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Abstract

Objective: Sigh, defined as an isolated breath with an increased tidal volume, can be associated with abrupt changes in heart rate (HR) or

blood oxygenation. Sigh may be followed by a central apnea. As impairment of autonomic control was postulated in future SIDS victims, we

hypothesized that their autonomic responses to sighs were different from those of healthy control infants.

Methods: Sighs followed by central apnea were studied in the sleep recordings of 18 infants who eventually died of SIDS and of 18 control

infants. The infants of the two groups were matched for sex, gestational age, postnatal age, weight at birth and sleep position during sleep

recording. HR autoregressive power spectral analysis was performed on RR intervals preceding and following sighs.

Results: In all infants, most sighs followed by an apnea were found in NREM sleep. Compared to the control infants, the future SIDS

victims were characterized by a greater sympathovagal balance and a lower parasympathetic tonus before the sighs. Following the sighs, no

more differences were found in NREM sleep.

Conclusion: Based on the present findings, it can be postulated that sighs contribute to reset autonomic tonus during NREM sleep.

q 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Sighs are initiated by an inspiration-augmenting reflex

arising in vagal afferents, probably from stimulations of

rapidly adapting pulmonary mechanoreceptors [1] or of

peripheral chemoreceptors [2]. The increased afferences to

the respiratory brainstem system may also have an influence

on the cardiovascular brainstem, reducing the vagotonus

and causing acceleration of heart rate (HR) [3]. The apnea

following sigh may be secondary to a rapid decline in

carotid body chemoreceptor afferent discharge, due to a

sigh-induced increase in arterial oxygen concentration and

pH and a decrease in carbon dioxide [4,5]. During the

ensuing apnea, the vagal inhibition is liberated.

These large breaths occur spontaneously or can induced

by lung inflation or airway occlusion [6]. Sighs contribute to

open collapsed alveoli, increase pulmonary compliance and

functional residual capacity, and prevent atelectasis [7].

Study of autonomic response following a sigh could be a

single tool for diagnosis of autonomic dysfunction. Using a

Laser Doppler flowmeter to measure the cutaneous

vasoconstriction after spontaneous sigh, Galland et al.

confirmed a reduced autonomic activity in healthy infants

positioned prone to sleep [8]. Changes in cardiac autonomic

controls were seen in infants sleeping prone [8,9], prenatally

exposed to cigarette smoke [10], or in high ambient
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temperature [11]. These conditions, known to increase the

risk of sudden infant death syndrome (SIDS), were all

associated with a reduced parasympathetic activity as

measure on the infants’ heart rate (HR) [12–15]. Evidences

of changes in cardiac autonomic controls were collected in

infants who eventually died of SIDS. Such changes included

high baseline HR [16], small HR variability [17], prolonged

Q-Tc indexes [18], low parasympathetic tone and/or high

sympathovagal balance [19–21].

In future SIDS victims, the frequency of sighs followed

by an apnea were reported to be reduced, compared to

findings in healthy control infants, raising the possibility of

lower peripheral chemoreceptor responses [22].

Based on the above observations, we postulated that

autonomic responses to spontaneous sighs were depressed

in future victims of SIDS.

2. Method

2.1. Patients

Between May 1992 and May 1995, a polygraphic sleep

study was performed on 18 infants who later died of SIDS.

These recordings were collected from 13 sleep laboratories.

The sleep studies were conducted as part of different sleep

research programs or to alleviate parental anxiety about

sleep apnea. Two studies on autonomic tonus and

autonomic responses after obstructive apnea were already

published on this database [21,23]. Of the 18 SIDS,

13 infants were males and six were preterm infants.

Two preterm infants had inappropriate weight for gesta-

tional age. One infant was a sibling of a SIDS victim. No

infant was being monitored at the time of death. The

18 deaths were unexpected and remained unexplained

despite complete postmortem studies. For each SIDS

recording, a recording of a control infant was selected.

Control and SIDS infants were matched for sex, gestational

age, postnatal age, weight at birth and sleeping position

during recording. All control infants were healthy, had no

family history of SIDS and survived the first year of life. At

the time of recording, no infant had signs of infection and

none were receiving medication. Data on the children’s

history and usual behavior were collected using a standard

questionnaire, before sleep monitoring was undertaken. The

questionnaires were coded and analyzed together with the

sleep recordings.

2.2. Polygraphic recordings

The infants were admitted for a night monitoring session

that lasted 8–9 h. The data were collected on a

computerized polygraph recording system (Morpheus

system, Medatec, Belgium). The following variables were

recorded simultaneously: eight EEGs, two electrooculo-

grams, digastric electromyography, ECG (DII), thoracic and

abdominal respiratory movements by inductive plethysmo-

graphy, and airflow by means of thermistors taped under

each nostril and on the side of the mouth. Oxygen saturation

was recorded continuously using a transcutaneous sensor

(Ohmeda Box, USA).

3. Data analysis

3.1. Sleep stages

Each record was allocated a random code number. The

code was disclosed after completion of the analysis. Two

independent scorers analyzed the sleep recordings to ensure

reliability. The two scorers had not taken part in the

collection of the data and analyzed the coded recordings

without knowledge of the patient’s identity. Disagreements

were discussed and subsequently agreed upon codes were

used in data analysis. Each 30-s period of the recordings was

analyzed and categorized as either non-rapid eye movement

sleep (NREM), rapid eye movement sleep (REM), inde-

terminate sleep, or wakefulness according to criteria

recommended in the literature [24,25]. NREM refers to

NREM II and III stages. Behavioral arousal was defined as

opening the eyes. Sleep efficiency was defined as the ratio of

the total sleep time divided by the total recording time,

expressed as a percentage.

3.2. Cardiorespiratory parameters

Sleep apneas were scored only if they lasted 3 s or more.

A central apnea was scored when flat tracings were obtained

simultaneously from strain gauges and thermistors. An

obstructive apnea was scored when continuous deflections

were obtained from strain gauges, while a flat tracing was

recorded from thermistors. To avoid artificial scoring due to

thermistor displacement, obstructive apneas preceded by

body movements, crying or sighs were rejected. Mixed

apneas were defined as central apneas followed directly by

obstructive episodes, and were scored with obstructive

apneas.

A sigh was defined as a brisk and isolated increase in

thoracoabdominal excursion with an amplitude at least

twice superior to that measured during the 10 s that

preceded the event. Non-specific body movements were

distinguished from sighs by the presence of movement

artefacts on thermistors and EEG tracings. When more than

one sharp increase in respiratory and cardiac amplitude

occurred in a row, the event was scored as a movement.

Pre-apneic sighs, sighs immediately followed by an

apnea, were the variable of interest in this study. In both

NREM and REM sleep, one to two pre-apneic sighs were

selected in each SIDS infant and in each control subject for

analysis. Median values of blood oxygen saturation were

calculated for 10-s periods before each sigh, and the

minimum values were noted during the sigh.
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According to the methodology used by Eiselt in 1992 [3]

(Fig. 1) the following changes in heart rate (HR) were

evaluated. Basal median HR values were measured for 10 s

preceding a sigh. Percent increase of HR was calculated as

the maximum HR values during sigh divided by median

basal HR values multiplied by 100. Median and minimum

heart rate values associated with apnea following sigh were

measured. Percent decrease of HR was calculated on the

minimum values seen during apnea. Percent of changes

corresponded to the difference between maximum HR

values during sigh and minimum HR values during apnea

following the sigh divided by median basal HR values

multiplied by 100. Median heart rate changes were

calculated after the end of apnea: 20 s following the end

of a sigh divided into two successive groups of 10 s. To

evaluate the speed of the return to basal HR, the percent

changes in HR were calculated between the maximum HR

values reached during each 10-s period and the minimum

HR values during apnea following the sighs divided by

median basal HR. The percent HR changes were calculated

on the maximum HR values reached during each 10-s period

and the median basal HR.

3.3. Heart rate spectral analysis

Spectral analysis of the heart rates (HRSA) was done as

follows. Digitized ECG signals were sampled at 300 Hz.

Periods of 256 successive RR intervals were selected

Fig. 1. Polysomnographic recording of a sigh. From surface electrocardiogram, HR spectral analyses of 256 RR intervals were calculated before (2) and after

the end (3) of the apnea following the sigh. Calculation of heart rate changes during sigh: median value 10 s before; median and maximum values during sigh;

median and minimum values during apnea; median values 10 and 20 s after sigh. ECG, electrocardiogram; EMG, electromyogram; EOG [1,2],

electrooculogram [1,2]; F3-C3 and F4-C4, bipolar EEGs; VTH and VAB, thoracic and abdominal volumes; NAF, nasal thermistor; SAO2, saturation in

oxygen.

P. Franco et al. / Sleep Medicine 4 (2003) 569–577 571



preceding and following the end of a sigh (Fig. 1). This

method has already been used before and after obstructive

apnea in future SIDS infants [23]. Premature ventricular

contractions or artefact RR intervals due to gross body

movements or arousals were eliminated by visual analysis

of the HR data before HRSA was performed. A HRSA of

the trendgram was calculated for each period, and center

frequency and power of each spectral component were

obtained [26,27]. Two major peaks were recognizable: a

low-frequency component (LF) defined by center frequency

of 0.1 Hz Eq (0.04–0.15 Hz Eq) and a high-frequency

component (HF) defined by a center frequency of 0.4 Hz Eq

(.0.15–2 Hz Eq) [26]. Respiratory frequency during the

selected period was measured manually after being printed

on paper. For each 256-RR interval period, the major

component in the LF band of the HR spectrum was related

to the major component in the HF band corresponding to the

mean respiratory frequency as determined by analysis of

breathing rate. Because of the possibility of variation of the

breathing rate within the selected segment, we compared the

normalized powers obtained by this method (major

component of the band) with the results obtained when

the totality of the band was studied: LF band: 0.04–0.15 Hz

Eq, HF band: .0.15–2 Hz Eq. The ratio of LF/HF powers

for each episode was calculated as an index of sympatho-

vagal interaction [28]. Spectral components were rep-

resented as RR intervals (in ms), power (in ms2),

bandwidth (in Hz Eq), and normalized power values,

obtained by dividing the power of the period by the total

power component (in %) [26,27]. The optimal autoregres-

sive model order was determined by minimizing the value

of the final predictor error [29]. Stationarity was confirmed

by a pole diagram analysis [26,27].

3.4. Statistical analysis

Wilcoxon matched-pairs signed rank test was used to

compare the SIDS case with the matched control subjects.

Wilcoxon non-paired matched test was applied to compare

the spectral analysis values between the future SIDS victims

and the control group. Chi-square test was used with 2 £ 2

tables. Significance was evaluated with a level of signifi-

cance of 0.05.

4. Results

The general characteristics of the infants studied are

reported in Table 1. Due to the study design, no difference

was seen between the future SIDS and the control subjects

for sex, gestational age, postnatal age, weight at birth and

sleeping position. Mothers of the future SIDS victims were

younger than those of the control infants (P ¼ 0:022). Only

one infant died after 6 months of age at 36 weeks.

No significant differences were seen between the two

groups of infants for the following sleep variables: total

recording time (median duration 480 min; range:

330–510 min), total sleep time (median of 347 min for

SIDS infants, 370 for control infants; range 210–478 min),

sleep efficiency (median of 80.2% for SIDS infants, 77.3%

for control infants; range 48–100%), percent of NREM

sleep (median of 29.9% for SIDS infants, 32.6% for control

infants; range 16.6–43.1%), percent of REM sleep (median

of 46.1% for SIDS infants, 42.6% for control infants; range

22.7–69.8%), number of sleep stages changes (median of

15.5 for SIDS infants, 17 for control infants; range 11–23),

percent of movements (median of 4.65% for SIDS infants,

4.00% for control infants; range 0–15.70%), percent of

behavioral arousals (median of 15.4% for SIDS infants,

17.8% for control infants; range 0–46.60), frequency of

central apneas per sleep hour (median of 6.6 for both SIDS

and control infants; range 0.6–19.2), maximum duration of

central apnea (median of 8 s for SIDS infants, 7 s for control

infants; range 5.0–10.2 s), basal HR in NREM sleep

(median of 133 bpm for SIDS infants, 125.5 bpm for control

infants; range 110–155 bpm), basal HR in REM sleep

(median of 136 bpm for SIDS infants, 131 bpm for control

infants; range 111–156 bpm), basal breathing rate in

NREM sleep (median of 39 breaths per min for SIDS

infants, 28 breaths/min for control infants; range

22–62 breaths/min), basal breathing rate in REM sleep

(median of 43 breaths/min for SIDS infants, 34 breaths/min

for control infants; range 25–62 breath/min), oxygen

saturation values (median of 93.7% for SIDS infants,

95.8% for control infants; range 86.5–98.6%).

As shown in Table 2, the frequency of obstructive and

mixed sleep apneas was greater among the future SIDS than

the control infants. No significant differences were found

between the two groups for the duration of the obstructive or

mixed apneas.

The frequency of isolated and pre-apneic sighs was not

significantly different in the two groups of infants (Table 2).

Table 1

Major characteristics of infants studied

SIDS Control

infants infants

No. 18 18

Gender (M/F) 13/5 13/5

Gestational age (weeks) 38 (27–41) 38 (27–41)

Age at sleep study (weeks) 8 (5–19) 8 (5–19)

Birth weight (g) 2.925 (0.96–3.980) 2.790 (1.090–3.840)

Sleep position (prone/supine) 9/9 9/9

Preterm infants 6 6

Small for gestational age 2 2

Age at death (weeks) 13.5 (10–36) –

History

Sibling of SIDS cases 1 0

Maternal smoking 4 2

Maternal age (years)a 24 (20–29) 27 (21–36)

The figures represent absolute, median and range values.
a Wilcoxon matched-paired test between SIDS cases and controls,

P , 0:05.
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Pre-apneic sighs were preponderant in NREM sleep for

future SIDS and control infants.

4.1. In NREM sleep

In NREM sleep, one to two pre-apneic sighs were

selected in each SIDS infant (29 events) and in each control

subject (30 events). No difference was seen between the two

groups for the duration of the central apnea that followed the

sighs (median of 6 s in future SIDS victims and 5 s in control

infants; range 3.2–8.8 s). Likewise, no difference was seen

for the time of the night of the selected sighs (median 5:01

AM in future SIDS victims and 4:28 AM in control infants;

range 21:56–6:12 AM). Oxygen blood saturation values

preceding the pre-apneic sighs were not statistically

significant in the two groups (median of 97.5% in future

SIDS victims; for 99% in control infants; range 95–100%).

The minimum oxygen values during the sighs were not

different for the two groups (median of 96% in future SIDS

victims; range 89–100%; for 97% in control infants; range

94–98%).

As seen in Table 3, HR variations during sighs were

smaller in the future SIDS victims than in the control infants

(Fig. 2). Return to basal HR values was significantly slower

in the SIDS infants than in the control infants.

When comparing the two groups of infants for HR

spectral analysis preceding the sighs (Table 4), the future

SIDS victims were characterized by significantly lower

normalized HF values (P ¼ 0:013), wider HF bandwidths

(P ¼ 0:017), greater normalized LF values (P ¼ 0:030) and

LF/HF ratios (P ¼ 0:030). When comparing the SIDS and

the control infants’ HR spectral analysis following the sighs,

no significant differences were found in these values. The

results were similar when the major components within the

band or the totality of the HF spectral band were studied.

Comparing the HR power values before and after each

sigh, significantly increases in HF normalized band power

(P ¼ 0:030) and decreases in LF normalized values

(P ¼ 0:030) were measured in the future SIDS victims.

The LF/HF power ratios tended to decrease in future SIDS

victims (P ¼ 0:08). No statistical differences were seen in

control infants.

4.2. In REM sleep

In REM sleep, one to two pre-apneic sighs were selected

in each SIDS infant (28 events) and in each control subject

(29 events). No difference was seen between the two groups

for the duration of the apneas, the time of the night of the

selected sighs, oxygen blood saturation values preceding the

pre-apneic sighs. HR variations during sighs were smaller in

the future SIDS victims than in the control infants. These

results did not reach statistical significance in this sleep

stage.

When comparing the two groups of infants for HR

spectral analysis preceding the sighs (Table 5), the future

SIDS victims were characterized by significantly lower

normalized HF values (P ¼ 0:005) and greater LF/HF ratios

(P ¼ 0:001). When comparing the SIDS and the control

infants’ HR spectral analysis following the sighs, the

difference persisted with lower normalized HF values

(P ¼ 0:002) and greater LF/HF ratios (P , 0:001). Com-

paring the HR power values before and after each sigh, no

differences were seen in either future SIDS victims or

control infants.

5. Comparison between REM and NREM sleep

In both future SIDS victims and control infants,

comparing NREM sleep to REM sleep, the cardiac

parasympathetic activity appeared to be significantly

greater, as expressed by differences in high-frequency

normalized powers, high frequency bandwidth and the

sympathetic tonus lower reflected by LF normalized power

and low/high power ratios (Tables 4 and 5). These results

were found before and after the sighs. After the end of apnea

following the sigh, the percent heart rate decrease was

higher during NREM sleep than during REM sleep in future

SIDS infants (median of 2.38% in NREM; range 0–12.28%;

for 0.77% in REM; range 0–22.8%) (P ¼ 0:012) and in

control infants (median of 2.96% in NREM; range 0–

16.28%; for 1.21% in REM; range 0.87–13.12%)

(P ¼ 0:033).

No differences were seen when the changes in HR

spectral analysis associated with sighs were studied in

relation to sleep position, sex, prematurity, age or maternal

smoking.

6. Discussion

Compared to the control infants, future SIDS victims had

lower values of HF normalized powers and higher LF/HF

power ratios in all sleep stages. These differences were,

however, not seen following the sighs in NREM sleep. It can

Table 2

Respiratory characteristics of SIDS cases and matched control infants

Respiratory events Future SIDS Control

/h of sleep Infants Infants

Obstructive apneas* 0.60 (0–2.3) 0 (0–1.5)

Mixed apneas* 0.30 (0–2.5) 0 (0–0.6)

All obstructive events** 0.90 (0–4.8) 0.3 (0–1.9)

Isolated sighs 4.28 (0.7–13.2) 3.78 (0–19.1)

Pre-apneic sighs 2.60 (0.2–7.5) 2.3 (0.6–6.1)

In NREM sleep 4.24 (0.89–12.10)*** 3.61 (0–13.48)***

In REM sleep 0.05 (0–0.11) 0.04 (0–0.15)

The figures represent absolute, median and range values. Wilcoxon

matched-paired test between SIDS cases and controls: *P , 0:05;

**P , 0:01. Wilcoxon matched-paired test between pre-apneic sighs in

NREM and REM sleep in SIDS cases and in controls: ***P , 0:001.

P. Franco et al. / Sleep Medicine 4 (2003) 569–577 573



be hypothesized that autonomic reactions following the

sighs were different in NREM and REM sleep. The sighs

could thus contribute to reset the autonomic tonus in NREM

sleep.

We must admit several limitations to the present study.

First, we could not measure tidal volume to score the sighs.

Body movements were, however, carefully excluded during

scoring [3]. Second, it was hypothesized that before and

following sighs, the HR varied in a sinusoidal fashion, a

prerequisite for the application of Fourier analysis. For this

reason, an autoregressive spectral analysis method was

used, being well suited for the analysis of short time series

[21]. Third, no spectral analysis was performed on

respiratory movements, and cross-spectral analysis of

respiration and HR changes were not evaluated [21]. The

major component in the HF band corresponding to the mean

Table 3

Heart rate changes during sighs in NREM

SIDS Controls

No of sighs 29 30

Before Sighs (basal)

Median HR 10 s 134 (114-151) 129 (118–151)

During sighs

Median HR 142 (119.5-157.5) 141 (126–155)

Max HR 142 (125-160)*** 142 (130–160)***

% Max HR/basal HR† 5.96 (23.01-28.21) 8.80 (1.32–29.66)

During apnea

Median HR 130 (98.5-150) 123 (109–148)

Min HR† 122 (90-148)*** 115 (90–141)***

% Min HR/basal HR† 8.27 (20.85–21.40) 12.20 (0–29.32)

% HR changes/basal HR‡ 14.93 (1.5–38.43) 22.22 (6.35–53.39)

After apnea

Median HR 10 s 130.5 (100-151)*** 127 (108–142)***

% HR changes/min HR 5.26 (0–28.89) 7.50 (0–47.78)

% HR changes/basal HR 2.38 (22.56–12.28) 2.96 (212.71–16.26)

Median HR 20 s 133 (101-153)*** 129 (112–144)**

% HR changes/min HR† 6.03 (0–21.67) 10.43 (20.76–54.44)

% HR changes/basal HR 2.38 (22.56–11.40) 1.55 (217.8–13.18)

The figures represent absolute values, percentages, or median and range values. Wilcoxon non-matched-paired test between sigh characteristics in SIDS

cases and controls:†P , 0:05; ‡P , 0:01. Wilcoxon matched-paired test between basal HR to Max HR, to Min HR, to HR 10 s after sigh and to HR 20 s after

sigh: **P , 0:01, ***P , 0:001.

Fig. 2. Sigh-related heart rate changes. Heart rate changes during periods with sighs during NREM sleep in future SIDS victims (solid line) and control infants

(dashed line). HR variations during sighs were smaller in the future SIDS victims than in the control infants (w). Return to basal HR values was significantly

slower in the SIDS infants than in the control infants.
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respiratory frequency was studied, as well as the HF band to

consider the breathing variations within the selected

segment. In our previous studies comparing future SIDS

victims with control infants, our results were similar to those

of Kluge who used cross-spectral analysis of respiration and

heart rate changes [16]. Fourth, the interpretation of the

LF/HF ratio is complex [30]. Within the low frequency

range, the HR fluctuations depend on both sympathetic and

parasympathetic controls. The band under 0.09 Hz rep-

resents fluctuations of vasomotor or thermal origin [28]; the

mild frequency band (between 0.1 and 0.15 Hz) has been

related to baroreceptor control [31]. The power in these two

frequency bands usually merges into one wide peak. The

respiratory peak has been shown to be mainly vagally

mediated [32]. The vagal efferent fibers could not originate

in a common brainstem structure. The HF peak, which

corresponds to the respiratory sinus arrhythmia, would

reflect only the part of the vagal efferent system from

the nucleus ambiguus [33]. Spectral HR techniques cannot

permit us to evaluate the influence of the other branch of the

parasympathetic system from the dorsal motor nucleus [33],

although it was suggested that competition between the two

branches of parasympathetic system could be responsible

for autonomic dysfunction [33].

We failed to confirm the previously reported observation

that future SIDS victims had fewer sighs followed by an

apnea than control infants [22]. The discrepancy could

result from the selection of a different SIDS subpopulation,

considering the possible heterogeneity of causes leading to

SIDS. However, other retrospective and prospective studies

failed to show a difference in the frequency of all types of

sighs [21,34,35].

Heart rate oscillations with respiration are well known.

They are attributed to vagal reflex mediated by lung

receptors [36]. HR changes more during a sigh than during

a normal breath, because of the greater associated lung

Table 4

Heart rate spectral analysis before and after pre-apneic sighs in NREM

SIDS infants Control infants

No of sighs 29 30

Before pre-apneic sighs

LF Normalized power (%)† 73.00 (49.90–92.10) 64.30 (8.40–90.80)

HF Normalized power (%)† 10.60 (3.10–27.20) 18.25 (4.30–66.40)

HF band (0.15 to .2 Hzeq)† 27.00 (7.90–50.10) 35.70 (9.20–91.60)

HF bandwidth (Hzeq)† 0.13 (0.04—0.28) 0.08 (0.02—0.19)

LF/HF power ratio (%)† 2.70 (1.00–11.66) 1.80 (0.09—9.87)

After apnea

LF Normalized power (%) 65.80 (36.80–91.20)* 65.85 (19.70–88.40)

HF Normalized power (%) 13.10 (5–36.70) 15.50 (3.60–63.40)

HF band (0.15 to .2 Hzeq) 34.20 (8.80–63.20)* 34.15 (11.60–80.30)

HF bandwidth (Hzeq) 0.11 (0.03–0.19) 0.09 (0.01—0.17)

LF/HF power ratio (%) 1.92 (0.58–10.36) 1.93 (0.25—7.62)

The figures represent median and range values. HF, high frequency; LF, low frequency; LF/HF, low frequency/high frequency ratio; Wilcoxon non-

matched-paired test between spectral analysis in SIDS cases and controls: †P , 0:05. Wilcoxon matched-paired test before and after sighs in SIDS cases and

controls: *P , 0:05.

Table 5

Heart rate spectral analysis before and after pre-apneic sighs in REM

SIDS infants Control infants

No of sighs 28 29

Before pre-apneic sighs

LF Normalized power (%)‡ 89.35 (46.60–97.50)*** 80.25 (46.60–94.30)***

HF Normalized power (%)‡ 4.70 (1.00–19.30)*** 7.70 (1.90–22.30)***

HF band (0.15 to .2 Hzeq)‡ 10.65 (2.50–53.70)*** 19.75 (5.70–53.40)***

HF bandwidth (Hzeq) 0.15 (0.05–0.22)* 0.14 (0.07–0.30)***

LF/HF power ratio (%)‡ 8.42 (0.86–39.00)*** 4.42 (1.07–16.54)***

After apnea

LF Normalized power (%)† 88.00 (30.30–98.10)*** 80.50 (43.90–92.40)***

HF Normalized power (%)‡ 5.10 (0.50–41.20)*** 9.55 (2.10–26.10)***

HF band (0.15 to .2 Hzeq)† 12.00 (1.90–69.70)*** 19.50 (7.60–56.10)***

HF bandwidth (Hzeq) 0.13 (0.01–0.26)** 0.14 (0.02–0.23)***

LF/HF power ratio (%)† 7.34 (0.43–51.63)*** 4.13 (0.78–12.16)***

The figures represent median and range values. HF, high frequency; LF, low frequency; LF/HF, low frequency/high frequency ratio; Wilcoxon non-

matched-paired test between spectral analysis in SIDS cases and controls: ‡P , 0:01; †P , 0:001. Wilcoxon non-matched-paired test between spectral

analysis in REM and NREM in SIDS cases and controls: *P , 0:05; **P , 0:01, ***P , 0:001.
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inflation [4]. As already reported in infants, sighs imme-

diately followed by an apnea occurred mainly in NREM

sleep [5,7]. At the end of the apnea following the sighs, the

HR decrease was greater in NREM than in REM sleep. HR

deceleration during NREM is the main difference between

sigh-related heart rate changes in both sleep states [3]. The

mechanisms responsible for these differences in NREM

sleep are not known. This difference may be related to

differences between states concerning the tonic innervations

of muscles [37] or to different responses to pulmonary

stretch receptor stimulations [38,39]. During REM sleep,

both sensory and motor functions are impaired that result in

postsynaptic inhibitions of motoneurons producing postural

hypotonia and contribute to the impairment of ventilatory

responses [37]. Inflation reflex is practically abolished

during REM sleep in dogs and human infants [38,39]. As

usually reported, cardiac parasympathetic tone was signifi-

cantly lower and orthosympathetic activity higher in REM

than in NREM sleep [30,40,41]. The increase of sympa-

thetic activity in REM sleep is essentially due to the high

incidence of phasic events with accompanying pulses of

sympathetic activity [40]. An attenuated vagal or increased

sympathetic activity could reduce behavioral adaptation to

internal or exogenous stimuli [42].

The decreased HR responses during sighs in future SIDS

victims could result from an impairment of autonomic

controls, as postulated to occur in these infants [16–21].

The future SIDS victims had lower values of normalized HF

powers and higher values for LF/HF power ratios, than the

control subjects [19–21]. As already observed, the future

SIDS victims had also less sustained HR changes [43] and

decreased cardiac autonomic responses to obstructive

apneas [23]. In response to sighs, future SIDS victims had

smaller and more prolonged reactions than control infants in

NREM sleep, permitting the return of autonomic tonus to

normal values. These changes resulted in an increase in

parasympathetic tone and a decrease in sympathetic

activity.

As already reported, increases in the frequency of

obstructive apneas were seen in future SIDS infants

[34,44]. At postmortem investigations, some future SIDS

infants showed gliosis of the brainstem and hyperplasia of

pulmonary neuroendocrine cells, considered to be secon-

dary to repeated episodes of hypoxia and to a possible

impairment in upper airway breathing controls [45–47].

Basal oxygen saturation values in our study tended to be

lower in future SIDS victims than control infants but did not

reach statistical significance.

Repeated investigations have provided evidence of

subtle brainstem injury in SIDS victims [48–52]. Such

changes could impair cardio-respiratory and autonomic

controls in the infants at risk [52]. Although it is not possible

at this state to establish which sleep states, REM or NREM

represents a more vulnerable period for the infant. During

NREM sleep, sighs could play a role of regulation by

resetting the autonomic tonus in conditions of autonomic

imbalance, such as appear to occur in future SIDS victims.

The relation with changes in cardiac autonomic controls

associated with the sighs could result from the complex

control mechanisms for sighs, which include a medullary

network [53] and forebrain structure [4].

In conclusion, sighs could be involved in autonomic

control. It remains to be evaluated whether the present

findings contribute to our understanding of the physiological

mechanisms of sighs and their role in some cases of

unexpected infant deaths during sleep.
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Ziekenhuis), M. Foulon (Hôpital Civil), Y. Vandeplas (AZ

VUB), F. Van Horebeke (Onze Lieve Vrouw), R. Vinckx

(Imelda Ziekenhuis), J. Barillari (Kiniek Maria Midelares),

R. Marien (HZ St Augustinus), F. Deneyer (Vilvoorde

Ziekenhuis), J. Van Egemont (UZ Gent), F. Michel

(Cliniques St Pierre).

References

[1] Larrabee MG, Knowlton GC. Excitation and inhibition of phrenic

neurones by inflation of the lungs. Am J Physiol 1946;147:90–9.

[2] Glogowska M, Richardson PS, Widdicombe JG, et al. The rate of

vagus nerves, peripheral chemoreceptors and other pathways in the

genesis of augmented breaths in cats and rabbits. Respir Physiol 1972;

16:179–96.

[3] Eiselt M, Curzi-Dascalova L, Leffler C, et al. Sigh-related heart rate

changes during sleep in premature and full-term newborns. Neuro-

pediatrics 1992;23:286–91.

[4] Perez-Padilla R, West P, Kryger H. Sighs during sleep in adult

humans. Sleep 1983;6:234–43.

[5] Fleming P, Goncalves AL, Levine MR, et al. The development of

stability of respiration in human infants: changes in ventilatory

responses to spontaneous sighs. J Physiol 1984;347:1–16.

[6] Alvarez JE, Bodani J, Fajardo CA, et al. Sighs and their relationship to

apnea in the newborn infant. Biol Neonate 1993;63:139–46.

[7] Hoch B, Bernhard M, Hinsch A. Different patterns of sighs in

neonates and young infants. Biol Neonate 1998;74:16–21.

[8] Galland B, Taylor B, Bolton D, et al. Vasoconstriction following

spontaneous sighs and head-up tilts in infants sleeping prone and

supine. Early Hum Dev 2000;58:119–32.

[9] Fleming PJ, Gilbert R, Aza Y, et al. Interaction between bedding and

sleeping position in the sudden infant death syndrome: a population

based case-control study. Br Med J 1990;301:85–9.

[10] Mitchell EA, Ford RPK, Stewart AW, et al. Smoking and the sudden

infant death syndrome. Pediatrics 1993;91:893–6.

[11] Ponsonby AL, Dwyer T, Gibbons LE, et al. Thermal environment and

sudden infant death syndrome: case-control study. Br Med J 1992;

304:277–82.

[12] Franco P, Groswasser J, Sottiaux M, et al. Prone sleep and decreased

cardiorespiratory response to auditory stimulation in healthy infants.

Pediatrics 1996;97:174–8.

[13] Galland BC, Reeves G, Taylor BJ, et al. Sleep position, autonomic

function and arousal. Arch Dis Child Neonatal 1998;78:F189–94.

P. Franco et al. / Sleep Medicine 4 (2003) 569–577576



[14] Franco P, Chabanski S, Szliwowski H, et al. Influence of maternal

smoking on autonomic nervous system in healthy infants. Pediatr Res

2000;47:215–9.

[15] Franco P, Szliwowski H, Dramaix M, et al. Influence of ambient

temperature on sleep characteristics and autonomic nervous control in

healthy infants. Sleep 2000;23:401–7.

[16] Kelly DH, Golub H, Carley D, et al. Pneumograms in infants who

subsequently died of the sudden infant death syndrome. J Pediatr

1986;109:249–54.

[17] Schechtman VL, Harper RM, Kluge KA, et al. Cardiac and respiratory

patterns in normal infants and victims of the sudden infant death

syndrome. Sleep 1988;11:413–24.

[18] Schwartz PJ, Stramba-Badiale M, Segantini A, et al. Prolongation of

the QT interval and the sudden infant death syndrome. N Engl J Med

1998;338:1709–14.

[19] Kluge AK, Harper RM, Schechtman VL, et al. Spectral analysis

assessment of respiratory sinus arrhythmia in normal infants and

infants who subsequently died of sudden infant death syndrome.

Pediatr Res 1988;24:677–82.

[20] Kitney RI. New findings in the analysis of the heart rate variability in

infants. Automedica 1984;5:289–310.

[21] Franco P, Szliwowski H, Dramaix M, et al. Polysomnographic study

of autonomic nervous system in potential victims of sudden infant

death syndrome. Clin Autonom Res 1998;8:243–9.

[22] Kahn A, Blum D, Rebuffat E, et al. Polysomnographic studies of

infants who subsequently died of sudden infant death syndrome.

Pediatrics 1988;82:721–7.

[23] Franco P, Szliwowski H, Dramaix M, et al. Decreased autonomic

responses to obstructive sleep events in future victims of sudden infant

death syndrome. Pediatr Res 1999;46:33–9.

[24] Anders T, Emde R, Parmelee A. A manual of standardized

terminology, technology and criteria for scoring of states of sleep

and wakefulness in newborn infants. UCLA Brain Information

Service/BRI Publication Office, Los Angeles 1971:8–11.

[25] Guilleminault C, Souquet M. Sleep states and related pathology. In:

Korobkin R, Guilleminault C, editors. Advances in perinatal

neurology, vol. 1. NewYork: SpectrumPublications; 1979. p. 225–47.

[26] Baselli G, Cerutti S, Civardi S, et al. Spectral and cross-spectral

analysis of heart rate and arterial blood pressure variability signals.

Comp Biomed Res 1986;19:520–34.

[27] Pagani M, Lombardi F, Guzzetti S, et al. Power spectral analysis of

heart rate and arterial pressure variabilities as a marker of

sympathovagal interaction in man and conscious dog. Circ Res

1986;59:178–93.

[28] Malliani A, Pagani M, Lombardi F, et al. Cardiovascular neural

regulation explored in the frequency domain. Circulation 1991;84:

482–92.

[29] Akaike H. Statistical predictor identification. Ann Inst Stat Math

1970;22:203–17.

[30] Trinder J, Kleiman J, Carrington M, et al. Autonomic activity during

human sleep as a function of time and sleep stage. J Sleep Res 2001;

10:253–64.

[31] Burton AC. The range and variability of the blood flow in the human

fingers and the vasomotor regulation of body temperature. Am J

Physiol 1939;127:437–53.

[32] Schweitzer A. Rhythmical fluctuations of the arterial blood pressure.

J Physiol 1945;104:25.

[33] Porges SW. Orienting in a defensive world: Mammalian modifications

of our evolutionary heritage. A Polyvagal Theory. Psychophysiology

1994;32:301–18.

[34] Kahn A, Groswasser J, Rebuffat E, et al. Sleep and cardiorespiratory

characteristics of infant victims of sudden death: A prospective case-

control study. Sleep 1992;15:287–92.

[35] Kato I, Groswasser J, Franco P, et al. Developmental characteristics of

apnea in infants who succumb to sudden infant death syndrome. Am J

Respir Care Med 2001;164:1464–9.

[36] Anrep GV, Pascual W, Rossier R. Respiratory variations in the heart

rate: I. The reflex mechanism of the respiratory arrhythmia. Proc R

Soc Lond (Biol) 1936;119:191–217.

[37] Douglas NJ. Control of ventilation. In: Kryger MH, Roth T, Dement

WC, editors. Principles and practice of sleep medicine. Philadelphia:

WB Saunders; 1994. p. 204–11.

[38] Finer N, Abroms I, Taeusch HW. Ventilation and sleep states in

newborn infants. J Appl Physiol 1961;16:15–20.

[39] Phillipson EA. Control of breathing during sleep. Am Rev Respir Dis

1978;118:909–39.

[40] Van de Borne P, Nguyen H, Biston P, et al. Effects of wake and sleep

stages on the 24th autonomic control of blood pressure and heart rate

in recumbent men. Am J Physiol 1994;266:H548–54.

[41] Harper RM, Walter DO, Leake B, et al. Development of sinus

arrhythmia during sleeping and waking states in normal infants. Sleep

1978;1:33–48.

[42] Porges SW. Cardiac vagal tone: a physiological index of stress.

Neurosci Biobehav Rev 1995;19:225–33.

[43] Schechtman VL, Raetz SL, Harper RK, et al. Dynamic analysis of

cardiac RR intervals in normal infants and in infants who

subsequently succumbed to the sudden infant death syndrome. Pediatr

Res 1992;31:606–12.

[44] Guilleminault C, Ariagno RL, Forno LS, et al. Obstructive sleep

apneas and near miss SIDS: I. Report of an infant with sudden death.

Pediatrics 1979;63:837–43.

[45] Takashima S, Armstrong D, Becker L, et al. Cerebral white matter

lesions in the sudden infant death syndrome. Pediatrics 1978;62:

155–9.

[46] Cutz E, Perrin DG, Hackman R, et al. Maternal smoking and

pulmonary neuroendocrine cells in sudden infant death syndrome.

Pediatrics 1996;98:668–72.

[47] Kinney HC, Burger PC, Harrell FE, et al. ‘Reactive gliosis’ in the

medulla oblongata of victims of the sudden infant death syndrome.

Pediatrics 1983;72:181–7.

[48] Quattrochi JJ, Mcbride PT, Yates AJ. Brainstem immaturity in sudden

infant death syndrome: a quantitative rapid golgi study of dendritic

spines in 95 infants. Brain Res 1985;325:39–48.

[49] Takashima S, Becker LE. Delayed dendritic development of

catecholaminergic neurons in the ventrolateral medulla of children

who died of sudden infant death syndrome. Neuropediatrics 1991;22:

97–9.

[50] O’Busky J, Norman M. Sudden infant death syndrome: increased

synaptic density in the central reticular nucleus of the medulla.

J Neuropathol Exp Neurol 1994;53:263–71.

[51] Waters K, Meehan B, Huang J, et al. Neuronal apoptosis in sudden

infant death syndrome. Pediatr Res 1999;45:166–72.

[52] Kinney HC, Filiano JJ, White WF. Medullary serotonergic network

deficiency in the sudden infant death syndrome: review of a 15-year

study of a single dataset. J Neuropathol Exp Neurol 2001;60:228–47.

[53] Lieske SP, Thoby-Brisson M, Telgkamp P, et al. Reconfiguration of

the neural network controlling multiple breathing patterns: eupnea,

sighs and gasps. Neuroscience 2000;3:600–7.

P. Franco et al. / Sleep Medicine 4 (2003) 569–577 577


	Autonomic responses to sighs in healthy infants and in victims of sudden infant death
	Introduction
	Method
	Patients
	Polygraphic recordings

	Data analysis
	Sleep stages
	Cardiorespiratory parameters
	Heart rate spectral analysis
	Statistical analysis

	Results
	In NREM sleep
	In REM sleep

	Comparison between REM and NREM sleep
	Discussion
	Acknowledgements
	References


