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Abstract Acute kidney injury (AKI) is a significant source of
morbidity and mortality in pediatric patients, affecting more
than one quarter of critically ill children. Despite significant
need, there are no targeted therapies to reliably prevent or treat
AKI. Recent advances in our understanding of renal injury
and repair signaling pathways have enabled the development
of several targeted pharmaceuticals. Here we review emerging
pharmacotherapies for AKI that are currently in clinical trials.
Categorized by their general mechanism of action, the thera-
pies discussed include anti-inflammatory agents (recAP,
AB103, ABT-719), antioxidants (iron chelators, heme
arginate), vasodilators (levosimendan), apoptosis inhibitors
(QPI-1002), and repair agents (THR-184, BB-3, mesenchy-
mal stem cells).
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Introduction

Acute kidney injury (AKI) is a significant cause of morbidity
and mortality in the pediatric population, the extent of which
has been better characterized in recent years with the standard-
ization of serum creatinine and urine output-based definitions
[1]. Using Kidney Disease: Improving Global Outcomes
(KDIGO) creatinine-based criteria, the incidence of AKI in
nonacute pediatric hospital patients was 5% [2]. The incidence

in critically ill patients is much higher: in a recent multination-
al prospective study evaluating critically ill children, 27% of
patients were diagnosed with AKI, 11% ofwhomwere severe,
as indicated by KDIGO stage 2 or greater [3]. Patients with
AKI have longer hospital stays and higher health-care expen-
ditures, and AKI severity confers a step-wise increase in mor-
tality [3, 4]. Furthermore, there is emerging evidence that pe-
diatric AKI confers an increased risk of developing chronic
kidney disease (CKD) [5–7].

The most common etiologies of AKI in pediatric patients
are renal ischemia, nephrotoxic medications, and sepsis [8].
The frequency of AKI in hospitalized children can be success-
fully decreased by systematically reducing nephrotoxic expo-
sures [9]. However, beyond thoughtful medication selection
and supportive hemodynamic optimization, there are no
targeted therapies to prevent or treat kidney injury. Several
agents that have been used in the past, including dopamine,
furosemide, and mannitol, are no longer recommended as
routine preventive or therapeutic strategies [10]. Thus, the
13th Acute Dialysis Quality Initiative (ADQI) Consensus
Conference in 2014 focused on identifying knowledge gaps
and potential new therapeutic targets of human AKI [11–14].

As described by Basile et al., the initiation phase of kidney
injury is marked by energetic failure and structural alterations
of tubular epithelial cells, including loss of both the brush
border and cellular polarity [15] (Fig. 1). Inflammatory cyto-
kines and chemokines are released, and apoptotic and necrotic
cells, as well as viable epithelial cells, slough off and cause
tubular obstruction. During the extension phase, inflammatory
infiltration, oxidative stress, and coagulation activation lead to
microvascular congestion, vascular endothelial cell damage,
sustained hypoxia, and further amplification of inflammatory
cascades. Return of adequate blood flow ushers in the main-
tenance phase. Cells undergo repair and reorganization, in-
cluding dedifferentiation, migration, and proliferation.
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Recovery occurs when cells differentiate and re-establish their
polarity, and function returns to normal. Perpetuated injury,
dysregulated injury signaling, or maladaptive repair mecha-
nisms can lead to the development of fibrosis and CKD.
Advances in our understanding of the renal injury and repair
signaling pathways have enabled the development of several
targeted pharmaceuticals. This review briefly summarizes the
emerging pharmacotherapies for AKI that are currently in, or
have recently completed, human clinical trials. They are cate-
gorized by their general mechanism of action: anti-
inflammatory agents, antioxidants, vasodilators, apoptosis in-
hibitors, and repair agents (Fig. 1).

Anti-inflammatory agents

Inflammatory cell infiltration is a prominent feature of early
AKI, noted within 2 h of ischemic injury [15]. Extension of
injury is thought to be due in part to leukocyte adhesion to
activated endothelial cells, which may impair blood flow via
physical congestion of the lumen, exacerbation of vasocon-
striction, and increased intraluminal pressures from interstitial
edema [15]. Interrupting inflammatory cascades may preserve
the glomerular filtration rate (GFR) and limit the ultimate
scope of injury.

Recombinant alkaline phosphatase

Alkaline phosphatase, which is naturally expressed along the
brush border of the proximal tubule, reduces renal inflamma-
tion via dephosphorylation of extracellular adenosine triphos-
phate (ATP) and adenosine diphosphate (ADP) to adenosine,
which has anti-inflammatory effects [16]. Additionally, just as
intestinal alkaline phosphatase detoxifies bacterial endotoxins

via dephosphorylation, alkaline phosphatase in the kidney in-
hibits bacterial activation of proinflammatory toll-like recep-
tor 4 (TLR4) via dephosphorylation of their lipopolysaccha-
ride (LPS) cell membranes [17].

AM-Pharma developed a bovine intestinal alkaline phos-
phatase, which completed a phase 2b placebo-controlled study
in 36 critically ill adults with severe sepsis or septic shock
with evidence of AKI [18]. An intravenous bolus followed
by a 48-h continuous infusion of either alkaline phospha-
tase or placebo was initiated within 48 h of onset of AKI.
The treatment group recovered normal creatinine clearance
in the first 7 days, while the creatinine clearance in the
placebo group remained impaired throughout the 28-day
follow-up period. Clinical outcomes were supported by
laboratory findings of reduced systemic markers of inflam-
mation [C-reactive protein, interleukin-6 (IL-6), LPS-
binding protein] and urinary biomarkers of renal damage
[kidney injury molecule 1 (KIM-1) and IL-18] in patients
treated with alkaline phosphatase vs. controls. There were
no safety concerns.

AM-Pharma subsequently developed a recombinant
human chimeric alkaline phosphatase, recAP, which con-
tains domains of placental and intestinal alkaline phos-
phatase. It has completed a phase 1 safety and tolerabil-
ity study, and enrollment in an adaptive phase IIa/b trial
in critically ill adults with highly suspected bacterial sep-
sis and AKI is currently in progress (NCT02182440).
The study is estimated to be complete during the fall of
2017.

CD28 receptor antagonist

The T-cell costimulatory receptor CD28 is critical to the
cytokine storm released in response to bacterial toxins.

Fig. 1 A simplified model of the pathophysiology of acute kidney injury
(AKI) and targets of emerging pharmacotherapies: Energetic failure and
cellular structural disruption trigger local and systemic inflammatory
cascades, oxidative stress, activation of cell-death pathways, and renal
microvascular circulation dysfunction. Anti-inflammatory and cellular-

repair signaling pathways lead to either cellular recovery or maladaptive
repair and progressive fibrosis. Emerging pharmacotherapies currently in
clinical trials include anti-inflammatory agents, antioxidants,
vasodilators, apoptosis inhibitors, and repair agents

780 Pediatr Nephrol (2018) 33:779–787



Preclinical work has demonstrated that CD28 receptor
blockade attenuates the systemic inflammatory response
[19]. Atox Bio Ltd. has completed a phase II safety, phar-
macokinetics, and efficacy study with AB103 (previously
p2TA), a CD28 receptor antagonist, in adult patients with
necrotizing soft tissue infections (NCT01417780). With
one dose of medication administered within 6 h of clinical
diagnosis, patients were found to have significantly less
global organ dysfunction at 14 days than those that re-
ceived placebo, as represented by Sequential Organ
Failure Assessment (SOFA) scores. There were no safety
concerns [20].

A phase III randomized control trial is currently enrolling
patients down to 12 years of age with necrotizing soft tissue
infections (NCT02469857). Although the primary outcome of
the study is not AKI prevention, end-organ function will again
be evaluated via the SOFA score. Additionally, a secondary
outcomemeasure will be recovery from any AKI by day 28. It
is estimated to be completed in 2019.

Alpha-melanocortin-stimulating hormone agonist

Another anti-inflammatory drug target is the alpha
melanocortin (α-MSH) 1 receptor. When bound by α-
MSH, it exerts anti-inflammatory and organ-protective ef-
fects [21]. An α-MSH agonist, ABT-719 (formerly AP214
acetate), licensed by Abbott/AbbVie, had promising pre-
clinical data, and a phase II trial of 77 patients undergoing
cardiopulmonary bypass (CPB) surgery showed a reduced
incidence of AKI in patients who received ABT-719
(NCT01256372). However, a phase IIb, multicenter study
of ABT-719 in 231 patients with CKD who underwent
CPB surgery failed to show a significant reduction in
the incidence of AKI in patients who received the drug,
as assessed by both serum creatinine measurements and
novel biomarkers of tubular injury (NCT01777165) [22].
Potential explanations for the discordance with earlier,
promising studies include differences in the pathophysiol-
ogy or severity of AKI in the animal models versus hu-
man, and potentially false positive results in the earlier
phase II study due to small sample size (treatment n = 26).

Antioxidants

Poor oxygenation during the initiation of AKI leads to the
production of reactive oxygen species, which are thought to
play a significant role in AKI initiation and extension via
augmenting vasoconstriction and alterations in renal blood
[15]. Antioxidants are likely to play a significant protective
role in AKI.

Iron chelators

Iron is an essential element, critical to oxygen transport, cel-
lular energy metabolism, and a wide variety of enzymatic
reactions. While most iron is intracellular and stored in iron-
containing proteins, there is a small extracellular portion that
is bound loosely to albumin and low-molecular-weight che-
lates, such as citrate, acetate, and phosphate [23]. Known as
catalytic or labile iron, this small pool circulates, participating
in redox reactions by cycling between its ferrous and ferric
states. When oxygen is incompletely reduced to water, this
iron pool is responsible for converting the resulting hydrogen
peroxide to free-radical ions (Fenton’s reaction), which cause
oxidative damage [24].

Iron is filtered by the glomerulus and reabsorbed in the
renal tubules. In animal models, the amount of catalytic iron
in the kidney rapidly increases with a variety of injuries, in-
cluding ischemia–reperfusion, aminoglycosides, cisplatin,
rhabdomyolysis, and contrast exposure [23]. In humans,
blood levels of catalytic iron have been used as a surrogate
marker for renal levels of catalytic iron and were likewise
found to reflect risk for AKI in cardiopulmonary bypass, crit-
ical illness, and contrast exposure [23]. Iron chelators have
been effective at reducing AKI in animal models. However,
trials in adults have been limited in number, size, and positive
outcomes. Deferoxamine, a parenteral iron chelator adminis-
tered alone prior to CPB surgery and with N-acetylcysteine in
crit ically il l patients with sustained hypotension
(NCT00870883), did not reduce AKI rates [23, 25]. Results
from a phase 2 randomized controlled trial evaluating safety
and efficacy of deferiprone, an oral iron chelator for
preventing contrast nephropathy during angiography, remain
unpublished since study completion in 2011 (NCT01146925).

Even if efficacy could be shown, iron chelation may be
limited by the side-effect profiles of this class of medications.
These include renal tubular dysfunction and acquired Fanconi
syndrome with deferasirox, visual and auditory neurotoxicity
with deferoxamine, and arthropathy, neutropenia, agranulocy-
tosis, and hepatic fibrosis with deferiprone [26–31]. Attempts
at neutralizing the damaging effects of catalytic iron via se-
questration by plasma-derived haptoglobin produced mixed
results [23]. Other proposed strategies, including increasing
sequestration of free iron by ferritin, increasing scavenging
of heme from circulation, and regulating heme breakdown
via heme oxygenase 1 gene expression are nowhere near clin-
ical application [23].

Heme arginate

Heme oxygenase 1 (HO-1) is an inducible enzyme that ex-
hibits antioxidant effects via rapid breakdown of free heme
and generation of protective byproducts, such as carbon mon-
oxide, bilirubin, and ferritin [32]. During AKI, HO-1 exhibits
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anti-inflammatory effects by regulating immune cell gene ex-
pression, maturation, and migration. Additionally, it is a po-
tent regulator of autophagy and has antiapoptotic effects via
reduction of cell-cycle-arrest molecule p21 activity.
Preclinical studies have shown that HO-1 induction is protec-
tive in cisplatin and ischemia–reperfusion renal injury models
[33, 34].

Heme arginate (HA), used to treat acute porphyria, is an
inducer of HO-1. In a proof-of-concept phase III placebo-
controlled trial, 40 adult recipients of deceased donor kidney
transplants were randomized to receive either HA or placebo
preoperatively and again on postoperative day 2
(NCT01430156) [35]. HA patients demonstrated significant
upregulation of HO-1 protein and messenger RNA (mRNA)
expression. Although the study was not powered to assess
clinical outcomes, there was a trend toward lower levels of
urinary AKI biomarkers neutrophil gelatinase-associated
lipocalin (NGAL) and KIM-1. However, histopathology on
postoperative day 5 did not appear different.

Vasodilators

Early loss of GFR and injury extension are attributed to de-
creased renal blood flow and hypoxia. Although the extent to
which alterations in local and global perfusion may play a role
in enhancing later tissue repair, early preservation of filtration
and perfusion could limit the extension of injury [11].

Levosimendan

Levosimendan, produced by the Orion Corporation, is a cal-
cium sensitizer with inotropic and vasodilatory effects. It is
clinically indicated as an inotrope for acutely decompensated
heart failure in patients with low cardiac output, as it increases
cardiac contractility while decreasing both pre- and afterload
on the heart [36]. It works on vascular smooth muscle by
opening ATP-sensitive potassium channels.

In animal models of endotoxemia and ischemic reperfu-
sion, levosimendan appeared to have renoprotective effects
[37]. Several small clinical studies have since looked at its
ability to prevent AKI after CPB surgery. A meta-analysis of
results of 13 trials with a total of 1345 individuals found
levosimendan may significantly reduce the incidence of post-
operative AKI, need for renal replacement (RRT) therapy,
days of mechanical ventilation, days of intensive care, and
30-daymortality [38]. Limitations of themeta-analysis includ-
ed small sample sizes in the primary studies, different defini-
tions of AKI, different dosing regimens, lack of access to
potentially confounding clinical data, potential for biased
reporting, and lack of long-term outcome data.

An expert panel recently released a position paper express-
ing optimism about the pleiotropic effects of levosimendan,

encouraging further mechanistic, proof-of-concept, and clini-
cal studies to evaluate possible expanded application of the
drug [36]. There are three ongoing randomized trials assessing
the impact of levosimendan on renal function. The first, a
phase III trial set to complete in December 2017, is comparing
the effect of a 75-min infusion of levosimendan versus dobu-
tamine on renal hemodynamics and GFR in adult patients with
cardiorenal syndrome (NCT02133105). The second is a phase
IV study evaluating the effect of a 3.5-h infusion of
levosimendan versus placebo on renal hemodynamics and
GFR of adults after CPB surgery (NCT02531724). The third
is a phase II study notably enrolling children between 1 and
12 months of age with congenital cardiac disease. It will use
serum creatinine levels collected for 4 days post-CPB surgery,
as well as 30-day mortality rates, to evaluate whether a 24-h
infusion of levosimendan postbypass confers kidney and/or
survival benefits over milrinone (NCT02232399). Results
are anticipated by the end of 2017.

Apoptosis inhibitors

Cell death via apoptosis, necrosis, and autophagy are promi-
nent arbiters of tubular injury in AKI. The severity and dura-
tion of AKI may be related to the proportion of tubular cells
that can maintain viability and contribute to the repair process
[15].

p53 siRNA

Apoptosis is an important pathogenic mechanism for kidney
injury in both ischemia–reperfusion and DNA damage from
cisplatin [39, 40]. Induction of the proapoptotic transcription
factor p53 is common to both etiologies. Quark
Pharmaceuticals, which specializes in RNA interference tech-
nology to inhibit gene expression or translation, developed
QPI −1002, a small interfering RNA (siRNA) targeted at
p53. Preclinical trials showed rapid and specific localization
of intravenously administered QPI −1002 to renal proximal
tubular cells, significant reduction in p53 gene expression
when administered 4 h after bilateral renal clamp, and a 24-
to 48-h duration of siRNA effect [41]. Repeated doses of
siRNAwere also shown to attenuate cisplatin-induced kidney
injury.

Quark Pharmaceuticals completed a phase I, dose escala-
tion, safety and pharmacokinetic study of QPI-1002 in adults
undergoing major cardiovascular surgery, making it the first
siRNA to be systematically administered to humans
(NCT00554359). However, their follow-up phase I study
targeting cardiovascular surgery patients at high risk of AKI
was terminated, citing lack of an available patient population
(NCT00683553). There is a phase II, randomized control
trial currently ongoing to evaluate the efficacy and safety of
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a single dose of QPI-1002 in cardiovascular surgery patients at
high risk of AKI (NCT02610283). Estimated outcome mea-
sures from the trial, which is to be completed in 2018, will
include the proportion of subjects who develop AKI in the
first 5 postoperative days, and the proportion of individuals
who require RRT, have more than 25% decrease in GFR, or
die during the 90-day postoperative period.

Quark Pharmaceuticals completed a phase I/II multicenter
dose-escalation study for prophylaxis of delayed graft func-
tion (DGF) in adults undergoing renal transplant with organ
donations after cardiac death, expanded criteria donors, or
standard criteria donors with >24 h of cold ischemia time
(NCT00802347). Patients treated with QPI-1002, particularly
those with older donors, had significantly reduced risk for
DGF, increased time to first dialysis, reduced mean duration
of dialysis, and reduced number of dialysis sessions required
in the first 30 days posttransplant; there were no safety con-
cerns. Recruitment into a phase III randomized controlled trial
to evaluate the safety and efficacy of QPI-1002 for reducing
the incidence and severity of DGF with kidney allografts from
deceased donors (brain death criteria) >45 years old
(NCT02610296) is in progress and estimated to end in 2019.

Repair agents

Early activation and augmentation of adaptive repair mecha-
nisms may lessen the severity of AKI, while maladaptive or
downregulated repair mechanisms can lead to the develop-
ment of fibrosis and CKD [15, 42].

BMP receptor agonist

Bone morphogenetic protein-7 (BMP7) is critical for determin-
ing the final nephron number and size of developing kidneys
[43]. In the mature organ, its roll shifts to that of protection and
regeneration. Administration of recombinant BMP7 to animal
models of ischemia–reperfusion and obstructive injuries
showed blunted AKI and enhanced recovery via decreased in-
flammation, apoptosis, and fibrosis [44, 45]. However, devel-
opment of a BMP7 protein for systemic administration was met
with production and pharmacokinetic obstacles, and the strate-
gy shifted to that of small-molecule mimetics [46].

THR-123 and THR-184, produced by Thrasos
Therapeutics, are agonists of the activin-like kinase-3 receptor
(Alk3), the main BMP7 receptor expressed in tubular epithe-
lial cells. Preclinical work with the oral formulation, THR-
123, showed it suppressed inflammation, apoptosis, and
epithelial-to-mesenchymal transition and reversed fibrosis in
five mouse models of acute and chronic renal injury, including
ischemia–reperfusion injury, unilateral ureteral obstruction,
and nephrotoxic serum-induced nephritis [47]. A multicenter
phase II study with THR-184, the intravenous formulation, in

which the drug was administered around the time of CPB in
patients at high risk for AKI, was completed in 2015
(NCT01830920). There was a reduction in the incidence of
AKI in patients treated with the highest of four dosing regi-
mens, and the effect was most prominent in patients with
underlying CKD. There were no safety concerns.

Hepatocyte growth factor

Hepatocyte growth factor (HGF) is a pleiotropic growth factor
and cytokine that promotes cell proliferation, survival, motil-
ity, and differentiation. HGF actions are exerted by binding
exclusively to the proto-oncogenic cell-surface receptor c-
met, which is expressed in the epithelial cells of many organs
during both embryogenesis and adulthood [48]. In the kidney,
HGF is secreted by renal mesenchymal cells, with c-met re-
ceptors located on both local fibroblasts and tubular epithelial
cells. Upregulation of HGF has been observed in the setting of
ischemia–reperfusion injury [49]. In preclinical studies, HGF
was renoprotective in a variety of animal models of AKI and
CKD, exerting anti-inflammatory and regenerative effects and
preventing tubular cell apoptosis, epithelial-to-mesenchymal
transition, and fibrosis [50–52].

BB-3, produced by Angion Biomedica Corporation, is a
small molecule with HGF-like activity. In preclinical trials,
BB-3 given 24 h after ischemic injury mitigated AKI, as ev-
idenced by lesser changes in urine output, creatinine, and
blood urea nitrogen (BUN), reduced urinary KIM-1 and
NGAL excretion, and less tubular apoptosis and necrosis on
histopathology [53]. In the interim analysis of a multicenter
phase II study in renal transplant patients with low or no urine
output posttransplant, patients who received three doses of
BB-3 had increased urine output, lower serum creatinine,
and reduced need for dialysis (NCT01286727). Therefore,
the company transitioned to a phase III trial in which all pa-
tients receiving a suboptimal kidney received BB-3 infusions
postoperatively (NCT02474667). It is estimated to be com-
pleted in 2018.

Additionally, a multicenter phase II study to evaluate the
safety and efficacy of administering four doses of BB-3 to
individuals at high risk of AKI after CBP surgery is currently
enrolling (NCT02771509) and is estimated to be completed in
2018.

Mesenchymal stem cells

As described by Peired et al., mesenchymal stem cells (MSC)
are fibroblast-like cells capable of self-renewal [54].
Originally discovered in bone marrow, they can be harvested
from multiple tissues, including tooth pulp, adipose tissue,
umbilical cord scrapings, amniotic fluid, and the kidney.
MSC can migrate to areas of injury and modulate local injury
response by releasing soluble factors such as interleukins,
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insulin-like growth factor, and HGF, as well as via
microvesicles, which are released by membrane budding and
intracytoplasmic multivesicular bodies. These microvesicles
contain mRNA, micro-RNA (miRNA), surface receptors,
and proteins that can reprogram the activities of other cells.

Preclinical studies in AKI have used MSC harvested from
different tissues, as well as microvesicles obtained from cul-
tures of MSC. There have been >600 clinical studies using
different forms of MSC in different clinical contexts [54]. In
nephrology, these include CKD, focal segmental glomerular
sclerosis (FSGS), diabetic kidney disease, lupus nephritis, and
kidney transplantation; to date, there have been three studies
in AKI [54].

The Mario Negri Institute for Pharmacological Research is
aiming to complete a phase I study in adult oncology patients
receiving cisplatin who develop AKI as evidenced by an in-
crease in urine NGAL concentration at day 2 post cisplatin
infusion (NCT01275612). Patients are being treated with do-
nor ex vivo expanded MSC, with a dose escalation schema to
assess safety and efficacy. Estimated date of completion is
2018.

AlloCure Inc. completed a phase I dose-escalation study of
postoperatively infused allogenic bone-marrow-derived MSC
in patients at high risk of AKI during CPB surgery
(NCT00733876). They reported no safety concerns, early
and late protection of kidney function, and reduced length of
hospital stay and need for readmission [55]. However, the
phase II study using their allogenic bone-marrow-derived
MSC, AC607, was terminated early reportedly due to no dif-
ference in outcomes between therapy and placebo groups,
although the full trial report has yet to be published
(NCT01602328).

Conclusions

Current treatment of AKI remains largely supportive.
However, recent advances in our understanding of renal in-
jury and repair signaling pathways in preclinical models
have enabled the development of several promising pharma-
ceuticals that are currently in human clinical trials. These
include anti-inflammatory agents (recAP, AB103, ABT-
719), antioxidants (iron chelators, heme arginate), vasodila-
tors (levosimendan), apoptosis inhibitors (QPI-1002), and
restorative agents (THR-184, BB-3, MSCs). However, given
the complex multifactorial pathophysiology of human AKI,
it is unlikely that any single agent will elicit a profound and
consistent salutary response. It is anticipated that any future
pharmacotherapy for AKI will need to be individualized
based on etiology and primary mechanism. Different combi-
nations of agents will likely need to be deployed for differ-
ent clinical scenarios.

The timing of renal insult, along with the ability to predict
and diagnose AKI early, are also critical for personalized ther-
apy. Preclinical studies revealed much greater success when
the agents described herein were administered early in the
course of AKI, well before serum creatinine rises. While this
is easy to achieve in patients with anticipated kidney injuries,
such as CPB surgery or nephrotoxic chemotherapy, it is more
difficult to achieved in most clinical scenarios. Indeed, several
previous pharmaceutical approaches have failed in human tri-
als due to a delay in institution of therapy [56]. The availabil-
ity of novel noninvasive biomarkers that predict AKI before a
rise in serum creatinine, and also differentiate between various
forms of AKI, holds promise for the rational choice of patient
populations in whom emerging therapies are most likely to be
successful.

It is noteworthy that the majority of the AKI clinical
trials underway are being performed in adults only.
While there are obvious safety and economic consider-
ations driving industry to initiate testing therapeutic
agents in adults, there are several advantages of includ-
ing children in such investigations. First, children fre-
quently represent a more pristine population, which is
not burdened by the confounding chronic conditions that
plague adult clinical trials, such as diabetes, hyperten-
sion, polypharmacy, and CKD. Second, children tend to
develop serious complications such as AKI early in the
course of other critical illnesses, which facilitates early
and reliable entry into clinical trials. Third, children gen-
erally display a more rapid and real-time trend toward
recovery from illnesses, which can translate to shorter
durations for pediatric clinical trials. It will be important
for the pediatric nephrology community to advocate and
lobby for inclusion of children in current and future AKI
clinical trials.

Summary points

1. AKI is a significant cause of morbidity and mortality in
the pediatric population, for which there are currently no
targeted therapies available.

2. Advances in understanding renal injury and repair signal-
ing pathways has enabled the development of several
targeted pharmaceuticals that are currently in human clin-
ical trials.

3. General mechanisms of action for these medications in-
clude anti-inflammatory agents, antioxidants, vasodila-
tors, apoptosis inhibitors, and repair agents.

4. Successful pharmacotherapy for AKI will likely require
individualized deployment of different combinations of
agents based on the primary mechanisms and timing of
injury in different clinical scenarios.
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Multiple-choice questions (answers are provided
following the reference list)

1. In critically ill hospitalized children, the incidence of AKI
is estimated to be:
a. 5%
b. 10%
c. 15%
d. 25%
e. 50%

2. The mechanism of action of alkaline phosphatase in
treating AKI is:
a. Conversion of ATP and ADP to adenosine, which has

anti-inflammatory effects
b. Phosphorylation of bacterial endotoxins
c. Alkalinization of the urine
d. Antioxidant effect
e. Unknown

3. The use of iron chelators in treating AKI is most likely to
be hampered by:
a. Lack of pharmaceutical agents that can chelate labile

iron in humans
b. Lack of efficacy of iron chelation in humans
c. Lack of preclinical data on iron chelation
d. High cost of iron chelators
e. Multiple systemic side effects

4. Of the following, a promising pharmaceutical approach in
AKI will likely include:
a. Dopamine
b. Mannitol
c. Calcium channel blockade
d. Furosemide
e. A different combination of agents for different clinical

scenarios

5. Of the following, a promising strategy in AKI will likely
include:
a. Continuing current supportive care strategies
b. Initiating pharmacotherapies after serum creatinine

has doubled
c. Initiating pharmacotherapies after acute dialysis has

begun
d. Using novel biomarkers of AKI to trigger early

interventions
e. Treating only the underlying cause
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Responses to Multiple-choice Questions

1. d; 2. a; 3. e; 4. e; 5. d
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