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Executive Summary

Healthcare organizations are investing heavily in Al, advanced analytics, and market intelligence capabilities. Yet many of
the most consequential strategic decisions, like service line expansion, risk contract pricing, referral leakage mitigation,

commercialization strategy, and M&A diligence continue to rest on unstable foundations.

The problem is rarely the sophistication of dashboards or the power of algorithms. It is sophisticated patient mastering
and identity fragmentation. Patient data is distributed across medical claims, pharmacy claims, EHR systems, laboratory
feeds, and third-party datasets. When these records are not reconciled into a stable, longitudinal patient identity,
organizations unknowingly overcount, undercount, fragment, and mis-sequence patient journeys. Patient mastering

is the disciplined process of reconciling fragmented patient identifiers into a single, longitudinal, and governed identity.

It extends far beyond basic deduplication. Effective patient mastering preserves continuity across payer transitions,
subscriber changes, site-of-care shifts, and token ecosystems, ensuring that every clinical event, diagnosis, and

transaction attaches to the correct individual over time.
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Patient mastering is the structural layer that converts raw transactions into reliable patient journeys. Without it,
distortions cascade resulting in shifting denominators, widening forecasts, unstable patient cohorts, and Al systems
trained on incomplete histories. Patient mastering must therefore be reframed from a backend data-cleaning exercise to

strategic infrastructure.

This paper examines the structural cost of fragmented identity, the technical realities of cross-domain entity resolution,
the architectural components of high-confidence mastering, and the governance implications for Al-enabled enterprises.

It also outlines a practical evaluation framework for ClOs and CDOs assessing mastering services and capabilities.

The Strategic Cost of Fragmented Identity
Every healthcare strategy begins with a denominator. Leaders assume they know:

= The size of the addressable population
» (Conversion and retention rates

» Referral leakage levels

» Downstream revenue attribution

» Longitudinal patient journeys

When identity falters, so do the assumptions built on it. Duplicate patients inflate perceived market size. Missed
cross-domain linkages make care continuity appear weaker than reality. Encounter duplication exaggerates utilization.

Subscriber ID churn fractures longitudinal histories.

Initially, these discrepancies appear minor with a few percentage points here and a small variance there. At scale,
however, those variances reshape capital allocation, risk pricing, network strategy, and service line investment. Identity

instability is not analytical noise but mare importantly is financial volatility.
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-@- Insight: Identity Stability Determines Analytical Truth

Healthcare organizations increasingly rely on advanced analytics, Al-driven workflows, and strategic
market intelligence to guide decisions around service line expansion, value-based care contracts, referral
management, and capital allocation. Yet the reliability of these systems depends on a single foundational

condition: stable patient identity.

Healthcare data is structurally fragmented across claims feeds, EHR systems, lab data, pharmacy
transactions, and external enrichment datasets. Without disciplined patient mastering and cross-domain
identity reconciliation, organizations unknowingly overcount patients, fragment care journeys, and distort

longitudinal histories. These distortions cascade through analytics pipelines.
The consequence is not simply analytical noise. It becomes strategic volatility.

Duplicate identities inflate denominators. Missing cross-domain linkages obscure care continuity.
Encounter duplication exaggerates utilization. Subscriber churn fractures longitudinal histories. When
these distortions propagate through forecasting models, population health programs, and Al systems, the

resulting insights become unstable and difficult to defend.

Patient mastering therefore represents mare than data cleansing. It is enterprise infrastructure that

governs longitudinal truth.

Organizations that treat identity as infrastructure gain stable denominators, reproducible cohorts, auditable
Al outputs, and more reliable financial forecasting. Those that treat identity as a preprocessing task risk

embedding structural distortion into every downstream analytic and operational decision.
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Identity Stability Leads To Strategic Decision Accuracy

Nearly every strategic analytics workflow in healthcare depends on the accuracy of the patient denominator

and longitudinal identity continuity. When identity resolution is unstable, the distortion propagates directly into

enterprise planning.

Strategic Decision Area

Analytics Dependency

Identity Failure Mode

Strategic Impact

Medicare Advantage
penetration analysis

Accurate senior
population counts

Duplicate identities
inflate denominator

Misestimated MA opportunity;
distorted contract strategy

Service line
growth planning

True incidence and
referral capture

Fragmented patient
journeys

Incorrect market
demand forecasts

Referral leakage
measurement

Longitudinal tracking
across providers

Cross-system identity
fragmentation

Leakage overstated
or understated

Value-based care

Accurate attribution

Encounter duplication

Artificial cost inflation

performance and utilization
Capacity and Stable patient cohorts Identity drift across Misaligned staffing and
access planning over time systems facility investment

Population health
management

Longitudinal patient
histories

Token fragmentation

Incorrect risk stratification
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Token Bridging

For organizations relying on cross-domain analytics, referral intelligence, risk modeling, or Al-driven workflows, token

bridging is not optional. It is the mechanism that converts fragmented transactions into coherent patient journeys.

Medical claims, pharmacy claims, EHR records, lab feeds, and third-party datasets each rely on different tokens,
subscriber IDs, or local identifiers. Token bridging is the process of reconciling those disparate identifiers into a unified,
longitudinal patient record. Without it, the same individual may appear multiple times across datasets or not appear as

the same person at all.

Tokenization

Challenges with tokenization for the patient journey

Accurate Token Match False Negative Token Match False Positive Token Match

One Person: One Token One Person: Multiple Tokens Multiple Persons: One Token

vOertgo6vqapirfpga89a @
: @ P Lo s6t8bdtuk8s6fgh1s6r8t

l°|

s6t8bdtuk8s6fgh1s6r8t 834jivnaOg9quinfv08sd @

Key Issues

1. Token Bridging Challenges — Many organizations experience patient drop-off due to tokenization mismatches. Even
when all datasets are aligned to a single token provider, discrepancies arise when non-native token sources introduce

crosswalk complexities.

2. Data Overlap & Waste — Estimates indicate that approximately 75% of purchased data overlaps across vendors.
Tokenization inconsistencies lead to patient loss and limit the utility of available data. While consultants can de-duplicate
records and construct patient journeys, they do not address the core issues of token bridging and resolution, leaving gaps

in the data integration process.

3. Encounter-Level Duplication — Beyond patient overlap, significant duplication at the encounter level leads to

inefficiencies and unnecessary costs.
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Why Token Bridging Is More Complex Than It Appears

Many organizations assume that adopting a single token vendor solves identity resolution. In reality, healthcare data

ecosystems are structurally fragmented.

Healthcare environments typically contain multiple proprietary token standards, non-native crosswalks between
datasets, partial overlap between medical and pharmacy domains, missing demographic fields, inconsistent name
formatting, legacy identifiers embedded in feeds, and vendor-supplied deduplication logic that lacks canonical identity

governance.

Even when two datasets rely on the same token provider, upstream resolution rules may differ, introducing subtle but

material identity drift.

Deterministic joins cannot reliably resolve this complexity. High-confidence identity reconciliation requires probabilistic

inference governed by deterministic recomputation.

Tokenization Challenges Tokenization Reckoning

= Multiple Tokens Matched to Single Person » Reducing Multiple Tokens to Single Person

= Single Tokens Matched to Multiple Persons = Reducing Single Tokens to Multiple Persons

= Higher Quanitity but Lower Overlap (Overinflation) » Lower Quantity but Higher Overlap (More Accurate)

: Dataset 1

Patient A | Token X Dataset 2

TokenY
Higher Quantity but Lower Overlap 30t Dataset2
Token Z .
Lower Quantity Yet

Patient B | Token Q Higher Overlap

Dataset 1

Token R
Standard Kythera
Tokenization Engineering
Dataset 1 Dataset 2 Dataset 1 Dataset 2
Token X Token Z Patient A Patient A
Token'Y Token Q Patient A Patient B
Token R Patient B
(Inflated Patient Count) (More Accurate Patient Count)
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How High-Confidence Mastering Works

Robust patient mastering is an engineered pipeline, not a single match step. Records are first grouped through blocking
logic to reduce computational complexity. Similarity features are calculated across demographics, tokens, address
normalization, temporal overlap, and clinical plausibility. Machine learning models assign match probabilities. Threshold
logic governs merge decisions. Canonical IDs are then assigned using reproducible precedence rules. This structure

balances probabilistic inference with governance discipline.

Even after patient-level reconciliation, encounter-level duplication must be addressed. Claims data frequently contains
overlapping procedural records. Without normalization and consolidation logic, utilization metrics and cost modeling

become inflated. The outcome is not merely deduplicated data. It is stable longitudinal continuity.

Data Token Misalignment

Tokens Appear as Separate Patients INITIAL VISITS TESTS & DIAGNOSTIC TREATMENT TREATMENT FOLLOW UP &
REFERRAL PLANNING MONITORING

TOKEN ONE
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. PCP Visit  Rx Lab Referral Specialist = Lab Surgery Rx Rehab
-

' TOKEN TWO
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Imaging Gl Visit  Lab Trial Scan

Multiple tokens attributed to one person creates separate and misaligned event paths

Data Token Alignment

Multiple Tokens Aligned into One INITIAL VISITS TESTS & DIAGNOSTIC TREATMENT TREATMENT FOLLOW UP &
REFERRAL PLANNING MONITORING

Single Aligned Token

56t8bdtuk856fgh1s6r8t PCP Visit  Rx Lab Referral Specialist = Lab Surgery Rx Rehab
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A More Detailed View

Multi-Stage Entity Resolution

Modern mastering architectures follow a structured, multi-stage approach.

» First, candidate pair generation applies blocking logic to reduce computational complexity.

» Second, feature engineering computes similarity metrics across demographics, token similarity,
address normalization, temporal overlap, and clinical plausibility.

= Third, supervised machine learning models assign a match probability score.

= Fourth, thresholding logic governs merge decisions.

= Finally, canonical ID assignment applies deterministic precedence logic to ensure reproducibility
across recomputations.

This architecture balances probabilistic inference with governance discipline.

Managing Suspect IDs

Short-lived identifiers often arise from ingestion artifacts, partial claims, test records, enrollment churn, or vendor

fragmentation. Left unaddressed, they inflate denominators and distort utilization metrics.

Advanced mastering systems detect statistical outliers by comparing total claim volume per patient, based on clinical
plausibility of utilization patterns. Identifiers falling below defined thresholds are flagged or excluded from the master

index. This step is critical to denominator integrity.

Cross-Domain Integration Logic

High-confidence mastering must reconcile identity across medical claims, pharmacy claims, EHR systems, and
enrichment datasets. When direct overlap exists, linkage may be deterministic. When overlap is absent, inference-based

logic reconciles records through intermediary tokens or shared attributes.

Encounter-Level Deduplication

Even after patient-level resolution, encounter duplication persists. Claims systems frequently produce overlapping or

redundant records.

Robust mastering platforms apply procedure-date matching, site-of-care normalization, CPT/HCPCS grouping, claim-
line consolidation, and clinical plausibility filters to eliminate duplication. This step directly impacts utilization modeling,

leakage analysis, cost-of-care estimation, and value-based contract evaluation.
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Identity Resolution Approaches: Not All Are Equal

Healthcare enterprises typically operate within one of four identity models:
1. Deterministic rule-based matching

2. Token overlay approaches

3. Traditional enterprise MDM platforms

4. Lakehouse-native ML-based mastering

The distinction between these models determines denominator stability, regulatory

defensibility, Al readiness, and financial reliability.

Healthcare Identity Resolution Maturity Model

Low , High
Maturity " Maturity

LAKEHOUSE ML
MASTERING
(Kythera Architecture)

RULE BASED TOKEN ENTERPRISE
MATCHING OVERLAY MDM

Probabilistic ML
Resolution

Deterministric
Joins Basic
Identifier Matching

Vendor Token Links Golden Record Model S (R (T e
Cross-Source Match Governance Layer Drift Monitoring

Continuous
Recomputation

Fragile at Scale Vendor Dependency Slow Reconciliation Identity as Infrastructure

Denominator Stability - Longitudinal Patient Continuity - Governance - Auditability - Al Readiness - Financial Reliability

»
v
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Rule-based systems are simple but fragile under real-world variability. Token overlays improve linkage but remain
dependent on vendor ecosystems and lack full governance transparency. Traditional MDM platforms introduce structure

but often struggle with healthcare-scale longitudinal complexity.

Lakehouse-native ML mastering treats identity as infrastructure. It integrates probabilistic resolution, deterministic
reassignment, encounter-level deduplication, statistical drift monitoring, and reproducible recomputation within the

governed data platform. As identity maturity increases, denominator integrity and strategic precision increase with it.

The Financial Impact of Identity Distortion

Example: Medicare Advantage Penetration Modeling

Consider a regional health system evaluating MA penetration in a geography with 100,000 seniors. If 45,000 are enrolled

in MA, true penetration is 45 percent.

If identity duplication inflates the denominator by 5 percent, the population appears to be 105,000. Modeled penetration
drops to 42.9 percent. A two-point misread may appear marginal. In a $500 million revenue system with substantial MA
exposure, that shift can distort multi-year revenue forecasts by $10-20 million. Denominator instability directly affects

capital planning and contract negotiation posture.

Example: Oncology Forecasting Distortion

An oncology service line serving 5,000 unigue patients annually at $40,000 per patient generates $200 million in
revenue. If duplicate identities inflate patient counts by 12 percent, modeled volume becomes 5,600 patients and
projected revenue appears to be $224 million. A $24 million overstatement drives overcapacity investment, inventory

misalignment, and contract mispricing. Identity inflation distorts growth strategy.
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<+> The Denominator Principle

Every healthcare strategy decision ultimately depends on a denominator.
Leaders assume they know:

= the size of the addressable population

= the penetration of key payer segments

» referral leakage rates

= utilization intensity

= longitudinal patient journeys

When identity is unstable, the denominator quietly shifts. Duplicate identities inflate market size.

Fragmented records obscure care continuity. Encounter duplication exaggerates utilization.
The result is not simply analytical noise. It becomes strategic distortion.

Even small identity instability can materially change:
= Medicare Advantage penetration estimates

= service line demand forecasts

= referral network stability models

= value-based contract performance projections

Organizations often focus on improving analytic models. The more fundamental requirement is stabilizing

the denominator those models depend on.

Analytical truth relies on denominator stability.
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The Compounding Cost of Identity Drift
Identity drift compounds, and for health systems, the consequences are operational and financial.

Assume a modest 3 percent annual identity drift driven by subscriber churn, token updates, payer transitions, and data
ingestion artifacts. Over five years, cumulative distortion approaches 16 percent. In a provider strategy context, that drift

does not merely shift research curves. It reshapes business fundamentals.

Medicare Advantage penetration models become unstable. Referral leakage estimates widen. Service line growth

forecasts lose precision, and population health gap-in-care rates misalign with actual patient continuity.

A small annual identity instability can quietly compound into denominator distortion large enough to influence capital
allocation, contracting posture, specialty recruitment decisions, and network design. What begins as minor technical

variance becomes structural strategic bias.

Al Governance Begins with Identity Governance

Al systems amplify whatever structure they inherit. If the identity layer is unstable, generative Al, predictive models, and
agentic workflows produce irreproducible results. Cohorts shift across recomputations. Regulatory defensibility weakens.
Model drift accelerates silently. Stable identity enables recomputable cohorts, transparent feature lineage, auditable

outputs, and consistent longitudinal modeling. Identity governance is therefore foundational to Al governance.
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II Identity as the Control Layer for Agentic Al

Healthcare is entering a new phase of analytics where Al systems do more than produce reports. Emerging
agentic workflows investigate referral shifts, recalibrate cohorts, model risk exposure, and recommend

operational actions.

These systems depend on one foundational condition: stable longitudinal identity. Agentic Al must reason
across patient histories that span claims systems, EHR environments, laboratory data, pharmacy records,

and enrichment datasets. If identity is fragmented, automation accelerates error rather than insight.

Stable identity enables:

» recomputable patient cohorts

= traceable feature lineage

= consistent patient histories across recomputations

» auditable model outputs

Without identity governance, Al governance becomes impossible. In this architecture, patient mastering

functions as the control layer beneath intelligent systems.

Al does not correct identity instability.

It amplifies whatever structure it inherits.

Organizations that stabilize identity first create the conditions for trustworthy automation.

The Principle: Structural Discipline Before Intelligence

The differentiator for health systems will not be how quickly they deploy automation. It will be the discipline of their

identity foundation.

Organizations that stabilize patient identity before layering advanced analytics will achieve earlier and more reliable
detection of margin erosion. They will maintain tighter denominator stability in value-based contracts and their referral
and leakage intelligence becomes more defensible. Forecast variances across service lines will narrow, and risk-adjusted

modeling will become more credible.
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By contrast, organizations that build advanced workflows on unstable identity layers will not gain the same clarity. They

will accelerate noise, and automation will amplify whatever structure it inherits.

Patient mastering is therefore not a preprocessing task or a data hygiene initiative. It is structural governance over

longitudinal truth. In a margin-constrained and value-based environment, identity stability becomes operational stability.

The following examples illustrate how patient mastering functions as infrastructure in real-world provider strategy.

Referral and Leakage Monitoring

Consider a health system monitoring cardiology leakage across its employed and independent physician network. To
measure leakage accurately, the system must reconstruct complete patient journeys across inpatient admissions,

outpatient encounters, imaging centers, and external specialty providers.

Patient mastering evidence in this context includes:
» Demonstrated reconciliation of subscriber ID changes across payers
= Canonical patient IDs linking medical and imaging claims longitudinally

= Encounter-level deduplication eliminating inflated CPT counts

Statistical monitoring confirming stable patient counts across recomputations

Without these controls, duplicate identities may exaggerate out-of-network utilization. Fragmented records may mask
early referral drift. What appears to be growth in competitor referrals may be nothing more than identity inflation.

Leakage analysis only works when identity continuity is defensible.

FEEE]
Risk Adjusted ererrals

Modeling

Identity stability
becomes
operational
stability

L Leakage
Service Line

Performance

Value-Based
Care

14 Copyright® 2026 Kythera Labs Inc. All rights reserved |< \’T—' -__e 5\




Cohort Stability in Value-Based Environments

In value-based care arrangements, cohorts are dynamic. Attribution changes, coverage transitions occur, and risk scores

update. Patient mastering ensures that these shifts reflect real patient movement rather than identifier fragmentation.

Evidence of disciplined patient mastering includes:

» Longitudinal continuity across payer transitions

» Deterministic recomputation of eligible populations

» Stable denominators across repeated performance runs

» Drift monitoring that flags unexpected cohort expansion or contraction

Without this structure, cohort sizes fluctuate artificially. Gap-in-care rates appear to rise or fall without corresponding

clinical change. Cohort recalibration is only as reliable as identity stability.

Service Line Performance and Leakage Detection

Health systems increasingly monitor imaging, orthopedic, oncology, and procedural service lines for early signs of margin

erosion. Accurate leakage detection requires consistent patient matching across internal and external claims feeds.

Patient mastering evidence in this context includes:

» (Cross-domain linkage between medical and pharmacy claims
» Normalized provider hierarchies and site-of-care reconciliation
» Deduplicated encounter records across clearinghouse feeds

» Reproducible patient counts under repeated analysis

If identity fragmentation inflates patient volumes or obscures cross-provider transitions, service line intelligence becomes

distorted. A 5-10 percent identity variance can materially alter perceived referral stability.

Risk-Adjusted Performance Modeling

Predictive modeling for readmissions, high-cost utilizers, or rising-risk populations depends on longitudinal
completeness. Diagnoses, pharmacy fills, procedures, and utilization events must attach to a single continuous

patient record.
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Patient mastering evidence includes:

» Verified cross-domain matching between medical and pharmacy histories
» Stable longitudinal sequencing across multi-year windows

= Elimination of duplicate diagnostic or utilization records

» Auditable canonical ID assignment with deterministic reassignment rules

If identity drift fractures these sequences, risk scores miscalibrate and financial exposure modeling widens in variance.

Key Insight

Most healthcare data strategies attempt to scale Al from the top of the stack downward.
But trust must be built from the bottom up. Without stable identity infrastructure, even
sophisticated analytics and Al systems operate on unstable patient representations.

These systems depend on stable entities

and reproducible data pipelines.

At this level, organizations generate

of these outputs depends on the integrity

(Where organizations want to operate) Al Driven Decision Support strategic insight. However, the reliability
Agentic Workflows
T Predictive and Prescriptive Models
Operational Automation

Without identity infrastructure,
Population Analytics Risk Modeling

analytics inherit structural
Service Line Forecasting Cohort Construction

of the identity layer below.

instability.

T

Market Analysis

Healthcare data enters the stack
fragmented by design, because

This platform layer provides Patient Mastering Encounter Deduplication these systems were built for

data transparency and Token Reconciliation Entity Graph Management
auditability but does Cross-Domain Identity Resolution
not solve entity
fragmentation on
it's own.
Lakehouse Architecture Reproducible Pipelines Lineage Tracking
Data Versioning Schema Governance

Claims Feeds Pharmacy Claims Enrollment Data
EHR Data Laboratory Systems External Enrichment Datasets

billing, operations, and
documentation—not
longitudinal analytics.
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Looking Forward: Identity as the Foundation for Agentic Al Workflows

As health systems move toward agentic Al as systems that do more than report metrics and instead investigate patterns,

generate hypotheses, and recommend operational actions, the importance of identity discipline only increases.

Real-time agents designed to monitor referral drift depend on complete, continuous patient journeys. Dynamic cohort
recalibration in value-based contracts requires stable denominators as attribution and coverage shift. Automated leakage
detection across specialty and procedural service lines relies on accurate cross-domain patient matching. Risk-adjusted
predictive models embedded in care management workflows require longitudinal completeness across diagnoses,

pharmacy fills, and utilization events. Each of these workflows assumes a stable identity layer.

When patient mastering is governed, recomputable, and monitored, agentic systems can operate with confidence. In
the next phase of healthcare intelligence, the competitive advantage will come from deploying Al on a stable identity

foundation.

Patient mastering is not simply an input to intelligent healthcare operations. It is the control layer beneath them.

EF Connect with Kythera. Kythera is a data technology company that brings unprecedented clarity and structure
to complex real-world healthcare data. Kythera's Wayfinder Technology Platform, supported by pre-configured
pipelines, processing libraries, analysis tools and remastered datasets, helps Healthcare and Life Sciences

g': organizations work with greater speed, scale and confidence. Learn more at www.kytheralabs.com.
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