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Abstract: Background: Heart rate variability is a non-invasive, measurable, and established auto-
nomic nervous system test. Long-term COVID-19 sequelae are unclear; however, acute symptoms 
have been studied. Objectives: To determine autonomic cardiac differences between long COVID-19 
patients and heathy controls and evaluate associations among symptoms, comorbidities, and labor-
atory findings. Methods: This single-center study included long COVID-19 patients and healthy 
controls. The heart rate variability (HRV), a quantitative marker of autonomic activity, was moni-
tored for 24 h using an ambulatory electrocardiogram system. HRV indices were compared between 
case and control groups. Symptom frequency and inflammatory markers were evaluated. The sig-
nificance level of 5% (p-value 0.05) was adopted. Results: A total of 47 long COVID-19 patients were 
compared to 42 healthy controls. Patients averaged 43.8 (SD14.8) years old, and 60.3% were female. 
In total, 52.5% of patients had moderate illness. Post-exercise dyspnea was most common (71.6%), 
and 53.2% lacked comorbidities. COVID-19 patients had 4 times more dyslipidemia. CNP, D-dimer, 
and CRP levels were elevated (p-values of 0.0098, 0.0023, and 0.0015, respectively). The control 
group had greater SDNN24 and SDANNI (OR = 0.98 (0.97 to 0.99; p = 0.01)). Increased low-frequency 
(LF) indices in COVID-19 patients (OR = 1.002 (1.0001 to 1.004; p = 0.030)) and high-frequency (HF) 
indices in the control group (OR = 0.987 (0.98 to 0.995; p = 0.001)) were also associated. Conclusions: 
Patients with long COVID-19 had lower HF values than healthy individuals. These variations are 
associated with increased parasympathetic activity, which may be related to long COVID-19 symp-
toms and inflammatory laboratory findings. 

Keywords: Heart Rate Variability; Inflammatory markers; Long-term Covid-19; Autonomic nerv-
ous system.  
 

1. Introduction 
The severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) virus is 

the source of the pandemic known as coronavirus disease 2019 (COVID-19). This pan-
demic has been responsible for a significant amount of illness, as well as mortality and 
disruption. Now, the primary focuses of healthcare practitioners are on the prevention of 
new instances and the development of rehabilitation regimens. Persistent symptoms at 3 
weeks following COVID-19 infection are “post-acute COVID,” whereas symptoms lasting 
for >1 year are “chronic COVID” [1,2], also known as long COVID-19 syndrome, when 
somatic, physiological, and cognitive symptoms continue following remission. This dis-
ease may cause pulmonary, cardiac, and vascular fibrosis, plus fatigue.1 Scientific, medi-
cal, and social institutions recognize this disorder, which affects COVID-19 survivors 
across various ages and illnesses, including young people and those not hospitalized.1,2 
However, this condition is still poorly understood [2–10]. 

Dysautonomia is characterized by a change in the activity of the autonomic nervous 
system (ANS), manifesting in various ways, including fatigue, labile blood pressure, or-
thostatic hypotension, and heart rate variability (HRV) dysfunction. It is related to several 
conditions, including metabolic syndrome, diabetes, and neurological disorders, and may 
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manifest as acute or chronic dystonia, with progressive, reversible symptoms [3–6]. Viral 
illnesses are a source of dysautonomia [7]. In COVID-19 patients, dysautonomia relates to 
significant fatigue [7–10]. 

Owing to inadequate immune response control, HRV dysregulation likely occurs as 
SARS-CoV-2 infections affect the ANS [11], as the vagus nerve is an inflammation neuro-
immuno-modulator. However, the link is complicated: the well-documented cytokine re-
sponse storm of COVID-19 [12] is caused by sympathetic activity, leading to proinflam-
matory cytokine release [13,14]. In contrast, vagal stimulation creates an anti-inflamma-
tory response [12], indicating the ANS as a potential therapeutic target. 

Inflammatory reactions are encouraged by the sympathetic nervous system, which is 
responsible for the production of catecholamines and the activation of the beta-adrenergic 
system. On the other hand, the parasympathetic nervous system is responsible for encour-
aging anti-inflammatory effects [11]. COVID-19 and long COVID-19 may be systemic dis-
orders linked with inflammation and a procoagulant condition, and they can induce par-
asympathetic and sympathetic imbalances, with acute and convalescent signs and symp-
toms. Despite the significant number of individuals who suffer from post-covid syn-
drome, only a small amount of research has been conducted on this topic thus far. 

We aimed to noninvasively measure HRV dysregulation in long COVID-19 patients, 
reflected by low-frequency (LF) and high-frequency (HF) indices determining sympa-
thetic/parasympathetic equilibrium failure. We hypothesize that the symptoms in late 
COVID-19 are directly connected to a virus or ANS dysregulation associated with the im-
mune system, resulting in acute or long-term dysautonomia. Dysautonomia assessment 
may help to monitor the severity of long COVID syndrome. 

2. Patients and Methods 
2.1. Study Design and Setting 

The study was an observational, cross-sectional study on long COVID-19 patients 
examined at the Medical Education and Clinical Research Center in Brazil between Au-
gust 2020 and June 2021. 

2.2. Participants 
2.2.1. Inclusion Criteria 

Patients with severe COVID-19 (those who required oxygen support and/or intensive 
care) were included in the study. In order to prevent possible sources of bias in the anal-
ysis of HRV, healthy patients with a negative reverse transcription–polymerase chain re-
action (RT-PCR) test result and no symptoms were included in the study as a control 
group. 

The COVID-19 status of all inpatients was determined via RT-PCR testing employing 
a nasopharyngeal and oropharyngeal swab and a polymerase chain reaction (PCR) kit. 
An appropriate selection approach was utilized to select eligible male and female inpa-
tients (test group) aged 18–70 years for the sample. 

2.2.2. Exclusion Criteria 
Patients who were using beta-blockers, beta-mimetics (inhaled or oral), theophylline, 

or any other medication that had potential chronotropic effects were excluded from the 
analysis.  

2.2.3. Procedures 
For cases, we performed the following: comprehensive clinical evaluation (symp-

toms questionnaire); a 24 h ambulatory electrocardiogram; computed tomography (CT) 
of the chest; biochemical tests for markers of inflammatory processes, such as ultrasensi-
tive C-reactive protein (CRP) dosage, procalcitonin, calcitonin, D-dimer, interleukin 6, and 
serum ferritin. For control patients, a 24 h ambulatory electrocardiogram was performed. 
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Moderate cases were defined as those who had clinical signs of pneumonia, but did 
not have signs of complications, such as SPO2 90% in room air. Severe cases were defined 
as those who had clinical signs of pneumonia and signs of complications, such as acute 
respiratory distress syndrome, sepsis, thromboembolic events, and pulmonary involve-
ment. Mild cases of COVID-19 were defined as those who were symptomatic but did not 
have evidence of major viral pneumonia or hypoxia. 

2.3. Heart Rate Variability Assessment 
Both groups were instructed to refrain from smoking, caffeine intake, and alcohol 

intake for 36 h prior to the investigation. HRV, a quantitative index of autonomic activity, 
was recorded for 24 h using an ambulatory ECG system (DMS equipment NIVIQURE, 
Bangalore, India). In the temporal domain, measures of SDNN, rMSSD, and the propor-
tion of successive RR periods were considered (pNN50). While measuring power in the 
frequency domain, it was possible to estimate the distribution of absolute or relative 
power into separate frequency bands, as well as LF and HF domain measurements. 

The parasympathetic component was represented by the HF component, whereas 
the sympathetic component was represented by the LF component. Furthermore, the par-
asympathetic activity was quantified into SDNN, rMSSD, and pNN50 components [11,15-
18]. 

2.4. Statistical Analysis 
The GPower® 3.1 software was used to estimate the sample size. The dataset was 

submitted for descriptive and inferential statistics. For categorical variables, absolute and 
relative percentage frequencies were calculated, as well as mean (central trend measure) 
and standard deviation (dispersion measure) for continuous variables. In the inferential 
statistics, the chi-square and G tests were applied to compare the case and control groups 
for the categorical variables. Additionally, a D’Agostino–Pearson normality test was ap-
plied to verify the distribution of the data. The means were compared with the Student’s 
t-tests for two independent samples (for dichotomous variables) and one-way ANOVA 
(for polytomic variables). BioEstat 5.3 software was used for this. Multivariate logistic re-
gression was used to analyze comorbidities vs. COVID and the effect was estimated with 
the calculation of an odds ratio (OR) with a 95% confidence interval, using Stata® 16.0. The 
significance level of 5% (p-value 0.05) was adopted. 

2.5. Ethical Approval 
This study was conducted in accordance with the principles embodied in the Decla-

ration of Helsinki. Following CNS Resolution 466/2012, the Research Ethics Committee 
approved the study (approval no. CAAE 47544021.9.0000.0037). All study participants 
provided written informed consent, which was verified by the research ethics committee. 

3. Results 
The study included 47 COVID-19-positive (previous RT-PCR positive) patients who 

completed a questionnaire about their symptoms and relationships and supplemental 
tests (test group). In total, 42 people who tested negative for COVID-19 (RT-PCR) (control 
group) had 24 h ambulatory ECGs (Table 1), as seen in the central figure.  

Table 1. Demographic characteristics of the case and control groups. 

Variable 
Case Group (n = 47) Control Group (n = 42) 

p-Value 
n % n % 

Comorbidities      

Arterial hypertension 8 17.0 10 23.8  

Dyslipidemia 7 14.9 3 7.1  

Obesity 4 8.5 5 11.9  
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Diabetes mellitus 2 4.3 2 4.8  

Chagas 1 2.1 1 2.4  

None 25 53.2 21 50.0 0.8426 
Sex      

Female 28 59.6 30 71.4  

Male 19 40.4 12 28.6 0.2413 

The average age of patients was 43.8 years (SD ± 14.8 years), and females accounted 
for 60.3%. Patients aged >40 years formed the majority of those interviewed (53.2%). A 
modest COVID-19 profile was seen in most patients (52.5%), and the majority (97.9%) re-
ceived diagnostic confirmation via a detectable RT-PCR test. An average of 3.6 months 
(2.6 months) passed between infection and consultation. The treatment was largely per-
formed at home (73%), and >25% of pulmonary involvement was detected in 34% of pa-
tients, with a mean degree of impairment of 34.4% (29%) in the most severe cases. 

The case group had few comorbidities (53.2%). There was no statistically significant 
difference between the case patients and the controls (Table 1). 

The mild, moderate, and severe profiles of COVID-19 had considerably greater (p 
0.0001) pulmonary involvement on chest tomography, with a mean impairment of 4.3%, 
14.2%, and 25.8%, correspondingly. BNP, D-dimer, and CRP also showed statistical sig-
nificance, with p-values of 0.0098, 0.0023, and 0.0015, respectively (Table 2). 

Table 2. Descriptive statistics of the case group by disease severity. 

Variables (n = 47) 
Mild (n = 20) Moderate (n = 

19) 
Severe (n = 6) 

p-Value 
Mean SD Mean SD Mean SD 

Age 41.2 10.3 46.3 11.7 47.5 17.0 0.3132 
Time (months) 4.2 2.3 5.2 2.2 4.7 1.9 0.5787 
Chest CT (%) 4.3 6.3 14.2 9.3 25.8 10.2 <0.0001 
Echocardiography (%) 63.2 5.0 58.7 6.4 58.0 8.9 0.0481 
BNP 15.2 12.4 35.0 43.2 44.8 20.9 0.0098 
Calcitonin 2.7 1.0 3.2 1.8 3.9 2.3 0.3642 
D-dimer 180.8 121.2 312.9 221.0 454.4 179.5 0.0023 
Ferritin 209.4 164.6 302.4 232.5 365.8 274.9 0.2102 
CRP 3.4 2.8 3.7 2.9 8.9 4.5 0.0015 
Procalcitonin 0.4 0.7 1.3 1.9 0.4 0.3 0.1976  
Fibrinogen 358.5 163.5 368.4 179.3 454.2 183.6 0.5100 
IL-6 3.4 1.4 4.1 1.5 4.0 1.8 0.5921 
CT, computed tomography; BNP, brain natriuretic peptide; CRP, C-reactive protein; IL-6: interleu-
kin-6. 

SDNN-24 and SDANNi correlated positively (r = 0.9852). rMSSD and pNN50 were 
strongly correlated (r = 0.9986). Case and control groups had different mean and lowest 
heart rates. SDNN-24, SDANNi, rMSSD, pNN50, Max QTc, and Max QT showed statisti-
cally significant changes from SDANNi. Another significant difference was heart rate (p = 
0.0297). Due to the reduced heart rate, the long COVID-19 group had a significant inci-
dence of dysregulated parasympathetic activity (Table 3). 

Table 3. Comparisons between the case and control groups. 

Variable 
Case (n = 47) Control (n = 44) 

p-Value 
Mean SD Mean SD 

Age 44.4 12.2 39.6 12.9 0.0709 
HR 82.3 9.2 75.8 10.0 0.0018 
Min HR 52.4 11.5 48.1 9.3 0.0253 
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Max HR 130.9 18.9 125.6 19.2 0.1862 
VE 267.7 1533.6 126.6 494.3 0.7060 
SVE 90.6 419.1 12.3 36.5 0.9335 
SDNN-24 111.6 38.7 133.4 37.8 0.0078 
SDANNi 99.7 38.5 122.3 39.9 0.0072 
rMSSD 41.8 86.3 34.3 12.2 0.0310 
pNN50 18.3 66.7 11.8 8.6 0.0442 
Max QTc 544.6 101.8 518.9 44.0 0.0389 
Max QT 503.9 77.2 467.5 40.5 0.0086 
VLF 2225.7 1631.9 2342.1 1183.8 0.2398 
LF 780.4 513.1 828.5 417.7 0.6262 
HF 233.6 172.2 307.3 196.1 0.0297 
SVE: supraventricular extrasystoles; VE: ventricular extrasystoles SDNN: standard deviation of nor-
mal sinus beat interbeat intervals (IBI); SDANNi: standard deviation of the average normal-to-nor-
mal (NN) intervals for each 5 min segment; rMSSD: root mean square of consecutive normal heart-
beat disparities, determined by first calculating each subsequent time difference in ms; pNN50: pro-
portion of neighboring NN intervals that vary by 50 ms, also required 2 min. The VLF band (0.0033–
0.04 Hz) needs a recording time of at least 5 min, but may be best monitored over 24 h; the LF band 
(0.04–0.15 Hz) is usually recorded for 2 min. 

Long COVID-19 was strongly associated with dyslipidemia (OR = 3.9 (1.2 to 12.57; p 
= 0.02)), which was 4 times more common in COVID-19 carriers than in controls (Table 4). 

Table 4. Associations among sociodemographic data, comorbidities, and cardiac data among peo-
ple with long COVID-19. 

Variables OR SE z p-Value 95% CI 
Age 1.03 0.02 1.75 0.07 0.99–1.07 
Female 2.71 1.4 1.94 0.053 0.98–7.48 
Male 1 - - - - 
Diabetes 0.47 0.23 −1.5 0.134 0.17–1.25 
Systemic arterial hy-
pertension 

1.15 0.68 0.24 0.813 0.35–3.71 

Obesity 1.18 0.67 0.29 0.772 0.38–3.62 
Chagas disease 1.29 0.9 0.37 0.712 0.32–5.06 
Dyslipidemia 3.94 2.33 2.32 0.02* 1.23–12.57 
Kidney failure 0.69 0.54 −0.46 0.648 0.14–3.26 
Smoking 0.26 0.18 −1.92 0.054 0.06–1.02 
Sedentary lifestyle 1.87 1.09 1.08 0.281 0.59–5.89 
Average heart rate 1.07 0.02 2.89 0.004 * 1.02–1.13 
Minimum heart rate 1.04 0.02 1.9 0.057 0.99–1.08 
Maximum heart rate 1.01 0.01 1.32 0.18 0.99–1.03 
SDNN 24  0.98 0.005 −2.56 0.01 * 0.97–0.99 
SDANNI  0.98 0.005 −2.58 0.01 * 0.97–0.99 
RMSSD  1 0.004 0.54 0.58 0.99–1.01 
PNN50 1 0.005 0.59 0.55 0.99–1.01 
QTCMAX 1 0.003 1.46 0.14 0.99–1.01 
QTMAX 1 0.003 1.36 0.17 0.99–1.01 
P 1.42 0.69 0.73 0.464 0.54–3.71 
S 1.67 0.82 1.06 0.29 0.64–4.38 
VLF 1 0 0.59 0.55 0.99–1.01 
LF 1.002 0.001 2.1 0.03 * 1.0001–1.004 
HF 0.987 0.003 −3.26 0.001* 0.98–0.995 
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* Statistically significant. OR: Probability; SDNN: standard deviation of normal sinus IBI in ms; 
SDANNi: standard deviation of 5 min normal-to-normal (NN) intervals; rMSSD: root mean square 
of consecutive heartbeat disparities in ms; pNN50: proportion of neighboring NN intervals that vary 
by more than 50 ms (needs 2 min); VLF: extremely low frequency, the VLF band (0.0033–0.04 Hz) 
needs a 5 min recording time but may be monitored for 24 h; LF band (0.04–0.15 Hz) is usually 
recorded for 2 min. The HF band represents parasympathetic activity and is dubbed the respiratory 
band because it correlates to HR fluctuations throughout the breathing cycle. P = parasympathetic 
(%) and S: sympathetic (%). 

Long COVID-19 periods were associated with higher mean heart rates (OR = 1.07 
(1.02 to 1.13), p = 0.04). Higher numbers of SDNN-24 and SDANNi were found in the con-
trol group (OR = 0.98 (0.97 to 0.99; p = 0.01) for each). Table 4 shows a link between elevated 
LF in COVID-19 patients (OR = 1.002 (1.0001 to 1.004), p = 0.03) and HF in the control group 
(OR = 0.987 (0.98 to 0.995), p = 0.001. 

4. Discussion 
Cardiorespiratory symptoms were the most common long COVID-19 symptoms in 

our investigation, indicating that these organs may be involved even beyond the acute 
phase of the illness [4,19]. CT showed that lung involvement was statistically significant 
compared to symptom severity, suggesting that CT is effective in evaluating pulmonary 
injury. BNP, D-dimer, and CRP detect inflammation in various disorders [14]. These in-
flammatory indicators are crucial for evaluating and monitoring patients with acute and 
long-term COVID-19, notably CRP, which had lower p-values. Multiple lines of evidence 
show the prognostic utility of this biomarker, which has been the focus of many COVID-
19 case publications. Clinical investigations of CRP demonstrate a positive connection be-
tween sickness severity and baseline CRP levels [20]. 

Knowing that CRP is a prognostic marker of inflammation, one research correlated a 
rise in CRP levels and the disease’s inflammatory levels with HRV in these individuals. 
In long-COVID patients, a 40% drop in HRV followed a 50% rise in CRP [21]. In our re-
search, the case group had lower HRV, contributing to the idea that they had more in-
flammation. 

COVID-19 may be responsible for the perpetuation of arrhythmias due to an in-
creased catecholaminergic state caused by cytokines such as IL-6, IL-1, and tumor necrosis 
factor-alpha. This increased catecholaminergic state may prolong ventricular action po-
tentials by altering the expression of cardiomyocyte ion channels [22-25]. Atrial fibrilla-
tions might be caused by COVID-19 (AF). During a viral infection, adrenergic modulation 
contributes to the development of postural orthostatic tachycardia syndrome as well as 
irregular sinus rhythm. Our study found a connection between the features of the heart 
rate and dysautonomia [26-30]. 

Heart rate variability (HRV) is a marker of cardiac dysautonomia. In order to provide 
evidence in favor of the dysautonomia hypothesis, we investigated heart rate variability 
(HRV) in both the time and frequency domains by performing a non-invasive study of 
sympathetic and parasympathetic activity in long COVID-19 patients. HRV [31–35] is a 
legitimate dysautonomia diagnosis. It is possible that HRV may be a useful tool for exam-
ining the neuroimmune systems and inflammatory processes of long COVID-19 patients. 
The high-frequency (HF) component of spectrum analysis and the LF/HF ratio, both of 
which are indications of vagal dysfunction, have been related with long COVID-19 syn-
drome. In individuals with long COVID-19, dysautonomia may have a variety of causes, 
including neurotropism, procoagulation, and inflammation. It is not known whether the 
protracted COVID-19 dysautonomia is caused by immune-mediated mechanisms after 
infection or by the autonomic–virus pathway. For the SARS-CoV-2 virus to enter cells 
during the acute phase of an infection, ACE2 is required. The fact that there was less heart 
failure in the case group compared to the control group is suggestive of an increase in 
parasympathetic activity in the extended COVID group [. 
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In our study, SSDNN-24, SDANNi, rMSSD, pNN50, Max QTc, and Max QT showed 
substantial differences. When comparing data in the time domain and HRV frequency 
domain, a high positive association (r = 0.9986) was seen between SDNN-24 and SDANNi. 
Employing HRV measures in the time domains rMSSD and SDNN better indicated the 
increase in parasympathetic activity in individuals with COVID-19 and autonomic dys-
function [25]. Another study found that HRV, as measured by the NOL index, was sub-
stantially different between patients with extended COVID-19 and tiredness and the con-
trol group (without a diagnosis of COVID-19 and fatigue) [4]. 

Aragn-Benedi et al. [26] found a prevalence of parasympathetic tone and a concomi-
tant withdrawal of sympathetic activity, along with a decline in HRV, in COVID-19-com-
plicated patients, with the latter finding more prominent in those with a poorer outcome. 
According to the author, this finding is due to the pathogenic, cholinergic, anti-inflamma-
tory response that results from sympathetic overactivity, causing immunological anergy 
and a poorer prognosis. Pan et al. [27] observed an increase in sympathetic activity during 
the initial phase of infection. They found a drop in HRV in critically sick patients in terms 
of SDNN and SDANN, as well as an increase in LF/HF, which coincided with elevations 
in humoral biomarkers such NT-proBNP and D-dimer. 

Hasty et al. [21] found a drop in HRV characteristics in moderate COVID-19 individ-
uals, which predicted a 72-h increase in CRP. In severe phases of the disease, sympathetic 
activity may explain the disparities between the two studies. After SIRS is diagnosed, the 
sympathetic–vagal balance may shift towards parasympathetic dominance to minimize 
systemic inflammation. 

Infection with COVID-19 causes a “cytokine storm” with increased CRP and IL-6 
[25], and these predict disease severity and poorer outcomes. The ANS regulates inflam-
mation. Increased vagal responses boost HRV and decrease inflammation through the 
cholinergic anti-inflammatory pathway [26]. Pro-inflammatory sympathetic hyperactivity 
decreases HRV and has detrimental effects. Low HRV and dysautonomia have been 
linked to HIV, CAP, and Dengue [27–29]. Short- and long-term HRV recordings are in-
versely related to inflammatory markers [30,31]. In this study, a protracted COVID dura-
tion was linked to a higher mean heart rate. Higher numbers of SDNN 24 and SDANNI 
in control patients (OR = 0.98 (0.97 to 0.99; p = 0.01)) were associated. 

Higher LF in COVID-19 patients (OR = 1.002 (1.0001 to 1.004), p = 0.03) was associated 
with increased HF in the control group (OR = 0.987 (0.98 to 0.995), p = 0.001). Dysautono-
mia may explain long COVID-19 patients’ symptoms, according to an HRV power spec-
trum study. Vagal dysfunction is caused by procoagulation and cardiac strain. Long 
COVID-19 fiber loss may suggest vagal dysfunction [30]. Long COVID-19 autonomic in-
nervation in vivo suggests clinical relevance. Appropriate medication may improve long-
term prognoses for COVID-19 patients, who must be examined for diminished vagal ac-
tivity, protracted NT-ProBNP elevations, and prothrombotic circumstances [31]. 

5. Limitations 
Our study’s limitations include the following: small sample size, all the limitations 

and risk of bias inherent to cross-sectional study designs, the inability to generalize the 
findings to different populations, and the potential for selection bias due to the single-
center design. 

6. Conclusions 
Prolonged COVID-19 is associated with a preponderance of parasympathetic activity 

in autonomic heart rhythm control. This is the first study to assess HRV in long COVID-
19 patients utilizing frequency and spectrum analysis. Dysautonomia may explain long 
COVID-19 sufferers’ symptoms. Vagal dysfunction in these people may be caused by pro-
coagulation and heart strain. 

The impairment to cholinergic nerve fibers in individuals with long COVID-19 may 
indicate that the vagus nerve is dysfunctional. In our laboratory, we are determining 
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whether or not individuals with prolonged COVID-19 have autonomic innervation. Our 
research may have applications in the medical field. Treatment that is appropriate has the 
potential to improve both the clinical presentation and prognosis of long COVID-19 pa-
tients. Patients on the long COVID-19 protocol need to be carefully watched for signs of 
decreased vagal activity, prolonged elevations in NT-ProBNP, and a prothrombotic con-
dition. 
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