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Monitoring Time  Average Maximum  Minimum

Sp0, 1 hr 5 min 92.1% 99.0% 84.0%
TcPco, 1 hr 5 min 67.0 mmHg 72.0 mmHg 41.0 mmHg
Sp0, (%)
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b Trend graph of Sp0, and TcPco, without diaphragm pacing

Monitoring Time  Average Maximum Minimum

Sp0, 8 hr 51 min 97.8% 100.0% 91.0%
TcPco, 3 hr 57 min 46.6 mmHg 59.0 mmHg 34.0 mmHg
Sp0, (%)
100 e PP
90
11:08 20:00
TcPco, (mmHg)
E
60 |
40 |
11:08 15:05
c Trend graph of SpO, and TcPco, with diaphragm pacing
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hypertension.

In severe cases of congenital central hypoventilation syndrome
(CCHS), hypoventilation is observed not only during sleep but
also during wakefulness. Patients with hypoventilation during
wakefulness need mechanical ventilation to prevent possible
progression to pulmonary hypertension (PH) or cor pul-
monale." Diaphragm pacing (DP) is one of the respiratory
cares used with CCHS. The DP is more portable than the
home ventilator, so it is easy to ventilate during wakefulness.
It includes pacing implanted into the diaphragm (DP-ID) and
pacing implanted into the phrenic nerve (DP-IP) (Fig. 1a).>?
In 2019, the NeuRx DP system (Synapse Biomedical Inc.,
Oberlin, OH, USA) DP-ID was approved to be covered by
medical insurance in Japan. Here, we report the first case of
implanting this system for CCHS in Japan. To the best of our
knowledge, there are only a few reports of DP-ID being
implanted for CCHS with PHOX2B gene mutation in and out-
side of Japan.

The patient, a 33-year-old woman, presented with hypoven-
tilation soon after birth and was diagnosed with CCHS with a
PHOX2B gene mutation of 27 polyalanine repeat expansion
mutation. Although she had hypoventilation during wakeful-
ness, she was ventilated via tracheostomy only during sleep
because it was difficult to carry and use the home ventilator
outside home. She decided to receive implanting DP-ID,
because the cor pulmonale due to progressive PH (tricuspid
regurgitation pressure gradient: TRPG 106 mmHg) was
observed when she had a cold at the age of 32. After control-
ling PH by using mechanical ventilation during wakefulness,
laparoscopic DP implant surgery was performed at Juntendo
University Hospital. It was under general, epidural, and spinal
anesthesia, without using muscle relaxant. The diaphragm was
exposed and four electrodes were implanted into the dia-
phragm where the strongest contraction to electrical
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stimulation occurred. The postoperative course was uneventful,
and the patient was transferred to Tokyo Women’s Medical
University Medical Center East (TWMU-MCE) on postopera-
tive-day (POD) 3 for conditioning DP; adjusting the setting
and pacing time. Before beginning DP, the average transcuta-
neous O, saturation (SpO,) and transcutaneous partial pressure
of CO, (TcPcoy) during wakefulness were 92.1% and
67.0 mmHg, respectively (Fig. 1b). We strengthened the set-
ting and extended the pacing time gradually, day by day. She
could be ventilated with DP for over 12 consecutive hours
without severe complaints by the time of discharge, on POD
19. Her hypoventilation during wakefulness improved with
DP, the average SpO, and TcPco, during DP was 97.8% and
46.8 mmHg, respectively (Fig. lc). The tidal volume with DP
was 381 mL, 7.4 mL/kg (the setting: Amplitude 16 mA, pulse
width 130 ps, respiratory rate 16/min, inspiration time 1.1 s,
pulse frequency 10 Hz, pulse ramp 10). Her PH also improved
and the TRPG was 48 mmHg. Now, she is being followed at
TWMU-MCE and Yokohama City University Medical Center
and has maintained good respiratory condition during DP for
6 months after surgery.

Congenital central hypoventilation syndrome patients are
usually ventilated with the home ventilator via tracheostomy
or via nasal masks. It is not easy to use the home ventilator
while going out or during daytime activities in the house,
because these methods need not only the ventilator but also
accessories (e.g. circuits and humidiﬁers).] It has therefore
been difficult to treat hypoventilation during wakefulness for
many CCHS patients like our case, even if they wanted this.
We can now treat hypoventilation during wakefulness appro-
priately by using DP. After conditioning DP, hypoventilation
during wakefulness and PH improved in our case. Diaphragm
pacing can improve the quality of life during wakefulness and
we will also try to wean patients from the ventilator during
night-time by extending the pacing time.

DP-IP had been mainly selected in CCHS, because DP-IP
was developed earlier than DP-ID and local infection occurred
less because the electrodes were not exposed subcutaneously.*
However, it takes several weeks to begin pacing, and several
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