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Introduction

Variant angina can occur in a wide spec-
trum of coronary artery diseases, ranging
from patients with angiographically normal
arteries to those with severe three-vessel
disease1. It is important to determine coro-
nary anatomy in such patients as choice of
therapy and outcome are strongly influenced
by the extent and severity of the underlying
coronary obstructions2-5. Many studies have
demonstrated that both variant angina6 and
coronary artery disease are associated with
impaired vagal output to the heart7-15, and
there is evidence that reduced heart rate
variability (HRV) due to reduced vagal out-
flow may be related to the severity of he-
modynamically significant coronary
stenoses15. We hypothesized that in variant
angina, the indices of parasympathetic ac-
tivity might alter more in patients with severe
coronary artery disease than in those with
mild coronary stenoses. We therefore carried

out a preliminary study on a small number
of patients with clinically unstable variant
angina to test this hypothesis, and in partic-
ular to determine whether HRV indices are
related to the presence or absence of organ-
ic heart disease.

Methods

Patients. We studied 17 patients (15 men
and 2 women) with variant angina and clin-
ical instability (defined as at least one episode
of chest pain in the 12 hours prior to ad-
mission). Variant angina was determined
clinically by the presence of all of the fol-
lowing: a) burning or squeezing retrosternal
chest pain at rest; b) ST segment elevation
of at least 2 mm on the electrocardiogram
during pain which disappeared on pain relief
and was not present at baseline; c) pain re-
lief with nitroglycerine in less than 5 min;
and d) no subsequent evidence of myocar-

Received February 17,
2000; revision received
May 22, 2000; accepted
June 1, 2000.

Address:

Dr. Carlo Meloni

Divisione di Cardiologia
Ospedale San Raffaele,
IRCCS
Via Olgettina, 60
20132 Milano
E-mail: carlo.meloni@hsr.it

Heart rate variability in patients with variant
angina: effect of the presence of significant
coronary stenosis

Carlo Meloni, Filippo Stazi, Carlo Ballarotto, Alberto Margonato, Sergio L. Chierchia 
Division of Cardiology, San Raffaele Hospital, IRCCS, Milan, Italy

Key words:
Power spectrum
analysis; Variant
angina; Coronary
artery disease;
Angiography.

Background. The syndrome of variant angina occurs in patients with a wide spectrum of coronary
disease ranging from angiographically normal coronary arteries to severe three-vessel disease. Sur-
vival and choice of therapy for these patients are determined by the extent of underlying fixed coro-
nary obstruction. We examined whether heart rate variability (HRV) due to reduced vagal outflow
may correlate with the severity of coronary stenoses in such patients.

Methods. Fifteen men and 2 women with clinically unstable variant angina underwent 24-hour Holter
monitoring from which low and high-frequency power, standard deviation of mean 24-hour RR in-
terval, proportion of adjacent RR intervals that differed by more than 50 ms, and mean root square
of differences between successive RR intervals were extracted by power spectral analysis. Coronary
angiography was later performed to determine coronary pathology and verify variant angina. As con-
trols we studied an age-matched control group of 8 subjects (5 men, 3 women) with no clinical and/or
electrocardiographic evidence of coronary heart disease or spasm as shown by negative treadmill ex-
ercise and hyperventilation tests.

Results. All measured components of HRV were significantly lower in the 9 patients with severe
coronary artery disease compared to the 8 patients with normal coronary arteries or < 40% steno-
sis. The two groups were otherwise similar in terms of age and clinical parameters.

Conclusions. These preliminary findings on a small but carefully selected group of patients with
variant angina indicate that the analysis of HRV can select patients with severe disease for a more
intensive approach. These findings require confirmation on a larger patient series.
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dial necrosis. None of the patients had a history of my-
ocardial infarction, cardiomyopathy, valvular heart dis-
ease, diabetes mellitus or congestive heart failure.

As a control group we studied 8 age-matched sub-
jects (5 men, 3 women) with no clinical and electro-
cardiographic evidence of coronary heart disease as
shown by negative exercise and hyperventilation tests.
All had a normal echocardiogram. 

Study protocol. All patients were hospitalized in our
coronary unit where they underwent two-channel (mod-
ified V5 and V1 leads) 24-hour Holter electrocardio-
graphic monitoring within 12 hours of admission. HRV
was analyzed from the recordings using a Holter analy-
sis system (Marquette Series 8000, Milwaukee, WI,
USA). The only medications given during monitoring
were nitrates (i.v.) and heparin. After classification of
the QRS morphology, the longest and the shortest RRs
on the RR interval histogram examined and all QRS
complexes that were artifactual or ectopic were elim-
inated from the recording by holding the level at 0 un-
til the next valid RR interval. Only normal to normal
RR intervals were retained. 

Next we analyzed the time and frequency charac-
teristics of HRV. Fast Fourier transform was performed
to separate RR interval fluctuations into their charac-
teristic frequencies and to determine the square roots of
areas under the power spectrum. From the 24-hour
HRV power spectra we calculated the power within
two frequency bands:
• 0.04-0.15 Hz, low frequency (LF) power which reflects
increased sympathetic or parasympathetic tone modu-
lated by baroreflex activity16-18;  
• 0.15-0.40 Hz, high frequency (HF) power, a specific
measure of vagal tone, modulated primarily by breath-
ing16,19-26. 

We also determined the following time domain HRV
measures: the standard deviation of the mean RR in-
tervals for all 5-min segments (SDANN); the proportion
of adjacent RR intervals that differed by more than 50
ms (pNN50); and the mean square root of the difference
between successive RR intervals (rMSSD). These mea-
sures have been established as reliable markers of
parasympathetic activity25,27.

Cardiac catheterization. Following clinical stabiliza-
tion and 48 hours after withdrawal of medical therapy,
all patients underwent left ventriculography and selec-
tive coronary angiography using the Judkins technique.
Coronary angiograms were digitized and analyzed us-
ing commercially available equipment (Toshiba, DFP-
60A, Nasu, Japan) and each lesion was studied in at least
three different projections. For eccentric lesions the
projection with the most severe narrowing was evalu-
ated. All measurements were carried out blindly by two
cardiologists. Discrepancies were resolved by discussion.
Subsequently provocative testing was carried out in 15
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patients by injection of ergonovine or by hyperventila-
tion (30 respirations/min for 5 min) to confirm variant
angina. These tests induced severe coronary vasocon-
striction and angina associated with a marked ST segment
elevation in all 15. The remaining 2 patients were not
stimulated because spontaneous coronary artery spasm
had been observed in the initial angiography. Based on
the angiographic findings the patients were divided in-
to those with < 50% coronary artery (Group 1) and
those with Ž 50% artery narrowing (Group 2).

Statistical analysis. Data were expressed as means ± SD.
The χ2 test was used to assess differences between
groups and a p value of • 0.05 was considered statisti-
cally significant.

Results

Group 1 consisted of 8 patients (7 men, 1 woman,
mean age 59 ± 7 years) with angiographically normal
coronary arteries or with only minimal stenosis (< 40%
reduction in diameter). Group 2 consisted of 9 patients
(8 men, 1 woman, mean age 61 ± 6 years) with severe
coronary artery disease. The angiographic findings are
summarized in table I. There were no differences in
age, left ventricular ejection fraction, presence of hy-
pertension, hypercholesterolemia, smoking, or history of
angina at rest between the two groups (Table II). Total
ischemic time and number of episodes in the day pre-
ceding admission were comparable in the groups of pa-
tients (Table II).

LAD CX RCA Spasm Stimulus
(%) (%) (%)

Group 1
1 32 LAD Spontaneous
2 21 LAD Hyperventilation
3 38 LAD Hyperventilation
4 LAD Hyperventilation 
5 32 RCA Ergonovine test
6 37 CX Hyperventilation
7 28 LAD Spontaneous
8 33 LAD Ergonovine test

Group 2
1 76 LAD Hyperventilation
2 88 LAD Hyperventilation
3 92 LAD Hyperventilation
4 74 88 RCA Hyperventilation
5 76 CX Ergonovine test
6 78 LAD Spontaneous
7 82 LAD Hyperventilation
8 65 LAD Hyperventilation
9 90 RCA Hyperventilation

Table I. Angiographic findings.

CX = circumflex branch; LAD = left anterior descending branch;
RCA = right coronary artery.
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Heart rate variability parameters. Patients with se-
vere stenosis (Group 2) had lower indices of parasym-
pathetic activity, measured as time-domain parameters
of HRV than Group 1 and the control group (Table III).
Furthermore LF and HF power were significantly low-
er in Group 2 than Group 1 (Table III, Fig. 1) and the
control group (Table III).

Time- and frequency-domain parameters of HRV
were slightly more but not significantly lower in patients
with angiographically normal coronary arteries than in
the control group (Table III).

Group 1 Group 2
(n = 8) (n = 9)

Mean age (years) 59 ± 7 61 ± 6
Exertional angina 2 4
Rest angina 8 9
> 3-month history of rest angina 6 5
Left ventricular ejection fraction (%) 50 ± 4 51 ± 3
Hypercholesterolemia 4 3
Hypertension 3 3
Smoking 6 6
Total ischemic time during
24-hour Holter monitoring (min) 4.3 ± 1 4.2 ± 2
No. anginal episodes in the day 
preceding admission 3 ± 1 3 ± 2

Table II. Clinical features.

Group 1 Group 2 Control

NS NS
Mean RR 902.56 ± 67 878.86 ± 14 923.55 ± 24

NS

* *SDANN (ms) 103.89 ± 26 75.3 ± 20 110 ± 12

NS

* *pNN50 (%) 11.5 ± 12 0.53 ± 1 12.5 ± 10

NS

* *rMSSD (ms) 52 ± 33 14.5 ± 4 58 ± 23

NS

* *
[LF] Ln (ms2) 5.52 ± 1 4.21 ± 1 5.82 ± 2

NS

* *
[HF] Ln (ms2) 4.45 ± 1 2.8 ± 1 4.78 ± 1

NS

Table III. Comparison of time- and frequency-domain variables
between Group 1 and Group 2 patients.

HF = high frequency power (0.15-0.40 Hz); LF = low frequency
power (0.04-0.15 Hz); pNN50 = percentage of differences between
adjacent normal RR intervals that are > 50 ms over 24 hours;
rMSSD = mean square root of the difference of successive RR in-
tervals; SDANN = the standard deviation of the mean RR inter-
vals for all 5-min segments. * p < 0.01.

Figure 1. Examples of spectral analysis of RR interval variability. pNN50 = percentage of differences between adjacent normal RR intervals that are 
> 50 ms over 24 hours; rMSSD = mean square root of the difference of successive RR intervals; SDANN = standard deviation of the mean RR intervals
for all 5-min segments; s.d. RR = global standard deviation of RR intervals over 24 hours.
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Mean RR was slightly more but not significantly low-
er in patients with variant angina and coronary artery dis-
ease compared to patients with spasm and angiographically
normal coronary arteries and in the control group (Table
III).

Discussion

We have found that, in our small groups of patients
with clinically unstable variant angina, the time and
frequency measures of HRV were significantly lower in
the group with severe coronary disease than in the group
without significant stenoses.

Analysis of HRV has been proposed as a method for
assessing autonomic cardiac function that provides spe-
cific information on changes in autonomic tone result-
ing from the interaction between the sympathetic and
parasympathetic nervous activity. The HF component of
HRV is synchronous with the respiratory cycle and is
considered to be a reliable marker of parasympathetic
activity in the supine position16,19-26. The HF component
is known to be almost completely mediated by the
parasympathetic nervous system16-18. Time-domain pa-
rameters are also related to vagal activity25,27. Based on
these data, we conclude that the reduced values of these
parameters observed in our patients with severe coronary
artery disease are due to a reduction in the vagal com-
ponent of HRV.

These findings are consistent with those of earlier
studies7-9,11-14 that reported impaired vagal outflow to the
heart in patients with coronary artery disease, including
those without acute myocardial infarction or chronic
heart failure10,15. Some studies15,28 have reported a lin-
ear relation between a reduction in vagal function and
the angiographic severity of coronary disease, while
others found no such a relation10,12; we investigated
too few patients to confirm or deny such a correlation.

Both the cause and mechanism of the association be-
tween decreased vagal activity and coronary artery dis-
ease are unknown. Some authors have suggested that re-
duced vagal function results from damage to intrinsic car-
diac nerves by infarction or ischemia29; others have
supposed it reflects increased sympathetic activity, de-
creased parasympathetic activity, or both, due to impaired
left ventricular function30. Hayano et al.15 have shown
that cardiac vagal outflow, as assessed by power spec-
tral analysis of HRV, is decreased in coronary artery dis-
ease irrespective of the level of left ventricular function
or whether or not there is a history of myocardial in-
farction function, and therefore supposed that the re-
duction was directly related to the presence of coronary
artery disease. 

Both the treatment and prognosis of variant angina
are strongly influenced by coronary anatomy2-4. Patients
with severe coronary disease often require revascu-
larization by surgery or coronary angioplasty as their
symptoms cannot be controlled by drugs. Those with

mild obstruction more often respond to calcium an-
tagonists. Nakamura et al.31 reported on 349 patients
with variant angina, only 101 of whom had coronary
stenoses of Ž 75%, and only 21/101 had multivessel
disease. In the whole group followed for a mean of 3.4
years, sudden death occurred in 2% and myocardial in-
farction in 5%. The authors attributed this relatively
good prognosis to the low prevalence of organic coro-
nary lesions and to the fact that 98% of patients were
treated with calcium blockers. Walling et al.3 reported
on 217 patients with variant angina followed for a
mean of 65 months. Survival without infarction at 1 and
5 years was 93 and 83% in patients without coronary
stenoses of Ž 70%, 85 and 74% in subjects with sin-
gle-vessel disease and 65 and 45% in patients with
multivessel disease.

The above data clearly show that it is important to
know the coronary anatomy in variant angina. There-
fore it would be useful to have a reliable, non-invasive
means of distinguishing patients with normal or only
mildly abnormal coronary arteries from those with se-
vere obstructions, without recourse in all cases to coro-
nary angiography (particularly in small or non-spe-
cialist centers). This would allow optimization of treat-
ment and reduction of costs. Unfortunately clinical
features alone do not reliably differentiate such pa-
tients32. Moreover, during the active phases of the dis-
ease other examinations such as stress test or echo-stress
are contraindicated. 

Our results suggest that analysis of HRV may be a
reliable means of detecting severe coronary artery dis-
ease in patients with variant angina. Furthermore the
technique is relatively inexpensive, safe, and non-in-
vasive. We suggest therefore that the method merits fur-
ther study on more patients. It would also be important
to determine whether similar reductions in HRV indices
are present during the quiescent phases of variant angi-
na. In 5 patients who underwent renewed Holter mon-
itoring a month after clinical stabilization, HRV para-
meters apparently returned to normal6; however to our
knowledge these are the only published data available
on this issue. The number of anginal episodes in the day
preceding admission was similar in the two groups.
We cannot exclude that a greater number of silent
episodes occurring in patients with significant coronary
artery disease could have affected the results. Howev-
er a number of papers have shown that, although asymp-
tomatic episodes usually outnumber those with symp-
toms, in general a relationship exists between sympto-
matic and asymptomatic events. In all patients a de
novo diagnosis was made during our examination.
Therefore no patient received any antianginal drug in
the period preceding admission. During electrocardio-
graphic monitoring patients were treated with intra-
venous nitrates which reduced the number and the du-
ration of ischemic episodes. Therefore, although we can-
not exclude a difference in HRV between normal con-
trols and patients with spasm and no coronary artery dis-
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ease, these parameters were certainly much more im-
paired in patients with spasm and severe coronary
stenoses.

In conclusion, our findings indicate that in patients
with variant angina there is an association between re-
duction of the vagal components of HRV and the sever-
ity of coronary artery disease, and suggest that HRV
analysis may be a simple and easy method of obtain-
ing, in the early unstable phase of variant angina, im-
portant prognostic and diagnostic information. Clear-
ly larger studies are needed to confirm these prelimi-
nary findings.
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