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Heart rate variability in the risk stratification of e
emergency department patients with chest pain

Chest pain is the second most common presenting complaint in the
emergency department (ED), accounting for 8-10 million ED visits per
year and between $10-13 billion dollars per year in ED costs [1, 2]. Sev-
eral scoring systems developed recently have attempted to stratify pa-
tients based on their risk for major adverse cardiac events. The HEART
score is a prospectively studied scoring system designed to identify pa-
tients who are at highest risk of a major adverse cardiac event (MACE)
in the next 6 weeks [3-5], and this score is used as a part of chest pain
management protocols in many hospitals.

Heart rate variability (HRV) is a physiologic parameter that is altered
in many conditions including heart disease, hypertension, hyperlipid-
emia, obesity, smoking and diabetes and is associated with increased
mortality in patients following myocardial infarction [6-15]. Based on
these findings, HRV presents a promising strategy to differentiate
chest pain patients who will be diagnosed with ACS. We conducted a

prospective observational study of patients presenting to a 65,000-
visit academic Midwestern ED with a chief complaint of chest pain.
The objective of our study was to measure the diagnostic utility of
HRV in diagnosing ACS among ED patients with chest pain. Using a
10-min heart tracing performed in the ED, we assessed the correlation
between HRV with 30-day MACE, HEART score, and cardiovascular
risk factors. Inclusion criteria included age > 30, no obvious traumatic
or non-cardiac cause of chest pain, and sinus rhythm. Those with ST-el-
evation myocardial infarction (STEMI) were excluded from the study.

Our hypothesis was that lower HRV in the ED is associated with ACS
measured by 30-day MACE, higher HEART score, and more cardiovascu-
lar (CV) risk factors. Our primary endpoint was MACE diagnosed during
index hospitalization or within 30 days of ED visit. Secondary endpoints
included associations between HRV and HEART score and CV risk fac-
tors. HRV is measured and analyzed in many ways, we used frequency
domain measures including low frequency (LF), high frequency (HF),
LF/HF ratio, and total power (TP).

Sixty patients were included in the final analysis. Our sample popu-
lation was 58% percent women with mean age of 55 (Table 1). 92% of
participants had at least one cardiovascular risk factor. Admission rate
was 65%. Six participants experienced the primary endpoint of MACE:
three patients were diagnosed with non-ST-elevation myocardial in-
farction and one patient underwent PCI for unstable angina during the
index hospitalization. Two additional patients experienced MACE in
the subsequent 30 days. One patient died due to unknown causes, and
1 additional patient underwent PCI for a critical coronary stenosis
found on coronary angiogram. There were no significant associations
found between HRV and the primary outcome MACE (all p > 0.05),
Table 2.

Table 3 shows the results of univariate regression analysis of the as-
sociation between HEART score and HRV. Table 4 shows the results of
univariate regression analysis between the five HEART score parameters
and HRV. Notably, significant associations were found between HEART
score and heart rate variability. Lower HRV was associated with higher
heart score. Within the Risk Factors category (Table 5), diabetes and hy-
pertension appeared to drive the association between increased risk
factors and less heart rate viability.

In this observational prospective study measuring HRV in pa-
tients presenting to the ED with chest pain, we found a significant

Table 1

Patient characteristics.
Parameter N (%)
Women 35 (58)
Prior MACE 23 (38)
HTN 36 (60)
HLD 34 (57)
DM 17 (28)
Smoking 23 (38)
Obesity 27 (45)
Family history 33 (55)
Age, mean (range) 55 (30-87)

Patient characteristics with respect to cardiovascular risk factors.

Table 2

Association between primary outcome, MACE?, and heart rate variability
HRV parameter MACE P-value

0dds ratio, 95% confidence interval

TP 1.00 (0.99-1.00) 0.20
LF/HF 1.22 (0.82-1.81) 0.33
LF 1.00 (0.99-1.00) 0.09
HF 0.99 (0.99-1.00) 0.94

Results of univariate logistic regression to evaluate associations between four HRV param-
eters and MACE.

? Includes combined MACE during index hospitalization and within 30 days of
presentation.
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Table 3

Association between secondary outcome, HEART score, and heart rate variability.
HRV parameter Beta (95% confidence interval) P-value
TP —0.000 (—0.001, —0.000) 0.009
LF/HF —0.033 (—0.283,0.216) 0.791
LF —0.000 (—0.001, 0.000) 0.200
HF —0.001 (—0.002, —0.000) 0.004

Results of univariate linear regression to evaluate associations between four HRV param-
eters and HEART score.

Table 4
Association between HEART score categories and heart rate variability.
Beta (95% confidence interval) P-value
HPI P —880.563 (—1740.415, —20.711) 0.045
LF/HF —0.457 (—1.283, 0.370) 0.273
LF —200.689 (—539.650, 138.271) 0.241
HF —257.250 (—471.392, —43.108) 0.019
ECG TP —788.195 (—1805.43, 229.04) 0.126
LF/HF 0.283 (—0.688, 1.254) 0.562
LF —60.757 (—460.364, 338.849) 0.762
HF —163.737 (—421.978, 94.503) 0.209
Troponin TP 440.473 (—738.688, 1619.636) 0.458
LF/HF 0.127 (—0.983, 1.238) 0.819
LF 28.201 (—428.184, 484.588) 0.902
HF —66.228 (—364.523, 232.066) 0.658
Age TP —40.651 (—80.146, —1.157) 0.044
LF/HF —0.018 (—0.056, 0.020) 0.341
LF —9.268 (—24.841, 6.304) 0.238
HF —6.943 (—17.099, 3.212) 0.176
Risk factors TP —1041.606 (—1797.976, —285.237) 0.008
LF/HF 0.195 (—0.556, 0.949) 0.604
LF —163.052 (—469.959, 143.855) 0.292
HF —266.469 (—456.854, —76.084) 0.007

Results of univariate linear regression to evaluate associations between four HRV param-
eters and the five defined HEART score categories.

association between HRV and HEART score, but no association be-
tween HRV and MACE. This association seems to be driven by corre-
lation between HRV and cardiovascular risk factors, particularly
diabetes and hypertension.

Table 5
Association between cardiovascular risk factors and heart rate variability.

Beta (95% confidence interval) P-value

DM TP 1247335 (—2345.553, —149.117) 0.027
LF/HF —0.455 (—1.523,0.613) 0.397
LF —530.759 (—949.670, —111.848) 0.014
HF —156.675 (—442.764, 129.412) 0278
HLD P —686.362 (—1712.848, 340.124) 0.186
LF/HF —0.462 (—1.433,0.507) 0344
LF —99.083 (—499.744, 301.576) 0.622
HF —207.737 (—464.840, 49.365) 0.111
HTN e —1406.5 (—2393.768, —419.232) 0.006
LF/HF 0.094 (—0.894, 1.083) 0.849
LF —318.888 (—716.272, 78.494) 0.114
HF —265.069 (—521.639, —8.500) 0.043
Family history e —324.127 (—1358.742, 710.486) 0.533
LF/HF 0.007 (—0.966, 0.980) 0.988
LF 95.639 (—303.495, 494.774) 0.633
HF —44.545 (—306.085, 216.994) 0.734
Obesity P —715.400 (—1736.345, 305.544) 0.166
LF/HF 0.345 (—0.624, 1.315) 0478
LF —155.909 (—553.729, 241.911) 0436
HF —225.488 (—480.493,29.517) 0.082
Smoking TP —450.3, (—1505.960, 605.280) 0397
LF/HF 0.392, (—0.599, 1.383) 0432
LF 68.82, (—399.997, 477.635) 0.737
HF —141.21, (—406.51, 124.09) 0.291

Results of univariate linear regression to evaluate associations between four HRV param-
eters and the six cardiovascular risk factors.

This is consistent with prior research that has demonstrated altered
levels of HRV in coronary artery disease, diabetes, hypertension, hyper-
lipidemia, obesity, and smoking [10-21].

An important recent study on this topic published in AJEM in 2013
attempted to incorporate HRV parameters into a novel risk score for
MACE [22]. In their study, 25 of 309 total participants reached the pri-
mary composite outcome of serious cardiac events within 72 h of ED
presentation. They found that a lower LF/HF ratio to be most associated
with their primary endpoint, but no information on association with
cardiac risk factors was published. They concluded that HRV measure-
ment has the potential to be a predictive tool for risk stratification of
ED patients with chest pain. While this finding may be true, our data
suggests that much of the predictive value may be through the causal
pathway of cardiac risk factors, rather than an independent factor that
can identify early coronary ischemia.

Our study is limited by a small number of participants sustaining the
primary endpoint (MACE) which makes that portion of the analysis
irrelevant.

HRV is associated with HEART score in patients presenting to an ED
with chest pain, but this association is almost entirely mediated by co-
morbid cardiac risk factors. Further work on this topic may focus on
how HRV parameters can be used in the context of risk factor assess-
ment in clinical decision rules.
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Aortic dissection and aneurysm are hypertensive
target organ damages and should be listed in
the guidelines

To the Editor:

The significance of aortic (Ao) diseases derives from the prevalence, a
dramatic clinical picture and a very high mortality rate in acute forms.
Moreover, misdiagnosis and the economic burden are also not to be
neglected.

The prevalence of abdominal aortic aneurysm (AAA) in men over
60 years old is about 5% and it doubles in men over the age of
80 years [1,2]. Aneurysms of thoracic aorta represent a 1/5 to a 1/4 of
all Ao aneurysms [3]. In the US, AAA has been reported to be in the
13th place among the most important causes of death and in 3rd
place in men who are older than 60 years as far as sudden death is con-
cerned [1]. AAA (particularly a large one) is prone to rupture and if this
occurs, every third patient will die before reaching the hospital. More-
over, the total mortality rate approaches 60-80% [4,5].

Aortic dissection (AoD) incidence is relatively low: 3-6 patients per
100,000 individuals annually [5,6], but the clinical picture is dramatic
and the prognosis is grave. Mortality of AoD has been “exceedingly
high” [7] and AoD has been among the deadliest diseases in emergency
departments (ED) [6]. A significant number of AoD patients die prior to
being admitted into hospital [8]. More than 1/4 of patients can die while
in hospital even though they received appropriate treatment [6]. More-
over, Oxford Vascular Study reported that only 52.6% of patients with
AoD who were hospitalized had managed to survive 30 days [8]. There-
fore, it is very important to prevent such dangerous diseases.

Systemic arterial hypertension (HTN) has been a very important risk
factor for Ao diseases. An overall prevalence of 0.3% has been identified
during the screening for AAA in Japan in 1591 individuals and no less
than 7.7% in patients with HTN [9]. In addition to smoking, male gender

and advanced age, HTN is one of the crucial factors for AAA
etiopathogenesis. Additionally, HTN increases the risk of rupture by
30% for each 10 mm Hg mean BP elevation [10]. Consequently, HTN is
a well-known risk factor for AAA formation, enlargement and rupture
[10,11]. During the screening of >3,000,000 people for AAA risk factors,
insufficiently controlled BP had been measured in more than half of the
patients with diagnosed HTN [12].

The most prevalent risk factor for AoD is HTN, which has been re-
peatedly found in 2/3 to 3/4 of patients [5,7]. In the majority of such
AoD patients, BP has been insufficiently controlled [7]. Therefore, aneu-
rysm and dissection of Ao represent very important target organ dam-
ages (TOD) of HTN.

Accordingly, aorta should be listed among target organs in the relevant
guidelines (having in mind their importance). To our surprise, this has
not been the case. Although the current guidelines for HTN are very
good and despite the obvious significance of Ao diseases (such as Ao an-
eurysm and AoD), as well as the evidence-based importance of HTN in
their genesis, Ao complications of HTN have not been listed in contem-
porary HTN guidelines properly [13-17]. For example, the Joint National
Committee (JNC-8) guidelines focused on HTN treatment and in the
JNC-7 AoD was not mentioned as TOD of HTN [15,18,19]. There is no ob-
vious explanation to cite the peripheral arterial disease as TOD and to
omit the central arterial (aortic) disease (e.g., Table 6 in JNC-7) [15].

In the European Society of Cardiology (ESC) and European Society of
Hypertension (ESH) 2013 HTN guidelines, the peripheral arteries are
also listed in signs of TOD but Ao is not. In another place the authors rec-
ommend the ultrasound examination of the ascending Ao. Moreover,
concerning HTN complications, there is a suggestion to search for Ao
stiffness but not directly for Ao dilatation, aneurysm and (clinically un-
recognized) dissection. For example, in Table 8.4 “History and symp-
toms of organ damage and cardiovascular disease”, Ao consequences
of HTN were not mentioned. Moreover, in Table 9, under the subhead-
ing: “Signs of organ damage”, “Peripheral arteries” are mentioned but
“Central arteries” (or ,aorta”) are not. In 2018 Canadian guidelines for
HTN, in the Examples of TOD (4th Supplemental Table) the authors
listed ,Peripheral artery disease” but Ao diseases were not mentioned
[16]. In the pragmatic National Institute for Health and Care Excellence
(NICE) 2011 HTN guidelines Ao complications were also not cited
among TOD [17].

As prevention is better than cure, the HTN - AoD relationship, most
probably a causal one, ought to be mentioned in the HTN guidelines. Re-
garding the diseases with a causal relationship such as HTN (usually the
cause) and AoD (consequence), it is important to write about this in the
guidelines for both diseases. It is even more important to write about it
in the guidelines for HTN (cause), in order that we may become more
aware that a preventive effort is required. Hopefully the new 2018 ESC
ESH hypertension guidelines will correct these shortcomings.

The only guidelines that have specifically addressed Ao diseases are
the 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA guidelines [19]. There has been half a page dedicated to drug
treatment of patients who have the Ao disease in addition to HTN. The
authors correctly stated that studies of such patients had been missing
and that target BP and the optimal antihypertensive medications have
been unknown. They have recommended beta blockers [19]. Neverthe-
less, a lot of information about the aortic consequences of HTN, includ-
ing the significance of HTN for Ao aneurysm and AoD, classification of
Ao aneurysms and AoD as hypertensive TOD, recommendation when
and how to screen for Ao aneurysms, as well as (scarce) information
about the HTN characteristics that are risk markers for hypertensive
Ao complications are missing.

Conclusion: As opposed to peripheral arterial disease, acute and
chronic aortic complications of HTN have not been adequately listed
in all the hypertension guidelines among the useful information in med-
ical history, symptoms, hypertensive target organ damages and sugges-
tions about which hypertensive lesion to look for. Having in mind the
significance of the guidelines for the management of such an important


http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0045
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0045
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0045
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0050
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0050
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0050
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0055
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0055
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0060
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0060
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0065
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0065
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0065
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0070
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0070
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0070
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0075
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0075
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0075
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0080
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0080
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0080
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0080
https://www.physio-control.com/uploadedFiles/Physio85/Contents/Workplace_and_Community/Products/100925-01%20Rev%20E%20LUCAS%203%20IFU%20EN_lowres.pdf
https://www.physio-control.com/uploadedFiles/Physio85/Contents/Workplace_and_Community/Products/100925-01%20Rev%20E%20LUCAS%203%20IFU%20EN_lowres.pdf
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0090
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0090
http://refhub.elsevier.com/S0735-6757(18)30512-6/rf0090
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0095
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0095
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0095
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0095
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0100
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0100
http://refhub.elsevier.com/S0735-6757(18)30551-5/rf0100
http://refhub.elsevier.com/S0735-6757(18)30505-9/rf0105
http://refhub.elsevier.com/S0735-6757(18)30505-9/rf0105
http://refhub.elsevier.com/S0735-6757(18)30505-9/rf0110
http://refhub.elsevier.com/S0735-6757(18)30505-9/rf0110
http://refhub.elsevier.com/S0735-6757(18)30505-9/rf0110
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2018.06.047&domain=pdf

	Heart rate variability in the risk stratification ofemergency department patients with chest pain
	Acknowledgements
	References


