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Introduction

Renal transplantation is the best therapeutic option for

the majority of patients having end-stage renal disease

[1]. However, the degree of renal function achieved after

transplantation is sometimes far to be optimal [2] and

eventually declines overtime because of the concurrence

of immunological and nonimmunologic factors [3]. On

the other hand, many renal allografts prematurely fail

because of patient’s death from cardiovascular origin [4].

There were some attempts to improve graft and patient

survival after transplantation by treating typical cardiovas-

cular risk factors as dyslipidemia and hypertension. The

assessment of Lescol in renal transplantation (ALERT)

study showed that statins could reduce cardiovascular

events in renal allograft recipients but were unsuccessful

to prolong allograft survival [5–7]. Hypertension is a very

common condition after transplantation and is an impor-

tant risk factor for graft and patient survival [3,4]. Cosio

et al. [8] suggested that elevated blood pressure acts as an

independent risk factor for acute rejection and showed

that treatment with calcium channel blockers but no

other antihypertensive medications were associated with a

lower incidence of acute rejection. On the other hand,

Dragun et al. [9] reported the presence of agonistic anti-

bodies against the angiotensin II receptor type 1 (AT1) in

renal allograft recipients who had severe vascular rejection

and malignant hypertension and suggested that the
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Summary

Besides the immunological mediated damage on the graft, the intrarenal

renin-angiotensin system (RAS) is viewed as an additional mechanism in the

development and progression of chronic allograft injury. RAS blocking agents

efficiently control post-transplant hypertension and are useful to reduce

proteinuria and for treating post-transplant erythrocytosis. However, RAS

blockade is associated with some potentially relevant adverse events as hyper-

kalemia, anemia, and even to a decline in renal function. There are consistent

experimental data showing that RAS blockade has a therapeutic effect on

chronic allograft injury. Some clinical studies have shown that RAS blockade

reduces transforming growth factor-b1 and other markers of fibrosis but, up to

now, there is not convincing evidence supporting that RAS blockade has fur-

ther benefit on the progression of chronic allograft injury in comparison with

other antihypertensive interventions. Theoretically, RAS blockade may also

improve cardiovascular disease, which constitutes the main cause of mortality

and morbidity in renal allograft recipients. Nevertheless, to date there is lack of

evidence for supporting that RAS blockade improves neither graft nor patient

survival in comparison with other antihypertensive drugs. Randomized, pro-

spective, double blind, placebo-controlled trials with enough sample size and

follow-up are needed to address the potential role of RAS blockade to improve

graft and patient outcome. Meanwhile, we should empirically balance case to

case the pros and cons of RAS blockade in renal transplantation.
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addition of the AT1 receptor blocker losartan to the stan-

dard treatment of humoral rejection could improve out-

come. More importantly, intrarenal renin-angiotensin

system (RAS) activation is a well-known mechanism

involved in the progression of chronic nephropaties [10].

Some experimental [11] and clinical [12] studies do sug-

gest that RAS blockade can be a strategy capable to slow

down progression of chronic allograft injury. However, to

date whether RAS blockade can increase graft and patient

survival is not known. Observational studies have con-

flicting results, randomized trials are small and with a

short follow-up enough to determine differences between

treatment groups and furthermore, it is very difficult to

ascertain whether RAS blockade effect is independent of

its inherent blood pressure lowering effect. Therefore, we

review the RAS system with special emphasis in the renal

hemodynamic consequences of its blockade, the current

indications of RSA blockade in renal transplantation,

side-effects and the controversial findings regarding

patient and graft survival.

Case report of RAS blockade in a renal allograft
recipient

A 40 year-old woman suffering from end-stage renal dis-

ease secondary to chronic pyelonephritis received a renal

allograft in 1990 in our Institution. Immunosupression

was OKT3 induction therapy, cyclosporine, and steroids.

Prednisone was withdrawn in 1998 after introduction of

mycophenolate mofetil (MMF). In 2002, hypertension

was diagnosed and treated with a b-blocker agent. In

2003 a renal biopsy was performed because of increase in

serum creatinine and proteinuria, showing grade 2

chronic allograft injury. At this time, ramipril was pre-

scribed (Fig. 1). The response to ramipril was excellent in

terms of control of hypertension (120/70 mmHg) and

reduction of proteinuria although the patient developed

anemia that was treated with subcutaneous darbepoetin.

Three years later ramipril was discontinued because of

hyperkalemia. One-month later serum potassium was

within normal range but the patient displayed severe

hypertension (162/101 mmHg), increase of serum creati-

nine, hypoalbuminemia, and nephrotic range proteinuria.

Ramipril was reintroduced with excellent clinical response

(120/70 mmHg) (Fig. 2). Hyperkalemia was avoided by

taking sodium polystyrene sulfonate.

This case, rather than the goodness of ramipril, clearly

shows how important is to control hypertension in

chronic renal disease patients. Also, it would illustrate

how difficult is to differentiate the RAS blockade antihy-

pertensive effect from other favorable effects in terms of

renoprotection as reduction of proteinuria, renal inflam-

mation or fibrosis. Further, this case allows us to point

out that the RAS blockade-associated decline of renal

function, while usual, can not necessarily be universal.

Finally, it would reflect the most frequent adverse events

related with the introduction of RAS blockade in renal

allografts, that is, anemia and hyperkalemia. All these

controversies will be discussed in the present review.

A brief appraisal on the renin angiotensin system

Angiotensin II, the central product on the RAS, is a pep-

tide widely studied in human health and disease (Fig. 2).

The classical view of the RAS as a main controller of

blood pressure by means its activation in the renal mac-

ula densa is currently surmounted. Therefore, the RAS is

widespread distributed in many cell types, including

endothelial, smooth muscle, mesangial, epithelial cells as

well as fibroblasts and macrophages [13]. The angiotensin

II exerts its action by binding to AT1 and AT2 receptors

on cell surface. Despite their similar affinities for angio-

tensin II, AT1 and AT2 are functionally distinct, with a

sequence homology of only 30% [14]. The AT1 subtype

mediates the majority of described angiotensin II effects
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Figure 1 Evolution of serum creatinine and proteinuria. Treatment

with angiotensin II converting enzyme inhibitors (ACEi) was introduced

13 years after kidney transplantation because of severe hypertension,

proteinuria and histological diagnosis of chronic allograft injury. The

response to ramipril was excellent in terms of control of hypertension

and reduction of proteinuria although the patient developed anemia

that was treated with subcutaneous darbepoetin. Three years later

ramipril was discontinued because of hyperkalemia. One-month later

serum potassium was within normal range but the patient displayed

severe hypertension, increase of serum creatinine, hypoalbuminemia,

and nephrotic range proteinuria. Ramipril was reintroduced with

excellent clinical response Hyperkalemia was avoided by taking sodium

polystyrene sulfonate.
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including vasoconstriction, cardiac hypertrophy, vascular

damage, and organ fibrosis. The actions of the AT2

receptor are less well-understood, although recent investi-

gations suggest that AT2 receptors act as a counter-regula-

tory mechanism of the RAS activation [15].

The RAS is involved in many pathologic processes,

mainly vascular damage and organ fibrosis. Angiotensin

II plays a role in several stages of the atherosclerotic pro-

cess such as endothelial dysfunction, proliferation and

migration of smooth muscle cells, LDL oxidation, inflam-

matory response, and coagulation [16]. On the other

hand, overactivation of the RAS can result in cell hyper-

trophy and extracellular matrix accumulation through

activation of transforming growth factor-b (TGF-b),

platelet-derived growth factor, and connective tissue

growth factor (CTGF) [16]. Diabetic kidney disease and

renal mass ablation are paradigm of renal fibrotic pro-

cesses in which the angiotensin II is playing a key role

[17,18]. In fact, in these pathologic conditions, the RAS

blockade has well-established antifibrotic effect [17,19,20].

There are several ways for therapeutically interfering

RAS, the more usual being angiotensin II converting

enzyme inhibitors (ACEi) and AT1 receptor antagonists

(ARB). There are two major differences between the ACEi

and ARB (Fig. 2). First, angiotensin II can activate both

AT1 and AT2 receptors. As a result, inhibition of angio-

tensin II formation with an ACEi will diminish the activ-

ity of both receptor subtypes. In contrast, the ARB only

diminishes AT1 activity. Thus, there is no change in AT2

receptor-mediated effects. Second, kinins are vasodilators

that can reduce renal ischemia induced by angiotensin II

and norepinephrine in hypovolemia and also decrease

sodium reabsortion in the inner medulla and impair the

ability of ADH to increase local water reabsortion [21].

Kinins are metabolized by kininases, one of them is the

ACE that converts angiotensin I in angiotensin II. Thus,

kinins are not modified by ARB.

On the other hand, the first direct renin inhibitor

(DRI), aliskiren, has been recently approved by the USA

Food and Drug Administration for the treatment of

hypertension [22]. Although there is lack of experience in

renal transplantation, the DRI drugs may be of interest

on treating chronic allograft injury, as they induce a more

complete inhibition of the RAS.

Hemodynamic consequences of blocking the RAS
in renal allografts

The renal function achieved after renal transplantation is

usually below that is considered normal in general popula-

tion. In fact, the majority of renal allograft recipients show

a glomerular filtration rate (GFR) <60 ml/min/m2, that is

stage 3 of chronic kidney disease [2]. Several factors such

as donor characteristics, acute rejection, ischemia reper-

fusion injury, infections, and immunosuppressive drugs

are contributing to this condition. Therefore, some

authors suggested that many renal allografts suffer from

glomerular hypertension and hyperfiltration because of

lack of nephron mass [19]. The clinical consequences are

hypertension, proteinuria, and progressive loss of renal

function. These [23] and other [24] authors corroborated

this hypothesis by demonstrating that supplying additional

renal mass of a kidney graft avoided appearance of

proteinuria and preserved renal function and structure.

The RAS acts as a regulatory mechanism addressed to

maintain GFR when there is renal hypoperfusion. Angio-

tensin II produces systemic vasoconstriction and sodium

and water retention. Angiotensin II can regulate GFR by

Figure 2 The renin-angiotensin system.

Renin is secreted from the macula densa

when there is a reduced stretch in the

wall of the afferent arteriole or by a

reduced sodium in the distal tubule.

Renin converts angiotensinogen in

angiotensin I. The angiotensin convert-

ing enzyme (ACE) is a Zn-dependent

metalloprotease that converts angioten-

sin I in the active form of angiotensin II

and, at the same time, inactivates kinins.

The angiotensin II binds to its specific

receptors angiotensin II receptor type 1

(AT1) for exerting its better known

effects. The effects mediated by AT2 are

not so well understood. The ACE-2

pathway was recently described and

may as balancing mechanism.
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producing vasoconstriction of the efferent and afferent

glomerular arterioles, although the increase in the efferent

resistance is higher than in the afferent one [25]. So,

angiotensin II induces a reduction in renal blood flow

and maintain GFR when there is renal hypoperfusion, as

it happens in renal artery stenosis or severe vasculopathy.

Thus, the administration of RAS blockers may reduce

GFR by reducing filtration pressure. This is not the case

of other antihypertensive drugs as calcium channel block-

ers as they abolish the afferent vasoconstriction while hav-

ing no effect on the efferent arteriole. The RAS is

activated in renal allografts with chronic renal damage

[26] and experimentally ACEi are superior to calcium

channel blockers in protecting animals from chronic allo-

graft injury although the GFR at the end of this study

was similar between groups [11]. Thus, theoretically RAS

blockade in a renal allograft, particularly if there is

chronic renal damage, will induce a reduction of GFR.

This fact has been recently corroborated by Hiremath

et al. [27] in a systematic review of randomized trials

with RAS blocking agents in renal transplantation.

Potential indications of RAS blockade in renal
transplantation: the pros

Renal transplantation is the treatment of choice for end-

stage renal disease [1]. However, many organs prema-

turely fail by progressive renal damage and patient’s death

of cardiovascular origin [3,4]. In renal allograft recipients,

ACEi and ARB are used for the treatment of hyperten-

sion, post-transplant erythrocytosis (PTE) and to reduce

proteinuria. Nevertheless, conflicting data have been

obtained when analyzing the impact of RAS blockade on

graft and patient survival [28,29] (Fig. 3).

Hypertension, left ventricular hypertrophy and arterial

stiffness

Cardiovascular disease (CVD) is the most important

cause of death in renal allograft recipients [4]. The esti-

mated annual risk of death because of CVD is 3.5–5% in

renal transplant recipients, which is 50-fold higher than

in the general population [30]. Hypertension is the most

prevalent CVD risk factor among kidney-transplanted

patients. The reported prevalence of hypertension among

this population is as high as 75–90% [31–33]. Three

recent observational studies suggest that for every

1 mmHg of increase in systolic blood pressure there is

a 1–2% increased risk of fatal or nonfatal CVD event

[31,34,35]. Several factors are associated with post-trans-

plant hypertension including history of pretransplant

hypertension, high-body mass index, primary kidney dis-

ease, quality of donor organ, delayed graft function, acute

rejection, calcineurin inhibitor therapy, glucocorticoids,

transplant renal artery stenosis, and chronic allograft

nephropathy [35,36]. Elevated blood pressure can result

in decreased allograft survival and left ventricular hyper-

trophy (LVH), the latter being an independent risk factor

for heart failure and death in the general population and

renal transplant recipients [37–40]. It has been suggested

that long-term renal allograft survival may be negatively

influenced by post-transplant hypertension [41,42].

CONS

PROS
Hyperkaliemia

Antihypertensive

Reduce proteinuria

PTE

Arterial
stiffness

LVH

Anemia

GFR
reduction

Figure 3 Pros and cons of renin-angio-

tensin system (RAS) blockade in renal

transplant recipients. These drugs are

effective in controlling hypertension and

post-transplant erythrocytosis (PTE),

reduce proteinuria and left ventricular

hypertrophy (LVH) and improve arterial

stiffness. However, they also reduce glo-

merular filtration rate (GFR), induce or

aggravate anemia and hyperkalemia.
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Hence, there is agreement for treating hypertension in

renal transplant recipients. However, whether ACEi/ARB

drugs are superior to other antihypertensive medications

in terms of patient and graft survival is not known. There

are some retrospective and prospective studies showing

that ACEi and ARB are safe and effective in the treatment

of the hypertension in renal transplant recipients [43,44],

while others have noted a significant risk of hyperkalemia

[42]. In a recent study, Paolleti et al. [37] showed that a

prolonged course of ACEi therapy is effective in regress-

ing the persistent LVH in renal transplant recipients by

mechanisms independent of effects on blood pressure

control. However, the use of both ACEi and ARB drugs

are associated with anemia in renal allograft recipients

[45,46] and anemia is a critical factor associated with

LVH [47].

Arterial stiffness is considered a blood pressure-inde-

pendent cardiovascular risk factor [48]. Large arteries are

stiffer in chronic kidney disease patients because of sev-

eral factors as vascular calcifications, anemia, RAS activa-

tion, and volume overload [49]. It has been described

that successful renal transplantation improves the pro-

gression of arterial stiffness in patients with end-stage kid-

ney disease [50]. Of interest, impaired renal allograft

function [51] and some immunosuppressants [52] are

associated with increased arterial stiffness in renal trans-

plant recipients. Rather than other antihypertensive drugs

ACE and ARB improve arterial stiffness in many patients

[49]. Thus, RAS blockade may preferentially reduce arte-

rial stiffness in renal-transplanted patients. However, as

RAS blockade can also induce anemia and worsening of

renal function in this population, studies are needed to

further investigate this issue.

Post-transplant erythrocytosis

The PTE is defined as a hematocrit >51%. It is a multi-

factorial condition [53] affecting 10–15% of renal trans-

plant recipients, most often within the first 8–24 months

after surgery [54–56]. Erythropoiesis appears to be stimu-

lated in many cases by excess erythropoietin release from

native kidneys [57]. In a study, serum erythropoietin lev-

els were elevated six of seven patients with PTE [58].

Also, other factors may either enhance the sensitivity to

erythropoietin or directly promote erythropoiesis [54,59].

Implicated proteins include insulin-like growth factor-1

(IGF-1) and IGF-binding protein [60]. ACEi and ARB

may reduce erythropoiesis either by a direct inhibition of

erythropoietin and IGF-1 production or by an indirect

mechanism derived from improvement of renal perfusion

and subsequent decrease in oxygen consumption [61].

Also, activation of the AT1 receptor may enhance erythro-

poietin production in the graft or increase sensitivity of

red cell precursor to erythropoietin [62]. Many reports

have concluded that ACEi and ARB are safe and effective

to treat PTE [54,63–67]. Their effect usually begins within

2–6 weeks and is complete in 3–6 months.

Proteinuria in kidney transplantation

Proteinuria is an excellent marker of poor long-term graft

and patient survival in the renal transplant population

[68]. Furthermore, in a recent study, Halimi et al. [69]

showed that microalbuminuria is a risk factor for graft

loss even in nonproteinuric patients. Some authors pro-

pose that proteinuria by itself contributes to progression

of chronic renal damage [70], whereas others believe that

it is still unclear whether proteinuria is a cause or only a

consequence of progressive renal injury [71]. In renal

allografts proteinuria is caused by immunological and

nonimmunological factors [72]. The antiproteinuric effect

of ACEi and ARB is well documented in experimental

models and translated into humans with diabetic and

nondiabetic chronic renal disease [73,74]. In a compari-

son with other antihypertensive agents, the RAS-inhibit-

ing drugs appear to be superior in reducing proteinuria

and slowing renal failure progression [11]. Several expla-

nations for such an effect have been offered, including

reduction of glomerular hypertension and hyperfiltration,

the restoration of altered glomerular filtration barrier with

subsequent reduction of proteinuria and reduction of

inflammatory response, renal hypertrophy and fibrosis

[74]. Some authors suggest that the protective renal

effects of the RAS-inhibiting drugs are independent of the

reduction in systemic blood pressure [70,73]. However,

Casas et al. [75] in a recent metanalysis showed that, in

comparison with other antihypertensive drugs, the superi-

ority of RAS blockade in terms of renoprotection is

related to more pronounced reduction in blood pressure.

Holgado et al. [76] showed that treatment with losar-

tan-reduced proteinuria in renal-transplanted patients.

Many reports have concluded that the losartan is as effec-

tive as enalapril in reduced proteinuria in renal transplant

patients [37,40]. Martinez Castelao et al. [77], showed

higher antiproteinuric effect in patients on ACEi than

on calcium channel blockers. Furthermore, no correlation

was found between the reduction in proteinuria and

control of blood pressure, suggesting that the antiprotei-

nuric effect of ACEi or ARB was independent of blood

pressure modification. Montanaro et al. [78] showed that

ACEi/ARB have renoprotective effects when used in

patients with good and stable renal function with mild

proteinuria. In a pilot study, Dominguez-Gil et al. [79]

showed that losartan efficiently reduced proteinuria even

in kidney transplant patients with nephrotic range pro-

teinuria. Tylicki et al. [80] demonstrated that, rather than
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carvedilol, losartan decreases albuminuria with minimal

side effects in renal transplant recipients. In a recent met-

analysis, Hiremath et al. [27] found that in renal allograft

recipients RAS blockade is associated with an average

reduction of 470 mg/day in proteinuria. Thus, there is

strong evidence that RAS blockade reduces ‘multifactorial’

proteinuria in renal allograft recipients.

Chronic allograft injury

Chronic allograft injury is characterized by a progressive

decline in kidney function and is recognized as the princi-

pal cause of late graft loss [81]. Some of the pathogenic

factors involved in chronic allograft injury, such as hyper-

tension, atherosclerosis, and cyclosporine nephrotoxicity,

are associated with RAS activation. Accordingly, inhibi-

tion of RAS either by ACEi and ARB slows down the pro-

gression of chronic allograft injury in some experimental

models [11,82]. Amuchastegui et al. [11] demonstrated

that losartan is clearly better than a calcium channel

blocker in protecting against chronic allograft injury. In

contrast to other antihypertensive drugs, ACEi and ARB

reduce systemic and glomerular hypertension, hyperfiltra-

tion, and proteinuria [83].

Transforming growth factor b1 (TGF-b1) is involved in

the pathogenesis of chronic allograft injury [12,74,84].

Importantly, the production of TGF-b1 may be modulated

by the intrarenal RAS [85]. Campistol et al. [12] reported

that losartan decreases the synthesis and secretion of renal

TGF-b1 in patients with chronic allograft injury. Agroudy

et al. [84] found that RAS blockade significantly decrease

the plasma levels of TGF-b1 and the rate of histopatholog-

ical progression. In a recent double-blind, placebo-con-

trolled and crossover study, Tylicky et al. [74] showed

that losartan exerts a beneficial effect against tubular

injury and graft fibrosis and thus may have role in pre-

venting chronic allograft injury. In this study losartan

reduced urinary excretion of TGF-b1 and amino-terminal

propeptide of type III procollagen, proteins that are asso-

ciated with tubular damage and graft fibrosis, respectively.

Thus, although some surrogate markers point at the

beneficial effect of ACEi/ARB for treating chronic allo-

graft injury, there is not yet convincing evidence support-

ing that RAS blockade can prevent or slow down

progression chronic renal damage in clinical renal trans-

plantation.

Potential side effects of RAS blockade in renal
allografts: the cons

The use of ACEi and ARB is associated with some adverse

events that may limit the potential benefits in renal trans-

plantation (Fig. 3). Hiremath et al. [27] in a systematic

review of randomized trials with RAS-blocking agents in

renal transplantation described that these agents are asso-

ciated with a decline of renal function, anemia, and

hyperkalemia. To minimize side effects we recommend

performing a Doppler ultrasound examination of the

graft to exclude renal artery stenosis before starting RAS

blockade, starting these drugs at the low-therapeutic dose

and to carry out close monitoring of renal function,

hemoglobin, and serum potassium. All these recommen-

dation are particularly important in patients with chronic

allograft dysfunction.

Reduction of glomerular filtration rate

Midtvedt et al. [86] reported that transplanted patients

treated with nifedipine had better renal function that

patients treated with lisonopril. This effect was not

observed in other studies (reviewed in [27]). However, a

recent metanalysis [27] showed that patients receiving

ACEi or ARB had on average a reduction of 5.8 ml/min

in glomerular filtration. The authors found that this effect

is robust and independent of baseline renal function, time

after transplantation or duration of follow-up. So far,

whether that reduction of GFR is clinically relevant is not

known and deserves further investigation. Although RAS

blockade is usually associated with a decline of renal

function in patients with renal allograft dysfunction, it

should be pointed out that in particular situations it may

efficiently control hypertension without increasing or even

reducing serum creatinine, as the case report presented

here illustrates. It would be interesting to analyze whether

RAS-blockade-induced increase of serum creatinine

depends on maintenance immunosuppression, particu-

larly calcineurin inhibitor drugs.

Hyperkalemia

The RAS blockade in renal allografts is associated with

hyperkalemia [45] because of its inhibitory effect on aldo-

sterone. However, in this setting, hyperkalemia is from

multifactoral origin. Predisposing factors are treatment

with calcineurin inhibitors, betablockers and presence of

chronic renal damage, all reducing renal potassium excre-

tion [45,87]. There are some strategies to minimize this

life-threatening complication. In patients not receiving

calcineurin inhibitors and with good renal function hy-

perkalemia is unusual. In the rest, RAS blockade should

be started at low dose, loop diuretic can be added to

enhance potassium excretion and serum potassium

should be closely monitored. Low-potassium diet and

sodium polystyrene sulfonate can be added in some cases.

RAS blockade should be temporally discontinued if serum

potassium is >6 mmol/L.
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Anemia

The use of both ACEi and ARB drugs are associated with

anemia in renal allograft recipients [42,43]. It was recently

described that in renal allograft recipients RAS blockade

is associated with an average reduction of 3.5% in hemat-

ocrit [27]. The same mechanisms useful for controlling

post-transplant erythrocytosis can induce anemia. Renal

dysfunction, antiproliferative drugs, and iron deficiency

are contributing factors. Thus, some patients receiving

ACEi or ARB require iron and particularly erythropoiesis-

stimulating agents to maintain hemoglobin levels within

recommended objective of 10–12 g/dl.

Controversial effects of RAS blockade in graft and
patient survival

Observational studies showed conflicting results regarding

the impact of RAS blockade on graft and patient survival.

Heinze et al. [26] in a retrospective analysis of 2031

patients showed that treatment with ACEi or ARB in

comparison with patients that did not receive such treat-

ment resulted in 20% and 30% increase of patient and

graft survival at 5 years, respectively. These impressive

results were not confirmed by Opelz et al. [29] in a retro-

spective study of 17209 kidney transplant recipients from

the Collaborative Transplant Study. There have been sev-

eral small, randomized trials evaluating the use of

ACEi/ARB in kidney transplantation, but most of these

studies were short of duration and did not examine clini-

cal end-points as graft loss and death. In the nontrans-

plant population, randomized trials evaluating renal

outcomes have shown that ACEi/ARB use began to show

favorable separation of survival curves at approximately

24 months. These findings suggest that adequately pow-

ered randomized controlled trials of sufficient duration

are needed to properly assess the impact of RAS blockade

on renal transplant population.

Conclusion

Besides the immunological mediated damage, the intrare-

nal RAS represents an additional mechanism in the devel-

opment and progression of chronic allograft injury. There

are consistent experimental data showing that RAS block-

ade has a therapeutic effect on chronic allograft injury.

Some clinical studies have shown that RAS blockade

reduces TGF-b1 and other markers of fibrosis but up to

now there is not convincing evidence supporting that

RAS blockade has further benefit on the progression of

chronic allograft injury in comparison with other antihy-

pertensive interventions. On the other hand, RAS block-

ade may also improve CVD, which constitutes the main

cause of mortality in renal allograft recipients. ACEi and

ARB efficiently control post-transplant hypertension,

reduce proteinuria and arterial stiffness and are useful in

treating post-transplant erythrocytosis. However, RAS

blockade in renal allograft recipients is associated to

adverse events which may limit its success as hyperkal-

emia, anemia and even to a reduction of GFR. To date

there is lack of evidence for supporting that RAS blockade

improves neither graft nor patient survival in comparison

with other antihypertensive drugs. Randomized, prospec-

tive, double blind, placebo-controlled trials as the Cana-

dian ACE-inhibitor trial will probably clarify the precise

role of RAS blockade in renal transplantation. Meanwhile,

we should empirically balance case to case the pros and

cons of RAS blockade in renal transplantation.
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