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Sub-Clinical
Standard care relies on lagging Insult Injury

indicators: oliguria and extreme O O Q

fluid accumulation (>10-20%). Phendtypic
Failure

The Proactive Shift @+ D)

Phenotypic
Insult I Failure

Integrating risk stratification and
injury-specific biomarkers reveals O @ O

actionable time windows before Sub-Clinical
cascading failures occur. Injury
(Intervention Triggered)

Heterogeneous Cohort Broad patient base, most

All PICU Patients will not develop AKI.

R - * Assessed <12 hours of admission.
Predictive Enrichment Identifies high clinical risk (RAI = 8).

Prognostic Enrichment &) + Identifies active distal tubule
- damage (UNGAL >125 ng/mL).

This enriched population represents the exact patients
who will benefit most from early, targeted intervention.
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Figure 1. Renal Angina Index.
Risk criteria
Score
Admission to intensive care unit 1
Solid organ or stem-cell transplantation 3
Mechanical ventilation and vasoactive support 5 " n
Risk x Injury
| Scores: 1-40
Injury criteria Positive if =2 8
sCr relative to baseline Fluid accumulation (%) Score
Decreased or no change 1
>1x-1.49x 2
1.5x-1.99x 4
22X 8
The renal angina index is a composite score based on risk criteria and signs of kidney dysfunction at 12 hours after admission to the pediatric
intensive care unit — used to tier patients by degree of risk for presence of AKI 72 hours (3 days) later. Risk is multiplied by injury to yield a
score (range 1-40). Derived and validated threshold to confirm the presence of renal angina is > or = to 8. sCr = Serum creatinine

Patient Profile

* 6-year-old boy
* 21 kg (dry weight)

Context
Septic shock, 3 weeks post-

bone marrow transplant for
relapsed acute leukemia.

Admission Status

(Day 0 - 03:00)

Intubated (FiO, 0.30, PEEP 5),
starting norepinephrine,
receiving fluid resuscitation.

Clinical decisions guided by integration
of RAI and uNGAL.

From this exact moment, one protocol choice
creates two vastly different patient trajectories.

Scenario B: Standard Care

AKI and fluid management follow
standard heuristic practice.
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Day 0 - 20:00

Scenario A: Biomarker-Driven

[ o

el H e 1 Intervention
sCr: 1.5x p— - ‘

o
FA: 6% Fluid restriction + furosemide

RAI =10 initiated.
UOP: Hemodynamics: CEN s [omnl
asy UNGAL = 650 ng/m

(Stage 1 AKI)

i Biomarker elevation signals high AKI ]
risk despite preserved urine output,
triggering early de-resuscitation.

>1 mL/kg/h = Worsening

Scenario B: Standard Care

Intervention
FA: 6% SCF: 1.5x None. Conservative monitoring.
(Stage 1 AKI) -

. H . @ . o o . \
UOP: Hemodynamics: Conventional criteria for escalation

>1 mL/kg/h Worsening are not met (FA <10%, no oliguria).
| Therapy remains unchanged. )

Day 1-08:00

ICU Monitor Intervention: Continuous Renal
FA: 7% e 1752 Replacement Therapy (CRRT) initiated at

uUNGAL: 1380 ng/mL 7 - 10:00 to maintain balance.

| Persistent FA increase + rising UNGAL prompts
mechanical fluid removal ahead of classical criteria.

ScenarioB

ICU Monitor Intervention: Fluid restriction +
furosemide initiated.

FA: 9% sCE: 1.75x »—I
UOP: >1 mL/kg/h Medical management begins only as Fluid

Accumulation nears the 10% danger threshold.
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Day 2 - 08:00

Scenario A

ICU Monitor Intervention: CRRT ongoing with
FA:5% 1  uNGAL: 1820 ng/mL slow net negative balance.

UOP: Oligo-anuric (expected on CRRT)

ScenarioB

ICU Monitor Intervention: Maximal diuretics.
FA:10% 1 sCr: 2.8x+— Wait-and-see approach adopted.

UOP: Preserved " FA hits 10% danger zone. Nutrition is restricted to

‘ concentrated IV glucose fluids to limit volume intake, |
compromising patient strength. |

Day 3 - 08:00

Scenario A
ICU Monitor
FA: 3% Status: Patient Extubated overnight.

. |, o | @
UNGAL: 1040 ng/mL | =i | | Proactive volume control
— | | protects pulmonary function. |

Scenario B
ICU Monitor

Status: Worsening respiratory failure (o, 07 reep s).
FA: 11% sCr: 5x «— Intervention: Emergent CRRT started at 11:00.

UOP: Oligo-anuric i Phenotypic failure forces aggressive, reactive

| mechanical intervention under deteriorating
| conditions.
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Days 4-8

¢ |
Day 4 Day 5 . 4
uNGAL drops to 780 ng/mL. J, Transferred Biomarker-driven
CRRT successfully liberated. to Ward. precision reduces PICU

length of stay by 3 full days.

Scenario A

Scenario B

: ' ) |
ICU Monitor ®
Day 4 - Day?7 Day 8
CRRT ongoing. FA slowly CRRT liberated. Transferred
decreasing to 9.5%. to Ward.

The Fluid Accumulation (FA) Danger Curve

Fluid Accumulation (FA) %

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

In pediatric septic shock, early mechanical fluid removal prevents the
pathological accumulation that drives compounding organ failure.

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
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Clinical Intervention Timeline

Mechanical ‘
Ventilation Scenario A: Proactive Intervention

Duration § SeenanoB | -
I ! Scenario B: Reactive Standard Care
1 Scenario A: Optimized Timing

CRRT L Scenario B: Delayed Onset, Extended Duration
Duration l . . I i }

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
Time (Days)

Key Insight: Scenario A shifts resource use forward in time, resulting in shorter
absolute durations of mechanical ventilation and continuous renal replacement therapy.

Tale of Two Pathways

Dimension Scenario A (Biomarker-Driven) Scenario B (Standard Care)

Trigger for CRRT Elevated uNGAL (1380 ng/mL) Oligo-gnuria, sCr 5x,
& rising FA respiratory failure

7% 11%

Peak Fluid Accumulation (Avoids danger zone) _. - (Breaches danger zone) /

A {
Serum Creatinine Trend - =0 /,J V/\*”*\AMK

Nutrition Status Optimal nutrition maintained Restricted to IV glucose due to FA

PICU Discharge Day 5 Day 8

(L. 633/41). Tale legge, all’art. 70. Ogni utilizzo del materiale citare sempre la
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The Window of Opportunity

The Window of Opportunity

) = S
Insult ' Sub-Clinical Injury ' Phenotypic Ire |
w ~ y | ypis
(Septic Shock) ‘ (uNGAL Spikes, RAI Positive) ‘ 5x) |

Standard practice forces clinicians to wait for observable organ failure.
Biomarkers open an actionable window of 24—48 hours to intervene before
irreversible cascading complications occur.

REPORTS cumicaL | | Trial in AKI using NGAL and Fluid Overload
(repotcon 2023 to optimize CRRT Use (TAKING FOCUS?)

Real-Time Acute Kidney Injury Risk ) Crocforupatsies
Stratification-Biomarker Directed Fluid
Management Improves Outcomes

Fluid Restrict

Clinician
in Critically lll Children and Young Adults > Judgment Start RRT at 10-15%
Stuart L. Goldstein', Kelli A. Krallman’, Jean-Philippe Roy', Michaela Collins’, ICU Fluid Overload
Ranjit S. Chima’, Rajit K. Basu”, Lakhmir Chawla® and Lin Fei' NGAL
“Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; *Lurie Children’s Hospital, Chicago Illinois, USA; and 2Stmr'glml
*Department of Veteran's Affsirs, Washington, DC, USA or anuric
Pre TF2 era 2014-2017 N=97 Non-Responder
(71 CRRT) e NGAL
Vs. 2150 and
Urine NGAL | <500ng/mi rosemi
TF2 era 2017-2021 IAeseeenienthl e Stress Test
. (107 CRRT): CRRT Pts=7
(i) an automated RAI N NGAL
result at 12 hours of e <150ng/mi Responder
admission, N=106
CRRT Pts=2

(ii) a conditional uNGAL
order for RAI >8,

(iii) a CRRT initiation goal
at 10% to 15%
weight-based fluid
accumulation.

Standard
Management of
Critically lll Patients

Continue Standard

Management +
Diuretics
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CLINICAL RESEARCH I
5559 RTS 2023
Real-Time Acute Kidney Injury Risk W) i o s

Stratification-Biomarker Directed Fluid
Management Improves Outcomes

in Critically lll Children and Young Adults

Stuart L. Goldstein', Kelli A. Krallman’, Jean-Philippe Roy’, Michaela Collins’,
Ranjit S. Chima’, Rajit K. Basu”, Lakhmir Chawla® and Lin Fei'

"Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; "Lurie Children’s Hospital, Chicago llinois, USA; and
*Department of Veteran's Affsirs, Washington, DC, USA

+ Atotal of 286 patients comprised 304 intensive care unit (ICU) RAI+ admissions;
178 patients received CRRT over the observation period (2014-2021).

* 5% of RAI- pts received CRRT vs 35% of RAI+
* Among RAI+ 33% NGAL+ received CRRT whereas 2.8% of NGAL-

* Median time from ICU admission to CRRT initiation was 2 days shorter (p <
0.00)2), and 15% pre-CRRT fluid accumulation rate was lower in the TF2 era (p <
0.02).

* TF2 ICU length of stay (LOS) after CRRT discontinuation and total ICU LOS
were 6 and 11 days shorter for CRRT survivors (both p < 0.02).

» Survival rates to ICU discharge after CRRT discontinuation were higher (46% vs
65%) in the TF2 era (p< 0.001). These associations persisted in each TF2 year;

* we estimate a conservative $12,500 health care cost savings per CRRT patient

treated after TF2 implementation.

o

Reduced
Healthcare Costs

The TAKING FOCUS 2
(TF2) study demonstrated
a conservative cost
savings of $12,500 per
ICU admission when using
this enriched algorithm.

Systemic ROI

Improved ICU
Capacity

Expedited liberation from
CRRT and earlier
extubation shortens PICU
Length of Stay, increasing
overall bed availability
and throughput.

T
9{9

Optimized Resource
Allocation

Eliminates wait-and-see
hesitancy regarding
mechanical fluid removal,
aligning the right clinical
action to the right patient.
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CONCLUSIONS

* CRRT timing should move from reactive to
proactive

* Fluid balance should be anticipated in order to
minimize time on CRRT

e Watch and wait strategy should be balanced by
enrichment strategies

* CRRTY should be started at the right time in the
right moment
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