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BACKGROUND: Long-term noninvasive ventilation (NIV) is an effective treatment for patients
with chronic respiratory failure due to chest-wall deformity, but it is unknown if the time required
for the patient to adjust to long-term NIV depends on whether the NIV is volume-targeted or
pressure-targeted. OBJECTIVE: To determine whether volume controlled or pressure controlled
NIV is easier to implement in patients with chronic respiratory failure due to chest-wall deformity.
METHODS: We randomized 16 ventilator-naive patients to receive either volume-targeted or
pressure-targeted nocturnal NIV. The primary outcome was the number of days needed to suc-
cessfully establish NIV, defined as adequate adjustment and effective ventilation, as measured with
overnight arterial blood gas measurement. RESULTS: Two patients did not tolerate volume NIV,
and switched to pressure NIV. NIV was successfully established in both groups after a median
6.0 days. There were no significant differences between the groups at any time point in P, or P,¢,
improvement, nor in changes over time. CONCLUSIONS: There was no significant difference in
days needed to successfully establish volume NIV versus pressure NIV in patients with chest-wall
deformity. However, two patients switched successfully from volume NIV to pressure NIV, which
suggests that they preferred pressure NIV. Key words: noninvasive ventilation; NIV; blood gas analysis;
chronic respiratory insufficiency. [Respir Care 2011;56(10):1522-1525. © 2011 Daedalus Enterprises]

Introduction

Patients with severe chest-wall deformity have a decreased
capacity of the respiratory muscles due to rib-cage deformity,
which can lead to chronic respiratory failure. Since several
decades, long-term noninvasive ventilation (NIV) has become
a standard treatment in patients with chronic respiratory fail-
ure due to chest-wall deformity.! NIV can improve arterial
blood gas levels, daytime symptoms of hypoventilation, and
quality of sleep.>* An observational study on nasal intermit-
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tent NIV also found a reduction in hospital days for respira-
tory illness in patients with chest-wall deformity for more
than 2 years while receiving nasal intermittent NIV.>

Since the 1980s, volume-targeted NIV has been the pre-
dominant type of NIV used in patients with chronic respira-
tory failure due to chest-wall deformity. In the last decade,
however, pressure-targeted NIV has become a widely ac-
cepted alternative. In volume-targeted NIV a pre-set tidal
volume is given, which leads to a fluctuating inspiratory pres-
sure that depends on the airway resistance and the respiratory
system compliance. Pressure-targeted NIV delivers a prede-
termined pressure that results in different tidal volumes. The
findings of studies of volume versus pressure NIV have been
contradictory.®” More recent studies found that both volume-
targeted and pressure-targeted long-term NIV are equally ef-
fective in patients with chest-wall deformity, with regard to
improvements in gas exchange, sleep quality, physical activ-
ity, and health-related quality of life,3° but those studies were
either uncontrolled or included patients who were already
instituted on NIV. Two recent studies looked at the institution
of NIV in NIV-naive patients, but the focus of those studies
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was more on the different modes (pure controlled NIV, as-
sisted ventilation, or “average volume assured pressure sup-
port”) than on volume NIV versus pressure NIV.10.11

Remarkably, even though existing recommendations state
when to start NIV,! there are no guidelines for the choice
between volume NIV and pressure NIV in NIV-naive pa-
tients. Assuming equal effectiveness of gas exchange, a dif-
ference in time to adequate patient adjustment to NIV could
help us decide whether pressure NIV or volume NIV is the
better choice. We hypothesized that in patients with chest-
wall deformity it would take fewer days to adjust to pressure-
targeted NIV than to volume-targeted NIV.

Methods

The study was conducted in our out-patient respiratory
clinic in the University Medical Center Groningen, The Neth-
erlands, between 2003 and 2008. The study was approved by
our ethics committee, and all patients gave informed consent.

Subjects

We screened patients who had chest-wall deformity,
slowly progressive chronic respiratory failure (P,cq,
> 45 mm Hg), and one of the following symptoms of
nocturnal hypoventilation: daytime sleepiness, fatigue,
morning headaches and/or dyspnea, or weight loss. All the
subjects were NIV-naive.

Study Intervention

Patients were randomized to receive either volume-targeted
or pressure-targeted NIV. The randomization sequence was
via lettered cards denoting volume or pressure NIV, which
were placed in sealed unmarked envelopes. Both types of
NIV were initiated in hospital, on a normal respiratory ward,
with close supervision of medical and nursing staff. All pa-
tients underwent blood gas analysis during a night in the
intensive care unit (ICU) before the day of NIV initiation, and
on the day of discharge. For volume NIV we used the con-
tinuous mandatory ventilation mode on the Breas 501 venti-
lator (Breas Medical, Molndal, Sweden). For pressure NIV
we used the spontaneous/time-cycled mode on the Syn-
chrony 1 (Respironics, Murrysville, Pennsylvania). Settings
were adjusted to deliver the maximum calculated volume
(8—10 mL/kg) or the highest pressure the patient could tol-
erate. The aim of ventilation was to decrease P, to
<45 mm Hg, maintain S, above 90%, and improve symp-
toms while maintaining patient comfort. The patients were
admitted to the ICU to measure overnight blood gasses, via
arterial line, every 2 hours, and the ventilation settings were
adjusted as necessary based on the arterial blood gas values.
If the above-mentioned criteria were not achieved, the patient
would stay a second night for additional ventilation-settings
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adjustments. All the patients started NIV with nasal mask but
changed, if necessary, to oronasal mask. After 3 months the
patients were readmitted to the ICU for overnight blood-gas
monitoring. Arterial blood gas analysis was conducted before
initiating NIV (6:00 am, upon awakening), on the morning of
discharge after the patient slept adequately on NIV (6:00 am,
upon awakening), and after 3 months of nocturnal NIV at
home (6:00 am, upon awakening).

Study Outcome

Our primary outcome was the number of days needed to
successfully establish the patient on NIV, defined as ade-
quate patient-adjustment to NIV and effective ventilation
(Paco, < 45 mm Hg). NIV adjustment was considered
adequate when the patient could sleep with the NIV for at
least 6 hours per night.

Statistical Analysis

Data are presented as mean * SD or median * range.
Differences between the pressure and volume NIV groups
were determined with the 2-sided Mann-Whitney test. Dif-
ferences within each group were determined with the
2-sided Wilcoxon signed-rank test. A P value < .05 was
considered statistically significant.

Results

Sixteen patients were included: 9 started with volume NIV,
and 7 started with pressure NIV. Two patients did not tolerate
volume NIV and switched to pressure NIV after 2 days. We
assessed those 2 patients as being included in the pressure
group, starting the counting on the day they switched. This
resulted in 8 patients in the pressure group and 5 in the
volume group. Three patients dropped out: 2 died (one from
cancer, the other from pneumothorax), and one did not want
to return for measurements in hospital at 3 months, though
that patient was still using NIV at home. Thirteen patients
completed the study. Figure 1 shows the flow chart, which
follows the Consort guidelines (http://www.consort-
statement.org). Table 1 shows the cohort’s baseline charac-
teristics and mean initial NIV settings.

NIV was successfully established in the volume group and
pressure group after a median of 6 days (range 4—8 days in
the volume group, 5-14 days in the pressure group). If we
include the days on volume NIV in the 2 patients who switched
to pressure NIV, NIV establishment in the pressure group
took a median 7 days (range 5-14 days), which was not
significantly different than the volume group.

Both groups showed P, improvement between the
NIV initiation and day of discharge, and that change was
maintained and significant in both groups at 3 months, but
there was no significant difference between the groups,
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Assessed for Eligibility
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Did not meet inclusion
criteria: 2
Refused to participate: 5
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Volume Intervention
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Pressure Intervention

Fig. 1. Flow chart.

Table 1.  Baseline Characteristics and Mean NIV Settings

—>
9 volume intervention, 7
so changed to - |
Lost to follow-up - pressure intervention " Lost to Follow-up
4 2 Died: 1
Reluctant to return to
hospital for measurements: 1
Died: 1

Discontinued intervention: 2

Y \

Analyzed Analyzed
5 8

Table 2. Mean P,cq, and P,o,

Volume NIV Pressure NIV
(n=175) (n=28)
Male/female 2/3 6/2
Age (y) 65*6 679
Diagnosis, no.
Early-onset kyphoscoliosis 2 4
Post-polio 3 2
Post-rachitis 0 1
Thoracoplasty 0 1
FEV, (L) 0.76 = 0.32 0.84 £0.20
FVC (L) 1.10 £ 0.36 1.26 £ 0.27
Inspiratory pressure (cm H,0) ND 21 =3
Expiratory pressure (cm H,0) ND 63
Tidal volume (L) 0.64 £0.13 ND
Respiratory rate (breaths/min) 21 =2 182

+ values are mean = SD.
NIV = noninvasive ventilation
ND = no data (not measured)

nor significant change over time (Table 2). We also found
improvement in P, at discharge and at 3 months, com-
pared to baseline, but the difference was significant only in
the volume group, and there was no significant difference
between the groups.

Discussion

There was no significant difference in days needed to es-
tablish NIV in a homogenous group of patients with chest-
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Volume NIV Pressure NIV

P.co, (mm Hg)

Baseline 54+5 57 +8

At discharge 45 +7 40 = 9"

At 3 months 40 + 10" 42 + 10"
P,o, (mm Hg)

Baseline 61 =20 69 £ 23

At discharge 81 = 14" 7717

At 3 months 84 + 22" 78 * 15

+ values are mean *= SD.
* Significantly different than baseline.
NIV = noninvasive ventilation

wall deformity, so our hypothesis was rejected. Both volume
NIV and pressure NIV normalized P, and P, , and these
improvements were maintained after 3 months of home NIV.

Two of our patients switched from volume NIV to pres-
sure NIV, which suggests that they preferred pressure NIV.
The crossover study by Laserna et al'? supports that conclu-
sion; they found that subjective response and tolerance were
slightly better with bi-level positive airway pressure. Also,
Windisch et al,'3 who studied patients with COPD and chest-
wall disorders, found more gastrointestinal adverse effects in
the volume-NIV group. Tsuboi et al'! compared different
ventilation modes, and found that 6 of their 26 patients who
started with a volume pre-set ventilator changed to a pressure
pre-set ventilator, but did so several years after starting long-
term NIV. This highlights the importance of long-term fol-
low-up studies.
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One of the strengths of our study is the homogeneity of
the cohort. Because we limited this study to patients with
chest-wall deformity who were NIV-naive, we can be more
confident about conclusions about that specific group of
patients. Earlier studies mostly compared more heteroge-
neous groups, with chronic respiratory failure due to COPD,
neuromuscular disorders, or obesity hypoventilation syn-
drome.®!3 Also, some studies included patients already es-
tablished on pressure ventilation,® which increased the risk of
bias from a preference for a known NIV mode.

Important factors in successful NIV establishment in-
clude the capabilities and experience of the clinicians. Our
center has a team of 10 nurses that specialize in home
mechanical ventilation, and they have a great deal of ex-
perience in selecting the correct patients, ventilator, ven-
tilation settings, and mask fitting. All the nurses worked
on the same ward for at least one week, so the patients did
not see more than 2 different nurses during the week of
NIV initiation, which, in our opinion, provides consistency
in treatment. Also unique in this study is that we measured
arterial blood gas values in the ICU, which allowed over-
night titration of the NIV settings.

Limitations

Our sample size was small, so a larger study is needed
to confirm our findings. A study with longer follow-up
should measure health-related quality of life, adverse ef-
fects, and, as described in the pilot study by Crisafulli
et al,'% objective and subjective sleep quality.

A previous study® of pressure and volume NIV used a
crossover design, which made it possible to establish iden-
tical volumes of delivered ventilation for the groups. We
included only NIV-naive patients, which made a crossover
design impossible, because after starting NIV the patients
would no longer be NIV-naive. This meant that we could
not establish identical volumes of delivered ventilation in
the groups, so one could argue that the differences be-
tween the pressure and volume NIV groups might be at-
tributed to different volumes of delivered ventilation.

Conclusions

Although pressure NIV has gained in popularity, our re-
sults suggest that either pressure or volume NIV offers ef-
fective ventilation and that there is no difference in the num-
ber of days needed for the patient to adjust to using pressure
versus volume NIV. For clinical practice we therefore sug-

gest using either pressure or volume NIV, and that clinician
experience and expertise is crucial in the choice of ventilation
type. The number of days needed to establish NIV is not a
discriminative variable for deciding whether to start with pres-
sure versus volume NIV in naive patients with chest-wall
deformity.
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