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lecture.
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Photographs from this lecture are only allowed for
personal, social, or non-commercial use.

Attendees may not use flash photography or
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Learning Objectives

Upon completion of this activity, participants should be able to:
« Understand the need to monitor sleep early in patients with stroke
* |[dentify the importance of patient acceptance in sleep apnea screening

» Describe the advantages of machine learning and wearable devices for
sleep apnea screening
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Background

Sleep is an essential factor in the
stroke recovery process

Sleep facilitates:
 neural plasticity, learning, and éz '

memory consolidation.’-3
— T/

But, 50-70% of stroke survivors
suffer from sleep apnea.*



Background

Early Continuous positive airway
pressure (CPAP) improves:

 neurological and functional
recovery.>19

Therefore there is a need to
address sleep apnea early in
stroke.

SLEEP

2024




SLEEP

2024

Background

Berlin Questionnaire

nnnnnnnnnnnnnnnnnnnnnnnnnn

STOP-Bang questionnaire —I
Please answer the following questions by checking “yes” or “no” for each one. T...

Yes No =
sy Doy o - S—
Tiredness (Do you often feel tired, fatigued, or sleepy duing the daytime?) -
[ that ; et
or choke or gasp during your sleep?) i e
High Blood Pressure (Do you have or are you being treated for high blood pressure?) O Q
BMI fs your body mass index more than 35 kg per m??) o o E
Age (e you oderthan 50 years?) =
Neck {ls your neck thand0cm[1575inches]?) @ @ | eewr
Gender (Are you male?) z_-w_"_]
Score 1 point for each positive response.
Scoring interpretation: 0 to 2 = low risk, 3 or 4 = intermediate risk, 25 = high risk. =

il result: 2 cc more posiive categories ncicares a high Msibood of g

Current methods to screen apnea pose challenges in inpatient
rehabilitation

* PSG and HSAT: resource intensive, low patient acceptance/comfort.
* Questionnaires: risk assessment only.



SLEEP

2024

Our Research

This study aimed to address these limitations by developing and
validating a sleep apnea screening system for individuals with stroke,
utilizing wearable sensors and machine learning which could be
worn by patients during early hospitalization and post-acute care

U3 [
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Ground truth EXpelglaTaental ,

1ApneaLink Air HSAT

2Advanced NeoNatal Epidermal (ANNE) Chest
SActiWatch Spectrum watch

4Advanced NeoNatal Epidermal (ANNE) Finger
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Device Acceptance (N = 76)

_ 75
NPT (99%)

l’ ‘ 4,57 (+1.67)

28 () W) )N 69
(37%) (91%)
4.25 (+2.01)

N = 76, collected as part of a larger clinical trial,
SIESTA-Rehab (ClinicalTrials.gov: NCT04254484)
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ADMISSION Xm"& DISCHARGE
a S s+1 s+2 s+3 d-3 d-2 d-1 d

a: admission
s: Start of study
d: discharge
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Devices for Machine Learning

N = 48 with ApnealLink

Heart Rate (ECG)
Acceleration
Temperature

Heart Rate (PPG)
SPO2
Temperature

Normal () Mild @ Moderate @) Severe




Machine Learning: Feature Design

Heart Rate (ECG)

Acceleration

Temperature

Temperature
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Heart Rate (PPG) / g]
SPO2

Feature Design:

Example SpO2 PSD median frequency feature

[ ]
| [ ]
. . III
. llllllllllllll
. . llllllllllllllll
I 0. |
0.
e
® .{ . |
0 10 20 . :
AHI Value

Normal € Mild @ Moderate ‘ Severe

50

~

%




SLEEP

2024

Machine Learning: Pipeline

U Features

o T Em mm o Em E— Em o Em Em Em o Em O Em o Em Em

.~ Random Search Pipeline\‘\

Feature Selection:

Variance Threshold,
SelectFromModel (Logistic Regression)

— o o o o o

\
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I
I
N [ Mild

: orma Ve i 'Severe :
I @ Moderate |
| P B N/ e B N e e e e e e e e e e e e e e e e /7
: Logistic Regression . I REUUl e & 4 /=
: Normal 'Severe :
I ) Vs. I
| Mild @ Moderate |
1 P e T R N e e e e e e e e e e e e e e e V4
I
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True Positive Rate

Machine Learning: Results
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0.2 4 R —— Finger+Chest ROC (AUC 0.95 * 0.09)
7 —— Finger ROC (AUC 0.98 * 0.04)
#
R4 —— Chest ROC (AUC 0.B1 £ 0.12)
004 ¥ —— Chance (AUC 0.5)
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

True Positive Rate

Best model:

1.0

0.8 1

0.6 1

0.4 1

0.2 1

0.0 1

£ = Finger ROC [ALMC 0.58 = 0.04)

P == Finger-PPG ROC (AUC 098 = 0.05)
# = Finger-Temp ROC [AUC 0.90 = 0.10)
== Chance {AUC 0.5}

0.0 0.2 0.4 0.6 0.8 10
False Positive Rate

True Positive Rate
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Finger derived
features

e ] 7 —— ChestROC (AUC 081 = 0.12)

0.2 1 /' —— Chest-HR ROC (AUC 072 + 0.16)

. Chest-Temp ROC [AUC 0 83 = 0.12)
R -~~~ Chest-ACC ROC (AUC 0.81 = 0.13)

004 ¥ == Chance (&UC 0.5}

0.0 02 0.4 0.6 0.8 1.0
False Positive Rate
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Model Deployment in Acute Care
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Model Deployment in Acute Care-

Validation
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Impact of Abnormal Sleep

S

s+1 s+2 s+3

d-3 d-2 d-1

d
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N = 8 with
abnormal
sleep

l Efficiency

1 Activity Count

t Wake After Sleep Onset
t Fragmentation



Model Deployment in Acute Care- e

Results

0.75
Sleep Apnea
0.5
¢ No Sleep Apnea
0.25
0 @
0 5 10 15 50 e

Normal Mild ‘ Moderate ‘ Severe
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Results

l Efficiency

t Activity Count

t Wake After Sleep Onset
t Fragmentation

0.75

0.5

0.25

Sleep Apnea .

e No Sleep Apnea

15

Normal

20 25 30 35 40 45

Mild . Moderate . Severe . Abnormal sleep JQ\
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Conclusion

This work highlights the potential of integrating easy-to-use,
non-invasive wearable technology, continuous recordings, and
automated analyses into sleep apnea screening, offering a
promising avenue for improving sleep, patient care, and
outcomes.

N
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