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Abstract
Background: Nephrolithiasis is increasingly recognized in children with chronic kidney disease, and its influence on dialysis

adequacy once these patients reach kidney failure is poorly characterized.

Objective: To identify predictors of dialysis adequacy, defined by Kt/V and normalized protein catabolic rate, in pediatric patients

with nephrolithiasis on chronic dialysis.

Methods: Retrospective cohort of 118 pediatric dialysis patients (74 hemodialysis, 44 peritoneal dialysis) with confirmed
nephrolithiasis across three centers (2019-2025). Adequacy was assessed for 12 months; multivariable regression identified

independent predictors.

Results: Adequate dialysis was achieved in 71.2% of measurements. Residual kidney function (adjusted OR 2.84), higher body
mass index z-score (adjusted OR 1.62), arteriovenous fistula access (adjusted OR 3.21), and recurrent stone episodes (adjusted OR
0.46) were independent predictors. Bicarbonate and normalized protein catabolic rate correlated positively with achieved Kt/V
(r=0.41, r=0.53; p<0.001).

Conclusion: Dialysis adequacy in pediatric nephrolithiasis patients is shaped by residual renal function, nutrition, vascular access,

and stone recurrence, supporting targeted surveillance and access planning in this population.
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1. Introduction

Nephrolithiasis was once considered an adult disease, but
its incidence in children has risen steadily, driven by
dietary shifts, obesity, and improved imaging detection
[1,2]. A subset of pediatric stone formers, particularly
primary
hyperoxaluria, cystinuria, or distal renal tubular acidosis,

those with metabolic disorders such as

progress to chronic kidney disease and eventually to

kidney failure requiring chronic dialysis [3,4]. The
relationship does not end at dialysis initiation: recurrent
stone events, obstruction, and the metabolic

derangements that produced the original stones can
continue to influence residual kidney function, nutrition,

and the practical delivery of dialysis itself [5,6].

Dialysis adequacy, quantified by single-pool Kt/V for
hemodialysis and weekly Kt/V for peritoneal dialysis, is
the central metric by which pediatric nephrology teams
judge whether a prescription removes enough uremic
solute to support growth and survival [7,8]. Pediatric
KDOQI-adapted targets are complicated by small body
size, fluctuating residual function, and vascular access
limitations [9,10,11]. Children with nephrolithiasis add
complexity: stone passage or obstruction can transiently
reduce urine output, and stone-forming metabolic states
can alter acid-base and solute kinetics, while prior

urological interventions constrain access planning [12,13].

Few studies have examined predictors of dialysis
adequacy specifically in pediatric patients whose kidney
failure followed a nephrolithiasis-related pathway, as
opposed to the more commonly studied congenital or
glomerular causes [14,15]. This study aimed to identify
independent predictors

of dialysis adequacy in a

multicenter retrospective cohort of pediatric hemodialysis

and peritoneal dialysis patients with confirmed
nephrolithiasis.
2. Methods
Study design and population
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We performed a retrospective cohort study of pediatric
patients (age 2-17 years at dialysis initiation) with
radiologically confirmed nephrolithiasis, maintained on
chronic hemodialysis or peritoneal dialysis at three
pediatric nephrology referral centers between January
2019 and December 2025. Patients switching modalities
were analyzed within the modality in which most of their
adequacy measurements occurred. Children on dialysis
fewer than three months, with fewer than three adequacy
measurements, or with acute kidney injury without an

established chronic program were excluded.

Dialysis adequacy assessment

For hemodialysis patients, single-pool Kt/V was calculated
monthly using the second-generation Daugirdas formula,
consistent with pediatric adaptations of the National
Cooperative Dialysis Study kinetic model [7,16]; adequacy
required Kt/V of at least 1.2 per session [9]. For peritoneal
dialysis patients, weekly Kt/V and creatinine clearance
were calculated quarterly from 24-hour dialysate and
urine collections, with adequacy defined as weekly Kt/V of
at least 1.7, incorporating residual clearance where
present [10,17]. Normalized protein catabolic rate was
calculated from urea generation rate for both modalities
[18].

Clinical and prescription variables

Data abstracted included age, sex, body mass index
z-score, primary stone-forming diagnosis (idiopathic
hypercalciuria, primary hyperoxaluria, cystinuria, distal
renal tubular acidosis, or structural/obstructive),
symptomatic stone episodes, residual kidney function,
vascular access type for hemodialysis patients (fistula,
graft, or catheter), prescription parameters, serum
bicarbonate, albumin, and hemoglobin. Recurrent stone
episodes were defined as two or more symptomatic events

during the 12-month window.

Statistical analysis
Adequacy status at each measurement was analyzed using
multivariable

logistic regression with generalized
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estimating equations to account for repeated
measurements, adjusting for age, sex, modality, body
mass index z-score, residual kidney function, vascular
access type, and recurrent stone episodes. Relationships
between achieved Kt/V and bicarbonate or normalized
protein catabolic rate were assessed with Pearson
correlation. A two-sided p-value below 0.05 was
considered

significant, with estimates reported as

adjusted odds ratios and 95% confidence intervals.

3. Results

Cohort characteristics
The cohort comprised 118 pediatric dialysis patients with
confirmed nephrolithiasis: 74 (62.7%) hemodialysis and 44
(37.3%) peritoneal dialysis, contributing 1,046 adequacy
measurements over 12 months. Median age was 11.4 years
(interquartile range 8.1-14.6), and 54.2% were male.
Idiopathic hypercalciuria was the most
(38.1%),

structural/obstructive causes (24.6%), cystinuria (15.3%),

common

stone-forming  diagnosis followed by
primary hyperoxaluria (13.6%), and distal renal tubular
acidosis (8.5%). Recurrent stone episodes occurred in 41
(34.7%).

summarized in Table 1.

patients Characteristics by modality are

Overall adequacy achievement

Across all measurements, 71.2% met the modality-specific
adequacy target. Adequacy differed by vascular access
category among hemodialysis patients (Figure 1): fistula
access achieved adequacy in 82.4% of measurements,
versus 68.9% for grafts and 54.7% for catheters.

Predictors of dialysis adequacy

Four factors were independently associated with
adequacy: residual kidney function (adjusted OR 2.84,
p<0.001), higher body mass index z-score (adjusted OR
1.62, p=0.012), fistula access relative to catheter (adjusted
OR 3.21, p=0.002), and recurrent stone episodes,
associated with lower odds (adjusted OR 0.46, p=0.011).

Age, sex, and modality were not independently associated

3

after adjustment (Table 2).

Table 1: Baseline demographic, stone-disease, and
dialysis-prescription characteristics of 118 pediatric nephrolithiasis

patients by dialysis modality [29,30,31].

Characteristic Hemodialysis Peritoneal Overall

(n=74) dialysis (n=118)
(n=44)

Median age, years 12.1 (8.6-15.0) 10.2 (7.3-13.4) |11.4

(IQR) (8.1-14.6)

Male sex 42 (56.8%) 22 (50.0%) 64 (54.2%)

Idiopathic 26 (35.1%) 19 (43.2%) 45 (38.1%)

hypercalciuria

Primary 11 (14.9%) 5(11.4%) 16 (13.6%)

hyperoxaluria

Cystinuria 12 (16.2%) 6 (13.6%) 18 (15.3%)

Distal renal tubular |6 (8.1%) 4 (9.1%) 10 (8.5%)

acidosis

Structural / 19 (25.7%) 10 (22.7%) 29 (24.6%)

obstructive

Recurrent stone 27 (36.5%) 14 (31.8%) 41 (34.7%)

episodes (>=2)

Median dialysis 18 (9-33) 14 (7-27) 16 (8-31)

vintage, months

(IQR)

Table 2: Multivariable generalized-estimating-equation model of

independent predictors of dialysis adequacy across 1,046 monthly and
quarterly measurements [32,33].

Predictor Adjusted OR (95% CI) | p-value
Residual kidney function (per unit |2.84 (1.61-5.02) <0.001
increase)

Body mass index z-score (per unit |1.62 (1.11-2.36) 0.012
increase)

Arteriovenous fistula vs. catheter | 3.21 (1.55-6.65) 0.002
access

Recurrent stone episodes (>=2 vs. | 0.46 (0.25-0.84) 0.011
<2)

Age (per year) 1.03 (0.94-1.13) 0.51
Male sex 0.92 (0.61-1.39) 0.68
Dialysis modality (PD vs. HD) 1.11 (0.72-1.71) 0.64
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Figure 1: Hemodialysis adequacy achievement (proportion of sessions
meeting single-pool Kt/V >=1.2) by vascular access type, highest with

an arteriovenous fistula and lowest with a tunneled central venous
catheter, consistent with established access-adequacy relationships in
pediatric hemodialysis [21,25].

Biochemical correlates of achieved Kt/V

Bicarbonate correlated positively with achieved Kt/V
(r=0.41, p<0.001), relevant in stone-forming children
already prone to acidosis [19]. Normalized protein
catabolic rate showed a stronger correlation (r=0.53,
p<0.001), reflecting the interdependence of dialysis dose
and nutrition [20]. Albumin and hemoglobin were not
significantly correlated after adjustment (Figure 2).

4. Discussion

This multicenter cohort found dialysis adequacy in
pediatric nephrolithiasis patients achieved in roughly
seven of ten measurements, broadly consistent with
adequacy rates reported in general pediatric dialysis
populations [15,8]. The four predictors identified, residual
kidney function, nutritional status, vascular access type,
and recurrent stone episodes, describe a coherent picture
in which patient physiology and modifiable practice
factors together shape whether a prescribed dose is
delivered.

The residual-function association echoes adult and

pediatric literature showing that native clearance
meaningfully supplements dialytic solute removal [17,18].
In stone-disease children, recurrent stone events or
obstruction may accelerate loss of residual function
through episodic hydronephrosis or infection, explaining

why recurrence independently predicted lower adequacy

3

even after adjustment [5,6]. Stone recurrence surveillance
may therefore carry measurable downstream effects on

dialysis delivery, not only urological ones.

CORRELATION OF ACHIEVED KT/V WITH BIOCHEMICAL MARKERS
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Figure 2: Correlation strength (Pearson r) between achieved Kt/V and
serum bicarbonate, normalized protein catabolic rate, serum albumin,
and hemoglobin, showing the strongest relationship for normalized

protein catabolic rate, reflecting the interdependence of dialysis dose
and nutritional status described in wasting and metabolic bone
disease in pediatric chronic kidney disease [26,27,28].

The access finding reproduces, in a stone-disease cohort,
the established preference for arteriovenous fistulae over
catheters for hemodialysis adequacy, attributable to more
reliable flow and lower recirculation [16,21]. Because
urological interventions can complicate access planning,
earlier coordinated vascular mapping in this subgroup is
warranted rather than defaulting to catheters for
expediency [22].

The body mass index association likely shares a driver

with the protein-catabolic-rate correlation:
better-nourished children have greater protein intake and
typically better residual function and fewer session
interruptions [20,23]. Nutritional optimization is already
central to pediatric dialysis outcomes generally, and
metabolic derangements from underlying tubular
disorders can complicate this further in stone-disease

patients [24].

Limitations include the retrospective, three-center design
without a contemporaneous non-stone comparison
group, so the independent contribution of nephrolithiasis
versus its underlying metabolic causes cannot be fully
disentangled; adequacy intervals differed by modality and
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center, and dietary intake was not systematically
captured. Despite these limitations, consistency with
established dialysis physiology and the actionable nature
of access planning and stone surveillance support their

relevance to practice.

5. Conclusion

In this multicenter cohort of pediatric dialysis patients
with nephrolithiasis, dialysis adequacy was independently
predicted by residual kidney function, body mass index
z-score, arteriovenous fistula access, and absence of
recurrent stone episodes. These findings support a
practice approach in which pediatric nephrology teams
managing dialysis-dependent children with a stone
history prioritize early arteriovenous access planning,
active nutritional support, and close surveillance for
that
recurrence may erode dialysis adequacy through its effect

recurrent nephrolithiasis, recognizing stone
on residual kidney function. Prospective, multicenter
studies with a matched non-stone comparison group are
needed to confirm whether nephrolithiasis itself, rather
than its underlying metabolic causes, independently

drives the adequacy differences observed here.
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