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Incidence, Severity, and Outcomes of AKI Associated
with Dual Renin-Angiotensin System Blockade
Paul M. Palevsky,*† Jane H. Zhang,‡ Stephen L. Seliger,§| Nicholas Emanuele,¶** and Linda F. Fried,*† for the VA
NEPHRON-D Study

Abstract
Background and objectives The beneﬁt of dual blockade of the renin-angiotensin system is limited by adverse
effects. We performed a secondary analysis of the Veterans Affairs Nephropathy in Diabetes (VA NEPHRON-D)
Study to describe the effect of increased intensity of renin-angiotensin system blockade on the incidence, risk
factors, and outcomes of AKI.
Design, setting, participants, & measurements In the VA NEPHRON-D Study, we randomized 1148 veterans
receiving outpatient care with type 2 diabetes mellitus, eGFR of between 30 and 89.9 ml/min per 1.73 m2, and
urinary albumin excretion of at least 300 mg/mg creatinine (or a urinary total protein of at least 0.5 mg/mg
creatinine) to either combination therapy with losartan and lisinopril or monotherapy with losartan. We
identiﬁed hospitalized AKI events and their outcomes during a median follow-up of 2.2 years through systematic
reporting of serious adverse events.
Results The incidence of AKI was 12.2 (95% conﬁdence interval, 10.5 to 14.0) versus 6.7 (95% conﬁdence interval,
5.6 to 8.2) per 100 patient-years in the combination arm versus monotherapy arms (P,0.001). Individuals with
AKI were more likely to develop the primary study end point of death, ESRD, or decline in kidney function
(hazard ratio, 1.78; 95% conﬁdence interval, 1.34 to 2.26; P,0.001). Patients with AKI in the combination arm had
greater recovery of kidney function (75.9% versus 66.3%; P=0.04), lower 30-day mortality (4.7% versus 15.0%;
P,0.01), and lower hazard for development of the primary study end point (hazard ratio, 0.60; 95% conﬁdence
interval, 0.37 to 0.98).
Conclusions Dual renin-angiotensin system blockade was associated with an increased risk of AKI compared
with monotherapy, but AKI in the setting of monotherapy was associated with lower rates of recovery of kidney
function, higher mortality, and higher risk of progression of kidney disease.
Clin J Am Soc Nephrol 11: 1944–1953, 2016. doi: 10.2215/CJN.03470316

Introduction
Individuals with diabetes mellitus (DM) and proteinuria are at high risk for progressive decline in kidney
function and development of ESRD (1). Blockade of
the renin-angiotensin system (RAS) decreases progression of proteinuric kidney disease (2); however,
monotherapy with either angiotensin–converting enzyme inhibitors (ACEis) or angiotensin receptor
blockers (ARBs) does not halt progression of kidney
disease (3–5). Sequential RAS blockade using both an
ACEi and an ARB reduces proteinuria more than
monotherapy with either class of drug, leading to
the hypothesis that combination therapy would be
more effective in slowing progression of kidney disease (6,7). However, increased intensity of RAS blockade is also associated with more adverse effects,
including hyperkalemia and AKI (8–12).
The Veterans Affairs Nephropathy in Diabetes (VA
NEPHRON-D) Study was a multicenter, double–
blind, randomized, controlled trial that tested the efﬁcacy of the combination of losartan (an ARB) with
1944
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lisinopril (an ACEi) compared with treatment with
only losartan in slowing the progression of proteinuric
kidney disease in patients with type 2 DM (10). The
study was stopped early for increased rates of hyperkalemia and AKI associated with combination
therapy. Herein, we describe the incidence, risk factors, and outcomes of AKI in the VA NEPHRON-D
Study and evaluate the relationship between intensity
of RAS blockade and the development and outcomes
of AKI.
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Materials and Methods
The design and primary results of the VA NEPHRON-D
Study have been previously presented (10,13). The
study was funded by the Cooperative Studies Program of the Department of Veterans Affairs (VA)
Ofﬁce of Research and Development and conducted
at 32 VA medical centers between July of 2008 and
December of 2012. The study was approved by the
human rights committee at the VA Connecticut
www.cjasn.org Vol 11 November, 2016
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Healthcare System West Haven Cooperative Studies Program Coordinating Center and the institutional review
board at each participating site, and it was overseen by
an independent data and safety monitoring committee.
The study was registered at ClinicalTrials.gov: registration
number NCT00555217.
Study Population
Veterans with type 2 DM, eGFR of between 30 and 89.9
ml/min per 1.73 m2 (calculated using the four–variable
Modiﬁcation of Diet in Renal Disease formula) (14), and
urinary albumin excretion of at least 300 mg/mg creatinine
or urinary total protein of at least 0.5 g/g creatinine were
eligible for the study. We excluded patients with known
nondiabetic kidney disease or hyperkalemia (serum potassium .5.5 mmol/L or need for chronic therapy with sodium polystyrene sulfonate).
Study Intervention
We discontinued any RAS blockers used at the time of
enrollment and initiated losartan at a dose of 50 mg/d,
increasing the dose to 100 mg/d if the potassium remained
,5.5 mmol/L and the serum creatinine did not rise by
.30% from the time of enrollment. After patients tolerated
100 mg losartan per day for at least 30 days, we randomly
assigned them to receive the addition of either lisinopril or
matched placebo in a 1:1 ratio, with stratiﬁcation by site,
eGFR, proteinuria, and use or nonuse of combination therapy with an ACEi and an ARB at the time of enrollment.
We progressively increased the dose of lisinopril or placebo from 10 to 40 mg/d if the serum potassium remained
,5.5 mmol/L and the serum creatinine level did not increase by .30% from the value at randomization. After
patients reached a maintenance dose, we evaluated them
every 3 months, adjusting BP medications to target a systolic BP between 110 and 130 mmHg and a diastolic BP of
,80 mmHg. We measured serum creatinine and potassium at the study site at randomization, 10–14 days after
each dose escalation, and every 3 months thereafter for
safety; and we measured serum creatinine at a central laboratory for assessment of the primary study end point.
End Points
The primary study end point was a composite of the ﬁrst
occurrence of a reduction in eGFR of $30 ml/min per
1.73 m2 if the eGFR at randomization was $60 ml/min
per 1.73 m2 or a reduction in eGFR of $50% if the eGFR
at randomization was ,60 ml/min per 1.73 m2; development of ESRD deﬁned as the initiation of maintenance dialysis or an eGFR,15 ml/min per 1.73 m2; or death. The
secondary end point was the renal composite (reduction in
eGFR or ESRD). ESRD and mortality were tertiary and
safety end points, respectively.
AKI was a predeﬁned safety end point. We identiﬁed
episodes of AKI through systematic reporting of serious
adverse events. Detailed data were collected on all serious
adverse events identiﬁed by the local site investigator as
AKI events requiring hospitalization or occurring during
hospitalization, including baseline serum creatinine value
before the onset of AKI, peak serum creatinine during the
episode of AKI, and subsequent nadir serum creatinine
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value; predisposing factors; need for RRT; and clinical
outcomes. Local site investigators assessed the etiology of
AKI (e.g., prerenal azotemia, obstructive disease, acute interstitial nephritis, and acute tubular necrosis), with subsequent independent review and adjudication by two
members of the study executive committee (P.M.P. and
L.F.F.). We assessed the severity of each episode of AKI
on the basis of the maximum increase in serum creatinine
categorized as .50%, .100%, or .200%. The decision to
use RRT for acute management of AKI was at the discretion of the patients’ primary treating physicians. We deﬁned
complete recovery of kidney function as dialysis independence with a nadir serum creatinine within 30 days after the
episode of AKI that was ,125% of the pre–AKI baseline
value. Drug allocation was not unmasked as a result of episodes of AKI. Decisions to modify study drug dosing during hospitalization were at the discretion of treating
physicians; resumption or continuation of study drug was
at the discretion of the study investigator, with guidance to
restart losartan before lisinopril/placebo.
Statistical Analyses
We present summary data as numbers (%), means6SD,
or medians (interquartile ranges) as appropriate. We compared the incidence, event rate, severity, and outcomes of
AKI between the two treatment groups using chi-squared
tests, Poisson rate tests, or Mantel–Haenszel tests as appropriate. We used Cox regression models to identify factors associated with the development of AKI and test for
interactions with treatment. We also used Cox regression
models to evaluate the association of the risk of a primary
end point, ESRD, or death with occurrence of AKI, in
which AKI is a time-dependent covariate. We calculated
cumulative event rates using the Kaplan–Meier method
and analyzed treatment effect using a log rank test. Because some patients sustained multiple episodes of AKI,
we performed all patient-level analyses on the basis of the
ﬁrst episode of AKI; we included all episodes of AKI in
event-level analyses. All reported P values are two sided;
we considered P values of ,0.05 to indicate statistical signiﬁcance. We performed all statistical analyses using SAS
software, version 9.3 (SAS Institute Inc., Cary, NC).

Results
Incidence of AKI
We screened a total of 4346 patients, enrolled 1648, and
randomized 1448 to either monotherapy with losartan and
placebo (n=724) or combination therapy with losartan
and lisinopril (n=724). At a median patient follow-up of
2.2 years, 210 patients (14.5%) had sustained at least one
episode of AKI: 80 patients (11.0%) in the monotherapy
arm and 130 patients (18.0%) in the combination therapy
arm (Figure 1) (P,0.001). Baseline characteristics of the
study population stratiﬁed by treatment arm and development of AKI are shown in Table 1. There were no significant differences between patients in the two treatment
arms at baseline. Patients who developed AKI had higher
baseline serum creatinine, had lower baseline eGFR, had
higher urine albumin excretion, and were more likely to
have congestive heart failure (CHF) than patients who did
not develop AKI.
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Figure 1. | Kaplan–Meier plots of the cumulative percentage of patients with an initial episode of AKI. The primary study end point was the
first occurrence of change in the eGFR (a decline of $30 ml/min per 1.73 m2 body surface area if the initial eGFR was $60 ml/min per 1.73 m2
or a decline of $50% baseline eGFR if the baseline eGFR was ,60 ml/min per 1.73 m2), ESRD, or death. P value was calculated using a
stratified log rank test. 95% CI, 95% confidence interval.

There were 105 episodes of AKI in 80 patients in the
monotherapy arm and 190 episodes in 130 patients in the
combination therapy arm (Table 2). The incidence rate of
AKI was 6.7 events per 100 person-years (95% conﬁdence
interval [95% CI], 5.6 to 8.2) in the monotherapy arm and
12.2 events per 100 person-years (95% CI, 10.5 to 14.0) in
the combination therapy arm (P,0.001). The majority of
AKI episodes were community acquired, with similar frequencies in the monotherapy and combination therapy
arms (Table 2). The maximal increase in serum creatinine
was #200% of baseline in 87.5%, with similar distributions
in the severity of AKI in the two treatment arms (Table 2).
RRT was used in 12 (11.5%) episodes in the monotherapy
arm and 17 (9.1%) episodes in the combination therapy
arm (P=0.49). The distribution of etiologies of AKI was
not different in the two treatment arms; hemodynamically
mediated prerenal causes contributed to approximately
three quarters of AKI episodes and acute tubular necrosis
accounted for approximately one quarter of episodes in
both treatment arms (Table 2).
Predictors of Development of AKI
In univariate analysis, higher baseline urine albumin excretion, lower baseline eGFR, higher body mass index,
CHF, higher serum potassium, and assignment to combination therapy were associated with higher risk of AKI
(Table 3). In the multivariate model, using stepwise selection, urine albumin excretion, eGFR, lower baseline
systolic BP, CHF, and assignment to combination therapy
remained associated with development of AKI (Table 3).
The most recent prior outpatient serum creatinine before
the ﬁrst episode of AKI was 2.261.0 mg/dl (median =2.0
mg/dl; interquartile range, 1.6–2.6 mg/dl) in the 80 patients in the monotherapy arm who developed AKI

compared with 2.060.6 mg/dl (median =1.9 mg/dl;
interquartile range, 1.4–2.4 mg/dl) in the 130 patients
in the combination therapy arm who developed AKI
(P=0.06). Volume depletion, diuretic management, and
other concomitant medications represented the three
most common predisposing factors for the development
of AKI (Table 4); the frequency of these events as contributors to the development of AKI were not different in the
two treatment arms. The absolute numbers of AKI events
in which urinary retention, which is unlikely to have
been affected by intensity of RAS blockade, was a contributing factor were similar in the two treatment groups,
but given the greater numbers of AKI events in the combination therapy arm, these were a greater percentage of
AKI events in the monotherapy arm (Table 4).
Management of RAS Blockade
The distributions of doses of losartan and lisinopril/
placebo were similar in both treatment arms at the time of
development of AKI (Supplemental Table 1). Patients in the
monotherapy arm were more likely to have their losartan
dose decreased or discontinued than patients in the combination therapy arm; adjustments in the dosing of lisinopril/
placebo were similar in both treatment arms (Supplemental
Table 2).
Outcomes of AKI
Although patients receiving combination therapy were
more likely to develop AKI, patients in the monotherapy
arm who developed AKI were more likely to die within 30
days of the episode of AKI and less likely to recover kidney
function to a serum creatinine within 25% of baseline (Table
5). Using Kaplan–Meier analysis, 30-day mortality after
an episode of AKI was 15.0% in patients assigned to
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51.6618.1
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Values are reported as means6SD, medians (interquartile ranges), or N (%), with percentages on the basis of total numbers of patients included in each category.
a
All P values for comparisons between treatment arms .0.05; P values for comparisons between patients with and without AKI (all patients) .0.05, except for serum creatinine (P#0.001), eGFR
(P#0.001), urine albumin excretion (P=0.001), and congestive heart failure (P=0.002).
b
Race and ethnic group were self-reported; the ﬁrst response is listed when multiple races were reported.

Age, yr
Men
Raceb
White
Black
Other
Hispanic ethnicityb
Body mass index, kg/m2
Baseline BP, mmHg
Systolic
Diastolic
Laboratory values at randomization
Serum creatinine, mg/dl
eGFR, ml/min per 1.73 m2
Urine albumin excretion, mg/mg creatinine
Serum potassium, mEq/L
Hemoglobin A1c, %
Retinopathy
Coronary artery disease
Congestive heart failure
Diuretic use, %

Baseline Characteristica

Table 1. Baseline characteristics of the study population stratified by treatment arm and development of AKI
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Table 2. Incidence, severity, and etiology of AKI events

Description
Person-months of treatment exposure
Individuals with AKI
AKI events
No. of episodes (%) of AKI
per individual
1a
2a
.2a
AKI events per 100 person-yr
(95% conﬁdence interval)
Severity of AKI
No. of events (%) with
evaluable data
.50%–100% increase in
serum creatinineb
.100%–200% increase in
serum creatinineb
.200% increase in
serum creatinineb
AKI events requiring RRTa (%)
Community- versus hospitalacquired AKI (%)
No. of events with evaluable data
Community acquiredb
Hospital acquiredb
Etiology of episodes of AKIc (%)
No. of events with evaluable data
Prerenalb
Acute tubular necrosisb
Acute interstitial nephritisb
Obstructive uropathyb
Otherb

All Patients,
n=1448

Monotherapy,
n=724

Combination Therapy,
n=724

P Value

37,443
210 (8.6)
295

18,678
80 (11.0)
105

18,765
130 (18.0)
190

,0.001
0.30

159 (75.7)
31 (14.8)
20 (9.5)
9.5 (8.4 to 10.6)

63 (78.8)
12 (15.0)
5 (6.2)
6.7 (5.6 to 8.2)

96 (73.8)
19 (14.6)
15 (11.5)
12.2 (10.5 to 14.0)

287 (97.3)

103 (98.1)

184 (96.8)

109 (38.0)

35 (34.0)

74 (40.2)

89 (31.0)

37 (35.9)

52 (28.3)

36 (12.5)

10 (9.7)

26 (14.1)

29 (10.1)

12 (11.5)

17 (9.1)

289 (98.0)
189 (65.4)
100 (34.6)

104 (99.0)
67 (64.4)
37 (35.6)

185 (97.4)
122 (65.9)
63 (34.1)

290 (98.3)
218 (75.2)
71 (24.5)
13 (4.5)
18 (6.2)
19 (6.6)

104 (99.0)
76 (73.1)
25 (24.0)
7 (6.8)
8 (7.7)
8 (7.7)

186 (97.9)
142 (76.3)
46 (24.7)
6 (3.2)
10 (5.4)
11 (5.9)

,0.001
0.71

0.49
0.79

0.54
0.90
0.17
0.43
0.56

a

Percentages calculated on the basis of total number of AKI events.
Percentages calculated on the basis of number of AKI events with evaluable data.
c
Totals exceed 100%, because some patients were classiﬁed as having multifactorial AKI.
b

monotherapy compared with 4.7% in patients assigned
to combination therapy (Figure 2, Table 5) (P,0.01).
When analyzed on the basis of the total number of patients randomized to the two treatment arms, the relative risk of death after an episode of AKI associated
with combination therapy was 0.50 (95% CI, 0.19 to
1.32; P=0.16).
Relationship between AKI and Development of Study End
Points
Patients who developed AKI were more likely to reach
the primary study end point of death, ESRD, or decline in
eGFR than patients who did not (hazard ratio, 1.78, 95%
CI, 1.34 to 2.36; P,0.001) (Supplemental Table 3). Similar ﬁndings were seen for the development of ESRD and
death; although the trend was similar for the composite
renal end point of ESRD or decline in eGFR, it did not
reach statistical signiﬁcance. In contrast, among patients
who developed AKI, patients in the combination therapy arm were less likely to reach the primary study end
point than patients in the monotherapy arm, with this

outcome most heavily inﬂuenced by the increased risk of
death among those with AKI in the monotherapy arm (Figure 2, Table 6). After accounting for the difference in rates of
AKI between treatment arms, the numbers of patients developing the primary or secondary study end points after an
episode of AKI were similar in both treatment arms (Table 6).
Overall, 32 individuals in the monotherapy arm and 35 patients in the combination therapy arm developed the primary
study end point of death, ESRD, or decline in eGFR after an
episode of AKI (risk ratio, 1.05; 95% CI, 0.83 to 1.32; P=0.70).

Discussion
Sequential RAS blockade using an ACEi and an ARB in
patients with DM and proteinuric stages 2–3 CKD was
associated with a .1.6-fold higher rate of AKI compared
with monotherapy with an ARB. Although we observed
no signiﬁcant differences in the etiology or severity of AKI,
AKI in the setting of monotherapy was associated with
lower rates of recovery of kidney function, higher mortality, and higher probability of reaching the composite end
point of death, ESRD, or decline in kidney function

097 to 1.01
0.74 to 1.34
0.26 to 1.55
1.24 to 1.62
0.88 to 0.99
0.98 to 1.00
0.98 to 1.00
1.00 to 1.04
1.29 to 2.46
0.78 to 1.35
0.78 to 1.34
0.92 to 1.15
0.93 to 1.75
1.00 to 1.70
1.28 to 2.24

1.01
0.63
1.42
0.92
0.99
0.99
1.02
1.78
1.03
1.02
1.03
1.28
1.31
1.70

95% CI

0.99

HR

Univariate Analysis

0.14
0.11
0.03
,0.001
0.84
0.86
0.61
0.13
0.05
,0.001

0.97
0.32
,0.001
,0.001

0.25

P Value

0.99
0.99
1.01
1.64
0.90
0.89
1.02
1.07
1.36
1.63

1.19
0.59
1.42
0.95

0.99

HR

0.98 to 1.00
0.97 to 1.01
0.99 to 1.04
1.16 to 2.31
0.67 to 1.20
0.67 to 1.19
0.91 to 1.14
0.77 to 1.49
1.03 to 1.79
1.23 to 2.16

0.84 to 1.67
0.24 to 1.45
1.24 to 1.64
0.90 to 1.00

0.97 to 1.01

95% CI

Multivariate Analysis

0.15
0.27
0.16
,0.01
0.46
0.45
0.74
0.69
0.03
,0.001

0.32
0.25
,0.001
0.01

0.48

P Value

0.98 to 1.00
1.19 to 2.27

1.24 to 2.18

1.64

1.65

1.24 to 1.64
0.90 to 1.00

95% CI

0.99

1.42
0.94

HR

Stepwise Selection

,0.001

0.003

0.03

,0.001
0.003

P Value

HR, hazard ratio; 95% CI, 95% conﬁdence interval; UAE, urine albumin excretion; BMI, body mass index; CHF, history of congestive heart failure; CAD, history of coronary artery disease;
HbA1c, hemoglobin A1c.
a
All predictors on the basis of values at time of randomization.
b
UAE natural log transformed.

Age, per yr
Race
Black
Other
UAE,b per ln unit
eGFR, per 5 ml/min per 1.73 m2
BP, per 1 mmHg
Systolic
Diastolic
BMI, per 1 kg/m2
CHF
CAD
Retinopathy
HbA1c, per 1%
Diuretic use
Serum potassium, per 1 mEq/L
Combination therapy

Predictora

Table 3. Predictors of AKI
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Table 4. Factors contributing to the development of AKI

Description

All Patients

Monotherapy

Combination Therapy

AKI events
No. of events (%) with evaluable dataa
Predisposing factorsb (%)
Volume depletionc
Diureticsc
Acute gastrointestinal illnessc
Medicationsc
Iodinated radiocontrast mediac
Aminoglycoside antibioticsc
Vasopressorsc
Urinary retentionc

295
290 (98.3)

105
104 (99.0)

190
186 (97.9)

176 (60.7)
161 (55.5)
53 (18.3)
142 (49.0)
12 (4.1)
8 (2.8)
4 (1.4)
26 (9.0)

59 (56.7)
61 (58.7)
14 (13.5)
56 (54.4)
5 (4.8)
3 (2.9)
2 (1.8)
14 (13.5)

117 (62.9)
100 (53.8)
39 (21.0)
86 (46.2)
7 (3.8)
5 (2.7)
2 (1.0)
12 (6.5)

P Value

0.30
0.42
0.11
0.21
0.67
0.92
0.55
0.05

a

Percentages calculated on the basis of total number of AKI events.
Totals exceed 100%, because patients may have had more than one contributing factor.
c
Percentages calculated on the basis of number of AKI events with evaluable data.
b

compared with AKI in the setting of combination therapy.
The lower rates of these end points after an episode of AKI in
patients assigned to combination therapy resulted in overall
similar numbers of patients reaching the primary composite
study end point after an episode of AKI, despite the greater
frequency of AKI associated with combination therapy. In
addition to dual RAS blockade, risk factors for the

development of AKI included higher levels of urine albumin
excretion and lower eGFR at baseline, CHF, and lower systolic BP.
Our ﬁndings are consistent with those of other studies
that have compared monotherapy with sequential RAS
blockade (9,11,12). In the Aliskiren Trial in Type 2 Diabetes
Using Cardiorenal Endpoint (ALTITUDE), which

Table 5. 30-Day outcome of AKI

Description

All Patients

Monotherapy

Combination Therapy

295
281 (95.3)
211 (71.5)

105
100 (95.2)
69 (65.7)

190
181 (95.3)
142 (74.7)

40 (13.6)

14 (13.3)

26 (13.7)

12 (4.1)
18 (6.1)

5 (4.8)
12 (11.4)

7 (3.7)
6 (3.2)

210
202 (96.2)
152 (72.4)

80
77 (96.2)
52 (65.0)

130
125 (96.2)
100 (76.9)

28 (13.3)

11 (13.8)

17 (13.1)

7 (3.3)
15 (7.1)
18 (8.7)

4 (5.0)
10 (12.5)
12 (15.0)

3 (2.3)
5 (3.8)
6 (4.7)

a

All episodes of AKI
No. of episodes
No. (%) with evaluable data
Serum creatinine ,125%
of pre-AKI baseline (%)
Dialysis independent but
with serum creatinine
.125% of pre-AKI baseline (%)
Dialysis dependent (%)
Death (%)
First episode of AKIb
No. of episodes
No. (%) with evaluable data
Serum creatinine ,125% of
pre-AKI baseline (%)
Dialysis independent but
with serum creatinine .125%
of pre-AKI baseline (%)
Dialysis dependent (%)
Death (%)
30-d Mortality after AKI

P Value
0.04

0.01

,0.01

a
Four episodes with missing data (one in the monotherapy arm and three in the combination therapy arm) and 10 episodes (four in the
monotherapy arm and six in the combination therapy arm) with outcome reported as other, which includes episodes with recurrent
AKI within 30 days; all percentages calculated on the basis of total number of episodes of AKI. P value calculated using Mantel–
Haenszel chi–squared test, excluding episodes of AKI with missing data or outcome reported as other.
b
Two episodes with missing data (both in the combination therapy arm) and six episodes (three in the monotherapy arm and three in
the combination therapy arm) with outcome reported as other, which includes episodes with recurrent AKI within 30 days; all percentages calculated on the basis of total number of initial episodes of AKI. P value calculated using Mantel–Haenszel chi–squared test,
excluding episodes of AKI with missing data or outcome reported as other.
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Figure 2. | Kaplan–Meier plots of the cumulative percentage of patients developing the primary study end point (Prim Endpt) of death, end-stage
renal disease or decline in eGFR after the initial episode of AKI. P value was calculated using a stratified log rank test. 95% CI, 95% confidence interval.

compared monotherapy with either an ACEi or an ARB
with combination therapy with aliskiren, a direct renin inhibitor, in predominantly nonproteinuric patients with
type 2 DM and CKD, there was a trend toward a higher
rate of worsened kidney function with combination therapy, although rates of AKI were not speciﬁcally reported
(11). In the Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET),
which compared monotherapy with either ramipril or telmisartan with combination therapy with both agents in
patients with cardiovascular disease or DM but without
heart failure, combination therapy was associated with

higher rates of drug discontinuation because of hypotensive symptoms and need for dialysis or doubling of serum
creatinine (9,12). In a sensitivity analysis, there were no
differences between groups with regard to the individual
end points of doubling of serum creatinine or need for
chronic dialysis, although the rate of acute dialysis was
higher in the combination therapy arm (12). Neither trial
rigorously characterized episodes of AKI.
The increased risk of AKI associated with intensity of
RAS blockade is integrally related to the mechanism of
action of these agents. In states with diminished renal
perfusion and in many patients with CKD, glomerular

Table 6. Difference in risk of study end points among patients with AKI randomized to dual versus single renin-angiotensin system
blockade

End Point
Death, ESRD, or
decline in eGFRa
ESRD or decline
in eGFRa
ESRD
Death

Combination Therapy
Patients with AKI

Monotherapy
Patients with AKI

Hazard Ratio

95% Conﬁdence
Interval

P Value

35/118 (29.7)

32/71 (45.1)

0.60

0.37 to 0.98

0.04

23/118 (19.5)

17/71 (23.9)

0.77

0.47 to 1.24

0.28

14/128 (10.9)
15/130 (11.5)

9/75 (12.0)
19/80 (23.8)

0.82
0.45

0.34 to 1.98
0.23 to 0.88

0.66
0.02

Time-dependent analysis included AKI events occurring before reaching any component of the primary study end point adjusted for
baseline eGFR and albuminuria. Data presented as number of patients with end point/number of patients at risk (%).
a
Decline in eGFR deﬁned as an fall in eGFR of .30 ml/min per 1.73 m2 if the eGFR was $60 ml/min per 1.73 m2 at randomization or a
decrease in eGFR of .50% if the eGFR was ,60 ml/min per 1.73 m2 at randomization.
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capillary pressure and GFR are supported by angiotensin
II–mediated efferent glomerular arteriolar vasoconstriction
(15–17). Elevated angiotensin II levels, although helping to
maintain GFR, contribute to intraglomerular hypertension,
believed to be a direct mediator of glomerular ﬁbrosis, and
alter glomerular permselectivity, increasing proteinuria,
which may have a direct tubulotoxic effect (18). Although
RAS blockade counters these effects, altered efferent arteriolar tone predisposes to the development of AKI during
periods of diminished renal perfusion or volume depletion
or when vasodilatory prostaglandins are inhibited (16,19).
It is, therefore, not surprising that patients with CHF or
lower baseline systolic BP were at increased risk for the
development of AKI with sequential RAS blockade.
The balance between protective and deleterious effects of
RAS blockade has resulted in continued controversy regarding the use of sequential blockade in prevention of
progression of proteinuric kidney disease in patients with
DM (20). Pharmacologic interventions directed at the RAS
that reduce albuminuria are associated with mitigation of
progression of proteinuric kidney disease and subsequent
development of ESRD (21). In multiple short–term trials,
dual RAS blockade with ACEi and ARB has been associated with greater reduction in albuminuria than treatment
with a single agent (22–25). However, these studies did
not evaluate change in kidney function over time, and the
incidence of AKI was not described. In a network metaanalysis of antihypertensive therapies in adults with DM
and CKD, dual RAS blockade with ACEi and ARB was
associated with the lowest odds for development of ESRD
compared with monotherapy with either agent alone (26).
Although not statistically signiﬁcant, dual blockade was
associated with a .2.5-fold greater risk for development
of AKI and hyperkalemia (26). In the VA NEPHRON-D
Study, we did not ﬁnd a reduction in the primary study
end point but did ﬁnd an increased rate of adverse events
in patients treated with combination therapy compared
with in patients treated with monotherapy (10). Although
the rates of the combined end point of ESRD or decline in
kidney function and ESRD alone were lower in the combination therapy arm, these differences did not reach statistical
signiﬁcance. Patients with higher levels of albuminuria, who
might have greater beneﬁt from dual blockade, were at increased risk for development of AKI.
Sequential RAS blockade is strongly associated with an
increased risk for hemodynamically mediated AKI, but
AKI associated with monotherapy was associated with
worse outcomes. This may reﬂect patients treated with
monotherapy requiring a greater hemodynamic insult to
provoke AKI than patients receiving dual therapy. Similar
differential effects associated with RAS blockade have been
observed in other settings. The use of preoperative RAS
blockade in patients undergoing cardiothoracic surgery is
associated with an increased risk of postoperative AKI
(27,28); however, this AKI is biomarker negative, implying
hemodynamically mediated AKI without structural damage (28). The clinical implications of hemodynamically mediated AKI associated with RAS blockade are uncertain.
Although AKI is generally associated with increased mortality risk, worsening of kidney function associated with
RAS blockade in the Studies of Left Ventricular Dysfunction
(SOLVD) study was not associated with increased mortality.

In patients not treated with RAS blockade, worsening kidney function was associated with an increased mortality risk
(29). In the VA NEPHRON D Study, the development of
AKI was associated with a higher risk of renal progression,
ESRD, and death; whether this is causal or merely reﬂects a
marker of risk cannot be determined from our data.
Limitations of our data should be noted. We were only
able to collect data on episodes of AKI that resulted in
or occurred during hospitalization. Episodes of AKI that
occurred in the outpatient setting and did not result in
hospitalization were not captured; however, it is likely that
these episodes were signiﬁcantly less severe than those
associated with hospitalization. Characterization of the
etiology of AKI was on the basis of the clinical diagnosis of
the treating clinicians with secondary central adjudication
rather than speciﬁc protocolized diagnostic criteria. We
also did not collect blood or urine samples at the time of
AKI episodes for measurement of novel biomarkers.
In summary, dual RAS blockade using an ACEi and an
ARB was associated with an increased risk of AKI compared with ARB monotherapy in patients with DM and
proteinuric CKD. Although the severity and etiology of AKI
were similar in both treatment groups and AKI predicted
the development of renal progression and death, patients
developing AKI in the setting of ARB monotherapy had
worse outcomes, including lower rates of recovery of kidney
function, higher mortality, and higher probability of reaching the primary composite end point of death, ESRD, or
decline in kidney function, than patients treated with
combination therapy who developed AKI. Although dual
RAS blockade resulted in more episodes of AKI, the
overall frequency of death, ESRD, or decline in kidney
function associated with AKI was not different in the two
treatment arms.
Acknowledgments
Because P.M.P. is a Deputy Editor of the Clinical Journal of the
American Society of Nephrology, he was not involved in the peer review process for this manuscript. Another editor oversaw the peer
review and decision-making process for this manuscript.
We thank the Veterans Affairs Nephropathy in Diabetes Study
investigators for their contributions to the conduct of the study and
thank the patients who participated in the study.
This study was supported by the Cooperative Studies Program of
the Department of Veterans Affairs (VA) Ofﬁce of Research and
Development. The Investigator–Initiated Studies Program of Merck
GmbH donated the study medications losartan and lisinopril/
placebo for the study.
Preliminary results were presented in abstract form at the Annual
Meeting of the American Society of Nephrology held November
7–10, 2014 in Atlanta, Georgia.
The opinions expressed in this article are those of the authors and do
not necessarily represent those of the VA. The sponsor reviewed the
manuscript before it was submitted but did not control the interpretation of the results or the decision to submit the manuscript for
publication. Merck GmbH donated the study drugs but was not involved in the study design, data analysis, or manuscript preparation.
Disclosures
P.M.P. reports serving as a consultant to Baxter (Deerﬁeld, IL).
J.H.Z. has nothing to report. S.L.S. reports research support from
Roche Diagnostics (Indianapolis, IN). N.E. has received payment for

Clin J Am Soc Nephrol 11: 1944–1953, November, 2016

AKI in Dual RAS Blockade, Palevsky et al.

speaking from Merck GmbH (Darmstadt, Germany). L.F.F. reports
serving as a consultant to Bayer HealthCare (Whippany, NJ).
15.
References
1. de Zeeuw D, Remuzzi G, Parving HH, Keane WF, Zhang Z,
Shahinfar S, Snapinn S, Cooper ME, Mitch WE, Brenner BM:
Proteinuria, a target for renoprotection in patients with type 2
diabetic nephropathy: Lessons from RENAAL. Kidney Int 65:
2309–2320, 2004
2. Kidney Disease: Improving Global Outcomes (KDIGO) Work
Group: KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Int
Suppl 3: 1–150, 2013
3. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD; The Collaborative Study
Group: The effect of angiotensin-converting-enzyme inhibition on
diabetic nephropathy. N Engl J Med 329: 1456–1462, 1993
4. Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB,
Ritz E, Atkins RC, Rohde R, Raz I; Collaborative Study Group:
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N
Engl J Med 345: 851–860, 2001
5. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE,
Parving HH, Remuzzi G, Snapinn SM, Zhang Z, Shahinfar S;
RENAAL Study Investigators: Effects of losartan on renal and
cardiovascular outcomes in patients with type 2 diabetes and
nephropathy. N Engl J Med 345: 861–869, 2001
6. de Zeeuw D: Albuminuria, not only a cardiovascular/renal risk
marker, but also a target for treatment? Kidney Int Suppl 92: S2–
S6, 2004
7. Kunz R, Friedrich C, Wolbers M, Mann JF: Meta-analysis: Effect of
monotherapy and combination therapy with inhibitors of the
renin angiotensin system on proteinuria in renal disease. Ann
Intern Med 148: 30–48, 2008
8. Yusuf S, Diener HC, Sacco RL, Cotton D, Ounpuu S, Lawton WA,
Palesch Y, Martin RH, Albers GW, Bath P, Bornstein N, Chan BP,
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