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1 | INTRODUCTION

Background: Heart rate and systolic blood pressure (SBP) are prognostic markers in heart failure
(HF) with reduced ejection fraction (HFrEF). Their combination in rate pressure product (RPP) as
well as their role in heart failure with preserved ejection fraction (HFpEF) remains unclear.
Hypothesis: RPP and its components are associated with HFpEF outcomes.

Methods: We performed an analysis of Acute Study of Clinical Effectiveness of Nesiritide in
Subjects With Decompensated Heart Failure (ASCEND-HF; http://www.clinicaltrials.gov
NCT00475852), which studied 7141 patients with acute HF. HFpEF was defined as left ventric-
ular ejection fraction 240%. Outcomes were assessed by baseline heart rate, SBP, and RPP, as
well as the change of these variables using adjusted Cox models.

Results: After multivariable adjustment, in-hospital change but not baseline heart rate, SBP, and
RPP were associated with 30-day mortality/HF hospitalization (hazard ratio [HR]: 1.17 per
5-bpm heart rate, HR: 1.20 per 10-mm Hg SBP, and HR: 1.02 per 100 bpm x mm Hg RPP; all
P < 0.05). Baseline SBP was associated with 180-day mortality (HR: 0.88 per 10-mm Hg,
P = 0.028). Though change in RPP was associated with 30-day mortality/HF hospitalization, the
RPP baseline variable did not provide additional associative information with regard to out-
comes when compared with assessment of baseline heart rate and SBP variables alone.
Conclusions: An increase in heart rate and SBP from baseline to discharge was associated with
increased 30-day mortality/HF hospitalization in HFpEF patients with acute exacerbation.

These findings suggest value in monitoring the trend of vital signs during HFpEF hospitalization.
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as evidenced by an association with older age and increased comor-

bidity burden and a lack of medical therapies that improve clinical out-

Heart failure (HF) affects >5.5 million people in the United States,
with 870 000 individuals diagnosed each year.! Although patients
with heart failure with preserved ejection fraction (HFpEF) have simi-
lar symptoms as patients who have heart failure with reduced ejection

fraction (HFrEF), there are clear distinctions from patients with HFrEF,

comes in HFpEF.2™

Several studies have established that baseline heart rate is ele-
vated in patients with HF. Many of these studies, however, investi-
gated HFrEF or did not distinguish HFpEF from HFrEF. In an analysis
of patients with HFrEF hospitalized for HF, heart rate > 70 bpm was
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predictive of post-discharge mortality.” Studies have also shown
improvement in mortality, morbidity, exercise tolerance, quality of life,
and left ventricular ejection fraction (LVEF) in ambulatory patients
with HF when heart rate was reduced with p-blockade.®™*! Further-
more, underlying elevation in systolic blood pressure (SBP) is common
in patients with HFpEF. Acute hypertensive episodes may also cause
HF exacerbations and are typically a modifiable and treatable condi-
tion in these individuals.?

Both heart rate and blood pressure are incorporated in the rate
pressure product (RPP), an indirect index of myocardial oxygen con-
sumption that predicts cardiac function, morbidity, and mortality in
patients with cardiovascular disease. Myocardial oxygen consumption
can be assessed in HF patients via invasive hemodynamic monitoring
with right-heart catheterization and/or pulmonary artery catheteriza-
tion.*®>"*> However, the simple measure of RPP may provide useful
information in a noninvasive manner to risk-stratify and offer prog-
nostic information for patients.'®

The goal of this study was to examine heart rate, SBP, and RPP in
hospitalized patients with HFpEF enrolled in the Acute Study of Clini-
cal Effectiveness of Nesiritide in Subjects With Decompensated Heart
Failure (ASCEND-HF) trial to better understand how these factors at
baseline and their change over time may be associated with clinical

outcomes.

2 | METHODS

Acute Study of Clinical Effectiveness of Nesiritide in Decompensated
Heart Failure (ASCEND-HF; http://www.clinicaltrials.gov NCT0047
6852) was a randomized controlled trial that investigated nesiritide vs
placebo in patients hospitalized for acute decompensated HF regard-
less of LVEF. The design, rationale, and primary results have been
published.}”*® The study enrolled 7141 patients between May 2007
and August 2010 at 398 centers across the world, with institutional
review board or ethics approval obtained at each study site and all
patients providing informed consent for participation.

LVEF was obtained from case-report forms for participants; the
timing and method by which LVEF was ascertained were site-specific
and not based on trial protocol. Patients without LVEF measurement
were excluded from this analysis. Given the American College of Car-
diology/American Heart Association (ACC/AHA) definition of HFrEF
as LVEF <40%, variable definitions of HFrEF and HFpEF in the litera-
ture, and prior study of LVEF in ASCEND-HF that suggested similar
baseline features of LVEF 40% to 50% to those with LVEF >50%,
HFpEF included all patients with LVEF 240% and HFrEF included
those with LVEF <40%.%7

Vital signs, including heart rate and blood pressure, were mea-
sured at multiple time points per trial protocol. Baseline heart rate and
SBP were defined as measurements taken at the time of randomiza-
tion. Discharge heart rate and SBP were defined as measurements
taken at the time of discharge or day 10, whichever came first.
Change in heart rate and SBP was the absolute difference between
measurement at discharge and baseline. RPP was calculated by multi-
plying heart rate and SBP.

2.1 | Statistical analysis

Baseline patient characteristics were reported for HFpEF patients
based on heart rate and SBP dichotomized at the median split for each
variable and compared using Pearson Xz tests or Fisher exact tests for
categorical variables and Wilcoxon rank-sum tests for continuous vari-
ables. The survival distributions between groups were compared using
Kaplan-Meier event curves with log-rank test.

The primary outcome of interest was the composite endpoint of
30 day all-cause mortality and rehospitalization for HF; the secondary
outcome of interest was all-cause mortality at 180 days. Endpoints
were redefined to start from the time of hospital discharge or at
10 days from randomization, whichever came first. Thus patients who
died from the time of randomization to discharge or at 10 days were
not included in this analysis. The relationship between baseline heart
rate (as a continuous variable) and outcomes was evaluated using Cox
proportional hazards regression in HFpEF patients. Models were
adjusted based on variables consistently used in ASCEND-HF post-
hoc analyses that included age, blood urea nitrogen, baseline sodium,
and baseline dyspnea.?®?! Additional adjustment was made with
regard to variables that were thought to potentially confound out-
come associations in the present analysis: randomization to nesiritide,
use of pB-blocker, use of calcium channel blocker, implantable
cardioverter-defibrillator, and presence of pacemaker. Among patients
discharged alive, we evaluated the association between in-hospital
change in heart rate and outcomes using Cox models, adjusted for
baseline heart rate and an indicator for length of stay >10 days. This
analysis was repeated for HFrEF patients. Further, to assess whether
the associations between heart rate and outcomes were similar for
HFpEF and HFrEF patients, we modeled the interaction of heart rate
and HFpEF/HFrEF status in Cox models. Analyses were repeated in a
similar way for SBP and RPP.

Proportional hazards and linearity assumptions were assessed for
the primary exposure variables and adjustment covariates. No viola-
tions were identified for heart rate, SBP, or RPP, and transformations
for adjustment covariates were made when appropriate. Multiple
imputation with 25 imputations was used for missing data; final
results reflect the combined result across all imputations accounting
for variation due to missing data. A P value <0.05 was considered sig-
nificant. Given the exploratory nature of this analysis, there was no
adjustment for multiple comparisons. All statistical analyses were per-
formed using SAS software, version 9.3 (SAS Institute, Inc., Cary, NC).

3 | RESULTS

Of the 7007 patients enrolled in the ASCEND-HF trial with measured
LVEF, 737 (10.5%) had HFpEF. Patient characteristics according to
heart rate and SBP are presented in Table 1. Patients with lower heart
rate had more comorbidities, including hypertension (HTN), diabetes,
COPD, and coronary artery disease, and were more likely to be taking
B-blockers or calcium channel blockers at baseline in addition to hav-
ing a pacemaker compared with patients with higher heart rates.

Patients with lower SBP were on similar medical therapy compared
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Laboratory values

Na, mmol/L 140 (137-142)
Cr, mg/dL 1.3(1.0-1.7)
Hb, g/dL 11.9 (10.6-13.4)

NT-proBNP, pg/mL

Medications and devices

3184 (1633-7154)

139 (137-141)

1.2 (1.0-1.5)

12.2 (11.0-13.7)
4339 (2078-7833)

139 (136-141)*
1.3(1.0-1.6)

12.2 (10.9-13.6)
3727 (2128-8117)
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TABLE1 Baseline characteristics by heart rate and SBP in patients with HFpEF
Heart Rate, bpm SBP, mm Hg
Patient Characteristics <75,N = 370 >75,N = 367 <130, N = 393 >130, N = 344
Mean age, y 75 (67-82) 72 (61-80)* 75 (67-81) 72 (62-81)*
Female sex 49.2 48.2 49.6 47.7
Race
White 732 67.8 72.0 68.9
Black 15.1 18.3 14.5 19.2
Asian 8.6 12.3 11.2 9.6
Other 3.0 1.6 2.3 2.3
BMI, kg/m2 29 (26-34) 29 (25-34) 29 (25-32)* 30 (26-35)*
Medical history
HTN 89.57 82.8% 81.4° 91.6%
DM 53.5% 46.3° 45.8° 54.72
AF/flutter 48.6 52.0 54.72 45.3°
COPD 29.72 20.72 28.57 21.57
CAD 67.37 57.8% 63.6 61.3

140 (137-142)*
1.2 (1.0-1.7)
12.0(10.8-13.3)
3675 (1612-6381)

B-Blocker 73.82 61.9° 65.1 70.9
ACEI/ARB 60.8 62.1 59.8 634
Aldosterone antagonist 16.5 16.3 19.1° 13.4°
CCB 30.3% 21.0° 244 27.0
Digoxin 11.6 14.4 14.0 11.9
Nitrate 29.22 18.87 221 26.2
ICD 6.2 6.3 6.4 6.1
Biventricular pacemaker 51 3.0 3.8 4.4
Pacemaker 20.0° 8.4? 17.8° 10.22
HF history
LVEF, % 50 (45-60) 50 (43-55) 50 (45-60) 50 (44-60)
NYHA class
| 3.7 9.4 7.2 5.8
1] 31.6 22.7 28.7 25.3
1] 41.9 264 43.3 45.1
\% 22.8 21.6 20.8 23.7
Ischemic etiology 68.92 60.2° 65.6 63.4

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; BMI, body mass index; CAD, cor-
onary artery disease; CCB, calcium channel blocker; COPD, chronic obstructive pulmonary disease; Cr, creatinine; DM, diabetes mellitus; Hb, hemoglobin;
HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HTN, hypertension; ICD, implantable cardioverter-defibrillator; IQR, interquartile
range; LVEF, left ventricular ejection fraction; Na, sodium; NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; SBP,

systolic blood pressure. Data are presented as % of N or median (IQR).

2 Indicates P < 0.05 for comparison.

with those with higher SBP, with the exception of aldosterone antag-
onists, which were more common in the lower-SBP group.

Table 2 presents unadjusted and adjusted clinical outcomes in
HFpEF. There were 79 deaths or HF rehospitalizations at 30 days and
85 deaths at 180 days. Baseline heart rate and RPP were not associ-
ated with primary or secondary outcomes after multivariable adjust-
ment. Baseline SBP was associated with 180-day all-cause mortality

in both unadjusted and adjusted Cox models and is further

demonstrated in the Figure 1. Changes in heart rate, SBP, and RPP
from baseline to discharge were each associated with significant
increases in 30-day mortality and HF rehospitalization in both unad-
justed and adjusted models, but none of the variables looking at in-
hospital change were associated with 180-day all-cause mortality.
Similar analyses were performed in patients with HFrEF (Table 3).
There were 247 deaths or HF rehospitalizations at 30 days and
316 deaths at 180 days. In these patients, higher baseline heart rate
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FIGURE 1 Kaplan-Meier event curve for 180-day all-cause mortality in HFpEF patients by baseline SBP, with number at risk at 30-day intervals

from randomization by SBP. Abbreviations: HFpEF, heart failure with preserved ejection fraction; SBP, systolic blood pressure

control and thus further reduction of already-controlled blood pres-
sure may not show additional benefit in patients with HFpEF.

A few recent studies have also examined the impact of low SBP
in HF. In a retrospective analysis of ASCEND-HF, patients who expe-
rienced an episode of hypotension during acute decompensated HF
admission had an associated higher 30-day mortality compared with
those without a hypotensive episode.?? Although this analysis did not
specifically look at HFpEF patients, it included this cohort, which
appears to have similar event rates of hypotension during hospitaliza-
tion to those with HFrEF, suggesting that in addition to increase in
blood pressure during hospitalization, perhaps a decrease in blood
pressure—if only transiently—to a hypotensive state may also be detri-
mental. In an observational study of the Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With Heart Failure
(OPTIMIZE-HF), a registry of patients hospitalized with HF that has
been linked with Medicare, the association of the change SBP by
20 mm Hg from admission to discharge as well as discharge SBP was
assessed.*° Change (increase or decrease) in SBP and discharge SBP
<120 mm Hg were associated with increased all-cause mortality.*°
Our data support that an increase in SBP is associated with worse
outcomes; however, there are key differences in the studies, including
HFpEF definitions and outcomes assessed, in addition to the assess-
ment of change in SBP. Overall, our data are consistent with current
literature suggesting that there is a range of SBP that may be associ-
ated with differential outcomes for HFpEF patients presenting with
decompensated HF and the optimal target SBP needs to be better
studied and defined.

With regard to heart rate changes during hospitalization,
increases in heart rate to initially maintain cardiac output also limit LV
filling time, which can reduce output over time and lead to worse
outcomes. p-Blocker therapy has been recommended in the latter sce-
nario for controlling heart rate in HF patients.?” Because B-blockers

also affect blood pressure, the broad utility of p-blockers in HFpEF

has not been clearly established.®* And, with conflicting evidence with
regard to ivabradine in patients with HFpEF, it is unclear if heart-rate
reduction or other processes such as remodeling and improvement in
LVEF are the mechanism for potential benefits with this therapy.32-34
Further complicating the issue of heart rate in HFpEF is chronotropic
incompetence, or an abnormal response in heart rate during peak
dynamic exercise, which itself predicts mortality.>>3¢ In studies of
HFpEF patients, even in those not diagnosed with chronotropic
incompetence by clinical criteria, heart rate does not augment appro-
priately with exercise or recover postexercise as compared with con-
trols, suggesting potential autonomic dysregulation.®”

In another post-hoc analysis of the TOPCAT trial, temporal
changes in heart rate during the trial were found to be independent
predictors of the composite endpoint of cardiovascular death, aborted
cardiac arrest, or HF hospitalization, with increase in heart rate over

time associated with higher risk.>®

Although this study was in the out-
patient setting of chronic HFpEF patients, an analysis of patients with
HFpEF from the Organized Program to Initiate Lifesaving Treatment
in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) registry of
acute HF used propensity scores to match patients with discharge
heart rate < or =2 70 bpm.3’ Lower heart rate was associated with
lower all-cause mortality in addition to the composite outcome of HF
rehospitalization and all-cause mortality during a median follow-up of
2.8 years.3? Although these studies have some notable differences as
previously described, they overall support our data that an elevated
heart rate is not favorable and suggests that there may be an element
of chronotropic pathology that warrants further study.

In contrast to HFpEF, in patients with HFrEF, both baseline SBP
and heart rate were associated with clinical outcomes at 180 days,
and heart rate increases from baseline to discharge were associated
with worse outcomes at 30 and 180 days. Thus, our data suggest that
rising heart rate during hospitalization, regardless of LVEF, portends

worse outcomes. In addition, higher SBP in HFrEF, similar to that of



VERMA ET AL
as sup-
mes,
improved OlJtCO| for future
iated with Imp. a rationale heart
ate ide uce
is associ ta provi in or red
ith HFpEF, 040 These da maintai
with s .2 ions to we
tients or studies. interventio ther,
pa ior st interv es. ano
by pr ther tcom O ohe d be
ported ss whe improve ou linked t his woul
w dies to asse italization imp intricately termine if t Baseline
Wl LEY %é stu during hospi te and SBP Sothe RPP to de ic assessment. HErEE
950 S £ rate art ra thin nostic EF or
o) < ith he of bo prog i HFp se-
— © Q = Wi duct rd to in either m ba
o - ro . ega n ei P fro
= S o £ the p ith r es i in RP d
[ o o = ed tw om in ity an
2 S o - SSess emen ith outc increase rtality
© v [a) a easur wit an inc mo )
S @ g3 8 eful m ciated in RPP— d 30-day ingly. this
a 3 35 - aus ot asso ange in increase restingly,
N N - ‘_|' o . was n the ch ith in E. Inte F RPP
N Q | S 7] RPP ver, iated w HFrE FPE s
e S 8 8 & 4} Howe socia nd ith H )
- | e} . “ IS ients. as as EF a jon; w prog
= Lo = o - o patie e—Ww. h HFp ulatiol E. the
= o () — <4 % . harg in bot pop ) FrEF, .
O S S =il = g 5 ine to disc ion in in each sin H ing possi
X Z =2 (=] - © ) line italizatio ntly in herea esting
TR — - < NG hospi differe SBP, w sugg iology
[) o (=] - (1} rel iven d rateY sio
| o o o I~ E & HF drive te an heart ive phy :
S|y i 9 5 be rt ra by tive di-
T 24 T S o s to h hea . eIY adap ad
ST g £ b seem bot iven larg isms or ind any
o INRY o iven by driv anism ) t fin )
3 & S 5 drive was drive ech id no com
g g @ 58 g 3 o ves tility of RPP siological m note, we d P variable as th
% g g = 8 % nostic u ¢ pathophy HFrEF. Of aseline RP! lone for bo
z g g s 5 IzI ble differen pared with n with the b variables a
g i S 2 m iol e
=) 8 < B 8 = ” HFpEF co ive informat heart rat
S - N o =t} 9] of iative and
o o 3 3 T o 5 tional assoc eline SBP .
S = B Q 1 i ] s es.
: § S 8 8 2 z § red with ba dary outcom
= g ! o 9 a con be
HE & 8 "B £ g > P nd se nnot
HE 3 3 3 imary a . ips ca
f & B % % 3 o itations al re|at'°n5hlp- that may
AL ERN imi aus iteria f
& ] g g 5 § g | Study Ilm nalysis and ¢ /exclusion cr LVEF cutof
> . . . n _
g 8 R °° s 25 4.1 trospective . inc|us|°”d fined with a tion regard
S N g = 2 is was a re re str as de forma at
n>. 3 g & 2 ; This wa There we HFpEF w tudies. In inele values th
3 5 T £ ° termined. HF patients. in other s nted sing state of
g pi i 3 ¢ de I . ries me ic
= ) é Z L S S apply to a is definition va from docu hemodynam Further-
= h O S o L " s not d this de as taken itudinal oints. h
o & P < & T Z of 40%, an nd SBP w. f the longi ore data p ent. whic
o [=A S 3 IR a ' m ’ el
& ? % S 3 3 £ 8 § ing heart rate esentative o aptured by of enrOIIm. e of ini-
oo | O S © = 5 - n repri tter c at tim at tim i
g % o o g . = 6 &5 may not be d may be be re measured ate and SBP hese cireum
© 88 ¢ 25 5 ient an igns we ith heart r In t ue
3 S S 3 g % < S the pati eline vital sig istent with h nsated HF. ntative of tr )
v S S v 8 E S bas cons mpel rese| ate
= d w s g 2 ore, been deco be rep n tre
© o (@) I 5 [SH m ave cute uly bee
> v N~ o s s not h ith a not tri already ics by the
* 53 g2 - 2 may tation w P may have amics
— = e 29 4 c en SB may dyn HF
2 & 3 o gL o = tial pres rt rate and patients in their hemo pensated
g9 % 3 =2 % o tances, hea s, as these d shifts in ute decom We did not
— N o (= foy o0 s , e ) c .
O 8 & 9 = g = 5 baseline” valu or have ha focused on a HF patients. based on
R = 3 o) « ions )
v § % 3 33 < &a ] & h medication t. Our study ble to chronic nd HFrEF ificantly
Sl O © =T ) witl ent. ica EF a ioni
Fi ° £S5 lim lic sig
A E ) g ® g 3 g time of enro ay not be app between HFp pulation was have been
218 3 8 o £ g nd m. . nce EF po is may
e 3 3 Y85 E e ients a ffere HFr lysis
g g s 9 o g c atien icant di the analy!
(o] e v Lo [T} £ p ienifican ver the
& 3 g < ° g 9) g 8 ind a sign ses; howe tion, and
a ; vV v — 8 & “":' < fin ion analy pOpuIa
g & 5 85 25 2 8 interactio the HFpEF
@ S bl 7 T 8 = ger than
Q RS & E o83 ar ’
j :.: z S S _‘:C“ o § 8 ! derpowered
5t 22 “a 3 3 un te
% < § g 8 3 tE & : N with heart ré o
Jé v E : Q = g g S g NCLUSIO ical outcomes atients witl
.= o0 | O + - s c ® fo) linic np "
o c (3 o © 3 g ° C iations of ¢ OCuUs o morbi
g 5 % o :’ = -rgﬂ 5 | ssociatiol i with a f more col d
& o afl Oz @ © ibe the a bation, te had ompare
S p © L{ z £ _g descri €xacer| heart ra t rate c ith
5 2 53 ° 5% 3 2 Our data ute HF ith lower trol hear ciated w
S = 2 g & o 8 & . P in ac ients wi to con s asso o
o > o RS o%5 - 3 I d SB I, pati ies BP wa hange
c 9) S < 0 an eral, herap ineS rc
= Q S © =5 Z o @ In gen of t selin rther, ith
& [S) -~ - ) 0 3 < FpEF. sage te. Ba er. Fu iated wi
0 ) o ; c > ] HFp igher u rtra ann ciate
© S o S « L £ a c higl icher hea ] sem ass0 ines
o - o o g2 T ¢ = ies and ith highe inver: was inding
> T g o = 5 v 9 = ¢ oo ities with ity in an ischarge se fin
e =] n o~ e =2 o & © 8 T tients rtality disc| ion. The ions
i ] o o 313 B ot = © o £ ith pa mo line to italization. ital sig
[IT] & . & ;2 wW -cause seli itali vi
e % ‘v E: g s 8 - 2 2 % ; % e § 180-day all-ca SBP from ba HF rehosp the trend of
T S|lo S S @m "ot . r .
s L|£ o 3 3 T = 2 ¢ T e 't rate and ortality o onitoring
@ S| a T 23 ® o2 £ g hea ll-cause m fits of m
(0] o ] S o IS IS all- ] bene
* 7 2 & rQ -day I
: £s g 5, i iiiis -
E 53 2 i3 «-“wm& highiig
o () N 8 ‘Ec = = 3 17} 5 8 3 T 5 o h
g % = g g 2 £ B %‘ IS ES 2 = S‘ )
£ mw~a€s%o5<gamn
5 E 23 ST 38 <8
° £385% =
2 55
-l
@
2



VERMA ET AL.

951

WILEY

during hospitalization and suggest potential opportunities to target

these parameters with therapies to improve outcomes.
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