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Alveolar Ventilation-Targeted Versus Spontaneous/Timed Mode for
Home Noninvasive Ventilation in Amyotrophic Lateral Sclerosis

Pattaraporn Panyarath, Veronique Adam, R John Kimoff, and Marta Kaminska

BACKGROUND: Home noninvasive ventilation (NIV) is increasingly used in amyotrophic lateral
sclerosis (ALS) to improve symptoms and survival. Our primary objective was to compare intelli-
gent volume-assured pressure support (iVAPS) versus spontaneous/timed (S/T) modes regarding
time to first change in ventilator parameters and the number of interventions over 6 months in
subjects with ALS in a respiratory therapist (RT)-led program. METHODS: In this study, 30 sub-
jects with ALS meeting criteria for NIV initiation were randomized to iVAPS or S/T. NIV was ini-
tiated using standardized protocols targeting optimal tidal volume and comfort in a daytime
session. Download data were recorded at 1 week and 1 and 6 months. Any changes in ventilator pa-
rameters were recorded. RESULTS: Of the 30 subjects, 56.7% had bulbar onset ALS, 8 died,
and 11 in each group completed the study. Median time to first parameter change was 33.5
(interquartile range [IQR] 7.7-96.0) d versus 41.0 (IQR 12.5-216.5) d for iVAPS versus S/T
groups, respectively, (P =.48). The average number of RT interventions was similar between
groups (1.1 =1.1 vs 0.9 £0.9 at 1 month, P =.72; 2.4 2.1 vs 2.4 + 2.3 at 6 months, P =.95, for
iVAPS vs S/T, respectively). Adherence was significantly lower with iVAPS than S/T at 1 week
but not at 1 or 6 months. Download parameters were similar between groups at 1 week and 6
months except for higher residual apnea-hypopnea index (AHI) and less spontaneously triggered
breaths with iVAPS at 6 months. CONCLUSIONS: The time to first change of parameters and
the number of interventions at 6 months from NIV initiation were similar for the iVAPS and S/T
modes in subjects with ALS. With iVAPS, adherence was lower transiently at NIV initiation, and
the residual AHI was higher at 6 months. Alveolar ventilation-targeted NIV may require a longer
adaptation period and result in greater upper-airway instability predominantly in patients with bul-
bar ALS. Key words: noninvasive ventilation (NIV); intelligent volume-assured pressure support
(iVAPS); bi-level spontaneous timed ventilation, amyotrophic lateral sclerosis (ALS); respiratory thera-
pist interventions,; apnea-hypopnea index. [Respir Care 0;0(0):1—e. © 0 Daedalus Enterprises]

Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenera-
tive disorder that is incurable and leads to progressive respi-
ratory muscle weakness.! A recent systematic review and
meta-analysis demonstrated that the overall worldwide
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ALS prevalence and incidence were 4.42 (95% CI 3.92—
4.96) per 100,000 population and 1.59 (95% CI 1.39-1.81)
per 100,000 person-y, respectively.” The most common
causes of death in patients with ALS are chronic hyper-
capnic respiratory failure, airway obstruction by secretions
due to ineffective cough, and aspiration pneumonia.**
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Home noninvasive ventilation (NIV) is increasingly used in
patients with ALS for improving respiratory function,
health-related quality of life, and survival.>'® The random-
ized controlled trial (RCT) by Bourke and colleagues
showed that NIV improves survival and quality of life in
subjects with ALS with orthopnea, maximum inspiratory
pressure < 60% of predicted or symptomatic hypercapnia,
but without severe bulbar dysfunction.'” No new RCT has
been published in subjects with ALS addressing survival
and quality of life with NIV.' However, the recent well-
designed retrospective study by Ackrivo and colleagues dem-
onstrated that NIV was associated with a 26% reduction in
mortality, particularly in the limb-onset ALS subtype and with
NIV use = 4 h/d.'"® Subjects with limb-onset ALS were more
likely to tolerate NIV compared to subjects with bulbar-onset
ALS (odds ratio 6.25 [95% CI 1.09-33.33]).5* Recently, a
prospective study reported that NIV conferred a significant
survival advantage even in those with severe bulbar impair-
ment with median survival of 13 months compared with 3
months in those not using NIV (P < .001). However, bulbar
impairment was a cause of NIV failure in 49% of cases and a
major prognostic factor.?!

Recently, the Canadian Thoracic Society published guide-
lines for long-term NIV in patients with ALS.** They sug-
gested earlier initiation of NIV in ALS compared with
previous guidelines based on studies suggesting that earlier
initiation of NIV in patients with ALS results in improved
rate of decline in respiratory function, survival, and quality
of life.'%*?* Data remain limited regarding optimal ventila-
tion modes and parameters, and no recommendation could
be made regarding volume-assured pressure support (VAPS)
modes of NIV. The intelligent VAPS (iVAPS) is an adaptive
ventilation mode that uses an algorithm to adjust pressure
support to target a specified alveolar ventilation.” It has a
learning mode that uses the baseline awake ventilation to
determine the settings for ventilation.

Several RCTs showed similar efficacy of iVAPS com-
pared to standard pressure support ventilation (PSV) on
improving gas exchange, pulmonary function, sleep distur-
bances, and adherence in individuals with obstructive or
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Current knowledge

Home noninvasive ventilation (NIV) is increasingly
used in amyotrophic lateral sclerosis (ALS) and
improves symptoms and survival. The intelligent vol-
ume-assured pressure support (iVAPS) is an adaptive
NIV mode that targets alveolar ventilation and might be
for ALS in the context of progressively deteriorating re-
spiratory function over time. Previous studies demon-
strated that the iVAPS might impact comfort and
adherence to treatment in patients with neuromuscular
disease with hypoventilation.

Contributes to our knowledge

In this pilot trial, iVAPS did not require fewer interven-
tions or parameter adjustments than the spontaneous/
timed mode over 6 months from NIV initiation in a
group of subjects with ALS, including a large propor-
tion of individuals with bulbar-onset ALS. Adherence
to iVAPS was transiently lower, suggesting that alveo-
lar ventilation-targeted NIV may require a longer adap-
tation period in patients with ALS. Adherence and
subject symptoms were similar with both NIV modes.

restrictive lung disease with chronic hypoventilation.**>

Interestingly, one RCT showed that the adherence to
iVAPS over 1 month was better than standard PSV in a
mixed population (5.4 vs 4.2 h/night for iVAPS vs PSV;
P <.01). iVAPS delivered a lower median pressure support
compared with standard PSV.*? The principle of iVAPS is
theoretically well suited for ALS due to its adaptive
response that obviates the need for overnight NIV titration
and its ability to react to progressively deteriorating sponta-
neous respiratory function over time. Progression of venti-
latory failure may result in recurrent periods of inadequate
ventilation if parameter adjustments cannot be made, with
reduced quality of life and more stress related to respiratory
or sleep-related symptoms.** Hence, a device that can be
titrated in a daytime trial and would self-adjust automatically
over time as respiratory muscle weakness progresses could
be beneficial for patient-related outcomes and could be more
cost effective. On the other hand, patients with ALS may
have difficulty tolerating NIV and may require an adaptation
period with progressive increase in NIV support.’> A recent
retrospective study comparing iVAPS to standard PSV in
subjects with ALS showed that iVAPS provided more reli-
able target tidal volume (V) than PSV and was associated
with decreased rapid shallow breathing index (f/V) as an in-
dicator of work of breathing.*® However, whether iVAPS
results in fewer respiratory therapist interventions related to
NIV than standard pressure modes has not been studied.
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Therefore, the primary aim of this study was to compare
iVAPS and spontaneous/timed (S/T) modes in subjects with
ALS with respect to time to first change in ventilator param-
eters and the number of interventions over 6 months, follow-
ing daytime NIV initiation in the context of a respiratory
therapist (RT)-led home ventilation program.

Methods

We performed a pilot RCT with recruitment from
February 2014-September 2018 of patients referred for
home NIV to the National Program for Home Ventilatory
Assistance (NPHVA or Program National d’Assistance
Ventilatoire a Domicile, PNAVD) of the McGill University
Health Centre (MUHC). Consecutive patients with ALS
meeting criteria for NIV initiation were approached. Criteria
for NIV were the presence of hypoventilation symptoms and
at least one criterion such as daytime hypercapnia (P,co, >
45 mm Hg), orthopnea, nocturnal hypoventilation (Pco, dur-
ing sleep increase > 10 mm Hg compared with awake Pco,
or nocturnal oxygen desaturation < 88% for a period of at
least 5 consecutive min), FVC < 50% of predicted, sniff
nasal inspiratory pressure (SNIP) < —40 cm H,O, or
Pimax < —40 cm H,O. Patients were excluded if they had
other major neurological disorders or active cancer, were
referred from hospital and were already on a mechanical
ventilator, or could not provide informed consent. This study
has been registered on ClinicalTrials.gov (NCT01746381).
The MUHC Research Ethics Board approved the study pro-
tocol. All subjects gave written informed consent.

Subjects with ALS were randomized 1:1 to iVAPS or
S/T mode, both with a ResMed Stellar 150 ventilator
(ResMed, San Diego, California). Randomization was per-
formed using numbered sealed opaque envelopes based on
a random sequence generator. NIV was initiated by an
experienced RT using standardized protocols targeting opti-
mal V1 and comfort in a daytime session in an out-patient
day hospital setting lasting approximately 3 h. Subjects
were encouraged to sleep while titration was ongoing if pos-
sible. For subjects randomized to S/T mode, expiratory posi-
tive airway pressure (EPAP) was set at 5 cm H,O, pressure
support was adjusted to achieve optimal Vy (8 mL/ideal
body weight) if tolerated, and the backup frequency was set
just below the subject’s spontaneous breathing frequency,
aiming to maximize the subject’s comfort. For those
randomized to iVAPS, the learning mode was used to deter-
mine the target alveolar ventilation as per the manufacturers
protocol.”® The RT selected the 5-min window where the
subject’s ventilation and breathing frequency looked stable
to set up target alveolar ventilation and backup frequency
(as per the “intelligent backup rate” algorithm). Parameters
were then tested and adjusted if needed by increasing the
minimum level of pressure support to target V of 8§ mL/
ideal body weight and for the subject’s comfort. The RT
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also adjusted inspiratory time, rise time, fall time, trigger
sensitivity, and cycle sensitivity for each subject’s comfort
in both iVAPS and S/T groups. If a subject fell asleep during
the trial and obstructive events were noted, EPAP was raised
manually for both S/T and iVAPS modes. For all subjects,
the RT recorded vital signs, oxygen saturation (Sy0,), and
capillary blood gases before the trial of ventilation. All sub-
jects underwent spirometry®’ and a SNIP test,*®* including
SNIP,e, and SNIP 54" at baseline.

The RT visited all subjects at home at 1 week and at 1 and
6 months after NIV initiation. Download parameters such as
adherance data (hours of daily usage), air leak, ventilator
pressures used, minute ventilation, and respiratory events
were recorded. Adjustments to ventilator settings were made
if deemed necessary to optimize ventilation, minimize the
apnea-hypopnea index (AHI), and maximize comfort and
subject symptoms for both iVAPS and S/T groups.
Adjustments could be initiated by the RT with pulmonologist
approval or by the supervising pulmonologist based on down-
loaded data. Any changes were recorded. In addition, daytime
Sp0, and end-tidal CO, (EtCO,) were measured at baseline, 1
month, and 6 months. Overnight oximetry also was assessed
at 1 month and 6 months using the Rad-8, Masimo SET
(Masimo, Irvine, California). Health-related quality of life
was assessed at baseline and 3 months using the Severe
Respiratory Insufficiency (SRI) questionnaires (scores range
from 0-100, with higher scores indicating a better quality of
life).*' Participants’ sleep-related symptoms and ventilator sat-
isfaction were assessed at baseline and 6 months using our
own questionnaire (see related supplementary materials at
http://www.rc.rcjournal.com).

Statistical Analysis

The sample size for this pilot study was calculated based
on the expected number of ventilator changes over 6
months. We assumed a difference of 2 interventions
between the study arms and an SD of 1.5. We would then
need 10 subjects per group to detect this difference with
alpha 0.05 and power 80%. To account for withdrawal
from the study or premature death, the total planned sam-
ple size was 30 subjects. Descriptive statistics were pro-
vided for each group. Continuous variables were reported
as mean and SD. Binary and categorical variables were
summarized using frequency counts and percentages.
Comparisons of continuous variables were performed
using the ¢ test and of categorical variables with the chi
square test. Pearson correlation was used to determine
variables associated with adherence to NIV. Time to first
ventilator change was analyzed using survival analysis
and Kaplan-Meyer plots with a log-rank test. A P value
of < .05 was considered statistically significant. All anal-
yses were carried out using SPSS software, version 27
(IBM, Armonk, NY).*?

3

Copyright (C) 2022 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE


http://www.rc.rcjournal.com

RESPIRATORY CARE Paper in Press. Published on May 31, 2022 as DOI: 10.4187/respcare.09580

ALVEOLAR VENTILATION-TARGETED MODE FOR HOME NIV IN ALS

Assessed for eligibility

|

555
Excluded
. 525
" | Did not meet inclusion criteria: 289
Declined to participate: 236
Y
Subjects enrolled
30

;

Allocated to iVAPS mode

;

Allocated to S/T mode

15 15
Crossover to S/T
| mode at initiation -
Y : Y
Received iVAPS mode Received S/T mode
14 16
p»-| Lost to follow-up (died) p-| LOst to follow-up (died)
3 5
\i \i

Analyzed at 6 months
11

Analyzed at 6 months
11

Fig. 1. Flow chart. iVAPS = intelligent volume-assured pressure support; S/T = spontaneous/timed.

Results

Five hundred fifty-five patients with ALS were referred to
the NPHVA between February 2014—September 2018. Of
these, 289 patients were ineligible on the basis of not meet-
ing criteria for NIV initiation, and 236 patients declined to
participate in the study. Thirty subjects were randomized to
iVAPS or S/T mode. One subject crossed over from iVAPS
to S/T due to intolerance at NIV initiation. At 6 months, a
total of 3 and 5 subjects died in the iVAPS and S/T groups,
respectively. There remained 11 subjects in each group who
completed follow-up at 6 months (Fig. 1). Participants’
mean age was 62.8 £ 9.5y, and 53.3% were male (Table 1).
Most subjects were non-obese. Over half (56.7%) of the sub-
jects had bulbar onset ALS. A minority (13.3%) of subjects
had feeding tubes. Most subjects had daytime normocapnia
(Paco, = 42.5 * 3.8 mm Hg) and normal oxygen saturation
(Spo, = 95.9 £ 2.4%) at NIV initiation. On average, the sub-
jects had moderately severe restrictive lung disease based on
FVC (55.4 = 17.8% of predicted at enrollment). At baseline,
no significant differences in demographics, health-related
quality of life (SRI), gas exchange, and pulmonary function
were observed between iVAPS and S/T groups except for
higher proportions of wheelchair users and pregabalin users
in the S/T group and higher daytime P,co, in the iVAPS
group (Table 1).

Table 2 shows the ventilator settings in iVAPS and S/T
groups at 1 week, 1 month, and 6 months. At 1 week, the
backup frequency was significantly higher in the iVAPS
group at 15.4 versus 11.4 breaths/min for iVAPS versus
S/T groups, respectively, (P =.004). Adherence to NIV
was significantly lower with iVAPS than S/T at 1 week
(Table 3). At 1 week, 13.2% of participants in the iVAPS
group was using NIV = 4 h/night compared with 45.4%
using S/T (P =.033). The average duration of NIV use at 1
week was 2.2 and 4.6 h/night for iVAPS versus S/T groups,
respectively, (P =.034). However, there were no signifi-
cant differences in NIV adherence between groups at 1 and
6 months. (Table 3). Download parameters were similar
between groups at 1 week, 1 month, and 6 months
(Table 3) except for significantly higher residual AHI and
hypopnea index with iVAPS at all time points and less
spontaneously triggered breaths with iVAPS at 6 months,
possibly related to differences in trigger sensitivity. To
assess if the AHI is related to variability in ventilation, we
calculated Pearson correlation coefficients between the re-
sidual AHI and the difference between 95th percentile and
median inspiratory positive airway pressure (A IPAP) for
the iVAPS group. Then we found no significant relation-
ship between the residual AHI and the A IPAP for the
iVAPS group at any time point: r=0.494, P=.09 at
1 week; r=0.176, P=.57 at 1 month; and r=0.089,
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Table 1.  Baseline Demographics, Blood Gas, and Pulmonary Function Parameters for Subjects With Amyotrophic Lateral Sclerosis Using Intelligent
Volume-Assured Pressure Support Versus Spontaneous/Timed Modes

Total iVAPS(n = 14) S/T(n = 16) P
Male 16 (53.3) 8 (57.1) 8 (50.0) .70
Age,y 62.8£9.5 64.4+£9.0 61.4+10.0 39
Body mass index, kg/m2 24.6 =3.1 248 =3.7 245+2.7 78
Time from symptom onset to ALS diagnosis, mo 14.8 £13.5 16.4 = 16.3 13.3 £ 10.6 .56
Time from ALS diagnosis to NIV start, mo 125+ 142 13.8 =17.8 11.2*+10.0 .64
Onset ALS 43
Spinal 13 (43.3) 5(21.4) 8 (50.0)
Bulbar 17 (56.7) 9 (64.3) 8 (50.0)
Feeding tube 4 (13.30) 3(21.40) 1(6.25) 22
Mobility .040
Completely ambulatory 11 (36.7) 7 (50.0) 4 (25.0)
Occasional wheelchair use 10 (33.3) 6(42.9) 4 (25.0)
Full-time wheelchair-user 9 (30.0) 1(7.1) 8 (50.0)
Smoking status
Never smoker 12 (40.0) 7 (50.0) 5(31.3) 30
Pack-years 8.7+13.1 124 *+17.1 59+7.1 23
Alcohol consumption
Occasional or daily 3 (10.0) 1(7.1) 2 (12.5) .61
Comorbidities illness
Hypertension 8 (26.7) 6 (42.9) 2 (12.5) .06
Depression 3 (10.0) 1(7.1) 2 (12.5) .63
Rheumatoid arthritis 1(3.3) 0 1(6.3) 34
Diabetes mellitus 3 (10.0) 1(7.1) 2 (12.5) .63
Asthma 3(10.0) 1(7.1) 2(12.5) .63
Valvular heart disease 1(3.3) 0 1(6.3) 34
Hypothyroidism 2(6.7) 1(7.1) 1(6.3) 92
On specific ALS medication 22 (73.3) 10 (71.4) 12 (75.0) .82
Other medications
Muscle relaxant 8 (26.7) 3(21.4) 5(31.3) 54
Antidepressant 14 (46.7) 9 (64.3) 5(31.3) .07
Opioid 5(16.7) 2(14.3) 3 (18.8) 74
Pregabalin 8 (26.7) 0 8 (50.0) .002
Benzodiazepine 10 (33.3) 7 (50.0) 3(18.8) .07
Total Severe Respiratory Insufficiency score 50.6 = 14.2 492 *+17.8 51.5*11.6 72
Spo,, % 959*24 96.2£2.8 95.6 2.0 47
Capillary blood gas:
pH 7.45 £0.02 7.45£0.02 7.45%+0.01 .76
P.co,, mm Hg 425+38 444 +4.7 40.8 = 1.3 .01
Baseline pulmonary function
FVC,L 1.8+0.7 1.8+0.6 1.8 0.7 98
FVC, % of predicted 554+17.8 584 +*164 52.7+19.1 .39
FEV,,L 1.5+0.5 14*+04 1.5*+0.6 46
FEV,, % of predicted 543 +17.5 555%15.6 53.2+194 73
FEV,/FVC 81.3+9.8 78.7*10.4 83.6 £9.0 .18
SNIPypen, cm HO 243 +16.0 21.1 164 27.1+x15.6 31
SNIP,pseq, cm H,O 30.8 = 16.1 27.0x7.7 34.1 +20.5 23
Values are presented in means = SD or 1 (%).
iVAPS = intelligent volume-assured pressure support
S/T = spontaneous/timed
ALS = amyotrophic lateral sclerosis
NIV = noninvasive ventilation
SNIPe, = sniff nasal inspiratory pressure with nostril contralateral to the pressure-sensing probe open
SNIP,oseq = sniff nasal inspiratory pressure with nostril contralateral to the pressure-sensing probe closed
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Table 2.  Noninvasive Ventilation Settings and Type of Mask at 1 Week, 1 Month, and 6 Months

NIV Settings at 1 Week iVAPS (n = 14) S/T (n = 16) P
Target alveolar ventilation 53x2.1 NA NA
Inspiratory positive airway pressure, cm H,O NA 104 x25 NA
PSmin, cm H,O 35+1.8 NA NA
PSmax, cm H,O 11.8 £5.0 NA NA
Expiratory positive airway pressure, cm H,O 5.1%£0.6 49+0.8 .61
T; min, ms 1.0x0.2 1.0x£0.2 .58
Ty max, ms 1.8+0.2 1.9 +0.3 21
Backup frequency, breaths/min 154£39 114=*19 .004
Rise time, ms 289.3+94.4 353.1 = 140.8 .16
Fall time 178.6 = 42.6 193.7£77.2 52
Trigger sensitivity .02
Medium 13 (92.9) 9 (56.3)
High 1(7.1) 7 (43.8)
Cycle sensitivity .63
Medium 13 (92.9) 14 (87.5)
High 1(7.1) 2 (12.5)
Mask type .63
Full face mask 10 (71.4) 11 (68.8)
Nasal mask 4 (28.6) 5(1.2)
NIV Settings at 1 Month iVAPS (n = 14) S/T (n = 16) P
Target alveolar ventilation 53x2.1 NA NA
Inspiratory positive airway pressure, cm H,O NA 10.8 £2.3 NA
PSmin, cm H,O 38+1.7 NA NA
PSmax, cm H,O 11.8%£5.1 NA NA
Expiratory positive airway pressure, cm H,O 5.0x0.7 52%09 .50
T; min, ms 1.0x0.2 1.0x£0.2 92
T; max, ms 1.8*+0.2 1.9x0.2 21
Backup frequency, breaths/min 149=*35 126 £2.9 .07
Rise time, ms 283.3 £86.2 353.6 £99.0 .07
Fall time 175 £45.2 185.7+77.0 .68
Trigger sensitivity 12
Medium 12 (85.7) 10 (62.5)
High 2(14.3) 6 (37.5)
Cycle sensitivity 31
Medium 13 (92.9) 13 (81.2)
High 1(7.1) 3(18.8)
Mask type 37
Full face mask 10 (71.4) 14 (87.5)
Nasal mask 4 (28.6) 2 (12.5)
NIV Settings at 6 Month iVAPS (n = 11) S/T (n=11) P
Target alveolar ventilation 49=*12 NA NA
Inspiratory positive airway pressure, cm H,O NA 11514 NA
PSmin, cm H,O 42+13 NA NA
PSmax, cm H,O 114*+46 NA NA
Expiratory positive airway pressure, cmH,O 54x14 6.0x1.1 .26
T} min, ms 1.1 +0.2 1.1+0.2 78
T max, ms 1.8+0.2 20+0.2 11
Backup frequency, breaths/min 13.8 2.1 121 1.7 .07
Rise time, ms 323.1+83.2 403.8 = 170.1 .14
Fall time 184.6 = 55.5 200.0 = 100.0 .63

(Continued)
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Table 2. Continued

NIV Settings at 6 Month iVAPS (n = 11) S/T (n=11) P
Trigger sensitivity .01
Medium 10 (81.8) 3(27.3)
High 19.1) 8 (72.7)
Cycle sensitivity 48
Medium 10 (90.9) 9 (81.8)
High 19.1) 2 (18.2)
Mask type > .99
Full face mask 9 (81.8) 9 (81.8)
Nasal mask 2(18.2) 2 (18.2)

Values are presented in means = SD or n (%).
iVAPS = intelligent volume-assured pressure support
S/T = spontaneous/timed

NIV = noninvasive ventilation

PS = pressure support

T, = inspiratory time

P =81 at 6 months (Figure S1, see related supplementary
materials at http://www.rc.rcjournal.com). However, we
found significant correlations between the residual AHI
and the difference between 95th percentile and median Vr
(A Vi) for the iVAPS group at 1 and 6 months (r=0.480,
P=.08 at 1 week; r=0.683, P=.007 at 1 month; and
r=0.706, P =.01 at 6 months) (Figure S1). In exploratory
analyses, we divided subjects into bulbar and non-bulbar
onset ALS. We observed a significantly higher residual
AHI with iVAPS only at 1 month in subjects with bulbar-
onset ALS (Tables S1 and S2, see related supplementary
materials at http://www.rc.rcjournal.com), though nonsigni-
ficant differences occurred in both groups at other time
points. We used the rapid shallow breathing index (f/Vr) to
evaluate the work of breathing in subjects on NIV. We
found no significant difference in f/V during NIV use
between groups over 6 months (Table 3). In this cohort,
mask leak did not differ significantly between iVAPS and
S/T (Table 3). We also found no significant relationships
between average hours of NIV use and demographics, gas
exchange parameters, download parameters, mask changes,
or lung function parameters except for an inverse relation-
ship with SNIP,,.,, (r=—0.55, P =.02) (Table 4).

As shown in Figure 2, the median time to first ventilator
parameters change was 33.5 (IQR 7.7-96.0) d versus 41.0
(IQR 12.5-216.5) d for iVAPS versus S/T groups, respec-
tively, (P = .48 by log-rank test). The average number of
RT interventions was similar between iVAPS and S/T
groups at 1 month and 6 months (1.1 = 1.1 vs 0.9 =09 at 1
month, P =.72;2.4 £ 2.1 vs 2.4 = 2.3 at 6 months, P = .95,
for iVAPS vs S/T, respectively). The characteristics of
interventions were similar in both groups except for more
increases in trigger sensitivity with S/T (Table 5). No sig-
nificant difference in interventions to optimize mask fit
between iVAPS and S/T groups was observed. At 6
months, 3 and 5 subjects died in the iVAPS and S/T groups,
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respectively, (Chi square, P =.54), all from respiratory
failure.

Most subjects had normal daytime oxygen saturation and
EtCO, at baseline, 1 month, and 6 months. We found that
daytime oxygen saturation and EtCO, in iVAPS were simi-
lar to the S/T group from NIV initiation to 1 month and 6
months follow-up (Table S3, see related supplementary
materials at http://www.rc.rcjournal.com). Six participants
underwent overnight oximetry at 1 month and 6 months in
iVAPS and S/T groups. We found no difference in the
mean or nadir S,o, during sleep, 4% oxygen desaturation
index, and percentage time with oxygen saturation < 90%
from 1 month to 6 months between iVAPS and S/T groups
(Table S3). We also observed no significant difference in
participant’s sleep-related symptoms between iVAPS and
S/T groups from NIV initiation to 6 months follow-up
(Table S4, see related supplementary materials at http://
www.rc.rcjournal.com). According to the SRI question-
naires, there was no significant difference in health-related
quality of life between iVAPS and S/T group in change
from baseline to 3 months except that the respiratory-com-
plaint component deteriorated significantly in the S/T
group but not in the iVAPS group (Table S5, see related
supplementary materials at http://www.rc.rcjournal.com).
In addition, no significant difference in participant-reported
ventilator comfort and satisfaction was observed between
iVAPS and S/T groups at 1 and 6 months (Table S6, see
related supplementary materials at http://www.rc.rcjournal.
com).

Discussion
In this study, we found that time to first ventilator param-
eter change and number and type of RT interventions over

6 months were similar in subjects with ALS using iVAPS
and S/T modes of NIV. This study demonstrated that the
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Table 3. Download Parameters of Noninvasive Ventilation at 1 Week, 1 Month, and 6 Months

Download Parameters at 1 Week iVAPS (n = 14) S/T (n=16) P
Days used = 4 h, % 13.2+30.1 45.4*40.9 .033
Average daily use, h/night 22%20 4.6*34 .034
Median leak, L/min 8.8 +17.5 7.5+8.1 .80
Median inspiratory pressure, cm H,O 11.9 4.6 102*x24 21
95th percentile inspiratory pressure, cm H,O 143*3.7 NA NA
A (95th percentile — median) inspiratory pressure, cm H,O 24+13 NA NA
Expiratory positive airway pressure, cm H,O 5.1*x0.6 49+0.8 .61
Median tidal volume, mL 459.3 = 104.6 492.5 +101.5 .39
95th percentile tidal volume, mL 653.9 = 187.2 7379+ 161.8 20
A (95th percentile — median) tidal volume, mL 194.6 =90.3 2454 +953 15
Median frequency, breaths/min 19359 16225 .09
Rapid shallow breathing index, breaths/min/L 43.7*+16.1 33.9%9.2 .07
Median inspiratory time, s 1.3*x0.3 1.2x0.2 .38
Apnea-hypopnea index, events/h 16.5 £10.5 9.5%8.1 .048
Apnea index, events/h 05+0.8 09+14 37
Hypopnea index, events/h 16.0 £10.1 8.6 6.9 .02
Spontaneously patient-triggered breaths, % 72.8 =30.5 82.7* 153 32
Spontaneously patient-cycled breath, % 40.8 2294 53.3£33.6 32
Download Parameters at 1 Month iVAPS (n = 14) S/T (n = 16) P
Days used =4 h, % 47.0*+44.6 55.8 2421 61
Average daily use, h/night 39+3.1 5.6+43 28
Median leak, L/min 28+29 55+64 18
Median inspiratory pressure, cm H,O 11.6 £2.8 10.8 £2.3 42
95th percentile inspiratory pressure, cm HO 158 £4.8 NA NA
A (95th percentile — median) inspiratory pressure, cm H,O 42+27 NA NA
Expiratory positive airway pressure, cm H,O 5.0%0.7 52%+0.9 498
Median tidal volume, mL 460.4 = 102.1 465.4 = 108.5 .90
95th percentile tidal volume, mL 663.1 = 168.6 651.5 = 140.8 .84
A (95" percentile — median) tidal volume, mL 202.7£79.0 186.1 = 64.1 53
Median frequency, breaths/min 174+ 4.1 16.1 =29 .35
Rapid shallow breathing index, breaths/min/L 39.8 £14.2 37.3*£13.7 .65
Median inspiratory time, s 1.3£0.3 1.2x0.2 .38
Apnea-hypopnea index, events/h 16.6 £9.7 6.6 6.4 .005
Apnea index, events/h 07+1.5 09+20 77
Hypopnea index, events/h 159*9.6 5.7*+48 .002
Spontaneously patient-triggered breaths, % 70.8 £24.2 68.8 £25.9 .84
Spontaneously patient-cycled breath, % 38.5+£245 50.9 £27.8 24
Download Parameters at 6 Months iVAPS (n =11) S/T (n=11) P
Days used = 4 h, % 57.0 £40.8 65.2+46.5 .69
Average daily use, h/night 6.0x4.1 6.7+4.1 74
Median leak, L/min 27%£33 52+4.0 .15
Median inspiratory pressure, cm H,O 12.1 £33 11514 .63
95th percentile inspiratory pressure, cm H,O 148 £3.7 NA NA
A (95th percentile — median) inspiratory pressure, cm H,O 27+1.8 NA NA
Expiratory positive airway pressure, cm H,O 54x14 6.0 1.1 .26
Median tidal volume, mL 449.5 = 95.8 487.5*116.4 41
95th percentile tidal volume, mL 672.5 = 146.1 651.3 = 166.7 75
A (95th percentile — median) tidal volume, mL 223.0 = 89.6 163.8 = 61.7 .09
Median frequency, breaths/min 16.1 3.9 179 5.1 40
(Continued)
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Table 3. Continued

Download Parameters at 6 Months iVAPS (n=11) S/T (n=11) P
Rapid shallow breathing index, breaths/min/L 37.6 £ 14.1 41.1£22.6 .68
Median inspiratory time, s 1.3*x0.3 1.2+03 27
Apnea-hypopnea index, events/h 139154 30x2.1 .041
Apnea index, events/h 04=x1.1 0.1*£0.2 49
Hypopnea index, events/h 13.6 £15.0 29+20 .041
Spontaneously patient-triggered breaths, % 48.5*+31.5 82.4*19.2 .02
Spontaneously patient-cycled breath, % 23.8£16.3 423*+332 13

Values are presented in means = SD.
iVAPS = intelligent volume-assured pressure support
S/T = spontaneous/timed

Table 4.  Association Between Noninvasive Ventilation Adherence
(Daily Use, All Days) and Other Variables at 6 Months

Average All Days NIV Used,

Variables h (P value) (n = 22)
Age —0.33 (.18)
Sex 0.23 (.35)
Body mass index —0.1 (.70)
Time symptom to ALS diagnosis —0.48 (.06)
Time from ALS diagnosis to NIV —0.19 (.46)
Bulbar-onset ALS 0.19 (.45)
Spo,» at baseline —0.33(.19)
P.co,, at baseline 0.18 (.48)
FVC at baseline —0.43 (.08)
SNIP,,.,, at baseline —0.55 (.02)
SNIP,joscq at baseline —0.30 (.22)
NIV mode —0.08 (.74)
Mean IPAP 0.35 (.17)
Mean EPAP 0.17 (.50)
Trigger sensitivity 0.37 (.12)
Cycle sensitivity 0.16 (.53)
Median breathing frequency —0.13(.61)
Median tidal volume —0.34 (.17)
Rapid shallow breathing index on NIV 0.08 (.75)
Spontaneously patient-triggered breath —0.14 (.58)
Spontaneously patient-cycled breath 0.29 (.25)
Apnea-hypopnea index —0.38 (.12)
Median leak 0.04 (.87)
Mask changes 0.18 (.48)

NIV = noninvasive ventilation

r = Pearson correlation coefficient

ALS = amyotrophic lateral sclerosis

SNIPe, = sniff nasal inspiratory pressure with nostril contralateral to the pressure-sensing
probe open

SNIP,joseq = sniff nasal inspiratory pressure with nostril contralateral to the pressure-sensing
probe closed

IPAP = inspiratory positive airway pressure

EPAP = expiratory positive airway pressure

iVAPS mode did not require fewer interventions than the
S/T mode over 6 months from NIV initiation. The iVAPS
mode was as effective as standard S/T pressure ventilation
when initiated by a highly skilled RT in a home ventilation
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program with respect to physiologic and patient-related
outcomes. We also found ventilator download parameters,
daytime gas exchange, ventilator comfort, and respiratory
symptoms to be similar between groups except for higher
residual AHI on iVAPS. These findings support the previ-
ous studies comparing VAPS with standard PSV in subjects
with neuromuscular disease.”®*

Interestingly, we found that adherence was significantly
lower with iVAPS than S/T at 1 week but not at 1 or
6 months. Jaye and colleagues had found no significant dif-
ference in adherence between auto-titrating and standard
PSV in neuromuscular disease.”® On the other hand, this
finding is contrary to the previous RCT by Kelly and col-
leagues, which suggested that the adherence to iVAPS over
1 month was better than standard PSV and lower median
pressure support with iVAPS in a mixed population.*?
Although we demonstrated that alveolar ventilation-
targeted NIV may require a longer adaptation period,
there was no significant difference in adherence or sur-
vival between iVAPS and S/T at 6 months among our
subjects with ALS. We hypothesize that a longer adapta-
tion period may be needed in subjects with ALS with bul-
bar impairment to the iVAPS mode that is inherently less
stable than the S/T mode. Patients with bulbar symptoms
may be more prone to reflex laryngospasm,***¢ glottic
closure, or discoordination with more variable pressure,
but we have not assessed this systematically. An impor-
tant element associated with adherence to NIV is adequate
mask fit. Whereas there were more mask changes in the
S/T group in our study, the difference was not statistically
significant, and similar proportions of subjects used facial
versus nasal masks in each group. We found no significant
relationship between NIV adherence and mask changes
(Table 4). Irrespective of NIV mode, adherence was related
to lower SNIP (Table 4), which suggests that greater dia-
phragm weakness is the main factor driving patients with
ALS to use NIV.

Nicholson and colleagues®® found that adequate Vi were
more reliably attained for iVAPS compared with PSV in
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Fig. 2. Kaplan-Meier curves for time to first change in ventilator settings according to ventilator mode. S/T =spontaneous/timed;

iVAPS = intelligent volume-assured pressure support.

Table 5.

Characteristics of Respiratory Interventions Over 6-Month Follow-Up

Respiratory Interventions

iVAPS Mode (n = 14)

S/T Mode (n = 16)

Increased IPAP/target alveolar ventilation
Decreased IPAP/target alveolar ventilation
Increased EPAP

Decreased EPAP

Increased backup frequency

Decreased backup frequency

Increased Ty

Decreased Ty

Increased rise time

Decreased rise time

Increase trigger sensitivity

Decrease trigger sensitivity

Optimizing mask fit

Values are presented in n (%).

iVAPS = intelligent volume-assured pressure support
S/T = spontaneous/timed

IPAP = inspiratory positive airway pressure

EPAP = expiratory positive airway pressure

T = inspiratory time

9 (64.3) 11 (68.7)
4(28.6) 3(18.7)
6 (42.8) 7 (43.7)
4 (28.6) 1(6.2)
1(7.1) 5(31.2)
2(14.3) 2 (12.5)
7 (50.0) 9 (56.2)
5(35.7) 3(18.7)
4 (28.6) 6 (37.5)
3(21.4) 3(18.7)
0 6 (12.5)
1(7.1) 0
5(35.7) 8 (50.0)

subjects with ALS. However, we found no significant dif-
ference in median Vt between iVAPS and S/T modes over
6 months. They also reported a significantly lower rapid
shallow breathing index with iVAPS compared to PSV,
whereas we found no difference. This may be due to differ-
ences in the study populations (more bulbar symptoms and
higher FVC in our study population) and in the effective-
ness of the parameters set for the S/T mode. In our study,
participants in the S/T group achieved higher Vy and a
lower rapid shallow breathing index than the S/T group in
the Nicholson study.

10

The learning mode in iVAPS uses the patient’s respira-
tory pattern to set the ventilation parameters. In patients
with ALS, it is prone to “learning” the patient’s dysfunc-
tional rapid shallow breathing pattern that results from re-
spiratory muscle weakness. It would then apply inadequate
NIV settings with underestimated pressure support. Both
the Nicholson and our study protocols have ensured the
minimum pressure support setting is manually corrected if
needed to provide sufficient V.

Previous studies reported that subjects with limb-onset
ALS were more likely to tolerate NIV compared with
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subjects with bulbar-onset ALS.'*"*° We found no signifi-
cant relationships between average hours of NIV use and
type of onset of ALS. That is, adherence was no different
for bulbar versus non-bulbar subjects. Several studies
showed bulbar-onset ALS had a greater risk for upper-air-
way obstruction during sleep.****® We found significantly
higher residual AHI in subjects using iVAPS, primarily but
not exclusively in subjects with bulbar-onset ALS. We
hypothesize that the iVAPS mode, with fluctuating levels of
pressure support, might result in greater upper-airway instabil-
ity predominantly in individuals with bulbar ALS. Moreover,
the iVAPS mode may have resulted in transient intermittent
overventilation and hypocapnia that resulted in central or ob-
structive hypopneas, despite relatively low levels of pressure
support. This hypothesis is supported by our finding of signifi-
cant correlations between the residual AHI and A V- for the
iVAPS group. Larger studies, ideally with polysomnographic
confirmation, will be needed to confirm this hypothesis.

The strength of our study is that we studied subjects with
ALS for a period of 6 months, though with several deaths
during the study period. We assessed a wide range of out-
comes, and although this has led to multiple comparisons,
results should be seen as exploratory for this pilot study.
There were some limitations to our study. First, participants
and RTs were not blinded to the intervention, which may
have introduced bias. However, this would have been
expected to result in fewer interventions or longer time to
interventions in the iVAPS mode, which was not the case.
Second, our findings were based on a small sample of subjects
because of its pilot nature. Third, we did not evaluate quality
of life in our subjects at 6 months because most subjects
refused to do the SRI questionnaires at 6 months and some
subjects died before 6 months of follow-up. Furthermore,
unexpectedly, over half of the subjects had bulbar-onset ALS.
These results might, therefore, not be representative of a
more typical group of patients with ALS with a larger propor-
tion of non-bulbar-onset initiating NIV. There were other
unbalanced baseline characteristics between groups that may
have impacted results such as medication differences and
statistically but not clinically important P,co, differences.
Additionally, we did not evaluate baseline polysomnography
to evaluate the prevalence of sleep-disordered breathing
before NIV initiation, nor were sleep-disordered breathing and
gas exchange assessed in all patients on NIV at follow-up. A
future larger randomized control study comparing iVAPS
with standard S/T mode with overnight gas exchange monitor-
ing at baseline and follow-up would be useful to better under-
stand differences between the 2 modes in both subjects with
bulbar and non—bulbar-onset ALS. Finally, this study was con-
ducted in the context of a large, well-established home ventila-
tion program staffed by highly trained and experienced
RTs accustomed to working with the ALS population.
Conceivably, the iVAPS mode could provide advantages for
adaptation to therapy over S/T in other clinical contexts,
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although further research would be required to specifically
address this question.

Conclusions

The iVAPS mode did not require fewer interventions than
the S/T mode over 6 months from NIV initiation in subjects
with ALS. With iVAPS, adherence was transiently lower at
NIV initiation, and the residual AHI was higher at 6 months.
Alveolar ventilation-targeted NIV may require a longer ad-
aptation period and result in greater upper-airway instability
in patients with ALS.
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