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Abstract

Central alveolar hypoventilation syndrome (CAHS) is a rare and potentially fatal condition.
However, respiratory care for patients with CAHS caused by lateral medullary infarction
(CAHS-LMI) remains an important unsolved problem. We describe 2 patients with CAHS-LMI
and review the case reports for 17 previously described patients. Patient 1 was a 78-year-old
man who was referred to our hospital because of dizziness. After admission, Wallenberg
syndrome developed. Magnetic resonance imaging showed left LMI. He had hypercapnia and
respiratory acidosis the next afternoon and temporarily received mechanical ventilation. A
tracheotomy was performed on the 12th hospital day, and the patient was weaned from the
ventilator on the 18th hospital day. Patient 2 was 72-year-old man who was referred to our
hospital because of dizziness and gait disturbance. Wallenberg syndrome was diagnosed after
admission, and magnetic resonance imaging showed right LMI. His consciousness deteriorated,
and hypercapnia developed on the ninth hospital day. The patient received ventilatory
support, and a tracheotomy was performed on the 12th hospital day. He was weaned from the
ventilator by the 16th hospital day. Consistent with our findings, most previously reported
cases of CAHS-LMI were initially associated with mild symptoms, which subsequently
worsened. Five of the 19 patients (26.3%) died within 1 month after onset, and 7 patients
(36.8%) died within 1 year. Tracheotomy was performed in 12 patients, 2 of whom died 1
month after onset (16.7%); another patient died of chronic renal failure after 2 years.
Tracheotomy seemed to be an effective procedure in patients with CAHS-LMI. We speculate
that tracheotomy assists alveolar ventilation by reducing dead space ventilation. Closure of the
tracheotomy should, therefore, be avoided in patients with CAHS-LMI, even if respiratory
status is good.
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Introduction

The respiratory center is a collection of neurons
with unclear boundaries and consists of various
components, such as the dorsal and ventral
respiratory group in the reticular formation of the
medulla oblongata and the apneustic and
pneumotaxic center in the pons'. In humans,
respiratory control involves 2 functional elements:
the metabolic control system and the behavioral
control system. The metabolic control system is
located in the medulla oblongata and receives inputs
from chemoreceptors in the carotid body and
medulla  oblongata and  from respiratory
proprioceptors. The behavioral control system
governs waking behavior, such as talking, laughing,
and crying, and adjusts the respiratory rhythm and
the amount of ventilation, both voluntarily and
involuntarily. Respiratory control involves both the
metabolic and behavioral control systems in the
waking state, rapid eye movement (REM) sleep, and
light non-REM sleep. During sound non-REM sleep,
only the metabolic control system regulates
respiratory control.

The pathogenesis of Ondine’s curse?, also called
central alveolar hypoventilation syndrome (CAHS), is
attributed to dysfunction of the metabolic control
system, involving the medullary respiratory center
itself or its neural pathways. The ventilatory
response to increased levels of carbon dioxide in
plasma is lost or diminished. Patients fall into
hypoventilation if they not breathe voluntarily via
the behavioral control system. In the waking state,
therefore, the patient can continue to breath by
means of the breathing behavioral regulatory
system and thereby compensate for hypoventilation.
During sound non-REM sleep, however, both the
metabolic and behavioral control systems do not
work, and patients fall into potentially fatal, severe
chronic hypoventilation.

Previous studies™ have documented 17 patients
with CAHS caused by lateral medullary infarction
(CAHS-LMI, Table 1). Although CAHS is often fatal,
respiratory care for CAHS-LMI remains an

important unsolved problem. We describe 2
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surviving patients who presented with CAHS-LMIL
We also review 17 previously documented patients
with CAHS-LMI and discuss strategies for
respiratory control in CAHS-LML

Material and Methods

Patient 1

A 78year old man was referred to our hospital
because of dizziness at 10 p.m. and was admitted.
There were no clinically significant abnormalities on
neurological examination or chest radiography (Fig.
1A). Because the oxygen saturation had decreased
at midnight, we increased the oxygen dose of the
patient. The next morning, dizziness became milder.
However, disturbed consciousness developed at 2
p.m. Arterial blood gas analysis showed hypercapnia
and respiratory acidosis (PO, 106 mm Hg; PCO,, 101
mm Hg; pH, 7.124). Tracheal intubation was
immediately performed, and the patient received
ventilatory support. He then regained consciousness.
We also diagnosed Wallenberg syndrome, associated
with left blepharophimosis, miosis, incoordination,
right superficial sensation disorder of the upper
extremity, and severe dysphagia. Therefore, his
neurological status as well as his respiratory status
had deteriorated. Only mild atelectasis of the right
lower lung field was seen on a chest X-ray film (Fig.
1B). On the third hospital day, magnetic resonance
imaging (MRI) of the head showed a high-intensity
region in the left lateral medulla oblongata on
diffusion-weighted images (DWI, Fig.2A) and T
weighted images (T:WI, Fig. 2B). Figure 3 shows
the distribution of the lesion and the anatomy of the
medulla oblongata. Magnetic resonance angiography
(MRA) demonstrated weak signals for the left
vertebral artery (Fig. 2C and 2D). We diagnosed
CAHS-LMI  due to

endotracheal tube was removed on the fourth

atherothrombosis.  The

hospital day, because the respiratory status had
been good during the daytime. On the sixth hospital
day, however, hypercapnia (PCO, 96 mmHg)
recurred at midnight, and the endotracheal tube was
reinserted. A tracheotomy was performed on the
12th hospital day. On the 18th hospital day,

ventilatory support was discontinued. While the

277



M. Mishina, et al

©anssaad Aemare 9ATISod [9AI[Iq=J Y JIg @Inssaid Aemare 9AnRIsod snonunuod=Jy 40 ‘Suruueds [edruoleue [o[erediseq=SydJg

“Aep feirdsoy 4I9[ (VIIN) SYdd [pwiou Ing 1931 (TIN) 9OUB(INISIP J1es
7 9se) SI X 91} UO I0)R[IJUIA WOIJ pajeredag [BI(9LI9A JUSLI JO [RUSIS MO ©1SUO[GO B[[NPIW [RIL] IYSTYY s&ep 6 ‘ssautzzI(] W'2. 61
“Aep [eyrdsoy 4igT (VIIN) 419318 (IIIN) B3RSUO[qO [npaw
1 9se) SO 9} UO I0IB[IIUIA WOI) pajeredag [BI91I9A 3J9] JO [RUSIS MO [BIPAWOS.IOP pPUB [RId)e[ 17T SAep 7 SsautZzI([ IN'QL QI
SyIuowW 7 IR
QuWINARD JI0)JR[IJUIA WOIJ pajeredag (VYIN) A19)ae (RIN) ‘SSUIZZIP
o172 BUITYSTIYN,] SI X ‘Aep [e31dsoy yIQT 9y} uo AWO0I0dYIRI], [IQ91I9A JYSLI JO UOISN[Id() ©1R3UO[CO B[NPaW [eI9e] JYSTY skep ¢ ‘stsowirydoreydaq 1ysSny CRY Al
SYIUOW 7 I9)Je TOIR[NUIA M (RIN)
IV 19 0S0IP3J  UMOUNU[) sisdes pue eruownaud Jo palq (VIIN) [euIoN ©)1RSUO[qO B[NPAW [BISIL] 1JO] umouyu) ‘BLIYLIRSAD ‘SSaUIZZI(] A6, 91
‘syqjuout 7 1ajje T
YLECRUAY SOX J01R[IUSA WOJJ pajeredag umouyu) ©1e3UO[O B[[NPIW [e13)e] 1Y31y SAep ¢ eideyds£q g€  ¢1
SYIUOW @ J191R
QWINARD I0JR[IIUIA WOIJ pajeIedag (RIN) BLIYLIBSAD ‘SSOUISIROT
1Y 19 TRy SI X "Aep [e31dsoy [Ig 9y} U0 AWO0)09YIRI], umouyu ©1B3UO[CO B[NPaW [eI9e] JYSTY s&ep ¢ ‘doueqInisIp jren) W98 VI
SYIUOW G'g I91JB dPIWR[OZBIIIR
M JOIR[IUIA WOI] pajeredag (Aydeagoigue) Ara)ae (IIN) *Apoq 79[ Jo ssauquinu
o1V 12 9yeIRqRYR ], SIX ‘uoneaidsar fegnae Arerodws J, [RI(DLIDA IJI[ JO UOTIIISSI(] B1RSUO[QO B[NPIW [BIdIL 1] Aep T ‘eIgeydsAp ‘eLIYIIRSA(] W6 €1
(I4IN) B1e3UO[qO B[NPaW Sisaredrwuay 1J9]
‘syuowr ¢'g JI91ye sisdas Jo par(g ‘suod ‘snweey) 1ySLI pue ‘QUOBPEIY ‘BLIYLIRSAD
210 19 AYS1BIS9YOdS  UMOouyu[) 'SNORIYJO sem JyJId umousun) WN[[9(IID [RIR[Ig smoy g1 ‘BISNBU ‘SSAUIZZI(] IN‘SS 21
(Asdoine)
SISOID[ISOLIDLIE 0] aNp AI9LIe (Asdoine)
1732 oeId [, ON "JOSUO J9)Je SInoy 9T paIg [BIQD)IDA 3J3] JO UOISN]ID() ©)1eSUO[qO B[NPAW [BISIL] 1JO] sanoy g1 BISNEBU ‘)1e8 JIXe1y oL 11
‘[rpeIsoadie Yiim JI0JR[IIuaA woj pajeredag
‘dVdD [eseu pue (Aydeagoidue) Ki1ayie (IJIN) B1e8Uo[qO B[NpaW duRQINISIP 1ed
or17 92 TseseM]  UMOUNU[) ‘uoneaidsar [eynIe Arerodws J, [IG91I9A JYSLI JO UOISN[Id() [BIPOWOSIOP pUk [BIdR] 1YSHY sKep /, 'SSQUIZZI(] WN'gL 0T
‘syjuowt g JI3)ye (N orounpad
POsO[d sem AWO01097dRI) JO AJIARD 9Y) pue [eIC9I9D pUR WN[[9]a.I9D IJI[ sisaqediway JYSLI ‘90RJ 1J9[
9OUR)SISSE )M Y[eM 0] I[(ISSOJ (Aydeagoigue) A1a11e pue ‘e1e3Uu0[qo e[mpaw pue suod JO RIS9UIS90dAY ‘BLIYLIRSAD
10 32 SneIy| SI X ‘uoneaidsal fenae Arerodws I, [BI(91I9A 1JI[ JO UOISN[II() ‘901 [€31d1000 ‘Snuwreeyy [e1a)efig SAep g ‘RISRYASAp ‘BIpIRIApRIYg Wer 6
'SIB9A 7 I91JR 9IN[IRY [RUI JTUOIYD JO Pl (RIN)
g1V 72 eIeyaye], SO 'SAep Qf J191J' I0JB[[IUDA WOIJ pajeredag umouyun) BJR3UO[qO B[NPaW [RI91R] JYITY skep ¢ 9OUR(INISIP J1BD) IWNT9 8
'sAep g1 I9)Je (Asdojne) A19)ae (Asdone) aoepedy
J1v 72 Aysae[ssnogog  umouyu() J07R[USA M erUOWMaud Jo paiq [BID)IDA 3] JO UOISN]IO() ©1R3UO[(O B[NPIW [BISIR] 1] Aep 1 ‘BISNBU ‘SSAUIZZI(] NGO L
Jruour e I9)je (Asdojne) saLIdLIR prioIed pue (Asdojne) suod I9MO0] pue
JIV 32 &ysaessnogog  UMOUyU[) J07R[IUSA Y1 eruowmaud Jo paiq [BIQI)IDA [RIDIR[I] JO SISOUNS ©1R3UO[(O B[NPIW [BISIR] 1] sAep § 1es o1xely NEL 9
(IMIN) ByR3UO[qO E[npaw
v 2 0j0WIYSE] SO IUOW B I91J8 JOJR[IIUIA WOIJ pPajeredag UMOUUN) [RIPOWIOS.IOP PUR [RIIB] 1T SAep ¢ "UOTSTA 9[(NOP ‘SSAUIZZI(] WIL ¢
GV 2 £seudysy  UMOUyU[) SNOIRINJD SeM JV D umousun) (L)) umousun) umousu) QwoIpuds Soquaep YOI N6V T
YIUOW B I91J8 PII(] ‘UONIIBIUI [RIPIBRIOAW JO
TISIDA "AT[BNIUSAD uIy)ea.q snosuejuodg (&sdoine) A1a11e (Asdoine) ayoepeIY
y1v 30 uIAd] SO 'SAep ()¢ UBY) dJ0W UONRIASAT [RIDYNIY [BIQD)IDA 53] JO SISOUDIS 906 ©)1R3UO[qO B[NPAW [BISIL] 1JO] smoy ¢ ‘BISNBU ‘SSAUIZZI(] NS ¢
QUWIOIPUAS SIIUI[R A 1JO]
¢V 79 XNEAIIA(] SO “UOISSTUWIPE I91JB SINOY [BIIADS AWOJOIYIRI], umouyun) umouyun) moy () ‘eauds£q d19 2
(Asdoine) A19yae (Asdojne) wn[2qa.Iad pue
1V 79 XNBAIIAI(] S9X ‘Aep [e31dsoy ISTE 9} U0 AJUIppNs pai [RI(DLIDA IJI] JO UOIIIISSI(] B1BSUO[QO B[NPIW [BIdIL] 1J9] amoy () eoudsA(g d9 1
J1ade Awojoayoe.r SyIRWd UOIS9[ Je[NOSE UOIS9[ JIWAYIS 19SUO To1E SM[ILy swoydwAs [eniu opuds o
d YoerL kit d 1S9] Ie] A 1S9 OTUILYOST £107E11dS9Y [eng 98y N

UOT)OIRJUT ATR[NPOW [BISIR] 0] INP SWOIPUAS UONR[UIAOAAY JR[OIATR [RIIUID M sjuaned /T 9yl pue siusned ano jo saqjord [eorur) [ d[qe],

J Nippon Med Sch 2014; 81 (4)

278



Efficacy of Tracheostomy in Ondine’s Curse

Fig. 2 A diffusion-weighted image (A) and a T2weighted image (B) obtained with
magnetic resonance imaging on the third hospital day and magnetic resonance
angiograms of the head (C) and neck (D) obtained on the sixth hospital day.
Magnetic resonance imaging shows a high-intensity region in the left lateral
medulla oblongata. Magnetic resonance angiograms show weak signals for the
left vertebral artery.

patient was breathing room air, the PO. was about
60 mm Hg, and the PCO. was about 40 mm Hg. A
speaking-type tracheotomy tube was inserted on the
39th hospital day. Because dysphagia was severe,

gastrostomy was performed on the 98th hospital

J Nippon Med Sch 2014; 81 (4)

day.

The patient was transferred to a rehabilitation
hospital on the 116th hospital day. Because his
respiratory status was good, the tracheotomy tube

was removed, and the tracheostoma site was
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R L

Fig. 3 An illustration of the medullary lesion in
patient 1. A=medial lemniscus, B=pyramid,
C=inferior olivary nucleus, D=anterior
spinothalamic tract, E=lateral spinothalamic
tract, F=anterior spinocerebellar tract, G=
glossopharyngeal nerve, H=cochlear nerve,
I=ventral cochlear nucleus, J=trigeminal
nucleus, K=spinal tract of trigeminal nerve,
L=inferior cerebellar peduncle, M=dorsal
cochlear nucleus, N=solitary fasciculus and
nucleus, O=lateral vestibular nucleus,
P=inferior vestibular nucleus, Q=medial
vestibular nucleus, R=nucleus ambiguus,
S=medial longitudinal fasciculus, T=ventral
spinothalamic tract.

covered with gauze on the 150th hospital day. His
consciousness and respiratory status deteriorated
again, and he was transferred to our hospital on the
158th  hospital day. Laboratory examinations
revealed hypercapnia (PCO., 73.1 mm Hg) and mild
inflammation (white blood cell count, 9,310 /uL; C-
reactive protein, 1.1 mg/dL). A chest X-ray film
showed only mild pneumonia in the left lower lung
field (Fig. 1D). We performed artificial respiration by
means of a tracheotomy tube, and his condition soon
improved. We decided that the tracheotomy tube
should not be removed because the reduction in
airway dead space due to the tracheotomy had
apparently improved the CAHS. After that, the
patient could again breathe without the ventilator
during the daytime but used a portable ventilator at

night.

280

Patient 2

A 72-year old man had dizziness and nausea on
waking and rested at home. However, his symptoms
worsened, and he could not walk. He was then
transported to our hospital by ambulance at noon.
On admission, the consciousness was clear.
Neurologic examination revealed right hemiparesis,
saccadic eye movements, and dysarthria. After 1
hour, his symptoms worsened, and he presented
with right blepharophimosis, miosis, curtain sign,
deviation of the tongue, absence of the gag reflex,
incoordination, and severe dysphagia. Wallenberg
syndrome was diagnosed. He also had disturbed
superficial sensation of the left side of the face and
upper and lower extremities. A DWI (Fig. 4A)
showed a high-intensity region in the right lateral
medulla oblongata, although A T.WI (Fig. 4B)
showed no abnormalities. A chest X-ray film on
admission showed no abnormalities (Fig. 4C). MRA
demonstrated occlusion of the right vertebral artery,
but basiparallel anatomical scanning” showed both
the right and left vertebral arteries with no stenosis.
Right lateral medullary infarction caused by
atherothrombosis was thus diagnosed. On the ninth
hospital day, his consciousness deteriorated in the
early morning, and the PCO, was 115mm Hg.
Tracheal intubation was immediately performed, and
he regained consciousness. Tracheotomy was
performed on the 12th hospital day. Ventilatory
support was discontinued on the 16th hospital day,
and the patient was transferred to a rehabilitation
hospital on the 41st hospital day. Because
swallowing function was not restored, a
cricopharyngeal myotomy with laryngeal suspension

was performed on the 166th hospital day.

Results

Nineteen patients with CAHS-LMI*'® including
our patients, have been described (Table 1). Two
patients described by Devereaux et al’ were
transported to the hospital because of respiratory
failure. The other patients initially had mild
symptoms, such as dizziness and gait disturbance,
on admission but their condition subsequently

deteriorated. Seven patients presented with CAHS

J Nippon Med Sch 2014; 81 (4)
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Fig. 4 A diffusion-weighted image (DWI, A) and a T2-weighted image (T2WI, B) obtained with magnetic
resonance imaging (MRI) and a chest X-ray film (C) on the first hospital day, an illustration of the
medullary lesion in patient 2 (D), a T2WI (E), and a fluid attenuation inversion recovery image (F)
obtained with MRI, a magnetic resonance angiogram (MRA, G), a basiparallel anatomical scan (BPAS,
H), and a chest X-ray film (I) obtained on the 26th hospital day. The DWI obtained on the first
hospital day shows a slightly high intensity region in the left lateral medulla oblongata, although the
T2WI showed no abnormalities. The later MRIs show an obvious medullary lesion. The MRA shows
the right posterior inferior cerebellar artery but not the right vertebral artery, although the BPAS
demonstrates both the right and left vertebral arteries. The BPAS revealed the outer contour of the
intracranial vertebrobasilar artery, whereas conventional MRA showed the inner contour of the
vessel. Therefore, the right vertebral artery was not hypoplastic.

within 20 hours after onset, and 2 patients presented
with CAHS more than 7 days after onset. One
patient had bilateral medullary lesions, 11 had left
medullary lesions, and 7 had right medullary lesions.
Dissection of the vertebral artery was found in 2
patients. Stenosis or occlusion of the vertebral artery

with atherosclerosis was confirmed in 4 patients at

J Nippon Med Sch 2014; 81 (4)

autopsy. Five (26.3%) of the 19 patients died within 1
month after onset, and 7 (36.8%) died within 1 year.
Tracheotomy was performed in 12 patients. Two
(16.7%) of these patients died 1 month after onset,
and another patient died of chronic renal failure
after 2 years. It is unclear whether a tracheotomy

was performed in 6 patients.
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Discussion

Previous studies have reported that obstructive
sleep apnea syndrome (OSAS) is a risk factor for

19 As mentioned

death in patients with stroke
earlier, CAHS-LMI has a higher mortality rate than
does stroke with OSAS. Five of 19 patients with
CAHS-LMI died within 1 month after onset.
However, only 2 of the 12 patients who underwent
tracheotomy died within 1 month. We speculate that
the patients who died without wundergoing
tracheotomy were in poor general health. We
further speculate that tracheotomy improves
alveolar hypoventilation by reducing dead space
ventilation, as described later.

Alveolar hypoventilation is caused by failure of
the respiratory center, neural and neuromuscular
transmission, muscle, chest wall, lung, and airways®.
Arterial carbon dioxide tension (PaCQs) is defined as:

PaCO. = k Veo/Va, 1)
where factor k (0863) is the constant of
proportionality, Vco, is the volume of carbon dioxide
eliminated per minute, and V. is alveolar ventilation.
Therefore, reduced alveolar ventilation causes
hypercapnia. Alveolar ventilation is defined as:

Va= Ve — Vds 2
where V: is minute ventilation, and Vds is dead
space ventilation®. Expansion of the dead space
leads to decreased alveolar ventilation, such as that
associated with breathing with a snorkel. On the
other hand, a reduction in the dead space assists
alveolar ventilation. Tracheotomy shortens the
airway and reduces dead space ventilation.
Therefore, we believe that the tracheotomy
effectively promotes alveolar hypoventilation. Some
patients with the CAHS-LMI, including our patients,
did not require ventilatory support after
tracheotomy.

We suggest that closure of the tracheotomy
should be avoided in patients with CAHS-LMI, even
if respiratory status is good. Alveolar ventilation in
patient 1 deteriorated after removal of the
tracheotomy tube. In one previous patient, however,
the tracheostoma site could be closed 6 months after

onset’. Continuous positive airway pressure (CPAP)

282

was reported to be efficacious in 3 patients with
CAHS-LMI*™ CPAP is now often used in patients
with OSAS*#  Alveolar hypoventilation might
resolve without a reduction in dead space in some
patients with CAHS-LMI. We speculate that CPAP
may not be indicated for every patient with CAHS-
LMI, because in contrast to tracheotomy, CPAP
does not reduce dead space. As mentioned earlier,
the distribution of neurons in the respiratory center
is unclear, and differences in recovery might be
related to individual differences in the distribution of
neurons participating in respiratory function.

The respiratory center is thought to exist
bilaterally in the brainstem'®. Only 1 of the 19
patients with CAHS-LMI had bilateral lesions of the
medulla oblongata’, and all other patients had
unilateral lesions. Twice as many patients had left-
sided lesions as had right-sided lesions. The left
medulla oblongata might play a dominant role in
respiratory control. While awake, patients with
unilateral lesions can potentially compensate for
alveolar hypoventilation by means of the behavioral
control system. We could not delineate characteristic
differences in the distribution of lesions between
usual medullary infarction and CAHS-LMI because
some case reports did not include images or
describe the pathological features of lesions. The
lesions in some patients did not include the inferior
cerebellar peduncle**™. The region surrounding the
nucleus ambiguus, the solitary tract, and the
trigeminal nucleus may be a common focus™.
However, we do not assume that hypoventilation
develops in all patients with lesions in regions of the
brain involved in respiratory control. The brain
must include a “safety net,” which acts to prevent
the development of alveolar hypoventilation. The
safety net may be related to the “obscure” nature of
the respiratory center. Mild alveolar hypoventilation
might not be diagnosed in some patients. Further
studies are needed to achieve a Dbetter
understanding of these matters.

The development of CAHS is apparently related
to initial symptoms in patients with CAHS-LMI
(Table 1). Two patients were brought to the hospital
because of respiratory failure®. The others had mild

initial symptoms, such as dizziness and gait

J Nippon Med Sch 2014; 81 (4)
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disturbance, but their condition deteriorated later. In
patient 2, CAHS developed on day 9. Perhaps the
patient could not sleep soundly because of the stress
and noise in the intensive care unit for stroke, and
his behavioral control system might have
compensated for alveolar hypoventilation for a
prolonged time. In any case, respiratory status
should be closely monitored, particularly at night, in
patients in poor condition who have LMI. Many
patients had prolonged stenosis or occlusion of the
vertebral artery, although LMI was caused by
dissecting aneurysms in 2 patients. Dissection is the
LMI ;

atherothrombosis of the vertebral artery is the most

second most common cause of

common cause”. Our suggest that

atherothrombotic infarction can cause CAHS-LMI

findings

Conclusion

We have described 2 patients with CAHS-LMI
and reviewed previous case reports of CAHS-LMIL
CAHS-LMI is a rare and potentially fatal condition.
Although many patients with CAHS-LMI had a
progressive course, there were no characteristic
findings of the initial symptoms of the patients. We
did not find also characteristic of the distribution of
medullar lesions in the patients with CAHS-LML
This fact may be related to the obscure distribution
of neurons in the respiratory center. In patients with
status should be

progressive LMI, respiratory

closely monitored at night. Tracheotomy was
efficacious in patients with CAHS-LMI. We speculate
that a reduction in airway dead space after

tracheotomy improves alveolar hypoventilation.

Conflict of Interest: There is no possible conflict of

interest related to this paper.
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