central apnea events in this case was extremely high, suggestive
of an unusual etiology, which was the reason for our consid-
ering genetic testing for CCHS.

PHOX2B is the disease-defining gene for CCHS. Approxi-
mately 90% of individuals with the CCHS phenotype are
heterozygous for a polyalanine repeat expansion mutation
(PARM), and the remaining approximately 10% of individ-
uals with CCHS are heterozygous for a non-PARM (NPARM)
(including missense, nonsense, and frameshift mutation) in
the PHOX2B gene.® In this case, 590delG, a frameshift muta-
tion (NPARM), was found in exon 3 of the PHOX2B gene.
In contrast to the PARMs, the majority of NPARMSs occur de
novo and are associated with very severe phenotypes, including
Hirschsprung disease with extensive gut involvement, need
for continuous ventilatory support, and increased tumor risk.’
Most NPARMs are considered to act in a dominant-nega-
tive and gain-of-function manner and to be associated with
severe phenotypes. However, at present, our patient does not
have any severe complications, except the need for ventila-
tory support during sleep. A few similarly located frameshift
mutations (618delC, 577delG) were detected in families with
milder phenotypes showing variable penetrance.® The 590delG
mutation is expected to produce p.G197Afs*111, which may
have a milder pathogenic effect than other NPARMs. We
could not confirm the penetrance because the father refused to
provide a specimen.

CCHS patients usually present with hypoventilation and
hypoxemia. They lack both the hypercapnic. ventilatory
response and hypoxic ventilatory response.®'® In this case,
while the central sleep apnea was severe, the hypoventila-
tion seemed relatively mild, even during sleep. Although we
did not perform tests for ventilatory responses, we think that
the patient had a relatively preserved ventilatory response to
hypercapnia or hypoxia, because she showed repetitive short
desaturation-resaturation cycles, and not sustained severe
desaturation during sleep. Moreover, the patient responded to
severe desaturation with marked increase in the tidal volume,
which also suggested preserved ventilatory responses. These
observations and the presumably normal ventilatory control in
the awake state, suggested by the normal PaCO,, indicate that
the degree of hypoventilation in this patient was considerably
mild in the spectrum of CCHS. This notion was also supported
by the absence of overt respiratory arrest in the first 5 months of
life in the absence of any ventilatory support. We speculate that
the incompletely preserved ventilatory response was the reason
why this patient presented with central sleep apnea rather than
severe hypoventilation.

Although positive pressure ventilation via tracheostomy is
recommended during the first several years of life when brain
growth and development requiring normoxia occurs,” we
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selected NIPPV for the treatment of central apnea because of
the family’s strong desire to avoid tracheostomy and the above-
mentioned relatively preserved ventilatory responses. However,
there are a few risks associated with this line of management
that should be borne in mind during the follow-up period: the
risk of development of mid-face hypoplasia and the uncertainty
of prevention of central apnea.’ Therefore, careful follow-up of
the respiratory status and also monitoring for possible compli-
cations of NIPPV as well as emergence of neural crest tumor.’
This case had a novel mutation of PHOX2B NPARM, and
suggested that the severe central sleep apnea is a phenotype of
this genotype. This case experience suggests that children with
severe central sleep apnea need not only neurological examina-
tion, but also genetic testing for mutations of the PHOX2B gene.
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Congenital central hypoventilation syndrome: paradigm shifts and fulure prospects
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Abstract

Congenital central hypoventilation syndrome (CCHS) is characterized by a failure of
the automatic control of breathing during sleep, and is caused by the dominant PHOXZE
mutation. PHOX2E encodes a highly conserved homeobox transcription factor with two
short polyalanine tracts. More than 90 % of patients carry polvalanine expansion mulations
(PARM} in the polyalanine tract of 20 residues and less than 10 % of the patients have
missense, nonsense, or frameshift mutations(non~PARM). Approximately 25 % of the
patients with PARM inherited the mulation from asymptomatic parents with somalic
mosaicism or few affected parents. Molecular analysis can provide the definite diagnosis
and clinically useful information. Model mouse experiments and MRI study of the
patients will contribute to understanding the pathogenesis and development of new
treatment strategy.

Key words: congenital central hypoventilation syndrome, PHOX2B, polyalanine, late

onset central hypoventilation syndrome
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Breathing intolerance index in healthy infants

Hisaya Hasegawa, Nobuhide Henmi, Shio Tsuruta, Yoshitaka Miyoshi, Yousuke Yamada, Junichi Muto and Masanori Wasa
Division of Neonatal Intensive Care, Tokyo Women’s Medical University Medical Center East, Tokyo, Japan

Abstract Background: The breathing intolerance index (BITI) is used to justify ventilator use in adult patients with pulmonary
or chest wall disease. BITI in ventilated patients is mostly 20.15. The mean BITI of healthy adults in the upright sitting
position and the supine position is 0.050 + 0.009 and 0.057 + 0.016, respectively. The aim of this study was to establish
a normal BITI in infants.

Methods: Thirty healthy infants were examined in the supine position. BITI was defined as BITI = (Ti/Ttot) X (TV/VC),
where Ti is inspiratory time, Ttot is total breath cycle duration, TV is tidal volume, and VC is vital capacity. TV and

Ti/Ttot were obtained from tidal breathing at rest and VC was obtained spirometrically. BITI was calculated using

customized software. i

Results: The mean + SD BITI of 30 healthy infants in the supine position was 0.120 * 0.013. The BITI of infants was

significantly higher than that of adults.

Conclusions: BITI was measured in healthy infants. Further evaluation is needed to determine the significance and

usefulness of BITL

Key words: breathing intolerance index, infant, pulmonary function.

Bellemare and Grassino identified a relationship between the
tension time index of the diaphragm (TTIdi) and diaphragm
endurance.! They noted that the ability to sustain the
transdiaphragmatic pressure swings that are required for continu-
ous autonomous breathing is limited to <45 min when TTIdi is
>0.15. TTIdi is the product of the mean transdiaphragmatic pres-
sure swing divided by the maximum transdiaphragmatic pressure
(Pdi/PdiMax) and the inspiratory time divided by total breath
time (Ti/Ttot). Koga er al. substituted the tidal volume divided by
the vital capacity (VI/VC) for Pdi/PdiMax in the Bellemare and
Grassino relationship.”> Koga et al. named this new index the
breathing intolerance index (BITI). Koga er al. showed that the
BITI in ventilated patients is mostly =0.15. The aim of this study
was to establish a normal BITI in healthy infants.

Methods

Thirty healthy infants were examined in the supine position.
There were 16 boys and 14 girls. The mean gestational age was
394 £ 1.2 weeks (range, 37.6-40.9 weeks). The mean birth
bodyweight was 3033 341 (range, 2530-4034 g). The mean age
at the time of measurement was 8.4 + 7.1 days (range, 0-25
days). BITI was defined as BITI = (Ti/Ttot) X (TV/VC). BITI was
calculated using a spirometer to analyze flow and volume signals
in order to measure Ti, Ttot, TV, and VC. TV and Ti/Ttot were
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obtained from tidal breathing at rest and VC was obtained while
crying when the sole of the foot was stimulated spirometrically
using a pulmonary function measuring system (ARFEEL;
Aivision, Tokyo, Japan) and face mask (Fig. 1). BITI was calcu-
lated using customized software and was displayed on the PC
monitor. Each subject had two sessions: one for baseline values
and the other for VC. The most consistent six consecutive TV
waveforms at rest were averaged for Ti, Ttot, and TV. VC was
defined as the maximum volume observed (Fig. 2). Non-paired
Student’s t test was used to compare the data. P < 0.05 was used
to denote statistical significance.

This study was approved by the Tokyo Women’s Medical
University Research and Ethics Committees. Written informed
consent was obtained from the parents.

Resulis

All examinations were performed without complications. The
mean BITI of 30 healthy infants in the supine position was 0.120
+ 0.013. There was no significant relationship (r = —0.087)
between age and BITI (Fig. 3).

The mean BITI of 21 healthy adults in the upright sitting
position and in the supine position was 0.050 + 0.009 and 0.057
+ 0.016, respectively.> The BITI of infants was significantly
higher than that of adults (Table 1). The mean Ti/Ttot in healthy
infants was significantly higher than that of healthy adults in the
supine position (0.450 + 0.048 vs 0.416 % 0.055, respectively).
The mean TV/VC in healthy infants was also significantly higher
than that of healthy adults in the supine position (0.271 + 0.049
vs 0.138 £ 0.035, respectively). The difference in TV/VC had a
greater influence on the difference in BITI compared to Ti/Ttot.
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Discussion

For the evaluation of respiration, a wide range of indexes is used,
such as respiratory rate, rapid shallow breathing index, maximum
inspiratory pressure, and partial pressure of carbon dioxide in
arterial blood, but they have been reported to be unreliable for
evaluation in the acute care setting.>* Also, use of VC alone
to determine the need for ventilator use has been reported as
inaccurate.”®

Fig.1 (a) Aivision pulmonary func-
tion measuring system and (b)
pneumotachometer with mask.

The increase in the work of breathing leads to muscle fatigue.
Because the diaphragm mainly contracts during inspiration, it
can become exhausted more rapidly at any given tension if
Ti/Ttot is abnormally increased. The diaphragm can also become
exhausted more rapidly at any given Ti/Ttot if the Pdi/PdiMax is
greater than normal. Bellemare and Grassino identified a rela-
tionship between the tension time index of the diaphragm (TTIdi)
and diaphragm endurance (Tlim): Tlim = 0.1 (TTIdi)?®.! But the

Fig. 2 (a—c) Volume, flows, and (d)

breathing intolerance index (BITI). The
six consecutive breath-by-breath data

are plotted on the graph and averaged to
obtain a BITI of 0.121.
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Fig. 3 Breathing intolerance index (BITI) vs age in healthy infants
in the supine position.

TTIdi takes into account the exhaustion of only the diaphragm, so
the BITI may be more useful because it expresses the endurance
of all of the respiratory muscles. The BITT of infants was signifi-
cantly higher than that of adults. Because this BITI is a physi-
ologic constant, there seems to be no distinction between infants
and adults. Infants are considered to have less reserved power in
respiration compared to adults.

Table1 BITI in the supine position

Adults (n =21)>  Infants (z = 30) P
BITI 0.057+0.016 0.120+0.013 <0.0001
Ti/Ttot 0.416 £0.055 0.450 £0.048 0.025
TV/VC 0.138 £0.035 0.271 £0.049 <0.0001
TV/kg (mL/kg) 84+30 64t1.6 0.001
VC/kg (mlL/kg) 61.0+12.7 234+3.7 <0.0001

BITI, breathing intolerance index; Ti, inspiratory time; Ttot, total
breath cycle duration; TV, tidal volume; VC, vital capacity.
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Bach et al. hypothesized that a new index, the ventilator
requirement index (VRI), which reflects ongoing inspiratory
muscle action rather than effort over only one breath cycle, might
better correlate with symptomatic inspiratory muscle dysfunc-
tion.’ Bach et al. defined VRI as (T¥/Ttot x TV/VC) multiplied by
respiratory rate, or 60 x Ti/(Ttot)*> X TV/VC (an equivalent equa-
tion). In the future, it may be necessary to consider the use of VRI
in infants.

We measured BITI in healthy infants. Further evaluation
is needed to determine the significance and usefulness of
BITIL.
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Quantitative evaluation of the ventilatory response to CO2 in congenital
central hypoventilation syndrome

Yosuke Yamada, Hisaya Hasegawa, Nobuhide Henmi, Shio Tsuruta,
Yoshitaka Miyoshi, Masanori Wasa

Tokyo Women’s Medical University Medical Center East

Summary: Introduction: There are only a few reports on the evaluation of the respiratory center
in congenital central hypoventilation syndrome (CCHS) using the Ventilatory Response to carbon
dioxide (VR CO3) to date. We measured the VR COz in CCHS and compared the results with normal
controls, preterm infants and infants with idiopathic apnea. Method: 6 measurements in 5 cases of
CCHS (4 taken in infancy, 2 in adolescence) were reviewed. The VR CO2 was measured using a
pulmonary function measuring system made by Aivision Japan with Read’s rebreathing technique.
Result: The average VR COztaken in infancy was 2.7 ml/kg/min/mmHg, which was lower compared
to normal infants (40.4 = 14.8), preterm infants (23.9 + 8.9), and infants with idiopathic apnea
(19.2 = 9.8). Even the highest value in CCHS (7.0) was remarkably lower than the lowest value in
normal infants (20.0). Measurements taken in adolescence were also lower compared to normal
adults. A case with measurements taken both in infancy and adolescence did not show improvement
over time. Conclusion: The VR CO2 in CCHS was extremely low, which suggests that the disorder
of the respiratory center in CCHS is severe and that the VR COz is useful in making a respiratory
physiologic diagnosis of CCHS.

Key Words : 58 RUEFHCPE R ARIRSE G, RBR 7 AMSUG E 3%, Ventilatory Response to COz (VR
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