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eAppendix. Supplemental Methods 

Detailed Eligibility Criteria 

Patients/subjects eligible for inclusion in this study must fulfill all of the following criteria at 

screening and randomization: 

1. Written informed consent must be obtained before any assessment is performed. 

2. Men and women ≥ 50 years of age. 

3. History of HTN and one of the following at BOTH screening and pre-randomization: 

a. SBP ˃ 105 mm Hg on antihypertensive medication. 

b. SBP ≥ 140 mm Hg and NOT on antihypertensive medication. 

4. Patients diagnosed with NYHA class I-III heart failure and with reduced ejection fraction ≤ 

40%. 

5. No treatment with ACEi/ARB/NEPi 15 days prior to randomization. 

6. On stable doses of treatment with guideline-directed therapy, other than ACEis and ARBs 

prior to randomization. 

7. On an optimal medical regimen to effectively treat co-morbidities such as HTN, DM, and 

coronary artery disease. Investigators should make every effort to control a patient’s BP in 

accordance with local treatment guidelines and investigator judgment. 

Patients fulfilling any of the following criteria, at screening and prior to randomization, are not 

eligible for inclusion in this study for purposes of safety measures. No additional exclusions may 

be applied by the investigator, in order to ensure that the study population will be representative 

of all eligible patients/subjects. 
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1. History of hypersensitivity to any of the study drugs, including history of hypersensitivity to 

drugs of similar chemical classes, or allergy to ACEis, ARBs, or NEP inhibitors as well as 

known or suspected contraindications to the study drugs. 

2. Previous history of intolerance to Sacubitril and valsartan, ACEi or ARB standard of care 

doses despite appropriate and gradual up-titration. 

3. History of angioedema, drug-related or otherwise. 

4. Requirement of treatment with both ACE inhibitor and ARB. 

5. Patients/subjects taking medications prohibited by the protocol (see Section 5.5.8,Table 5-1). 

6. Use of other investigational drugs within 5 half-lives of enrollment, or within 30 days until 

the expected pharmacodynamic effect has returned to baseline, whichever is longer. 

7. Currently enrolled in any other clinical trial involving any investigational agent or 

investigational device. 

8. DBP ˃ 100 mm Hg at screening or at randomization. 

9. eGFR < 30 ml/min/1.73 m2 (calculated by the Modification of Diet in Renal Disease 

formula) at screening. 

10. Potassium > 5.2 mmol/l at screening. 

11. Documented or untreated ventricular arrhythmia with syncopal episodes within the 3 months 

prior to Screening/Baseline (Visit 1) 

12. Persistent or permanent atrial fibrillation at Screening/Baseline (Visit 1). 

13. Acute coronary syndrome, stroke, transient ischemic attack, cardiac, carotid or other major 

CV surgery, percutaneous coronary intervention (PCI) or carotid angioplasty within the 3 

months prior to first Screening/Baseline (Visit 1). 
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14. Implantation of a cardiac resynchronization therapy pacemaker (CRT-P) or a cardiac 

resynchronization therapy defibrillator (CRT-D) or upgrading of an existing conventional 

pacemaker or an implantable cardioverter defibrillator (ICD) to CRT device within 3 months 

prior to first visit or intent to implant such a device. 

15. Heart transplant or ventricular assistance device (VAD) or intent to transplant (on transplant 

list) or implant a VAD. 

16. Coronary or carotid artery disease likely to require surgical or percutaneous intervention 

within the 6 months after Visit 1. 

17. Hemodynamically significant aortic stenosis/regurgitation or mitral valve disease other than 

mitral valve regurgitation related to LV dilation. 

18. Presence of other hemodynamically significant obstructive lesions of left ventricular outflow 

tract, including aortic and sub-aortic stenosis. 

19. Isolated right HF due to severe pulmonary disease. 

20. Diagnosis of peripartum or chemotherapy induced cardiomyopathy within the 12 months 

prior to Screening/Baseline (Visit 1). 

21. Treatment with Vaughn Williams Type Ic anti-arrhythmic agents (e.g., Flecainide, 

propafenone, moricizine). 

22. Symptomatic bradycardia or second or third degree heart block without a pacemaker. 

23. History of familial long QT syndrome or known family history of Torsades de Pointes 

24. History of malignancy of any organ system (other than localized basal cell carcinoma of the 

skin), treated or untreated, within the past year with a life expectancy of less than 1 year. 



5 
 

© 2019 American Medical Association. All rights reserved. 

25. Any surgical or medical condition which might significantly alter the absorption, 

distribution, metabolism, or extraction of study drug, including but not limited to any of the 

following: 

a. History of active inflammatory bowel disease during the 12 months prior to 

Screening/Baseline (Visit 1) 

b. History of peptic ulcer disease without successful eradication of H. pylori. 

c. Gastrointestinal/rectal bleeding during the 3 months prior to Screening/Baseline (Visit 1). 

d. Current treatment with cholestyramine of colestipol resins. 

26. Known hepatic impairment (as evidenced by total bilirubin > 3 mg/dL, or increased ammonia 

levels, if performed), or history of cirrhosis with evidence of portal hypertension such as 

varices. 

27. Bilateral renal artery stenosis. 

28. Inability to secure technically adequate baseline tonometry study. 

29. Pregnant or nursing (lactating) women, where pregnancy is defined as the state of a female 

after conception and until the termination of gestation, confirmed by a positive hCG 

laboratory test. 

30. Women of child-bearing potential, defined as all women physiologically capable of 

becoming pregnant, unless they are using highly effective methods of contraception during 

dosing and for 7 days after stopping of study medication. Highly effective contraception 

methods include: 

a. Total abstinence (when this is in line with the preferred and usual lifestyle of the subject). 

Periodic abstinence (e.g., calendar, ovulation, symptothermal, post-ovulation methods) 

and withdrawal are not acceptable methods of contraception 
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b. Female sterilization (have had surgical bilateral oophorectomy with or without 

hysterectomy) total hysterectomy or tubal ligation at least six weeks before taking 

investigational drug. In case of oophorectomy alone, only when the reproductive status of 

the woman has been confirmed by follow up hormone level assessment 

c. Male sterilization (at least 6 months prior to screening). For female subjects on the study, 

the vasectomized male partner should be the sole partner for that subject 

d. Use of oral, (estrogen and progesterone), injected or implanted hormonal methods of 

contraception or placement of an intrauterine device (IUD) or intrauterine system (IUS) 

or other forms of hormonal contraception that have comparable efficacy (failure rate 

<1%), for example hormone vaginal ring or transdermal hormone contraception 

In case of use of oral contraception women should have been stable on the same pill for a 

minimum of 3 months before taking investigational drug. 

31. Women are considered post-menopausal and not of child bearing potential if they have had 

12 months of natural (spontaneous) amenorrhea with an appropriate clinical profile (e.g. age 

appropriate, history of vasomotor symptoms) or have had surgical bilateral oophorectomy 

(with or without hysterectomy), total hysterectomy or tubal ligation at least six weeks ago. In 

the case of oophorectomy alone, only when the reproductive status of the woman has been 

confirmed by follow up hormone level assessment is she considered not of child bearing 

potential. 

32. Sexually active males must use a condom during intercourse while taking drug and for 7 days 

after stopping study medication and should not father a child in this period. A condom is 

required to be used also by vasectomized men in order to prevent delivery of the drug via 

seminal fluid. 
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Additional Tonometry Methods 

For each study, after five minutes of rest, supine auscultatory brachial systolic and diastolic 

blood pressures were assessed 3 times with a computer-controlled brachial cuff. Arterial 

waveforms were then obtained from the brachial, radial, femoral, and carotid arteries using a 

custom tonometer, followed by two-dimensional echocardiographic images of the left ventricular 

outflow tract from the parasternal long-axis view and pulsed Doppler of the left ventricular 

outflow tract from the apical 5-chamber view. 

Arterial waveforms were signal‐averaged using the electrocardiographic R‐wave as a fiducial 

point. The peak and trough of the signal‐averaged brachial pressure waveform were calibrated 

using the systolic and diastolic cuff pressures obtained at the time of tonometry and mean arterial 

pressure was calculated by integration of the calibrated waveform. Diastolic pressure and mean 

arterial pressure were then used to calibrate carotid pressure tracings, which were used as a 

surrogate for central pressure. Where carotid tonometry was inadequate (n=10), a carotid 

waveform was constructed from the cuff oscillometric blood pressure signal using a transfer 

function derived and validated from the data collected in this trial. 

Carotid-femoral pulse wave velocity was calculated using the body surface distance from the 

suprasternal notch to the femoral artery less the distance from the suprasternal notch to the 

carotid artery recording site (to correct for parallel wave transmission) and the time delay from 

the foot of the carotid to the foot of the femoral pressure waveform. Transit distances from 

suprasternal notch to carotid, brachial and radial sites were assessed using a tape measure, while 

the suprasternal notch to femoral distance was assessed with a caliper.  Augmentation Index was 

assessed from the carotid pressure waveform.  
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Right and left common carotid arteries were imaged in the longitudinal plane with the image 

centered approximately 1 cm proximal to the carotid sinus.  Pulsed Doppler flow was then 

measured in the common carotid.   Carotid artery flows were analyzed from digitized Doppler 

audio data using a semi-automated signal-averaging approach as detailed previously1 .  Flow 

spectra were signal-averaged (1000 Hz resolution) using the electrocardiogram as a fiducial 

point.  Flow velocities were multiplied by carotid artery cross-sectional area to obtain volume 

flows.  Carotid pulsatility index was computed for each carotid by dividing the flow pulse 

amplitude (peak flow minus flow at the onset of the systolic upstroke) by mean flow.  Values for 

the right and left carotid were averaged.   

Reproducibility of the major tonometric measures in the core laboratory has been previously 

reported.2 

Additional Echocardiographic and Cardiac Biomarker Methods 

Myocardial strain was assessed with speckle tracking using vendor-independent software 

(Tomtec Imaging Systems GmbH, Unterschleissheim, Germany). Arterial elastance (Ea) was 

measures as the ratio between end-systolic pressure and stroke volume, with left ventricular end-

systolic elastance (Ees) derived from the modified single-beat method of Chen, et al.3 

Reproducibility of key echocardiographic measures and myocardial strain in this laboratory has 

been previously reported.4,5 

Plasma NT-proBNP was measured with an electrochemiluminescence assay (proBNP II; Roche 

Diagnostics, Indianapolis, IN), plasma high-sensitivity troponin T (hsTnT) with a 5th generation 

assay (Roche Diagnostics GmbH, Mannheim, Germany), and serum sST2 by immunoassay 
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(Critical Diagnostics Presage assay, San Diego, California). Urinary cyclic GMP was measured 

in spot samples using an enzyme-linked immunosorbent assay (R & D Systems, USA). 

Study Schema and Study Drug Dosing 

The overall study schema is outlined in the figure below. Randomized participants returned for a 

safety assessment at week 1 and then underwent stepped titration of study drugs as tolerated at 

weeks 2 and 4 to the target dose of sacubitril/valsartan 97/103 mg bid (or placebo equivalent) 

and enalapril 10 mg twice daily (or placebo equivalent). Participants were encouraged to remain 

on target doses of study drugs until week 12, at which time all were transitioned to open-label 

treatment with sacubitril/valsartan (at a dose of 49/51 mg twice daily, or 24/26 mg twice daily if 

the higher dose was not previously tolerated) following a 36-hour washout of blinded study drug. 

Dose titration toward the target dose of sacubitril/valsartan 97/103 mg twice daily was then 

attempted at week 14, and patients were maintained on this dose until the conclusion of the study 

at 24 weeks. Investigators were encouraged to maintain protocol-specified target doses of both 

study drugs for the full study duration but were permitted to reduce the dose in patients with 

unacceptable side effects. 

 
Detailed Study Schema  
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eFigure. Correlation Between Change in NTproBNP and Ventricular Volumes/KCCQ 

 

  

Correlation between change from baseline to 12 weeks in A) NT proBNP and LV end diastolic volume index and B) 

KCCQ Overall Summary Score and NT-proBNP. 
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eTable. Adverse events, by Treatment 

 Sacubitril/Valsartan 

(N=231) 

Enalapril 

(N=233) 

RR* [95% CI] 

Hyperkalemia (K>5.3 meq/L), n (%) 37 (16) 30 (12.9) 1.24 (0.80,1.94) 

Worsening renal function**, n (%) 12 (5.2) 14 (6.0) 0.86 (0.41, 1.83) 

Hypotension (SBP< 90 mm Hg), n (%) 9 (3.9) 4 (1.7) 2.27 (0.71, 7.27) 

Angioedema, n (%) 0 (0.0) 1 (0.4) -- 

Adverse events of interest at 12 weeks, by study treatment. 
*Sacubitril/valsartan vs. enalapril, **worsening renal function defined as decrease in eGFR of 

>=35% or increase in serum creatinine of  >= 0.5 mg/dL from baseline AND decrease in eGFR 

of >=25% from baseline.  
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