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1. Executive Summary

1.1 Purpose and Scope

This white-paperis the actuarial communication for ProcedureRadar's v1 B2B API
methodology. Itis written to the standard that ASOP 41 (Actuarial Communications, Source 3)
requires: a qualified actuary in the same practice area should be able to read this document
and make an objective appraisal of the reasonableness of the work without access to the
pipeline codebase. Where we reference implementation files, we do so to indicate where a
reviewer can verify claims, not to substitute code references for methodological

explanation.

ProcedureRadar produces underwriting-grade procedure-pricing features from federally
mandated hospital Machine-Readable Files published under 45 CFR Part 180. For every
(hospital, procedure, payer, charge-type) combination with sufficient observations, we
compute empirical severity distributions (percentile_25, percentile_75, percentile _95,
percentile_99, mean, standard deviation) at credible sample sizes per ASOP 25 (Source 2),
bias-corrected and accelerated bootstrap confidence intervals perthe North American
Actuarial Journal BCa standard (Source 15), BLS CUUROOOOSAM time-series normalization
with documented limitations (Sources 13, 14), covered-event episode mapping with
fractional-contribution weights (Enterprise tier), and a six-component data quality score
anchored to the AAA Big Data governance framework (Source 8). Fields that do not meet
credibility thresholds are suppressed rather than approximated. The resultis a tier-
appropriate underwriting data product priced and scoped for specialty payers, MGAs, and

regional TPAs that cannot clear the procurement hurdles of enterprise data vendors.

1.2 What "Underwriting-Grade" Means in This Paper

The phrase "underwriting-grade" is a specific methodological claim, not a marketing

descriptor. Inthis paper, it means the following four properties are satisfied:
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First, severity distributions are computed only where the observation count is sufficient to
produce statistically defensible empirical quantiles, with the full-credibility floorsetat n = 30
per ASOP 25 (Source 2). Below that floor, we apply a documented normal-approximation
fallback (10 to 29 observations) or suppress entirely (fewer than 10). No point estimate is

presented as credible when the underlying sample does not support the claim.

Second, confidence intervals use the bias-corrected and accelerated bootstrap method
(BCa) established in peer-reviewed actuarial literature as the standard for risk-measure
confidence intervals at insurance sample sizes (Gruen and Miljkovic, NAAJ, 2022, Source 15).
BCa corrects forthe bias and skewness that plain percentile-bootstrap understates at the

right-skewed price distributions typical in hospital charge data.

Third, time-series normalization applies a primary federal statistical series (BLS
CUUROOOOSAM, Sources 13, 14) with the specific limitation that the October 2024 BLS
methodology change introduced a conceptual mismatch between the deflator (which now
partly reflects adjudicated reimbursement prices) and ourinput data (whichis charge-side).

We name this limitation and explain why we retain CUUROOOOSAM despiteit.

Fourth, every pricing record carries a six-component data quality score governed by the
ASOP 23 compliance layer (Source 1) and the AAA Big Data governance framework (Source
8), with published composite weights that a practitioner can audit. Records that fail quality

gates are flagged, not silently passed through.

This paper does not claim that our data is the most comprehensive orlargest datasetin the
market. The enterprise data majors maintain largerrecord volumes and, in some cases,
access to adjudicated claims data that hospital MRFs cannot provide. Ourlane is
underwriting-grade data depth at mid-market pricing, accessible to organizations that

cannot clear the procurement hurdles of enterprise data vendors.

1.3 What the Methodology Produces
The vimethodology produces five categories of output, each documentedin a dedicated

section of this paper:

Severity distributions (Section 4). Empirical or approximated percentiles at the procedure-
metro-payer-charge-type grain, with suppression when the observation countis below the

credibility threshold. These give an underwriter the distributional shape of observed hospital
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charges, notjust a midpoint.

Confidence intervals (Section 5). BCa bootstrap Cls at 95 percent confidence on the mean,
25th, 75th, 95th, and 99th percentiles for cohorts with 30 or more observations; normal-
approximation Cl on the mean for cohorts with 10 to 29 observations; suppression for
cohorts with fewer than 10 observations. These quantify sampling uncertainty around each

severity estimate.

Time-series normalization (Section 6). CPl-adjusted and medical-CPl-adjusted price
columns anchored to a stated reference month, with regional price indexing via BLS metro-
area series. An append-only pricing-history table guarantees no look-ahead bias in historical

comparisons.

Covered-event taxonomy (Section 7). A10-category episode-of-care mapping with
fractional-contribution weights, available at the Enterprise tier, that lets a practitioner query
an episode (forexample, a knee-replacement bundle) and receive aggregate pricing rather

thanindividual line-item prices.

Data quality score (Section 8). A six-component composite scorein [O, 1] with published
weights, a three-band interpretation framework (above 0.85,0.70 to 0.85, below 0.70), and
adirectrelationship to the categorical quality-flag enum for practitioners who need

categorical filtering.

1.4 Data Source and Legal Basis

All pricing data in this methodology derives from hospital Machine-Readable Files published
under 45 CFR Part 180 (the Hospital Price Transparency Rule, Source 10). Hospitals in the top
100 U.S. metropolitan markets are required to publish standard chargesin machine-readable
format. We ingest each hospital's file directly, retain the source URL and publication date on
everyrecord, and treat each hospital's own published file as the authoritative source for that

hospital's prices. Section 2 documents the legal basis in full.

TiC (Transparency in Coverage) payer-negotiatedrate file integrationis aMonth 4 to 6 post-
launch deliverable and is not part of the vl methodology. The vl methodology is exclusively

charge-side.
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1.5 Scope Boundary

This paperdocuments the methodology behind fields exposed through the vl B2B APl as of
the methodology version1.0.0 effective date (2026-05-09). Features documented in this
paper correspond to what the APl returns at each tier as of that date. Future methodology
versions will carryanew methodology_version_id andachangelogentry. Sectionll

documents the versioning and pre-notification commitments.

1.6 References

1.Source 1: ASOP No. 23, Data Quality (Revised Edition, Actuarial Standards Board, adopted December 2016,
effective April 1, 2017). Operative sections: source identification, known limitations disclosure, adjustment
documentation, extent-of-reliance disclosure for each upstream data layer.

2.Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December2013). Operative sections: full-credibility threshold documentation, purpose-appropriate
threshold selection, application of credibility procedures to external data.

3.Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: clarity for peeractuary review; disclosure of methods, procedures, assumptions, models, and
data; cautions regarding uncertainty.

4. Source 8: American Academy of Actuaries, "Big Data and Algorithms in Actuarial Modeling and Consumer
Impacts," Data Science and Analytics Committee Issue Brief (October 2022). Operative sections: four-
point governance framework for external data sources; validation, collection-procedure review, quality
assurance guidelines, regulatory compliance analysis.

5. Source 13: Bureau of Labor Statistics, "How BLS Measures Price Change for Medical Care Servicesin the
Consumer Price Index" (factsheet, current); "Incorporating Medical Claims Data in the CPI," Monthly Labor
Review (2023). Operative sections: October 2024 CUUROOOOSAM methodology change; claims-data
switch for outpatient private-insurance component.

6.Source 14: Dunn, A., Hale, E., and Dauda, B., "Adjusting Health Expenditures for Inflation: A Review of
Measures for Health Services Researchin the United States," Health Services Research, Vol. 53, No. 1, pp.
526-548(2018). Operative sections: CPImedical care vs. PCE PHC deflator selection by expenditure type.

7.Source 15: Gruen, B. and Miljkovic, T., "The Automated Bias-Corrected and Accelerated Bootstrap
Confidence Intervals for Risk Measures," North American Actuarial Journal, Vol. 27, No. 4, pp. 731-750 (2023,
published online December 2,2022). Operative sections: BCa as actuarial standard for risk-measure
confidenceintervals; 10,000-resample recommendation for tail stability.
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2. Data Sources and Legal Basis

2.1 Federal Mandate: 45 CFR Part 180

The primary legal authority for every price we returnis 45 CFR Part 180, "Hospital Price
Transparency,” publishedin the U.S. Code of Federal Regulations (Source 10). The rule
requires hospitals with 25 or more beds to publish a machine-readable file of standard
charges forallitems and services they provide. The eCFR version of 45 CFR Part 180 is the
authoritative current text; the rule has been amended multiple times since its original

effective date.

Abrief regulatory history: the rule became effective January 1, 2021. CMS implemented major
enforcement updates through 2024, including civilmonetary penalty escalations and
mandatory attestationrequirements. As of July 1, 2024, hospitals must publish MRFs that
conformto a CMS-specified template format. As of January 1, 2025, MRFs must include
additional payer-specific fields. As of January 1,2026, hospitals must publish the 10th
percentile, median, and 90th percentile of allowed amounts with a count of remittances for
each shoppable service, representing the first statutory requirement for hospitals to publish
empirical percentile data from their own adjudicated claims experience. This January 2026
expansionis documented separately in Section10.11and referenced againin Section1las a

vl.lintegration target.

2.2 ASOP 23 Compliance Layer: Per-Source Documentation

ASOP 23 (Source 1) requires that foreach upstream data source, the actuary document: (a)
source identity and scope, (b) known biases or limitations, (c) adjustments applied, and (d)
the extent of reliance placed on data supplied by others. We apply this requirement to each

of our four upstream sources.

Hospital Machine-Readable Files. Source identity: per-hospital MRF files published at each
hospital's own URL on each hospital's own cadence, ingested via the ProcedureRadar
pipeline. Scope: standard charges as defined in 45 CFR Part 180, including gross charge,
discounted cash price, payer-specific negotiated charges, and de-identified minimum and
maximum negotiated charges. Known biases and limitations: the GAO foundin October
2024 (GAO-25-106995, Source 11) that CMS cannot verify that hospital MRF data are
sufficiently complete and accurate, and that health plans and employers have raised

concerns about data quality including prices that appear unusually high orlow. The HHS
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Office of Inspector General found in November 2024 (Source 12) that approximately 46
percent of hospitals were non-compliant with one or more price transparency requirements
as of early 2023. Adjustments applied: shoppable-service early filter at parse time,
placeholder-value detection, outlier flagging against historical hospital pricing patterns, and
the six-component data quality score (Section 8). Extent of reliance: high; the hospital MRF is
the sole source of procedure-level pricing datain vl. We do not supplement with proprietary
claims data, pharmacy benefit data, or third-party pricing databases. Where a hospital's MRF
isincomplete, non-compliant, orunparseable, our data for that hospital isincomplete

accordingly. The coverage sub-score in the data quality score reflects this directly.

BLS CUUROOOOSAM (Medical Care Services CPI). Source identity: Bureau of Labor
Statistics Consumer Price Index series CUUROOOOSAM, published monthly as part of the
CPI-U all-urban-consumers family. Scope: a national index of medical care services price
changes, based on a household survey sample with an October 2024 methodology change
for the outpatient private-insurance sub-component (Source 13). Known biases and
limitations: as of October 2024, the outpatient private-insurance component of
CUUROOOOSAM switched from survey-based list-charge pricing to adjudicated claims data,
creating a conceptual mismatch with our charge-side input data. This mismatchis
documentedin detailin Section 6.3 and Section10.9. Additionally, CUUROOOOSAMis a
national series; it does not capture within-metro geographic price variation, whichwe
address through regional indexing described in Section 6.4. Adjustments applied: none to
the BLS seriesitself. We apply the series as published. Extent of reliance: the deflatoris
applied to every time-series-adjusted column. Practitioner actuaries should review Section
6.3 beforerelying ontime-series-adjusted values for use cases sensitive to the charge-side

versus reimbursement-side distinction.

NPPES (National Plan and Provider Enumeration System). Source identity: CMS National
Plan and Provider Enumeration System NPl registry, used to match provideridentifiers to
hospital facility records and to support CCN-to-EIN bridging in the URL refresher. Scope:
provideridentification data, not pricing data. Known biases and limitations: NPPES records
may be stale for providers that have changed address, ownership, or taxidentification
number. The pipeline uses NPPES as one of four URL-discovery systems, not as a sole source.
Adjustments applied: cross-validated against TPAFS and direct CMS hospital price
transparency index records. Extent of reliance: supporting role in URL discovery and hospital

identification; notload-bearing for pricing values.
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TPAFS (Third-Party Administrator Filing System). Source identity: CMS TPAFS system, used
as one component of the CCN-to-URL mapping for hospitals whose MRF URLs are not
directly discoverable from the CMS price transparency index. Known biases and limitations:
NPPES-to-TPAFS upstream mapping contains documented CCN-to-URL contamination for
a subset of hospitals (the pipeline applies a canonicalized-equivalence guard to identify and
exclude these contaminated mappings). Adjustments applied: contamination guard applied
before any URL derived from TPAFS is used as aningestion source. Extent of reliance: minor;
TPAFS is a tertiary URL-discovery fallback. The primary URL source is the CMS hospital price

transparency index; TPAFS is used only when the primary source does notreturn avalid URL.

2.3 Per-Hospital Ingestion Model

We treat each hospital's own published MRF as the authoritative source for that hospital's
prices. We do not blend prices across hospitals orimpute missing hospital data from peer-
hospital distributions. The source URL and publication date are retained on every pricing
record; practitioners can verify the provenance of any specific record by inspecting the

hospital_mrf_url and source_file_date fieldsreturnedinAPlresponses.

Hospitals publish MRFs on their own cadence, which varies from monthly to annually. The

pipeline re-ingests each hospital's MRF on a monthly pipeline run and updates the
source_file_date andfreshnesssub-score accordingly. Recordsfrom hospitals that have

not published a new MRF since the previous runretain the prior source_file_date ,whichthe

freshness sub-score penalizes overtime.

2.4 BLS Series Used for Time-Series Normalization

The primary deflatoris BLS CUUROOOOSAM (Medical Care Services), discussed above andin
detailin Section 6. The secondary reference seriesis BLS CUUROOOOSAO (All tems CPI-U),
included as abenchmark for expressing medical price changes in the context of broader
consumerinflation. CUUROOOOSAOQ is not used as the operative deflator for any pricing-

record adjustment.

Regional price indexing uses BLS metro-area-level CPl sub-indexes, mapped to ourinternal
metro slugs via a mapping table maintained in the pipeline codebase. The October 2024 BLS
methodology change to CUUROOOOSAM (which switched the outpatient private-insurance
component from survey-based list-charge pricing to claims-data-sourced adjudicated

pricing, per Source 13) is a date marker for practitioners reviewing our time-series output:
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recordswith reference_index_month valuesfrom October2024 onward are deflated using
a series that has a different conceptual basis forits outpatient private-insurance component

thanrecords with earlier reference months.

2.5 TiC Integration: Month 4 to 6 Deliverable

The Transparency in Coverage rule requires healthinsurers to publish payer-negotiated
machine-readable files containing plan-specific allowed amounts for every service. TiC files
represent the reimbursement side of the pricing picture: what the payer actually pays, after
adjudication, as opposed to what the hospital charges. Acomplete underwriting data

product would include both charge-side and reimbursement-side signals.

TiCintegrationis deferred to Month 4 to 6 of the post-launch roadmap. The vl methodology
is exclusively charge-side. We disclose this clearly because the charge-side versus
reimbursement-side distinction is methodologically significant for rate-filing actuaries who
work with adjudicated claims datain their primary models. Section 10.5 documents the

implications of this limitation forvlusers.

2.6 Future Integration: January 2026 Allowed-Amount Disclosure

As of January 1,2026, 45 CFR Part 180 (Source 10) requires hospitals to publish the 10th
percentile, median, and 90th percentile of allowed amounts with a count of remittances for
each shoppable service. Thisis the first statutory requirement for hospital-published
empirical percentile data from adjudicated claims. The vl methodology does not yet
incorporate these hospital-published percentiles in any computed output. Section 11

documents the vl.1 commitment to evaluate integration.

2.7 References

1. Source 1: ASOP No. 23, Data Quality (Revised Edition, Actuarial Standards Board, adopted December 2016,
effective April1,2017). Operative sections: per-source documentation requirements; source identification,
scope limitation, known bias description, adjustment documentation, extent-of-reliance disclosure.

2.Source10: U.S. Code of Federal Regulations, 45 CFR Part 180, Hospital Price Transparency (e CFR current
version; rule effective January 1, 2021, major updates through January 1, 2026). Operative sections:
standard-charge publication requirements; shoppable-service definition; January 2026 allowed-amount
percentile disclosure requirements; MRF publication requirements by hospital type.

3. Source 11: U.S. Government Accountability Office, GAO-25-106995, "Health Care Transparency: CMS
Needs More Information on Hospital Pricing Data Completeness and Accuracy" (released October 2,
2024). Operative sections: CMS inability to verify MRF completeness and accuracy; health plan and
employer data quality concerns; CMS Request for Information on enforcement.
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4. Source 12: HHS Office of Inspector General, "Not All Selected Hospitals Complied With the Hospital Price
Transparency Rule" (November 2024). Operative sections: approximately 46 percent non-compliance rate;
deficient machine-readable files as primary compliance gap; small-hospital resource-constraint finding.

5. Source 13: Bureau of Labor Statistics, "How BLS Measures Price Change for Medical Care Servicesin the
Consumer Price Index" (factsheet, current); "Incorporating Medical Claims Data in the CPI," Monthly Labor
Review (2023). Operative sections: October 2024 CUUROOOOSAM methodology change; switch to
claims-data-sourced adjudicated pricing for outpatient private-insurance component; date marker for
time-series interpretation.
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4. Severity Distribution Methodology

4.1 Purpose

Anunderwriter evaluating a specialty-health rate filing ora TPA benchmarking inpatient
surgery costs needs more than a median price. Amedian alone tells you the center of the
distribution but nothing about its shape: whether prices cluster tightly around that midpoint
orfanout across awide range, whether the tail is fat enough to stress a stop-loss layer, and
whether the 75th percentile is close to or far from the 95th. The severity distribution columns
onevery pricing_record give theunderwriterthat shape. Specifically, we compute and
store percentile_25 , percentile_75 , percentile_95 , percentile_99 , mean_price ,and
stdev_price atthe procedure-metro-payer-charge-type grain. percentile_10 and
percentile_90 are preservedinthe consumer-facing surface. This set of descriptorsletsa
practitioner actuary reconstruct the distributional structure of observed hospital charges for

a given procedure in a given market without access to the underlying microdata.

4.2 Sample-Size Regimes and Credibility Thresholds

We divide every pricing cohort into one of three regimes based on the count of line-item
observations at the procedure-metro-payer grain. The regime determines which
computation method applies. This three-way structure is not arbitrary: it follows the
framework ASOP 25 (Credibility Procedures) requires any actuary to apply when
representing data as statistically credible for a specific actuarial purpose. ASOP 25 does not
prescribe a universal observation count for full credibility; it requires the practitionerto select
aprocedure appropriate for the purpose, the data volume, and the intended use, and to

document why the selectionis appropriate. We do exactly that here.

Regime 1: n >= 30 (empirical quantiles). When a cohort contains 30 or more observations, we
compute severity percentiles directly from the empirical distribution using

numpy.percentile . This produces unbiased quantile estimates that do not depend on any
distributional assumption. The choice of 30 as the full-credibility floor for empirical quantile

computationis grounded in two converging sources.

First, Werner and Modlin (Basic Ratemaking, Fifth Edition, CAS study note, Source 7) describe
credibility as the degree of confidence an actuary placesin abody of data. The text
discusses the classical full-credibility threshold in the context of primary ratemaking data

and notes that practitioners routinely anchor empirical distribution estimates at n =30 as the
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minimum below which sample quantile stability deteriorates materially, particularly for tail
percentiles such as the 95th and 99th. At n = 30, the empirical 25th percentile is the 7th or 8th
order statistic and the empirical 75th percentile is the 22nd or 23rd. Both are reasonably
stable. Atn =20, the tail order statistics begin to exhibit high variance across independent
draws from the same population, producing estimates that can mislead a rate-filing actuary

about the true distributional shape.

Second, ASOP 25 explicitly requires that the purpose and intended use of the data govern
the threshold selection. Our datais used as input to underwriting rate calculations for
specialty-health and MGA products where the 75th and 95th percentiles of procedure cost
directly feedinto credibility-blending worksheets, stop-loss attachment-point analysis, and
corridorrating. At thisintended use, a threshold below 30 would produce percentile
estimates with standard errors large enough to contaminate the downstreamrate
calculation. We are not claiming that 30 is a universal standard; we are stating that 30 is the
appropriate threshold for this purpose and this use case, whichis exactly what ASOP 25

requires.

Regime2: 16 < n < 30 (normal approximation). When a cohort contains between 10 and
29 observations, we cannot reliably estimate quantiles from the empirical distribution, but
the data still carries actuarial information that an underwriter should not discard entirely. We
apply a normal-approximation fallback: we compute the sample mean and sample standard
deviation, then derive approximate percentile estimates using the standard normal z-score
foreach desired quantile level. Specifically, percentile_25 iscomputedas mean - 0.674 *
stdev , percentile_75 aS mean + 0.674 * stdev , percentile_95 as mean + 1.645 %

stdev ,and percentile_99 as mean + 2.326 * stdev .

The justification forusing a normal approximation at thisrange is the Central Limit Theorem:
forn>=10, the sample mean converges toward normality at arate that makes the normal
approximation workable forthe meanitself. Extending that approximation to the full
distributional shape via z-scores assumes that the underlying price distributionis
approximately symmetric and unimodal in the observed range. Hospital procedure prices at
asingle facility for a specific service type typically satisfy this condition, though fat-tailed
price distributions do occurin markets with extreme high-outlier prices. Where fat-tail
behavioris suspected, the practitioner actuary should treat normal-approximation regime

records with additional scrutiny, as noted in the quality flag discussion below.
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Every percentile estimate in the normal-approximation regime is clamped to alower bound
of zero. Price distributions are truncated at zero by construction: no price can be negative.
The clamping introduces a small upward bias in the lower-bound estimates when the
distributional centeris close to zero (that is, when mean divided by stdev is small). This bias is
standardin actuarial treatment of truncated-normal severity distributions, is well
documented in the ratemaking literature, andis preferable to the absurdity of returning a

negative lower price bound to an underwriter.

Regime 3: n < 10 (suppression). When a cohort contains fewer than 10 observations, no
distributional estimate we can produce is statistically defensible in arate-filing context. At
this observation count, even the sample mean carries a coefficient of variationlarge enough
torender percentile estimates misleading. We suppress the severity fields entirely:
percentile_25 , percentile_75 , percentile_95 , percentile_99 , mean_price ,and
stdev_price areallreturnedas null ,andthe quality_flag fieldissetto low_sample .
The confidence interval fields are likewise null ,and confidence_interval_method issetto

suppressed .

This behaviorislockedin the pipeline at SUPPRESS_BELOW = 10 in severity_compute.py .ltis
also enforced by acheckin bca_bootstrap_ci (Source:
packages/pipeline/scripts/bca_bootstrap.py )thatraisesa ValueError ifcalledona
sample of fewer than 10 observations, ensuring the bootstrap path cannot accidentally

produce a Clforasuppressedcell.

The practitioner actuary encountering suppressed records should treat them as unquotable
from this source and supplement with an appropriate complement of credibility (per Werner-
Modlin, Source 7, Chapter 12) drawn from market-wide or regional pricing benchmarks. We
do not provide the complement directly; we document the suppression so the actuary can

apply their own credibility-weighting procedure.

4.3 Percentile Ordering Constraint

A severity distributionis only internally consistent if the percentiles are ordered: p10isno
largerthan p25, whichis no largerthan p50, and so on through p99. Violations of this ordering
constraint indicate a data-quality problem at the compute level and should neverreach the

APlIresponse layer.
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We enforce this invariant at two independent points. First, the database layer enforces the
constraint via the check condition added inmigration 013: p18 < p25 < p50 < p75 <
p90 < p95 < p99 ,withany positionallowedtobe null .Thisconstraintisthe model
validation evidence required by ASOP 56 (Modeling, Section 4.4, Source 4), which requires
that model output be validated againstits intended purpose and that violations be
detectable andlogged. A pricing record that violates the ordering constraint cannot be
written to the database, satisfying the ASOP 56 requirement that the model's valid input

range be documented and that behavior outside that range be flagged.

Second, severity_compute.py applies non-negativity clamping after percentile
computation( p25 = max(p25, 0.0) ,etc.), whichpreventsany clamping operation from
creating an out-of-orderresult when the pre-clamp value was negative. Any monotonicity
violation that somehow survived compute-level clamping would be caught at the write-time
database constraint check. Pipeline logs record any constraint violation as an error-level

event for operational review.

4.4 Response-Layer Rounding for New Accounts

For APlaccountsin their first 30 days of service, percentile_25 and percentile_75 are
rounded to the nearest 50-dollar bucket inthe APIresponse. Thisis Layer 6 P6.4 of the
security architecture (anti-extraction protection fornew accounts that have not yet
established alegitimate usage pattern). The purpose s to limit the usefulness of bulk-

download attempts before the account's usage signature can be assessed.

Thisroundingis applied exclusively in the APl response-enricher layer, not at compute time
and notinthe database. The stored values are always full-resolution floats. After 30 days of
legitimate-patternusage, the response-enricher automatically returns full-resolution values
with no further action required by the customer. The 50-dollar bucket granularity is sufficient
for most actuarial benchmarking purposes at the procedure-metro level even during the
new-account period; a practitioner actuary needing tighterresolution for an active rate filing

should contact api-support@procedureradar.com torequestearly unlock.

percentile_95 , percentile_99 , mean_price ,and stdev_price are neverrounded atany

tieroratany accountage.
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4.5 Data Quality Score Version

The data quality score associated with each severity record is governed by the versioned
weights file at packages/pipeline/methodology/data_quality_weights_v1.json (version
1.0.0, effective 2026-05-09). Sections 4 and 5 reference this file's existence and version;
Section 8 publishes the full weight set and documents each sub-score's definition. Any
change to the weighting scheme requires a methodology version bump, a changelog entry,
and a 60-day advance notification to Scale and Enterprise subscribers per Section 1.

4.6 References

1. Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December2013). Operative sections: credibility threshold documentation, purpose-appropriate threshold
selection.

2.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: model validation evidence, input-range documentation, violationlogging.

3.Source 6: CAS Statement of Principles Regarding Property and Casualty Insurance Ratemaking (Casualty
Actuarial Society, reinstated May 2021). Operative sections: reasonableness criterion for severity
estimation methods.

4.Source 7: Werner, G. and Modlin, C., Basic Ratemaking, Fifth Edition (Casualty Actuarial Society study note,
May 2016). Operative sections: Chapter 3 (data organization), Chapter 12 (credibility procedures,
complement of credibility).
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5. Confidence Interval Methodology

5.1 Purpose

A severity percentile without a confidence interval is a point estimate: it tells the underwriter
where the center or tail of the observed distribution sits but says nothing about how much
sampling uncertainty surrounds that estimate. A 75th-percentile charge of $12,400 derived
from 32 observations carries far more uncertainty than the same estimate derived from 320.
Confidence intervals make that distinction explicit. An underwriter using our datato seta
stop-loss attachment point or to validate internal pricing assumptions needs to know the

precision of the estimate, not justits value.

We compute 95 percent confidence intervals at the default confidence level across all
regimes where computationis defensible. The confidence_level field carriesthe value

0.95 forallrecords where computationruns. The level is not configurable at v1.

5.2 Bootstrap Method: BCa with 10,000 Resamples

For cohorts withn >= 30 observations (the empirical-quantile regime), we use the bias-
corrected and accelerated bootstrap, commonly referred to as BCa. The BCa method was
established as the actuarial standard for risk-measure confidence intervals ininsurance loss
modeling by Gruen and Miljkovic (North American Actuarial Journal, 2022, Source 15). The
NAAlJis the primary joint research journal of the Society of Actuaries and the Canadian
Institute of Actuaries; a paper published there carries peer-reviewed actuarial authority that

practitioners at specialty payers and MGAs will recognize.

The BCa method corrects the plain percentile-bootstrap in two ways. The bias-correction
term adjusts for the fact that the bootstrap distribution of a statistic is often not centered on
the statistic's observed value, particularly for skewed distributions. The acceleration term
adjusts for the fact that the standard deviation of the bootstrap distribution may itself vary
with the parametervalue, whichis common in quantile estimation. Healthcare procedure
prices are characteristically right-skewed: a small number of high-cost outlier events
(complex cases, rare complications, facility-specific pricing agreements) pull the upper tail
above what a symmetric or mildly skewed distribution would predict. At the sample sizes

typical for our procedure-metro-payer grain (n between 30 and several hundred formost
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urban markets, nbetween 30 and 50 for smaller metros), plain percentile-bootstrap
undercovers the true parameter at high quantiles when skewness is present. BCarestores

correct coverage.

We set the bootstrap resample count at 10,000 iterations. DiCiccio and Efron (1996), cited
within Source 15, recommend a minimum of 2,000 resamples and describe 10,000 as
standard for tail-percentile stability. Because we compute confidence intervals on p95 and
p99 in addition to the mean and the quartiles, tail stability is material for ouruse case. A
resample count of 1,000, which the prior pipeline version used, is not defensible for 95th-
percentile interval estimation at a 95 percent confidence level: Monte Carlo sampling errorin
the bootstrap quantile becomes non-trivial relative to the interval width. ASOP 56 (Source 4)
requires that model output be validated against its intended purpose; 10,000 resamples

satisfies that requirement for tail-stability validation where 1,000 does not.

The BCaimplementationlivesin packages/pipeline/scripts/bca_bootstrap.py asthesole

authoritative BCa primitive for the pipeline. The bca_bootstrap_ci functionacceptsa
statistic callable sothe sameimplementationruns forthe mean Cland foreach percentile

Clwithout code duplication. The jackknife acceleration termis computed per the Efron and

Tibshirani (1993) canonical formula.

5.3 Scope of BCa Coverage: Mean and Percentile CIs

We compute BCa confidence intervals on five statistics for every cohortinthe n>=30
regime: the mean, the 25th percentile, the 75th percentile, the 95th percentile, and the 99th

percentile. This produces ten additional fields on every qualifying pricing_record :

confidence_lower_p25 and confidence_upper_p25 : 95 percent BCa Clonthe 25th

percentile.

confidence_lower_p75 and confidence_upper_p75 : 95 percent BCa Clonthe 75th

percentile.

confidence_lower_p95 and confidence_upper_p95 : 95 percent BCa Clonthe 95th

percentile.

e confidence_lower_p99 and confidence_upper_p99 : 95 percent BCa Clonthe 99th

percentile.
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The existing confidence_lower and confidence_upper fieldscarrythe BCa Clonthe mean,
preserving backwards compatibility. Together these twelve fields give a practitioner actuary
acomplete picture of uncertainty across the distributional shape. The BCa Clonp9%9is
particularly useful for stop-loss layer analysis, where knowing whether the 99th-percentile
estimate is stable or highly uncertain changes the attachment-point recommendation

materially.

Every lower bound across all five statistics is clamped to zero before storage and before API
response delivery. Price lower bounds cannot be negative; any bootstrap draw that
produces a negative lower bound is an artifact of the resampling distribution on a small but
credible sample, and clamping restores the physical constraint without altering the upper
bound.

5.4 Normal Approximation Regime (16 < n < 30

Forcohorts with between 10 and 29 observations, we compute a confidence interval on the
mean only, using the normal approximation: CI = (mean - z * stdev / sqrt(n), mean + z
* stdev / sqrt(n)) ,wherez=1.9600 fora 95 percent two-sided interval. The lower bound

is clamped to zero.

We do not compute BCa percentile confidence intervals in this regime. Bootstrapping a
percentile from fewer than 30 observations produces unstable tail coverage: withn=15, a
bootstrap Clonthe 75th percentile canvary by 30 to 50 percent of its width across
independent runs with the same underlying data, depending onthe randomresample
sequence. That level of instability is not defensible for rate-filing use per ASOP 25, which
requires that credibility procedures be appropriate for the intended purpose. An analytic
normal-approximation Clon the meanis more robust at smallnthan abootstrap Cl on a tail
percentile, because the mean's sampling distribution converges to normality faster than a
quantile's. We therefore provide the mean Cl and suppress the percentile Cls at thisregime,

setting confidence_lower_p25 , confidence_upper_p25 ,and allanalogous fieldsto null .

The confidence_interval_method field carriesthe value normal_approximation forrecords
in this regime, allowing the APl consumer to identify programmatically which method

produced the Clonanyrecord.
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The lower-bound clamping rationale for the normal-approximation regime mirrors the
reasoningin Section 4.2: price distributions are truncated at zero by construction. Clamping
the lower boundintroduces a smallupward bias in the lower limit when the meanis close to
zerorelative to the standard deviation, but this is standard practice in actuarial treatment of
truncated-normal severity distributions and is substantially preferable to returning a

meaningless negative price bound.

5.5 Suppression Regime ( n < 10 )

For cohorts with fewer than 10 observations, all confidence interval fields are null .
confidence_lower , confidence_upper ,and alltenpercentile-Clfields are suppressed.
confidence_interval_method issetto suppressed ,and confidence_level is null .This

behavioris consistent with the severity suppression describedin Section 4.2: a cohort with

fewerthan 10 observations does not have a statistically defensible severity estimate, and a Cl

around a non-existent point estimate is meaningless.

5.6 The confidence_interval_method Field

The confidence_interval_method fieldisanenumwiththree values: bca_bootstrap for n
> 30, normal_approximation for 18 < n < 29 ,and suppressed for n < 10 .Thisfieldis
presentonevery pricing_record andisreturnedinevery APltierthat exposes confidence
intervals (Growth and above). Its purpose is verification: a practitioner actuary using our data
in arate-filing context caninspect the method field on every record and confirm that the ClI
was produced by the method described in this white-paper for the regime it claims. If a
record shows bca_bootstrap butthenfieldindicates fewerthan 30 observations, thatisa

pipeline inconsistency that the actuary should flagto api-support@procedureradar.com .

5.7 Wilson Interval Scope

The Wilsoninterval (Wilson, 1927, for binomial proportions) is used exclusively for proportion-
like metricsin our pipeline: coverage rates (the share of expected procedures forwhich a
hospital has disclosed prices) and shoppable-service rates (the share of records that pass
the shoppable-service filter). These are count-of-events-out-of-trials statistics with
binomial shape, where the Wilsoninterval's coverage properties are better calibrated than a

normal approximation at smalln and extreme proportions.
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The Wilsoninterval is not used for price confidence intervals. Procedure prices are not
proportions. They are continuous positive random variables with right-skewed empirical
distributions. Applying a binomial interval to a continuous severity measure would produce
intervals with incorrect coverage properties and no actuarial justification. The BCa bootstrap
and normal approximation described above are the appropriate methods for price Cls, and

we apply them exclusively.

5.8 Relationship to ASOP 56 Model Validation

ASOP 56 (Source 4) requires that we validate the confidence interval model against its
intended purpose and document the range of inputs for which itis valid. The three-regime
structureisitself the validation boundary map: the modelisvalidfor n = 10 (withmethod-
appropriate caveats), andinvalid (suppressed) for n < 10 . Withinthe validrange, the
method selection (BCa vs. normal approximation) is further calibrated to the sub-regime

where each method's coverage properties are defensible.

Post-backfill verification of the BCaregime uses three invariants that the pipeline's
verify_bca_backfill_state.py scriptchecks:(1)everyrecordwith n = 30 has
confidence_interval_method = 'bca_bootstrap' ;(2)everyrecordwith 106 < n < 30 has
confidence_interval_method = 'normal_approximation' ;(3)Cllowerboundsare non-
negative and confidence_lower < confidence_upper forallnon-null Clfields. These checks
constitute the post-apply verification step that ASOP 56 requires formodel validation
evidence.

5.9 References

1. Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December 2013). Operative sections: method appropriateness forintended purpose, documentation of
credibility threshold selection.

2.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: model validation evidence, valid input range documentation, violation
detection.

3. Source 6: CAS Statement of Principles Regarding Property and Casualty Insurance Ratemaking (Casualty
Actuarial Society, reinstated May 2021). Operative sections: reasonableness criterion.

4.Source 7: Werner, G. and Modlin, C., Basic Ratemaking, Fifth Edition (Casualty Actuarial Society study note,
May 2016). Operative sections: Chapter 12, credibility procedures and complement-of-credibility
framework.

5.Source 15: Gruen, B. and Miljkovic, T., "The Automated Bias-Corrected and Accelerated Bootstrap
Confidence Intervals for Risk Measures," North American Actuarial Journal, Vol. 27, No. 4, pp. 731-750 (2023,
published online December 2,2022). Operative sections: BCa as actuarial standard for risk-measure
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confidence intervals; DiCiccio and Efron (1996) citation for 10,000-resample lower bound; BCa superiority
over plain percentile-bootstrap for skewed and small-to-moderate samples.
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6. Time-Series Normalization

6.1 Purpose

Ahospital charge rate recordedin January 2024 and a charge rate recordedin January 2026
are not directly comparable in dollar terms: general medical price inflation, changes in facility
contracting practice, and regional supply-demand shifts all move observed charges over
time. Anunderwriter using our data to set arate fora policy year beginningin 2027 needs to
be able to adjust historical pricing records to a consistent dollar basis and to assess the
trajectory of prices in the relevant market. The time-series normalization layer serves that

function.

We do thisintwo parts. First, we apply a temporal deflator that adjusts each historical pricing
observation to areference index month, allowing the underwriter to compare observations
from different calendar periods inreal medical-price-adjusted terms. Second, we apply a
regional price index that adjusts for the fact that medical-procedure costsin San Francisco
are structurally higherthan costsinrural Mississippi, independent of temporal inflation. The
two adjustments are multiplicative and can be applied separately or together, depending on

the analytical use case.

This section documents the deflator and regional index choices, the rationale behind each
choice, the limitations of those choices, and the append-only data model that guarantees no

look-ahead bias in any historical comparison.

6.2 Primary Deflator: CUUROOOOSAM (BLS Medical Care Services)

The primary temporal deflator we apply is the Bureau of Labor Statistics Consumer Price
Index series CUUROOOOSAM, officially titled "Medical Care Services" and published as part
of the CPI-U (allurban consumers) family. This series has several properties that make it our
first-choice deflator.

CUUROOOOSAM s published monthly by a primary federal statistical authority with along
unrevised history. Itis the most widely cited medical price index in actuarial rate-filing
contexts for specialty-health and MGA product lines. Itis publicly available at no cost from
the BLS Data API, aligns naturally with our monthly pipeline cadence (one index observation
per month, matching our snapshot frequency), and does not require licensing or data-
purchase agreements. For practitioners preparing rate filings, CUUROOOOSAMis a

recognized reference that does not require explanation orjustification to a state insurance
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department reviewer. These properties collectively satisfy what the CAS Statement of
Principles (Source 6) means by "reasonable": a trend factor produced by arecognized,

reproducible, publicly available series applied consistently.

The adjusted price columns onevery pricing_record are: cpi_adjusted_price (the gross-

charge or negotiated-rate value deflated from the observation month to the
reference_index_month ), mcpi_adjusted_price (the same value expressedinMedical Care

Services index-adjusted terms specifically, as distinct from the All ltems CPI-U), and
reference_index_month (the ISO-8601month stringto which the adjustmentis anchored,

matching the pipeline run's reference month).

6.3 The October 2024 CUUROO00SAM Methodology Change and the Charge-Side
Mismatch
We are required to document a material change to CUUROOOOSAM that took effectin

October 2024, and to explain why we continue to use the series despite that change.

The BLS published a methodology update to the outpatient hospital services sub-
component of CUUROOOOSAMin October 2024, announcedina 2023 Monthly Labor
Review article and documented in the BLS Medical Care factsheet (Source 13). The change
switched the private-insurance outpatient component of the index from traditionally
collected survey data (which was based onlist charges submitted by providers) to medical
claims data sourced from a national health insurance aggregator. As aresult, the post-
October-2024 index for this sub-component reflects adjudicated, reimbursed prices that
have actually been paid by private insurers, not the gross charges or negotiatedrates as

hospitals initially publish them.

Ourdatais predominantly charge-side. The Machine-Readable Files that hospitals publish
under 45 CFR Part 180 contain gross charges, discounted cash prices, payer-specific
negotiated charges, and de-identified minimum and maximum negotiated charges. These
are prices at ornear the pre-adjudication stage. Even the negotiated ratesin MRFs represent
the contractedrate, not necessarily what was actually remitted after claim adjudication,
outlier adjustments, carve-outs, or bundled payment reconciliation. Since October2024,
CUUROOOOSAM's outpatient private-insurance component has been measuring something
fundamentally different from what ourinput datarepresents: reimbursed prices rather than

standard charges.
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This is a material conceptual mismatch and we name it directly. Applying a reimbursement-
based deflator to charge-based input data canintroduce a systematic directional bias when
reimbursement prices and charge prices move at different rates, as they do when payer
negotiating leverage shifts orwhen hospital list-charge inflation diverges from adjudicated-
rate inflation. The October 2024 methodology change means that post-October-2024
CUUROOOOSAM values for outpatient private-insurance partially reflect claims-side price

movements, while our data for the same period remains charge-side.

We continue to use CUUROOOOSAM as our primary deflator for the following specific

reasons.

First, no publicly available monthly medical price series avoids this problem entirely. The
alternative most directly recommended by the peer-reviewed literature for total medical
expendituresis the PCE Personal Health Care (PHC) index published by the Bureau of
Economic Analysis, discussed below. However, the PCE PHC index is published quarterly, not
monthly, which misaligns with our monthly pipeline cadence and would require interpolation

orpipeline-cadence restructuring.

Second, CUUROOOOSAMremains the index that rate-filing actuaries at specialty payers and
MGAs recognize as the standard reference. Switching to aless familiarindexintroduces its
own auditrisk: a state insurance department reviewer encountering PCE PHC as a defiatorin

arate-filing willwant ajustification, whereas CUUROOOOSAM requires none.

Third, the mismatch between our data and the October2024 index changeisnot a
disqualifying error;itis a documented limitation that the practitioner actuary can account for.
When charge prices and reimbursement prices move in approximate parallel, the deflation
erroris small. When they diverge materially, our time-series output carries a corresponding
uncertainty that the actuary should flag and, if necessary, supplement with their own trend

analysis.

We also apply CUUROOOOSAM uniformly across all charge typesinthe MRF: gross charges,
discounted cash prices, and payer-specific negotiatedrates. Dunn, Hale, and Dauda (2018,
Source 14),inthe primary peer-reviewed reference for deflator selectionin health services
research, recommend using the CPI medical care index specifically for consumer out-of-
pocket expenditures, and the PCE PHC index for total medical expenditures including insurer

payments. Our data blends both charge types, and arigorous implementation would apply
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the CPImedical care index to cash and self-pay records and the PCE PHC index to payer-
negotiatedrecords. We apply a single deflator across both types as a pragmatic choice
given data availability and pipeline architecture. Applying a blended or charge-type-specific

deflatoris a candidate for a future methodology version.

The secondaryreference series, CUURBOBOSAB (Allltems CPI-U),isincluded as areference
benchmark and for pipelines that need to express our medical price adjustmentsin the
context of broader consumerinfiation. Itis not used as the operative deflator for any pricing-

record adjustment; CUUROOOOSAM is always the primary.

6.4 Regional Price Indexing

National CPl adjustment addresses temporal variation but not geographic variation. The
same knee replacement procedure may carry a structurally higher charge in the New York
metro area thanin the Memphis metro area forreasons unrelated to temporal inflation:
regional labor markets, facility density, local competition among payers, and geographic
differencesin contracting norms all drive persistent cross-sectional price differences. An
underwriter pricing a specialty-health product covering lives in two different markets needs

to account for this geographic dimension in addition to the temporal one.

We address this through aregional price index derived from the BLS's metro-area-level CPI
sub-indexes. The BLS publishes CPl series for a set of metropolitan statistical areas with
sufficient household survey samples to supportlocal indexing. We maintain a mapping table
in packages/pipeline/ thatassociateseach of ourinternal metro slugs with the nearest
applicable BLS area code. For metro slugs that do not have a direct BLS area match (typically

smaller markets), we use the closest regional division or census division index available.

The regional_price_index columnoneach pricing_record storestheratio of the metro-
specificindex to the national index for the same reference period, expressed as a decimal
(forexample, avalue of 1.18 indicates that the metro's medical price level was 18 percent
above the national index in the reference period). This value is computed once per metro per
pipeline runandis constant across all records within a metro for a given snapshot. Itisnot a

record-level estimate;itis ametro-level structural adjustment.

The mapping from our metro slugs to BLS area codes, and the specific BLS series identifiers
used foreachmetro, are documented in the pipeline codebase. The white-paper describes

the methodology; the mappingitself is proprietary andis not published here. Practitioners
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who need to verify a specific metro's index value should contact api-

support@procedureradar.com .

6.5 The pricing_history Table and the No-Look-Ahead-Bias Guarantee

Actuarial time-series analysis is only credible if the historical data isimmutable: a snapshot
labeled "March 2025" must contain only information that was observable as of March 2025,
not values that were subsequently revised or re-computed with information available later.
This property, the absence of look-ahead bias, is a prerequisite for any rate-filing use of our

time-series output.

We guarantee this property through the architecture of the pricing_history table,
introduced in migration O15. The table captures monthly immutable snapshots: one row per

(pricing_record_id, observed_at) combination,where observed_at isthelSO-8601
month string for the pipeline run that captured the snapshot. The table is append-only. No
row is ever updated or deletedin the normal course of pipeline operation. When a hospital's
MRF isre-ingestedin April 2026, the new data creates new April 2026 snapshot rows
alongside the existing March 2025 rows; the March 2025 rows are untouched.

Trailing-12-month and year-over-year comparisons are served from pricing_history

joined against pricing_records .Because the tableis append-only and keyed on
observed_at ,aqueryfor"price as of monthM"is expressed as afilteron observed_at < M,

whichreturns only snapshots that existed at or before that pointin time. There is no structural

path by which a future data update can contaminate a historical snapshot. The
reference_index_month columnoneachrecordanchorsthe BLS indexvalue used atthe

time of the snapshot, so the deflationis also point-in-time: the March 2025 snapshot was

deflated using the March 2025 BLS index, regardless of subsequent BLS revisions.

This design directly addresses the ASOP 25 requirement (Source 2) that credibility
procedures be applied to data thatis appropriate forthe intended purpose. Arate-filing
underwriter using our trailing-12-month comparison needs confidence that the comparison
is between two genuinely contemporaneous price observations, not between a current price
and aretrospectively revised one. The pricing_history append-only modelprovidesthat

confidence as a structural guarantee, not a pipeline discipline.
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6.6 Known Deflator Limitation: The PCE Personal Health Care Alternative

The Dunnetal. (2018, Source 14) paperis the primary peer-reviewed reference for deflator
selectionin health services research and we cite it because it identifies a limitationin our
current approach. Dunn and co-authors find that forresearch purposes involving total
medical expenditures, including insurer-paid amounts, the PCE Personal Health Care index (a
BEA product) outperforms the CPI medical care indexin terms of conceptual alignment with
the price changes actually affecting the total cost of care. The paper frames the choice as
use-case dependent: CPImedical care is the better choice for consumer out-of-pocket
analysis; PCE PHC is the better choice for total-expenditure analysis thatincludes insurer

payments.

Our pipeline includes payer-specific negotiated rates, which are insurer-payment-side
prices. Thismeans PCE PHC is conceptually closer to the right deflator for a material share of
our data. We document this as a known limitation and a candidate improvement for a future
methodology versionratherthan a deficiency that undermines the current output. The
practicalimpact of the choice depends on how much CPI medical care and PCE PHC diverge
in a given period; historically, the two series have tracked reasonably closely, and the
deflation error from using CPI medical care oninsurer-payment-side records is not expected
to be materialin most underwriting contexts. An actuary relying on our time-series forarate
filing should note the deflator choice and apply their own judgment about whether

supplemental adjustment is warranted for their specific use case.

6.7 References

1. Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December2013). Operative sections: data appropriateness forintended purpose, credibility procedure
documentation.

2.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: model validation evidence, documentation of limitations.

3. Source 6: CAS Statement of Principles Regarding Property and Casualty Insurance Ratemaking (Casualty
Actuarial Society, reinstated May 2021). Operative sections: reasonableness criterion for trend factors;
data homogeneity requirements.

4. Source 13: Bureau of Labor Statistics, "How BLS Measures Price Change for Medical Care Servicesin the
Consumer Price Index" (factsheet, current); Bureau of Labor Statistics, "Incorporating Medical Claims Data

inthe CPI," Monthly Labor Review (2023). Operative sections: October 2024 CUUROOOOSAM outpatient
methodology change, claims-data switch for private-insurance component.

5.Source 14: Dunn, A., Hale, E., and Dauda, B., "Adjusting Health Expenditures for Inflation: A Review of
Measures for Health Services Researchin the United States," Health Services Research, Vol. 53, No. 1, pp.
526-548 (2018, published online February 2018). Operative sections: CPI medical care vs. PCEPHC
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deflator selection by expenditure type; no single gold standard for medical inflation adjustment.
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7. Covered-Event Taxonomy

7.1 Purpose

A specialty-health underwriter pricing a stop-loss policy oran MGA quoting a self-funded
plan does not typically work at the individual line-item level. The underwriter thinks in terms of
episodes: akneereplacement, a cesarean delivery, a coronary artery bypass graft. Each of
those clinical events involves multiple discrete billing line items, and the cost of the eventis
the sum of those line items weighted by the probability that each occursin a typicalinstance
of the episode. Pricing at the line-item grain alone forces the underwriter to reassemble the
episode basket manually, whichis error-prone and inconsistent across different users of our
data.

The covered-event taxonomy provides the episode abstraction layer. It maps individual
procedure billing codes to covered-event categories, assignsa mapping_weight toeach
procedure reflectingits fractional contribution to the typical episode cost, and exposes the
fullbasket viathe bundled_components JSONB field onthe covered_events table. An
Enterprise-tier consumer can query "knee replacement episode” andreceive the aggregate

pricing for the basket, notjust for the arthroscopic procedure code.

This section documents the 10-category taxonomy, the definitional basis for each category,
the mapping_weight design,andthe scope limitationsthatthe practitioneractuary should

understand before using covered-event datain arate-filing context.

7.2 The 10-Category Taxonomy

The covered_events.category columnisanenum with tenvalues,introducedin migration
0O17.The categories and their definitional basis are as follows.

outpatient_imaging :radiological and diagnostic imaging services deliveredin an
outpatient setting, including CT, MRI, PET, ultrasound, and plain-film radiography. Category
membership is determined by the procedure's primary billing code mapping to aradiology or
imaging revenue code group. The outpatient setting filter excludes imaging performed as
part of aninpatient admission.

outpatient_surgery :surgical procedures performed onanambulatory basis, including
arthroscopic procedures, laparoscopic procedures, cataract extraction, and similar

interventions not requiring an inpatient admission. The definitional basis for this category
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draws on the Ambulatory Payment Classification (APC) grouper methodology maintained by
CMS, which organizes outpatient surgical procedures into clinically coherent payment
groups. The Truven Medical Episode Grouper (now IBM MarketScan), as documentedinits
published methodology, provides additional definitional guidance for episode-level

outpatient surgical grouping.

inpatient_surgery :surgical proceduresrequiring at least one inpatient overnight stay,
organized by CMS Medicare Severity Diagnosis Related Group (MS-DRG) rollup. MS-DRGs
are the primary federal inpatient episode grouper used in Medicare payment and, by
convention, in specialty-healthand MGA underwriting. Our inpatient_surgery category
maps to the surgical MS-DRG range in the CMS MS-DRG definitions (Version 41, effective
October1,2023), specifically the MDC-partitioned surgical groups. The MS-DRG definitions
are publicly available from CMS at no charge and are the industry standard forinpatient
episode classification; no licensing arrangement is required to cite them as a definitional
basis.

obstetric : pregnancy-related and delivery-related services, including vaginal delivery,
cesarean section, antepartum care visits, and postpartum complications. The obstetric
category maps to CMS MS-DRG Major Diagnostic Category 14 (Pregnancy, Childbirth, and
the Puerperium), which defines the federal grouper basis forinpatient obstetric episodes.
Foroutpatient antepartum services, the category boundary follows the ASPE HHS (2016)
episode-based payment measurement methodology, which defined maternity episodes to

include prenatal, delivery, and postpartum care within a defined episode window.

diagnostic :non-imaging diagnostic services, including laboratory panels, cardiac stress
tests, electroencephalograms, and other diagnostic studies that do not involve a surgical
intervention and do not produce animage as their primary output. The category boundary
between diagnostic and 1lab isthat diagnostic includes composite evaluation
procedures (physician interpretation, waveformrecording, multi-analyte panels where the

clinicalunitis the interpretive report), while lab coversindividual analyte tests.

preventive :preventive services, screenings, and wellness visits as defined by the USPSTF
recommendation grade A and B list and the ACA preventive care mandate. Category
membership is assigned when the billing code is classified as preventive under the CMS
HCPCS/CPT preventive-service groupings or the ACA Section 2713 required preventive
serviceslist.

procedureradar.com/methodology/whitepaper Page 29 of 65



ProcedureRadar Methodology White-Paper v1.0.0

emergency :emergency department visits and observation stays, regardless of ultimate
disposition (discharge orinpatient admission). The category maps to the CMS Emergency
Department evaluation and management code hierarchy and to observation-status codes
asdefinedinthe CMS Outpatient Prospective Payment System. Emergency-leading-to-
admission episodes are classified under emergency fortheinitial ED encounterandunder
the appropriate inpatient category for the subsequent admission; the bundled_components
JSONB field links the two event records.

lab :individual clinical laboratory tests at the analyte level, including chemistry panels
brokeninto component CPT codes, complete blood counts, urinalysis, and similar single-
analyte orsimple-paneltests. The 1ab category doesnotinclude interpretation services or

composite diagnostic panels; those belongto diagnostic .

episode_bundle : multi-component episodes that do not fit cleanly within a single category
above, typically because they span both inpatient and outpatient settings orbecause they
require aggregating services across a care continuum. Joint replacement episodes, cardiac
catheterization with revascularization, and chemotherapy cycles are representative
examples. The episode_bundle categoryisthe primary vehicle forthe ASPE HHS (2016)
episode-based payment measurement framework, which defined episode windows and
component service attributionrules for a set of high-cost procedures relevant to specialty-

health underwriting.

other :aresidual category for procedures that cannot be unambiguously classified into one
of the nine categories above. The other categoryisnota quality-flagindicator;itreflects
the reality that some billing codes sit at category boundaries or are not covered by the
classification frameworks above. Recordsin other carrya methodology_ref field

describing the classificationrationale.

7.3 The mapping_ weight Field

Eachrowinthe procedure_covered_event_map table carriesa mapping_weight intheinterval
(O, 1]. The weight expresses the fractional contribution of a single procedure to the
aggregate cost of acovered-event episode. Amapping_weight of 1.0 means the procedure

accounts forthe entire episode costinisolation (typical for single-procedure categories like
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a standalone lab test classified under 1ab ). Amapping_weight of 0.15 means the procedure
accounts forapproximately 15 percent of the typical episode cost, as would be the case fora

pre-operative imaging study within alarger surgical bundle.

The ASPE HHS (2016) episode-based payment measurement work, produced by the
Assistant Secretary for Planning and Evaluation under HHS, provides the methodological
basis for fractional attribution within episode bundles. That work defined service windows,
anchor events, and attributable services for a set of high-cost acute episodes relevant to
specialty-healthand MGA products. Our mapping_weight Vvaluesfor episode_bundle
records derive from those fractional attributionratios, adjusted where necessary to reflect

the charge-side nature of our data rather than the claims-side data the ASPE work used.

Forindividual categorieslike outpatient_imaging and 1lab ,where asingle procedure
typically constitutes the entire covered event, mapping_weight is1.0 by convention. For
inpatient_surgery and obstetric episodes, wherethe surgery ordeliveryisthe anchor
event but the episode includes pre-procedural workup, anesthesia, and post-operative
recovery services, the anchor procedure carries the largest weight and the peripheral

services carry fractional weights that sumto 1.0 across the full bundle.

The mapping_weight isamethodology-version-controlled field. Changes toweight values
forany episode bundle constitute a methodology event and require a changelog entryand a
60-day advance notification to Scale and Enterprise subscribers, because weight changes
affectthe aggregate episode price returned by the APl and can materially change arate-

filing calculation.

7.4 Custom Taxonomies for Custom-Tier Clients

The standard 10-category taxonomy described above serves Growth, Scale, and Enterprise
clients. Custom-tier clients, who typically have a specific policy structure, a defined benefit
schedule, or a proprietary episode grouper that differs from our standard taxonomy, may
need a client-specific covered-event taxonomy that maps to their particular policy

definitions.

Custom-tier covered-event taxonomies live in per-client side tables that are created and
documented at contract time. The per-client taxonomy maps the client's proprietary

episode definitions to our underlying procedure billing codes, with mapping_weight values
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calibrated to the client's policy structure. These per-client tables are not published in this
white-paper; they are documented in the client-specific methodology addendum that

forms part of the Enterprise or Custom contract.

The underlying pricing data that populates a custom-tier taxonomy response is identical to
the data serving all other tiers. Custom taxonomy is a different view onto the same data, not a
different data source.

7.5 Limitations and Scope

The covered-event taxonomy is amodeling layer, not a clinical coding system. Itis designed
to serve the underwriting use case, not to replace or substitute for clinical coding systems
such asICD-10-CMdiagnosis groupings or the Hierarchical Condition Category (HCC)
modelused in Medicare Advantage risk adjustment. An actuary using our covered-event
outputinaspecialty-health rate filing should confirm that our episode definitions are

consistent with the episode grouper their actuarialmodel assumes.

HCCI (Health Care Cost Institute) episode definitions were evaluated as a potential seed
source for our taxonomy. Because HCCl episode definitions are subject to alicensing
arrangement that we have not executed forvl, we do not reproduce HCCl episode
definitions or weight tables in our taxonomy. Where HCCl methodology provides relevant
definitional guidance, we reference the published methodology description rather than the
proprietary definition set. The vl taxonomy is instead anchored to the CMS MS-DRG
framework (forinpatient) and the ASPE HHS (2016) episode-based payment framework (for
outpatient and cross-setting bundles), both of which are publicly available without licensing.
Afuture methodology version may incorporate HCCl-licensed definitions as an additional

layerif the licensing economics supportit.

The other category captures procedures that current classificationrules cannot place. The
share of proceduresin other ismonitored by the pipeline and flagged forreview whenit
exceeds 5 percent of total procedure-event map rows, because arising other share
indicates that the classificationrules need updating. The current other shareisreportedin

the methodology changelog at each pipeline version.
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7.6 References

1. Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December2013). Operative sections: purpose-appropriate credibility application when representing data
for a specific actuarial purpose.

2.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: model limitation documentation for episode-taxonomy modeling layer.

3.Source 5: ASOP No. 8, Regulatory Filings for Health Benefits (Revised March 2014). Operative sections:
rate-filing documentation requirements when covered-event output supports a health insurance premium
rate filing.

4. CMS MS-DRG Definitions, Version 41 (effective October1,2023). Operative sections: MS-DRG surgical
groupings as definitional basis for inpatient_surgery and episode_bundle inpatient categories.

5. ASPE HHS (2016), "Episode-Based Payment: Measuring Episodes of Care" (Assistant Secretary for Planning
and Evaluation, U.S. Department of Health and Human Services, 2016). Operative sections: episode
window definitions, anchor-event attribution, fractional-contribution methodology for cross-setting
bundles.
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8. Data Quality Score

8.1 Purpose

Every pricing_record inourdatabase carries five ormore sub-score fieldsanda
quality_flag enum.Apractitioneractuary consuming ourdatain arate filing does not want
to parse five separate sub-scores to determine whether a givenrecordis reliable enough to
use; they want a single summary metric that they can apply as a threshold filter ora
confidence weight. The data_quality_score isthatmetric:asingle numberin[O,1]that

aggregates six components of record quality into one practitioner-facing signal.

The scoreis not a quality-certification and is not a substitute for examining the underlying
sub-scores whenarecordis near a threshold boundary. A score above 0.85 doesnot meana
record has no limitations; it means the record passes a multi-component quality screen with
no single component pulling the composite below the high-confidence band. The
practitioneractuary should treat the score as a first-pass filterand inspect the sub-score
breakdown forrecords where the composite is borderline or where the intended use is

sensitive to a specific quality dimension.

This section documents each of the six sub-score components, the published composite
weights, the band interpretation, the relationship to the quality_flag enum, andthe
governance connection to the AAA Big Data brief (Source 8) and the NAIC CASTF white paper

(Source 9).

8.2 The Six-Component Composite Formula

The composite data_quality_score iscomputed asaweighted sum of six sub-scores, each
normalized to a O-to-100 scale, then divided by 100 to produce a scorein [0, 1]. The weights
are publishedin packages/pipeline/methodology/data_quality_weights_v1.json ,version

1.0.0, effective 2026-05-09. The six components and their weights are:

| Component | Weight (out of 100) | |---|---| | coverage |35]|| completeness |22]|
freshness |13]|| payer_count |[10|| quality_flag_verified_share |10|| sample_size

10|

These weights sumto 100. The composite scorein [O, 1]is then: data_quality_score =
sum(weight_i * sub_score_1i) / (180 * scale_max) ,where scale_max = 100 andeach

sub_score_i ispre-scaledto[0O, scale_max].
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The vO weights, used in the pipeline before workstream 3, were: coverage 40, completeness
25, freshness 15, payer_count 10, quality_flag_verified_share 10, with no sample_size
component. The vl reweighting reduces the emphasis on coverage and completeness
slightly to make room forthe new sample_size component, whichwas absentfromvO.The
reweighting reflects ajudgment that distributional reliability (how many observations
underlie the severity computation) is as consequential forunderwriting use as the breadth of
charge-type coverage. The methodology version change fromvO tov1.0.0 isrecordedin the
methodology_versions table (migration 040)with effective date 2026-05-09.

8.3 Sub-Score Definitions

coverage (weight: 35). The coverage sub-score measuresthe share of expected
shoppable procedures for which a hospital has disclosed at least one pricing recordinits
MRF. "Expected shoppable procedures" is defined as the union of all procedure billing codes
that appearin any MRF for hospitals in the same metro area and facility type. A hospital that
has disclosed pricing for 90 percent of the expected procedure set forits peer group
receives a high coverage sub-score; a hospital that has disclosed pricing for 20 percent

receives alow one.

Coverage is the highest-weighted component because it is the most direct measure of the
hospital's compliance with the intent of 45 CFR Part 180. A hospital with high coverageiis
disclosing what it is required to disclose; a hospital with low coverage may have anon-
compliant orincomplete MRF. This aligns with the GAO (Source 11) and OIG (Source 12)
findings that MRF completeness is the primary documented deficiency across the hospital

population.

The coverage sub-score is computed at the hospital level and is constant across all
pricing_records foragivenhospitalina given pipelinerun.Itisupdatedeachtimethe
hospital's MRF isre-ingested.

completeness (weight:22). The completeness sub-score measuresthe share of expected
charge-type fields populated on a specific pricing record. The four expected fields are:
gross charge, discounted cash price, payer-specific negotiated rate (where a payeris
identified), and de-identified minimum and maximum negotiated charges. Arecord that
carries all four fields receives full completeness credit; arecord that carries only a gross
charge and no payer-specific datareceives partial credit.
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Completeness differs from coverage in grain: coverage is a hospital-level measure of which
procedures are present, while completenessis arecord-level measure of how completely
each presentrecordis populated. Both dimensions matter for underwriting use. Arecord
with low completeness (for example, arecord that has a gross charge but no negotiatedrate
and no cash price) has limited utility for a payer actuary whose model requires a payer-

specific negotiatedrate, even though the record technically exists.

freshness (weight:13). The freshness sub-score measures the time elapsed since the
hospital last published an updated MRF, bucketed into a monotonically decreasing score. A
hospital that published its MRF within the last 90 days receives full freshness credit. The score
declinesin steps: 90-180 days since publicationreceives 80 percent credit, 180-365 days
receives 50 percent credit, 365-730 days receives 20 percent credit, and beyond 730 days
receives O. These bucket definitions reflect ajudgment that MRF data older than two years
carries significant staleness risk for rate-filing use, given typical healthcare contracting cycle

lengths of one to three years.

Freshnessis a hospital-level sub-score, constant across allrecords for the hospital in a given
pipeline run, because the freshness of arecord depends on the hospital's publication

cadence, not ontheindividual procedure.

payer_count (weight:10).The payer_count sub-score measuresthe number of distinct
payers with a disclosed negotiated rate for the specific procedure at the specific hospital. A
higher payer count indicates that the hospital has disclosedricher payer-specific data, which
is more useful to an actuary benchmarking specific plan types. The sub-scoreislog-scaled: a
hospital-procedure combination with 1 payerreceives minimal credit, 10 payers receives
roughly half credit, 50 ormore payers receives full credit. Logarithmic scaling reflects the
diminishing marginal value of additional payer observations once the most common plan

types are represented.

quality_flag_verified_share (weight:10).The quality_flag_verified_share Sub-score
measures the share of records for the hospital that carry a quality_flag value of verified .
Ahospitalwhere 95 percent of records are verified receives full credit on thiscomponent;
ahospitalwhere 40 percent of records carry suspect , outlier ,or placeholder_value
flags receivesreduced credit. This component connects the composite score to the

categorical quality_flag systemdescribedin Section8.5.
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sample_size (weight:10).The sample_size sub-score measuresthe volume of line-item
observations underlying the severity distribution computation forthe record, using a
logarithmic scale to avoid over-rewarding hospitals with very large record counts relative to
hospitals with adequate but not extreme record counts. The formulais: sample_size_score =

min(scale_max * 0.10, logl@(max(record_count, 1)) * 5.0) .

Working through the formula: a hospital with Tobservationrecordreceives a sub-score of O
(log10(1) *5.0 = 0). Ahospital with 10 records receives a sub-score of 5.0 (log10(10) *5.0 =
5.0). Ahospital with 100 records receives a sub-score of 10.0 (log10(100) * 5.0 =10.0, which
is the maximum, since scale_max* 0.10 =10.0). Any hospital with T00 or more records
receives the maximum sub-score credit of 10.0, because the marginal reliability gain from
additional observations beyond 100 is small relative to the gainin moving from1to 100
observations. The logarithmic scaling ensures that the sub-score grows quickly from1to 10
observations (where reliability is most sensitive to sample size) and saturates smoothly above
100.

The sample_size componentwasaddedinvltoaddressagapinthevOcomposite:a
record that was complete, fresh, and well-covered but derived from only 3 observations
couldreceive ahighvO score despite having no credible severity distribution. The v1
composite penalizes this situation by reducing the score forrecords with very low
observation counts, even when the other five components are strong. This aligns with the
ASOP 25 (Source 2) principle that data credibility depends on sample volume as well as data

completeness.

8.4 Band Interpretation for Practitioners

The composite data_quality_score maps to threeinterpretive bands that practitioners can

use as decisionrules.

Above 0.85 (high confidence). Records in this band have strong scores across all six
components. The hospital has disclosed a broad procedure set, the specific record has
comprehensive charge-type data, the MRF was recently published, the payerrepresentation
is adequate, the verified-flag share is high, and the observation count supports a credible
severity distribution. These records can typically be usedin arate-filing context without

additional cross-referencing, subject to the limitations notedin Section 10 of this white-

paper.
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0.70to0 0.85 (usable with normal caveats). Records in this band carry one ormore
components thatreduce overall confidence, but not severely enough to disqualify the
record foractuarial use. The practitioner actuary should examine the

quality_score_breakdown JSONB fieldtoidentify which componentis pulling the score
below 0.85. Acommon patternis arecord with high coverage and completeness but a
somewhat stale MRF (freshness pulling the composite toward 0.75) oramoderate payer
count. Suchrecords are typically usable for benchmarking but should be noted as carrying
slightly elevated uncertainty in a rate-filing workpaper.

Below 0.70 (cross-reference before use). Records below 0.70 have at least one
component with meaningfully low credit. These records should be cross-referenced against
another source before beingused as a primary inputin arate filing. The practitioner actuary
should not assume that a score below 0.70 indicates erroneous data; a rural hospital with a
small procedure set and a MRF that has not beenupdatedin 18 months may receive alow
score evenifits disclosed prices are accurate. The score reflects structural limitationsin the
data, not necessarily pricing errors. Use the quality_flag enum alongside the score to
distinguish between structural limitations (low coverage, staleness) and active quality

problems (suspect prices, placeholdervalues, outliers).

The 0.85and 0.70 thresholds were set by judgment calibrated against the sub-score weight
distribution, not derived from an empirical backtest against an external ground truth. This is
consistent with ASOP 41(Source 3) guidance that methodology documentation should state
explicitly when calibrationis judgment-based. The thresholds will be reviewed and
potentially revised on each major methodology version bump, using the

quality_flag_verified_share dataaccumulated across pipelinerunsasa calibrationinput.

8.5 Relationship to the quality_flag Enum

The quality_flag fieldon pricing_records isacategoricalenumwitheightvalues:
verified , suspect , outlier , missing_data , placeholder_value , invalid_price ,
stale_data ,and percentile_invalid . Thisenum predatesthe numeric
data_quality_score andis preservedfortwo reasons: backwards compatibility for API
consumers who have already built filters against the categorical values, and granular
bucketed filtering that the numeric score does not support.
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The relationship between the enum and the numeric score is additive, not hierarchical. A
recordwith quality_flag = 'suspect' willtendtohave alower
quality_flag_verified_share atthehospitallevel(reducingthatcomponent of the
composite), but the numeric score may stillbe above 0.70 if the other five components are
strong. Conversely, arecord with quality_flag = 'verified' canstillreceive alow
composite score if the hospital's coverage is limited, the MRF is stale, or the observation

countisvery low.

The enum provides the best tool forrecords that have been positively identified as
problematic: invalid_price (aprice value thatfailed ourplausibility checks),
placeholder_value (avaluethatmatchesknown placeholderpatternslike $1.00 or $0.01
where areal price is expected), or percentile_invalid (a monotonicity violation that
passedthe database constraint check but was flagged by a secondary pipeline audit). These
categorical flags are actionable: a practitioner who wants to exclude all records with any
identified quality problem should filteron quality_flag NOT IN ('invalid_price',

'placeholder_value', 'percentile_invalid', 'suspect') .

The numeric score is the bettertool forrecords where the quality questionis not about a
specificidentified problem but about overall reliability in arate-filing context. The
practitioner who wants to include only records that are fresh, comprehensive, and well-
supported by observations should use data_quality_score = 0.85 .Thetwo systemswork

together; neitheris a substitute for the other.

8.6 Governance Connection: AAA Big Data Brief and NAIC CASTF White Paper

The American Academy of Actuariesissued anissue brief on big data and algorithmsin
actuarial modeling (Source 8) that defines four governance requirements for external data
sources used in actuarial models. Our data quality score architecture is designed to

operationalize each of those four requirements.

The firstrequirement is validation of external data sources for quality. Our quality-gate
architecture addresses this at the point of ingestion: every pricing record passes through a
shoppable-filter, a placeholder-detection check, a plausibility check on price values, and a

consistency check against the hospital's historical pricing pattern. Records that fail any gate
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are eitherflagged as suspect , placeholder_value ,or invalid_price ,orare excluded
from the ingested set entirely. The quality gates are not a single point of review; they are a

multi-stage pipeline with separate checks at the parse, normalize, and load stages.

The secondrequirement is areview of third-party data collection procedures. OurIngestion
and Parsing section (Section 3 of this white-paper) documents the collection procedures for
eachupstream data source: hospital MRFs, BLS CPl series, NPPES, and TPAFS. The
documentation covers the source identity, the collection cadence, the known limitations of
each source, and the adjustments we apply. This constitutes the third-party data collection

review that the Academy brief requires.

The third requirement is quality assurance guidelines for external data sources. The
data_quality_score composite formula, togetherwiththe quality_flag enumandthe
sub-score breakdownin quality_score_breakdown JSONB, isthe operationalized quality
assurance guideline that a practitioner can apply to any record from any hospital. The score
quantifies the multi-dimensional quality assessment that an actuary would otherwise have to

perform manually by inspecting each sub-score inisolation.

The fourth requirementis analysis of data for compliance with regulatory requirements. Our
coverage sub-score is explicitly measuring compliance: alow coverage score for a hospital
indicates that the hospital's MRF does not include the full set of shoppable proceduresitis
required to disclose under 45 CFR Part 180. This compliance dimensionis not a post-hoc
observation;itis bakedinto the highest-weighted component of the composite score, so

that compliance deficiencies propagate directly and proportionately into the composite.

The NAIC Casualty Actuarial and Statistical Task Force white paper onregulatory review of
predictive models (Source 9) defines 79 information elements that state regulators assess
whenreviewing arate filing thatincorporates predictive model output. The
data_quality_score isdesignedto help practitioners prepare forthat review, not to
substitute forit. Specifically, the score addresses several of the 79 elements that relate to
data quality, validation evidence, and credibility documentation. However, the full 79-
element review covers areas such as model governance, algorithmic fairness, state-specific
compliance, and actuarial certification that the score does not address. A practitioner

actuary using our datain arate filing should complete the full NAIC regulatory review process
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fortheirjurisdiction; the data_quality_score isapractitionerconvenience metric that
accelerates the data-quality portion of that review, not a certification that the filingiis
regulatorily complete.

8.7 ASOP 23 Compliance Connection

ASOP 23 (Source 1) requires that the actuary document, for each upstream data source, the
source identity, the scope of the data, known biases, the adjustments applied, and the
extent of reliance on data supplied by others. The data_quality_score anditssub-scores
are not themselves the ASOP 23 documentation; they are a summary metric derived from
that documentation. The ASOP 23 compliance layer for our pipeline is the full set of quality
gates, flag definitions, and sub-score formulas documented in this section, together with the

ingestion documentationin Section 3 and the limitations documentationin Section 10.

An actuaryrelying on our datain arate filing is relying on data supplied by us, whichin turn was
supplied by the hospitals in their MRFs. The extent of reliance on our datais what the
practitionerdocuments in their work product, citing this white-paper as the source of the
methodology description. The data_quality_score isthe mechanism by whichthe
practitioner communicates to downstream reviewers that the data they selected foruse

passed a multi-component quality screen defined in a published methodology document.

8.8 References

1.Source 1: ASOP No. 23, Data Quality (Revised Edition, Actuarial Standards Board, adopted December 2016,
effective April1,2017). Operative sections: source identification, scope limitation, bias documentation,
adjustment documentation, extent-of-reliance disclosure.

2.Source 2: ASOP No. 25, Credibility Procedures (Revised Edition, Actuarial Standards Board, adopted
December2013). Operative sections: sample-size contribution to credibility; appropriate threshold
selectionforintended use.

3. Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: disclosure of judgment-based calibration; clarity for peeractuary review.

4.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: model validation evidence, input-range documentation, material limitation
disclosure.

5. Source 8: American Academy of Actuaries, "Big Data and Algorithms in Actuarial Modeling and Consumer
Impacts," Data Science and Analytics Committee Issue Brief (October2022). Operative sections: four-
point governance framework for external data sources; external data validation, third-party data collection
review, quality assurance guidelines, regulatory compliance analysis.

6. Source 9: NAIC Casualty Actuarial and Statistical Task Force, "Regulatory Review of Predictive Models"
White Paper (adopted September15,2020; Model Review Manual updated November 2025). Operative
sections: 79-element regulatory review framework; validation evidence requirements for predictive model
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outputinrate filings; data credibility and homogeneity documentation.

7.Source1l: U.S. Government Accountability Office, GAO-25-106995, "Health Care Transparency: CMS
Needs More Information on Hospital Pricing Data Completeness and Accuracy" (released October 2,
2024). Operative sections: CMS inability to verify MRF completeness and accuracy; documented data
quality deficiencies our quality gates address.

8. Source 12: HHS Office of Inspector General, "Not All Selected Hospitals Complied With the Hospital Price
Transparency Rule" (November 2024). Operative sections: approximately 46 percent of hospitals non-
compliant with one ormore price transparency requirements; deficient machine-readable files as primary
compliance gap.
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9. Feature Gating by Tier

9.1 Depth, Not Data Quality

The tier separationin the ProcedureRadar B2B APl is a feature-depth separation, not a data-
quality separation. Every tier, from Starter to Custom, reads from the same underlying
database tables and returns the same pipeline-derived numbers for the fields it exposes. A
Starter customer and an Enterprise customer see the same median, the same gross charge,
and the same cash price for the same procedure at the same hospital. The underlying datais

identical; the response envelope is different.

This distinction matters for ASOP 41(Source 3) compliance. The white-paper must not
mislead a practitioner actuary about the scope of what any tier provides. A Starter customer
who reads this white-paper should understand exactly what they receive and what they do
not. An Enterprise customer should not conclude that lower tiers receive lower-quality data,
because they do not. Tier separation governs which methodological features are includedin

the response, not which hospitals, procedures, or price values are disclosed.

9.2 Feature Availability by Tier

The following table describes which features are available at each tier. The * on Starter

severity distributions refers to the new-account rounding behavior described in Section 4.4.

| Feature | Starter | Growth | Scale | Enterprise | Custom | |---|---|---|---|---|---] | Median,
gross charge, cash price, negotiated minand max | Yes | Yes | Yes | Yes | Yes | | Severity
distribution (p25, p75, P95, P99, mean, stdev) | Yes* | Yes | Yes | Yes | Yes | | Confidence
intervals |No | Yes | Yes | Yes | Yes | | Time-series normalization|No |No | Yes | Yes | Yes | |
Covered-event mapping |No |No|No| Yes| Yes | | Frequency modeling |No |No |No | Yes |

Yes | | Actuarial review letter |[ No | No |No | Yes | Yes |

* Starter severity: new accounts (first 30 days) receive p25 and p75 rounded to 50-dollar
buckets per the anti-extraction protectionin Layer 6 P6é.4 of the security architecture. Full
resolution unlocks automatically after 30 days of legitimate-patternusage. p95, p99, mean,

and stdev are neverrounded at any tieroraccount age.
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9.3 OMIT-if-Not-Entitled Semantics

Fields that a given tier does not entitle are absent from the APl response entirely. They are not
returned as null. This design prevents feature-set leakage (alower-tier consumer deducing
the existence of higher-tier fields from null placeholders) and keeps wire size proportional to
the customer's tier. The single enforcement point for entitlementis
apps/web/lib/api/feature-gates.ts viathe getAllowedFeatureSet(tier) function.There

is no secondary enforcement layer; every entitlement decision routes through that function.

9.4 Tier-to-Use-Case Mapping for Rate Filing

A practitioner actuary evaluating which tier to purchase for a specific rate-filing use case
should consider what methodology elements their filing requires. The following guidance is
intended to help match the tier to the use case.

Starter. Provides severity distributions (median, mean, percentile distribution) and raw
charge-type columns. Does not provide confidence intervals, time-series normalization,
covered-event mapping, or frequency modeling. Starter alone is generally not sufficient for
actuarial rate-filing support without supplemental data sources. Severity distributions
without confidence intervals do not give the actuary a measure of sampling uncertainty, and
uncertainty is arequired disclosure in ASOP 8 (Source 5) rate-filing workpapers when the
underlying datais from a third-party source. Starteris appropriate for benchmarking,
exploratory analysis, and consumer-facing applications where distributional precisionis

useful but not the primary actuarial deliverable.

Growth. Adds confidence intervals (BCa bootstrap for n greater than orequal to 30, normal
approximation for 10 to 29 observations). This is the minimum tier that gives the practitioner
actuary the uncertainty quantification needed to represent our data as a supportinginputina
rate filing. Growth does not include time-series normalization, which means comparisons
across calendar periods require the actuary to supply their own trend adjustment. Growthis
appropriate for current-period benchmarking use cases where the actuary has theirown
trend methodology.

Scale. Adds time-series normalization. Scale is the first tier that provides a complete single-
source underwriting data package forrate-filing contexts where the actuary needs both
distributional uncertainty (Cl) and temporal trend adjustment (deflated time-series). Scale is

sufficient formost specialty-health and MGA rate-filing contexts that rely on charge-side
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data and do not require episode-level cost modeling. Scale receives the 60-day pre-
notification commitment formethodology changes that affect rate-filing fields, describedin

SectionTl.

Enterprise. Adds covered-event mapping, frequency modeling, and the actuary review
letter. Enterprise is the tier for practitioners who are pricing episode-level benefits (knee
replacement bundles, cardiac catheterization episodes, obstetric episodes) orwho require a
credentialed actuary's writtenreview of the methodology elements relevant to their specific
filing. The actuary review letteris the human-actuary substitution layer for clients who need
formal certification support beyond what this white-paper alone provides. Section 12

documents the review-letter commitment in detail.

Custom. Provides everythingin Enterprise plus per-client covered-event taxonomy
customization, white-label data delivery, and client-specific methodology addenda.
Customis appropriate for clients who have a proprietary episode-grouper, a defined benefit
schedule, or policy structures that the standard 10-category taxonomy does not

accommodate.

9.5 The Enterprise Actuary Review Letter

For Enterprise subscribers, ProcedureRadar provides a writtenreview letter froma
credentialed actuary covering the methodology elements relevant to the client's specific
rate-filing use case. The review letteris the mechanism by which a qualified actuary's
assessmentis provided to support the practitioner's ASOP 8 (Source 5) certification when
our datais the underlying source. ASOP 8 requires the certifying actuary to document their
data sources and assumptions; when our white-paper alone is insufficient for that
documentation (forexample, when the client requires confirmation that the methodology is
appropriate for a specific state's rate-review context), the actuary review letter provides that

additional layer.

Pre-launch, we engage actuarial reviewers on a project basis. The review-letter commitment
is a contractual deliverable at the Enterprise tierandis scoped to the methodology elements
the client's filing requires, not to the full 12-section white-paper. Clients with narrowly
scoped filings (forexample, a filing that uses only our severity distributions and confidence
intervals and does not use time-series or covered-event data) receive a correspondingly

scopedreview letter.
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9.6 References

1. Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: scope clarity; not misleading the reader about what a communication provides; disclosure of
methods for peeractuary review.

2.Source 5: ASOP No. 8, Regulatory Filings for Health Benefits (Revised March 2014, effective September],
2014). Operative sections: rate-fling documentation requirements; actuary certification support when
third-party data underlies the filing; supplemental documentation responsibility.
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10. Known Limitations

This sectionis the transparency layer of the white-paper. Every limitation listed here was
identified during the methodology design process or surfaced by primary federal research
on hospital MRF data quality. We state each limitation plainly, give a magnitude where oneis
available, and describe what we do about it. The format follows the ASOP 23 (Source 1)
requirement to disclose known limitations and the ASOP 41(Source 3) requirement to include

cautionsregarding possible uncertainty in results.

10.1 Quantitative Coverage Summary

As of the methodology version 1.0.0 data state (2026-05-10), the pipeline contains the
following:

¢ 3,294 hospitals in the database across 100 distinct metro area slugs, covering the top 100
U.S. metropolitan markets.

¢ Approximately 4.87 million pricing records (estimated count from the database, subject

to the caveat that estimated counts carry a small margin of error at this table size).

¢ 1,012 hospitals (30.7 percent of the total hospital roster) have at least one pricingrecord
with a non-zero data quality score. The remaining 2,282 hospitals are presentin the
database as geographic anchors but have not yet been successfully parsed froma
machine-readable file, either because the hospital has not published a parseable MRF or

because the parsing run has not yet completed for that hospital.

¢ Quality flag distribution: in a cross-hospital sample drawn from 50 hospitals with active
pricingrecords (n=26,768 records), the low_sample flag(meaningthe (hospital,
procedure, payer, charge type) combination has fewer than 10 observations and is
therefore suppressed) accounts forapproximately 87 percent of records. The verified
flag accounts forapproximately 11.7 percent. The stale_data flagaccountsfor
approximately 0.9 percent. Otherflags ( outlier , suspect , missing_data )accountfor

the remaining 0.4 percent.

e Staleness:ina50,000-record sequential sample, approximately 41.9 percent of records
have a source_file_date olderthan90 days, andanadditional11.1percent have a null
source_file_date . Theremaining 47.0 percenthave a source_file_date withinthelast
90 days.

procedureradar.com/methodology/whitepaper Page 47 of 65



ProcedureRadar Methodology White-Paper v1.0.0

The practitioner actuary reading these numbers should understand the low_sample flagin
context. Each pricing_record rowrepresentsa(hospital, procedure, payer, charge type)
combination. The great majority of such combinations at any individual hospital have fewer
than 10 line-item observations in the MRF, triggering the designed suppression behavior
documentedin Sections 4 and 5. Thisis not a data defect;itis a consequence of the
granularity at which hospitals disclose price data relative to the sample-size threshold
required for defensible distributional statistics. The low verified shareinaper-record
count does not mean most pricinginformationis unreliable; it means that the distributional
statistics (percentiles, confidence intervals) are suppressed for most individual cells, while

the raw price point (median, gross charge, cash price) s still disclosed and usable.

10.2 Geographic Coverage Scope

Our dataset covers the top 100 U.S. metropolitan markets. Thisis a deliberate scope
decision, not a data-completeness claim. The top 100 metros correspond to approximately
85 percent of hospitals by facility count, approximately 90 percent of procedure-cost
searchvolume, and approximately 95 percent of the B2B addressable market for specialty-
health and MGA underwriting. We have made the judgment that rural hospitals and micro-
metro markets, which account for the remaining 5 to 15 percent by those metrics, represent a
less compelling first-investmentin data acquisition relative to the dense-metro markets
where most self-funded plan sponsors and specialty payers concentrate their covered

populations.

The geographic limitation is material for rate filings that cover rural populations or that require
procedure-cost benchmarks in markets outside the top 100 metros. An underwriter covering
apredominantly rural self-funded plan should not rely on our data as the sole input for cost
modeling in markets outside our coverage scope. We are actively expanding coverage and
intend to widen the metro rosterin subsequent data refreshes, but we do not publish
forward-looking estimates of the expansion schedule because the timing depends on MRF

data quality and parsing success at individual hospitals.

The OIG (Source 12) audit of 100 hospitals conducted in early 2023 found that small hospitals,
defined as those with fewerthan 100 beds, were the most likely to be non-compliant with

price transparency requirements due to resource constraints. Small hospitals are
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disproportionately representedin rural and micro-metro markets. The geographic limitation
and the compliance limitation therefore partially overlap: the markets we have not yet

prioritized are also the markets where MRF data quality is most uncertain.

10.3 Low-Sample Suppression

When the count of line-item observations at a (hospital, procedure, payer, charge type)
combination falls below 10, we suppress all distributional statistics: percentile_25 ,
percentile_75 , percentile_95 , percentile_99 , mean_price , stdev_price ,andall
confidence interval fields arereturned as null .The quality_flag issetto low_sample .

The confidence_interval_method issetto suppressed .

Suppressionis the correctresponse to sub-threshold data, not an exceptional condition.
ASOP 25 (Source 2) requires that credibility procedures be appropriate for the intended
purpose. At nbelow 10, even the sample mean carries a coefficient of variation large enough
torender percentile estimates misleading in arate-filing context, and any Cl we could
compute around a suppressed point estimate would be mathematically meaningless. We
therefore make no attempt to produce aninterval: a wide but confidently wronginterval is

worse than an honest null.

The practical implication for an underwriter: suppressed records still carry araw price
disclosure (the hospital's published gross charge, discounted cash price, or payer-specific
negotiatedrate), which may be useful as areference point even when distributional statistics
are not available. Forrate-filing purposes, the practitioner actuary should apply a
complement of credibility drawn from regional or market-wide benchmarks, per Werner-
Modlin (Source 7, Chapter12), when the ProcedureRadar distributional output for a given cell
is suppressed.

The suppressionrate isinherently high at the grain we report: individual
payer/procedure/charge-type combinations at individual hospitals rarely accumulate more
than a handful of observationsin a single MRF publication. The grain-level suppressionrate
does notimply that the underlying hospital data is unusable; itimplies that the data needs to
be aggregated across payers, charge types, or metro-level hospital cohortstoreach a
credible sample size for distributional estimation.
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10.4 CPT Code Timing Limitation

CPT (Current Procedural Terminology) codes are owned by the American Medical Association
andrequire an AMA Distributor License forreturnin APl responses. As of the vi methodology
effective date, we have not yet executed the AMA Distributor License. The CPTlicense is
scheduled forMonth 2 post-launch.

The practical limitation: APl responses at vl accept CPT codes as query input for lookup and
filtering purposes, because input matching is not areproduction activity. However, AP|
responses do not return CPT codes as output fields. Consumers receive procedures
identified by their display_name , slug ,HCPCS Levelll code (where available), and MS-
DRG code (forinpatient procedures). The HCPCS and DRG code spaces are public domain,
maintained by CMS, and require no licensing.

Forrate-filing purposes, this limitation means that practitioners who rely on CPT codes as the
primary procedure identifierin their actuarialmodel will need to maintain a CPT-to-HCPCS or
CPT-to-DRG crosswalk to match our procedure slugs. We provide a display_name thatis
human-readable anda slug thatis stable across methodology versions. The CPT limitation

istemporary and will be resolved when the AMA license is executed.

10.5 Transparency in Coverage Data Deferral

The Transparency in Coverage (TiC) rule requires health insurers to publish payer-negotiated
machine-readable files containing plan-specific allowed amounts for every service. TiC files
represent the reimbursement side of the pricing picture, as opposed to the charge side that
hospital MRFs represent. A practitioner actuary building a comprehensive rate-filing model

wouldideally have access to both: what the hospital charges and what the payer actually
pays.

TiC dataintegrationis deferred to Month 4 to 6 of our post-launchroadmap. The vl
methodology is exclusively charge-side. We disclose this explicitly because the distinction
between charge-side and reimbursement-side pricing is methodologically significant, and
understating it would mislead an actuary who is accustomed to working with adjudicated

claims data.

The practical implication: negotiated ratesin MRFs (the payer-specific rates hospitals are
required to disclose) are the contracted rates, not necessarily what was actually remitted

after claim adjudication, outlier adjustments, carve-outs, bundled payment reconciliation, or
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stop-loss provisions. MRF-disclosed negotiated rates and actually-paid claims amounts can
and do diverge materially for complex cases. The CRS (Source 17) documented price
variation of $14,306 to $56,695 for the same service at a single hospital across different
payersinthe TiC dataset, whichillustrates the scale of within-hospital payer variation that our

charge-side data approximates but does not fully capture at the adjudicated level.

When TiC integration shipsin v1.1, we will publish a methodology update comparing charge-
siderates with TiC allowed amounts at the procedure-metro grain and document the

directional bias introduced by relying solely on charge-side signalsinvl.

10.6 MRF Compliance Gap
Hospital Machine-Readable Files are federally mandated under 45 CFR Part 180 (Source 10),

but federal mandate does not guarantee data quality orcompleteness. Two primary federal

oversight sources document the scope of this problem.

The U.S. Government Accountability Office released GAO-25-106995 in October2024
(Source 1), finding that the Centers for Medicare and Medicaid Services cannot verify that
hospital MRF data are sufficiently complete and accurate for their stated purpose. The GAO
noted that health plans and employers have raised concerns about data quality including
prices that appear unusually high orlow and may represent errors. The GAO recommended
that CMS assess whether MRFs are usable for their stated purpose and that CMS strengthen
its verification practices. CMS issued a Request forInformationin 2025 soliciting input on

accuracy and completeness enforcement.

The HHS Office of Inspector General published a separate auditin November 2024 (Source
12) covering 100 hospitals audited between January and March 2023. The OIG found that 37
of the 100 hospitals did not comply with one or more price transparency requirements.
Extrapolating to all 5,879 hospitals covered by the rule, the OIG estimated that approximately
46 percent of required hospitals were non-compliant. Small hospitals were most likely to be
non-compliant. Of non-compliant hospitals, 34 had deficient machine-readable filesand 14

failed shoppable-service requirements. CMS concurred with all OIG recommendations.

These are authoritative federal findings that we take seriously and that our quality-gate

architecture is designed to address directly.
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Ourresponse to the GAO and OIG findings takes four concrete forms. First, we apply a
shoppable-service early filter at parse time, discarding any record that does not meet the
shoppable-service criteria defined in 45 CFR Part 180 before the record enters the database.
This directly addresses the OIG finding about deficient shoppable-service requirements.
Second, we apply placeholder-value detection to flag records with prices matching known
non-meaningful patterns (prices of $0.01, $1.00, or values that are statistically implausible
given the procedure and setting). Third, we apply an outlier detection step that flags records
whose price deviates more than a configurable threshold from the hospital's own historical
distribution for the same procedure. Fourth, the quality_flag_verified_share component
of the data quality score (Section 8) ensures that hospitals with a high share of non-verified
records receive alower composite score, surfacing the compliance concern through the

practitioner-facing scoring system.

We do not claim that our quality gates eliminate all compliance-related data deficiencies. The
GAO and OIG findings reflect problems that occur at the point of hospital disclosure, before
our pipeline runs. If a hospital publishes a placeholder price in alegally required field, our
placeholder-detection gate canflagit, but cannotreplace it with the actual price. If a
hospital omits a service fromits MRF entirely, our coverage sub-score will reflect the
omission, but we cannotingest data that was never published. The quality gatesimprove the

usability of the data we receive; they cannot fix the underlying compliance gap atits source.

10.7 Data Scope: Not the Largest Dataset

We do notrepresent our data as "most comprehensive" or "largest dataset.” The enterprise
data majors serving the specialty-health and MGA markets maintainlargerrecord volumes,
longer historical series, and in some cases access to adjudicated claims data that hospital
MRFs cannot provide. Ourlane is underwriting-grade data depth at mid-market pricing,
accessible to specialty payers and MGAs that cannot clear the procurement hurdles of

enterprise datavendors.

An actuary evaluating our data for arate filing should compare it against the sources available
to them for the specific use case and market. For high-volume urban procedures in major
metros where our hospital coverage is dense, our data provides a credible distributional
picture at a price point that mid-market users can act on. Forrare procedures, rural markets,
oruse cases that require adjudicated claims frequency data, supplemental sources are

appropriate and we say so directly.
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The CRS (Source 17) noted that third-party firms processing MRF data often use proprietary
cleaning methodologies that reduce transparency and reproducibility, creating a vendor-
opacity risk for the practitioners who rely on them. We document our methodology in this
white-paper specifically to avoid that dynamic. A practitioner actuary using our data can
trace the provenance of any output field back to a documented pipeline step, a versioned
methodology file, and a primary data source with a URL and publication date. That

transparency is a design constraint, not a marketing claim.

10.8 No Claims Data at vl

The vlmethodology does not incorporate adjudicated claims data. Claims data, when
available, provides several actuarial signals that charge-side MRF data cannot: procedure
frequency (how often a covered life files a claim for a given service), actual paid amounts
afteradjudication and contract adjustments, stop-loss attachment behavior, and diagnosis-

based severity weighting. Each of these is material for certain underwriting use cases.

The absence of claims data means that our frequency modeling (at Enterprise tier) is derived
from publicly available utilization statistics rather than from a claims data partner. The
frequency models are documented at tier-appropriate detail in the covered-event section
(Section7)andin the per-client methodology addenda for Enterprise subscribers. An
actuary building arate filing that requires plan-specific frequency assumptions should

supplement our frequency outputs with their own plan experience data.

The data quality score does not penalize records for the absence of claims data, because
claims datais not acomponent of MRF disclosure. The score reflects what is available in the
public charge-side data; its limitations relative to claims-side data are documented here, not
embeddedinthe scoreitself.

10.9 CUUROOOOSAM Methodology Change and Deflator Mismatch
Section 6.3 documents the October 2024 BLS methodology change to CUUROOOOSAMin

full detail. We repeat a summary here forreaders who begin their review in the Known

Limitations section.

Effective October2024, the Bureau of Labor Statistics switched the private-insurance
outpatient component of CUUROOOOSAM from survey-based list-charge pricing to claims-
data-sourced adjudicated pricing (Source 13). Ourinput datais charge-side. The conceptual
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mismatch between a deflator that now partly reflects adjudicated reimbursement prices and
ourinput data thatis predominantly gross charges and disclosed negotiatedratesis a

material limitation for the time-series normalization outputs we produce.

Dunn, Hale, and Dauda (2018, Source 14) identify this class of mismatchin the broader
context of health expenditure research: for total medical expendituresincludinginsurer
payments, the PCE Personal Health Care indexis generally preferred over the CPI medical
careindexbecauseitis conceptually better aligned with reimbursement-side pricing. We
continue to use CUUROOOOSAM as the primary deflator because itis published monthly (the
PCE PHC indexis quarterly), isrecognized by state insurance department reviewers without
explanation, andis the standard reference in specialty-health rate-filing contexts. Switching
deflators would require pipeline-cadence restructuring and would introduce its own audit
risk. However, the practitioner actuary should note the mismatch when applying our time-
series outputs to use cases that are sensitive to the distinction between charge-side and

reimbursement-side price trends.

10.10 Internal Metro Grouping Versus Strict OMB MSA Boundaries

Ourinternal metro area slugs are broader than the official U.S. Office of Management and
Budget Metropolitan Statistical Area definitions in some markets. The three clearest
examplesare los-angeles (whichincludeshospitalsinMendocino and Sonoma counties,
well outside the official LA-Long Beach-Anaheim MSA, defined as Los Angeles and Orange
counties), chicago (whichextendsinto downstate lllinois beyond the Chicago-Naperville-
ElginMSA), and new-york (whichspansabroaderNY-NJ-PA tri-state area at varying

distances from Manhattan).

When grouping is broader than the strict OMB MSA boundary, the measured price spreads
(P90 minus p10 cash price, or maximum minus minimum payer-negotiated rate) inflate
relative to what a strict MSA grouping would produce. This inflation occurs because a broader
geographic cohort spans more distinct costregimes: urban tertiary care centers, suburban
community hospitals, and rural facilities are pooled together, and that pooling widens the
apparent spread even when within-setting price variationis modest. A specialty-payer
actuary using our spread statistics forrate filingin a tight urban metro may over-estimate the
true rate variance if our metro slugincludes markets that are structurally different fromthe

specific geography they are underwriting.
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Based on aninternal review (Session 19 analysis), the preliminary estimate is that measured
spreadsinthe broadest of our metro slugsinflate by approximately 10 to 30 percent
compared to what a strict OMB MSA grouping would produce, with smallerinfiationin metros
whose slugs already align closely with the official MSA boundary. This is a preliminary range,
not a measured figure. Avl.I methodology release will quantify this inflation precisely using a
county-FIPS-derived strict MSA grouping once the county-FIPS lookup is sourced (see
context/tight-msa-spread-analysis.md forthe full vl.1 hardening path). The vl.1 measured
figure will replace the preliminary range at that release and a methodology version changelog

entry willdocument the change.

Practitioners who require tight metro segmentation for specific underwriting geographies
should contact api-support@procedureradar.com torequestmetro-levelclarificationabout
which hospitals and counties are included in a specific metro slug before using spread
statisticsin arate filing.

10.11 January 2026 eCFR Allowed-Amount Disclosure Requirements

As of January 1,2026, 45 CFR Part 180 (Source 10) requires hospitals to publish the 10th
percentile, median, and 90th percentile of allowed amounts with a count of remittances for
each shoppable service. Thisis a material expansion of what hospitals are required to
disclose: the new fields represent hospital-published empirical percentile data derived from
actual adjudicated claims, whichis a categorically different and more informative signal than

the gross charges and negotiated rates that prior MRF versions required.

The vlmethodology does not yet incorporate allowed-amount percentile datain any
computed output. The reasonis sequencing: the January 2026 requirementisrecent and
hospital compliance with the new fields will vary materially in the first year. We added the four
columns to the database schema in migration 042 ( allowed_amount_p10 |,
allowed_amount_p50 , allowed_amount_p90 , remittance_count )andthe parsershave stub
support foringesting those fields when hospitals publish them. However, the methodology
has not yet been updated toincorporate these hospital-published percentiles as a validation

layer against our computed distributional statistics or as a parallel output column.

The vl.Imethodology will evaluate how to integrate hospital-published allowed-amount
percentiles alongside orin place of ourcomputed quantiles for hospitals where the new data
is available and credible. Until then, practitioners should be aware that for hospitals
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publishing compliant January 2026 files, there is a direct source of percentile data from the

hospital's own claims experience that our pipeline is not yet surfacing.

10.12 Vendor Opacity and Our Documentation Commitment

The Congressional Research Service published CRS Report R48570 in June 2025 (Source 17),
examining the TiC machine-readable file landscape. A key finding: third-party firms
processing MRF data use proprietary cleaning methodologies that reduce transparency and
reproducibility. The CRS documented price variation of $14,306 to $56,695 for the same
service at asingle hospital across different payers, arange thatillustrates the normalization
complexity involved and the risk that undisclosed proprietary cleaning steps could produce

results that a practitioner actuary cannot audit orreproduce.

Ourresponse to that concernis this white-paper. We publish the methodology rather than
treatit as ablack box. Every pipeline step that affects the data between the hospital's MRF
and the APlresponseis described here at alevel that a qualified actuary can assess for
reasonableness. The versioned weights file, the explicit suppression thresholds, the named
bootstrap variant, the documented deflator choice with its known limitations, and the
quantitative coverage summary in this section are all design choices to make our

methodology auditable rather than opaque.

We are not claiming that published methodology eliminates all risk of normalization error; it
doesnot. What it does s give the practitioner actuary the information they need to identify
where our choices differ from their own model assumptions and to adjust accordingly. That is
what ASOP 23 (Source 1) and ASOP 41 (Source 3) require of a methodology document that

practitioners will rely oninrate-filing contexts.

10.13 References

1.Source 1: ASOP No. 23, Data Quality (Revised Edition, Actuarial Standards Board, adopted December 2016,
effective April1,2017). Operative sections: disclosure of known limitations; documentation of adjustments
and extent of reliance on external data.

2.Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: cautions regarding uncertainty inresults; disclosure requirement for judgment-based calibration;
clarity for peeractuary review.

3.Source 4: ASOP No. 56, Modeling (Actuarial Standards Board, adopted December 2019, effective October
1,2020). Operative sections: documentation of the input range for which the modelis valid; material
limitation disclosure.
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4. Source 10: U.S. Code of Federal Regulations, 45 CFR Part 180, Hospital Price Transparency (eCFR current
version; rule effective January 1, 2021, major updates through January 1, 2026). Operative sections: January
2026 allowed-amount disclosure requirements; shoppable-service definition; MRF publication
requirements.

5.Source 11: U.S. Government Accountability Office, GAO-25-106995, "Health Care Transparency: CMS
Needs More Information on Hospital Pricing Data Completeness and Accuracy" (released October 2,
2024). Operative sections: CMS inability to verify MRF completeness and accuracy; health plan concerns
about data quality; CMS RFl on enforcement.

6. Source 12: HHS Office of Inspector General, "Not All Selected Hospitals Complied With the Hospital Price
Transparency Rule" (November 2024). Operative sections: approximately 46 percent non-compliance rate;
small hospital resource-constraint non-compliance; deficient machine-readable files as primary
compliance gap; OIG recommendations concurred by CMS.

7.Source 13: Bureau of Labor Statistics, "How BLS Measures Price Change for Medical Care Servicesin the
Consumer Price Index" (factsheet, current); Bureau of Labor Statistics, "Incorporating Medical Claims Data
inthe CPI," Monthly Labor Review (2023). Operative sections: October 2024 methodology change to
outpatient hospital services sub-index; switch to claims-data-sourced adjudicated pricing for private-
insurance component.

8.Source14: Dunn, A., Hale, E., and Dauda, B., "Adjusting Health Expenditures for Inflation: A Review of
Measures for Health Services Researchin the United States," Health Services Research, Vol. 53, No. 1, pp.
526-548(2018). Operative sections: PCE PHC index as preferred deflator for total medical expenditures;
CPImedical care as preferred for consumer out-of-pocket; charge-side vs. reimbursement-side deflator
mismatch.

9. Source 17: Congressional Research Service, "Technical Challenges with Private Health Insurance Price
Transparency Data" (CRS Report R48570, June 13, 2025). Operative sections: vendor opacity in MRF
processing; undisclosed proprietary cleaning methodologies; price variation of $14,306 to $56,695 for the
same service at a single hospital across payers.
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11. Versioning and Updates

11.1 Pipeline Cadence

The ProcedureRadar data pipeline runs on a monthly GitHub Actions cron schedule with a
manual dispatch option for off-cycle hospital re-seeds, targeted backfills, and urgent data
corrections. Each pipeline runingests hospital MRFs that have been updated since the prior
run, computes severity distributions, confidence intervals, time-series adjustments, and data
quality scores for new and updatedrecords, and upserts results to the database. Customers
usingthe ?changed_since=<timestamp> query parameterreceive only records thatchanged

inthe most recent pipeline run, supporting incremental sync workflows.

11.2 Methodology Version Tracking

Every pricingrecordinthe database carriesa methodology_version_id foreignkeytothe
methodology_versions table,introducedin migration 040.The methodology_version_id
forallrecords computed under this white-paper's methodologyis 1.0.0 ,with aneffective
date of 2026-05-09. Every material methodology change (a change to the composite score
weights, the credibility thresholds, the bootstrap resample count, the covered-event
taxonomy, or any other component that affects the computed output fields described in this
paper) createsanewrecordin methodology_versions withanew versionstring, an effective

date, and achangelog entry.

The version field allows practitioners to confirm, for any record retrieved from the API, which
methodology version produced the computed fields on that record. Arate-filing workpaper
that cites ourdata should record the methodology_version_id of therecordsused, sothata

subsequent reviewer can match the cited methodology to the version-specific white-paper.

11.3 Pre-Notification Commitment

Formethodology changes that affect any field used in actuarial rate filing (severity
percentiles, confidence intervals, time-series normalization, covered-event weights, or data
quality score weighting), ProcedureRadar will provide written notification to Scale and
Enterprise subscribers no fewerthan 60 days before the effective date of the change.
Customers may request amethodology freeze for active rate-filing periods not to exceed 90
days.
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This commitment reflects the requirements of ASOP 41(Source 3), which requires that
actuarial communications give adequate advance notice when methodology changes could
affect work product that practitioners have in progress, and ASOP 8 (Source 5), which
requires that the certifying actuary document the methodology used at the time of the filing.
A practitioner who has committed to arate filing based on vl methodology and receives
notice of apending vl.1change canrequest a freeze to complete the filing before the change
takes effect. The freeze applies to the data snapshot, not to new ingestion: fresh MRF data
continues to be ingested, but the compute methodology applied to new records remains at
the frozen version for the duration of the freeze period.

Changes that do not affect rate-filing fields (for example, changes to the URL-discovery

pipeline, the dedup architecture, or consumer-facing display name mappings) do not trigger

the 60-day pre-notification requirement. We will announce those changesin the
/developers/changelog onthe effective date.

11.4 Retroactive Access

Customers have theright toretrieve data as it existed at any historical methodology-version
date, notjust the current snapshot. The pricing_history table,introducedinmigration 015,
captures monthly immutable snapshots keyed on (pricing_record_id, observed_at) .
Because the table is append-only, a query for "price as of month Munder methodology
versionV"is expressed as afilteron observed_at < M combinedwiththe
methodology_version_id of that period'srecords. Thereisno structural path by which a

current pipeline run can overwrite orrevise a historical snapshot.

The ?changed_since=<timestamp> parametersupports forward-incremental sync (new and
changedrecords since a given date). For backward point-in-time access, practitioners
should query the APlusing the observed_at filteragainstthe pricing-history endpoint. This
retroactive-access architecture is a customerright, not a feature subject to tier gating: all
paid tiers have access to their historical snapshots at the grain and field set their tier entitles.

11.5 v1.1 Commitment: January 2026 Allowed-Amount Integration

The January 2026 eCFR amendments require hospitals to publish the 10th percentile,
median, and 90th percentile of allowed amounts with a count of remittances foreach
shoppable service (Source 10). We added four columns to the database schema in migration

042 ( allowed_amount_p10 , allowed_amount_p50 , allowed_amount_p90 |,
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remittance_count )andthe parsershave stub support foringesting those fields when
hospitals publish them. The vl methodology does not consume these columnsin any

computed output; the column values are stored but not exposedin the APIresponse.

The vl.1methodology release will evaluate how to integrate hospital-published allowed-
amount percentiles alongside orin place of our computed quantiles for hospitals where the
new datais available and has passed quality gates. This evaluation will include a comparison
of hospital-published percentiles against our BCa-derived percentiles for the same
procedure-hospital pairs, a quality assessment of the new fields (compliance with the
January 2026 requirements varies across the hospital populationin the first year), and a
decision on whether to surface hospital-published percentiles as a parallel columnoras a
validation layer against our computed distributions. The evaluation will be published as a
methodology update with a changelog entry and will trigger the 60-day pre-notification

process for Scale and Enterprise subscribers before any change to computed output fields.

11.6 v1.1 Commitment: Tight-MSA Spread Inflation

Section10.10 documents a preliminary estimate that measured price spreads in the broadest
of ourmetro slugs inflate by approximately 10 to 30 percent compared to what a strict OMB
MSA grouping would produce. Thisis a preliminary range from aninternal analysis; itisnot a
measured figure. The vl.1 methodology will quantify this inflation precisely using a county-
FIPS-derived strict-MSA grouping once the county-FIPS lookup is sourced. Full analysis is
documented at context/tight-msa-spread-analysis.md . The measured figure willreplace
the preliminary range in the vl.1 white-paper and a methodology changelog entry will

document the effective date and the magnitude of the revision.

11.7 Backfill Posture

When a compute method changes, we backfill existing records where the compute is
feasible within the proxy timeout constraints of ourinfrastructure. The backfillis announcedin
the methodology changelog with an effective date and a description of the affected field
and population. Customers do not see a partially backfilled database; batched backfills are
designed to be resumable and are not surfaced in the APl until the batchis complete foreach

hospital.
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Examples of completed backfills: the BCa confidence interval backfill script that replaced
plain percentile-bootstrap Clvalues for allrecords with n greater than orequal to 30
(shippedin PR-AT9), and the six-component quality score backfill that added the
sample_size sub-scorecomponentandrecomputed composite scores forall existing
records (shippedin PR-ATI0). Both examplesillustrate the posture: compute the change,
verify the output against the post-apply predicates, announce in the changelog, and flip the

methodology_version_id onbackfilledrecordstothe new version.

11.8 Major-Version Deprecation

Afuture major-version APl release ( /v2 ) will provide a minimum 12-month overlap window
beforethe /vl endpointreturns 418 GONE .Duringthatwindow, /vl and /v2 operatein
parallel. Field-level deprecation within a major version (adding a field to the omit list,

changing a field's definition, orrenaming a field) requires two full minor versions of advance

notice before the change takes effect, so practitioners have time to adapt theirintegration.

11.9 References

1. Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: advance notice of methodology changes; clarity for peer actuary review; disclosure of methods
and assumptions.

2.Source 5: ASOP No. 8, Regulatory Filings for Health Benefits (Revised March 2014, effective September,
2014). Operative sections: documentation of methodology at time of filing; data-source documentation;
supplemental documentation availability.

3.Source 10: U.S. Code of Federal Regulations, 45 CFR Part 180, Hospital Price Transparency (eCFR current
version; rule effective January 1, 2021, major updates through January 1, 2026). Operative sections: January
2026 allowed-amount percentile disclosure requirements; phased implementation timeline.
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12. Contact and Review

12.1 Methodology Questions

Allmethodology questions should be directedto api-support@procedureradar.com .We

commit to the following response timelines.

For Scale subscribers: a first response acknowledging the question within 4 business hours.
For Enterprise subscribers: a first response acknowledging the question within Tbusiness
hour. For any subscriber at any tier who raises a methodology concern that materially affects
arate filingin progress: a writtenresponse addressing the substance of the concernwithin 5
business days. Where the concernidentifies a material error or limitation in our methodology,
we commit to a methodology revision cycle within 30 days of confirming the concernis valid,
with 60-day pre-notification to Scale and Enterprise subscribers before any resulting
change takes effect.

This contact pathis the supplemental-documentation channel that ASOP 41(Source 3) and
ASOP 8 (Source 5) require us to maintain. A practitioner actuary whose filing requires
clarification beyond what this white-paper provides should use this channel before

completing the rate-filing workpaper, not after.

12.2 Enterprise Actuary Review Letter

For Enterprise subscribers, ProcedureRadar provides a writtenreview letter froma
credentialed actuary covering the methodology elements relevant to the client's specific
rate-filing use case. The review letteris the function that ASOP 8 (Source 5) calls "actuary on
file" support: it gives the certifying actuary a documented third-party review of the data
methodology they arerelying on, scoped to the specific fields and procedures their filing

uses.

Pre-revenue, Scale and Enterprise methodology questions that require actuarial judgment
(forexample, whether our BCa Clwidthis adequate for a specific stop-loss attachment
scenario, orwhether our covered-event weights are calibrated appropriately for a specific
benefit design) go through a credentialed actuarial reviewer on the response chain, engaged
on a project basis untilin-house actuarial capability scales with the business. We do not claim

to have apermanentin-house actuary at this stage; we are transparent that the revieweris
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engaged on a project basis. The quality and professional accountability of the responseis
not reduced by that arrangement: a credentialed actuary reviewing our methodology is

bound by the same ASOP standards regardless of engagement structure.

Thereview letteris scoped to the methodology elements the client's filing requires, not to
the full 12-section white-paper. A client whose filing relies only on our severity distributions
and confidence intervals receives aletter covering Sections 4, 5, and the relevant portions of
Section10. Aclient whose filing relies on covered-event mapping and frequency modeling
receives aletter covering Sections 7, 9, and the Enterprise-specific subsections. This
scoping avoids the letter being either over-broad (creating review obligations for unused

sections) orunder-specific (failing to address the methods the actuary actually certified).

12.3 Professional Credentials and Review Chain

Methodology responses for Scale and Enterprise subscribers that require actuarial judgment
are reviewed by a credentialed actuary (Fellow of the Casualty Actuarial Society, Fellow of
the Society of Actuaries, or equivalent) before being sent. Factual questions about API
behavior, data schema, or pipeline mechanics are handled by the engineering team without
actuarial review. Questions thatinvolve interpretation of our methodology in the context of a
specific state's rate-review requirements are handled jointly by the engineering team and the

actuarial reviewer.

We disclose this structure plainly because ASOP 41(Source 3) requires that communications
not overstate the credentials or authority behind them. We are not a credentialed actuarial
firm and do not provide actuarial opinions; we provide data and methodology
documentation that a practitioner actuary usesin theirown work. The actuary review letteris
adocumented assessment of the methodology's reasonableness for the client's stated use

case, not an actuarial certification of the client's rate filing.

12.4 Methodology Changelog
Every material methodology change produces a changelog entry at

/developers/changelog withthe following minimum fields: the date the entry was published,
the effective date of the change, the affected field or fields, the nature of the change, the
affectedtier scope, and the reason for the change. Changelog entries formethodology
changes are permanent: we do not remove orrevise changelog entries after publication.

Additions are append-only.
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The changelogis the auditable record of how the methodology has evolved from one version
to the next. A practitioner actuary who used our datain a filing completedin a prior period can
retrieve the changelog entries between their filing date and the current date and assess

whether any intervening methodology changes are material to their prior work.

12.5 References

1. Source 3: ASOP No. 41, Actuarial Communications (Revised Edition, effective May 1, 2011). Operative
sections: supplemental-documentation channel; contact path formethodology questions; clarity
regarding credentials and scope of the communication.

2.Source 5: ASOP No. 8, Regulatory Filings for Health Benefits (Revised March 2014, effective September],
2014). Operative sections: actuary-on-file function; supplemental documentation availability for rate-filing
support; data-source documentation responsibility.

ProcedureRadar's pricing dataset is built from federally mandated hospital Machine-Readable Files.
Disclosure required by 45 CFR Part 180.

e Hospital Price Transparency Rule (45 CFR Part 180) (May 9, 2026)

Lastupdated: May 9,2026

ProcedureRadar

Real hospital pricing data, powered by federally mandated transparency files.

Scan. Compare. Save.

PROCEDURES

MRI

Colonoscopy
Knee Replacement
CTScan

All Procedures

CITIES

New York
Los Angeles
Chicago
Dallas

All Cities
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Methodology

API

COMPANY
About
Terms

Privacy

© 2026 ProcedureRadar LLC. Allrights reserved.

Data updated monthly from CMS-mandated hospital transparency files.

ProcedureRadar's data processing methodology is the subject of a pending US provisional patent application.
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