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Breathing intolerance index in healthy infants
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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.

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
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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 et al. substituted the tidal volume divided by
the vital capacity (VT/VC) for Pdi/PdiMax in the Bellemare and
Grassino relationship.? Koga e al. named this new index the
breathing intolerance index (BITI). Koga et al. showed that the
BITI in ventilated patients is mostly 20.15. The aim of this study
was to establish a normal BITT 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
39.4 + 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 BITT 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)
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Fig.3 Breathing intolerance index (BITT) 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 BITI 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.

Table 1 BITI in the supine position

Adults (7 =21)>  Infants (n = 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) 8.4%£30 64+16 0.001
VClkg (mL/kg) 610127 234137 <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 eral. 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 er al. defined VRI as (Ti/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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Decreased granulomatous reaction by polyurethane-coated stent in
the trachea
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Abstract Background: Reducing granulomatous reaction for stent implantation is important for the treatment of
tracheobronchomalacia because formation of granuloma leads to refractory complication causing further respiratory
distress. The purpose of this study was to clarify granulomatous reaction of newly innovated coated stents compared to
non-coated metal stents.

Methods: Materials and animal experiments were performed using the newly invented metallic stent (LASER-cut
stainless steel with a coating of polyurethane). In the materials experiment, the correlation between the holding force and
deformity was tested by a compressor. In the animal examination, coated stents were orally implanted into the trachea
in five rabbits, while non-coated stents were implanted in another five rabbits. After 3 weeks’ observation, the inner
diameter was measured by 3-D computed tomography, and the number of granulation tissues was counted by
bronchofiberscope. Histological investigation followed in both groups.

Results: In the materials experiment, new stents demonstrated a holding force similar to stainless steel stents. In the
animal experiment, no difference was found in the inner diameter of the coated and non-coated stent groups (5.70 £0.17
vs 5.60 & 0.27, P = 0.07). However, the number of granulation tissues was higher in non-coated stents than in coated
stents (1.60 £ 0.55 vs 0.40 £ 0.55, P < 0.01). Histological investigation showed direct attachment of metal to the tracheal
wall around the non-coated stents where epithelial structure was destroyed, while tracheal epithelia were preserved in the
group of coated stents.

Conclusions: The new polyurethane-coated metallic stent maintains enough holding force, and reduces histobiological

reaction to foreign bodies in this experiment.

Key words airway, collapse, granulation tissue, stent implantation, tracheobronchomalacia.

Severe tracheobronchomalacia (TBM) causes severe airway
obstruction due to the structural weakness of trachea or bronchi
in children causing refractory respiratory failure.' In patients with
TBM, the airway is functionally collapsed by positive intra-
thoracic pressure, resulting in respiratory deterioration. Further
respiratory efforts frequently cause airway collapse and a weak-
ening of wall structures in the airway. A significant number of
sudden deaths sometimes occur after violent crying or coughing,
attributable to airway collapse.”?

Stent implantation (SI) in the trachea is a controversial treat-
ment in daily clinics, although metallic stents are relatively easy
to implant. Formation of granuloma is the most common com-
plication with SI, causing other progressive stenoses as a result of
histological reaction between tracheal epithelia and the
implanted stent.* Metal on epithelia results in histological
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inflammation, which in turn causes a granulomatous reaction
with organized collections of macrophages in the interstitial tra-
cheal tissue. This excessive reaction to contact with metal causes
the paradoxical result of respiratory deterioration, given the fact
that SI is inserted into the trachea to reduce airway obstruction.
Thus, tracheal SI is not a favorable choice for treatment of TBM
yet.

Therefore, we devised a metallic tracheal stent coated with a
less irritating material to reduce the granulomatous reaction of
tracheal epithelia. We hypothesized that an implanted metallic
stent, enveloped in polyurethane, would provoke little histologi-
cal reaction to tracheal epithelia and result in less granuloma. In
this study, we tested the material properties of the new tracheal
stent, and then we confirmed the long-term geographical and
histological findings after SI in animals.

Methods

We performed materials and animal experiments using newly
developed coated stents. The main framework of the stent is
made from stainless steel cut by LASER. The coating material is
polyurethane, 100 pm in thickness.
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Material experiments

To investigate the stents’ holding force, a balloon was used to
compress 10-mm- and 20-mm-long coated stents to 6 mm in
diameter. The holding force (Newton Unit) was measured with
deformity from 0% to 50%, in 10% steps using a compressor
(AUTOGRAPH, AG-500D, Shimazu, Kyoto, Japan) (Fig. 1).
Deformity was defined by the following formula:

Deformity (%) = (Stent external diameter without compression
— Stent external diameter) x 100/Stent external
diameter without compression.

The deformity/holding force correlation of the coated stents
was compared with two other commercially available stents,
a PALMAZ stent (Johnson and Johnson, New Brunswick, NIJ,

Deformity (%) =

Do: External diameter without compression

USA, balloon-expandable stent made from stainless steel:
6mm in diameter and 20mm or 10mm in length) and
a LUMINEX stent (BARD, Murray Hill, NJ, USA; self-
expandable, made from Nitinol: 6 mm in diameter and 20 mm
in length).

Animal experiments

Ten wild adult Japanese rabbits were used in this study
(bodyweight: 2.5-3.0kg). All rabbits were sedated, orally
intubated with a silicone tube (3.5 mm in diameter, Portex tube,
Smith Medical, Saint Paul, MN, USA) using a straight laryngo-
scope. Stents (10 mm in length) were mounted centrally on a
non-compliant balloon (3.5 mm in diameter and 20 mm in
length) for implantation. All rabbits breathed spontaneously
during procedures.

Do-D
Do

X 100

Fig.1 New metallic stent and examination of holding force by compressor. (a) Picture of metallic stent. (b) Compressor and formula
deformity. Deformity was defined as shortening as a fraction of external diameter of the stent. Holding force was measured in Newton units.

© 2014 Japan Pediatric Society



We implanted coated stents in five of the ten rabbits (group A)
and non-coated stents in the other five (group B). Pressure during
balloon dilatation for 81 was 10 atmospheres. SI was performed

immediately after intubation into the middle of the trachea of

each rabbit. The airway tube was quickly removed after SI, and
the rabbits were observed for 3 weeks.

After the observation period, all rabbits were humanely put
down, with a lethal pentobarbital injection. The trachea and main
bronchi were then removed and fixed by formalin. Specimens
were then assessed. First, we examined multi-detector row com-
puted tomography (CT) with the thickness of 1 mm to assess 3-D
structure of the frame. Volume-rendered CT images were used to
create a 3-D reconstructed image. Deformation was also checked
for visually. The diameter of the inner-frame cavity at both the
ends and the middle of the stents were measured and compared
between groups A and B. Second, a bronchofiberscope was used
to investigate the internal cavity of the implanted stents. Protru-
sions of granulation tissue in the tracheal cavity were observed
and counted, before comparing the count between groups A and
B. Then, specimens were embedded into epoxy resin, followed
by sectioning for histological investigation with hematoxylin—
eosin stain.

Analysis was performed using spss (spss, Chicago, IL, USA).
Non-paired t-test was used for comparison of each value between
group A and group B, and statistical significance was taken in
cases of P-value less than 0.05.

Resulis

Material examinations

Deformity in all stents increased with holding force. Figure 2
illustrates the correlation between deformity and holding force
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Fig.2 Correlation between holding force and deformity. Data of
holding force is labeled on the left-shoulder in each dot. The newly
invented stent demonstrated similar mechanical properties to
pLAMAZ metallic stents, while LUMINEX silicone stents showed
significantly weaker holding force to other stents. @, New stent;
A, PLAMAZ stent; [], LUMINEX stent.
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in all stents. In 20-mm stents, the new stent and the PLAMAZ
stent showed a similar correlation, reaching 50% deformity at
approximately 8 Newtons. However, the LUMINEX stent was
more significantly deformed at the same pressure, showing
less than one-third the holding force of the other two stents.
In 10-mm sients, the pLamaz stent showed a slightly
higher holding force than the new stent. Both stents demon-
strated about 50% deformity force at 4 Newtons.

Animal examinations

There were no premature rabbit deaths during the observation
period. Multi-detector row CT demonstrated the 3-D structure
of the metal frame of the implanted stents (Fig. 3a). None of
the stents had metal fractures nor deformation of the main
structure resulting in the preservation of the internal space
within the metal structure. There was no significant difference
in the diameter of the inner-frame cavity at the edges or in the
middle of the stents in either group (5.70 # 0.17 mm in the
group A and 5.60 + 027 mm in the group B: P = 0.07)
(Fig. 3b).

The visual appearance of the inner cavity of the trachea by
bronchofiberscope showed a significant diffidence between
eroups A and B. In the trachea of all five group-A (polyurethane-
coated stent) rabbits, the implanted stent displayed a smooth
surface covered with thin epithelium-like membranes, with mild
bulging at the edge of the stents (Fig. 4a). In contrast, tracheal
images for all group-B rabbits (non-coated stent) displayed thick
membranes that had formed with many bulges, especially at

(b)
mm
6.0 5.7+/-0.17

1

5.6+/-0.27

RN

P=0.07

4.0

A B Group

Fig.3 Geometrical evaluation of implanted stents by multi-
detector row computed tomography. (a) 3-D reconstructed image of
implanted stents. No deformation was found and inner cavities were
widely preserved in all stents. (b) Comparison of inner diameter of
coated and non-coated stents (groups A and B, respectively). No
significant difference in diameter was found in either group.

© 2014 Japan Pediatric Society
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the edges of the stents (Fig.4b). The number of granuloma
protrusions was significantly higher in group B than in group A
(0.40 £ 0.55 in group A and 1.60  0.55 in group B: P < 0.01)
(Fig. 4c).

Stained sections demonstrated the histological differences
between groups A and B (Fig. 5). In group A, the tracheal epi-
thelia were less damaged, and the polyurethane structure was
preserved. In group B, destruction of tracheal wall was recog-
nized around the site of direct metal on epithelia contact, with
epithelial structures destroyed.

© 2014 Japan Pediatric Society

Non-Coated stent (group B)

Fig. 4 Bronchofiberscopic images of
coated and non-coated stents. (a) Image
of implanted, coated stents. No obvious
granulation tissues were found; metal-
lic frame seems covered in tracheal
membrane. (b) Image of implanted
non-coated stents. Protrusion (white
arrow) and significant bulging (black
arrow) of granulation tissue recognized.
(c) Number of granulation lesions in
each group. Non-coated stents (group B)
have more granulation lesions than
coated stents (group A).

RabbitNo/7

RabbitNo9

Fig.5 Images of histological sections
of implanted stents. (a) Coated stent,
preserving tracheal structure (white
arrow); (b) non-coated stent damage to
tracheal epithelia and cartilage (black
arrow).

Discussion

We invented a new metallic stent for possible treatment of TBM.
Polyurethane possesses high ductility and malleability, and is
ideal for coating metal because the polymer structure does not
rupture. Polyurethane-covered breast implants have been widely
used for a long time, with no higher risk than other materials.>
Long-term, polyurethane vascular grafts demonstrate similar
bioactivity to polytetrafluoroethylene grafts.” Polyurethane dress-
ings were more efficient than silicone sheets on hypertrophic



scars.® Thus, polyurethane demonstrates low bioactivity, suggest-
ing that a polyurethane-coated metallic stent is a reasonable
choice to reduce biohistological reaction in the trachea of
children.

In the materials examination, the new stent demonstrated a
similar value for holding force to the pLAMAZ stent, which is a
common balloon-expandable stainless steel stent. The PLAMAZ is
a vascular stent designed to maintain vascular cavity during
vessel stenosis, and has been applied to tracheal SI against tra-
cheal stenosis or TBM.” There is only one report of physical
malfunction, a case of frame deformation. Further stenoses
caused by granuloma occurred as a result of mechanical stress,
and histological reactions between epithelia and the metal.'®!"
These findings suggest that our new stent, like the PLAMAZ stent,
has enough holding pressure to prevent the collapse of an airway
for treatment of TBM or tracheal stenosis.

In the animal examination, the 3-D structure of the metal
frame was preserved in all stents, which reconstructed images of
the metallic frame proved. In general, the thoracic pressure is
lower than the tracheal pressure in the inspiratory phase and
higher in the expiratory phase. A continuous low pressure differ-
ence between the intra- and extra-airway cavities in the thorax
may result in a fracture in the frame of the tracheal SI due to
metal fatigue.'? Although our results show neither fracture nor
deformation of the metallic frame, there was a weak trend of
difference between coated and non-coated stents suggesting
unknown risk of metal fatigue with the new stent in tracheal SI.
Further investigation of durability of implanted metals is needed.

Materials other than stainless steel are available for treatment
of TBM. Silicone stents do not stimulate tracheal epithelia much
because of low bioactivity and low foreign body reaction.’
However, silicone stents have significantly lower holding force
than metallic stents, and possess no mesh structure, reducing
epithelial function in the airway." In contrast, our polyurethane-
coated stainless-steel stent includes both advantages of low
bioactivity to the surface of the epithelium and enough holding
force to maintain the cavity of the airway. No biodegradable stent
is available yet, but resorbable biopolymers show superior bio-
compatibility to metallic stents.'>"7 Thus, more ideal materials
for tracheal stenting are expected.

There are several limitations in this study. No animal model of
TBM is still available while the rabbit is a good size to breed for
a few weeks. The observation period may not have been long
enough for long-term evaluation of metal endurance and chronic
reaction to foreign bodies between stents and trachea in the
animal examination. Also, long-term degradation of coating
materials needs to be investigated. A future possibility could be
drug-eluting stents, or biodegradable stents, which may induce
less bioactivity in the trachea. Further assessment of new inno-~
vations may be required for applying treatment for TBM in daily
clinics.

In conclusion, we invented a new polyurethane-coated metal-
lic stent to reduce the histobiological reaction in the trachea to
foreign bodies for treatment against TBM. The stent retains
enough holding force in its metallic frame, and displays lower
bioactivity to bare metallic stents. These merits will reduce com-

Coated stent for tracheobronchomalacia 5

plications caused by SI for treatment of airway stenoses or col-
lapse and coated stents will represent a possible first choice for
treatment of TBM in children.
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Congenital cenfral hypoventilation syndrome (CCHS) is a
rare disease characterized by abnormal autonomic control of
breathing resulting in hypoventilation. We report an infant girl
with CCHS who presented with central sleep apnea, which was
first demonstrated by polysomnography when the infant was
5 months old. She was heterozygous for the novel 590delG
mutation of PHOX2B, which is classified as a non-polyalanine
repeat mutation (NPARM). This mutation is considered to be

associated with a relatively mild phenotype.
Keywords: Central sleep apnea, congenital
hypoventilation syndrome (CCHS), PHOX2B
Citation: Amimoto Y; Okada K; Nakano H; Sasaki A,
Hayasaka K; Odajima H. A case of congenital central
hypoventilation syndrome with a novel mutation of the
PHOX2B gene presenting as central sleep apnea. J Clin
Sleep Med 2014;10(3):327-329.

central

ongenital central hypoventilation syndrome (CCHS),
which was first described by Mellins et al. in 1970, is
a rare congenital disease characterized by hypoventilation.!
Amiel et al., Sasaki el al., and Weese-Mayer et al. identified
the paired-like homeobox 2B (PHOX2B) gene mutation in
CCHS patients.** Subsequently, Weese-Mayer and colleagues
identified mutations in exon 3 of the PHOX2B gene in all
patients with the CCHS phenotype.’ Currently, identification
of a PHOX2B mutation is required to confirm the diagnosis of
CCHS. CCHS patients characteristically demonstrate alveolar
hypoventilation with diminutive tidal volumes and monotonous
respiratory rates during sleep, and in severe cases, also during
wakefulness.’ Affected individuals have diffuse autonomic
nervous system dysregulation (ANSD), with anatomical mani-
festations such as the risk of tumor development. Mcconville
et al. identified two PHOX2B mutations (600delC, a frameshift
mutation and G197D, a missense mutation) as a rare cause of
non-syndromic neuroblastoma, which indicates that the under-
lying PHOX2B mutational mechanism influences the risk of
tumor and suggests that the position of missense mutations may
influence the resulting phenotype.®
We report an infant with CCHS who presented with central
sleep apnea, which was first demonstrated by polysomnography
(PSG) when the infant was 5 months old. She was heterozygous
for the novel 590delG mutation of PHOX2B.

The patient was a 5-month-old girl delivered by Cesarean
section performed for obstructed labor at 40 weeks of gestation
without any other complication during pregnancy and delivery.
The Apgar scores were 8 at 1 min and 9 at 5 min. She was born
to healthy parents without consanguinity: a 33-year-old father

and a 23-year-old mother. No relatives of either parent suffered
from sleep disorders. Three of the infant’s grandparents had
undergone surgery under anesthesia without any problems of
respiratory management. Neither the parents nor the siblings
showed any signs of Hirschsprung disease, tumors of neural
crest origin, or other symptoms suggestive of ANSD.

The patient was admitted to NICU because of frequent
episodes of respiratory arrest for a few seconds at the onset of
sleep on the day of birth. There were no rales or heart murmurs.
The muscle tone was good. Venous blood gas analysis revealed
a PvCO, of 32.7 mm Hg in room air. There were no abnormali-
ties on x-ray examination of the chest/abdomen, examination
of the cerebrospinal fluid, or ultrasound examination of the
brain and heart. The patient was discharged from the NICU
one month after birth under home oxygen therapy; supple-
mental oxygen by nasal cannula (2 L/m) during sleep with
SpO, monitoring was prescribed at discharge. She was brought
to the hospital in which she was born at 5 months of age with
a history of frequent episodes of apnea and hypoxemia (lowest
SpO, = 70%) observed during sleep, and was hospitalized at the
Fukuoka National Hospital for investigation of the etiology of
her condition.

Initial vital signs at admission revealed an SpO, of 96%
(room air), pulse rate of 134 beats/min, respiratory rate of 34/
min, and body temperature of 36.0°C. Physical examination was
unremarkable; the color and tone were good. Arterial blood gas
analysis was normal (Sa0, 96.2%, Pa0O, 85.2 mm Hg, PaCO,
44.0 mm Hg, HCO; 25.4 mmol/L, and pH 7.379) while awake
in room air. The complete blood cell count and blood chemistry
profile were within normal limits. There were no abnormalities
on chest x-ray, ultrasound examination of heart, abdomen or
brain, electrocardiogram, laryngoscopy, electroencephalogram,
brain MRI, or examination of vanillylmandelic acid (VMA)/
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Figure 1—Representative traces of the respiratory pattern during sleep.
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SpO, was measured with a toe probe. Therefore, there is a lag time between change in RIP signal and change in SpO, (= 10s). (A) NREM sleep. Frequent
central apnea episodes are seen. Marked increase in tidal volume associated with profound desaturation was observed (a-c). (B) NREM slow wave sleep.
Regular breathing pattern is seen. The SpO, is slightly reduced. (C) REM sleep. Irregular breathing and sporadic central apnea episodes are seen.

homovanillic acid (HVA) excretion in the urine. These results
suggested the absence of any primary pulmonary, cardiac, or
neuromuscular disease, or brainstem disorder.

Diagnostic PSG was performed without supplemental
oxygen administration. The PSG revealed almost normal sleep
architecture except for relatively frequent awakenings during
night. The respiratory signals showed frequent central apnea
episodes, with an apnea-hypopnea index (AHI) of 161/h. The
mean apnea duration of the central apnea episodes was 5 s
(range 3-24 s). The apnea events caused recurrent SpO, drops
without associated arousal response. The lowest SpO, recorded
was 45%. The frequency of central apnea episodes was greater
during NREM sleep than during REM sleep (178/h vs. 96/h).
During NREM sleep, the frequency of central apnea episodes
and desaturation were the severest at sleep onset (Figure 14),
becoming milder as time went by. There were also stable NREM
slow wave sleep periods with a regular respiratory rhythm and
a slightly reduced oxygen saturation level (SpO, 91% to 93%)
(Figure 1B), suggesting the existence of only mild hypoventi-
lation. The mean SpO, during PSG was 93.2%.

Genetic study was performed using peripheral blood cells.
On amplification and sequencing of the PHOX2B gene, hetero-
zygosity for a novel 590delG mutation of PHOX2B was
detected; on this basis, the infant was diagnosed as having
CCHS. Although we recommended a genetic study of the

Journal of Clinical Sleep Medicine, Vol. 10, No. 3, 2014

patient’s family, only the patient’s mother gave consent for such
a study, which yielded a normal result.

We introduced noninvasive positive pressure ventilation
(NIPPV) for the treatment of central sleep apnea. The initial
settings for the NIPPV were: inspiratory positive airway pres-
sure (IPAP) 8 cm H,O, expiratory positive airway pressure
(EPAP) 4 cm H, 0, respiratory rate (RR) 20 breaths/min, inspi-
ration time 0.6 seconds. PSG under NIPPV revealed a marked
decrease in the frequency of the central apnea episodes; the
AHI was 10.5 and the mean SpO, during the PSG was 98.0%.
The mean apnea duration was 7 s (range 4-12 s). The lowest
SpO, recorded was 85%. However, three-fourths of the apnea-
hypopnea episodes were classified as obstructive or mixed type,
indicating inadequate NIPPV settings. Therefore, the pressure
setting was increased.

We report a case of CCHS presenting as severe central sleep
apnea with a novel mutation of the PHOX2B gene. Previous
studies have reported various types of PHOX2B gene mutations
in patients with CCHS. The present case had a novel mutation,
namely, a 590delG mutation, of the PHOX2B gene.

It is reported that central sleep apnea is a relatively common
phenomenon in normal infants.” However, the frequency of



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 PARMSs, the majority of NPARMs 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

Case Report

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 future prospects

Big & EeKET

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 PHOX2B
mutation. PHOX2E encodes a highly conserved homeobox transcription factor with two
short polyalanine tracts. More than 90 % of patients carry polyalanine expansion mutations
(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 mutation from asympfomatic parents with somatic
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, PHOXZB, polyalanine, late

onset central hypoventilation syndrome
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RTN/pFRG: retrotrapezoid nucleus/parafacial respiratory group,
BC: Botzinger complex, pBC: pre-Botzinger complex, VRG: ven-
tral respiratory group, nA: nucleus ambiguous, nVII: nucleus facialis,
nTS: nucleus of the soiltary tract, LC: locus coeruleus.
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