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Abstract
Background: Renoprotective effect of angiotensin-converting enzyme (ACE)-inhibitors has been questioned in case of 
decreased effective circulating volume, like in right or biventricular chronic heart failure.

Objective: To detect clinical predictors of renal worsening in cardiac heart failure (CHF) patient population characterized 
by two types of ACE-inhibitor dosing regimens.

Methods: According to a retrospective cohort design, we followed 2 groups of patients with CHF — whether right 
or biventricular —, all in III NYHA class treated with ACE-inhibitors (enalapril or lisinopril), and with left ventricular 
ejection fraction (LVEF) < 50%, by distinguishing them by ACE-inhibitor dosing: average-low (≤10 mg per day) or “high” 
dose (>10 mg per day) of enalapril or lisinopril. Aggravated renal failure (ARD) was defined by serum creatinine (Cr) 
increase >30% from baseline. Cox proportional hazards model was used to identify the predictors of ARD among 
the following variables: ACE-inhibitors “high” dose, age, basal LVEF, history of repeated intensive intravenous loop 
diuretic therapies (IV diur), diabetes, basal Cr, history of hypertension, systolic blood pressure ≤ 100 mm Hg. 

Results: 57 patients were recruited, of whom 15 were treated with ACE-inhibitor “high” dose. During a mean follow-up 
of 718 days, ARD occurred in 17 (29.8%) patients. Only ACE-inhibitor “high” dose (HR: 12.4681 C.I.: 2.1614-71.9239 
p = 0.0050) and basal Cr (HR: 1.2344 C.I.: 1.0414-1.4632 p = 0.0157) were shown to predict ARD. Moreover, ACE-
inhibitor “high” doses were shown to fail to predict ARD in both CHF without IV diur and CHF with diabetes.

Conclusions: In III NYHA class CHF, ACE-inhibitor “high” doses and a higher basal Cr predicted ARD. Nephrotoxicity 
related to ACE-inhibitor “high” doses was increased by IV diur, whereas it was not detected in CHF patients with 
diabetes. (Arq Bras Cardiol 2011;97(6):507-516)
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time been neglected because of the prevailing notion12,13 
that the marked pharmacological antagonism of rennin-
angiotensin-aldosterone system (RAAS) during intensive 
diuretic therapy is likely to favorably influence both renal 
function and general hemodynamics in CHF patients, by 
effectively counterbalancing the RAAS activation, found 
to consistently stem from the administration of high doses 
of diuretics14. Nevertheless, several studies have pointed 
out that hypotension, as developing during unloading 
treatment with IV loop diuretics maintained for several 
days, can produce a more detrimental effect on renal 
hemodynamics and glomerular filtration, if an ACE-inhibitor 
therapy is also administered15-17. This may be caused by 
an overly marked fall in vasoconstrictor tonic drive of the 
glomerular efferent arteriole , related to ACE-inhibitor 
“high” doses (i.e.: >10 mg of enalapril or equivalent dose 
of another ACE-inhibitor) and resulting in a noxious blood 
shift from glomerular capillary toward efferent arteriolar 
bed. Unfortunately, this worsens the hemodynamic 
consequences of renal hypoperfusion, diuretic-related, by 
causing and/or worsening a concurrent drop in glomerular 

Introduction
The risk of renal toxicity related to ACE-inhibitors was 

rather feared when these compounds were introduced 
as therapeutic agents for hypertension and chronic heart 
failure (CHF)1-4. These concerns were later confuted and/
or scaled down by many studies and meta-analyses5-7 
highlighting the renoprotective effect of ACE-inhibitors, 
which arises from their property to induce a reduction in 
pathologically high glomerular intracapillary pressure, as 
found in diabetes or primary hypertension.

However, it is also true that combination therapy using 
high doses of loop diuretics and ACE-inhibitors can entail 
harmful consequences for glomerular filtration function. 
This concept is rather clear today2,8-11, but it has a long 
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filtration rate. Since intensive diuretic therapy is known to 
be capable of producing impaired renal blood supply and 
renal worsening from sodium and volume depletion in 
patients with CHF18-20, the attempt to detect any potential 
drug interaction between ACE inhibitors and diuretics 
in our CHF patient population has just been one of the 
aims of our study. Diabetes would also be expected to 
predispose patients with CHF to the development of renal 
worsening21. On the other hand, ACE-inhibitor therapy is 
usually thought to impede or slow down the progression 
of diabetic nephropathy in patients with diabetes without 
CHF22,23. Thus, our study has been intended to furnish 
further data on the effect of ACE inhibitors in patients with 
CHF and diabetes.

According to several previous studies24-26, a higher 
incidence of significantly worsened renal function is likely 
to occur in older patients with CHF compared to younger 
patients regardless of the therapy. Moreover, based on 
some studies25,26, older patients taking ACE-inhibitors may 
be more likely to develop  renal impairment than older 
patients who do not take ACE-inhibitors. On the other hand, 
CHF severity expressed by a low left ventricular ejection 
fraction (LVEF) would be expected to predispose to renal 
impairment because of associated poor renal perfusion and 
neurohormonal activation. Finally, beta-blockers may have 
beneficial effects on renal function due to property to induce  
attenuation of renin release coupled to their sympatholytic 
effects27, even though the risk of reduced renal perfusion 
because of their negative inotropic effect and/or concurrent 
possible hypotension is also to be considered. 

Accordingly, in our CHF population, we have also 
investigated the controversial relation between these factors 
(old age, reduced left ventricular systolic function, beta-
blocker therapy) and a possible  renal toxicity development 
during ACE-inhibitor  prolonged use at various doses.

Methods
A retrospective, observational cohort study was designed 

by recruiting patients with CHF — all of whom treated by 
ACE-inhibitors at various doses - from two centers (N.R. 
Cl S.M.dP. and C. U. E.d’A.). One investigator in each 
institute( RDV at E.dA and  AC at Cl S.M.dP. ) reviewed 
the charts of all patients admitted between June 2006 
and June 2008 in the respective outpatients’ clinics. Any 
increase in serum creatinine greater than 30% of its basal 
value - measured before starting the follow-up period 
- was defined as aggravated or new-onset renal failure 
(ARD). Using a cohort design, we analyzed two groups of 
patients with CHF - whether right or biventricular CHF -, 
all of whom placed in the III New York Heart Association 
(NYHA) class and treated with ACE-inhibitors (enalapril or 
lisinopril). The subdivision of the study population among 
two groups was made on the basis of the scheduled dose of 
ACE-inhibitor: average-low (≤10 mg per day) or “high” (i.e. 
>10 mg per day) dose of enalapril or lisinopril. Patients were 
recruited as long as they had a history of CHF with clinical 
picture at enrollment of stable III NYHA class  along with 
echocardiographic left ventricular ejection fraction (LVEF) 

< 50% plus documented presence of ACE-inhibitors in 
their therapy. Exclusion criteria were myocardial infarction 
within 30 days, arrhythmia-related syncope, major cardiac 
surgery, unstable angina, uncontrollable hypertension, cor 
pulmonale, major neurologic disease or cerebrovascular 
disease, suspected renal artery stenosis, advanced renal 
failure (i.e. serum creatinine > 2.2 mg/dl at baseline) and 
likely noncompliance (e.g.: alcoholism, drug addiction).

Follow-up visits, as usually accomplished at two Institutions 
involved in our research and checked by our retrospective 
analysis, included patient’s history, physical examination, 
assessment of medication usage, assessment of adverse effects, 
alterations in drug dosage, laboratory and echocardiographic 
data collection. In particular, echoDoppler  study of end-
expiratory and end-inspiratory venous caval fluctuations11 
were periodically done in all followed up CHF III NYHA class 
patients as customary practice in order to achieve a useful 
approximate measurement of the patient’s  hemodynamic 
status and  to monitor his intravascular effective circulating 
volume. Furthermore, regarding the two groups we had 
defined on the basis of the ACE-inhibitor dosing, we decided 
that any possible switch of the original prescribed dose from 
one to the other group was  not to be considered by final 
statistical analysis(according to the principle of  “intention to 
treat” analysis).

Statistical analysis
Statistical analysis was performed using EPI INFO software 

(version 3.3 for Windows, from the Center for Disease 
Control and Prevention, Atlanta, US). Categorical variables 
were analyzed by Chi-square and Fisher exact tests, while 
continuous variables were compared using the ANOVA one-
way test or Mann–Whitney test for skewed distributions.

Cumulative risk was estimated with Kaplan–Meier analysis. 
Kaplan-Meier estimator curves were built, and the log-rank 
test was used to compare the relative risk of ARD between 
the ACE-inhibitor low and high dose groups. A multivariate 
Cox proportional hazards model was then fitted by assuming 
ARD (i.e. a rise in serum creatinine > 30% from the level 
found at the enrollment) as endpoint (censored variable). 
The variables entered into the Cox model were: assumption 
of a daily oral dose of ACE-inhibitor (enalapril or lisinopril) 
>10 mg, age(continuous variable), age < 75 years, history 
of one or more courses of intensive intravenous diuretic 
therapy, diabetes, basal LVEF (continuous variable), serum 
creatinine basal values (continuous variable). The results of 
the Cox proportional hazards regression analysis yielded 
estimates of the risks per months (hazards) of ARD, with and 
without administration of doses >10 mg per day of enalapril 
or lisinopril, over time since the enrollment. Based on these 
estimates, we computed the cumulative risks over treatment 
horizons between 1 and 3 years, and with ACE-inhibitor 
assumption ranging between 2.5 and 30 mg per day after 
the enrollment.

We have also built a number of 2X2 contingency tables, 
aimed to identify all potential interactions involving high dose 
ACE-inhibitor regimen. Patients with missing data for any of the 
abovementioned variables were excluded from the analysis.
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Results
We have retrospectively identified and reviewed the 

records of 112 consecutive patients diagnosed with right or 
biventricular CHF, all steadily located in III NYHA class as 
well as characterized by echocardiographic finding of left 
ventricular ejection fraction (LVEF) < 50% ( measured by 
the Simpson method). Among them, those treated with ACE-
inhibitors and fulfilling the other abovementioned criteria for 
inclusion in the study were 57 (51%), of whom 15 were treated 
with enalapril or lisinopril daily dose >10 mg.

During a mean follow-up of 718 days, ARD occurred in 17 
(29.8%) patients. More exactly, during a mean follow-up of 738 
days, 6 (14.3%) of 42 patients in the ACE-inhibitor low dose 
(≤10 mg per day of enalapril or lisinopril) group developed ARD 
according to the study definition compared with 11 (73.3%) of 
15 patients in the ACE-inhibitor high dose (>10 mg per day of 
enalapril or lisinopril) group during a mean follow-up of 698 
days — p (Fisher’s exact test) = 0.0001.

No deaths occurred in the recruited cohort of CHF patients 
through the 2 year follow-up. Twelve hospitalizations were 
recorded, 9 of which involved patients (6 on the whole) 
belonging to the high dose ACE-inhibitor group; whereas the 3 
hospitalizations computed in low dose ACE-inhibitor group were 
distributed among 2 patients. All hospitalizations were caused by 
the need of revising the scheduled therapy due to occurrence 
of not well tolerated worsening of heart failure signs and/or 
symptoms, such as increase in peripheral edema or exacerbated 
breathlessness.

A transition to low ACE-inhibitor dosing regimen occurred 
in 2/15 (13.3%) of CHF patients originally assigned to the high 
dose ACE-inhibitor group. The opposite switch towards the ACE-
inhibitor high dose group involved 3/42 patients (7% of patients 
initially treated with a low dose of ACE-inhibitor). 

Baseline sex and age distribution and hematochemical and 
clinical characteristics of the two groups (ACE- inhibitor low and 
high dose groups) are presented in Table 1. The ANOVA one-
way test was applied to compare continuous variables and χ2 (chi 
square) or Fisher exact tests were employed for a comparison of 
dichotomous variables.

By using the Cox proportional-hazard regression analysis, the 
significant univariate predictors of decreased renal function were 
treatment with ACE-inhibitor high dose,  intensive intravenous 
loop diuretic therapy (one or more courses of infusions), age 
(continuous variable) and age below 75 years (Table 2). The 
results of multivariate Cox proportional-hazard analysis, using the 
occurrence of ARD during follow-up as an endpoint (censored 
variable), are presented in Table 3. After controlling for all other 
variables, only treatment with ACE-inhibitor high dose (hazard 
ratio: 12.4681, C.I.: 2.1614 to 71.9239 p = 0.0050) and basal 
serum creatinine (hazard ratio: 1.2344; C.I.: 1.0414 to 1.4632; 
p = 0.0157) were demonstrated to be associated with increased 
risk of decreased renal function over the follow-up period. On the 
basis of the  Kaplan-Meier estimator curve, the hazard ratio (HR) 
for developing renal decreased function was  8,1803 (log rank 
test p < 0.0001) in the ACE-inhibitor high dose group compared 
with ACE-inhibitor low dose group (Fig. 1).

On testing interaction terms by 2x2 contingency tables 
to assess effect modification, we found a significant positive 

interaction between ACE-inhibitor high dose therapy and loop 
diuretic intensive therapy: patients taking enalapril or lisinopril 
at high dose (more than 10 mg and up to 30 mg per day) plus 
intravenous loop diuretic administration were at increased risk 
of renal impairment compared with patients of the same ACE-
inhibitor high dose group who had not undergone this kind of 
combination therapy (p = 0.0862) (Figure 2). Moreover, in CHF 
patients without diabetes belonging to the ACE-inhibitor high 
dose group, an association was detected between use of ACE-
inhibitor high doses and increased risk of renal deterioration, but 
this association was missing in CHF patients of the same ACE-
inhibitor high dose group, if they were suffering from diabetes 
(p = 0.0077) (Figure 3). Thus, both intensive intravenous loop 
diuretic therapy and diabetes were identified as effect modifiers 
of the relation between ACE-inhibitor high dose and ARD in 
CHF patients.

Discussion
The results of our study show some relevant differences 

compared to those achieved by other previous studies28,29 
regarding the possible association between ACE-inhibitor therapy 
and development of chronic renal failure. The discrepancy found 
by comparing our results with those reached by these research 
studies could be caused by more than one factor.

Firstly, in our study, we chose a rise in serum creatinine > 
30% from baseline as a criterion for defining renal damage, 
which is a more sensitive cut-off compared to those adopted 
by other authors elsewhere. Instead, the ELITE study28 and 
the study of Knight et al29 defined renal deterioration as a rise 
in serum creatinine of > 0.3 and ≥ 0.5 mg/dl respectively, 
from baseline. Thus, based on the less restrictive inclusion 
criterion we had adopted, a higher incidence of worsened 
renal failure was to be expected in our study. Another issue 
is to be considered, which is the different composition of our 
case-record: actually, the CHF patients included in our study 
consistently had a high grade involvement of the right cardiac 
chambers and consequently were at higher risk of renal failure, 
due to renal venous congestion, compared to patients enrolled 
in the previous studies, mostly suffering from left only ventricular 
insufficiency, i.e. a kind of heart failure less prone to renal failure 
development, both spontaneous and iatrogenic. The question 
whether ACE-inhibitors have to be handled more cautiously 
and administered at lower doses in CHF patients with right or 
biventricular decompensated heart failure compared to those 
with left only ventricular failure has not received the relevant 
consideration and attention it however would deserve. Indeed, 
in our opinion, renal venous congestion, which is present in right 
only decompensated heart failure patients, as characterized 
by systemic venous hypertension,  does not benefit from high 
doses of vasodilator drugs, such ACE-inhibitors. In this setting 
of patients, pharmacological decongestion achieved through 
loop diuretics should be combined with a therapeutic policy 
aimed to preserve glomerular filtration using osmotic agents30-33 
in order to maintain a suitable refilling rate and retrieve fluid 
from extravascular space without inducing any fall in glomerular 
filtration, intravascular depletion-related.

Our concept of high and low ACE-inhibitor dose should 
also be highlighted, by emphasizing that it should be 
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interpreted according to a non-absolute meaning. Actually, in 
CHF patients already treated with drugs capable of mitigating 
RAAS activation, such as beta-blockers, aldosterone receptor 
antagonists or low doses of digoxin, even a dose of 20 mg per 
day of enalapril or lisinopril could be labeled “high,” especially 
in case of lack of hypertension or RAAS stimulation. This is just 
the case of CHF patients with stable hemodynamic and clinical 
picture, exhibiting a good response to therapy and kept at 
rest. Moreover, usual treatment of CHF patients located in III 
NYHA class, as those considered by our study, mostly includes 

aldosterone receptor antagonists, whose capacity to improve 
survival in this clinical setting has been proven34. Therefore, 
in order to avoid hyperkalemia and its related acidosis and 
arrhythmias, doses of ACE-inhibitor should be reduced, when 
coupled to administration of any aldosterone receptor antagonist. 
Therefore, even a daily dose of 20 mg of enalapril or lisinopril 
could be defined as “high” when put in this peculiar clinical and 
pharmacologic scenario.

By comparing the basal features of the two groups 
(ACE-inhibitor “high” versus ACE-inhibitor “low” dose), an 

Table 1 – Baseline hematochemical and clinical characteristics of CHF patients who had been assigned to high and low dose of ACE-inhibitor 
therapy. The comparisons were accomplished using the ANOVA one-way test for continuous variables and Chi-square or Fisher exact tests 
for dichotomous variables

Variable ACE-inhibitor  low dose 
group (n=42)

ACE-inhibitor  high dose 
group (n=15) p value

Baseline creatinine (mg/dL) 1.4 ± 0.3 1.25 ± 0.4 0.135

Baseline ejection fraction (%) 39 ± 5 41 ± 5 0.189

Age 74.6 ± 3 72.2 ± 4  0.018

Gender (% male)  27(64%) 10(67%) 0.881

Intensive  i.v. diuretic therapy (one or more courses) 10(23%) 10(67%) 0.0075

History of hypertension (%) 16(38%) 6(40%) 0.858

Diabetes (%) 6(14.3%) 6(40%) 0.084

SBP <100 mmHg (%) 3(7%) 1(6.6%) 0.4539

Table 2 - Univariate predictors of decreased renal function in CHF population of the study

Clinical variable Hazard Ratio 95% CI p
ACE-inhibitor high dose 8.6809 3.1764 - 23.7241 <0.0001

Intensive intravenous diuretics (one or more courses  of infusion) 3.2847 1.2512 - 8.6227 0.0163

Diabetes 2.1937 0.8146 - 5.9072 0.1220

Age <75 years 3.1439 1.1925 - 8.2887 0.0212

Age (continuous variable) 0.8647 0.7727 - 0.9675 0.0117

Serum  basal creatinine (mg/dl) 1.0697 0.9395 - 1.2180 0.3114

LVEF% 0.9943 0.9022 - 1.0958 0.9091

Table 3 - Multivariate predictors of decreased renal function in CHF population of the study

Covariate b SE p Exp(b) 95% CI of Exp(b)
ACE-inhibitor high dose 2.5232 0.8987 0.0050 12.4681 2.1614 a 71.9239

age (continuous variable) 0.003006 0.09106 0.9737 1.0030 0.8398 a 1.1979

age <75 years 0.4766 0.8819 0.5889 1.6106 0.2885 a 8.9912

Serum  basal creatinine (mg/l) 0.2106 0.08720 0.0157 1.2344 1.0414 a 1.4632

diabetes 0.3119 0.6839 0.6483 1.3661 0.3600 a 5.1837

intensive intravenous diuretics (one or more courses  of infusion) 0.1556 0.7235 0.8297 1.1684 0.2850 a 4.7896

LVEF% -0.1295 0.07119 0.0689 0.8785 0.7647 a 1.0094

ACE - angiotensin-converting enzyme.

ACE - angiotensin-converting enzyme; .LVEF - left ventricular ejection fraction.

ACE - angiotensin-converting enzyme; .LVEF - left ventricular ejection fraction.
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unequal distribution of age and pharmacological approaches 
is evident. These basal differences,pertaining to the 
observational design of study, influence the results of Cox 
proportional hazards regression univariate analysis. Actually, 
some predictors of worsened renal failure developed over 
the follow-up, as detected by Cox univariate analysis, may 
represent a simple reflection of this basal heterogeneous 
distribution of age and pharmacologic schemes between the 
two groups. For instance, according to univariate analysis 
(Table 2), intensive intravenous loop diuretic administration 
is associated with increased risk of developing renal damage 
over the follow-up period, but this association may simply 
be caused by a selection bias in our study originating from a 
more frequent use of high doses of ACE- inhibitor by patients 
who have undergone the intravenous loop diuretic regimen 
(see Table I). A selection bias also accounts for the univariate 
finding of less incidence of renal worsening in patients older 
than 75 years: actually, the patients taking high doses of 
ACE-inhibitor had a significantly lower age compared to 
ACE-inhibitor low dose group (Table 1).

Furthermore, another issue worthy of debate is that among 
the studies35-37 which have faced the problem of dosage of 
the ACE-inhibitor therapy in CHF patients, the enrolled 
cohorts were consistently characterized by preliminary 

selection of the study population, aimed to exclude any 
CHF patient with overt renal failure at baseline, according 
to an overly strict enrollment criterion. Therefore, there was 
the selection of a kind of patient more likely to not feel the 
effects of ACE-inhibitor high doses, that instead are usually 
believed to be capable of provoking harmful renal changes 
just in CHF patients already suffering from renal failure. On 
the contrary, in our study design, we  did not state the need 
to exclude the CHF patients found to have mild to moderate 
chronic renal disease at enrollment, provided that their serum 
creatinine did not exceed the cut-off of 2.2 mg/dl, which 
overtly conflicts with the criteria36 adopted in the majority of 
the studies investigating the comparison between high and 
low doses of ACE-inhibitors in CHF clinical setting.

As far as we know, the highest doses of ACE-inhibitor have 
never been blamed for genesis of progressive renal damage; 
instead, a potential for renal toxicity of the ACE-inhibitors in 
CHF patients, without distinction of doses, is highlighted by 
a study of Knight et al29, in which the ACE-inhibitor enalapril 
is associated to a 33% increase in the risk of developing renal 
worsening over a two-year follow-up, by using an univariate 
Cox model. 

In our study, by means of Cox proportional hazards 
multivariate regression, basal serum creatinine was also 

Fig. 1 – Kaplan-Meier estimator curve for the probalility of developing decreased renal function during the follow-up period. The hazard ratio (HR) for developing decreased 
renal function was 8,1803 (logrank test p < 0.0001) in the ACE-inhibitor high dose group compared with ACE-inhibitor low dose group.

8.1803

2.3930 to 27.9639
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identified as a predictor of renal deterioration. The risk 
in the course of time was calculated to rise by 23.4% per 
mg/deciliter of increase in serum creatinine (Table 3). This 
finding prompts us to infer that a high basal serum creatinine 
is a marker of increased risk of renal impairment in the 
subsequent follow-up and may give rise to an unfavorable 
renal outcome, irrespective of the therapy. Besides, this 
observation agrees with other reports in the literature38.

In our study, by using 2x2 contingency tables, we found 
that ACE-inhibitor “high” dose did not increase the risk of 
renal deterioration in CHF patients with diabetes, while 
increasing the risk of  diuretic-associated renal impairment 
in CHF patients (Figures 2 and 3). In other words, in the 
ACE-inhibitor “high” dose group,the effect of maximal 
ACE-inhibition as a risk factor for worsening renal function 
in CHF patients was found to be mitigated in CHF patients 

with diabetes compared to those without diabetes (Figure 
3), probably because ACE-inhibitors usually exert a very 
important renoprotective effect in all diabetic patients, 
including diabetic patients with CHF. This finding is supported 
by many studies demonstrating the renal protective 
effect of ACE-inhibition in patients with diabetes5,21,22. 
Furthermore, in our study, intensive intravenous diuretic 
therapy was a univariate, but not a multivariate predictor 
of the development of renal impairment, which is a more  
pronounced effect in the ACE-inhibitor “high” dose group. 
The relation between unloading therapy with loop diuretics 
and renal impairment is frequently reported in the literature, 
but the results from this study, based on a little case record, 
only partially confirm this risk, since our multivariate analysis 
failed to identify unloading intensive diuretic treatment as a 
significant predictor of renal worsening in our CHF patient 

Fig. 2 – No: administration of enalapril or lisinopril dose ≤ 10 mg per day; Yes: presence of ACE-inhbitor high dose (>10 mg of enalapril or lisinopril per day); 0: no 
evidence of aggravated renal dysfunction (ARD); 1: presence of ARD.

3.6 0.4739 27.3502 0.2329

81 4.3608 1,504.5433 0.0005

0.08622.9442
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population. On the other hand, the detrimental effect on 
renal function of intravenous loop diuretics, as pointed out 
by some authors9,18-20, could also be potentially explained 
by the selection bias14. In other words, CHF patients with 
more severe per se clinical picture and at increased risk for 
cardiac and renal impairment might have been more likely 
to receive repeated infusional treatments with intravenous 
loop diuretics.

Study limitations

The study has some limitations that must be considered. 
The most important limitation is that this study is based on a 
retrospective design (“retrospective cohort study”), so as to 
not allow us to follow the natural history of worsening renal 
function after its development and subsequent changes in 
the ACE-inhibitor dose. Thus, it would require to be further 
validated by a specifically targeted, controlled randomized 

trial. Besides this, we do not have a direct measurement of 
renal function such as glomerular filtration rate. However, 
in most clinical settings, serum creatinine is still the usual 
indirect measurement of renal function. Another limitation 
is that there were some variations of the ACE-inhibitor 
dosage during the follow-up in both high and low dose 
group. These changes entailed that few patients (2/15 
equal to 13.3% of patients originally assigned to the high 
dose group) were getting a reduction in daily dosing so as 
to vary their real place from high to low dose group. Even 
though more rarely (3/42 pts; 7%), the opposite shift, i.e. 
the transition from low to high dose of ACE-inhibitor, was 
also demonstrated. The count of the cases of alteration 
in original dosing was carried out, whereas none of these 
changes in ACE-inhibitor dose grouping was considered by 
final statistical analysis according to the principle of intention 
to treat. Therefore, the CHF patients who were shown to 
vary the original dose of ACE-inhibitor, were analyzed as 

Fig. 3 – No: administration of enalapril or lisinopril dose ≤ 10 mg per day; Yes: presence of ACE-inhbitor high dose (>10 mg of enalapril or lisinopril per day); 0: no evidence 
of aggravated renal dysfunction (ARD); 1: presence of ARD.

88.0000 8.0522 961.7232 0,000006

1.0000 0.1040 9.6139 0.7164

7.1037 0.0077
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