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Abstract

Acute kidney injury is a major cause of morbidity and mortality in critically ill children, and continuous renal replacement therapy
(CRRT) is often required in severe cases. Inflammation-based indices such as the neutrophil percentage-to-albumin ratio (NPAR)
and the C-reactive protein (CRP)-to-albumin ratio (CAR), as well as procalcitonin (PCT), have been proposed as prognostic
markers; however, evidence in pediatric CRRT remains limited. We retrospectively included children aged 29 days to 18 years
who underwent CRRT in the Pediatric Intensive Care Unit at Manisa City Hospital from February 2021 to May 2025. Demographic
and clinical data and laboratory values obtained within 24 hours prior to CRRT initiation were collected. NPAR was calculated as
neutrophil percentage (%) / albumin (g/dL) and CAR as CRP (mg/L)/ albumin (g/dL). A total of 41 patients were included; 29 (70.7%)
survived and 12 (29.3%) died. Non-survivors had significantly higher Pediatric Risk of Mortality (PRISM) Il scores (p=0.008),
NPAR values (p=0.03), and PCT levels (p=0.01), while CAR did not differ between groups (p=0.79). In the receiver operating
characteristic analysis, PCT [area under the curve (AUC): 0.737] and NPAR (AUC: 0.713) showed moderate discrimination for
predicting mortality, whereas CAR showed poor discrimination (AUC: 0.474). NPAR and PCT may support early risk stratification
in pediatric patients requiring CRRT; larger multicenter studies are warranted.

Keywords: CAR, continuous renal replacement therapy, NPAR, pediatric intensive care, procalcitonin, prognosis

10

Correspondence: Gliltag Evren MD, University of Health Sciences Turkiye, izmir Tepecik Education
and Research Hospital, Clinic of Pediatric Intensive Care Unit, Izmir, Turkiye
E-mail: gultacevren@gmail.com ORCID: 0000-0002-0614-0894

[=]r.

@@@@ Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of Kayseri Child Health Association.
AT This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.


https://orcid.org/0000-0002-0614-0894
https://orcid.org/0000-0002-5768-0890

Journal of Pediatric Academy

31

Introduction

Acute kidney injury (AKI) is a frequent and clinically
important problem in children managed in the pediatric
intensive care unit (PICU) and is associated with
increased morbidity and mortality. In patients who

and conducted in accordance with the ethical principles
of the Declaration of Helsinki. This retrospective analysis
included all hospitalized patients who underwent CRRT
inthe PICU at Manisa City Hospital from February 2021 to
May 2025. Demographic and clinical variables, including
age, sex, laboratory results, Pediatric Risk of Mortality

do not respond adequately to
conservative measures, continuous
renal replacement therapy (CRRT)
is commonly initiated to control fluid
balance and correct electrolyte and
acid-base disturbances, particularly
when hemodynamic instability limits
the use of intermittent modalities’.
Despite its widespread use, the
mortality rate among pediatric
patients undergoing CRRT remains
high, typically ranging from 30%
to 40%, depending on underlying
comorbidities and illness severity?.
Identifying prognostic markers that
enable early risk stratification is

* Neutrophil percentage-to-
albumin ratio and procalcitonin
can be used as prognostic

biomarkers for mortality in
critically ill children requiring
continuous renal replacement
therapy.

* These markers may support
earlier risk stratification and
inform clinical decision-making in
the pediatric intensive care unit.

» C-reactive protein-to-albumin
ratio was not associated with

(PRISM) I1I® score at CRRT initiation,
duration of mechanical ventilation,
PICU length of stay, and indication
for CRRT, were recorded. Laboratory
values collected at CRRT initiation
included neutrophil percentage, CRP,
albumin, and PCT. Patients aged 29
days to 18 years who received CRRT
during their PICU admission and
had complete data available were
included. CRRT indications included:
AKI, fluid overload exceeding 10% of
body weight, electrolyte imbalances,
severe metabolic acidosis, and acute
metabolic disorders. The total percent
fluid overload (percent fluid overload)

therefore critical. The prognosis
of patients undergoing CRRT s
influenced by multiple factors,

mortality.

was calculated using the following
formula: [(total fluid intake - total fluid

including the accumulation of

uremic toxins, electrolyte imbalances, and reduced
clearance capacity resulting from impaired renal
function®. Inflammation plays a pivotal role in both AKI
pathogenesis and the overall course of critical illness in
children. Biomarkers such as C-reactive protein (CRP),
procalcitonin (PCT), albumin, and neutrophil percentage
are commonly used to reflect systemic inflammatory
status.

Combined inflammatory indices, including the neutrophil
percentage-to-albumin ratio (NPAR) and the CRP-
to-albumin ratio (CAR), have recently emerged as
stronger prognostic indicators , as they capture both
the inflammatory response and the nutritional status.
Albumin, a negative acute-phase reactant, decreases
during systemic inflammation and serves as a marker
of malnutrition; both low albumin and malnutrition are
associated with poor outcomes in critical illness*.
Previous studies have demonstrated that NPAR is
closely associated with prognosis in severe sepsis
and AKIS. However, no study to date has specifically
evaluated the relationship between NPAR and outcomes
in pediatric patients undergoing CRRT.

Given the high morbidity and mortality in this patient
group, the potential utility of inflammation-based
markers in prognostic assessment is of particular
interest. Therefore, this study aims to investigate the
prognostic significance of NPAR, CAR, and PCT in
pediatric patients treated with CRRT, particularly their
association with short-term outcomes and mortality.
We hypothesized that NPAR, CAR, and PCT may be
associated with adverse outcomes in this population.

Materials and Methods

This study was approved by the Bakirgay University
Hospital Non-Interventional Clinical Research Ethics
Committee (approval number: 1688, date: 10.07.2024)

output) (in liters) / admission body
weight (kg)]x100. The vasopressor
index score (VIS) was calculated as the dopamine dose
(g/kg/min), dobutamine dose (g/kg/min), 100 times the
epinephrine dose (g/kg/min), 10 times the milrinone
dose (g/kg/min), 10,000 times the vasopressin dose (U/
kg/min), and 100 times the norepinephrine dose (g/kg/
min)’.

Percutaneous insertion of double-lumen central venous
catheters is often performed through the right internal
jugular vein. While subclavian vein access was used
in one patient due to thrombosis, femoral vein access
was preferred in three patients. The PRISMAFLEX
hemofiltration system was used for CRRT. Modifications
were applied to the CRRT parameters, with blood flow
rates ranging from 4 to 10 cc/kg/min. After reaching a
clearance dose of 2000 mL/h/1.73 m?, dialysate and
replacement settings were adjusted®. Unfractionated
heparin was used for anticoagulation.

Laboratory results included CRP (immunoluminometric
assay; reference 0-8 mg/L), albumin (colorimetric assay;
reference 3.4-5.4 g/dL), and PCT (ng/mL). Values
obtained within the 24 hours before CRRT initiation were
analyzed. NPAR was calculated by dividing neutrophil
percentage (10%uL) by albumin (g/dL); CAR (mg/g)
was calculated by dividing CRP (mg/L) by albumin (g/
dL). The PRISM Il probability of death (PRISM-3 death
probability) was also recorded.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS
Statistics version 20.0 (SPSS Inc., Chicago, IL, USA).
Distributional characteristics were examined visually
(histograms) and tested using the Kolmogorov-Smirnov
test. Because several continuous variables deviated from
normality, results are presented asthe median[interquartile
range (IQR)] for continuous variables and as number
(percentage) for categorical variables. Comparisons
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between two independent groups were performed using
the Mann-Whitney U test, while comparisons across
more than two groups were carried out with the Kruskal-
Wallis test. Categorical variables were compared using
the chi-square test or Fisher’s exact test, as appropriate.
Receiver operating characteristic (ROC) curve analysis
was used to assess the ability of NPAR, CAR, and PCT,
measured at intensive care unit admission, to predict
mortality. Discriminative performance was quantified
by the area under the ROC curve (AUC) with 95%
confidence intervals (Cls). Optimal cut-off points were
identified using the Youden index. A two-sided p-value of
<0.05 was considered statistically significant.

Results

A total of 41 pediatric patients underwent CRRT
during the study period. Of these, 29 patients

(70.7%) survived, while 12 (29.3%) died. The
demographic and clinical characteristics  of
both groups are summarized in Table 1.

There were no statistically significant differences
between survivors and non-survivors in terms of age,
sex, presence of underlying metabolic or genetic
disorders, or PICU admission diagnosis. However,
PRISM Il scores were significantly higher among non-
survivors (median 34, IQR: 15-56) than among survivors
(median 25, IQR: 8-54; p=0.008). NPAR values were
also significantly elevated in non-survivors (median 26,
IQR: 22.3-32.6) compared to survivors (median 22, IQR:
17.6-26.4; p=0.03). Similarly, PCT levels were markedly
higher in the non-survivor group (median 45.5 ng/mL,
IQR: 10.5-100) than in survivors (median 8 ng/mL, IQR:
1-49; p=0.01). In contrast, CAR did not differ significantly
between the groups (p=0.79). survivors had significantly
longer durations of mechanical ventilation (p=0.01) and
PICU stay (p=0.009) than non-survivors. However, no
significant differences were observed between groups
in the use of vasoactive agents or in VIS (Table 1).

ROC curve analysis demonstrated that PCT had
the highest discriminatory ability for mortality, with
an AUC of 0.737 (95% CI: 0.575-0.899), followed by
NPAR with an AUC of 0.713 (95% CI: 0.536-0.889).

Table 1.

CAR showed poor performance in predicting mortality,
with an AUC of 0.474 (95% CI: 0.266-0.682) (Figure 1,
Table 2).

Discussion

In this study, we evaluated the prognostic value of
NPAR, PCT, and CAR for predicting mortality in pediatric
patients undergoing CRRT. Our findings demonstrate
a statistically significant association of elevated NPAR
and PCT levels with increased mortality. In contrast,
CAR was not associated with patient outcomes.

Consistent with this biological rationale, one of the most
notable findings of our study was a significant association
between the NPAR and mortality in critically ill pediatric
patients undergoing CRRT. Inflammation plays a central
role in the pathogenesis of AKI and in the progression of
multiorgan dysfunction in critically ill children. Neutrophil
activation represents one of the earliest events in
systemic inflammatory responses and contributes to
kidney injury through endothelial damage, increased
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Figure 1. ROC analysis of biomarkers predicting mortality

Comparison of ROC curves of NPAR, CRP/alb ratio and Procalcitonin levels of
mortality

ROC: Receiver operating characteristic, NPAR: Neutrophil percentage-to-
albumin ratio, CRP: C-reactive protein

Demographic and clinical features of pediatric patients admitted to the PICU who either survived or did not survive

Patients Survivors Non-survivors

(n=41) (n=29) (n=12) P
Age (month), median (IQR) 27 (2-192) 10 (2-192) 0.14
Gender female, n (%) 11 (37.9) 6 (50) 0.50
PRISM Il score, median (IQR) 25 (8-54) 34 (15-56) 0.008
Underlying metabolic / genetic disease, n (%) 11 (37.9) 4 (33.3) 0.53
PICU admission diagnosis sepsis/septic shock, n (%) 14 (48.3) 5(41.7) 0.62
PICU admission diagnosis, pulmonary disease, n (%) 7(24.1) 3 (25) 0.74
NPAR, median (IQR) 22 (17.6-26.4) 26 (22.3-32.6) 0.03
CRP-to-albumin ratio (CAR) 12.6 (2.9-34.5) 19.7 (1.6-31.3) 0.79
PCT, median (IQR) 8 (1-49) 45.5 (10.5-100) 0.01
Vasoactive use, n (%) 21(72.4) 11 (91.7) 0.24
VIS score, median (IQR) 35 (20-90) 40 (30-90) 0.50
Duration of mechanical ventilation (days), median (IQR) 14 (4-32) 7 (3-26) 0.01
Duration of PICU stay (days), median (IQR) 15 (7-30) 7 (4-23) 0.009

PICU: Pediatric intensive care unit, PRISM lII: Pediatric risk of mortality score IlI, IQR: Interquartile range, NPAR: Neutrophil percentage-to-albumin ratio, CRP: C-reactive protein, VIS:

Vasopressor index score, PCT: Procalcitonin
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Table 2.

Area under the curve (AUC) of receiver-operating characteristic curve (ROC) and respective confidence interval (Cl) values of the biological
markers and mortality predictors

{Pna=t:te1r;ts (SnL;r;/;\)lors :\::);I 2s)urvwors p AUC Cl (95%)

NPAR, median (IQR) 22 (17.6-26.4) 26 (22.3-32.6) 0.034 0.713 0.536-0.889
CRP / albumin ratio, median (IQR) 12.6 (2.9-34.5)  19.7 (1.6-31.3) 0.796 0.474 0.266-0.682
PCR, median (IQR) 8 (1-49) 45.5 (10.5-100) 0.018 0.737 0.575-0.899

AUC: Area under the curve, ROC: Receiver operating characteristic, Cl: Confidence interval, NPAR: Neutrophil percentage-to-albumin ratio, CRP: C-reactive protein, IQR: Interquartile

range, PCR: Procalcitonin

vascular permeability, microvascular congestion, and
the release of pro-inflammatory cytokines and reactive
oxygen species. Activated neutrophils may also promote
intrarenal microthrombus formation and tubular injury,
thereby aggravating renal dysfunction and limiting
recovery, particularly in patients requiring CRRT®.

Serumalbumin, conversely, isawell-established negative
acute-phase reactant that reflects nutritional status, the
severity of systemic inflammation, and hepatic synthetic
function. Hypoalbuminemia is associated with reduced
plasma oncotic pressure, intravascular volume depletion,
impaired renal perfusion, and decreased glomerular
filtration. Moreover, albumin possesses antioxidant and
anti-inflammatory properties; thus, reduced albumin
levels may further amplify inflammatory injury in critically
ill patients®". Taken together, these complementary
pathophysiological mechanisms provide a strong
biological basis for the use of composite inflammatory
indices such as NPAR, which integrates markers of both
acute inflammation and systemic physiological reserve®.

Previous studies in adult populations, including patients
with diabetic kidney disease, have identified NPAR
as a valuable biomarker for predicting all-cause and
cardiovascular mortality'?3. Similarly, studies conducted
in adult intensive care settings have demonstrated that
elevated NPAR is a novel predictor of poor prognosis
in patients with severe sepsis or septic shock, often
outperforming neutrophil count or albumin level alone®™.
While neutrophil parameters primarily reflect acute
inflammatory activity, albumin levels additionally capture
nutritional status and hepatic function; therefore, NPAR
may offer a more comprehensive reflection of overall
disease burden. However, data regarding the prognostic
utility of NPAR in pediatric populations remain limited.
By demonstrating a significant association between
NPAR and mortality in critically ill children, our study
contributes preliminary pediatric evidence and supports
the potential role of NPAR as a prognostic marker in
pediatric intensive care.

PCT levels were also significantly higherin non-survivors,
consistent with previous reports linking elevated PCT to
poor prognosis in sepsis. In children receiving CRRT
for AKI, PCT levels 23 ng/mL have been associated
with worse outcomes than lower levels™. Although
absolute PCT values alone may not consistently predict
mortality, persistently elevated or markedly high levels
are generally indicative of severe systemic illness,
organ dysfunction, and an increased risk of death'®.
Importantly, timely and effective interventions may still
improve outcomes in these patients, highlighting the role
of PCT as both a diagnostic and prognostic biomarker.

In contrast, CAR did not show prognostic value in our
cohort. This result differs from adult studies, in which
the CRP / albumin ratio has been reported as a strong
predictor of mortality, particularly in septic patients".
Pediatric studies, however, have produced more
heterogeneous results. For example, in a large cohort
of 942 critically ill children, the CRP / albumin ratio
outperformed CRP alone but was less predictive than
albumin; the AUC was 0.751'. Several factors may
explain the discrepancy in our findings: age-related
differences in immune response among children, our
limited sample size reducing statistical power, and the
single measurement of biomarkers within 24 hours of
CRRT initiation, which may not capture dynamic changes
over time. Collectively, these limitations suggest that
CAR may be less reliable in pediatric populations and
highlight the need for larger studies with serial biomarker
assessments.

Higher PRISM IIl scores among non-survivors in our
study support the reliability of established pediatric
mortality prediction models. Differences in clinical
outcomes between survivors and non-survivors, such
as the duration of mechanical ventilation and the length
of PICU stay, further underscore the multifactorial
nature of prognosis in critically ill children. Although
NPAR and PCT were significantly associated with
mortality, these findings should be interpreted with
caution. Given the small sample size and limited
number of mortality events, multivariable regression
analysis was not performed due to the high risk of model
overfitting. As a result, it remains unclear whether these
biomarkers provide prognostic information independent
of established severity scores such as PRISM IIl.
Therefore, our results should be considered exploratory
and hypothesis-generating rather than confirmatory. In
addition, albumin-based ratios may be influenced by
fluid overload and hemodilution, which are common
in patients undergoing CRRT. This may partially affect
the performance of albumin-derived indices and further
support the need for cautious interpretation.

Study Limitations

This study has several strengths, including the
evaluation of multiple inflammatory markers within
the same cohort. Nonetheless, limitations must be
acknowledged. The relatively small sample size and
single-center design restrict the generalizability of the
findings. The retrospective nature of the study also
introduces potential bias, such as incomplete data
collection and unmeasured confounders. Moreover,
while biomarker levels were obtained in the 24 hours
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before CRRT initiation, these measurements may not
coincide with peak inflammatory responses, limiting
their predictive accuracy. The absence of multivariable
analysis represents an important limitation of this
study. Although PRISM Il scores differed significantly
between survivors and non-survivors, adjustment for
illness severity was not performed due to sample size
constraints. Larger prospective studies are required
to determine whether inflammation-based biomarkers
such as NPAR and PCT provide prognostic information
beyond established severity scores. Finally, although
NPAR and PCT showed significant associations with
mortality, the relatively wide Cls in the ROC analysis call
for cautious interpretation.

Overall, our results suggest that both NPAR and PCT
may serve as clinically relevant prognostic indicators in
pediatric patients undergoing CRRT. Further multicenter,
prospective studies with larger cohorts are warranted to
validate these findings and clarify the clinical utility of
these biomarkers.

Conclusion

Our findings highlight the potential value of NPAR
and PCT as prognostic biomarkers for mortality in
critically ill children requiring CRRT. These markers
may support earlier risk stratification and assist clinical
decision-making in the PICU. In contrast, CAR did not
demonstrate predictive utility in our cohort, underscoring
the need for further research in pediatric populations.
Larger, multicenter prospective studies are necessary
to validate these observations and establish the role
of these biomarkers in routine pediatric intensive care
practice.
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