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Purpose: The identification of subjects with systemic sarcoidosis at higher risk for sudden death is an
unresolved issue. An influence of the autonomic activity on the genesis of ventricular arrhythmias
was postulated. Heart rate variability (HRV) analysis provides a useful method to measure autonomic
activity, and is a predictor of increased risk of death in various conditions. Therefore, the aim of the
study was to evaluate HRV in patients with systemic sarcoidosis.

Methods: The study included 35 patients with biopsy proven systemic sarcoidosis who were not
taking antiarrhythmic medications. Thallium scintigraphy was performed to all patients with systemic
sarcoidosis. The cardiac sarcoidosis was accepted in 16 patients as abnormal thallium scintigraphy
and normal coronary arteriography. The time-domain analysis of HRV was expressed as the standard
deviation of all normal to normal NN intervals (SDNN) detected during 24-hour Holter monitoring.
Twenty-four healthy subjects represented a control group for HRV analysis.

Results: There were no differences in age (44 ± 13 years for cardiac sarcoidosis, 42 ± 15 years for
noncardiac sarcoidosis, and 40 ± 10 years for control group; P = NS), sex (the ratio of female; 63%,
68%, and 55%, respectively; P = NS), and echocardiographic ejection fraction (63 ± 10%, 67 ±
8%, and 69 ± 6%, respectively; P = NS) among study groups. The mean SDNN value of the group
with cardiac sarcoidosis was significantly lower than both the group with noncardiac sarcoidosis and
the control group (72 ± 32 ms vs 110 ± 46 ms and 152 ± 36 ms; P < 0.05, respectively).

Conclusion: HRV is decreased in patients with systemic sarcoidosis compared to the control group.
This decreasing is more obvious in patients with cardiac sarcoidosis. A.N.E. 2006;11(1):38–42
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Sarcoidosis is a multisystem granulomatous dis-
order. Clinically recognizable sarcoid involvement
of the heart occurs in less than 10% of the patients,
although cardiac granulomas are found in as many
as 30% at autopsy.1 Sarcoidosis, in general, has
a mortality rate of only 0.2/105,2 but the progno-
sis when the heart involved is very much worse,
being about 40% by 5 years.3 In Japan, approx-
imately 73% of the patients had died of myocar-
dial sarcoidosis4 and sudden death was accepted as
the most common manifestation of clinically signif-
icant myocardial involvement.5–7

Autonomic dysfunction is associated with an in-
creased mortality risk in patients with diabetes mel-
litus, hypertension, and coronary artery disease
that may be explained by the fact that autonomic

Address for reprints: Nevzat Uslu, M.D., Cumhuriyet mh, Uygarkent sitesi 10 blok D:6 Uskudar-Istanbul, Turkey. Fax: 00-90-216-
5504433; E-mail: drnuslu@yahoo.com

imbalance predisposes individuals to cardiac ar-
rhythmias.8–10 Measurement of 24-hour heart rate
variability (HRV) is a practical noninvasive method
for studying cardiac autonomic function.11–13 Fluc-
tuations in the interval between normal heart beats,
because they are mediated by autonomic inputs
to the sinus node, provide information about car-
diac autonomic modulation. Thus, low HRV values
could reflect a lack of central modulation of heart
rate or a lack of response of the sinus node; the lat-
ter could even be caused by saturation from highly
elevated levels of autonomic tone.14

It is not dependent on patient’s cooperation
and has proven reproducible15,16 and more sen-
sitive17,18 than the conventional reflex tests. Fur-
thermore, decreased HRV has been shown to be

C©2006, Copyright the Authors
Journal compilation C©2006, Blackwell Publishing, Inc.

38



A.N.E. � January 2006 � Vol. 11, No. 1 � Uslu, et al. � Heart Rate Variability � 39

associated with increased mortality in various pop-
ulations, including patient with myocardial infarc-
tion19,20 and the elderly.21

The aim of this study was to evaluate HRV as
a tool to assess cardiovascular autonomic nervous
system (ANS) function in patients with systemic
sarcoidosis compared to healthy subjects.

MATERIALS AND METHODS

Study Groups

Forty-one consecutive outpatients with trans-
bronchial biopsy specimen–proved pulmonary sar-
coidosis were recruited from a specialized chest
disease hospital clinic. Six patients were excluded
from the study because of the presence of one
or more of the following exclusion criteria: pres-
ence of lung disease other than sarcoidosis, the
presence of known intrinsic heart disease, sys-
temic hypertension, anemia, diabetes mellitus,
pregnancy, alcoholism, or any routine medication
including steroid use. Thus, patient group was
composed of 35 patients, who had mean 21 ±
12 (range 1–43) month’s disease duration. Patients
with systemic sarcoidosis were further divided into
two subgroups depending on the myocardial thal-
lium involvement. The cardiac sarcoidosis was ac-
cepted in 16 patients as abnormal thallium scintig-
raphy and normal coronary arteriography. The
control group consisted of 24 healthy volunteers
with no previous history of cardiac disease or
hypertension.

Study Protocol

Patients were informed about the study proto-
col and consent was obtained from each patient
and local ethical committee approval was under-
taken. All patients were performed echocardio-
graphic examination and thallium scintigraphy,
then 24-hours Holter monitorization. Coronary an-
giography was performed to patients with abnor-
mal thallium scintigraphy.

Transthoracic echocardiography was performed
by one of the authors, who did not have any in-
formation of the patients’ clinical data, using a sys-
tem V (Vingmed, GE Healthcare) with a 2.5 MHz
phased-array transducer. Recordings were taken on
patients positioned in the left lateral decubitus posi-
tion. The left ventricular ejection fraction was mea-
sured using modified Simpson’s rule.22

All patients underwent 24-hour ECG monitoring.
The Holter tapes were analyzed by a SyneView
1.02, Ela Medical System, 1997–1999. As param-
eters of HRV, the mean of all normal R-R intervals
and the standard deviation of all normal to normal
RR intervals (SDNN) during 24 hours were calcu-
lated as previously described.23

Myocardial thallium-201 scintigraphy was per-
formed in all patients. After an overnight fast,
1.5 mCi of 201TI was administered intravenously
at the peak exercise and scans were recorded
with a high-resolution scintillation camera and a
high-resolution, low-energy, parallel-hole collima-
tor. Images were obtained in the anterior, 45-degree
left anterior oblique, and left lateral projections.
Rest images were taken 2 hours later with the
same protocol and the tomographic images of ver-
tical long axis, horizontal long axis, and short axis
were reconstructed. Scans were evaluated visually
by two physicians. In the presence of normal coro-
nary arteries, the perfusion defects, especially re-
verse redistribution on 201TI imaging in a patient
with biopsy proven systemic sarcoidosis were ac-
cepted as a sign of cardiac involvement.24

Statistical Analysis

Data are expressed as mean ± SD. All numeric
variables showed normal distribution and the vari-
ance between the study groups was similar. Thus,
comparison among the study groups for various
numeric parameters was carried out by one-way
ANOVA and the post hoc Scheffé test for multi-
ple comparisons. Comparisons of proportions were
performed using a 3 × 2 cross-table and chi-square
test. A P value < 0.05 was considered statistically
significant. The SPSS 7.5 program for Windows was
utilized for the entire statistical work-up.

RESULTS

Demographics and Patient
Characteristics

There were no differences in age (44 ± 13 years
for cardiac sarcoidosis, 42 ± 15 years for noncardiac
sarcoidosis, and 40 ± 10 years for control group),
sex (the ratio of female; 63%, 68%, and 55%, re-
spectively), and echocardiographic ejection fraction
(63 ± 10%, 67 ± 8%, and 69 ± 6%, respectively)
among study groups (Table 1). Radiological stages
were not significantly different between patients
with thallium involvement (46% stage 1, 48% stage
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Table 1. The Patients Characteristics and 24-Hour
Holter Monitoring Results

Thallium (+) Thallium (−) Control
(n = 16) (n = 19) (n = 24)

Age (years) 44 ± 13 42 ± 15 40 ± 10
Female (n) 10 13 13
LV EF (%) 63 ± 10 67 ± 10 69 ± 6
HR (bpm) 88 ± 9a 83 ± 13 75 ± 10
SDNN (ms) 72 ± 32a,b 110 ± 46a,b 152 ± 36

LV EF = left ventricular ejection fraction; HR = heart rate;
SDNN = standard deviation of all normal to normal NN
intervals.
aComparison with control group (P < 0.017).
bComparison between two patients groups (P < 0.017).

2, and 8% stage 3) and without thallium involve-
ment (30% stage 1, 55% stage 2, and 15% stage
3). There was no difference in disease duration
between groups cardiac and noncardiac sarcoido-
sis (21 ± 13 months vs 22 ± 12 months). Pul-
monary function tests such as forced expiratory
volume (FEV1), forced vital capacity (FVC), an-
giotensin converting enzyme (ACE) level, and Ca++

levels were not different between sarcoidosis pa-
tients with thallium involvement and without thal-
lium (Table 2).

HRV Analysis

The mean heart rate during 24-hour Holter mon-
itorization in control group was lower than patient
group with cardiac sarcoidosis (75 ± 10 bpm vs
88 ± 9 bpm, P < 0.017) but it did not differ between
controls and patients with noncardiac sarcoidosis
(75 ± 10 bpm vs 83 ± 13 bpm), (Table 1). The mean
SDNN value of the group with cardiac sarcoidosis
was significantly lower than both the group with
noncardiac sarcoidosis and the control group (72 ±

Table 2. Pulmonary Function Tests, ACE and Urinary
Ca++ Levels in Patients with Systemic Sarcoidosis

Thallium (+), Thallium (−),
n = 16 n = 19 P value

FEV1 (mL) 2626 ± 767 2685 ± 750 NS
FVC (mL) 3001 ± 1116 3124 ± 788 NS
ACE (U/L) 83 ± 33 75 ± 37 NS
Ca++ (mg/dL) 10 ± 0.8 10 ± 0.6 NS

FEV1 = forced expiratory volume; FVC = forced vital capacity;
ACE = angiotensin converting enzyme; Ca++ = Calcium;
NS = not significant.

Figure 1. Heart rate variability represented as standard
deviation of all normal to normal NN intervals (SDNN
(ms)) in controls and patients groups.

32 ms vs 110 ± 46 ms and 152 ± 36 ms; P < 0.05, re-
spectively) (Figure 1). After adjusted for heart rate,
the mean SDNN value of the group with cardiac
sarcoidosis was significantly lower than both the
group with noncardiac sarcoidosis and the control
group (85 ± 11 ms vs 112 ± 9 ms and 146 ± 8 ms;
P < 0.001, respectively).

DISCUSSION

To our knowledge, the present study is the first
to use HRV for evaluation of ANS function in pa-
tients with sarcoidosis. This study shows that HRV
is affected in patients with sarcoidosis

ANS dysfunction has been described in au-
toimmune diseases, such as diabetes14,19,20 and
rheumatic conditions, including rheumatoid arthri-
tis,25 systemic lupus erythematosus,26 and sclero-
derma.27 Sarcoidosis can involve all components
of nervous system and neurologic findings includ-
ing peripheral neuropathy are observed in 5% of
patients. But the prevalence of autonomic dys-
function in systemic sarcoidosis is unknown. HRV
measurements from electrocardiographic record-
ings are used as markers of autonomic modulation
of heart.13 Spectral analysis of HRV allows assess-
ment of frequency specific fluctuations in heart rate
behavior. Modern computerized techniques have
now permitted the analysis of beat-to-beat variabil-
ity in heart rate, and have enabled the HRV to be
used as a noninvasive tool to study the function
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of ANS and to test its sympathetic and parasympa-
thetic integrity.23

Twenty-four-hour Holter monitorization has
been used to screen arrhythmias and conduction
defects in suspected sarcoidosis28 but the useful-
ness as a noninvasive indicator of sudden death
in sarcoidosis has not been established or inves-
tigated. Two-thirds of patients with cardiac sar-
coidosis die suddenly. Ventricular tachycardia is
one of the most frequently reported cardiac ar-
rhythmias and, together with complete heart block,
is presumed to be the cause of sudden death
in most patients with myocardial sarcoidosis.6,29

They accepted that granulomas and development
of ventricular aneurysms provide a substrate for
ventricular tachycardia and ventricular fibrillation.
In cardiac sarcoidosis, with alteration of the normal
kinetic of involved area of the heart, could induce
an abnormal mechanical stimulation of the recep-
tors in the myocardial wall with a reflex increase
of the sympathetic activity. A reduction of SDNN
was shown to be associated with a high mortality
after acute myocardial infarction19 and elderly.21

In our study, a reduction of SDNN in patients with
sarcoidosis was found in comparison with a control
group of healthy subjects, reflecting a reduction of
vagal activity with a concominant sympathic dom-
inance. Decreased HRV might be a risk factor for
sudden death in patients with sarcoidosis and HRV
analysis might be used as a part of risk stratification
for these patients. Prospective studies will be done
to examine this phenomenon.

LIMITATION OF STUDY

We used thallium-201 scintigraphy for the detec-
tion of cardiac involvement. Myocardial thallium
involvement with normal coronary arteries was ac-
cepted as cardiac sarcoidosis. Unfortunately, a nor-
mal finding on the 201TI scan does not exclude the
presence of cardiac involvement.30 And Kinney and
Coldwell reported that the 201TI scan was too sen-
sitive and very nonspecific test to diagnose car-
diac involvement in sarcoid patients without car-
diac symptoms.31 This criterion may be criticized,
because the endomyocardial biopsy or autopsy was
suggested for definitive diagnosis of cardiac sar-
coidosis.32 However, we studied live patients and
endomyocardial biopsy has a low yield of diagnos-
tic accuracy.32 Moreover, we did not aim primarily
to detect cardiac involvement rather we targeted to
evaluate autonomic function in patients with sar-

coidosis. Another limitation of this study is that we
determined HRV over 24 hours without standard-
ization of patient activities.

CONCLUSION

HRV is decreased in patients with systemic sar-
coidosis compared to the control group. This de-
creasing is more obvious in patients with cardiac
sarcoidosis.
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