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A retrospective analysis: the outcome of renal replacement 
therapies in critically ill children
Kübra Çeleğen1* , Mehmet Çeleğen2

INTRODUCTION
Despite technological progressions in intensive care units (ICU) 
and the presence of different renal replacement modalities in 
recent years, acute kidney injury (AKI) is associated with high 
mortality and morbidity in critically ill patients1. The preva-
lence of AKI in pediatric and adult patients in ICU has been 
regarded at 5% to over 80% depending on the definition, 
although only around 5% of patients need renal replacement 
therapy (RRT)2. Although increased consciousness and the 
agreement on consensus descriptions for the AKI diagnosis 
have increased physicians’ focus on milder renal dysfunction 
and allowed them to make decisions earlier, sometimes it is 
uncertain which patients are convenient for RRT, which pro-
cedures might be more beneficial, what pulls the trigger for 
beginning, how many ‘’doses’’ should be prescribed, and how 
long therapy should sustain. There is a common agreement that 
RRT should be started in cases of AKI, which is complicated 
by serious metabolic disturbances such as uremia, acidosis, and 
hyperkalemia3. Even though there is no definite indication of 
RRT in ICU, it is usually preferred for fluid overload and sepsis4. 
Typically, different RRTs are used: intermittent hemodialysis 

(HD), continuous RRT (CRRT), or peritoneal dialysis (PD)5. 
Although PD and HD are still important treatment options in 
AKI management, advanced CRRT machines capable of bal-
anced fluid volume control have led to an increased preference 
for CRRT in pediatric ICU patients1,2. In particular, the choice 
of RRT is frequently arranged by several variables, such as the 
decision of the doctor, the familiarity with the technique, and 
the hemodynamic status of the patient.

The main purpose of this research was to define the relative 
ratio of utilization of HD, CRRT, and PD among critically ill 
pediatric patients admitted to ICU and to represent patient 
survival parameters based on the RRT technique as well as 
their sickness course.

METHODS
This retrospective study was enforced to determine the distri-
bution of different RRT in pediatric patients with AKI who 
were admitted to the ICU from February 2020 to May 2022. 
Children aged 1 month to 18 years with the diagnosis of acute 
renal failure (ARF), volume overload, electrolyte abnormality, 
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SUMMARY
OBJECTIVE: A few pediatric studies were present which focused on renal replacement therapy used for critically ill children. This research aimed 

to determine the ratio of utilization of intermittent hemodialysis, continuous renal replacement therapy, and peritoneal dialysis, and to study the 

properties and outcomes of critically ill pediatric patients who underwent renal replacement therapy.

METHODS: Critically ill children admitted to the intensive care unit and received renal replacement therapy from February 2020 to May 2022 were 

included. The children were divided into three groups: hemodialysis, continuous renal replacement therapy, and peritoneal dialysis.

RESULTS: A total of 37 patients (22 boys and 15 girls) who received renal replacement therapy met the criteria for this study. Continuous renal 

replacement therapy was used in 43%, hemodialysis in 38%, and peritoneal dialysis in 19%. In all, 28 (73%) children survived and 9 (27%) died in 

intensive care unit. The mean systolic blood pressure was significantly lower among children who received continuous renal replacement therapy 

(p<0.001). The need for inotropic medications and a higher PRISM III score were found to be the greatest indicators of mortality.

CONCLUSION: The outcome of children receiving renal replacement therapy seems to be related to their needs for vasoactive drugs and the severity 

of the underlying disease in the continuous renal replacement therapy group relative to the other groups.
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metabolic diseases of inborn, and intoxication that needed any 
type of RRT during their ICU stay were included. Exclusion cri-
teria contained all stages of chronic renal disease, acute chronic 
kidney disease, fluid-responsive prerenal situation, and urinary 
tract obstruction caused by ARF.

A disposable, pediatric-size, semi-rigid PD catheter was 
placed into the peritoneal cavity to perform PD. Initially, 5–10 
mL/kg of commercially available PD fluid were used to con-
trol the filling and drainage of fluid. Afterward, 15–20 mL/kg 
fluid volume with glucose concentration was preferred, and 
the fill volume was increased to 20–30 mL/kg in the case of 
insufficient ultrafiltration. Hemodiafiltration or continuous 
RRT was achieved using a Gambro Prisma membrane (AN-
69). The blood flow rate was adjusted according to the patients’ 
weight. Replacement or dialysate fluid was prescribed between 
2,000 and 8,000 mL/h/1.73 m2 6,7. Systemic heparin was used 
for anticoagulation, and the target pre-RRT activated clotting 
time (ACT) was between 170 and 220 s8.

Intermittent HD was accomplished with Fresenius Medical 
Care 2008® series HD machines. Fresenius Polysulfone® dia-
lyzer was selected. The dialysate bath was adjusted for sodium 
and potassium. The blood flow rate was set at 4–5 mL/kg/min. 
The length and frequency of each dialysis period were decided 
based on the requirements of the patients. Heparin was used 
to extend the usage of hemofiltration filter. If there is no coag-
ulopathy, 20 units/kg of intravenous heparin are administered. 
After the loading dose, 10 units/kg/h of heparin infusion is 
started, and the heparin dose is adjusted to keep the target 
ACT level between 180 and 220 s.

The children were divided into three groups: HD, CRRT, 
and PD. The selection of modality was primarily associated 
with the choice of the physician and the patient’s hemodynamic 
status. Initially, the ratio of the usage of CRRT, HD, and PD 
groups among seriously ill patients was described. Second, the 
results contain a comparison of demographic parameters and 
patient outcomes (mortality ratio, length of ICU stay, dura-
tion of RRT treatment, inotropic drug requirements [dopa-
mine, dobutamine, epinephrine, norepinephrine, vasopressin, 
and milrinone], ventilator days, and complications) between 
different RRT groups.

Statistical analysis
The variables were investigated using the histogram, Q-Q plots, 
and analytic methods for normal distribution. Normally dis-
tributed data were reported as mean±standard deviation and 
non-normal distribution as median. Statistical testing of the 
three RRT groups was undertaken using the chi-square test for 
categorical variables or one-way analysis of variance with Tukey 

post-hoc pairwise tests for continuous variables to identify dif-
ferences between pairs of data. Levene’s test was used to assess 
the homogeneity of variances. Kruskal-Wallis test was performed 
to analyze the nonparametric data. Mann-Whitney U test was 
performed to analyze the significance of pairwise differences. 
Bonferroni correction was used to adjust for multiple compar-
isons. An overall p-value of less than 0.05 was considered sta-
tistically significant. The multivariate logistic regression analy-
sis was performed to identify the most significant parameters.

RESULTS
A total of 37 patients who received RRT were included. A com-
parison of demographic and clinical parameters in children is 
shown in Table 1. CRRT was used in 43%, HD in 38%, and 
PD in 19%. In all, 28 (73%) patients survived and 9 (27%) 
died. At the time of starting RRT, although the median age of 
patients who received PD was 5 months (3–9 months), patients 
who underwent HD was 132 months (3–170 months), and 
this difference was significant (p=0.049). RRT was used more 
frequently in males (p=0.76). The median weight was 13.6 kg 
(3–65 kg). The weight of children who received PD was lower 
than that of patients who received CRRT or HD (p=0.07). 
The systolic blood pressure was significantly lower among CRRT 
patients (69.6±6.1 mmHg) (p<0.001). The admission diagnoses 
included sepsis (n=15), acute tubular necrosis (n=12), hemolytic 
uremic syndrome (n=4), metabolic disease (n=3), intoxication 
(n=2), and bone marrow transplant (n=1). There was no sig-
nificant difference between the groups in terms of comorbidity 
(p=0.32). The median length of ICU stay was 18 days (2–62 
days). The duration of ICU stay was insignificantly longer in 
children undergoing PD than in children who received other 
RRT modalities (p=0.3). The duration of RRT for the sum of 
37 cases was 5.8±3.1 days on HD, 3.4±1.8 days on CRRT, and 
6.7±5.9 days on PD. There was no difference between the dura-
tion of RRT modalities (p=0.52). Overall, 26 patients needed 
mechanical ventilation. Conventional mechanical ventilation 
was the most commonly used ventilation modality. The PRISM 
III score was significantly greater in patients undergoing CRRT 
18 (12–21) compared with HD 6 (2–22) and PD 9.5 (6–12) 
(p=0.02). Depending on the clinical requirements, 85.7% of 
patients undergoing CRRT, 22.2% of patients requiring HD, 
and 50% of patients undergoing PD needed vasoactive ino-
tropic drugs (CRRT versus HD or PD, p=0.01).

The total mortality ratio was 24.3% (n=9) (Table 2). The sur-
vival ratio was higher in males (p=0.95). The survival rate of 
children who needed inotropic drugs was significantly lower 
than that of patients who needed no inotropic drugs (p=0.03). 
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At admission, nonsurvivors had significantly lower systolic pres-
sure (p<0.001). The systolic blood pressure was described by 
the percentiles9. The PRISM III scores were significantly higher 
in nonsurvivors (p<0.001). Nonsurvivors required mechanical 
ventilator support more commonly than survivors (p=0.52).

Multivariate regression analysis was performed to detect 
independent risk factors. The requirement for inotropic drugs 
and a higher PRISM III score were found to be the greatest 
indicators of mortality (odds ratio [OR] 1.8; 95% confidence 
interval [CI] 1.05–2.1; p=0.04, OR 2.3; 95%CI 1.25–3.2; 
p=0.03, respectively) (Table 3).

DISCUSSION
RRT is preferred for critically ill pediatric patients for improv-
ing clinical outcome10. The major outcomes of this study are 
as follows: First, when we compared our results, we found that 
CRRT is the most frequently used RRT type, and mortality 
was higher in children undergoing CRRT. Second, mortality 
was higher in children who used vasoactive inotropic drugs. 
Finally, a higher PRISM III score was associated with mortality.

Although different studies have been performed to find 
the survival advantage of CRRT over HD, the superiority of 
one modality over the other has not been demonstrated11,12. 

Table 1. Comparison of demographic and clinical parameters of children who received renal replacement therapy.

Variables HD (n=14) CRRT (n=16) PD (n=7) p-value

Age at admission (month) 132 (3–170) 13 (3–172) 5 (3–9)# 0.049

Sex (female n/%, male n/%) 6 (42.8%), 8 (57.2%) 6 (37.5%), 10 (62.5%) 3 (42.8%), 4 (57.2%) 0.76

Weight at admission (kg) 20 (3–65) 10 (4–63) 5.5 (3–7) 0.07

Systolic blood pressure at admission (mmHg) 109.2±8.3# 69.6±6.1 82.7±8.7 <0.001

Hearth rate 133.6±28.6 137.7±22.8 144.2±21.5 0.09

Primary diagnosis

Sepsis 1 (7.1%) 11 (68.8%) 3 (42.8%)

0.06

ATN 7 (50%) 4 (25%) 1 (14.2%)

HUS 3 (21.4%) – 1 (14.2%)

Metabolic disease 1 (7.1%) – 2 (28.4%)

Intoxication 2 (14.2%) – –

Bone marrow transplantation – 1 (6.2%) –

Comorbidity

Respiratory disorders – 2 –

0.32

Neurological disorders 1 1 –

Renal disorders 1 – –

Metabolic disorders 1 – 2

Hematological-oncological disorders – 1 –

Duration of ICU (day) 16 (2–45) 12 (2–48) 33 (12–62) 0.3

Duration of RRT (day) 5.8±3.1 3.4±1.8 6.7±5.9 0.52

Mechanical ventilation support

CMV 5 (35.7%) 10 (62.5%) 3 (42.8%)

0.27HFOV – 5 (31.3%) 1 (14.2%)

NIV 1 (7.1%) 1 (6.2%) –

PRISM III score 6 (2–22) 18 (12–21)# 9.5 (6–12) 0.02

Vasoactive inotropic drug 2 (22.2%) 6 (85.7%)# 2 (50%) 0.01

Outcome

Survived 13 (92.8%) 9 (56.25%) 6 (85.7%)
0.02

Died 1 (7.2%) 7 (43.75%)# 1 (14.3%)

The parameter of the group with (#) sign is significantly higher than those in the other groups.
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The survival ratio of pediatric patients requiring RRT is mostly 
not accurately associated with the RRT modality, but rather 
with the severity of the underlying disease of patients7. Similar 
findings are shown in adult studies, which define underlying 
conditions requiring RRT and symptoms of multi-organ failure 
as the most important predictors of survival13. A randomized 
prospective trial showed an increased survival ratio in HD, but 
the CRRT group had a higher severity of disease despite the 
randomization14. In a meta-analysis trial comparing HD and 
CRRT, no superiority of either dialysis treatment over the other 
could be demonstrated15. Different studies were performed to 
determine the efficacy and outcome of PD in comparison to 
HD. The outcomes of Noshad et al. suggested that patients’ 
quality of life and survival ratio were higher on PD than on 
HD16. Liberek et al. showed that the survival rate was similar 
when comparing the PD and HD17. In this present study, the 
increased mortality in patients undergoing continuous RRT 
can be explained by the fact that the intensity of the disease is 
more severe, and patients are hemodynamically unstable and 
need more inotropic support.

It has been shown that critically ill patients undergoing HD 
need much less vasopressor use than other modalities, and the 

survival ratio was lower in patients who required vasopressor than 
in patients who required no vasopressor7. Smoyer et al. showed 
that patients with multi-organ failure requiring vasopressors have 
an increased risk of mortality18. This current study found that the 
requirement for vasopressor drugs was higher in patients receiving 
CRRT, and the survival rate was lower in children who needed 
vasopressor drugs. The rationale for why vasopressor drugs are 
more commonly used in the CRRT mode is that CRRT is pre-
ferred in patients with hemodynamic instability.

In infants, vascular access for CRRT or HD is quite complex, 
and also infants are more sensitive to hemodynamic fluctuations 
associated with CRRT and HD19. For these causes, PD is the first 
choice of RRT modality among infants1. AKI is common after 

Table 2. Comparison of demographic and clinical parameters between survivors and nonsurvivors.

Variables Survivors (n=28) Nonsurvivors (n=9) p-value

Age at admission (month)* 63 (3–172) 6 (5–84) 0.42

Sex (female n/%, male n/%) 10 (35.7%), 18 (64.3%) 3 (33.3%), 6 (66.7%) 0.95

Weight at admission (kg)* 15 (3–65) 6 (5–24) 0.56

Systolic blood pressure at admission (mmHg) 94.5±18.1 65.0±6.2 <0.001

Primary diagnosis

Sepsis 9 (32.1%) 6 (66.7%)

0.14

ATN 11 (39.3%) 1 (11.1%)

HUS 4 (14.2%) –

Metabolic disease 2 (7.1%) 1 (11.1%)

Intoxication 2 (7.1%) 0

Bone marrow transplantation – 1 (11.1%)

Duration of ICU (day)* 15 (2–62) 5 (2–18) 0.2

MV requirement 17 (60.7%) 9 (100%) 0.52

Mechanical ventilation support

CMV 12 (42.9%) 6 (66.6%)

0.35HFOV 3 (10.7%) 3 (33.3%)

NIV 2 (7.1%) 0

PRISM III score 10.3±6.6 18.3±0.57 <0.001

Duration of RRT (day) 5.6±3.6 2.6±1.1 0.18

Vasoactive inotropic drug 7 (41.2%) 3 (100%) 0.03

*Indicates median (min–max).

Table 3. Multivariate logistic regression analysis of survivors 
versus nonsurvivors.

Variables Odds ratio 95%CI p-value

The requirement for 
inotropic drugs 

1.8 1.05–2.1 0.04

PRISM III score 2.3 1.25–3.2 0.03

Systolic blood pressure 
at admission

0.98 1.12–1.5 0.09
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complex congenital heart surgery, and PD is a frequently preferred 
method of RRT in these patients20,21. Although CRRT was more 
frequently chosen as RRT among whole patients, PD was the 
most commonly preferred RRT model for those with low body 
weight children and infants in this study. Hemodynamic insta-
bility is one of the main reasons for the preference for CRRT in 
a considerable number of ICU patients with ARF22. Augustine 
et al. showed that mean arterial pressure and vasopressor sup-
port were similar between intermittent and continuous dialysis 
methods in patients with ARF just before starting the dialysis 
modality23. A study showed that the incidence of circulatory fail-
ure and inotropic support did not differ between the continu-
ous venovenous hemodiafiltration and intermittent hemodialysis 
groups24. In this current study, the initial systolic blood pressure 
was significantly lower in the CRRT group.

Bunchman et al. found that the duration of RRTs was sim-
ilar among critically ill children7. A research presented that the 
duration of RRT was similar between CRRT and HD patients24. 
In the current study, there was no difference between the dura-
tion of the RRT modalities.

Beltramo et al. showed that children who received CRRT 
stayed in the hospital 7 days longer than those who received 
HD1. In a study conducted by D. E. Uehlinger et al., although 
the length of hospital stay was longer in the HD group, there 
was no statistically significant difference between CRRT and 
HD groups1,24. This study showed that the ICU stay was insig-
nificantly longer in the PD group.

A study interested in RRT modalities in critically ill chil-
dren claimed that requiring mechanical ventilation was asso-
ciated with higher mortality on multivariate logistic regression 
analysis1. In a study comparing the effects of continuous and 
intermittent RRTs on acid-base balance, no difference was 
found in terms of mechanical ventilation need25.

In this current research, mechanical ventilation support was 
insignificantly more common in the CRRT group.

This research had some limitations. First, this is a retrospec-
tive study performed by using records gathered from the hos-
pital’s electronic data system. Second, the timing of renal-re-
placement therapy initiation was not standardized. Finally, the 
amount of inotropic drug support was not evaluated, while the 
inotropic drug requirement was found to be an independent 
risk factor in regression analysis.

CONCLUSION
The outcome of patients receiving RRT seems to be associated 
with their requirements for vasoactive drugs and the severity of 
the underlying disease. CRRT is the most prevalent therapy for 
RRT in critically ill pediatric patients in ICU. The utilization 
of CRRT mode is related to raising mortality. Additionally, 
prospective studies are needed to determine the ideal RRTs in 
critically ill children.
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