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Abstract
Acute kidney injury (AKI), one of the major complications in children undergoing hematopoietic stem cell 
transplantation (HSCT), is an independent predictor of the patient’s survival and a prognostic factor of pro-
gression to chronic kidney disease (CKD). Despite the multifaceted role of AKI, its early diagnosis in the course 
of HSCT remains a challenge. These difficulties may result from the inefficiency of traditional methods used 
to assess kidney function, like serum creatinine or estimated glomerular filtration rate. Moreover, the list 
of potential AKI markers tested in HSCT conditions is limited and does not involve indexes evaluated in the 
pediatric population. This review summarizes current knowledge on the pathophysiology of AKI developing 
in the course of HSCT; presents well-known markers of AKI that are potentially applicable in children who 
have undergone HSCT; discusses the role of new markers in diagnosing AKI and predicting the renal outcome 
in children undergoing HSCT; and analyzes the prospects for the use of new tools for assessing kidney injury 
in everyday clinical practice.
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Hematopoietic stem cell transplantation (HSCT) is an 
area of medicine under constant development. In recent 
years, the number of allogeneic bone marrow transplanta-
tions has increased significantly. In addition to hemato-on-
cological diseases, the indications for HSCT include immu-
nologic, metabolic and genetically determined conditions.

Current methods of assessing 
kidney function following 
hematopoietic stem cell 
transplantation

As HSCT has become more and more frequently the 
therapy of choice in children, the number of complica-
tions observed has increased. Among them, acute kidney 
injury (AKI) has become one of the major challenges, as 
it is an independent predictive factor for patient survival 
and progression to chronic kidney disease (CKD).1,2

Although there are many reviews on HSCT, few of them 
concern the pediatric population,3–5 and none of them 
concentrate on the nephrological aspects of HSCT.

Moreover, the commonly used classifications of AKI 
comprise various criteria established by the Risk, Injury, 
Failure, Loss and End-stage (RIFLE) renal failure classifica-
tion system, the Acute Kidney Injury Network (AKIN) and 
the Kidney Disease: Improving Global Outcomes (KDIGO) 
organization.6–8 However, only pRIFLE criteria apply spe-
cifically to children (Table 1).

Due to the diversity of these classifications, world sta-
tistics on the incidence of AKI in children are very in-
consistent. As shown in a study by Sutherland et al., the 
incidence of AKI in a single group of hospitalized children 

varied significantly depending on the criteria used (51.1%, 
37.1% and 40.3% according to pRIFLE, AKIN and KDIGO, 
respectively).9 The AKIN and KDIGO classifications rely 
on  changes in  serum creatinine concentration, while 
pRIFLE criteria are additionally based on decreases in the 
estimated glomerular filtration rate (eGFR) and urine out-
put (Table 1). Moreover, the fact that the pRIFLE criteria 
take into account the time frame and diversification of the 
outcome (reversible injury vs progression to CKD) make 
them the most useful for children.

It is worth noting that in cases of kidney function dete-
rioration, increases in serum creatinine concentration are 
significantly delayed. Furthermore, many factors, such as 
nutrition, hydration, gender, age, and muscle mass, influ-
ence the serum concentration of creatinine. Hydration 
status after HSCT varies depending on the time elapsed 
from the procedure. During the first few days after HSCT, 
the treatment protocol assumes a high fluid intake (3 L/m2 
of body surface), resulting in transient hyperfiltration. 
Moreover, the method of eGFR calculation raises certain 
doubts. The most commonly applied Schwartz formula 
overestimates eGFR value, especially when it  is higher 
than 75 mL/min/1.73 m2. However, attempts to  intro-
duce other methods have so far been unsatisfactory.10–12 
As a consequence, evaluation based on serum creatinine 
concentration remains the most frequent tool to assess 
kidney function in children undergoing HSCT, despite its 
many limitations in terms of sensitivity and specificity for 
AKI. However, recent reports show preliminary attempts 
to widen the spectrum of AKI indices by testing markers 
of inflammation or damage specific to selected compounds 
of the renal parenchyma.

The purpose of this review was to briefly present current 
knowledge about the pathophysiology of AKI in the course 

Table 1. Comparison of various criteria defining acute kidney injury

Pediatric (p)RIFLE eGFR Urine output

Risk (Stage 1) decrease <25% <0.5 mL/kg/h for 8 h

Injury (Stage 2) decrease <50% <0.5 mL/kg/h for 16 h

Failure (Stage 3)
decrease <75%

or <35 mL/min/1.73 m2
<0.3 mL/kg/h for 24 h

or anuria for 12 h

Loss failure >4 weeks

End-stage kidney disease persistent failure >3 months

AKIN criteria serum creatinine 

Stage 1
increase ≥50% or

≥0.3 mg/dL within 48 h

Stage 2 increase ≥100%

Stage 3 increase ≥200%

KDIGO AKI criteria serum creatinine 

Stage 1
increase ≥50% or

≥0.3 mg/dL within 7 days

Stage 2 increase ≥100%

Stage 3
increase ≥200%

or ≥35 mL/min/1.73 m2
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of pediatric HSCT and current diagnostic tools for its as-
sessment. We also aimed to discuss new markers that may 
potentially be useful in the early diagnosis of HSCT-related 
AKI, although they are not yet used in clinical practice.

Reasons for acute kidney injury 
following hematopoietic stem 
cell transplantation

The first determinant of post-HSCT AKI is the type 
of HSCT itself. Myeloablative allogeneic HSCT is charac-
terized by the highest incidence of AKI (50–91%), whereas 
nonmyeloablative allogeneic (29–54%) and autologous 
HSCT (12–52%) are less frequently involved in AKI.13

The pathogenesis of AKI following HSCT is complex 
and covers pre-renal, renal and post-renal mechanisms.14 
Among them, renal causes are the most common, with 
ischemia and acute tubular necrosis due to drug nephro-
toxicity playing the main role. The causes of renal impair-
ment after HSCT also strongly depend on the amount 
of time since the transplantation, and can be divided into 
immediate (tumor lysis syndrome, marrow infusion tox-
icity), early (hypovolemia due to diarrhea, vomiting and 
sepsis, drug nephrotoxicity, acute tubular necrosis, in-
terstitial nephritis, reactivation of viral infections result-
ing in hemorrhagic cystitis, graft vs host disease (GvHD), 
and hepatic sinusoidal obstruction syndrome (HSOS)) 
and late (thrombotic microangiopathy, chronic GvHD 
and radiation).13

Describing the whole spectrum of HSCT-related factors 
predisposing to AKI is beyond the scope of this review; we 
are therefore going to focus only on selected ones. Among 
them, GvHD seems to be the best example of the multi-
factorial nature of HSCT-related AKI.13

Graft vs host disease

In the course of GvHD, the kidneys become targets for 
T cells. During the first month after HSCT, the process 
of  infiltration of the tubulointerstitial area occurs. Im-
munocompetent cell migration and cytokine-mediated 
inflammatory reaction in situ result in damage to the 
peritubular capillaries, tubules and  glomeruli, and 
in thickening of the vascular intima.15 Paradoxically, the 
prophylactic regimen against GvHD, containing cyclospo-
rine, tacrolimus or short-term methotrexate, may become 
another trigger factor for AKI. Moreover, the indirect 
propensity towards reactivation of viral infection that 
arises in the course of GvHD adds to the AKI-promoting 
background.15

Marrow transfusion toxicity

Cryopreservation of stem cells is a standard compo-
nent of the clinical protocol in autologous HSCT, where-
as it  is rare in allogeneic HSCT. The collected cells are 
washed and resuspended in a solution supplemented with 
a cryoprotective agent, most typically dimethyl sulfoxide 
(DMSO). Dimethyl sulfoxide is considered the main causal 
agent of adverse reactions, such as lysis of erythrocytes, 
leading to precipitation of heme proteins in the proximal 
tubules and subsequent acute tubular necrosis.16

Hepatic sinusoidal 
obstruction syndrome

The pathophysiology of HSOS, present mainly in pa-
tients who have undergone myeloablative allogeneic 
HSCT, remains poorly defined. Total body irradiation and 
busulfan/cyclophosphamide preconditioning can cause 
damage to sinusoidal endothelial cells and hepatocytes.17 
The subsequent subendothelial deposition of morphologi-
cal blood compounds and fibrin results in hepatic venu-
lar narrowing and occlusion; portal hypertension then 
evolves. Consequently, the accumulation of vasodilators 
in the liver results in systemic hypotension. The com-
pensative activation of the renin-angiotensin-aldosterone 
system (RAAS) triggers constriction of renal vessels and 
hypoperfusion.17

Infections

The use of immunosuppressive drugs may lead to re-
activation of  latent viral infections, affecting approx. 
25% of patients who have undergone allogeneic HSCT.18 
The majority of the population is seropositive to the BK 
virus – a member of the polyomavirus family with tro-
pism to the urinary tract. The reactivation and massive 
replication of the BK virus lead to the formation of decoy 
cells (cells with large intranuclear inclusion bodies) pro-
grammed to die and release copied viral components, and 
are implicated in the pathogenesis of hemorrhagic cystitis 
and urethral stenosis. BK viruria may escalate to viremia 
and finally to the presence of the BK virus in the tubular 
epithelial cells of the kidney, and to kidney damage in the 
course of tubulointerstitial nephritis.

Another potent infectious condition in  the course 
of HSCT is sepsis, triggering both pre-renal (hypovole-
mia due to inflammatory vasodilation) and renal (direct 
tubular damage due to cytokine release) circumstances 
facilitating the development of AKI.
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Transplant-associated 
thrombotic microangiopathy

Transplant-associated thrombotic microangiopathy 
(TA-TMA) is  in  the  spectrum of  disorders character-
ized by vascular endothelial injury followed by arteriolar 
thrombi, intimal swelling and fibrinoid necrosis. Clini-
cally, it  is manifested by thrombocytopenia, hemolytic 
anemia and tissue hypoxia. Although TA-TMA may occur 
in any organ, the kidneys are affected in 40% of cases, and 
20% of them undergo a severe course. The risk factors for 
TA-TMA include the use of pharmacotherapy with cal-
cineurin inhibitors, acute GvHD, total body irradiation, 
patient-donor gender mismatch, and infections.19

Nephrotoxicity of chemotherapy

Potentially nephrotoxic drugs are used both during 
conditioning therapy (busulfan, treosulfan, fludarabine, 
thiotepa, melphalan, cyclophosphamide) and as GvHD 
prophylaxis (cyclosporin A, tacrolimus, methotrexate).20 
The pathomechanisms of nephrotoxicity for calcineurin 
inhibitors are not fully defined. Cyclosporin A and tacroli-
mus activate the RAAS, leading to vasoconstriction of the 
renal afferent arterioles and subsequent AKI. They also 
increase oxidative stress, acting directly on renal endothe-
lial cells. Finally, through increased production of vascular 
endothelial growth factor (VEGF), they trigger peritubular 
fibrosis, which is responsible for chronic drug-induced ne-
phropathy. Methotrexate (MTX), especially in high doses, 
precipitates in acidic pH in the lumen of the renal tubules, 
leading to tubular toxicity.20 Male sex, low serum albu-
min levels, previous kidney pathologies, and interactions 
with other drugs (including furosemide) may intensify the 
nephrotoxicity of MTX.

The mechanism of the toxicity of cisplatin is attributed 
to its accumulation in the kidney, mainly in the epithelial 
cells of the proximal tubules, leading to their dysfunc-
tion.20 The epithelium of the distal tubules and glomeruli 
are subsequently affected. Cyclophosphamide has a high 
affinity to urothelium, so hemorrhagic cystitis is a major 
clinical manifestation of its usage. However, it also acts 
detrimentally on the renal tubules by inducing oxidative 
stress. Isophosphamide is characterized by tropism to the 
epithelium of the proximal tubules, causing AKI.

Drugs used in the prophylaxis or treatment of infections, 
such as aminoglycosides, amphotericin B or acyclovir, are 
well known for their nephrotoxic mechanisms. Ampho-
tericin B acts through renal vasoconstriction and hypoxia 
of the proximal tubule cells; aminoglycosides accumulate 
directly in the proximal tubules, changing their permeabil-
ity; whereas acyclovir precipitates in the tubules, causing 
their obstruction.20

Markers of acute kidney injury

The high incidence of AKI in the course of HSCT has 
engendered a search for sensitive and specific markers 
of kidney damage. Although serum creatinine-based equa-
tions remain the major tool for assessing kidney function 
by eGFR, there is need for more adequate parameters that 
would allow early diagnosis of AKI, preferably at the stage 
when it is still reversible. Since the proximal tubule is the 
first target cell in AKI-triggered renal damage, the research 
should focus mainly on markers that directly characterize 
its function.

Parameters of tubular damage

Cystatin C

Cystatin C (CysC) is a low molecular weight (13 kDa) 
non-glycosylated protein generated by all nucleated cells, 
present in all tissues and physiological fluids. CysC can 
be assessed by ELISA in both serum and urine. Serum 
CysC outperforms serum creatinine in assessing eGFR 
in children.21 Increases in serum CysC have been shown 
to correlate with the development of AKI in children from 
intensive care units and following cardiac surgery, as well 
as in adults following HSCT.22 However, it has also been 
helpful in analyzing glomerular damage due to chemo-
therapy in children.23 Moreover, increased serum CysC 
concentrations have been observed in patients with leuke-
mia, melanoma, as well as colorectal or hepatocellular can-
cer, but without renal injury. Therefore, high serum CysC 
is not specific for AKI, because it may well be a marker 
of malignancy.24

On the other hand, CysC is filtered by glomeruli, then 
reabsorbed and degraded in the proximal tubules. It is not 
secreted by  the tubules, so its urinary concentration 
is minimal in subjects with normal kidney function, but 
increases significantly in the course of kidney injury.25 
Therefore, urinary CysC may be a potential early marker 
of proximal tubule damage in the course of post-HSCT 
AKI, but no data are available.

Neutrophil gelatinase-associated lipocalin

Neutrophil gelatinase-associated lipocalin (NGAL) is an-
other low-molecular-weight protein (25 kDa), originally 
identified in secondary granules of human neutrophils and 
as such, is released into circulation from organs like the 
liver, lungs, trachea, colon, uterus, or prostate. It is filtered 
by the glomeruli and reabsorbed by the proximal tubules.26

Serum NGAL acts in a bacteriostatic manner by bind-
ing siderophores – bacterial products that scavenge iron. 
Kidney-derived NGAL accompanies the differentiation 
and development of  the tubular epithelium and is one 
of the earliest markers of distal nephron damage.26
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Both serum and urine NGAL are useful predictors 
of AKI, although its urinary concentration is more sen-
sitive for kidney injury.27 NGAL is widely used for early 
diagnosis of AKI, its monitoring and prognosis. It has also 
become useful in pediatric AKI, mainly in its early diag-
nosis after cardiac surgery and as a predictor of mortality.

However, NGAL is also overexpressed in other condi-
tions, such as tumors or inflammatory bowel disease.28 
It is used to monitor the nephrotoxicity of drugs like iphos-
phamide, cisplatin and cyclosporine.29 Increased plasma 
NGAL reflects inflammation, including sepsis, whereas 
urinary NGAL points rather to urinary tract infection.30 
NGAL may also suppress metastatic processes.28

The role of urinary NGAL in predicting AKI has been 
demonstrated in adults who have undergone HSCT for 
oncological reasons: as markers of AKI, elevated urinary 
NGAL preceded increased serum creatinine by 2 days.31 
No such investigation has been performed in children who 
have undergone HSCT.

Kidney injury molecule 1

Kidney injury molecule 1 (KIM-1) is a glycoprotein, the 
localization of which is limited to the apical membranes 
of the proximal tubules. Physiological urinary KIM-1 con-
centration is negligible, whereas it increases after ischemic 
or nephrotoxic AKI. Renal biopsies performed after acute 
tubular necrosis revealed increased expression of KIM-1 
in proximal tubule cells.32 This molecule is also a scaven-
ger receptor of paramount importance for apoptosis and 
regeneration of damaged epithelial cells in the proximal 
tubules. Urinary KIM-1 has been shown to be useful in the 
detection of neoplasms originating in the proximal tu-
bules, ovaries or uterus (clear cell cancer).28

Increases in urinary KIM-1 have been found to corre-
late with AKI due to acute tubular necrosis.33 In children, 
KIM-1 has been shown to be a useful marker for AKI fol-
lowing shock-related hypovolemia − more sensitive and 
specific than serum creatinine, NGAL or interleukin-18 
(IL-18). However, the correlation with the severity of AKI 
in children from an intensive care unit was quite weak, 
although KIM-1 could strongly predict the need for renal 
replacement therapy.34 Kidney injury molecule 1 is also 
a useful marker of kidney function in children undergo-
ing chemotherapy with MTX or cisplatin derivatives.35 
Although the value of KIM-1 as a marker for AKI has been 
demonstrated in a recent meta-analysis,36 none of the data 
concerned the detection of AKI following HSCT.

N-acetyl-beta-D-glucosaminidase

N-acetyl-beta-D-glucosaminidase (NAG) is a lysosomal 
enzyme of high molecular weight, found originally in prox-
imal tubule cells, released after their damage and therefore 
considered a marker of their dysfunction. The urinary con-
centration of NAG increases in AKI, as has been shown 

in adult patients that have undergone cardiac surgery.37 
Like KIM-1, NAG is a strong predictor of a poor prognosis 
in adults with AKI.38

Preliminary reports from animal studies suggest that 
NAG may be useful in assessing AKI in the course of acute 
GvHD following allogeneic HSCT.39 Urinary NAG could 
detect tubular damage at the subclinical level and hepatic 
veno-occlusive disease, although it did not correlate with 
the level of azotemia in patients who had undergone al-
logeneic HSCT.40 Elevated urinary NAG has also been re-
ported in subjects with acute tubular necrosis not related 
to HSCT. There are 2 recent studies on increased NAG 
concentration in the urine of adults and children who have 
undergone HSCT.41,42 These results are promising, because 
urinary NAG seems to be an ideal marker of early tubular 
damage, preceding the development of AKI.

Inflammatory markers

Interleukin-18

Interleukin 18 is a pro-inflammatory cytokine, released 
by monocytes/macrophages, activated by caspase-1 and 
inducing interferon gamma. Widespread, IL-18 is also 
present in various kidney structures, like distal tubules, 
collecting ducts and the ascending limb of  the loop 
of Henle. However, it  is not found in proximal tubules 
or glomeruli. Increased serum IL-18 concentrations are 
typical of many inflammation-related diseases, including 
autoimmune disorders like lupus, arthritis, inflammatory 
bowel disease, psoriasis, hepatitis, diabetes, or sclerosis 
multiplex.43 This multiplicity suggests the weak specific-
ity of this marker.

Animal studies have shown elevated urinary concentra-
tion of IL-18 in AKI following ureteral obstruction.44 Due 
to its pro-inflammatory activity, IL-18 seems to aggravate 
kidney damage in the course of ischemia/reperfusion in-
jury; patients with acute tubular necrosis presented with 
higher urinary IL-18 than those with CKD, urinary tract 
infection, nephrotic syndrome, or pre-renal azotemia.45 
Urinary IL-18 (like NGAL) has been found to be a strong 
predictor of AKI in children who had undergone cardiac 
surgery, since the diagnosis was made 12 h earlier than 
with serum creatinine.46 The prognostic value of IL-18 
in diagnosing AKI, the need for renal replacement therapy 
and 90-day mortality was demonstrated in a large cohort 
of adults in an intensive care unit.47 However, there is still 
a  need for thorough investigation of  the applicability 
of IL-18 to detect AKI following HSCT in children.

Monocyte chemoattractant protein 1

Monocyte chemoattractant protein (MCP)-1 is one of the 
key chemokines regulating the migration and infiltration 
of monocytes/macrophages to the sites of inflammation. 
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It is also a pathogenic factor in many diseases, including 
AKI. Rice et al. noted an elevated urinary concentration 
of MCP-1 in mice at 24 and 72 h after renal ischemia.48 
In another study, increased expression of MCP-1 in the 
renal cortex of mice with AKI correlated with the level 
of kidney damage better than NGAL.49 Urinary MCP-1 has 
been found to correlate strongly with the level of AKI in pa-
tients treated with cisplatin or tacrolimus, as well as with 
serum creatinine increase in adults 5 weeks after HSCT; 
it also predicted mortality risk after cardiac surgery.50 
A significant elevation of MCP-1 concentration in chil-
dren undergoing HSCT has been observed between the 2nd 
and 4th week after the procedure, but it was not correlated 
with AKI.51

New acute kidney injury indexes

Liver-type fatty acid-binding protein

Liver-type fatty acid-binding protein (L-FABP) is pro-
duced mainly in the liver, but its expression is also no-
ticeable in other organs, including the kidneys. It takes 
part in the transport and metabolism of free fatty acids, 
acting as an anti-oxidant. In the proximal tubules, it al-
lows intracellular metabolism of fatty acids. It is filtered 
by the glomeruli and reabsorbed by the proximal tubules.52 
It is not present in the urine of healthy subjects, but has 
been found to be an early predictor of AKI due to sepsis 
or drug nephrotoxicity.53,54 Increased urinary concentra-
tions of L-FABP have also been described in adults with 
acute decompensated heart failure or surgically treated 
aortic aneurysm.55,56 To date, a single promising report 
has been published on urinary L-FABP as a marker of AKI 
risk in adult patients following HSCT.57

Insulin-like growth factor-binding  
protein 7

Insulin-like growth factor-binding protein (IGFBP)-7 
is another low-molecular-weight protein (30 kDa) freely 
filtered by the glomeruli and reabsorbed by the proxi-
mal tubules; its increased urinary concentration is most 
probably the consequence of tubular damage.58 Indeed, 
increased urinary IGFBP-7 concentrations have been no-
ticed in patients from intensive care units. They could 
also predict the renal outcome, distinguishing between 
patients with and without AKI, or between those with 
early recovery from AKI and late or non-recovery.59 More-
over, IGFBP-7 has been found to be a more useful tool 
than NGAL in the differential diagnosis and prognosis 
of AKI. Thus, IGFBP-7 seems another ideal candidate 
as a diagnostic and prognostic marker of AKI. However, 
no data is available on investigations of urinary IGFBP-7 
concentrations in patients who have undergone HSCT, 
irrespective of their age.

Netrin-1

Netrin-1 is  a  70 kDa axon guidance molecule with 
an anti-inflammatory activity, expressed in many organs, 
including the kidneys. In vitro investigations have demon-
strated its paramount role in ischemia/reperfusion kidney 
injury, during which the expression of netrin-1 increased 
in the apical membranes of proximal tubule cells, acting 
in a protective manner. Its anti-inflammatory and anti-
apoptotic activity has also been found to be highly efficient 
against cisplatin-induced kidney injury.60 Moreover, uri-
nary netrin-1 has been reported to be an early predictor 
of AKI following cardiac surgery.61 However, no evidence 
for its role as a biomarker of HSCT-related AKI has been 
presented to date.

Markers of acute kidney injury 
progression to chronic kidney 
disease

Although potentially reversible, in some cases AKI pro-
gresses into CKD. Long-term unfavorable outcomes for 
children with AKI are defined in the pRIFLE criteria as 
loss of kidney function (L) and end-stage kidney disease (E). 
The major nephrological challenge is therefore to identify 
patients at risk of developing CKD after an episode of AKI. 
Candidate markers for assessing AKI-to-CKD progression 
include NGAL, KIM-1 and L-FABP, although convincing 
data on their utility in long-term observation of children 
who have undergone HSCT are lacking.62 Another promis-
ing biomarker is clusterin, identified in animal studies as 
a factor responsible for anti-inflammatory and anti-fibrotic 
activity after ischemia/reperfusion injury.63 However, tools 
for predicting AKI-to-CKD progression following HSCT 
are yet to be established.

Targeted, pleiotropic 
or combined?

Post-HSCT AKI has a multifactorial background, and as 
such should be assessed in a complex way. Many questions 
about the quantity and quality of markers used to evalu-
ate AKI in these conditions remain unanswered. Can we 
rely on single markers specific for (e.g.) tubular damage, 
inflammation or drug side effects, or should we search 
for markers with pleiotropic functions, designating (e.g.) 
both tissue damage and nephrotoxicity? Is urine the only 
milieu that adequately shows AKI-related anomalies or 
should we implement serum markers as additional pre-
dictors? Is the early diagnosis of AKI our major goal or 
should we strive for both protectors of kidney function 
and predictors of renal outcomes? These questions also 
remain unanswered in the general field of AKI. However, 
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some attempts have been made to establish new paradigms 
of AKI diagnosis, tailored to various pathologies respon-
sible for kidney injury. Parikh and Mansour have suggested 
combinations of new urinary markers helpful in distin-
guishing between acute tubular necrosis and reversible 
prerenal azotemia due to hypoxia (IL-18, NGAL, KIM-1), 
or between the aforementioned conditions and hepatorenal 
syndrome (NGAL, L-FABP, IL-18).64 Another interesting 
option is the concomitant evaluation of markers in pairs, 
as in the case of association of [TIMP-2] × [IGFBP-7] in the 
urine of critically ill adults, where it has identified AKI 
patients at increased risk of mortality.65 These examples 
represent a promising direction, but more studies are need-
ed to establish guidelines applicable in everyday practice, 
including guidelines for patients undergoing HSCT.

Clinical perspective

No guidelines for the early detection of AKI in children 
undergoing HSCT exist. Preliminary data suggest the use-
fulness of urinary NGAL and L-FABP in adults following 
HSCT, and urinary NAG has been positively tested in chil-
dren following HSCT. However, the use of a marker in pe-
diatric clinical practice demands easily available material 
and accessible age-related reference values. Currently, 
the data on the latter involve established markers of AKI, 
such as urinary IL-18, KIM-1, L-FABP, and NGAL.66 For-
tunately, this combination additionally covers differen-
tial diagnostics, essential in cases of HSCT-related AKI, 
between pre-renal azotemia, acute tubular necrosis and 
liver-based causes of AKI. Moreover, KIM-1, L-FABP and 
NGAL may predict AKI-to-CKD progression. Therefore, 
this quartet appears to be the most promising and should 
be recommended first for clinical testing in children who 
have undergone HSCT.

Conclusions

Acute kidney injury is becoming a serious clinical chal-
lenge in the era of widespread HSCT availability. The panel 
of candidate AKI markers is wide, although the majority 
of them have not yet been tested in post-HSCT conditions. 
It is clear that the analysis of diagnostic and prognostic 
tools for AKI in children who have undergone HSCT should 
take into account the multifactorial nature of the process, 
including hypoxia, drug toxicity and immune-mediated 
reactions in the course of GvHD. Although none of the 
AKI biomarkers discussed in this review is used in every-
day clinical practice, urinary IL-18, KIM-1, L-FABP, and 
NGAL seem like promising candidates to be tested in the 
pediatric population undergoing HSCT. From a clinical 
point of view, a reliable panel of AKI markers is an emerg-
ing necessity, if the therapy introduced today is to be ef-
fective tomorrow.
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