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Abstract

Guidelines recommend angiotensin-converting enzyme inhibitors (ACEi) and angiotensin II receptor blockers (ARB) for
treatment of heart failure with reduced ejection fraction (HFrEF), but these medications are underprescribed in clinical
practice. We reviewed the records of HF patients receiving a first visit in a tertiary outpatient clinic from January 1st 2004
to May 31st 2015, and selected those with a serum creatinine concentration (sCr) available at both the first and last visit
and < 3.5 mg/dL at baseline, and a left ventricular ejection fraction (LVEF) < 50% at the first visit. Of 570 eligible patients, 92
(16.1%) never received ACEi/ARB. Compared to ACEi/ARB users, never-users were older, more often women, had higher
sCr and lower systolic blood pressure, were less commonly on beta-blocker, and had more frequently anemia. Current or
prior cancer also tended to be more common in ACEi/ARB never-users. ACEi/ARB users displayed an improvement in LVEF
by > 10% of the baseline value more often than ACEi/ARB never-users (33.7% vs. 20.7%, respectively, P=0.01), whereas
no difference in percent variation of sCr levels was found between the two groups (8.2% vs. 3.1%, respectively; P=0.13).
Over a median follow-up of 56 months (range 1-137 months), 215 (37.7%) patients died. After multiple adjustments, ACEi/
ARB never-use was associated with an almost twofold increased risk of all-cause mortality (HR 1.97, 95%CI 1.39-2.80).
ACEi/ARB underuse in HFrEF is a standing issue with dramatic prognostic consequences. Efforts are needed to eliminate
perceived contraindications to these drugs and ensure their implementation in real-life cardiology.
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fraction (HFrEF). Randomized clinical trials have clearly
demonstrated that angiotensin-converting enzyme inhibi-
tors (ACEi) and angiotensin II receptor blockers (ARB)
reduce hospitalization and mortality in patients with HFrEF
[1-4]. Together with beta-blockers, these drugs represent
the mainstay of HFrEF medical therapy [5]. However, epi-
demiological studies observed that a sizable proportion of
subjects with newly diagnosed HFrEF are prescribed nei-
ther ACEi nor ARB, with concomitant kidney dysfunction
and advanced age being pinpointed as the main reason for
ACEi/ARB non-use [6-9]. Here, we retrospectively stud-
ied a single-center cohort of HFrEF outpatients with the
aim of evaluating the frequency of ACEi/ARB non-use and
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investigating the causes and prognostic impact of this thera-
peutic choice.

Methods
Study population

The study population was identified by retrospectively
reviewing the charts of all patients receiving a first visit
for symptomatic HF in the tertiary outpatient clinic at the
Cardiovascular Disease Unit of the IRCCS AOU San Mar-
tino—IST hospital (now IRCCS Ospedale Policlinico San
Martino), Genova, Italy, from January 1st 2004 to May
31st 2015. Among these subjects, we selected those who:
had at least another subsequent visit; had a serum creati-
nine concentration (sCr) available in the records of both the
first and the last visit and < 3.5 mg/dL at baseline; had a left
ventricular ejection fraction (LVEF) < 50% at the first visit;
had complete information about medical therapy at both the
first and the last visit, as well as about the date of death
if any. Patients who were not prescribed an ACEi/ARB at
both the first and last visit were considered as ACEi/ARB
never-users. Improvement in LV function was defined as an
increase in LVEF> 10% [10, 11], and worsening renal func-
tion (WRF) as an increase in sCr concentration by >25%
above baseline.

Smoking was ascertained by medical interview. Hyper-
tension was defined as blood pressure > 140/90 mmHg and/
or use of antihypertensive medications; dyslipidemia by total
cholesterol > 200 mg/dL; and diabetes mellitus by history
of diabetes and/or use of antidiabetic medications and/or
HbA . > 6.5% and/or fasting plasma glucose > 126 mg/dL
and/or random plasma glucose > 200 mg/dL in the pres-
ence of typical symptoms of the disease [12]. Estimated
glomerular filtration rate (¢GFR) was calculated by means
of the MDRD formula. A diagnosis of chronic obstructive
pulmonary disease (COPD) was established during the first
visit based on history of COPD and/or suggestive signs or
symptoms and/or prior evidence of non-asthmatic airway
obstruction at pulmonary function testing. Patients with pre-
vious or current malignancy were considered as affected by
cancer. Anemia was defined by hemoglobin levels < 13.5 g/
dL in males and < 12.5 g/dL in females [12].

The etiology of HFrEF was ascribed to ischemic heart
disease in case of positive stress ECG or imaging, angio-
graphic evidence of significant coronary obstruction and/or
previous acute coronary syndrome, percutaneous revascu-
larization and/or coronary artery bypass grafting.

Information regarding ongoing HFrEF therapy included
use of ACEi/ARB, beta-blockers, mineralocorticoid recep-
tor antagonists and diuretic agents and implanted devices,
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including those for cardiac resynchronization therapy and
implantable cardioverter defibrillators.

Statistical analysis

Statistical analyses were performed using SAS 9.3 (SAS
Institute, Cary, NC, USA). Continuous variables were
expressed as mean + standard deviation, and categorical
variables as percentages. Characteristics of ACEi/ARB
recipients or not were compared using student T test and
Chi-squared test, as appropriate. The variables that proved
significantly different in univariate analyses were entered
in a multivariate logistic regression model with backward
selection to identify independent correlates of ACEi/ARB
therapy. The risk of all-cause mortality was assessed by
Kaplan—Meyer analysis and multivariate Cox regression.

Results
Study population

Of the patients receiving at least two visits in the outpa-
tient clinic with the first one between January 2004 and May
2015, 711 had a baseline sCr value available. Of them, 15
were excluded because of sCr concentration above 3.5 mg/
dL at baseline and 104 because of LVEF >50%. Another 22
patients were excluded because of missing follow-up infor-
mation about sCr levels (n=16), ACEi/ARB use (n=2), or
death (n=2), leaving a final sample of 570 subjects. ACEi
and/or ARB therapy was not prescribed at both the first and
last visit in 92 (16.1%) cases. The remaining study popula-
tion consisted of 329 (57.7%) patients on ACEi/ARB at both
baseline and follow-up, 124 (21.8%) who were on ACEi/
ARB at the first but not at the last visit, and of 25 (4.4%) who
started an ACEi or ARB after the initial evaluation.

Table 1 summarizes the baseline characteristics of the
overall cohort and of ACEi/ARB users compared with never-
users. In the overall sample, the mean age was 69 + 12 years
and most subjects were males (74.4%). Cardiovascular risk
factors were common, with the prevalence of hypertension,
dyslipidemia and diabetes being 60.2%, 34.9% and 29.6%,
respectively. The majority of patients had an eGFR > 60 mL/
min/1.73 m2, 40% had an eGFR between 30 and 59 mL/
min/1.73 m? and 6.2% suffered from severe chronic kid-
ney disease (CKD), as defined by eGFR below 30 mL/
min/1.73 m%.

Characteristics associated with ACEi/ARB use
and never-use

Compared to ACEi/ARB users, ACEi/ARB never-users
were significantly older and more often women (Table 1).
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Table 1 Characteristics of Al
ACEi/ARB never-users versus

ACEi/ARB never-users ACEi/ARB users P for comparison

ACEi/ARB users at the baseline No. 570 92 478

visit Age (years) 69+115  722+1238 63.4+11.1 0.004
Males 74.4% 59.8% 77.2% 0.0005
Hypertension 60.2% 52.2% 61.7% 0.09
Smoking 38% 34.8% 38.7% 0.48
Dyslipidemia 34.9% 34.8% 34.9% 0.98
Diabetes 29.6% 31.5% 29.3% 0.82
Creatinine (mg/dL) 1.2+04 1.4+0.6 1.2+04 <0.0001
eGFR (mL/min/1.73 m?) 63.8+222 54.1+24.3 65.7+214 <0.0001
eGFR categories <0.0001
>60 mL/min/1.73 m? 53.8% 38.0% 55.6%
45-59 mL/min/1.73 m*>  25.6% 25.0% 27.0%
30-44 mL/min/1.73 m*>  14.4% 16.3% 14.0%
<30 mL/min/1.73 m? 6.2% 20.7% 3.4%
COPD 14% 16.3% 13.6% 0.49
Anemia 9.1% 15.2% 8% 0.03
Cancer 9.3% 14.1% 8.4% 0.08
SBP (mm/Hg) 128.1+£19 123.2+18.8 129+18.9 0.008
NYHA class III-IV 48.9% 51.1% 48.5% 0.65
LVEF (%) 324+85 309x8.7 32.6+8.4 0.13
LVEF <40% 76.8% 75.3% 84.8% 0.05
Atrial fibrillation 17.9% 18.5% 17.8% 0.87
Ischemic heart disease 44.6% 37% 46% 0.11
Beta-blocker 82.1% 72.8% 89.9% 0.01
MRA 45.3% 50% 44.4% 0.32
Diuretic 78.4% 79.4% 78.2% 0.81
ICD 19% 14.1% 19.8% 0.20
CRT 8.3% 12% 7.5% 0.16

ACEIi angiotensin-converting enzyme inhibitors, ARB angiotensin II receptor blockers, COPD chronic
obstructive pulmonary disease, CRT cardiac resynchronization therapy, eGFR estimated glomerular filtra-
tion rate, /CD implantable cardioverter defibrillator, LVEF left ventricular ejection fraction, MRA mineralo-
corticoid receptor antagonists, NYHA New York Heart Association, SBP systolic blood pressure

Cardiovascular risk factors were similarly distributed in the
two groups, but with a trend for a less frequent history of
hypertension in those never taking ACEi/ARB. sCr con-
centrations were significantly higher, and eGFR was sig-
nificantly lower, in ACEi/ARB never-users than ACEi/ARB
users (Table 1). Consistently, an eGFR value below 60 mL/
min/1.73 m? was significantly more common in subjects not
given ACEi/ARB as compared with those receiving these
medications (62% vs. 44.4%, respectively; P=0.002). Fur-
thermore, significantly more ACEi/ARB never-users than
users had severe CKD. Anemia was significantly more often
present in patients who were not prescribed ACEi/ARB, as
was more common a history of cancer, although not to a
significant extent (Table 1).

Regarding clinical presentation, ACEi/ARB never-users
had significantly lower blood pressure values and showed a
trend for a higher frequency of LVEF >40% as compared
with subjects on ACEi/ARB (Table 1). Almost 90% of

patients on ACEi/ARB were on a beta-blocker at the first
evaluation, whereas the prevalence of beta-blocker therapy
in the ACEi/ARB never-user group was significantly lower
(72.8%). No significant differences were found in the other
therapies analyzed. In multivariate logistic regression,
female gender, higher sCr or reduced eGFR, lower blood
pressure, and lack of treatment with beta-blocker were inde-
pendent correlates of ACEi/ARB omission (Table 2 and
Supplemental Table 1).

Prognostic impact of ACEi/ARB never-use

Over a median follow-up of 56 months (range
1-137 months), 215 (37.7%) patients died by any cause,
with a trend for a higher mortality in those not taking ACEi/
ARB than in those given these medications (46.7% vs. 36%,
P=0.05). Kaplan—Meier analysis confirmed that patients
not prescribed ACEi/ARB were more likely to die over the
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Table2 Correlates of ACEi/ Full Reduced
ARB omission in the study
population p 95%CI P p 95%CI P
Age 1.02 0.99-1.04 0.17
Male gender 0.33 0.19-0.55 <0.0001 0.31 0.19-0.52 <0.0001
Creatinine 3.47 1.94-6.20 <0.0001 3.51 2.14-5.77 <0.0001
Anemia 0.88 0.39-1.95 0.75
Cancer 1.72 0.84-3.51 0.14
Hypertension 0.70 0.40-1.21 0.21
SBP 0.98 0.97-1.00 0.02 0.98 0.96-0.99 0.0007
LVEF <40% 0.69 0.36-1.31 0.25
Beta-blocker 0.55 0.31-0.97 0.04 0.52 0.30-0.92 0.02

eGFR estimated glomerular filtration rate, LVEF left ventricular ejection fraction, SBP systolic blood pres-

sure

course of our extended follow-up (Fig. 1). In univariate anal-
ysis, ACEi/ARB never-use was associated with an almost
twofold increased risk of death (HR 1.93, 95%CI 1.38-2.71).
After multiple adjustment, the association between omission
of ACEi/ARB and all-cause mortality persisted (Table 3).

Impact of ACEi/ARB never-use on left ventricular
ejection fraction

Median time between the first and the last visit was
21 months (range 1-137 months), during which LVEF
increased by 14.3 +35.4% in the overall population. When
the ACEi/ARB never-users and users were compared, no
significant difference in the mean change in LVEF was
observed (10.4+24.6% vs. 14.9+36.8%, respectively;
P =0.35). However, LVEF improvement by > 10% of the
baseline value was significantly less frequent in the group
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Never ACEi/ARB

not receiving ACEi/ARB than in the one on these drugs
(20.7% vs. 33.7%, respectively, P=0.01), and a trend per-
sisted after accounting for age, gender and baseline LVEF
(P=0.08).

Impact of ACEi/ARB never-use on renal function

The percent change in sCr concentration between the first
and last visit was 7.4 +£29.8%. No significant difference in
percent variation of sCr levels was found among ACEi/ARB
never-users and ACEi/ARB users (3.1+30.4 vs. 8.2 +29.6,
respectively; P=0.13), nor was significantly different the
number of subjects who experienced WRF (12% ACEi/ARB
never-users vs. 17.2% ACEi/ARB users, P=0.22). Remark-
ably, WRF did not show an independent association with
mortality, and there was no significant interaction between
WRF and ACEi/ARB use (data not shown), indicating that

p value Log-rank=0.002

ACEi/ARB

367 270 187 97 29 0
49 35 21 9 4 0
25 50 75 100 125 150

Follow-up (months)
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Table 3 Hazard ratios (HR) for Full Reduced
all-cause mortality in the study
population HR 95%CI P HR 95%CI P
ACEi/ARB never-use 1.80 1.23-2.61 0.002 1.97 1.39-2.80 0.0002
Age 1.04 1.02-1.05 <0.0001 1.04 1.02-1.05 <0.0001
Male gender 1.57 1.08-2.72 0.02 1.64 1.16-2.33 0.006
Diabetes 1.42 1.05-1.92 0.03 1.39 1.04-1.87 0.03
COPD 1.25 0.85-1.83 0.26
Anemia 2.10 1.31-3.35 0.002 2.32 1.55-3.48 <0.0001
Cancer 1.67 1.08-2.57 0.02 1.65 1.08-2.53 0.02
Creatinine 1.17 0.80-1.71 0.41
SBP 1.00 0.99-1.01 0.99
NYHA II-IV 1.01 0.75-1.36 0.96
Atrial fibrillation 1.04 0.72-1.50 0.85
Ischemic heart disease 1.36 0.96-1.92 0.08
LVEF>40% 091 0.64-1.30 0.59
Beta-blocker 0.72 0.51-1.02 0.07 0.63 0.46-0.87 0.005
Diuretic 1.60 1.03-2.49 0.04 1.98 1.32-2.96 0.001
Digoxin 1.32 0.93-1.87 0.12
Statin 0.69 0.49-0.97 0.03
MRA 1.17 0.86-1.59 0.32
PM/ICD 1.45 1.07-1.95 0.02 1.56 1.17-2.09 0.003

ACEIi angiotensin-converting enzyme inhibitors, ARB angiotensin II receptor blockers, COPD chronic
obstructive pulmonary disease, /CD implantable cardioverter defibrillator, LVEF left ventricular ejection
fraction, MRA mineralocorticoid receptor antagonists, NYHA New York Heart Association, PM pacemaker,

SBP systolic blood pressure

WREF did not have an impact on the outcome in both ACEi/
ARB users and never-users.

Discussion

In this retrospective study, we found that a substantial pro-
portion of HFrEF outpatients were not prescribed ACEi/
ARB and that omission of these drugs was associated with
an increased risk of death. These findings are in agreement
with previous work reporting underuse of ACEi/ARB in
real-life HFTEF patients, with a prevalence as high as 24%
[7] and negative prognostic impact [6-9], in spite of long-
standing evidence and class I recommendation in guidelines
[1-5]. Thus, actions are still needed to improve the prescrip-
tion rate of RAAS-targeting drugs in HFrEF.

In our cohort, ACEi/ARB never-use was associated
with worse renal function at baseline. Again, this observa-
tion is in line with earlier studies, which pinpointed kidney
dysfunction as a major reason for ACEi/ARB omission in
HFrEF [6-9], and most likely reflects the fear of clinicians
to start ACEi/ARB therapy in the presence of even mild
CKD, because of the concern of an acute fall in eGFR and
the development of hyperkaliemia. This behavior captures
a conflict between guidelines, based on pathophysiological

reasoning and epidemiological data, and real-world practice,
often prompted by personal perception and single-case expe-
rience. In fact, the worsening of renal function following
ACEIi/ARB initiation is assumed to result from intrarenal
hemodynamic changes secondary to RAAS blockade and not
from structural renal damage. Consistently, a recent meta-
analysis of HFrEF clinical trials demonstrated that the initial
decrease in eGFR associated with ACEi/ARB use portends
a greater reduction in all-cause mortality compared with no
modification in renal function after ACEi/ARB administra-
tion [13]. Moreover, the benefit associated with ACEi/ARB
treatment in patients with eGFR < 60 mL/min/1.73 m? is
comparable to the one observed in individuals with pre-
served renal function [14]. On the other hand, the practicing
physician may give emphasis to ACEi/ARB-related fluctua-
tions in sCr and deem them more relevant than they actually
are: referring to the present study, the trend to increased
sCr in ACEi/ARB recipients, although not statistically sig-
nificant, may have accounted for the reluctance to prescribe
RAAS inhibitors to other patients.

Scarce evidence is available regarding ACEi/ARB effec-
tiveness in HFrEF patients with severe CKD, which were
not adequately represented in or excluded from clinical trials
[1-4]. As a consequence, current HF guidelines recommend
caution in this setting, and ACEi/ARB should be halved in

@ Springer



1088

Internal and Emergency Medicine (2019) 14:1083-1090

dosage or withdrawn if sCr increases more than 50% above
baseline, or eGFR decreases below 25 mL/min/1.73 m?
despite adjustment of concomitant medications [5]. How-
ever, observational studies reported that the mortality benefit
conferred by ACEi/ARB in HFrEF also applies to subjects
with severe CKD, with the exception of those on dialytic
treatment [9, 15, 16].

Older age and anemia were other correlates of ACEi/
ARB never-use in our population, suggesting that a high
burden of comorbidities may also cause ACEi/ARB under-
use in HFTEF, possibly because of the tendency to withhold
prescription of these drugs in individuals that are likely to
poorly tolerate them. Nonetheless, it was shown that comor-
bidities have a negative impact on morbidity and mortality in
HF [17], but they do not interfere with the beneficial effects
of ACEi [18].

The reasoning that ACEi/ARB treatment may be not tol-
erable may also explain why ACEi/ARB never-use tended to
be more frequent in the case of a history of cancer. Emerging
evidence indicates that the incidence of cancer is higher in
HF patients compared to individuals without HF [19, 20],
and the co-occurrence of the two conditions is associated
with a poorer prognosis compared with that of patients with
either HF or cancer, possibly reflecting the fact that one dis-
ease hinders the management of the other one. Indeed, medi-
cal therapy for HFrEF may be simplified or discontinued
when a malignancy develops, especially if the tumor and/
or antineoplastic therapy lead to fatigue, hypotension and
deterioration of renal function [21]. This issue is topical and
must be addressed in the next future [21].

Low systolic blood pressure is correlated with poor out-
comes in HFrEF [22], and because clinicians are concerned
of aggravating hypotension, disease-modifying medications
may be withheld in hypotensive patients [23]. Accordingly,
we found that low systolic blood pressure was significantly
associated with ACEi/ARB never-use. Symptomatic hypo-
tension was reported as a side effect in 6-8% in patients
enrolled in ACEi/ARB clinical trials, and its prevalence in
real-life HF patients is estimated in the range of 5-10% [22].
Importantly, hypotension is also a common limiting factor
for use and up-titration of the angiotensin receptor neprily-
sin inhibitor, sacubitril/valsartan, since its impact on blood
pressure is even higher than the one of ACEi/ARB [24].
Similar to patients with severe CKD, those with low systolic
blood pressure were often not adequately represented in key
HFrEF clinical trials, but the mortality benefit associated
with ACEi/ARB and sacubitril/valsartan [25] is not blunted
in this group of patients. Therefore, careful up-titration of
these drugs should be attempted to assess their tolerability,
even in the presence of low systolic blood pressure at base-
line. It is worth noting that, despite the larger effect on blood
pressure, sacubitril/valsartan was associated with a slower
rate of eGFR decline compared with ACEi [26]. In the light
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of this more favorable effect on renal function, preferring
sacubitril/valsartan may represent a strategy to overcome
ACEi/ARB underuse in HFrEF.

Whereas hypotension and WRF were seemingly per-
ceived as contraindications to ACEi/ARB therapy, the fact
that a similar proportion of ACEi/ARB users and never-users
were treated with MRA suggests that the risk of hyperka-
liemia did not deter clinicians from prescribing potassium-
sparing diuretics in our study. Similar to ACEi/ARB, MRA
are underused in HFrEF, and their underuse is not inversely
correlated to potassium levels, but rather it decreases with
impaired renal function [27].

Finally, we relate the association of ACEi/ARB never-use
with female gender and lack of treatment with beta-blocker
to non-ischemic etiology of HFrEF, in that cardiologists are
more aggressive in prescribing neurohormonal inhibitors to
patients with ischemic heart disease, who are more often
male.

Although our study was not designed to assess the trajec-
tory of LVEF in treated HFrEF, ACEi/ARB underuse nega-
tively impacted on the frequency of reverse LV remodeling
at follow-up, this finding further highlights the detrimental
consequences of ACEi/ARB omission in HFrEF.

We acknowledge that our study is limited by its retrospec-
tive design and single-center origin of the sample examined.
Furthermore, our analysis included patients with the form of
HF that is defined as HF with mid-range LVEF (HFmrEF) by
the latest guidelines of the European Society of Cardiology,
i.e. with LVEF between 41 and 50% [5]. Although this type
of HF may have distinctive features, it shares important simi-
larities with HF with LVEF <40%, such as, in particular, the
fact that inhibition of the RAAS is the cornerstone of medi-
cal treatment [28]. Notably, in a sensitivity analysis limited
to patients with LVEF <40% the results were substantially
unchanged (data not shown).

Our considerations on the effects of ACEi/ARB treat-
ment on renal function are limited in that they are based
exclusively on evaluation of sCr levels at first and last visit.
Finally, we did not take into account dosages of ACEi/ARB,
since this information was inconsistently available in the
medical records reviewed for the study.

Conclusions

We confirm that prescription of ACEi/ARB is suboptimal in
HFrEF, and that this therapeutic omission takes the toll of
an almost twofold increase in mortality. ACEi/ARB under-
use may be due to several reasons, among which, in par-
ticular, the concerns regarding the impact of these medica-
tions on renal function, systolic blood pressure and quality
of life, especially in frail patients and/or with concomitant
CKD. Thus, a gap persists between ideal evidence-based
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and real-life use of ACEi/ARB in HFrEF, despite a nega-
tive prognostic impact having been consistently reported for
more than two decades [7, 23, 29]. Interventions are urgently
needed to ensure effective implementation of optimal HFrEF
medical therapy in clinical practice.
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