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Background: Restrictive respiratory failure is a major cause of morbidity and mortal-
ity in neuromuscular diseases (NMD). Home mechanical ventilation (HMV) is used to
treat hypoventilation, and its efficiency is mostly assessed by daytime blood gases or
nocturnal oxygen saturation monitoring (SpO.). Non-invasive transcutaneous measure
of CO, (TcCOy) allows to directly assess nocturnal hypercapnia and to detect residual
hypoventilation with a higher sensitivity than SpO.. We aimed to compare the prognostic
value of nocturnal SpO. and TcCO; in ventilated adult NMD patients.

Methods: All consecutive capno-oximetries performed between 2010 and 2011 in ven-
tilated adult NMD patients were analyzed retrospectively. Concomitant blood gas anal-
ysis and lung function data were collected. Patients on oxygen therapy were excluded.
Nocturnal hypoxemia and hypercapnia (using four different definitions) at baseline were
compared in their ability to predict mortality and respiratory events requiring ICU admis-
sion during follow-up.

Results: Data from 55 patients were analyzed (median age 28 [interquartile range:
25-36.5] years; 71% Duchenne muscular dystrophy; vital capacity 12 [7-27]% of
predicted; 51% tracheostomy). Capno-oxymetry showed hypoxemia in 14.5% and
hypercapnia in 12.7-41.8%, according to the used definition. Over a follow-up lasting
up to 5 years (median 4.0 [3.6-4.5] years), we observed 12 deaths and 20 respiratory
events requiring ICU admission. Hypercapnia was significantly associated with the study

Abbreviations: CO,, carbon dioxide; DMD, Duchenne muscular dystrophy; HMV, home mechanical ventilation; MD1,
myotonic dystrophy type 1 (Steinerts disease); NMD, neuromuscular diseases; PaCO,, partial arterial pressure of CO,; PE
max, maximal expiratory pressure; PI max, maximal inspiratory pressure; SpO,, oxygen saturation; TcCO,, transcutaneous
measure of CO; VC, respiratory vital capacity.
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outcomes, with TcCO, > 49 mmHg during >10% of the time being the best definition,

while hypoxemia was not.

Conclusion: Our data show for the first time that residual hypoventilation, assessed by
capnometry, is significantly associated with negative outcomes in adult ventilated NMD
patients, while oximetry is not. Accordingly, we suggest capnometry to be included in
the systematic assessment of HMV efficiency in NMD patients.

ClinicalTrials.gov Identifier: NCT02551406.

Keywords: home mechanical ventilation, neuromuscular disease, restrictive respiratory failure, nocturnal
hypoventilation, transcutaneous capno-oximetry, prognosis

INTRODUCTION

Neuromuscular diseases (NMD) are a heterogeneous group of
rare diseases involving various components of the nervous sys-
tem, including the respiratory muscles. The progressive weakness
of the respiratory muscle pump results in restrictive respiratory
failure and represents a major cause of morbidity and mortality in
these pathologies (1-5). Long-term home mechanical ventilation
(HMV) is effective to treat alveolar hypoventilation and cur-
rently represents one of the few available treatments improving
the clinical course of NMD patients (2-4, 6-8). Once HMV is
implemented, a regular follow-up is required to assure optimal
tolerance and efficiency of the treatment. Besides the assessment
of blood gases, HMV monitoring can be performed with differ-
ent approaches with increasing complexity grade, ranging from
simple tools, such as oximetry, to the most comprehensive sleep
recording using in-hospital polysomnography (9). A manage-
ment strategy was recently proposed, consisting of a simple initial
screening based on nocturnal oxygen saturation monitoring
(SpO>), followed by additional investigations in case of patho-
logical findings (9). Non-invasive transcutaneous measure of CO,
(TcCO») was found to have acceptable accuracy for estimating
PaCO; over several hours in stable home-ventilated patients (10,
11) and showed a higher sensitivity than SpO; to detect residual
hypoventilation in NMD patients (12, 13).

Current recommendations about monitoring and adjustment
of HMV repose on expert opinions, since scientific literature
comparing different strategies to assess HMV efliciency on their
impact on hard clinical endpoints is still lacking (9, 14).

The aim of our study was to compare the prognostic value of
SpO; and TcCO:; in unselected ventilated adult NMD patients.

MATERIALS AND METHODS

Patients

Data were collected retrospectively from the charts of NMD
adults, followed at the Home Mechanical Ventilation Unit of the
Raymond Poincare University Hospital, Garches, France. All
consecutive capno-oximetries performed electively on mechani-
cally ventilated patients between June 2009 and July 2011 were
reviewed, and the oldest recording of each patient was retained
for analysis. Patients on oxygen therapy were excluded. The study
was conducted in accordance with the declaration of Helsinki and

was approved by the French national regulatory board (CNIL,
No. 1890638). ClinicalTrials.gov Identifier: NCT02551406.

Capno-Oximetry

Overnight, continuous non-invasive TcCO, and oxygen
saturation (SpO,) were recorded simultaneously using a Digital
Monitoring System (SenTec, Therwil, Switzerland) equipped with
a combined Severinghaus-type TcCO, electrode and SpO; sensor
(V-Sign, SenTec, Therwil, Switzerland). As recommended by the
manufacturer, the electrode was calibrated in the built-in docking
station before and after each measurement, using a service gas
(mixture of 8% CO,, 12% O,, and 80% N,), allowing the measured
TcCO, values to be corrected for calibration drift. All studies
were visually inspected to exclude periods with artifacts from
the results, which represented in mean 1% of the recording time
(range 0-4%).

Daytime Blood Gases

According to routine clinical practice in the unit, daytime blood
gas values were obtained on the morning following the capno-
oxymetry. The blood sample was drawn at rest and immediately
carried in an ice bag to the central chemical laboratory of the
hospital, were it was analyzed using routine methods with strin-
gent quality controls.

Definition of Hypoventilation

Five different criteria were used to define residual hypoventilation
during HMV, one reposing on oximetry and four on TcCO, with
different cut-offs:

- Sp0O, < 90% during >10% of the total recording time (“hypox-
emia’) (9, 12);

- peak TcCO; > 49 mmHg (“hypercapnia[1]”) (7, 12);

- TcCO, > 49 mmHg during >10% of the total recording time
(“hypercapnia[2]”);

- peak TcCO; > 55 mmHg (“hypercapnia[3]”);

- TcCO,>55mmHgfor>10minorincreasein TcCO,>10mmHg
(in comparison to an awake supine value) to a value exceeding
50 mmHg for >10 min (“hypercapnia[4]”) (15).

Outcomes
We considered mortality and acute respiratory events requiring
ICU admission as outcomes of interest for the present analysis.
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Ventilated NMD patients are hospitalized at least annually for
follow-up in our Unit, and at each visit, details on undercurrent
hospitalizations in other hospitals are collected in the medical
chart. In case of death, the furnisher of the home ventilator
immediately reports the interruption of treatment to our Unit,
and as much of informations as possible are collected.

Statistical Analysis

Continuous variables were described by median and interquartile
range (IQR); dichotomous or categorical variables were described
by number of subjects and percentage. Single outcomes were ana-
lyzed by computing cumulative incidence curves and compared
using Gray’s test, and the event-free survival was analyzed by com-
puting Kaplan-Meier curves. Statistical analysis was conducted
using R statistical software (R Core Team, www.r-project.org).

RESULTS

Data from 55 ventilated NMD adults were available. Most of
the patients had Duchenne muscular dystrophy and a severe

TABLE 1 | Characteristics of the study population.

N (%) or median [IQR]

restrictive respiratory failure (median vital capacity 12% of
predicted [IQR 7-27]), requiring 24-h mechanical ventilation in
45.5% of the cases. The characteristics of the study population are
detailed in Table 1.

Capno-Oximetry

Eight patients (14.5%) were detected to have hypoxemia, while
prevalence of hypercapnia ranged from 12.7 to 41.8%, according
to the used criterion (Figure 1). Three to seven patients showed
both hypoxemia and hypercapnia, depending on the criterion
used to define hypercapnia.

Outcomes

Over a follow-up period lasting up to 5 years (median 4.0 [IQR
3.6-4.5] years), we observed 12 deaths and 20 acute respiratory
events requiring ICU admission. The overall mortality was 5.5%
at 2 years and 33.0% at 5 years, without significant difference
between the study groups.

Respiratory events requiring ICU admission were sig-
nificantly associated with residual hypercapnia (Figure 2),
defined both as TcCO, > 49 mmHg during >10% of the
total recording time (“hypercapnia[2],” p = 0.001) and peak
TcCO, > 55 mmHg (“hypercapnia[3],” p = 0.01), while peak
TcCO, > 49 mmHg (“hypercapnia[1]”) showed a borderline
significant association (p = 0.06). Neither the definition of
hypercapnia suggested by the American Academy for Sleep
Medicine (AASM) (“hypercapnia[4]”: TcCO, > 55 mmHg for
>10 min or increase in TcCO, > 10 mmHg in comparison
to an awake supine value to a value exceeding 50 mmHg for
>10 min) nor hypoxemia were associated with respiratory
events (p = 0.15 and p = 0.11, respectively). Similar results

Parameters
Number of patients 55
Pathology (N, %)

- DMD 39 (70.9%)

— MD1 5(9.1%)

— Other 11 (20.0%)
Age (years) 28 [25-36.5]
Weight (kg) 45.0 [36.0-60.5]
BMI (kg/m?) 17.0 [14.6-24.2]
Follow-up (years) 4.0 [3.6-4.5]
Deaths (N, %) 12 (21.8%)
ICU admissions (N, %) 20 (36.4%)
Respiratory parameters
VC sitting (%pred) 12 [7-27]
VC supine (%opred) 10 [5-20]

Pl max (cmH.0) 12 [3-27]
PE max (cmH:0) 10 [6-24]
Mechanical ventilation

Volumetric mode (N, %) 40 (72.7%)
Tracheostomy (N, %) 28 (560.9%)
Daily HMV duration (h) 22.5[9.0-24.0]
Daytime blood gases

pH 7.42 [7.39-7.47]
PaO. (kPa) 11.3[9.3-15.0]
PaCO: (kPa) 4.78 [4.04-5.46]
Bicarbonates (mmol/l) 24.7 [21.6-27.2]
Nocturnal Capno-Oximetry

Duration of the recording (min) 473 [459-475]
Mean oxygen saturation (%) 96 [95-98]
Mean nocturnal TcCO, (mmHg) 39.8 [30.4-45.0]
Max nocturnal TcCO. (mmHg) 48.1 [37.4-52.5]

DMD, Duchenne muscular dystrophy; MD1, myotonic dystrophy type 1 (Steinert’s
disease); BMI, body mass index; V/C, vital capacity; %pred, percentage of the
predicted value; Pl max, maximal inspiratory pressure; PE max, maximal expiratory
pressure; HMV, home mechanical ventilation; PaCO:, partial arterial pressure of COz;
PaO., partial arterial pressure of O,; TcCOs, transcutaneous measure of CO.; IQR,
interquartile range.

50
41.8

40
g 30 B hypoxemia
S 2l B hypercapnia[1]
§ O hypercapnia[2]
% 20 O hypercapnia[3]
a 145 16.3 O hypercapnia[4]

' 127
10
0 -

Hypoventilation definition

FIGURE 1 | Prevalence of residual hypoventilation according to the
different definitions. Hypoventilation definitions: “hypoxemia”: oxygen
saturation (SpO») < 90% during >10% of the total recording time;
“hypercapnia[1]”: peak transcutaneous CO; (TcCO,) > 49 mmHg;
“hypercapnia[2]”: TcCO, > 49 mmHg during >10% of the total recording
time; “hypercapnia[3]”: peak TcCO, > 55 mmHg, “hypercapnia[3]”:

TecCO, > 55 mmHg for >10 min, or increase in TcCO, > 10 mmHg in
comparison to baseline to a value exceeding 50 mmHg for >10 min.
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time; “hypercapnial3]”: peak TcCO, > 55 mmHg.
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FIGURE 2 | Cumulative incidence of respiratory events requiring ICU admission. “hypercapnia[2]”: TcCO. > 49 mmHg during >10% of the total recording
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FIGURE 3 | Event-free survival. Event-free survival: time to the composite endpoint ICU admission or death. “hypercapnial2]”: TcCO, > 49 mmHg during >10% of
the total recording time; “hypercapnia[3]”: peak TcCO, > 55 mmHg.
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were found exploring the event (mortality or ICU admission)-
free survival of the patients (p = 0.005 for “hypercapnia[2]”
definition and p = 0.02 for the “hypercapnia[3]” definition,

Figure 3).

However, using “hypercapnia[2]” as a diagnostic criterion
identified almost twofold inefficiently ventilated patients as

compared with the “hypercapnia[3]” criterion.

DISCUSSION

We report the first data on the prognostic value of different
tools to identify residual hypoventilation in mechanically ven-
tilated neuromuscular patients. Analyzing an unselected NMD
population, we found that inefficiently ventilated patients are at
increased risk of mortality or ICU admission when compared
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TABLE 2 | Disease severity according to the study subgroup.

hypercapnia[2]+ hypercapnia[2]— hypercapnia[3]+ hypercapnia[3]—
Parameters
Number of patients 15 40 9 46
Age (years) 27 [23.5-31] 29.5 [25-37] 29 [26-30] 28 [25-37]
Weight (kg) 37.0[28.8-53.0] 48.0 [38.8-60.8] 37.0[28.5-61.0] 46.5 [38.0-60.0]
BMI (kg/m?) 14.5[10.4-17.6) 18.7 [15.5-24.6] 12.3[10.3-18.4] 17.5[15.4-24.4]
Respiratory parameters
VC sitting (%pred) 10 [7.5-29] 13 [7-25.5] 10 [8.5-36] 12.5 [7-24]
VC supine (%pred) 6 [5-9] 6 [5-21] 6 [5-8] 11 [5-21.5]
Pl max (cmH,0) 10 [7-23.5] 14 [2-27] 10.5 [8-21] 12 [2.5-27]
PE max (cmH.0) 10 [7.5-24] 10 [3-24] 10.5 [9-21] 10 [3.5-24]
Mechanical ventilation
Volumetric mode (N, %) 10 (66.7%) 30 (75.0%) 7 (77.8%) 33 (71.7%)
Tracheostomy (N, %) 7 (46.7%) 21 (52.5%) 5 (55.6%) 23 (560.0%)
Daily HMV duration () 21.0[9.0-24.0] 24.0 [11.2-24.0) 23.0 [9.0-24.0] 24,0 [9.0-24.0]

Values are expressed as N (%) of median [interquartile range].
a4 < 0.05.

BMI, body mass index; V/C, vital capacity; %pred, percentage of the predicted value;, Pl max, maximal inspiratory pressure; PE max, maximal expiratory pressure; HMV, home

mechanical ventilation.

“hypercapniaf2]”: TcCO. > 49 mmHg during >10% of the total recording time; “hypercapnial3]’: peak TcCO. > 55 mmHg.

with efficiently ventilated patients. Comparing two monitoring
techniques, we observed marked differences in the detection rate
of residual hypoventilation and showed that hypercapnia was sig-
nificantly associated with the risk of respiratory events requiring
ICU admission in this population, while hypoxemia was not. Our
results have practical consequences for the daily clinical practice,
since the evaluation of HMV efficiency belongs to the crucial
tasks in the management of mechanically ventilated patients.

Restrictive respiratory failure represents one of the leading
causes of morbidity and mortality in NMD (1-5) and manifests
as hypoventilation, which can be effectively treated by HMV
(7, 16-18). The evidence supporting the use of HMV in NMD,
although mostly based on observational studies, is consistent
suggesting that the treatment for hypoventilation with HMV
improves clinical symptoms and quality of life and reduces the
risk of unplanned hospitalization and mortality, compared with
no ventilation (6-8, 17, 19, 20).

Intheabsence of scientific evidence supporting the choice of the
best strategy to assess HMV efficiency, current recommendations
on the adjustment of HMV repose on expert opinions, indicating
the correction of hypoventilation as the main objective. Since
the definition of hypoventilation is neither univocal nor based
on prognostic studies (1, 15, 21, 22), an additional assumption
is made by consensus, making the recommendations even more
delicate. As such, the European SomnoNIV Group suggests an
algorithm for monitoring HMV, which includes oximetry as the
first screening step to identify patients who require further noc-
turnal investigations, and suggests a mean nocturnal SpO, over
90% for at least 90% of the total recording time as a goal (9). For
its part, the AASM recommend in its 2010 best clinical practice
guidelines to adapt the ventilator support if hypoventilation is
present for >10 min (14).

Our results support the choice of correcting hypoventilation
as a therapeutic goal, given that hypercapnia - and thus residual

hypoventilation - seems to be significantly associated with
the risk of respiratory events in the following few years. In the
meantime, our data underline once more the lack of sensitivity
of SpO:; to identify nocturnal hypoventilation in NMD patients.
In contrast to chronic obstructive pulmonary disease (COPD),
NMD patients mostly suffer from exclusive restrictive respiratory
failure without ventilation—perfusion mismatch (23). As a con-
sequence, NMD patients have higher baseline PaO, values than
COPD patients, being on the flat portion of the oxyhemoglobin
dissociation curve, so that the small decrease in PaO, occurring
during alveolar hypoventilation is poorly reflected by changes in
the SpO; (24, 25).

Recent evidence showed that TcCO; can be an accurate proxy
for PaCO, in long-term mechanically ventilated patients, with the
advantage to detect episodes of transient hypoventilation, that are
not detected by punctual blood gazes (10, 11). Our findings add
to this evidence, suggesting that TcCO, monitoring may also have
a prognostic interest in stable, home-ventilated NMD patients.
The use of TcCO, opens the possibility to assess the ventilation’s
efficacy directly and repeated at home, allowing a simplification
in the management of HMV. However, despite the recent tech-
nical improvements of capnometry devices, TcCO, accuracy is
strongly dependent on appropriate handling and knowledge of
the equipment and procedure (10).

The main limitation of our study is linked to its retrospective
design, which does not allow to conclude on a causative role of
residual hypoventilation in the observed increased morbidity.
Although inefficiently ventilated patients may reasonably have an
increased respiratory frailty and, thus, be prone to develop severe
respiratory failure even after a minor infectious event, it is in
effect possible that residual hypoventilation represents a marker
of a more severe disease stage rather than an independent risk
factor for future morbidity, even if we could observe no differ-
ence in the severity of disease between the study groups (Table 2).
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Furthermore, only a prospective trial would allow inferring on the
prognostic effect of ventilation modifications to correct residual
hypoventilation. The second point is the lack of an objective sleep
assessment during capno-oximetry, so that prolonged periods of
wake during the recording period could increase the rate of false
negatives. A further limitation, which is linked to the fact that
NMD are rare disorders, is the relatively small sample size, with
analyses being performed on few patients.

Another point needs to be addressed in the absence of a
consensus about the best nocturnal TcCO; criterion for assessing
HMYV efficiency, we arbitrarily defined the cut-offs used in our
study, to ease comparability with previous published data (7, 12).
The choice of a different definition such as a mean TcCO, above
50 mmHg would, for example, have led to the identification of
only four patients in the “hypoventilation” group, thus having
for consequence the overlook of several patients who showed
an increased morbidity risk according to the presented results.
Interestingly, the hypercapnia definition suggested in the AASM
2012 guidelines (15) resulted not discriminatory for an increased
risk in our population.

CONCLUSION

Our data show for the first time that residual hypoventilation,
assessed by capnometry, is significantly associated with negative

REFERENCES

1. Simonds AK. Chronic hypoventilation and its management. Eur Respir Rev
(2013) 22(129):325-32. doi:10.1183/09059180.00003113

2. Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K.
Survival in Duchenne muscular dystrophy: improvements in life expectancy
since 1967 and the impact of home nocturnal ventilation. Neuromuscul Disord
(2002) 12(10):926-9. doi:10.1016/S0960-8966(02)00140-2

3. Simonds AK, Muntoni F, Heather S, Fielding S. Impact of nasal ventilation
on survival in hypercapnic Duchenne muscular dystrophy. Thorax (1998)
53(11):949-52. doi:10.1136/thx.53.11.949

4. Oskoui M, Levy G, Garland CJ, Gray JM, O’Hagen J, De Vivo DC, et al. The
changing natural history of spinal muscular atrophy type 1. Neurology (2007)
69(20):1931-6. doi:10.1212/01.wnl.0000290830.40544.b9

5. Magnus T, Beck M, Giess R, Puls I, Naumann M, Toyka KV. Disease pro-
gression in amyotrophic lateral sclerosis: predictors of survival. Muscle Nerve
(2002) 25(5):709-14. doi:10.1002/mus.10090

6. Annane D, Orlikowski D, Chevret S. Nocturnal mechanical ventilation for
chronic hypoventilation in patients with neuromuscular and chest wall disor-
ders. Cochrane Database Syst Rev (2014) 12:CD001941. doi:10.1002/14651858.
CDO001941.pub3

7. Ward S, Chatwin M, Heather S, Simonds AK. Randomised controlled trial of
non-invasive ventilation (NIV) for nocturnal hypoventilation in neuromuscu-
lar and chest wall disease patients with daytime normocapnia. Thorax (2005)
60(12):1019-24. doi:10.1136/thx.2004.037424

8. Bach JR, Goncalves MR, Hon A, Ishikawa Y, De Vito EL, Prado F et al.
Changing trends in the management of end-stage neuromuscular respira-
tory muscle failure: recommendations of an international consensus. Am
] Phys Med Rehabil (2013) 92(3):267-77. d0i:10.1097/PHM.0b013e3182
6edcfl

9. Janssens JP, Borel JC, Pépin JL; SomnoNIV Group. Nocturnal monitoring
of home non-invasive ventilation: the contribution of simple tools such as
pulse oximetry, capnography, built-in ventilator software and autonomic
markers of sleep fragmentation. Thorax (2011) 66(5):438-45. doi:10.1136/
thx.2010.139782

outcomes in adult ventilated NMD patients, while simple oxi-
metry is not. These findings may have practical consequences on
the strategies used to assess HMV efficiency in NMD patients
and provide support for an appropriately designed trial using
capnography to investigate its predictive capacity for negative
outcomes in NMD.

AUTHOR NOTES

Notation of prior abstract publication/presentation: An abstract
with preliminary data has been presented at the European
Respiratory Society (ERS) congress, Amsterdam (Netherlands),
26-30 September 2015.

AUTHOR CONTRIBUTIONS

AO, JN, HP, M-AS, DA, DO, and FL: designed the experiment;
AO, JN, HP, M-AS, LL, DA, and DO: conducted the research;
AO, CC, SC, DO, and FL: analyzed the data and performed the
statistical analyses; AO, HP, LL, and DO: wrote the manuscript.
All authors had full access to all of the data (including statisti-
cal reports and tables) in the study, revised the manuscript for
important intellectual content, and approved the final version of
the manuscript.

10. Aarrestad S, Tollefsen E, Kleiven AL, Qvarfort M, Janssens JP, Skjonsberg OH.
Validity of transcutaneous PCO, in monitoring chronic hypoventilation
treated with non-invasive ventilation. Respir Med (2016) 112:112-8.
doi:10.1016/j.rmed.2016.01.017

11. Orlikowski D, Prigent H, Ambrosi X, Vaugier I, Pottier S, Annane D, et al.
Comparison of ventilator-integrated end-tidal CO, and transcutaneous CO,
monitoring in home-ventilated neuromuscular patients. Respir Med (2016)
117:7-13. d0i:10.1016/j.rmed.2016.05.022

12. Nardi J, Prigent H, Adala A, Bohic M, Lebargy E Quera Salva MA, et al.
Nocturnal oximetry and transcutaneous carbon dioxide in home-ventilated
neuromuscular patients. Respir Care (2012) 57(9):1425-30. doi:10.4187/
respcare.01658

13. Paiva R, Krivec U, Aubertin G, Cohen E, Clement A, Fauroux B. Carbon diox-
ide monitoring during long-term noninvasive respiratory support in children.
Intensive Care Med (2009) 35(6):1068-74. d0i:10.1007/s00134-009-1408-5

14. Berry RB, Chediak A, Brown LK, Finder J, Gozal D, Iber C, et al. Best clinical
practices for the sleep center adjustment of noninvasive positive pressure
ventilation (NPPV) in stable chronic alveolar hypoventilation syndromes.
J Clin Sleep Med (2010) 6(5):491-509.

15. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK, et al. Rules
for scoring respiratory events in sleep: update of the 2007 AASM Manual for
the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea
Definitions Task Force of the American Academy of Sleep Medicine. J Clin
Sleep Med (2012) 8(5):597-619. doi:10.5664/jcsm.2172

16. Raphael JC, Chevret S, Chastang C, Bouvet F. Randomised trial of preventive
nasal ventilation in Duchenne muscular dystrophy. French Multicentre
Cooperative Group on Home Mechanical Ventilation Assistance in Duchenne
de Boulogne Muscular Dystrophy. Lancet (1994) 343(8913):1600-4.
doi:10.1016/S0140-6736(94)93058-9

17. Pinto AC, Evangelista T, Carvalho M, Alves MA, Sales Luis ML. Respiratory
assistance with a non-invasive ventilator (Bipap) in MND/ALS patients:
survival rates in a controlled trial. J Neurol Sci (1995) 129(Suppl):19-26.
doi:10.1016/0022-510X(95)00052-4

18. Nickol AH, Hart N, Hopkinson NS, Moxham J, Simonds A, Polkey MI.
Mechanisms of improvement of respiratory failure in patients with

Frontiers in Medicine | www.frontiersin.org

September 2016 | Volume 3 | Article 40


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
http://dx.doi.org/10.1183/09059180.00003113
http://dx.doi.org/10.1016/S0960-8966(02)00140-2
http://dx.doi.org/10.1136/thx.53.11.949
http://dx.doi.org/10.1212/01.wnl.0000290830.40544.b9
http://dx.doi.org/10.1002/mus.10090
http://dx.doi.org/10.1002/14651858.CD001941.pub3
http://dx.doi.org/10.1002/14651858.CD001941.pub3
http://dx.doi.org/10.1136/thx.2004.037424
http://dx.doi.org/10.1097/PHM.0b013e31826edcf1
http://dx.doi.org/10.1097/PHM.0b013e31826edcf1
http://dx.doi.org/10.1136/thx.2010.139782
http://dx.doi.org/10.1136/thx.2010.139782
http://dx.doi.org/10.1016/j.rmed.2016.01.017
http://dx.doi.org/10.1016/j.rmed.2016.05.022
http://dx.doi.org/10.4187/respcare.01658
http://dx.doi.org/10.4187/respcare.01658
http://dx.doi.org/10.1007/s00134-009-1408-5
http://dx.doi.org/10.5664/jcsm.2172
http://dx.doi.org/10.1016/S0140-6736(94)93058-9
http://dx.doi.org/10.1016/0022-510X(95)00052-4

Ogna et al.

Hypoventilation in Ventilated Neuromuscular Patients

19.

20.

21.

22.

23.

restrictive thoracic disease treated with non-invasive ventilation. Thorax
(2005) 60(9):754-60. doi:10.1136/thx.2004.039388

Bourke SC, Tomlinson M, Williams TL, Bullock RE, Shaw PJ, Gibson GJ.
Effects of non-invasive ventilation on survival and quality of life in patients
with amyotrophic lateral sclerosis: a randomised controlled trial. Lancet
Neurol (2006) 5(2):140-7. doi:10.1016/S1474-4422(05)70326-4

Jackson CE, Rosenfeld J, Moore DH, Bryan WW, Barohn R], Wrench M, et al.
A preliminary evaluation of a prospective study of pulmonary function studies
and symptoms of hypoventilation in ALS/MND patients. ] Neurol Sci (2001)
191(1-2):75-8. doi:10.1016/S0022-510X(01)00617-7

Clinical indications for noninvasive positive pressure ventilation in chronic
respiratory failure due to restrictive lung disease, COPD, and nocturnal
hypoventilation - a consensus conference report. Chest (1999) 116(2):521-34.
doi:10.1378/chest.116.2.521

Ogna A, Quera Salva MA, Prigent H, Mroue G, Vaugier I, Annane D, et al.
Nocturnal hypoventilation in neuromuscular disease: prevalence according to
different definitions issued from the literature. Sleep Breath (2016) 20:575-81.
doi:10.1007/s11325-015-1247-2

Nishimura Y, Hida W, Taguchi O, Sakurai M, Ichinose M, Inoue H, et al.
Respiratory muscle strength and gas exchange in neuromuscular diseases:
comparison with chronic pulmonary emphysema and idiopathic pulmonary
fibrosis. Tohoku J Exp Med (1989) 159(1):57-68. doi:10.1620/tjem.159.57

24. Ries AL. Oximetry - know thy limits. Chest (1987) 91(3):316. doi:10.1378/
chest.91.3.316

25. Fletcher EC, Scott D, Qian W, Luckett RA, Miller CC, Goodnight-White
S. Evolution of nocturnal oxyhemoglobin desaturation in patients with
chronic obstructive pulmonary disease and a daytime PaO, above 60
mm Hg. Am Rev Respir Dis (1991) 144(2):401-5. doi:10.1164/ajrccm/
144.2.401

Conflict of Interest Statement: All the authors declare that they have no conflict
of interest related to the present work to disclose. The Service de Physiologie-
Explorations Fonctionnelles of Garches received research funds from ResMed
France, not related to the present work. The CIC 14.29 of Garches received research
funds from BREAS Medical for a project on end-tidal CO,.

Copyright © 2016 Ogna, Nardi, Prigent, Quera Salva, Chaffaut, Lamothe, Chevret,
Annane, Orlikowski and Lofaso. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

September 2016 | Volume 3 | Article 40


http://www.frontiersin.org/Medicine
http://www.frontiersin.org
http://www.frontiersin.org/Medicine/archive
http://dx.doi.org/10.1136/thx.2004.039388
http://dx.doi.org/10.1016/S1474-4422(05)70326-4
http://dx.doi.org/10.1016/S0022-510X(01)00617-7
http://dx.doi.org/10.1378/chest.116.2.521
http://dx.doi.org/10.1007/s11325-015-1247-2
http://dx.doi.org/10.1620/tjem.159.57
http://dx.doi.org/10.1378/chest.91.3.316
http://dx.doi.org/10.1378/chest.91.3.316
http://dx.doi.org/10.1164/ajrccm/144.2.401
http://dx.doi.org/10.1164/ajrccm/144.2.401
http://creativecommons.org/licenses/by/4.0/

	Prognostic Value of Initial Assessment of Residual Hypoventilation Using Nocturnal Capnography in Mechanically Ventilated Neuromuscular Patients: 
A 5-Year Follow-up Study
	Introduction
	Materials and Methods
	Patients
	Capno-Oximetry
	Daytime Blood Gases
	Definition of Hypoventilation
	Outcomes
	Statistical Analysis

	Results
	Capno-Oximetry
	Outcomes

	Discussion
	Conclusion
	Author Notes
	Author Contributions
	References


