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ABSTRACT. Heart rate variability was assessed in 12
patients with congenital central hypoventilation syndrome
(CCHS) and in age- and sex-matched controls using SD of
time intervals between R waves (R-R intervals), R-R inter-
val histograms, spectral analysis, and Poincaré plots of
sequential R-R intervals over a 24-h period using ambula-
tory monitoring. Mean heart rates in patients with CCHS
were 103.3 * 17.7 SD and in controls were 98.8 * 21.6
SD (p > 0.5, NS). SD analysis of R-R intervals showed
similar results in both groups (CCHS 102.2 * 36.0 ms
versus controls 126.1 * 43.3 ms; p > 0.1, NS). Spectral
analysis revealed that, for similar epochs sampled during
quiet sleep and wakefulness, the ratios of low-frequency
band to high-frequency band spectral power were increased
for 11 of 12 patients with CCHS during sleep, whereas a
decrease in these ratios was consistently observed in all
controls during comparable sleep states (x> = 20.31; p <
0.000007). During wakefulness, the ratios of low-frequency
band to high-frequency band spectral power were similar
in both patients with CCHS and controls. Poincaré plots
displayed significantly reduced beat-to-beat changes at
slower heart rates in the CCHS patients (x> = 24.0; p <
0.000001). The scatter of points in CCHS Poincarée plots
was easily distinguished from controls. All CCHS patients
showed disturbed variability with one or more measures.
The changes in moment-to-moment heart rate variability
suggest that, in addition to a loss of ventilatory control,
CCHS patients exhibit a dysfunction in autonomic nervous
system control of the heart. (Pediatr Res 31: 291-296,
1992)
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CCHS is an extremely rare condition characterized by dys-
function of central respiratory control (1). Patients with CCHS
have chronic respiratory insufficiency in the absence of primary
pulmonary, cardiac, neuromuscular, or chest wall disease. Sig-
nificant differences in the severity of ventilatory control exist
among patients, ranging from those who require mechanical
ventilation only during sleep to those in whom continuous
ventilatory support is mandatory. An abnormal central integra-
tion of chemoreceptor neural input has been postulated as the
mechanism responsible for the failure of autonomic control of
ventilation in these children (1-5). No radiologic or pathologic
evidence of specific brainstem or central nervous lesions reported
to date could account for the unique clinical manifestations of
CCHS (6). However, abnormal peak and interpeak latencies in
brainstem auditory evoked responses, found in four diagnosed
infants, imply a functional disturbance in brainstem control of
ventilation (7).

CCHS may be associated with other conditions such as
Hirschsprung’s disease, neuroblastoma, and ganglioneuromas (4,
8-14). A primary defect of brain stem serotonergic nerve cell or
a neural crest migrational abnormality has been suggested as a
possible explanation for this linkage (9, 11, 13, 15). Indeed,
neuroblasts from the neural crest migrate to form sympathetic
ganglia, visceral autonomic ganglia, the chromaffin system, and
other CNS structures. Although CCHS is associated with other
neural crest congenital anomalies, the assessment of autonomic
nervous system functions by measures such as HRV has not
been systematically studied (4). Of current measures of auto-
nomic nervous system function, HRV (the moment-to-moment
change in heart beat intervals) provides a simple, noninvasive
means of examining both short- and long-term patterns during
different behavioral states. The loss of HRV is reported to reflect
an alteration in autonomic nervous system function (16-18). A
number of disease states are associated with changes in HRV,
including heart failure (19, 20), sudden infant death syndrome
(21), myocardial infarction (22, 23), prematurity (24), neonatal
respiratory distress syndrome (25-28), and diabetes (29). We
hypothesize that CCHS patients will exhibit changes in HRV
and that these changes have the potential to provide insights into
the nature of autonomic control in CCHS.

MATERIALS AND METHODS

Twelve subjects with CCHS and 12 healthy age- and sex-
matched controls were studied from March to June 1991. Inclu-
sion criteria for CCHS subjects were as follows: I) persistent
evidence of sleep hypoventilation (arterial CO, pressure > 60
torr); 2) onset of symptoms within the first year of life; 3) absence
of primary pulmonary disease or neuromuscular dysfunction
that could explain the hypoventilation; 4) no evidence of cardiac
disease; and 5) no medications that are known to alter HRV.
Mean age was 5.85 y =+ 4.3 SD (range 9 mo to 13 y). Other
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demographic and relevant clinical information for CCHS sub-
jects is noted in Table 1. CCHS patients and controls were
enrolled in the study after informed consent was obtained (Chil-
dren’s Hospital of Los Angeles Institutional Review Board) from
guardians and, whenever possible, from the patients themselves.

Twenty-four-h ambulatory Holter recordings were obtained
from each subject in their home environment (Del Mar Holter
models 456A and 459; Del Mar Avionics, Irvine, CA). Subjects
were allowed to participate in their normal activities while wear-
ing the recorder, and the subjects or their care givers maintained
a diary of behavior, including sleep and waking times. During
the study, all CCHS subjects received during sleep their routine
mechanical ventilation, which was designed to achieve a Pco, of
30-35 torr (4-5 kPa). Holter tapes were scanned on a Del Mar
750 scanner (Del Mar Avionics), using semiautomatic scanning
technique. Data obtained from the tapes provided the following
information: time of beat, type of beat (sinus versus other), serial
R-R intervals with a resolution of +2.4 ms, R-R interval histo-
grams, and SD of normal R-R intervals in 5-min epochs for the
24-h recording period.

HRYV is constantly changing as a result of hemodynamic,
neural, and hormonal perturbations. Previous researchers have
studied these changes in HRV using spectral analysis. It has been
suggested that the low-frequency spectral band reflects sympa-
thetic tone, whereas high-frequency spectra may be associated
with parasympathetic activity (30-32). We used spectral tech-
niques as one of the measures of HRV in CCHS patients. We
calculated spectral estimates on 256-beat epochs of interpolated
heart rate using the fast Fourier transform. Two epochs were
sampled, one during wakefulness at the time of highest heart rate
in the recording and the other at the lowest heart rate during
sleep. In addition, we examined six epochs at standard time
periods of the day (0100, 0300, 0700, 0900, 1500, and 1700 h)
in each subject. Two frequency bands of interest were defined:
low frequency (0.04-0.12 Hz) and high frequency (0.224-0.28
Hz); then the LO-HI ratio was calculated (32). The high-fre-
quency bands encompass the variation normally contributed by
regular breathing, whereas the lower frequency components most
likely derive from baroreceptor, temperature, and movement
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sources (31-33). SD and spectral analysis were obtained using
the Del Mar Avionics Heart Rate Variability Analysis Program.

To assess instantaneous variation at different heart rates, we
constructed Poincaré plots of each R-R interval plotted against
the next interval (RR, versus RR,.,;), using custom-designed
software (Fig. 1) (19, 34). Poincaré plots simultaneously display
overall variance, variance of dispersion of R-R intervals at each
heart rate, and the change in variance as cardiac rate changes
(34). Only sinus beats were used to generate the Poincaré plots,
and all ectopic beats and sinus beats immediately before and
after ectopic beats were removed. Poincaré plots were categorized
into different patterns by seven physicians blinded to the patients’
identification and diagnoses.

Heart rate and SD of HRV were compared between groups
with unpaired ¢ test. The x* test was used for analysis of pattern
distribution of Poincaré plot data and LO-HI ratios. Statistical
significance was set at a p value <0.05.

RESULTS

Mean heart rates were not significantly different between the
CCHS subjects (103.3 + 17.7 SD beats/min) and controls (98.8
+ 21.6 SD beats/min; ¢ = 0.6; p > 0.5, NS). Similar heart rate
trends were observed in the 24-h recording period in all subjects
(Fig. 2); i.e. heart rates tended to be higher during wakefulness
and lower during sleep. SD of R-R intervals were not significantly
different in CCHS subjects as compared with controls (102.2 +
36.0 SD ms and 126.1 + 43.3 SD ms; ¢ = —1.6; p > 0.1, NS).
Histograms of R-R intervals showed a bimodal distribution in
10 out of 12 CCHS subjects and six out of 12 control subjects
(x* = 3.0; p > 0.05, NS) (Fig 3). In normal subjects, increased
power in the high-frequency spectra occurred during quiet sleep
compared with wakefulness, an observation not found in any
CCHS patients (x* = 24.0; p < 0.000001). CCHS patients showed
virtually no high-frequency activity during sleep (Fig. 4).

The LO-HI ratio increased in all but one CCHS subject during
sleep compared with wakefulness and returned to wakefulness
values upon arousal (Fig. 5). In contrast, the LO-HI ratio de-

Table 1. CCHS patient information

Age Sex Medications Time on ventilator Modality*
9 mo Female None Sleep only PP
10 mo Male None Sleep only PP
2y Female Carbamazepine Sleep only PP
Albuterol
2y Male None Sleep only PP
2y Male Ranitidine 24 h PP
Cholestyramine
Loperamide
Albuterol
Sy Female Phenobarbital 24 h (daytime = DP; nighttime = PP) DP, PP
Triamterene
KCl
Chlorothiazide
Theophylline
Albuterol
8y Female Albuterol Sleep only PP
8y Male Furosemide 24h (3h=DP; 21 h =PP) DP, PP
9y Male Furosemide 24 h (daytime = DP; nighttime = PP) DP, PP
Chlorothiazide
KCl
Phenobarbital
Amiloride
Albuterol
9y Female Carbamazepine Sleep only NP
10y Male Albuterol Sleep only PP
13y Male Albuterol Sleep only PP

* DP, diaphragm pacing; NP, negative pressure; and PP, positive pressure.
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Fig. 1. Construction of Poincaré plot. 4, B, and C represent consec-
- utive R-R intervals. The first point is created using the 4 interval as the
x coordinate and interval B as the y coordinate. The second point uses
the B interval as the x coordinate and C interval as the y coordinate. The
remaining points are constructed using each interval in turn as first the
X coordinate and then, in the next point, as the y coordinate.

creased in all control subjects during sleep (x* = 20.31; p <
0.000007).

Poincaré plots of CCHS patients consistently differ from those
of their controls (Fig. 6) (x* = 24.0; p < 0.000001). The Poincaré
patterns of CCHS patients were correctly categorized by seven
physicians who were unaware of the nature of the diagnosis
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(100% agreernent) The extent of dlspersmn at decreasing heart
rates (increasing R-R intervals) was diminished in all CCHS
patient plots. The overall range of variation, expressed as the
length of the cluster of points along the x axis, did not differ
between individuals in each group (Fig. 6).

DISCUSSION

HRYV in CCHS is different from that in controls on measures
of Poincaré plots and aspects of spectral analysis. Poincaré plots
in CCHS subjects were associated with minimal dispersion of R-
R intervals as the heart rate slowed, i.e. as the R-R intervals
lengthened (Fig. 6). Particularly striking was the uniformity of
the CCHS Poincaré plot pattern across patients. Thus, the extent
of variation at longer heart rate intervals is reduced in CCHS
patients.

The LO-HI ratios in most CCHS patients increased during
sleep but decreased in controls (Fig. 5). This suggests that an
imbalance in sympathetic/parasympathetic activity is present in
CCHS patients during sleep.

Spectral analysis revealed that sleeping CCHS subjects had
more spectral energy in the low-frequency band, whereas the
spectral analysis for sleeping controls showed a predominance of
high-frequency activity. We suspect that respiratory sources con-
tributed to the high-frequency peaks because these were at the
resplratory frequency band of the spectra. We took particular
care in sampling epochs for spectral analysis at the nadir of heart
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Fig. 2. Heart rate trends. The graphs of heart rate over the recording period. The arrows indicate the periods of lowest heart rate used for spectral
analysis during sleep. The top panel represents the heart rate trend for a 5-y-old female with CCHS. The bottom panel is from a 5-y-old female

control.
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Fig. 3. R-R interval histograms. The Ieﬁ panel represents a unimodal
distribution. The right panel is an example of a bimodal histogram.
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Fig. 4. Power spectral analysis during sleep. Top panel represents
spectral analysis of R-R intervals during lowest heart rate periods in a 5-
y-old female with CCHS. The bottom panel is from a 5-y-old female
control.
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Fig. 5. LO-HI during wakefulness and sleep. LO-HI ratios during
wakefulness and sleep in 12 CCHS patients and 12 age- and sex-matched
controls.

rate during sleep, assuming that these epochs would represent
similar behavioral states. Therefore, the observed differences do
not reflect dissimilarity in sampling, but represent altered cardiac
control in CCHS patients while they were asleep.

Several possible explanations for these differences in HRV
may be advanced. A difference in circadian rhythm might con-
tribute to these findings. However, circadian rhythm seems an
unlikely cause, inasmuch as all subjects were exposed to the same
light/darkness regimen and there was no evidence of endocrine
disorders. Indeed, visual inspection of 24-h cardiac rate plots
showed markedly similar troughs in heart rate during the night,
suggestive of similar circadian influence on cardiac rate in both
groups (Fig. 2).

Positive pressure ventilation might contribute to different pat-
terns during nighttime in CCHS patients. Such mechanical ven-
tilation causes intrathoracic pressure changes different from that
which occurs in spontaneous breathing. These patients were
intentionally hyperventilated [Pco, 30-35 torr (4-5 kPa)], thus
suppressing spontaneous respiratory effort. The resultant hemo-
dynamic changes alter baroreceptor reflexes, thereby modifying
autonomic nervous system response. Poincaré plots and spectral
analyses were similar for all CCHS subjects, even though assisted
ventilatory techniques differed. Most CCHS patients used posi-
tive pressure ventilation only during sleep, but some patients
were on continuous (24 h/d) mechanical ventilatory support and
one patient used negative pressure ventilation at night (Table 1).
Therefore, the technique of assisted ventilation would not likely
explain the differences observed. However, all CCHS patients
were ventilated using a fixed rate in control mode, and this fixed
respiratory rate may be a factor in the decreased HRV observed
in CCHS patients during sleep in this study.

Neurophysiologic mechanisms operating during sleep affect
spectral LO-HI ratio differences. Among these mechanisms, al-
tered excitatory influences from rostral and midbrain structures
may differentially affect sympathetic outflow. During sleep, an
increase in parasympathetic tone (suggested to be associated with
high-frequency spectra) is expected and would thereby result in
a decrease of the LO-HI ratio as seen in our controls. However,
in the CCHS subjects, the nature of the variation (slow modula-
tion of heart rate) suggests a substantial contribution from sym-
pathetic sources during sleep. By selecting epochs from the lowest
heart rate period during sleep, we can conclude that this variation
did not originate from contributions of rapid eye movement
sleep.

It appears from the Poincaré and spectral plots that sleep in
CCHS is associated with preferential sympathetic contributions
to heart rate variation. We speculate that a disturbance of inte-
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Fig. 6. Poincaré plots. Plots on the left are of CCHS subjects. Plots on the right represent age and sex-matched controls. Top left panel is from
an 8-y-old male with CCHS. Middle panel is from a 5-y-old female with CCHS. Boitom left panel is from a 9-y-old female with CCHS.
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gration of sympathetic tone may occur in CCHS patients. We
have previously shown that the majority of CCHS subjects arouse
to hypercapnic challenges during sleep despite absent hyper-
capnic ventilatory responses, a finding that suggests abnormal
central integration of chemoreceptor input rather than absent or
abnormal chemoreceptor function (35).

In summary, we have shown that the patterning of HRV is
changed in CCHS. These changes suggest that, in addition to the
loss of central ventilatory control, a disruption of autonomic
regulation of the heart occurs.
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