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Acute kidney injury (AKI) and sepsis are both associated
with morbidity and mortality in critically ill patients. In
detail, critically ill children with severe AKI (KDIGO stage
2 or 3) had a higher 28-day mortality than children without
severe AKI (11% vs. 2.5%) and sepsis-associated AKI (SA-
AKI) was independently associated with increased odds of
mortality in a large cohort of children with septic shock [1,
2]. Furthermore, the incidence of SA-AKI has increased over
the past two decades, affecting mortality, hospitalization,
and costs in this population [3]. Thus, early recognition of
children at higher risk of developing SA-AKI could poten-
tially be effective in improving septic patients’ management
and outcomes.

In a recent paper in Pediatric Nephrology, Stanski and
colleagues presented the results of a secondary analysis of a
large, prospective, observational study, looking at the impact
of elevated serum renin + prorenin concentration as a predic-
tor of persistent AKI and mortality in children with septic
shock [4]. In a cohort of 233 critically ill children with septic
shock, an elevated renin + prorenin concentration at day 1
was predictive of severe persistent AKI in the first week of
pediatric intensive care unit (ICU) stay. Similarly, persis-
tence of renin + prorenin elevation at day 3 (as quantified
by day 3:day 1 renin + prorenin ratio above an optimal cut-
off) was predictive of 28-day mortality [4]. Therefore, the
authors suggested that renin may be a valuable prognostic
and predictive biomarker in pediatric critically ill patients
with septic shock, which, if confirmed by further studies,
may potentially guide therapy and improve outcomes in this
population.
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What we know from studies in adult patients

High renin levels are not a novel finding in critically ill
patients. As early as 1981, increased plasma renin activ-
ity and inappropriate low aldosterone concentration were
reported in critically ill patients with persistent hypoten-
sion and high mortality rate [5, 6]. A renewed interest in the
renin—angiotensin—aldosterone system (RAAS) in critically
ill patients emerged over the last few years. Among others,
Gleeson et al. observed a significant association between
direct renin measurement and mortality in a prospective
observational study of critically ill adults [7]. Consistently,
Flannery et al. demonstrated that serum renin measured
early after ICU admission was significantly and indepen-
dently associated with mortality and major adverse kidney
events, including kidney replacement therapy or reduced
estimated glomerular filtration rate [8]. The prognostic value
of renin and the importance of renin trajectory were recently
confirmed in patients undergoing cardiac surgery [9]. Look-
ing more in depth at the RAAS, low levels of angiotensin II
were associated with higher mortality in adult patients with
severe sepsis [10]. A post hoc analysis of the Angiotensin II
for the Treatment of High-Output Shock (ATHOS-3) study
elegantly showed that both angiotensin I and the angiotensin
I/II ratio were higher in patients with catecholamine-resist-
ant vasodilatory shock [11]. In addition, a high angiotensin
I/II ratio was associated with greater norepinephrine require-
ments and it was an independent predictor of mortality [11].

In line with these studies looking at biochemical measure-
ments, a study of patients with sepsis-associated AKI showed
that those receiving treatment with RAAS inhibition before
ICU admission had an increased risk of developing stage 3
AKI compared to those not treated with these medications [12].
Moreover, a specific angiotensin-converting enzyme (ACE)
genotype that predisposes to reduced ACE activity was asso-
ciated with a higher risk of AKI in critically ill patients [13].

In summary, mounting evidence confirmed that RAAS
is often dysfunctional in sepsis and that RAAS dysfunction
is associated with a higher risk of AKI and worse prognosis
in critically ill adults.
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Pathophysiology

The mechanisms underlying these findings remain debated.
Hypotension, hypoxemia, reduced tissue perfusion,
decreased sodium delivery to the distal tubule, and sym-
pathetic activation are all detected by the juxtaglomerular
apparatus, which induces renin secretion. Renin is a proteo-
lytic enzyme involved in the conversion of angiotensinogen
to angiotensin I, which in turn is converted to vasoactive
angiotensin II by ACE. Finally, angiotensin II is responsible
for vasoconstriction and the release of aldosterone from the
adrenal cortex [14]. In case of sepsis, a dissociation may
occur from the physiological response between renin and
aldosterone resulting in hyperreninemic hypoaldosteron-
ism, observed in more than 20-30% of critically ill patients
[14, 15]. It is possible that the endothelial dysfunction
and inflammatory response that occur in sepsis may cause
reduced ACE activity and subsequent dysregulation in the
RAAS and organ dysfunction. Another mechanism advo-
cated as a possible cause of RAAS dysregulation in criti-
cally ill patients is increased angiotensin II degradation by
endopeptidase.

However, not only RAAS dysregulation but also RAAS
activation was described. Doerschug et al. reported renin and
angiotensin II equally elevated and correlated with microvas-
cular dysfunction in a cohort of 30 patients with severe sep-
sis [16]. In this setting, increased capillary leak, commonly
observed in sepsis, could be secondary to RAAS over-activa-
tion and angiotensin II-induced mechanisms. In particular,
angiotensin II has proinflammatory and procoagulant activ-
ity and can enhance the expression of endothelium-derived
adhesion molecules [15]. Thus, it is possible that at various
stages of sepsis, the expression levels of RAAS may differ
and that repeated measures of renin (and angiotensin II) may
be useful to identify the appropriate time and patient, who
may benefit from a specific therapy. In the study by Stanski
et al., samples from day 1 and day 3 were analyzed and a
trend in serum renin+ prorenin concentration was evaluated
rather than a single measure [4]. A similar approach should
be implemented in future studies to better characterize criti-
cally ill septic patients at different time points and to correctly
interpret data of a heterogeneous pediatric ICU population.
Notably, the median day 1 renin concentrations were higher
than those measured in critically ill adults, which could be
related to the peculiar characteristic of the enrolled cohort. A
high variability in renin concentration in the pediatric popula-
tion and an age-related decline in levels across all pediatric
age groups have been observed [17]. Additionally, renin and
prorenin levels correlate with several diseases and high renin
levels have been reported in congenital cardiac malformations,
whereas elevated prorenin concentration has been associated
with microalbuminuria in diabetic children [17].
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What is actually far from being elucidated is whether high
renin is just an innocent marker or an active player in this
scenario. Some experimental studies showed that the (pro)
renin receptor is expressed on leukocytes and that binding of
renin and prorenin to the (pro)renin receptor can stimulate
inflammation and profibrotic pathways [18], thus advocating
a possible active role of renin in worsening the prognosis of
critically ill patients.

The pediatric experience

Although the paper by Stanski et al. does not contribute
to a better understanding of the pathophysiologic mecha-
nisms underlying RAAS dysregulation in sepsis, it has
the undoubted merit of being the first large pediatric
study emphasizing the importance of renin measurement
in septic shock. The literature on RAAS in critically ill
children is scanty. In 2004, Lichtarowicz-Krynska et al.
reported, in 60 children admitted to the pediatric ICU,
lower plasma aldosterone concentration in children with
meningococcal sepsis and elevated risk of mortality com-
pared to patients with other diagnoses [19]. In 15 patients
of the meningococcal group, renin was also measured
and values were either normal or high with inappropri-
ately low aldosterone/renin ratio supporting RAAS dys-
regulation [19].

Measurement technique

Among the main limitations of the study, the technique
used to measure renin deserves some comments. In the past,
plasma renin activity was indirectly measured by assessing
the generation of angiotensin I, which was strongly depend-
ent on the angiotensinogen level as substrate, with several
associated limitations and huge inter-laboratory variabil-
ity. In recent times, renin levels are directly measured by
different immunoradiometric methods. The assay used by
Stanski et al. measured not only renin but also its precursor
prorenin, whose plasma concentration in healthy subjects is
significantly higher than that of its active form. Although
renin production in stressful states exceeds prorenin release
by 50-100-fold and prorenin is more stimulated by longer
stimuli than by acute events, new low cross-reactivity assays
for prorenin will be required in future trials, such as in some
recent studies in adult patients [8]. Some concerns have been
raised in the past about possible factors influencing renin
levels in critically ill patients, but recent studies have clearly
demonstrated that renin levels are not impacted by diurnal
variation, medications, or continuous kidney replacement
therapy (CKRT) [7].
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Practical implications

The last two decades have dramatically changed the field of
AKI, both in adults and in children. New definitions have
been proposed, large epidemiological studies and long-term
follow-up trials have been performed, and the epidemiologi-
cal scenario of AKI has completely changed, as the main
causes of AKI are now entirely different than 20 years ago
[1]. The short- and long-term consequences of AKI have
been investigated, and AKI is now recognized as an inde-
pendent risk factor for mortality in the critically ill child [1].
Although the pathophysiology of AKI, particularly in the
setting of sepsis and septic shock, has been better explored,
no therapies specifically acting on the mechanisms lead-
ing to AKI and significantly affecting outcome have been
found. What is now clear is that AKI is a complex event and
that a one-size-fits-all approach does not help in improving
prognosis. This has opened the door to the need for a preci-
sion medicine approach, based on personalization of care
and on the concept of enrichment, that is, the separation of
a heterogeneous group of patients into more homogenous
subgroups of subjects, which are characterized by similar
prognosis and treatment. The investigation of RAAS in criti-
cally ill children could perfectly fit in this scenario, as a tool
for both prognostic and predictive enrichment. Prognostic
enrichment consists of identifying a group of patients with a
similar probability of reaching a same outcome, for example,
mortality. Several biomarkers have been investigated so far
under this point of view, with conflicting results and limited
practical implications. The literature on RAAS seems to sug-
gest that renin can allow for selecting a subgroup of children
with a significantly higher risk of AKI and mortality [20].
However, the most important limitation of the available bio-
markers is their limited value in predictive enrichment, that
is, the selection of a subgroup of patients characterized by
common pathophysiologic disease mechanisms and poten-
tially similar response to a specific treatment. This could be
the case for renin, particularly after the publication of some
studies documenting the potential benefits of angiotensin II
infusion in patients with shock [21, 26]. This strategy was
first proposed almost 30 years ago in a few case reports in
patients with septic shock unresponsive to noradrenaline [21,
22], including a report on two children with severe septic
shock, who survived after angiotensin II infusion [23]. The
results of the ATHOS-3 trial are of utmost importance in this
field. It was a randomized controlled trial that assigned 344
adult patients with vasodilatory shock receiving more than
0.2 pg of norepinephrine per kg of body weight per minute
(or an equivalent dose of another vasopressor) to receive
infusion of either angiotensin II or placebo. The primary end
point (increased mean arterial pressure at 3 h) was reached
by more patients in the treatment group than in the placebo

group. Mortality at 28 days was not significantly lower in
patients receiving angiotensin II infusion [24]. A post hoc
analysis of this study showed that in those patients with AKI
needing CKRT, 28-day survival and mean arterial pressure
response were higher, and the rate of KRT liberation greater,
in patients receiving angiotensin II infusion than placebo
[25]. And notably, another secondary analysis of the same
trial found that in patients with renin concentrations above
the study population median, infusion of angiotensin II sig-
nificantly reduced 28-day mortality compared with placebo
(50.9% vs. 69.9%; p=0.012). In summary, renin seems to
identify a subset of patients who are more likely to respond
to angiotensin II infusion [26].

Conclusions

To conclude, what we know from adult studies is that RAAS
can be dysregulated in shock and that high renin levels can
identify a subgroup of patients with a higher risk of AKI and
mortality, and higher probability to respond to angiotensin II
infusion. The paper by Stanski et al. is welcome, as it could
be an important starting point in pediatrics, by showing
that serum renin + prorenin concentration at pediatric ICU
admission is high in children with septic shock, and associ-
ated with severe persistent AKI and mortality. We are far
from a personalized treatment of pediatric septic shock, but
the search for prognostic and predictive biomarkers based on
AKI pathophysiology seems the right direction to proceed.
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