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Systolic and Diastolic Heart 
Failure in the Community 

Francesca Bursi et al 

JAMA 2006;296:2209-2216 

A total of 556 participants had 
echocardiography at HF Dx.    

EF was preserved 

(50%) in 308(55%) 
and  was reduced in 
45%. Patients with 
systolic heart 
failure had worse 
diastolic function. 

Olmsted County residents with 
incident or prevalent HF (in-
patients or outpatients) between 
Sept 10, 2003 and Oct 27, 2005. 



Case Presentation  

• 73 yo woman with dyspnea in 2000 

• Risk factors: Age, HTN, Lipids 

• CXR: PVH, Cardiomegally 

• PFT: Normal 

• Echo: Nl EF, Mild MR,RVSP 45 mmHg  

• Cath: Nl Coronaries 



Additional tests to diagnose HFpEF? 

• Cardiac MRI for LV mass 

• Echo Doppler for filling pressure 

• BNP ? 

• Right heart cath? 
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Distinguishing Hypertensive Heart 

Disease from HFpEF 

Lam C et al, JACC, 2009 



Diastolic Filling 

Mitral Inflow 

Deceleration time(DT) 

E velocity, A velocity, 

E/A ratio, DT 



Diastolic Function Assessment 
Echocardiography 

CP1254003-8 Myocardial Relaxation is the Key for Diastole 



Mitral flow 

Mitral annulus 
velocity 

Evaluation of Diastolic Function 
Mitral  Inflow and Annulus Velocity 

Sohn et al:  JACC, 1997 

              Normal          Ab Relax           Pseudo            Restrictive 

                          Grade 1            Grade 2  Grade 3 

CP1254003-30 

Preload dependent 

Preload independent 



Nagueh et al:  JACC, 1997 

Ommen et al: Circ, 2000    
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Doppler Evaluation of Filling Pressure                 
Non-invasive Swan-Ganz Catheter 
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TR 
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Case Presentation continued 

• 2004 

73 yo woman with dyspnea 

Risk factors: Age, HTN, Lipids 

Comorbidities: No autoimmune 

CXR: PVH, Cardiomegally 

PFT: Normal 

Echo: Nl EF, 

   E/e’ = 16  RVSP 45 mmHg  
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Case Presentation – Follow up 

• 2011 back to Mayo 

Now 84 

Chronic severe dyspnea, AF 

Multiple evaluations for dyspnea 

2011 Echo – Nl EF, RVSP = 64 mmHg,   
       E/e’ = 25 



Right and left heart catheterization 
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Dx: HFpEF 



• 70 yo f, NYHA II 
DOE 

• BMI 32, JVP 7, trace 
edema, no gallop  

• Normal ECG & BNP 

• Echo: 

Nl LV size, EF 65% 

E/A 1.2, DT 160, E/e’ 9 

PASP 37 mmHg 

 

Why is this pt short of breath? 
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Hypertension and Exertional Dyspnea 

No ischemia 

E = 50 cm/s DT = 250 ms 

E’ = 7 cm/s 

E/E’ = 7 

“This patient has delayed 

myocardial relaxation, but 

filling pressure is not 

increased at rest” 

Ha , Oh et al. JASE 2004 



E   = 50  

DT = 250  

E’ = 7 

Baseline 

E/E’ = 7     

TR = 2.4 

CP1082496-61 Supine Bike 

E   = 85  

DT = 140 

E’ = 7 

E/E’ = 12  

TR = 3.8 

Exertional Dyspnea 
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Exercise:  y=0.46x + 6.61 
r=0.59, P<0.01 
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     Ischemia 18% 

Any abnormality 36% 

      Ischemia 27%  

Any abnormality 54% 

 

Non-dyspneic pts Dyspneic pts 

 Pulmonary HTN: RVSP ≥50 mm Hg with exercise                    

 Elevated filling pressures: E/e’ >13 with exercise 

    Exercise-limiting Dyspnea          Other         

Diastolic Function Initiative of 2006 

(n= 630) (n=908) 

Courtesy of R. McCully, MD 



0

5

10

15

20

25

0 1 2 3 4 5

Diastolic Function and Mortality 
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Redfield et al JAMA, 289(2), January 8, 2003 
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Normal   1,277 1,277 1,275 885 404 38 

Mild      371    366    361 246 122   8 

Modeate or severe  131    129    126   94   39   5 

Diastolic function 

Moderate or severe 
dysfunction 

Mild dysfunction 

Normal 

Log rang P<0.001 



 4,203 individual randomly 
invited to participate 

Study Flow 

 2,161 excluded (did not participate 
in examination 1 

 2,402 participated in examination 1 
(1997-2000) 

 1,402 returned for examination 2 
(2001-2004) 

 1,151 classifiable diastolic function 
 139 indeterminate diastolic function 
 112 diastolic dysfunction, 

determinate grade 

 640 excluded 
  558 did not return for 

 examination 2 
    82 died before examination 2 

Kane et al:  JAMA 2011;306(8):856-863 



Cumulative Incidence of Heart Failure 

After Examination 2 

Kane et al:  JAMA 2011;306(8):856-863 
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Moderate or severe 160 146 140 136 129 124 114 
Mild 239 233 222 216 208 198 182 
Normal/normalized 648 608 600 584 566 537 499 

Progression to or persistent moderate 
or severe dysfunction 

Progression to or persistent mild dysfunction 

Remained normal or  normalized function 

Diastolic function 

P<0.001 
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PEP-CHF 

VALIDD 

I-PRESERVE 

SENIORS 

CHARM 

Hong Kong 

DHF:   

clinical trials 



Conclusions – Irbesartan did not 
improve the outcomes of patients 
with HF and a preserved LVEF. 

CP1343345-1 

N Engl J Med 2008; 
359:2456-67 

Irbesartan in Patients with 
Heart Failure and Preserved 

Ejection Fraction 
Barry M. Massie, MD, Peter E. Carson, MD, 

John J. McMurray, MD, Michael Komajda, MD, 
Robert McKelvie, MD, Michael R. Zile, MD, 
Susan Anderson, MS, Mark Donovan, PhD, 

Erik Iverson, MS, Christoph Staiger, MD, 
and Agata Ptaszynska, MD, for the 

I-PRESERVE Investigators 



Kaplan-Meier Curves for Primary Outcome 

Massie et al: NEJM 359:2456, 2008 CP1343345-2 

No. 
at risk 
 2,067 1,929 1,812 1,730 1,640 1,569 1,513 1,291 1,088 816 497 
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Chronic inhibition of cyclic 
GMP phosphodiesterase 5A 
prevents and reverses 
cardiac hypertrophy 

Eiki Takimoto et al 

Feb 2005 

Oral phosphodiesterase-5A (PDE5A) inhibitor (sildenafil) 
suppresses chamber and myocyte hypertrophy, and improves 
in vivo heart function in mice exposed to chronic pressure 
overload induced by transverse aortic constriction, Sildenafil 
also reverses pre-established hypertrophy induced by pressure 
load while restoring chamber function to normal. 

PDE5A inhibition may provide a 
new treatment strategy for 
cardiac hypertrophy and 
remodeling. 

PDE5A inhibition may provide a new treatment strategy for cardiac hypertrophy and remodeling 



PhosphodiesteRasE-5 

Inhibition to Improve CLinical 

Status And EXercise Capacity 

in Diastolic Heart Failure  

RELAX       
in Progress 

NIH Heart Failure Clinical 

Research Network 



Before and after 

treatment of HF 

Diuretic and ARB 

6 days apart 

e’ = 4 cm/s E = 100 cm/s DT = 180 ms 

E = 45 cm/s  DT = 260 ms e’ = 4 cm/s 

E velocity  100 to 45 No change in e’ velocity 

E/e’  25 

 E/e’ 11 



Does this patient with “HF symptoms” and 

EF>50% have HF?  

 Elevated PASP? 

 Doppler DD consistent with symptoms? 

 LA enlargement? 

 LVH or Concentric Remodeling? 

 Elevated BNP? 

 Response to diuretics?   

 CXR and Physical Exam cw HF 

 

 

 

 

The more items checked, the ↑ the probability,                       

but no single parameter necessary or sufficient. 

If Dx uncertain, Assessment with Exercise  



Thanks for listening ! 

oh.jae@mayo.edu 



CP1210291-11 

European Heart J 

26:1115, 2005 



Thanks for Listening ! 

oh.jae@ mayo.edu 



Firstenberg et al:  J Appl Physiol 90:299, 2001, Nagueh et al: JACC 1997 
Oki et al: AJC 1997 , Sohn et al:JACC 1997, Ommen et al: Circ 2000 
Opdahl et al:  Circulation 119:2578, 2009, and more 
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CP1254544-1 

(Circulation. 2004;110:552-557.) 

Conclusions–In hypertensive patients 
with LVH, losartan decreases 
myocardial collagen content, 
whereas atenolol does not.   

We compared the effects of an angiotensin II receptor 
antagonist with a -blocker on myocardial collagen 
volume in 219 hypertensive patients with 
echocardiographically documented LVH. 

Different Effects of 
Antihypertensive Therapies 

Based on Losartan or Atenolol 
on Ultrasound and Biochemical 
Markers of Myocardial Fibrosis 

Michele M. Ciulla, MD, PhD, et al 



Case Example 

70 year old man presents with dyspnea 



70-Year-Old Man 

with Dyspnea and  

LVEF  65 %  

CP1254003-32 

E = 90 cm/s 

e’ = 4 cm/s 



58% of pts with normal exam, echo, BNP 

& resting hemos have HF by exercise 
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Zile et al:  NEJM 

350:1953, 2004 
CP1254003-7 



69 year old man with dyspnea for 5 

months 



LV and LA Pressure at Rest and Treadmill Exercise 

Healthy vs  Heart Failure 

Cheng and Little et al: Circ Res 72:795, 1993 
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Dynamic Diastology 

  Filling Pressure (E/e) with Exercise 

   E  e  E/e 

Normal  

Abnormal 

 

CP1254003-44 

LV filling pressure (E/e’) does not increase much 

with exercise in normal heart, but increases in 

symptomatic patients with diastolic dysfunction.  



      Ischemia 32%  

Any abnormality 63% 

 

       Ischemia 17%  

Any abnormality 33% 

 

≥ 60 yrs < 60 yrs 

 Exercise-limiting Dyspnea 
(n=630) 

(n=421) (n=209) 
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Lam C et al, JACC, 2009 



“In the absence of other potential 

etiologies of PH, an RVSP > 40 mmHg 

generally warrants further evaluation in 

the patient with unexplained dyspnea.” 



Report from the 4th World Symposium on PH: Working 

Group on Non-PAH pulmonary hypertension, JACC, 2009 
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RV size and function in HFpEF  

Mohammed S et al, AHA, 2011 
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Hemodynamic Definitions 

PAH PVH Mixed 

PASP (mmHg) > 35 > 35 > 35 

mPAP (mmHg)  > 25 > 25 > 25 

mPCWP (mmHg) < 15 > 15 > 15 

PVR (WU) > 3 < 3 > 3 

PAH due to 

HFpEF 

 

PVR mildly ↑ 

 

≈ 3-5 WU 
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↑LVFP with stress only in early HFpEF 
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Mayo Clinic 
Locations 



 4,203 individual randomly 
invited to participate 

Study Flow 

 2,161 excluded (did not participate 
in examination 1 

 2,402 participated in examination 1 
(1997-2000) 

 1,402 returned for examination 2 
(2001-2004) 

 1,151 classifiable diastolic function 
 139 indeterminate diastolic function 
 112 diastolic dysfunction, 

determinate grade 

 640 excluded 
  558 did not return for 

 examination 2 
    82 died before examination 2 

Kane et al:  JAMA 2011;306(8):856-863 



Cumulative Incidence of Heart Failure 

After Examination 2 

Kane et al:  JAMA 2011;306(8):856-863 
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Ritzema et al:  JACC: Cardiovasc Imaging 2011;4(9):927-934 
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Concordant Temporal Changes in Left 

Atrial Pressure (mm Hg) and E/é Medial Ratio in 

12 Subjects with 2 or More Echocardiogram Studies 

Ritzema et al:  JACC: Cardiovasc Imaging 2011;4(9):927-934 
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Why is BNP lower (or Nl) in HFpEF? 

Transient ↑ in Atrial Pressure (Early HFpEF) 

Obesity (↓ production; ↑ clearance) 



Why is BNP lower (or Nl) in HFpEF? 

• Wall stress → BNP production 

• Wall stress = P * radius/wall thickness  

 
Normal HFpEF SHF 

Transient ↑ in Atrial Pressure (Early HFpEF) 

Obesity (↓ production; ↑ clearance) 



Wall Stress (~ (P*r)/h) → Production  

Stretch→ Release 

Iwanaga Y  et al. JACC. 2006; 47:742-8. 

BNP End Diastolic Pressure 

Systolic Wall Stress End Diastolic Wall Stress 



Additional evaluation should include: 

A. MRI for LV mass calculation 

B. Doppler Echo Diastolic Function 

C. BNP  

D. Right heart cath 

 

Does this patient have HFpEF? 
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“Exercise induced PH” in Earlier  HFpEF 

? Exc Echo with 

Exc RVSP 

HFpEF 



Does this patient with “HF symptoms” and 

EF>50% have HF?  

□  Elevated PASP? 

□  Doppler DD consistent with symptoms? 

□  LA enlargement? 

□  LVH or Concentric Remodeling? 

□  Elevated BNP? 

□  Sx correlate with onset Atrial Fib? 

□  Response to diuretics?   

□  CXR and Physical Exam cw HF 

 

 

 

 

The more boxes checked, the ↑ the probability but no single 

parameter necessary or sufficient. 

If Dx uncertain, Invasive Assessment + Exercise  



PhosphodiesteRasE-5 Inhibition to 

Improve CLinical Status And EXercise 

Capacity in Diastolic Heart Failure  

RELAX 
NIH Heart Failure Clinical 

Research Network 



 



Hemodynamic Definitions 

PAH PVH Mixed 

PASP (mmHg) > 35 > 35 > 35 

mPAP (mmHg)  > 25 > 25 > 25 

mPCWP (mmHg) < 15 > 15 > 15 

PVR (WU) > 3 < 3 > 3 

PAH due to 

HFpEF 

 

PVR mildly ↑ 

 

≈ 3-5 WU 



Right and left heart catheterization 

Baseline

Time (seconds)

P
re

s
s
u

re
 (

m
m

H
g

)

0 1 2 3 4 5
0

50

100

150

Nitroprusside 4

Time (seconds)

P
re

s
s
u

re
 (

m
m

H
g

)
0 1 2 3 4 5

0

50

100

150

LV

PA



Mitral flow 

Mitral annulus 
velocity 

Evaluation of Diastolic Function 
Mitral  Inflow and Annulus Velocity 

Sohn et al:  JACC, 1997 

              Normal          Ab Relax           Pseudo            Restrictive 

                          Grade 1            Grade 2  Grade 3 

CP1254003-30 

Preload dependent 

Preload independent 



CP1210291-3 

“ A complex clinical syndrome 
t h a t  c a n  r e s u l t  f r o m  a n y 
structural or functional cardiac 
disorder that impairs the ability of 
the ventricle to fill with (diastolic) 
or  e ject  b lood (systo l ic )  ” 

Heart Failure is 

ESC guidelines for heart failure 

European Heart Journal 2005 



CP1176108-9 

Filling Pumping 

Normal diastolic function allows adequate 

filling of the heart without excessive increase in 

diastolic filling pressure at rest and with stress 
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Do all patients with HFpEF have LVH? 

• No! 

• Numerous observational studies 

• On average: LV massHFpEF > LV 
massHTN >LV massNormal 

• Only ≈ 40-50% pts fulfill echo 
criteria for LVH (LV mass) 

 

 



Case Presentation 

• 2000 

73 yo woman with dyspnea, AF 

Risk factors: Age, HTN, Lipids 

CXR: PVH, Cardiomegally 

PFT: Normal 

Echo: Nl EF, RVSP 45 mmHg  

Cath: Nl Coronaries, Mild MR 

Dx = Deconditioning, Age 

LVEDP = 27 
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Ischemia 

Pulm HTN 12.5% 

6.3% 

11.7% 
6.3% 

7% 

19.5% 

11.7% 

None 25% 

Elevated LVFP 

Ischemia  32% 

Elevated LVFP  45% 

Pulmonary HTN  36% 

Any abnormality  75% 

    Reduced Exercise Capacity 
        Women <5 METs, Men <7 METS (n=128) 

G. Kane, MD for Mayo Diastolic Stress Group 


