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Pediatric pulmonology 

Transiente Tachypnoe des Neugeborenen (TNN) 

- Tachypnoe in ersten Lebensstunden 
- Andere ANS Zeichen, O2-Bedarf 

- 0.3-0.8% der Neugeborenen 
- Alveoläre Flüssigkeitsbelastung durch 

verzögerte Absorption der fetalen Lungen- 
Flüssigkeit 

- Verzögerte Expression des epithelialen 
Natriumkanals (ENaC) führt zur 
ungenügenden Na-Absorption 

Transiente Tachypnoe des Neugeborenen (TNN) 

- „milde“ Klinik 
- Tachypnoe um 90/min 
- Einziehungen, Nasenflügeln, 

Stöhnen 

- O2 Bedarf, selten Hyperkapnie 

- Risiko 
- Sectio (v.a. 1°) 
- Maternales Asthma / Rauchen 
- Frühgeburtlichkeit 
- Makrosomie 
- Exzessive maternale Sedation 

– Therapie 
– „wait and see“ 
– Sauerstoff 
–  Inhaliertes Adrenalin 
– Furosemid kein Effekt 
– Betamimetika kein Effekt 

Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

- Persistierende Tachypnoe im ersten 
Lebensjahr 

- Tachypnoe 
- Einziehungen 
- Diskontinuierliche Nebengeräusche 
- Hypoxie (nicht obligat) 
- Gedeihstörung (nicht obligat) 

- Manchmal nur intermittierende Symptome 
- Manchmal unauffällig bis erster Infekt 

Deterding RR. Pediatr Pulmonol. 2001;Suppl 23:72-3. 
Deterding RR. Pediatr Pulmonol. 2005 Aug;40(2):157-65 
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Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

Geographische “ground glass” Opazitäten, v.a. ML und Ligula, Air-trapping 
Keine signifikanten anderen Befunde 

Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

Geographische “ground glass” Opazitäten, v.a. ML und Ligula, Air-trapping 
Keine signifikanten anderen Befunde 

Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

Typisch NEHI Nicht typisch NEHI 

Brody AS. Pediatr Radiol. 2006 Dec;36(12):1328. 
Brody AS. AJR Am J Roentgenol. 2010 Jan;194(1):238-44 

Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

Deutsch GH. Am J Respir Crit Care Med. 2007 Dec 1;176(11):1120-8 

-  Praktisch 
normaler Aspekt 
in Histologie  

-  Bombesin-Färbung  
-  Neuroendokrine 

Zellen 
-  „neuroendocrine 

bodies“ 
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Neuroendocrine cell Hyperplasia of Infancy (NEHI) 

- Therapie 

- Keine 
- Steroide unwirksam 
- Supportiv 
- Sauerstoff  
- Ernährung 

- Verhinderung zusätzlicher „hits“ 
- „aggressive“ Infekt-Therapie 
- Grippe-Impfung 
- Kein Passivrauch 

Deterding RR. Pediatr Pulmonol. 2001;Suppl 23:72-3. 
Deterding RR. Pediatr Pulmonol. 2005 Aug;40(2):157-65 

- Verlauf 

- Sorgfältiges kinder-
pneumologisches Monitoring 

- Verbesserung über Zeit aber mit 
variabler Geschwindigkeit 

- Langzeit Sauerstoff (> Jahre) 
- Outcome insgesamt sehr positiv 

 

are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
throughout the age span of infants in our study. This high preva-
lence is in line with previous work [8,14]. Most apneas were short,
with <5% lasting more than 8 or 9 s, respectively. Half the infants
exclusively had apneas lasting <10 s, and only one infant had one
central apnea lasting >20 s. Central apneas after sighs corre-
sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that

Table 1
Demographic and clinical characteristics of included subjects.

Variable N = 37

Boys; n (%) 22 (59)
Gestational age at birth (weeks) 39.6 ± 1.2
Arterial umbilical pH 7.28 ± 0.07
Birth weight (grams) 3423 ± 415
Weight at 1 month (grams) 4506 ± 643
Weight at 3 months (grams) 6809 ± 1118
Birth length (cm) 51.6 ± 1.6
Length at 1 month (cm) 55.3 ± 2.2
Length at 3 months (cm) 63.1 ± 3.0

If not otherwise stated, all results are presented as mean ± standard deviation.

Table 2
Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 1 month.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 5.5 0.9 10.6 20.5 44.3
Obstructive apnea index 0.8 0.1 3.2 5.1 6.7
Mixed apnea index 0.3 0 0.4 1.1 1.2
Hypopnea index 0.2 0 1.2 3.5 5.4
Central apnea after sighs index 1.3 0 1.8 3.1 3.4
AHI 7.8 1.9 14.2 25.5 46.4
MOAHI 1.5 0.2 2.6 5.8 7.0
Index of desaturation events on P3% points 8.2 2.2 16.2 24.9 36.8
Index of desaturation events below 90% SpO2 1.6 0 6.9 19.4 21.7
Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
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are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
throughout the age span of infants in our study. This high preva-
lence is in line with previous work [8,14]. Most apneas were short,
with <5% lasting more than 8 or 9 s, respectively. Half the infants
exclusively had apneas lasting <10 s, and only one infant had one
central apnea lasting >20 s. Central apneas after sighs corre-
sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that

Table 1
Demographic and clinical characteristics of included subjects.

Variable N = 37

Boys; n (%) 22 (59)
Gestational age at birth (weeks) 39.6 ± 1.2
Arterial umbilical pH 7.28 ± 0.07
Birth weight (grams) 3423 ± 415
Weight at 1 month (grams) 4506 ± 643
Weight at 3 months (grams) 6809 ± 1118
Birth length (cm) 51.6 ± 1.6
Length at 1 month (cm) 55.3 ± 2.2
Length at 3 months (cm) 63.1 ± 3.0

If not otherwise stated, all results are presented as mean ± standard deviation.

Table 2
Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 1 month.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 5.5 0.9 10.6 20.5 44.3
Obstructive apnea index 0.8 0.1 3.2 5.1 6.7
Mixed apnea index 0.3 0 0.4 1.1 1.2
Hypopnea index 0.2 0 1.2 3.5 5.4
Central apnea after sighs index 1.3 0 1.8 3.1 3.4
AHI 7.8 1.9 14.2 25.5 46.4
MOAHI 1.5 0.2 2.6 5.8 7.0
Index of desaturation events on P3% points 8.2 2.2 16.2 24.9 36.8
Index of desaturation events below 90% SpO2 1.6 0 6.9 19.4 21.7
Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
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are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
throughout the age span of infants in our study. This high preva-
lence is in line with previous work [8,14]. Most apneas were short,
with <5% lasting more than 8 or 9 s, respectively. Half the infants
exclusively had apneas lasting <10 s, and only one infant had one
central apnea lasting >20 s. Central apneas after sighs corre-
sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that

Table 1
Demographic and clinical characteristics of included subjects.

Variable N = 37

Boys; n (%) 22 (59)
Gestational age at birth (weeks) 39.6 ± 1.2
Arterial umbilical pH 7.28 ± 0.07
Birth weight (grams) 3423 ± 415
Weight at 1 month (grams) 4506 ± 643
Weight at 3 months (grams) 6809 ± 1118
Birth length (cm) 51.6 ± 1.6
Length at 1 month (cm) 55.3 ± 2.2
Length at 3 months (cm) 63.1 ± 3.0

If not otherwise stated, all results are presented as mean ± standard deviation.

Table 2
Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 1 month.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 5.5 0.9 10.6 20.5 44.3
Obstructive apnea index 0.8 0.1 3.2 5.1 6.7
Mixed apnea index 0.3 0 0.4 1.1 1.2
Hypopnea index 0.2 0 1.2 3.5 5.4
Central apnea after sighs index 1.3 0 1.8 3.1 3.4
AHI 7.8 1.9 14.2 25.5 46.4
MOAHI 1.5 0.2 2.6 5.8 7.0
Index of desaturation events on P3% points 8.2 2.2 16.2 24.9 36.8
Index of desaturation events below 90% SpO2 1.6 0 6.9 19.4 21.7
Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
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Apnoen und Atemtörungen beim Säugling 

are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
throughout the age span of infants in our study. This high preva-
lence is in line with previous work [8,14]. Most apneas were short,
with <5% lasting more than 8 or 9 s, respectively. Half the infants
exclusively had apneas lasting <10 s, and only one infant had one
central apnea lasting >20 s. Central apneas after sighs corre-
sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that

Table 1
Demographic and clinical characteristics of included subjects.

Variable N = 37

Boys; n (%) 22 (59)
Gestational age at birth (weeks) 39.6 ± 1.2
Arterial umbilical pH 7.28 ± 0.07
Birth weight (grams) 3423 ± 415
Weight at 1 month (grams) 4506 ± 643
Weight at 3 months (grams) 6809 ± 1118
Birth length (cm) 51.6 ± 1.6
Length at 1 month (cm) 55.3 ± 2.2
Length at 3 months (cm) 63.1 ± 3.0

If not otherwise stated, all results are presented as mean ± standard deviation.

Table 2
Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 1 month.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 5.5 0.9 10.6 20.5 44.3
Obstructive apnea index 0.8 0.1 3.2 5.1 6.7
Mixed apnea index 0.3 0 0.4 1.1 1.2
Hypopnea index 0.2 0 1.2 3.5 5.4
Central apnea after sighs index 1.3 0 1.8 3.1 3.4
AHI 7.8 1.9 14.2 25.5 46.4
MOAHI 1.5 0.2 2.6 5.8 7.0
Index of desaturation events on P3% points 8.2 2.2 16.2 24.9 36.8
Index of desaturation events below 90% SpO2 1.6 0 6.9 19.4 21.7
Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
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are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
throughout the age span of infants in our study. This high preva-
lence is in line with previous work [8,14]. Most apneas were short,
with <5% lasting more than 8 or 9 s, respectively. Half the infants
exclusively had apneas lasting <10 s, and only one infant had one
central apnea lasting >20 s. Central apneas after sighs corre-
sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that

Table 1
Demographic and clinical characteristics of included subjects.

Variable N = 37

Boys; n (%) 22 (59)
Gestational age at birth (weeks) 39.6 ± 1.2
Arterial umbilical pH 7.28 ± 0.07
Birth weight (grams) 3423 ± 415
Weight at 1 month (grams) 4506 ± 643
Weight at 3 months (grams) 6809 ± 1118
Birth length (cm) 51.6 ± 1.6
Length at 1 month (cm) 55.3 ± 2.2
Length at 3 months (cm) 63.1 ± 3.0

If not otherwise stated, all results are presented as mean ± standard deviation.
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Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 1 month.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 5.5 0.9 10.6 20.5 44.3
Obstructive apnea index 0.8 0.1 3.2 5.1 6.7
Mixed apnea index 0.3 0 0.4 1.1 1.2
Hypopnea index 0.2 0 1.2 3.5 5.4
Central apnea after sighs index 1.3 0 1.8 3.1 3.4
AHI 7.8 1.9 14.2 25.5 46.4
MOAHI 1.5 0.2 2.6 5.8 7.0
Index of desaturation events on P3% points 8.2 2.2 16.2 24.9 36.8
Index of desaturation events below 90% SpO2 1.6 0 6.9 19.4 21.7
Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
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are at 20.5, 5.1, and 1.1, respectively. One subject had an obstruc-
tive apnea index of 6.7 at this time point; without considering this
outlier, the 95th centile for the obstructive apnea index would
have been at 3.5. At the age of 3 months, corresponding figures
are 24.2, 2.2, and 0.7, respectively. MOAHI was 1.5 (0.2–7.0) and
0.9 (0.2–4.4) at the first and second measurement, respectively
(P = .017). The 95th centile for the MOAHI was at 5.8 and 3.4,
respectively. There were 762 central apneas after a sigh (18% in
69 recordings) out of a total of 4329 central apneas. Central apneas
lasting <10 s were present in 40 (56.3%) recordings. In the remain-
ing 30 (42.3%) recordings, we found apneas lasting between 11 and
20 s and an apnea lasting more than 20 s in only one recording
(1.2%). Fig. 1 shows the changes in AHI and MOAHI as well as cen-
tral, obstructive, mixed apnea and total hypopnea index with age.

Desaturation events by P3% were observed in all subjects at
both time points. Median (minimum–maximum) SpO2 (%) nadir
was at 88% (75–91%) and 89% (83–91%), respectively. Tables 2
and 3 provide the detailed data and percentiles for each respiratory
event type and the duration of the events at both time points. At
the first and second measurement, periodic breathing was present
in 95% and 91.2% of recordings, respectively. The 95th centile for
periodic breathing was at 8.9% and 3.9% of TST at the ages of 1
and 3 months, respectively. A comparison of the respiratory event
indices and proportions of periodic breathing between the two
measurements is shown in Table 4.

4. Discussion

In our study, respiratory events in healthy infants aged 1 and
3 months significantly differed from those reported in older

children and adults. Central apneas and periodic breathing were
frequently observed. These data from healthy infants confirm pre-
viously published studies. In our study, we aimed to provide refer-
ence values for specific age groups (i.e., 1 and 3 months) and study
the same subjects at both time points. Follow-up at the age of
3 months showed a significant reduction in MOAHI. A reduction
in different respiratory indices, especially concerning central apne-
as or periodic breathing, has already been reported [13]. Here we
added relevant information on clinically important indices like a
reduction in MOAHI with age. We propose the use of the appar-
ently more stable MOAHI instead of the AHI, as the latter showed
a wider dispersion in results due to central events that seem to
be normal phenomena at this age.

In fact, isolated central apneas were a frequent feature in our
healthy subjects, being far more common in infants than in older
children and adults [4,5,7]. Their rate of occurrence remained high
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sponded to 18% of all central apneas. This finding may be relevant,
given that post-sigh apneas rarely are included in the central apnea
index of older children and adults. Including such apneas with this
index would have elevated the figures even more, arguing against
such an inclusion in this age group.

Thus, the currently recommended definition [12] for central
apneas does not seem to be applicable to young infants and merits
a rethinking for the following reasons. Firstly, almost all apneas in
our sample lasted <20 s. Secondly, there was a high number of
desaturation events by P3% per hour. The question remains if a
desaturation event by P3% points should be considered abnormal
in this age group. Previously, we demonstrated that only desatura-
tion events to <80% SpO2 seemed to be informative of respiratory
control in newborns aged up to 5 days [15]. Our present data con-
firm that desaturation events by P3% still are frequent at the age
of 3 months. Lastly, we found no bradycardia in our sample. How-
ever, we wonder if the arbitrary length and extremely low thresh-
old recommended for bradycardia in infants aged <1 year is
appropriate. Some of the currently accepted criteria [12] were
partly based on the results of the CHIME (Collaborative Home In-
fant Monitoring Evaluation) study, which showed that long apneas
were common in full-term infants [16]. In fact, short and self-lim-
ited central apneas appeared to be physiologic phenomena that
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Index of desaturation events below 85% SpO2 0.2 0 0.8 5.2 6.4
Index of desaturation events below 80% SpO2 0 0 0.2 0.7 0.9

Duration of episodes (s)
Central apnea 5.2 3.3 6.1 7.9 20.1
Obstructive apnea 5.2 3.6 6.1 6.5 15.5
Mixed apnea 6.9 0 7.9 12.0 14.3
Hypopnea 6.0 0 8.9 9.9 10.2
Central apnea after sighs 8.2 5.3 9.4 11.7 13.3
Periodic breathing (% of estimated sleep time) 1.1 0 2.0 8.9 10.4
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were related to the maturation of respiratory control and bear no
pathologic relevance. This hypothesis is the most likely explana-
tion for the high indices of central apneas found here. We think
that such high indices are not informative, suggesting that the cur-
rently used definition of central apneas is not appropriate for this
age group [12]. We suggest to only consider central apneas lasting
for >20 s or being associated with a desaturation to below 80%
SpO2 as abnormal.

Obstructive events were rare in our sample. This finding is in
line with previous studies on infants aged <1 year [11] and refer-
ence values from older children [4] and adolescents [7]. In contrast
to the above-mentioned central apneas, obstructive events seem to
be infrequent in all pediatric age groups. Concerning periodic
breathing, Hoppenbrouwers et al. [17] studied nine healthy infants
of <6 months of age in the 1970s and described that this breathing
pattern was frequent (comprising approximately 5% of total
recording time) and remained stable up to 6 months of age. Later
in 1984, Richards et al. [8] studied the same age range and also

reported frequent periodic breathing. Mean duration of periodic
breathing per recording was 0.36 and 0.16 h at 1 and 3 months,
respectively. Based on these data, we recalculated the proportion
of periodic breathing. The resulting percentage of periodic breath-
ing was 1.6% at 1 month and 0.7% at 3 months of age. These values
are similar to our data. Furthermore, recalculated maximum per-
centage of periodic breathing in the study by Richards et al. [8]
was 11.6% and 5.9% at the ages of 1 and 3 months, respectively.
Again, these proportions are nearly identical to those found in
our study.

During the 1990s, periodic breathing also was investigated in a
study involving 59 newborns [14]. Here newborns considered
small for gestational age presented periodic breathing of approxi-
mately 10%, compared to approximately 8% observed in newborns
of appropriate gestational age [14]. In a cohort of healthy Nordic
infants published in 2000 [18], periodic breathing was found dur-
ing 1.3% of TST at 2 weeks to 9 months of age. However, infants of
different ages (i.e., examined between 2 weeks and 9 months
postnatally) were included in that study, and the percentage of

Table 3
Descriptive statistics for cardiorespiratory events and indices during sleep at the age of 3 months.

Median Minimum 75th Centile 95th Centile Maximum

Indices (n/h)
Central apnea index 4.1 1.2 7.8 24.2 27.3
Obstructive apnea index 0.8 0 1.5 2.2 2.3
Mixed apnea index 0.1 0 0.3 0.7 0.8
Hypopnea index 0 0 0.2 0.7 3.1
Central apnea after sighs index 0.9 0 1.4 4.0 4.4
AHI 4.9 1.7 9.7 26.4 27.4
MOAHI 0.9 0.2 1.9 3.4 4.4
Index of desaturation events on P3% points 7.5 2.2 12.5 24.0 27.3
Index of desaturation events below 90% SpO2 2.6 0 3.8 13.3 14.8
Index of desaturation events below 85% SpO2 0.2 0 1.3 3.8 5.5
Index of desaturation events below 80% SpO2 0.9 0 0.3 1.0 1.6

Duration of episodes (s)
Central apnea 5.1 3.1 6.0 9.1 9.5
Obstructive apnea 5.1 2.9 5.7 7.8 8.5
Mixed apnea 6.8 0 7.8 10.9 11.3
Hypopnea 6.6 0 8.7 9.4 9.4
Central apnea after sighs 7.5 5.3 8.9 10.7 11.0
Periodic breathing (% of estimated sleep time) 1.0 0 1.9 3.9 4.6

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.

Fig. 1. Changes of respiratory indices between the ages of 1 and 3 months.
Abbreviations: AHI, apnea–hypopnea index; MOAHI, mixed obstructive apnea–
hypopnea index.

Table 4
Comparison of cardiorespiratory event indices between the ages of 1 and 3 months.

P value
Indices (n/h)
Central apnea index .150
Obstructive apnea index .375
Mixed apnea index .038*

Hypopnea index .031*

Central apnea after sighs index .096
AHI .062
MOAHI .017*

Index of desaturation events on P3% points .454
Index of desaturation events below 90% SpO2 .307
Index of desaturation events below 85% SpO2 .002*

Index of desaturation events below 80% SpO2 .079

Duration of episodes (s)
Central apnea .342
Obstructive apnea .818
Mixed apnea .866
Hypopnea .286
Central apnea after sighs .119
Periodic breathing (% of estimated sleep time) .328

Abbreviations: AHI, apnea-hypopnea index; MOAHI, mixed obstructive apnea–
hypopnea index; n/h, number per hour; SpO2, oxygen saturation; s, second.
* Significant P values are shown in bold.
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were identified using the American Academy of Sleep Medi-
cine (AASM) Manual for the Scoring of Sleep and Associated 
Events (2013). OSA and PLMs diagnostic criteria were un-
changed during the study period.

Data pertaining to patient demographics, clinical character-
istics, and patient outcomes were gathered. Length and weight 
information was extracted from notations made at the time of 
the sleep center visit. All patients were evaluated by a certified 
sleep specialist (SK or RL). Important associated diagnoses 
were identified, including prematurity, epilepsy (these patients 
were excluded if the seizures contributed to > 50% of the ap-
neas recorded), laryngomalacia and tracheomalacia, neuromus-
cular dysfunction (such as hypotonia), gastroesophageal reflux, 
periodic limb movements in sleep, and craniofacial abnormali-
ties (Figure 1). Patients needing multidisciplinary evaluation 
were identified. Multidisciplinary evaluation was defined arbi-
trarily as the need for ≥ 3 types of subspecialists.

Statistically significant comorbidities (Figure 1) were iden-
tified utilizing the Cochran-Armitage test for trend using the 
JMP statistical software package (Version 9, SAS Institute Inc, 
Cary, NC).

RESULTS

There were 238 infants 0-17 months of age with obstructive 
sleep apnea. Of these 238 infants, 99 were excluded owing to 
central apnea accounting for ≥ 50% of the AHI. The remaining 
139 subjects constituted the study population. Infant character-
istics, including demographics are shown in Table 1. The pre-
senting symptoms are summarized in Figure 2.

On the basis of AHI, patients were diagnosed with mild 
42/139 (30%), moderate 42/139 (30%), or severe 55/139 
(40%) OSA. The mean AHI was 16 (SD ± 18). Mean weight 

percentiles at presentation were 45%, 34%, and 21% for in-
fants with mild, moderate, and severe OSA, respectively. Of 
46/139 (33%) patients with weight percentile at presenta-
tion ≤ 3%, 29/46 had severe OSA (53%, 95% CI 48% to 77%, 
p-value < 0.0001). Multispecialty evaluation was needed for 
119/139 (86%) patients. These subspecialties included pulmon-
ology when intrinsic airway disease was identified, gastroen-
terology and endocrinology for failure to thrive, neurology for 
management of epilepsy and genetic syndromes, and otolaryn-
gology for structural airway disease.

There were 41/139 (29%) premature infants with a diagnosis 
of OSA; of these 41 infants, 23/41 (56%) had severe OSA (OR 
2.6, 95% CI 1.25-5.63, p = 0.01). Of 41/139 (29%) infants with 
a known genetic syndrome, 22/41 (54%) had severe OSA (OR 
2.28, 95% CI 1.09-4.84, p = 0.0290). The most commonly seen 
genetic syndrome was Trisomy 21 in 12/41 (30%). Others were 
achondroplasia, Prader-Willi syndrome, Pierre Robin sequence, 
Crouzon syndrome, De Lange syndrome, mitochondrial dis-
order, otopalatodigital syndrome, and Joubert syndrome. Of 
47/139 (34%) infants with neuromuscular abnormalities such 
as hypotonia, 26/47 (55%) had severe OSA (OR 2.56, 95% 
CI 1.25-5.35, p = 0.0104); 22 of 47 (47%) of these patients 
with neuromuscular disorders also had an underlying genetic 
syndrome.

Other comorbidities included gastroesophageal reflux in 
95/139 patients (68%, OR 1.22, 95% CI 0.59-2.58, p = 0.60) 
[69/139 (50%) were on antireflux medications such as ranitidine 

68%

42%

37%

34%

30%

30%

27%

17%

GERD

PLMS

Craniofacial

Neuromuscular *

Prematurity *

Genetic syndrome *

Laryngo/
tracheomalacia

Epilepsy

Figure 1—Comorbidities in infants with OSA.

* Comorbidities correlated to OSA severity

Table 1—Participant demographics (N = 139).
N %

Male 84 60
Term 98 70
Caucasian 108 78 *

Mean SD
Weight % at presentation 32 32 

Above 90th percentile 8%
Below 3rd percentile 33%

Mean age at PSG (months) 9.5 5.4

* African American 3%, Hispanic 8%, and others 11%. 
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were identified using the American Academy of Sleep Medi-
cine (AASM) Manual for the Scoring of Sleep and Associated 
Events (2013). OSA and PLMs diagnostic criteria were un-
changed during the study period.

Data pertaining to patient demographics, clinical character-
istics, and patient outcomes were gathered. Length and weight 
information was extracted from notations made at the time of 
the sleep center visit. All patients were evaluated by a certified 
sleep specialist (SK or RL). Important associated diagnoses 
were identified, including prematurity, epilepsy (these patients 
were excluded if the seizures contributed to > 50% of the ap-
neas recorded), laryngomalacia and tracheomalacia, neuromus-
cular dysfunction (such as hypotonia), gastroesophageal reflux, 
periodic limb movements in sleep, and craniofacial abnormali-
ties (Figure 1). Patients needing multidisciplinary evaluation 
were identified. Multidisciplinary evaluation was defined arbi-
trarily as the need for ≥ 3 types of subspecialists.
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tified utilizing the Cochran-Armitage test for trend using the 
JMP statistical software package (Version 9, SAS Institute Inc, 
Cary, NC).
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central apnea accounting for ≥ 50% of the AHI. The remaining 
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42/139 (30%), moderate 42/139 (30%), or severe 55/139 
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achondroplasia, Prader-Willi syndrome, Pierre Robin sequence, 
Crouzon syndrome, De Lange syndrome, mitochondrial dis-
order, otopalatodigital syndrome, and Joubert syndrome. Of 
47/139 (34%) infants with neuromuscular abnormalities such 
as hypotonia, 26/47 (55%) had severe OSA (OR 2.56, 95% 
CI 1.25-5.35, p = 0.0104); 22 of 47 (47%) of these patients 
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* African American 3%, Hispanic 8%, and others 11%. 

Pauses in 
breathing

27%

Snoring

Stridor

6%

Restless
sleep

6%Multiple 
awakenings

4%

Comibination of
characteristics 22%

Other

17%

18%

Figure 2—Presenting symptoms.

-  AHI < 5; 41;30% 
-  AHI 5-9; 42;30% 
-  AHI > 10; 56;40% 

–  Obesitas (13-78%)  
–  Beebe DW J Pediatr Psychol 2007;32:69-79 
–  Xu z. CHEST 2008;133:684-9 

–  Down syndrom (57-100%) 
–  Shott SR Arch Otolaryngol Head Neck Surg 2006; 132:432 
–  Marcus CL Pedaitrics 1991;88:132-9 

–  Mittelgesichts-Hypoplasie  
–  Treacher-Collins: Dysostosis mandibulofacialis 

(46%) 
–  Plomp RG. Int J Oral Maxillofac Surg 2012;41:696–701 

–  Goldenhar syndrome: Dysostosis oculo-
auriculo-vertebralis (7-65%) 

–  Caron CJ. Int J Oral Maxillofac Surg 2015;44(5):592-8 

Schlafatemstörung bei Kindern 
Obstruktiv 

[34]. One large series found that nearly half of children referred for
polysomnograms had an abnormal finding, but that hypoxaemia
was the most common abnormality [35]. Compared with children
who have OSAS due to adenoidal hypertrophy, children with
achondroplasia have radiographic evidence of upper airway
narrowing and retrognathia. There are neurologic complications
associated with achondroplasia, and these patients are also at risk
for central sleep apnoea.

THERAPIES FOR OSAS IN THE PAEDIATRIC CRANIOFACIAL
POPULATION

Multiple therapies for OSAS in children with craniofacial
conditions are available and options depend on the underlying

condition. While tracheostomy remains an option for those with
the most severe upper airway obstruction, alternative medical and
surgical therapies exist, making the need for tracheostomy rare in
this patient population today (Table 2).

Surgical therapies

Adenotonsillectomy is first-line therapy for many otherwise
healthy children with OSAS but has not been well-studied as a
therapy in the craniofacial population. However, even in the
craniofacial population, adenotonsillectomy may be helpful by
widening the upper airway. Adenotonsillar hypertrophy should
be suspected as an exacerbating factor in children with
craniofacial anomalies who present with symptoms of OSAS
in later childhood rather than at birth. With adenoidectomy,
there is the potential risk for exacerbating velopharyngeal
insufficiency, so some surgeons favor a procedure that involves
removing the superior and leaving the inferior rim of the
adenoid tissue to maintain speech. One study found that in
children with cleft palate who had primary palatoplasty,
tonsillectomy and/or partial adenoidectomy was generally
effective, but the cleft status and surgical techniques varied
considerably among the 17  patients [36]. In children with Down
syndrome, adenotonsillectomy should be considered as a first-
line therapy in children with OSAS, but it has a much
lower success rate than in otherwise healthy children [33]. In

Figure 2. Two young boys with syndromic micrognathia. Both had severe OSAS during infancy and had mandibular distraction osteogenesis.
a) 22 month old with hemifacial microsomia. Note mandibular hypoplasia and unilateral microtia.
b) 13 month old with Treacher Collins syndrome. Note down-slanting palpebral fissures, bilateral microtia, and mandibular hypoplasia.

Table 2
Surgical therapies for OSAS in children with craniofacial conditions

Condition Potential surgical therapies

Craniofacial cleft Adenotonsillectomy
Syndromic micrognathia

(i.e. Pierre Robin Sequence,
Stickler syndrome, etc)

First line: mandibular distraction
osteogenesis
Second line: tongue-lip adhesion

Craniosynostosis Midface advancement
Down syndrome Adenotonsillectomy
Achondroplasia Adenotonsillectomy, midface

advancement

C.M. Cielo, C.L. Marcus / Paediatric Respiratory Reviews 16  (2015) 189–196192

–  Kraniofaziale Anomalien mit oberer Atemwegs-
obstruktion   

–  Achondroplasie (48%) 
–  Mogazyel PJ. J Pediatr 1998;132:667 

–  Pierre Robin Sequenz (76%) 
–  Buchenau W. J Pediatr 2007;151:145 

–  Lippen-Kiefer-Gaumenspalte (50-69%) 
–  MacLean J. Arch Dis Child 2012;97:1058–63  

 

–  Kraniofaziale Dysostosen (50-91%) 
–  Morbus Crouzon’s  
–  Apert Syndrom 
–  Pfeiffer Syndrom 

–  Pijpers M. J Craniofacial Surg 2004;15:670 
–  Gonsalez S. Eur Respir J 1998;52:866 

causing hypernasal voice and swallowing dysfunction. Correcting
velopharyngeal insufficiency usually involves additional surgery,
which could include posterior pharyngeal flap, dynamic sphincter
pharyngoplasty, or revision Furlow palatoplasty. Obstructive sleep
apnoea occurring after posterior pharyngeal flap surgery is well
documented in children with cleft palate [20] and there are case
reports of post-operative death [21] from upper airway obstruc-
tion, although the prevalence and duration of this post-operative
OSAS is somewhat controversial [22]. Many surgical case series
report little or no OSAS following surgery but do not include PSG.
There is some evidence that dynamic sphincter pharyngoplasty
may result in an increased incidence of post-operative OSAS [23]
and that Furlow palatoplasty may cause a mild increase in upper
airway obstruction immediately following surgery [24]. Velophar-
yngeal insufficiency can be very bothersome to patients and a
balance must be struck between correcting it and the conse-
quences of OSAS that may result. Many centers advocate
evaluation for OSAS in children undergoing secondary palato-
plasty.

Conditions with micrognathia

Conditions that include micrognathia are thought to cause
OSAS due to obstruction at the base of the tongue from glossoptosis
and reduced oropharyngeal airway size [25].

Pierre Robin sequence, a clinically-identified anomaly contain-
ing mandibular hypoplasia, glossoptosis, and a U-shaped cleft
palate, is the most common cause of syndromic micrognathia.
Retrospective studies have demonstrated high rates of severe OSAS
in Pierre Robin sequence, but these series are limited to patients
clinically referred for intervention due to upper airway obstruction
[26]. In one recent retrospective series, OSAS was identified in 11 of
13 infants with Pierre Robin sequence, with a mean AHI of 33.5/
hour (range 0 to 85.7/hour) [27].

Similar to other conditions with underdevelopment of the
mandible, patients with hemifacial microsomia have the potential
for increased risk for OSAS (figure 2). One study found this
population to have increased symptoms of breathing difficulties
during sleep, sleepiness, and night awakenings compared to
controls [28]. Another study found that patients with hemifacial
microsomia who have more severe mandibular deformities were
at higher risk for OSAS [29].

Children with Treacher Collins syndrome are also at high risk for
OSAS due to micrognathia. Compared with children who have Pierre
Robin sequence, those with Treacher Collins syndrome have longer
mandibular body length and shorter mandibular ramus length. A
study of 35 adults and children found the prevalence of OSAS to be
46% [30]. In this series, many of the patients who had airway surgery,
including MDO, had persistent OSAS post-operatively, which the
authors attribute to multiple sites of obstruction identified with
flexible and rigid bronchoscopy. OSAS has been shown to be linked
with reduced quality of life in this population.

Craniosynostosis

Children with syndromic craniosynostosis are at increased risk
for OSAS mainly due to midface hypoplasia, but other factors such
as adenotonsillar hypertrophy and choanal atresia are also risk
factors. Between 40 and 68 percent of children with syndromic
craniosynostosis will have OSAS but the means of making this
diagnosis vary between studies [31,32]. One longitudinal study
found that prevalence seems to reduce with age, and children less
than three years old seem to be at the highest risk and those with
midface hypoplasia are more likely to have persistent OSAS. [31]

Down syndrome

OSAS is highly prevalent in children with Down syndrome, with
studies finding between 31 and 100 percent of children having gas
exchange abnormalities on polysomnograms. Midface and man-
dibular hypoplasia result in narrowing of the hypopharynx and
relative macroglossia, predisposing children with Down syndrome
to OSAS. In addition to structural abnormalities, low muscle tone
also contributes to OSAS in this population, with dynamic MRI
demonstrating dynamic upper airway collapse. Higher rates of
lingual tonsilar hypertrophy and obesity also contribute to the high
prevalence of OSAS [33].

Achondroplasia

Achondroplasia causes short stature and craniofacial hypoplasia,
including maxillary hypoplasia and depressed nasal bridge. Snoring
is very common in children with achondroplasia and studies have
identified between 10 and 35 percent of patients with OSAS

Figure 1. 1-week old girl with cleft lip and palate.
a) Despite having a complete bilateral cleft lip and palate and substantial nasal deformity, this patient did not have significant OSAS.
b) The same patient at age 2, after cleft lip and palate repair.

C.M. Cielo, C.L. Marcus / Paediatric Respiratory Reviews 16  (2015) 189–196  191
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–  Prader Willy Syndrom (93%) 
–  Lin HY Pediatr Pulmonol 2007;42:881-7 

–  Neuromusculäre Krankheiten 
–  Duchenne Muscular Dystrophy (53%) 

–  Suresh S. Am Rev Resp Dis 1988;137:884 

–  Meningomyelocele 

–  Stoffwechselstörung 
–  Mucopolysaccharidose (Type I –VI) (68%) 

–  Pal AR. Orphanet J Rare Dis. 2015;10;10:42 

–  Moreira GA. Sleep Breath. 2014 Dec;18(4):791-7 

Schlafatemstörung bei Kindern 
Gemischt 

Kongenitales zentrals Hypoventilations-Syndrom „Undine Syndrom” 

Behandlung: 

-  Positive Druck-Beatmung 
über Tracheostomie  

-  BiPAP 

-  Kontinuerlicher negativer 
extrathorakaler Druck 

-  Diaphragma Pacing 

Schlafatemstörung bei Kindern 
Zentral (gestörte Atemkontrolle) 

Prader-Willi sSyndrom 

-  Deletion im Necidin (NDN) Gen 

-  Abnormale Entwicklung des prä-Bözinger 
Komplex   

-  Gestörte Reaktion auf Hypoxie / Hyperkapnie 
prolongierte zentrale Apnoen   

-  Floppy Infants 

Joubert Syndrom 

-  Hypoplasie des cerebellären Vermis und 
Hirnstamm  

-  Abnromale Temperatur-Regulation, Herzfrequenz  
Variabilität 

-  Tachypnoe / Apnoe, massive zentrale Apnoen 

Schlafatemstörung bei Kindern 
Zentral (gestörte Atemkontrolle) 

- Qualität des Hustens: feucht oder trocken 

- Schwere: Lebensqualität beeinträchtigt? 

- Dauer: wie viele Wochen 

- Verlauf: wellenförmig, Hustenfreie Perioden, persistierend  

– Alter bei Beginn 

– Wann und wie hat der Husten angefangen 

– Tageszeitlicher Verlauf 

– Abhängigkeit vom Essen/Trinken 

Rationelle Standard-Diagnostik des chronischen Hustens 
Anamnese 
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- Neurologische Krankheiten 

- Aspirationen 
- primär 
- Sekundär 
- Tracheo-ösophageale Fistel 
- Larynxspalte 

Chronischer Husten bei Kindern 
Chronisch suppurativ 

- Bronchiale Obstruktion 

- Atemwegsmalformation 
- Lungen-Malformation 
- Fremdkörper / Tumore 

Chronischer Husten bei Kindern 
Chronisch suppurativ 

- Interstitielle Pneumopathien 

- Tuberkulose 

- Pilzinfektionen  

- Herzvitien / Herzinsuffizienz 

Chronischer Husten bei Kindern 
Chronisch Algorithmus 

Chang A. Pediatrics 2013;131:e1576–e1583  
 

(n= 27) who did not have PC-QoL at week
6 was similar among sites: Brisbane,
n = 12 (10%); Melbourne, n = 8 (10.8%);
Sydney, n = 4 (11.4%); Canberra, n = 2
(6.9%); and Darwin, n = 1 (6.3%).

Baseline Characteristics

Because we could not collect data from
the 19 children who were randomized
to treatment but did not attend their
appointment, we could not compare
their baseline characteristics. Those
226 children who had all primary out-
comes available (ie, including week 6
PC-QoL) were not significantly different
from those 27 childrenwhodid not have
data available. The children’s baseline
characteristics were also similar in
both study arms (Table 1).

Effect of Early Versus Delayed Use
of the Cough Management
Algorithm

Children in the early-arm group were
managed in accordance with the cough
algorithm in a mean of 1.946 1 weeks

and those in the delayed-arm group in
5.1 6 1.8 weeks. The proportion of
children who were cough-free at week
6 (primary outcome) was significantly
(P , .0001) higher in the early-arm
group (54.3%) compared with the
delayed-arm group (29.5%) (Table 2),
irrespective of inclusion or exclusion of
those who did not attend their ap-
pointment (ie, did not receive allocated
intervention). The absolute risk re-
duction between the groups in the
intention-to-treat analysis was 24.7%
(95% confidence interval [CI]: 13–35);
number needed to treat (NNT) for
benefit at week 6 was 4 (95% CI: 3–8). In
the cohort in which all primary out-
comes (n = 226) were available, the
absolute risk reduction was 38% (95%
CI: 27–48), and NNTwas 3 (95% CI: 2–4).

The beneficial effect of early use of the
cough algorithmwas also evident in the
second primary outcome (PC-QoL at
week 6) (Fig 3). Although both groups
significantly improved, PC-QoL at week
6 was significantly higher in the early-
arm group. The mean difference in

PC-QoL (week 6 minus baseline) be-
tween groupswas 0.6 (95% CI: 0.29–1.0).

There was no significant difference
between groups in PedsQL at week 6
(Table 3). The mean duration of cough
postrandomization was significantly
shorter in the early-arm group com-
pared with the delayed-arm group.
Duration of cough postuse of the algo-
rithm was similar between groups. The
final PC-QoL between groups was sim-
ilar. When Indigenous children (n = 15)
were compared with non-Indigenous
children (n = 238), there was no sig-
nificant difference between groups for
any of the outcomes (P range, 0.45–0.95
[data not shown]).

Assigned Diagnosis and Follow-up

Primary diagnosis was obtained in all
226 children who completed the follow-
up; 60 (26.5%) children had nonspecific
cough and 166 (73.5%) had specific
cough.11,12 Of the children with non-
specific cough (ie, cough without any
specific cough pointers), their eventual
primary diagnosis was: natural reso-
lution, n = 33 (14.6%); habit cough, n =
11 (4.9%); pertussis, n = 8 (3.5%); my-
coplasma, n = 5 (2.2%); and upper
airway problems, n = 3 (1.3%). The
primary diagnosis in those with spe-
cific cough (ie, specific cough pointers
present) were: protracted bacterial
bronchitis, n = 94 (41.6%); asthma or
reactive airway disease, n = 37 (16.4%);
bronchiectasis, n = 13 (5.7%); aspira-
tion lung disease, n = 3 (1.3%); tra-
cheobronchomalacia, n = 16 (7.1%);
atelectasis, n = 2 (0.9%); and cystic fi-
brosis, n = 1 (0.4%). Using the protocol,
the algorithm identified 85% with sim-
ple etiology without any specialist
investigations.

In 51 children,.1 attributed cause for
their cough was found; the most
common co-diagnosis was tracheo-
bronchomalacia with protracted bac-
terial bronchitis (n = 18). During
follow-up, none of the children had an

FIGURE 2
Simplified version of the chronic cough algorithm showing the initial assessment and treatment
strategy. CSLD, chronic suppurative lung disease; CXR, chest radiograph; Dx, diagnosis.

ARTICLE
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272 children (mean 6 SD age: 
4.5 6 3.7 years)  
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Table 1: Comparison between children whose cough ‘self-resolved’ vs. all other diagnosis at first appointment 

Demographics 
(at first visit) 

*Resolved without 
medications ie 

‘spontaneously-
resolved’, N=40 

Specific 
cough-all 

causes 
N=286 

 
p 

   
Details of the 3 most common etiologies  

          PBB 
N=138 

Asthma 
N=52 

Bronchiectasis 
N=29 

Age in years, median (IQR) 5.2 (2.1, 8.2) 3.1 (1.3, 6.3) 0.012   2.4 (1.2, 4.8) 2.9 (1.4, 5.8) 3.9 (2.2, 6.4) 
Gender (M:F), n 20:20 173:113 0.206   82:56 38:14 17:12 
Duration of cough, median (IQR), wks 12 (7.0, 24.0) 16 (8.00, 36.0) 0.196   20 (10, 40) 12 (6, 32) 27 (7.3, 52.00) 
Wet:dry cough, n  1:39  187:99  0.0001   138:0 7:45  27:2 
Smoke exposure, n  (%) 11 (28.2%) 90 (31.7%) 0.660   44 (31.1%) 17 (32.7%) 10 (34.5%) 
Asthma medications used, n  (%) 30 (75%) 207 (75.3) 0.970   95 (70.4%) 443 (87.8%) 20 (71.4%) 
Indigenous (n, %) 0 33 (11.5%) 0.023   19 (13.8%) 4 (7.3%) 9 (31%) 
Referral type#, n (%) (8 missing)  

Requested  
               GP Initiated 

            Specialist initiated 

  
17 (37.5%) 
21 (52.1%) 

0 

  
115 (41.1%) 
139 (49.6%) 
26 (8.2%) 

  
0.146 

    
59 (43.7%) 
67 (49.6%) 
9 (6.7%) 

  
23 (45.1%) 
24 (47.1%) 
4 (7.8%) 

  
8 (27.5%) 
11 (37.9%) 
10 (34.3%) 

Number of doctor visits in 12 mo for 
coughing illness, n (%)        <5                           

5-10 
10-15 
15-20 

> 20 
Data not filled 

  
13 (33.3%) 
14 (35.9%) 
7 (17.9%) 
4 (10.3%) 
1 (4.2%) 

1 

  
71 (25.2%) 
91 (32.9%) 
60 (21.7%) 
31 (11.2%) 
24 (8.7%) 

9 

  
0.607 

    
32 (24.1%) 
37 (27.8%) 
33 (24.8%) 
15 (11.3%) 
16 (11.3%) 

5 

   
13 (25.0%) 
20 (38.5%) 
12 (23.1%) 
5 (9.6%) 
2 (3.8%) 

0 

   
9 (33.3%) 
8 (29.6%) 
5 (18.5%) 
4 (14.8%) 

1 (3.7) 
2  

Cough score,15 median (IQR) 3.0 (2.0, 3.0) 3.0 (2.0, 4.0) 0.271   3.0 (2.0, 3.0) 3.0 (2.0, 4.0) 3.0 (1.0, 4.0) 
PC-QOL,18 median (IQR) 4.3 (2.7, 5.5) 3.8 (2.7, 5.0) 0.323   3.7 (2.7, 4.9) 3.6 (2.8, 4.9) 4.3 (2.4, 5.5) 
PedsQL,17 median (IQR) 82.3 (65.3, 89.3) 76 (64.3, 85.8) 0.185   76.3 (64.3, 86.4) 72.8 (62.5, 85.1) 72.5 (54.6, 82.4) 
CXR abnormality, n (%) 0 58 (20.5%) 0.001   31 (22.6%) 9 (17.3%) 10 (37.0%) 
Spirometry abnormal, n (%) 0 8 (2.8%) 0.484   2 (1.5%) 5 (9.6%) 1 (3.6%) 
 
* As the cough in this group of children resolved without any specific treatment, it is likely that these children had ‘post-viral cough’ 
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Table 2  Odds ratio (OR) of the symptom, sign or CXR/spirometry abnormality of the various groups compared to ‘self-resolved’ 
 

Specific Pointers  
(at initial visit) 

Resolved without 
medications 

(spontaneously-
resolved) (N=40), n 

Specific cough-all 
causes (N=286) 

n 
OR (95% CI) 

PBB 
(N=138) 

n 
OR (95% CI) 

Asthma 
(N=52) 

n 
OR (95% CI) 

Bronchiectasis 
(N=29) 

n 
OR (95% CI) 

Wet cough 1 187 
73.7 (10, 544.2) 

138 
(infinite) 

7 
6.1 (0.7, 51.5) 

27 
527 (45.4, 6102) 

Wheeze or reversible 
airway obstruction 

0 60 
21.2  (1.3, 349.8) 

17 
11.4 (0.7, 195.2) 

41 
312.2 (17.7, 5509) 

0 
NA 

Exertional dyspnoea 0 9 
2.7 (0.15, 47.6) 

5 
3.3 (0.2, 60.6) 

3 
5.7 (0.3, 113.7) 

1 
4.3 (0.2, 109.7) 

Differential airway 
sounds 

0 8 
2.4 (0.14, 42.7) 

4 
2.7 (0.1, 50.5) 

0 
NA 

2 
7.5 (0.3, 161.5) 

Failure to thrive 0 1 
0.4 (0.02, 10.4) 

0 
NA 

1 
2.3 (0.1, 59.2) 

0 
NA 

Feeding difficulties 0 16 
4.8 (0.3, 82.2) 

7 
4.5 (0.3, 81.3) 

0 
NA 

6 
22.8 (1.2, 424.3) 

Recurrent protracted 
bacterial bronchitis 

0 21 
6.4 (0.4, 108.1) 

12 
7.9 (0.5, 135.9) 

0 
NA 

5 
18.4 (1.0, 349.7) 

Wet cough not 
resolved after 4 weeks 

0 10 
3.0 (0.2, 52.4) 

0 
NA 

0 
NA 

2 
7.5 (0.3, 161.5) 

Digital clubbing 0 3 
1.0 ( 0.05, 19.3) 

0 
NA 

0 
NA 

2 
7.5 (0.3, 161.5) 

Suspected 
medications  

0 0 
NA 

0 
NA 

0 
NA 

0 
NA 

Crepitations present  0 6 
1.8 (0.1, 32.4) 

2 
1.5 (0.07, 31.0) 

0 
NA 

3 
10.8 (0.5, 218.9) 
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Hyperinflated or 
pectus carinatum 

1 5 
0.7 (0.08, 6.1) 

4 
2.7 (0.1, 50.5) 

0 
NA 

1 
4.3 (0.2, 109.7) 

Chest pain 0 1 
0.4 (0.02, 10.4) 

0 
NA 

1 
2.3 (0.1, 59.2) 

0 
NA 

Recurrent pneumonia 0 10 
3.0 (0.2, 52.4) 

4 
2.7 (0.1, 50.5) 

0 
NA 

6 
22.8 (1.2, 424.3) 

CXR abnormal  0 58 
20.3 (1.2, 335.4) 

31 
23.4 (1.4, 391.0) 

9 
17.7 (1.0, 313.5) 

10 
41.6 (2.3, 750) 

Spirometry abnormal 0 8 
2.4 (0.14, 42.7) 

2 
1.5 (0.07, 31.0) 

5 
9.3 (0.5, 174.3) 

1 
4.3 (0.2, 109.7) 

Diagnostic groups are primary diagnosis. Some children within diagnostic group had more than one diagnosis. 
OR of all conditions were compared to the ‘self-resolution’ group. 
Values that are statistically significant are highlighted. The non-significance of other pointers are likely related to low frequency of the pointer 
and the small size.
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uous variable, we reached similar conclusions regarding 
its correlation with the Bhalla score ( r   5  0.21). It is 
important to note that the Bhalla score has been 
designed to evaluate HRCT scan images of patients 
with CF lung disease, and, therefore, may not be as 
sensitive in the assessment of the more subtle mor-
phologic changes of CSLD and PBB. An adapted 
scoring system should probably be devised and vali-
dated to meet the clinical and research needs of CSLD 
radiologic imaging. 

 The frequency of the severity categories of our 
bronchoscopic fi ndings, when grouped according to 
the classifi cation proposed by Chang et al,  6   was simi-
lar to that described by the aforementioned authors 
( P   5  .1). However, a signifi cant correlation of the 
Bhalla scores with the bronchoscopic abnormali-
ties was detected only for the more severe types 
(types III and IV in  Table 3 ) only. We found that for 
every unit increase in the Bhalla score, there was 
a more than fi vefold increase in the risk of having 
obliterative-like lesions (as compared with having 
no abnormality); similarly, for every unit increase 
in the Bhalla score, there was an almost ninefold 
increase of the risk of having malacia/obliterative-like 
combination lesions (as compared with having no 
abnormality). 

 The BAL neutrophil differential count constitutes 
an important marker of endobronchial infection.  24,25   
Indeed, elevated neutrophils were observed in many 
of our patients. We also found a positive correla-
tion between the percentage of neutrophils and the 
Bhalla score. Nevertheless, there was a substantial 
number of patients (almost 50%), who had normal 
or near-normal BAL neutrophilic counts, indicat-
ing that although the neutrophilic differential count 
refl ects the severity of involvement, it may be in the 
“normal” range in the more benign forms of disease. 
It has been proposed that infl ammation in the airways 
could lead to the cytoplasmic accumulation of degra-
dation products from lipid-containing membranes of 
infl ammatory cells in alveolar macrophages (LLM). 
On the other hand, there is evidence suggesting that 
LLM are not correlated with airway infl ammation.  26    
 In our study, only eight children were found to have 
LLM in the bronchi and no correlation existed 

between atopy and wheeze in our study population 
suggests that the latter was probably due to either 
mucus hypersecretion producing bronchostenosis and 
turbulent fl ow or secretory hyperresponsiveness due 
to bacterial endotoxin.  22   We have previously reported 
that despite an increased frequency of airway hyper-
responsiveness among children with RML syndrome, 
these patients are not more atopic than control sub-
jects with out asthma.  23   

 Although a high frequency of positive fi ndings was 
observed on plain CXR (63.4%), we failed to show an 
association between these fi ndings and the various 
clinical and laboratory variables examined, thus sug-
gesting that CXR fi ndings are not prognostic of endo-
bronchial infection. However, the usefulness of CXR 
as a fi rst-line imaging modality in the investigation 
of children with wet cough should not be questioned, 
as it involves a markedly lower radiation dose to the 
child when compared with HRCT scan. 

 The duration of cough virtually denotes the dura-
tion of the disease and, not unexpectedly, was posi-
tively correlated with the Bhalla score. The correlation 
was low ( r   5  0.23), but this may be due to the rather 
crude classifi cation of cough duration as a three-level 
ordinal variable instead of a continuous one, which has 
probably resulted in the loss of information, thus 
reducing the power of our analysis. We chose this clas-
sifi cation because treating duration of cough as a con-
tinuous variable would have resulted in a large recall 
bias. In addition, despite the aforementioned limita-
tions, when treating the duration of cough as a contin-

 Table 3— Associations Between the HRCT Scan Bhalla Score and the Bronchoscopic Classifi cation  

Bronchoscopic Classifi cation (Types) Bhalla Score, Median (p25-p75) OR 95% CI  P  Value

I (Mucosal abnormality/infl ammation) 2 (0-3) 1.65 9.77-3.44 .19
II (Bronchomalacia) 2 (1-3.5) 1.56 0.73-3.33 .24
III (Obliterative-like) 6 (5-6) 5.44 1.92-15.40 .001
IV (Malacia/obliterative-like combination) 6 (5-10) 8.91 2.53-15.42 .001
V (No abnormality) 1 (0-2) NA NA NA

Classifi cation types from Chang et al.  4   Type V (no abnormality) was treated as the reference outcome. HRCT  5  high-resolution CT. NA  5  not 
applicable. See Table 1 for defi nition of other abbreviations.

 Table 4— Prevalence of Organisms Detected in Positive 
BAL Cultures and Respective Bhalla Scores  

Organism
Prevalence, 

% (No.)
Bhalla Scores, 

Median (p25-p75)

 Haemophilus infl uenzae 34.5 (37) 3 (2-4)
 Streptococcus pneumoniae 25.2 (27) 3 (1-5)
 Moraxella catarrhalis 16.8 (18) 2 (0-4)
Gram-negative bacteria 11.2 (12) 3 (1-5)
 Staphylococcus aureus 4.6 (5) 3 (2-3)
 Pseudomonas aeruginosa 4.6 (5) 3 (1-4)
 Candida albicans 1.8 (2) 3 (0-6)
 Enterococcus faecalis 0.9 (1) 6 (6-6)

See Table 1 for expansion of abbreviation.
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RESULTS

A total of 197 patients were included in
the study. Among the study patients, 108
(55%) were 0 to 3 years of age, 71 (36%)
were 3 to 7 years, and 18 (9%) were
older than 7 years of age. One hundred
twenty-six patients (64%) were boys.

Diagnostic bronchoscopy revealed evi-
denceofpurulentbronchitis in56%(110)
of children, and nonpurulent bron-
chitis in 44% (87) of children. Of 109
children who were 0 to 3 years of age,
33 (30.3%) had laryngomalacia and/or
tracheomalacia. Laryngomalacia was
seen in 13 (20.3%) of 64 children 0 to 3
years of age with purulent bronchitis,
and in 5 (11.1%) of 45 children with non-
purulent bronchitis. Tracheomalaciawas
seen in 9 (14.1%) of 64 children 0 to 3
years of age with purulent bronchitis,
and in 6 (13.3%) of 45 children with
nonpurulent bronchitis. There was
no significant difference in the preva-
lence of laryngomalacia (P = .329) and
tracheomalacia (P = .862) between
purulent and nonpurulent bronchitis
groups. Positive bacterial cultures
were detected in 46% (91) of children.
The distribution of pathogens re-
vealed a predominance of nontypable
Haemophilus influenzae (49%) followed
by Streptococcus pneumoniae (20%),
Moraxella catarrhalis (17%), and
Staphylococcus aureus (12%). Only 1
patient cultured Klebsiella pneumoniae.
Positive bacterial cultures were found
more frequently in children with pu-
rulent bronchitis (84%) than in chil-
dren with nonpurulent bronchitis (16%)
(P , .001) (Fig 1).

Severe BAL neutrophilia, defined as
more than 25% of neutrophils, oc-
curred more frequently in children
with purulent bronchitis (91%) than
in children with nonpurulent bron-
chitis (45%) (P , .001) (Fig 1). There
was no difference in the presence of
BAL eosinophilia, defined asmore than
2% of eosinophils, between the 2
groups (Fig 1).

DISCUSSION

In this study, we found that purulent
bronchitis was present in 56% of chil-
dren with chronic wet cough. There has
been increasing evidence to support
the association of chronic wet cough
with bacterial infections of the lower
airway. The first publications on wet
cough in the 1930s to 1940s described
chronic wet cough as a symptom of
bronchiectasis.16,17 The widespread use
of antibiotics in the treatment of chronic
productive cough in children, which
began in the 1950s, resulted in a major
decline in the incidence of suppurative
lung disease in children.18

Over the past decade, there has been
a progressive decline in the prescription
of antibiotics for viral respiratory infec-
tions.19 Although certainly appropriate,
this may have resulted in an increased
incidence of suppurative lung disease in
children.20,21 This has sparked a world-
wide interest in childhood lower re-
spiratory tract bacterial infections.
Consequently, PBB, the term introduced
by our Australian colleagues,2 is now
considered to be one of the leading
causes of chronic wet cough in chil-
dren. Donnelly and coworkers22 ret-
rospectively reviewed the charts of 81

children with PBB, and found that half of
the patients were symptom free after 2
weeks of appropriate antibiotic therapy.

Inourstudy, themostcommonpathogens
cultured from the BAL were nontypable
H influenzae (49%) and S pneumoniae
(20%). These findings are in agreement
with the data published byMarchant and
colleagues,12 who studied 108 children
with chronic cough and obtained
H influenzae and S pneumoniae fromBAL
in 47% and 35% of isolates, respectively.

We defined “purulent bronchitis” as the
visual presence of purulent (thick, green)
bronchial secretions, grades 5 and 6,
according to Chang and colleagues’
bronchoscopic scoring system.15 It
was shown previously that the scale of
sputum purulence correlates with the
severity and/or activity of bronchial
disease23 and that visual grading of
bronchial secretions is significantly re-
lated to an infection-positive state.15 We
were able to show that children with
purulent bronchitis had positive bacte-
rial cultures and BAL neutrophilia sig-
nificantly more often than children with
nonpurulent bronchitis. This finding is
in agreement with a recent report by
Kompare and Weinberger,24 which re-
vealed BAL neutrophilia and positive

FIGURE 1
BAL cultures and cytology in children with purulent bronchitis and nonpurulent bronchitis.

e366 ZGHEREA et al

Zgerhea D. Pediatrics 2012;129:e364–e369  

Hustende Kinder: nicht immer Asthma und Bronchitis  
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Protrahierte bakterielle Bronchitis als Teil eines Spektrums 
der purulenten Lungenerkrankungen   

Chang AB. Pediatr Pulmonol 2008;43:519-31 

Protrahierte bakterielle Bronchitis 

Chronische purulente 
Lungenerkrankung 

Bronch-
iektasie 

Progression 
klinischer 
Schweregrad 

Annalena 4j 

-  Rezidivierende schwere obstruktive Episoden seit Säuglingsalter 
-  Hospitalisationen, O2 Bedarf, IPS  
-  Seit Monaten meiste Zeit symptomatisch, keine klar “gute” Zeiten 
-  Obstruktiv auch ohne Infekt  

-  Montelukast und Fluticason: Effekt? 
-  Mutter sagt: wenig Effekt des Ventolins auf obstruktive Symptome  
 
•  Zunehmende Anstrengungsintoleranz mit Tachypnoe 

•  Muter kauft ein Pulsoxymeter: repetitiv SaO2 <90% im Schlaf 
•  O2 Therapie? Nein, nicht nötig 

•  Auskultation  
•  Klar reduzierte Atemgeräusche links  
•  Keine eindeutlige Obstruktion 

Annalena 

height weight 

•  Zuweisung auf Kardiologie zum Herzkatheter 

•  Bekannte Echobefunde 
•  Dilatierter rechter Ventrikel 
•  Milde Tricuspidalinsuffizienz 

Chest x-ray 
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HR-CT HR-CT 

Bronchoscopy Bronchoscopy 
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Bronchoscopy Bronchoscopy 

Diagnose 

•  Hochgradige linksseitige Pulmonalvenenstenose  
•  Führt zu starker venösr Stauung und pulmonalem Druck 

•  Sekundäre Bronchialvarizen mit generalisiertem Ödem 
•  Führt zu bronchialer Obstruktion  
•  Verstärkt bei Luftwegsinfekten 

•  Interventionen 
•  Erfolglose Ballondilatation 
•  Chirurgische Erweiterung der pulmonalvene und des linken Vorhofs 

Alessa 6 jährig 

- keine neonatalen Probleme, insbesondere keine neonatale Rhinitis und 
kein zusätzlicher Sauerstoffbedarf oder Tachypnoe.  

- Bis im Alter von 3 Jahre keine relevanten respiratorischen Probleme, 
auch keine prolongierte Rhinitis oder Rhinopathie.  

- Dann im Alter von ungefähr drei Jahre Pneumonie respektive bakterieller 
Atemwegs Infekt.  

- Seither bestehen rezidivierende Pneumonien, von der Beschreibung her 
immer ungefähr im selben Lungenbereich (Herzregion).  

- Der Ablauf gleiche sich stark: sie beginne relativ plötzlich mit Husten oft 
ohne klaren begleitenden Infekt. Der Husten sei immer sofort produktiv, 
sie expektoriere jeweils ein relativ zähes Sekret, weisslich, manchmal 
gelb, nie grün oder braun.  

- Ein Wheezing sei nie beobachtet worden.  
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Alessa 

- Inhalation von Ventolin (inhalativ oder als Sirup): keinerlei Effekt auf den 
Husten und den Zustand 

- Inhalation von Axotide über Monate: kein Effekt 

- Sie hätten viele Hustensäfte probiert, nichts hätte genützt 

- Zwischen den Episoden sei sie gut dran, würde aber immer etwas 
Husten.  

- Die Hustensituation sei in den warmen Monaten etwas besser, jetzt aber 
schlimmer werdend.  

- Im Verlauf dann jeweils Zunahme des Hustens und des Schleims, es 
käme Fieber dazu. Bei Einsatz von Antibiotika würde sich die Situation 
beruhigen. Dauer der AB Tx jeweils 5-7 Tage (meistens Co-Amoxicillin 
erinnerlich).  

Alessa 

- Status 

- 6 9/12 jähriges Mädchen in gutem AZ, G 23.9 kg (P 50-75), L 121.3 cm (P 
50-75).  

- Pulmonal: Eupnoe, symm. Atemgeräusch, deutliches Brummen linksseitig 
laterobasal, inspiratorische feine RG's linksseitig sowie über ML rechts. 
Deutlich Sekret spürbar bei Palpation. Normale Thoraxform. Keine 
Uhrglasnägel oder Trommelschlegelfinger.  

- Spirometrie:  

- gute Qualität / Kooperation, hustet aber bei der Durchführung produktiv, 
restriktive Ventilationsstörung, FEV1 (L, %predicted, Z-score): 1.07l, 80%, 
-1.61, FVC (L, %predicted, Z-score): 1.09l, 73%, -2.17, keine signifikante 
Reversibilität nach Inhalation eines beta2-Mimetikums 
(Bronchospasmolyse) 
 

Alessa 

03/16 10/16 12/16 

Alessa 
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Joan 2 3/12   

- Notfallmässige Zuweisung durch die Kinderärztin bei persistierender, 
auffälliger Atmung seit einer Pneumonie im August dieses Jahres.  

- Joan hätte Ende August dieses Jahres an einer UL-Pneumonie links 
gelitten, welche stationär IV-antibiotisch behandelt wurde.  

- Seither persistierendes "Rasseln" auf der Lunge,  

- Therapie: initial mit Ventolin Inhalationen, im Verlauf zusätzlich mit 
Axotide 125ug seit nun fast 2 Monaten.  

- Mutter: Ventoin hat keinen klaren Effekt! 

- Unter Axotide keine wesentliche Verbesserung der Symptomatik, welche 
sich bei Anstrengung verschlimmere, nicht aber bei anderen Infekten der 
Atemwege.  

- Seit dem Vortag nun erneut Fieber, Tachypnoe und Appetitlosigkeit sowie 
erneuter CRP-Anstieg auf 142mg/l.  
 

Joan 2 3/12   

- AZ soweit erhalten, spielt auch zu Hause.  

- Kein Aspirationsereignis erinnerlich. 
 

- PA: chronischer Husten schon seit ca. 12 Monaten, keine Atopie 

- FA: Tante vs mit Asthma und allerg. Rhinokonjunktivitis 
 

- 2 3/12 jähriges Mädchen, G 15 kg (P 90-97), HF 146/min,  SO2 98 %,  T 
38.3 °C, AF 44/min,  HF 138/min,  SO2 98 %,  T 37.9 °C,  SI 1, guter AZ 
Cor: rein, rhythmisch, keine Geräusche, Pulse kräftig, Peripherie warm, 
Rekap prompt. Pulmo: bronchiolitisches AG in- und exspiratorisch vor 
dem Mund hörbar, Lungen mit wechselndem Befund, intermittierend 
obstruktive Nebengeräusche und links abgeschwächt im Seitenvergleich. 
HNO: unauffällig. Integument bland. 

Joan 2 3/12   Joan 2 3/12   
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Joan 2 3/12   Dario 13 Jährig 

- Weitere Abklärung bei verschlechterter Lungenfunktion und bekanntem 
Asthma.  

- Es besteht eine für den Patienten relevante und limitierende 
Leistungseinschränkung, welche er folgendermassen beschreibt: nach 4 - 
8 Minuten körperlicher Anstrengung (in der Regel Rennen) kommt es zu 
einem zunehmendem Überblähungsgefühl, das heisst, er hat das Gefühl, 
dass die Lunge voll sei und er nur noch kleine Atemzüge einatmen, aber 
nicht mehr richtig ausatmen könne.  

- Er beschreibt) eher ein keuchendes inspiratorisches Atemgeräusch als 
ein expiratorisches Wheezing. Husten oder eine Stimmveränderung 
werden verneint.  

- Wenn er die Belastung dann abbricht und pausiert, würden die Symptome 
innerhalb von ein bis zwei Minuten wieder verschwinden.  

- Er spielt Unihockey und ist durch die Symptomatik klar limitiert, was ihn 
sehr stört.  

- Er sagt selber, er hätte einfach nicht mehr das gleiche Leistungsniveau 
wie früher.) 

Dario 13 Jährig 

- Während der Pollenflugsaison, vor allem im April bis Juni, sei die 
Symptomatik deutlich ausgeprägter gewesen, aber jetzt persistierend 
auch im Herbst.  

- In Ruhe seien noch nie solche Symptome aufgetreten. 

- Die vom Zuweiser bereits erhobenen Befunde des gastrooesophagealen 
Reflux sind mit der Therapie von Esomep praktisch verschwunden. 

- Darius sagt aber klar, dass die Therapie mit Esomep keinen Effekt auf 
diese beschriebene Symptomatik gehabt hätte, wie auch die Steigerung 
auf 2 x 2 Hübe Vannair (200-6) und Lukair nicht. Es hat sich auch keine 
Verschlechterung nach Reduktion auf einen Hub Vannair (aktuelle 
Therapie) ergeben. 

Dario 13 Jährig 

- Status 
13 10/12 jähriger Knabe in sehr gutem AZ, G 36.8 kg (P 3-10), L 153.6 
cm (P 10-25). Bekannte Gesichtsverändeurngen St. n. multiplen 
Korrektureingriffen bei totaler LKG-Spalte links. Pulmonal: leichte 
Thoraxasymmetrie mit leichter Torsionsskoliose und etwas abgeknickt 
stehendem Sternum. Eher schmaler Thorax. Pulmonal: Eupnoe, symm. 
unauffälliges Atemgeräusch, keine Nebengeräusche. Normale 
Thoraxform. Keine Uhrglasnägel oder Trommelschlegelfinger. Cor: reine 
Herztöne, keine Nebengeräusche.  
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Dario 13 Jährig Dario 13 Jährig 
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Identifikation: 3602954 Name: Jaggi Vorname: Dario
Geburtsdatum: 07.01.2004 Größe: 154 cm Gewicht: 36.8 kg
Ethnik: Weiß Sollwert-Modul: Stand DE#GLI Bediener: Noser Carmen
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Soll Vor Vor% SD Z-score Z-Score
Testdatum 08.11.17
Testzeit 10:39
FVC [L] 3.25 2.44 75 0.09 -2.20
FEV 1 [L] 2.82 1.27 45 0.42 -4.45
FEV.75 [L] 1.10 0.40
FEV.5 [L] 0.89 0.33
VC IN [L] 3.17 2.48 78 -3.42
FEV1%M [%] 87.00 49.69 57 16.60 -4.16
PEF [L/s] 5.61 2.62 47 0.79 -3.80
MEF75 [L/s] 4.94 1.34 27 0.63 -5.26
MEF50 [L/s] 3.30 0.38 11 0.54 -5.93
MEF25 [L/s] 1.58 0.23 15 0.10 -4.47
MMEF [L/s] 3.30 0.70 21 0.28 -4.84

MIF50 [L/s] 2.48 0.45
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Soll Vor %(V/S) SD Z-Score Z-Score Nach %(N/S) SD Z-Score Z-Score %(N/V)
Testdatum 08.11.17 08.11.17
Testzeit 10:39 11:10

TLC [L] 4.14 3.97 96 0.06 -0.67 3.54 86 0.13 -2.42 89
VC [L] 3.17 2.58 81 0.08 -2.94 2.11 66 0.04 -5.29 82
FRCpleth [L] 2.03 2.39 118 0.08 1.86 2.16 106 0.04 0.67 90
RV [L] 0.95 1.39 147 0.06 2.01 1.43 152 0.09 2.19 103
RV%TLC [%] 24.32 35.05 144 1.58 2.74 40.45 166 1.08 4.13 115
R tot [kPa/(L/s)] 0.26 0.37 141 0.01 1.61 0.41 157 2.22 111
R EX [kPa/(L/s)] 0.26 0.52 197 0.00 3.78 0.54 204 4.05 104
sR tot [kPa*s] 0.53 1.06 199 0.03 3.59 1.04 196 3.47 98

FVC [L] 3.25 2.61 80 0.84 -1.72 2.42 75 0.08 -2.24 93
FEV1 [L] 2.82 2.48 88 0.71 -1.02 2.41 85 0.19 -1.21 97
FEV.5 [L] 1.90 0.60 1.82 0.18 96
FEV 0.75 [L] 2.28 0.69 2.25 0.22 99
FEV 1 % VC IN [%] 84.30 97.84 116 27.89 2.98 94.38 112 7.62 2.22 96
FEV1%F [%] 87.00 94.70 109 24.52 1.37 99.48 114 6.82 2.32 105
PEF [L/s] 5.61 5.34 95 1.80 -0.34 4.42 79 0.41 -1.51 83
MEF75 [L/s] 4.94 4.84 98 1.71 -0.14 4.32 88 0.57 -0.90 89
MEF50 [L/s] 3.30 3.52 107 1.26 0.29 3.29 100 0.73 -0.00 94
MEF 25 [L/s] 1.58 2.03 128 0.71 0.78 2.00 126 0.42 0.73 99
MMEF [L/s] 3.30 3.22 98 1.14 -0.11 3.14 95 0.66 -0.22 98

MIF50 [L/s] 2.54 0.77 3.63 0.86 143

Identifikation: 3602954 Name: Jaggi Vorname: Dario
Geburtsdatum: 07.01.2004 Größe: 154 cm Gewicht: 36.8 kg
Ethnik: Weiß Sollwert-Modul: Stand DE#GLI Bediener: Noser Carmen

Fachbereich Allergologie/Pneumologie         Universitätskinderkliniken Zürich
Lungenfunktion, Leiter PD Dr. A. Möller         Tel: 044 / 266 78 25

0,5 1,0 1,5 2,0 2,5 3,0

Vol [L]

6

4

2

0

2

4

6 F/V ex Vor
Nach

FVC L
FEV1 L
MEF50 L/s

708090100110120

[%] Sollwert

08.11.
2017

4.0 3.0 2.0 1.0 0.0

Volumen [L]  
0.00

0.20

0.40

0.60 Widerstand [kPa/(L/s)]

4.0 3.0 2.0 1.0 0.0

Volumen [L]  
0.00

0.20

0.40

0.60 Widerstand [kPa/(L/s)]
dR [kPa/(L/s)]

0.
13

0.
05

RVERVVTTLC

Vor
Nach

-2

0

2
Fluss [L/s]

Verschiebevolumen [ml]

-2

0

2

Munddruck [kPa]
Vor
Nach

Spirometrie & Bodyplethysmographie

Kommentar

A
R

C
H

IV
K

O
P

IE
 K

G
05

39
68

26

Soll Vor %(V/S) SD Z-Score Z-Score Nach %(N/S) SD Z-Score Z-Score %(N/V)
Testdatum 08.11.17 08.11.17
Testzeit 10:39 11:10

TLC [L] 4.14 3.97 96 0.06 -0.67 3.54 86 0.13 -2.42 89
VC [L] 3.17 2.58 81 0.08 -2.94 2.11 66 0.04 -5.29 82
FRCpleth [L] 2.03 2.39 118 0.08 1.86 2.16 106 0.04 0.67 90
RV [L] 0.95 1.39 147 0.06 2.01 1.43 152 0.09 2.19 103
RV%TLC [%] 24.32 35.05 144 1.58 2.74 40.45 166 1.08 4.13 115
R tot [kPa/(L/s)] 0.26 0.37 141 0.01 1.61 0.41 157 2.22 111
R EX [kPa/(L/s)] 0.26 0.52 197 0.00 3.78 0.54 204 4.05 104
sR tot [kPa*s] 0.53 1.06 199 0.03 3.59 1.04 196 3.47 98

FVC [L] 3.25 2.61 80 0.84 -1.72 2.42 75 0.08 -2.24 93
FEV1 [L] 2.82 2.48 88 0.71 -1.02 2.41 85 0.19 -1.21 97
FEV.5 [L] 1.90 0.60 1.82 0.18 96
FEV 0.75 [L] 2.28 0.69 2.25 0.22 99
FEV 1 % VC IN [%] 84.30 97.84 116 27.89 2.98 94.38 112 7.62 2.22 96
FEV1%F [%] 87.00 94.70 109 24.52 1.37 99.48 114 6.82 2.32 105
PEF [L/s] 5.61 5.34 95 1.80 -0.34 4.42 79 0.41 -1.51 83
MEF75 [L/s] 4.94 4.84 98 1.71 -0.14 4.32 88 0.57 -0.90 89
MEF50 [L/s] 3.30 3.52 107 1.26 0.29 3.29 100 0.73 -0.00 94
MEF 25 [L/s] 1.58 2.03 128 0.71 0.78 2.00 126 0.42 0.73 99
MMEF [L/s] 3.30 3.22 98 1.14 -0.11 3.14 95 0.66 -0.22 98

MIF50 [L/s] 2.54 0.77 3.63 0.86 143

Identifikation: 3602954 Name: Jaggi Vorname: Dario
Geburtsdatum: 07.01.2004 Größe: 154 cm Gewicht: 36.8 kg
Ethnik: Weiß Sollwert-Modul: Stand DE#GLI Bediener: Noser Carmen

Fachbereich Allergologie/Pneumologie         Universitätskinderkliniken Zürich
Lungenfunktion, Leiter PD Dr. A. Möller         Tel: 044 / 266 78 25

0,5 1,0 1,5 2,0 2,5 3,0

Vol [L]

6

4

2

0

2

4

6 F/V ex Vor
Nach

FVC L
FEV1 L
MEF50 L/s

708090100110120

[%] Sollwert

08.11.
2017

4.0 3.0 2.0 1.0 0.0

Volumen [L]  
0.00

0.20

0.40

0.60 Widerstand [kPa/(L/s)]

4.0 3.0 2.0 1.0 0.0

Volumen [L]  
0.00

0.20

0.40

0.60 Widerstand [kPa/(L/s)]
dR [kPa/(L/s)]

0.
13

0.
05

RVERVVTTLC

Vor
Nach

-2

0

2
Fluss [L/s]

Verschiebevolumen [ml]

-2

0

2

Munddruck [kPa]
Vor
Nach

Spirometrie & Bodyplethysmographie

Kommentar

A
R

C
H

IV
K

O
P

IE
 K

G
05

39
68

26

Soll Vor %(V/S) SD Z-Score Z-Score Nach %(N/S) SD Z-Score Z-Score %(N/V)
Testdatum 08.11.17 08.11.17
Testzeit 10:39 11:10

TLC [L] 4.14 3.97 96 0.06 -0.67 3.54 86 0.13 -2.42 89
VC [L] 3.17 2.58 81 0.08 -2.94 2.11 66 0.04 -5.29 82
FRCpleth [L] 2.03 2.39 118 0.08 1.86 2.16 106 0.04 0.67 90
RV [L] 0.95 1.39 147 0.06 2.01 1.43 152 0.09 2.19 103
RV%TLC [%] 24.32 35.05 144 1.58 2.74 40.45 166 1.08 4.13 115
R tot [kPa/(L/s)] 0.26 0.37 141 0.01 1.61 0.41 157 2.22 111
R EX [kPa/(L/s)] 0.26 0.52 197 0.00 3.78 0.54 204 4.05 104
sR tot [kPa*s] 0.53 1.06 199 0.03 3.59 1.04 196 3.47 98

FVC [L] 3.25 2.61 80 0.84 -1.72 2.42 75 0.08 -2.24 93
FEV1 [L] 2.82 2.48 88 0.71 -1.02 2.41 85 0.19 -1.21 97
FEV.5 [L] 1.90 0.60 1.82 0.18 96
FEV 0.75 [L] 2.28 0.69 2.25 0.22 99
FEV 1 % VC IN [%] 84.30 97.84 116 27.89 2.98 94.38 112 7.62 2.22 96
FEV1%F [%] 87.00 94.70 109 24.52 1.37 99.48 114 6.82 2.32 105
PEF [L/s] 5.61 5.34 95 1.80 -0.34 4.42 79 0.41 -1.51 83
MEF75 [L/s] 4.94 4.84 98 1.71 -0.14 4.32 88 0.57 -0.90 89
MEF50 [L/s] 3.30 3.52 107 1.26 0.29 3.29 100 0.73 -0.00 94
MEF 25 [L/s] 1.58 2.03 128 0.71 0.78 2.00 126 0.42 0.73 99
MMEF [L/s] 3.30 3.22 98 1.14 -0.11 3.14 95 0.66 -0.22 98

MIF50 [L/s] 2.54 0.77 3.63 0.86 143

Identifikation: 3602954 Name: Jaggi Vorname: Dario
Geburtsdatum: 07.01.2004 Größe: 154 cm Gewicht: 36.8 kg
Ethnik: Weiß Sollwert-Modul: Stand DE#GLI Bediener: Noser Carmen

Fachbereich Allergologie/Pneumologie         Universitätskinderkliniken Zürich
Lungenfunktion, Leiter PD Dr. A. Möller         Tel: 044 / 266 78 25
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Dario 13 Jährig 

- Anstrengungsassoziierte Atembeschwerden 
DD: Inducable laryngeal obstruction (ILO), nicht genügend kontrolliertes 
Asthma 
 
Exogen-allergisches Asthma bronchiale und saisonale allergische 
Rhinokonjunktivitis 
• Relevante Allergie auf Gräserpollen (rPhI p1/p5) 
• Relevante Allergie auf Katze (klinisch leicht, RAST 0) 
• Sensibilisierung unklarer Relevanz auf Birkenpollen (Bet v1), 
Eschenpollen (Oie ei) 
• Ausschluss einer Haselnussallergie (Cor a9+14 negativ) 
Gastroösophagealer Reflux  
Leichte Thoraxasymmetrie  

Red flags bei Säuglingen 

-  Persistierende Tachypnoe 
-  Prolongierter Sauerstoffbedarf 
-  Neonatale Rhinitis 
-  Mekonium-Ileus 
-  Stridor 
-  Heisere Stimme 
-  ANS ≠ Atemnotzeichen 
-  Kraniofaziale Missbildungen 
-  Apnoen 
-  Herzfehler 
-  Chronischer Husten 
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Red flags bei „Asthma“ 

-  Unklare Diagnose oder fehlendes Ansprechen auf 
Therapie 

-  Atemprobleme seit Geburt bestehend 
-  Massiver begleitender gastroesophagealer Reflux 
-  Schwere begleitende obere Atemwegsprobleme 
-  Positive FA für bekannte schwere Lungenerkrankungen 
-  Gedeihstörung 
-  Unerklärte Symptome wie abnorme Stimme, Heiserkeit, 

Dysphagie, Stridor 
-  Hohe Steroiddosis (≥ 500-800 µg/Tag) 
-  Nicht ansprechen 
-  Nicht senkbar 

-  Ausgeprägte elterliche Angst 
-  Begleitende Polyposis nasi 
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