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BACKGROUND Application of ASE partition values for LVMI & RWT: Clinical features by LV geometry in HFnIEF Clinical features and vascular-ventricular function among subject groups within each geometric pattern
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hypertension has been recognized, as has the prognostic implication of altered o e e , . N 349 214 64 86 113 57 20 19 54 71 103 32
LV geometry in these patients. i ! (% of group) (66%) (39%) (31%) (16%) (21%) (27%) (5%) (21%) (26%) (13%) (19%) (16%)
q q q q Clinical Characteristics
+ Standardized recommendations for characterization of LV geometry have been E ; ° Age,y 5547 629" 734125 60+8 65+10* 70411+ 64411 68410 78411+ 58+9 67+10% 76418+
issued by the American Society of Echocardiography (ASE). ' ! 2 Males, % 45 46 5 54 39* 42 33 28 24 34 47*
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. L . BSA, m? 1.85:0.21 1.98:0.25*  2.02¢0.32* | 1.85:0.20 1.94:0.24*  1.96:0.31* | 1.84:0.22 1.92:0.26  1.90¢0.28 | 1.78:0.18  1.90:0.27*  1.910.25*

« Patterns of LV remodeling may also provide insight into the pathophysiology of 0421 a7y ' o8 ! 51 13 ; GFR, 748+135 795:61.0  72.4%26.1 | 73.9+13.7 729+189  67.7+30.6 743122 7013194  57.4:26.3*" | 720162  73.1+202  56.7+28.8*"
. N N . . . 17052 95,108 g 121 Al DHF patients Males Females <76 years >76 years . 5

heart failure (HF), particularly HF with normal ejection fraction (HFnIEF). Y 04 a5 a5 s 75 we | s w0 ® 75 10 mimin/1.73m

. . . . Relative Wall Thickness Left Ventricular Mass Index Left Ventricular Mass Index ertension,% 0 100" 94+t 0 100* 97* 0 98* 0 100* 97*
» While normal or reduced LV size and LV hypertrophy (LVH) are considered sine - :)?a'::emes,% 0 1 38 0 12" 28 0 41t 0 10 34+
= = - Upper limit of normal reference range CAD,% 0 15* 52*( 0 12* 44,1 0 52*1 0 16* 59*(

Heartrate,bpm | 6419 65+11 71£15" 6710 68+11 73£15" 6318 70£13 619 6310 69:+13*"

SBP, mmHg 116:12  139:21* 129+18"" 120£11 142420 128:+26" 120+11 + 138+24* 17£13 14520 137423

qua non of diastolic heart failure, LV geometry may be more diverse in unselected = Upper limit of mikdly abnormal range
HF cohorts with normal EF and no significant valve disease. b DL R S
DBP, mmHg 698 75£11* 68+14" 7219 76£10* 68+15" 708 + 68+14" 6818 75£9* 68£15"
. LV filling wefsure . .
i — —— EDP, mmHi 16.4+1.3  17.6+2.0*  20.6:5.1" 164415  17.3t20  22.65.3" 17.5¢1.9  18.0:2.2 25.7+5.8" 16.6+1.3 17.6£1.7 23.9+4.8%
Assessment of vascular function Non-diabetic  Diabetic No CAD cho (S0 EEIRR0 G LAVE, ml/mt 200452 25347.6° 318+122" | 208154  238:7.6 34121437 | 206#47 274392  39.4:128" | 228450  28.1284*  41.8+16.1*

OBJ ECT'VES « Effective arterial elastance (Ea) was estimated as end-systolic Distribution of LV geometric patterns in HFnIEF varied according to sex (p=0.01), BNP (Shionogi) | 18.1+30.7 24.0+31.3* 186.2+187.6* | 19.0+32.2 26.2+40.0 235.7+205.3*" | 45.3+134.5 38.9+450 317.9+469.8"" | 20.6+184  31.9+33.6  379.4+389.5*

Define distribution of LV geometric patterns (ASE criteria) in: pressure (ESP)/ stroke volume (SV) where ESP was systolic age (p=0.03) and renal function (p=0.02) but was not associated with the LV structure

r ) ; ; EDVI, ml/ m? 61086 60.8:86  56.0+10.3* | 48.8479 474180  435:84% | 57.0:7.0 584:111  59.9+4110 | 747487 724197 741114
pressurex0.9 (Kelly et al. Circulation 1992) presence of diabetes or coronary artery disease. LVMI, g/m? 836:132 86.5:11.8°  84.5:16.8 | 86.4+127 87.9:12.7  84.1+14.8 | 112.8+13.1 12156220 131.627.1% | 109.3¢11.2 117.5¢185* 119.4+17.0*

- Total arterial compliance (Ca) was estimated by SV/pulse pressure RWT 0.36:0.03 0.36:0.04*  0.38:0.04* | 0.47:0.05 0.48+0.05 Vasoasl(l);of.:g;mn 047:0.05 049006  0.52:0.08" | 0.36:0.04 0.38:0.03  0.38:0.04
ratio (Chemla et al. Am J Physiol 1998) PP, mmHg 46£11 64£17* 6117 49:10 66+18 6019 50£11 73121 70£22* 49:12 70£17* 68+15%
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A. Healthy population controls (CON)
B. Hypertensive subjects (HTN) without HF

C. HFnIEF patients within the community - Systemic vascular resistance index (SVRI) was estimated by Ea, mmHg/ml| 1.28+0.28 1.47:0.40*  1.43:0.36* | 1.39:0.35 1.54:0.42*  1.51:0.40 1.28+0.28  1.510.41 157+0.48* | 1.28#0.31 1.49:0.36*  1.62+0.49*

- ' N v Wi ; ; ; 1926060 1.50:055* 148:0.52* | 1761060 144:0.63° 146:0.58° | 1.86:050 1.37:052 1494160 | 181:0.56 142:0.53°  126:037*
Compare clinical features and vascular, LV systolic, LV diastolic and renal [(mean arterial pressure/cardiac index)*80] Ventricular-vascular function by LV geometry in HFnlEF 2426:483 2780:663°  2587:808 | 25161700 2605:651 25241851 | 2349+493 2655664  2578+60 | 2404:497  2606+556* 25842983
function in HFnIEF patients with different LV geometric patterns

Compare clinical features and vascular, LV systolic, LV diastolic and renal Assessment of ventricular function (o, P0-05 vs Normal Geometry o EVEEtolisiind e
g 2 . = i i ifi i 5 63+4 6415 6246 6615 664 647" 67+5 6616 6416*" 6245 6416 596"
function between CON, HTN and HFnlEF within each LV geometric pattern End-systolic ?Iastance (Ees) was estimated by thg modifiedisingle = . ) 1.94+0.56 222+0.74* 222:0.72* | 2.23:+068 248+0.93  2.45+1.00 203:0.75  2.40+0.83 2.39+0.92 1.93+0.51  2.27+0.74*  2.43%0.86*
beat method using arm-cuff pressures, SV, pre-ejection and total

45.7£7.1 45.2+8.9 42.5+9.2* 44.5£9.3 44.9+8.0 41.0£8.8" 48.4+7.2 47.9+10.4 44.4+11.6 47.8+7.6 49.1£9.0 44.0£10.3"
Systo“c periods, EF, and an estimated normalized ventricular elastance Cardiac index, 2.9+0.5 2.9+0.6 2.9+0.8 3.0£0.7 3.0£0.6 3.0£0.8 3.1£0.6 3.120.7 3.0£0.7 2.9+0.6 3.0£0.7 3.1£0.9
at arterial end-diastole (Chen et al. J Am Coll Cardiol 2001)

limin/ m?
« The time constant of isovolumic relaxation (Tau), was derived by
METHODS the formula [Tau = (14.70 — 100¢e’) / 0.15] (Sohn et al. 3 Am Coll Cardiol . _ . i
Subjects were Olmsted County, MN, residents selected from a prospective 1997;30:474) There was a trend towards increasing EDP across geometric subgroups in

o . i d q HFnIEF, corroborated by similar trends towards larger left atria and higher BNP s o " EDP iastoli TLAVL i \oft atrial volurne: BNP. B- ! de: EDVL i —dinstaic volume: VM. lof ol
ggg’ll:?lfetlg?tﬁgspe(;jpﬁ{:tsizns(ethaonndalBe)Cahr‘lo('iczrg:%gLaepcr:il\(I:esﬁgysgfrVaeiﬁfanndcoergtudy o [Eirikilisiee pressure (EDP) wEs GEimElsd 2 [EDP =188 [V, HFnllhEF p‘?ltients !flith t\(\?}l-(lcon(:entric/eccentric LVH) had higher filling ?nlgzio ICRVbVO.OI?eIpar!?es:/Jer’II thicl;:gss:dF’F’Ias,thI:szr;e)rsesgsivrle-fEa’. E#Zé(t?\?e:ttsg;?e\ll:slgze; Ca argr‘i):l gztrrp”ull;aegzeeesp\vtlj?el,’syste’r;?gs:zgufgfr:sl?lg‘geviﬁgg:’Ees. e’ni;)ysetggtl:c;:;tgr‘icssz
) L { » i it ressures than those withou a 8V, stroke volume index; EDV ko, EDV at common EDP of 20 mmHg/BSA
of consecutive patients with HF (C). 0.596xE/e’] (Ommen et al. Circulation 2000) P! , stroke volume index; EDV ko, at common EDP o Hg

X o . . * The end-diastolic pressure-volume relationship (EDPVR, where 2.
Subjects within each group who had measurements of LV dimension and _ S s = o
wall thickness allowing geometric classification were included. EDP = aEDVE; a = curve fitting constant and § = diastolic stiffness

. . K . constant) was estimated using the single-beat approach (Klotz et al. Am
Non-obese subjects 245y without cardiovascular disease (CON) (n=530) J Physiol Heart Circ Physiol 2006). LV capacitance (EDV at EDP of 20
Hypertensive subjects 245y without HF (HTN) (n=549) mmHg, EDV,,) was calculated in each subject

Consecutive patients with HF (Framingham criteria), echo within a median of A men f renal function

1 day of diagnosis and no significant valve disease (HFnlEF) (n=207) SEEEEIENT OIF TETE MLMTED

LV diastolic function

Tau, ms 32.9+21.3 45.6£15.1* 52.4+14.9* 35.4£31.6 41.2453.3 56.8+13.3* 46.9+14.4  50.4+14.7 64.7+10.6*" 39.0413.1  48.3+14.8* 60.9+16.3*T
B 5.96:0.05 6.07£0.57* 6.35+1.08*' | 5.96+0.06 6.03£0.29 8.08+4.35* 6.02+0.12  6.08+0.29 6.99+3.87 5.9610.06 6.02+0.13 6.55+1.40*
EDVlzo, ml/ m? 62.4+8.8 60.9+8.8 55.4+11.7* 49.948.1 48.3+8.1 43.418.6" 57.848.0 58.1£10.1 57.8£14.5 76.5£9.3 72.649.8 73.1£10.8
* p<0.05 vs CON; "p<0.05 vs HTN; Abbreviations: BSA, body suface area; GFR, glomerular filtration rate; CAD, coronary artery disease; SBP, systolic blood pressure; DBP,
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SUMMARY: HFnIEF SUMMARY: HFnIEF vs Controls
In unselected patients with HFnlEF in the community: Within any LV geometry group, HFnIEF patients:
« LV geometry was variable « were older, had more cardiovascular disease and had higher filling
« LV geometry was more often abnormal in older persons, pressures, BNP and left atrial volumes than CON/HTN
females and persons with renal dysfunction * had lower GFR when geometry was concentric/eccentric LVH
« LV filling pressures were higher in concentric/ eccentric LVH « did not have increased vascular/LV systolic stiffness compared to HTN
» Vascular and LV systolic function did not vary with geometry * had more impaired relaxation than HTN when geometry was

* LV relaxation was more abnormal in concentric/ eccentric LVH concen-tric/eccentAric LYH .
« Diastolic stiffness was most abnormal in concentric remodeling * had higher LV diastolic stiffness than CON/HTN when geometry was

o || Bl || SR || S, Distribution of LV geometry in subject groups ;gsrnﬁevtv;rz::g?‘i)g:‘r:;it;zr::Fdri‘Tf:;ences in ystolic function normal or concentric remodeling
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* Glomerular filtration rate (GFR) was estimated using the simplified
Modification of Diet in Renal Disease Study equation
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Assessment of LV geometry
ASE criteria (Lang et al. J Am Soc Echocardiogr 2005) R ES U LTS

Ees (mmHg/ml)

Stroke Volume Index
Cardiac Index (min/m?)
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43-95 96-108 109-121

CONCLUSIONS
1.HFnIEF is a heterogeneous disorder.

2.Patients with normal geometry or concentric remodeling display a “restrictive cardiomyopathy” picture with diastolic dysfunction in the absence
of LVH or renal dysfunction.

<95 (9) >95 (9) e e omm CON (n=530) HTN (n=549) HEDER(ES200) 3.HFnIEF patients with concentric/eccentric LVH have worse renal function and higher filling pressures without increased diastolic stiffness or LV

<115 (3) >115 (2) C—INormal Geometry B TR T Compared to Normal Geometry, relaxation was more impaired in HFnIEF patients dilatation suggesting decreased diastolic distensibility or the effect of enhanced extrinsic forces or impaired relaxation on diastolic pressures.

Left Ventricular Mass Index (LVMI), g/m? 0.24-0.42 | 0.43-0.46 | 0.47-0.51 = Concentric Remodeling p<0.05vs adjusting for age with concentric/eccentric LVH, while diastolic stiffness was most increased in : . . : q . A q 8 5 .

eft Ventricular Mass Index (LVMI), g/m e = concentric remodeling. Interestingly, despite higher EDP in the presence of LVH, 4.The renal impairment in patients with HFnlEF and LVH suggests an important cardiorenal connection with concomitant cardiac and renal end

B Eccentric Hypertrophy diastolic stiffness was not increased compared to Normal Geometry. organ damage.

Normal 0.22-0.42 0.43-0.47 0.48-0.52
Geometry
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66% .
Men 39% 31%"

Relative Wall Thickness (RWT)

Diastolic stiffness
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