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Learning Objectives

* Upon completion of this course, attendees
should be able to...

To identify the role of heart rate changes during sleep on clinical
outcomes.

To discuss the physiological mechanism of heart rate changes and
cardiovascular disease.

To assess the role of heart rate response detection on OSA diagnosis.
Remember 10, 20, 28, 94



* 50 yo man presented to
clinic with loud snoring and
day time sleepiness.

* ESS 15/24
* Mhx: HTN

e SH: 1 PPD smoking for 20
years

* VS: BMI 35 kg/m2, BP
155/80 mmHeg, 0

* Exam: Crowded oropharynx
Mallampati class IV and
trace LE edema.
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On CPAP
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A representative polygraph record of hypopneas with
>3% desaturation and cortical arousals
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Effect of CPAP on upper
airway and lung resistance
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Effect of CPAP on upper Effect of CPAP on heart rate
airway and lung resistance (RRI)
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Effect of CPAP on upper Effect of CPAP on heart rate
airway and lung resistance (RRI)
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< Can Heart Rate Responses during Sleep

Predict Cardiovascular Disease?

Inspiratory  Expiratory Sankari et al. SLEEP 2017



Effect of nocturnal heart rate
accelerations on long-term CV

outcome

Study population: WSCS

WSCS: 1546 adult employees of state agencies aged
30 to 60 years in started in 1988.

Digital PSG recordings between 8/2000 to 12/2016
Inclusion:

most recent full PSG with adequate ECG
recording,

not treated for SDB,
no prior CVD event,

No beta blockers used on the night of PSG or at
any other point during follow-up.



Effect of nocturnal heart rate
accelerations on long-term CV outcome

e Study protocol: The ECG and Sa02 of every
participant who meets the entry criteria will be

examined to obtain beat-to-beat RRI dips and
ODI.

* Primary outcome is an incident CVD event:

— death related to CVD or
— self-reported physician-diagnosed heart attack,

heart failure, a CVD procedure -angioplasty, stent,
pacemaker, bypass, or defibrillation.




Heart Rate Responses during Sleep in a Participant from the Wisconsin Sleep
Cohort (who was not on beta blocker)

RRDI(90%) is 54.5, average heart rate is 61.1 BPM, and ODI(4%) is 2.3 desats/hour
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Heart Rate Responses during Sleep Predicts Cardiovascular Disease in
a Community-Based Cohort: Results from the Wisconsin Sleep Cohort

Hazard Ratio (95% CI)

Studies were
scored

N= 1397

Excluded:

study

141 used Beta Blockers during PSG
84 used CPAP on the night of the

1172 scored
from 745 i

PSG studies
ndividuals

Excluded:

70 had no follow up
46 had an event before PSG

CVvD
Events p-value
N Adjusted for Adjusted for Adjusted for Adjusted for
age, BMI, and age, BMI, gender | age, BMI, gender |age, BMI, gend
(%) gender and AHI and AHI and AHI
categories (<5, categories (<5, | categories (<5
5-15 >15) 5-15 >15), 5-15 >15),
Diabetes, HTN, | Diabetes, HTN
Stroke, and Stroke,
Smoking Smoking,
Average HR,
%TST It 90%
Sa02
Continuous | 26/571 1.17 (1.07,1.28) | 1.19(1.09,1.29) 1.20 (1.10, 1.31) |1.21 (1.10, 1.32
RRDI
(10-unit (5) 0.0003 0.0001 <0.0001 <0.0001
increment)

Individuals with PSG data
N=629

CVD events: death related to CVD or self-reported physician-diagnosed heart
attack, heart failure, a CVD procedure (angioplasty, stent, pacemaker, bypass,
or defibrillation); RRDI: R-R interval dips index.

Excluded:

Individuals who used beta blockers at [
any other time during the study (n=58)

Individuals with PSG data included in

the

analysis

N=571

Sleep&Breathing-2017

For every 10 HR changes/h CVD/events f ~ 20%




Heart Rate Responses during Sleep Predicts Cardiovascular Disease in
a Community-Based Cohort: Results from the Wisconsin Sleep Cohort

Studies were
scored

N= 1397

Excluded:
141 used Beta Blockers during PSG| |

84 used CPAP on the night of the
study

1172 scored PSG studies
from 745 individuals

Excluded:
70 had no follow up
46 had an event before PSG

Incidence of CVD events (%)

Individuals with PSG data
N=629

Excluded: Individuals who used beta
blockers at any other time during
the study (n=58)

Individuals with PSG data included in
the analysis

N=571

| mmUnadjusted (95% CI)
| mFully Adjusted (95% Cl)

-<-Incidence
—

pd

<15.1 (ref) 15.1-<28.4
RRDI (dips/hour)

Sankari A, et al. BMJ Open 2019;9:e030559
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Heart Rate Responses during Sleep Predicts Cardiovascular Disease in
a Community-Based Cohort: Results from the Wisconsin Sleep Cohort

H Risk of incident CVD event

100%

98% Tertle1 RRD| <15.1

96%

Tertile2  RRDI 15.1-<28.4

94%

92%

90%

88%

Tertile 3 RRDI >228.4
84%

0 2 4 6 8 10 12 14
Years of Follow - Up

Probability of Event-free Survival

Log-Rank p=0.0139 for total RRDI

Not at Risk 0 2 4 6 8 10 12 14
Tertile 1 188 176 156 128 88 68 29 1
Tertile 2 193 182 160 134 106 79 35 2
Tertile 3 188 175 163 138 116 86 29 1

Kaplan-Meier likelihood of survival according to total RRDI severity

Sankari A, et al. BMJ Open 2019;9



Mechanism-HR Shear Stress Theory

HR and plaque development

Tardif et al. MEDICOGRAPHIA, Vol 36, No. 1, 2014 HR and atherosclerotic plaque rupture: evidence and clinical perspectives



Can HR help in the diagnosis of SDB?



Can HR help in the diagnosis of SDB?

Sa0, Sum Flow EMG EEG
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Maresh et al. Front. Sleep, 22 June 2023



Representee Polygraph (SHHS)
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Diagnostic testing for RE RRDI and
HRALI.

AHI cut off (RE RRDI > 5) AHI cut off (RE HRAI > 5)
AHI 5 AHI 10 AHI 15 AHI 30 AHI 5 AHI 10 AHI 15 AHI 30
Sensitivity, % 100% 93% 82% 36% 100% 94% 79% 36%
Specificity, % 21% 48% 65% 86% 33% 72% 86% 98%
PPV, % 54% 63% 69% 71% 75% 87% 92% 97%
NPV, % 100% 88% 79% 59% 100% 85% 67% 43%
Agreement, % 59% 70% 73% 62% 78% 87% 81% 56%
Kappa 021 0.40 0.46 0.22 0.40 0.68 0.61 0.25

AHI, apnea-hypopnea index; RE RRDI, respiratory RR interval dips index; RE HRAI respiratory heart rate acceleration index; PPV, positive predictive value; NPV, negative predictive value.

Maresh et al. Front. Sleep, 22 June 2023



Receiver operating characteristic
curves for HRAI to AHI
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When it comes to HR stories at
bedtime remember 10, 20, 28, 86, 94

* For every 10 HR changes/h CVD eventsI 20%
* For changes in HR >28/h 10-yr survival l 86%

e The AHI-derived from HR is 94% sensitive with
an AUC of .94




Conclusion

HR changes play important role during sleep in predicting
CVD.

HR changes indexes (HRAI) derived from ECG and pulse
signals correlate strongly with SDB severity and may play an
important role in the diagnosis of sleep apnea.

Automated analysis of physiological data during sleep plays
an important role in the diagnosis and prediction of

outcomes.

The use of these algorithms is applicable in the era of
artificial intelligence and wearables in precision medicine
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