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IMPORTANCE Compared with enalapril, sacubitril-valsartan reduces cardiovascular mortality

and heart failure hospitalization in patients with heart failure and reduced ejection fraction

(HFrEF). These benefits may be related to effects on hemodynamics and cardiac remodeling.

OBJECTIVE To determine whether treatment of HFrEF with sacubitril-valsartan improves

central aortic stiffness and cardiac remodeling compared with enalapril.

DESIGN, SETTING, AND PARTICIPANTS Randomized, double-blind clinical trial of 464

participants with heart failure and ejection fraction of 40% or less enrolled across 85 US sites

between August 17, 2016, and June 28, 2018. Follow-up was completed on January 26, 2019.

INTERVENTIONS Randomization (1:1) to sacubitril-valsartan (n = 231; target dosage, 97/103mg

twice daily) vs enalapril (n = 233; target dosage, 10mg twice daily) for 12weeks.

MAIN OUTCOMES ANDMEASURES The primary outcomewas change from baseline to week 12

in aortic characteristic impedance (Zc), a measure of central aortic stiffness. Prespecified

secondary outcomes included change from baseline to week 12 in N-terminal pro–B-type

natriuretic peptide, ejection fraction, global longitudinal strain, mitral annular relaxation

velocity, mitral E/e′ ratio, left ventricular end-systolic and end-diastolic volume indexes

(LVESVI and LVEDVI), left atrial volume index, and ventricular-vascular coupling ratio.

RESULTS Of464validly randomizedparticipants (meanage,67.3 [SD,9.1] years; 23.5%women),

427 completed the study.At 12weeks, Zcdecreasedwith sacubitril-valsartan and increasedwith

enalapril; thebetween-groupdifference in change frombaselinewasnot statistically significant.

Of9prespecified secondary endpoints, no significant between-groupdifference in change from

baselinewas seen in4, includingLVEF.Greater reductions frombaselinewere seenwith

sacubitril-valsartan in all others, including left atrial volume index, LVEDVI, LVESVI, andmitral E/e′

ratio. Rates of adverse events includinghypotension (1.7%vs3.9%)were similar in bothgroups.

Parameters

Sacubitril-Valsartan, Mean (SD) Enalapril, Mean (SD)
Between-Group
Difference (95% CI)Baseline 12 wk Baseline 12 wk

Primary End Point

Aortic Zc,
dyne × s/cm5

223.8 (112.7) 218.9 (112.7) 213.2 (102.6) 214.3 (95.2) −2.2 (−17.6 to 13.2)

Secondary End Points

LVEF, % 34 (10) 36 (10) 33 (10) 35 (10) 0.6 (−0.4 to 1.7)

LVEDVI, mL/m2 75.1 (26.1) 70.3 (23.5) 79.1 (25.9) 75.6 (23.7) −2.0 (−3.7 to −0.3)

LVESVI, mL/m2 50.8 (22.6) 46.3 (20.5) 54.1 (22.6) 50.6 (20.0) −1.6 (−3.1 to −0.03)

Left atrial volume
index, mL/m2

30.4 (9.5) 28.2 (9.0) 29.8 (8.7) 30.5 (9.1) −2.8 (−4.0 to −1.6)

Mitral E/e′ ratio 13.8 (7.6) 12.3 (5.6) 13.4 (6.8) 13.8 (7.4) −1.8 (−2.8 to −0.8)

CONCLUSIONS AND RELEVANCE Treatment of HFrEFwith sacubitril-valsartan, comparedwith

enalapril, did not significantly reduce central aortic stiffness. The study findings may provide

insight into mechanisms underlying the effects of sacubitril-valsartan in HFrEF.
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A
mongpatientswith heart failure and reduced ejection

fraction (HFrEF) enrolled in the Prospective Compari-

son of ARNIwith ACEI to Determine Impact onGlobal

MortalityandMorbidity inHeartFailure (PARADIGM-HF)Trial,1

angiotensin receptor–neprilysin inhibition (ARNI) with sacu-

bitril-valsartan reducedtheprimarycompositeoutcomeofcar-

diovascular death or heart failure hospitalization relative to

angiotensin-converting enzyme (ACE) inhibition with enal-

april. The benefits of sacubitril-valsartanwere apparent early

after randomization, consistent across all examined sub-

groups, and unrelated to differential changes in blood pres-

sure over the course of the trial.1,2Treatment guidelines have

been updated to encourage substitution of ARNI for ACE in-

hibitors/angiotensin receptor blockers (ARBs) inpatientswith

symptomatic HFrEF.3

The pathophysiologic mechanisms responsible for ben-

efitsofARNIoverACE inhibition remainunclear.Neprilysin in-

hibitionenhances circulating levels ofbiologically activenatri-

uretic peptides and other vasoactive peptides that may have

favorable vasodilatory, antifibrotic, and antihypertrophic ef-

fects. In hypertension, neprilysin inhibition reduces central

aortic impedance, a key determinant of ventricular load and

cardiacperformance.4,5Rapid reductions inN-terminalpro–B-

type natriuretic peptide (NT-proBNP) and biomarkers of colla-

gen turnover during treatment of HFrEF with sacubitril-

valsartan are consistent with a direct effect of neprilysin

inhibition on ventricular wall stress and cardiovascular struc-

ture and function.6 This article summarizes the principal re-

sults of a randomized, multicenter trial to examine the effect

of sacubitril-valsartan comparedwith enalapril on central aor-

tic stiffness and cardiac remodeling in patients with HFrEF.

Methods

Study Design and Eligibility

EVALUATE-HF was a multicenter randomized trial con-

ductedat85hospital andclinic-based study sites in theUnited

States.Thestudyprotocol (Supplement 1)wasapprovedby the

institutional reviewboardorethicscommitteeateachsiteprior

to enrollment of the first participant, and all participants pro-

vided written informed consent.

Key criteria for study eligibility included age 50 years or

older; history of hypertension; chronic heart failure with left

ventricular ejection fraction of 40% or less; New York Heart

Association class I, II, or III symptoms; and treatment with

stable doses of guideline-directedmedical therapyother than

ACEinhibitorsorARBswithsystolicbloodpressuregreater than

105 mmHg at both screening and randomization.

Key exclusion criteria included current or prior treat-

mentwith sacubitril-valsartan; persistent or permanent atrial

fibrillation at screening or randomization; and inability to se-

cure a technically adequatebaselinehemodynamic study.De-

tailed eligibility criteria are summarized in the eAppendix in

Supplement 2.

Participants meeting all eligibility criteria during screen-

ing were randomized in a 1:1 fashion to double-blind, double-

dummy treatment with sacubitril-valsartan (initial dosage,

24/26 mg twice daily titrated to a target dosage of 97/103 mg

twice daily) plus enalapril placebo or enalapril (initial dosage,

2.5mgtwicedaily, titratedtoatargetdosageof10mgtwicedaily)

plus sacubitril-valsartan placebo using a computerized per-

muted-block randomization system (block size of 4)with con-

cealedstudygroupassignments.Patients takinganACE inhibi-

torprior tostudyenrollmentunderwent36-hourwashoutprior

to randomization.Because recruitmentofparticipants fromra-

cial andethnicminoritieswasagoal, racewasascertainedat the

time of randomization by patient self-report according to pre-

definedstudycategories.Atweek12, all participantswere tran-

sitionedtoopen-label sacubitril-valsartanaftera36-hourwash-

out of blinded study drug. Longer duration of randomized

follow-up was thought to be unethical in light of the estab-

lishedclinicalsuperiorityofsacubitril-valsartan.Detailsofstudy

drugdosingand titrationare further elaborated in theeAppen-

dix in Supplement 2.

Noninvasive Hemodynamic Assessment

Hemodynamic data were acquired using arterial applanation

tonometry and echocardiography at baseline, week 4, week

12, andweek 24, as previously described.7 All data were digi-

tizedduring theprimary acquisitionand transferred to thehe-

modynamic core laboratory (Cardiovascular Engineering Inc,

Norwood,Massachusetts) for analysis bypersonnel blinded to

treatment assignment. Aortic characteristic impedance (Zc),

ameasure of central aortic stiffness and a key determinant of

ventricular wall stress,8 was calculated as the ratio of change

in carotid pressure (derived from carotid tonometry wave-

form) and the change in flow in the proximal aorta (derived

from Doppler echocardiography of the left ventricular out-

flow tract) during early systole. Higher values of Zc represent

greater stiffness andventricular load, and the reference value

for a 70-year-old man is 250 dyne × s/cm5.7 Additional de-

tails regarding acquisition and analysis of hemodynamic data

are provided in the eAppendix in Supplement 2.

Echocardiography and Laboratory Assessment

Cardiac structure and function were assessed by 2-dimen-

sionalechocardiographyduringscreening,week4,week12,and

week24.Parametersprespecified in thestatistical analysisplan

(Supplement 3) included left ventricular ejection fraction, in-

dexed left ventricular end-systolic and end-diastolic volumes,

indexed left atrial volume, lateral earlydiastolicmitral annular

Key Points

Question What pathophysiologic mechanisms contribute to the

clinical effects of sacubitril-valsartan compared with enalapril in

patients with heart failure and reduced ejection fraction (HFrEF)?

Findings In this randomized clinical trial of 464 participants with

HFrEF, there was no significant difference in the change in aortic

characteristic impedance (a measure of central aortic stiffness) at

12 weeks among patients treated with sacubitril-valsartan vs

enalapril (−2.9 vs −0.7 dyne × s/cm5).

Meaning Treatment of HFrEF with sacubitril-valsartan, compared

with enalapril, did not significantly reduce central aortic stiffness.
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velocity (e′), ratio of mitral peak velocity of early filling (E)

to e′, ratio of arterial to end-systolic elastance (Ea/Ees), and

global longitudinal strain. Echocardiograms were obtained at

study sites according to a standardized protocol and transmit-

ted to the cardiac imaging core laboratory,where theywere re-

viewed in blinded fashion according to American Society of

Echocardiography standards (eAppendix in Supplement 2).

Cardiac biomarkers including NT-proBNP, high-

sensitivity troponin T, soluble ST2 (amember of the interleu-

kin 1 receptor family expressed by cells in response to myo-

cardial stress), andurinary cyclic guanosinemonophosphate/

urinary creatinine ratio were analyzed in a central laboratory

(eAppendix in Supplement 2) using stored samples collected

prior to study drug administration at randomization and at 2,

4, 12, and 24 weeks.

Study End Points

The primary study end point was the between-group differ-

ence inchange inZc frombaseline toweek 12.Prespecified sec-

ondary end points included differences between groups in

changefrombaselinetoweek12 inNT-proBNPaswellaschange

from baseline to week 12 in left ventricular ejection fraction,

global longitudinal strain, left atrial volume index, e′ veloc-

ity, mitral E/e′ ratio, left ventricular end-systolic and end-

diastolic volume indices, and Ea/Ees ratio. An analysis of the

effect of treatment on correlation between change in

NT-proBNP and change in Zc at 4 weeks was prespecified but

not performed because of a lack of observed change in Zc at

that timepoint.Exploratoryendpointsof interest includeddif-

ference betweengroups in change frombaseline toweek 12 in

high-sensitivity troponin T, ST2, and urinary cyclic guano-

sine monophosphate/urinary creatinine ratio, change from

baseline in central andbrachial bloodpressure andpulsepres-

sure, as well as change from baseline in the overall summary

score of the 12-item Kansas City Cardiomyopathy Question-

naire (KCCQ), a 0- to 100-point scale in which higher scores

represent fewersymptomsandphysical limitationsduetoheart

failure.9 Because a change of 5 points or greater on the KCCQ

is generally accepted to be clinically meaningful,10 we as-

sessed the proportion of patients achieving this threshold by

treatment group in post hoc analyses.

Statistical Analysis

Assumingaclinically importantchange inZcof30dyne × s/cm5

frombaselinetoweek12(basedondatafromtheCHOIRstudy4),

a standarddeviationof change inZcof 80dyne × s/cm5, a 20%

rateofstudydropout,a10%rateofnonevaluabletonometrydata,

anda2-sidedα = .05,weestimated thatasamplesizeof432pa-

tients (216pergroup)wouldprovide90%power for theprimary

end point.

Analysesof thechange frombaseline inallprimaryandsec-

ondary echocardiographic end pointswas performedusing an

analysis-of-covariancemodel adjusted for baseline values and

treatment assignment without imputation formissing values.

Because of the potential for type I error due to multiple com-

parisons, findings for analyses of secondary endpoints should

be interpreted as hypothesis-generating. For cardiac biomark-

ers, proportional change from baseline is expressed as a ratio

of geometric means and was analyzed using an analysis-of-

covariance model adjusted for baseline values. For the KCCQ,

change from baseline in the overall summary score and com-

ponent scores was analyzed based on a repeated-measures

analysis-of-covariance model in which treatment, week, and

treatment × week interactionwere includedas fixed-effect fac-

tors andbaselinevalueas a covariate,witha commonunstruc-

tured covariance for each treatment group. In post hoc analy-

ses, change frombaseline inbrachial andcentralbloodpressure

was analyzed in analysis-of-covariance models adjusted for

baseline values. In addition, correlations between changes in

echocardiographic parameters, biomarkers, and quality-of-

life scores were assessed by linear regression adjusting for the

corresponding baseline values of each parameter. All analyses

wereconductedwithStataversion14.1 (StataCorp),anda2-sided

P<.05 was considered statistically significant.

Results

Study Participants and Follow-up

Of892participantsscreenedbetweenAugust 17,2016,andJune

28, 2018, when the recruitment goal was reached, 465 ful-

filled criteria for randomization. Excluding 1 participant who

was erroneously randomized and did not receive study treat-

ment, 464 participants, including 233 randomly assigned to

enalapril and 231 assigned to sacubitril-valsartan, were in-

cluded in theprimaryanalysis (Figure). Studygroupswerewell

Figure. Participant Flow in the EVALUATE-HF Randomized Clinical Trial

892 Patients assessed for eligibility

427 Excluded

        380 Did not meet criteria

3 Lost to follow-up

3 Adverse events

27 Patient or physician
refused

14 Technical problems

465 Randomized

232 Randomized to receive
sacubitril-valsartan

231 Received intervention as
randomized

1 Randomized in errora

203 Included in primary analysis

29 Excluded

28 Did not have adequate
12-wk data

1 Randomized in error

16 Discontinued intervention

1 Died

1 Lost to follow-up

233 Randomized to receive enalapril

233 Received intervention as
randomized

205 Included in primary analysis

28 Excluded (did not have
adequate 12-wk data)

17 Discontinued intervention

1 Died

1 Lost to follow-up

a A patient whom the site intended to report as a screening failure was

inadvertently entered into the computerized randomization system. This

patient was excluded from the full analysis set.
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matchedwith regard to key baseline characteristics (Table 1).

In theoverall studypopulation, themeanagewas67.3 (SD,9.1)

years, 109 (23.5%) were female, 115 (24.8%) were black, 313

(67.4%) reported New York Heart Association class II func-

tional status, and 391 (84.3%)werepreviously treatedwith an

ACE inhibitor or ARB.

During the double-blind treatment interval, study drug

was discontinued in 17 (7.3%) participants assigned to enal-

april and 16 (6.9%) assigned to sacubitril-valsartan. Success-

ful titration to the target dosage was achieved in 199 (85.4%)

participants assigned to enalapril and 192 (82.8%) assigned to

sacubitril-valsartan. One patient in each group died and 1 in

each group was lost to follow-up at 12 weeks.

Study Outcomes

Frombaselineto12weeks, theprimaryendpointofZcdecreased

from223.8to218.9dyne × s/cm5 inthesacubitril-valsartangroup

and increased from213.2 to214.4dyne × s/cm5 in theenalapril

group.Therewasnostatistically significantdifferencebetween

groups in thechange frombaseline (between-groupdifference,

−2.2 dyne × sec/cm5; 95% CI, −17.6 to 13.2 dyne × sec/cm5;

P = .78), despite observed reduction in brachial systolic blood

pressureby6.4mmHg in the sacubitril-valsartangroupandby

1.6 mm Hg in the enalapril group (between-group difference,

−4.8mmHg; 95%CI, −7.6 to −2.1mmHg; P = .001) and in cen-

tralsystolicbloodpressureby4.9mmHgand2.3mmHg,respec-

tively (between-groupdifference, −2.6mmHg;95%CI, −5.8 to

0.5mmHg; P = .10) in post hoc analyses (Table 2).

Greater reductions frombaselinewere seenamongpartici-

pants assigned to sacubitril-valsartan comparedwith those as-

signed to enalapril in left ventricular end-diastolic volume in-

dex (from 75.1 to 70.3mL/m2with sacubitril-valsartan vs from

79.1 to 75.6 mL/m2 with enalapril; between-group difference,

−2.0mL/m2; 95%CI,−3.7 to−0.3mL/m2;P = .02), leftventricu-

lar end-systolic volume index (from 50.8 to 46.3 mL/m2 with

sacubitril-valsartan vs from54.1 to 50.6mL/m2with enalapril;

between-group difference, −1.6 mL/m2; 95% CI, −3.1 to

−0.03mL/m2; P = .045), left atrial volume index (from 30.4 to

28.2mL/m2withsacubitril-valsartanvsfrom29.8to30.5mL/m2

withenalapril; between-groupdifference,−2.8mL/m2; 95%CI,

−4.0 to −1.6 mL/m2; P < .001), and mitral E/e′ ratio (from 13.8

to 12.3 with sacubitril-valsartan vs from 13.4 to 13.8 with enal-

april; between-group difference, −1.8; 95% CI, −2.8 to −0.8;

P = .001) (Table 3). Although ejection fraction increasedmod-

estlyby1.9%inthesacubitril-valsartangroupandby1.3%inthe

enalapril group,weobservednosignificantbetween-groupdif-

ferences in change frombaseline to 12weeks in left ventricular

ejection fraction (between-group difference, 0.6%; 95% CI,

−0.4% to 1.7%; P = .24) or in other measured parameters, in-

cluding global longitudinal strain, mitral e′ velocity, or Ea/Ees

ratio (Table 3).

Levels of NT-proBNP, soluble ST2, and high-sensitivity

troponin Twere reduced to a greater extent at 12weeks in the

sacubitril-valsartan group than in the enalapril group, while

the urinary cyclic guanosine monophosphate/urinary creati-

nine ratio was increased in the sacubitril-valsartan group

(Table4). Inposthocanalyses, changes inNT-proBNPweresig-

nificantly correlated with changes in left ventricular volume

(eFigure in Supplement 2).

The KCCQ overall summary score improved by 8.9 points

in the sacubitril-valsartan group andby4.3 points in the enal-

april group (between-group difference, 4.5 points; 95% CI,

Table 1. Baseline Characteristics by Treatment Group

Characteristics
Sacubitril-Valsartan
(n = 231)

Enalapril
(n = 233)

Age, y

Mean (SD) 67.8 (9.8) 66.7 (8.5)

≥75, No. (%) 61 (26) 49 (21)

Sex, No. (%)

Men 170 (74) 185 (79)

Women 61 (26) 48 (21)

Race, No. (%)

White 166 (72) 175 (75)

Black 62 (27) 53 (23)

Othera 3 (1) 5 (2)

Hispanic/Latino, No. (%) 70 (30) 82 (35)

Blood pressure, mean (SD),
mm Hg

Systolic 131 (15) 130 (13)

Diastolic 77 (10) 78 (10)

Heart rate, mean (SD), /min 68 (11) 68 (12)

Body mass index, mean (SD)b 30.0 (5.7) 30.1 (5.8)

Current smoking, No. (%) 50 (22) 38 (16)

Estimated glomerular
filtration rate, mL/min/1.73 m2

Mean (SD) 70 (22) 69 (20)

<45, No. (%) 31 (13) 24 (10)

Left ventricular ejection fraction,
mean (SD), %

34 (10) 33 (10)

NT-proBNP, pg/mL

Median (IQR) 560 (254-1498) 595 (244-1438)

Geometric mean (95% CI) 575 (487-680) 575 (480-687)

<450, No. (%) 94 (41) 90 (39)

Prior heart failure hospitalization,
No. (%)

128 (55) 115 (49)

Ischemic heart disease, No. (%) 137 (59) 146 (63)

New York Heart Association
functional class, No. (%)c

I 33 (14) 28 (12)

II 152 (66) 161 (69)

III 56 (20) 44 (19)

Medical therapy
at randomization, No. (%)

ACE/ARB 187 (81) 204 (88)

β-Blocker 196 (85) 204 (88)

Loop diuretic 130 (56) 128 (55)

Mineralocorticoid receptor
antagonist

57 (25) 58 (25)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin

receptor blocker; IQR, interquartile range; NT-proBNP, N-terminal pro–B-type

natriuretic peptide.

a Includes Asian, Native American, Pacific Islander, specified other, and

unknown.

bCalculated as weight in kilograms divided by height in meters squared.

c A graded scale of functional capacity; class I reflects no limitation with daily

activities; class II, mild limitation; and class III, marked limitation, even with

less than ordinary activity.
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1.7-7.3points;P = .002). Theproportionofpatients experienc-

ing improvement of 5points ormore in theKCCQoverall sum-

mary score was similarly higher in the sacubitril-valsartan

group (58% vs 43%; P = .001). In a post hoc analysis, changes

in quality of lifewere observed to be correlatedwith improve-

ments in NT-proBNP (eFigure in Supplement 2).

Adverse Events

Ratesofhypotension(3.9%withsacubitril-valsartanvs1.7%with

enalapril), hyperkalemia (16.0% vs 12.9%, respectively), and

worseningrenal function(5.2%vs6.0%,respectively)weresimi-

lar inboth treatmentgroups.Oneadjudicatedepisodeofangio-

edemawasnotedintheenalaprilgroup(eTableinSupplement2).

Discussion

In this randomized study of participants with HFrEF, ARNI

therapy with sacubitril-valsartan did not reduce the primary

studyendpointofZcat 12weeks relative toACE inhibitionwith

enalapril. Significant reductions were seen with sacubitril-

valsartan in selected secondaryechocardiographic endpoints,

including left ventricular end-diastolic and end-systolic vol-

umes, left atrial volume, and mitral E/e′ ratio, suggesting im-

provement in cardiac remodeling and estimated filling pres-

sures, but no difference was noted in measures of contractile

function (left ventricular ejection fraction, global longitudinal

strain) or ventricular-vascular coupling (Ea/Ees ratio). The fa-

vorable cardiac structural changesparalleled reductions inNT-

proBNPand improvements inoverall qualityof life assessedby

theKCCQoverall summaryscore.Thesedata suggest that clini-

cal benefits of sacubitril-valsartan compared with enalapril in

patients with HFrEF are likely unrelated to changes in central

aortic stiffnessorpulsatile load,despite favorableeffectsofne-

prilysin inhibition onmyocardial remodeling andwall stress.

Central aortic stiffness is known to be increased in heart

failure14and isakeycontributor topulsatile loadandwall stress

in the left ventricle.8 Although composite ACE-neprilysin in-

hibition with omapatrilat has been shown to reduce Zc in pa-

tients with hypertension,4 a similar effect was not seen with

ARNI in thisHFrEFpopulation.Onepossibleexplanation is that

impedance was lower than anticipated at baseline,15 perhaps

due to greater basal activation of the natriuretic peptide sys-

tem inHFrEF (comparedwithhypertension),whichmayhave

lessened theeffect of additional elaborationofvasoactivepep-

tides with neprilysin inhibition. Alternatively, high levels of

pretreatment with ACE inhibitors/ARBs (>80%)may have fa-

cilitated previous aortic remodeling and reduced the oppor-

tunity for additional improvement, evenwith effectivemedi-

cal therapy. It is also possible that 12 weeks was insufficient

time to observe an aortic remodeling effect, and a reduction

in Zc might have been apparent over longer-duration follow-

up.The lackof reduction inZcwithneprilysin inhibition in this

study does not obviate the possibility that other drugs might

reduceaortic stiffnessandZc,with favorableeffectson the fail-

ingheart.Nonetheless, thesedatasuggest that substantial clini-

cal benefits ofneprilysin inhibition inHFrEFare likelynotme-

diated through effects on aortic stiffness or pulsatile load.T
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In secondary analyses, treatment with sacubitril-

valsartan was associated with improvements in atrial and

ventricular remodeling, lower NT-proBNP, and lower

Doppler-derived filling pressures. Although these changes

were modest, they occurred earlier than typically observed

after initiation of pharmacologic treatment, were observed in

a population without advanced cardiac remodeling at base-

line, and tracked with changes in cardiac biomarkers and

measures of quality of life. Reduction in atrial and ventricular

volumes in the absence of an observed effect on load, ejec-

tion fraction, or longitudinal strain suggests a possible acute

effect on filling pressures, perhaps related to increased

venous capacitance or natriuresis. This hypothesis is sup-

ported by early and sustained reductions in cardiac biomark-

ers of wall stress and injury that mirror changes previously

observed in PARADIGM-HF6,16 and suggests that reduction in

congestion or favorable remodeling effects, rather than

changes in after-load or contractile function, may account for

the early reductions in heart failure events with sacubitril-

valsartan seen in recent trials.1,17

The potential clinical relevance of these early hemody-

namic changes is illuminatedbyexploratory analyses suggest-

ing robust andconcordant improvements inqualityof life. The

observed between-group difference of 4.5 points in change

frombaseline to 12weeks in theKCCQoverall summary score

is greater than that reported at 8months in PARADIGM-HF,18

inwhich quality-of-life questionnaireswere administered af-

ter a run-inperiodduringwhichallpatients receivedsacubitril-

valsartan and reflects a large proportion of participants with

a clinically meaningful (≥5-point) improvement over time.

Collectively, these data froma lower-risk heart failure sample

provide additional support for current guideline directives to

substituteARNI forACE inhibitors/ARBseven in the faceof ap-

parent clinical stability.

Limitations

This study has several limitations. First, randomized treat-

ment exposurewas limited to 12weeks onethical groundsbe-

cause of the establishedbenefits of ARNI overACE inhibitors/

ARBs in patients with HFrEF. It is possible that additional

benefits on cardiovascular structure and function may have

been apparent over a longer treatment duration, as was re-

centlysuggested inasmall studyofKoreanpatientswithHFrEF

and functionalmitral regurgitation.19Second, the studypopu-

lation reflects a mildly symptomatic HFrEF population with-

out persistent atrial fibrillation, and results may not be gen-

eralizable to unselected patients with heart failure in clinical

practice. Third, because this studywas not powered to exam-

ine clinical outcomes, the contribution of observed changes

in cardiac structure and biomarkers to clinical benefits ob-

served in PARADIGM-HF cannot be directly assessed.

Conclusions

Among patients with heart failure and reduced ejection frac-

tion, treatmentwith sacubitril-valsartan, comparedwithenal-

april, did not significantly reduce central aortic stiffness. The

study findings may provide insight into mechanisms under-

lying the effects of sacubitril-valsartan in HFrEF.
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