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[Abstract] Objective To study the characteristics of sleep architecture and sleep - disordered
breathing (SDB) in patients with amyotrophic lateral sclerosis (ALS) using polysomnography (PSG).
Methods A total of 36 patients with ALS were recruited in this study. According to symptoms of medulla
oblongata, the patients were divided into limb involvement group (N = 14) and bulbar palsy group (N =22).
Detailed record of the patients was made including general information and chief complaints of sleep
dysfunction and SDB, which covered sleep initiation and maintenance disorders, arousals, difficulty in
breathing and snoring, nocturnal polyuria, restless legs syndrome (RLS) and muscle soreness. Appel

Amyotrophic Lateral Sclerosis (AALS) Scores were used to assess bulbar function, breathing function,
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myodynamia and limbs function. PSG was performed to monitor EEG, EOG, EMG, ECG, position, snore,
gas flow of mouth and nose, chest breathing, pulse oxygen saturation (Sp0O.) and sleep-related parameters
including total sleep time (TST), sleep efficiency (SE), sleep latency (SL), awakening times, percentage of
different non-rapid eye movement (NREM) and rapial eye movement (REM), and apnea hypopnea index
(AHI). Pearson correlation analysis evaluated the relationship between AHI of REM, periodic limb
movements (PLM) and clinical information, AALS Scores. Results Bulbar palsy group had higher scores
in AALS Scores (P =0.007), bulbar function (P =0.000) and breathing function (P =0.000), and lower score
in upper limb myodynamia (P =0.016) than limb involvement group. Both 2 groups showed disturbed sleep
architecture in the performance of sleep fragmentation. Bulbar palsy group had more awakening times (P =
0.027), lower percentage of REM sleep (P =0.009) and less PLM (P = 0.020) than limb involvement group.
The main respiratory event of 2 groups was hypopnea. Bulbar palsy group had higher AHI (P =0.038) and
AHI of REM and NREM (P = 0.031, 0.049) than limb involvement group. Pearson correlation analysis
showed that AHI of REM was positively correlated with duration (r=0.654, P =0.028), AALS total score (r=
0.458, P =0.034), bulbar function score (r=0.572, P =0.030) and breathing function (r=0.756, P =0.002).
PLM was also positively correlated with duration (r = 0.574, P = 0.030), AALS total score (r = 0.321, P =
0.042), upper limb function (r = 0.656, P = 0.028) and lower limb function (r = 0.754, P = 0.015).

Conclusions Patients with ALS have many types of sleep disorders including insomnia, SDB and periodic

limb movements disorder (PLMD). PSG can monitor respiratory event thus providing clinical evidence for

the non-invasive ventilation intervention.

[Key words] Amyotrophic lateral sclerosis; Sleep disorders; Polysomnography
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Table 1. Comparison of general data between bulbar
palsy group and limb involvement group

Limb involvement Bulbar palsy Statistic

ftem (N=14) (N=22)  value © Volue
Sex [case (%)] — 0.485
Male 10 (10/14) 12 (12/22) —
Female 4( 4/14) 10 (10/22) —
Age (x £, year) 61.97+7.54 5277+10.32 0.543  0.302
BMI 22.65 22.60 1.058  0.147
[M (Pas, Pss), kg/m’] (20.68,23.40) (21.15,25.25)
Duration 12.00 12.00 0.195  0.847
[M (Pss, Pss), months] (10.50, 13.75)  ( 8.00, 18.00)
Sleep initiation disorder 6( 6/14) 10 (10/22) - 0.577
[case (%))
Sleep maintenance 4( 4/14) 7(7122) - 0.570
disorder [case (%)]
Difficulty in breathing/ 4(4/14) 13 (13/22) - 0.141
snoring [case (%)]
Nocturnal polyuria 6 ( 6/14) 11(11/22) - 0.470
[case (%)]
RLS [case (%)] 5(5/14) 5( 5/22) — 0.318
Muscle soencss 4404 6(622)  — 06l

[case (%)]
—, Fisher’s exact probability, Fisher #fi V] # % 3% . Two -

independent-sample ¢ test for comparison of age, and Wilcoxon rank

sum test for comparison of BMI and durationo BMI, body mass
index, 555 RLS, restless legs syndrome , A 7 iR £ 4 1iF

R2 EREARBIA S PR32 RA B H AALS I 0 19 HL 4K
(x+s,7F4)

Table 2. Comparison of AALS Scores between bulbar
palsy group and limb involvement group (x s, score)

Limb involvement Bulbar palsy

ltem N= 14 (Noga)  tvalue Pvalue
Total score 6057506  73.00£1559 2875  0.007
Bulbar function 593027  1571% 423 8543 0.000
Breathing function ~ 6.43:1.60 1186+ 352 6.196  0.000

Upper limb 10.00 +1.36 7.64+ 324 2574 0.016

myodynamia
3.07+0.48 248+ 1.03 2.002 0.053

20.14£2.07 17.05+ 635 1.754  0.088
329+1.27 473+ 3.12 1.636  0.111

Grip strength
Upper limb function

Lower limb
myodynamia

7.93+2.16 10.59+ 6.57 1.459  0.154

Lower limb function
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Table 3. Comparison of sleep dysfunction and SDB between
bulbar palsy group and limb involvement group

Limb involvement Bulbar palsy Statistic P value

[tem (N=14) (N=22) value

Sleep architecture

Sleep fragmentation 8 (8/14) 17 (17/22) —  0.182
[case (%)]

TST (x +5, min) 374.88+95.02 342.60+78.86 1.759 0.119
Sleep efficiency (@ +s, %)  68.97+15.73  63.49+14.41 1.186 0.121
Sleep latency 16.00 13.51 1.344 0.096
[M (P25, P7), min] (10.75,28.75)  ( 9.75,23.00)

Arousals 23.00 35.00 2,011 0.027
[M (P, Pys), times/d] (16.25,34.25)  (21.50, 45.50)

NREM]1 8.90 7.40 0.957 0.229
[M (Pss, Py). %] (15.70,10.85) ( 5.70,12.15)

NREM2 53.90 62.30 0.422 0.338
[M (Pss, Pys), %) (50.70, 58.50)  (58.05, 66.90)

NREM3 +4 16.40 16.70 0.213 0.418
[M (P, Py), %] (19.65,20.95) ( 6.30,18.10)

REM (x s, %) 1978+ 5.69 1433+ 6.07 2.388 0.009
PLM 25.60 16.04 2,162 0.020
[M (P, Pys), times/h] (21.40,54.10)  ( 7.68, 48.55)

Sleep-related breathing event

AHI } 0.90 9.90 1.268 0.038
[M (P2s, P7s), times/h] (0.15, 3.75) ( 4.85,15.90)

AHI of REM 1.55 12.10 0.916 0.031
[M (P, Prs), times/h] ( 050, 4.50) (10.00, 38.50)

AHI of NREM 1.10 5.23 1.391 0.049
[M (P2s, P7s), times/h] ( 0.40, 2.20) ( 2.70,31.05)

Average Sp0> (x £, %) 95.17+ 1.70  9433% 292 0.562 0.272
Lowest Sp0 (v £, %) 88.58+ 6.11  83.86+ 9.14 1.176 0.090
Average duration of 16.50 27.75 0.268 0.337
hypopnea [M (P, P7s), min] (13.20,31.20)  (24.93, 34.75)

Longest duration of 27.15 61.00 1.053  0.301

hypopnea [M (P2, Pr), min] (13,58, 66.00)  (52.75, 88.40)
—, Fisher’s exact probability, Fisher i U1 # %75 . Two-independent-

sample ¢ test for comparison of TST, sleep efficiency, average SpO.

and lowest Sp0,, and Wilcoxon rank sum test for comparison of
others. TST, total sleep time, & B A% B [A] ; NREM, non - rapid eye
movement , JE P IR 3l i AR B ; REM, rapid eye movement, R 3# I} 3
A Al 399 5 PLM, periodic limb movements, Jil ] 1 & 2l ; AHI, apnea
hypopnea index, HE & M W% 7 45 1% 3@ < 48 %L ; SpO., pulse oxygen
saturation , Ik I 40160 01 32
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