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Airway inflammation resulting from
activation of mast cells and antigen-
specific type 2 T-helper cells (Th2 cells)
results in production of cytokines, in-
cluding interleukins (IL)-4, IL-5, and
IL-13. In turn, release of these fac-
tors causes upregulation of epithelial
inducible nitric oxide synthase (iNOS)
expression and increased NO generation
[1]. Measurements of fractional ex-
haled (Fe)NO and nasal (n)NO provide
a simple, rapid, objective, reliable, and
noninvasive method for monitoring air-
way inflammation. These may provide
information on the primary location and
extent of airway inflammation, to help
guide the management of obstructive
sleep apnea (OSA) syndrome [2, 3].
OSA is clinically significant sleep-disor-
dered breathing (SDB; [4]). SDB is the
most common sleep-related disorder and
is characterized by snoring (to different
extents) when asleep, sleeping with an
open mouth, an element of choking,
heavy respiratory effort and sweating at
night, restless sleep, frequent nocturnal
awakening, daytime sleepiness, restless
motor activity, inattention, poor school
performance, and aggressive behavior.
Prior studies evaluating nNO and FeNO
concentrations in OSA patients have not
been consistent [2-6]. While the above-
mentioned international clinical studies
focused on adults, there has been lim-
ited research on children. The current
study was designed to compare nNO
and FeNO concentrations between SDB
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and healthy children, in order to assess
the clinical significance of NO release in
SDB children.

Materials and methods

Patient recruitment

The children treated in our department
between January 2014 and January 2015
were initially selected for this study.
We excluded patients < 60 months of
age because they were too young to
cooperate during the examination. All
children were recorded during nocturnal
sleep for a minimum of 7 h via video-
polysomnography (Compumedics E-se-
ries, Abbotsford, Victoria, Australia),
which recorded basic polygraphic pa-
rameters allowing clinical polysomnog-
raphy (PSG) evaluation. Sleep stage and
arousal indices were scored manually
in 30-second epochs and respiratory
events were identified, in all cases ac-
cording to the American Academy of
Sleep Medicine (AASM) standard crite-
ria [7]. The sizes of adenoid and tonsils
were assessed via fiberoptic nasal en-
doscopy (Olympus, Shinjuku, Tokyo,
Japan) and physical examination, re-
spectively. Adenoid size was recorded
based on fiberoptic nasal endoscopy
with assessment of percentage choanal
obstruction: 1+: 0 to 25%; 2+: 26 to
50 %; 3+: 51 to 75 %; and 4+; 76 to 100 %
[8]. Tonsil size was the percentage de-
crease in pharyngeal luminal diameter:
1+: 0 to 25%; 2+: 26 to 50 %; 3+: 51
to 75 %; and 4+: 76 to 100 % [8]. Based
on symptoms, physical examination,

fiberoptic nasal endoscopy, and PSG
findings, we selected 30 SDB children
(24 males and 6 females, 61-163 months
of age; @Tab.1). SDB was diagnosed
based on an apnea-hypopnea index
(AHI) = 1 per hour (/h) in the absence
of nasal inflammatory diseases [4].

Asacontrol group, 15 healthy children
matched for age and gender ratio (11 boys
and 4 girls, 62-163 months of age) were
recruited among the children of hospi-
tal staff during the same period. These
healthy children had no clinical symp-
toms of disease. They did not have sleep-
related disorders and they did not snore
at night, sleep with an open mouth, or
exhibit apnea. All controls were also sub-
jected to physical examination, fiberoptic
nasal endoscopy and PSG analysis. Their
PSG findings indicated an AHI < 1/h of
total sleep time (TST) and an obstructive
apnea index (OAI) < 1/h (B Tab. 1).

Exclusion criteria included chronic
lung disease, central hypoventilation
syndrome, immune deficiency disease,
diabetes, tuberculosis, asthma, systemic
metabolic storage diseases, morbid obes-
ity, a history of upper and/or lower air-
way surgery, and respiratory infection
within the 4 weeks preceding the study.
There were no children who smoked
actively and/or passively.

The study was approved by the Med-
ical Ethics Committee of Guang Dong
Women and Children’s Hospital. All
parents or guardians provided informed
consent.
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Tab.1 Demographic characteristics of subjects

SDB children Healthy children P-value
(N =30) (N=15)
Age (months) 76 (72; 90)° 79 (71;105)° 0.499*
BMI 16.2 (14.5;18.1)° 16.1(13.7;17.5)° 0.662°
Gender Boys 24 11 0.899°
Girls 6 4
Adenoid size > 2+ <1+ -
Tonsil size =2+ Not visible —
AHI (/h) 7.5(3.7;12.9)° 048 £0.04° 0.000°
OAl (/h) 2.2(1.3;3.6) 0.18+0.03° 0.000°
Nadir Sa0; (%) 88.0(84;91.3)° 95.1+0.5 0.000°
Total arousal index (ARtotl) 18.1(15.8;27.7)° 6.2(3.8;17.2)° 0.001°
Respiratory arousal index (RAI) 13.0(1.3;18.4)° 0.2(0.1;0.6)° 0.000°
Spontaneous arousal index (SAl) 4.4 (2.7; 12.6)° 5.8(3.6;16.2)° 0.104°
NREM sleep (%) 80.4+1.0° 77.1(76.3;78.7) 0.048°
REM sleep (%) 19.6 £1.0° 226+04° 0.009¢
Percentage of TST SpO; < 90 % 0.2 (0;0.5)° 0 -
FeNO level (ppb) 12.0 (9.8; 14.0)° 12.0(10.0; 16.0)° 0.681°
nNO level (ppb) 111.0 (44.0; 349.0)° 52.0(22.0; 139.0)° 0.027°
SBD sleep-disordered breathing, BMI body mass index, AHI apnea—hypopnea index, OA/ obstructive
apnea index, NREM non-rapid eye movement, REM rapid eye movement, Nadir Sa0, nadir oxygen
saturation, TST SpO- total sleep time peripheral capillary oxygen saturation, FeNO fractional exhaled
nitric oxide, nNO nasal nitric oxide
*Kolmogorov-Smirnov test, median (25th and 75th percentiles)
°Kolmogorov-Smirnov test, mean + standard deviation (SD)
‘Samples student’s t-test
Mann-Whitney test
“Kruskal-Wallis test

Tab.2 Nasal and fractional exhaled concentrations in sleep-disordered breathing and healthy

children

Group Number nNO (ppb) FeNO (ppb)
SDB children 30 111.0 (44.0; 349.0)° 12.0 (9.8; 14.0)°
Healthy children 15 52.0(22.0;139.0)° 12.0(10.0; 16.0)°
Z-value -2.215 -0.411

P-value 0.027° 0.681°

SDB sleep-disordered breathing, nNO nasal nitric oxide, FeNO fractional exhaled nitric oxide, ppb
parts per billion

*Kolmogorov-Smirnov test, median (25th and 75th percentiles)

‘Mann-Whitney test

Nitric oxide measurement

The nNO and FeNO concentrations were
measured noninvasively using a NIOX
MINO system (Aerocrine AB, Solna,
Sweden) and were expressed as parts
per billion (ppb; 1 ppb = 1/10-%). All
measurements were conducted between
2:00 and 9:00 pm in a room maintained
at 20-30 °C with relative humidity
20-60%. The environment was clean
and measurements were obtained away
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from windows (sources of dust and
pollen) and volatile gases. Interruptions
from mobile phones and other strong
electromagnetic signals within 2 m were
avoided. Subjects were instructed not to
drink or eat anything during the 2 h prior
to NO testing, and not to drink liquids
containing caffeine for 24 h before the
test. Subjects were also instructed not
to eat foods rich in nitrogen, such as
sausage, offal, lettuce, and spinach for
24 h before test. The children abstained

from intensive physical activities on the
day of the measurements.

Exhaled nitric oxide

Exhaled NO was measured using the
online standardized single-breath tech-
nique. In the sitting position, children
were asked to grasp the handle and
mouthparts tightly and inhale heavily
after a heavy exhalation. Thereafter,
the children were instructed to slowly
exhale at a constant flow of 50 ml/s for
6 s. The instrument then automatically
determined FeNO concentrations.

Nasal nitric oxide

After resting for approximately 15 min,
children were seated with their mouths
closed. An olivary probe was placed on
the right nostril and children continued
tobreathe normally. Theinstrument con-
tinuously pumped nasal gasinto the sam-
pling tube ata flow rate of 2 ml/s for 2 min.
The instrument then analyzed the nNO
concentrations automatically in the total
sample.

Polysomnography measurement

All children were recorded during noc-
turnal sleep for a minimum of 7 h via
video-PSG that recorded basic poly-
graphic parameters allowing clinical
PSG evaluation. These parameters were
the electrooculogram (EOG), submental
and bilateral tibialis electromyograms
(EMG), the electrocardiogram (EKG),
oronasal air flow (measured using ther-
mistors), thoracic and abdominal pneu-
mograms (recorded using strain gauges),
oxygen saturation (SaO,; pulseoxymet-
ric data), and video recording under
infrared light. Respiratory parameters
were evaluated using standard tech-
niques. Electroencephalogram (EEG)
arousal indices were calculated using the
AASM criteria [7]. Detailed video-PSG
reports were obtained after all record-
ings had been independently evaluated
by sleep experts.

Statistics

Statistical analyses were performed using
SPSS software (IBM SPSS statistics 20.0,
Armonk, NY, USA). Dataset distribu-
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nasal nitric oxide (nNO) and fractional exhaled
nitric oxide (FeNO) concentrations in children
with sleep-disordered breathing (SDB).
Methods. Enrolled in this study were

30 children with SDB and 15 healthy children.
The nNO and FeNO concentrations were
measured noninvasively using a NIOX MINO
system (Aerocrine AB, Solna, Sweden). SPSS
statistics 20.0 software (IBM SPSS statistics
20.0, Armonk, NY, USA) was used to analyze
the data.

Results. The median (25th and 75th
percentiles) nNO concentration of SDB
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Objective. To assess the clinical significance of
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children measured in parts per billion

(ppb) was 111.0 (44.0; 349.0) ppb; FeNO
concentration of SDB children was 12.0

(9.8; 14.0) ppb. The nNO concentration of
healthy children was 52.0 (22.0; 139.0) ppb;
FeNO concentration of healthy children was
12.0 (10.0; 16.0) ppb. Compared to healthy
children, nNO concentration was significantly
higher in children with SDB (Z = -2.215,

P =0.027). Correlation analysis showed that
SDB children’s nNO concentration directly
correlated with apnea—hypopnea index (AHI;
r=0.429, P =0.018), and inversely correlated
with nadir oxygen saturation (SaOy; r =-0.482,

Sleep-disordered breathing children. Measurement of nasal nitric oxide and fractional exhaled nitric

P =0.007). No other polysomnographic
parameters significantly correlated with nNO
concentration.

Conclusion. Our data suggest that nNO
concentration might be useful for diagnosis
and evaluation of disease severity in SDB
children. Furthermore, these results suggest
that nNO concentration has a greater
prognostic value than FeNO concentration.

Keywords
Sleep apnea, obstructive - Polysomnography -
Inflammation - Diagnosis - Prognosis

Zusammenfassung

Ziel. Ziel war die Bestimmung der klinischen
Bedeutung der nasalen Stickstoffmon-
oxid- (,nasal nitric oxide”, nNO) und der
fraktionierten exhalierten Stickstoffmon-
oxidkonzentration (,fractional exhaled nitric
oxide”, FeNO) bei Kindern mit schlafbezogenen
Atemstérungen (SBAS).

Methoden. An der Studie nahmen 30 Kinder
mit SBAS und 15 gesunde Kinder teil. Die
nNO- und die FeNO-Konzentration wurden
nichtinvasiv unter Einsatz des Systems NIOX
MINO® (Fa. Aerocrine AB, Solna, Schweden)
gemessen. Fur die Auswertung der Daten
wurden die Software SPSS Statistics 20.0
(IBM SPSS Statistics 20.0, Armonk/NY, USA)
verwendet.

Ergebnisse. Die nNO-Konzentration der
Kinder mit SBAS lag bei 111,0 (44,0; 349,0)
ppb (,parts per billion”, 10-°) im Median (25.
und 75. Perzentile). Die FeNO-Konzentration
der Kinder mit SBAS betrug 12,0 (9,8; 14,0)
ppb. Dagegen lag die nNO-Konzentration der
gesunden Kinder bei 52,0 (22,0; 139,0) ppb.
Die FeNO-Konzentration der gesunden Kinder
betrug 12,0 (10,0; 16,0) ppb. Im Vergleich zu
gesunden Kindern war die nNO-Konzentration
bei Kindern mit SBAS signifikant hoher
(z=-2,215; p =0,027). Die Korrelationsanalyse
zeigte, dass die nNO-Konzentration der Kinder
mit SBAS direkt mit dem Apnoe-Hypopnoe-
Index (AHI) korreliert war (r =0,429; p =0,018),
eine umgekehrte Korrelation bestand mit
dem Nadir der arteriellen Sauerstoffsattigung

Kinder mit schlafbezogenen Atemstorungen. Messung des nasalen Stickstoffmonoxids und des
fraktionierten exhalierten Stickstoffmonoxids

(Sa0y; r =-0,482; p =0,007). Jedoch war die
nNO-Konzentration nicht signifikant mit
anderen polysomnographischen Parametern
korreliert.

Schlussfolgerung. Den vorliegenden Daten
zufolge ist die NNO-Konzentration maogli-
cherweise niitzlich fiir die Diagnosestellung
und die Beurteilung des Schweregrads

bei Kindern mit SBAS. Dariiber hinaus ist
nach den vorliegenden Ergebnissen die
nNO-Konzentration dabei von hoherer
prognostischer Aussagekraft als die FeNO-
Konzentration.

Schliisselworter
Schlafapnoe, obstruktive - Polysomnographie -
Entziindung - Diagnose - Prognose

tions were assessed by the one-sample
Kolmogorov-Smirnov test. Normally
distributed data are expressed as mean +
standard deviation (SD) and non-nor-
mally distributed data by the median
(25th and 75th percentiles). Contin-
uous variables were compared by the
independent samples students t-test
or the Mann-Whitney test, depending
on distribution. Correlations analyses
were obtained using Spearmans rank
correlation tests. Categorical variables
were compared by the Kruskal-Wallis

test. A p-value < 0.05 was considered
statistically significant.

Results

Nitric oxide concentrations

Children with SDB exhibited a higher
nNO concentration than healthy chil-
dren, while FeNO concentrations did
not differ significantly (@ Tab. 2; @ Figs. 1
and 2). The two groups were well matched
in terms of months of age (Z = -0.676,
P = 0.499), gender ratio (Z = 0.016, P =

0.899), and body mass index (BMI; Z =
-0.437, P = 0.662).

Relationship between nitric
oxide concentration and
polysomnographic parameters

Correlation analysis showed that nNO
concentration directly correlated with
AHI (r = 0.429, P = 0.018) and inversely
correlated with nadir SaO, (r = -0.482,
P =0.007; see @ Figs. 3 and 4). No signif-
icant correlation of nNO concentration
with gender, months of age, height,
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Fig. 1 A Comparison of nasal nitric oxide (nNO) levels in sleep-disorder
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Fig. 4 A Correlation analysis between nasal nitric oxide (nNO) level and

nea-hypopnea index (AHI) in sleep-disordered breathing children

weight, BMI, FeNO level, adenoid and
tonsil size, total arousal index (ARtotl),
respiratory arousal index (RAI), sponta-
neous arousal index (SAI), NREM sleep
(1 stage, 2 stage, 3 stage), REM sleep,
or percentage of TST with SpO, < 90 %
was found (P > 0.05).

FeNO concentrations of SDB children
were similar to healthy children; there-
fore, no correlation analysis of FeNO con-
centrations was performed.

Discussion

NO is a molecule involved in oxidative
stress and airway inflammation; reactive
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NO metabolites may cause tissue dam-
age through oxidation and nitration [9].
The concentration of exhaled NO (eNO)
is correlated with airway inflammation
[10]. Orally exhaled gases contain NO
derived from lower airways, while the
NO in nasal exhalant (nNO) is produced
mainlyin the upper respiratory tract, pre-
dominantly by the sinuses and, to a lesser
extent, the nasal mucosa [10]. Inflam-
mation has been described to involve the
upper airways, including the nose, the
uvula, the soft palate, and the pharyngo-
laryngeal tract [2]. Airway inflammation
in OSA issupposed to be the consequence
of inflammatory cytokine release due to

nadir oxygen saturation (Sa0,) in sleep-disordered breathing children

hypoxia and reperfusion cycles during
episodes of apnea, or to snoring-related
mechanical trauma [2]. Local upper air-
way inflammation promotes oropharyn-
gealinspiratory muscle dysfunctionanda
progressive local neurogenic lesion, thus
amplifying upper airway narrowing and
collapsibility, which can exacerbate SDB
[11]. In the current study, children with
SDB exhibited a higher nNO concen-
tration than healthy children, and while
SDB children’s nNO concentration di-
rectly correlated with AHI, it correlated
inversely with nadir SaO,. Thus, nNO
might be useful for SDB diagnosis and
severity evaluation.



Olopade et al. [12] found that nNO
concentrations in OSA patients were
significantly higher than in healthy sub-
jects. Culla et al. [2] showed that OSA
patients had significantly increased oral
NO (oNO) concentrations (measured
soft mouthpiece) as compared to healthy
subjects. Torretta et al. [3] selected
adenoid hypertrophy in children with
obstructive but without allergic symp-
toms, whose nNO concentrations were
higher than healthy children and had
a wide range. Our results were similar
to those of above studies. We selected
SDB children who had concomitant ton-
sil and/or adenoid hypertrophy. Nasal,
tonsillar, and pharyngeal tissues are po-
tential inflammation sites in patients with
OSA [13]. Mechanical trauma and hy-
poxemia cause local pharyngeal inflam-
mation [12]. Repetitive airway closing
and opening during apneic episodes and
nonspecific mucosal epithelial cell hy-
peractivity of hypertrophic adenoids and
tonsils causes regulation of inflammatory
cytokine expression and increased NO
generation. In addition, intermittent hy-
poxia and reperfusion during repetitive
episodes of nocturnal apnea, as well as
in the process of ischemia/reperfusion
injury, seemed to be responsible for the
insurgence of airway inflammation and
therefore for the generation of reactive
oxygen species [14]. Low oxygen tension
is an important trigger for activation of
polymorphonuclear neutrophils, which
adhere to the endothelium and release
free oxygen radicals [14]. Therefore,
there was local and systemic inflamma-
tion in our SDB children and their nNO
concentrations were increased. Prior
studies, such as those by Culla et al. [2]
and Chua et al. [15], also found that
FeNO concentrations in OSA adult pa-
tients with AHI > 5/h were significantly
higher than in healthy subjects. How-
ever, in our study, the results showed
that FeNO concentrations in SDB chil-
dren were similar to those of healthy
children, i.e., without an increasing ten-
dency, which was not consistent with the
above findings. In our study, SDB chil-
dren’s median nadir SaO, concentrations
were 88.0 % (25th and 75th percentiles
84, 91.3), and their percentage of TST
with SpO; < 90 % was 0.2 (25th and 75th

percentiles 0, 0.5). It was obvious that
intermittent hypoxia and low oxygen
tension in these children was milder;
hence their whole body, particularly the
lower airways, might be not exhibit the
significant inflammation noted in adults.

In addition, Chua et al. [15] and Culla
et al. [2] showed that FeNO positively
correlated with AHI, and negatively cor-
related with nadir SpO,. Atpresent, there
are few studies on factors which influence
nNO. In the current study, the FeNO con-
centration in SDB children was similar to
that of healthy children, so no correlation
analysis was performed for FeNO con-
centration; however, our SDB children’s
nNO concentration was directly related
to AHI and inversely related to nadir
Sa0,, and was not significantly correlated
with any other PSG parameters. These
findings are similar to those of Culla et al.
(correlation between oNO and PSG pa-
rameters; [2]). As we know, AHI and
nadir SpO, were used in the diagnosis
and severity evaluation of SDB [4]. From
what has been discussed above, we may
safely draw a conclusion that FeNO and
nNO concentration has potential value
for diagnosing SDB and evaluating SDB’s
severity, and that nNO concentration is
more prognostic than FeNO concentra-
tion in SDB children.

Berry and Gleeson [16] suggested that
higher CO; concentration, hypoxia, sim-
ple ventilation driving, and mechani-
cal trauma were considered as arousal
pathogenesis. Chua et al. [15] showed
that FeNO was positively correlated with
arousal index (AI). Their subjects were
adults with a longer history and more se-
vere symptom hypoxia, which led to ex-
acerbated airway and systemic hypoxia,
which could change sleep structure and
respiratory rhythm. In our study, SDB
childrens symptoms and hypoxia were
milder than adults’; hence, their sleep
structure may not exhibit the signifi-
cant changes noted in adults. There-
fore, SDB children’s nNO concentration
was not significantly correlated with to-
tal AT (ARtotI), respiratory arousal index
(RAI), spontaneous arousal index (SAI),
NREM sleep (1 stage, 2 stage, 3 stage),
REM sleep, or percentage of TST with
Sp0O2<90 %. Tonsillar and adenoidal size
mightjustreflect the severity of SDB from

one aspect of the disease, but not reflect
the inflammatory conditions, and these
did not significantly correlate with nNO
concentration.

This study had several shortcomings:
SDB children’s FeNO and nNO concen-
trations were not monitored after treat-
ment. Therefore, itwas not possible toan-
alyze the change in FeNO and nNO con-
centrations before and after treatment. It
is difficult to thoroughly reveal the clin-
ical significance of FeNO and nNO con-
centrations for diagnosis SDB and guid-
ing therapeutic decisions.
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Deutsche Stiftung fiir junge
Erwachsene mit Krebs startet
~Junges Krebsportal”

Die Diagnose Krebs bedeutet fiir junge
Menschen auf mehrfache Weise eine exis-
tenzielle Bedrohung — nicht nur gesund-
heitlich, sondern auch finanziell und sozial.
Mit den sozialen Folgen einer schweren
Erkrankung wahrend Ausbildung, Studium
oder zu Beginn des Arbeitslebens sind
junge Frauen und Ménner praktischimmer
liberfordert. Wertvolle sozialmedizinische
Hilfe erhalten die jungen Betroffenen nun
iber das bundesweit einzigartige ,Junge
Krebsportal” der Deutschen Stiftung fiir
junge Erwachsene mit Krebs. Es soll bei den
notwendigen Antragstellungen und den
dazugehdrigen Fristen Rat und Hilfe bei
speziellen sozialen Problemen geben.

Das ,Junge Krebsportal” richtet sich an
Menschen im Alter von 18 bis 39 Jahre,

die an Krebs erkrankt sind, waren und mit
den Folgen der Erkrankung oder mit einem
Rezidiv kampfen. In dieser Altersgruppe
treten etwa 15.000 neue Krebserkrankun-
gen pro Jahrauf.

Die gemeinniitzige Deutsche Stiftung fiir
junge Erwachsene mit Krebs ist im Juli
2014 gegriindet worden und wird aus-
schlieBlich durch Spenden finanziert. Eines
der wesentlichen Stiftungsziele ist es, The-
rapiemdoglichkeiten und die Nachsorge

zu verbessern. Die jungen Patienten kon-
nen sich an ein Expertenteam, das aus
Sozialmedizinern besteht, die ehrenamtlich
fiir die Deutsche Stiftung fiir junge Erwach-
sene mit Krebs tatig sind, wenden. Als Mit-
glieder des Arbeitskreises ,Onkologische
Rehabilitation” der DGHO besitzen sie eine
fundierte Expertise in den fiir die jungen
Patienten relevanten Fragestellungen und
sind mit den aktuellen Entwicklungen u.a.
im Bereich des Sozialrechts vertraut.
Wahrend junge Patienten haufig gut tiber
die medizinischen Aspekte ihrer Krebs-
erkrankung informiert sind, besteht ein
Informationsbedarf im Bereich sozial-
rechtlicher Fragen. Ziel des ,Jungen Krebs-
portals”ist es, die jungen Patienten durch
individuelle Beratung und eine Lichtung
des Institutionendschungels wirkungsvoll
zu unterstiitzen. Das Sozialsystem der Bun-
desrepublik Deutschland bietet eine Fiille
an Hilfestellungen, die nicht genutzt wer-

den, da sie oft weder Therapeuten noch Pa-
tienten bekannt sind.

Durch eine wissenschaftliche Auswer-
tung sollen die besonderen Problemlagen
der jungen Patienten analysiert werden,
um damit bestehende Defizite in der Ver-
sorgung aufzudecken und notwendige
Verbesserungen formulieren zu konnen.
Die Arbeit der Stiftung ist als gemeinniitzig
anerkannt und wird ausschlieBlich durch
Spenden finanziert.

Die Pressemitteilung sowie weite-

re Informationen zur Stiftung

konnen Sie auf der Internetseite
www.junge-erwachsene-mit-krebs.de
abrufen.

Das ,Junge Krebsportal”finden Sie unter
www.junges-krebsportal.de

Quelle: Deutsche Stiftung fiir junge
Erwachsene mit Krebs




	Sleep-disordered breathing children
	Zusammenfassung
	Abstract
	Materials and methods
	Patient recruitment
	Nitric oxide measurement
	Exhaled nitric oxide
	Nasal nitric oxide

	Polysomnography measurement
	Statistics

	Results
	Nitric oxide concentrations
	Relationship between nitric oxide concentration and polysomnographic parameters

	Discussion
	References


