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Subjects with heart failure (HF) and a preserved ejection fraction (EF) are heterogenous
and the EF used to define this syndrome varies considerably among studies. We sought to
determine if physiologic differences exist between subjects with a normal EF (>55%) or
mildly decreased EF (40% to 55%). 357 consecutive Chinese patients who were healthy
(n = 93) or had HF (n = 264) underwent comprehensive echocardiography, Doppler
analysis, and measurement of neurohormones. Subjects with HF were stratified by EF into
those with normal EF (>55%, n = 128), mildly decreased EF (40% to 55%, n = 38), or
moderate to severely decreased EF (<40%, n = 100). Employing noninvasive pressure—
volume analysis, estimated end-systolic and end-diastolic pressure-volume relations were cal-
culated. Subjects with HF and an EF 40% to 55% more often had a previous myocardial
infarction and diabetes than those with HF and an EF >55%. Physiologically, the cohort with
a mildly decreased EF had eccentrically enlarged ventricles with evidence of remodeling
(rightward shifted end-diastolic pressure—volume relation) and decreased chamber contractility
(downward shifted end-systolic pressure-volume relation) most comparable to subjects with
overt systolic HF. In conclusion, in subjects with HF and a preserved EF, there are distinct
physiologic differences between those with a normal (>55%) and a mildly decreased (40% to

55%) EF. © 2009 Elsevier Inc. All rights reserved. (Am J Cardiol 2009;103:845-851)

The purpose of this study was to assess and compare
clinical features and ventricular properties (characterized by
pressure—volume relations) in patients with heart failure
(HF) and normal (>55%), preserved (40% to 55%), and
decreased (<40%) ejection fraction (EF). For this purpose,
we employed noninvasive estimates of pressure—volume-
based indexes of chamber function to test the hypothesis
that these populations differ from a physiologic perspective.

Methods

Study subjects were inpatients or outpatients seen at the
People’s Liberation Army General Hospital (Beijing,
China) from September 2005 to February 2008. Consecu-
tive patients (n = 564) seen during that period who had a
clinical syndrome of HF (see following criteria) or were
without signs of heart disease, without significant pulmo-
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nary disease or were admitted for noncardiac complaints
(e.g., fever, pulmonary infections, cellulites, etc.) under-
went standardized clinical examination, research echocardi-
ography, and evaluation of neurohormones, which were
performed without interruption of a subject’s medical ther-
apies. The protocol was reviewed and approved by the
institutional review board of the Chinese People’s Libera-
tion Army General Hospital and all subjects provided writ-
ten informed consent.

Pertinent data from all patients included in this study
were reviewed by 2 cardiologists to adjudicate the presence
or absence of HF based on Framingham criteria' and Eu-
ropean Society of Cardiology criteria®; the latter were em-
ployed when the EF was >50%. Data that were reviewed
for this adjudication process included history, physical ex-
amination, report of chest x-ray, medication usage, echo-
cardiogram, and blood test results.

Control subjects were identified after a detailed health
investigation including history, physical examination, blood
tests (e.g., hemoglobin, hepatic function, renal function,
blood glucose, lipid panel), chest x-ray, electrocardiogram,
and echocardiogram did not demonstrate any abnormality.
Specifically excluded from this control group were patients
with hypertension, coronary heart disease, diabetes mellitus,
renal insufficiency, cardiomyopathy, congenital heart dis-
ease, arrhythmias, or chronic obstructive pulmonary dis-
eases. In subjects identified with HF, subjects with known
hypertrophic or infiltrative disorders, with the former de-
fined not only by clinical history but also by the presence of
a left ventricular wall thickness >15 mm in the setting of a
nondilated left ventricle (e.g., left ventricular internal di-
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Table 1
Demographic and clinical characteristics
Parameter No HF/Normal EF HFNEF HFPEF SHF
(n = 93) (n = 128) (n = 38) (n = 98)
Age (yrs) 679 72 + 107 66 £ 10 62 = 16*
Men 53% 65% 79% 75%
Height (cm) 165 = 8 166 =7 168 =7 167 =8
Weight (kg) 64 £ 12 70 = 12* 70 = 11 68 = 13
Body surface area (m?) 1.70 = 0.17 1.78 = 0.17*7 1.79 + 0.15 1.75 = 0.18%
Body mass index (kg/m?) 24 4 25 * 4% 25*+4 24 =4
Hypertension 0% 88%*" T7%*" 54%*
Coronary heart disease 0% 63%* 65%%* 51%%*
Myocardial infarction 0% 12%%*" 39%** 27%*
Diabetes mellitus 1% 33%%* 48%** 41%*
Atrial fibrillation 1% 26%*" 8%+ 10%*
Medications
Angiotensin-converting enzyme inhibitor 0% 37%*" 45%%* 50%%*
Angiotensin receptor blockers 0% 11%* 23%*" 4%*
Calcium channel blocker 1% 57%*" 399+ 26%*
B blocker 3% 55%%*" 58%*" 39%*
Diuretics 0% 37%*" 45%*" 67%*
Digoxin 0% 10%*" 23%%*" 46%*
Hemodynamics
Systolic blood pressure (mm Hg) 122 + 11 139 * 22%¥ 141 = 31%F 126 * 19*
Diastolic blood pressure (mm Hg) 73 =7 76 £ 12%* 79 = 14 76 = 11
Heart rate (beats/min) 68 +9 71 + 9*F 69 + 8" 77 + 13*F
*p <0.05 versus normal.
T p <0.05 versus SHF.
#p <0.05 versus HFNEF.
SHF = systolic HF.
Table 2
Blood tests
Parameter No HF/Normal EF HFNEF HFPEF SHF
(n = 93) (n = 128) (n = 38) (n = 98)
Laboratory results
Hemoglobin (g/L) 146 £ 19 135 £24 145 = 21 134 = 31
Urea (mmol/L) 55*+1.9 8.0 £ 4.4%* 10 = 11* 8464
Creatinine (pmol/l) 72+ 19 110 £ 93* 117 £ 94* 89 £ 57
Estimated glomerular filtration rate (ml/min) 88 = 21 71 + 28% 73 = 41%* 79 + 28*
Neurohormones
B-type natriuretic peptide (pg/ml) 84 + 89 500 + 6277 783 + 1,058*" 1,487 + 1,242%*
N-terminal pro—B-type natriuretic peptide (pg/ml) 94 = 115 2,037 & 3,484* 5,623 * 10,234* 8,110 + 9,867**
Renin (ng/ml) 0.8 +0.8 14+ 1.6" 1.1 £0.97 3.1 +3.3%F
Angiotensin II (pg/ml) 46 = 24 41 =33 59 =83 60 = 60
Aldosterone (pg/ml) 520 = 154 432 *+ 201 472 + 203 468 *+ 351
Endothelin (pg/ml) 98 * 28 125 = 41%* 114 = 35 110 = 49

*p <0.05 versus normal.
*p <0.05 versus SHF.

#p <0.05 versus HFNEF.
Abbreviation as in Table 1.

mension in diastole <45 mm) in the absence of a known
stimulus (e.g., hypertension),>* were excluded from this
analysis (n = 10). From this population we identified 4
groups of patients: (1) those without any cardiovascular
disease (control), (2) those with HF and a normal EF
(>55%, HFNEF), (3) those with HF and a preserved EF
(40% to 55%, HFPEF), and (4) those with HF and a de-
creased EF (<40%, systolic HF). An EF >55% was em-
ployed to define normal because the lower boundary of EF
for our controls was 55%.

A professional ultrasound guidelines council technician
obtained a complete echocardiogram with the use of a
Sequoia 512 ultrasound instrument with a 3.5- to 4.5-MHz
sector scanner (Siemens, Munich, Germany). Blood pres-
sure was measured by standard cuff sphygmomanometer in
the supine position after a subject rested comfortably for 5
minutes immediately before the performance of echocardi-
ography. Two-dimensional guided M-mode measurements
of systolic and diastolic chamber dimensions and wall thick-
ness were obtained according to recommendations of the
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Table 3
Echocardiographic results

Parameter
(n = 93)

No HF/Normal EF

HFNEF
(n = 128)

HFPEF SHF
(n = 38) (n = 98)

2-dimensionally guided M-mode
Left ventricular internal dimension diastole (mm)
Left ventricular internal dimension systole (mm)
Interventricular septal diastole (mm)
Posterior wall thickness diastole (mm)
Fractional shortening (%) 35
Left atrial dimension (mm)

2-dimensional volumes/mass
End-diastolic volume (ml) 81 =20
End-diastolic volume index (ml/m?) 48 = 10
End-systolic volume (ml)
End-systolic volume index (ml/m?)
Stroke volume (ml) 52+ 13
Stroke volume index (ml/m?)
EF 653
Left ventricular mass (g) 150 = 33
Left ventricular mass/BSA (g/m?) 88 = 18
End-diastolic volume/mass ratio (ml/g)

0.55 =0.13

62 + 7%F
51 = 8*
10 + 2%
10 + 2F
16 + 5%F
42 + 5k

55 = 7+
42 = 6+
12 2%
11 % 2%
24 = 47
41 = 6+

47 + 67
31 = 5°
12 £ 2
11 + 2+
34 * 47
39 + 5%F

178 =+ 48**
101 + 28
124 + 40%F

70 * 23%F

54 + 14

31 8

30 + 6*F
271 + 66%*
150 + 34%*
0.67 + 0.17%*

148 + 38"
82 + 20%"*
81 + 24"
45 *= 13%7*
67 + 16%"
38 + g*7*
46 = 7

264 + 74%F

145 =+ 36%*

0.57 = 0.147*

95 + 32"

53+ 16"

36 = 15°

20 + §*

60 + 18%

32+9

64 = 5%
215 + 69%"
118 = 36%"
0.45 = 0.11%F

*p <0.05 versus normal.

"p <0.05 versus SHF.

*p <0.05 versus HFNEF.

BSA = body surface area. Other abbreviation as in Table 1.

American Society of Echocardiography,” and left ventricu-
lar mass was derived from a formula described by Devereux
and Reichek® and indexed to body surface area. Valvular
regurgitation and stenosis were assessed by standard tech-
niques. Left ventricular end-diastolic and end-systolic vol-
umes and left ventricular EF were calculated with the Simp-
son biplane method.

Transmitral Doppler left ventricular filling recordings
were performed from the apical 4-chamber view and ana-
lyzed for diastolic filling indexes, including peak E- and
A-wave velocities and their ratio, along with deceleration
time. Early diastolic flow propagation velocity in the left
ventricle was obtained by a color M-mode Doppler image of
left ventricular filling flow in early diastole in the apical
4-chamber view. Early diastolic flow propagation velocity
in the left ventricle was measured as the slope of the first
aliasing velocity (usually approximately 50% to 75% of the
E wave) during early filling, from the mitral valve plane to
=2 cm distally into the left ventricular cavity at a sweep
speed of 100 mm/s. Tissue Doppler imaging was performed
in apical 4-chamber and 2-chamber views, and a 1.5-mm
sample volume was placed sequentially at the 4 sites of the
mitral annulus (septal, lateral, anterior, and inferior) to ob-
tain peak regional myocardial sustained systolic and early
diastolic velocities. The velocity from each of the 4 ven-
tricular sites was averaged and the former was used to
calculate the time constant of isovolumic relaxation (1),
which was derived from this formula: ([14.70 — mitral
annular early diastolic Velocity]/0.15).7 Parameters of iso-
volumetric contraction time, ejection time, and isovolumet-
ric relaxation time were measured by tissue Doppler imag-
ing. Left ventricular end-diastolic pressure was estimated by
the formula end-diastolic pressure = 11.96 + 0.596 X
E/Em.?
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Figure 1. Relation between EF and end-diastolic volume (EDV) (fop) and
EF and stroke volume (SV) (bottom) stratified by cohorts (e.g., normal,
HFNEF, HFPEF, and systolic HF [SHF]). See text for details.
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Table 4
Doppler parameters
Parameter No HF/Normal EF HFNEF HFPEF SHF
(n = 93) (n = 128) (n = 38) (n = 98)
Mitral early (E) wave velocity (cm/s) 73+ 14 80 + 24 75 + 287 91 + 27**
Mitral late (A) wave velocity (cm/s) 77 * 14 88 + 26%*" 82 + 227 65 * 30
Deceleration time (ms) 191 + 34 220 + 60*F 217 + 657 154 + 73%%
E/A ratio 1.0x£0.2 1.1 0.8 1.0 +0.7° 1.9 + 1.3
Isovolumetric relaxation time (ms) 96 * 15 106 = 35 118 + 35% 118 + 38*
Tissue Doppler E’-wave velocity (cm/s) 10+2 § = 2%F 7 + 2% 6 = 2%
Tissue Doppler S’-wave velocity (cm/s) 10=+1 9 + %7 § = 2*T% 6 = 1
Mitral flow propagation velocity 1.3+03 2.1 = 0.8*%" 2.4+ 0.8+ 3.0 = 0.8
Estimated left ventricular end-diastolic pressure (mm Hg) 16 =1 18 + 27 19 + 5%F 21 =+ 4%F
T (ms) 28 £13 45 = 11%7 48 + 13%7 56 * 10%*
*p <0.05 versus normal.
T p <0.05 versus SHF.
#p <0.05 versus HENEF.
Abbreviation as in Table 1.
Parameters of end-systolic and end-diastolic pressure—
volume relations were estimated using validated single-beat 200'. — Normal
techniques. For the end-systolic pressure—volume relation, 1754
this yielded values for the slope and volume axis intercept (o) ;
of the end-systolic pressure—volume relation according to I 150-
the methods of Chen et al.” To account for covariance € 1 25' /
between the slope and volume axis intercept of the end- é il /
systolic pressure—volume relation, we also calculated the o 100
integrated index of systolic properties defined by the vol- 5 1
ume at an end-systolic pressure of 120 mm Hg (120/slope of 3 75
end-systolic pressure—volume relation + volume axis inter- o 50_’
cept of end-systolic pressure—volume relation). For the end- o )
diastolic pressure—volume relation, we estimated parame- > 251
tefls of t’he eqligtion, ertld-iiia];:s]t)()\]hg predss(;l.ret T aElDVB, -~ 0 T / ' . '
where « is a scaling constant, is end-diastolic volume,
and B is a diastolic stiffness constant according to the 0 50 100 150 200
methods of Klotz et al.'” To account for covariance between LV Volume (ml)
a and B,'"' which affect the shape and position of the

end-diastolic pressure—volume relation, values of these pa-
rameters derived from each subject were used to predict
end-diastolic volume at a common end-diastolic pressure of
30 mm Hg ([30/a]'P) to yield an index of ventricular
capacitance.

Effective arterial elastance, a lumped index of vascular
hemodynamic load primarily related to total peripheral re-
sistance and heart rate, was estimated as arterial elastance ~
stroke volume/Pes,'? where Pes is left ventricular end-sys-
tolic pressure estimated by 0.9 X systolic blood pressure.'”
Blood pressure was measured 3 times just before the echo-
cardiographic examination after =Y%2-hour rest.

Blood samples for natriuretic peptide assay were ob-
tained after 10 minutes of rest within 12 hours (after or
before) of echocardiographic examination. Samples were
shifted into ethylenediaminetetra-acetic acid—anticoagulated
tubes immediately and were sent to the laboratory for cen-
trifugation. Upper plasma was collected for storage at
—80°C. B-type natriuretic peptide was measured by sand-
wich immunoassay using commercially available kits (Ab-
bott Laboratories, Abbott Park, Illinois) and N-terminal
pro—B-type natriuretic peptide was tested by electrochemi-
luminescence immunoassay (Roche E 170 Diagnostics,
Basel, Switzerland). Endothelin, renin, angiotensin II, and

Figure 2. Noninvasively estimated average pressure—volume relations, in-
cluding end-systolic and end-diastolic pressure—volume relations. See text
for details. LV = left ventricular. Other abbreviation as in Figure 1.

aldosterone were measured using a highly sensitive radio-
immunoassay in the endocrine laboratory of the Chinese
People’s Liberation Army General Hospital. Specialized
staff blinded to clinical data performed all measurements.

Data are expressed as mean = SD. Among groups, we
evaluated the relation between EF and its 2 determinants,
end-diastolic volume and stroke volume. One-way analysis
of variance with Tukey post-test for multiple comparisons
was performed for comparisons of data among groups con-
trolling for differences in age and gender. The primary focus
of these comparisons was in subjects with HF and an EF of
40% to 55%, referred to as HFPEF. All statistical analyses
were performed with SAS 9.1 (SAS Institute, Cary, North
Carolina). A p value <0.05 was considered statistically
significant.

Results

Demographic and clinical characteristics of the different
cohorts are presented in Table 1. Subjects with HFPEF did
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Table 5
Pressure-volume data
Parameter No HF/Normal EF HFNEF HFPEF SHF

(n = 93) (n = 128) (n = 38) (n = 98)

Ea (mm Hg/ml) 22*0.5 23+0.8 20*+0.7 23+0.7
E,, (mm Hg/ml) 21%05 2.0 = 0.8° 1.2 + 0.5%% 1.0 = 0.4%*
Ea/E,, ratio 1.1+02 1.3+ 047 1.9 = 0.7+ 2.6 + 0.9%*
Systolic volume at O pressure (ml) —40* 8 —50 = 177 —37 = 30" 29 + 132%*
Systolic volume at pressure of 120 mm Hg (ml) 21 =12 30 + 307 80 = 617 185 + 205%F
End-diastolic volume at pressure of 30 mm Hg (ml) 90 = 22 104 + 387 162 + 41%* 186 + 56%*

*p <0.05 versus normal.
Tp <0.05 versus SHF.
#p <0.05 versus HENEF.

Ea = arterial elastance; E.; = end-systolic elastance. Other abbreviation as in Table 1.

not differ in age or gender compared with subjects with
systolic HF, whereas those with HFNEF were older and
more often women. In subjects with HFPEF, hypertension
was less frequent compared with subjects with HFNEF but
more frequent than in subjects with systolic HF. This was
reflected by higher blood pressure in the HFNEF cohort and
a higher rate of 3-blocker and calcium channel blocker use.
Although the cohorts with HF did not differ with regard to
the prevalence of coronary heart disease overall, the prev-
alence of myocardial infarction was significantly more com-
mon in subjects with HFPEF and systolic HF than in those
with HFNEF. Atrial fibrillation was more common in the
HENEF cohort compared with the HFPEF cohort, whereas
diabetes was more common in the latter group.

Values of selected blood test are listed in Table 2. Renal
function was worse in the HFNEF and HFPEF cohorts
compared with the normal and systolic HF cohorts. B-type
natriuretic peptide, N-terminal pro—B-type natriuretic pep-
tide, and renin were moderately increased in the HFNEF
and HFPEF groups (which did not differ significantly from
each other) and were markedly increased in subjects with
systolic HF. Angiotensin II, aldosterone, and endothelin did
not differ among groups, with the exception of endothelin,
which was mildly increased in the HFNEF group.

Echocardiographic indexes are presented in Table 3.
Subjects with HFPEF demonstrated alterations in ventricu-
lar chamber size and function (namely diastolic and systolic
internal dimensions, diastolic and systolic volumes, frac-
tional shortening, and EF) that were, for the most part,
midway between those of patients with HFNEF and those
with systolic HF. As shown in Figure 1, decreases of EF
across the predefined subgroups were linked with increases
in end-diastolic volume (p <0.05 for comparison of all
subgroups by analysis of variance). Wall thicknesses were
greater in the HFNEF and HFPEF groups, but left ventric-
ular mass and mass index were increased comparably in the
systolic HF and HFPEF groups. End-diastolic volume/left
ventricular mass ratio increased progressively in the HF-
NEF, HFPEF, and systolic HF groups, indicating an in-
creasing degree of eccentric remodeling. Left atrial size was
increased similarly in all HF cohorts. Interestingly, stroke
volume index did not differ among cohorts, with the excep-
tion of the HFPEF group, where it was slightly increased
compared with the normal group (Table 3 and Figure 1).

Doppler measurements of diastolic function demonstrated
progressive impairments as EF decreased, with the most severe
abnormalities in those with the lowest EF. Tissue Doppler
velocities showed progressive decreases in annular velocity in
the HF cohorts and progressive increases in mitral flow prop-
agation velocity (Table 4). Estimated values of left ventricular
end-diastolic pressure and T (time constant of relaxation) in-
creased progressively from the normal to the HFNEF to the
HFPEF to the systolic HF group.

Group-averaged noninvasively estimated end-systolic
and end-diastolic pressure—volume relations are presented
in Figure 2 and Table 5. Compared with the normal group,
the end-systolic pressure—volume relations of HFNEF
hearts did not differ but the end-diastolic pressure—volume
relations were slightly shifted rightward. In the systolic HF
group, the end-systolic and end-diastolic pressure—volume
relations were markedly shifted toward larger volumes.
End-systolic and end-diastolic pressure—volume relations of
the HFPEF group were significantly rightward shifted, al-
though not as dramatically as those of the systolic HF group.
Differences in chamber properties are revealed by the com-
parison of values of volume at an end-systolic pressure of
120 mm Hg, whereas differences in chamber capacitances
are revealed by the comparison of values of end-diastolic
volume at a common end-diastolic pressure of 30 mm Hg
(Table 5). Effective arterial elastance, the lumped index of
ventricular afterload, did not vary significantly between
cohorts. However, the ratio of arterial to chamber elastance
was increased mildly in the HFNEF group, was increased
moderately in the HFPEF group, and was increased mark-
edly in the systolic HF group, indicating a progressively
severe degree of ventricular—vascular mismatch.

Discussion

Similar to previous investigations'* we have demon-
strated that subjects with HF and a normal EF (>55%)
differ in their clinical and demographic characteristics from
subjects with mildly (40% to 55%) and severely (<40%)
decreased EF. Specifically, the former group more often
consists of older women with long-standing hypertension,
whereas the presence of coronary artery disease, and spe-
cifically myocardial infarction, is less common than in sub-
jects with HF and a decreased EF. In addition to these
clinical and demographic differences, we were able to dem-
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onstrate, using comprehensive noninvasive characterization of
ventricular and vascular properties by pressure—volume anal-
ysis, that these cohorts also differ on a pathophysiologic basis.
In particular, subjects with a mildly decreased EF (i.e., the
HFPEF cohort) demonstrated significant abnormalities of ven-
tricular size and function that, on the pressure—volume plane,
were more similar to those of patients with overt systolic
dysfunction than to those with HFENEF. Despite mild decreases
in their EF, the ventricles of these subjects were markedly
enlarged and demonstrated eccentric remodeling, along with
shifts in the end-systolic pressure—volume relation that dem-
onstrated significantly decreased chamber contractility.

Based on comprehensive analysis of Doppler measure-
ments of diastolic filling, abnormalities were identified in
almost all subjects with HF in this study, irrespective of EF.
Moreover, left atrial enlargement and increases in natruretic
peptides consistent with increased filling pressures were
found in all cohorts with HF. Collectively, these data con-
firm previous findings'>'® that such measurements are not
useful for distinguishing subgroups of patients with HF.
Rather, using noninvasive imaging and single-beat tech-
niques to estimate parameters derived from pressure—vol-
ume analysis, subgroups of patients with HF based on EF
were determined to have characteristic pathophysiologic
phenotypes. Most importantly, patients with mildly de-
creased EF (40% to 55%), despite only mildly dilated left
ventricular dimensions by 2-dimensional echocardiography,
had significant ventricular remodeling (e.g., rightward shift
in end-diastolic pressure—volume relation) and decreases in
chamber contractility. This is markedly different from the
physiologic parameters displayed in the cohort with HFNEF
(with an EF >55%) and more similar to the phenotype ob-
served in patients with overt systolic HF (with an EF <40%).

It is increasingly recognized that the cohort with HFNEF
constitutes a heterogenous cohort with potentially multiple
underlying pathophysiologic mechanisms contributing to
the observed phenotype. In our subjects with HFNEF, we
observed a higher prevalence of hypertension and atrial
fibrillation than in other cohorts with HF, suggesting an
important pathophysiologic role. Although left ventricular
hypertrophy is often cited as an important pathophysiologic
feature, wall thickness was only minimally increased in
subjects with HFNEF compared with controls. Rather, ab-
normal ventricular remodeling (e.g., volume/mass ratio)
was a differentiating feature, being decreased in subjects
with HFNEF compared with normals and increased com-
pared with normals in subjects with HFPEF and systolic HF.
Doppler measurements of diastolic function were more ab-
normal in the HFNEF cohort than controls despite the pres-
ence of an end-diastolic pressure—volume relation that was
rightward and downward shifted compared with controls,
suggesting a predominate role for a generalized volume
overload state or a shift of volume to the central circulation.
Indeed, several causes of volume overload including renal
dysfunction and anemia were more commonly observed in
the HFNEF cohort.

The primary importance of identifying different subgroups
of patients with HF is because the mechanism(s) of disease,
prognosis, and optimal treatment can differ between groups.
Until this is disproved, it is important to continue the search for
the best method of subdividing patients for the purpose of

clinical trials. EF has been the primary method for defining
cohorts of subjects with HF. Because EF is a continuous
variable, as emphasized in Figure 1, any cutoff used to cate-
gorize patients with HF into different subgroups is clearly
arbitrary. For example, it would not be expected that the
characteristics of patients with HF with an EF of 57% would
differ significantly from those with an EF of 53%, although in
the present study these patients are lumped into different
groups. However, the results of the present study demonstrate
that patients with HF with an EF of 45% are clearly and
markedly different than those with an EF of 65% and infer-
ences regarding primary pathophysiologic mechanisms opera-
tive in these 2 cohorts can be made.

The lack of discrete EF subgroups across the spectrum of
HF, a consistent finding among many studies, has resulted in
questions about the utility of EF to segregate patients with HF
and lead to other concepts about pathophysiology.'” Some
have suggested that rather than employing EF as a means of
subdividing patients with HF, HF should be considered 1
pathophysiologic entity encompassing a continuous spec-
trum of closely related phenotypes.'® In this view, underly-
ing myocardial dysfunction is present in the early stages of
HF syndrome when diastolic abnormalities predominate.
Compensatory neurohormonal activation and left ventricu-
lar hypertrophy serve to maintain a normal EF. However,
over time, the phenotype can progress or be modified by
treatment.'”'® Supporting data comes from several stud-
ies'®™* and our own data (Table 4) showing depressed
systolic mitral annular amplitudes in subjects with HF com-
pared with normal controls, suggestive of myocardial dys-
function, which progresses as the EF declines. The findings
of a previous study in severely hypertensive rats are also
consistent with this view.?* Another view, which we pro-
mote, is that patients should be sub-grouped according to
the primary mechanism of myocardial insult (e.g., infarc-
tion, hypertension, infiltration, etc), regardless of EF, as has
been done for systolic HF.?

On a practical level, several ongoing clinical trials of
various pharmacologic therapies in patients with HF and a
normal or preserved EF have been completed*®~2® or are in
progress.””>° Although these trials have recruited subjects
with HF and an average EF of >50%, a large portion of
subjects in these trials have an EF that is not normal. In the
Candesartan in Heart failure: Assessment of Reduction in
Mortality and morbidity (CHARM) and Dig-Preserve stud-
ies, 35% and 25%, respectively, had an EF <50%. The
demographic features of patients with an EF <50% in these
trials were predominantly men with a high prevalence of
previous myocardial infarction. These characteristics are sim-
ilar to what we observed in our HFPEF population and, im-
portantly, differ significantly from the cohort with HFNEF
who are more typically women with long-standing hyperten-
sion.'* Of note, subgroup analyses of the results of those
completed trials stratified by EF have not been published.
Based on the discussions presented earlier, it is pertinent to
question whether pooling data from all patients with EFs
>40% is appropriate, because the clinical and pathophysio-
logic phenotypes of patients in the different EF ranges can be
significantly different. Determination of whether the outcomes
are driven by an effect in 1 population compared with another
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could be vital and may influence the conclusions of a clinical
trial and, ultimately, practice guidelines for different patients.
The primary limitation of this study is the use of nonin-
vasive methods to derive measurements of left ventricular
performance and the fact that measurements were obtained
only at rest. The use of invasive left ventricular monitoring
is the gold standard for derivation of pressure—volume loops
and end-systolic and end-diastolic pressure—volume rela-
tions. Because such methods are invasive, they are imprac-
tical for studying large numbers of patients. Several limita-
tions of noninvasive estimates have been noted including an
inability to quantify the effect of impaired relaxation (e.g.,
prolonged 7) on the end-diastolic pressure—volume relation
and the confounding effect of wave amplification on esti-
mates of end-systolic pressure. A second notable feature of
this study is that it was performed in a racially homogenous
Chinese population. Because it is clear that ethnicity (and
gender) can be an important factor in disease mechanism,
our study is free from such confounding factors. Addition-
ally, the cohorts had a low prevalence of concomitant obe-
sity, which is not typical of the population in the United
States, where obesity and HF, especially with a normal EF,
are tightly linked. However, these aspects of our study may
limit the applicability of the results to other populations.
Although we attempted to quantify the duration over which
HF symptoms were present to study whether there was
evidence of a time progression of disease, we found this to
be a difficult and unverifiable (and therefore unreliable)
process; we abandoned efforts related to this endeavor.
Longitudinal analysis is best suited to evaluate this issue.
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