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ABSTRACT

Few studies have assessed the impact of home
ventilation in patients with myotonic dystrophy type 1
(DM1) and no specific recommendations are available.
We assessed the survival associated with category

of home ventilation adherence of patients with DM1
followed up at a home ventilation unit using a Cox
proportional hazards model. 218 patients were included;
those who refused or delayed their acceptance of non-
invasive ventilation were at higher risk for severe events
(invasive ventilation or death) (P=0.03). Risk of death
was associated with orthopnoea (HR 2.37; 95% Cl 1.17
to 4.80; P<0.02) and adherence category (100 to 90%
vs >75%: HR 3.26; 95% Cl 1.32 to 8.04; P<0.03).
Failure to use home ventilation as prescribed may be
associated with increased mortality in patients with
DM1.

INTRODUCTION

Myotonic dystrophy type 1 (DMT1) is the most
common type of adult muscular dystrophy,' where
respiratory failure has been reported as the leading
cause of death.? Although many patients with DM1
require home ventilation,® few studies have evalu-
ated the impact of it and no specific recommenda-
tions are available.

Randomised trials are required in patients with
DM1 to assess the long-term beneficial effects of
mechanical ventilation on quality of life, morbidity
and mortality, and to estimate the cost-benefit
ratio.* However, poor adherence to treatment has
been reported in patients with DM1° ¢ which may
be a major barrier to conducting randomised trials.

Here, we report a prospective cohort study
in which we compared survival in patients who
accepted non-invasive ventilation (NIV) promptly
and in those who refused or delayed NIV. In NIV
users, we explored for associations between adher-
ence to the prescribed NIV and outcomes.

POPULATION AND METHODS

The study was approved by the French Data Protec-
tion Authority in accordance with French legisla-
tion. Patients were informed about the study and
could decline to have their data used for the study.

Population

DM1 adults meeting the criteria for NIV as part
of their usual follow-up at the home ventilation
unit of the Raymond Poincaré University Hospital

2,34

(Garches, France) between 1997 and 2013
were eligible for the study (for more details, see
online supplementary annex 1 in the online repos-
itory). All patients were receiving pressure support
with positive end-expiratory pressure (PEEP)
via bilevel positive airway pressure or a similar
modality. Autoadjusting CPAP was used first to
titrate the level of PEEPR, as described by Sanders
and Kern.” The level of pressure support was then
adjusted to avoid hypercapnia.

Data collection

Data were collected prospectively during the first
respiratory function evaluation, then during the
annual follow-up evaluations, for 10 years or until
death or lost to follow-up.

The criteria for NIV initiation were systemati-
cally researched®: symptoms suggestive of hyper-
capnia (dyspnoea at rest and on exertion, morning
headaches, orthopnoea, sleep disturbances, diurnal
sleepiness); combined with alveolar hypoventilation
(PaCO, =45 mm Hg) or nocturnal arterial oxygen
desaturation by pulse oximetry (SpO2 =88% for
five consecutive minutes), or restrictive lung disease
(vital capacity (VC) <50% of predicted).

In addition, data on prescribed NIV duration
(hours/day) and mean NIV duration/day were
obtained. Adherence to the NIV regimen was
defined as the ratio of actual NIV time used over
prescribed NIV time, expressed as a percentage,
which was used to define three adherence catego-
ries (<75%, 75%-90% and >90%). Patients who
started NIV within 1year after meeting the criteria
were classified in the early NIV (eNIV) group and
patients who started NIV later on or not at all were
classified in the late/no NIV (I/noNIV) group.

Statistical analysis
Respiratory parameters associated with peak cough
flow (PCF) value were identified using multivariate
linear regression analysis. The multivariate model
was adjusted for gender, age at baseline and a selec-
tion of factors associated with P values <0.15 in
the univariate analysis and identified by stepwise
forward selection. Q-Q plots of the residuals,
residuals versus fitted values and residuals versus
leverage were used to test the linearity assumptions.
Kaplan-Meier curves were plotted to evaluate the
time to occurrence of death or invasive mechanical
ventilation (IMV) according to NIV group (eNIV or
1/noNIV or ventilated).

Survival was calculated from the date of
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ventilation initiation to the date of death from any cause. A Cox
proportional hazards model was used to estimate HRs for death
associated with NIV adherence category (<75%, 75%-90%
and >90%) after adjustment for risk factors. The proportional
HR assumption was tested based on Schoenfeld residuals.
Statistical significance was set at 0.05 (two-tailed test). Anal-
yses were carried out with SAS software V.9.4 for Windows (SAS
Institute) and R software V.2.2.0 (https://www.r-project.org/).

RESULTS

Patient characteristics at baseline

From 1997 to 2013, up to 218 patients (128 men, 59%) with
a mean age of 44+2.1 years were studied. Twenty-eight (13%)
were already using mechanical ventilation on the first visit.
Among the 190 (87%) patients who required NIV, 72 (38%)
were in the eNIV group and 118 (62%) were in the //noNIV
group; of the latter, 27 (23%) accepted NIV after more than
1year and 91 (77%) never accepted NIV. Of the 91 patients who
did not accept NIV, 17 (19%) required tracheostomy.

Lung function impairment was significantly greater in the I/
noNIV group than in the eNIV group. Of the 118 1/noNIV group
patients, 36% had VC <50% of predicted and 92% had PaCO,
>45mm Hg compared with 19% and 72%, respectively, in the
eNIV group (P<0.01and P<0.03, respectively) (for details, see
online supplementary table R1 in the online repository).

Mean maximum inspiratory pressure (MIP) was 53%=+=23%
of predicted in this population. PCF was lower than 270 L/min
in 40 (14%) patients, including 15 (5%) with PCF values lower
than 180 L/min.

By stepwise linear regression analysis, greater PCF impairment
was associated with lower values of MIP (P=0.005), maximum
expiratory pressure (P=0.02), expiratory reserve volume
(P=0.0003) and inspiratory capacity (P<0.0001).

Mortality in patients meeting the criteria for NIV

During a follow-up period of 959 patient-years, 53 patients reached
the endpoint with an annual rate of 53/959 (6%) and a 10-year
cumulative incidence of 53/218 (24%). Mean follow-up was
4.4+3.8 years. Death was due to cardiac causes in 3 (6%), respira-
tory causes in 24 (45%), cancer in 2 (4%) and unknown causes in

24 (45%) patients. Mean age at death was 58.2+8.7 years.

The risk of a severe event (IMV or death) was significantly
higher in the [/noNIV group than in the eNIV group and venti-
lated group (P=0.03) (figure 1).

Adherence to prescribed NIV duration among NIV users

Of the 127 patients who used NIV, the 10-year survival was 71%
(53/75 patients with follow-up data). The initially prescribed NIV
time was <10hours/day in 106 (83%) patients and =12 hours/
day in 23 (18%) patients, including one prescribed continuous
NIV. Of the 105 patients prescribed 8hours/day of NIV, 30
(24%) used NIV for less than 4 hours/day, including 17 (13%)
who never used NIV. Of the 23 patients prescribed =12hours/
day of NIV, only one used NIV for less than 6 hours/day.

Two factors were independently and significantly associ-
ated with death: orthopnoea (HR 2.37; 95%CI 1.17 to 4.80;
P<0.02) and category of adherence to the prescribed NIV dura-
tion (100 to 90% vs >75%: HR 3.26; 95%CI 1.32 to 8.04;
P<0.03) (table 1).

In the 1/noNIV group, two factors were independently and
significantly associated with death: PCF (P<0.03) and older age
at NIV prescription (P<0.001) (online supplementary table R1
in the online repository).

DISCUSSION

Of the patients with DM1 who met the criteria for starting NIV,
two-thirds failed to start NIV within 1year of prescription and
were at higher risk for death or IMV compared with those who
started NIV within 1year of NIV prescription. Finally, among
NIV users, those with poor adherence to the prescribed duration
of NIV use had a significantly higher risk of death.

In DM, respiratory failure is a multifactorial process related
to respiratory muscle weakness, myotonia, breathing dysregula-
tion, sleep-related breathing disorders and cough impairment.
Alveolar hypoventilation is common and may require ventila-
tory assistance. In addition, impaired airway secretion clear-
ance can promote the development of acute respiratory failure.
Furthermore, quality of life considerations may limit the ability
of patients with DM1 to adhere to recommendations regarding
ventilator assistance and other treatments.” Poor adherence to
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Mortality in patients meeting the criteria for non-invasive ventilation (NIV). NIV users: time to death or invasive mechanical ventilation in

patients who accepted NIV within 1year (early NIV (eNIV) group), accepted NIV later on or not at all (late/no NIV (I/noNIV) group), or were already

using mechanical ventilation at baseline.
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Table 1  Cox model: predictors of 10-year mortality among users of NIV (n=127)
Univariate model Multivariate model
Variables HR (95% CI) P value HR (95% ClI) P value
NIV adherence (% of prescribed duration)*
100-90 11 11
90-75 1.45 (0.63 to 3.35) 0.15 2.81(1.08 to 7.28) 0.03
=75 2.05 (0.90 to 4.68) 3.26 (1.32 t0 8.04)
Age at DM1 diagnosis
<20 11 11
20-30 1.86 (0.65 to 5.30) 0.05 1.64 (0.56 to 4.79) 0.10
30-40 1.96 (0.57 to 6.70) 1.39 (0.39 to 4.88)
>40 3.33(1.38 t0 8.05) 3.13(1.21 t0 8.10)
Able to walkt 0.44 (0.18 t0 1.07) 0.07 0.44 (0.16 t0 1.20) 0.11
Symptoms of respiratory failure
Dyspnoea at rest 0.40 (0.05 to 2.90) 0.38 - -
Exertional dyspnoea 0.79 (0.40 to 1.58) 0.72 - -
Morning headaches 1.05 (0.52 t0 2.12) 0.45 - -
Orthopnoea 2.50 (1.29 to 4.87) 0.007 2.37 (1.17 t0 4.80) 0.02
Sleep disturbances 1.03 (0.53 t0 2.01) 0.81 - -
Diurnal sleepiness 1.30 (0.59 to 2.86) 0.51 - -
VC (%)
>50 1t 0.13 - 0.28
30-50 1.70 (0.76 t0 3.77) 0.31(0.05 to 1.85)
<30 3.71 (0.98 to 14.09) 1.34(0.52 to 3.50)
Pacemaker (yest) 1.10 (0.21 to 4.38) 0.89 - -
PaC0,>45mm Hg 1.26 (0.49 to 3.20) 0.63 - -

P value significant are bold values.

*NIV adherence was computed as the ratio of NIV duration in hours/day over prescribed NIV duration in hours/day.

tIndicates the reference category.

DM1, myotonic dystrophy type 1; NIV, non-invasive ventilation; VC, vital capacity calculated as the percentage of predicted (=50, normal; 30-50, restrictive syndrome; <30,

severe restrictive syndrome).

NIV may be related to the patient, family and caretakers, and/or
equipment (ventilator and interface).

Oddly enough, patients who were reluctant to start NIV
had more advanced disease. The progression of DM1 is often
marked by cognitive dysfunction,'® which may influence adher-
ence to NIV treatment, the risk of NIV-related complications
and symptom control. Furthermore, a study has shown low
sensitivity to hypercapnia among patients with DM1."" Interest-
ingly, a recent study showed no clinical deterioration 1month
after NIV withdrawal in patients with DM1."* This finding does
not contradict our results, as the NIV duration used to classify
our patients as eNIV or I/noNIV groups was 1year.

LIMITATIONS

Because of the observational design, duration of participation
varied across patients, and patient attrition was high. Never-
theless, the percentage of patients lost to follow-up did not
differ significantly between the eNIV and 1/noNIV groups
(61% vs 68%, respectively) and was taken into account in the
Kaplan-Meier analysis assuming that censorship is non-in-
formative (ie, that the censorship is independent of death or
IMV)." Alternatively, if testing the maximum hypothesis bias
(ie, extreme cases: assuming that the patients lost to follow-up
survived or died), the conclusions of Kaplan-Meyer analysis

remain unchanged.

Poor adherence is usually defined as the use of ventilation for
less than 4 hours/day.’* We chose to measure and assess adher-
ence as a continuous variable to unmask individual variations in
adherence and to maximise statistical power.

Also, all data were reviewed retrospectively. They had been
collected in a busy ambulatory clinical environment in which
conditions could not be controlled. However, there were very
little missing data.

Most deaths occurred at home, and an autopsy was not usually
performed. Information on the cause of death was obtained from
the funeral homes, family and death certificates.

CONCLUSION

Our study suggests that failure to adhere to home mechanical
ventilation in patients with DM1 who meet the international
criteria for this intervention may be associated with increased
mortality. In this population, adherence to NIV is poor, multi-
factorial and varies unpredictably over time, indicating a need
for regular follow-up and repeated delivery of information
about the benefits of home ventilation. Therapeutic education
programmes may improve patient motivation regarding NIV,
thereby potentially improving survival.
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