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Autonomic heart rate modulation in patients with coronavirus 
disease 2019 in mechanical ventilation
Pammela de Jesus1,2 , Juliana Zangirolami-Raimundo2,3 , Johnny de Araújo Miranda1 ,  
Isabel Cristina Esposito Sorpreso3 , Rodrigo Daminello Raimundo2*

INTRODUCTION
In December 2019, an outbreak of pneumonia caused by a new 
coronavirus, called coronavirus disease 2019 (COVID-19), 
occurred in Wuhan, Hubei Province, China. After the initial 
outbreak, it spread rapidly around the world in the following 
months, leading to more than millions of cases and hundreds 
of thousands of deaths. Although most patients seem to have a 
favorable prognosis, elderly people and those with chronic dis-
eases may have an unfavorable prognosis, with a greater need 
for interventions such as endotracheal intubation and inva-
sive mechanical ventilation. Recent research has shown that, 
similarly to SARS-CoV, this virus can invade various tissues 
by binding to the angiotensin-converting enzyme 2 receptor, 
expressed mainly in lung alveolar epithelial cells, small intes-
tine enterocytes, vascular endothelial cells, and airway epithe-
lial cells and renal cells1,2.

Sympathetic hyperactivity and/or decreased parasympa-
thetic activity are related to an increased risk of various cardiac 
outcomes3,4. Heart rate variability (HRV) is a technique used 
to noninvasively estimate the characteristics of the autonomic 
nervous system and analyze the modulation of sympathetic 
and parasympathetic inputs1,5. The use of mechanical ventila-
tion can influence heart rate (HR) due to significant changes in 
alveolar and intrathoracic pressure and subsequent changes in 
cardiac output and mean arterial pressure (MAP). Ventilation 
can profoundly alter the functioning of the cardiovascular sys-
tem through complex and opposing processes that reflect the 
interaction between myocardial and ventricular reserve, pump 
function, circulating blood volume, blood flow, distribution, 
autonomic tone, endocrinological responses, pulmonary vol-
ume, intrathoracic pressure, and the surrounding pressures for 
the rest of the circulation6.
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SUMMARY
BACKGROUND: Patients with coronavirus disease 2019 on automatic mechanical ventilation have greater heart rate modulation with greater 

parasympathetic modulation.

OBJECTIVE: To analyze the autonomic modulation of heart rate in critically ill patients with coronavirus disease 2019 on invasive mechanical ventilation.

METHODS: A cross-section study was carried out with 36 individuals divided into two groups. The control group included patients of both genders, 

in orotracheal intubation with invasive mechanical ventilation under controlled assisted mode, hospitalized in the intensive care unit for another 24 

h. In the non-COVID group, patients diagnosed with coronavirus disease 2019 in the same condition mentioned in the control group.

RESULTS: There was a significant increase in heart rate variability (standard deviation of all normal RR intervals recorded at an interval of time; p=0.001; 

triangular interpolation histogram of RR intervals; p=0.048; and SD2; p=0.014) in the coronavirus disease group compared to the non-COVID group. 

Successively, the parameters that demonstrate parasympathetic modulation are shown to be higher in the group of patients with coronavirus disease 

2019 (root mean square of the square of differences between adjacent normal RR intervals in an interval of time; p<0.001; pNN50; p<0.001; SD1; 

p=0.002; and high frequency; p=0.022).

CONCLUSIONS: There was a greater autonomic modulation of heart rate with a greater parasympathetic modulation in patients with coronavirus 

disease 2019 on mechanical ventilation.
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Some of the critical patients with COVID-19 require invasive 
mechanical ventilation, and the effects of positive pressure on the 
autonomic nervous system have been less explored; hence, it is of 
paramount importance to obtain a more detailed understanding of 
the association between invasive mechanical ventilation and auto-
nomic modulation of HR in these patients. Therefore, the aim of this 
study was to analyze the autonomic modulation of HR in critically 
ill patients with COVID-19 on invasive mechanical ventilation.

METHODS
The research project was approved by the Research Ethics 
Committee of the Universidade Municipal de São Caetano 
(#2.912.528) and was applied only after approval by the 
Committee and signature of the consent term by the legal guardian 
of each research subject. This research follows STROBE checklist.

A cross-sectional study was carried out from July 2020 to 
March 2021, in which 36 patients admitted to the intensive 
care unit (ICU) in Brazil were evaluated.

The subjects were divided into two groups. The control 
group (CNG) included patients of both genders, and for the 
COVID group (CG), all patients of both sexes under invasive 
mechanical ventilation in controlled assisted mode admitted to 
the ICU in orotracheal intubation and who had authorization 
from the guardians to participate in the study were considered 
eligible. Patients with artificial cardiac pacemakers were excluded.

Data on prognosis and mortality risk were quantified by 
the Simplified Acute Physiology Score (SAPS III).

Data collection instruments
A data collection form filled at the bedside and from the patient’s 
medical record was used through the online platform. The mea-
surements taken included cardiorespiratory and hemodynamic 
data, such as peripheral oxygen saturation (SpO2), HR, systolic 
blood pressure (SBP) and diastolic blood pressure (DBP), MAP, 
and ventilatory data. All patients were ventilated in the Newport 
E500® device. SpO2 data were collected by viewing the DX 2010 
multiparameter monitor from Dixtal®, and SBP, DBP, and MAP 
data were obtained by a single measurement provided by the same 
monitor. HR was recorded using a Polar® V800 HR monitor.

The recording strap was placed on the chest of the volun-
teers, and, on their wrist, the individuals were kept in the supine 
position in Fowler’s position (semi-sitting, at 45°), with ven-
tilatory parameters at the discretion of the physician on duty, 
and physiotherapist of the sector.

The Kubios HRV® software was used to obtain consecu-
tive RR intervals and analyze HRV. Only sets with more than 
95% sinus beats were included in the study; for this, a digital 

filtering was performed, followed by manual filtering, to elimi-
nate premature ectopic beats and artifacts. The analysis of HRV 
was performed using linear methods, analyzed in the domains 
of time and frequency and through geometric índices7.

Statistical analysis
Excel and SPSS (Statistical Package for Social Research) version 
17.0 programs for statistics were used. Each variable was checked 
for normal distribution using the Shapiro-Wilk test. The compar-
ison of the clinical profile and physiological parameters between 
positive and negative individuals for SARS-CoV-2 was performed 
using the independent Student’s t-test and expressed as mean and 
standard deviation. The comparison between variables of HRV 
between groups was performed using the Mann-Whitney U 
test and expressed as median and percentiles. Descriptive statis-
tics were used with mean values, and standard deviations of the 
differences were statistically significant when the probability of 
type I error was less than 5% (p<0.05). The sample was selected 
from a pilot test using the online software available at www.lee.
dante.br, considering the root mean square of the square of dif-
ferences between adjacent normal RR intervals in an interval of 
time (RMSSD) index as a variable. The sample size determined 
was a minimum of 13 individuals per group.

RESULTS
Thirty-six patients with a mean age of 70 years were analyzed. There 
were no statistical differences in the measurements of cardiorespi-
ratory, hemodynamic data, and SAPS III severity score (Table 1).

Table 1. Comparison of the clinical profile and physiological parameters 
between positive and negative individuals for SARS-CoV-2 (COVID-19 ).

COVID 
 group

Non-COVID 
group p-value*

Mean±SD Mean±SD

Age, years 70±5 70±6 0.38

Predicted weight, kg 63±9 59±13 0.06

SBP, mmHg 121±17 127±25 0.25

DBP, mmHg 66±9 64±12 0.16

MAP, mmHg 84±9 80±13 0.26

SpO
2
, % 96±1 96±2 0.07

SAPS III 66±14 70±18 0.51

Sex, male 61.1% (11) 72.2% (13) 0.48

Race, white 66.6% (12) 55.5% (10) 0.09

Use of vasoactive drugs 50.0% (9) 61.1% (11) 0.31

*Student’s t-test. Data presented as mean±standard deviation (SD) and 
frequency {n (%)}. SBP: systolic blood pressure; DBP: diastolic blood pressure; 
MAP: mean arterial pressure; HR: heart rate; SpO

2
: oxygen pulse saturation; 

SAPS III: Simplified Acute Physiology Score III.

http://www.lee.dante.br
http://www.lee.dante.br
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The standard deviation of all normal RR intervals recorded 
at an interval of time (SDNN) (p=0.001), pNN50 (p<0.001), 
RMSSD (p<0.001; Figure 1), and triangular interpolation his-
togram of RR intervals (TINN) (p=0.048) indices were higher 
in the CG compared to the non-COVID group (NCG).

In the frequency-domain indices, lower values were recorded 
in the CG in the following parameters: LFms2 (p=0.002), LFnu 
(p=0.001), and the LF/HF ratio (p<0.001) and higher in the 
HFms2 indices (p=0.022; Figure 2) and HFnu (p<0.001). The 
SD1 (p=0.002), SD2 (p=0.014), and SD1/SD2 (p<0.001) 
indices were higher in the CG.

DISCUSSION
The study indicates the differences in HRV parameters in the 
COVID-19 group, which supports the hypothesis that infec-
tion influences HRV in patients undergoing invasive mechanical 
ventilation. The SDNN (p=0.001), TINN (p=0.048), and SD2 
(p=0.014) were higher in the CG compared with the NCG. 
These parameters show a higher overall HRV in patients with 
COVID-19. Successively, the parameters that demonstrate para-
sympathetic modulation are shown to be higher in the group 
of patients with COVID-19 (RMSSD; p<0.001, pNN50; 
p<0.001, SD1; p=0.002; and HF; p=0.022).

Patients with COVID-19 are variably susceptible to the 
“pro-inflammatory cytokine storm” that simultaneously increases 
sympathetic noradrenergic system flows (SNS) and sympathetic 
adrenergic system8. Hyperactivation of the SNS, an important 
component of autonomic dysregulation in the setting of infec-
tions and hyperinflammatory release, together with attenuation 
of vagal activity caused by the vagus nerve injury produced by 
the virus, can lead to a serious autonomic imbalance in COVID-
19 infection9. After an inflammatory response, afferent signals 
travel through the vagus nerve primary nerve of the parasym-
pathetic nervous system to the nucleus of the solitary tract. A 
subsequent efferent signal via the vagus inhibits the synthesis 
of proinflammatory cytokines through the neurotransmitter 
acetylcholine. In short, a basic set of physiological structures 
involving the vagus nerve is responsible for a rapid reflex action 
in response to inflammation, known as the cholinergic anti-in-
flammatory pathway8,9.

Few reports of autonomic dysfunction among patients 
with COVID-19 have been described. However, the relation-
ship between HRV and inflammatory states has been widely 
studied. A meta-analysis demonstrated an inverse relation-
ship between HRV and inflammation; this study examined 
the association of HRV with inflammation markers such as 
interleukins, C-reactive protein, interferon-gamma, and factor 
alpha tumor necrosis. This study showed a significant positive 
association with HR, and negative associations with SDNN, 
pNN50, RMSSD, and HF9,10.

Haensel et al.11 showed that SDNN was negatively cor-
related with markers of inflammation compared with HF and 
RMSSD. In summary, the results were particularly robust 
for SDNN and inflammatory markers compared with pri-
marily SNP influence12. In contrast to the findings in our 
study, there was a significant increase in the values of SDNN, 
pNN50, and RMSSD in patients with COVID-19. In our 
study, we also evidenced an increase in sympathetic activity 
and a decrease in vagal tone, and a decrease in the LF/HF 
ratio, considered a marker of sympathovagal balance. This 

 
Figure 1. Comparison of RMSSD analysis indices in the time domains 
between individuals with SARS-CoV-2 and the control group. *Mann-
Whitney test; RMSSD: square root of the mean square of the differences 
between successive normal RR intervals.

  Figure 2. SARS-CoV-2. Comparison of HF between individuals with 
SARS-CoV-2 and the control group. *Mann-Whitney test; HF: high 
frequency; ms: milliseconds.
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LIMITATIONS
This study has potential limitations. It is noteworthy that HRV 
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which are its main advantages; however, the interpretation of results 
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CONCLUSION
Our study demonstrated a greater autonomic modulation of 
HR with a greater parasympathetic modulation in patients 
with COVID-19 on mechanical ventilation.
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