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ABSTRACT

Rational: The inhibition of renin-angiotensin-aldosterone system (RAAS) is a major strategy for
slowing the progression of chronic kidney disease (CKD). The utility of anti-RAAS agents in
patients with congenital or acquired solitary kidney is still controversial.

Objective: A systematic literature review was conducted.

Main findings: The conclusions of the few available studies on the topic are homogeneously in
agreement with a long-term reno-protective activity of anti-RAAS drugs in patients with solitary
kidney, especially if patients are hypertensive or proteinuric. However, angiotensin 2 (ANG2) lev-
els permit a functional adaptation to a reduced renal mass in adults and is crucial for sustaining
complete kidney development and maturation in children. A hormonal interference on ANG2 lev-
els has been supposed in women. Consequently, at least in children and women, the use of ARBs
appears more appropriate.

Principle conclusions: Available data on this topic are limited; however, by their overall assess-
ment, it would appear that anti-RAAS drugs might also be reno-protective in patients with soli-
tary kidney. The use of ARBs, especially in children and in women, seems to be more
appropriate. However, more experimental data would be strictly necessary to confirm this

ARTICLE HISTORY
Received 24 March 2017
Revised 13 June 2017
Accepted 25 July 2017

KEYWORDS

Congenital and acquired
solitary kidney; RAAS
system; RAAS inhibition;
nephron hyperplasia;
nephron hypertrophy

hypothesis.

Introduction

Solitary kidney is a congenital or acquired condition
characterized by a reduced renal mass [1]. Defects in
kidney development, genetically or non-genetically
determined, are part of the Congenital Anomalies of the
Kidney and Urinary Tract (CAKUT) [2]. The epidemio-
logical magnitude of the kidney malformations is under-
estimated and often accidentally discovered only in
adult age with evidence for renal function impairment
[3]. Renal function substitution with dialysis is needed
in a significant number of patients (40% in children and
0.6% in adults) inducing a quality of life impairment
[4,5]. CAKUT is an extensive clinical issue ranging from
high (complete renal agenesis) to mild (renal hypodys-
plasia, multicystic kidney dysplasia, ureteropelvic junc-
tion obstruction, megaureter, posterior urethral valves,
and vesicoureteral reflux) severity. However, renal dys-
plasia and vesicoureteric reflux are the most frequent
causes of end-stage renal disease in childhood.
Dysplastic kidney might present also hypoplastic and
shows a significant nephron deficit appearing

undifferentiated or metaplastic. Patients with renal dys-
plasia and hypoplasia are prone to urinary tract infec-
tions or chronic renal failure development. The
retrograde flow of urine from the bladder into the
ureter and toward the kidney is due to a dysfunctional
vesicoureteric junction and is called vesicoureteral
reflux. This condition is often complicated with urinary
infections, renal scarring, hypertension and end-stage
renal disease in both children and young adults [6].

Acquired solitary kidney depends on kidney surgical
removal due to several different causes (cancer, trauma,
receiving kidney transplant, living kidney donation,
post-biopsy kidney hemorrhage, etc.) [3]. After nephrec-
tomy, remnant kidney undergoes a series of compensa-
tory changes and Doppler ultrasonography should be
periodically applied in the follow up. In fact, assessment
of resistive index (RI) and pulsatily index (PI) provide
important information on adaption ability of the rem-
nant kidney and might reveal early signs of organ
failure [71.

An acute reduction of the renal mass has a variable
impact on the renal function, compared with congenital
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renal malformations [8]. It is possible that different com-
pensation mechanisms are involved in the two
conditions.

Renin-angiotensin-aldosterone system (RAAS) inhib-
ition is a major therapeutic approach for slowing
chronic kidney disease (CKD) progression [9,10].
Proteinuria occurrence is a frequent complication in
patients with a single functioning kidney, representing
an aggravating cause of GFR decline. In a study by Liern
et al. [11] antiproteinuric efficacy of enalapril was
reported and found synergic with a normal dietary pro-
tein intake.

Whether the use of anti-RAAS agents exerts its
known nephro-protective activity also in patients with
renal malformations or acquired solitary kidney is a
debated field of investigation in childhood and an
under-investigated topic in adult age. We aimed at sys-
tematically reviewing current literature for the assess-
ment of the prevalent evidence on the effectiveness
and safety of anti-RAAS agents use in all age patients
with kidney development anomalies.

Compensation mechanisms in congenital and
acquired solitary kidney

A renal compensation in both congenital and acquired
solitary functioning kidney is evident with high clinical
variability [12]. Nevertheless, it is uncertain if being
born with a single kidney or having lost one kidney dur-
ing the life would have a different impact on renal out-
comes. Mechanisms able to compensate renal mass loss
or kidney under-development have been described in
both cases and mainly in studies conducted on animals
[13]. Congenital single functioning kidney, compared
with acquired solitary kidney, might be less hyper-
trophic compared to acquired solitary kidney. A com-
parative analysis is desirable.

Renal malformations occur in 0.3-1.6/1000 newborns
[14,15] and represent approximately 30% of all pre-
natally diagnosed malformations [16]. Their impact on
renal function decline is variable and depends on kid-
ney size and dysplasia grading at birth. As consequence,
a congenital renal disorder can be found in almost 60%
of children with CKD showing a rapid progression to
ESRD only in severe newborns [17]. In milder cases,
instead, renal function tends to improve during the first
3-4years of life and remains stable up to the adoles-
cence, when a new decline can occur and progress to
ESRD in approximately 25% of patients. Conversely, in
adult age, renal malformations are accidentally diag-
nosed and rarely lead to ESRD. However, a common
association is established with hypertension and
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cardiovascular complications in adult patients with con-
genital renal malformations [18].

Clinical variability in patients with congenital solitary
kidney appears to depend on the severity of the kidney
disorder and may be linked to the gestation age at
which the insult is installed. The variable clinical
response to congenital renal malformations has to be
searched in compensatory fetal renal growth
mechanisms.

Compensatory mechanisms in congenital renal mal-
formations have been investigated in animals with diffi-
cult translation of the data to humans because renal
ontogeny is species specific [19,20]. However, the ovine
kidney development process is very similar to that of
human kidney.

A model of mono-nephrectomized fetal sheep has
been reproduced and compared with sham operated
ovine fetuses to investigate functional and morpho-
logical responses to a partial renal loss at 100d of ges-
tation, when nephrogenesis is still very active [21]. One
month after surgery, nephrectomized ovine fetuses
developed marked compensatory hyperplasia with a
significantly increased number of glomeruli showing
mild hypertrophy. Furthermore, in nephrectomized
ovine fetuses, renal function was found to be similar to
that of sham operated ovine fetuses. However, in
6 months old uninephrectomized male sheep, glomeru-
lar filtration rate (GFR) and renal blood flow (RBF) were
found to be reduced, while blood pressure increased.
An up-regulation of RAAS system was hypothesized but
not confirmed by either molecular biology or immunos-
taining techniques.

In addition, the development of pig kidney is compar-
able with humans. Congenital functioning solitary kid-
neys in 26week-old pigs have been anatomically
compared with normal controls by van Vuuren et al.
Both kidney weight and nephron number were found to
be significantly increased in congenital solitary kidney
[19]. A comparison of histological patterns was also con-
ducted showing that glomerular and tubular size in con-
genital solitary kidneys is similar to controls, while the
number of nephrons was found to be doubled. The total
mass of glomeruli as a percentage of cortical mass was
considerably greater in the congenitally solitary kidneys
than in controls [19] (Figures 1 and 2).

In a case report, Maluf described a comparison
between a congenital solitary kidney dissected from the
cadaver of a murdered young man and one of the two
normal kidneys from the cadaver of another healthy
young man. Both anatomical and histological analysis
were performed, showing that congenital solitary kid-
ney was normal in shape, position, and size but signifi-
cantly heavier with a significantly thicker renal cortex
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Figure 1. Glomerular distribution and conformation of a normal (a) and contralateral to nephrectomized fetal kidney (b) during

active nephrogenesis stage.

(a)

10 cm

Figure 2. Alteration in both size and cortical thickness in a normal (c) and in a solitary single kidney (d) in renal sections.

than in the normal control. The histological study
evidenced the presence of a hyperplasic pattern, as
documented in the previous studies conducted on
animals [22].

Based on the ‘hyperplasia hypothesis’, the adaptive
response to congenital nephron deficiency is possible
at an early fetal age, when the number of glomeruli,
due to the active mitosis, can still be increased [23].

Any renal mass loss occurring after mitosis process
inactivation in fetal life would lead to a different com-
pensation mechanism. On this basis, congenital solitary
kidney might share a similar clinical outcome with
acquired solitary kidney when a tardive insult to normal
kidney development occurs. This might be the explan-
ation for an increased renal and cardiovascular risk in
individuals born with a reduced renal mass [18,24].

Acquired solitary kidney consists of an acute surgical
renal mass loss necessary in several conditions: dona-
tion for transplant, cancer, trauma, renal bleeding, and
renal infectious complications [8].

An increase of glomerular flow in the remnant kidney
after mono-nephrectomy occurs and involves a series of
compensatory changes inducing glomerular hyper-
trophy appearance. In this frame, hypertrophy is gener-
ally considered advantageous as expression of an
adaptive response of the remnant kidney to a sudden
renal mass loss and results in an increase of single
nephron glomerular filtration rate within 1 month after
surgery [25].

Of note, uninephrectomy experiments in rats and
humans have shown an inverse correlation between
age and GFR increase, indicating impaired adaptation in
the long term [26].

Sudden massive loss of nephrons compensated by
glomerular hypertrophy may represents a pre-patho-
logical condition culminating in glomerulosclerosis and
progressive renal tissue damage. In an epidemiological
American study, 96,217 living kidney donors having a
normal baseline GFR were monitored and compared
with 20,024 healthy controls and hypertension, CKD



and ESRD were significantly prevalent in living kidney
donors [27].

Similar results were reported by Mjgen et al. in study
based on 24.9years follow-up and conducted on 1901
Norwegian living kidney donors and 32,621 healthy
subjects included in the Health Study of Nord
Trendelag (HUNT). However, Mjgen supposed that the
higher incidence of ESRD observed in living kidney
donors could depend on hereditary factors since the
risk of ESRD in biologically unrelated donors was
smaller [28].

Tubular adaption to renal mass reduction

Tubular adaption to renal mass reduction has been
evaluated only in few studies and mainly in animal
models. However, it is evident that in congenital and
acquired single kidney renal tubule structure and func-
tion is modified similarly to glomerulus. In order to pro-
vide a proportional increase of tubular activity in
response to compensatory glomerular hyperfiltration,
tubular part of the nephron is enlarged and all ionic
and acid-base transport functionalities are enhanced
[1,29]. In a micropuncture study conducted on
2-4weeks old rats, Hayslett et al. [30] compared the
tubular adaption in nephrectomized animals to normal
controls and found a prevalent proximal tubular volume
increase in tubular volume only in the nephrectomized
group. Fluid transit time through visible distal tubular
segments was also measured. In nephrectomized rats, it
was significantly prolonged suggesting a glomerular
hyperfiltration-induced disproportion in Henle’s loop
pars recta elongation. Authors also found an increase in
active transport of sodium by tubular cells suggesting
an over-activity of sodium pump. In conclusion, water
and sodium tubular permeability appeared deeply
modified in response to compensatory hypertrophy.
Gadalean et al. have observed similar functional and
morphological tubular adaption mechanisms in patients
with both congenital and acquired single kidney.
However, in patients with congenital renal mass reduc-
tion, adaptive tubular changes were earlier, suggesting
a congenital adaption to renal anomalies, presumably
with better renal outcomes [31]. Conversely, in patients
with acquired single kidney, a similar adaption grading
to congenital single kidney occurs only within several
years and might be associated with a faster decline of
renal function. Bohle et al. demonstrated that tubular
adaption is followed by tubular injury onset. In a cross-
sectional study, in fact they found high urinary levels of
N-acetyl-beta-p-glucosaminidase (NAG), alpha 1-micro-
globulin and albumin in patients with congenital and
acquired single kidney. Of note, patients affected by
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acquired single kidney showed even higher levels of
urinary tubular biomarkers levels compared to patient
with congenital single kidney [32].

RAAS expression and activity in congenital
and acquired solitary kidney

RAAS regulates renal vasomotor activity, maintains opti-
mal salt and water homeostasis, and controls kidney
development in the fetal life [33]. Moreover, this import-
ant system is implicated in the progression of renal
damage with recent evidence for a pleiotropic activity
of RAAS components, able to induce hyper-expression
of several damaging cytokines and growth factors
[9,10,34].

Consequently, this important system plays a central
role in the maintenance of the renal function in patients
with a solitary kidney and its grade of expression could
influence the renal damage progression, as fully
described in the literature [35-39].

Initial studies were conducted on animals in which a
remnant kidney model was reproduced in rodents
undergone partial or total uni-nephrectomy in which a
hyper-activation of the RAAS system has been demon-
strated as an expression of the main mechanism of
compensation to renal mass loss [40]. Several compara-
tive experiences have also been reported in humans
with evidence for a higher risk to develop CKD, hyper-
tension and proteinuria in patients having one surgi-
cally ablated kidney in comparison with patients with
congenital solitary kidney [8].

Renal artery stenosis is associated with a functional
kidney exclusion and CKD development. This condition
is somehow comparable to solitary acquired kidney. An
important similarity consists in the overactivity of RAAS
demonstrated in both animal models and humans with
ischemic nephropathy due to renal artery stenosis. In
this condition, in fact, blood pressure control should
include the use of anti-RAAS agents [41].

A possible difference in RAAS expression and activity
has to be supposed in solitary and acquired kidney,
although has not yet been demonstrated. Hypertrophic
glomeruli have an increased glomerular flow sustained
by angiotensin 2 (ANG2)-induced efferent arteriolar
vasoconstriction [42]. On the contrary, it is conceivable
that in hyperplastic congenital solitary kidney the sin-
gle-nephron GFR might be normal in absence of RAAS
hyperactivation [42].

All RAAS components play a crucial role in the meta-
nephric stage of kidney development and are essential
for systemic blood pressure and renal blood flow main-
tenance in fetal life [33]. A role in the acid base regula-
tion could also be hypothetized [43].
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Table 1. Describes pharmacological characteristics of the three classes of anti-RAAS agents: ACE inhibitors (ACEi), direct renin
inhibitors and angiotensin receptor blockers (ARBs). Based on their different mechanism of action, these classes of drugs are used
for different treatment, even if the risk of main adverse effects is similar for all the categories.

Classes of drugs

Mechanism of action

Indications

Impact on plasma

Angiotensin convert-
ing enzyme inhibi-
tors (ACEi)

Direct Renin
Inhibitors (DRI)

Angiotensin 1 recep-
tor blockers (ARBs)

RAAS down-regulation
by inhibition of the
ACE enzyme activ-
ity, which converts
Angiotensin | in
Angiotensin Il

RAAS down-regulation
by PRA reduction
and inhibition of
Angiotensinogen
conversion to Ang |

Blockage of
Angiotensin Il bind-
ing to its receptor
(AT1R)

Treatment of hyperten-
sion, heart failure,
chronic non-diabetic
and diabetic renal
disease, dry cough

Treatment of
hypertension

Treatment of hyperten-
sion, heart failure,
chronic non-diabetic
and diabetic renal

disease

Bradichinine renin concentration
Half-life  accumulation and activity Main adverse effects
2-40h Yes T Renin concentration  Increased risk of
< Renin activity hypotension, AKI,
hyperkalemia,
angioedema
24h No T Renin concentration  Dizziness, headache,
| Renin activity muscle or joint
aches, hyperkale-
mia, AKI
6-24h No T Renin concentration  Increased risk of

< Renin activity hypotension, AKI,

hyperkalemia

ACEi: angiotensin-converting enzyme inhibitors; RAAS: renin-angiotensin—-aldosterone system; ACE: angiotensin-converting enzyme; AKl: acute kidney
injury; DRI: direct renin inhibitors; PRA: plasma renin activity; Ang I: angiotensin I; ARBs: angiotensin receptor blockers; AT1R: angiotensin type 1 receptor.

More specifically, ANG2 is fundamental in branching
morphogenesis, vasculogenesis, development of the
papilla and renal concentrating mechanisms, as
reported in gene targeting studies conducted on ani-
mals [16,44,45].

This evidence appears translatable to humans in con-
sideration of the known teratogenic effects of anti-RAAS
agents used in the pregnancy [46]. Several interaction
pathways between RAAS activity and tissue expression
and estrogen are reported in the literature involving
oxidative stress and vasoconstriction mechanisms.
Women appear to have a lower RAAS activity especially
in term of ANG2 production and AT1R tissue expression
providing a lower susceptibility to develop hyperten-
sion and cardiovascular complications. These interac-
tions are also differently modulated during the life in
relation to different ovarian stages. However, in the
case of renal mass loss, a deficiency of ANG2 might be
associated with a worsen remnant kidney adaption [47].

Moreover, the influence on renal development pro-
cess by environmental or genetic defects induces such
a variable clinical presentation of congenital single kid-
ney, for which a different degree of compensatory
hypertrophy or hyperplasia is possible. Undoubtedly, a
different extent of RAAS expression could be an explan-
ation for this difference. However, also an impaired
interaction of ANG2 and its receptor (AT1R) has been
reported to influence cellular division and hyperplasia
degree in CAKUT children [46].

Accordingly, in an editorial comment by Corbani
et al. [48] is reported that patients with congenital soli-
tary kidney should not be considered as an homoge-
neous category and patients showing an early

appearance of hypertension, proteinuria and GFR
decline might have, therefore, a prevalence of glomeru-
lar hypertrophy within their compensatory pattern [49].

Are anti-RAAS agents advantageous in
patients with solitary kidney? - methods for
literature review

Not many studies investigated an eventual positive
effect of anti-RAAS agents use in patients with congeni-
tal or acquired solitary kidney, thus this therapeutic
approach remains controversial. We searched the avail-
able literature data focusing on the impact of drugs
interfering with RAAS system on the function of the
solitary kidney. Studies examining this topic were
detected by a computerized research of all English-
language articles in the electronic database PubMed.
We carried out a systematic search of full-text papers,
published between 2006 and 2015 by combining the
following Medical Subject Heading (MeSH) terms:
‘Renoprotection in single kidney’, or ‘ACE-inhibitors and
renal ablation’, or ‘Fetal uninephrectomy and Renin
Angiotensin System inhibition’, or ‘Renal damage fre-
quency in patients with single kidney and anti-RAAS
agents’ or ‘Renal mass reduction and ARBs and ACEi
and direct renin inhibition’. Four hundred and ninety-
four references were initially retrieved. Three hundred
and fifty references were excluded because not pertin-
ent with our topic. One hundred and thirty-nine papers
were discharged after full text analysis for the following
reasons: 50 papers did not add new information, 69
papers were narrative reviews, and 20 papers were



reported in other than English languages. Ten articles
were finally included in our review.

Evaluating the impact of anti-RAAS drugs on
the function of congenital or acquired solitary
kidney

Renal function decline rate represents a major issue in
patients with congenital or acquired solitary kidney. The
adaption to renal mass loss is variable and mainly sus-
tained by RAAS modulation, especially in patients with
a prevalent hypertrophic compensation. The few avail-
able studies testing anti-RAAS agents impact on the
function of solitary kidneys were conducted mainly in
animal models and only limited data were reported in
humans. The spectrum of drugs interfering with RAAS is
wide and different pharmacodynamics and pharmaco-
kinetics are available to achieve renoprotection; how-
ever, side effects often represent the major limitation to
RAAS inhibition (Table 1). Available data were mostly
derived on ACEi and ARBs use in solitary kidney models,
while in none of the included studies the direct inhib-
ition of renin was tested. Considering the relevant pleio-
tropic effects of the blockade of pro-renin-renin-MAP
kinase axis [34], treatment of solitary kidney patients
with a direct renin inhibitor, such as aliskiren, deserves
future investigation.

A description of studies selected for our literature
review is reported below and relative study design and
results are resumed in Table 2. Adamczak et al. in sub-
total nephrectomized rats with evidence of renal dam-
age at biopsy evaluated both lab and histological renal
outcomes in response to ACE inhibition. At baseline,
after a 7-d period of adaption, as expected, blood
pressure and albuminuria were significantly higher in
animals with subtotal nephrectomy compared with
sham operated rats. In addition, glomerulosclerosis
and tubule-interstitial and vascular damage were more
evident in sub-nephrectomized rats. Different length
cycles of high-dose enalapril were conducted and
sub-nephrectomized rats showed in all cases a signifi-
cant reduction in albuminuria levels. Moreover, sub-
nephrectomized rats, compared with sham operated
groups, have a significant reversal of glomerulosclerosis
and tubulointerstitial lesions [50].

Kelly et al. tested the use of perindopril and a TGF-3
inhibitor (tranilast) in nephrectomized rats that devel-
oped hypertension, and proteinuria associated with GFR
decline and compared the results with a control group
[51]. Perindopril, as well as, tranilast, showed significant
nephroprotective effects, however, their association was
found to be more effective in reducing blood pressure
and proteinuria and was related with a milder decline
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of renal function. It is known that TGF- is involved in
the progression of renal damage due to its enhanced
profibrotic and pro-apoptotic activity [51]. In addition,
TGF-B levels correlate with RAAS up-regulation and are
lowered by the use of anti-RAAS agents in patients with
proteinuria. A synergic activity between perindopril and
tranilast has to be supposed, being tranilast an enhan-
cer of the pleiotropic activity of perindopril. At support,
the study demonstrated that this combination therapy
resulted in an incremental attenuation of glomerulo-
sclerosis and tubule-interstitial fibrosis in association
with evidence for a reduced activation of the TGF-f sig-
naling pathway.

Mishina et al. practiced surgical 7/8 renal ablation in
dogs and evaluated the potential causal role of the
RAAS system in hypertension and chronic renal damage
development. Accordingly to the hypothesis, 1 month
after surgery, blood urea nitrogen, creatinine, blood
pressure, plasma renin activity, ANG1-2 and aldoster-
one levels increased, while creatinine clearance
decreased progressively. Benazepril (an ACE-inhibitor)
was administered for two weeks in absence of relevant
side effects. After treatment, renal dysfunction parame-
ters were found to be significantly attenuated, while
creatinine clearance increased. Despite the study was
conducted in animals, ACE-inhibition showed a strong
effectiveness in preventing the progression of the renal
damage after the acute subtotal loss of one kidney [52].

As previously described, Singh et al. reported that
fetal nephrectomy at 100d of gestation in sheep causes
a nephrogenesis compensation that leads to a 30%,
rather than 50%, increase in nephron number at
6 months after birth. To understand whether RAAS
inhibition could have positive effects on renal function
in young nephrectomized sheep, losartan, an angioten-
sin receptor blocker (ARB), was administered. At base-
line, compared to controls, nephrectomized animals
had reduced GFR and RBF that significantly improved
after 3 weeks of treatment. This suggests that the early
administration of an anti-RAAS agent in subjects with
congenital solitary kidney may prevent, during the
after-born life, the progression of renal damage induced
by a maladaptive response [21].

In a 5years old ovine female of fetal unilateral neph-
rectomy, Singh et al. found a reduced RBF and GFR, as
well as, an increase in ratios of intra-renal ANG1-7/
ANG2 and ANG2 receptor/ANG1 receptor (AT2R/AT1R).
On this basis, an infusion of ANG2 was tested in the
presence of losartan and an increase in RBF and GFR
was observed. However, deregulated ratios have been
observed only in females, in which it may be supposed
that the use of ARBs is more nephroprotective, while
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ACE inhibition may be pejorative. However, further
investigations are needed [53].

Only few studies tested anti-RAAS agents in patients
with solitary kidney with the aim to explore the impact
of RAAS inhibition on renal function and chronic renal
failure risk factors. Wuhl et al. evaluated renal outcomes
in a cohort of children with renal hypo/dysplasia treated
with anti-RAAS agents. After 6 months of treatment, a
significant reduction of 24h blood pressure and pro-
teinuria was observed. Even the progression in GFR
reduction was delayed, although few adverse events
were reported in 28% of children (18 patients devel-
oped iperkalaemia and two children had hypotension)
[54]. Although anti-RAAS drugs appear to be nephro-
protective in older children, ANG inhibition might
induce pejorative effects in newborns also due to the
role of ANG2 in kidney development and maturation
[35,44].

In a retrospective study by Basturk et al. aimed at
comparing renal outcomes in patients with congenital
or acquired solitary kidney, an indirect observation on
the impact of anti-RAAS drugs on renal function could
be obtained. Data were limited to small sub-groups of
patients and were found not clearly orientated for a
beneficial effect of RAAS inhibition. However, authors
acknowledged that further focused investigations were
needed to elucidate this crucial issue [8].

Also Peco-Anti¢ et al. conducted a prospective study
by testing the ACE-inhibitor Ramipril in children with
congenital renal malformations complicated with hyper-
tension, proteinuria and chronic renal failure. In
36 months of follow-up, renal outcomes were found
improved at each evaluation time-point: GFR decline
resulted slowed in presence of a significant blood pres-
sure and proteinuria reduction [55].

Safety of post-operative use of ARBs was evaluated
by Nyame et al. in 338 out of 900 patients who under-
went robot-assisted laparoscopic partial nephrectomy.
Treatment group, compared with controls, showed a
decreased risk to develop severe cardiac and renal func-
tion impairment both in the short and long term. This
evidence is suggestive for the association of a satisfac-
tory safety with known cardio-renal protective effects of
ARBs in patients with renal mass loss [56].

An important issue is that of use of anti-RAAS agent
in the post-transplant. Twenty-one randomized con-
trolled trials were included in a systematic review
focused on this topic by Hiremath et al. Results were
substantially omogeneous and favorable to anti-RAAS
use in kidney transplant recipients. Changes in glomeru-
lar filtration rate in response to ACEi/ARBs use were sig-
nificantly lower in treated groups compared with

controls and antiproteinuric effect was more evident in
the long term [56].

Conclusions

CKD is a common complication in patients having a
reduced renal mass. A possible positive impact of anti-
RAAS agents on GFR decline in patients with congenital
or acquired solitary kidney has been partially explored
so far. In this systematic literature review, we found
only a limited quantity of data on this topic, neverthe-
less, suggesting that anti-RAAS agents might exert their
nephroprotective effect also in solitary kidney patients,
with limited evidence for serious adverse events. In chil-
dren, in which ANG2 levels are crucial for sustaining a
complete kidney development and maturation, the use
of ARBs might be more appropriate. In women, based
on the hypothesis of a hormonal interference on ANG2
levels and ATR1, the use of ARB agents might be more
suitable. Indubitably, patients with solitary kidney com-
plicated with hypertension and proteinuria deserve
a pharmacological interference on RAAS system.
Moreover, long-term nephroprotective effects have also
been observed in kidney transplant recipients.

Based on the relevance of the topic, to affirm our
conclusions and for a reliable assessment of the safety
of anti-RAAS drugs in solitary kidney patients, a more
extensive experimentation, preferably in clinical trials is
strongly desirable.

Disclosure statement

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper. This
manuscript has not been previously published. All applicable
international, national, and/or institutional guidelines for the
care and use of animals were followed.

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. Informed consent was
obtained from all individual participants included in the
study.

References

[11  Woolf A. Multiple causes of human kidney malforma-
tions. Arch Dis Child. 1997;77:471-477.

[2] Soliman NA, Ali RI, Ghobrial EE, et al. Pattern of clinical
presentation of congenital anomalies of the kidney
and urinary tract among infants and children.
Nephrology (Carlton). 2015;20:413-418.

[31 Westland R, Schreuder MF, Ket JCF, et al. Unilateral
renal agenesis: a systematic review on associated



(4]

[5]

(6]

[7]

(8]

)

[10]

(11

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

anomalies and renal injury. Nephrol Dial Transplant.
2013;28:1844-1855.

Kerecuk L, Schreuder MF, Wool AS. Renal tract malfor-
mations: perspectives for nephrologists. Nat Clin Pract
Nephrol. 2008;4:312-325.

D’Onofrio G, Simeoni M, Rizza P, et al. Quality of life,
clinical outcome, personality and coping in chronic
hemodialysis patients. Ren Fail. 2017;39:45-53.
Rodriguez MM. Congenital anomalies of the kidney
and the Urinary Tract (CAKUT)). Fetal Pediatr Pathol.
2014;33:293-320.

Konno O, Nakamura Y, Tokoyama T, et al
Postoperative compensatory changes and blood flow
parameter of the preserved kidney in elderly living
related donors evaluated by Doppler ultrasonography.
Transplation Proc. 2016;48:706-709.

Basturk T, Koc Y, Ucar Z, et al. Renal damage fre-
qguency in patients with solitary kidney and factors

that affect progression. Int J Nephrol.
2015;2015:876907.
Cianfrone P, Simeoni M, Comi N, et al. How to

improve duration and efficiency of the antiproteinuric
response to Ramipril: RamiPROT - a prospective
cohort study. J Nephrol. 2015;30:95-102.

Simeoni M, Cianfrone P, Comi N, et al. Is it feasible to
improve the duration and the efficiency of Ramipril
anti-proteinuric response? G Ital Nefrol. 2015;32.

Liern M, Maldonato L, Jordan P, et al. Eficacia del
Enalapril en pacientes monorrenos con dieta normo-
proteica y sin ella. Arch Argent Pediatr. 2008;106:
416-421.

Brenner BM. Nephron adaptation to renal injury or
ablation. Am J Physiol. 1985;249:F324-F337.

Jaoudé PA, Dubourg L, Bacchetta J, et al. Congenital
versus acquired solitary kidney: is the difference rele-
vant? Nephrol Dial Transplant. 2011;26:2188-2194.
Caiulo VA, Caiulo S, Gargasole C, et al. Ultrasound
mass screening for congenital anomalies of the kidney
and urinary tract. Pediatr Nephrol. 2012;27:949-953.
Song R, Yosypiv IV. Genetics of congenital anomalies
of the kidney and urinary tract. Pediatr Nephrol.
2011;26:353-364.

Toka HR1, Toka O, Hariri A, et al. Congenital anomalies
of kidney and urinary tract. Semin Nephrol.
2010;30:374-386.

Bradley A, Chadha VW. Chronic kidney disease in chil-
dren: the global perspective. Pediatr Nephrol.
2007;22:1999-2009.

Wiuhl E, Van Stralen KJ, Verrina E, et al. Timing and
outcome of renal replacement therapy in patients
with congenital malformations of the kidney and urin-
ary tract. Clin J Am Soc Nephrol. 2013;8:67-74.

Van Vuuren S, So CM, Broekhuizen R, et al
Compensatory growth of congenital solitary kidneys in
pigs reflects increased nephron numbers rather than
hypertrophy. PLoS One. 2012;7:e49735.
Douglas-Denton R, Moritz KM, Bertram JF, et al.
Compensatory renal growth after unilateral nephrec-
tomy in the ovine fetus. J Am Soc Nephrol.
2002;13:406-410.

Singh RR, Moritz K, Wintour E, et al. Fetal uninephrec-
tomy in male sheep alters the systemic and renal

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

RENAL FAILURE . 669

responses to Angiotensin Il infusion and AT1R block-
ade. Am J Physiol Renal Physiol. 2011;301:F319-F326.
Maluf NS. On the enlargement of the normal congeni-
tally solitary kidney. Br J Urol. 1997,;79:836-841.

Van Vuuren SH, Van Der Doef R, Cohen-Overbeek TE,
et al. Compensatory enlargement of a solitary func-
tioning kidney during fetal development. Ultrasound
Obstet Gynecol. 2012;40:665-668.

Singh RR, Jefferies A, Lankadeva YR, et al. Increased
cardiovascular and renal risk is associated with low
nephron endowment in aged females: an ovine model
of fetal unilateral nephrectomy. PLoS One. 2012;7:
e42400.

Finkelstein FO, Hayslett JP. Structural and functional
adaptation after reduction of nephron population.
Yale J Biol Med. 1979;52:271-287.

Gluhovschi GH, Gadalean F, Gluhovschi C, et al. The
solitary kidney - a nephrological perspective. Rom J
Intern Med. 2013;51:80-88.

Muzaale AD, Massie AB, Wang MC, et al. Risk of end
stage renal disease following live kidney donation.
JAMA. 2014;311:579-586.

Mjgen G, Hallan S, Hartmann A, et al. Long-term risk
of kidney donors. Kidney Int. 2014;86:162-167.

Wang T, Giebish G. Tubule function in transgenic
mice. Exp Nephrol. 1998;6:447-453.

Hayslett JP, Kashgarian M, Epstein FH. Changes in
proximal and distal tubular reabsorption produced by
rapid expansion of extracellular fluid. J Clin Invest.
1967;46:1254-1263.

Gadalean F, Gluhovschi G, Trandafirescu D, et al.
Estimated glomerular filtration rate in patients with
surgically acquired single kidney compared with
patients with congenital single kidney: implications for
kidney transplant from live donors. Exp Clin
Transplant. 2010;8:228-236.

Bohle A, Mackensen- Haen S, Gise H. Significance of
tubule-interstitial changes in the renal cortex for the
excretory function and concentration ability of the
kidney. A morphometric contribution. Am J Nephrol.
1987;7:421-433.

Gubler MC. Renal tubular dysgenesis. Pediatr Nephrol.
2014;29:51-59.

Simeoni M, Nicotera R, Colao M, et al. Direct inhibition
of plasmatic renin activity with Aliskiren: a promising
but under-investigated therapeutic option for non-
diabetic  glomerulonephritis. Int  Urol  Nephrol.
2016;48:229-237.

Simeoni M, Cerantonio A, Pastore |, et al. The correct
renal function evaluation in patients with thyroid dys-
function. J Endocrinol Invest. 2016;39:495-507.

Song R, Yosypiv IV. (Pro)renin receptor in kidney
development and disease. Int J Nephrol. 2011;2011:
247048.

Cruzado JM, Rico J, Grinydo JM. The renin- angiotensin
system blockade in kidney transplantation: pros and
cons. J Compilation. 2007;4:304-313.

Tylicki L, Larczynski W, Rutkowski B. Renal protective
effects of the renin-angiotensin-aldosterone system
blockade: from evidence-based approach to perspec-
tives. Kidney Blood Press Res. 2005;28:230-242.



670 @ M. SIMEONI ET AL.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Casas JP, Chua W, Loukogeorgakis S, et al. Effect of
inhibitors of the renin-angiotensin system and other
antihypertensive drugs on renal outcomes: systematic
review and meta-analysis. Lancet. 2005;366:2026-2033.
Anderson S, Meyer TW, Rennke HG, et al. Control of
glomerular hypertension limits glomerular hyperten-
sion limits glomerular injury in rats with reduced renal
mass. J Clin Invest. 1985;76:612-619.

Rivoli L, Di Mario F, Coppolino G, et al
Pharmacological effects of RAAS blockade in ischemic
nephropathy. Curr Drug Metab. 2016;17:550-558.

Helal |, Fick-Brosnahan GM, Reed-Gitomer B, et al.
Glomerular hyperfiltration: definitions, mechanisms
and clinical implications. Nat Rev  Nephrol.
2012;8:293-300.

Cantone A, Wang T, Pica A, et al. Use of transgenic
mice in acid- base balance studies. J Nephrol.
2006;19:5121-5127.

Chevalier RL. Mechanisms of fetal and neonatal renal
impairment by pharmacologic inhibition of angioten-
sin. Curr Med Chem. 2012;19:4572-4580.

Wong C, Kanetsky P, Rai D. Genetic polymorphisms of
the RAS-cytokine pathway and chronic kidney disease.
Pediatr Nephrol. 2008;23:1037-1051.

Sekine T, Miura K, Takahashi K, et al. Children’s toxicol-
ogy from bench to bed - drug-induced renal injury
(1): the toxic effects of ARB/ACEI on fetal kidney devel-
opment. J Toxicol Sci. 2009;2:5P245-250.

O'Hagan T, Wharton T, Kehoe PG. Interactions
between estrogen and the renin angiotensin system -
potential mechanisms for gender differences in
Alzheimer's disease. Am J Neurodegener Dis.
2012;1:266-279.

Corbani V, Ghiggheri GM, Sanna-Cherchi S. Congenital
solitary functioning kidneys: which ones warrant fol-
low-up into adult life. Nephrol Dial Transplant.
2011;26:1458-1460.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Westland R, Schreuder MF, Bokencamp A, et al. Renal
injury in children with a solitary functioning kidney —
the KIMONO study. Nephrol Dial Transplant.
2011;26:1533-1541.

Adamczak M, Gross ML, Krtil J. Reversal of glomerulo-
sclerosis after high-dose Enalapril treatment in subto-
tally nephrectomized tars. J Am Soc Nephrol.
2003;14:2833-2842.

Kelly DJ, Zhang Y, Cox AJ, et al. Combination therapy
with tranilast and angiotensin-converting enzyme
inhibition provides additional renoprotection in the
remnant kidney model. Kidney Int. 2006;69:1954-1960.
Mishina M, Watanabe T. Development of hypertension
and effect of Benazepril Hydrochloride in a canine
remnant kidney model of chronic renal failure. J Vet
Med Sci. 2008;70:455-460.

Singh RR, Lankadeva YR, Denton KM, et al.
Improvement in renal hemodynamics following com-
bined angiotensin Il infusion and AT1R blockade in
aged female sheep following fetal unilateral nephrec-
tomy. PLoS One. 2013;8:e68036.

ESCAPE Trial Group, Wuhl E, Trivelli A, Picca S, et al.
Strict blood-pressure control and progression of renal
failure in children. N Engl J Med. 2009;361:1639-1650.
Peco-Antic A, Virijevic V, Paripovic D, et al.
Renoprotective effect of Ramipril in children with
chronic renal failure - the experience of one centre.
Srp Arh Celok Lek. 2004;132:34-38.

Nyame YA, Liang H, Arora HC, et al. Do renin-angio-
tensin blockers affect renal function and cardiac out-
comes in patients undergoing partial nephrectomy?
J Urol. 2017;197:566-573.

Hiremath S, Fergusson D, Doucette S, et al. Renin
angiotensin system blockade in kidney transplant-
ation: a systematic review of the evidence. Am J
Transplant. 2007;7:2350-2360.



	Current evidence on the use of anti-RAAS agents in congenital or acquired solitary kidney
	Introduction
	Compensation mechanisms in congenital and acquired solitary kidney
	Tubular adaption to renal mass reduction
	RAAS expression and activity in congenital and acquired solitary kidney
	Are anti-RAAS agents advantageous in patients with solitary kidney?  methods for literature review
	Evaluating the impact of anti-RAAS drugs on the function of congenital or acquired solitary kidney
	Conclusions
	Disclosure statement
	References


