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Abstract The Renin–Angiotensin–Aldosterone System

(RAAS) is profoundly involved in the pathogenesis of renal

and cardiovascular organ damage, and has been the pre-

ferred therapeutic target for renal protection for over

30 years. Monotherapy with either an Angiotensin Con-

verting Enzime Inhibitor (ACE-I) or an Angiotensin

Receptor Blocker (ARB), together with optimal blood

pressure control, remains the mainstay treatment for

retarding the progression toward end-stage renal disease.

Combining ACE-Is and ARBs, or either one with an

Aldosterone Receptor Antagonist (ARA), has been shown

to provide greater albuminuria reduction, and to possibly

improve renal outcome, but at an increased risk of poten-

tially severe side effects. Moreover, combination therapy

has failed to provide additional cardiovascular protection,

and large prospective trials on hard renal endpoints are

lacking. Therefore this treatment should, at present, be

limited to selected patients with residual proteinuria and

high renal risk. Future studies with novel agents, which

directly act on the RAAS at multiple levels or have a more

favourable side effect profile, are greatly needed to further

explore and define the potential for and the limitations of

profound pharmacologic RAAS inhibition.

Keywords Kidney disease � Renin–Angiotensin–

Aldosterone system inhibitors � Treatment � Hypertension �
Proteinuria

Introduction

Since the seminal experimental and clinical work carried

out in the seventies and eighties of the previous century

demonstrated the key contribution of angiotensin II on the

development and progression of hypertension-mediated

organ damage [1], and later on with the introduction of

Angiotensin Converting Enzime-Inhibitors (ACE-Is) in

the therapeutic arena [2], the Renin–Angiotensin–Aldos-

terone System (RAAS) has been the preferred therapeutic

target for renal protection. Over the past 20 years, along

with a more detailed understanding of the pathophysiol-

ogy of the RAAS, and the development of several classes

of drugs that effectively interfere with its deleterious

effects at the cellular, tissue and systemic level, clinicians

have come to rely on the use of RAAS-Inhibitors (RAAS-

Is) to curb the progression of renal damage even beyond

their blood pressure lowering effects [3]. Thus, pharma-

cologic blockade of the RAAS has been shown to

improve a number of histological and clinical outcomes,

ranging from glomerular hypertension to interstitial

fibrosis and proteinuria in patients with chronic kidney

disease (CKD).

However, the renal protective effects of RAAS-Is, alone

or in combinations, has proved so far incomplete in clinical

practice, and the number of CKD patients progressing

toward end-stage renal disease (ESRD) remains unaccept-

ably high [4]. This issue is even more worrisome when one

considers the on-going worldwide rise in the prevalence

and incidence of CKD, brought about by longer life

expectancy and the dramatic epidemic of diabetes, hyper-

tension and obesity, arguably the main risk factors for

kidney diseases [5]. This narrative review will focus on the

clinical aspects of renal protection obtained by RAAS

inhibition with currently available drugs,as well as those
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that will become available soon, either in monotherapy or

in different combinations, in patients with CKD (Table 1).

ACE-Is: the mainstay of treatment for CKD
patients

ACE-Is were the first class of drugs specifically acting on

the RAAS introduced in clinical practice. Since 1993,

when the Collaborative Study Group showed the beneficial

effect of Captopril on the progression of renal disease in

patients with type I diabetes [6], ACE-Is have been used in

several large trials in diabetic and non-diabetic patients

with CKD. Over the years, the knowledge of the patho-

physiology of their numerous mechanisms of action has

increased, and their efficacy has been repeatedly proven

[7–10]. The ability of ACE-Is to reduce urine protein

excretion thereby retarding the progression to ESRD is in

part independent of their blood pressure lowering effect.

These drugs, although far from being the ‘‘magic bullet’’ of

treatment for chronic renal diseases, may provide up to

30 % greater renal protection as compared to standard

antihypertensive agents, especially in patients with severe

proteinuria [11]. Due also to an unsurpassed clinical record

for cardiac protection [12], over the years, ACE-Is have

become the standard of treatment for CKD patients.

ARBs: similar protection, greater tolerability?

By directly blocking Angiotensin II Type 1 receptor, these

drugs have been shown to attenuate almost all known

deleterious effects of the RAAS in vivo [13]. Angiotensin

receptor blockers (ARBs) have been repeatedly demon-

strated to provide cardiovascular and renal protection at

different stages of renal disease, especially in patients with

type 2 diabetes. Two independent and concomitant land-

mark trials, conducted in patients with type 2 diabetes and

clinical nephropathy [14, 15], in which the ARBs proved

superior to conventional antihypertensive therapy or cal-

cium channel blockers, have contributed to the on-going

huge success of these drugs. Despite rather different

mechanisms of action, from the clinical practice stand-

point, ARBs and ACE-Is seem to convey comparable renal

and cardiovascular protection, independentof the severity

of renal damage and the presence of diabetes [16, 17].

However, the lack of interaction with bradykinin and its

pathway confer to ARBs an undisputed better safety and

tolerability profile. Due to this unique feature, ARBs tend

to be preferred in highly comorbid patients, and in complex

multi-drug regimens where compliance with treatment is

often an important issue.

DRIs: the unfulfilled promise

In 2007, the clinical development of Aliskiren, the first in

class Direct Renin Inhibitor (DRI), added a new, powerful

and much anticipated tool to the therapeutic armamentar-

ium of RAAS-Is. By directly binding to the catalytic site of

renin and inhibiting its enzymatic activity, Aliskiren pro-

vides a profound, ‘upstream’ blockade of the RAAS cas-

cade at its very origin. Indeed, a wide, convincing body of

in vitro and in vivo experimental data together with supe-

rior antihypertensive efficacy and an almost placebo-like

tolerability profile support the huge potential for renal and

cardiovascular protection of this drug [18]. The clinical

development of this drug, however, followed a complicated

pathway that eventually led to greatly reduced role in the

current therapeutic panorama. Aliskiren was first tested as

add-on therapy to Losartan in type 2 diabetic patients with

albuminuria in the AVOID study [19], where it delivered

greater proteinuria reduction at comparable blood pressure

values. Later on, however the same strategy tested in larger

prospective trials on hard renal and cardiovascular end

points turned out to reach a dead-end, as it became clear

that combination therapy may provide too much RAAS

inhibition with no further benefit, and possibly greater side

effects as compared to monotherapy (see below). Thus, the

ALTITUDE study, conducted on patients at high cardio-

vascular and renal risk with type 2 diabetes mellitus was

prematurely stopped, and did not show benefit on renal and

cardiovascular hard endpoints by the use of Aliskiren on

top of an ACE-I or an ARB [20]. A number of other trials,

with similar protocols have shown similar results or only

modest benefits on intermediate endpoints. Overall, the

subsequent clinical development of Aliskiren and of the

entire class of DRIs seems to have been hampered by

market and regulatory situations at the global level. Alis-

kiren, although still on the market, is subject to rather strict

prescribing limitations, and it appears that the real clinical

potential of the drug in renal and cardiovascular protection

has not and probably will never be fully exploited.

ARAs: blocking an important component
of the system

Besides its long known role in the maintenance of water

and electrolytes balance, aldosterone has been shown to

have several unfavourable effects at the tissue and cellular

level, which are partly independent of angiotensin II reg-

ulation, and may promote the progression of renal damage

[21].

Recently elucidated pathophysiologic mechanisms pro-

vide a sounding rationale for renoprotective therapies
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aimed at blocking Aldosterone receptors at the glomerular

and tubular level, thereby reducing profibrotic mechanisms

leading to glomerulo-sclerosis and tubule-interstitial

fibrosis [21].

Spironolactone has proved very effective as an add-on

drug in patients with resistant hypertension, although at the

expense of a slight reduction in GFR [22]. Furthermore,

relatively short-term studies indicate that treatment with

Spironolactone [23] or with the more selective Eplerenone

[24] on top of either an ACE-I or an ARB reduces pro-

teinuria as compared to placebo [25]. However, large trials

on hard renal endpoints are lacking, and may actually be

difficult to perform, mostly because of the risk of hyper-

kalemia, which increases considerably as GFR decreases

below 45 ml/min. More recently, Finerenone, a novel non-

steroidal mineral corticoid receptor blocker, with greater

receptor affinity than Eplerenone and possibly a better

tolerability profile, has been shown to reduce albuminuria

on top of another RAAS-I in patients with diabetic

nephropathy [26]. For the time being, the use of Aldos-

terone Receptors Antagonists (ARAs) as add-on drugs in

the setting of high residual renal risk is limited to those

patients with preserved glomerular filtration rate (GFR)

values, and should be avoided altogether in CKD stages 3

or worse [27].

Combination treatment to maximize renal
protection: how much is too much?

Simultaneous pharmacologic blockade of the RAAS at

multiple sites has a strong pathophysiological rationale, as

Angiotensin II may also be generated through ACE-inde-

pendent pathways, and circulating Angiotensin II levels

have been shown to gradually return to pre-treatment val-

ues under chronic ACE-I treatment, a phenomenon known

as ‘‘Angiotensin escape’’ [28, 29]. As a matter of fact,

relatively small preliminary studies suggest additive

antiproteinuric effects under combination treatment with an

ACE-I and an ARB. This has led to a proposal to use even

more complete pharmacological RAAS blockade, some-

times with three drug combination regimens, in order to

maximize renal protection and improve patient outcomes

[30]. However, two large trials [20, 31] have shown

increased harm, and no cardiovascular or renal benefit with

combination therapies. In particular, dual RAAS inhibition

while reducing albuminuria to a greater extent than

monotherapy, has been associated with an excess of

hyperkalemia, hypotension, and acute renal impairment.

The fact that in the ONTARGET and ALTITUDE trials,

renal risk is more often observed among patients without

albuminuria led to the hypothesis that long term renal

benefit would outweigh the risks associated with

combination treatment, at least in the subset of patients

with residual proteinuria. This, however, turned out not to

be the case, as the recent VA Nepron-D trial [32], carried

out in patients with proteinuric diabetic kidney disease, was

stopped early because of an increased risk of acute kidney

injury and hyperkalemia, and did not show any clinical

benefit in terms of renal progression.

According to European and U.S. Drug Regolatory

Agencies, combination treatment with either an ACE-I, an

ARB or the DRI Aliskiren is currently not recommended

due to the lack of benefits on hard end-points and the

unfavorable safety profile [33]. Furthermore, dual blockade

with Aliskiren and either an ARB or an ACE-I should not

be prescribed in patients with diabetes or CKD stage 3 or

greater [34].

Of note, these recommendations do not apply to com-

bination treatment with an aldosterone receptor blocking

drug, possibly because its use on top of single RAAS

inhibiting agent, despite greater risk of hyperkalemia [35,

36], has been shown to reduce morbility and mortality in

patients with heart failure [37].

Thus, despite the fact that dual RAAS blockade provides

greater proteinuria reduction [36–43], its use in CKD

patients has been challenged altogether [44]. On the one

hand, while proteinuria is a well-known risk factor for dis-

ease progression [45], its reduction under dual blockade

treatment has never been associated to hard end-points.

Furthermore, the evidence that treatment with dual, some-

times triple RAAS blockade even in the context of individ-

ually tailored strategies, remains anecdotal at present, as only

small retrospective studies have been published so far [46,

47]. Whether the safety profile of dual RAAS blockade can

be improved by patients’ selection, careful individualized

management and possibly by the use of new potassium

lowering agents [48, 49], remains to be established. A few,

currently ongoing studies [50, 51] may partially add to our

knowledge in this area. In the meantime, a further, unre-

solved issue that also deserves to be verified by adequately

powered studies, is how up-titration of a single RAAS-in-

hibiting agent compares with combination therapy [52, 53].

Finally, the exact role of add-on therapy with an ARA in

patients at high residual renal risk remains to be estab-

lished. New molecules, with a better safety profile espe-

cially with regards to hyperkalemia, have provided

encouraging preliminary results [26], and may eventually

prove a viable alternative to existing therapeutic strategies.

It appears that although profound RAAS inhibition

might yield long term beneficial effects by preventing and

reducing organ damage at the tissue level, from a purely

hemodynamic perspective there may be a point beyond

which further blockade is unsafe rather than useful. For the

time being, we believe that multiple RAAS inhibiting

therapy should be limited to highly selected, relatively

632 Intern Emerg Med (2016) 11:627–635
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young patients with fairly maintained GFR values and

adequate adherence, in the presence of significant residual

proteinuria and long-term renal risk.

A look ahead

As we are expanding our knowledge about RAAS compo-

nents and their working pathways in both homeostatic and

maladaptive mechanisms, the interaction of the system with

other endocrine and paracrine systems has become an area of

potential therapeutic interest. Thus, an indirect favourable

RAAS-inhibitory effect of drugs active on vitamin D meta-

bolism has been claimed to account, at least in part, for the

cardiovascular and renal protective effects observed with the

use of selective vitamin-D receptor agonist [54]. Similarly,

the additive anti-proteinuric effect recently observed by the

use of Endothelin-1 Receptor blockers is known to be partly

mediated by Angiotensin II inhibition [55].

A more direct and forthcoming therapeutic improvement

may be obtained by the use of a new class of drugs, called

Angiotensin Receptor Neprilysin Inhibitors (ARNI) [56].

ARNIs have been pharmacologically developed, building

on experimental and clinical results with Dual Endopeptidase

Inhibitors such as Omapatrilat. Dual ACE and Neprolysin

inhibitors (NEP-Is), originally developed for the treatment of

heart failure, had previously shown superior antihypertensive

efficacy and renal protection [57, 58] as compared ACE-Is,

although at the expenses of a worse side-effect profile.

LCZ 696, the first-in-class ARNI, was obtained by

chemically replacing the ACE-I in Omapatrilat with Val-

sartan [56]. Cleverly combining an ARB and a NEP-I

allowed researchers to obtain the complementary goals of

Angiotensin II blockade together with the vasodilating and

natriuretic effects due to the prolonged bioavailability of

Natriuretic Peptides, without interfering with the break-

down of bradykinin and therefore with a reduction of

potentially dangerous side effects such as angioedema [59].

LCZ, has already proved superior to standard treatment

with ACE-I in morbi-mortality trials in chronic heart failure

and preliminary evidence [60, 61] suggests that there be

beneficial effect on GFR preservation although at the trade-

off of a slightly increase in albumin excretion. The potential

of this therapeutic strategy is currently being tested in the on-

going UK-HARP study [62], wherein LCZ will be compared

to Irbesartan in patients with CKD and proteinuria.

Conclusions

Monotherapy with either an ACE-I or an ARB, together

with appropriate, individualized blood pressure control,

often in the context of a multiple drug regimen, remains the

mainstay treatment for retarding the progression toward

ESRD, although long term residual risk remains high in

many patients, especially but not solely, in the presence of

overt proteinuria. Combining ACE-Is and ARBs or either

one with an ARA might provide greater albuminuria

reduction and possibly improve renal outcome but at an

increased risk of potentially severe side effects, and should

therefore, at present, be limited to selected patients’ sub-

groups and carried out under close surveillance in a spe-

cialist’s setting. Future studies with novel agents, which

directly act on the RAAS at multiple levels or have a better

side effects profile than current treatments, are much nee-

ded to explore the full renoprotective potential and limi-

tations of profound pharmacologic RAAS inhibition.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict

of interest.

Statement of human and animal rights This article does not

contain any studies with human participants or animals performed by

any of the authors.

Informed consent Informed consent was obtained from all indi-

vidual participants included in the study.

References

1. Laragh JH, Baer L, Brunner HR, Buhler FR, Sealey JE, Vaughan

ED Jr (1972) Renin, angiotensin and aldosterone system in

pathogenesis and management of hypertensive vascular disease.

Am J Med 52:633–652

2. Gavras H, Brunner HR, Laragh JH, Sealey JE, Gavras I, Vuko-

vich RA (1974) An angiotensin converting-enzyme inhibitor to

identify and treat vasoconstrictor and volume factors in hyper-

tensive patients. N Engl J Med 17(291):817–821

3. Remuzzi G, Ruggenenti P (2002) Perico. Chronic renal diseases:

renoprotective benefits of renin–angiotensin system inhibition.

N. Ann Intern Med 16(136):604–615

4. Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth L,

Hingorani AD, MacAllister RJ (2005) Effect of inhibitors of the

renin–angiotensin system and other antihypertensive drugs on

renal outcomes: systematic review and meta-analysis. Lancet

10(366):2026–2033

5. USRDS Annual Data Report (2015) http://www.usrds.org/adr.

asp. Accessed 28 Jan 2016

6. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD, The Collaborative

Study Group (1993) The effect of angiotensin-converting-enzyme

inhibition on diabetic nephropathy. N Engl J Med

11(329):1456–1462

7. Locatelli F, Carbarns IR, Maschio G, Mann JF, Ponticelli C, Ritz

E, Alberti D, Motolese M, Janin G, Zucchelli P, The Angiotensin-

Converting-Enzyme Inhibition in Progressive Renal Insufficiency

Study Group (1997) Long-term progression of chronic renal

insufficiency in the AIPRI Extension Study. Kidney Int Suppl

63:S63–S66

8. Ruggenenti P, Perna A, Gherardi G, Gaspari F, Benini R,

Remuzzi G (1998) Renal function and requirement for dialysis in

chronic nephropathy patients on long-term ramipril: REIN

Intern Emerg Med (2016) 11:627–635 633

123

http://www.usrds.org/adr.asp
http://www.usrds.org/adr.asp


follow-up trial. Gruppo Italiano di Studi Epidemiologici in

Nefrologia (GISEN). Ramipril Efficacy in Nephropathy. Lancet

17(352):1252–1256

9. Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ,

Charleston J, Cheek D, Douglas-Baltimore JG, Gassman J,

Glassock R, Hebert L, Jamerson K, Lewis J, Phillips RA, Toto

RD, Middleton JP, Rostand SG, African American Study of

Kidney Disease and Hypertension Study Group (2006) Effect of

blood pressure lowering and antihypertensive drug class on pro-

gression of hypertensive kidney disease: results from the AASK

trial. JAMA. 2002 20;288:2421-2431. Erratum in: JAMA. Jun

21;295(23):2726

10. Hou FF, Zhang X, Zhang GH, Xie D, Chen PY, Zhang WR, Jiang

JP, Liang M, Wang GB, Liu ZR, Geng RW (2006) Efficacy and

safety of benazepril for advanced chronic renal insufficiency.

N Engl J Med 12(354):131–140

11. Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, de Jong

PE, de Zeeuw D, Shahinfar S, Toto R, Levey AS, AIPRD Study

Group (2003) Progression of chronic kidney disease: the role of

blood pressure control, proteinuria, and angiotensin-converting

enzyme inhibition: a patient-level meta-analysis. Ann Intern Med

19(139):244–252

12. Ruggenenti P, Iliev I, Costa GM, Parvanova A, Perna A, Giuliano

GA, Motterlini N, Ene-Iordache B (2008) Remuzzi G; Bergamo

Nephrologic Diabetes Complications Trial Study Group.

Preventing left ventricular hypertrophy by ACE inhibition in

hypertensive patients with type 2 diabetes: a prespecified analysis

of the Bergamo Nephrologic Diabetes Complications Trial

(BENEDICT). Diabetes Care 31:1629–1634

13. Leoncini G, Viazzi F, Pontremoli R (2012) RAAS inhibition and

renal protection current pharmaceutical design. Curr Pharm Des

18:971–980

14. Brenner BM, Cooper ME, de Zeeuw D, for the RENAAL Study

Investigation et al (2001) Effect of losartan on renal and car-

diovascular outcome in patients with type 2 diabetes and

nephropathy. N Engl J Med 345:861–869

15. Lewis EJ, Hunsicker LG, Clarke WR et al (2001) 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

16. Barnett AH, Bain SC, Bouter P, Karlberg B, Madsbad S, Jervell J,

Mustonen J, Diabetics Exposed to Telmisartan and Enalapril

Study Group (2004) Angiotensin-receptor blockade versus con-

verting-enzyme inhibition in type 2 diabetes and nephropathy.

N Engl J Med 351:1952–1961

17. ONTARGET Investigators, Yusuf S, Teo KK, Pogue J, Dyal L,

Copland I, Schumacher H, Dagenais G, Sleight P, Anderson C

(2008) Telmisartan, ramipril, or both in patients at high risk for

vascular events. N Engl J Med. 10(358):1547–1559

18. Staessen JA, Li Y, Richart T (2006) Oral renin inhibitors. Lancet

368:1449–1456

19. Parving HH, Persson F, Lewis JB, Lewis EJ, Hollenberg NK

(2008) AVOID Study Investigators Aliskiren combined with

losartan in type 2 diabetes and nephropathy. N Engl J Med

5(358):2433–2446

20. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner

SM, Solomon SD, Chaturvedi N, Persson F, Desai AS, Nicolaides

M, Richard A, Xiang Z, Brunel P, Pfeffer MA, ALTITUDE

Investigators (2012) Cardiorenal end points in a trial of aliskiren

for type 2 diabetes. N Engl J Med 367:2204–2213

21. Bianchi S, Batini V, Bigazzi R (2015) The renal effects of

mineralocorticoid receptor antagonists. Int J Cardiol

1(200):20–24

22. Williams B, MacDonald TM, Morant S, Webb DJ, Sever P,

McInnes G, Ford I, Kennedy Cruickshank J, Caulfield MJ,

Salsbury J, Mackenzie I, Padmanabhan S, Brown MJ, for The

British Hypertension Society’s PATHWAY Studies Group

(2015) Spironolactone versus placebo, bisoprolol, and doxazosin

to determine the optimal treatment for drug-resistant hyperten-

sion (PATHWAY-2): a randomised, double-blind, crossover trial.

Lancet 386:2059–2068

23. Mehdi UF, Adams-Huet B, Raskin P, Vega GL, Toto RD (2009)

Addition of angiotensin receptor blockade or mineralocorticoid

antagonism to maximal angiotensin-converting enzyme inhibition

in diabetic nephropathy. J Am Soc Nephrol 20:2641–2650

24. Epstein M, Williams GH, Weinberger M, Lewin A, Krause S,

Mukherjee R, Patni R, Beckerman B (2006) Selective aldosterone

blockade with eplerenone reduces albuminuria in patients with

type 2 diabetes. Clin J Am Soc Nephrol 1:940–951

25. Navaneethan SD, Nigwekar SU, Sehgal AR, Strippoli GF (2009)

Aldosterone antagonists for preventing the progression of chronic

kidney disease: a systematic review and meta-analysis. Clin J Am

Soc Nephrol 4:542–551

26. Bakris GL, Agarwal R, Chan JC, Cooper ME, Gansevoort RT,

Haller H, Remuzzi G, Rossing P, Schmieder RE, Nowack C,

Kolkhof P, Joseph A, Pieper A, Kimmeskamp-Kirschbaum N,

Ruilope LM, Mineralocorticoid Receptor Antagonist Tolerability

Study-Diabetic Nephropathy (ARTS-DN) Study Group (2015)

Effect of finerenone on albuminuria in patients with diabetic

nephropathy: a randomized clinical trial. JAMA 1(314):884–894

27. Bolignano D, Palmer SC, Navaneethan SD, Strippoli GF (2014)

Aldosterone antagonists for preventing the progression of chronic

kidney disease. Cochrane Database Syst Rev 4:CD007004

28. Epstein M (2006) Aldosterone blockade: an emerging strategy for

abrogating progressive renal disease. Am J Med 119:912–919

29. Atlas S (2007) The renin–angiotensin–aldosterone system:

pathophysiological role and pharmacologic inhibition. J Manag

Care Pharm 13:9–20

30. Kunz R, Friedrich C, Wolbers M, Mann JF (2008) Meta-analysis:

effect of monotherapy and combination therapy with inhibitors of

the renin–angiotensin system on proteinuria in renal disease. Ann

Intern Med 1(148):30–48

31. Mann JF, Schmieder RE, McQueen M, Dyal L, Schumacher H,

Pogue J, Wang X, Maggioni A, Budaj A, Chaithiraphan S,

Dickstein K, Keltai M, Metsärinne K, Oto A, Parkhomenko A,

Piegas LS, Svendsen TL, Teo KK, Yusuf S, ONTARGET

investigators (2008) Renal outcomes with telmisartan, ramipril,

or both, in people at high vascular risk (the ONTARGET study):

a multicentre, randomised, double-blind, controlled trial. Lancet

16(372):547–553

32. Fried LF, Emanuele N, Zhang JH, Brophy M, Conner TA,

Duckworth W, Leehey DJ, McCullough PA, O’Connor T,

Palevsky PM, Reilly RF, Seliger SL, Warren SR, Watnick S,

Peduzzi P (2013) Guarino P; VA NEPHRON-D Investigators.

Combined angiotensin inhibition for the treatment of diabetic

nephropathy. N Engl J Med 14(369):1892–1903

33. Esteras R, Perez-Gomez MV, Rodriguez-Osorio L, Ortiz A,

Fernandez-Fernandez B (2015) Combination use of medicines

from two classes of renin–angiotensin system blocking agents:

risk of hyperkalemia, hypotension, and impaired renal function.

Ther Adv Drug Saf 6:166–176

34. European Regolatory Agency http://www.ema.europa.eu/ema/

index.jsp?curl=pages/news_and_events/news/2012/02/news_detail_

001446.jsp&mid=WC0b01ac058004d5c1 Accessed 25 Jan 2016

35. Preston RA, Afshartous D, Garg D, Medrano S, Alonso AB,

Rodriguez R (2009) Mechanisms of impaired potassium handling

with dual renin–angiotensin–aldosterone blockade in chronic

kidney disease. Hypertension 53:754–760

36. Van Buren PN, Adams-Huet B, Nguyen M, Molina C, Toto RD

(2014) Potassium handling with dual renin–angiotensin system

inhibition in diabetic nephropathy. Clin J Am Soc Nephrol

9:295–301

634 Intern Emerg Med (2016) 11:627–635

123

http://www.ema.europa.eu/ema/index.jsp%3fcurl%3dpages/news_and_events/news/2012/02/news_detail_001446.jsp%26mid%3dWC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp%3fcurl%3dpages/news_and_events/news/2012/02/news_detail_001446.jsp%26mid%3dWC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp%3fcurl%3dpages/news_and_events/news/2012/02/news_detail_001446.jsp%26mid%3dWC0b01ac058004d5c1


37. Rales Investigators (1996) Effectiveness of spironolactone added

to an angiotensin-converting enzyme inhibitor and a loop diuretic

for severe chronic congestive heart failure (The Randomized

Aldactone Evaluation Study [RALES]). Am J Cardiol

15(78):902–907
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