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Abstract
Introduction: Chronic hypercapnic respiratory failure induc-
es considerable morbidity and mortality in patients with 
myotonic dystrophy type 1 (DM1). This study systematically 
reviews the effects of noninvasive home mechanical ventila-
tion (HMV) on gas exchange, quality of life, survival, and 
compliance in DM1 patients. Methods: A systematic Medline 
and Embase search was performed (January 1995 to January 
2020). Records were screened for eligibility criteria, data 
were extracted from included studies, and risk of bias was 
assessed. We present findings mainly using a narrative syn-
thesis. Results: Twenty-eight relevant full-text articles were 
screened for eligibility criteria. Nine studies were included. 
Randomized controlled trials were not found. Studies had 
either an observational (n = 8) or interventional (n = 1) de-
sign. In the pooled data analysis, HMV showed to improve 
mean oxygen saturation with 4.8% and decreased mean car-

bon dioxide values with 3 mm Hg. Compliance varied wide-
ly between studies, from no use to more than 12 h per day. 
Quality of life was not studied extensively, but some studies 
reported positive effects of HMV on symptoms of chronic 
respiratory failure. HMV may improve survival in DM1 pa-
tients with chronic hypercapnic respiratory failure. Conclu-
sion: This review shows that HMV can improve gas exchange 
and relieve symptoms with a possible survival benefit in 
DM1 patients with chronic hypercapnic respiratory failure. 
Future studies should focus on developing strategies to op-
timize the timing of HMV initiation and to promote compli-
ance. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Myotonic dystrophy type 1 (DM1) is the most frequently 
inherited type of adult-onset muscular dystrophy, with a re-
ported prevalence of 0.5–18.1 per 100,000 person years and 

B.A.H. Vosse and C. Seijger equally contributed to this paper.

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.



Home Mechanical Ventilation in DM1 817Respiration 2021;100:816–825
DOI: 10.1159/000515453

an estimated prevalence as high as 1 per 2,500 [1, 2]. Patients 
have a reduced life expectancy of 54–60 years [3, 4]. Respira-
tory failure is the primary cause of death in DM1, which is 
thought to result from a complex mechanism with impor-
tant contribution of respiratory muscle weakness, but also a 
reduced central respiratory drive, decreased chest wall com-
pliance and upper airway obstruction [4–11]. These factors 
result in reduced lung volumes, sputum stasis, and atelecta-
sis causing considerable morbidity due to increased risks of 
pneumonia and respiratory failure. Invasive or noninvasive 
home mechanical ventilation (HMV) can be used in case of 
chronic hypercapnic respiratory failure. Benefits of mainly 
noninvasive HMV on gas exchange, symptoms and survival 
have been described [12–14]. However, in daily clinical 
practice, treatment of DM1 patients with HMV is often 
complex due to lack of improvement of symptoms and treat-
ment intolerance which consequently leads to a reduced 
compliance to therapy in comparison with other neuromus-
cular disorders [12, 15, 16]. Therefore, HMV in DM1 pa-
tients can be perceived as a burdensome treatment for pa-
tients, their family, and healthcare professionals. The aim of 
this systematic review was to evaluate the effect of HMV on 
gas exchange, quality of life (QoL), survival, and compliance 
to therapy in adult DM1 patients with chronic hypercapnic 
respiratory failure in order to improve daily clinical practice 
and provide future directions for further research.

Methods

Protocol
This review protocol was registered in PROSPERO (Interna-

tional Prospective Register of Systematic Reviews, www.crd.york.
ac.uk/prospero; registration number CRD42020168349) and was 
conducted in accordance with PRISMA reporting standards [17].

Search Strategy
With the help of a clinical librarian, 2 authors (C.S. and B.V.) 

performed a comprehensive literature search in MEDLINE and 
Embase databases (from January 1995 to January 2020). The main 
search terms were “myotonic dystrophy,” “respiratory insuffi-
ciency,” and “artificial respiration.” Different synonyms, medical 
subheadings, and Boolean pooling operators were used. The re-
producible search strategy is included in online supplementary 
Appendix 1 (for all online supplementary material, see www.
karger.com/doi/10.1159/000515453). Searches were performed in 
title and abstract and limited to studies in adult humans being 
presented in the English language. Supplementary searching tech-
niques included hand-searching of included studies’ reference 
lists.

Study Selection
Citations retrieved from electronic database searches were up-

loaded to Covidence (www.covidence.org). Titles and abstracts 
were independently screened by 2 reviewers (C.S. and B.V.) using 
eligibility criteria; a third reviewer resolved any uncertainties 
(P.W.). The absolute level of agreement between the 2 reviewers 
regarding study inclusion was >95%. Then, full texts were obtained 
and selection was performed based on predefined eligibility crite-
ria shown in Table 1.

Study Outcomes
The primary outcome of this study was the effect of HMV on 

gas exchange (especially oxygen and carbon dioxide), QoL, and 
survival in DM1 patients. Secondary outcome parameter was the 
compliance to HMV and factors that influence compliance.

Data Collection Process
The following data were extracted independently by 2 review-

ers (C.S. and B.V.), using a standardized extraction form consist-
ing of title, authors, publication year, study design, sample size, 
sample characteristics (mean age, and gender), available forced vi-
tal capacity (FVC), and muscular impairment rating scale (MIRS), 
which was specifically developed for DM1 [18], HMV indication, 
and information about outcome measurements (gas exchange, 
QoL, survival, and compliance).

Table 1. Study eligibility criteria

Criterion Eligibility criteria

Population Studies in myotonic dystrophy type 1 patients with chronic hypercapnic respiratory failure

Intervention Studies involving long-term home mechanical ventilation, using noninvasive positive pressure ventilation

Comparator Studies with comparator and noncomparator designs

Outcome Studies reporting on gas exchange, quality of life, survival, and compliance with HMV

Study design Empirical quantitative and qualitative studies published in English in the past 25 yr*, excluding case reports, 
conference reports, studies without original research, and studies in children <18 yr

HMV, home mechanical ventilation. * The review was restricted to studies published in the past 25 years to ensure that findings are 
relevant to current practice.
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Quality Assessment
The risk of bias was assessed using the Newcastle-Ottawa Scale 

(NOS) designed for nonrandomized studies [19]. Two reviewers 
(C.S. and B.V.) independently scored the studies by their quality 
of patient selection, comparability, and outcome on a nine-star 
scoring system. Discrepancies were discussed and resolved. Due to 
significant between-study heterogeneity, risk of bias was not as-
sessed across the cumulative evidence.

Data Synthesis and Statistical Analysis
In case multiple studies reported on the same outcome 

parameter(s) and reported both baseline and follow-up values, 
we performed a meta-analysis. As the methods of the included 
studies were heterogeneous, we used the random-effects model 
to account for between-study heterogeneity. The I-squared sta-
tistic was used to estimate the percentage of variation in results 
due to between-study heterogeneity. In case a meta-analysis was 
not possible, we used a narrative synthesis method. We brought 
together studies examining similar processes or reporting simi-
lar outcomes, identified where data agreed and where it con-
flicted, and provided an indication of the volume and quality of 
the evidence.

Results

Study Selection
After removing duplicates, the literature search result-

ed in 169 records (shown in Fig. 1). Following title and 
abstract screening, 28 were considered for full-text evalu-
ation. Of these, we included 9 articles based on full-text. 

Reasons for exclusion were design (16), outcome (1), and 
patient population (2).

Study Characteristics
An overview of included studies and main outcomes is 

presented in Table  2. No randomized controlled trials 
were found. All studies had a quantitative design. One in-
terventional study was found and all other studies were of 
observational design (retrospective or prospective). The 9 
included studies were performed in 6 different countries. 
Two studies were performed by Boussaïd et al. [14, 15] 
who used, upon enquiry, mainly the same cohort for both 
studies. In total, 841 DM1 patients were included, of which 
385 started HMV, with variable age, disease severity 
(based on the MIRS, FVC, and triplet repeat length; avail-
able details in Table 2), and different indications for HMV 
(daytime hypercapnia, nocturnal hypoventilation, sleep-
disordered breathing, or restrictive pulmonary function 
with a vital capacity (VC) <50% of predicted).

Quality Assessment
The quality of the individual studies is shown in Ta-

ble 2. The mean quality score (i.e., the mean number of 
stars awarded according to the NOS) of the studies was 
4.8 (range 3–7). The comparability item, which scores a 
maximum of 2 stars, could only be assessed in 1 study. 
The level of agreement between the 2 reviewers was >93% 
and, after discussion, disagreements were resolved.

Records identified through
database searching

(n = 169)
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Records excluded
(n = 141)

Full-text articles
assessed for eligibility

(n = 28)

Full-text excluded
(n = 19)

• Population (n = 2)
• Intervention (n = 0)
• Outcome (n = 1)
• Study design (n = 16)

Fig. 1. PRISMA flow chart illustrating the 
study selection process. PRISMA, Pre-
ferred Reporting Items for Systematic Re-
views and Meta-Analyses.
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Gas Exchange
Four studies reported the effects of HMV on gas ex-

change [12, 13, 20, 21]. After 1 night on HMV, oxygen-
ation and transcutaneous carbon dioxide significantly 
improved in 32 patients, showing that the mean trans-
cutaneous carbon dioxide normalized from 46.4 ± 5.3 to 
39.5 ± 5.2 mm Hg and the mean oxygen saturation 
(SaO2) improved from 92 to 95% [21]. These results 
were found to be long lasting for more than 2 years. In 
addition, gas exchange improved more in patients with 
higher treatment compliance [21]. A smaller study of 13 
patients also showed improvement in gas exchange us-
ing HMV, without reaching normocapnia [12]. Another 
small study describes that daytime gas analysis did not 
change in 25 patients, but baseline and outcome data 
were not presented [13]. A prospective pilot study of  
O’Donoghue et al. [20] found that elective withdrawal 
of long term HMV during 1 month in 12 patients with 
chronic hypercapnic respiratory failure (mean diurnal 
partial pressure of carbon dioxide in arterial blood 
[PaCO2] <45 mm Hg on HMV) resulted in a decrease of 
SaO2 and an increase of PaCO2, while both values re-
turned to baseline after starting HMV again. The pooled 

results of 2 retrospective observational studies and 1 
prospective study showed an overall positive effect on 
partial pressure of carbon dioxide in blood (PCO2), par-
tial pressure of oxygen in blood (PO2), and SaO2 as 
shown in Figure 2 [12, 20, 21]. After approximately 1 
month of HMV, PCO2 decreased while PO2 and SaO2 
increased. PCO2 and PO2 were measured in arterial 
blood gases in 2 studies [12, 20] and in capillary blood 
gases in the third study [21].

Quality of Life
The effects of HMV on QoL were only investigated in 

the withdrawal study of O′ Donoghue et al. [20] No sig-
nificant changes were found in any 36-item Short Form 
Health Survey domain between ‘1 month withdrawal of 
HMV’ and after ‘1 month reintroduction’, although non-
significant changes (p-values 0.11–0.18), favoring HMV, 
were found for the physical functioning, role limitation 
due to physical problems, social functioning, and vitality 
domains [20]. In 3 studies the effects of HMV on symp-
toms were described [12, 13, 16]. Results were variable, 
with the smallest effects described by West et al. [16] who 
found that 37% patients with respiratory failure using 
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Fig. 2. Forest plots: pooled data on gas ex-
change. Change in PCO2 after 1 month on 
HMV (a); change in PO2 after 1 month on 
HMV (b); change in SaO2 after 1 month on 
HMV (c). PCO2, partial pressure of carbon 
dioxide in blood; PO2, partial pressure of 
oxygen in blood; SaO2, oxygen saturation; 
HMV, home mechanical ventilation.
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HMV continued it with beneficial effects. Nugent et al. 
[12] described that 8 of 10 patients subjectively experi-
enced an overall benefit from treatment with less daytime 
sleepiness and improved nocturnal sleep. The study of 
Monteiro et al. [13] confirmed the findings that symp-
toms of chronic respiratory failure improved in compli-
ant patients. The effects of HMV on sleep were investi-
gated in 2 studies [20, 21]. Positive effects were only found 
regarding the apnea-hypopnea index and oxygen desatu-
ration index [21]. Both studies did not find clinically rel-
evant differences for neither subjective nor objective 
sleep parameters [20, 21].

Compliance
Six studies described the compliance to HMV [12–15, 

21, 22]. These were difficult to summarize due to differ-
ences in definitions and a lack of information about ces-
sation reasons. Mean hours of HMV use ranged from  
3.4 h/day to 8 h/day. In 57–76% of patients, HMV was 
used for more than 4 h/day. The percentage of patients 
who did not use or stopped HMV varied between 20 and 
54%. One prospective study of 128 DM1 patients inves-
tigated the compliance with HMV and cessation predic-
tors [15]. They demonstrated that compliance during the 
first year was 25% higher when symptoms of respiratory 
failure were initially present, whereas initiation during 
acute respiratory failure reduced the relative compliance 
by 29%. Long-term compliance data showed that 42% of 
patients who were prescribed 8 h HMV/day used it for 
less than 4 h/day and 28% did not use it at all. From the 
patients who were prescribed ≥12 h/day, 5% used it less 
than 6 h/day. Long-term compliance was positively as-
sociated with symptoms of respiratory failure (+52%, p < 
0.01) and nocturnal arterial oxygen desaturation (+23%, 
p < 0.01). Risk of HMV cessation was associated with ex-
cessive leaks (HR = 7.81, IC [1.47–41.88], p < 0.01), dys-
functions that required emergency technical interven-
tions (HR = 12.58, IC [1.22–129.69], p < 0.03), and an 
increase of body mass index (BMI), especially BMI ≥30.0 
(HR = 33.8 IC [2.63–433.7]. Risk of HMV cessation was 
lower in patients with a professional occupation or who 
were undergoing professional training (HR = 0.11 IC 
[0.02–0.77]) [15]. Other frequently described reasons for 
stopping treatment were intolerance to HMV, absence of 
positive effects, uncomfortable masks, and excessive 
noises of the device [16, 23]. Eighteen percent of long-
term HMV users experienced problems (which are not 
significantly related to HMV cessation), such as exces-
sive leaks, skin or mucosa irritation, and gastric inflation 
[15].

Survival
One of the first studies published regarding HMV in 

DM1 suggested a survival benefit in their cohort of pa-
tients receiving assisted ventilation (n = 13). Three pa-
tients died (one of them was not compliant), while the rest 
received long-term assisted ventilation for a mean period 
of 27 months (range 2–76) [12]. Other studies describe 
mortality in their cohort using different periods of follow-
up [13, 16]. Most evidence for an association between 
HMV and mortality is derived from a large prospective 
cohort study conducted in France which compared sur-
vival in patients who accepted HMV promptly with those 
who refused or delayed HMV. Of the 127 patients who 
used HMV, the 10-year mortality was 29%. In the whole 
group, during a follow-up period of 959 patient-years, 53 
patients died with an annual rate of 53/959 (1 per 6 per-
son-years). Mean age at death was 58.2 ± 8.7 years. Pa-
tients died due to respiratory causes (45%), cardiac causes 
(6%), cancer (4%), and unknown causes (45%). The risk 
of a severe event (defined as invasive mechanical ventila-
tion or death) was significantly higher in the group of pa-
tients who started HMV later or not at all as compared to 
the group who started HMV within 1 year after meeting 
the criteria to start HMV. In the HMV group, orthopnea 
and poor compliance to the HMV were independently 
and significantly associated with death (respectively, HR 
2.37, 95% CI 1.17–4.8, p < 0.02 and HR 3.26, 95% CI 1.32–
8.04, p < 0.03) [14].

Discussion

This review shows that the current evidence for HMV 
in DM1 patients is mainly based on clinical expertise and 
a small number of observational studies. Nevertheless, 
these studies provide important information and enable 
us to determine future directions with regard to research 
questions aiming to optimize HMV care in DM1.

Gas exchange was positively influenced by HMV in 
DM1 patients, at daytime as well as overnight [12, 20, 21], 
which is similar to other neuromuscular and chest wall 
disorders [24]. In general, the efficacy of HMV is based 
on 2 rationales. First, it may rest the fatigued respiratory 
muscles, thereby increasing strength and endurance, 
which may improve pulmonary mechanics by increasing 
chest wall compliance and lung volumes. Second, it leads 
to an increased ventilatory response to carbon dioxide 
(CO2), which is probably the main mechanism for long-
term improvement of daytime gas exchange in patients 
treated with HMV [25–27]. However, hypercapnia in 
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DM1 patients is sometimes disproportionate to the respi-
ratory muscle weakness, which suggests a central cause of 
CO2 insensitivity and may explain why DM1 patients 
tend to experience less HMV treatment benefits [7, 11].

With regard to indication for HMV initiation in DM1 
patients, consensus meetings are mainly based on expert 
opinion in combination with low evidence studies and 
have suggested to start HMV when there are symptoms 
suggestive of chronic respiratory insufficiency in combi-
nation with daytime or nocturnal hypercapnia or FVC 
<50% of predicted [28, 29]. However, certain symptoms, 
like excessive daytime sleepiness and fatigue may be clas-
sified as signs of hypoventilation, but in DM1 patients, 
they are likely of multifactorial origin and, therefore, the 
result of HMV on such symptoms may be disappointing 
and discouraging for patients and caregivers [30, 31]. 
Also, patients with preserved respiratory muscle strength 
and hypercapnia may respond differently and may, there-
fore, need another approach with regard to (timing of the 
initiation of) HMV.

Data about the effects of HMV on QoL and symptoms 
in DM1 are limited. QoL was investigated in only 1 pilot 
study and remained unchanged after elective withdrawal 
of HMV and restarted 1 month later [20]. Beneficial ef-
fects on symptoms are described, although this was only 
descriptively studied in a small subset of patients [12, 13, 
16]. Regarding sleep aspects, the apnea-hypopnea index 
improved, but HMV did not change the sleep efficiency 
and sleep architecture [20, 21]. In other diseases, HMV 
improved QoL [32], mainly assessed by the Severe Respi-
ratory Insufficiency questionnaire and the Maugeri Re-
spiratory Failure questionnaire [33, 34]. The S3-NIV 
questionnaire, a new and easy to use short questionnaire 
is validated to measure the experience of HMV users [35].

Compliance to HMV ranged from no use at all to 2–12 
h/day [12, 13, 15, 16]. Better compliance resulted in more 
improvement of symptoms, whereas poor compliance is 
associated with higher mortality [14, 23]. One of the pre-
dictors of noncompliance was HMV initiation during 
acute respiratory failure. It is questionable whether those 
patients have indeed chronic respiratory failure. Do they 
actually have the right indication for chronic HMV? Pa-
tients might recover from an acute event and become 
noncompliant because of the absence of indication for 
HMV. Another reason could be that these patients are not 
well informed in advance about the burden and the in-
tended aim of treatment. Increase of BMI is another wor-
risome predictor for noncompliance, as overweight is 
present in 50% of DM1 patients which further decreases 
lung volumes and, therefore, probably accelerates the de-

velopment of respiratory failure [36, 37]. Compliance was 
found to be better in patients with symptoms of respira-
tory failure at time of initiation, and patients having a 
professional occupation or training had a lower risk of 
NIV cessation [15]. To our knowledge, the impact of in-
telligence, cognition, and affective symptoms such as ap-
athy has never been studied in relation to compliance to 
HMV, while we know that intellectual impairment and 
apathy are very common in DM1 patients [38, 39]. In our 
clinical experience, these factors might obstruct therapy 
due to difficulties in clarifying its importance and nega-
tively influencing the motivation to continue.

Survival is markedly reduced in DM1 patients with re-
spiratory failure as the primary cause of death (50%) next 
to cardiac causes (30%) [3]. Only 1 large study on HMV 
and survival has been published and found a significantly 
higher risk of dying in patients who refused to start HMV 
or started later than in patients with an early HMV initia-
tion [14]. However, this result could also be due to base-
line differences with a lower VC, which is a known inde-
pendent risk factor for mortality and a higher PaCO2 in 
the patients who refused or started HMV later [40]. 
Therefore, survival benefits of HMV in DM1 patients are 
still questionable.

Future Directions
In general, studies with DM1 patients are complex, 

mainly because DM1 is a very heterogeneous disorder 
with variable involvement of multiple organs, resulting in 
severe impairment in some patients, and only mild symp-
toms in others. Since HMV in DM1 patients has been of-
fered for more than 20 years, it is considered unethical to 
perform a randomized controlled trial to answer ques-
tions about optimal compliance and treatment effective-
ness. Based on the presented benefits, we recommend 
that every DM1 patient is subjected to a basic respiratory 
evaluation (spirometry and preferably blood gas analysis) 
in order to screen for the need of HMV. For future HMV 
studies in this population, more knowledge should be 
gained about which patients benefit the most of HMV, 
what is the optimal timing of initiating HMV, and what 
is the required minimal compliance to HMV. In order to 
achieve this optimal personalized HMV therapy, the ef-
fects of education, supportive follow up, as well as the role 
of social support (including a bed partner) will be mean-
ingful topics for future research.

Extensive specific patient- and therapy-related items 
should be collected. Specific patient-related factors need 
to include respiratory and neurological functioning, as 
well as assessment of QoL and symptoms. Socio-econom-
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ic status and care dependency are additional factors. It is 
preferred to use disease-specific questionnaires, such as 
the DM1 Activity and Participation Scale to assess daily 
functioning and the Rasch-built Fatigue and Daytime 
Sleepiness Scale to assess fatigue and sleepiness [41, 42]. 
Therapy-related factors such as ventilator settings and in-
terfaces used should be taken into account. Survival stud-
ies should correct for independent predictors for mortal-
ity in DM1, such as diabetes, need for walking support, 
cardiac measurements, and VC [40]. Recently, the multi-
center study Differential Response to Noninvasive Ven-
tilation in Myotonic Dystrophy was started in the Neth-
erlands (www.trialregister.nl; registration number 
NL7972) with the aim to profile a multidimensional re-
sponse to noninvasive HMV and identify patients with 
DM1 that do (or do not) respond well to NIV.

Conclusion

Noninvasive HMV can improve gas exchange and re-
lieve symptoms with a possible survival benefit in DM1 
patients with chronic hypercapnic respiratory failure. It 
is recommendable that every DM1 patient is subjected to 
a respiratory assessment. Compliance to HMV is variable 
and influences the effect of treatment. In order to achieve 
an optimal personalized HMV treatment, future studies 

should focus on developing strategies which enable opti-
mization of the timing of HMV initiation and promotion 
of compliance.
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