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Abstract

Background In small children, acute dialysis (pediatric acute kidney support therapy (paKST)) is increasingly used; how-
ever, it is challenging for many reasons. We compared clinical characteristics and predictors of long-term outcomes of
patients < 15 kg on peritoneal dialysis (PD), hemodialysis (HD), and continuous kidney replacement therapy (CKRT).
Methods Patients with history of paKST (CKRT, HD, PD) weighing < 15 kg and > 6 months of follow-up at Hacettepe
University were included. Surviving patients were evaluated at last visit.

Results 109 patients (57 females) were included. Median age at paKST was 10.1 months (IQR: 2-27 months). In total,
43 (39.4%) patients received HD, 37 (34%) PD, and 29 (26.6%) CKRT. 64 (58.7%) patients died a median 3 days (IQR:
2-9.5 days) after paKST. Percentages of patients using vasopressor agents, with sepsis, and undergoing mechanical venti-
lation were lower in those who survived. After mean follow-up of 2.9+ 2.1 years, 34 patients were evaluated at mean age
4.7 2.4 years. Median spot urine protein/creatinine was 0.19 (IQR: 0.13-0.37) and 12 patients (35.3%) had non-nephrotic
proteinuria. Three patients had estimated glomerular filtration rate (¢GFR) <90 mL/min/1.73m? and 2 (6%) had hyper-
filtration. In total 22 patients (64.7%) had > 1 kidney risk factor (elevated blood pressure/hypertension, hyperfiltration,
eGFR < 90 ml/min/1.73m?, and/or proteinuria) at last visit. Among 28 patients on paKST < 32 months, 21 had > 1 risk factor
(75%), whereas among 6 patients who had paKST > 32 months, one patient had > 1 risk factor (16.7%), (p=0.014).
Conclusions Patients on paKST who undergo mechanical ventilation and vasopressor treatment should be followed-up
more closely. After surviving the acute period, patients on paKST need to be followed-up closely during the chronic stage.

Keywords Acute dialysis - Small children - Long-term follow-up - Mechanical ventilation - Vasopressor treatment

Introduction

Pediatric acute kidney support therapy (paKST) in pediat-
ric patients is most commonly performed for the manage-
ment of acute kidney injury (AKI), in which kidney function
decreases within hours or days. In addition to AKI, paKST
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can also be implemented for the elimination of toxic metabo-
lites or an overdosed drug [1-3].

Dialysis treatment in neonates and infants is more multifac-
eted than in adolescents and adults. In neonates and infants,
vascular access is problematic, as the size of the central
venous line required for adequate blood flow is often dispro-
portionately larger than their vascular structures [4]. When
choosing the appropriate kidney replacement therapy (KRT)
method for patients with low body weight and height, patient
characteristics, dialysis targets, treatment team experience,
and availability of equipment should be taken into considera-
tion. Despite the increasing use of continuous KRT (CKRT)
in developed countries, peritoneal dialysis (PD) and hemodi-
alysis (HD) remain important for various scenarios [1].

In neonates and infants PD is the modality of first choice
for KRT because of its inherent advantages over HD and
CKRT [1]. The use of HD and CKRT in infants is limited
by such technical problems as vascular access difficulty, low
blood plasma volume relative to the extracorporeal circuit
volume of the KRT machine, and inability to control ultra-
filtration. These problems have been overcome with the
development of small double-lumen vascular catheters, low
extracorporeal volume dialyzers, and ultrafiltration (UF)-
controlled dialysis machines [1, 5, 6]. After paKST, children
are at risk for life-long kidney morbidity like chronic kidney
disease (CKD) and hypertension. Therefore, data regard-
ing long-term follow-up of patients who have had paKST
is needed, as stated in a consensus statement. This issue
is important as these patients continue to be followed up
in pediatric nephrology centers and recently research has
focused on medium and long-term sequelae of AKI, includ-
ing loss of kidney function and hypertension [2, 3].

In our study, we aimed to compare the clinical character-
istics of patients who had PD, HD or CKRT when weighing
less than 15 kg and investigate their long-term outcomes and
their predictors based on dialysis modality.

Materials and methods
Patient characteristics

Patients with a history of paKST (CKRT, HD, or PD) when
weighing < 15 kg, and > 6 months of follow-up at Hacettepe
University, School of Medicine, fhsan Dogramaci Children’s
Hospital, Ankara, Turkey, between May 2013 and October
2021 were included in this retrospective cohort study. Sur-
viving patients transferred to the pediatric wards and dis-
charged were regularly followed up and evaluated at the last
visit. Patients who had preexisting kidney problems (CKD,
hypertension (HT) and/or proteinuria), who had a previous
AKI and/or paKST history, and patients who had recurrent
AKI and/or paKST history after discharge were not included
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(Fig. 1). Patient demographic and clinical data were col-
lected from the patients’ medical records. The standard
mortality rate (SMR) was calculated using the Pediatric
Risk of Mortality (PRISM) III score. The study protocol
was approved by the Hacettepe University Clinical Research
Ethics Committee (GO-20/477) and written informed con-
sent was obtained from the parents of each patient.

CKRT, IHD, and PD procedures

All patients were treated using HD machines (B. Braun®,
Dialog+, Germany). Intermittent HD (IHD) was performed
in patients undergoing HD at times determined according
to their clinical status. Each HD session lasted for 4 h. The
numbers of HD sessions were calculated. CKRT was applied
in the pediatric intensive care unit (PICU) patients in whom
it was indicated, in the form of continuous venovenous
hemodiafiltration (CVVHDF) with (Baxter®, Prisma Flex,
USA). Central venous catheters were inserted by intensivists
in the PICU under ultrasound guidance. In contrast, patients
who underwent PD were treated as continuous PD. PD cath-
eters were typically placed at bedside in the PICU patients
by pediatric surgeons, versus by cardiovascular surgeons
in patients following cardiac surgery. Standard PD fluids
with glucose concentrations of 1.36%, 2.27%, and 3.86%,
were used. The initial fill volume was 20 ml/kg and gradu-
ally increased to 30 ml/kg, if needed. The initial exchange
duration, including inflow, dwell and drain times was every
60-90 min.

Data collection

Patient age, gender, height, body weight, paKST modal-
ity used, primary disease, indications for paKST, dialysis
start date, dialysis duration, number of dialysis sessions
performed, dialysis end date, reason for dialysis termina-
tion, dialysis complications, access route for dialysis, dial-
ysis catheter size, and the type of dialysis solution were
obtained from the patients’ files. Physical examination
at the last follow-up visit was performed in all surviving
patients. Blood urea nitrogen (BUN), the serum creatinine
and albumin levels, complete urinalysis, 24-h urine protein,
and venous blood gas parameters at the last follow-up visit
were evaluated.

Office blood pressure (BP) measurement was performed
for each patient via the auscultation method using an appro-
priate cuff size on the right arm after >20 min of rest. BP
was measured three times with an interval of 3 min between
measurements and the average of last two was used. HT
was defined as BP > 95th percentile for age, gender, and
height. American Academy of Pediatrics (AAP) 2017
guidelines were used for office BP staging [7]. The Sun-
Tech AccWin Pro v3® holter device and the oscillometric
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Fig. 1 The distribution of the .
patients in the study. (¥*Two paKST Patients
patients had < 6 months follow- May 2013 — October >15 kg
up duration after discharge) 2021 n=607
n=718
Patients Patients who did not meet inclusion
<15 kg criteria*®
n=111 n=2
Died patients
n=64
Study population Patients whg could not come due to
_ COVID-19 restrictions
n=109
n=y8
Patients who were followed up
by other center
n=3
Evaluated patients at
last visit
n=34

method were used for 24-h BP measurement. An ambulatory
BP monitoring (ABPM) device was fitted only in children
aged > 5 years, using a cuff suitable for the child’s non-dom-
inant arm, so as to prevent artifacts. Children were asked
to continue their usual daily activities during ABPM. BP
measurements were programmed to record every 20 min
during daytime and every 30 min during nighttime. A valid
ABPM profile was defined as follows: 24 h recording with
at least 70% of expected measurements, at least 40 to 50
readings for a 24-h period; and at least two valid daytime
and one nighttime measurement per hour [8, 9]. All patients’
parents were asked about their daily activities, and sleep and
wake times. BP percentiles according to ABPM results were
evaluated based on the values suggested by Wiihl et al. [10].
Ambulatory HT was defined as a mean ambulatory systolic
or diastolic BP >95th percentile (or adolescent cut points)
(at last visit all patients were less than 13 years of age) [8].

The 2012 KDIGO guidelines were used to evaluate the
CKD status of the patients who came for the last follow-
up visit. Stage 5 CKD was defined as a glomerular filtra-
tion rate (GFR) < 15 ml/min/1.73 m? or the need for kidney

replacement therapy (KRT) [11]. The modified Schwartz
formula was used to calculate estimated GFR (eGFR). GFR
values above 187 ml/min/1.73 m* was defined as hyperfiltra-
tion [11, 12].

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows
v.26.0 (IBM Corp. Armonk, NY). Descriptive statistics are
presented as frequency (n) and percentage (%) for categorical
variables, mean + SD for normally distributed continuous vari-
ables, and median (range) and interquartile range (IQR) values
for non-normally distributed variables. Pearson’s chi-square
test and Fisher’s exact test were used to analyze the relation-
ships between categorical variables. The Mann—Whitney U
test was used to analyze the differences in non-normally dis-
tributed data between 2 independent groups, versus Student’s
t-test for normally distributed data. The Kruskal-Wallis test was
used for non-parametric comparison of continuous variables
between >3 groups, and when the difference was significant,
post hoc analysis with Bonferroni correction was performed.
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For parametric analysis of changes in the patients’ follow-
up parameters over time, the ANOVA test was performed in
repeated measurements, and the differences between the meas-
urements were determined; for significant differences pairwise
comparison with Bonferroni correction was performed. When
data regarding changes with respect to time were not normally
distributed the Friedman test was used and for significant dif-
ferences post-hoc testing with Bonferroni correction was per-
formed. The level of statistical significance was set at P <0.05.

Results
Patient characteristics

The study included 109 patients (57 females and 52 males).
The median age at the time of paKST was 10.1 months
(IQR: 2-27 months). In total, 43 (39.4%) patients received
HD, 37 (34%) received PD, and 29 (26.6%) received CKRT.
The most common underlying primary disease for which
paKST was indicated was kidney and urinary system

diseases (n=32 (29.4%)). The most common kidney and
urinary tract disease was hemolytic uremic syndrome (n=16
(50%)). In this cohort, paKST was applied in 99 patients for
the management of AKI and in 10 patients for the elimina-
tion of metabolites/drugs. Overall SMR was found to be 0.91
(AUC: 0.85; sensitivity: 82%; specificity: 79%) (Table 1).

Intermittent hemodialysis patients

IHD was performed in 43 patients (24 females and 19
males). The mean maximum blood flow was 117.7 + 18 mL/
min and UF was performed in 32 (74.4%) patients. Mean
UF volume was 506.7 +216.5 mL. Priming was performed
in 32 (74.4%) patients and fresh-frozen plasma (FFP) was
the most common blood product used for priming (n=23
(71.9%)), followed by packed red blood cells (PRBc) (n=8
(25%)) and albumin (n=1 (3.1%)). The internal jugular
vein was the most common vascular access route (n=28
(65.1%)), followed by the femoral vein (n=10 (23.3%)) and
subclavian vein (n=5 (11.6%)). The median number of HD
sessions was 3 (IQR: 2-6) (Table 2).

Table 1 General characteristics

k 8 X <5kg 5-10kg 10.1-15 kg p value
of patleqts according to their (n=35) (n=31) (n=43)
body weight
Age (month), median (IQR) 0.2(0.1-1.8) 10.2(6.1-14.8) 31.4(20.4-41.4) <0.001
Distribution according to the age, n (%)
< 1 month 24 0 <0.001

1-12 months 11 20 3
12.1-24 months 0 9 12
24.1-36 months 0 2 15
36.1-48 months 0 0 5
48.1-60 months 0 0 5
60.1-72 months 0 0 2
72.1-84 months 0 0 1

Gender, n (%)
Boy 21 (60) 12 (38.7) 19 (44.2) 0.19
Girl 14 (40) 19 (61.3) 24 (55.8)

Underlying primary diseases, n (%)
Kidney and urinary system diseases 6 (17.1) 7 (22.6) 19 (44.2) 0.02
Inherited metabolic diseases 3(8.6) 4(12.9) 4(9.3) 0.82
Cardiac surgery 8(22.9) 9 (29) 7 (16.3) 0.42
Oncological diseases 0(0) 5(16.1) 10 (23.3) 0.01
Prematurity 7 (28) 0(0) 0(0) <0.001
Sepsis 9(25.7) 5(6.1) 3(7) 0.08
Other 2(5.7) 1(3.2) 0(0) 0.51

Dialysis Modality, n (%)
IHD 1(2.9) 11 (35.5) 31(72.1) <0.001
PD 24 (68.6) 9(29) 4(9.3)
CVVHDF 10 (28.5) 11 (35.5) 8 (18.6)

CVVHDF; continuous venovenous hemodiafiltration, /HD; intermittent hemodialysis, /QR; interquartile

range, PD; peritoneal dialysis

Statistically significant parameters were shown in bold
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Peritoneal dialysis patients

PD was performed in 37 patients (18 females and 19
males). In all, 17 (45.9%) patients were neonates at the
time PD was performed. The median duration of hospitali-
zation was 11 days (IQR: 3-31 days). Mean dwell volume
was 20.1 +5.0 mL/kg and the median number of the ses-
sions was 47 (IQR: 33.5-132). The most common glucose
concentration of PD fluids was 1.36% (n=27 (74%)), fol-
lowed by 2.27% (n=8 (21.6%)) and 3.86% (n=2 (5.4%)).
In total, 18 (48.6%) patients had potassium added to the PD
solution. The median number of PD sessions was 47 (IQR:
34-132) (Table 2).

Continuous kidney replacement therapy patients

CKRT was performed in 29 patients (14 males and 15
females). The median age of the CKRT patients was
6.1 months (IQR: 1.9-26.2 months) and 5 (17.2%) patients
were neonates at the time CKRT was performed. Priming was
performed in all patients. PRBc was the most common blood
product used (n=26 (89.7%)), followed by isotonic physiolog-
ical serum (n=3 (10.3%)). The median duration at CKRT was
4 days (IQR: 2—-11 days). The most frequent vascular access
was ECMO tubing in tandem (n=15 (51.7%)) and, followed
by the jugular vein (n=11 (37.9%)) and femoral vein (n=3
(10.3%)). Standard heparin was used in all patients (Table 2).

Table 2 General characteristics

: ; o HD PD CVVHDF p value
of patients according to dialysis (n=43) (n=37) (n=29)
modality
At the start of dialysis
Age (month), median (IQR) 25.1(15.9-342) 1.7(0.1-7.8) 6.1 (1.9-26.2) <0.001
Height (cm), mean+ SD 84.7+13.5 52.3+13.8 64+16.7 <0.001
Weight (kg), median (IQR) 11 (3.4-15) 342.1-57) 6(39-11) <0.001
Body surface area (m?), mean+SD  0.5+0.1 0.2+0.1 0.4+0.1 <0.001
Gender, n (%)
Male 19 (44.2) 19 (51.4) 14 (48.3) 0.81
Female 24 (55.8) 18 (48.6) 15(51.7)
Primary diagnosis group, n (%)
Kidney and urinary system diseases 20 (46.5) 10 (27) 2(6.9) 0.001
Inherited metabolic diseases 4.(9.3) 3.1 4 (13.8) 0.73
Cardiac surgery 24.7) 11 (29.7) 11 (37.9) 0.001
Oncological diseases 14 (32.6) 0 (0) 1(3.4) <0.001
Prematurity 00 7(18.9) 0(0) 0.001
Sepsis 3(6.9) 3(8.1) 11(37.9) 0.001
Other 0 3(8.1) 0 <0.001
Reason for dialysis termination, n (%)
Death 5(11.6) 17 (45.9) 20 (69) <0.001
Recovery 34 (79.1) 14 (37.8) 8 (27.6) <0.001
Complication 4(9.3) 5(13.5) 1(3.4) 0.37
Dialysis complications, n (%)
None 32 (74.4) 30 (81.1) 19 (65.5) 0.35
Hypotension 10 (23.3) 0(0) 6 (20.7) 0.01
Hypokalemia 1(2.3) 0(0) 0 0.46
Catheter infection 0@ 2(54) 0 0.14
Peritonitis 0(0) 1(2.7) 0 0.38
Catheter dysfunction 0 (0) 3(8.1) 4 (13.8) 0.06
Intestinal perforation 0(0) 12.7) 0 0.38
paKST duration (day), median IQR) 3 (2-6) 4 (2-6) 4 (2-11) 0.37
Hospitalization (day), median (IQR) 22 (13-37) 11 (3-31) 8 (2-25) 0.10
Use of vasopressor, n (%) 13 (30.2) 32 (86.5) 29 (100) <0.001
Use of mechanical ventilation, n (%) 15 (34.9) 35 (94.6) 28 (95.6) <0.001

CVVHDF; continuous venovenous hemodiafiltration, /HD; intermittent hemodialysis, /QR; interquartile
range, paKST; pediatric acute kidney support therapy, PD; peritoneal dialysis, SD; standard deviation

Statistically significant parameters were shown in bold
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Kidney survival

In total, 64 (58.7%) patients died a median 3 days (IQR:
2-9.5 days) after paKST. Dialysis-related mortality was
observed in 1 patient (bowel perforation after PD catheter
placement); the remaining causes of mortality included mul-
tiple organ failure (n=44), cardiac arrest (n=9), respiratory
arrest (n=_8), bowel perforation secondary to necrotizing
enterocolitis (n=1), and iodine intoxication (n=1). The
median age, median body weight and length were lower
in patients who did not survive. Patients who had paKST
under 5 kg had higher in-hospital mortality compared to
the patients 5-10 kg and 10.1-15 kg (p<0.001) (Fig. 2).
Moreover, the percentage of patients who used vasopressor
agents, had sepsis, and underwent mechanical ventilation,
was lower in the patients who survived than in those who
died (Table 3).

Evaluation of patients at the last follow-up visit

After a mean follow-up period of 2.9 +2.1 years, 34
patients (15 females, 19 males) were evaluated at last
follow-up visit (8 patients did not come for the last
follow-up due to the COVID-19 pandemic restrictions
and 3 patients were followed-up at other centers). The
mean age at last visit was 4.7 +2.4 years. All patients at
last visit had paKST due to AKI. The median spot urine

Fig.2 Survival analysis accord-

protein/creatinine was 0.19 (IQR: 0.13-0.37). Besides,
12 patients (35.3%) had non-nephrotic proteinuria. Mean
eGFR was 132.2 +35.4 mL/min/1.73 m>. Three patients
(unilateral nephrectomy due to Wilms tumor (n=2)
and atypical hemolytic uremic syndrome (n=1)) had
eGFR <90 mL/min/1.73 m? and they were at CKD stage
2. Besides, 2 patients (6%) had hyperfiltration. At the last
follow-up visit, all patients had normal serum electrolyte
levels and blood gas findings. On office measurements,
elevated BP was observed in five patients (14.7%) and
stage 1 HT was observed in six patients (17.6%). At the
time of the last follow-up visit, 15 of the patients were
aged > 5 years, of which 9 patients’ parents consented to
24-h ABPM and 4 of them had optimum ABPM results,
of which only 1 patient had HT who had normal office
measurement.

In total, 22 patients (64.7%) had at least one kidney
risk factor (elevated BP/HT, hyperfiltration, eGFR less
than 90 ml/min/1.73 m?, and/or proteinuria) at the last
visit. In this cohort, 13 patients (59%) had 1 risk fac-
tor, and 9 patients had 2 risk factors (41%). None of the
patients had three or more risk factors. Among patients at
the last visit, 28 patients had paKST less than 32 months
and 6 patients had paKST older than 32 months. Among
patients who had paKST less than 32 months (n=28),
21 of them had at least one risk factor (75%). On the
other hand, among 6 patients who had paKST older
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Table 3 General gharacter ist.ics Survivors (n=45) Nonsurvivors (n=64) p value
of patients according to survival
At the start of dialysis
Age (month), median (min—max) 16.9 (0.8-55.9) 4.2 (0.1-73.9) <0.001*
Height (cm), mean+ SD 79+15 61.7+20.2 <0.001*
Weight (kg), median (min—max) 10.8 (1-15) 4.8 (0.5-14.9) <0.001*
Gender, n (%)
Male 23(51.1) 29(45.3) 0.551
Female 22(48.9) 35(54.7)
Dialysis modality, n (%)
IHD 30(69.8) 13(30.2) <0.001*
PD 11(29.7) 26(70.3) <0.001
CVVHDF 4(13.8) 25(86.2) <0.001*
Primary diagnosis group, n (%)
Kidney and urinary system diseases 20(44.4) 12(18.8) 0.005*
Cardiac surgery 9(20) 15(23.4) 0.672
Oncological diseases 9(20) 6(9.4) 0.113
Inherited metabolic diseases 4(8.9) 7(10.9) 0.727
Prematurity and early neonatal sepsis 1(2.2) 6(9.4) 0.236
Sepsis 12.2) 16(25) 0.001*
Other 12.2) 2(3.1) 0.689
Reason for dialysis termination, n (%)
Recovery 42(93.4) 14(21.9) <0.001*
Complication 2(4.4) 8(12.5) 0.191
Dialysis duration (day), median (min—max) 3(1-15) 4(1-136) 0.440
Presence of dialysis complications, n (%) 6(21.4) 22(78.6) 0.130
Use of vasopressor drugs, n (%) 15(20.3) 59(79.7) <0.001*
Use of mechanical ventilation, n (%) 17(21.8) 61(78.2) <0.001*

AKI; acute kidney injury, CVVHDF'; continuous venovenous hemodiafiltration, /HD; intermittent hemodi-
alysis, PD; peritoneal dialysis, *Significance holds after adjustment by age

Statistically significant parameters were shown in bold

than 32 months, one patient had at least one risk fac-
tor (16.7%). The difference is statistically significant
(p=0.014). The mean age, length, and weight of these 22
patients at paKST were 18.6 + 6.5 months, 79+ 10.8 cm,
and 10.3 +2.8 kg, respectively, and these parameters
were not different compared to the patients without any
risk factors (p=0.49, p=0.96, p=0.85, respectively).
The most common paKST modality of these 22 patients
was HD (n=18, 81.8%) followed by PD (n=4, 18.2%).
None of the patients with CKRT (n=3) had any risk fac-
tor at last visit. Among 22 patients, the most common
underlying primary disease was kidney and urinary sys-
tem diseases (n=11, 50%). The underlying primary dis-
eases, hospitalization, the dialysis durations, and mechan-
ical ventilation/vasopressor usage were not different in
patients with and without risk factor at last visit (p=0.09,
p=0.16, p=0.09, and p=0.16, respectively). Other clini-
cal characteristics of the patients are shown in Table 4.

Discussion

Although the quantity of data regarding the classification and
management of AKI has increased in recent years, the opti-
mum dialysis strategy differs from center to center worldwide.
In addition, many uncertainties remain concerning dialysis in
neonates and infants. The present study focused on dialysis in
neonates and infants, and their long-term follow-up. Total SMR
of the study group being <1 (0.91) connotes diminished mortal-
ity for critically-ill-pediatric patients who underwent paKST.
In our cohort, small patients less than 5 kg generally
had PD. In this group, primary diagnoses were sepsis and
cardiac surgery which usually cause hemodynamic insta-
bility. And in our center, continuous KRT (CVVHDF) is
not technically available for this group of infants. On the
other hand, in our cohort, patients between 10.1-15 kg had
intermittent hemodialysis (IHD). In this group, kidney and
urinary system diseases and oncological diseases constitute

@ Springer
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Table 4 Clinical characteristics of the patients at last visit

Parameters Patients (n=34)

Median age (months) (IQR) 51.3 (30.8-80.1)

Height (cm), (mean+ SD) 104 +14.9
Body weight (kg), (mean=+SD) 17.7+£6.5
Gender, n (%)
Female 15 (44.1)
Male 19 (55.9)
Modality, n (%)
IHD 24 (70.6)
PD 7 (20.6)
CKRT 3(8.8)
Primary disease group, n (%)
Kidney and urinary system diseases 15 (44.1)
Oncological diseases 12 (26.5)
Cardiac surgery 4(11.8)
Prematurity 1(2.9)
Sepsis 1(2.9)
Others 1(2.9)
Median spot urine/creatinine, (mg/mg) (IQR) 0.19 (0.13-0.37)
eGFR (ml/min/1.73 m?) (mean + SD) 132.2+354
Patients with at least one risk factor, n (%) 22 (64.7)
HD 18 (52.9)
PD 4(11.8)
CKRT 0
Elevated BP/Hypertension, n (%) 12 (35.3)

CKRT; continuous kidney replacement therapy, /HD; intermittent
hemodialysis, /QR; interquartile range, PD; peritoneal dialysis, SD;
standard deviation

approximately 70% of the whole group. These two types
of diseases usually have minimal effects on hemodynamic
stability, in contrast to sepsis or cardiac surgery. For patients
5-10 kg, the distribution of KRT preferences is approxi-
mately equivalent to each other. Besides, our study was
based on a retrospective cohort, the choice of the attending
physician and the feasibility of the technical equipment are
other factors which affect the differences in KRT types.
The etiology and outcome of AKI in our country was
evaluated by Duzova et al. [13]. In that study, 472 pediatric
patients were evaluated and 32.6% of the patients were
newborns. The most common medical conditions were
prematurity and congenital heart disease [13]. In North
America CKRT has become the preferred dialysis modal-
ity for critically ill pediatric patients [14, 15]. Guzzo et al.
[16] conducted a survey of 35 European pediatric neph-
rology centers to investigate acute dialysis (AD) practices
in pediatric patients with AKI. The centers collected 8§91
patients per year and AKI was the most common (70%)
cause. Moreover, 20% of the patients underwent AD for
systemic infection, SIRS, or ARDS, without AKI, versus
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10% for the removal of toxic metabolites during metabolic
crises secondary to inborn errors of metabolism. Cardiac
surgery was the most common primary diagnosis. In the
present study, AKI was a more frequent (90%) indication
for paKST compared to that reported by Guzzo et al. [16].
Besides, kidney and urinary system diseases were the most
common indications for AD (29.4%). In Guzzo et al.’s
study PD and CKRT were the 2 most commonly used
dialysis modalities, whereas in the present study HD was
the most commonly used KRT [16]. Similar to the Guzzo
et al. study, the internal jugular vein was the most common
vascular access site for extracorporeal dialysis in the pre-
sent study’s HD patients. Furthermore, in the present study
CVVHDF was the most common CKRT modality and hep-
arin was the most commonly used anticoagulant (used in
all CKRT patients), as reported by Guzzo et al. [16]. The
prognosis of CKRT patients has also changed in recent
years. Chen evaluated their experience in CKRT in 289
critically-ill children with a median age of 4 years. They
reported that the survival rate of patients has improved over
past 10 years [17].

In an earlier study, Sadowski et al. [5] reported their HD
experience in 33 infants with a median weight of 3.5 kg at
the time dialysis was initiated. Technical problems, such as
inadequate blood flow and clotting, were observed in 45%
of their patients. Additionally, their mortality rate was 48%.
In contrast, in the present study median weight was much
higher (11 kg) at the time dialysis was initiated and the mor-
tality rate was much lower (30.2%). Both the size of the
patients and technical improvements may have contributed to
the difference in mortality. Raina et al. [2] performed a sys-
temic review of studies on HD in infants aged < 12 months.
The mean age of the infants was 4.2 months and their weight
at the initiation of HD varied from 0.7 kg to 11.8 kg. They
reported that the infant survival rate varied from 50 to 100%.
In the present study the median age and weight of the HD
patients were 25.1 months and 11 kg, respectively, and the
overall survival rate was 69.8%. The fact that the present
study’s patients were older and weighed more than those in
Raina et al.’s [2] study may explain the difference in mortal-
ity between the two studies.

In the present study, 68.6% of the patients weighing <5 kg
underwent PD and among the PD study cohort~50% of the
patients were neonates. Akbalik-Kara et al. investigated
the indications and outcomes of PD in 67 full-term neo-
nates and reported that the most common indication for PD
was inborn errors of metabolism [18]. Among the present
study’s PD patients, cardiac surgery was the most common
indication for PD. In Akbalik-Kara et al.’s study the mor-
tality was 49.2%, versus 45.9% in the present study [18].
Although ~50% of the present study’s PD patients were neo-
nates, the mortality rate did not differ significantly between
the two studies. Akbalik-Kara et al. [18] excluded premature
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neonates from their study, and the weight and height of the
patients were similar to those in the present study, which
may account for the similarity of the mortality rate in both
studies. In the present study, the mortality rate in the PD
patients was higher than that in the HD patients, and the dif-
ference might have been due to the comorbidities observed
in the PD patients.

Garzotto et al. [19] studied 26 neonates and young
infants who underwent 165 CKRT sessions. Patient median
age and weight were 1 day and 2.9 kg, respectively, versus
6.1 months and 6 kg, respectively, in the present study. In
addition, they reported that cardiac disease was the most
common primary diagnosis, followed by sepsis. Similarly,
in the present study cardiac surgery and sepsis were the
two most common diagnoses. All of Garzotto et al.’s [19]
patients were critically ill; 58% received ventilatory sup-
port and 27% were vasopressor dependent. In contrast, the
mechanical ventilation rate (95.6%) and the vasopressor
usage rate (100%) in the present study were much higher,
which may be considered indicative of poor prognosis. In
accordance, the mortality rate in the present CKRT patients
(69%) was much higher than that reported by Garzotto et al.
[19]. In our cohort, approximately 70% of PD patients and
90% of CKRT patients did not survive. Among the present
study’s patients who did not survive following paKST, the
rates of sepsis, use of vasopressor drugs, and mechanical
ventilation were higher than in those who did survive; there-
fore, patients undergoing paKST that weigh < 15 kg need
to be followed up closely to prevent mortality. Infection
and sepsis are well-known risk factors for AKI. However, a
growing body of evidence suggests that AKI is also a risk
factor for sepsis [20]. Therefore, patients who had sepsis,
mechanical ventilation, and vasopressor treatment should
be cared for more closely regarding the higher mortality.
Selewski et al. [21] showed that the development of AKI
(KDIGO stage 3) yielded 4.2 additional days under mechani-
cal ventilation.

Animal models show there is a link between AKI and
CKD, including triggers of chronic fibrosis and permanent
nephron loss, which cause hyperfiltration-mediated damage
[22]. Several studies report that children with AKI have a
higher incidence of long-term CKD and HT than the gen-
eral pediatric population [23-25]. A prospective study of
277 children showed that stage 2 or worse AKI during
PICU admission is associated with a sixfold increased risk
of CKD or pre-hypertension, based on a 6-year follow-up
[26]. Unfortunately, data concerning the long-term effects
of dialysis in patients weighing < 15 kg are scarce. Akkoc
et al. evaluated long-term follow-up of patients after AKI
in neonatal period. In this cohort, 9.7% of the patients had
KRT. Approximately, one third (33.8%) of the patients had

at least one of either microalbuminuria, office hypertension,
or hyperfiltration [27].

In present study, after a mean follow-up period
of ~3 years, 64.7% of the patients had at least one risk fac-
tor (elevated BP/HT, hyperfiltration, GFR less than 90 ml/
min/1.73 m? and/or proteinuria). In the literature, there
are scarce data about the long term effects of paKST in
small children. Alao et al. [28] studied 29 children with an
age range of 5 months—16 years who had acute PD. The
18-month-survival was 66% and 14 patients were evaluated
at last visit. Among them, six (42.9%) had fully recovered
kidney function, while 8 (57.1%) progressed to CKD. Our
PD cohort had a smaller age group and 57.1% of patients
had one kidney risk factor at last follow-up visit. Robinson
et al. [29] evaluated long-term kidney outcomes following
dialysis-treated childhood AKI. They included 1688 pedi-
atric dialysis-treated AKI survivors (median age 5 years)
and 6752 matched comparators. Similar to our study, in the
patient cohort, 44.3% of patients had PD, 32.8% had HD and
23% had CKRT. The follow-up duration of dialysis-treated
AKI-survivors was longer than our cohort (9.1 years). In
this cohort, HT and CKD occured in 12.1% and 13.1% of
the patients respectively. In our cohort, the rate of CKD was
8.8% (n=3). The follow-up duration of our patients was
shorter than this study and this may explain the lower rate
of CKD in our cohort.

The most important limitation of the present study is its
small sample who presented for the last follow-up visit, at
which time only 33% of the patients could be evaluated. A
total of 11 surviving patients could not be assessed at last
visit due to various reasons and this may have affected the
evaluation of kidney parameters. Beyond mortality in the
acute period, the COVID-19 pandemic had an effect on this
issue. In all, 9 of the present study’s patients underwent 24-h
ABPM, of which 4 had optimum ABPM results. The age
of the patients precluded performing optimum 24 h-ABPM.
Additionally, other parameters, including cognitive and men-
tal functions, were not investigated.

In conclusion, the use of paKST modality depends on many
factors and should be tailored according to each patient’s
needs. Patients on mechanical ventilation and vasopressor
treatment should be followed-up more closely for in-hospital
mortality. After surviving the acute period, paKST patients
need to be followed-up closely during the chronic stage. In
patients who survive the acute period, long-term follow-up
can reveal such kidney sequelae as HT and proteinuria.
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