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Non-invasive Ventilation in Subjects with COPD
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Abstract

Objective In subjects with chronic obstructive pulmonary disease (COPD), the effect of partial pressure of
CO; (PaCO,) alterations during long-term non-invasive ventilation (NIV) on continuance remains uncertain.
We herein investigated the utility of PaCQO, stability during long-term NIV as a prognostic outcome.

Methods We retrospectively assessed data from 54 subjects with COPD who received long-term NIV. The
annual alteration in PaCO, during NIV was determined using a simple linear regression method for each sub-
ject who had at least two 6-month intervals of PaCO, data. Annual alterations in PaCO, during long-term
NIV and probable confounders were examined, and long-term NIV discontinuation was the major outcome.
Results Data from 37 subjects who met the criteria were analyzed. PaCO, during long-term NIV increased
slightly in 19 subjects (group 1, <2 mm Hg/y), and increased greatly in 18 subjects (group 2, >2 mmHg/y).
In the multivariate modality model, smaller annual alterations in PaCO, (p=0.009) and lower PaCO, 6 months
after the start of long-term NIV (6 m-PaCQO.) (p=0.03) were associated with a significantly higher probability
of continuing NIV. The 2- and 5-year probabilities of continuing NIV were 89% and 66% for group 1 and
78% and 32% for group 2, respectively.

Conclusion A lower 6 m-PaCO, and a lower annual alteration of PaCO, during long-term NIV are signifi-
cant predictive variables for patients with COPD.
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partial pressure of carbon dioxide, COPD
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tively low PaCO, levels for several years and that PaCO,

Introduction

Over the last three decades, home non-invasive ventilation
(NIV) has been extensively used to treat subjects with
chronic hypercapnic ventilatory failure (1-4).
high-intensity NIV aimed to reduce the partial pressure of
CO; (PaCO») to a near-normal range has been shown to im-
prove daytime arterial blood gases (ABGs) and achieve a
high continuation rate in patients with stable hypercapnic
chronic obstructive pulmonary disease (COPD) (5, 6). We
previously demonstrated that subjects with a relatively low
PaCO, a few months after beginning NIV maintained rela-

Nocturnal

levels a few months after NIV initiation is a significant pre-
dictive factor for rates of NIV continuation and hospitaliza-
tion due to respiratory deterioration in subjects with restric-
tive thoracic disease (RTD) (7), as well as those with
COPD (8).

However, when our data were reanalyzed to include the
annual change in PaCO, during long-term NIV in subjects
with RTD, smaller annual alterations in PaCQO, were found
to be more important for continuation than lower PaCO, lev-
els a few months after NIV (9). Therefore, nocturnal high-
intensity NIV for long-term treatment may not be mandatory
for these subjects.
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In the present study of subjects with COPD, we retro-
spectively reviewed PaCO, data obtained at 6-month inter-
vals and calculated their PaCO, alteration rates. We intended
to clarify which pattern of PaCO, alteration during long-
term NIV would be suitable for continued NIV usage. We
also wanted to elucidate whether PaCO, levels a few months
after NIV or annual PaCO, alteration rates throughout long-
term NIV are more important for the continuation of long-
term NIV.

Materials and Methods

Subjects

All subjects with COPD who had started NIV at the Na-
tional Hospital Organization Minami Kyoto Hospital, the
National Tokyo Hospital, or the Kyoto University Hospital
between June, 1990 and August, 2007 were included in this
study. A similar group was evaluated in our previous re-
ports (8). All subjects had chronic hypercapnic ventilatory
failure. The criteria to introduce NIV were based on the
clinical with persistent diurnal hypercapnia
(PaCO, >45 mmHg) and/or nocturnal hypoventilation and/or
medical instability with repeated hospitalizations. Our sub-
jects had to continue long-term NIV to survive if they did
not wish to receive tracheostomy positive pressure ventila-
tion (TPPV). Subjects with other disorders were excluded.

This study was approved by the Ethics Committee of
Kyoto University. According to the advice of the Ethics
Committee of Kyoto University, the study procedure was
disclosed on our institution website, and all questions from
patients asked on the website form have been answered.

symptoms

Measurements

The age at the initiation of NIV, gender, existence of
sleep apnea syndrome (SAS), body mass index (BMI), per-
centage of predicted forced expiratory volume in 1 second
(%FEV)), pre-existing comorbidities (Charlson index), clini-
cal status at the start of NIV (i.e., acute or chronic), annual
hospitalization rate due to respiratory deterioration before
NIV, length of long-term oxygen therapy (LTOT) before the
start of NIV, ventilator mode (assisted or controlled mode),
inspiratory positive airway pressure (IPAP), expiratory posi-
tive airway pressure (EPAP), respiratory rate (fz), PaCO, af-
ter 6 months of NIV (6 m-PaCQO,), and annual alterations in
PaCO, during long-term NIV were assessed to elucidate the
risk factors of NIV discontinuation.

Data on 6-month intervals of daytime ABGs were col-
lected from 12 months before NIV initiation to the observa-
tion end-point when available. ABGs were typically ob-
tained between 9:00 and 13:00 with the subject in the su-
pine position and spontaneously breathing prescribed oxy-
gen. ABGs were sampled in subjects who were in a steady
condition without acute exacerbations.

All of the subjects’ data were gathered from their medical
records.

DOI: 10.2169/internalmedicine.54.4377

Clinical procedure for initiating long-term NIV and
follow-up

The detailed practices for introducing long-term NIV have
been described elsewhere (5). Volume-targeted ventilators
were utilized with either customized interfaces (10) or in-
dustrial masks. Pressure-targeted ventilators using bi-level
positive airway pressure (bi-level PAP) devices were applied
with industrial masks. Oxygen was added to maintain an ar-
terial oxygen saturation >95% during diurnal NIV and
>90% during nocturnal NIV.

During follow-up, all subjects who were on long-term
NIV and/or LTOT had to visit an outpatient clinic once a
month as required by Japanese legislation. Chest X-rays and
ABGs were typically examined every 3 to 6 months.

Statistical analysis

The alteration in PaCO, during NIV was determined us-
ing a simple linear regression method for each subject who
had at least two 6-month intervals of PaCO, data collected 6
to 96 months after long-term NIV initiation. The subjects
were divided into two groups using the median of the distri-
bution of PaCO, alterations (group 1, <2 mmHg/y, n=19;
group 2, >2 mmHg/year, n=18).

The means and standard deviations were used for the sub-
ject features and ventilator settings. Mann-Whitney U tests
for continuous variables and Fisher’s exact tests for cate-
gorical variables were used to evaluate differences in the
subject characteristics between the two groups. Continuance
of long-term NIV relative to risk factors, including the an-
nual PaCO. alteration, was estimated by a univariate Cox
proportional hazards regression analysis. Thereafter, continu-
ance was evaluated using a multivariate analysis that only
included significant risk factors (p<0.1) in the univariate
analysis. Continuance of long-term NIV was also estimated
and depicted by Kaplan-Meier curves (the log-rank test).
The Mann-Whitney U tests were used to evaluate differ-
ences in PaCO, between the two groups at the same time
points. For all analyses, a p value <0.05 was considered to
be significant.

Results

Subject characteristics

There were 54 subjects who were on NIV for more than
2 months and were available for follow-up. Four subjects
starting long-term NIV at their acute exacerbation ceased
NIV within 6 months due to recovery from hypercapnia. No
subjects died within 6 months of NIV. Two subjects were on
NIV for less than 6 months but were still on NIV at the fi-
nal follow-up time point (the last of November, 2007).
Eleven subjects continued NIV for more than 6 months but
had fewer than two 6-month intervals of PaCO, data. Ulti-
mately, 37 subjects were included in the analyses.

Of the 37 subjects, 19 discontinued long-term NIV. Four-
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Table 1. Subject Characteristics (n=37).

Group 1 Group 2

p value

Annual changes of PaCO2 <2 (mmHg/y) > 2 (mmHg/y)
(n) 19 18
Age at start of NIV (y) 69.3 (5.4) 71.1(7.5) 0.27
Gender (male/female ) 17/2 11/7 0.001
SAS (+/-) 3/16 0/18 0.23
BMI (kg/m?) 21.7 (4.4) 17.7 (3.6) 0.02
Y%predicted FEV1 (%) 20.9 (6.5) 20.5 (5.6) 0.84
Charlson comorbidity index 1.0 (1.0) 0.7(1.0) 0.84
s e s NIV
Ann}lal hospitali'zatio.n rate due to 0.9 (0.8) 20(1.2) 0.01
respiratory deterioration before NIV
Duration of LTOT before NIV (y) 35@3.2) 2.9(2.5) 0.63
Ventilator mode (assisted/controlled) 15/4 13/5 0.30
IPAP (cm H20) 13.3(5.1) 12.1(5.3) 0.52
EPAP (cm H20) 5.8(3.8) 3.5(1.9) 0.04
Respiratory rate 16.4 (6.1) 16.6 (4.5) 0.85
ABGs six months after start of NIV n=17 n=17
pH 7.37 (0.04) 7.39 (0.04) 0.12
PaO2 (mmHg) 83.1(15.3) 78.0 (11.8) 0.46
PaCO2 (mmHg) 61.0 (12.6) 56.7 (10.9) 0.43
HCOs™ (mmol/L) 34.7 (4.9) 33.6 (4.7) 0.55

NIV: noninvasive ventilation, SAS: sleep apnea syndorome, BMI: body-mass index, %
predicted FEV1: percentage of predicted value of forced expiratory volume in 1 second,
LTOT: long-term oxygen therapy, IPAP: inspiratory positive airway pressure, EPAP:
expiratory positive airway pressure, ABGs: arterial blood gas analyses, PaO:: arterial oxygen

tensions, PaCOz: arterial carbon dioxide tensions, HCOs™: bicarbonate
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Figure 1. The distribution of annual alterations in PaCO.. A

total of 37 subjects were divided into two groups based on their
annual alterations in PaCO: (group 1, <2 mmHg/y, n=19;
group 2, >2 mmHg/y, n=18). PaCOz: arterial carbon dioxide
tensions

teen subjects died during long-term NIV, and two of them
only received oxygen therapy and not NIV in the last few
days of life (mostly due to delirium). Three subjects re-
ceived invasive endotracheal ventilation for their acute exac-
erbations and died within 1 week. Two subjects were
switched to TPPV due to disease progression and died after
4 and 37 months of long-term TPPV, respectively.

The subject characteristics were divided by their annual
alterations in PaCO, as shown in Table 1. Overall, the sub-

jects were characterized by extremely severe obstructive
ventilatory defects, moderate to severe hypercapnia, moder-
ate to severe malnutrition, and an unstable clinical condition.
The subjects in group 1 tended to be men and had a compli-
cated SAS; their BMIs were higher at the start of long-term
NIV, and their clinical situations were more stable compared
to group 2. Among the subjects using bi-level PAP devices,
group 1 had slightly higher EPAP values. However, in the
subjects who did not have SAS, there was no significant dif-
ference in EPAP between the two groups (p=0.16). Further-
more, there was no significant difference in ABGs between
the two groups after 6 months of NIV.

Annual alterations in PaCO: during long-term NIV

The distribution of the annual PaCO, changes is shown in
Fig. 1. Two characteristic PaCO, patterns are presented in
Fig. 2.

PaCO. time course before and after NIV

An analysis of the PaCO, time courses of the two groups
is shown in Fig. 3. There were no significant differences in
PaCO, between the two groups from the 12th month before
NIV initiation to the 48th month after the start of NIV.

Comparison of the long-term NIV continuation rates

In the univariate analysis, higher %FEV,, lower 6 m-
PaCO,, higher BMI, and lower annual alterations in PaCO,
during long-term NIV were all associated with higher NIV
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Figure 2. Two representative patterns of PaCO: alterations
during long-term non-invasive ventilation (NIV). PaCO: in-
creased slowly in group 1 (upper panel) and rapidly in group 2
(lower panel) during long-term NIV (group 1, <2 mmHg/y,
n=19; group 2, >2 mmHg/y, n=18). NIV: non-invasive ventila-
tion, PaCQz: arterial carbon dioxide tensions

continuation rates (Table 2).

The multivariate analysis revealed that lower annual al-
terations in PaCO, during long-term NIV (p=0.009) and
lower 6 m-PaCO. (p=0.03) were both significantly related to
higher NIV continuation rates (Table 3).

The Kaplan-Meier analysis revealed a significantly greater
continuance of long-term NIV in group 1 than in group 2
(p=0.03, Fig. 4). The 2- and 5-year probabilities of continu-
ing NIV were 89% and 66% for group 1 and 78% and 32%
for group 2, respectively.

Discussion

After the start of long-term NIV, we observed that PaCO,
gradually increased in most subjects with COPD. Those
with lower annual alterations in PaCO, during long-term
NIV had significantly higher NIV continuation rates. The re-
sults also indicated that a lower PaCO, level a few months
after NIV was an important factor for prognosis.

Persistent CO. retention in subjects with chronic ventila-
tory defects may reflect an adaptive mechanism that permits
a lower level of alveolar ventilation, thus unburdening over-
loaded respiratory muscles (11-14). In the present study,
PaCO:; increased in three-fourths of our subjects. This obser-
vation indicates that the adaptive mechanism that chronically
permits hypercapnia also occurs in patients receiving long-
term NIV.

Because adaptations develop in difficult situations, we hy-
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Figure 3. The PaCO: time course during long-term non-in-
vasive ventilation (NIV). A comparison of the subjects grouped
according to their annual alteration in PaCO: (group 1,
<2 mmHg/y, n=19; group 2, >2 mmHg/y, n=18). Data are pre-
sented as the means (+SDs). There were no significant differ-
ences in PaCO: between the two groups at any time point. NIV:
non-invasive ventilation, PaCO:: arterial carbon dioxide ten-
sions

pothesized that the subjects with greater annual alterations
in PaCO, were more likely to discontinue NIV than those
subjects with more stable PaCO, values. Indeed, we found
that low annual alteration in PaCO, was the most important
prognostic factor in COPD subjects who received long-term
NIV.

We also hypothesized that low annual alteration in PaCO,
implied a reserved capacity in respiratory muscle and that
some factors should maintain and/or increase respiratory
muscle capacity. Respiratory muscle rest by NIV, nutritional
management, and pulmonary rehabilitation may enhance res-
piratory muscle capacity.

While an effect of long-term NIV on prognosis is estab-
lished in subjects with RTD (1-4), there is insufficient evi-
dence to recommend NIV as the standard therapy in stable
hypercapnic patients with COPD (15-17). Several efforts
have been undertaken to enhance the effectiveness of long-
term NIV in subjects with COPD. Nocturnal high intensity
NIV is one such effort. Windisch et al. reported that noctur-
nal NIV, with ventilator settings aimed at significantly re-
ducing PaCO,, could satisfactorily reduce diurnal PaCO, and
achieve other clinical gains, including extended
vival (5, 6). In the present study, lower PaCO, levels a few
months after NIV were associated with a significantly in-
creased likelihood of long-term NIV continuance.

In our very recent study of subjects with RTD, those with
an annual alteration in PaCO, >1.85 mmHg/year had a poor
prognosis, which was similar to the result of the present
study regarding subjects with COPD. In RTD, PaCO, mea-
sured a few months after long-term NIV initiation was not a
significant prognostic factor (9), while subjects with COPD
who had lower PaCO, within a few months of NIV initia-
tion had a better prognosis. Further efforts should be made
to augment the utility of long-term NIV in subjects with

sur-
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Table 2. Comparisons of Continuation Rates of Long-term NIV by Several Risk
Factors, Including Annual Alterations of PaCO: (Univariate Modality Model).

Variable Category n Hazard ratio (95%CI)  p value
Age (y) Ccv 37 1.00 (0.94-1.07) 0.92
female 9 (reference)
Gender male 28 1.11 (0.39-3.16) 0.85
+ 3
SAS NA NA
- 34
BMI (kg/m’) Ccv 31 0.87 (0.75-1.00) 0.05
% predicted FEV1 (%) (6)% 32 0.92 (0.84-1.01) 0.08
Charlson comorbidity index CvV 37 0.77 (0.45-1.34) 0.36
C chronic 22 (reference)
Patients” state acute 15 1.15 (0.46-2.88) 0.77
Annual hospitalization rate due to acute
1.2 .85-1. .
respiratory episodes before NIV v 37 0(0.85-1.69) 0.30
Duration of LTOT before NIV (y) Cv 37 1.11 (0.93-1.32) 0.24
: assisted 28 (reference)
Ventlator mode controlled 9 1.56 (0.58-4.17) 038
IPAP (cmH,0) CvV 35 1.01 (0.93-1.10) 0.82
EPAP (cmH,0) Ccv 35 0.90 (0.75-1.07) 0.23
Respiratory rate CV 35 1.05 (0.95-1.15) 0.32
6-mo PaCO, (mmHg) CV 34 1.03 (0.996-1.07) 0.08
Annual alterations of PaCO, (mmHg/y) (6\% 37 1.07 (1.02-1.12) 0.00

SAS: sleel apnea syndrome, NA: not assesed, BMI: body mass index, CI: confidence interval, CV:
continuous variable, EPAP: expiratory positive airway pressure, % predicted FEV: percentage of

predicted value of forced expiratory volume in 1 s, IPAP: inspiratory positive airway pressure,

LTOT: long-term oxygen therapy, NIV: non-invasive ventilation, PaCO,: partial pressure of carbon

dioxide tension, 6-mo PaCO,: PaCO, measured at 6 months after long-term NIV initiation

Table 3. Comparisons of Continuation Rates of Long-term NIV by Sev-
eral Risk Factors (Multivariate Modality Model).

Variables Category n  Hazard ratio (95%CI) p value
Annual alterations of PaCO, (mmHg/y) CV 37 1.08 (1.02-1.14) 0.009
6-m PaCO, (mmHg) (6)% 34 1.11 (1.01-1.22) 0.03
% predicted FEV1 (%) Cv 32 1.06 (0.92-1.23) 0.42
BMI (kg/m?) (6)% 31 1.04 (0.86-1.25) 0.70

BMI: body mass index, CI: confidence interval, CV: continuous variable, % predicted
FEV,: percentage of predicted value of forced expiratory volume in 1 s, NIV: non-invasive
ventilation, PaCO,: partial pressure of carbon dioxide tension, 6-mo PaCO,: PaCO,

measured at 6 months after long-term NIV initiation
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Figure 4. Kaplan-Meier curves of the continuation rates of
long-term non-invasive ventilation (NIV). The subjects were
divided into two groups according to their annual alterations in
PaCO: (group 1, <2 mmHg/y, n=19; group 2, >2 mmHg/y,
n=18). Subjects with lower annual PaCO: alterations had a sig-
nificantly better prognosis (log-rank test, p=0.03). The 2- and
5-year probabilities of continuing NIV were 89% and 66 % for
group 1 and 78 % and 32 % for group 2, respectively. NIV: non-
invasive ventilation, PaCO:: arterial carbon dioxide tensions

COPD. Specifically, PaCO, should be reduced as low as
possible within a few months and stabilized during long-
term NIV.

Although a prospective study is needed to clarify whether
controlling PaCO, throughout long-term NIV improves
prognosis, we should attempt to stabilize PaCO, during
long-term NIV by switching the ventilator type, modifying
ventilator settings, augmenting NIV duration, exchanging
masks, and adding dietary management and pulmonary reha-
bilitation (18).

In conclusion, we found that a lower annual alteration in
PaCO; throughout long-term NIV is the most critical prog-
nostic factor, and the second most important factor is lower
PaCO, levels a few months after NIV. Therefore, both low-
ering PaCO, a few months after NIV initiation and stabiliz-
ing PaCO, throughout long-term NIV may be critical for
improving the continuation rate of long-term NIV in sub-
jects with COPD.

The authors state that they have no Conflict of Interest (COI).
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