis is an accepted, valid, and
reliable noninvasive indicator of ANS balance, no other measures
(such as catecholamine serum levels or baroreflex sensitivity) were

used to collect data on autonomic activity.

CONCLUSIONS

ICU patients who received MV had lower overall HRV measures.
HF reduction was particularly sharper in COVID-19 patients
receiving MV, which demonstrates the role of cardiac autonomic
control in the pathogenesis of diseases characterized by exces-
sive inﬂammatory responses. Hence, HRV measurements with
spectral analysis can be promising markers of the inflammatory
response, aiding future studies on new anti-inflammatory treat-
ments. The findings of the present study are likely to be clinically
applicable, as autonomic control impairments are associated with
a greater risk of cardiac death. Further studies are required to

confirm these results.

REFERENCES

1. Leitzke M, Stefanovic D, Meyer JJ, Schimpf S, Schénknecht P Autonomic
balance determines the severity of COVID-19 courses. Bioelectron
Med. 2020;6(1):22. PMID: 33292846; https://doi.org/10.1186/542234-
020-00058-0.

2. ChenlL, Li X, Chen M, Feng, Xiong C. The ACE2 expression in human
heartindicates new potential mechanism of heart injury among patients
infected with SARS-CoV-2. Cardiovasc Res. 2020;116(6):1097-100.
Erratum in: Cardiovasc Res 2020 Oct 1;116(12):1994. PMID: 32227090;
https://doi.org/10.1093/cvr/cvaa078.

3. Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin | in patients with
coronavirus disease 2019 (COVID-19): Evidence from a meta-analysis.
Prog Cardiovasc Dis. 2020;63(3):390-1. PMID: 32169400; https://doi.
0rg/10.1016/j.pcad.2020.03.001.

4. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet. 2020;395(10229):1033-4.
PMID: 32192578; https://doi.org/10.1016/50140-6736(20)30628-0.

5. ChuDuc H, NguyenPhan K, NguyenViet D. A Review of Heart Rate
Variability and its Applications. APCBEE Procedia. 2013;7:80-5. https://
doi.org/10.1016/j.apcbee.2013.08.016.


https://doi.org/10.1186/s42234-020-00058-0
https://doi.org/10.1186/s42234-020-00058-0
https://doi.org/10.1093/cvr/cvaa078
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/j.apcbee.2013.08.016
https://doi.org/10.1016/j.apcbee.2013.08.016

ORIGINAL ARTICLE | Silva RB, Neves VR, Barros MC, Gambassi BB, Schwingel PA, Sobral-Filho DC

Catai AM, Pastre CM, Godoy MF, et al. Heart rate variability: are you using
it properly? Standardisation checklist of procedures. Braz J Phys Ther.
2020;24(2)91-102. PMID: 30852243; https,//doi.org/10.1016/).jpt.2019.02.006.
Karas M, Larochelle P, LeBlanc RA, et al. Attenuation of autonomic
nervous system functions in hypertensive patients at rest and during
orthostatic stimulation. J Clin Hypertens (Greenwich). 2008;10(2):97-104.
PMID: 18256574; https://doi.org/10.1111/}.1751-7176.2008.07324 x.
Pecyna MB.The level of intelligence and heart rate variability in men
after myocardial infarction. J Physiol Pharmacol. 2006;57 Suppl 4:283-7.
PMID: 17072056.

Terathongkum S, Pickler RH. Relationships among heart rate variability,
hypertension, and relaxation techniques. J Vasc Nurs. 2004;22(3):78-82;
quiz 83-4. Erratum in: JVasc Nurs. 2004 Dec;22(4):140. PMID: 15371972,
https://doi.org/10.1016/jjvn.2004.06.003.

. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic

imbalance, heart rate variability and cardiovascular disease risk
factors. Int J Cardiol. 2010;141(2):122-31. PMID: 1991006 1; https://doi.
0rg/10.1016/jijcard.2009.09.543.

. Johnston BW, Barrett-Jolley R, Krige A, Welters ID. Heart rate

variability: Measurement and emerging use in critical care medicine.
J Intensive Care Soc. 2020;21(2):148-57. PMID: 32489411; https://doi.
org/10.1177/1751143719853744.

. Karmali SN, Sciusco A, May SM, Ackland GL. Heart rate variability in critical

care medicine: a systematic review. Intensive Care Med Exp. 2017;5(1):33.
PMID: 28702940; https://doi.org/10.1186/540635-017-0146-1.

. Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: an

integrative review of the heart’s anatomy and heart rate variability.
Front Psychol. 2014;5:1040. PMID: 25324790; https://doi.org/10.3389/
fpsyq.2014.01040.

. PapaioannouV, Pneumatikos |, Maglaveras N. Association of heart rate

variability and inflammatory response in patients with cardiovascular
diseases: current strengths and limitations. Front Physiol. 2013;4:174.
PMID: 23847549; https://doi.org/10.3389/fphys.2013.00174.

. Huston JM, Tracey KJ. The pulse of inflammation: heart rate variability, the

cholinergic anti-inflammatory pathway and implications for therapy. J
Intern Med. 2011;269(1):45-53. PMID: 21158977; https://doi.org/10.1111/
J.1365-2796.2010.02321 X.

. Tracey KJ. The inflammatory reflex. Nature. 2002;420(6917):853-9. PMID:

12490958; https://doi.org/10.1038/nature01321..

. Annane D, Trabold F, Sharshar T, et al. Inappropriate sympathetic

activation at onset of septic shock: a spectral analysis approach. Am
J Respir Crit Care Med. 1999;160(2):458-65. PMID: 10430714; https://
doi.org/10.1164/ajrccm.160.2.9810073..

. Piepoli M, Garrard CS, Kontoyannis DA, Bernardi L. Autonomic control

of the heart and peripheral vessels in human septic shock. Intensive
Care Med. 1995;21(2):112-9. PMID: 7775691; https://doi.org/10.1007/
BF01726532.

. Bishop DG, Wise RD, Lee C, et al. Heart rate variability predicts

30-day all-cause mortality in intensive care units. South Afr J

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Anaesth Analg. 2016;22:125-8. PMID: 32489411; https://doi.
org/10.1177/1751143719853744.

Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Task Force of the European Society
of Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation. 1996,93(5):1043-65. PMID: 8598068.
Nunan D, Sandercock GR, Brodie DA. A quantitative systematic review
of normal values for short-term heart rate variability in healthy adults.
Pacing Clin Electrophysiol. 2010;33(11):1407-17. PMID: 2066307 1; https.//
doi.org/10.1111/j.1540-8159.2010.02841 x.

Ek M, Kurosawa M, Lundeberg T, Ericsson A. Activation of vagal afferents
after intravenous injection of interleukin-1beta: role of endogenous
prostaglandins.J Neurosci. 1998;18(22):9471-9. PMID: 9801384; https://
doi.org/10.1523/JNEUROSCL.18-22-09471.1998.

Tang YW, Schmitz JE, Persing DH, Stratton CW. Laboratory Diagnosis
of COVID-19: Current Issues and Challenges. J Clin Microbiol.
2020;58(6):e00512-20. PMID: 32245835; https://doi.org/10.1128/
JCM.00512-20.

TateishiY,Oda S, Nakamura M, et al. Depressed heart rate variability is
associated with high IL-6 blood level and decline in the blood pressure
in septic patients. Shock. 2007;28(5):549-53. PMID: 18075483; https://
doi.org/10.1097/shk.0b013e3180638d1.

Papaioannou VE, Dragoumanis C, Theodorou V, Gargaretas C,
Pneumatikos I. Relation of heart rate variability to serum levels of
C-reactive protein, interleukin 6, and 10 in patients with sepsis and
septic shock. J Crit Care. 2009;24(4):625.e1-7. PMID: 19327330; https://
doi.org/10.1016/j.jcrc.2008.11.010.

Jan BU, Coyle SM, Macor MA, et al. Relationship of basal heart rate
variability to in vivo cytokine responses after endotoxin exposure.
Shock. 2010;33(4):363-8. PMID: 20407404; https://doi.org/10.1097/
SHK.0b013e3181b66bf4.

Mol MBA, Strous MTA, Van Osch FHM, et al. Heart-rate-variability (HRV),
predicts outcomes in COVID-19. PLoS One. 2021;16(10):e0258841. PMID:
34710127; https://doi.org/10.1371/journal.pone.0258841.

Hasty F, Garcia G, Davila H, et al. Heart Rate Variability as a Possible
Predictive Marker for Acute Inflammatory Response in COVID-19
Patients. Military Medicine. 2021;186(1-2):e34-e8. PMID: 33206183;
https://doi.org/10.1093/milmed/usaa405.

Kaliyaperumal D, Rk K, Alagesan M, Ramalingam S. Characterization of
cardiac autonomic function in COVID-19 using heart rate variability:
a hospital based preliminary observational study. J Basic Clin Physiol
Pharmacol. 2021;32(3):247-53. PMID: 337056 14; https://doi.org/10.1515/
jbcpp-2020-0378.

Jarczok MN, Koenig J, Wittling A, Fischer JE, Thayer JF. First Evaluation
of an Index of Low Vagally-Mediated Heart Rate Variability as a
Marker of Health Risks in Human Adults: Proof of Concept. J Clin Med.
2019;8(11):1940. PMID: 31717972; https://doi.org/10.3390/jcm8111940.

. Feldmann M, Maini RN, Woody JN, et al. Trials of anti-tumour

necrosis factor therapy for COVID-19 are urgently needed. Lancet.

6 Sao Paulo Med J. 2023;141(6):e2022513


https://doi.org/10.1016/j.bjpt.2019.02.006
https://doi.org/10.1111/j.1751-7176.2008.07324.x
https://doi.org/10.1016/j.jvn.2004.06.003
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.1177/1751143719853744
https://doi.org/10.1177/1751143719853744
https://doi.org/10.1186/s40635-017-0146-1
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fphys.2013.00174
https://doi.org/10.1111/j.1365-2796.2010.02321.x
https://doi.org/10.1111/j.1365-2796.2010.02321.x
https://doi.org/10.1038/nature01321
https://doi.org/10.1164/ajrccm.160.2.9810073
https://doi.org/10.1164/ajrccm.160.2.9810073
https://doi.org/10.1007/BF01726532
https://doi.org/10.1007/BF01726532
https://doi.org/10.1177/1751143719853744
https://doi.org/10.1177/1751143719853744
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1523/JNEUROSCI.18-22-09471.1998
https://doi.org/10.1523/JNEUROSCI.18-22-09471.1998
https://doi.org/10.1128/JCM.00512-20
https://doi.org/10.1128/JCM.00512-20
https://doi.org/10.1097/shk.0b013e3180638d1
https://doi.org/10.1097/shk.0b013e3180638d1
https://doi.org/10.1016/j.jcrc.2008.11.010
https://doi.org/10.1016/j.jcrc.2008.11.010
https://doi.org/10.1097/SHK.0b013e3181b66bf4
https://doi.org/10.1097/SHK.0b013e3181b66bf4
https://doi.org/10.1371/journal.pone.0258841
https://doi.org/10.1093/milmed/usaa405
https://doi.org/10.1515/jbcpp-2020-0378
https://doi.org/10.1515/jbcpp-2020-0378
https://doi.org/10.3390/jcm8111940

Autonomic dysfunction in COVID-19 patients receiving mechanical ventilation: A cross-sectional study | ORIGINAL ARTICLE

2020;395(10234):1407-9. PMID: 32278362; https://doi.org/10.1016/
S0140-6736(20)30858-8.

32. Bernheim A, Mei X, Huang M, et al. Chest CT Findings in Coronavirus
Disease-19 (COVID-19): Relationship to Duration of Infection. Radiology.
2020;295(3):200463. PMID: 32077789; https://doi.org/10.1148/
radiol.2020200463.

33. Chiquete E, Alegre-Diaz J, Ochoa-Guzman A, et al. Ethnicity and other
COVID-19 death risk factors in Mexico. Arch Med Sci. 2020;18(3):711-8.
PMID: 35591829; https://doi.org/10.5114/aoms.2020.101443.

Authors’ contributions: Silva RB: conceptualization (lead), data

curation (equal), formal analysis (lead), investigation (equal), project
administration (lead) and writing-review and editing (equal),

and final approval of the version to be published (equal); Neves

VR: conceptualization (supporting), investigation (equal), project
administration (supporting) and writing-review and editing (equal);
Barros MC: interpretation of data for the work (equal), revising it critically
for important intellectual content (lead) and final approval of the version
to be published (equal); Gambassi BB: interpretation of data for the
work (equal), revising it critically for important intellectual content (lead)
and final approval of the version to be published (equal); Schwingel

PA: interpretation of data for the work (equal), revising it critically for
important intellectual content (lead) and final approval of the version to
be published (equal); Sobral-Filho DC: supervision (lead), interpretation
of data for the work (equal), revising it critically for important intellectual
content (equal) and final approval of the version to be published (lead).
All authors actively contributed to the discussion of the study results and

reviewed and approved the final version of the manuscript

Sources of funding: This research did not receive any specific grants from
funding agencies in the public, commercial, or not-for-profit sectors

Conflicts of interest: None

Date of first submission: August 25, 2022
Last received: December 20, 2022
Accepted: February 9, 2023

Address for correspondence:

Renata Baltar da Silva

Programa de Pés-Graduacdo em Ciéncias da Saude (PPGCS),
Universidade de Pernambuco (UPE)

R. Arnébio Marques, s/n2

Santo Amaro — Recife (PE) — Brasil

CEP 50100-130

Tel. (+55 81) 99634-6304

E-mail: renatabaltar@hotmail.com

Editor responsible for the evaluation process:

Paulo Manuel Pégo-Fernandes, MD, PhD

© 2023 by Associagao Paulista de Medicina

This is an open access article distributed under the terms of the Creative Commons license.

Sao Paulo Med J. 2023;141(6):2022513 7


https://doi.org/10.1016/S0140-6736(20)30858-8
https://doi.org/10.1016/S0140-6736(20)30858-8
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.5114/aoms.2020.101443
mailto:renatabaltar@hotmail.com

