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Abstract

Background This study aimed to determine incidence of kidney complications in pediatric allogeneic hematopoietic stem
cell transplantation (HSCT) patients.

Methods Pediatric allogeneic HSCT patients were included. Post-transplantation urinary system complications were col-
lected from medical records and glomerular filtration rates at last visit compared with clinical parameters. Additionally, 24-h
ambulatory blood pressure monitoring was performed.

Results The study included 165 pediatric patients. Acute kidney injury (AKI) developed in 125 (75.8%) patients of whom
54 (43.2%) had stage 1, 36 (28.8%) stage 2, and 35 (28%) stage 3 AKI. Primary malignant disease and viral infection post-
HSCT were associated with increased risk of AKI (OR: 4; 95%CI: 1.2-13, p = 0.022 and OR: 2.9; 95%CI: 1.2-6.8, p =
0.014, respectively). Mean duration of post-HSCT follow-up was 4.4 + 2.5 years, during which time 8 patients had chronic
kidney disease (CKD) (stage 1, 4 patients; stage 2, 3 patients; stage 3, 1 patient). CKD incidence was higher in patients in
whom stem cell product was bone marrow + cord blood and mobilized peripheral blood, compared to bone marrow alone
(40-37.5% versus 5.1%, p = 0.002). Based on 24-h ABPM, 14.7% and 7.4% of patients with normal office blood pressure
had pre-hypertension and hypertension, respectively. In patients with albuminuria/severe albuminuria, daytime and nighttime
systolic SDS scores were higher than those without albuminuria/severe albuminuria (p = 0.010 and p = 0.004, respectively).
Conclusions Incidence of AKI is higher in pediatric HSCT patients with primary malignant disease and those with docu-
mented viral infection. Our study highlights the beneficial role of 24-h ABPM as a routine part of standard care of pediatric
HSCT recipients.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a cura-
tive therapy for pediatric patients with malignant and non-
malignant diseases, including bone marrow failure, primary
immune deficiencies, inborn errors of metabolism, and auto-
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during the last 2 decades. As the number of HSCT patients
and their OS have increased, there has been a significant
increase in the number of such patients with transplant-
related complications. The HSCT procedure can lead to a
variety of early and late complications in several organs/
systems. Urinary system complications develop primarily
due to the side effects of the conditioning regimen. Among
them, acute kidney injury (AKI) has been increasingly rec-
ognized as a post-transplant complication related to HSCT,
which contributes to acute and chronic morbidity and mor-
tality. The incidence of AKI varies between 20 and 84% in
pediatric HSCT patients [2, 3]. The epidemiology of AKI
varies greatly because of the lack of a standardized defi-
nition of AKI. The underlying etiology of HSCT-related
AKI includes conditioning regimen toxicity and/or total
body irradiation (TBI), nephrotoxic medications, sepsis,
sinusoidal obstruction syndrome (SOS), thrombotic micro-
angiopathy (TMA), and GVHD [1, 2].

Another important kidney complication associated with
HSCT is hypertension (HT), which can contribute to the
development of chronic kidney disease (CKD). During the
first 2 years post-HSCT, > 50% of patients develop HT.
Ciclosporin treatment, AKI, TBI, autologous transplanta-
tion, obesity, and diabetes are predictors of HT. Effective
treatment of HT is crucial for the prevention of CKD and
cardiovascular diseases. Data related to the development
of HT in HSCT patients, especially pediatric patients, are
scarce and based primarily on office measurements [4, 5].
The present study aimed to determine urinary system com-
plications, the predictors of CKD, and the characteristics of
HT based on 24-h ABPM in pediatric HSCT patients.

Fig. 1 The distribution of the
patients in the study

Materials and methods
Patient characteristics

All pediatric patients aged < 18 years who underwent allo-
geneic HSCT between January 2010 and October 2018
with a follow-up period > 6 months were included in this
study. Patients followed up for < 6 months; neonates and
patients who did not consent to the study were excluded.
Patient clinical and demographic data were obtained from
medical records. The study protocol was approved by the
Hacettepe University Ethics Committee (GO18/364-07) and
written informed consent was obtained from the parents of
each patient. The distribution of the patient groups is given
in Fig. 1.

Supportive treatment

Throughout the HSCT period, each patient was hospital-
ized in a single room equipped with a HEPA filter. Patients
received acyclovir, fluconazole, and trimethoprim-sul-
famethoxazole for prophylaxis against herpes simplex and
varicella-zoster viruses, fungal infection, and infection
with Prneumocystis jirovecii, respectively. Cytomegalovirus
(CMV) infection was routinely monitored using real-time
PCR assays. Broad-spectrum antibiotic coverage was initi-
ated upon evidence of fever (Tmax > 38 °C). Intravenous
immunoglobulin was administered weekly at a standard
dose of 400 mg/kg from 1 day prior to HSCT to 21 days
post-HSCT, and thereafter depending on the IgG level.
Intravenous glutamine, enoxaparin, ursodeoxycholic acid,
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and vitamin E were given for veno-occlusive disease (VOD)
prophylaxis.

Definitions

Neutrophil engraftment was defined as the first of 3 con-
secutive days with a neutrophil count > 0.5 x 10%/L. Plate-
let engraftment was defined as a platelet count > 20 X
10°/L with required transfusion for > 7 days. The absence
of hematopoietic recovery on day 60 post-HSCT and
autologous hematopoietic reconstruction was considered
as engraftment failure. Conditioning regimens were cat-
egorized as myeloablative and non-myeloablative based on
American Society of Blood and Marrow Transplantation
definitions [6]. Acute and chronic GVHD were diagnosed
and graded according to Seattle criteria (patients with acute
GVHD > stage 2 were classified as acute GVHD) [7, 8].
VOD was diagnosed and staged according to Seattle criteria
[9]. Hemorrhagic cystitis (HC) was defined as painful hema-
turia with a urine culture negative for bacteria and fungus,
and without any other explanation, such as general bleeding
diathesis or urinary tract catheterization for reasons other
than HC, urinary calculi, or bladder neoplasms [10]. Organ
toxicity was defined according to National Cancer Institute
common toxicity criteria and mucositis was defined accord-
ing to published standards [11].

Within a 2-week—period prior to initiation of the con-
ditioning regimen, > 2 laboratory measurements were
obtained. For the first 3 weeks post-HSCT, the serum cre-
atinine level was checked on a daily basis, and then every
other day until discharge. Within 100 days of transplanta-
tion, the peak serum creatinine concentration and the day of
this measurement were noted. The avoidance of nephrotoxic
medications when possible, appropriate fluid administra-
tion, stabilization of serum electrolytes, and precautions to
prevent further kidney injury were applied for all patients
with AKI. Kidney replacement therapy was administered
when indicated. AKI was evaluated based on KDIGO clas-
sification [12]. All patients with AKI were followed with
the department of pediatric nephrology. After discharge, the
serum creatinine level was checked biweekly for the first 3
months, and then monthly during the first year post-HSCT.
During follow-up, patients with increase in serum creatinine
levels or patients with signs of kidney injury (i.e., proteinu-
ria, tubulopathy findings) or with hypertension were referred
to the department of pediatric nephrology.

All patients that were regularly followed up were evalu-
ated at the last follow-up visit. Urinalysis and glomerular
filtration rate based on creatinine clearance (with 24-h
urine collection method) were recorded. Albuminuria is
defined as urinary albumin excretion rate (AER) 30-300

mg/day. Severe albuminuria is defined as urinary albumin
excretion rate (AER) > 300 mg/day. Office BP measure-
ment was performed for each patient via the auscultation
method using an appropriate cuff size on the right arm
after > 20 min of rest; the results were evaluated accord-
ing to the European Society of Hypertension guidelines
[13]. Using an AccuWin Pro v3 (SunTech Medical, Inc.,
Morrisville, NC) device, 24-h ambulatory BP measure-
ment was performed. The device’s appropriately sized cuff
was placed on the non-dominant arm. All patients were
queried about their daily activities and sleep and awake
periods. The devices were programmed to measure BP
every 20 min during daytime and every 30 min during
nighttime. A minimum of 40 valid readings were obtained
during the 24-h period and were included in the study
for analysis. Patients with regular use of antihypertensive
medication continued using these drug(s) during the study.
ABPM was standardized using the method of least median
of squares, and BP percentiles were evaluated according
to Wiihl et al.’s [14] reference values according to gender
and height. Ambulatory HT was defined as a mean systolic
and/or diastolic BP > 95th percentile and systolic and/or
diastolic BP load > 25%. Ambulatory pre-HT was defined
as a mean systolic and/or diastolic BP < 95th percentile,
but systolic and/or diastolic BP load > 25% [15]. A drop in
nighttime BP > 10%, as compared to daytime, was defined
as dipping, and the absence of such a drop was defined as
non-dipping.

Urinary system complications that developed during
the first 100 days post-HSCT were defined as early com-
plications and complications that developed after the first
100 days were defined as late complications. Nephrotic
syndrome (NS) was defined as proteinuria > 40 mg/m?%/h,
hypoalbuminemia, edema, and hyperlipidemia. Throm-
botic microangiopathy was defined as direct Coombs nega-
tive microangiopathic hemolytic anemia, thrombocytope-
nia, and AKI. CKD was categorized as 5 stages according
to KDIGO classification [16].

Statistical analysis

Descriptive statistical analysis methods were used to eval-
uate demographic and clinical data. Mean + SD, median,
and IQR (interquartile range) were calculated for numeric
variables. Frequency and percentage are used as descrip-
tive values for categorical data. For analysis of the study
groups, the chi-square test and Fisher’s exact test were
used. The r-test was used for normally distributed data ver-
sus the Mann—Whitney U test for non-normally distributed
data. Multivariate logistic regression analysis was used
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to estimate ORs with a 95% CI. All data were analyzed
using IBM SPSS Statistics for Windows v.21 (IBM Corp.,
Armonk, NY). The level of statistical significance was set
at p <0.05.

Results
Patient characteristics
The study included 165 pediatric patients (59 female and

108 male). Mean age of the patients at the time of HSCT
was 7.8 + 5.3 years. All patients had normal glomerular

Table 1 Clinical characteristics of the patients (n = 165)

n (%)
Disease group 1 (malignant) 39 (23.6)
Acute lymphoblastic leukemia 20 (12.1)
Acute myeloblastic leukemia 14 (8.5)
Juvenile myelomonocytic leukemia 3(1.8)
Chronic myeloid leukemia 1(0.6)
Non-Hodgkin lymphoma 1(0.6)
Disease group 2 (non-malignant) 126 (76.4)
Thalassemia major 33 (20)
Bone marrow failure 30 (18.2)
Congenital immunodeficiency 38 (23)
Neurometabolic disease 13 (7.9)
Hemophagocytic lymphohistiocytosis 12 (7.3)
HLA-matching
Full-matched 155 (94)
Mis-matched 10 (6)
HSCT source
Bone marrow 124 (75.1)
Peripheral blood stem cells 32 (19.4)
Bone marrow + umbilical cord 9(5.5)
Conditioning regimen
Myeloablative 121 (73.3)
Reduced intensity/non-myeloablative 44 (26.7)
Engraftment failure 6 (3.6)
Acute GVHD 26 (15.8)
Chronic GVHD 23 (13.9)
VOD 36 (21.8)
Viral infection 77 (46.7)
CMV 72 (43.7)
BKV 1(0.6)
CMV + BKV 4(2.4)
Death 36 (21.8)
Transplant-related mortality 21 (12.7)
Primary disease—related mortality 159.1)

GVHD graft versus host disease, HSCT hematopoietic stem cell trans-
plantation, VOD veno-occlusive disease
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filtration rates at the time of HSCT. Other patient charac-
teristics are given in Table 1.

Post-HSCT kidney complications

According to KDIGO criteria, AKI developed in 125
(75.8%) patients, of whom 54 (43.2%) had stage 1, 36
(28.8%) had stage 2, and 35 (28%) stage 3 AKI. Kidney
replacement therapy was performed in 7 patients (perito-
neal dialysis: n = 3; hemodialysis: n = 3; continuous kidney
replacement therapy: n = 1). Mean time from HSCT to diag-
nosis of AKI was 34 + 22 days. Mean age, the male:female
ratio, the type of conditioning regimen, the presence of TBI,
source of stem cells, HLA compatibility between patient
and donor, the presence of VOD, and acute/chronic GVHD
did not differ between the patients with and without AKI.
In total, 35 (89.7% [35/39]) of the patients with malignant
disease (group 1) and 90 of the patients (90/125 [72%]) with
non-malignant disease (group 2) had AKI (p = 0.02). In
addition, 84.4% of the patients (65/77) who experienced
viral infection post-HSCT and 68.2% of the patients (60/88),
who did not, developed AKI (p = 0.015). Multivariate logis-
tic regression analysis showed that primary malignant dis-
ease and viral infection post-HSCT were associated with an
increased risk of AKI (OR: 4;95% CI: 1.2-13, p = 0.022 and
OR:2.9;95% CI. 1.2-6.8, p = 0.014, respectively) (disease
group, conditioning regimen, acute GVHD, SOS, viral infec-
tion, and AKI were included). During follow-up, only one
patient developed TMA; primary disease in this patient was
hemophagocytic lymphohistiocytosis. In post-HSCT, none
of the patients developed NS.

In all, 28 (17%) patients had HC post-HSCT. Mean age
of the patients with HC (15 + 5.7 years) was higher than
that of the patients without HC (10.5 + 6.1 years, p = 0.01).
The distribution of gender, type of the conditioning regimen,
and the presence of TBI, acute/chronic GVHD, and VOD in
patients with and without HC did not differ between the 2
groups. In total, 77 patients had viral infections post-HSCT,
of which 17 (22.1%) developed HC. Among the patients
who did not have a viral infection, 11 (14.3%) developed
HC (p = 0.077).

Glomerular filtration rates at the last follow-up visit

In all, 72 patients (31 female and 41 male) could be evalu-
ated at the last follow-up visit. Mean duration of follow-up
post-HSCT was 4.4 + 2.5 years. Mean age of the patients
at the last follow-up visit was 10.7 + 4.0 years. The hemat-
opoietic stem cell source was bone marrow in 59 patients
(82%), peripheral blood in 8 patients (11.1%), and bone mar-
row + cord blood in 5 patients (6.9%). In total, 67 patients
were transplanted from full-matched donors and 5 patients
were transplanted from mismatched donors. Among these
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72 patients, VOD, acute GVHD, and viral infection were
observed in 16 (22.2%), 10 (13.9%), and 31 (43%) patients,
respectively.

Mean glomerular filtration rate was 139.2 + 35.7 mL/
min/1.73 m? and 8 patients had CKD (CKD stage 1: n =
4; CKD stage 2: n = 3; CKD stage 3: n = 1) at the last
follow-up visit. Among the 8 patients with CKD, 3 had
stage 1 and 1 had stage 3 AKI during the early post-HSCT
period. The remaining 64 patients did not have CKD at the
last follow-up visit. Among these 64 patients, 20 had stage
1, 14 had stage 2, and 10 had stage 3 AKI (20 patients
did not have AKI). Glomerular filtration rates were nor-
mal in the remaining patients at the last follow-up visit.
The incidence of CKD was higher in the patients in whom
HSCT was performed using bone marrow + cord blood
and mobilized peripheral blood, as compared to bone mar-
row (40-37.5% versus 5.1%, p = 0.002) (Table 2).

Laboratory parameters showed that 6 (8.3%) patients
had albuminuria. Severe albuminuria was observed as 318
mg/day and 350 mg/day in 2 (2.8%) patients, respectively.

Tubular proteinuria was noted in addition to albuminu-
ria in 2 (2.8%) patients and 1 (1.4%) patient had isolated
tubular proteinuria. In total, 6 (8.3%) patients had findings
consistent with proximal tubulopathy.

Evaluation of blood pressure at the last follow-up
visit

Office BP measurement revealed high-normal blood pres-
sure in 3 (4.2%) patients and HT in 1 (1.4%) patient. ABPM
was performed in 68 patients aged > 5 years, of whom 12
(17.6%) had pre-HT and 6 (6.6%) had HT (daytime and
nighttime systolic and diastolic HT, n = 4; systolic day-
time and nighttime HT, n = 1; isolated systolic HT, n = 1).
Among the patients, 10 and 5 patients with normal office
BP measurement had pre-HT and HT, respectively, based
on ABPM measurement (Tables 3 and 4).

Mean systolic and diastolic dipping in the patients was 10.5
+ 5.5% and 15.7 + 8.3%, respectively. Inverted systolic and
diastolic dipping was observed in 2 and 3 patients, respectively.

Table2 Comparison of the

e . . Parameters Chronic kidney disease p value
clinical parameters with chronic
kidney disease No, n (%) Yes, n (%)

Diseases Group 1 (n) 13 (100) 0(0) 0.185
Group 2 (n) 51 (86.4) 8 (13.6)

HSC source BM (n) 56 (94.9) 3(5.1) 0.002
BM + Cord blood (1) 3 (60) 2 (40)
PBSC (n) 5 (62.5) 3(37.5)

HLA matching HLA full matched (n) 61 (91) 6(9) 0.092
HLA mismatched (n) 3 (60) 2 (40)

Conditioning regimen Myeloablative (1) 47 (90.4) 5(9.6) 0.39
Non-myeloablative () 17 (85) 3(15)

Total body irradiation Yes (n) 4 (100) 0(0) 0.618
No (n) 60 (88.2) 8 (11.8)

HSCT number One (n) 62 (88.6) 8(11.4) 0.789
Two (n) 2 (100) 0(0)

VOD Yes (n) 15 (93.75) 1(6.25) 0.43
No (n) 49 (87.5) 7 (12.5)

Hemorrhagic cystitis Yes (n) 9(81.2) 2(18.8) 0.353
No (n) 55 (90.2) 6(9.8)

Acute GVHD Yes (n) 7 (81.8) 2 (18.2) 0.26
No (n) 57 (90.5) 6(9.5)

AKI Yes (n) 45 (91.8) 4(8.2) 0,22
No (n) 19 (82.6) 4(17.4)

Viral infection Yes (n) 27 (87) 4 (13) 0.478
No (n) 37 (90.2) 4(9.8)

Chronic GVHD Yes (n) 6 (75) 2 (25) 0,071
No (n) 58 (90.6) 6(9.4)

AKI acute kidney injury, BM bone marrow, GVHD graft-versus-host disease, HLA human leukocyte anti-
gen, HSC hematopoietic stem cell, HSCT hematopoietic stem cell transplantation, PBSC peripheral blood
stem cell, SOS sinusoidal obstruction syndrome
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Table 3 The comparison of

Office BP
office and ambulatory blood

ABPM

pressure measurements Normotension Prehypertension Hypertension Total, n (%)
Normal, n (%) 49 (76.6) 10 (15.6) 5(7.8) 64 (100)
High-normal, n (%) 1(33.3) 1(33.3) 1(33.3) 3 (100)
Hypertension, n (%) 0 1 (100) 0 1 (100)
Total, n (%) 50 (73.5) 12 (17.6) 6(8.8) 68 (100)
Table 4 The evaluation Qf Parameters ABPM p value
ABPM results of the patients
Normotension Prehypertension or HTN
24 h (mean = SD) Systolic BP SDS -0.97 +1.09 122+ 1.42 0.20
Diastolic BP SDS -1.32+1.09 0.82+24 0.02
MAP BP SDS -1.07 + 1.04 122 +1.97 0.02
Daytime (mean + SD) Systolic BP SDS -1.14 + 1.05 0.82+1.42 0.20
Diastolic BP SDS —1.55+0.89 —0.05 + 1.82 0.02
MAP BP SDS -1.24 + 0.96 0.49 + 1.67 0.06
Nighttime (mean + SD) Systolic BP SDS —0.61 + 0.88 1.38 + 1.28 0.025
Diastolic BP SDS -0.72 £ 0.92 124+ 1.71 0.023
MAP BP SDS -0.70 + 0.93 1.37 + 1.54 0.001
BP load (median, range) Daytime SBP 2 (0-22) 32 (0-91) 0.0001
Daytime DBP 2 (0-22) 12 (0-86) 0.0001
Nighttime SBP 0 (0-20) 28 (0-86) 0.0001
Nighttime DBP 0 (0-20) 28 (0-100) 0.0001
Dipping (mean + SD) Systolic 11+5.1 89+62 0.079
Diastolic 173 +7.3 11.1+£9.2 0.011

BP blood pressure, SDS standard deviation score

In patients with and without AKI, the median SDS daytime
and nighttime systolic values (p = 0.670 and p = 0.495, respec-
tively) and daytime and nighttime diastolic values (p = 0.824
and p = 0.487, respectively) did not differ significantly. In total,
15 (22%) patients had extreme isolated diastolic dipping (>
20%) and 4 (5.8%) patients had extreme systolic and diastolic
dipping. Mean age, gender, the number of patients in groups
1 and 2, type of conditioning regimen, TBI, HSCT source,
matching status, and the presence of HC, VOD, and acute/
chronic GVHD did not differ in the patients with pre-HT/HT
and normotensive patients. A total of 9 out of 12 patients with
pre-HT (75%) and 5 out of 6 patients with HT (83.3%) had
AKI in the acute period. The incidence of AKI was not differ-
ent in patients with pre-HT/HT and normotensive patients (p
= 0.284). Moreover, 2 out of 12 patients with pre-HT (16.7%)
and 2 out of 6 patients with HT (33.3%) had CKD at last visit.
The incidence of CKD was not different in patients with pre-
HT/HT and normotensive patients (p = 0.111).

Among the patients with pre-HT based on ABPM, only 2
were using steroids. In addition, 2 of the patients with HT were
using steroids and 3 patients were using calcineurin inhibitors. In
all, 2 patients were using antihypertensive medications, of which
1 patient with TMA was being treated with Ca channel blockers
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(0.2 mg/kg/day) and an angiotensin-converting enzyme inhibitor
(ACE:i) (enalapril at a dose of 0.3 mg/kg/day); her office BP was
consistent with pre-HT and ABPM showed uncontrolled systolic
and diastolic BP. The other patient had normal ABPM, but was
treated with ACEFi (enalapril at a dose of 0.3 mg/kg/day) due to
congenital heart disease (atrial septal defect).

In the patients with albuminuria/severe albuminuria, day-
time and nighttime systolic SDS scores were higher than in the
patients without albuminuria/severe albuminuria (p = 0.010
and p = 0.004, respectively). Daytime and nighttime diastolic
SDS scores did not differ significantly between the patients
with and without albuminuria/severe albuminuria (p = 0.065
and p = 0.090, respectively). SDS scores for the daytime and
nighttime MAP values were higher in the patients with albu-
minuria/severe albuminuria than in those without albuminuria/
severe albuminuria (p = 0.023 and p = 0.028, respectively).

Discussion

The present study investigates the incidence and risk factors
of kidney complications, development of CKD over time,
and the characteristics of HT at the last follow-up visit in
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pediatric HSCT patients. The present findings show that
viral infection and primary malignant disease are important
risk factors for AKI post-HSCT. The incidence of CKD is
higher in cases of some stem cell sources, in patients with
mismatched donors, and in patients with chronic GVHD.
Among the present study’s patients, 10 and 5 patients with
normal office BP had pre-HT and HT, respectively, based on
ABPM measurement.

There are many risk factors for the development of AKI.
The risk factors for AKI post-HSCT include recipient-
related factors (age, history of AKI, and low pre-HSCT
GFR), HSCT related factors (allogeneic HSCT, unrelated
donor, TBI, HLA mismatched transplantation, myeloabla-
tive conditioning, and nephrotoxic drugs), and post-HSCT
complications (sepsis, hyperbilirubinemia, VOD, GVHD,
and TMA). The reported incidence of AKI post-HSCT var-
ies greatly due to differences in AKI diagnostic criteria [2].

The literature includes some studies on post-HSCT
AKI in pediatric patients. The reported incidence of AKI
in HSCT recipients varies between 21 and 84%. This wide
range of incidence is most likely because of variances in
populations, patient characteristics, and nonstandard defini-
tions of AKI. There are many possible factors for our rela-
tively high rate of incidence of AKI. First, the incidence of
AKI is higher with allogeneic HSCT patients compared to
autologous HSCT patients. Another factor may be the type
of conditioning regimen. Myeloablative (conventional) allo-
geneic HSCT involves the use of high-dose chemotherapy
to treat the underlying disease. In some studies, AKI is not
different in patients undergoing a myeloablative vs. reduced
intensity conditioning regimen [17]. However, in some other
studies, a myeloablative regimen had more risk for acute
toxicity like AKI [1]. In our cohort, 73.3% of the patients
had myeloablative regimen. Hazar et al. [18] prospectively
studied 34 pediatric patients with a median age of 8.2 years,
of whom 53% had hemoglobinopathy as the primary disease.
The researchers defined post-HSCT AKI as 100% increase
in the pre-HSCT serum creatinine level, or a higher than the
normal level for age and gender during the first 3 months
post transplantation. They found that 26.4% of the patients
had AKI within 100 days of transplantation, but none of the
patients required kidney replacement therapy. In addition,
ciclosporin was observed to be a risk factor for AKI.

fleri et al. [19] prospectively studied AKI incidence in 57
pediatric HSCT patients based on AKIN criteria. Similar
to the present study, they divided the patients into malig-
nant (n = 17) and non-malignant (n = 40) disease groups.
They reported an AKI incidence rate of 42%. Ciclosporin
A, amphotericin B, and sinusoidal obstruction syndrome
were observed to be risk factors for post-HSCT AKI. More
recently, Kurokawa et al. [20] studied the kidney outcome
in 69 pediatric patients during the first 100 days post-HSCT
based on AKIN criteria. In all, 60.9% of the patients had

malignant disease. The cumulative incidences of stage 1,
stage 2, and stage 3 AKI were 14.6%, 15.3%, and 50.7%,
respectively. The researchers noted that malignant disease
and hyperferritinemia (> 1000 ng/mL) were the most sig-
nificant independent risk factors for stage 3 AKI. Koh et al.
[3], based on AKIN criteria, reported an AKI incidence rate
of 68.7%, which is similar to that noted in the present study.
In study of Raina et al., HSCT conducted for malignant and
non-malignant indications did not have any impact on AKI
incidence [17]. In the present study, the incidence of AKI
was 75.8%, and 72% of the patients had stage 1 or 2 AKI.
Moreover, logistic regression analysis showed that primary
malignant disease and viral infection post-HSCT are impor-
tant risk factors of AKI. Patients with primary malignant
disease use higher doses of nephrotoxic chemotherapy drugs
before HSCT than patients without malignant disease. Addi-
tionally, patients with malignant disease are more likely to
have infections necessitating use of nephrotoxic antibiotics
than patients without malignant disease. We think that all of
these factors can cause deterioration of glomerular filtration
rate during the acute period after HSCT. In the present study,
another important risk factor for AKI was viral infection. In
total, 84.4% of the patients with viral infections had AKI; the
nephrotoxic effects of antiviral drugs might have contributed
to the development of AKI.

Raina et al. published a consensus report regarding AKI
in HSCT patients. They reported patients with VOD had
higher risk of AKI and should be closely monitored for the
development of AKI [17]. However, in our study, patients
with VOD (SOS: sinosoidal obstruction syndrome) did
not have any increased risk for AKI in multivariant analy-
sis. They also reported recommendations/suggestions for
the follow-up and management of TMA which is another
well-known complication of HSCT. In our cohort, only one
patient had TMA. Raina et al. recommended/suggested that
serum BUN and creatinine should be screened at a mini-
mum 6 months and 1-year posttransplant [17]. However, in
our cohort, serum creatinine level was checked biweekly
for the first 3 months, and then monthly during the first year
post-HSCT, which may be another reason for the high AKI
incidence.

Numerous studies have shown that HT is an important
and potentially modifiable risk factor for severe cardiovas-
cular outcomes [21]. HT is also common in both adult and
pediatric HSCT recipients, as compared to the general popu-
lation. Among pediatric and adult HSCT patients, < 70%
have HT during the first 2 years post procedure. The predic-
tors of HT include treatment with ciclosporin, AKI, TBI,
receipt of an autologous transplant, obesity, and diabetes
[1]. Data regarding HT in HSCT recipients are primarily
based on adult data and/or office BP measurements. In the
present study, office BP showed high-normal BP and HT
in 4 patients; however, ABPM showed that in 15 patients
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with normal office BP, 10 had pre-HT and 5 had HT. The
benefits of 24-h BP monitoring during the early post-HSCT
period are significant [1]; however, the present findings show
that 24-h ABPM should also be used in the standard care of
pediatric HSCT patients during the later post-HSCT periods.
In an earlier study, we investigated post-transplant HT in 29
pediatric kidney transplant recipients and observed that 13
(45%) patients had newly diagnosed untreated HT and all of
the patients were either on daily or alternate doses of pred-
nisolone [22]. In the present study, only 7.3% of the patients
had HT according to the ABPM findings. In contrast to solid
organ transplant recipients, HSCT patients can discontinue
immunosuppression in the absence of active GVHD, which
might explain the low incidence of HT in the present cohort.

Pao et al. [4] conducted an important study on the ABPM
profile of HSCT patients. They included 60 patients aged >
12 years who survived through day 80 post transplantation.
The median patient age was 48 years (range: 14—69 years);
however, 4 and 17 patients, respectively, were aged 14-17
years and 18-39 years. In their cohort, 72% of the patients
had HT based on ABPM, which is higher than that in the
present study. In total, 15% of their patients had diabetes
or use insulin, and 6.7% were not receiving immunosup-
pression therapy. The age characteristics, comorbid dis-
eases, and high rate of immunosuppression might explain
the higher rate of HT in the present study. In addition, in
their study, micro/macroalbuminuria was present in 31.7%
of the patients, which is also higher than in the present study
(11.1%). In the present study, patients with albuminuria/
severe albuminuria had higher daytime and nighttime sys-
tolic and MAP SDS than the patients without albuminuria/
severe albuminuria.

CKD is another important complication of HSCT and
long-term follow-up data on glomerular filtration rate are
limited. The cumulative incidence of CKD varies between
7 and 48%, and it can occur 6 months—10 years after trans-
plantation. Progression to kidney disease occurs in approxi-
mately 4% of HSCT patients [1]. In earlier studies, the inci-
dence of CKD was higher than in more recent studies. A
retrospective study by Kist-van Holthe et al. [23] showed
that CKD occurred in 28% of children 1 year post-HSCT.
In a prospective study of theirs, the incidence of CKD in
children who underwent HSCT between 1998 and 2000
was 10% [24]. They also noted that the sole predictor of
CKD was a high pre-HSCT serum creatinine level. A pro-
spective study performed by Frisk et al. [25] with a median
follow-up period of 10 years showed that in the TBI group,
mean GFR decreased from 124 to 99 mL/min/1.73 m? 6
months post-HSCT, but that there was not a difference
between patients with and without TBI. Another prospec-
tive study by Tleri et al. [19] that included 57 pediatric HSCT
patients reported that 1 year post-HSCT, 10% of patients had
CKD and that none of them required dialysis. In addition,
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no parameter was noted to be a predictor of CKD. In the
present study, mean post-HSCT follow-up was > 4 years
and CKD was observed in 11% of the patients. Moreover,
the incidence of CKD was higher in the patients in whom
HSCT was performed using bone marrow + cord blood and
peripheral blood than in those who received bone marrow
alone. Although not statistically significant, patients with
mismatched donors and patients with chronic GVHD had
higher incidence of AKI. These 3 factors might have led to
the intensive use of immunosuppressive drugs, resulting in
the development of CKD. Recently, Lugthart et al. investi-
gated longitudinal follow-up of estimated glomerular filtra-
tion rates in 216 pediatric HSCT recipients. They found that
17% of the patients developed CKD within 10 years after
HSCT which is higher than the present study. Hematologi-
cal malignancy as HSCT indication was an independent risk
factor for CKD [26].

Although the present study analyzed in detail the kidney
complications of HSCT, there are some limitations. Firstly,
dosage and trough levels of the nephrotoxic drugs used could
not be analyzed. Secondly, the collection of data on other
potential variables that might affect the development of AKI
could not be performed.

In conclusion, the present findings show that the inci-
dence of AKI is higher in pediatric HSCT patients with a
primary malignant disease and in those with documented
viral infection, indicating the importance of close follow-
up and monitorization for kidney assessment. On the other
hand, the findings show that the incidence of CKD is higher
in patients in whom the stem cell source was either bone
marrow + cord blood or mobilized peripheral blood than in
those who receive bone marrow. Lastly, the present findings
highlight the beneficial role of 24-h ABPM as a routine part
of the standard care of pediatric HSCT patients.
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