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Lesson Objectives

At the end of this presentation, the learner will be able to :

1. Describe the etiology and risk factors of central apnea in different
patient populations.

2. Describe the relationship between central and obstructive apnea
3. Outline a mechanistic approach to management
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Question #1
What is the underlying mechanism of the phenomenon indicated by the arrow?

Upper Airway obstruction
REM sleep

Hypocapnia
Diaphragmatic dysfunction
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Question # 1
What is the underlying mechanism of the phenomenon indicated by the arrow?

C. Hypocapnia
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Effect of NREM sleep on Ventilation
The hypocapnic apneic threshold

The CO2 reserve

' PREHYPERVENTILATION ' ' HYPERVENTILATION ' RECOVERY '

NREM sleep unmasks a reproducible, highly sensitive, hypocapnic
apneic threshold

Skatrud et al. JAP. 55:813-22, 1983




Effect of NREM sleep on Ventilation

Upper airway changes

1.

2.
3.
4
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Reduced activity of upper airway
dilators

Loss of load compensation
Reduced pharyngeal caliber
Reduced tidal volume {Y

0.4

0.2

Flow N
(us)

.02 —

0.4 1=

.

)

Wake

|

Inspiration

Expiration

o4

0.2

I
-

\

| |Ii::::;iii‘|
\
\&\bﬁ././././'/'/-/.

Sleep

Inspiration

Expiration




Central Sleep Apnea
Pathophysiologic Classification

Adypoventilation
A Sleep related hypoventilation: CNS, neuromuscular or chest wall disease
A Inadequate ventilatory reserve: hypercapnia not required
Aal e y20 YSSU GKS ONRUIOSNRAI F2NJ aOSYUNFté& 2N I
APost hyperventilation
A No daytime alveolar hypoventilation

A Hyperventilation
A The most common type of central apnea
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Classification of Central Apnea

ACentral sleep apnea with Cheyf¢okes breathing

ACentral sleep apnea due a medical disorder without Ch&to&es breathing
ACentral sleep apnea due to high altitude periodic breathing

ACentral sleep apnea due to a medication or substance

APrimary central sleep apnea

ATreatmentemergent central sleep apnea
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Question # 2
What is/are the potential underlying mechanism (s) of recurrent central apnea?

Impaired arousal response
Low loop gain
Hypercapnia

High controller gain

cowe»

What is/are the potential underlying mechanism (s) of recurrent central apnea?




What is/are the potential underlying mechanism (s) of recurrent central apnea?

D. High controller gain
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Hyperventilation
|
Hypocapnia
1
Central apnea
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{ Hyperventilation J

/ \ Plant gain
Ventilatory

Control Loop
Medullary
hypercapnia

\ /Controller gain

Ap nea Beg etS Central Apnea
Apnea

medullary

Arterial and
Hypocapnia




{ Hyperventilation J

/ \ Plant gain
Ventilatory

Control Loop
Medullary
hypercapnia

\ /Controller gain
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The Loop Gain : An engineering Construct

— " Central Pattern )
A Diffusion,

Mixing, Generator
A Circulation

. Controller

PCO, Ventilation
Plant Gain Controller gain

" Airways, Lung, —
PCO,/L/min Chest wall Ventilation/mmHg

w N Plant )
‘ High Loop Gain = High propensity to central apnea.




Effect of Chemoreceptor Sensitivity
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Effect of Prevailing PaCO2
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Effect of PrevailingPaCO2
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Effect of PrevailingPaCO2

Vg, L/min l— Isometabolic line
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Effect of PrevailingPaCO2

Vg, L/min l— Isometabolic line
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Question # 3
The effect of decreased steady state PaCO, on susceptibility to central apneaiis:

No effect unchanged chemgensitivity

Increased PaCQcloser to the hypocapnic apneic threshold.
Decreaseddecreased plant gain.

Increaseddecreased CO2 stores.

OO0 w >
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Question # 3
The effect of decreased steady state PaCO, on susceptibility to central apneaiis:

Decreaseddecreased plant gain.

OO0 w >
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What is the cause of this central apne



Central Apnea Risk Factors/Markers

Age, gender and menopause

AViedical Conditions
ACHF, CVA, Atrial fibrillation ?
ANarcotics
AEndocrine: Hypothyroidism, Acromegaly

Arimary central apnea ?
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Question # 4:
Which sleep state is least prone to central apnea

A. N1
B. N2
C. N3
D. REM

D 2



Question # 4:
Which sleep state is least prone to central apnea

A. NI
B. NZ
C. N3
D. REM

D 2



Central Apnea and Associated Conditions

ACongestive Heart Failure

KOpiate analgesics

AObstructive sleep apnea
AlreatmentEmergent Central Apnea
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AA 62year-old male
AClassic SDB presentation

ABMI 29.Chronic conditions
Include

AHTN, CAD, CVA, CKD

ALVEF =60%
AAHI=88.9/h
ACAI = 39.1/h.
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Demographics, historical data, and physical examination findings in male heart failure
patients with either central (CSA) or obstructive (OSA) sleep apnea.
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Polysomnographic findings in male heart failure patients with either central (CSA) or obstructive
(OSA) sleep apnea.
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AA 64 year old male
ASnoring and EDS
ABMI=31

Baseline study

A AHI=74

A Total hypopneas =300
A Total OA= 14
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Central Sleep Apnea in Stable Methadone Maintenance Treatment Patients *

Chest. 2005;128(3):1348 -1356. doi:10.1378/chest.128.3.1348
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Figure Legeriu:

Two examples of CSA found in MMT patients. Top, A: Example of non

-PB type of CSA. Bottom, B: PB type but without crescendo -
decrescendo breathing typical of Cheyne

-Stokes respiration. The PB cycle time is shorter than seen in Cheyne -Stokes respiration
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Question #5

Which of the following statements regarding treatment-emergent central sleep
apnea (TECSA) is correct

TECSA develops in the majority of patients undergoingraglt titration
Indicates the need for BPAP therapy.

Only patients with central apnea in the baseline study develop TECSA
The majority will experience complete resolution over a few weeks to months.

o0 w >

Which of the following statements regarding treatmegrnergent central sleep apnea (TECSA) is correct?
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Question #5

Which of the following statements regarding treatment-emergent central sleep
apnea (TECSA) is correct

TECSA develops in the majority of patients undergoingraglt titration
Indicates the need for BPAP therapy.

Only patients with central apnea in the baseline study develop TECSA
The majority will experience complete resolution over a few weeks to months.
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Division of Sleep Medicine,
Clay County Hospital,
Flora, IL, *Division

of Sleep Medicine,

Asitria Health Cenfer,
Grandview, WA, “Division
of Otolaryngology, Sleep
Surgery, and Sleep
Medicine, Trnpler Army
Medical Center, HI, USA

Address for
correspondence:

Dr. Gaurav Nigam,

Clay County Hospital, 911
v -

Natural history of treatment-emergent
central sleep apnea on positive airway
pressure: A systematic review

Gaurav Nigam, Muhammad Riaz', Edward T. Chang?, Macario Camacho?

Abstract:

INTRODUCTION: Treatment-emergent central sleep apnea (TEGSA) is observed in some patients
when they are treated with positive airway pressure (PAP) after significant resolution of the preexisting
obstructive events in patients with obstructive sleep apnea. The objective of this study was to
systematically review the literature for studies describing the natural history of TECSA.

METHODS: PubMed, Medline, Scopus, Web of Science, and Cochran Library databases were
searched through June 29, 2017.

RESULTS: Five studies were identified that discussed the natural history of TEGSA. TEGSA developed
in 3.2%—19.8% of PAP-treated patients. Treatment-persistent central sleep apnea (TPG®
representing protracted periods of PAP therapy-related central apneas, was noted in 14.3%
of patients with TECSA. Delayed-TEGCSA (D-TEGSA) represents an anomalous TF
appearing weeks to months after initial PAP therapy. D-TEGSA was observed -
OS5A patients undergoing PAP treatment (after at least 1 month). In patie~*

P pnea mdex AHI) and central apnea index at thej

Nigam et alAnnThoracMed. 2018 AptJun;13(2):8@1. PMID: 29675059




Natural history of treatment-emergent central sleep apnea on positive airway pressure

A A systematic review of five studies
A TECSA

A Persistent TECSA

A DelayedTECSA (DECSA)

A Determinants include:

A Higher AHI

A Higher CAI

A Higher residual AHI

TECSA positive

(3.5-20% of patients with & , By (B0-96:5% of patients with
_ ﬂ 05A)

Patients with Seep-disordered breathing (05A +/- CSA) as
diagnosed by a baseline or split-night skeep study

TECSA negative
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A What is your treatment recommendation
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Which of the following is considered as STANDARD treatment for central
sleep apnea related to heart failure

A. BPAP
B. CPAP
C. ASV
D. Oral acetazolamide

B



Which of the following is considered as STANDARD treatment for central
sleep apnea related to heart failure

B. CPAP
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Treatment of Central Apnea

A There is no specific treatment for central apnea
A Most modalities dampen post apneic overshoot.
A Positive Pressure

ACPAP, BPAP, ASV
A Altering chemical stimuli

ASupplemental O2 or CO2
A Sleep State: hypnotics
A Ventilatory Drive Acetzolamide
(A Phrenic nerve Stimulation

B



Does nasal CPAP ameliorate central apnea?

Adssociation with OSA

Mecreasing overshoot: Plant Gain
A Opening the upper airway
A Increasing @stores

ACPAP has been used for CSR in CHF
Amprovement in intermediate outcome

A

B
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Upper airway narrowing during induced hypocapnic CSA
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Prevalence of Central Sleep Apnea among Veterans and Response Rate to
Continuous
Positive Airway Pressure Therapy

Mon-responsive Responsive

g . £
W OSA i - . ol .
CSA z ' T X
COSA I * ; ' —:— +
1%
Basel PAPOD P APGO B aseline PAPD PAPGD
N=90
A PAP <50% 2 : . E :
A Initial PAP response = 25% & ' 5
A Improvement after 2 months 3 wx 5
A
A

— # | * *
4/10 continued to experience high residual events ' - I 3 _ I . .
icacy of PAP is partial.




Treatment of Central Apnea
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‘g’ ‘P Central Apnea
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The Canadian Continuous Positive Airway
Pressure trial (Can PAP)
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Heart-Transplantation -free Survival
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The Canadian Continuous Positive Airway Pressure trial

(CanPAP)
ACPAP vs. placebo at 3 months
A AHI
A EF

A Mean nocturnabxyhemoglobirsaturation
A Plasma noepinephrine levels
A Sixminute walk,

AN-CPAP had no effect on survival

B



Effect of Blevel PAP
on centralapneaindex

30

§ 20 *p=0.004 pongs *0=0.03 ] Improved by >10
g 0 B _
£ 5 lmmm T | [ Worse by 510
o | | |
o Worse by >10
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BLPAP CPAP  BLPAP vs CPAP

Johnson, K. G. et al. Chest 2005;128:2141-2150




Reduction in Resumption of

respiratory effort respiratory effort
-
a —~~
2 % 15
o e PS =11cmH,0
=8 Z } PS=3cmH,0
< 6 } PEEP =4 cmH,0
g
L
Time
Comfortable, minimal ASV algorithms respond to ASV responds when
pressure support when central hypopnea/apnea breathing effort resumes

breathing is stable




Adaptive Pressur8upport Servé/entilation

A Small and variable ventilatory support

A The hydrostatic benefits of low levels of nasal CPAP (5 cm H20)
A Baseline pressure swing is 4 cm H20

A Increases to provide 90% of the letegm average VE.

A No hyperventilation

B e —



Adaptive Pressure Support SefVentilation
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Adaptive Pressure Support SefVentilation

Prospective, randomized, cresser design
N=16; gender?

Desaturation index (3%%)15/h

SIS S I

Five consecutive nights

CPAP

Supplemental O2 @ 2L/NC
BrlevelcST mode

ASV

Teschler et alAJRCCML64, 4, 614619,2001




Adaptive Pressure Support SefVentilation

Central Apnaa Index Total Arousal Index

60 100
- | 2I/NC BOF
+ ST mode . ¢
SO S -
= e
2 £ I
E =
e T | > 40— .
L 20 =k -l- .
0 20F * ¥
0 + 0 .
Control Oxygen CPAP  Bilevel  ASV Control  Oxggen  CPAP — Bilevel  ASV
— ¢ P<CO0I  P<O00I  P<000I P<0001 | " O
waSt  P<O00I  P<000I P<000I  N/S '

vs ASV: P<0.001

Teschleret al. AJRCCM, 164, 4, ed¥9,2001
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Cumulative Incidence Curves for the Primary End
Point, Death from Any Cause, and Cardiovascular

Death.

A N=1325 patients

A HF-rEF

A AHI>15/hour of sleep

A Predominance of central apnea

Cowie MR et al. N Engl J Med 2015;373:1095-1105.

A Primary End Point

Cumulative Probability of Event

No. at Risk
Control
ASV

1.0+
0.9+
0.8+
0.7+
0.6+
0.5+
0.4+
0.3+
0.2+
0.1+
0.0

P=0.10

Hazard ratio, 1.13 (95% CI, 0.97-1.31)

ASV

Control

o

659
666

T
12

463
435

T T T
24 36 48

Months since Randomization

365 222 136
341 197 122

1
60

77
52

B Death from Any Cause

Cumulative Probability of Event

No. at Risk
Control
ASV

1.0+
0.9+
0.8+
0.7+
0.6
0.5+
0.4+
0.3+
0.2
0.1+
0.0

P=0.01

Hazard ratio, 1.28 (95% CI, 1.06—1.55)

ASV

Control

o

659
666

T
12

563
555

T T T
24 36 48

Months since Randomization

493 334 213
466 304 189

1
60

117
97

C Death from Cardiovascular Causes

Cumulative Probability of Event

No. at Risk
Control
ASV

1.0+
0.9+
0.8+
0.7+
0.6
0.5+
0.4+

P=0.006

Hazard ratio, 1.34 (952 Cl, 1.09-1.65)

ASV

0.3
0.2 Control
0.1+
0.0 T T T T 1

o

659

12

563

24 36 48

Months since Randomization

493 334 213
466 304
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Which of the following treatments is associated with increased
mortality risk in patients with predominantly central apnea

A. CPAP in patients with Heart failure and preserved EF
B. BPAP in patients with opioi@ssociated central sleep apnea

C. AdaptiveServo ventilation in patients with heart failure and reduced ejection
fraction

D. CPAP in patients with heart failure and reduced ejection fraction

B



Which of the following treatments is associated with increased
mortality risk in patients with predominantly central apnea

C. AdaptiveServo ventilation in patients with heart failure and reduced ejection
fraction

B



Adaptive servo-ventilation for sleep-disordered breathing in
patients with heart failure with reduced ejection fraction
(ADVENT-HF): a multicentre, multinational, parallel-group,
open-label, phase 3 randomised controlled trial

T Douglas Bradley, Alexander G Logan, Geraldo Lorenzi Filha, R John Kimoff, Jeaguin Duran Cantolla, Michae Arzt, Stefania Redolfi,
Gianfranco Parati, Takatoshi Kasai, Mark E Dunlap, Diego Delgadao, Shoichiro Yatsu, Adriana Bertolami, Rodrigo Pedrosa, George Tomlinson,
JoseM Marin Trigo, Uaudio Tantwcci, John 5 Foras, on behalf of the ADVENT-HF Investigators

Summary
Background In patients with heart failure and reduced ejection fraction, sleep-disordered breathing, comprising

obstructive sleep apnoea (OSA) and ceniral sleep apnoea (CSA), is associated with increased morbidity, mortality, and
sleep disruption. We hypothesised that treating sleep-disordered breathing with a peak-flow triggered adaptive servo-
ventilation (ASV) device would improve cardiovascular outcomes in patients with heart failure and reduced ejection
fraction.

Methods We conducted a multicentre, multinational, parallel-group, open-label, phase 3 randomised controlled trial
of peak-flow triggered ASV in patients aged 18 years or older with heart failure and reduced ejection fraction (left
ventricular ejection fraction =45%) who were stabilised on optimal medical therapy with co-existing sleep-disordered
breathing (apnoea-hypopnoea index [AHI] =15 events/h of sleep), with concealed allocation and blinded outcome
assessmenis. The trial was carried out at 49 hospitals in nine countries. Sleep-disordered breathing was stratified int~
predomiga=#h- NS A ~ith an Epworth Sleepiness Scale score of 10 or lower or predominantly CSA. Particin~~

v ¥ ~—-liregtment alone or standard opt treatment with g
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ASV for sleep-disordered breathing in patients with heart failure with

reduced ejection fraction (ADVENT -HF)

A Multicenter, multinational, parallel -group, open-label,
phase 3 randomized controlled trial.

A The study did not reach its prespecified sample size.
A ASV abolished both OSA and CSA
A Follow-up of 3-6+ 1-6 years

A Not significant effect on the primary endpoint or
mortality

A ASV did not increase mortality in those with CSA.

A Positive findings include:
A Improvements in quality of life
A HFrEF symptoms
A Degree of sleepiness.
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Improvement of Idiopathic Central Sleep Apnea with Zolpidem

N=20, 9 weeks

AHI 30.Gt 18.1to 13.5 13.3 (p =0.001),
CAHI 26.@ 17.2to 7.1+ 11.8 (p <0.001)
Arousals 24.@ 11.6to 15.1+ 7.7 (p <0.001)
ESS 13 5t0 8+ 5 (p <0.001).

OSA increased In 3 patients

In the absence of a randomized, controlled trial, zolpidem cannot be
recommended for treatment of ICSA at this time.

Quadri et alJ Clin Sleep M2@09 April 15; 5(2): 129
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Effect of Supplemental Oxygen on
AHI in Patients with CHF

mm Room air F=0.0001
70 - | = Oxygen

| Means £ SD P<0.01
F=0.05

504 P<0.01

Apnsa-hypapnea index (n/hr)
5
l

ey

n=9 n=7y n=11 n=7y n=22 n=29
Harily - Walshe - Stamforthe--Frarklioe - Andreas - Javahen
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The role of acetazolamide in sleep apnea at sea level: a systematic review andmabtsis

ATZ non-ATZ Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
DeBacker 1995 6.6 2.9 14 255 6.8 14 201% -18.90[-22.77,-15.03] -
Ginter 2020 0.6 1.5 16 6.3 131 16 18.2% -5.70[-12.16, 0.76] —&—
Javaheri 2006 23 21 12 49 28 12 8.2% -26.00[-45.80,-6.20]
Naghan 2019 6.4 2289 10 20 4037 10  48% -13.60[-42.36,15.16]
Sakamoto non-responders 105 118 B 8 5.7 6 14.7% 2.50[-7.99,12.99] N
Sakamoto Responders 2.9 5.2 14 106 1589 14 16.2% -7.70[-16.46, 1.086) —T
Verbraecken 1998 4 2 8 25 10 8 17.7% -21.00[-28.07,-13.93] —
Total (95% Cl) 80 80 100.0% -12.23[-19.43,-5.02] S
Heterogeneity: Tau®*= 63.20; Chi*= 29.05, df=6 (P < 0.0001); F=79% _255 ) 255 550

Test for overall effect. Z= 3.33 (P =0.0009)

Ni et al. J Clin Sleep Med. 2021 Jun 1;17(6):1308. PMID: 33538687

Favours [ATZ] Favours [non-ATZ]




Transvenous neurostimulation for central apnea

B
151 patients in the per-protocol
population were randomised
A
151 patients in the intention-to-treat ¢ ¢
opulation were randomised
pop 73 assigned to treatment 78 assigned to control
. . 15 excluded 5 excluded
73 assigned to treatment 78 assignedto control 2 unsuccessful implant 2 unsuccessful implant
3 did not meet or 2 unrelated deaths
missing inclusion 1 patient exited study
criteria
5 excluded 5 excluded 1had therapy
programmed to off
2unrelated deaths 2 unrelated deaths 3 unrelated deaths
—» 1 patient exited study — 2 patient exited study L »  3device explants -
1 missed visit 1lost to follow-up 2 infections
1 medical issues 1did not capture
the phrenic nerve
v 1therapy not initiated
. . . . ) . due to medical
68 included in 6-month primary 73 indluded in 6-month primary condition
effectiveness endpaint effectiveness endpoint 2 missed visit
1 patient exited study
A 4 h 4
58 included in 6-month secondary 73 included in 6-month secondary
hierarchically-tested endpoints hierarchically-tested endpoints

Costanzo MR et al. Transvenous neurostimulation for central sleep apnoea:
a randomised controlled trial.2016 Sep 3;388(10048):974-82
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1 Moderately improved
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1 No change

1 Slightly worse

[ Moderately worse
Bl Markedly worse

61%

18%
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Costanzo MR et al.

Treatment

Control

Transvenous neurostimulation  for central sleep

a randomised controlled trial.2016 Sep 3;388(10048):974 -82
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Our Approach
When Data are few; experts are many !

Similar principles in CSA and R&Rergent CSA
Treat the underlying condition

Initiate CPAP is the Initial treatment

No ASV or BPAP for CSA WH#rER EF<45%)
CPAP failure/intolerance iHFrEpatients with CSA

A Nocturnal oxygen
A Medical management of heart failure.

To Io Do o Ix

B



Our Approach
When Data are few; experts are many !

Matients withHFpE®r primary CSA
A A trial of CPAP
A A trial of ASV
A A trial of BPAP with a batip respiratory rate
A Intolerant of PAP: A trial of acetazolamide

D 2
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