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Study Aims

Amyotrophic lateral sclerosis is the commonest motor neuron disease with incidence of 0.8 per
100,000 person—years in Chinese. Respiratory muscle function has been proposed to be a strong
predictor of quality of life (QoL) and survival in ALS. Some studies suggest that most patients
with ALS developed hypoventilation when their vital capacity (FVC) is less than 50% of predicted
value. However, the incidence of hypoventilation and factors associated with hypoventilation in
ALS patients is not clear. Also, there is still no consensus as to which physiologic marker should
be used as a trigger for the initiation of non-invasive ventilation (NIV) in ALS patients. The
conflicts of studies come from variable subgroup of ALS, pulmonary function at enrollment,
techniques used to diagnose ALS, time to apply NIV, and target endpoint. Therefore, this project
aimed to study ALS patients in two medical centers, National Taiwan University and Taipei
Velerans General Hospital, who had relatively preserved respiratory muscle function and no
respiratory failure at clinical to achieve three goals: (1) To determine the incidence of
hypoventilation in ALS patients (2) To identify the clinical characteristics and risk factors
associated with hypoventilation in ALS patients (3) To determine the effect of early intervention
with NIV on the prognosis of ALS patients
Method
Study design: A cross-sectional followed by a single blind, randomized, placebo-controlled,
parallel-group interventional study
Participants: ALS patients whose FVC 40%-80% of predict, Pimax <60cmH20, and daytime
PaCO,<50mmHg
Protocol: Eligible patients with whole-night polysomnography (PSG) and transcutaneous CO,
(PtcCOy). Thirty enrolled patients were randomized to standard treatment or NIV. The primary
endpoint of prognosis was the changes of PtcCO, and PaCO2. The secondary endpoint was
survival, unexpected admission or clinic visiting, daytime function and QoL (SF36).
Statistic: The baseline demographics of patients with or without hypoventilation were compared to
determine the factors associated with hypoventilation in ALS patients. The impact of NIV in ALS
patients was determined by comparing the primary and secondary goals between standard
treatment and NIV group. A two-sided p value of < 0.05 was considered statistically significant.
Result

From Nov, 2009 to Ocr, 2012, a total of 92 ALS patients were screened in two medical
centers. Sixty-one patients were eligible for the study. Among them, 37 received the
polysomnography. The demographic included mean age 60.0£11.5 (y/0), mean BMI of 20.9+3.3
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(kg/m?), mean FVC of 1.7+0.6 (L/min) (57.2+15.0%predict) , and mean Pimax of 30.3+13.5
cmH,0. After PSG study and PtcCO, monitoring, 14 of 37 (37.8%) had nocturnal hypoventilation.
Compared to patients without hypoventilation, patients with nocturnal hypoventilation were older

(66.5+ 10.4 vs. 56.0+ 10.3, p=0.005) , and had lower FVC (1.4£0.6 vs 1.9+0.6, p=0.022) and
FEV1(1.2+0.5 vs 1.6+0.6, p=0.023 ), more marked desaturation and higher level of transcutaneous
CO2. Two patients entered randomization, with one in NIV group and the other in control group.
The one in NIV group dropped out because of poor tolerance of NIV.

Conclusion

The data of our study had reached the Aim one and two. First, the prevalence rate of

nocturnal hypoventilation was 50% in patients with relatively preserved respiratory muscle
function. Second, the clinical characteristics associated with nocturnal hypoventilation included
older age and poorer lung reserve. However, the Aim 3, the effect of early intervention with
NIV on the prognosis of ALS patients, needs more patients and longer follow-up period to
determine. The future plan are to (1) Recruit more patients through collaboration with other
medical center and promotion of awareness in community (2) Follow-up patients who have
normal pulmonary function to determine how long it takes to develop nocturnal hypoventilation
(3) Follow-up patients who are randomized to conservative treatment or NIV for three years

(his3 0 3ha 7 E) £ T % T




L Bl e
e SR A BRI R A E(ALS) R EEA gm0 £ - B R T FE LA o
Y WAHFES F 510 F4 2080 H 5wz AR BT E R  dok BT
Rlgd def K™ > Ed $REBZFHBUF pLUEL - THFF L= F o sFBitsy
= ALS A2 & T@%#ﬁ%ﬂ v G QJEL:}F] 1g A (FVO)< SO%Eﬁﬁ* AR F M
T oo rEERAUE B PFL RIL G —,—ALS Fa B2 B s 38FpM - 1 5ALS Iﬁa.ﬁ. &
B KTt R deo SERIE A T L AT B F R AR R
(FVC>50%) » H i B¥ o v -9 crf7 3 g»o%%%H%@augmN)AuS@&m%#
FOAT SRS 22— Ra o NIV A~ 2 el 4 DI RER I
o B A FRRpO8ELLY 1 299£97 300 > AA KPP LK FEIBTALSH R - 4
PR AR £ 114 (229%) 0 T oA 56224101 (yo) o T 25 4 R 4y #(BMI)
% 19.9+3.2 kg/m2 » L 35FVC ;% 1.8£0.7 L (61.8£9.3 %predict) - - 33Pimax 3 30.7+£10.9
cmHZO o B¢ 10 R R R A PER S IE 4 124 & {2 (polysomnography) ¢ F Rk B F 1<
F54 0 B4 FE00% vV ERTRE L F REHEF MT (n=5) Eadky KT i A (n=5)en
#:fﬁ:’ ET] ﬂf* B 3 nE #2(69.2 vs. 56 8 ylo, p=0.047) - ﬁw"ﬁﬁ (Epworth sleepiness score,
13.0 vs. 5. 6 p=0.035) - Pimaxi# £ (21.4 vs 36.0 cmH,0, p= 0 025) o EfsF 24 i~ BEHS
& e (randomization) > 14 S efex B (NIV group) > 14 5 @ iuissk e (control group) -
SR o s A Bl R e e Ea kR o
d 4 = %Fffiérﬁ BERVACLES APHFESD Rk L B ef X R BALS A R M
T (nocturnal hypoventllatlon) e {7 5 (prevalence ) % i£50% (5/10) o ¥ #F » e e 3vrt i 4p
45 DALST; A 4r & B G R B 5 T (nocturnal hypoventilation) 5 & chir i @ 7 & &
s SR B E hp F'*vé’ E@-%i)ii % g & ehPimaxe X @ R >t 5 #p @ * noninvasive ventilation( NIV )
ek 0 03 %r% LHmANVREB B2 BRF el FREHS kv ¥ o
Flt AR g AR sover Gy dp H R4F (FVC 40%-80%7 iR &, Pimax <60 cmH,0) * T;?f%
b et ex % B (daytime PaCO2<50mmHg) G 4o 4 w% Py Sk fl’m o
BF R K3 - BAEH ~ #2401 (randomized controlled) sz » St 0T PR
LA p R (D)FHRALSHE R Y - 3§ M7 g 2 5 (4 2ALSHE R Y > Rl KT
# AT Q)b WA KT HALS H AT U RENIV 35 ¢ CO2 #PeCO2 ik
B i o
2. & P AR 2t F ani F?DEUI‘{ NIV $HALS FEfe 112 2 F 5 F s it

By

A. R‘;é“-%f

MY AR s i A 4 R3F (FVC 40-80%, Pimax <60 cmH20 ) ¥ §i/k o & rE e
= (daytime PaCO2<50mmHg ) SR F- BAEE ~ F4](randomized controlled) i
B oo ARBRIRITRITZE o




AR 3 RN ER L

L fehFass 5 7eE gl ¥ Wl 2 A 1 (ALS)

2. * 4 g (FVC) 1 40%3 80%g#|E » & v ¥k + » § & (Pimax)<60 cmH20 » *®
PRSP - F b s B (PaCO2) <50 mmHg

L R L L AR

Eisgc e W

B i 15 5

BEded § AR

BAEEE A

BPERIE AT S A NG R A FRFES SRR DER
e B

H @ gl v B ]];5

HA 2w s Iﬁi

O N o gk oD

Eisk o~ R MR Rk E (PSG) £ 8 F A - § ita (PeCOz) il
(”’ﬁ{@pﬁﬁﬁﬁﬂT’ﬂﬁ%%ﬁﬁﬁm$&$ﬁ:§“ﬁkﬁﬁﬁﬁﬁﬂ
10mmHg + )

B. i »ink:
ELE L RS KT ﬁ s EEZLIgH A s B (NIV group) 2 B AL)npk e
(control group) - Z fEFEFFEHC £ o EHUERY > B %‘uiéf)%‘ EE B LY PSR ER
Z @ * NIVenig 2 (2 913k 2 2 FVC<50%7F jp| i@ & # "% o ¥ A +7 & - PaCO2 >50
mmHg) » BB 42 % NIV > ¥ crossover Z NIV e 4% %?ii‘twj' is ok 2 BRIGF R
PRl aro R A BNt R R A B B4 NIV o 23 e Bt 3Lt
fF > ik BB Intention to treat (ITT) & B 4 47

C. 5L
EHAPRE > BF 3B EHTAER
(1) ALS # it 3= & # (ALS Functional Rating Scale) (*gi* - )
(2K % (PR £ ESS~SF3 28K % ~ FIRB £ HADS - ™ & & 4 -~ pEm
B “%’ PEE BLALE % )
() F 4 14
(4) NIVig * g i (v2e B )

BB Y o FAMNT DR PIER Y
()£ = & i=* % 2 (Severe adverse effect )




@+ B4 F1E (RMEEY)
() 2w EF LrLApH LA

=)
A=)
5
Tx
=3

ARFER
Flowchart 7>~ ®]- - p 98 & 11 * 1 p % 101 & 10 * 12 p » ¥ &+ 92 = ALS Vg Boo
ﬁ BEYe R £ 61 4 (59.8%) A ¥ 24 4B FEATY > 37 (S 4 27 g s
10 )RR lzf’“ﬂfrﬁ\ 5 35 4 ¥ 4 {5 (polysomnography) g 37 =T 35& & % 60.0+11.5
%’lb&@®§@&®WH.m%%(@#%i%aWCé1HM(MM)
(57.2+15.0%predict) - 32 Pimax 5 30.3t13.5cmH0  § " B4 f T H 5 14 4 > 4
F i 378% v grfRsk b G KT (n=14) & @ik f T s 4 (n=23) e (£ - )
4 MG KTP ARG R hER S FVC 2 FEVL &4 > p BF# %4 ¢ ¢h PaCO, 2 HCOy
R AR AR T RELEAF 0 7 F & REM & NREM h PtcCO, % #§ o H & figsk ik
r“““ﬁi“ PEFESER ~ RAMEF ¢ & AR o {63 3 A& »4gis A e (randomization) -2 4
& “i s ®w (NIVgroup) -1 % 5 @is5% %2 (control group) o »2ex B el > % /& &t
RetB Ba v % VIR PSR BT LSRR B f Y 0 30385% -

WLl fckindz

Screen patient (n=92)

Exclusion(n=24)
Eligible patient (n=61) DRefuse to participate (24)
@require mechanical ventilation ()
Sactive neurologic event
p| otherthan ALS (0)
@obstru ctive pulmonary disease {0}
®Active infection (0}
®need sedatives or narcotics within ~ {0)
Enroll patient (n=37) 3 days of sleep study
@Enrolledin other trial o)
PSG (n=37)
v v
No hypoventilation{n=23) hypoventilation{n=14)
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All eligible No nocturnal Nocturnal
patients hypoventilation  hypoventilation P value*
(n=37) (n=23) (n=14)
Age, year 60.0+11.5 56.0+ 10.3 66.5+ 10.4 0.005




Male, n (%)
BMI, kg/m?
ESS
Morning headache, n (%)
Nocturia, n (%)
Pulmonary function
FVC, L
FVC% of predict
FEV1, L
FEV1% of predict
Pimax, mmHg
ABG
PH
PaCO, mmHg
PaO,, mmHg
HCO3
Polysomnography
Sleep efficiency, %
AHI
Desaturation index
Lowest SpO2, %
Tsp02<90%, %
Arousal index
Highest PtcCO2
Wake
NREM
REM
Mean PtcCO2
NREM
REM

16 (43.2)
20.9+3.3
6.845.0
4 (10.8)
21 (56.8)

1.7+0.6
57.2+15.0

1.5+£0.6
63.8+19.8
30.3+13.5

7.4+0.0
43.5+8.5
90.6+28.3
27.2+3.9

64.6+18.4
8.7£9.3
7.2+8.7
84.7+8.2
10.5£23.2
13.3+16.8

41.8+6.7
49.4+11.3
49.5+10.5

46.1+9.5
46.3+9.8

10 (43.5)
21.2 3.2
5.8+4.3
4 (17.4)
12 (52.2)

1.9+0.6
59.6+13.9

1.6+£0.6
65.7+18.5
34.8+16.7

7.43+0.0
40.2+3.7
92.4+23.6
25.8+2.1

66.0+17.0
7.6+£9.8
5.4+7.6

87.6+7.4
1.8+3.1

17.1+20.0

39.4+5.6
43.0+6.8
44.0+6.8

40.2+5.7
41.4+5.7

6 (42.9)
20.5+ 3.6
8.445.7
0
9 (64.3)

1.4+0.6
53.3+16.6

1.2+0.5
60.7+22.2
25.6+9.0

7.40+0.0
48.7+11.2
87.7£35.4

29.3+5.2

62.2+20.9
11.1+9.6
10.3+9.7
79.9+7.5

24.8+33.5
7.1+6.4

45.4+6.9
58.9+10.0
58.0+9.7

52.6+9.3
54.3+10.0

0.970
0.539
0.128
0.098
0.471

0.022
0.221
0.023
0.467
0.080

0.035
0.005
0.661
0.013

0.549
0.305
0.092
0.005
0.002
0.081

0.008
<0.001
<0.001

<0.001
<0.001

Abbreviation: BMI: body mass index; ESS: Epworth sleepiness score; FSS: fatigue severity scale;

TST: total sleep time, AHI: apnea-hypopnea index, TSpO2<90%: % total sleep time with

Sp02<90%; PtcCO2: transcutaneous CO2.
* Independent t test,” Fischer exact test
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