Sleep disordered breathing (SDB) : respiration simulation on a bench integrating polygraph data
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Algorithms embedded in Automatic Positive Airway Pressure (APAP) devices are considered as black boxes to clinicians and users. Bench tests can allow a clearer understanding of these black boxes. Our new physiological bench enables reproducing
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Previous studies have shown that Auto
Pressure (APAP) devices display different behaviors in controlled
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and reproducible conditions by using a bench generating a

repetitive string of disordered breathing events.

However, this

approach Is limited and does not simulate automatically the
ohysiological behavior and breathing patterns variability during

the night of a specific SD

We aimed at developing a

reproduce automatically patient nasal
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breathing profile by

Integrating the nocturnal polygraph data.
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Physiological Bench System Overview:
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Polygraph data

patient nasal flow simulated on bench
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Airflow registered on bench
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s Bench software:
Signhal processing
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Digital data for controlling
bench hardware :

Respiratory muscular
effort pressure (Pmus)
for lung simulator

Rigid chamber pressure
(Pout) for upper airway
model

e
/ ﬁ Bench hardware:

‘ Pout ‘

Starling resistor, pharyngeal
model, resistance adjusted by
varying Pout. Pout represents
the imbalance between soft

tissue weight and activation
of pharyngeal dilator muscles.

Figure 1: Diagram of bench system overview
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Lung simulator in which lung
Is modeled as a compliance C
connected to a resistance R in
series. Breathing is driven by

Pmus
Pmus = -V*R-V/C
(V: pulmonary volume)
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real patient nasal breathing profile, thus reducing the guesswork related to device selection, setti

Our bench system is mainly composed of software and hardware?.
The software analyses polygraph data and calculates digital inputs
to be Integrated in bench hardware. Then the hardware (active
ung simulator and Starling Resistor) reproduces patient nasal
oreathing profile.

Polygraphic Data Processing Steps:

Activity Nasal Thermistance RIP thorax Sp0, Audio
pressure orRIPflow & abdomen volume
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| Step 1: Pre-processing signals : resampling and |
smoothing

| Step 2 : Segmenting automatically stable periods | , ;
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Step 3 : Identifying breath cycles with respiratory
effort
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Step 4 : Detecting apneas and check of respiratory
effort
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Step 5 : Detecting reduced breath segments and
classifying reduced breaths as obstructive or central
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[ Step 6 : Calculating digital inputs to integrate into
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Figure 2: Diagram of main steps in signal processing and polygraph signals directly implicated in each step

Taking polygraphic data as inputs, the algorithm firstly resamples
and smoothes signals to save computational time (Step 1). Then,
there Is a step of automatic detection of exploitable segments
without movement (Step 2) before identifying breathing cycles
With respiratory effort according to thoracoabdominal motion
(Step 3). After that, the algorithm detects among all breathing
cycles apneas (Step 4) and reduced breaths as well as their
classification (central or obstructive) (Step 5). Finally, taking in
account the output of previous steps, the algorithm calculates
INput to instruct respectively artificial lung and Starling Resistor.
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Figure 3: illustration of results obtained from signal
processing steps 3, 4, 5.
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Figure 4: illustration of methodology used in signal
processing step 6 to calculate digital inputs for bench
hardware

-or obstructive cycles, the respiratory effort pressure Is derived
alrflow  without
obstruction (V, '), whose excursion Is equal to pre-event 2 minute
patient nasal airflow excursion baseline. Then Starling Resistor is
set on proper obstructive states to modulate V,
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6 hours and 38 minutes of nasal breathing profile (AHI = 51.8, Al =
33.8, HI = 18) were integrated on our bench as illustrated by a
precedent figure extract.
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Figure 6: Linear regression, histogram and Bland-Altman graphs analysing agreement between patient nasal
airflow relative amplitude (A patient) and bench simulation airflow relative amplitude (A bench) for 5917 cycles

e Concerning airflow relative amplitude, the average bias between
patient and bench simulation is 6.9%+6.7% (5917 breath cycles
taken In account except apneas).

e A linear correlation coefficient (r) is calculated between patient
nasal alrflow and bench-simulated airflow for each cycle.
r=0.91£0.07 ( mean £ std ); p < 0.0001.

CONCLUSIEN

This new physiological bench is able to reproduce patient
breathing profile and thus help cliniclans In choosing the
appropriate treatment device and the option settings for specific
patient needs.
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