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Introduction
Patients with progressive neuromuscular diseases (NMD), chest wall abnormalities, and
diaphragmatic dysfunction are at high risk for the development of respiratory failure with
resulting morbidity and mortality 1. A large number of observational studies and a small
number of randomized trials 2,3 have confirmed the effectiveness of noninvasive
ventilation (NIV) in these individuals. Improvement in survival 2,4-9, daytime symptoms
of hypoventilation, quality of life, and arterial blood gases have all been documented 10,11.
However, few details regarding how to initiate and more importantly, how to follow these
patients are reported. Recommendations regarding optimal adjustment of parameters
such as ventilation modes (Spontaneous, Timed, Spontaneous/Timed, Pressure Control),
back-up respiratory rates, inspiratory times, and rise times, are rare in the literature.

At a minimum, regular (twice yearly) clinical follow up of NIV settings with
measurement of daytime gas exchange to assess adequacy of ventilation should be
performed 12. If there are any concerns, overnight oximetry can be considered, as well as
follow up polysomnography with transcutaneous PCO2 monitoring. While early morning
arterial blood gases may be helpful, they are logistically difficult to obtain and may not
reflect an abnormal time course of PCO2 during the night 13. Janssens et al. (2011) and
McKim et al (2011) offer a further discussion on the monitoring of home NIV and some
of the above mentioned variables 13,14. As many of these patients have decreased
mobility and difficulty accessing medical centres, we present other variables that can be
followed in a real-life setting respecting patients’ limited mobility and healthcare
constraints.
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Digital data, downloaded from home bilevel devices, provide information that can be
used to estimate a number of variables and to infer the extent of respiratory muscle rest.
Current bilevel ventilators allow for the extraction of compliance data directly to a
computer. Neuromuscular respiratory care teams are increasingly using these
capabilities, albeit with little guidance from the literature.

We discuss a case that illustrates the importance of combining appropriate follow up and
clinical care with the adjustment of these variables using home bilevel download
summary (DLS) information to increase patient comfort and adherence, decrease work of
breathing, improve gas exchange, and ultimately, prolong tracheostomy-free survival.

Case Summary
A 23 year old male with Duchenne Muscular Dystrophy (DMD) was referred to our
outpatient clinic after having been advised to undergo a tracheostomy at another centre.
He was wheel chair assisted and attended college full-time despite severe weakness and
pulmonary restriction. He was symptomatic with dyspnea, frequent nocturnal
awakenings, morning headaches, production of viscous white sputum throughout the
night, ineffective cough and weight loss. Bilevel ventilation had been provided using the
Synchrony (Philips Home Healthcare Solutions, Monroeville, Pa USA) for 11 months
and parameters had been established in a sleep laboratory. Of note, all bilevel machines
with back up rates in our health care system are publicly funded and there is no
proprietary interest in any one type over the other.
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Despite excellent compliance (> 86% days used and > 9 h usage per day), his daytime
arterial blood gases showed a PCO2 of 75 mmHg with a PO2 of 74 mmHg. Table 1
illustrates the patient’s respiratory function, blood gases and bilevel settings over the
course of his outpatient visits.

The download summary (DLS) illustrating his bilevel use prior to his first visit with our
clinic (Table 1 – Visit 1a) demonstrated a low mean Vt (275 ml) and high proportion of
patient-triggered breaths (90%) suggesting a sustained, neuromechanical drive to breathe
during sleep. A few weeks prior to his first appointment at our centre, his IPAP had been
increased from 12 cm H2O to 18 cm H2O, and his EPAP from 7 cm H2O to 8 cm H2O,
increasing his pressure support to 10 cm H2O. Interestingly, this change did not result in
an increase in Vt or MV. However, the average patient triggered breaths decreased to
35% (from 90%), suggesting an increased contribution from the ventilator to achieve a
similar level of MV (Table 1 – Visit 1b). Figure 1 shows this patient’s initial DLS in
graphic format.

It was felt that the NIV parameters could be further optimized to improve alveolar
ventilation and decrease patient effort. The ideal body weight for this young man was 68
kg, and the intention was to achieve a Vt approximating 680 mL 15, understanding that
due to severe thoracic restriction, this goal may only be achieved gradually, if at all.
Detailed bilevel adjustments are provided below.
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Ventilation Mode: In general, bilevel devices allow cycling into exhalation at a specific
time (time-cycled) or flow (flow-cycled) in the following ventilation modes: Spontaneous
(S), Spontaneous/Timed (S/T), Timed (T) and Pressure Control (P/C). The Synchrony
(Philips Home Healthcare Solutions, Monroeville, PA USA) Digital Auto-Track
Sensitivity algorithm facilitates flow triggering and cycling during spontaneous breaths
only. In S mode the algorithm responds to patient-initiated inspiratory efforts, triggering
the IPAP pressure and cycling from IPAP to EPAP when the algorithm-determined
decrease in the inspiratory flow is detected. The Timed (T) mode offers machinedelivered breaths determined by the set Breath Rate and cycles into expiration based on
the set Ti, not by the Digital Auto-Track algorithm. The S/T mode combines S and T
modes features. In S/T mode the patient receives a minimum number of breaths per
minute determined by the Breath Rate setting or back up rate (BUR). The S/T mode
machine-delivered breath duration is controlled by the Ti setting (time-cycled) however,
the duration of the patient-triggered breaths remain determined by the Digital Auto-Track
Sensitivity algorithm as inspiratory flow decreases, not by any preset Ti. The Synchrony
PC mode ensures that both machine and patient-triggered breaths are time-cycled,
controlled by the Ti setting 16. Other bilevel devices such as the ResMed VPAP STA III
do not have a PC mode. However, it is possible to control for Ti with the IPAPmin and
IPAPmax settings while still in the S/T mode. This feature allows adjustment of the
minimum time and the maximum time IPAP pressure will be delivered which enables
more control of the Ti and prevents premature cycling into exhalation.
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This detail is critical when ventilating patients with restrictive disease where a rapid
reduction in inspiratory flow occurs due to decreased lung and chest wall compliance.
Rapid flow reduction will prematurely cycle the bilevel device during spontaneous
breaths into exhalation, reducing the time over which optimal IPAP is applied, and
resulting in a shortened Ti. The shortened Ti then results in a reduced Vt. One way to
address this limitation is by using the Synchrony pressure control (PC) mode. In the PC
mode, the inspiratory pressure is sustained for the duration of the set Ti to a maximum of
3.0 seconds (default). Inverse inspiratory:expiratory (I:E) ratio ventilation is not
permitted. In short, an increased Vt can be obtained by prolonging and controlling this
inspiratory time, achieved in this patient by changing the Synchrony bilevel mode of
ventilation from S/T to PC. Although simply prolonging the Ti may improve the MV in
S/T mode, it’s effectiveness will be impacted by the fraction of machine versus patient
triggered breaths, as only the machine triggered breaths would benefit from the set Ti.

Pressure Support: The IPAP/EPAP levels had recently been increased. To avoid further
pressure increases that had resulted in little improvement in MV, changing the ventilation
mode from S/T to PC was anticipated to provide more benefit. Additional pressure
support could be added subsequently if required.

Inspiratory Time (Ti): It was anticipated that prolonging inspiratory time from 1.2 sec
in the S/T mode to 1.6 sec (closer to a 1:1 I:E ratio) in the PC mode would increase the
Vt. As there is generally little or no impediment to expiratory flow, I:E ratios of 1:1 are
recommended in the context of NMD 12.
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Back up Rate (BUR): BUR was reduced from 17 to 16 breaths per minute to allow for
the increased inspiratory time.

Rise Time: The rise time is usually adjusted to patient comfort, recognizing that a more
rapid rise in airway pressurization may help maximize Vt, but may be uncomfortable,
cause increased mask leak, or aerophagia 12. The patient was able to tolerate a short rise
time of 1 (100 ms) during a trial in clinic with the respiratory therapist.

Changes to achieve further improvements in ventilation and PCO2 could be introduced
during subsequent visits as required. Although a more sustained inspiratory time may
improve nocturnal ventilation, lung recruitment and atelectais, regular lung volume
recruitment (LVR) maneuvers with a modified manual resuscitation bag, often referred to
as breath-stacking, were also initiated to improve lung compliance and cough efficiency
14,17

. Use of the CoughAssistTM device (Philips Home Healthcare Solutions, Monroeville,

PA, USA) was re-emphasized to aid in secretion clearance 18.

Two weeks after our initial meeting, the patient reported by telephone that he was now
able to sleep through most nights without calling to be turned, compared to 4-5 times a
night previously. He felt more alert and refreshed during the day and his appetite
improved. His overnight oximetry documented saturations well over 95% throughout the
night.
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His second visit 2 months later is summarized in Table 1 (Visit 2) and Figure 2. His FVC
had increased by 130 ml to 0.73 L, (15% pred.) and his arterial PCO2 had also improved
to 57 mmHg. His Vt (360 ml), MV (5.6 L) and patient-triggered breaths (15%) all
improved. The optimal Vt was difficult to achieve likely due to marked reduction in chest
wall compliance, however, overall ventilation had improved with a reduction in patienteffort (based on patient-triggered breaths).

After carefully reviewing the DLS, we attempted to increase once again the alveolar
ventilation by increasing the IPAP to 21 cm H2O (pressure support of 13) and the Ti to
1.7 seconds. Despite symptomatic and objective improvements in nocturnal ventilation,
persistent daytime hypercapnia and symptoms prompted the introduction of daytime
mouthpiece ventilation at this visit 19,20.

The third visit 10 months later is summarized in Table 1 (Visit 3). The Vt, MV and
patient-triggered breaths improved and the patient was very comfortable with his
nocturnal bilevel parameters. His end tidal PCO2 had improved to 36 mmHg. The patient
was also using mouthpiece ventilation throughout the day and had avoided a
tracheostomy, while improving his respiratory function and ventilation. Optimizing
bilevel settings certainly contributed to his overall improvement. Improved daytime
ventilation with mouthpiece ventilation, enhanced secretion clearance with the
CoughAssistTM, and possibly increased lung compliance from LVR also contributed
positively. Although discussion of these complementary therapies is beyond the scope of
this paper, the importance of complete respiratory care and follow up in this patient
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population cannot be over-emphasized 14,17,18,21,22. The patient has still not required a
tracheostomy, more than seven years after it was originally recommended.

Discussion
While there is minimal evidence for the choice of one bilevel ventilator setting change
over another, it is accepted that higher pressures are less well tolerated 23. Before
increasing pressures, attention to other settings may improve ventilation as well as
comfort, compliance, and dyssynchrony. We present one way the goals for this patient
could be achieved which were to 1) increase alveolar ventilation, 2) improve nocturnal
muscle rest to allow for adequate spontaneous daytime ventilation, and 3) avoid
tracheostomy.

In this clinical setting, the first goal, improved alveolar ventilation – documented on the
download with improvement in Vt and MV – was achieved by 1) increasing and
controlling the inspiratory time facilitated by using the PC mode of ventilation, and 2)
reducing the rise time to reach IPAP pressures more rapidly. This improved the arterial
PCO2 from 75 to 57. Only after these settings were optimized, was an increase in
pressure support introduced.

As a consequence of improving alveolar ventilation, spontaneous respiratory muscle
activity diminished, as inferred from a decrease in the percentage patient triggered
breaths from 90% to 15% and finally, to 8%. This was accomplished in spite of a
decrease in the respiratory rate. In the context of respiratory failure and NMD, it is a well
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recognized concept that percent spontaneous breaths should be as low as possible,
allowing for maximal muscle rest 12. Although work of breathing was not measured in
this patient, a reduction in the work of breathing is inferred by the reduction in percent
spontaneous breaths with the understanding that a significant amount of patient effort is
employed during spontaneous breaths, even if mechanically assisted 24. However,
caution must be taken when interpreting patient triggered breaths, as a weak inspiratory
effort may not trigger the ventilator, yielding a falsely low percentage. Clinically,
however, this would likely be associated with dyssynchrony, oxygen desaturation and
patient discomfort without an improvement in ventilation 25. Reducing the EPAP to
increase the overall pressure support can also be considered to increase the Vt. It was
assumed that the set EPAP, determined by Level 1 polysomnography in a centre that
specializes in neuromuscular patients, was applied to relieve a degree of obstructive
apnea as per American Academy of Sleep Medicine (AASM) guidelines, so this
alternative was not chosen 26.

Avoiding tracheostomy, the third goal, was achieved by optimizing nocturnal ventilation
and muscle rest to allow for improved daytime ventilation. In addition, the introduction
and reinforcement of lung volume recruitment techniques to improve lung and chest wall
compliance, and CoughAssistTM to clear secretions are an important part of the
management of neuromuscular disease. Finally, introducing daytime mouthpiece
ventilation once other measures become inadequate can provide 24-hour ventilation while
avoiding tracheostomy.
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Teaching Points
•

DLS information can help identify potential causes of hypoventilation. Keeping in
mind that it does not provide direct evidence of hypoventilation, it should be
reviewed in parallel with the patient’s signs and symptoms when making adjustments
to improve tidal volume, minute ventilation, comfort, and adherence.

•

Improvements in alveolar ventilation can be achieved by controlling the inspiratory
time. Options on different bilevel devices accomplish this in a variety of ways, but
overall, the change prevents premature cycling into expiration, a common problem in
restrictive disorders.

•

Shortening the rise time, if tolerated by the patient, can increase the time at maximum
IPAP within a set Ti. This in turn can increase the Vt.

•

Reducing the BUR may also be required to maintain a longer Ti and I:E of 1:1.

•

The % patient triggered breaths can be followed as an indirect measure of nocturnal
muscle rest.

•

Complete care of the patient with neuromuscular disease also includes measures to
assist in lung volume recruitment and secretion clearance.
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Figure 1: Visit 1 Download Summary (DLS) information over a 2-month period in
graphic format showing average pressure (cm H2O), breaths per minute, tidal volume
(ml), patient triggered breaths (%), peak flow (L/min) and minute ventilation (L). Note
the change in IPAP and EPAP (solid arrow) with a decrease in patient triggered breaths
to 35% (dashed arrow), but no change in tidal volume or minute ventilation. The portion
of the graph prior to the changes in IPAP and EPAP correspond to the bilevel settings and
DLS in Table 1 – Visit 1a, and the graph after these changes corresponds to the values for
Table 1 – Visit 1b.

Figure 2: Visit 1 Download Summary (DLS) information over a 4-week period in
graphic format showing average pressure (cm H2O), breaths per minute, tidal volume
(ml), patient triggered breaths (%), peak flow (L/min) and minute ventilation (L). Note
the improvements in tidal volume, minute ventilation, and percent spontaneous breaths
with no changes in inspiratory or expiratory pressures when compared to figure 1.
Information from Figure 2 corresponds to Table 1 – Visit 2.
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Visit FVC (L)

Bilevel Settings

Download Summary (DS)

PCO2
(mm
Hg)

Mode IPAP/EPAP BUR
Ti
Rise
Usage
Vt MV
%
(cm H2O) (bpm) (sec) (ms/scale per day (ml) (L) Spont
1-6)
(hrs:min)
Breaths
1a
1b

2

3

unknown
0.60
(13%
pred)
0.73
(15%
pred)
0.75
(15%
pred)

S/T

12/7

17

1.2

3

9:09

269

5.1

84

unknown

S/T

18/8

17

1.2

3

9:00

273

4.8

36

75

PC

18/8

16

1.6

1

10:19

360

5.6

15

57

PC

21/8

16

1.7

1

10:02

460

7.1

8

36*

Table 1: Case 1 Selected respiratory function indices and Download Summary (DS) for each visit with the Philips Home Healthcare
Solutions, Synchrony using the Encore Pro software version 1.8.65. Values represent the settings the patient was using and the data
from all the nights leading up to the clinic visit. FVC – forced vital capacity; S/T – spontaneous/timed; PC – pressure control; IPAP –
inspiratory positive airway pressure; EPAP – expiratory positive airway pressure; BUR – back up respiratory rate; Ti – inspiratory
time; Vt – tidal volume; MV– minute ventilation; % Spont. Breaths - percent spontaneous breaths; PCO2 from arterial blood gas
measurement unless otherwise indicated; *end tidal PCO2 while on mouthpiece ventilation.
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Figure 2: Visit 1 Download Summary (DLS) information over a 4-week period in graphic format showing
average pressure (cm H2O), breaths per minute, tidal volume (ml), patient triggered breaths (%), peak flow
(L/min) and minute ventilation (L). Note the improvements in tidal volume, minute ventilation, and percent
spontaneous breaths with no changes in inspiratory or expiratory pressures when compared to figure
1. Information from Figure 2 corresponds to Table 1 – Visit 2.
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