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Abstract

Background—In the Studies of Left Ventricular Dysfunction (SOLVD) Treatment trial, similar 

clinical benefits were observed between starting doses of enalapril and the target dose achieved 

by post-randomization up-titration. In our current analysis, protecting the randomization, we 

examined the early effects of starting doses of enalapril.

Methods—2569 patients with mild-to-moderate chronic heart failure with reduced ejection 

fraction (HFrEF; ejection fraction ≤35%) were randomized to receive starting doses (5–10 mg/

day) of placebo (n=1284) or enalapril (n=1285). At day 14, both study drugs were blindly 

up-titrated to the target dose (20 mg/day). Overall, 89% (2284/2569) of the patients returned for 

dose up-titration, which was achieved in 56% (1444/2248), 48% (696/1444) of whom were in 

the enalapril group. Hazard ratios (HRs) and 95% confidence intervals (CIs) for outcomes in the 

enalapril group were estimated.
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Results—HRs (95% CIs) for all-cause mortality, heart failure hospitalization, and the combined 

endpoint of heart failure hospitalization or all-cause mortality at 14 days after randomization were 

0.80 (0.32–2.03), 0.63 (0.35–1.12), and 0.65 (0.39–1.06) 0.82, respectively. Corresponding HRs 

(95% CIs) at 30 days were (0.41–1.67), 0.43 (0.27–0.68), and 0.43 (0.27–0.68). The magnitude 

of these early effects of starting doses of enalapril is similar to its previously reported long-term 

effects at the target dose.

Conclusion—These data suggest that in stable ambulatory patients with heart failure with 

reduced ejection fraction, the magnitude of the early effect of starting doses of enalapril is similar 

to that observed during longer-term therapy with the target doses of the drug.

Keywords

Angiotensin-converting enzyme inhibitors; starting dose; enalapril; heart failure

Introduction

Angiotensin-converting enzyme inhibitors significantly improve clinical outcomes in 

patients with heart failure with reduced ejection fraction (HFrEF).1,2 These drugs are 

recommended for patients with HFrEF unless contraindicated and clinicians are encouraged 

to initiate angiotensin-converting enzyme inhibitors at a low starting dose and up-titrate 

them to higher target doses used in major randomized controlled trials.3,4 The predetermined 

daily target dose of enalapril in the Studies of Left Ventricular Dysfunction (SOLVD) 

Treatment trials was 20 mg/day, divided into equal twice daily doses.2 In the SOVLD 

Treatment trial, patients were randomized to receive either placebo or enalapril at the 

starting doses of 5–10 mg/day, with the intent of a blinded up-titration to the target dose of 

20 mg/day at 14 days after randomization.2 Findings from a post hoc analysis of data from 

the SOLVD Treatment trial suggest similar clinical benefits from starting and target doses 

of enalapril.5 However, a key limitation of that post hoc analysis was that the up-titration 

to target dose was a post-randomization event.6 In the current analysis, we preserved the 

protection of randomization and examined the effects of enalapril on short-term outcomes in 

patients receiving starting doses of the drug.

Methods

Data Source and Study Population

The SOLVD Treatment trial was sponsored by the National Heart, Lung and Blood Institute 

and public-use copies of SOLVD data used for the current analysis were obtained from 

the NHLBI Biologic Specimen and Data Repository Information Coordinating Center.5 

The details of the design, methods and results of the SOLVD trial have been reported 

previously.2 In brief, SOLVD Treatment was a double-blind placebo-controlled randomized 

controlled trial of 2569 ambulatory patients with mild to moderate chronic heart failure with 

ejection fraction ≤35%.2
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Randomization and Dose Titration after Randomization

Patients who tolerated a pre-randomization stabilization phase with single-blinded enalapril 

of 5 mg/day for a week were randomized to receive either placebo (n=1284) or enalapril 

(n=1285) in starting doses of 5–10 mg/day, taken as equal twice daily doses. Patients were 

instructed to return 14 days after randomization for a protocol-driven blinded up-titration 

of both study drugs to the higher target dose of 20 mg/day. Overall, 2532 (99%) patients 

returned for dose up-titration and 1444 (56%) received the target dose, of whom 748 

belonged to the placebo group and 696 to the enalapril group (Figure 1).

Outcomes

The primary outcomes of interest for the current analysis were all-cause mortality, heart 

failure hospitalizations, and the combined endpoint of heart failure hospitalization or all-

cause mortality at 14 days post-randomization when all patients were receiving starting 

doses (5–10 mg/day) of the study drugs. We also examined these outcomes at 30 days when 

over half of the patients were receiving the target (20 mg/day) dose of enalapril during days 

15 to 30.

Statistical Analyses

We conducted Kaplan Meier survival analysis to plot the combined endpoint at 30 days by 

the two treatment groups. Using Cox proportional hazard models, we then estimated hazard 

ratios (HR) and 95% confidence intervals (CI) for outcomes associated with enalapril use 

for all patients using an intent-to-treat approach. To determine whether the early effects of 

enalapril were homogenous across clinically relevant subgroups of patients, we conducted 

subgroup analyses for the combined endpoint of heart failure hospitalization or all-cause 

mortality at 30 days. We repeated the subgroup analyses for the combined endpoint at 

the study end of 4.6 (median, 2.9) years. All statistical tests were two-tailed with 95% 

confidence levels were considered significant. IBM SPSS Statistics for Windows, Version 

25.0 (Armonk, NY: IBM Corp.) was used for all data analysis.

Results

Baseline Characteristics

As reported previously, patients in the placebo and enalapril groups had similar baseline 

characteristics (Table 1).2,5 The median (interquartile range) starting doses of placebo and 

enalapril were 10 (5) and 10 (0) mg/day. Respective target doses were 20 (10) and 20 (10) 

mg/day. The median time to up-titration visit was 14 days (interquartile range, 1 day).

Effect of Starting Dose of Enalapril on Early Outcomes

During 14 days after randomization when all patients were receiving starting doses (5–

10 mg/day) of the study drugs, HRs (95% CIs) for all-cause mortality, heart failure 

hospitalization, and the combined endpoint of heart failure hospitalization or all-cause 

mortality, when enalapril was compared with placebo, were 0.80 (0.32–2.03), 0.63 (0.35–

1.12), and 0.65 (0.39–1.06), respectively (Table 2 and Figure 2). Corresponding HRs (95% 
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CIs) at 30 days after randomization were (0.41–1.67), 0.43 (0.27–0.68), and 0.43 (0.27–

0.68), respectively (Table 2 and Figure 2).

Similarities Between Early and Long-Term Effects

As previously reported,2 during 4.6 (median, 2.9) years of follow-up, HRs (95% CIs) for 

all-cause mortality, heart failure hospitalization, and the combined endpoint of heart failure 

hospitalization or all-cause mortality, when enalapril was compared with placebo, were 0.84 

(0.74–0.96), 0.65 (0.55–0.73), and 0.74 (0.66–0.82), respectively (Table 2). The magnitude 

of these benefits are similar to those observed at 14 and 30 days after randomization (Table 

2).

Effect of Starting Dose of Enalapril in Subgroups

The effects of the starting dose of enalapril on the combined endpoint of heart failure 

hospitalization or all-cause mortality at 30 days were generally similar across most clinically 

relevant subgroups of patients (Figure 3). These subgroup effects were similar during the 

entire follow-up of 4.6 years (median, 2.9 years) of the SOLVD trial (Figure 3).

Discussion

Findings from this post hoc analysis of the SOLVD Treatment trial demonstrate that the 

magnitudes of early benefit of the starting doses of enalapril (5 mg twice daily) were 

similar to the long-term benefit of target dose (10 mg twice daily) of the drug observed 

during the entire follow-up of the trial. We also observed that these early effects were rather 

homogenous across several clinically relevant subgroups of patients, and these effects in 

subgroups were similar to those seen during longer-term follow-up. Although most of the 

early effects were not significant due to lack of adequate power due to the sparse number of 

events, similarities in the directions and magnitudes of their effect suggest that the clinical 

benefit of enalapril occurs early when most patients were on a 10 mg daily dose. Although 

previous studies have reported early benefits of starting doses of other heart failure drugs,7–9 

to the best of our knowledge, this is the first report of an early benefit of starting doses of an 

angiotensin-converting enzyme inhibitor in patients with heart failure.

The early clinical benefit in the enalapril group may in part be explained by the 

early neurohormonal suppression that occurs after initiation of therapy with angiotensin-

converting enzyme inhibitors.10,11 In patients with acute myocardial infarction, angiotensin-

converting enzyme inhibitors have been shown to decrease left ventricular diastolic and 

systolic volume and prevent infarct expansion.12–15 These early effects of angiotensin-

converting enzyme inhibitors on left ventricular remodeling, however, were observed in 

studies that used target doses similar to those used in the SOLVD trial.2 Findings from our 

analyses suggest that enalapril, when started at a 5 mg twice daily dose, may also improve 

clinical outcomes. Clinical effectiveness of angiotensin-converting enzyme inhibitors in 

lowering the risk of 30-day mortality and heart failure readmission in observational studies 
16 may also be attributed to below-target doses as most patients with HFrEF in the real world 

often do not receive target dose of the drug.17–19 Findings from our prior post hoc analysis 

of the SOLVD Treatment trial suggest that the long-term clinical benefit of enalapril was 
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similar among patients who were continued on the starting dose of 5 mg twice daily as well 

as whose dose could be up-titrated the target dose of 10 mg twice daily.5 Taken together, 

these findings suggest efficacy and clinical effectiveness of angiotensin-converting enzyme 

inhibitors at a daily dose of 10 mg/day (5 mg twice daily), which is below the target dose 

used in randomized controlled trials and recommended by national heart failure guidelines.

Early clinical benefit at starting doses of a drug in patients with heart failure is not unique 

to angiotensin-converting enzyme inhibitors. In the Carvedilol Prospective Randomized 

Cumulative Survival (COPERNICUS) study, patients with heart failure and ejection fraction 

<25% were randomized to receive either carvedilol or placebo at daily starting doses of 6.25 

mg for 2 weeks, 12.5 mg for 4 weeks, 25 mg for 6 weeks, and finally at the target dose of 

50 mg – all given in two equally divided doses.20 In that study, patients in the carvedilol 

group had a significant 35% lower risk of death during nearly 2 years of follow-up. Findings 

from a post hoc analysis of the COPERNICUS trial demonstrated that the early effect of the 

starting below-target doses of carvedilol was similar to its long-term effect on target dose.7 

Similarly, in the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and 

Survival Study (EPHESUS) trial, patients with acute myocardial infarction, heart failure and 

ejection fraction ≤40% were randomized to receive either eplerenone or placebo, starting 

at 25 mg daily for 4 weeks and increasing to a target dose of 50 mg daily.21 In that trial, 

patients in the eplerenone group had a significant 15% lower risk of death during nearly 3 

years of follow-up. Findings from a post hoc analysis of the EPHESUS trial demonstrated 

that the early effect of below-target dose of eplerenone was similar to its long-term effect on 

target dose.8

The benefit of a lower dose of heart failure drug is also observed when the dose is reduced 

from an initial high dose. In the Prospective Comparison of ARNI with ACEI to Determine 

Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial, patients 

were randomized to high starting doses of the study drugs, which could be lowered during 

follow-up if patients could not tolerate the high doses.22 In that trial, patients with heart 

failure and ejection fraction ≤40% were randomly assigned to receive high starting doses of 

either enalapril (10 mg twice daily) or sacubitril/valsartan (200 mg twice daily; 160 mg as 

valsartan), an angiotensin receptor neprilysin inhibitor. Patients in the angiotensin receptor 

neprilysin inhibitor group had a significant 20% lower risk of the primary composite 

outcome of heart failure hospitalization or cardiovascular death during nearly 3.5 years 

of follow-up. Findings from a post hoc analysis of the PARADIGM-HF trial demonstrated 

that the dose reduction occurred in 43% and 42% of the patients in the enalapril and 

ARNI groups, respectively, and that the treatment benefit of angiotensin receptor neprilysin 

inhibitor in these patients (a 20% reduction) was similar to those who continued the high 

dose (a 21% reduction).23

Findings of our study have important clinical implications. If the clinical benefits of 

enalapril are seen within 14 days when all patients were receiving the starting dose (5 

mg twice daily) or within 30 days when half of the patients were receiving the target dose 

(10 mg twice daily) during the last 2 weeks as demonstrated in the current study, and if the 

clinical benefit of enalapril is similar at both 5 and 10 mg twice daily doses,2,5 is it necessary 

to titrate angiotensin-converting enzyme inhibitors or angiotensin receptor blockers to target 
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doses? The effects of high vs. low doses of angiotensin-converting enzyme inhibitors or 

angiotensin receptor blockers on outcomes in heart failure have been examined in two major 

prospective randomized clinical trials: the Assessment of Treatment with Lisinopril and 

Survival (ATLAS) and the Heart Failure Endpoint Evaluation of Angiotensin II Antagonist 

Losartan (HEAAL) trials.24,25 In the ATLAS trial, 3164 patients with HFrEF (ejection 

fraction ≤30%) were randomly assigned to low-dose (2 to 5 mg daily) vs. high-dose (32.5 

to 35 mg daily) lisinopril, an angiotensin-converting enzyme inhibitor, and were followed 

for over 4 years. High-dose lisinopril reduced the risk of the combined endpoint of heart 

failure hospitalization or all-cause mortality (HR, 0.85; 95% CI, 0.78–0.93; p<0.001), but 

had no effect on the primary endpoint of all-cause mortality (HR, 0.92; 95% CI, 0.82–

1.03; p=0.128).24 In the HEAAL trial, 3846 patients with HFrEF (ejection fraction ≤40%) 

and intolerance to angiotensin-converting enzyme inhibitors were randomly assigned to 

low-dose (50 mg daily) vs. high-dose (150 mg daily) losartan, an angiotensin receptor 

blocker, and were followed for over 5 years. High-dose losartan reduced the risk of the 

primary endpoint of heart failure hospitalization or all-cause mortality (HR, 0.90; 95% 

CI, 0.82–0.99; p=0.027).25 This was driven by a modest reduction in the risk of heart 

failure hospitalizations, which occurred in 26% and 23% of patients in the low-dose and 

high-dose groups, respectively – a 3% absolute risk reduction over 5 years (HR, 0.87; 95% 

CI, 0.76–0.98; p=0.025).25 As in the ATLAS trial, high doses of losartan in the HEAAL 

trial had no effect on mortality (HR, 0.94; 95% CI, 0.84–1.04; p=0.124).25 Furthermore, the 

exceptionally high doses used in these trials are seldom used in clinical practice.

Cumulative evidence now indicate that in trials where patients were typically receiving 

sub-target doses of inhibitors of the renin-angiotensin system at the time of enrollment, 

the addition of beta-blockers and mineralocorticoid receptor antagonists and replacement 

of an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker with an 

angiotensin receptor neprilysin inhibitor provided a more meaningful survival benefit than 

up-titration of an inhibitor of the renin-angiotensin system.26,27 Patients with HFrEF are 

more likely to tolerate angiotensin-converting enzyme inhibitors or angiotensin receptor 

blockers at below-target doses,24,25 and the current analysis suggests that these doses 

provide meaningful clinical benefits. Therefore, the implementation of a strategy of broad-

based neurohormonal antagonism should not be delayed because of efforts to first achieve 

target doses of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers.

There are several limitations to our study. This is a post-hoc analysis and was not powered 

to identify significant treatment effect during early follow-up. Thus, instead of significance 

of short-term effects, we focused on the similarities in the magnitude of short- and long-term 

effects. The effect of enalapril on 30-day outcomes may not be totally attributed to the 

starting doses (5 mg twice daily) as over half of the patients were receiving target doses (10 

mg twice daily). However, most patients were receiving below-target doses during the first 

30 days as nearly half of the patients were on below-target dose for the entire 30 days and 

half were on below-target dose for the first 14 days. Furthermore, the magnitude of the risk 

reduction during the first 30 days was generally similar to that observed during the first 14 

days. The treatment of HFrEF has evolved substantially since the publication of the SOLVD 

Treatment trial data. Less than 10% of SOLVD participants were receiving beta-blockers and 

data on the use mineralocorticoid receptor antagonists were not collected.2 However, data 
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from the SOLVD Treatment trial still serves as the primary evidence supporting a benefit 

of angiotensin-converting enzyme inhibitors on mortality and morbidity in patients with 

chronic heart failure.

Conclusions

Findings of our post hoc analyses of the SOLVD Treatment trial demonstrate that in stable 

ambulatory patients with HFrEF, the early clinical benefits of below-target dose enalapril is 

comparable to its long-term clinical benefits at target dose.
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Clinical Significance

• In stable ambulatory patients with heart failure with reduced ejection fraction, 

the magnitude of the early effect of starting doses of enalapril is similar to 

that observed during longer-term therapy with the target doses of the drug.

• Therefore, the implementation of a strategy of broad-based neurohormonal 

antagonism should not be delayed because of efforts to first achieve target 

doses of angiotensin-converting enzyme inhibitors or angiotensin receptor 

blockers.
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Figure 1. 
Flow chart displaying the dose up-titration process in patients with heart failure with 

reduced ejection fraction randomized to receive enalapril or placebo in the SOLVD 

Treatment trial
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Figure 2. 
Kaplan-Meier survival plots for the combined endpoint of heart failure hospitalization or 

all-cause mortality at 30 days by enalapril versus placebo in the Studies of Left Ventricular 

Dysfunction (SOLVD) Treatment trial (HR = hazard ratio; CI = confidence interval)
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Figure 3. 
Forest plots displaying hazard ratios and 95% confidence intervals (CI) for the combined 

endpoint of heart failure hospitalization or all-cause mortality at 30 days and during the 

overall follow-up of 4.6 years, between enalapril versus placebo, in subgroups of patients 

enrolled in the Studies of Left Ventricular Dysfunction (SOLVD) Treatment trial
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Table 1.

Characteristics of patients with heart failure with reduced ejection fraction in the SOLVD Treatment trial, by 

randomization to enalapril versus placebo

Placebo (n=1284) Enalapril (n=1285) P value

Age (years) 61 (10) 60 (10) 0.414

Women 259 (20%) 245 (19%) 0.481

African American 187 (15%) 209 (16%) 0.233

Prior myocardial infarction 835 (50%) 852 (51%) 0.497

Hypertension 534 (42%) 551 (43%) 0.508

NYHA class III-IV 403 (31%) 423 (33%) 0.406

Ejection fraction (%) 25 (7) 25 (7) 0.656

Systolic blood pressure (mm Hg) 125 (18) 125 (18) 0.926

Serum creatinine (mg/dL) 1.2 (0.3) 1.2 (0.3) 0.323

Starting dose (mg/day) 8.7 (2.5) 8.9 (2.5) 0.138

Starting dose duration (days) 15.4 (4.4) 15.3 (3.7) 0.693

Target dose (mg/day) 15.3 (5.8) 14.8 (5.8) 0.048
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Table 2.

Outcomes with use of enalapril in patients with heart failure with reduced ejection fraction in the SOLVD 

Treatment trial

Placebo (n=1284) Enalapril (n=1285) Hazard ratio (95% confidence interval)

All-cause mortality

 14 days 10 (0.8%) 8 (0.6%) 0.80 (0.32–2.03)

 30 days 17 (1.3%) 14 (1.1%) 0.82 (0.41–1.67)

 4.6 years (overall) 510 (39.7%) 451 (35.1%) 0.84 (0.74–0.96)

Heart failure hospitalization

 14 days 30 (2.3%) 19 (1.5%) 0.63 (0.35–1.12)

 30 days 58 (4.5%) 25 (1.9%) 0.43 (0.27–0.68)

 4.6 years (overall) 469 (36.5%) 337 (26.2%) 0.65 (0.55–0.73)

Heart failure hospitalization or all-cause mortality

 14 days 40 (3.1%) 26 (2.0%) 0.65 (0.39–1.06)

 30 days 74 (5.8%) 37 (2.9%) 0.49 (0.33–0.73)

 4.6 years (overall) 736 (57.3%) 614 (47.8%) 0.74 (0.66–0.82)
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