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Improving Patient Care Through Education
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Mission: To promote the prevention,
diagnosis, and treatment of chest diseases
through education, communication, and
research.
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David D. Gutterman, MD

Dr. Gutterman is the Northwestern Mutual Professor of Car-
diology. He is involved actively in clinical practice, supervises
an NIH funded research laboratory, and provides senior admin-
istrative oversight of research administration at the Medical Col-
lege of Wisconsin. He has served in a leadership role in a varie-

ty of national and international cardiovascular scientific organiza-

tions. He is currently the president of the American College of
Chest Physicians, and has served as chair of the American Physiological Society’s Cardiovas-
cular Section, and as chair of the American Heart Association Scientific Publishing Commit-
tee. Dr. Gutterman is the Senior Associate Dean for Research at the Medical College of Wis-
consin. He received an M. D. degree from the University of North Carolina, and completed
residency training in internal medicine and fellowship in cardiology at the University of lowa
where he joined the faculty in 1987. Dr. Gutterman was promoted to Professor of Medicine in
1998 prior to moving to the Medical College of Wisconsin.

Dr. Gutterman's investigative interests focus on regulation of human vascular reactivity
both at the fundamental and translational research levels. His research efforts span basic and
clinical science related to vascular health and disease. His laboratory is one of only 2 world-
wide that examines the ability of small blood vessels to control blood flow to the human heart.
Dr. Gutterman has also undertaken studies to examine the earliest changes that occur in the
development of atherosclerosis ( clinical endothelium dysfunction) and has used this technique
to examine the beneficial and detrimental roles of various exercise regimens and of dieting on
cardiovascular health. Dr. Gutterman had authored more than 100 articles and reviews relat-

ed to cardiovascular function and pathophysiology.
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Cardiovascular Disease and Sleep Apnea Cardiovascular Disease and Sleep Apnea
Epidemiology
Objectives
- Define epidemiology of cardiovascular disease in sleep disordered breathing SDB prevaﬂence in US: 15 million adults (24% for men, 9% for
- Examine prognosis and management of SDB and CVD women) (in Japan, men=3%, women=0.5%)
1in 5 has some degree of OSA (AHI>5/hour)
1in 15 with mod-severe OSA (AHI>15/hour)
only ~15% are referred for evaluation
Address the following questions:
1.Which cardiovascular lications are iated with sleep di Breathing CSA Prevalence.in ger\eral population is 0.5-2%, more in older
(SDB)? How common are they? population, diabetes, CHF
2.Does treating SDB influence cardiovascular disease?
3-What are;the cinical practice for patient ? CVD Prevalence (MI, angina, CHD) in US =6.5%, with 4% MI
Both SDB and CVD are relatively common occurrances
oo | - - L

Association between Sleep Disordered Breathing & Cardiovascular Disease
Cardiovascular conditions associated with SDB

-Congestive Heart Failure
- Systolic Dysfunction
-Diastolic Dysfunction
-Stroke
-Hypertension
- Left Ventricular Hypertrophy
- Pulmonary Arterial Hypertension
-Arrhythmias
-Tachyarrhythmias
- Ventricular Tachycardia and Fibrillation;
Sudden Cardiac Death
- Atrial Fibrillation
-Bradyarrhythmias

Association between Sleep Disordered Breathing & Cardiovascular Disease

Cardiovascular conditions associated with SDB
Congestive Heart Failure:
- “45/45 rule”: SDB is present in 45% of patients with LVEF<45%
- In CHF, most SDB is Central Sleep Apnea/Cheyne-Stok pil , although
11-37% is OSA
- higher frequency of OSA in diastolic dysfunction (~50%)

Somers et al. Circulation 2008 Minoguchi et al. AIRCCM 2007

o | il Yaggi et al. NEJM 2005 Shahar et al. AIRCCM 2001 ~sm | @
Does OSA Influence Survival in CHF? Association between Sleep Disordered Breathing & Cardiovascular Disease

- 164 patients with CHF 2 ) ; A
- Polysomnography showed Cardiovascular conditions associated with SDB

OSA or (minimal to no SA) i CHF:
-baseline cardiovascular I - SDB is present in 45% of patients with LVEF<45%

characteristics similar in ad - In CHF, most SDB is CSA, although 11-37% is OSA

those with OSA/M-NSA " i — - rare daytime somnolence
-f/ufor 2.9+2.2 years = T r:‘; oA - male > female prevalence

e | - higher frequency of OSA in diastolic
! :

*Severe OSA associated with i | dysfunction (~50%)

higher mortality (8.7 deaths/100 | Stroke:

pt-years) than mild or no OSA (4.2) "’: - In patients with stroke, 17% have OSA, 21% with CSA

5 p=0020 _LL—————~| Untrested OSA - up to 62% of TIAs are assoc?ated with SDB

*CPAP treatment of severe OSA i (9 deatha, 24%) - conversely, 25% of those with moderate OSA have MRI-proven CVA vs. 6%

tended to reduce mortality - of control group without SDB

(p=0.07) H » « " -

Tione (months)
}; - OSA increases mortality in CHF;
| - CPAP might reduce mortality
. GEEETEWE Wang et al. JACC, 2007 - Somers et al. Circulation 2008

Minoguchi et al. AIRCCM 2007 (e\

Yaggi et al. NEJM 2005 Shahar et al. AIRCCM 2001
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Risk of Stroke or Death in OSA (primary risk)

o Unadjusted Hazacl T
. Ratio (35 C1) Ratio 951 1)
Observational cohort study _— L0 (1061 13) 108 (061 1)
of subjects referred for Make wos 9% 196221 &0 07K @41 26
SDB Face
Control: AHI~2 (n=325) - e
OSA: AHI~35 (n=697) beeas
Bodynass ndes
After adjusting for other Carent sneker 125 0901 64)
factors, baseline OSA was Current W.V:‘-‘.‘:mq. am ot ake ahal 1?4 185 1?:‘
the ONLY factor that pabates el s
predicted stroke-free
survival.
i OSA predicts increased risk ‘;
| of CVA or death of any i - i — -
| cause (~2X higher), P is independent risk factor for mortality after CVA
| independent of other risk | | (secondary risk)
1 factors i : *5% increase in total mortality for each unit increase in AHI
| < RTINS0 Yaggi et al. NEJM 2005 Parra et al. EurRespir J 2004 (€)
s

Association between Sleep Disordered Breathing & Cardiovascular Disease

Cardiovascular conditions associated with SDB

HTN:
- Among those with SDB, 50% have HTN;
- Similarly, in mainland China, 56.2% of those with SDB have HTN
- conversely 30% of those with HTN have
SDB (only 15% are diagnosed).
- In refractory HTN (3 drugs), 83% have OSA
- OSA is an independent risk factor for HTN

Chen, He. Chin J TubercRespir Dis 2007
Somers et al. Circulation 2008 (@ \)
Sorajja et al. CHEST 2008 »

D s

Do Patients with SDB Develop Hypertension?

¢ HYPEREESMION AL 3 FOLLOW -UF SLERE STUDE Ay ORIniG 11
A Hstan e Tunix ot Lise

Wisconsin Sleep Cohort Study; n=709 —
8 year follow up for development of HTN

B L —
45% women Ooos Ram, Aursrio  fon BALELR HPUR 104 BAGk Lk e
oren ron STavs. NomTses S7a N
Avg. age = 45 years Tn STAT | VoorARE Rk Fae ot W Fa
pisiasey Bucine  OuwsRam Anwe o NomwewkE 0w e Ham o Mk
Amea e rom ik Lnk MR Rk aciom (At (G A Wm0 WRLRLY ALrcuck A
Follow up for 4 years ‘woer eoms S1an tosen rospantiaiion

1 evers g

Worsening | a1 4v acuy
A

The presence of SDB was
predictive of HTN within 4
years, even with mild disease
and accounting for several
other factors

Peppard et al. NEIM 2000 (€)

- (AN

Link between OSA and Cardiovascular Disease

TABLE )

UNIVARIATE RELATION OF THE APNEA-HYPOPNEA INDEX (AHI) TO VARIOUS
CHARACTERISTICS AND PREVALENT CARDIOVASCULAR DISEASE

AHI Quartite
Varlabre (mearn o %) ! " ||| v
Quartile range 013 1444 45110 =110
Age, yr (mean) &1 6 6 6
Race, % white 78 7 78 77
Sex, % female 7 57 49 3s
Body mass index, kg/ni’ (mean) 59 227 23 309
Smoking status, % never smaked 49 48 a4t 43
Total cholesterol, mg/ch (mean) 203 207 205
HOL cholesterol, mg/d (mean) 54 48 46
Diabetes, % 0 n 15
Selt.reported hypertension, % 30 42 46
Systolic blood pressure, mm Hg (mean) 126 122 133
Use of antihypertension medications, % 32 4

2 T

%)
Prevatent coronary heart disease, 1 (%)

248016
Pravalent heart tablure, 11 (%) 3825)
Prevalent stroke. n (%) 35(23) 70 (4.6)

Detinition of abtwewation: HOL = high-density ipoprotein. * p<0.05 for linear trend

-Sleep Heart Health Study
- 6,424 patients with PSN; association study
- 1023 (16% overall) with self-reported Cardiovascular Disease, stratified by AHI

How about Cardiovascular Mortality?

~ WS Shahar et al. Am J RespirCrit Care Med. 2001 (€ )

=

OSA as Predictor of Cardiovascular Mortality in CAD

*69 patients with CAD stratified by OSA +/-
*5 year follow-up
*No difference in age, gender, BMI, smoking, HTN, DM.
TABLE 4
OUTCOME VARIABLES DURING A 5-yr FOLLOW-UP PERIOD"

OSA (+) 0sA(-)

Variable (n = 16) (0= 43) p Values
Myocardial intarction, n (%) 5(31.3) 8 (18.6) NS
Stroke, n (%) 1(6.3) 5(11.6) NS
Mortality, n (%)(all cardiovascular) 6 (37.5) <bmmmete 4 (9.3) 0.018

Definition of abbreviationr NS = not f
* Comparison of groups by Fisher exact test (two-tailed).

Cardiovascular mortality is 4 fold greater in
CAD patients who also have OSA

Peker et al. AIRCCM 2000 @)
—

Association between Sleep Disordered Breathing & Cardiovascular Disease

Cardiovascular conditions associated with SDB
Arrhythmias:
- In patients with Afib, 49% have OSA vs. 33% in a control group presenting
to a general cardiology practice
(conversely in patients with SA, 20% have atrial fibrillation)
- After cardioversion for Afib., persistent OSA doubles chance of recurrent afib to
80%

= d¥increase in Afib with OSA
*riot known if CPAP reduces Afib risk

*3542 adults < 65 y.o0.

*PSN at baseline

*New onset AF over average of
4.7 years follow-up

Cumulative frequency of AF (%)
L]

P & g No OBA

© 1 2 3 4 5 6 7 B 9 W0 111213 1418
e at o Yooty
—manSILL aEnsEn 3

Bradley et al. Lancet 2009 Gami et al. JACC 2007
- CENESE
Caples et al. Prog. Card. Dis. 2009

°

@)

Garrigue et al. Circulation 2007
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Association between Sleep Disordered Breathing & Cardiovascular Disease

Cardiovascular conditions associated with SDB

Arrhythmias:
- In patients with Afib, 49% have OSA vs 33% control group presenting
to a general cardiology practice
- OSA is risk factor for Afib even correcting for other risk factors (in
patients <65 years of age) Association much stronger for CSA
- nocturnal arrhythmias in 50% of OSA (vs. 10% without): NSVT, 27
degree AVB, PVC's
- 59% of patients with pacemakers have SDB (improved with Chronic
Resynchronization Therapy [biventricular pacing])
- It is controversial if there is an increased prevalence of bradyarrhythmias,
but when present, they do resolve with treatment of OSA

Bradley et al. Lancet 2009 Gami et al. JACC 2007 {@ Y
~ TR S ; N i ¢
Garrigue et al. Circulation 2007 Caples et al. Prog. Card. Dis. 2009 -

Pathophysiological Link Between OSA and CVD

Traditional CVD Risk Factors
“Smoking
*Hyperlipidemia
*Obesity
“Diabetes

HIN
Common features: “Genetics
-Male sex

-Older age
-Overweight
-Visceral adiposity
-Alcohol use
-Smoking
-Sedentary life style

Does treatment of
— OSA also improve
cardiovascular risk?

fsns T | } Sympathetic activation
1 *Norepinephrine T I
. {

| sTNF, e T

{ *CRP, MMP, ADMA T

| +Platelet aggregation T
i sLeptin®

Inflammation

(&)

e

~ BN adapted from: Schulz et al. Deut Arzteblatt 2006

Does Treatment of OSA Improve HTN — a meta-analysis

| i 2 oG o v 0 kg s

M e A gatw ks e s
Ty e W =

-

- Meta-analysis of 12 RCTs

- 572 patients

- 24-hour ambulatory monitoring
- Intervention: CPAP

- CPAP reduces 24 hour mean BP, most in
those with the worst OSA

- ~0.9 mmHg drop in mBP for every 10
point increase in AHI at entry

| Typical results would predict a reduction
in coronary events by 37% and CVA by

Haentjens et al. Arch. Int. Med. 2007 (E )

Does Treatment of OSA Reduce Cardiovascular Events?

Observational study of >1600 subjects with graded SDB

Yearly t/u for >10 years

Endpoints: MACE (CV death, Myocardial infarction, -
Stroke, coronary bypass surgery, coronary stenting)

Vv morbidity

CV mortality

Narmbers a1 i

EWSeveTé bSAH incré;s;é rislg ;Jrf eventé
Framingham 3.8+2% |

| fatal: OR: 2.87 |
Controls 4.1+3.2% | nonfatal OR:3.17 i
Severe OSAH 10.8+6.8% **CPAP improves CVD event rate and mortality
- Marin et al. Lancet, 2005 (€)
s

Does Treatment of CSA Improve Ventricular Function Severe Heart Failure?

5 vl
66 pts with CHF 1. ]
(EF=21%) 1, 1
CR \ ! o
CSA/CSR No CSA/CSR } H o crap
(n=29) (n=3 2 |
IS I S N
Control ~ CPAP  Control  CPAP &l T I
(n=15)  (n=14) (n=20) (n=17) csResA NaRCERLEA cpeamy

-RCT with OSA excluded - LVEF evaluated at 3 months
-Baseline characteristics of control and - Mortality/cardiac transplant
CPAP groups were similar except: assessed at 2.2 years
- +CSA/CSR group had more: L [ e & = -
- males (100 vs 78%) CPAP improves LVEF in patients with CHF and
_ischemic CM (83 vs 49%) Central Sleep Apnea, but not in CHF patients
-AHI (39 vs 7) [ Without CSA

Sin et al. Circulation, 2000 (@\
S

Does Treatment of CSA Improve Survival in Severe Heart Failure?

Effect of CPAP on survival in CHF with CSR/CSA

00

Survival in CHF with/without CSR/CSA
o, X

- Z A
i i Hleeo
- Sy § g |
HI 1 ] ! oot
S w0 i - 0
i v et
HE) i i P oy
Sy « EE I
B A

e trom randamiEation (montha)

Figure 4. In CHF patients with CSR-CSA, watmunt annlysb
revankad thot transplant-free survival was significantly greoter in
patinntn rndomized 10 CPAP who comphed with therapy tun
In vontral subjects

Figure 2. Transplant-fris survival in CHF pationts with CSF.
CSA wan wignificantly worss thar in thowe without CSR-CSA,

indapendent of the s of CPAP.

| - CSR/CSA portends a worse survival in CHF whichis | | - To see a mortality benefit it is critical
{ | to reduce AHI to near normal levels i

| - In patients with CHF but no CSR/CSA, CPAP had no |
| effect on LVEF or survival Arzt et al. Circulation 2007

—— Sin et al. Circulation, 2000 (@)
P




21 PPT

Cardiovascular Complications of Sleep Apnea 9

Systemic Benefits of Treating Sleep Apnea

Potential Benefits of Sleer Apnea Treatment

- (R Jean-Louis et al. J Clin Sleep Med 2008

Summary and Recommendations

Sleep Apnea is pathophysiologically and clinically linked to Cardiovascular Diseases including
- stroke
- arrhythmias (Sudden Death, atrial fibrillation, PVC’s, NSVT)
- atherosclerosis
- hypertension
- heart failure

A variety of observational studies (although not all) show that treatment of sleep disordered
breathing, improves cardiovascular risk factors and reduces major adverse cardiovascular events

Clinical Implications and Caveats
- Pts. with OSA and HTN should be aggressively treated for risk factors and screening for
CAD considered. (43% will have significant disease)
- CPAP for treatment of CSA in CHF is not yet well-established. A successful titration to
reduce AHI to near normal values may be necessary to improve mortality.
- Snoring alone does not increase risk of cardiovascular disease.

Summary and Recommendations

* Who should be screened for SDB (high risk groups):

- CHF, CAD, HTN, atrial fibrillation, if with one of the following:
- hypersomnolence
- witnessed apneas
- obesity

- nocturnal angina

- pacemaker patients

- Sudden Cardiac Death episode during sleep

« Patients with OSA and HTN should be considered for treated with CPAP independent of daytime
sleepiness (the anticipated 2-10 mmHg drop in BP translates to a 10-50% reduction in mortality
and serious cardiovascular morbidity, based on pharmacological treatment of HTN) This is
based on observational studies and conflicts with several smaller prospective studies.

The End

Mep://gn. tol Funpic

- The Real Reason Dinosaurs Became Extinct <)

e
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COPD and Pulmonary Hypertension

RenliQiao, MD, PhD, FCCP
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Los Angeles, CA
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Why discuss?

1. Pulmonary hypertension in COPD and ILD. Weitzenblum
E et al. SeminRespirCrit Care Med 30:458-470, 2009

2. PHTN in pts with COPD. Barbera JA, Blanco |. Drugs.
1153-71, 2009

3. Rt heart function in COPD. MacNee W. SeminRespirCrit
Care Med. 31:295-312, 2010

4. PHTN in COPD. Minai OA et al. Chest. 137:39S-51S,
2010

« (R

Hypoxic Pulmonary Vasoconstriction

Von Euler, US Liliestrand, G
(1946). "Observations on the pulmonary arterial blood pressure in the cat™. Acta
Physiol. Scand.12 (301-320)

o (e

The Early Report of CorPulmonale

WHO. Chronic corpulmonale: a report of
an expert committee. WHO Tech Rep Ser.
213:35,1961

Harrison’s Principles of Internal Medicine

Corpulmonale, often referred to as pulmonary heart
disease, is defined as dilation and hypertrophy of
the right ventricle (RV) in response to diseases of
the pulmonary vasculature and/or lung parenchyma
that are sufficient to causcpulmonary
hypertension.

« (SR RN DR
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Harrison’s Principles of Internal Medicine

Many of the signs that are encountcred
in corpulmonale are also present in HF
patients with a depressed EF, including:

1. tachypnea
2. elevated JVD, hepatomegaly
3. peripheral edema.

M HE ST

The Natural History of COPD

COPD

L 4

Pulmonary Hypertension

¥

CorPulmonale
(RHF, peripheral edema)
BCHEST]

Pulmonary Arterial Catheterization

BRCHEST

Pulmonary HTN in COPD*_”_‘

In COPD pts (120) cvaluated for LVRS
FEV1 = 27% predicted

* In 91%, mean PAP > 20 mmHg
In 5%, PAP > 35 mmHg

* Poor correlation between PFT and PAP

= PAP correlated with occlusion pressure (air
trapping vs LV dysfuntion)

i‘ﬁ{mrj/ 'SM et al, AJRCCM 166:314-22, 2002

Why should a mild PHTN cause
RHF in COPD?

CitES T

PHTN from other lung diseases

sy Cystic Fibrosis Idiopathic Pulmonary Fibrosis




