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Exercise-Induced Left Atrial ol
Hypertension in Heart Failure With
Preserved Ejection Fraction

Sheldon E. Litwin, MD,*" Jan Komtebedde, DVM,® Mo Hu, MS,? Daniel Burkhoff, MD, PuD,® Gerd Hasenfuf}, MD,’
Barry A. Borlaug, MD,? Scott D. Solomon, MD," Michael R. Zile, MD,*" Rajeev C. Mohan, MD,' Rami Khawash, MD,’
Aaron L. Sverdlov, MBBS, PuD,*! Peter Fail, MD,™ Eugene S. Chung, MD,” David M. Kaye, MD,° John Blair, MD,?
Jean-Christophe Eicher, MD,? Scott L. Hummel, MD,"* Andreas Zirlik, MD," Ralf Westenfeld, MD,"

Christopher Hayward, MD," Thomas M. Gorter, MD," Catherine Demers, MD,* Ranjith Shetty, MD,”

Gregory Lewis, MD,” Randall C. Starling, MD, MPH,* Sanjay Patel, MD,?"*>4 Deepak K. Gupta, MD,*®

Hakim Morsli, MD,™ Martin Penicka, MD,%¢ Maja Cikes, MD, PuD,"" Finn Gustafsson, MD, Frank E. Silvestry, MD,’
Ethan J. Rowin, MD,** Donald E. Cutlip, MD," Martin B. Leon, MD,¢ Dalane W. Kitzman, MD,™™

Franz X. Kleber, MD,"" Sanjiv J. Shah, MD,¢ on behalf of the REDUCE LAP-HF Investigators and Research Staff

ABSTRACT

BACKGROUND Many patients with heart failure and preserved ejection fraction have no overt volume overload and
normal resting left atrial (LA) pressure.

OBJECTIVES This study sought to characterize patients with normal resting LA pressure (pulmonary capillary wedge
pressure [PCWP] <15 mm Hg) but exercise-induced left atrial hypertension (EILAH).

METHODS The REDUCE LAP-HF Il (A Study to Evaluate the Corvia Medical, Inc. IASD System Il to Reduce Elevated Left
Atrial Pressure in Patients With Heart Failure) trial randomized 626 patients with ejection fraction =40% and exercise
PCWP =25 mm Hg to atrial shunt or sham procedure. The primary trial outcome, a hierarchical composite of death, heart
failure hospitalization, intensification of diuretics, and change in health status was compared between patients with
EILAH and those with heart failure and resting left atrial hypertension (RELAH).

RESULTS Patients with EILAH (29%) had similar symptom severity, but lower natriuretic peptide levels, higher
6-minute walk distance, less atrial fibrillation, lower left ventricular mass, smaller LA volumes, lower E/e’, and better LA
strain. PCWP was lower at rest, but had a larger increase with exercise in EILAH. Neither group as a whole had a significant
effect from shunt therapy vs sham. Patients with EILAH were more likely to have characteristics associated with

atrial shunt responsiveness (peak exercise pulmonary vascular resistance <1.74 WU) and no pacemaker (63% vs 46%;
P < 0.001). The win ratio for the primary outcome was 1.56 (P = 0.08) in patients with EILAH and 1.51 (P = 0.04) in
those with RELAH when responder characteristics were present.

CONCLUSIONS Patients with EILAH had similar symptom severity but less advanced myocardial and pulmonary
vascular disease. This important subgroup may be difficult to diagnose without invasive exercise hemodynamics, but
it has characteristics associated with favorable response to atrial shunt therapy. (A Study to Evaluate the Corvia
Medical, Inc. IASD System Il to Reduce Elevated Left Atrial Pressure in Patients With Heart Failure [REDUCE LAP-HF
TRIAL 1I]; NCTO3088033) (J Am Coll Cardiol HF 2023;11:1103-1117) © 2023 by the American College of Cardiology
Foundation.
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ABBREVIATIONS
AND ACRONYMS

BNP = B-type natriuretic
peptide

EILAH = exercise-induced L
atrial hypertension

HFpEF = heart failure with
preserved ejection fraction

LA = left atrial
LV = left ventricular

LVEF = left ventricular ejec
fraction

PCWP = pulmonary capillary

wedge pressure

PVR = pulmonary vascular
resistance

RA = right atrial

RELAH = resting left atrial
hypertension

xertional dyspnea in heart failure

with preserved ejection fraction

(HFpEF) is due, at least in part, to
elevated left atrial (LA) pressure during phys-
ical activity." However, not all patients with
HFpEF have evidence of overt volume over-
load. This subgroup of patients usually has
normal pulmonary capillary wedge pressure
(PCWP) at rest, but marked rises in PCWP
with exertion. Patients with normal left ven-
tricular (LV) filling pressures at rest, but with
exercise-induced left atrial hypertension
(EILAH) can be particularly difficult to diag-
nose because the physical findings associated
with congestion are frequently absent.” In
addition, chest radiography and resting echo-
cardiography may be normal and natriuretic
peptide levels are often below established
thresholds for a HF diagnosis. Treatment

eft

tion

of the
frequently challenging, because the use of diuretic

subgroup of patients with EILAH is also

agents or vasodilators may lead to worsening renal
function, orthostatic hypotension, or other untoward
effects.

The REDUCE LAP-HF II (A Study to Evaluate the
Corvia Medical, Inc. IASD System II to Reduce
Elevated Left Atrial Pressure in Patients With Heart
Failure; NCT03088033) trial evaluated an interatrial
shunt device (Corvia Atrial Shunt, IASD System II,
Corvia Medical) in patients with HF and left ven-
tricular ejection fraction (LVEF) =40%.°> The device
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is designed to lower LA pressure, particularly dur-
ing exertion.* Atrial shunts have the theoretical
advantage of producing little left-to-right shunting
when LA pressures are normal and hence closer to
right atrial (RA) pressure, while allowing increased
left-to-right shunting when LA pressures rise
excessively, such as during exercise. Thus, atrial
shunts may be ideally suited to help relieve
symptoms of exertional dyspnea in patients with
EILAH.

The present study sought to: 1) compare the clin-
ical, echocardiographic, and invasive hemodynamic
characteristics of patients with EILAH versus those
with resting left atrial hypertension (RELAH); and 2)
determine whether there are differential effects of
atrial shunt treatment in these groups, using data
from the REDUCE LAP-HF II trial.

METHODS

REDUCE LAP-HF Il STUDY DESIGN AND OBJECTIVES.
The objectives and design of the REDUCE LAP-HF II
study have been previously described in detail.?
Briefly, REDUCE LAP-HF II was a multicenter, inter-
national, randomized, double-blind, sham-controlled
trial of the Corvia Atrial Shunt in adults with HF and
LVEF =40%. After comprehensive noninvasive and
invasive hemodynamic screening, eligible partici-
pants were randomly assigned 1:1 to receive the Cor-
via Atrial Shunt (IASD System II) or a sham control
procedure.>® The endpoint

primary was a
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hierarchical composite of: 1) time to cardiovascular
mortality or nonfatal ischemic stroke to 12 months; 2)
HF hospitalizations, health care facility visits for
intravenous diuresis, or urgent intensification of oral
diuresis up to 24 months; and 3) change in KCCQ
(Kansas City Cardiomyopathy Questionnaire) overall
summary score from baseline to 12 months, analyzed
by Finkelstein-Schoenfeld methodology when the
last randomized patient reached 12-month follow-
up.” For patients with the same number of HF events
during the available follow-up time, the “losing pa-
tient” was determined based on the time to the first
HF event. Follow-up echocardiography was per-
formed to evaluate shunt flow and cardiac chamber
size/function.

The REDUCE LAP-HF II trial has been registered at
Clinicaltrials.gov (NCT03088033) and followed the
Declaration of Helsinki. Approval from the respon-
sible local authorities and ethics committees were
obtained prior to inclusion of patients, and all pa-
tients provided written informed consent.

SELECTION OF STUDY PATIENTS: INCLUSION AND
EXCLUSION CRITERIA. Major inclusion criteria were
age =40 years, chronic NYHA functional class II with
a history of functional class III or current functional
class III symptoms of HF, LVEF =40%, ongoing
diuretic therapy, echocardiographic evidence of dia-
stolic dysfunction, and either: 1) HF hospitalization or
intensification of oral diuretic agents in the prior
12 months; or 2) elevated B-type natriuretic peptide
(BNP) levels stratified by cardiac rhythm.” Additional
inclusion criteria included site-determined invasively
measured PCWP =25 mm Hg during supine ergometer
exercise and PCWP =5 mm Hg above RA pressure and
appropriate septal anatomy for atrial shunt device
placement.® Key exclusion criteria have been previ-
ously published and included > mild right ventricular
dysfunction, > mild tricuspid regurgitation, RA
pressure >14 mm Hg at rest, or pulmonary vascular
resistance (PVR) >3.5 WUs at rest or during exercise.?

BASELINE ECHOCARDIOGRAPHY AND INVASIVE
EXERCISE HEMODYNAMICS. Echocardiography was
performed according to a standardized protocol.
Measurements were done by the central echocardi-
ography core laboratory (University of Pennsylvania,
Philadelphia, Pennsylvania, USA). Speckle-tracking
was used for strain measurements of all 4 cardiac
chambers in the apical 4-chamber view using TomTec
Cardiac Performance Analysis software at the North-
western University Echocardiography Core Labora-
tory (Chicago, Illinois, USA).

Right heart and pulmonary artery pressures were
measured using a fluid-filled catheter with a
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properly zeroed pressure transducer. Hemodynamic
measurements were performed at rest, legs up po-
sition (ie, passive leg raise) and during exercise
using a supine bicycle ergometer. Graded exercise
was performed at 20-W increments (3 minutes at
each stage) until exhaustion. Pressure measure-
ments were repeated at each stage and thermodi-
lution cardiac output was recorded at baseline and
peak exercise. Hemodynamics were measured at a
core laboratory (Cardiovascular Clinical Studies,
Boston, Massachusetts, USA), taking the average
of =3 beats. All assessments were made blinded to
treatment group.

Estimated plasma volume was calculated with
previously established methods that include hemat-
ocrit, body weight, and sex-specific constants.®

CLINICAL OUTCOMES AND SAFETY ENDPOINTS. A
blinded clinical events committee adjudicated all
serious adverse events and deaths, with a focus on
cardiovascular death, nonfatal ischemic stroke, HF
events (HF hospitalizations, urgent intravenous
diuretic therapy in a health care setting, or intensifi-
cation of oral diuretics), and safety outcomes.

STATISTICAL ANALYSIS. For this analysis, we
divided the REDUCE LAP-HF II trial cohort into 2
groups based on resting PCWP (all randomized pa-
tients were required to have site-reported
PCWP =25 mm Hg during exercise). EILAH was
defined as resting PCWP <15 mm Hg. RELAH was
defined as resting PCWP =15 mm Hg. Baseline char-
acteristics are summarized as counts and percentages
for categorical variables and median (25th, 75th
percentile) for continuous variables. The 2 groups
were compared using chi-squared tests (or Fisher
exact test) for categorical variables and Student’s
t-tests for normally distributed variables or Wilcoxon
rank sum test for non-normally distributed contin-
uous variables. The Benjamini-Hochberg false dis-
covery rate method was used to control for multiple
comparisons of baseline characteristics. Values of
P < 0.03 (corresponding to false discovery rate-
adjusted values of P < 0.05) were considered statis-
tically significant (Tables 1 to 4).

We used multivariable logistic regression analyses
to determine which clinical characteristics and echo-
cardiographic parameters were most closely associ-
ated with EILAH. Variables included in the logistic
regression models were chosen based on clinical
relevance or association with EILAH at a significance
level of <0.05 on univariate analyses. We used Cox
regression analyses and Kaplan-Meier curves (with
log rank P value calculated) to determine the poten-
tial association between resting LA pressure and HF

105


http://www.clinicaltrials.gov/ct2/show/NCT03088033

Exercise-induced LA Hypertension in HFpEF

JACC: HEART FAILURE VOL. 11, NO. 8, 2023

AUGUST 2023:1103-1117

TABLE 1 Demographics, Comorbidities, and Medications
Total RELAH EILAH
(N = 626) (n = 444) (n =182) P Value
Age, y 72 (66-77) 73 (68-78) 71 (64-76) 0.003
Female 385 (61.5) 266 (59.9) 19 (65.4) 0.20
Race/ethnicity 0.45
Asian 10 (2.5) 6 (2.2) 4 (3.3)
Black or African American 24 (6.0) 17 (6.1) 7 (5.7)
White 361(90.2) 250 (89.9) 111 (91.0)
Hypertension 551 (88.3) 398 (89.6) 153 (85.0) 0.10
Obesity, BMI >30 kg/m? 381 (60.9) 275 (61.9) 106 (58.2) 0.39
Diabetes 230 (36.7) 178 (40.1) 52 (28.6) 0.007
Chronic kidney disease, eGFR <60 mL/min/1.73 m? 347 (56.9) 267 (61.5) 80 (45.5) <0.001
Prior coronary percutaneous interventions 169 (27.2) 116 (26.4) 53 (29.3) 0.46
Coronary artery bypass graft 54 (8.7) 41(9.3) 13 (7.2) 0.39
Prior valve surgery/intervention 38 (14.3) 28 (14.9) 10 (13.0) 0.69
Atrial fibrillation 324 (51.8) 261 (58.8) 63 (34.6) <0.001
Atrial flutter 65 (10.5) 48 (10.9) 17 (9.3) 0.55
Atrial fibrillation or flutter on baseline ECG 108 (17.4) 94 (21.3) 14 (7.7) <0.001
Anemia 232 (37) 173 (39.0) 59 (32.4) 0.12
Any pacemaker 116 (18.6) 91 (20.7) 25 (13.7) 0.043
Smoking history 0.97
Never smoked 322 (51.5) 227 (51.2) 95 (52.2)
Former smoker 283 (45.3) 202 (45.6) 81 (44.5)
Current smoker 20 (3.2) 14 (3.2) 6 (3.3)
COPD 126 (20.2) 93 (21.0) 33 (18.1) 0.42
Pulmonary embolism 32(5.0) 20 (4.5) 12 (6.6) 0.28
Loop diuretics 514 (82.1) 382 (86.0) 132 (72.5) <0.001
Loop diuretic dose, mg furosemide equivalents 40 (20-80) 40 (20-80) 40 (20-60) 0.12
ACE inhibitors 152 (24.3) 109 (24.5) 43 (23.6) 0.81
ARBs 236 (37.7) 167 (37.6) 69 (37.9) 0.94
Beta-blockers 438 (70.0) 322 (72.5) 116 (63.7) 0.029
MRAs 325 (51.9) 216 (48.6) 109 (59.9) 0.0m
SGLT2 inhibitors 16 (2.6) 14 (3.2) 2 (1.1) 0.14
Aspirin 241 (38.5) 157 (35.4) 84 (46.2) 0.012
Number of antihypertensive medications 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0) 0.046
Values are median (IQR) or n (%). Values of P < 0.03 are considered to be significantly different after adjustment for multiple comparisons using the false discovery rate
method.
ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index; COPD = chronic obstructive pulmonary disease;
ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; EILAH = exercise-induced left atrial hypertension; MRA = mineralocorticoid receptor antagonist;
RELAH = resting left atrial hypertension; SGLT2 = sodium-glucose cotransporter 2.

events in the overall study and stratified by treatment
groups.

The overall primary and secondary endpoints
(including safety endpoints) in the trial were strati-
fied by EILAH vs RELAH. We used the win ratio to
examine the primary hierarchical outcome,® negative
binomial regression adjusted for number of prior year
HF hospitalizations or total HF events, and linear
regression adjusted for baseline value for change in
KCCQ overall summary score and NYHA functional
class. Finally, we calculated Pearson correlation co-
efficients for the correlation between peak exercise
PVR, cardiac rhythm device at baseline, and both
RELAH and EILAH resting PCWP and APCWP (peak
exercise — resting PCWP) given the importance of
peak exercise PVR and rhythm devices in defining

responders to the atrial shunt device.'” For the ana-
lyses presented in Table 5, 2-tailed P < 0.05 was
considered statistically significant.

All 626 randomized patients were included in the
presentation of baseline variables. Five patients were
excluded after randomization and the remaining 621
patients were included in the outcomes analyses.

Analyses were conducted in Stata (version 17.0,
StataCorp) and R (version 3.5.1, R Foundation for
Statistical Computing).

RESULTS

ENROLLMENT OF REDUCE LAP Il STUDY PARTICIPANTS.
Patients in the EILAH group were slightly younger,
with similar distribution of sex, race/ethnicity, and
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TABLE 2 Physical Exam, Symptoms, Health Status, Exercise Capacity, and Laboratory Data
Total RELAH EILAH
(N = 626) (n = 444) (n =182) P Value

Height, cm 167.3 (160.0-174.2) 167.6 (160.0-175.0) 165.3 (160.0-174.0) 0.42
Weight, kg 89.8 (76.9-105.0) 91.0 (77.0-105.1) 87.6 (76.0-102.1) 0.056
Body mass index, kg/m? 32.0 (27.7-37.0) 32.2 (28.0-37.4) 31.6 (27.1-35.7) 0.074
Body surface area 2.0 (1.9-2.2) 2.0 (1.9-2.2) 2.0 (1.8-2.2) 0.067
Heart rate, beats/min 70 (63-80) 70 (62-80) 70 (63-79) 0.82
Systolic blood pressure, mm Hg 143 (128-158) 145 (131-160) 137 (125-152) 0.001
Diastolic blood pressure, mm Hg 74 (67-83) 74 (67-83) 75 (68-81) 0.57
NYHA functional class 0.22

1] 132 (21.4) 88 (20.1) 44 (24.6)

n 484 (78.6) 349 (79.9) 135 (75.4)
MAGGIC risk score 23 (18-26) 23 (19-27) 21 (17-25) <0.001
KCCQ clinical summary score at baseline 50.0 (35.4-67.1) 49.5 (34.9-66.9) 52.1(36.5-67.2) 0.57
KCCQ overall summary score at baseline 45.8 (29.2-62.5) 45.8 (28.5-62.2) 44.5 (30.2-63.5) 0.82
6MWD at baseline, m 301.3 (236.0-380.0) 295.5 (225.0-367.8) 326.2 (263.0-415.0) <0.001
H,FPEF score 6 (5-8) 6 (5-8) 5 (4-6) <0.001
At least 1 hospitalization for HF in the past 12 months 171 (27.3) 113 (25.5) 58 (31.9) 0.10
BNP, atrial fibrillation/flutter, pg/mL 213.5 (119.0-380.3) 216.8 (126.7-425.0) 160.3 (81.8-305.6) 0.36
BNP, sinus rhythm, pg/mL 91.9 (40.8-170.0) 110.0 (60.0-220.0) 56.0 (29.3-104.6) <0.001
NT-proBNP, atrial fibrillation/flutter, pg/mL 1,147.5 (643.0-1,792.0) 1,225.0 (647.0-1,900.0) 721.0 (453.5-965.5) 0.026
NT-proBNP, sinus rhythm, pg/mL 329.0 (158.3-653.0) 405.0 (200.0-788.0) 215.0 (104.6-427.0) <0.001
Hemoglobin, g/dL 12.7 (11.4-13.8) 12.7 (11.3-13.8) 12.7 (11.6-13.8) 0.70
eGFR, mL/min/1.73 m? 56.5 (42.0-68.0) 55.0 (40.0-66.0) 60.0 (46.5-69.5) 0.005
Estimated plasma volume, mL 3,234 (2,834-3,649) 3,152 (2,808-3,458) 0.039
Values are median (IQR) or n (%). Values of P < 0.03 are considered to be significantly different after adjustment for multiple comparisons using the false discovery rate
method.

6MWD = 6-minute walk distance; BNP = B-type natriuretic peptide; eGFR = estimated glomerular filtration rate; HF = heart failure; KCCQ = Kansas City Cardiomyopathy
Questionnaire; MAGGIC = Meta-Analysis Global Group in Chronic Heart Failure; NT-proBNP = N-terminal pro- B-type natriuretic peptide; other abbreviations as in Table 1.

obesity (Table 1). The EILAH group was less likely to
have hypertension, diabetes, chronic kidney disease,
and current or prior atrial fibrillation. Patients with
EILAH had higher estimated glomerular filtration
rate, lower use of loop diuretic agents and
beta-adrenergic blocking agents, but higher use of
receptor agonists (Table 1,
Supplemental Table 1).

NYHA functional class and KCCQ score (44.5 vs
45.8) were similarly impaired in the group with EILAH
compared to those with RELAH (Table 2). Although
heart rate was comparable, the patients with EILAH
had lower systolic blood pressure and higher 6-
minute walk distance. Those with EILAH also had
lower BNP and/or N-terminal pro-BNP, higher esti-

mineralocorticoid

mated glomerular filtration rate, and slightly higher
bilirubin levels, but no differences in hemoglobin,
electrolytes, or liver enzymes. Median BNP in pa-
tients with sinus rhythm was 56.0 pg/mL in patients
with EILAH vs 110.0 pg/mL in those with RELAH and
160.3 pg/mL vs 216.8 pg/mL for those in atrial fibril-
lation or flutter (Table 2). Median N-terminal pro-BNP
in sinus rhythm was 215.0 pg/mL for patients with
EILAH and 405.0 pg/mL for those with RELAH, and in

those with atrial fibrillation the values were 721.0 and
1225.0 pg/mL, respectively. Estimated plasma volume
was lower in patients with EILAH vs those with
RELAH (mean difference: —113 mL [IQR: 6-220 mL];
P =0.039) (Table 2).

Baseline cardiac structure and function assessed by
echocardiography are shown in Table 3 (additional
data in Supplemental Table 2). The EILAH group had
similar LV volumes, lower LV mass (77.4 vs 82.7 g/
m?), similar LVEF, and higher absolute value of LV
global longitudinal strain. In terms of diastolic pa-
rameters, patients with EILAH had lower E velocity
and higher A velocity, with lower E/A and E/e’ (10.8 vs
13.2). Maximal and minimal LA volumes were lower,
whereas LA peak longitudinal strain was significantly
higher (24.5% vs 18.1%) in patients with EILAH. RA
volume was lower, but tricuspid annular plane sys-
tolic excursion and right ventricular free wall longi-
tudinal strain were not different. Estimated RA
pressure was the same in both groups, but estimated
pulmonary artery systolic pressure was lower in those
with EILAH (28.0 vs 33.0 mm Hg).

Using logistic regression analysis, we found that
lack of atrial fibrillation, lack of loop diuretic therapy,
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TABLE 3 Echocardiographic Data
Total RELAH EILAH
(N = 626) (n = 444) (n =182) P Value

Septal wall thickness, cm 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (0.9-1.1) 0.39
Posterior wall thickness, cm 0.9 (0.8-1.0) 0.9 (0.9-1.0) 0.9 (0.8-1.0) 0.017
LV end-diastolic dimension, cm 4.8 (4.4-5.2) 4.9 (4.5-5.3) 4.7 (4.3-5.0) 0.002
LV end-systolic dimension, cm 3.5 (3.1-4.0) 3.5(3.2-4.0) 3.4 (3.0-3.8) 0.015
LV mass indexed to BSA, g/m? 80.8 (65.3-98.4) 82.7 (67.2-101.6) 77.4 (63.6-93.0) 0.005
LV end-diastolic volume, mL 217.8 (171.1-287.4) 223.4 (170.3-298.2) 211.2 (173.4-264.2) 0.096
LV end-systolic volume, mL 101.6 (75.9-137.8) 102.1 (77.0-145.8) 97.5 (75.6-125.0) 0.089
Ejection fraction, % 60.0 (55.0-65.0) 60.0 (55.0-65.0) 60.0 (55.0-65.0) 0.14
Mitral E velocity, cm/s 86.0 (69.0-108.0) 91.0 (72.0-114.0) 76.0 (62.0-93.0) <0.001
Mitral A velocity, cm/s 75.0 (55.0-94.0) 72.5 (53.0-93.0) 80.0 (60.0-95.0) 0.020
E/A ratio 1.1 (0.8-1.6) 1.2 (0.8-1.8) 0.9 (0.7-1.3) <0.001
Septal ' velocity, cm/s 6.0 (5.0-7.0) 6.0 (5.0-7.0) 6.0 (5.0-7.0) 0.28
Lateral e’ velocity, cm/s 8.0 (6.0-10.0) 8.0 (6.0-10.0) 8.0 (6.0-10.0) 0.48
Average E/e’ ratio 12.5 (9.6-17.1) 13.2 (10.0-17.8) 10.8 (8.8-14.0) <0.001
LA maximal volume indexed to BSA, mL/m? 31.6 (24.9-40.6) 33.0 (26.0-41.3) 28.4 (23.1-36.5) <0.001
LA minimal volume indexed to BSA, mL/m? 20.3 (14.5-28.1) 21.8 (15.7-30.4) 17.0 (13.1-22.7) <0.001
Ratio of LA to RA volume 1.3 (1.0-1.6) 1.2 (1.0-1.5) 1.3 (1.1-1.6) 0.068
LA emptying fraction, % 35.3(25.4-43.8) 32.8 (22.5-42.9) 39.6 (31.4-46.1) <0.001
RV end-diastolic dimension, cm 3.7 (3.4-4.1) 3.8 (3.4-4.2) 3.7 (3.3-4.0) 0.094
RV s’ velocity, cm/s 11.0 (10.0-14.0) 11.0 (10.0-14.0) 11.0 (10.0-14.0) 0.77
TAPSE, cm 2.0 (1.8-2.3) 2.0 (1.7-2.3) 2.0 (1.8-2.3) 0.17
RA volume indexed to BSA, mL/m? 25.2 (19.0-33.1) 26.8 (20.4-35.6) 22.4 (17.3-28.6) <0.001
Peak TR velocity, cm/s 261.0 (236.0-292.0) 265.5 (240.0-300.0) 250.0 (227.0-275.0) <0.001
Estimated PA systolic pressure, mm Hg 31.0 (26.0-39.0) 33.0 (27.0-40.0) 28.0 (24.0-33.0) <0.001
Estimated RA pressure, mm Hg 3.0 (3.0-3.0) 3.0 3.0-3.0) 3.0 (3.0-3.0) 0.15
Stroke volume, L 66.1 (55.4-81.6) 65.9 (53.8-79.8) 68.4 (56.0-83.1) 0.23
LV global longitudinal strain, % —17.7 (-15.4 to —20.2) —17.3 (-15.0 to —19.9) —18.9 (-16.8 to —20.8) <0.001
RV free wall strain, % —22.4 (-17.9 to —26.1) —22.0 (-17.6 to —25.6) —23.1(-18.5 to —26.8) 0.067
LA reservoir strain, % 20.3 (14.2-26.9) 18.1 (13.0-25.3) 24.5 (17.0-28.9) <0.001
RA reservoir strain, % 24.0 (17.8-31.3) 22.2 (17.1-29.1) 27.1(22.2-33.1) <0.001
Values are median (IQR). Values of P < 0.03 are considered to be significantly different after adjustment for multiple comparisons using the false discovery rate method.

BSA = body surface area; LA = left atrial; LV = left ventricular; PA = pulmonary artery; RA = right atrial; RV = right ventricular; TAPSE = tricuspid annular plane systolic
excursion; TR = tricuspid regurgitation; other abbreviations as in Table 1.

lower systolic blood pressure, higher 6-minute walk
distance, and lower natriuretic peptide levels were all
associated with EILAH (Supplemental Table 3). Lower
baseline LV end-diastolic dimension was indepen-
dently associated with EILAH, whereas LV mass and
E/e’ were not associated.

Invasive hemodynamic measurements at rest
revealed lower RA pressure; lower pulmonary artery
systolic, diastolic, and mean pressure; markedly
lower PCWP (by definition); slightly higher mixed
venous oxygen saturation; but no difference in car-
diac output or systemic or pulmonary vascular resis-
tance (1.4 vs 1.7 WUs; P = 0.06) in EILAH vs RELAH
groups (Table 4, additional data in Supplemental
Table 4). RA pressure, pulmonary arterial pressure,
and PCWP increased in both groups with legs up and
further with supine bicycle exercise, but these pres-
sures remained lower in the group with EILAH.
Average watts achieved was the same in both groups

(40 W). At peak exercise, cardiac output was higher,
PCWP was lower and PCWP/cardiac output slope was
lower in the EILAH group. There was a significant
positive association between resting PCWP and peak
PCWP for the overall population (r = 0.50; P < 0.001)
(Figure 1).

The primary outcome for shunt therapy was not
statistically significant in either the EILAH (win ratio:
1.08; P = 0.69) or RELAH groups as a whole (win ratio:
0.98; P = 0.85) (Table 5). Because exercise PVR <1.74
WUs and absence of cardiac rhythm device have
previously been identified as potential markers of
response to atrial shunt therapy,'® we investigated
these parameters. There was a modest but significant
association between resting PCWP and peak exercise
PVR in patients who have EILAH, with lower peak
exercise PVR in patients with EILAH vs in those with
RELAH (1.1 vs 1.4 WU; P < 0.001) (Table 3, Figure 2).
Patients with EILAH were more likely than those with
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TABLE 4 Invasive Exercise Hemodynamic Data
Total RELAH EILAH
(N = 626) (n = 444) (n =182) P Value
Resting hemodynamics
Aortic systolic pressure, mm Hg 144.0 (129.0-159.0) 146.0 (132.0-160.0) 137.0 (125.0-153.0) <0.001
Heart rate, beats/min 70.0 (63.0-80.0) 70.0 (62.0-80.0) 70.0 (63.0-79.0) 0.82
RA pressure, mm Hg 9.0 (7.0-12.0) 10.0 (8.0-13.0) 6.0 (5.0-8.0) <0.001
PA systolic pressure, mm Hg 40.0 (34.0-49.0) 44.0 (38.0-53.0) 32.0 (28.0-35.0) <0.001
PA diastolic pressure, mm Hg 19.0 (15.0-23.0) 21.0 (18.0-25.0) 14.5 (12.0-16.0) <0.001
Mean PA pressure, mm Hg 26.3 (21.3-32.0) 29.0 (24.7-33.7) 20.3 (17.7-22.7) <0.001
PCWP, mm Hg 18.0 (14.0-23.0) 21.0 (17.0-25.0) 12.0 (10.0-13.0) <0.001
PCWP to RA pressure gradient, mm Hg 8.0 (5.0-12.0) 11.0 (7.0-14.0) 5.0 3.0-6.0) <0.001
Transpulmonary gradient, mm Hg 8.0 (6.0-11.0) 8.0 (5.7-10.7) 9.0 (6.7-11.0) 0.016
TAPSE/PA systolic pressure ratio, mm/mm Hg 0.5 (0.4-0.6) 0.4 (0.3-0.6) 0.6 (0.5-0.8) <0.001
Stroke volume, mL 74.6 (62.6-89.3) 75.0 (62.5-89.2) 73.8 (64.0-89.7) 0.91
Cardiac output, L/min 5.2 (4.4-6.2) 5.2 (4.4-6.3) 5.2 (4.4-6.2) 0.99
Systemic vascular resistance, WU 17.0 (13.7-20.9) 16.8 (13.6-20.9) 17.2 (14.0-20.7) 0.72
Pulmonary vascular resistance, WU 1.5 (1.1-2.1) 1.4 (1.0-2.1) 1.7 (1.2-2.1) 0.062
PA pulse pressure/stroke volume ratio, mm Hg/mL 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.2 (0.2-0.3) <0.001
Legs up hemodynamics
RA pressure, mm Hg 11.0 (8.0-15.0) 12.0 (10.0-16.0) 8.5 (6.5-11.0) <0.001
PCWP, mm Hg 22.0 (18.0-27.0) 25.0 (21.0-30.0) 17.0 (14.0-19.5) <0.001
20-W exercise hemodynamics
Right atrial pressure, mm Hg 17.0 (13.0-21.0) 18.0 (15.0-22.0) 14.0 (11.0-17.0) <0.001
PA systolic pressure, mm Hg 64.0 (54.0-75.0) 69.5 (58.0-79.0) 55.0 (48.0-63.0) <0.001
PA diastolic pressure, mm Hg 30.0 (27.0-37.0) 32.0 (29.0-39.0) 27.0 (23.0-30.0) <0.001
Mean PA pressure, mm Hg 42.0 (36.0-48.7) 45.3 (38.7-51.3) 36.0 (32.0-41.0) <0.001
PA pulse pressure, mm Hg 32.0 (25.0-41.5) 35.0 (28.0-44.0) 28.0 (21.0-35.0) <0.001
PCWP, mm Hg 32.0 (27.0-38.0) 34.0 (29.0-40.0) 27.0 (24.0-31.0) <0.001
PCWP to RA pressure gradient, mm Hg 15.0 (11.0-19.0) 16.0 (12.0-21.0) 13.0 (10.0-17.0) <0.001
Peak exercise hemodynamics
Capacity, W 40.0 (20.0-60.0) 40.0 (20.0-60.0) 40.0 (40.0-60.0) <0.001
Total duration of exercise, min 7.0 (5.0-10.5) 7.0 (5.0-10.0) 9.0 (6.0-11.0) <0.001
Aortic systolic pressure, mm Hg 160.0 (141.0-181.5) 161.0 (142.0-182.0) 158.0 (140.0-181.0) 0.52
Peak heart rate, beats/min 100.0 (86.0-113.0) 98.0 (85.0-112.0) 104.0 (92.0-114.0) 0.004
RA pressure, mm Hg 18.0 (14.0-22.0) 19.0 (16.0-24.0) 15.0 (12.0-18.0) <0.001
PA systolic pressure, mm Hg 69.0 (60.0-80.0) 72.0 (62.0-81.0) 62.0 (56.0-69.0) <0.001
PA diastolic pressure, mm Hg 34.0 (29.0-40.0) 35.0 (30.0-40.0) 30.0 (27.0-35.0) <0.001
Mean PA pressure, mm Hg 45.3 (39.7-52.0) 47.5 (41.7-54.0) 41.0 (36.7-46.3) <0.001
PCWP, mm Hg 34.0 (29.0-40.0) 36.0 (32.0-42.0) 30.0 (27.0-35.0) <0.001
PCWP to RA pressure gradient, mm Hg 16.0 (12.0-21.0) 17.0 (13.0-21.0) 15.5 (11.0-19.0) 0.005
Transpulmonary gradient, mm Hg 10.7 (7.0-15.3) 1.0 (7.3-15.7) 10.0 (6.7-14.3) 0.16
Stroke volume, mL 52.8 (43.5-65.3) 53.5 (44.4-67.6) 51.6 (41.1-62.4) 0.083
Cardiac output, L/min 8.0 (6.4-10.1) 7.9 (6.1-9.7) 8.8 (7.0-11.1) <0.001
Systemic vascular resistance, WU 11.5 (9.0-15.0) 12.0 (9.1-15.4) 10.7 (8.2-14.6) 0.010
PVR, WU 1.3 (0.8-2.0) 1.4 (0.9-2.1) 1.1(0.8-1.7) 0.001
Exercise PVR <1.74 WU, % 46 60 0.001
Workload-corrected PCWP, mm Hg/W/kg 76.6 (51.8-123.9) 86.0 (58.6-145.7) 57.8 (40.6-90.0) <0.001
PCWP/CO slope, mm Hg/L/min 5.9 (3.6-10.5) 6.2 (3.6-11.0) 5.4 (3.6-9.7) 0.31
Change from rest to peak exercise
APCWP to RA gradient, mm Hg 7 (3-12) 6 (2-10) 10 (7-14) <0.001
APCWP, mm Hg 16.0 (12.0-21.0) 15.0 (10.0-20.0) 19.0 (15.0-23.5) <0.001
ACO, L/min 2.7 (1.6-4.2) 2.4 (1.5-3.9) 3.5 (2.2-4.8) <0.001
APVR, WU 0.21 (0.58-0.32) 0.06 (0.46-0.433) 0.41 (0.84-0.05) <0.001
Values are median (IQR), unless otherwise indicated. Values of P < 0.03 are considered to be significantly different after adjustment for multiple comparisons using the false
discovery rate method.
CO = cardiac output; PCWP = pulmonary capillary wedge pressure; PVR = pulmonary vascular resistance; other abbreviations as in Tables 1 and 3.
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TABLE 5 Efficacy Outcomes Stratified by Eilah Status Alone and C

bined With Responder Subgroups

EILAH + peak PVR <1.74 WUs
and no pacemaker

RELAH
All RELAH
RELAH + peak PVR <1.74 WUs
RELAH + no pacemaker

RELAH + peak PVR <1.74 WUs
and no pacemaker

123/132 1.25
184/166 112
102/103 1.51

Win HF Event, Change in
Sham/IASD, n Ratio 95% Cl P Value IRR 95% Cl P Value KccQ 95% CI P Value
EILAH
All EILAH 88/92 1.06 0.73-153 0.78 0.70 0.28-1.70  0.43 -0.1 -5.8t05.7 0.98
EILAH + peak PVR <1.74 WUs 59/67 1.46 0.93-229 0.10 0.52 0.18-1.50 0.23 +6.1 -0.5t012.7 0.07
EILAH + no pacemaker 77/79 110 0.74-1.63 0.64 0.59 0.21-1.68 0.32 -1.0 —-72t052 0.76

50/57 156 0.96-2.54 0.08 0.53

224/17 0.98 0.78-1.23 0.85 1.44
0.92-1.70 0.15 0.73
0.86-1.45 0.39 1.22
1.07-213  0.02 0.44

0.15-1.85 0.32 +5.6 -1.6t0127 013

0.92-2.25 0n +1.3
0.39-1.35 0.32 +4.9
0.71-2.09 0.47 +2.7
0.02-0.99 0.047 +6.0

-251t05.1 0.50
-0.1t09.9 0.06
-1.6t06.9 0.23

0.3-11.7 0.04

IASD = interatrial shunt device; IRR = incidence rate ratio; other abbreviations as in Tables 1, 2, and 4.

RELAH to have peak exercise PVR =1.74 WUs (60% Vs
46%; P = 0.001) (Table 4, Figure 2) and to not have a
pacemaker (13.7% Vs 20.7%; P = 0.043).

Looking at individual components of the primary
endpoint, the HF event rate was lower in the EILAH
group than in the RELAH group (overall log rank P =
0.047) (Figure 3). However, there was no statistical
difference in the HF event rates with atrial shunt
device vs sham procedure in the 2 groups. The smaller
size of the EILAH subgroup reduces the power for

such comparisons. Both groups had comparable in-
creases in RA and right ventricular volumes after
shunt therapy (Supplemental Table 5). Patients in the
EILAH group had more improvement in NYHA func-
tional class in response to shunt therapy than those
with RELAH (Supplemental Figure 1). Safety events
were not different in the 2 groups (Supplemental
Table 6).

The pressure gradient from LA to RA is the major
driver of flow through the atrial shunt. Patients with

FIGURE 1 Relationship Between Resting and Peak Exercise PCWP
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exercise-induced left atrial hypertension group.

Patients with resting pulmonary capillary wedge pressure (PCWP) <15 mm Hg (exercise-induced left atrial hypertension) are shown in
blue and those with resting PCWP =15 mm Hg (resting left atrial hypertension) in red. The mean PCWP at peak exercise was lower in the
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FIGURE 2 Relationship Between Resting PCWP and Peak Exercise PVR
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Patients with resting PCWP <15 mm Hg (exercise-induced left atrial hypertension) are shown in blue and those with resting PCWP =15 mm Hg
(resting left atrial hypertension) in red. The mean pulmonary vascular resistance (PVR) at peak exercise was lower in the exercise-induced left

atrial hypertension group (1.1 vs 1.4 WU). Patients with peak exercise PVR <1.74 WU have previously been identified as a group with beneficial
response to atrial shunt therapy. Abbreviation as in Figure 1.

FIGURE 3 Kaplan-Meier Curves for HF Events Broken Down by EILAH and RELAH and Sham or Atrial Shunt Therapy
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Time since randomization (months)
Number at risk

RELAH, sham 221 205 194 160 107 86 61
RELAH, shunt 212 182 173 142 100 89 60
EILAH, sham 88 82 82 7 50 43 29
EILAH, shunt 92 88 84 69 45 38 27

Kaplan-Meier curves for heart failure (HF) events broken down by the classification of resting PCWP <15 mm Hg (exercise-induced left atrial
hypertension [EILAH], shown in blue) and resting PCWP =15 mm Hg (resting left atrial hypertension [RELAH], shown in red) and
randomization to sham or atrial shunt therapy. Patients with EILAH had fewer HF events overall, regardless of therapy. The overall log rank
score indicates differences between the 4 groups. However, for the entire EILAH and RELAH groups HF events were not different in the sham
or treatment groups. The trend toward lower events in the patients with EILAH who were randomized to treatment is likely related to lower
peak pulmonary vascular resistance and fewer subjects with pacemakers in this group. Abbreviations as in Figure 1.
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FIGURE 4 Changes in Hemodyi From Baseline to Peak Exercise in the EILAH and RELAH Groups
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Changes in hemodynamics from baseline to peak exercise in the patients with resting PCWP <15 mm Hg (EILAH, shown in blue) and resting
PCWP =15 mm Hg (RELAH, shown in red). Dots represent median values for each group. Patients with EILAH had lower right atrial (RA)
pressure, lower PCWP, and lower PCWP-RA pressure gradient at rest. RA pressure increased comparably at peak exercise in both groups,
whereas PCWP increased more in the EILAH groups. This resulted in nearly equivalent PCWP-RA pressure gradient at peak exertion in both
groups. The peak PCWP is likely a major driver of symptoms, whereas the PCWP-RA pressure gradient is the main driver of left-to-right
shunting. Abbreviations as in Figures 1 and 3.

EILAH had lower RA pressure at rest and the magni-
tude of increase was comparable to those with RELAH
at peak exercise. Although it was lower at rest, PCWP
increased more in EILAH than in RELAH at peak
exercise (APCWP 19.0 mm Hg vs 15.0 mm Hg,
respectively). These changes resulted in a lower
PCWP to RA pressure gradient at rest in EILAH, but
nearly equal gradients at peak exercise in the 2 groups
(Table 4, Figure 4).

DISCUSSION

In this large, randomized trial of a novel device
therapy in hemodynamically defined HFpEF, almost
one-third of subjects had a resting PCWP <15 mm Hg
but elevation of PCWP to =25 mm Hg with supine
exercise. Symptom severity was similar in the groups
with normal or elevated resting PCWP (both groups
predominantly NYHA functional class III with similar
KCCQ clinical summary score). However, those with
EILAH had ~50% lower natriuretic peptide levels;
fewer comorbidities; and many clinical,

echocardiographic, and hemodynamic markers of less
advanced or better compensated HF. This constella-
tion of features can make patients with EILAH diffi-
cult to identify on routine clinical evaluation and may
limit the use of traditional therapies such as diuretic
agents and vasodilators. However, these characteris-
tics also highlight the finding that the EILAH group is
enriched with the responder phenotype for atrial
shunt therapy (Central Illustration).

Medical therapy of HFpEF has been challenging.
Most pharmacologic interventions that target neuro-
humoral activation either failed to show significant
clinical benefit, or the magnitude of benefits have
been relatively small.""’> Recently, sodium-glucose
cotransporter 2 inhibitors have been associated
with reduced HF hospitalizations'’® and modestly
improved quality of life metrics in patients with
HFpEF."7'® Nonetheless, additional approaches are
needed to further reduce hospitalizations and mor-
tality and to improve symptoms in patients with
HFpEF. The relatively large subgroup of patients with
HFpEF who do not have overt volume overload or
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CENTRAL ILLUSTRATION Dyspnea on Exertion Is the Most Common Symptom in HFpEF and Is Due in Part to
Elevation of LA Pressure During Exertion

HFpEF
* LA and LV compliance
DOE due to f LA pressure with exercise

Resting LA pressure <15 mm Hg Resting LA pressure =15 mm Hg
Exercise-Induced LA Hypertension (EILAH) REsting LA Hypertension (RELAH)

Equal symptoms (* NYHA class,* KCCQ)

Similar benefit from atrial shunt therapy ,l i
when responder characteristics are present '

y

* Fewer comorbidities Need exercise hemodynamics
* Lower BNP levels to make diagnosis

 Higher 6MWD
¢ Less cardiac remodeling

* Better LA an_d LV strain Hemodynamic conditions that favor less

* Lower exercise PVR — left to right shunting at rest, while still

» Fewer pacemakers allowing LA decompression during exertion
Less volume overload May be less responsive to
& congestion or less tolerant of diuretics

Litwin SE, et al. J Am Coll Cardiol HF. 2023;11(8):1103-1117.

Some patients have normal left atrial (LA) pressure at rest, but have exercise-induced left atrial hypertension (EILAH). Compared to those with resting left atrial
hypertension (RELAH), the group with EILAH had fewer comorbidities, lower natriuretic peptide levels, less cardiac remodeling, and better 6-minute walk distance
(6MWD). They were more likely to have characteristics associated with favorable response to atrial shunt therapy (lower exercise pulmonary vascular resistance [PVR]
and fewer implanted pacemakers). Hemodynamics at rest and with exertion suggest that patients with EILAH may have less left-to-right shunting at rest, but
equivalent shunting (LA decompression) during exercise. BNP = B-type natriuretic peptide; DOE = dyspnea on exertion; HFpEF = heart failure with preserved
ejection fraction; KCCQ = Kansas City Cardiomyopathy Questionnaire; LV = left ventricle.
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vascular congestion would theoretically be less likely
to benefit from neurohormonal antagonism and
particularly from diuretic therapy. Patients with iso-
lated EILAH in previous pharmacologic HFpEF trials
may have contributed to the apparently low efficacy
of the therapies that were evaluated.

Patients with EILAH have less cardiac remodeling,
better LV and LA strain, lower right- and left-sided
filling pressures at rest and peak exercise, higher ex-
ercise cardiac output, and lower exercise PVR; these
findings are consistent with another recent study,
where roughly one-third of patients with HFpEF were
also found to have normal resting PCWP." Impor-
tantly, patients with EILAH also have a higher prev-
alence of characteristics previously shown to identify
a group with good response to atrial shunt therapy
(lower RA and LA volumes, fewer pacemakers, and
lower exercise PVR). It is possible that patients with
EILAH had more effective diuresis. However, the
finding that loop diuretic use was lower in patients
with EILAH (72.5% Vs 86.0%; P < 0.001) (Table 2) does
not support that idea.

The reasons for the equivalently high symptom
burden despite other more favorable clinical and
resting hemodynamic characteristics are of interest.
We hypothesize that HF symptoms may be more
apparent or bothersome if they are relatively new,
or if they represent a change from a higher level of
baseline function. It is possible that patients with
EILAH may feel very debilitated compared to their
usual level of function, but still have better func-
tional capacity than patients with more advanced
HF do. Also, it is very interesting that the patients
with EILAH had a larger absolute rise in PCWP from
rest to peak exercise compared to those with RELAH
(19.0 vs 15.0 mm Hg; P < 0.001) (Table 4). This large
change with exertion might be related to their
relatively high symptomatology, even though
resting hemodynamics are less impaired. In other
words, exercise PCWP may be more strongly asso-
ciated with symptoms of HF than resting PCWP is.
Prior studies support the notion that exercise PCWP
is related to exercise capacity.’® It is important to
recognize patients with EILAH, because they may be
viewed by clinicians as exaggerating their symp-
toms, or they may be erroneously labeled as having
noncardiac causes of their symptoms. This may be
particularly true if they are intolerant of diuretic
therapy.

Our data show that neither group, as a whole, had a
significant improvement in the primary endpoint
with atrial shunt therapy. However, patients with
EILAH were more likely than those with RELAH to
have peak exercise PVR =1.74 WUs and no
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pacemaker, which are characteristics previously
shown to identify a group with good response to atrial
shunt therapy.'® When these characteristics are pre-
sent, both groups have similarly favorable win ratios
for the primary endpoint (Table 5). The EILAH group
is enriched with many other characteristics that may
be associated with beneficial response to shunt ther-
apy such as less atrial fibrillation and better LV, LA,
and RA strain.

Patients with EILAH have a lower PCWP to RA
pressure gradient at rest. However, the gradient in-
creases to nearly the same level in patients with
EILAH and those with RELAH during exercise. This
hemodynamic milieu should favor less left-to-right
shunting under resting conditions but allow for
similar unloading of the LA during exertion. If this
interpretation is correct, patients with EILAH might
be at lower risk for long-term adverse effects on the
right heart and pulmonary circulation caused by
chronic left-to-right shunting, but still derive symp-
tomatic benefit from the shunt during exercise. The
changes in PCWP to RA gradient during exercise
further highlight the need for some sort of provoca-
tive testing to better understand the pathophysiology
of the HF symptoms and the response to treatment in
specific groups of patients.

STUDY LIMITATIONS. The relatively smaller size of
the subgroup with EILAH (only one-half as many pa-
tients as those with RELAH) in the current study re-
duces the power to detect improvements in
outcomes. This likely explains why the win ratio was
similar in patients with EILAH and in those with
RELAH who had exercise PVR <1.74 WUs and no
pacemaker, but this was not statistically significant in
the patients with EILAH. It is important to recognize
that this classification scheme (EILAH vs RELAH) is
not static. Patients may shift between groups over
time, depending on medical therapies and other fac-
tors. However, this is also true for other clinical
phenotypic characteristics that are not fixed such as
degree of blood pressure control, diabetes control,
presence of atrial fibrillation (or rate control), changes
in overweight/obesity, ejection fraction changes, and
so on. Despite the potentially fluid nature of the he-
modynamics, characterization of HFpEF using the
EILAH/RELAH paradigm is potentially useful and
would be worth studying in other populations.
Indeed, it is possible that more aggressive medical
therapy prior to shunt implantation could be of
benefit in those with RELAH and might reduce the
potential for adverse effects from chronic left-to-right
shunting. The use of 15 mm Hg as the definition of
elevated resting PCWP is not universally accepted,
although it is often used clinically and in research
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studies.”’ The use of a different cut point might have
yielded somewhat different results. We did not
measure plasma volume in this study. Estimated
plasma volume was lower in the EILAH group, which
is compatible with our hypothesis that part of the
difference between groups is the shift of volume into
the central circuit (ie, relatively higher stressed vol-
ume). However, estimates of plasma volume only
have moderate correlations with directly measured
plasma volume.® Further study will be required to
confirm the hypothesis that differences in total and
stressed blood volume contribute to the HFpEF
phenotype. Lastly, the design of the trial required
that patients had additional evidence of HF such as a
HF hospitalization, need for intravenous diuretics, or
elevated natriuretic peptide levels. These inclusion
criteria likely eliminated a significant number of pa-
tients with EILAH, so our results may not be reflective
of this group as a whole.

STUDY IMPLICATIONS. Because there is evidence of
less advanced myocardial disease and fewer coex-
isting conditions in the patients with EILAH, they
could have more potential for reversibility of the
disease processes and hence, larger potential gains
in exercise capacity and quality of life. On the other
hand, the fact that they are healthier overall could
make it more difficult to demonstrate reductions in
HF hospitalizations or mortality. Larger trials with
longer duration of follow-up will likely be needed
to detect changes in these outcomes. Nonetheless,
improvements in quality of life or ambulatory ac-
tivity are increasingly valued as measures of treat-
ment success and these might be particularly
suitable for testing in larger, adequately powered
trials of patients with EILAH and RELAH.
Combining atrial shunts with other newer ap-
proaches such as greater splanchnic nerve ablation,
which targets stressed blood volume,”” might be a
good approach in future studies.

CONCLUSIONS

In a large, rigorously phenotyped cohort of patients
with hemodynamically verified HFpEF or HF with
mildly reduced ejection fraction, almost one-third
had normal LV filling pressures at rest. Exercise
evaluation is necessary to unmask the underlying
cardiac limitations in these patients. Although they
have significant impairment of quality of life, these
patients appear to have a less advanced stage of
myocardial and pulmonary vascular dysfunction.
Importantly, they have a number of characteristics
that suggest they may derive benefit from atrial shunt
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therapy. These findings merit further evaluation in
prospective trials.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:
HFpEF is associated with elevation of LA pressure
during exertion. However, approximately one-third of
patients with HFpEF have normal LA pressure at rest.
Despite having similar symptom severity to those with
elevated LA pressure at rest, these patients have ev-
idence of an earlier or less advanced stage of HF
based on lesser cardiac remodeling and dysfunction,
better 6-minute walk distance, and lower natriuretic
peptide levels. The patients with normal resting LA
pressure have several characteristics such as lower RA
volume, lower exercise PVR, and less frequent pres-
ence of implanted rhythm devices, all of which make
them potentially attractive candidates for atrial shunt
therapies.

TRANSLATIONAL OUTLOOK: Therapies for HFpEF
are still limited, particularly in patients without overt
volume overload and normal ventricular filling pres-
sures at rest. There is great interest in the role of atrial
shunt therapies as a means to selectively lower left
heart filling pressures during exercise in patients with
HF. Although the approach appears to be safe and
possibly effective in certain subgroups of patients, it
will be extremely important to determine which sub-
sets of patients are the optimal candidates for these
therapies.
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