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Abstract:

 Diabetic Kidney Disease (DKD) is the leading cause of chronic kidney disease in developed countries and its prevalence has increased dramatically in the past few decades. These patients are at an increased risk for premature death, cardiovascular disease, and other severe illnesses that result in frequent hospitalizations and increased health-care utilization. Although much progress has been made in slowing the progression of diabetic nephropathy, renal dysfunction and the development of end-stage renal disease remain major concerns in diabetes. Dysregulation of the renin-angiotensin-aldosterone system (RAAS) results in progressive renal damage. RAAS blockade is the cornerstone of treatment of DKD, with proven efficacy in many arenas. The theoretically-attractive option of combining these medications that target different points in the pathway, potentially offering a more complete RAAS blockade, has also been tested in clinical trials, but long-term outcomes were disappointing. This review examines the “state of play” for RAAS blockade in DKD, dual blockade of various combinations, and a perspective on its benefits and potential risks.
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1. A Brief Historic Report: Discovery and Development of Renin-Angiotensin-Aldosterone System (RAAS) and Their Blockers

In 1563, the earliest recorded mention of the adrenal gland is Bartolomeo Eustacchio’s copper-etched depiction of “glandulae Renibus incumentes” [1].

In 1898, Robert Tigerstedt, a finnish medical scientist and physiologist, and his student, Per Bergman, made extracts of rabbit kidney, injected them into rabbits, and observed that even a very small amount of the extract increased blood pressure. Their results suggested the kidneys produced a protein, which they named renin, which caused a rise in blood pressure.

In 1939, renin was found not to cause the rise in blood pressure by Irvine Page, but was an enzyme which catalyzed the formation of the substances that were responsible, namely “angiotonin or hypertenisin” (angiotensin), a pleiotropic hormone with several targets, including the kidneys, blood vessels, and nervous system.

In 1953, aldosterone (“electrocortin”) was first isolated by Simpson and Tait.

History of discovery and development of RAAS and their blockers is summarized in Table 1 [2,3,4].

Table 1. History of discovery and development of RAAS and their blockers [2,3,4].








	Year
	
	
	Introduced





	1563
	Bartolomeo Eustacchio
	“glandulae Renibus incumentes” (adrenal gland)
	



	1898
	Tigerstedt and Bergman
	renin
	



	1939
	Irvine Page
	angiotonin or hypertenisin (angiotensin)
	



	1953
	Simpson and Tait
	“electrocortin” (aldosterone)
	



	1957
	Gantt and Dyniewicz
	spironolactone
	1960



	1956
	Leonard T. Skeggs
	angiotensin-converting enzyme (ACE)
	



	1965
	Ferreira
	bradykinin-potentiating factor (BPF)
	



	1970
	Ng and Vane
	angiotensin-converting enzyme inhibition
	



	1975
	Squibb
	captopril
	1977



	1979
	Merck
	enalapril
	1981



	1993
	Takeda-Merck
	losartan
	1995



	1997
	Pfizer
	eplerenone
	2002



	2005
	Novartis-Speedel
	aliskiren
	2007










In a patient, it is now possible to inhibit renin directly with DRIs, to block the conversion of angiotensin I to angiotensin II with ACEIs, to block the major downstream targets of Angiotensin II with ARBs, and to blocks the action of aldosterone with AAs.



2. Use of RAAS Blockade in Diabetic Kidney Disease (DKD): Past and Present Evidences

Dysregulation of the RAAS has a critical role in the pathogenesis of CKD. There is an increase of glomerular capillary pressure due to continuous stimulation from the RAAS, which enhances oxidative stress and stimulates pro-inflammatory pathways. These mechanisms promote glomerular hypertrophy, which is present at an early stage of DKD and is the beginning of profibrotic cascade [5].

ACEIs and ARBs block the production and formation of angiotensin II, therefore improving kidney and cardiovascular diseases [5]. Reducing the intraglomerular pressure with an ACEI or ARB can minimize progression of, or even prevent, glomerular disease in the absence of glycemic control [6,7].

Several experimental, animal, and in vivo studies have shown that blockade of the RAAS with either ACEIs or ARBs leads to down-regulation of AGE, TGF-b, NADPH oxidase, ROS, reduced RAGE expression, reduced type IV collagen excretion, reduced mesangial extracellular matrix accumulation, reduced glomerulosclerosis, and albumin creatinine ratio [8,9,10].

These findings have been translated into several landmark clinical trials, demonstrating the beneficial effects of ACEIs and ARBs in DKD [8,11,12].



3. Single RAAS Blockade: Angiotensin-Converting Enzyme Inhibitor (ACEI) and Angiotensin II Receptor Blocker (ARB) Therapy

The rate of development of renal complications is thought to be more or less similar in type 1 (T1DM) and type 2 (T2DM) diabetes. However, after ten years of follow-up only 20% of T2DM patients with microalbuminuria progress to overt nephropathy in contrast to over 80% of T1DM patients. In addition, DKD can progress in the absence of albuminuria, suggesting that other tissue-destructive pathways might also have a role in the decline in renal function [13].


3.1. In Patients with Type 1 Diabetes (T1DM)


3.1.1. ACEI Therapy

Since the beginning of their use, several studies have demonstrated that ACEI therapy promotes regression to normoalbuminuria, decreases progression to overt DKD, and slows the rate of progression in DKD [14,15], independently from their blood pressure-lowering effect [16]. In some patients ACEI have a marked antiproteinuric effect (with sustained long-term remission or regression of nephropathy and/or the nephrotic syndrome) and a good renal outcome [17,18,19,20]. This effects was seen in both hypertensive and normotensive subjects, and in patients with moderately-increased albuminuria [21,22], with overt nephropathy [8,23], and with advanced disease [24].

In 1993, the first trial to evaluate RAAS blockade on CKD progression was the Collaborative Study Group trial [8], performed in 409 T1DM patients with nephropathy (urine protein/creatinine ≥500 mg/g and baseline serum creatinine 1.5–2.5 mg/dL). Captopril (25 mg/8 h) strongly reduced the relative and absolute risks of the doubling of serum creatinine, whereas no significant benefit was observed among participants whose baseline serum creatinine was less than 1.5 mg/dL.

In 1994 (European Microalbuminuria Captopril Study Group) [21] and 1996 (The Microalbuminuria Captopril Study Group) [22], in two different trials performed in 317 patients with T1DM, moderately increased albuminuria, and a normal blood pressure; the patients were randomly assigned to captopril or placebo. Progression to overt proteinuria was markedly reduced after two years in the patients treated with captopril (7.6% versus 23.1%). In one of these trials [22], albumin excretion fell by 9.6% per year in patients receiving captopril compared to an increase of 14.2% per year with placebo.

In 1994, EUCLID (EURODIAB Controlled Trial of Lisinopril in Insulin-Dependent Diabetes) trial [25] was performed in 530 patients with T1DM and either moderately increased albuminuria (79 patients, mean albumin excretion rate 42 mcg/min) or normoalbuminuria (440 patients), randomly assigned to lisinopril (10 mg/d to 20 mg/d) or placebo. Among the patients with moderately increased albuminuria, the baseline albumin excretion fell with lisinopril and increased with placebo.

In 2005, a systematic review of 11 trials [26] of normotensive type 1 diabetic patients with moderately increased albuminuria, ACEI therapy significantly reduced the risk of progression to severely increased albuminuria (relative risk 0.36, 95% CI 0.22–0.58) and significantly increased the risk of regression to normoalbuminuria (relative risk 5.3, 95% CI 2.5–11.5).



3.1.2. ARBs Therapy

Data are lacking on the efficacy of ARBs in patients with T1DM and moderately increased albuminuria. It seems likely that these drugs are as effective as ACEIs given their proven benefit in patients with T2DM and either moderately increased albuminuria or overt nephropathy.

There is no evidence that ACEIs or ARBs are effective for the primary prevention of moderately-increased albuminuria in T1DM patients who are normoalbuminuric and normotensive:


	In 2009, RASS (Renin Angiotensin System Study) [27] trial was performed in 285 normotensive normoalbuminuric T1DM patients, randomly assigned to receive losartan (100 mg/d) or enalapril (20 mg/d) or placebo and followed for five years. In addition, renal biopsy was performed at the study’s onset and after five years in 90% of the patients. Treatment with either losartan or enalapril had no effect compared to placebo on the fraction of glomerular volume occupied by the mesangium (the primary study end point) or other histologic findings seen in DKD. However, they found benefit on retinopathy progression of both enalapril and losartan as monotherapy over placebo.


	In 2009, DIRECT (Diabetic Retinopathy Candesartan Trials) [28] was performed in 3326 T1DM and 1905 T2DM normoalbuminuric patients, randomly assigned to candesartan (16 to 32 mg/d) or placebo. At a mean follow-up of 4.7 years, there was no difference between the candesartan and placebo groups in either the rate of developing moderately increased albuminuria (6% versus 5% and 16% versus 16% in the prevention and progression arms, respectively) or in the annual rate of increase in urinary albumin excretion. There was an overall trend to less severe retinopathy.







3.2. In Patients with Type 2 Diabetes (T2DM)


3.2.1. In Normoalbuminuric T2DM Patients

Among T2DM patients with normal urine albumin excretion (<30 mg/24 h) and preserved GFR, RAAS blockade has been demonstrated to prevent the development of albuminuria in the presence of hypertension, although not without hypertension [27,29]. However, around 25% to 35% of diabetic patients with impaired GFR are normoalbuminuric [30].


3.2.1.1. ACE Inhibitor Therapy

A similar benefit on the efficacy of ACEI therapy appears to be present in T2DM versus T1DM:


	In 1998, Ravid et al. [31] reported that daily treatment with enalapril compared with placebo reduced the risk of progression to microalbuminuria, decreased urinary albumin levels, and attenuated decline in renal function during 6 years of follow-up in 156 patients with T2DM.


	In the 2004, the BENEDICT (Bergamo Nephrologic Diabetes Complication Trial) study [29], was performed in 1204 normoalbuminuric T2DM patients, randomly assigned to trandolapril (2 mg/d) or placebo. At a follow-up of 3.6 years, trandolapril delayed the onset of microalbuminuria independently of blood pressure.


	In 2007, ADVANCE (The Action in Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation) trial [32,33] was performed in 11,140 patients with T2DM and either normoalbuminura or microalbuminuria, randomly assigned to a fixed combination of perindopril-indapamide or placebo. After a mean of 4.3 years, the combination group present a significant reduction in blood pressure and in the risk of albuminuria progression (the rate of worsening or new onset of moderately increased albuminuria (19.6% versus 23.6%) and severely increased albuminuria). However, no clear effect of the therapy on decline in estimated glomerular filtration rate (eGFR) was observed.






3.2.1.2. ARBs Therapy

In 2011, the ROADMAP (Randomized Olmesartan and Diabetes Microalbuminuria Prevention) trial [34] performed in 4447 patients with T2DM, showed that olmesartan was also effective in delaying the onset of microalbuminuria (8.2% versus 9.8%) independently of blood pressure. However, an unexplained excess of cardiovascular mortality was observed in the olmesartan group.




3.2.2. In Microalbuminuric T2DM Patients

Among T2DM patients with microalbuminuria (30–300 mg/24 h), RAAS blockade has been demonstrated to reduce progression to macroalbuminuria (≥300 mg/24 h):


	In 2001, the IRMA-2 (The Irbesartan in Patients with Type 2 Diabetes and Microalbuminuria Trial) study [35] performed in 590 microalbuminuric T2DM patients, showed that treatment with irbesartan (150–300 mg/d) was associated with a dose-dependent reduction in risk of progression to macroalbuminuria, with an almost three-fold risk reduction with the highest dose (300 mg/d) at two years of follow-up. This effect was independent of the blood pressure-lowering properties of irbesartan.


	In 2007, in the INNOVATION (Incipient to Overt: Angiotensin II Blocker, Telmisartan, Investigation on Type 2 Diabetic Nephropathy) trial [36], telmisartan was associated with a lower transition rate to overt nephropathy than was placebo after one year of follow-up. In this trial, telmisartan also significantly reduced blood pressure levels. However, after adjustment for the difference in blood pressure levels between the placebo and treatment groups, the beneficial effect of telmisartan in delaying progression to overt nephropathy persisted.






3.2.3. In Macroalbuminuric/Proteinuric T2DM Patients

Among T2DM patients with established DKD (macroalbuminuria and/or impaired GFR), RAAS blockade has been demonstrated to reduce risk of GFR loss, end-stage renal disease (ESRD), and death [8,11,12].


3.2.3.1. ARBs Therapy

There is more data available on the preferential renoprotective efficacy of ARBs:


	In 2001, RENAAL (The Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan Study) trial [12] was performed in 1513 T2DM patients with nephropathy (urine protein/creatinine ≥300 mg/g and a serum creatinine level of 1.3 to 3 mg/dL), randomly assigned to losartan (50–100 mg/d) or placebo. At 3.4 years, losartan reduced the incidence of a doubling of plasma creatinine by 25% and ESRD by 28%, and losartan reduced albuminuria by 28%, while the placebo was associated with a 4% increase in albuminuria, in the first six months. With post hoc analysis [37], albuminuria reduction by one-half was associated with a 36% decreased risk for the renal endpoint and 45% lower risk for the development of ESRD at follow-up and also showed that the incidence of ESRD was higher in Hispanic and Asian patients than in white and black patients and the losartan group has significant reductions in the development of and subsequent hospitalization for heart failure [38], neither study initially found significant cardiovascular mortality reduction. Benefits of losartan (with regard to prevention of the doubling of creatinine, ESRD, and death) were substantially greater among participants with higher level of baseline urine albumin/creatinine ratio (ACR). Greater baseline albuminuria, greater albuminuria six months after treatment, and lesser reduction in albuminuria from baseline to six months were each strongly associated with the primary composite end point of doubling of serum creatinine, ESRD, or death.


	In 2005, IDNT (Irbesartan Diabetic Nephropathy Trial) [11,39] study was performed in 1715 hypertensive T2DM patients with nephropathy (proteinuria ≥900 mg and a creatinine level of 1 to 3 mg/dL), randomly assigned to irbesartan (300 mg/d), amlodipine (10 mg/d), or placebo. At 2.6 years, irbesartan was associated with a risk of the primary endpoint (doubling of the plasma creatinine, development of ERSD, or death from any cause) that was 23% lower than amlodipine and 20% lower than placebo. A post-hoc analysis reported significantly lower levels of proteinuria were obtained with irbesartan (41% average decrease) than with amlodipine (11%) or control (16%) at one year. In addition, for the same proportional reduction in protein excretion, the risk reduction for renal failure was significantly greater for irbesartan compared with amlodipine. However the post hoc analysis of this trial showed that the risk of cardiovascular deaths for systolic blood pressure (SBP) less than 120 mmHg and DBP less than 85 mmHg was increased because of the high risk of all-cause mortality and myocardial infarction [40,41,42].


	In 2011, ORIENT (Olmesartan Reducing Incidence of End-stage Renal Disease in Diabetic Nephropathy Trial) trial [43], was performed in 577 Japanese and Chinese patients with T2DM and nephropathy, randomly assigned to olmesartan or placebo. At a mean follow-up of 3.2 years, olmesartan did not reduce the risk of the composite renal outcome (doubling of serum creatinine concentration, ESRD or death). However, 77% of the ORIENT study population was receiving ACEI therapy at baseline and this therapy was continued throughout the trial period. Thus, in the majority of participants, the effect of olmesartan added to ACEI therapy was tested rather than the effect of the ARB alone. This difference might explain the lack of renoprotection observed in this trial as opposed to in previous trials that used ACEI or ARB monotherapy. Moreover, an increased risk of cardiovascular events and hyperkalemia (9.2% vs. 5.3%) was observed in the olmesartan group.






3.2.3.2. ACEI Therapy

ACEIs are at least as effective as ARBs in diabetic patients with established DKD.


	In 2004, DETAIL trial [44] was performed in 250 patients with nephropathy (82% moderately increased albuminuria and 18% severely increased albuminuria to a maximum of 1.4 g/d) and a baseline GFR of approximately 93 mL/min per 1.73 m2, randomly assigned to enalapril or telmisartan. At five years, there was a not significant decline in GFR in the enalapril group (14.9 versus 17.9 mL/min per 1.73 m2 with telmisartan). Both groups had similar rates or findings for the secondary endpoints (annual changes in the GFR, blood pressure, serum creatinine, urinary albumin excretion, end-stage kidney disease, cardiovascular events, and mortality).








3.3. In Patients with T1DM and T2DM


	In 2012, a meta-analysis by Hirst [45] of 49 randomized controlled trials involving 19,159 patients, analyzed the benefit of RAAS blockade according to the type of diabetes and the baseline albumin. In T1DM, RAAS blockade reduced urinary albumin excretion in patients with microalbuminuria, but not in those with normoalbuminuria. In T2DM, RAAS blockade reduced urinary albumin excretion in both groups of patients, with and without microalbuminuria.


	In 2012, another meta-analysis published by Nakao [46] of 19 randomized controlled trials (including post hoc analyses) involving 41,042 patients, reviewed whether RAAS blockade is beneficial for cardiovascular outcomes in patients with diabetes mellitus. RAAS blockade significantly reduced the risk of major cardiovascular events and myocardial infarction and there was no statistically significant trending towards fewer strokes and lower all-cause mortality.




Only a few long-term head-to-head studies have been designed to compare the effects of ARBs and ACEIs on the progression of DKD [44,47]. One such study with a follow-up of five years found that treatment with ARBs and ACEIs similarly decreased blood pressure and albuminuria and reduced the rate of GFR decline in 250 patients with T2DM and early-stage nephropathy [44].

In view of the existing evidence showing that RAAS blockade slows the progression of renal disease, ACEIs or ARBs are currently recommended for the treatment of early and late-stage DKD [48]. The beneficial effects of treatment with ACEIs and ARBs seem to be independent of the clinical stage of DKD. Whether early treatment with these medications is truly renoprotective (that is, associated with a significant reduction in risk of ESRD) still remains to be proven in a very large sample size or long follow-up prospective trial. However, patients with diabetes and advanced kidney disease are likely to progress relentlessly to ESRD despite treatment with ACEIs or ARBs, although more slowly.




4. Dual RAAS Blockade


4.1. Dual RAAS Blockade with ACEI and ARB

After multiple studies showed the kidney-protective effects of RAAS inhibitors in patients with DKD and overt proteinuria, a common hypothesis was that combination therapy with an ARB and an ACEI would result in more complete inhibition of RAAS and, therefore, offer greater kidney and cardiovascular protection. If RAAS blockade monotherapy is good, the logical next question is, would combination therapy by acting on different points in the RAAS system be better? [49].

The three pathophysiologic rationales for dual RAAS blockade are [50]:


	Any single RAAS inhibitor does not completely block every step of the RAAS cascade. Greater down-regulation of the RAAS, as a whole, might be a consequence of RAAS blockade at different levels. In that order, potential lower doses of individual RAAS inhibitors could results in diminished adverse effects [50].


	The “Aldosterone escape” was observed in many patients treated with a single RAAS blockade. Aldosterone baseline levels increased within 6–12 months in 30%–40% of the patients [51].


	During chronic ACEI therapy, the increase of angiotensin I levels can be converted to angiotensin II, this leads to further generation of aldosterone: adding an ARB could counteract the effects of the residual angiotensin II.


	During chronic ARB therapy, angiotensin II levels are elevated in addition to renin and angiotensin I, which can lead to angiotensin II competing with the ARB for the angiotensin II type 1 receptor, and angiotensin II binding to angiotensin II type 2 receptors on the adrenal glands, leading to the secretion of aldosterone [52].


	Finally, plasma potassium increases due to both the ACEIs and the ARBs [50].





	Many patients with macroalbuminuria despite being treated with single RAAS blockade presents “residual albuminuria”, setting a higher risk for the evolution of a chronic kidney disease, cardiovascular disease, and death [37,53]. Observations support the theory that reducing albuminuria will reduce the risk of long-term clinical outcomes, such as ESRD and death. Addition a second RAAS inhibitor may improve long-term outcome in DKD [50].




Nevertheless, is albuminuria causally related to progressive kidney and cardiovascular disease, or is it simply a marker of intrinsic risk that cannot be modified with therapy?


	There are other drugs that reduce albuminuria but do not improve long-term renal and cardiovascular outcomes.


	Diabetic nephropathy can progress in the absence of albuminuria, suggesting that other tissue-destructive pathways might also have a role in the decline in renal function [5].


	This uncertainty is reflected by the US FDA’s reluctance to accept albuminuria reduction as an end point for approving new therapies and leaves the optimal clinical response to residual albuminuria unclear [50].




In 1997, Menard et al. [54] first reported a synergistic effect between ACEIs and ARBs in spontaneously hypertensive rats, and suggested that these two drug classes would overcome the escape phenomenon resulting from incomplete blockade.

From 2000s, several trials with hard outcomes demonstrated dual RAAS blockade, compared with either therapy alone, improved control of blood pressure and may induce a greater reduction in protein excretion [55,56]. These effects have been appreciated in both type 1 and type 2 diabetes [55,57]:


	In 2000, Mogensen and colleagues [57] published the CALM (Candesartan and Lisinopril Microalbuminuria) study, performed in 199 hypertensive, T2DM and microalbuminuric patients. After 12 weeks of treatment, the combination of submaximal doses of lisinopril (20 mg), and candesartan (16 mg) led to a 50% reduction in albuminuria as compared with monotherapy in maximal doses, leading to a reduction of 24% and 39%, respectively. Dual therapy resulted in ~9–11 mmHg and 5–6 mmHg reduction in systolic and diastolic BPs, over monotherapy.


	In 2003, Jakobsen and colleagues [55], in 24 patients with T1DM and DKD, demonstrated a further 25% reduction in albuminuria when adding irbesartan (300 mg/d) during eight weeks compared with placebo on top of enalapril (40 mg/d). Four patients experienced transient hypotension during the dual blockade period.


	In 2007, IMPROVE (The Irbesartan in the Management of Proteinuric Patients at High Risk for Vascular Events) study [58], a randomized controlled trial in 405 patients with T2DM, hypertension, and albuminuria, failed to show a significant effect of combination therapy with ramipril and irbesartan (using maximal doses) on albuminuria as compared with monotherapy. However, there was no statistical difference in occurrence of adverse events, and hyperkalemia occurred in approximately 2.5% of patients in both groups.


	In 2008, Kunz and colleagues [59] published a meta-analysis of the effect of ACEI/ARB combination treatment on proteinuria: Over 1–4 months follow-up, analyzing seven clinical trials of ACEI plus ARB versus placebo plus ARB, the addition of an ACEI-reduced albuminuria by 24%; and analyzing seven clinical trials of ARB plus ACEI versus placebo plus ACEI, the addition of an ARB reduced albuminuria by 22%. The authors concluded that dual RAAS blockade seemed more effective in reducing proteinuria than either class of agent alone, but they also concluded that many of the smaller studies did not provide reliable data on adverse events, limiting the clinical applicability of the concept at that time.




In the case of dual RAAS blockade there was, for a long time, excitement about initial findings, and the treatment approach was adopted by many clinicians. Furthermore, as combination of ACEI and ARB has gained popularity in the primary care setting, the question of which patients now require withdrawal of combination therapy arises commonly [49]. It is important to realize that most of the initial positive results came from short-term studies using blood pressure and albuminuria reduction as outcome variables. Many of these initial studies were powered to establish the effect on these outcomes, but they may not have been powered to detect safety signals or may just not have had the proper duration to evaluate safety.

Despite the lack of robust evidence on long-term efficacy and safety, dual RAAS blockade has been embraced as a treatment option and has been recommended by experts and even in some clinical guidelines: 2007 ESH-ESC practice guidelines for the management of arterial hypertension: ESH-ESC Task Force on the management of arterial hypertension [60], ACCF/AHA Guidelines for the Diagnosis and Management of Heart Failure in Adults (2009), ESC guidelines for the diagnosis and treatment of acute and chronic heart failure (2012).

Enthusiasm regarding the promising effects of dual RAAS blockade on surrogate outcomes in small, short-term studies has been tempered by the disappointing results of large trials with hard outcomes. Randomized studies designed to test additional renal protection and safety, unexpectedly showed increased risk of adverse outcomes and events such as AKI, hyperkalemia, and/or need for dialysis:


	In 2008, the ONTARGET (Ongoing Telmisartan Alone and in combination with Ramipril Global Endpoint) trial [61,62] was performed in 25,620 patients older than 55 years with established cardiovascular disease (including 9603 patients with T2DM) and compare combination ramipril (10 mg/d) and telmisartan (80 mg/d) therapy with ramipril alone. In the subset of 3163 patients with DKD, combination therapy was associated with a similar death rate (2.3% versus 2.2%) and higher rates of acute kidney injury requiring dialysis (1.4% versus 0.8%), hyperkalemia (11.3% versus 7.8%), hypotension (2.8% versus 1.9%) and diarrhea. They conclude “…The combination of the two drugs was associated with more adverse events without an increase in benefit…”.


	In 2013, the VA NEPHRON-D (Veterans Affairs Nephropathy in Diabetes) trial [63], was performed in 1448 mostly male T2DM patients with DKD (macroalbuminuria and moderate-to-severe renal impairment (eGFR 30–90 mL/min/1.73m2) and compare combination losartan (100 mg/d) and lisinopril (10 to 40 mg/d) therapy with losartan alone. It must be discontinued after a median of 2.2 years because of a significantly higher frequency of acute kidney injury requiring hospitalization (18% versus 11%) or severe hyperkalemia (9.9% versus 4.4%). They conclude “…the results of our study show that the use of combination therapy with an ACE inhibitor and an ARB in patients with proteinuric diabetic kidney disease is associated with an increased risk of adverse events and does not provide an overall clinical benefit…”.




These data from large, independent clinical trials demonstrate that even in patients with established nephropathy, dual RAAS blockade fails to afford renoprotection. In addition, an interesting subgroup analysis of the ORIENT trial showed that olmesartan therapy provided renoprotection in the absence of background ACEI therapy [43]. The 16% relative reduction in renal risk with olmesartan reported in this analysis was similar to the effect size reported for losartan versus placebo in the RENAAL trial [12]. However, olmesartan therapy did not improve renal outcomes when given in combination with an ACEI (2% relative increase in renal risk) [64].

Thus, it seems that combination therapy with an ACEI plus an ARB should not be used in patients with DKD: it does not prevent renal disease progression or death, and it increases the rate of serious adverse events. Therefore, the authors of the KDIGO clinical practice guidelines discourage the use of dual RAAS blockade for the prevention and treatment of DKD [48].



4.2. Dual RAAS Blockade with ACEI/ARB and Direct Renin Inhibitor (DRI)

An increase in plasma renin activity during ACEI or ARB treatment as a result of compensatory mechanisms can limit the efficacy of these therapies [5]. As renin has an upstream role in the RAAS cascade, blockade of renin might inhibit the detrimental effects of both angiotensin II and aldosterone, resulting in additive beneficial hemodynamic and structural effects on the kidney. Based on this hypothesis, several renin inhibitors have been developed. Aliskiren does not reduce the production or secretion of renin from the juxtaglomerular apparatus, but directly blocks the activity of secreted renin and lowers plasma renin activity, the most proximal site of the RAAS cascade.

Initial exploratory studies in patients with DKD showed that aliskiren reduces proteinuria and blood pressure, independently of each other [65]. Moreover, the combination of aliskiren with an ARB led to a further reduction in albumin excretion compared to aliskiren or ARB alone.


	In 2008, AVOID (Aliskiren in the Evaluation of Proteinuria in Diabetes) trial [66], performed in 599 T2DM patients with hypertension and nephropathy (macroalbuminuria), randomly assigned to aliskiren (300 mg/d) or aliskiren plus losartan (100 mg/d). At 24 weeks of follow-up, combination therapy was associated with a significant 20% greater reduction in proteinuria and with a slight BP advantage but with no significant difference in the rate of decline in eGFR. Aliskiren therapy was associated with a significant increase in the risk of hyperkalemia.


	In 2012, ALTITUDE (Aliskiren Trial in Type 2 Diabetes Using Cardiorenal Endpoints) trial [67], performed in 8561 T2DM patients selected based on their high renal and cardiovascular risk profile, all receiving an ACEIs or ARBs at baseline, randomly assigned to aliskiren (300 mg/d) or placebo. After a median follow-up of 32.9 months, the incidence of kidney or cardiovascular events was similar with aliskiren and placebo (6% versus 5.9%) and adverse events requiring cessation of therapy (worsening of renal function, hyperkalemia, hypotension and diarrhea) were significantly more frequent (13.2% versus 10.2%) in the aliskiren group.


	In 2012, Harel and colleagues [68] published a meta-analysis of adverse events seen in studies of combination of aliskiren and other blockers of the RAAS. The authors analyzed data from 10 randomized controlled trials with 4814 patients and found a higher risk of hyperkalemia (relative risk 1.58, 95% confidence interval CI 1.24–2.02).


	In 2013, the VIVID study [69], performed in 1143 hypertensive patients with T2DM and Stage 1 to 2 CKD, using the combination of aliskiren/valsartan vs. valsartan monotherapy assessed blood pressure control. After two months combination therapy yielded significantly better blood pressure lowering. Safety events were similar in both groups, with no increased incidence of hyperkalemia in the combination therapy group.




Thus, the use of aliskiren in combination with either an ACEI or ARB does not appear to preserve renal function and increases the risk of adverse events, at least in advanced nephropathy. In April 2012, the FDA recommended a new contraindication against the use of aliskiren with ARBs or ACEIs in patients with diabetes because of the risk of renal impairment, hypotension, and hyperkalemia, and a warning to avoid the use of aliskiren with ARBs or ACEIs in patients with moderate to severe renal impairment (i.e., where GFR <60 mL/min). The European Medicines Agency has issued similar warnings.



4.3. Dual RAAS Blockade with ACEI/ARB and Mineralocorticoid Receptor Antagonists (MRAs)

Several studies have shown that the addition of aldosterone receptor blockade to ACEI or ARB blockade can lead to further reduction in albuminuria.

Classically, aldosterone exerts its effects on volume status by the regulation of sodium reabsorption through the mineralocorticoid receptor (MR) on epithelial sodium channels, which are located on cortical collecting duct cells in the distal nephron. Additionally, there is increasing evidence that aldosterone is directly involved in the development and progression of renal disease via nonepithelial MR-mediated effects. Aldosterone exerts profibrotic effects through increased production of TGF-beta, reactive oxygen species, PAI-1 and increased collagen gene expression and synthesis, which can be abolished by MR blockade [70].

RAAS blockade initially decreases circulating aldosterone levels, but suppression will not be sustained in 10%–50% of patients, a phenomenon called “aldosterone breakthrough” [71]. This is particularly the case during long-term treatment or during sodium restriction, which potentiates the adrenal response to angiotensin II. Furthermore, “aldosterone breakthrough” is associated with a poor response to antiproteinuric treatment and an enhanced decline of renal function in patients with DKD [72]. It is suggested that the worst clinical prognosis of patients with “aldosterone breakthrough” is due to direct effects of aldosterone.

In line with this hypothesis, studies in patients with chronic kidney disease and early DKD show that MRA blockade on top of ACEI and/or ARB blockade exerts added renoprotective effects. Interestingly, the reduction in albuminuria induced by the addition of spironolactone to ACEI was related to aldosterone levels [72]. This suggests that aldosterone is a component of the renal damage that is associated with chronic kidney disease and that its inhibition by RAAS blockade can be incomplete.

In spite of these encouraging results on albuminuria, long-term data on the efficacy of MR blockade on hard endpoints, for example the development of ESRD or patient survival, are still lacking.

The eventual benefit of aldosterone blockade was then studied in various experimental models of diabetic nephropathy. MRAs appear to reduce proteinuria when used alone [73], and to have an additive effect on proteinuria when used in combination with an ACEI or an ARB in both type 1 and type 2 diabetes [72,74].


	In 2006, the only long-term study performed to date of add-on spironolactone therapy in diabetic and nondiabetic patients with proteinuria showed that the agent induced an initial acute fall in eGFR that predicted a later beneficial effect on decline in renal function and a remarkable and sustained reduction in proteinuria [75].


	In 2008, effects on albuminuria were summarized in a systematic review [71]. Fourteen studies evaluated spironolactone, whereas one study evaluated eplerenone. These MRAs were added to an ACEI in the majority of studies, although some studies added MRAs to an ARB or to an ACEI and an ARB (triple RAAS blockade). Compared with placebo or no additional intervention, most studies reported that addition of an MRA reduced albuminuria by 30%–40% (range, 15%–54%) but hyperkalemia is a concern particularly as renal function deteriorates. Currently treatment with this combination is not being recommended.


	In 2009, Medhi and colleagues published a placebo-controlled trial [74] performed in 81 patients with T1DM or T2DM, hypertension, and albuminuria ≥300 mg/g, all receiving high doses of lisinopril (80 mg/d) at baseline, randomly assigned to spironolactone (25 mg/d), losartan (100 mg/d), or placebo. At 48 weeks of follow-up, patients treated with spironolactone had a 34% decrease in urine albumin-to-creatinine ratio compared to placebo while patients who received losartan had only a 17% decrease not significantly different from placebo, despite a similar effect on blood pressure and serum potassium levels. A direct statistical comparison of spironolactone versus losartan was not reported.


	In 2006, Epstein and colleagues examined the efficacy and safety of eplerenone in a trial [76] of 268 patients with T2DM and CKD stage 1–2 (eGFR 74 mL/min per 1.73 m2), already treated with an ACEI randomly assigned to eplerenone (50 or 100 mg/d) or placebo. Patients treated with eplerenone therapy present a significant reduction in albuminuria (40%–50% versus <10%). Severe hyperkalemia (>6 meq/L) occurred in 9% and 23% of patients receiving 50 and 100 mg/d of eplerenone, respectively, compared with 12% of patients in the placebo group.


	In 2014, a meta-analysis of eight trials and 404 patients [77], combined treatment ACEI/ARB and MRA further reduced albuminuria by 23 to 61%, increased hyperkalemia prevalence and slightly decreased eGFR values, compared with standard treatment.




There is no long-term data regarding the benefit with the combination of ACEI or ARB and MRA in terms of slowing the rate of loss of GFR, so the role of the aldosterone blocker is unclear in CKD progression. Reduction in albuminuria is not a validated surrogate for slowing nephropathy progression and the risk of inducing or aggravating hyperkalemia may limit the use of aldosterone antagonists although the risk of hyperkalemia may possibly be lower with an ARB [78]. Whether the benefits of combined treatment by an ACEI/ARB and an MRA exceed the risks of this association has to be confirmed by an adequately-powered prospective, comparative, clinical trial.

With the publication of recent endpoint trials, the tide has shifted because of higher rates of side effects and no clear benefit. Although it can be argued that the ONTARGET study population is heterogeneous with a cardiovascular rather than kidney risk profile, that the ALTITUDE study is only investigating one possible combination of RAAS treatment, and that the VA NEPHRON D study was much smaller, the conclusion so far on the basis of three hard endpoint studies must be, until hard endpoint trials tells us otherwise or until we know more about which patients to select for combination treatment, that any combination using renin inhibition, ACEIs, or ARBs is not advisable. In the case of combinations with aldosterone receptor blockade, hard endpoint trials are still lacking; however, more data and information on this topic are sure to come [79].




5. Combination ACEI/ARB and Calcium Channel Blockers

Nondihydropyridine calcium channel blockers (diltiazem and verapamil) appear to be as effective as an ACEI or ARB in lowering protein excretion in diabetic patients [32,80,81,82]. Furthermore, the antiproteinuric effects of verapamil and an ACEI may be additive.


	In a study [80] of 30 patients with T2DM in which lisinopril (mean dose 29 mg/d) or verapamil (mean dose 360 mg/d) alone lowered protein excretion from 5.8 to 2.7 g/d. Low-dose combination of both drugs (mean of 16 mg of lisinopril and 187 mg of verapamil) had a much greater antiproteinuric effect (down from 6.8 to 1.7 g/d) but was also associated with fewer drug-induced side effects (such as constipation with verapamil and dizziness with lisinopril).


	A similar antiproteinuric effect has been demonstrated with combination therapy with verapamil and trandolapril [83]. But their potential efficacy in the preservation of renal function in relation to ACEIs has not yet been evaluated in humans.




Dihydropyridine calcium channel blockers (amlodipine, nifedipine, nitrendipine) have a variable effect ranging from increased protein excretion to no effect to a fall in protein excretion in different studies [11,39,80,81].



6. Combination ACE Inhibitor/ARB and Salt Restriction

RAAS blockade is largely ineffective during states of volume excess or increased sodium intake. Sodium restriction and diuretic treatment increase the top of the dose-response curve to RAAS blockade, and therefore a larger maximum response can be obtained [84].


	High sodium intake has been found to blunt the antiproteinuric as well as the antihypertensive response to ACE inhibition, in albuminuric patients.


	Moderate salt restriction to 5–6 g/d (recommended by KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of CKD [48]) has been found to enhance the antihypertensive and antiproteinuric effects of RAAS blockade [85]. Their addition to ACEI was significantly more effective than dual RAAS blockade [86], as effective as the addition of diuretics, even in patients resistant to RAAS blockade [84]. Into the bargain, low-sodium diet improves the long-term cardioprotective and renal efficacy of single RAAS blockade [87]. In a post hoc analysis of the RENAAL and IDNT trials [87], ARB provided the best renoprotective effects in patients who had the lowest tertile of sodium intake: the risk of renal events was reduced by 43% or increased by 37% in patients with the lowest and highest tertile of sodium intake, respectively.


	Extremely aggressive sodium restriction on top of single or dual RAAS blockade might elicit adverse renal and cardiovascular events. A meta-analysis from Italy [88] concluded increased mortality in patients with heart failure on a very strict sodium diet treated with daily diuretics and fluid restriction, but this paper was retracted soon after publication because of concern over reporting of duplicate data and the inability of the authors to provide the original data for verification.


	If a low-sodium diet is not possible, diuretic therapy with increased furosemide dosage partially corrects the loss of antiproteinuric effect due to a high sodium intake, even in nephrotic patients [89].






7. What is and What Should be the Current Use of RAAS Blockade?

U.S. Renal Data System (USRDS) 2013 Annual Data reported that anti-RAAS therapy, the single most important therapy for DKD, may be underutilized [90]. Despite the beneficial effects shown in many long-term randomized, controlled, trials, some clinicians are reluctant to start RAAS blockade in patients with diabetic nephropathy.

The usage of anti-RAAS treatment decreases as CKD advances. There are few reasons not to maximize anti-RAAS therapy, especially given the fact that these agents are beneficial in reducing albuminuria, in delaying the progression of DKD, in control hypertension, and in heart failure (a common companion of hypertensive DKD patients) [91]. Paradoxically, the population that would benefit most from anti-RAAS therapy is the one denied the treatment [92].

The main reasons wielded by some clinicians not to use RAAS blockade in DKD patients are Table 2 [92]:

Table 2. Main reasons wielded by some clinicians not to use RAAS blockade in DKD patients.






	Reasons Wielded by Some Clinicians Not to Use RAAS Blockade in DKD Patients
	Arguments against Reasons Wielded by some Clinicians for Not Using RAAS Blockade in DKD Patients





	“Anti-RAAS therapy has no advantage to other therapies”
	
	■

	The RAAS is currently the primary therapeutic target for the prevention and treatment of DKD. High-quality animal experimental and human studies clearly demonstrate that RAAS overactivity plays a central role in the pathogenesis of DKD. Anti-RAAS therapy is potentially salutary by reducing albuminuria and, thereby, interstitial inflammation, the most important predictor of a kidney’s longevity [92].



	■

	Blockade of the RAAS is a proven cornerstone of therapy for the prevention and treatment of DKD. An elegant body of scientific accomplishment from basic science through clinical trials has solidified the use of ACEIs, ARBs, and other RAAS inhibitors in patients with diabetes [51].








	“Anti-RAAS therapy can accelerate the progression rate of kidney decline” [92]
	
	■

	Since the advent of ACEI therapy it has been acknowledged that a decline in GFR may occur. The initiation of RAAS blockade is often followed by an acute fall in GFR [93,94]. Although this acute decline in renal function might be a concern, drug withdrawal or dose lowering should only be considered if hyperkalemia develops or GFR continues to decline. Importantly, studies with long-term follow-up have shown that the initial fall in GFR in response to initiation of RAAS blockade is inversely correlated with the long-term decline in renal function; patients whose GFR declined shortly after starting RAAS blockade had a slower rate of decline in renal function during follow-up than did those whose GFR did not initially decrease [94,95]. Some degree of serum creatinine elevation must be anticipated and tolerated. In fact, if the DKD patient’s serum creatinine does not escalate after institution of anti-RAAS treatment, suspect that something is amiss.



	■

	Clinical circumstances, under which kidney injury can develop during RAAS blockade, include hypotension, dehydration, clinically inapparent volume overload, high salt ingestión, nonsteroidal anti-inflammatory drug (NSAID) intake, renal artery stenosis, exposure to contrast agents, and hospitalization. Onuigbo has described this phenomenon in great detail [96,97,98,99]. These states of kidney injury might exacerbate CKD resulting in ESRD.








	“Intensive blood pressure-lowering is dangerous in diabetic patients” [92]
	
	■

	From 1990s it became clear that RAAS blockade confers additional renoprotection beyond what could be expected from blood pressure lowering alone [8,11,100]. However, not all trials have demonstrated this point: In the UKPDS trial [101], captopril therapy decreased blood pressure levels to the same extent as did the β-blocker atenolol but did not provide additional renoprotection. The ABCD (The Appropriate Blood Pressure Control in Diabetes) trial fail to show a benefit on further slowing of CKD progression at a blood pressure of less than 130/80 mmHg even with a RAAS blocker. From data from the ACCORD (Action to Control Cardiovascular Risk in Diabetes) trial [102], practitioners have likely relaxed their ambitions to tightly controlling diabetic patients’ blood pressures.



	■

	However, although intensive blood pressure-lowering is not efficacious in diabetes (140 vs. 120 mmHg) for serious cardiovascular events [103], the continued application of anti-RAAS therapy may still be advantageous.



	■

	Since ACEI inhibition is approved as a measure for secondary stroke prevention, ongoing anti-RAAS blood pressure-lowering may be protective for stroke, but the blood pressure need only be reduced to 140 mmHg.








	“Anti-RAAS therapy is dangerous in elderly patients”
	
	■

	The recently released JNC 8 guidelines advise caution in the use of anti-RAAS therapy in the elderly due to the risk of increasing the serum creatinine and hyperkalemia. Stringent adherence to this guideline may leave those with proteinuria and those who could tolerate anti-RAAS therapy at risk [92,104].








	“Anti-RAAS therapy can induce potential lethal hyperkalemia” [92]
	
	■

	Avoidance of anti-RAAS therapy to avoid hyperkalemia is not well supported by literature. It exists, but it is far less common than believed. In addition, hyperkalemia at the level of 5.0–5.5 meq/L is not dangerous: Elevations of the baseline serum potassium from per se 4.5 meq/L by 0.5 and 1.0 meq/L only increase the membrane threshold potential by 3% and 6%, respectively, clinically irrelevant in the absence of an extremely low serum ionized calcium concentration [92].



	■

	Single RAAS Blockade generally will not lead to hyperkalemia: The frequency of hyperkalemia was only 1.6% at GFR levels greater than 40 mL/min per 1.73 m2. In the absence anti-RAAS therapy, hiperkalemia do not occur until the GFR is nearly 15 mL/min per 1.73 m2. When hyperkalemia occurs in a diabetic individual, the diagnosis of type 4 renal tubular acidosis or hyperkalemic, hyperchloremic acidosis from hyporeninemic hypoaldosteronism is frequently invoked, but it can be excluded another causes (subclinical volume depletion, undisclosed obstructive uropathy, decreased effective circulatory volume from decompensated heart failure, drugs…).



	■

	With dual RAAS Blockade (ACEI plus ARB or ACEI plus spironolactone) hyperkalemia does occur more frequently [74]. Since the risk of hyperkalemia has been the ‘‘Achilles heel’’ of all combination studies, three separate studies have evaluated predictors of hyperkalemia, and all share similar findings: Those patients with an eGFR <45 mL/min per 1.73 m2 who have a baseline potassium ≥4.5 mEq/L while already on an appropriate diuretic and a RAS blocker should not be given a second RAAS blocker because of a more than three-fold risk of developing hyperkalemia [105,106].








	“Anti-RAAS therapy not prevent residual risk of ESRD”
	
	Although RAAS therapy slows the progression of DKD to ESRD, the residual risk of ESRD remains high and correlates with the residual level of albuminuria in patients receiving this therapy [107].


	It could be the result of:


	■

	Insufficient RAAS blockade attributable to insufficient dosing or compensatory feedback responses [5]: As ACEIs and ARBs are registered as antihypertensive drugs, the doses that are frequently used in clinical practice are the maximum recommended for blood-pressure reduction. However, studies have shown that use of “supra-maximal doses” of this drugs result in further lowering of albuminuria, in the presence or absence of additional changes in blood pressure:


	○

	In ROAD (Renoprotection of Optimal Antiproteinuric Doses) study [108] performed in 360 non-diabetic Chinese patients with proteinuria and chronic renal insufficiency, the optimal antialbuminuric and tolerable doses of benazepril or losartan (compared with the conventional doses) resulted in an additional reduction in albuminuria and a 50% reduction in the risk of ESRD during 3.7 years of follow-up.



	○

	In 52 patients [109] with T2DM and microalbuminuria, treatment with supra-maximal doses of irbesartan (up to 900 mg/d) resulted in a 15% greater reduction in albuminuria at two months than did treatment with the maximum recommended blood pressure lowering dose (300 mg/d).



	○

	In 269 patients [110] with baseline proteinuria ≥1 g/d (54% of whom had diabetes), compared with a standard antihypertensive candesartan dose of 16 mg/d, doses of 64 and 128 mg/d (each above the accepted maximal antihypertensive dose) reduced urine protein excretion by 16% and 30% after 30 weeks, respectively.







	■

	To the involvement of pathways that are not affected by RAAS blockade, such as endothelin pathways and specific inflammatory profibrotic pathways.




















8. Conclusions

According to previous studies and the current KDIGO recommendations [5,48,92,111,112,113] we can conclude:


	All patients with DKD should be started on RAAS blockers.


	It is essential to individualize blood pressure (BP) targets and treatment regimens according to age, coexistent cardiovascular disease, and other comorbidities, risk of progression of CKD, presence or absence of retinopathy, other therapies and tolerance of treatment, with gradual escalation of treatment and close attention to adverse events related to BP treatment, including electrolyte disorders, acute deterioration in kidney function, orthostatic hypotension, and drug side effects.


	There is insufficient evidence to recommend combining an ACE-I with ARBs to prevent progression of CKD.


	Patients with low or moderate risk for progressive kidney disease (normo/microalbuminuria with normal estimated GFR):


	○

	In normotensive normoalbuminuric T1DM and T2DM patients, RAAS-inhibiting agents for primary prevention is not justified.



	○

	In normotensive microalbuminuric T1DM and T2DM patients, an ARB or ACEI must be used.



	○

	In hypertensive microalbuminuric T1DM and T2DM patients, ACEI or ARB monotherapy remains the mainstay of treatment.



	○

	Due to the lack of evidence supporting a target blood pressure of less than 130/80 mmHg, we recommend a goal of 140/90 mmHg.



	○

	The use of RAAS blockers and a blood pressure of less than 130/80 mmHg is not of proven value for slowing CKD progression.



	○

	Dual RAAS blockade should not be routinely applied.






	Patients at high risk (macroalbuminuria or impaired GFR):


	○

	All patients should be treated on RAAS blockers especially those with advanced Stage 3 or higher CKD.



	○

	Hypertensive T1DM and T2DM patients must be treated with BP-lowering drugs to maintain a lower blood pressure of less than 130/80 mmHg especially those with more than 1 g of proteinuria and advanced Stage 3 or higher CKD.



	○

	Maintaining anti-RAAS therapy for its secondary stroke prevention and antiproteinuric effects must always remain a consideration.



	○

	It is recommended that temporary discontinuation of RAAS blockers in patients with GFR <60 mL/min/1.73 m2 who have serious intercurrent illness (particularly in a setting of dehydration such as diarrhoea and vomiting) that increases the risk of acute kidney failure.



	○

	Clinicians should carefully weigh the potential benefits of dual RAAS blockade against potential adverse effects including hyperkalemia on an individual basis.








There are now well-powered primary and secondary trials clearly showing that combined RAAS blockade does not alter the natural history of DKD. Although RAAS blockade has formed the cornerstone of pharmacological management in diabetic nephropathy over the last two decades, we have continued to witness progression of CKD to ESRD. This is not surprising given that they do not block the multiple pathophysiological pathways leading to DKD. It is therefore necessary to look beyond this single pathway in strategies to prevent what is a complex and multifactorial condition.

However, “the devil is in the detail” as says Wong [49] in a revision of the current “state of play” for dual RAAS blockade: There are a number of caveats and clinical scenarios where the conclusion may not be valid and to assume so may be to the detriment of the patient [49]:


	Very hypertensive patient (>160/100 mmHg), excluded from ONTARGET trial, requiring multi-agent therapy (including ACEI/ARB in combination), where CVD risk is directly correlated with BP, any BP lowering would be expected to translate to a significant reduction in CVD-related morbidity and mortality. In a case control study [114] of 600 patients, it has been found that there is no excess decline in renal function in the very hypertensive patient (>160/100 mmHg) treated with combination of ACEI and ARB in comparison to monotherapy. This suggests the primacy of BP control in preserving renal function over any potential decline afforded by combination therapy in this very hypertensive at-risk group.


	Some of the ONTARGET patients were using therapies proven to have beneficial effects on vascular risk (such as β-blockers, statin, and anti-platelet treatment), attenuating any additional benefit from combination ACEI/ARB therapy. However, in clinical practice, many patients do not or cannot take statin treatment and cannot use β-blockers or anti-platelet agents. It is theoretically possible that a greater RAAS blockade would be beneficial in this subgroup of patients who cannot have risk attenuated by other pharmacological means.




“It would still be premature to sound the death knell for dual blockade” [49]. Lifestyle interventions or diagnostic tools might be used to optimize RAAS blockade and identify those patients who are most likely to benefit from the therapy [5]. The modern catchcry of clinical medicine is individualization of therapy, but we are hamstrung by the inability to measure completeness of RAAS blockade in an individual.

Hence, there remains a clear and growing need for emerging therapeutic strategies and, indeed, there are several agents currently under investigation, targeting other metabolic pathways.

Several recent candidates have failed to meet expectations or are now being tested for therapy of DKD: prorenin receptor antagonists, inhibitors of AGE formation (aminoguanidine, pimagedine, pyridoxamine), aldose reductase inhibitors (sorbinol and tolerestat), triterpenoid activator of the transcription factor Nrf2 (bardoxolone methyl), glycosaminoglycan (sulodexide), selective vitamin D receptor activator (Paricalcitol), ET receptor blockers (avosentan, atrasentan, sitaxsentan), antioxidant therapy (vitamin A, vitamin C, vitamin E, N-acetyl cysteine, b-carotenes, flavonoids…), PKC-b inhibitor (ruboxistaurin), inhibitors of TGF-b production (pirfenidone), recombinant human anti-CTGF monoclonal immunoglobulin G antibody (FG-3019), methyl xanthine derivative (pentoxifylline), anti-TNF-a antibody (Infliximab), inhibitors of Janus kinases (JAK), AGE-crosslink breaker (alagebrium), non-steroidal mineralocorticoid receptor antagonist (PF-03882845, BAY 94-8862).

The optimal qualities required from an effective novel agent in DKD would be clear additive effects to the benefits of renin-angiotensin aldosterone blockade, tolerability, safety and, ideally, benefits in terms of cardiovascular outcomes.
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