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Abstract

Background: The number of patients with invasive home
mechanical ventilation (HMV) following unsuccessful wean-
ing is steadily increasing, but little is known about the living
conditions and health-related quality of life (HRQL) in these
patients. Objectives: To establish detailed information on
living conditions and HRQL in patients with invasive HMV.
Methods: The Severe Respiratory Insufficiency Question-
naire (SRI) was used to measure specific HRQL aspects in ad-
dition to patient interviews on individual living conditions
during home visits. Results: Thirty-two patients with lung
disease, most prominently COPD (n = 18), and neuromuscu-
lar disorders (n = 14) were included. The overall mean SRl
summary scale score (range 0-100) was 53 + 16, with a broad
range amongst individuals (23-86). Neuromuscular patients
were younger than those with lung diseases (49 + 18 vs. 67 +
11 years; p < 0.005), and although they had a higher nursing
dependency and fewer comorbidities, they tended to have
higher (better) SRI summary scale scores (58 + 16 vs. 48 + 15;
p = 0.092). Living in a private home compared to living in
nursing facilities did not influence the SRI scores. Conclu-
sions: Patients undergoing invasive HMV primarily following
unsuccessful weaning reported an individual HRQL which,

when taken together, was highly heterogeneous and ranged
from very good to extremely bad. Older patients with COPD
and more comorbidities are likely to have a worse HRQL than
neuromuscular patients, while the living situation does not
influence the HRQL. ©2015 S. Karger AG, Basel

Introduction

Health-related quality of life (HRQL) is an important
outcome factor in patients with chronic, non-curable dis-
orders. This is particularly pertinent to patients with se-
verely advanced chronic respiratory failure who receive
home mechanical ventilation (HMV) and in whom life
expectancy is considerably reduced. When non-invasive
ventilation (NIV) is used to administer HMV, the HRQL
is reportedly improved in several disorders [1, 2].

In addition, HMV is increasingly being carried out
with invasive forms of mechanical ventilation following
tracheostomy [3]. In neuromuscular disorder (NMD) pa-
tients, invasive HMV is typically established when chron-
ic respiratory failure deteriorates under NIV or when in-
sufficient swallowing and secretion management require
tracheostomy [4]. Here, the HRQL has been reported as
acceptable according to some trials [5, 6]. Furthermore,
as the number of patients with chronic respiratory failure
grows, invasive mechanical ventilation has become more
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and more frequently necessary to treat acute on chronic
respiratory failure in the ICU. These patients may eventu-
ally end up with invasive HMV, if weaning from mechan-
ical ventilation proves unsuccessful [7-9]. Several factors
that serve as predictors have been established for weaning
failure, one of which is the underlying disease, such as
COPD or NMD [9-11]. Patients with prolonged weaning
are often treated in respiratory care units, and in many
cases, end-of-life decision statements are not recorded
[12]. As a consequence of unsuccessful weaning, patients
are discharged with invasive HMV [7-9]. However, de-
spite being a fundamentally important aspect of patient
care, little remains known about the HRQL in patients.
Indeed, detailed information about HRQL is suggested to
(1) support patients in their end-of-life decision-making
processes and (2) identify patients with severely reduced
HRQL following the establishment of invasive HMV after
unsuccessful weaning, since this group of patients would
then need to be a target for further interventions aimed at
improving their HRQL.

From this perspective, intensive care specialists con-
stantly face the dilemma of whether to provide adequate
life support to preserve a life with an extremely low HRQL
when treating patients with chronic respiratory failure
who are unlikely to be successfully weaned. Therefore, the
present study aimed to investigate detailed and specific
aspects of the HRQL in patients who were implemented
with invasive HMV after acute respiratory failure had had
to be managed in the ICU and in whom weaning from
invasive mechanical ventilation was not feasible. In addi-
tion, this study also investigated whether the specific liv-
ing conditions related to medical and nursing care had
any influence on the HRQL in these patients.

Methods

The current study protocol was approved by the responsible
ethics committee (Ethikkommission der Arztekammer Nordrhe-
in, Germany) and was performed in accordance with the ethical
standards laid down in the Declaration of Helsinki, 2000. The
study was registered at the German Clinical Trials Register
(DRKS00005297). Informed written consent was obtained from all
subjects or legal guardians.

Subjects and Study Design

The study was performed in adult patients with various under-
lying disorders that ultimately lead to severe chronic respiratory
failure. All patients had been established on invasive HMV for at
least 2 months prior to the study commencement. All patients
were investigated during a stable phase of the disease when they
were hospitalized for a planned routine check-up or when they
were visited in their homes. In the latter case, the nursing facilities
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or nursing providers were contacted for support. Patients were
only included if their participation was approved by the nursing
care facility or nursing provider. Patients connected to our venti-
lation centre as well as outside patients were included. Patients
with mental retardation or deafness were excluded.

The following information was collected from each patient: (1)
primary disease leading to the chronic respiratory failure, (2) depen-
dency on HMYV, (3) further comorbidities, (4) living situation, (5)
mechanical ventilation, (6) medical and nursing care and (7) supply
of technical aids. In addition, the dependency on nursing care was
estimated by assessing the Barthel Index of Activities of Daily
Living, with lower values (range 0-100) indicating higher disability
[13, 14]. The established nursing care level (1 = lowest; 3 = highest)
according to the German nursing care insurance legislation [15] was
recorded, where level 3 indicates extreme dependency on nursing
care with need for assistance with basic care day and night.

Patients were asked to fill out the original German version of
the Severe Respiratory Insufficiency Questionnaire (SRI) [16, 17].
If it was not possible for the patient to do this on his/her own, the
SRI was answered via a structured interview. Here, all items were
read out loud and answers were marked according to patient’s
statements. In order to maintain objectivity, 2 different investiga-
tors (Huttmann S. and Muth A.) randomly performed the inter-
views, while relatives were excluded from answering questions.
Finally, patients were given an opportunity to express their percep-
tion of their quality of life as well as their individual attitude
towards out-of-hospital invasive HMV. Here, key messages from
each patient were derived from the interviews either through doc-
umentation of key citations or by describing the main observa-
tional issues.

Severe Respiratory Insufficiency Questionnaire

The SRI is an instrument specifically designed to measure the
HRQL in patients with severe respiratory insufficiency. It contains
49 items with 7 subscales measuring different aspects of HRQL (Re-
spiratory Complaints, Physical Functioning, Attendant Symptoms
and Sleep, Social Relationships, Anxiety, Psychological Well-Being,
Social Functioning). Each subscale produces a score (0-100), with
lower scores indicating poorer health. The scales can be aggregated
to 1 Summary Score. Answers are given on a 5-point Likert scale
ranging between ‘completely untrue’ and ‘always true’. So far, the
SRI has been validated in several trials in patients with severe respi-
ratory insufficiency while treated with long-term NIV [1, 2, 16].

Statistical Analysis

All data derived from the SRI were subjected to normality test-
ing using the Shapiro-Wilk test. Here, the whole group was tested
in addition to subgroups. Group comparison was performed for
(1) disease categories and (2) living situations. For disease catego-
ries, patients with NMD were compared to patients primarily suf-
fering from lung diseases, the most relevant being COPD. For liv-
ing situations, patients were categorized into those living in a pri-
vate environment, i.e. in their own house or apartment, versus
those living in nursing facilities. All normally distributed data are
presented as means + standard deviation. Non-normally distrib-
uted data (Shapiro-Wilk with a p value of <0.05) are provided as
median values with minimum and maximum values. For group
comparison, paired t tests were used for normally distributed data.
A non-parametric test (Wilcoxon-Mann-Whitney rank sum test)
was used on non-normally-distributed data. Group effects were
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estimated with 95% confidence intervals and tested with a 2-sided
level of 0.05. For binary data on comorbidities, medical and nurs-
ing care and technical supply, Fisher’s exact test was used compar-
ing the proportions between different disease categories and living
situations.

Results

Patients

A total of 32 patients receiving invasive HMV follow-
ing tracheostomy were recruited between December 2013
and May 2014. Twelve patients were investigated during
routine hospitalization, while 20 patients were visited at
home. Demographic data and ventilator settings are giv-
en in table 1. Another 3 patients who were invited to par-
ticipate in the study declined to take part.

Advanced NMD was recorded in 14 patients as being
the main cause of chronic respiratory failure and depen-
dency on HMV (6 with amyotrophic lateral sclerosis
(ALS), 3 with spinal cord injury, 2 with hereditary mus-
cular metabolic diseases, 2 with Curschmann-Steinert
myotonic dystrophy and 1 with Duchenne muscular
dystrophy).

The remaining patients suffered from COPD (n = 11),
overlap syndrome with COPD and coexisting obesity hy-
poventilation syndrome (n = 2) or destroyed lung (n = 1),
while 4 patients suffered from chronic lung disease, which
was not further classified; here, patients had multifacto-
rial reasons for chronic respiratory failure with the pri-
mary cause not being identified clearly.

Demographics and ventilator characteristics are pro-
vided for NMD patients and those with chronic lung dis-
eases in table 1. Two ALS patients and 1 patient with he-
reditary muscular metabolic disease started invasive me-
chanical ventilation during an acute worsening of their
respiratory function, with tracheostomy having been ap-
proved by the patient during an earlier phase of stable
disease. Of note, only 1 of these patients (ALS) had re-
ceived NIV prior to the tracheostomy. In contrast, the
remaining 29 patients had initially been intubated and
treated in the ICU for acute respiratory failure, while in-
vasive HMV was established following prolonged wean-
ing and subsequent weaning failure. The distribution of
chronic comorbidities is presented in figure 1.

Living Situations and Data on Nursing and Medical

Care

Data on medical care, supply of technical aids for se-
cretion management, mobilization and basic nursing
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Table 1. Demographics and ventilator characteristics

Demographics and NMD Lung disease p

ventilator settings value

Subjects, n 14 (100) 18 (100) 1.0

Females, n 6 (43) 11 (61) 0.476

Age, years 49+18 67+11 <0.005

Duration of invasive 30+36* 21+£202 0.775

HMYV, months 19 (3-132) 13 (2-78)

IPAP, cm H,O 17+5 25+8 <0.001

EPAP, cm H,0 5+22 6+2° 0.393
6 (0-8) 5 (4-10)

RR, breaths/min 13+2° 16+3 <0.005

13 (10-16) 16 (10-22)

Spontaneous breathing, = 4+6° 6+7% 0.393

hours/day 1(0-16) 4(0-22)

LTOT, n 6 (43) 18 (100) <0.001

LTOT, litres/min 1.9£1.0 2.7+1.22 0.163

2.0 (0.5-3.0) 2.5 (1.0-6.0)

NIV before invasive 3(21) 6(33) 0.694

HMV,n

Pre-agreement for 3(21) 0(0) 0.073

tracheostomy during
stable disease phase, n

Data are presented as absolute numbers with percentages in
parentheses or as means + standard deviation with ranges in pa-
rentheses. EPAP = Expiratory positive airway pressure; IPAP = in-
spiratory positive airway pressure; LTOT = long-term oxygen
therapy; RR = respiratory rate.

 For non-normally distributed data, median values with mini-
mum and maximum in parentheses are also given.

care are provided in table 2. Nineteen patients lived in a
nursing facility together with other patients receiving in-
vasive HMV (12 in a nursing home specialized for HMV
and 7 in a community with an ambulatory nursing ser-
vice caring for all patients within the community). Thir-
teen patients lived in their private homes and received
support from an ambulatory nursing service. As a conse-
quence, specialized nursing care was provided for all pa-
tients and was in accordance with the criteria set by the
German Interdisciplinary Society of Home Mechanical
Ventilation as outlined by recommendations and na-
tional guidelines [18, 19]. Briefly, nurses caring for pa-
tients with invasive ventilation in the home environment
were either trained as ICU nurses, had at least completed

Huttmann/Windisch/Storre
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Table 2. Comparison of medical care, nursing care and supply of technical aids between patient groups (NMD versus lung diseases and
private home versus nursing facility)

NMD Lung disease p Private home Nursing facility p
(n=14) (n=18) value (n=13) (n=19) value
Living situation/disease category Private home (n =7) Private home (n=6) 0.473 NMD(n=7) NMD (n=7) 0473
Nursing facility Nursing facility Lung disease Lung disease
(n=7) (n=12) (n=6) (n=12)
Medical care
Connected to a ventilation centre 9 (64%) 12 (67%) 1.0 12 (92%) 9 (47%) 0.011
Home visit by family physician 13 (93%) 17 (94%) 1.0 12 (92%) 18 (95%) 1.0
Home visit by respiratory physician 7 (50%) 3 (17%) 0.062 2 (15%) 8 (42%) 0.141
Home visit by other medical specialist 9 (64%) 8 (44%) 0.308 6 (46%) 11 (58%) 0.720
Outpatient visits 2 (14%) 3 (17%) 1.0 3 (23%) 2 (11%) 0.374
Nursing care
Specialized nursing care 14 (100%) 18 (100%) 1.0 13 (100%) 19 (100%) 1.0
Relatives involved in nursing care 5 (36%) 2 (11%) 0.195 5 (38%) 2 (11%) 0.091
Nursing care insurance, level 3 12 (86%) 6 (33%) 0.005 8 (62%) 10 (53%) 0.725
Barthel index 24+24% 13 (5-80) 54+26; 58 (5-95) <0.005 33+26 47130 0.209
Supply of technical aids
Suction equipment 14 (100%) 18 (100%) 1.0 13 (100%) 19 (100%) 1.0
Mechanical insufflator-exsufflator 5 (36%) 2 (11%) 0.195 5 (38%) 2 (11%) 0.091
Wheelchair 13 (93%) 16 (89%) 1.0 12 (92%) 16 (84%) 0.629
Walker/rollator 3 (21%) 8 (44%) 0.266 5 (38%) 6 (32%) 0.721
Health care bed 14 (100%) 16 (89%) 0492 11 (85%) 19 (100%) 0.157
Commode chair 4 (29%) 9 (50%) 0.289 8 (62%) 6 (32%) 0.149

Data are presented as absolute numbers and percentages in parentheses or as means + standard deviation with ranges in parentheses.
2 For non-normally distributed data median values with minimum and maximum in parentheses are also given.

100 g e e et e e et e e e e e et e e e e et e et e s e s e e et e e et e e e s et e et e e s e s e e e et et e s ettt et
p <0.05 M Neuromuscular disorders (n = 14)

90 4+
M Lung disease (n = 18)

Percent of patients

Arterial Cardiac disease Renal Mental disease Diabetes Others
hypertension insufficiency

Fig. 1. Chronic comorbidities of patients receiving invasive HMV.  rhythm disorders), renal insufficiency (not dependent on dialysis),
Patients with neuromuscular disorders are compared to those with ~ mental diseases (depression, chronic pain syndrome, anxiety dis-
chronic lung diseases. The following comorbidities are summa-  order, personality disorder and claustrophobia), diabetes and oth-
rized: arterial hypertension, cardiac diseases (coronary heart dis-  er comorbidities (epilepsy, osteoporosis, peripheral arterial ob-
ease, disease of the cardiac valves, cardiac insufficiency and heart  structive disease, hepatitis and hypothyroidism).
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Table 3. Subscales and summary scale of the SRI with respect to the underlying disease and living situation (NMD versus lung diseases

and private home versus nursing facility)

NMD Lung disease Private home Nursing facility  p

(n=14) (n=18) value (n=13) (n=19) value
Living situation/disease category — Private home Private home (n=6) 0.473 NMD (n=7) NMD (n=7) 0.473

(n=7) Nursing facility Lung disease Lung disease

Nursing facility ~ (n=12) (n=6) (n=12)

(n=7)
Subscales and summary score
Respiratory Complaints 6522 54+20 0.143  59+21 59+21 0.976
Physical Functioning 24+13;25 (0-50) 22+18% 15 (0-63) 0.716  24+18;25(0-50) 22+15%17 (4-63) 0.679
Attendant Symptoms and Sleep ~ 70+18 64122 0.389  69+18 65+ 22 0.552
Social Relationships 69+16 63130 0.703  71%29 62122 0.301
Anxiety 70+26 53+28 0.093 5331 65+26 0.245
Psychological Well-Being 58+28 47426 0.259  55+31% 67 (3-89) 49+25;42 (6-92) 0.589
Social Functioning 52423 37+17 0.039  48+24 41+19 0.385
Summary Scale 58+16 48+15 0.0915 54+19 52+14 0.702

All data are presented as means + standard deviation.

2 For non-normally distributed data, median values with minimum and maximum in parentheses are also given.

a German Interdisciplinary Society of Home Mechanical
Ventilation-specialized nursing course or worked as a re-
spiratory therapist.

Descriptive data for out-of-hospital medical and nurs-
ing care are illustrated in table 2. Sixty-six percent of all
patients were connected to a ventilation centre for rou-
tine check-ups and possible emergency admissions at our
centre or elsewhere. Specialized nursing was provided
24 h per day in 30 patients (94%), while in 2 patients with
relatives as additional carers, specialized nursing was pro-
vided for 10 h (ALS) and 16 h per day (hereditary muscu-
lar metabolic disease), respectively.

Health-Related Quality of Life

All patients completed the SRI (28 by interview and
4 by filling in the questionnaire themselves). Overall, the
mean SRI summary score of 53 + 16 was roughly in the
middle of the possible scaling range. Following sub-
group analysis, patients with NMD had higher SRI
scores compared to lung disease patients, even though
this was only statistically significant in the subscale ‘so-
cial functioning’ (table 3). There was no clear difference
in HRQL between patients living in their private home
compared to those who lived in nursing facilities
(table 3).

There was a broad variety of individual SRI scores,
and this was true for all subscales and, of note, also for
the summary scale (fig. 2). Individual summary scale
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scores from all patients are listed in an ascending order
in figure 3, documenting the broad variety of the SRI
summary scale score across all patients. Key messages
regarding individual life quality perception and living
conditions are outlined in table 4 and presented in com-
parison to the SRI summary scale score for each patient.
The mean values of the SRI scales of the NMD group are
displayed in figure 4 and are presented in comparison to
earlier data derived from 2 previous studies, in which the
HRQL was assessed in patients with NMD receiving NIV
[1, 20]. Even though scores for physical functioning
tended to be lower, while scores for anxieties tended to
be higher in patients with invasive HMV, the overall
HRQL as assessed by the SRI scale scores was nearly
identical in patients with invasive compared to non-in-
vasive HMV.

Discussion

This is the first study to provide detailed descriptions
on patient characteristics, living conditions and specific
aspects of HRQL in patients with long-term invasive
HMYV. The main finding was that specific aspects of
HRQL were extremely heterogeneous across individual
patients, with the reported HRQL ranging from poor to
acceptable to very good. Another important finding was
that patients with NMD tended to have higher HRQL

Huttmann/Windisch/Storre
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Fig. 3. Individual summary scale scores listed in ascending order
from the SRI in patients receiving invasive HMV. Age, disease cat-
egory (neuromuscular disorder or lung disease) and living situa-
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tion (private home or nursing facility) are illustrated for each pa-
tient. Additionally, the median value for all patients is presented.
SS-SRI = Summary scale score of the SRI.
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Table 4. Individual key messages from patients receiving invasive HMV sorted by the summary scale score from the SRI (n = 32)

Primary disease Age, Place of Subjective key message SS-SRI
years  residency
Muscle dystrophy 26 P Shares an apartment with brother and has many friends 86
Muscle dystrophy 53 N Lives in firm partnership despite no verbal communication 76
Hereditary muscular 28 P Has more desire for living again since HMV was started and wants to move to a 74
metabolic disease communal living setting
COPD 82 P ‘T am satisfied with my life, except when I'm in pain’ 74
Multifactorial 80 N ‘T have no fear of dying soon’ 72
COPD 70 N Despite being chronically bedridden, is in a positive state of mind because of good 72
social integration
ALS 52 P Is happy living with wife and son at home 67
Multifactorial 63 N Has no confidence in doctors, nurses or hospitals 66
ALS 53 N Has changed nursing facility for a better social life 64
Spinal cord injury 67 P Communication via alphabet board, plays guitar 63
COPD 81 P Is happy after having changed from nursing facility to private home 3 monthsago 63
ALS 46 N ‘My greatest wish is to live with my family again’ 60
Muscle dystrophy 41 N ‘T grew up with this disease, therefore, it’s normal for me’ 59
ALS 23 P Rapid disease progression, lives with family 58
ALS 82 P ‘T can’t use my hands, but I can use my computer for work’ 55
COPD + OHS 74 N Receives frequent visits from family members and friends 54
Spinal cord injury 30 N Has a strong Buddhist belief 52
COPD 65 N Life has not changed after being switched from NIV to tracheal ventilation 51
Multifactorial 79 N Cannot speak, spends the day in the lounge room watching TV 50
COPD + OHS 61 N Is moody but does not want life to change 49
COPD 63 N Is regularly taken out to smoke and enjoys his beer 44
Hereditary muscular 57 N ‘Twish I could go outside more often’ 43
metabolic disease
Destroyed lung 44 N ‘All my other room-mates are in a coma except for me’ 40
COPD 74 p I feel like a dog on leash’ 39
COPD 48 N ‘The ventilator resembles something between a prison and a lifesaver’ 38
COPD 58 P ‘T will never get used to nurses living in our house’ 37
Multifactorial 79 N Can use the vacuum cleaner while being invasively ventilated 37
ALS 71 N Regrets tracheostomy 35
COPD 69 P Repeatedly expresses the wish to die 33
COPD 59 P Does not want to be weaned, since nursing support can then be removed 31
Spinal cord injury 50 P ‘T wish to have more of a social life’ 25
COPD 60 N Only non-verbal communication possible, no social contacts 23

ALS = Amyotrophic lateral sclerosis; COPD = chronic obstructive pulmonary disease; OHS = obesity hypoventilation syndrome; N = nurs-
ing facility; P = private home; SS-SRI = summary scale of the SRI.
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Fig. 4. Mean subscale and summary scale
scores from the SRI in patients with neuro-
muscular disorders receiving invasive
HMYV (n = 14). Scores are displayed in par-
allel with earlier data derived from 2 previ-
ous studies in which patients with neuro-
muscular disorders received non-invasive
HMYV (Windisch et al. [1]: n = 17, Gosh et
al. [20]: n = 31). RC = Respiratory Com-
plaints; PF = Physical Functioning; AS =
Attendant Symptoms and Sleep; SR = So-

SRI score

’IOOﬁ .............

—— NMD-invasive (present study) '
—— NMD-NIV [1] )
—— NMD-NIV [20]

cial Relationships; AX = Anxiety; WB = 0
Psychological Well-Being; SF = Social
Functioning; SS = Summary Scale.

scores compared to patients primarily suffering from
lung diseases. This is remarkable since NMD patients had
the severest physical limitations and handicaps and, con-
sequently, an increased dependency on nursing care.
Apart from this, other conditions, particularly the living
situation, had no influence on the HRQL.

HRQL has also previously been investigated in pa-
tients with invasive HMV. Overall, most of these studies
compared patients with NIV and invasive HMV and
found that the HRQL was not inferior in patients with
invasive HMV [5, 6]. Of note, most of these patients had
neuromuscular or restrictive thoracic disorders, while
half the patients in the present study primarily had chron-
ic lung diseases. Another important difference is that the
present study used the SRI, which specifically aims to as-
sess the HRQL in patients with chronic respiratory failure
receiving HMV [16, 17]. In contrast, other studies pri-
marily used generic instruments without employing vali-
dated questionnaires specific to chronic respiratory fail-
ure and HMV [5, 6]. Finally, nearly all patients in the
present study received long-term invasive HMV after
weaning failure. These differences might explain why the
HRQL was severely reduced in at least some of the pa-
tients. Accordingly, a previous study reported a worsen-
ing of the clinical outcome in respiratory ICUs over the
last few decades [7]. This is suggested to be the result of
admitting to the respiratory centres more severely ill pa-
tients who had previously had a longer stay in the ICU as
well as patients with a higher number of comorbidities.
As a consequence, there is a growing number of invasive
HMYV patients, who are discharged with an ongoing need
for ventilatory support. Therefore, the HRQL in this spe-
cific group of patients with significant comorbidities and
weaning failure after an ICU stay (as in the present study)

Living Conditions and HRQL in Invasive
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is likely to be reduced. This, in particular, held true for
patients with chronic lung diseases, who were on average
older and had more comorbidities than patients with
NMD. Similarly, patients with long-term invasive HMV
reportedly have lower survival rates if they suffer from
lung diseases rather than neuromuscular disorders [4].
In the study by Marchese et al. [4], 90% of all patients
would choose tracheostomy and invasive HMV again,
but the majority of patients had also been tracheoto-
mized electively. Therefore, only a limited comparison of
this result with the present data is possible. As a conse-
quence, clinicians need to be aware of a potentially re-
duced HRQL when starting mechanical ventilation in
the ICU in patients at risk for weaning failure [9-11].
On the other hand, a significant number of patients in
this study reported a high HRQL, indicating that invasive
HMYV following weaning failure is not necessarily associ-
ated with a poor quality of life. In particular, NMD pa-
tients can have acceptable, subjectively reported mental
health despite severe functional limitations, and this is
similar to patients with long-term NIV [21, 22]. In addi-
tion, the NMD patients with invasive HMV investigated
here had SRI scores almost identical to those documented
in earlier cohorts of NMD patients with NIV (fig. 4) [1,
20]. As an exception, anxieties tended to be less evident,
although physical functioning was more impaired in
NMD patients with invasive compared to earlier non-in-
vasive HMV cohorts. Therefore, one could speculate that
invasive HMV provides a sense of security at least in some
severely disabled NMD patients with advanced chronic
respiratory failure. Furthermore, patients with chronic
respiratory failure following prolonged weaning (and
also suffering from NMD), who were not dependent on
HMYV, had similar HRQL scores to patients with chronic
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respiratory failure who had electively received HMV in
the form of long-term NIV [23].

Finally, previous work has also shown that generic as-
pects of HRQL are comparable between patients receiv-
ing invasive and non-invasive HMV [5, 6]. Therefore,
there is now enough robust data to conclude that the
HRQL in NMD patients is dependent on limitations
caused by chronic respiratory failure and the underlying
disease itself, rather than being caused by the type of ven-
tilatory support.

Of note, 41% of the patients in this cohort lived in the
same private homes where they had lived before invasive
HMYV was established, while 59% of the patients lived in
nursing facilities. Patients living in a nursing facility were
less frequently connected to a ventilation centre, but this
was presumably biased by the fact that the majority of pa-
tients living at home were recruited via our hospital’s da-
tabank. Nevertheless, the SRI scores were on average
comparable, indicating that specific living conditions do
not primarily influence the HRQL, as assessed by highly
specific questionnaires. In addition, detailed interviews
combined with visiting patients at home allowed the es-
tablishment of individual key messages about aspects of
the HRQL, life perception and living conditions that are
not even covered by specific questionnaires. Thereby it
has been shown that the attitude towards specific indi-
vidual living condition is complex and heterogeneous;
some patients were satisfied with current living condi-
tion, while others were not, and this was true both for
patients living in private homes and those living in nurs-
ing facilities.

Interestingly, a remarkable number of patients with
NMD (43%) were not only treated with mechanical ven-
tilation but also with supplemental oxygen. One can as-
sume that supplemental oxygen is not necessary in this
subgroup if adequate secretion management is provided
to these patients, e.g. with mechanical insufflator-exsuf-
flators. Surprisingly, only a small number of patients with
NMD were treated with specific secretion management
(36% in NMD and 11% in COPD, where these devices are
usually not indicated). It remains unclear whether the ap-
plication of supplemental oxygen was the consequence of
inadequate secretion management.

There are some limitations of the study. Firstly, it is
clear that the formulation of key messages was highly de-
pendent on the investigator, with a possible lack of objec-
tivity. However, these statements include important indi-
vidual information on quality of life, in addition to high-
ly objective and standardized HRQL measures, and are
not aimed at replacing objective measures. Interestingly,
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positive and negative statements were associated with
higher and lower SRI summary scale scores, respectively,
supporting the value of additional subjective key messag-
es. Secondly, it could be argued that there is a selection
bias, since patients with reduced HRQL are not likely to
have participated in the study. However, a broad spec-
trum of individual HRQL was uncovered by the study,
and this was shown by both the SRI and the individual key
messages. Thus, the spectrum of patients included here
appears to be realistic. Thirdly, further studies are needed
to provide a more systematic assessment of the HRQL in
all patients discharged for invasive HMV, and this re-
search also needs to include more detailed individual data
on personal living conditions and attitudes towards life
and death. This was not covered by the present study, but
appears to be important as recent research has clearly
demonstrated that the last phase of life in patients with
HMYV is associated with frequent problems and burdens
related to both mechanical ventilation and the advanced
stage of the disease; this was reportedly true for both pa-
tients and family members [24, 25].

In conclusion, living conditions, specific aspects of
HRQL and individual attitudes towards personal living
conditions all differed substantially within a group of
patients receiving invasive HMV primarily following
weaning failure. Overall, the HRQL is either good or
poor based on individually evaluated conditions, even
though older patients with lung diseases and more co-
morbidities are more likely to have a reduced HRQL
compared to younger patients with neuromuscular dis-
orders. More research is required in order to assess and
define factors associated with reduced HRQL, particu-
larly in the growing number of patients with lung dis-
eases, comorbidities and weaning failure when recover-
ing from ICU treatment.
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