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Abstract

Background: Health services research on new medical technologies usually begins with items already present in released
Medicare claims, conditioning the sample on an earlier administrative step. A Healthcare Common Procedure Coding System
(HCPCS) Level II code makes an item nameable in a claim, yet code effectiveness alone puts no row into a public file. No prior
study we identified measures how often a new product code is represented at all in released data.

Methods: Retrospective cohort of code events. All 103 additions in the official April 2021, 2022 and 2023 alpha-numeric
HCPCS files entered a single-author descriptor screen; 49 supplied-product codes were retained and one S-series code removed,
leaving 48. Each became effective on 1 April, giving a common service period of seven quarters through 31 December of the
following year. Three annual datasets, for physician services, equipment and supplies, and outpatient care, were queried with the
exact code, giving 288 code by service year by dataset cells. Representation meant at least one national exact-code row in a file
covering services furnished in the effective year or the year after, assessed on 22 August 2026. Wilson intervals are descriptive;
the cohort is enumerated, not sampled.

Results: Nineteen of 48 code events were represented (39.6%, Wilson reference interval 27.0 to 53.7). Eleven were present in
the effective-year file, eight only in the following-year file and 29 in neither; one present in the earlier file was absent from the
later. In the earlier file holding a row the physician file carried 11 codes, the equipment file eight and the outpatient file none. No
exact-code row appeared in any of 144 pre-effective-year cells. Across the reference analysis and 14 alternative analyses the
estimate ranged from 27.6% to 45.0%, lowest after removing the wound and skin-substitute class.

Conclusions: Code effectiveness and representation in these three datasets are separate administrative states. A missing national
row is unresolved, not an absence of use, coverage or payment, and health services research that samples from released claims

inherits that state, so the representation state belongs beside the coding event in the study record.

Keywords
financing; measurement; health services research

1 Background

Administrative claims are the main data infrastructure of
health services research on new medical technologies in the
United States, and much of that work shares one starting
point. A technology is chosen, its code or set of codes is
identified, and use is then measured in released data. Device
utilisation across specialties has been measured from proce-
dures identifiable by distinct Current Procedural Terminology
or Healthcare Common Procedure Coding System (HCPCS)
codes [1]; a coding scheme has been built to separate durable
medical equipment and supplies within claims [2]; remote
monitoring of cardiac implants [3], remote patient monitor-
ing in traditional Medicare [4] and seventeen years of video
capsule endoscopy [5] have all been described in the same
way. Every one of those designs presupposes something
it cannot itself establish, namely that the code of interest
reaches the released file.

Several administrative steps sit between an effective code
and a released row. A service must be furnished and billed,
the claim must fall within a domain that the Centers for
Medicare & Medicaid Services (CMS) publishes, the record
must survive aggregation and public-release rules, and the
file must be released. Failure at any of those steps produces
the same observable result, an absent row, whatever happened
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clinically. A sample built from codes already present in a
released file is therefore conditioned on the outcome of the
reporting process, and the codes that never reach a file are
precisely the ones such a sample cannot see. Whether that
conditioning matters is an empirical question about how large
the unrepresented part is.

Effectiveness of a HCPCS Level II code does not settle
the question either. CMS treats a code as a billing identifier
and states that its existence determines neither coverage nor
non-coverage [6]. Coding, coverage, payment and use are
separate institutional acts with separate timing, a separation
examined in work linking device regulation to reimbursement
[7], in evidence that Medicare coverage decisions follow their
own logic after authorisation [8], and in cross-country com-
parison of authorisation and payment arrangements for the
same devices [9].

1.1 Adjacent research and what it leaves open

Quantitative work on new medical technology in Medicare
falls into six strands, each of which takes a different admin-
istrative act as its starting event and a different endpoint as
its object of measurement. Several groups reconstruct the
time from Food and Drug Administration authorisation to
a Medicare coverage milestone for defined technology sets
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[10, 11, 12]. Other work treats coverage itself as an act with its
own evidence base and its own timing, nationally and locally
[8, 13, 14]. A third strand relates payment policy to diffu-
sion, covering cochlear implants [15], coronary stents [16],
positron emission tomography under a global budget [17],
add-on and supplemental payment programmes [18, 19, 20]
and deep brain stimulation [21]. Utilisation is then measured
directly once a code exists, in video capsule endoscopy over
seventeen years [5], in remote patient monitoring [4], in
remote monitoring of cardiac implants [3], across specialties
for procedures identifiable by distinct codes [1], and through
a scheme built to separate equipment and supplies within
claims [2]. Identification forms a fifth strand, in which unique
device identifier projects have documented how much item
identity disappears when a claim retains a procedure but
not the implanted product [22, 23, 24, 25, 26, 27, 28, 29].

Comparative work makes a sixth, setting out how systems
assess, authorise and pay for the same device [30, 7, 9].

Table 1 sets the six strands beside one another on the two
features that matter here, the event a design begins from and
the endpoint it measures. Read that way, the strands divide
cleanly. Studies of authorisation, coverage and cross-system
arrangement work from institutional records and never touch
released claims, so representation plays no part in them. Stud-
ies of payment policy and of utilisation work from released
claims and therefore begin with technologies that are already
represented, which makes representation an assumption of
the design instead of an object of it. Work on device identifi-
cation comes closest to the present question and still asks a
different one, namely whether a claim that does exist carries
enough information to name the item, not whether a claim
for a newly coded item reaches the released file at all.

Table 1. Where the present study sits among adjacent research strands. The two columns that matter are the event a design begins from and
the endpoint it measures; the last column states whether representation of the code in released public claims is assumed by the design or

measured by it.

Strand Representative work  Starting event

Endpoint measured Representation in re-

leased claims

Authorisation to cover-
age
Coverage determination

[10, 11, 12]
[8, 13, 14]

Payment policy and dif-  [15, 16, 17, 18, 19,

fusion 20, 21] reform
Utilisation of an estab-  [5,4, 3,1, 2] an existing, stable code
lished code

Device identification in ~ [22, 23, 24, 25, 26,

claims 217, 28, 29] not the item

Cross-system  assess-  [30, 7, 9] a device under assessment
ment

Present study — establishment of a new product

code on 1 April

FDA authorisation of a device
an authorised device under review

a payment rule, programme or

a claim that names a procedure but

interval to a Medicare coverage
milestone

national or local coverage decision
and its evidence base

utilisation or spending after the rule

not involved; coverage
records are the source
not involved

assumed; the technology
is already represented
counts, trends and spending over assumed; the sample
time is drawn from released
rows

addressed as specificity
of an existing row, not as
presence of a row

not involved

feasibility of carrying item identity
into records and claims

how systems authorise, assess and
pay

presence of a national exact-code
row in three specified annual files

measured directly, as the
outcome

We cite representative work by strand rather than exhaustively. The table classifies designs by what they measure, not by their quality or their contribution.

The gap follows from the arrangement. No strand takes
the establishment of a product code as its starting event, and
none takes presence of that code in released public claims as
its endpoint. To our knowledge, and on a targeted rather than
systematic search of the strands above, no study quantifies
whether a code that has become usable is represented in a
public file at all. Its size is not a matter of curiosity, because
two of the six strands sample from exactly the population
that lies on the far side of it.

1.2 Research question and scope

Our question is narrow, and stating it precisely is half the
contribution. Posed this way it belongs to health informatics
and not to technology assessment: what is measured is a
property of the released data, and the products enter only as
the objects the codes name. For a cohort of product codes
newly established in an April HCPCS update, what propor-
tion is represented by at least one national exact-code row
in the annual public Medicare fee-for-service files covering

services furnished during the effective year or the year after
it, as assessed on a single retrieval date? Four subsidiary
questions follow. Representation may arise in the file for the
effective service year or only in the file for the year after,
so the annual state in which it arises is worth separating.
Representation need not persist from one annual file to the
next, so persistence is a second question rather than an as-
sumption. Rows may sit in any of three claims domains,
so which domain carries them is a third. And an estimate
from 48 codes may depend on how the cohort boundary
was drawn, so its stability under administrative and product
reclassification is a fourth.

Three questions lie outside the design and are not asked.
When CMS first released a row is not observable from an-
nual files queried retrospectively, so no publication lag is
estimated. Whether a product was used, covered, paid for or
reached a beneficiary is not observable from an absent row,
so no such quantity is inferred. And why any individual row
is missing cannot be settled by these data, so the mechanisms
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are enumerated and left unapportioned.

Direct measurement is what we report. Using the official
April HCPCS updates for 2021 to 2023, we assembled a
cohort of newly established supplied-product codes and an-
swered the question above, together with its four subsidiary
parts.

Three consequences make the answer relevant beyond the
specific cohort, and each falls in a different part of health
services research. Cohort construction in technology-use
research inherits whatever the reporting process has already
filtered, so the size of the unrepresented group bounds how
much a claims-first sample can miss; that is a measurement
problem for health informatics, and it applies to any analysis
that treats a public claims aggregate as a population register.
Surveillance and reproducibility turn on the same gate, since
a study that cannot distinguish low use from an unreleased
row cannot be replicated against a later file release without
recording which state applied; the remedy is a matter of data
governance and stewardship, and the closing section states
it as a rule. Evaluation of reimbursement policy meets the
same difficulty, because a reform that shortens one institu-
tional interval need not shorten the others, and an evaluation
that collapses coding, coverage, payment and public release
into a single date can credit or blame the wrong institution;
healthcare financing, healthcare governance and the design
of health system reform all rest on being able to tell those
events apart.

What the study examines is the data infrastructure of one
payer, not clinical practice. No clinical question is asked,
no treatment is compared, and nothing here touches clinical
decision-making at the bedside. Its bearing on healthcare
delivery and access stays indirect and precise: research
on delivery and on access that samples technologies from
released claims inherits the gate measured here, so the es-
timate constrains what such research can conclude without
saying anything about delivery or access itself. Analogous
under-ascertainment can arise wherever aggregated claims
are published under suppression or partition rules, so the
measurement problem is not confined to one payer, although
the estimate reported here is specific to Medicare and to three
datasets.

2 Methods
2.1 Design, unit of analysis and reporting frame

A question of this kind can be answered badly in two ways,
by settling the unit of observation after seeing the data and
by leaving the frame it is drawn from open. Both stay fixed
here before anything is retrieved. We constructed a retro-
spective national cohort of administrative code events and
queried it on 22 August 2026. The unit of analysis is a newly
established five-character HCPCS Level II code event, not a
product, manufacturer, claim, patient, provider or coverage
decision. Repeated measurement cells are defined by code,
service year and dataset. We claim no completed STROBE
or RECORD checklist, because both instruments presuppose
individual-level records that a code-event design does not
have [31, 32]. Additional file 10 instead locates the source
definition, the cohort construction rule, the provenance of
every variable, the handling of empty and unresolved values,

and the cleaning steps applied. One analysis script holds the
source files, screening categories, datasets, service-period
rule, exact-match rule and outcome definition. We regis-
tered no timestamped protocol, so this description reports a
workflow and claims no preregistration.

2.2 Source population and cohort construction

Every addition in the official April 2021, April 2022 and
April 2023 alpha-numeric HCPCS files formed the source
population [33, 34, 35]. An addition had to carry action
code A, an addition date of 1 April in the relevant year and
a matching active effective date, which produced 21 source
rows for 2021, 36 for 2022 and 46 for 2023, or 103 in total.

A second step screened long descriptors for a discrete
supplied product. Eligible descriptors covered stand-alone
devices, prosthetics, orthotics, diagnostic readers, software
devices, components, accessories, recurring device supplies,
and wound or skin-substitute products. The screen excluded
drugs, biologicals, diagnostic radiopharmaceuticals, pro-
fessional or facility services, model payments, procedures,
tests and modifiers. We describe retained codes throughout
as supplied-product codes, a deliberately operational label
naming what the controlling CMS descriptor names and
nothing else. The screen assigns no regulatory classifica-
tion to any product, which matters most for the wound and
skin-substitute items, where prefix alone establishes neither
device status nor biological status. Screening retained 49
codes and excluded 54: 40 as drugs, biologicals or diagnostic
radiopharmaceuticals, seven as services or model payments,
five as procedures or tests and two as modifiers. Re-reading
all 54 excluded descriptors produced one change. C9782 de-
scribes a blinded clinical-trial procedure whose intervention
arm is a transcatheter intramyocardial cell transplantation,
and the first pass had placed it in the drug, biological and cell-
product class while placing its structurally identical sibling
C9783 among the procedures; C9782 is now recorded as a
procedure. The code was excluded either way, so the retained
set and every result stand unchanged, and the single value
that moved is logged in the corrections file of Additional file
8. One further code, S1091, was removed. Exclusion rests
on one pre-defined ground, the Medicare reporting universe:
codes in the S series are established for private-payer and
other non-Medicare reporting rather than for Medicare use
[6]. Coverage indicator I on the April record for S1091,
which in the record layout marks an item as not payable by
Medicare, is corroborative metadata and not the decision
rule. Two retained codes, A4560 and A7049, carry coverage
indicator S, a different value denoting an item non-covered
by Medicare statute. Both stay in the cohort, and deliberately
so. Cohort membership follows what a descriptor names,
and excluding codes on a coverage classification would put a
plausible determinant of the outcome into the denominator,
which is the error the study exists to avoid. A sensitivity
analysis restricted to coverage indicator C removes both and
shows what their retention costs. After the single removal,
the analytic cohort contained 48 code events (Fig. 1, panel
A).

A fixed order of questions governed the screen, applied to
the controlling long descriptor and to nothing else. Does the



Representation of New HCPCS Product Codes in Public Medicare Fee-for-Service Data

descriptor name a modifier, a professional or facility service,
a model payment, a procedure or a test? If so the code is
excluded. Does it name a drug, a biological, a cell product or
a diagnostic radiopharmaceutical? If so the code is excluded.
Does it name a discrete supplied product, whether a stand-
alone item, a component, an accessory, a recurring supply or
a wound or skin-substitute product? If so the code is retained.
Any code reaching the last question without a clear answer
would carry a flag; none did. The single author applied
that order alone. No duplicate screening was undertaken
and no inter-rater statistic is available, so the classification
should be read as a judgement recorded in an auditable ledger
rather than as a validated instrument. Every screened row, its
assigned class and the reason for its disposition are supplied
in Additional file 1, which allows the boundary to be moved
and the analysis repeated.

One retained code, A4100, is a not-otherwise-specified
skin-substitute code rather than a code for a single named
product. Retaining it follows the same operational rule as
every other retention, since the descriptor names a supplied
product, and its outcome enters the ledger like any other; a
reader who regards a not-otherwise-specified code as a dif-
ferent object can identify and remove it from Additional file
2. Wound and skin-substitute items needed a separate rule.
Nineteen retained codes describe such products, seven with
an A prefix and twelve with a Q prefix, and a descriptor alone
establishes no common regulatory status for either prefix.
All 19 were therefore held together as one product class in
the principal cohort and removed together in a strict-product
sensitivity analysis, which avoids choosing one prefix as a
device proxy after seeing the outcome.

Choice of the April cycles follows from the service-period
rule. An effective date of 1 April yields the same seven-
quarter service period, from 1 April of the effective year
through 31 December of the following year, for every code
in every cohort year; cycles with January, July or October
effective dates would give service periods of eight, six and
five quarters respectively, and pooling them would compare
codes whose files cover unequal exposure. April 2023 is
the most recent cycle for which the archived retrieval holds
annual files covering both service years; it contains files
for service years 2020 through 2024 and no later year. No
catalogue snapshot was preserved, so the statement describes
the archived query set and not the catalogue as it stood on
the retrieval date.

As an independent routing check, exact code strings were
sought in the final second-biannual non-drug or durable-
equipment decision documents preceding each April update
[36, 37, 38]. Thirty-six of the 49 screened codes were located
in the corresponding document. The remaining thirteen, com-
prising the twelve Q-coded wound products and S1091, arose
through another coding route and appear in the quarterly
file without appearing in those documents. We analysed

the 36-code subset separately. Location of a code string
in a decision document establishes routing only; it is not a
product-level regulatory adjudication.

2.3 Baseline administrative variables

Screening decides which codes enter the cohort; the entry
record fixes what the April file says about each of them at
the moment it becomes usable. The April files supplied the
controlling long descriptor, effective date, Berenson-Eggers
Type of Service category, type-of-service values, pricing indi-
cator, coverage indicator and Outpatient Prospective Payment
System fields, the last of which were empty for all 48 codes.
The long descriptor supplied three product groups, namely
stand-alone device or related finished item, component, ac-
cessory or recurring supply, and wound or skin-substitute
item. Codes tied to one named system, or standing in an
express parent-and-component relation, additionally received
a product-family identifier, giving 41 families among the 48
codes. Full assignments and their basis are in Additional
files 2 and 6.

Raw administrative fields were not renamed as policy
outcomes. Coverage indicator C denotes carrier judgement
in the record layout, not affirmative Medicare coverage; in-
dicator I marks an item as not payable by Medicare and
indicator S an item non-covered by statute. Pricing indicator
99 means that a value was not established, while 00 means
that the service is not separately priced by Part B, an entry
that can arise for more than one reason. CMS states in the
note accompanying its annual HCPCS update that an absent
coverage or payment indicator on a new code may simply
mean that no national determination or fee schedule amount
exists yet, and is an indicator of neither coverage nor non-
coverage [39]. Neither field shows that a claim will or will
not be paid. For one exploratory contrast, pricing indicators
00 and 99 were grouped as no separately specified Part B
method or value in the baseline file and all other pricing
indicators as a specific method.

2.4 Public data sources and query rule

Three annual CMS geography-and-service datasets, the pub-
lic reporting layer of Medicare fee-for-service and a standard
source for health services research, were queried through
their official application programming interfaces [40, 41, 42].
Table 2 states, for each dataset, the service years used, the
claims domain, the exact HCPCS field, the geography rule,
the partitions that legitimately produce more than one na-
tional row, the meaning of an empty result and the limits
that follow [43, 44, 45]. For a code effective in year Y, the
files for service years Y and Y + 1 were used, which gives
288 code by service year by dataset cells across the 48 codes.
Dataset identifiers, complete request URLSs, retrieval date,
byte count and SHA-256 hash for every archived response
are listed in Additional file 7.
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Table 2. Public Medicare fee-for-service datasets queried, with the rule applied to each

Physician and Other Practitioners Durable Medical Equipment, Devices &  Outpatient Hospitals
Supplies
Service years used 2020-2024 2020-2024 2020-2024

Claims domain

Exact code field
Geography rule

Partitions within one na-
tional code-year
Volume fields present,
never pooled

Empty result means

Known limits

physician and other practitioner services

HCPCS_Cd
Rndrng_Prvdr_Geo_Lvl equal to
National

place of service (Place_0f_Srvc)

beneficiary, service and
rendering-provider counts

no national exact-code row in that file;
not a clinical zero

annual and aggregate; Original

equipment, devices and supplies
furnished through suppliers
HCPCS_Cd
Rfrg_Prvdr_Geo_Lvl equal to
National

supplier rental status
(Suplr_Rentl_Ind)

beneficiary, claim, service, supplier and
referring-provider counts

no national exact-code row in that file;
not a clinical zero

same, and eligibility depends on supplier

hospital outpatient services

HCPCS_Cd

Rndrng_Prvdr_Geo_Lvl equal to
National; rule never exercised, no row
returned

none observed

not observed in this cohort
no national exact-code row in that file;

not evidence of no hospital use
same, and channel eligibility for these

Medicare fee-for-service only;
low-volume records subject to
public-release suppression

billing rather than the site of care

codes was not established

Field names are taken from the archived responses and the query rule implemented in the analysis script; dataset scope follows the CMS methodological
documentation for each file. No universal suppression threshold is asserted, because none was established from the archived material.

Queries used the exact five-character HCPCS value. A re-
turned object was accepted only when its code field matched
the requested code after case and whitespace normalisation.
Rows were classified from the source geography field as
national or state; state-only rows were retained for quality
control and did not satisfy the outcome. More than one
national row for the same code, service year and dataset
was permitted, since place of service and supplier rental
status partition a national aggregate legitimately, and benefi-
ciary, provider, supplier, claim and service-unit fields were
never summed across partitions or datasets because their
denominators and units differ. Empty responses, state-only
responses and responses without a national exact-code row
were assigned one common state, no national row in the
specified public files.

Each code was also queried in the same three datasets
for service year Y — 1, giving 144 further cells. A positive
exact-code result there would have indicated code reuse,
reactivation, or an error in cohort or source assignment, and
would not have counted as early uptake. Separately, termina-
tion and action-effective fields in the April 2025 full HCPCS
reference file were checked against each code’s service-period
end [46]. The accompanying CMS record layout defines the
termination date as the last date on which a code may be used
by Medicare providers, so the check tests whether a code
remained usable throughout its assigned service period and
records any successor code without transferring an outcome
between predecessor and successor.

2.5 Outcome definitions

Everything to this point fixes what we asked of the data.
What remains is to say exactly what a returned row must look
like before it counts. For code i, service year y and dataset d,
representation was defined as

Riya = ¥{3r € Riyq with 0

norm(rcoge) = i and rg, = National },

where R;yq is the set of rows returned by the query for
code i against the file for service year y in dataset d, norm
strips case and whitespace, and g, is the geography field of
that dataset, Rndrng_Prvdr_Geo_Lv1 for the physician and
outpatient files and Rfrg_Prvdr_Geo_Lv1 for the equip-
ment file. A response that returned successfully with an
empty row set gives R;,q = 0; a query failing to complete or
to parse would not enter the tally at all, and none failed. The
primary outcome was

R; =

=  max max  R;yq, 2)
ye{Y;,Yi+1} de{P,D,0}

where P, D and O denote the physician, equipment and
outpatient datasets. Since every effective date was 1 April,
the two files jointly cover services furnished across seven
calendar quarters.

Wording matters here and is fixed for the remainder of the
article. A file for service year y records services furnished
in y; querying it on 22 August 2026 shows the state of that
file on that date. Nothing in the design reveals when CMS
first released a row, so no publication lag, no time to pub-
lic availability and no day-level event time can be derived
from these data. Annual files support exactly three states:
a national row in the file for the effective service year; no
row there and a row in the file for the following service year;
or no row in either. Representation is also not necessarily
absorbing, because a code present in one annual file may fall
below a release threshold in the next. Kaplan—-Meier, Cox
and interval-censored survival models were therefore not
fitted. Secondary outcomes were the four-state persistence
pattern across the two files and the dataset combination in
the first file showing a row.

2.6 Statistical analysis

With the endpoint fixed as one binary state per code, the
arithmetic stays deliberately plain. We calculated counts
and proportions for the analytic cohort overall and by effec-
tive year, with Wilson 95% intervals [47]. No sample-size
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calculation was performed, because every addition in the
three selected April files was enumerated and the cohort
is therefore complete for the frame it defines rather than
sampled from it. An interval of that kind is a descriptive
binomial reference interval computed under a working model
of independent codes. Product families violate that model,
which is why a family-level estimate is reported beside it,
and neither interval should be read as sampling uncertainty
around a population of future coding actions. No population-
weighted utilisation rate is computable for codes that have
no public denominator.

Descriptive stratification and sensitivity analysis serve
different purposes here. Four descriptive strata carry no
adjustment and count as exploratory throughout: cohort
year, product group, coverage indicator and baseline pricing
group, together with the distribution of national rows across
datasets and annual files. Sensitivity analyses restricted the
cohort to coverage indicator C; to the 36 codes located in
the corresponding second-biannual decision documents; to
those decision-document codes with indicator C; to codes
outside the wound and skin-substitute class; and to codes
whose termination date falls after their service-period end. A
family-level analysis counted a product family as represented
when at least one member had a national row. Leave-one-
cohort-year-out estimates test whether one April release
carries the result.

One exploratory contrast compares baseline pricing cat-
egories within the 46 coverage-C codes and repeats the
comparison after removal of all wound and skin-substitute
items. Counts and proportions are reported for it; no test
statistic appears in the main text, because a purpose-built fi-
nite cohort of administrative categories with small dependent
cells offers no superpopulation for one to describe. Interval
estimates for the same contrast are printed in Additional
file 10 for readers who want them. Pricing indicator, code
prefix, product family, type of service and Berenson-Eggers
group encode overlapping administrative structure that 19
represented codes cannot separate, so no multivariable model
was fitted and the words determinant, driver and effect are
not used for that contrast. Statistical calculations were made
in the deterministic build script, and interpretive weight fol-
lows effect size, interval width and sensitivity rather than a
threshold on p [48, 49].

2.7 Verification and reproducibility

A measurement claim is worth no more than its trail. The
103-row screen, the 48-code ledger, the 288-cell outcome ma-
trix, the 144-cell negative-control matrix, the code-lifecycle
table, the product-family mapping and both source manifests
accompany the manuscript as Additional files 1 to 13. Each

manifest row carries the request URL, the retrieval date, the
byte count and the SHA-256 hash of the stored response, so
any reader who re-queries CMS can test their own download
against ours; the response payloads themselves are held for
deposit and are not part of the submitted package. Struc-
tural validation required 48 unique code events, six outcome
cells and three negative-control cells per code, exact HCPCS
matches in every non-empty response, and agreement be-
tween the code-level summary and the cell matrix. Four
cells contained more than one legitimate national partition;
the binary rule counted each once and added no volume
fields. A4238 and E2102 received descriptor revisions dur-
ing follow-up and remained linked by the unchanged exact
code. Tables and figures are regenerated from the validated
ledgers without manual numerical entry.

3 Results

3.1 Cohort construction and baseline structure

Of the 103 April additions, 49 supplied-product codes passed
the screen and, after removal of S1091, left 48 code events:
eight effective in 2021, 19 in 2022 and 21 in 2023 (Fig. 1,
panel A; Table 3). Eighteen describe a stand-alone device
or related finished item, eleven a component, accessory or
recurring supply, and nineteen a wound or skin-substitute
product. Coverage indicator C applies to 46 codes and indi-
cator S to two. Twenty codes carry pricing indicator 00 or
99 and 28 a specific method in the baseline record. Panel
B of Fig. 1 sets out the measurement design, including the
pre-effective-year control.

Composition shifts across the three cycles in a way that
matters for every comparison that follows. All eight 2021
codes are K-codes for stand-alone items or their supplies,
and all eight carry pricing indicator 99; not one wound or
skin-substitute product entered in that cycle. Wound and
skin-substitute items appear from 2022 onward and account
for nine of the 19 codes added in 2022 and ten of the 21 added
in 2023, which is also where the specific pricing-method
indicator becomes common. Cohort year and product class
are therefore entangled by construction, and no analysis in a
cohort of this size can separate them.

Product families group the 48 codes into 41 units. Six
families hold more than one member: two 2021 neurostimu-
lation systems each pairing a device with its monthly supply
code, two 2022 systems, one 2022 compression system with
three codes, and one 2023 intraurethral drainage system with
two. Additional file 6 lists every family assignment and the
descriptor text on which it rests. Composition of that kind
sets how far any single restriction can move the estimate,
which the sensitivity analyses later test.
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A Cohort construction

April additions screened, n = 103 .
21 in 2021, 36 in 2022, 46 in 2023 Excluded by the descriptor screen, n = 54
40 drugs, biologicals or radiopharmaceuticals

> 7 services or model payments
5 procedures or tests
Supplied-product codes, n = 49 2 modifiers

Y

Removed, n = 1
S1091, an S-series code for private payers

Y

Analytic cohort of code events, n = 48
18 stand-alone items, 11 components or supplies,
19 wound or skin-substitute items

!

Measurement cells, 48 codes X 2 service years
X 3 datasets = 288

B  Measurement design
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| | | | >
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code effective l l
anpual file for annual file for annual file for
SERTeR SRl =L service year Y service year Y +1
(falsification check) y Y
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each file queried with the exact five-character code in three datasets
Physician and Other Practitioners - DMEPOS - Outpatient Hospitals

All queries were run on 22 August 2026. A file records the service period it covers. Nothing in the
design observes the date on which CMS released a row, and no national row is a zero-use state.

Figure 1. Cohort construction and measurement design. Panel A traces 103 April additions through the descriptor screen and the single
removal to 48 code events and 288 measurement cells. Panel B shows the common service period of seven calendar quarters, the two annual
files that cover it, the pre-effective-year control file and the three datasets queried for each file. All queries were run on 22 August 2026; the
design records the service period a file covers and does not observe when CMS released a row.

Table 3. Cohort construction and baseline administrative characteristics

Overall 2021 2022 2023
April additions screened 103 21 36 46
Device and other non-drug product codes 49 9 19 21
Analytic cohort after removal of S1091 48 8 19 21
Stand-alone device or related finished item 18 5 7 6
Component, accessory or recurring supply 11 3 3 5
Wound or skin-substitute item 19 0 9 10
Coverage indicator C 46 8 19 19
Coverage indicator S 2 0 0 2
Pricing indicator 00 or 99 20 8 8 4
Specific pricing-method indicator 28 0 11 17

Counts are code events. Coverage indicator C denotes carrier judgement and is not proof of affirmative coverage. Pricing indicator 00 or 99 means that no
separate Part B pricing method or value was specified in the baseline file. Raw fields for every code are in Additional file 2.
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3.2 Representation in the two annual files

Against that composition the primary result states itself
quickly. Nineteen of 48 code events were represented by at
least one national exact-code row in a public file covering
services furnished during the effective year or the following
year (39.6%, 95% Wilson interval 27.0 to 53.7%). Eleven

were present in the file for the effective service year, eight
were absent there and present in the file for the following
service year, and 29 appeared in neither. By cohort year the
pattern was 1 of 8 for 2021, 8 of 19 for 2022 and 10 of 21
for 2023 (Table 4; Fig. 2). Intervals are wide throughout and
widest for the eight-code 2021 group.

Table 4. Representation by national exact-code row in the analytic cohort

Overall 2021 2022 2023
Code events, N 48 8 19 21
National row in the file for service year Y, n 11 1 5 5
Absent in Y, national row in the file for Y + 1, n 8 0 3 5
No national row in either file, n 29 7 11 11
Represented, n/N 19/48 1/8 8/19 10/21
Represented, % 39.6 12.5 42.1 47.6
95% Wilson interval, % 27.0-53.7 22-47.1 23.1-63.7 28.3-67.6

The two files jointly cover services furnished from 1 April of the effective year through 31 December of the following year. A file for service year Y + 1
records services furnished in Y + 1; presence there does not show when the row was released. “No national row” refers to the specified public files as queried

on 22 August 2026 and does not mean zero use.

19/48

2021 (n=28) 7

02 =10 : I

20 =21 ; i

Overall (n = 48) n 8 29
T T T

0 25 50 75

Codes (%)

Principal cohort —eo—
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17/43
‘ Active past period end F—eo—A1
17/41
Product families, any F——e—
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100 0 20 40 60

Represented in the Y or Y +1 file (%)

Figure 2. Representation states and sensitivity estimates. Panel A gives the mutually exclusive annual states for each April cohort and overall.
Panel B gives the proportion represented in a file covering services furnished in Y or Y + 1, with 95% Wilson intervals; the family-level
estimate counts a product family as represented when any member has a national row. An absent national row is an unresolved data state, not

a zero-use observation.

Which dataset carried the row was clear-cut. Taking the
earlier of the two files that held a row, eleven codes were rep-
resented in the physician file and eight in the equipment and
supplies file, and no code appeared in more than one dataset in
that year. Not one national outpatient hospital row appeared
for any code in either service year. Physician representation
was concentrated among wound and skin-substitute codes,
while the equipment file carried the observed equipment,
component, prosthetic and software records; the pattern de-
scribes where public rows were found and not where clinical
activity occurred. All 288 cells are displayed in Additional
file 9.

3.3 Representation by baseline subgroup

Baseline strata separate the cohort more sharply than the
cohort-year split (Fig. 3, panel A). Wound and skin-substitute

items were represented in 11 of 19 cases (57.9%, 36.3 to
76.9%), against 5 of 18 stand-alone items (27.8%, 12.5 to
50.9%) and 3 of 11 components, accessories or recurring
supplies (27.3%, 9.7 to 56.6%). Neither of the two codes
carrying coverage indicator S reached a public file, which
is why restricting to indicator C raises the estimate from 19
of 48 to 19 of 46 without adding a single represented code.
Baseline pricing splits the cohort along a similar line, with
16 of 28 codes with a specific pricing-method indicator were
represented (57.1%, 39.1 to 73.5%) against 3 of 20 with
indicator 00 or 99 (15.0%, 5.2 to 36.0%).

Four cautions govern how far any of that can be taken.
Strata overlap heavily, because almost every wound or skin-
substitute item carries a specific pricing method while the
2021 K-codes carry indicator 99 almost uniformly, so product
class, pricing field and cohort year cannot be separated in
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48 observations. Wilson intervals for the smaller strata run
to thirty or forty percentage points. Codes within a product
family are not independent. And every one of these fields is
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an administrative label recorded at code entry, not a measured
property of the product or of clinical practice. Panel A of
Fig. 3 is a description of the cohort, not a model of it.
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Figure 3. Representation by baseline stratum, and where the national rows sit. Panel A gives the proportion represented within each baseline
stratum with 95% Wilson reference intervals, against the cohort value of 39.6% shown as a dashed line; strata overlap and are not adjusted
for one another. Panel B counts, for each dataset and each of the two annual files, how many of the 48 codes carried a national exact-code

row, with the pre-effective-year control beneath.

3.4 Where the national rows sit

Twenty-nine of the 288 measurement cells held a national
exact-code row, and their distribution across datasets is un-
even in a way the cohort-level figure hides (Fig. 3, panel
B). Physician files carried rows for 5 codes in the effective
service year and for 11 in the following year; equipment files
carried 6 and 7. The difference between the two annual files
therefore sits almost entirely on the physician side, where
six of the eight codes that appear only in the later file are
wound or skin-substitute items, while the equipment picture
is close to static: a code that appears in the equipment file at
all tends to appear there already in the first year. Outpatient
hospital files carried no row for any code in either service
year, so all 96 outpatient cells were empty. Code eligibility
for that file was not established from official documentation,
so the outpatient query serves throughout as a secondary
cross-domain check and not as a third equivalent channel.
For an informatics audit the practical consequence is that
the two annual files, and the two datasets that contribute
rows at all, are not interchangeable sources. Four cells held
more than one national row: E2102 in the equipment file
for service year 2023, and Q4265, Q4266 and Q4271 in the
physician file for service year 2024. Each is a legitimate
partition rather than a duplicate, by supplier rental status
in the first case and by place of service in the other three.

The binary rule counted each cell once and no beneficiary,
service or supplier value was added across partitions, since
the denominators of those fields differ between partitions of
the same aggregate.

3.5 Persistence across annual files

Four states describe the cohort once both annual files are
read together (Fig. 4). Ten codes carried a national row in
both files, one in the effective-year file only, eight in the
following-year file only, and 29 in neither. Of the eleven
codes present in the file for their effective service year, ten
were also present in the following-year file; A4341, a com-
ponent of an intraurethral drainage system, is the exception,
with a national equipment row for service year 2023 and none
for 2024. Its family partner A4342 was never represented, so
the family as a whole moved from one represented member
to none.

Two consequences follow for how the endpoint may be
modelled. Representation is not an absorbing condition, so
treating the earlier file that shows a row as a failure time would
suppress the observed reversal and describe the reporting
process as monotone when the cohort shows that it is not.
And the totals on the two sides of Fig. 4 differ, 11 against 18,
only because the gains outnumber the single loss; a cohort in
which they did not would show a falling count without any
product leaving the market.
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File for service year Y

national row
11 codes

1 presen

no national row
37 codes

,absent in Y +1

8 absent in Y, present in Y +1

29 in neither file

File for service year Y +1

national row
18 codes

no national row
30 codes

Representation does not accumulate monotonically: one code present in the earlier file was absent from the later one.

Figure 4. Movement of the 48 code events between the two annual files. Bar heights are proportional to the number of codes. The
highlighted band is the single code represented in the file for the effective service year and absent from the file for the following year.

3.6 Sensitivity to cohort definition and code dependence

Estimates move with cohort composition but not with any
single restriction (Table 5). Restriction to the 46 coverage-C
codes gives 19 of 46; the 36-code decision-document subset
gives 11 of 36, and 11 of 34 after removal of its two coverage-
S codes. Removal of all 19 wound and skin-substitute items
gives 8 of 29, and the same removal within coverage C gives
8 of 27. Exclusion of the five codes whose termination
date falls on their service-period end leaves 17 of 43. Two
boundary decisions were tested directly: dropping A4100,
the one not-otherwise-specified code among the retentions,
gives 19 of 47, and restoring S1091 to the denominator gives
19 of 49, since its archived responses hold no exact-code row
in any of its six cells. At family level, 17 of 41 families had
at least one represented member. Dropping the outpatient
dataset from the outcome altogether, so that representation
depends on the physician and equipment files alone, leaves
the estimate unchanged at 19 of 48, because no outpatient
cell held a national row in either service year. Leaving out
one cohort year at a time produces 18 of 40 (45.0%), 11
of 29 (37.9%) and 9 of 27 (33.3%); those three rows and
every restriction in Table 5 carry a uniquely identified line
in Additional file 10. Intervals overlap across all of these,
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though the point estimates show that product composition
moves the result by roughly twelve percentage points, which
is more than any other restriction achieves.

We tested dependence between related codes at the level
where it arises. Four of the six multi-member families are in-
ternally concordant, with either every member represented or
none: both codes of the 2022 adjunctive continuous glucose
monitoring pair were represented, and neither code of the
two 2021 neurostimulation pairs or of the 2022 sleep-apnoea
pair was. Two families split, the 2022 compression system
at two of three members and the 2023 intraurethral drainage
system at one of two. Counting each family once therefore
changes the denominator by seven and the numerator by two,
and moves the estimate from 39.6% to 41.5%. We report
both family rules, because the any-member rule is asymmet-
ric and can only raise the estimate: counting a family as
represented when every member is gives 15 of 41 (36.6%,
23.6 to 51.9%), against 17 of 41 under the any-member rule,
with 15 families fully represented, two partial and 24 with
no represented member. The pattern is consistent with, but
does not establish, dependence within a product system, and
it is the reason the code-level intervals should not be read as
if the 48 observations were independent.
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Table 5. Sensitivity analyses

Analysis Represented/N  Represented, % 95% Wilson interval, %
Analytic cohort of code events 19/48 39.6 27.0-53.7
Coverage indicator C 19/46 41.3 28.3-55.7
Decision-document subset 11/36 30.6 18.0-46.9
Decision-document subset, coverage C 11/34 324 19.1-49.2
Excluding wound and skin-substitute items 8/29 27.6 14.7-45.7
Coverage C and excluding those items 8/27 29.6 15.9-48.5
Codes usable beyond their service-period end 17/43 39.5 26.4-54.4
Excluding the not-otherwise-specified code A4100 19/47 40.4 27.6-54.7
Including S1091, the excluded S-series code 19/49 38.8 26.4-52.8
Dropping the outpatient dataset 19/48 39.6 27.0-53.7
Product families, any member represented 17/41 41.5 27.8-56.6
Product families, all members represented 15/41 36.6 23.6-51.9

The family-level denominator is smaller because codes assigned to one device system or express parent-and-component relation count once. Intervals are
descriptive; they neither remove dependence between related codes nor convert the cohort into a random sample.

3.7 Pre-effective-year falsification check, lifecycle and data
verification

None of the 144 pre-effective-year cells contained an exact-
code row, whether national or state-level, which is what
a correctly assembled cohort of newly established codes
should produce. Every code remained usable throughout its
assigned service period. K1028, K1029, K1031, K1032 and
K1033 terminated on 31 December 2023, the final day of
their period and, under the CMS record layout, the last day on
which they could be used; their recorded successors became
effective the following day. Eight 2021 K-codes terminated
after their own service period, and thirteen later terminations
carry locally documented successor mappings.

All 288 expected cells were present. Archived responses
contained 392 exact-code rows, of which 359 were state-level
rows retained for quality control and 33 were national rows.
The 33 national rows fall in 29 cells, because four cells hold
two legitimate national partitions each; the binary endpoint
therefore counts 29 positive cells and never 33. Every non-
empty response matched the requested code after case and
whitespace normalisation.

Two codes complicate the linkage between an entry record
and a later file, and we resolved both before reading the
outcome. A4238 and E2102, the adjunctive continuous glu-
cose monitoring pair, received descriptor revisions during
follow-up; the exact code string is unchanged in both cases,
so the link holds and the revision affects only the text of the
descriptor, not the identity of the row. Thirteen later termi-
nations carry successor mappings from an exact normalised
descriptor match in the April 2025 file, with the successor
effective on the day after termination; no analysis transfers
an outcome from a predecessor to a successor.

Validation covered the full 49-code descriptor screen, that
is the 48 analytic codes plus S1091, which is 49 codes times
six cells and so 294 outcome cells against the 288 of the
analytic cohort. It independently passed checks on those 294
cells, manifest byte counts, SHA-256 identity, exact-code
values, decision-document routing and the absence of any
national outpatient aggregate.
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3.8 Exploratory contrast by baseline pricing indicator

One further comparison is reported descriptively and car-
ries little weight. Among the 46 coverage-C codes, 16 of
the 28 codes with a specific pricing-method indicator were
represented (57.1%) against 3 of 18 with indicator 00 or 99
(16.7%). Removal of all wound and skin-substitute items
reduces the specific-method group to nine codes, of which
five were represented (55.6%), and leaves the 00 or 99 group
at 3 of 18. A gap of forty percentage points in the first
comparison and of thirty-nine in the second rests, after that
single restriction, on nine codes. No test statistic is reported
here, and none should be read into the counts: the groups are
administrative categories in a purpose-built finite cohort, the
cells are small, product families make the codes dependent,
and pricing indicator is entangled with prefix, family and
service type. Additional file 15 prints the same contrast under
four cohort definitions with interval estimates for readers
who want them.

4 Discussion
4.1 What the cohort shows

Fewer than half of the new supplied-product codes in this
cohort, 19 of 48, were represented by a national exact-code
row in three public Medicare fee-for-service files covering
services furnished during the effective year or the year after it.
Twenty-nine were not. Absence for twenty-nine codes is not
an estimate of unused products; it measures how large the un-
resolved public-data state was for this cohort under the stated
files, service years and retrieval date. Code effectiveness and
representation in released data are separate administrative
conditions, and satisfying the first does not establish the
second. Read as an informatics result, the cohort measures
a property of the released files and not of the products the
codes name.

Annual detail adds information that a single cumulative
percentage hides. Eleven codes were already represented
in the file for their effective service year, eight only in the
following-year file, and one code present in the earlier file
was gone from the later one. A simple time-to-adoption
reading cannot accommodate that reversal. What the pattern
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fits is a reporting process in which clinical volume, claims
domain, payment treatment, annual aggregation and release
rules jointly determine whether a row becomes public, with
the data unable to apportion the contribution of each.

Scale deserves a plain statement. If a researcher had drawn
a sample of new product technologies from these public files
for the 2021 to 2023 April cycles, the sample would have
contained nineteen of the forty-eight codes that existed, and
nothing in the released data would have signalled the absence
of the other twenty-nine. Whether that matters for a partic-
ular study turns on whether the missing codes differ from
the present ones in ways bearing on the research question,
which the present data describe by baseline stratum without
resolving.

4.2 The ceiling on inference

Annual files queried in 2026 record the service period they
cover and nothing about their own release history. Presence
of a code in the file for service year Y + 1 therefore means that
services furnished in Y + 1 were represented when the file was
queried; it does not mean that the code first became public
in Y + 1, nor that it was absent from the file for Y, nor that
any particular number of months elapsed before availability.
Our reading of the seven-quarter window is correspondingly
narrow, since it equalises the service period across cohorts
by design rather than measuring an interval.

Readers who need release timing require the release his-
tory of each annual file, which the present sources do not
carry. A single field recording when each row first entered a
released version would convert the present binary outcome
into a timing measure without any change of study design,
and its absence is the reason a study of this kind cannot yet be
run as a survival analysis. Until such a field exists, the honest
object of measurement is a state at a documented retrieval
date.

4.3 Why a national row may be missing

At least four mechanisms produce the same absence. Underly-
ing service volume may fall below a public-release threshold.
A claim may sit in a domain outside the three files, or the
item may be bundled into another service. Use may occur
in Medicare Advantage or outside Medicare altogether. Or
no qualifying fee-for-service claim may exist. Public files
collapse those states into one, which is why the conservative
label used throughout is the variable actually observed rather
than a rhetorical hedge.

Distinguishing among them requires different data, and
each mechanism has a source that would settle it. Restricted
claim-level files would separate low volume from absence of
any claim and would locate a first paid service. Linkage to
national and local coverage records would add the coverage
event as a distinct field. Medicare Advantage encounter data
would test the payer explanation. Supplier-level or provider-
level files, used alongside national aggregates as Read and
colleagues did for video capsule endoscopy, would show how
much of the difference is a suppression artefact [5]. None of
those sources is a substitute for the others, and a study that
cannot obtain them should record the absence as unresolved
and not resolve it by assumption.
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The zero result in the outpatient hospital file deserves
the same treatment. Packaging, setting, code suitability or
reporting rules may each explain it, and channel eligibility for
these particular codes was not established from the archived
material. An absent outpatient row is therefore not evidence
that hospital outpatient departments did not use the products.
What can be said is narrower and still useful. For this class
of codes, the outpatient file contributed nothing at all, so
a study that queries only the physician and equipment files
loses no information about them, as the sensitivity analysis
confirms.

4.4 What the baseline pattern supports, and what it does not

Three baseline strata separate the cohort, and the separation
is large enough to be worth naming even though the cohort
cannot explain it. Wound and skin-substitute items were
represented roughly twice as often as stand-alone items or
components. Codes with a specific pricing method at entry
were represented roughly four times as often as codes carry-
ing indicator 00 or 99. Neither code with coverage indicator
S was represented at all.

Reading any of that as a causal statement about payment
would mistake the design, and not only because the cells are
small. Product class, pricing field, code prefix, service type
and cohort year move together in this cohort by construction:
every 2021 code is a K-code with indicator 99 and none is a
wound product, while the wound and skin-substitute items
that arrive in 2022 and 2023 carry specific pricing methods
almost throughout. A regression on 48 observations with that
structure could not separate those attributes stably, and its
coefficients would carry no credible causal reading. A defen-
sible reading stays descriptive and conditional. Within this
cohort, the represented codes were disproportionately wound
and skin-substitute products with a specific pricing method
at entry, and the codes that were not were disproportionately
stand-alone devices and their supplies entering in the earliest
cycle. Whether the pricing field marks an item expected to
generate volume, or whether volume and pricing both follow
from something else, awaits a design with a larger cohort
and access to claim-level data.

4.5 Asymmetry between the two annual files

The difference between the two annual files is not distributed
evenly across the datasets, and the asymmetry is one of the
more informative details in the cohort. Physician files went
from five represented codes to eleven, equipment files from
six to seven. Six of the eight codes that appear only in the
later file are wound or skin-substitute items billed on the
physician side. Equipment codes behave differently, in that
those reaching the file at all tend to be there in the first year,
while those absent in the first year mostly never appear.

Gradual accumulation of low-volume practitioner billing
and concentration of supplier billing among few suppliers are
both compatible with the pattern, and aggregate data cannot
distinguish them. What follows regardless is operational: a
researcher querying only the file for the effective service year
would have found eleven codes where two annual files find
nineteen, and the loss would fall mainly on one product class
in one claims domain.
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4.6 Relation to adjacent research

No design that begins from a technology already present
in the files could reach either reading, and that is where
most of the adjacent work begins. Read and colleagues
could describe the diffusion of video capsule endoscopy over
seventeen years because a stable dedicated procedure code
was already represented across many annual files [5]; Tang
and colleagues could describe early growth in remote patient
monitoring for the same reason [4]. The present cohort sits
one step earlier and asks whether a newly effective product
code reaches released national data at all during a fixed
initial service period. Once it does and volume accumulates,
longitudinal measures become available; before it does, a re-
searcher has no public numerator and cannot separate low use
from administrative absence. Both approaches complement
each other and do not compete.

Table 1 places the finding against the six strands set out in
the Background, and the placement carries an implication for
two of them. Designs that measure utilisation from released
claims, and designs that evaluate a payment reform through
utilisation in those claims, both draw their samples from the
represented side of a gate whose size is now estimated for
one class of codes. A payment-policy evaluation that finds
no utilisation response for a newly coded technology cannot
distinguish, from public data alone, between a technology
that was not used and a code that was not released. Re-
search on device coding has largely emphasised insufficient
specificity, and unique device identifier projects aim to carry
item identity from the point of care into records and claims
[24, 25, 26, 27]. A second and simpler obstacle appears
here even after a dedicated HCPCS code exists, in that the
public aggregate may still be absent. Specificity of a code
and representation of that code in released data are separate
conditions, and meeting one does not establish the other. So-
ril and colleagues showed how far technology questions can
be translated into code-based queries against administrative
data while keeping clinical adjudication inside the method
[50]; the same discipline applies to the reporting gate, which
is a property of the data rather than of the technology.

4.7 Consequences for study design and policy evaluation

An event ledger, not a single date labelled access, is what
early technology studies need. At minimum such a ledger
keeps the code identity, the effective date, the raw benefit and
pricing fields, any national or local coverage source, each
queried claims domain, the annual row state and the reason
a missing value remains unresolved. Restricted claims that
later show a paid service add a date without rewriting the
earlier coding event, and a disappearance from a later public
file stays in the ledger as a reversal instead of being smoothed
away.

Operationally the rule is small. A researcher evaluating a
newly coded technology can begin with six binary fields, one
per dataset in each of the two service years, and can settle
the natural key of each source before any volume is analysed,
since place-of-service and rental partitions must not be added
naively. Missing public rows stay unknown until a stronger
source resolves them, and Table 5 is the template for asking
whether a result depends on product class, benefit treatment

13

or linked-code families.

Reporting deserves the same discipline, and it is here
that the measurement question becomes a matter of data
governance. A study built on public aggregates should state
its retrieval date, because the files are revised; should state
which datasets were queried and which were not, because
a zero in an unqueried domain is not a zero; and should
report the denominator of codes that were sought as well
as the numerator of codes that were found. None of that is
onerous, and its absence is what makes a claims-first sample
impossible to audit from the outside.

Policy evaluation benefits from the same discipline. Cod-
ing, coverage and payment run as separate processes under
CMS’s own account [6], and a reform that shortens an
authorisation-to-coverage interval need not shorten code es-
tablishment, provider acquisition, claims accumulation or
public release. An evaluation that assigns one date to the
whole pathway can credit or blame the wrong institution.
Cross-country work shows that the arrangement of these
institutions varies, so the specific numbers here are Medicare-
specific while the requirement to separate the events is not

[9].

4.8 Strengths and limitations

What supports the analysis is mostly a matter of where it
starts. A complete set of April additions entered the screen,
so the design does not start from products already found
in claims, which is what makes the unrepresented group
observable at all. Every cohort year shares the same 1 April
effective date and seven-quarter service period, avoiding the
unequal exposure that mixed quarterly starts would produce.
Exact code matching, a pre-effective-year control, lifecycle
adjudication, per-response hash records and a full cell matrix
make the result auditable at code level.

Limitations set a firm ceiling. The descriptor screen was
conducted at code level by one author and establishes no
regulatory status for any wound or skin-substitute product,
which is why all such codes stay together in the main analysis
and are removed together in sensitivity analysis. Three April
releases and 48 codes are a small base, the 2021 group espe-
cially so, and code families create dependence even though
the family-level estimate was similar. Public geography-and-
service files are annual, aggregate and limited to specified
Original Medicare fee-for-service domains; they carry no
first claim date, no individual pathway, no denial, no clinical
indication and no outcome. Suppression prevents separation
of low volume from absence of use, Medicare Advantage
and other payers are absent, and different definitions of ser-
vice units and provider counts across files are the reason no
volumes were combined.

Baseline coverage and pricing indicators are administrative
labels rather than adjudicated coverage policies or transac-
tion prices, and their overlap with product class rules out
a credible causal analysis in a cohort of this size. Wilson
intervals neither remove code dependence nor convert the
cohort into a random sample of future coding actions. Data
retrieved later may differ if CMS revises a public release; the
archived hashes state which version produced this result but
cannot freeze the external repository. Nothing here supports



Representation of New HCPCS Product Codes in Public Medicare Fee-for-Service Data

generalisation beyond April cycles, beyond supplied-product
codes or beyond three datasets, and a cohort drawn from
January, July or October additions would carry service peri-
ods of different length and would need separate analysis, not
pooling with this one.

5 Conclusions

Among 48 newly established HCPCS supplied-product codes
effective on 1 April in 2021 to 2023, nineteen were repre-
sented by a national exact-code row in the queried public
Medicare fee-for-service files covering services furnished in
the effective year or the following year. Eleven appeared in
the file for the effective service year and eight only in the
next; twenty-nine appeared in neither, and one code present
in the earlier file was absent from the later one. No result
licenses calling those twenty-nine codes unused, uncovered
or inaccessible, and none of the estimates here describes
when CMS released anything.

What the finding changes is the standing of a common
design. A study that assembles its sample from codes already
present in released claims is restricted to code events repre-
sented in those files. In this cohort 19 of 48 code events met
that definition, and the remaining 29 would not have entered
such a sample at all. For health services research that treats
these files as a population register, the representation state is
part of the study design and not a footnote to it. Whether the
unrepresented part matters depends on the question being
asked, but its size can no longer be assumed to be small, and
a paper that samples this way should say so rather than leave
the reader to infer it.

Applying the rule takes little effort. Record code effective-
ness, coverage and pricing fields, claims domain, annual row
state and product-family dependence as separate fields; per-
mit representation to reverse between annual files; establish
the natural key of a source before adding any volume across
partitions; state the retrieval date and the datasets queried;
report the denominator of codes sought alongside the numer-
ator found; and leave an absent public row unresolved rather
than reading it as zero. Followed consistently, that ledger
replaces an impression of slowness with a measurement rule
another researcher can reproduce, and it keeps the architec-
ture of the data from being mistaken for the behaviour of
patients and clinicians.

One change to how the public files are published would
retire the central limitation of this design. Versioned releases
with stable release identifiers, a change log and row-level
provenance recording the first and last release in which a row
occurs would turn representation from a state observed at one
retrieval date into a measurable interval. A single mutable
first-appearance field would not, because public aggregates
are revised and rows are sometimes withdrawn. Absent
that, the measurement rule above is what a researcher can
defend. Governance of public health data and the research
built on it meet here in one practical point: the twenty-nine
unrepresented codes remain what the data actually say they
are, an unresolved state and not an empty one.
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inside Additional file 16, and Additional files 12 and 13
record every rename and every changed value between the
two.

Additional file 1 Additional_file_1_screening_
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