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Abstract

Analyses of regulatory friction in medical-device innovation stop at average clearance time. Patent term runs from filing and is
consumed while a dossier waits, so appropriability depends on the whole distribution of clearance time. The author measures that
distribution under the EU Medical Devices Regulation and its US counterparts from file-level Food and Drug Administration
records, the notified-body survey and firm-size surveys. EU certification takes 18 to 22 months on average against 5.5 for a 510(k)
clearance and 14.7 for a premarket approval, so the European route consumes about one to 1.4 years more patent term than the
510(k) route; US patents that obtain statutory term restoration for a device recover a median 2.62 years of that period, and no
European counterpart exists. US records identify the tails exactly, the European record only from below; the ninetieth percentile of
typical durations per notified body lies above 24 months without an upper bound, and 10 to 41 percent of bodies report durations
outlasting the 23-month median financing interval, against under 1 percent of 510(k) files. A two-market valuation shows that
US-first entry pays behind a 510(k) review only where completing the European dossier saves two to five and a half months, an
amount no public record measures. Smaller manufacturers wait hardly longer on average, but their review phase has a longer tail;
on the US record applicants filing once in five years wait 42 percent longer at the ninth decile than frequent applicants, holding

device area and submission type fixed.
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1 INTRODUCTION

Administrative procedures shape industry dynamics through
two prices, the money a firm pays and the time it waits, and the
second is the harder of the two. Across 22 European countries
and 14 manufacturing sectors, the time needed to complete
bureaucratic procedures impedes entry and exit more than the
monetary cost of the same procedures, and the effect falls
hardest on smaller firms (Tomasi et al., 2023). Business dy-
namism suffers where administrative burden is high, because
entry costs rise, experimentation falls and inefficient incum-
bents are shielded from displacement (Djankov et al., 2006;
Calvino et al., 2020). Time enters that account as one com-
ponent of the cost of doing business, recoverable in principle
once the procedure ends.

Where the procedure is a market-access requirement rather
than a registration formality, time enters differently. A medi-
cal device cannot be placed on the market before a notified
body has certified it, while the patent protecting the device
runs throughout, so every month spent in assessment is sub-
tracted from the period in which the developer can earn a
return on the invention. Administrative time here does not
merely raise the cost of entry; it consumes the asset the firm en-
tered to exploit, and the consumption is irreversible. Medical-
device innovation in Europe is widely held to have slowed
since the 2017 Medical Devices Regulation (MDR), and the
usual diagnosis is that conformity assessment takes too long.
Average duration captures only half of what that clock does.
What the subtraction costs depends on how predictable clear-

ance is as well as on how long it takes, because firms able to
plan against a known interval can finance, sequence and value
projects that firms facing a wide and uncertain interval cannot,
even at the same average (Online Resource 1, Fig. H.5).

In this article the author contributes to the literature on
administrative burden and firm dynamics by measuring what
a market-access clock does to appropriability, and by ask-
ing how that effect is distributed across firm types. Stated
as a research question: how much appropriable patent term
does regulatory clearance consume for medical devices un-
der the MDR, compared with the US routes, once the whole
distribution of clearance time and not only its mean is taken
into account, and which firms bear the loss? Two quantities
carry the answer. Effective patent term is the statutory term
of twenty years minus the interval between the term-bearing
filing and regulatory submission and minus clearance time,
so it is what remains of protection when the product reaches
the market. Clearance-time dispersion is the spread of that
clearance interval around its mean, which determines not the
average loss but its variability, and therefore what a firm must
hold in reserve against it.

Four public records support the measurement. First, the
notified-body survey commissioned by the European Com-
mission reports, for each responding body, the typical time
from a signed agreement to a certificate, in brackets (Aus-
trian National Public Health Institute et al., 2026b). Second,
MedTech Europe surveys manufacturers on certification fees
and on phase durations separately for small and medium-
sized enterprises and for large firms (MedTech Europe, 2024,



2022). Third, the US Food and Drug Administration (FDA)
publishes the receipt and decision date of every premarket
notification, De Novo request and premarket approval appli-
cation, from which the clearance time of each dossier follows
directly (Food and Drug Administration, 2026a,b). Fourth,
Federal Register notices determining regulatory review pe-
riods for patent term restoration state, for each device, the
dates of the investigational exemption, of the application and
of approval (Federal Register, 2026); they establish that a
restoration mechanism operates for US Class III devices, and
they measure the phases it runs on, without revealing how
much term is finally restored. Costs of capital, valuation multi-
ples, financing intervals and turnover by firm size come from
Damodaran, Carta and Eurostat (Damodaran, 2026; Carta,
2025, 2026; Eurostat, 2026).

Records of that kind identify different things, and the esti-
mation strategy follows that asymmetry rather than concealing
it. US durations are observed file by file, so means, quantiles
and expected shortfalls are computed directly and need no dis-
tributional assumption. European durations are reported only
as shares of bodies or of firms falling into duration brackets,
so any statistic beyond a bracket boundary rests on a fitted
distribution. The author therefore reports distribution-free
bounds alongside every fitted European tail quantity, and val-
idates the fitting procedure where validation is possible, by
grouping the file-level 510(k) records into brackets, refitting,
and comparing the fit with the truth. The exercise recovers
the mean within about two percent and overstates the CV by
about sixteen percent, which is why the European dispersion
estimate is reported as an upper bound on precision rather than
as a measurement. Two further threats are named where they
arise. The European survey unit is the body and not the file,
and the classification of applicants counts decisions across
the whole window rather than only those preceding the sub-
mission at hand, which is why the estimation is repeated with
a strictly backward-looking count and with applicant fixed
effects. Where the record is rich enough, the firm-level ques-
tion is estimated rather than described: the FDA file names
the applicant of every premarket notification, so the number
of submissions an applicant made in the observation window
classifies applicants by how often they appear in the register,
and the author regresses log clearance time on that classifica-
tion at the mean and at the quartiles and the ninth decile, over
the 15,702 of the 15,706 decisions whose recorded duration is
positive, with submission type, third-party review, applicant
country, fiscal year and device-area fixed effects, and standard
errors clustered by applicant.

Measured this way, the European route consumes more
patent term than either US comparator, which confirms in a
market-access setting what the literature on administrative
burden has found for registration procedures (Tomasi et al.,
2023; Ciriaci, 2014).

Along three dimensions the author extends previous anal-
yses. First, the loss is stated in the units in which protection
is granted rather than in entry and exit rates. EU certification
takes 18 to 22 months on average against 5.5 months for a
510(k) clearance and 14.7 months for an original premarket
approval, which for a device that reaches review with 11.1
years of statutory term left consumes about one to 1.4 years
more of it than the 510(k) route. Second, a two-market valua-

tion turns the timing question into a decision rule rather than
a comparative statement. Sequencing entry so that the United
States comes first is never optimal for a firm that would file
the same European dossier anyway, and with observed costs,
discount rates and financing terms it pays behind a 510(k)
review only where completing the European file during that
review saves between two and five and a half months, and
behind a premarket approval only where it saves between
six and fourteen. Third, the firm-size result is decomposed
rather than asserted. Smaller manufacturers do not wait ap-
preciably longer on average, but half of them report technical-
documentation reviews above fifteen months against a quarter
of large manufacturers, the fitted ninetieth percentiles stand
at 34.3 against 19.5 months, and notified-body fees equal
0.28 years of turnover for the average enterprise with 10 to
19 persons employed against 0.02 years for one with 50 to
249. Pooling conceals the first of these at every level in the
upper tail, and the mixture identity shows why: the between-
group term accounts for 7.6 percent of pooled variance, so
the burden sits in the within-group tail that pooled reporting
averages away. The US record then tests the pattern at file
level. Among 15,702 premarket notifications, applicants that
submitted only once in five years wait 34 percent longer than
applicants with twenty or more submissions at the median and
42 percent longer at the ninth decile, with submission type,
device area and fiscal year held fixed, and their clearance
distribution lies above that of frequent applicants at every
quantile of practical interest. A strictly backward-looking
count of prior decisions reproduces the gradient, so it does not
rest on counting decisions the applicant had not yet obtained;
a within-applicant specification on receipt cohorts leaves a
residual gradient about a tenth as large, which places most of
the difference between firms rather than inside them.

Closest to this one in question and in method is the study by
Tomasi et al. (2023), which separates the cost and the time of
administrative compliance and finds the time more damaging,
particularly for small firms. The author’s work differs in three
respects. Their outcome is business churn and the author’s
is an appropriability asset with a fixed expiry, so time is not
only a cost of entering but a subtraction from what entry is
worth. Burden is measured there by a country-level index and
here by the duration distribution of the procedure itself, which
makes the dispersion of that duration, and not merely its level,
an object of measurement. And their identification rests on
differential sectoral exposure, whereas the author’s rests on
the contrast between a jurisdiction that publishes file-level
durations and one that publishes brackets, which turns the
reporting rule into an object of policy rather than a nuisance.
Companion work by the author has modelled the mean-delay
channel and the case for restoring term lost to clearance in
two markets (Peters, 2026a), measured post-authorisation ex-
clusivity for US devices from legal-status data (Peters, 2026b)
and examined the legal design of a device-specific protection
certificate (Peters, forthcoming); the dispersion channel and
its distributional incidence are not treated there.



2 CLEARANCE TIME, APPROPRIABILITY AND FIRM
SIZE

Standalone devices make the cleanest case for isolating the
mechanism, and the two jurisdictions treat the loss very differ-
ently. In Europe no restoration instrument intervenes, since
certification under the device regime does not satisfy the
marketing-authorisation requirement of the regulation on sup-
plementary protection certificates (Court of Justice of the
European Union, 2018; European Parliament and Council,
2009). Whatever time the clearance process consumes is
therefore lost to the innovator, which is why the spread of
that time translates directly into the spread of the term that
remains. In the United States an instrument exists for the
highest-risk class. Under 35 U.S.C. §156 a patent claiming
a device that passed premarket approval may be extended
by part of the regulatory review period, subject to statutory
deductions and to ceilings of five years and of fourteen years
of remaining term after approval. The Food and Drug Admin-
istration determines that review period and publishes it; the
median testing phase is 5.01 years in the sixty notices that
state both phase dates and the median approval phase 0.86
years across all seventy (Federal Register, 2026). What the
Patent and Trademark Office finally grants is published sep-
arately. Across the 161 device notices issued between 1997
and 2026, 223 distinct patents are named, and 111 of them
appear on the office’s list of extensions granted under §156
(United States Patent and Trademark Office, 2026). Among
those 111 the median grant is 956 days, or 2.62 years, with
an interquartile range of 576 to 1,517 days and 20 percent at
the five-year ceiling. Patents rather than devices are counted
there, since a product carries at most one extended patent and
the patents that obtained none lie outside both statistics. How
much term the Patent and Trademark Office finally restores
depends on deductions that those notices do not report, so the
size of the recovery is not measured here; what is established
is that a recovery mechanism exists on one side of the At-
lantic and not on the other. Fig. 1 shows how much term each
route consumes before any restoration, at the mean and at the
ninetieth percentile, so the comparisons below understate the
transatlantic difference. Pharmaceuticals, by contrast, recover
part of the loss through a certificate, and combination prod-
ucts fall between the two regimes; the account below applies
to the first case and states where it stops.

Appropriability research treats patent strategy as contingent
on the institutional conditions under which value is captured,
including standards, certification structures and the rules that
govern access to complementary assets (Teece, 1986; Somaya,
2012; Holgersson et al., 2018). Firm-level evidence reads
intellectual-property decisions in the same way, whether the
object is the renewal of a trademark once portfolio composi-
tion makes it redundant (Agiropoulos et al., 2026), the rush to
patent that accompanies a technological wave (Benassi et al.,
2020), or the choices firms make about protection and dis-
closure inside university collaborations (Corsino and Torrisi,
2023); in each case the value of a right depends on conditions
the firm does not set. Finite patent terms depress investment
in innovations with long development periods (Budish et al.,
2015), small firms respond more strongly to appropriability
conditions than large incumbents (Holgersson, 2013), and
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Fig. 1 Patent term consumed by clearance. Solid bars give the mean,
hatched extensions the further wait up to the ninetieth percentile. US
values are computed file by file from the FDA databases. The row
for notified bodies uses the log-normal fit to the twentieth survey for
the mean; its ninetieth percentile is bounded below by 24 months
and not bounded above, because the reported counts place that per-
centile in the open upper bracket. The row for firms is the average
technical-documentation certification time reported by MedTech Eu-
rope (2024), for which no distribution is published. What survives
to market entry additionally depends on the date from which the
term-bearing patent runs, which is not established here

shocks to appropriability travel asymmetrically by firm size
(Aydin Ozden and Khashabi, 2023).

Industrial-organisation research on patent protection sup-
plies the welfare side of the same question. Capuano and
Grassi (2019) show that the level of protection decides
whether an innovation is licensed, who pays most for it and
how the market is structured afterwards, and Bennato and
Giulietti (2019) extend the optimal-protection framework of
Grossman and Lai (2004) to the externality that patent enforce-
ment exerts on the availability of pharmaceutical products.
Both treat the strength of protection as the policy variable;
here the regulatory clock that consumes protection is a second
one, because its dispersion changes how much of the statutory
term is effectively available.

Regulation enters this literature mostly through its level or
its expected duration. Peltzman (1973) measured the innova-
tion cost of tighter drug approval; Stern (2017) documented
a penalty for first entrants into new device categories when
approval standards are uncertain; Grennan and Town (2020)
used the difference between European and US approval stan-
dards for coronary stents to weigh the information that testing
generates against the access it costs. Reviews of regulatory
review separate its speed, its cost and its uncertainty (Boakye
et al., 2022), patent protection dampens the negative effect of
market uncertainty on R&D (Czarnitzki and Toole, 2011), and
uncertainty about economic policy reduces patenting in a way
consistent with real options, more strongly in high-technology
industries and less in firms that preferential financing shields
(Guoru et al., 2026; Chin et al., 2026). Read together, these
results locate the transmission of regulatory friction in the
timing of market entry and in the financing conditions of the
firm, which is where the dispersion of a clearance clock oper-
ates; none of them maps that dispersion into the distribution
of residual patent term, and none asks who bears it.

Sectoral-systems research adds that regulation belongs to
the structure of a sector rather than constraining it from out-
side (Malerba, 2002), and mission-oriented innovation policy



directs attention to the capabilities of the public organisations
that implement such structures (Mazzucato, 2018; Kattel and
Mazzucato, 2018). Notified bodies are an unusual case, since
private organisations exercise a public certification function
under designation, and the capacity they build or fail to build
is itself a policy outcome. They are also designated agents
with finite capacity: above the lowest risk class a manufac-
turer cannot certify its own device, and excess demand is
cleared by queues rather than by prices, so the conformity-
assessment system behaves as a capacity-constrained com-
plementor on which every innovator in the regulated seg-
ment depends (Granstrand and Holgersson, 2020; Granstrand,
2024). Congestion-pricing logic has been applied to backlogs
at patent offices (Marco and Prieger, 2009); the present setting
extends it to a queue in which patent term decays while the
applicant waits.

Evidence on the MDR itself accumulated quickly after its
date of application, documenting compliance difficulties, a
differential burden on small and medium-sized enterprises
(SMEs) and safety gains that remain difficult to demon-
strate (Bretthauer et al., 2023; Huusko et al., 2023; Carl and
Hochmann, 2024; Svempe, 2024; McDermott and Kearney,
2025). Documentation of this kind establishes that the tran-
sition was costly; it does not formalise how clearance-time
dispersion becomes an appropriability loss, which is the step
taken below.

Heterogeneity is what turns the queue into a source of
variance. Device classes of very different complexity draw on
the same limited pool of assessors, and the resulting service
times are widely dispersed. Queueing theory relates waiting
time to the squared coefficient of variation of service time,
so a pool serving heterogeneous dossiers produces longer
and more dispersed waits than a homogeneous system at the
same traffic intensity (Kleinrock, 1975). Such dispersion is a
feature of how technology is matched to procedure and does
not disappear once a transitional backlog has been worked
off.

Firms react to that dispersion as real-options theory predicts.
Where submitting a dossier commits costs that cannot be re-
covered and the state of the queue becomes clearer over time,
the option to defer entry gains value as the spread of clearance
time widens (Dixit and Pindyck, 1994), which is an incentive
to delay that exists independently of the mean. Entry-timing
advantages in institutionally induced transitions accordingly
differ between leaders and followers (Asimakopoulos and
Paraskevopoulou, 2025). Antonelli (2017) describes an ap-
propriability trade-off shaped by the architecture that governs
how much generated knowledge a firm can capture; read
against the MDR, the architecture of conformity assessment
becomes a locus of appropriability policy in its own right.

A facially uniform architecture can nonetheless distribute
its burden unevenly. The General Data Protection Regulation
imposed identical requirements on all firms, yet its conse-
quences for market concentration differed with firms’ capac-
ity to absorb compliance costs (Johnson et al., 2023). Propo-
sition 2 derives the device counterpart, in which uniform
per-dossier procedures meet a population that differs in size,
documentation capacity and access to notified bodies.

One structural condition underlies the analysis. A reg-
ulatory regime translates between a technology that keeps

changing and the procedure used to validate it, and where the
regime’s translation properties do not match the technology,
the mismatch propagates into firm value. For a conventional
device it shows up along two margins. Development is largely
deterministic while clearance is stochastic, which is why the
variance of clearance time, and not only its mean, enters firm
value (R1, with its sequencing consequence in P1). A popu-
lation that is heterogeneous in firm size, device complexity
and dossier completeness also meets uniform procedures, and
heterogeneous input processed uniformly generates incidence
that differs by firm type (P2).

Financing adds a third margin. Developers commit the cost
of clinical evidence, quality-management systems (QMS) and
technical documentation assessments (TDA) before certifica-
tion, and smaller firms finance the wait from funds raised for
a limited runway, so the probability that clearance outlasts
the runway becomes the operative quantity for them. At the
mean of 18.2 months implied by the twentieth survey, raising
the coefficient of variation (CV) from 0.25 to 0.45 raises the
probability that certification takes longer than 24 months from
10.5 to 19.4 percent, and US premarket approvals show how
long such tails run in file-level data, with one decision in ten
taking longer than 27 months (Table 1).

Patent-based appropriability defines the scope of the mech-
anism. Many Class IIb devices are incremental improvements
that rely on know-how, speed and customer relationships more
than on strong patents, and device generations often turn over
before the patent term runs out, in which case the commercial
window and not the statutory term binds (Holgersson, 2013;
Somaya, 2012). The analysis therefore applies with full force
to patent-protected standalone devices of Classes IIb and I1I,
such as implants and novel therapeutic devices, and more
weakly to incremental products.

Three expectations follow for the empirical analysis, and
they answer the research question in turn. First, because
a market-access procedure subtracts calendar time from a
fixed term, the MDR should consume more appropriable term
than the US routes and more than the directives it replaced,
by an amount measured in years rather than months. Sec-
ond, because the loss depends on the distribution and not
only on its mean, a firm’s decision on the order of market
entry should turn on what completing the European file can
save and on what a long European wait costs in financing,
not on average durations. Third, because smaller and less
experienced applicants have thinner regulatory departments
and fewer completed files behind them, their clearance times
should differ from those of large or frequent applicants more
in the upper tail than in the mean, so that pooled statistics
understate their exposure. Section 4 evaluates the first two
with the empirical distributions and the two-market valuation
and the third with the mixture identity, the tail-order result
and an estimation on the file-level US record.

In the formal model the condition reduces to one mea-
surable object, the variance H; = Var[T}] of effective patent
term in jurisdiction j, which equals the variance of clearance
time as long as expiry does not truncate the distribution; the
welfare-relevant objects are tail functionals of the same dis-
tribution, because frictions and not variance as such make
dispersion costly. The material that carries these quantities is
assembled next.



3 DATA AND DESCRIPTIVE ANALYSIS

All inputs are publicly available, and the two sides of the
comparison rest on records of different quality. European
data come from the notified-body survey that the Commis-
sion has commissioned since 2023 (Austrian National Public
Health Institute et al., 2026a,b), which continues a series the
Commission itself collected from 2021 to October 2022, and
from the manufacturer surveys of MedTech Europe (MedTech
Europe, 2022, 2024, 2025); both report durations in brackets,
the first by notified body and the second by firm, so every
European bound reported below bounds the distribution of
typical durations across bodies and not the distribution across
dossiers. US data are file level. Two further asymmetries de-
serve notice: the clocks start at different points, the European
interval at a signed written agreement and the US interval at
receipt of the submission, and MedTech Europe reports that
more than half of the European time falls outside the review
phase itself. On the US side, the FDA publishes the date
of receipt and the date of decision for every premarket noti-
fication and every premarket approval application, together
with the applicant, the submission type, whether a third party
reviewed it and the review advisory committee, so that the
clearance time of each dossier can be computed directly and
related to who submitted it and what it was (Food and Drug
Administration, 2026a,b). Review-time goals agreed under
the fifth Medical Device User Fee Amendments (MDUFA V)
and the performance reports against them (US Food and Drug
Administration, 2022, 2025, 2026) serve here only as context,
because they count review time at the agency and exclude
the periods in which a submission rests with the applicant.
One measurement caveat follows from comparing the two US
sources directly. Matching the Federal Register notices to the
premarket approval database by approval date is unambiguous
for 49 of the 70, since seven approval dates carry more than
one original application and fourteen have no counterpart in
the database. Among the 49 unambiguous links the submis-
sion date the notice states coincides with the database receipt
date in 35 cases and falls 1 to 51 days later in 14, with a
median gap of four days, and never earlier. Administrative
duration as the database records it and the regulatory review
period as the notice determines it are therefore closely re-
lated but not identical, which is one reason the clearance-time
measurement and the restoration arithmetic are kept apart.

Survey rounds follow a fixed design. A small set of ques-
tions is asked every two months, a medium dataset covering
activities since designation every four months, and a large
dataset once or twice a year. All 53 bodies designated un-
der the MDR or the in-vitro diagnostics regulation (IVDR)
answered the twentieth round, 34 of them designated under
the MDR only, 18 under both regulations and one under the
IVDR only (Austrian National Public Health Institute et al.,
2026b). Responses were complete in every round except the
second and the third, for which values from earlier rounds
were carried forward. Counts are cumulative from each body’s
designation and include applications for changes to existing
certificates, so they measure the workload of the certification
system and not the number of new devices.

3.1 Data sources and definitions of variables

Each survey round reports, cumulatively from designation
onwards, how many MDR applications notified bodies have
received and how many certificates they have issued, so the
series traces a clearance system as it built capacity from a near-
standstill in 2022. Online Resource 1, Table H.1 consolidates
the record in a single vintage, the comparison published with
the twentieth round. The application-to-certificate ratio stood
near one quarter at the outset and reached 0.55 by February
2026; it is read below as a throughput signal and not as a
measure of any individual device’s waiting time.

Beyond throughput, the twentieth round documents where
time accumulates. In 65 percent of files a written agreement
followed the application within two months, so the dispersion
does not sit mainly in contracting (Austrian National Public
Health Institute et al., 2026b). From agreement to a new
certificate, however, reported times spread widely. Among
the 39 bodies that had issued combined quality-management
and product certificates, 51 percent reported 13 to 18 months,
31 percent 19 to 24 months and 10 percent more than 24
months, whereas for quality-management certificates alone
62 percent reported 13 to 18 months and 30 percent 6 to 12
months. Combined certificates are the route that Class III
devices and most implantable Class IIb devices must take,
which places the widest dispersion exactly where the patent-
term problem is most acute.

Incomplete documentation is part of the mechanism. Only
14 of the 52 MDR-designated bodies reported that more than
half of the submissions they receive are complete on arrival,
and of the 989 cumulative refusals recorded by February 2026
the two most frequent reasons were applications outside the
scope of a body’s designation (30 percent) and incomplete
applications (25 percent) (Austrian National Public Health In-
stitute et al., 2026b). Resubmission cycles lengthen the upper
tail of the duration distribution and fall disproportionately on
firms with thin regulatory departments (Huusko et al., 2023;
Carl and Hochmann, 2024).

Two features of the record call for caution. Aggregates
differ between datasets: the bimonthly small dataset reported
31,902 applications lodged by February 2026, against 32,898
in the annex sums of the medium dataset, and the source flags
changes in counting methods at some bodies, for refusals in
rounds 13 and 18 and for the annex sums of February 2026
(Austrian National Public Health Institute et al., 2026b). Re-
ported durations also describe what a typical file takes at
each body and not the distribution across files, so shares of
bodies cannot be converted directly into probabilities for in-
dividual dossiers. The bracket method itself can be checked
where file-level records exist. Fitted to six duration brack-
ets of the 12,795 traditional 510(k) clearances of fiscal years
2021 to 2025, a log-normal recovers the mean closely (6.36
against 6.22 months) and overstates the coefficient of varia-
tion moderately (0.80 against 0.70), so bracket fits describe
the distribution they are fitted to; they cannot turn body-level
shares into file-level dispersion. Under the IVDR, 67 percent
of the 12 bodies that reported typical durations for combined
certificates gave 13 to 18 months and 8 percent gave 19 to
24 months, with none above 24 months, a narrower spread
than under the MDR within the same institutional framework



(Austrian National Public Health Institute et al., 2026b). The
comparison points to device-class composition and file char-
acteristics as sources of dispersion and not to the framework
as such, with the caveat that the IVDR population of bodies
is small and its transition followed a different timetable.

Four further records complete the empirical base. The FDA
publishes the receipt and decision dates of every 510(k), De
Novo and premarket approval decision, from which the time
from submission to decision follows file by file (Food and
Drug Administration, 2026a,b). Federal Register notices that
determine the regulatory review period for patent term restora-
tion report for each device the dates of the investigational
device exemption, of the premarket approval application and
of approval, together with the patent concerned, whose filing
date follows from the patent record (Federal Register, 2026).
MedTech Europe’s 2024 survey reports certification fees and
phase durations by firm size (MedTech Europe, 2024), and
turnover by size class, cost of capital, valuation multiples and
financing intervals come from Eurostat, Damodaran and Carta
(Eurostat, 2026; Damodaran, 2026; Carta, 2025, 2026).

Comparing a low-risk European route with a high-risk
American one would manufacture a gap out of classification.
The author therefore pairs pathways that screen devices of
similar clinical risk. Pairing by risk class is an assumption
and not a matching procedure, since neither record reports the
other jurisdiction’s classification for the same device, and the
populations passing through the two routes differ in composi-
tion. Residual differences in device mix are absorbed into the
reported gap, which is why the article reports the gap against
two US comparators rather than one. The 510(k) route, which
clears moderate-risk devices on a substantial-equivalence stan-
dard, serves as comparator for MDR Class IIb; premarket
approval (PMA), reserved for the highest-risk devices, pairs
with Class III. Holding clinical risk fixed isolates the procedu-
ral architecture as the source of any difference in clearance
time. Table 1 reports what public records identify for each
pathway, with European figures from the notified-body survey
and firm-level survey averages and distribution-free bounds
where only brackets exist.

MDUFA goals are negotiated commitments financed by
user fees and reported against realised performance in an-
nual reports to Congress, which is why the US side of the
comparison can be anchored on public targets and outcomes
(US Food and Drug Administration, 2022, 2026). Whether a
comparable commitment would change behaviour is the kind
of question that separates regulatory design from regulatory
intent (Battaggion et al., 2023). No commitment of that kind
existed on the European side during the observation period;
the maximum timelines of Implementing Regulation (EU)
2026/977 apply only to procedures whose written agreement
is signed on or after 25 February 2027 (European Commis-
sion, 2026).

Comparator completeness deserves explicit treatment. Spe-
cialised US pathways such as the Breakthrough Devices Pro-
gram, De Novo classification and the humanitarian device
exemption have no direct MDR equivalent beyond conditional
certification of high-risk devices, which notified bodies rarely
use (Dobrzynska et al., 2025; Gupte et al., 2025). Exclud-
ing those pathways from the comparison therefore probably
understates the EU-US gap.
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Fig. 2 Empirical clearance-time distributions. US curves are empir-
ical distribution functions of the time from receipt to decision for
substantially equivalent 510(k) decisions (N = 15,706) and original
premarket approvals (N = 311) in the FDA databases. EU markers
are cumulative shares of the 39 notified bodies by typical time to a
combined quality-management and product certificate in the twenti-
eth survey, with a log-normal fit. The dotted line marks the median
interval of 696 days between financing rounds reported by Carta for
the second quarter of 2025

Converting clearance-time distributions into the headline
erosion and gap figures rests on three maintained assump-
tions. Clearance is taken as the event that binds effective term,
which holds for standalone devices but not for combination
products eligible for supplementary protection. Each device
is assumed to rely on one core patent, so the device-level fig-
ure is an upper bound on what portfolio management cannot
offset. Headline figures evaluate clearance at the conditional
means, with variance entering separately through the mecha-
nism formalised next. Qualitative findings survive changes in
these assumptions; the precise headline numbers do not, and
they are reported with that caveat.

3.2 Descriptive analysis of clearance times

Fig. 2 plots the empirical distribution functions of US clear-
ance times against the cumulative shares of notified bodies
by typical EU certification time. The US curves rise steeply
and then flatten into long tails that the file-level records make
fully visible, since one 510(k) clearance in ten takes longer
than 10.4 months and one original premarket approval in ten
longer than 27 months. For the EU, three reported points and
a fit are all the public record offers. Before the MDR, Euro-
pean certification was commonly faster than US review; that
advantage has turned into a US advantage for moderate-risk
devices, and the EU has no counterpart to the US programme
for breakthrough devices (Daigle and Torsekar, 2019; Gupte
et al., 2025).

Cumulative throughput, the ratio of certificates to applica-
tions, rose from (.25 in October 2022 to 0.34 in February 2024
and to 0.55 by February 2026 (Online Resource 1, Fig. H.1).
Within the first five observations the marginal ratio of new
certificates to new applications ranged between 0.36 and 0.54,
consistent with uneven designation timing and lumpy addi-
tions of capacity; 39 bodies took part in the first study round
(data to 31 March 2023) and 45 in the round for February
2024. Beyond February 2024 the marginal ratio stops measur-
ing period throughput, because small application increments
and revisions of earlier counts dominate its denominator (it
exceeds one in two of the later intervals and turns negative in



Table 1 Clearance-time distributions by pathway from public records

Pathway and record N Mean P50 P90 CV Basis

EU MDR, typical time per body to a com- 39 bodies 18.17 [13,18] >24 0.26 Twentieth notified-body survey, shares 8/51/31/10 percent for

bined certificate 6-12, 13-18, 19-24 and more than 24 months (Austrian
National Public Health Institute et al., 2026b); log-normal fit

EU MDR, firm-reported average, QMS / 39-43/28 19.5/21.8 - - —  MedTech Europe (2024, p. 6)

TDA

EU MDD, implied - 6.5-9 - - —  MDR certification of 13—18 months described as double the time
under the directives (MedTech Europe, 2022)

FDA 510(k), substantially equivalent, 15,706 5.51 4.37 10.38 0.80 FDA 510(k) database (Food and Drug Administration, 2026a)

FY2021-2025

FDA 510(k), traditional, no third party 12,795 6.22 5.16 11.27 0.70 Same

FDA De Novo, granted, FY2021-2025 173 12.12 10.35 21.45 0.57 Same

FDA PMA, original approvals, FY2016— 311 14.72 10.48 27.04 0.97 FDA PMA database (Food and Drug Administration, 2026b)

2025

Note: Months. FDA durations run from receipt to decision in calendar time and include time on hold; decisions are assigned to fiscal years ending in September. QMS denotes the
quality-management system audit, TDA the technical-documentation assessment and MDD the Medical Devices Directive that the MDR replaced. FDA quantiles use the inverse
empirical distribution function throughout, as in Table 2. For the EU survey the brackets give distribution-free ranges; the median falls inside the closed bracket of 13 to 18 months,
whereas the cumulative share of 0.897 at 24 months places the ninetieth percentile in the open upper bracket, which the data bound from below only. The log-normal fit gives a mean
of 18.17 months, P50 of 17.61 and P90 of 24.28 months, and its CV of 0.26 describes typical durations across bodies, not files. The MDUFA V goals of 112 to 128 days for 510(k)
and 285 to 290 days for PMA are themselves stated as average total time to decision in calendar days (US Food and Drug Administration, 2022). Reproduced by the script of Online

Resource 1, Section F.

the last). What the diagnostic establishes is limited and delib-
erately so. The record is that of a capacity-bound system that
expanded unevenly; the variance of individual clearance times
cannot be read from cumulative counts and is reconstructed
instead from the reported duration brackets.

Online Resource 1, Fig. H.3 summarises level and spread
of clearance time by pathway. Measured by the mean, the
MBDR roughly doubled certification time relative to the MDD
and placed EU certification far above the 510(k) route and
above premarket approval. Two channels have to be kept
apart when reading the figure. The mean channel moves the
markers and produces the erosion measured in years, whereas
the dispersion channel widens the bars and appears in the
ninetieth percentile, in the probability of long waits and in the
shortfall of Table 2, not in expected effective term. For the
EU the bar describes the spread of typical durations across
bodies, a lower bound on the spread across files, while the US
bars describe files; the figure thus shows a clear gap in means
and leaves the ranking of dispersion open.

Across pathways these quantities differ far more than
means alone suggest. Taking the median interval of 22.9
months between financing rounds as the runway, the FDA
records show exceedance probabilities of 0.7 percent for
510(k) clearances, 8.1 percent for De Novo requests and 13.8
percent for original premarket approvals, with expected short-
falls of 0.04, 0.55 and 2.41 months. For EU certification the
survey brackets bound the exceedance probability between 10
and 41 percent and the shortfall between 0.11 and 1.66 months
if the open bracket ends at 36 months (Table 2). Where dis-
persion enters through these channels it lowers value, and the
pathway with the thinner tail relative to the runway is worth
more for exactly the firms that cannot absorb a long wait.

Tail measures express the result in a form that a financing
plan can use. One 510(k) clearance in ten takes longer than
10.4 months and one original premarket approval in ten longer
than 27.0 months, and in the slowest tenth the average wait is
15.3 and 46.4 months. For EU certification the seventy-fifth
percentile of typical durations lies between 19 and 24 months
while the ninetieth lies above 24 with no upper bound in the
data, and 41 percent of the bodies with combined certificates

reported typical durations above 18 months (Table 2). Among
firms, half of the SMEs but a quarter of large manufactur-
ers reported technical documentation reviews longer than 15
months (MedTech Europe, 2024).

4 ANALYSIS

Online Resource 1, Fig. H.2 summarises the causal chain that
the formal apparatus captures. The architecture of conformity
assessment generates a dispersed clearance clock, the dis-
persion translates into a distribution of effective patent term,
frictions in risk bearing, financing and irreversible commit-
ment convert that distribution into an appropriability loss, and
differences in appropriability drive sequencing choices and,
in the aggregate, an incidence that differs by firm type. Each
box corresponds to a formal object defined below.

4.1 Estimation framework and identification

Consider the patent whose term is at issue, filed at date f,,
with statutory protection running 7™ = 20 years from that
filing (Article 63(1) of the European Patent Convention (EPC);
35 U.S.C. §154(a)(2)); where a later application is the term-
bearing one, the clock runs from its own filing date. The firm
submits its dossier at ¢, > ¢, and clearance in jurisdiction j
requires a further random time 7; with mean ; and standard
deviation o;. Development before filing consumes no patent
term; what counts is the calendar time between the term-
bearing filing and market authorisation.

Definition 1 (Effective patent term). Let D =t —1t, > 0
denote the interval between filing and regulatory submission.
Effective patent term in jurisdiction j is

T; = max{0, 7™ — D —1;}. (1)

Two intervals are consumed before market entry, the deter-
ministic preparation interval D and the stochastic clearance
interval 7;, and the maximum operator handles clearance after
expiry. The innovator keeps whatever remains of twenty years
once both have been subtracted, and because the second is
random, so is the term that remains.



Table 2 Tail exposure of clearance time from public records

Clearance time (months)

Probability of exceeding  Shortfall beyond Mean of slowest

Pathway or group P50 P90 18 months  22.9 months 22.9 months tenth (months)
EU MDR, typical per body, from counts [13, 18] > 24 0.410  [0.103, 0.410] [0.11, 1.66] [24.0, 36.0]
EU MDR, typical per body, log-normal fit 17.61 24.28 0.465 0.149 0.49 27.49

EU MDR, TDA review phase, large firms, fit  12.6 19.5 0.15 0.04 - -

EU MDR, TDA review phase, SMEs, fit 15.3 34.3 0.40 0.26 - -

FDA 510(k), FY2021-2025 4.37 10.38 0.019 0.007 0.04 15.25
FDA De Novo, FY2021-2025 10.35 21.45 0.179 0.081 0.55 28.22
FDA PMA originals, FY2016-2025 10.48 27.04 0.228 0.138 241 46.36

Note: The financing interval of 22.9 months is the median of 696 days between funding rounds (Carta, 2025); shortfall is E[(T — R)"] from equation (3) and the last column expected
shortfall at the 90 percent level. Quantiles and expected shortfall use the inverse empirical distribution function, so the last column is the integral of the step quantile function above
the ninetieth percentile and not the mean of the observations above it, which for a discrete distribution is a different quantity. The printed shares of 8, 51, 31 and 10 percent among 39
bodies correspond to counts of 3, 20, 12 and 4, from which the share above 18 months follows exactly, because 18 is a bracket boundary, while the share above 22.9 months is
bounded only within the bracket that contains it. The cumulative share at 24 months is 0.897, so the ninetieth percentile lies in the open upper bracket and the data give it no upper
bound; the bracket in the last column assumes the open bracket ends at 36 months. Review-phase rows are log-normal fits to the firm-size shares of MedTech Europe (2024, Fig. 8).

A worked example fixes ideas without requiring the inter-
val D to be known. Certification at the mean of the survey-
based EU distribution consumes 1.51 years of term, and at
its ninetieth percentile at least two years, since the survey
counts place that percentile above 24 months. An original
premarket approval consumes 1.23 years at the mean and 2.25
at the ninetieth percentile, a reminder that the US tail is long
as well; a 510(k) clearance consumes 0.46 and 0.87 years
(Table 2). Differences between routes are what the records
identify. Levels of residual term would additionally require
the date from which the term-bearing patent runs, and for
devices whose patents descend from earlier applications that
date is the earliest application in the chain of benefit rather
than the filing date of the granted patent; establishing it for
a sample of devices is a task in patent-register work that this
article does not undertake, so no absolute effective term is
reported.

Throughout, D is treated as predetermined, although a firm
can trade calendar time before submission against the risk
of an incomplete file. Preparing longer consumes term de-
terministically, whereas submitting early risks resubmission
rounds that lengthen the right tail of 7. The erosion figures
therefore isolate the clock after submission and omit a pri-
vately chosen consumption of term that is more attractive for
well-financed applicants and less feasible for SMEs whose
runway is short. Proposition 1 captures one version of that
trade-off, and Online Resource 1, Section B.5 the general
case.

Definition 2 (Clearance-time variance). For jurisdiction j, the
variance of effective patent term at clearance is H; = Var([T}].
As long as expiry does not truncate the distribution, H; = ng.
The EU-US gap in clearance-time variance is AHgy jys =
CEy — Ops-

Clearance-time variance is a structural property of the
regime and not a state of the innovator’s knowledge: a better-
informed firm could resolve epistemic uncertainty about what
a regulator will decide, whereas the dispersion considered
here persists in steady state and is priced even by a firm with
correct expectations. Two systems can share an identical u
and differ sharply in H.

Queueing enters only as an architectural argument. For a
single server with Poisson arrivals and general service times,
the Pollaczek—Khinchine relation gives the expected sojourn

time
PE[S] (1+CV3)

2(1=p)

with E[S] the mean service time, CVy its coefficient of vari-
ation and p the traffic intensity (Kleinrock, 1975). Only the
comparative statics are used, since at a given traffic intensity
a pool serving heterogeneous device classes generates longer
waits than one with standardised processing. Levels of W are
not used, because a single server is a stylised stand-in for the
52 designated bodies.

Three sources of dispersion can be separated with standard
results. A mix of device classes in one pool adds a between-
class component to the variance of service times, by the same
law of total variance that underlies Proposition 2, and the
consultation step of Article 54 MDR adds an externally paced
stage for part of Class III. Resubmission compounds the clock.
If each round has coefficient of variation CVg and is followed
by another with probability r, the squared coefficient of varia-
tion of total clearance time is (1 —r) CV§ + r, so a per-round
CV of 0.25 becomes 0.33 to 0.40 at resubmission probabilities
of 5 to 10 percent, and matching the file-level CV of 0.70 mea-
sured for traditional 510(k) clearances would require about
46 percent (Online Resource 1, Section D). Congestion adds a
transitional component on top, which the survey-based service
distribution puts at a coefficient of variation of 0.84 at a traffic
intensity of 0.85 and 0.44 at 0.30, against the service-time
value of 0.26, so the part of today’s dispersion that stems from
class mix, consultation and resubmission does not disappear
once the backlog clears. Dispersion between bodies is visible
directly in the twentieth survey, where the typical durations
reported by 39 bodies imply a standard deviation across bod-
ies of between 2.6 and 8.2 months if the open bracket ends at
36 months.

A firm’s filing and sequencing decision is a stochastic con-
trol problem. Residual term decays deterministically, clear-
ance arrives as a random event whose hazard depends on
how long the dossier has been pending, and the firm chooses
among filing strategies under a finite horizon. The natural
formal object is a piecewise-deterministic Markov process
whose value function satisfies a Hamilton—Jacobi—Bellman
equation with jump terms (Davis, 1993; Fleming and Soner,
2006); the state space, the age-dependent hazard, the equation
and the sequencing condition are set out in Online Resource 1,
Section B.

W =E[S]+ ()



How dispersion enters value has to be stated with care. For
a risk-neutral firm discounting a constant revenue flow from
clearance until expiry at rate §, present value at submission
per unit of flow is (6’57 — e"STres)/S, convex in 7, so dis-
persion does not lower expected value; at the survey-based
EU parameters and the European healthcare cost of capital of
9.57 percent it raises it by the equivalent of about 2.6 days
of shorter delay (Damodaran, 2026). A diversified investor
without financing constraints would barely care about the
spread.

Dispersion becomes costly through four channels that the
benchmark omits. Owners who cannot diversify a single-
product firm bear the variance of project value as a risk pre-
mium. Financing that has to bridge the waiting time fails
when clearance outlasts the runway. Commitments made be-
fore clearance, such as production capacity, clinical staff and
distribution agreements, lose value when their timing can-
not be adjusted, which raises the value of waiting (Dixit and
Pindyck, 1994). Commercial windows fixed by product life
cycles or by competitor entry cap the period over which a
delay can be recovered. For a financing runway of R months,
the probability of running out before certification and the
expected shortfall are

P(T>R), E[(t—R)"] =E[1]®(d1) —R®(d2), (3)

where, for a log-normal clearance time with parameters
(M, Oin), d> = (Ui —InR) /Oy and di = d> + Oiy.

Every parameter the author uses comes from a public
record, and Table 3 lists them with their sources. Clearance-
time distributions follow Table 1, with the log-normal fit to
the twentieth survey as the European central case and the firm-
reported average of 21.8 months as the upper case. The valu-
ation horizon 7™ is set at eleven years, a plausible residual
term for a device entering review, and it is not an estimate: the
sequencing thresholds below change by at most 0.11 months
when it is varied between eight and twenty years, because
expiry truncation almost never binds at those horizons. Three
inputs carry more uncertainty than their decimals suggest. The
European distribution is fitted to four bracket shares reported
by 39 bodies, so its coefficient of variation of 0.26 is an upper
bound on precision rather than a measurement, since the same
procedure applied to file-level 510(k) data overstates disper-
sion by about sixteen percent. Turnover per enterprise stands
in for the annual revenue of a single device and overstates it
for multi-product firms, so the cost ratios are lower bounds
on the burden per device and upper bounds on the burden per
firm. And the mixture weights come from the SME share of
certificates while the group moments come from shares of sur-
vey respondents, two universes that coincide only if response
rates do not vary with firm size. Because the interval between
the term-bearing filing and submission is not established here,
the article reports differences between pathways throughout,
which do not depend on it. Online Resource 1, Table H.4
varies each input across its documented range.

Where the record identifies the applicant, the third expec-
tation can be estimated rather than described. For each sub-
stantially equivalent premarket notification i decided in fiscal
years 2021 to 2025, let g(i) assign the applicant to one of four
submission-frequency classes by the number of such notifi-
cations the same applicant obtained in that window, a single

submission, two to four, five to nineteen, or twenty and more.
The estimating equation is

Int;=a+ Z Bo1[g(i) = gl + ¥V xi+ 81y + Oui) + &, (4)
§7#G

where the reference class G is twenty and more submissions,
x; contains the submission type, an indicator for third-party
review and an indicator for a US applicant, &, are fiscal-year
effects and 6, fixed effects for the twenty review advisory
committees that stand in for device area, with standard errors
clustered by applicant. Because the argument concerns the
tail rather than the centre, the same specification is estimated
as a quantile regression at the quartiles and at the ninth decile,
so that fB,(g) traces how the experience gap changes along
the distribution. Submission frequency is a descriptive clas-
sifier rather than a measure of experience at the moment of
filing: it counts decisions across the whole window, including
decisions that postdate the submission at hand, so a long re-
view can itself affect how many completed procedures a firm
shows. It is also not a measure of firm size. The coefficients
are therefore read as conditional associations between clear-
ance time and how often a firm appears in the register, not
as effects of accumulated experience. The first expectation
implies B, > 0 for every class below the reference, the third
implies f3,(0.9) > B,(0.5), and as a distribution-free comple-
ment the tail-order condition of Proposition 3 is checked by
comparing the empirical distribution functions of the least
and the most experienced classes at every point of a fine grid.

4.2 Results

Four findings follow, and they claim different things. A de-
scriptive comparison of effective term across pathways comes
first (R1), followed by a sequencing condition that prices dis-
persion through dossier completion and financing frictions
(P1), an estimation of the experience gap on the file-level US
record, and a mixture-variance identity that locates a dispro-
portionate share of dispersion with SMEs (P2).

Measured against the directives, the MDR consumes addi-
tional patent term equal to the lengthening of certification.
MedTech Europe reported MDR certification at 13 to 18
months on average and described this as double the time
historically needed under the directives (MedTech Europe,
2022), which implies 6.5 to 9 months of additional term con-
sumed, or 0.54 to 0.75 years. Against the US comparators
the gap depends on the pathway. With EU certification at
18.2 months (survey fit) to 21.8 months (firm-reported techni-
cal documentation assessments) and 510(k) clearance at 5.51
months, the transatlantic difference is 12.7 to 16.3 months,
or 1.05 to 1.36 years; against original premarket approvals at
14.72 months it is 3.5 to 7.1 months, and against their median
of 10.48 months 7.7 to 11.3 months. Whether the EU clock
is also more dispersed is a separate question that public data
do not settle. The FDA records give file-level standard devia-
tions of 4.38 months for 510(k) clearances and 14.30 months
for premarket approvals. For the EU only the dispersion of
typical durations across bodies is available, between 2.6 and
8.2 months distribution-free, and firm-reported review phases
with standard deviations of 4.6 months for large manufactur-
ers and 13.1 months for SMEs under a log-normal fit, and
neither measures the spread across files.



Table 3 Valuation and financing inputs from public records

Parameter Value

Source

EU submission cost K

fees make up 7 percent of it
Annual revenue 7, proxy

Notified-body fees of 136,981 euros for a QMS and 176,202 euros for a TDA certificate,
313,183 euros together; total first-year certification cost of about 4.47 million euros, since

Net turnover per enterprise, manufacture of medical and dental instruments and supplies,

MedTech Europe (2024,
p.6)

Eurostat (2026)

class C32.5 of the European classification of economic activities, EU27, 2023: 1.14 million
euros (10-19 persons employed), 3.21 million (20-49), 16.58 million (50-249)

Cost ratio K/
Cost of capital §

0.02-0.28 years with fees, 0.27-3.94 years with total cost
7.54 percent (US healthcare products, weighted average cost of capital, WACC), 9.57

Derived
Damodaran (2026)

percent (European healthcare, WACC), 10.57 percent (European healthcare, cost of equity)

Financing interval R
Cost of a further round ¢

years of revenue
Regulatory review period
SME share of certificates
TDA review phase by firm size

40 percent

696 days (22.9 months), median time between new funding rounds, second quarter of 2025
Median dilution of 16 percent in 2025 and 19 percent two years earlier, times enterprise
value to sales of 3.45 (European healthcare) or 4.76 (US healthcare products): 0.55 and 0.90

Testing phase median 5.01 years (60 notices); approval phase median 0.86 years (70 notices)

More than 15 months: SMEs 50 percent, large manufacturers 25 percent; 9—15 months: 30
and 56 percent; 4-8 months: 20 and 11 percent

Carta (2025)
Carta (2026); Damodaran
(2026)

Federal Register (2026)
MedTech Europe (2022)
MedTech Europe (2024,
Fig. 8)

Note: Turnover per enterprise includes exports and all products, so K /7 overstates the burden for multi-product firms and understates it where a device earns only part of turnover. All
inputs and derivations are part of the reproduction package (Online Resource 2, documented in Online Resource 1, Section F).

In other words, the European route costs a moderate-risk
device about a year of exclusivity on average relative to a
510(k) clearance, while a Class III device loses less against
a premarket approval, whose own tail is long. What the Eu-
ropean record cannot show is how uncertain the surviving
exclusivity is for an individual file; that gap in the evidence,
and not a measured variance ratio, is the empirical starting
point for the reporting argument below. Both findings are con-
sistent with evidence that finite and uncertain terms depress
investment in long-development innovation (Czarnitzki and
Toole, 2011; Budish et al., 2015).

A distributional caveat applies. The European figures de-
rive from a log-normal fit to four bracket shares whose last
bracket is open above 24 months, so heavier-tailed families
cannot be distinguished from the log-normal with these data.
On the European brackets the log-normal, gamma and Weibull
families agree on the coefficient of variation to within three
percent, because the reported shares concentrate in two ad-
jacent brackets; on the file-level 510(k) brackets, where the
truth is known, the log-normal overstates dispersion by 16
percent and the other two families understate it slightly (On-
line Resource 1, Section A). Any misspecification therefore
bears on the European tail, which the article bounds rather
than fits, and not on the ordering of pathways by mean.

Whether a developer should enter the EU and the United
States at the same time or the United States first depends on
what the firm can do while the US review runs. Consider
a firm whose European sales yield a constant flow 7 from
clearance until expiry, whose EU submission costs a lump
sum K, and whose funds last for a financing interval R, so that
each further interval spanned by the European wait requires a
financing round that costs the existing owners c7x. Ignoring
expiry truncation, the value of an EU submission at the mo-
ment it is made, when clearance time follows the distribution
F,is
T
S
Parallel entry submits the European file as it stands, with
clearance distribution Fy. US-first entry submits in the EU
after US clearance, at time Ty, and can use the US review to

V(F)= S Er[e ®] =K —cmEr[[t/R]]. 5)
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complete the European file, which then clears according to
Fi.

Proposition 1 (Sequencing condition). Let US and EU clear-
ance times be independent and value in the United States be
the same under both strategies. US-first entry is preferred to
parallel entry if and only if

E[e 5Us]V(F) > V(F), (6)
and to entry in the United States alone if and only if V (F;) > 0.
If the firm would submit the same European file in either case
(F1 = Fy), US-first entry is never strictly optimal: parallel
entry dominates it when V (Fy) > 0, and entry in the United
States alone does when V (Fy) < 0.

Online Resource 1, Section B.5 gives the derivation; ex-
piry truncation, which makes a later submission worth less,
strengthens the last statement. Deferring a profitable Euro-
pean submission only delays its revenue, and deferring an
unprofitable one is worse than not making it, so waiting has
no value of its own for a firm whose European file would
not change. Sequencing pays when the months of the US
review are used to complete the European file, so that it clears
faster and with a thinner tail, or when financing costs make
the European wait expensive; dispersion enters through both
routes.

Table 4 evaluates the condition with the empirical inputs
of Table 3. With an unchanged European file, parallel entry
beats US-first entry by 0.38 years of European revenue behind
a 510(k) clearance and by 0.94 years behind a premarket
approval. A completed file changes the balance only if it
shortens European certification enough. Behind a 510(k)
review, the required reduction of the mean is 5.3 to 5.5 months
when only notified-body fees count and no refinancing is
needed; it falls to 4.3 to 4.4 months when each financing
interval spanned costs a round at the 2025 median dilution
and European valuation multiples, to 3.7 to 3.9 months at
the dilution of two years earlier and US multiples, and to
2.0 months for a firm of 10 to 19 persons bearing the full
first-year certification cost. Behind a premarket approval the
requirement rises to between 6.2 and 14.1 months, because



Table 4 Reduction of mean European certification time required for US-first entry (months)

Cost of a further financing round c (years of revenue)

US pathway and cost basis ~ Persons employed 0 0.55 0.90
US route: 510(k) clearance

Notified-body fees 10-19 5.31 4.28 3.72

Notified-body fees 20-49 5.41 4.38 3.81

Notified-body fees 50-249 5.46 442 3.85

Total first-year cost 10-19 3.12 2.36 2.01

Total first-year cost 20-49 4.64 3.68 3.17

US route: premarket approval

Notified-body fees 10-19 13.70  12.55 11.80
Notified-body fees 2049 1396 12.81 12.07
Notified-body fees 50-249 14.08  12.93 12.19
Total first-year cost 10-19 8.16 6.96 6.21

Total first-year cost 20-49 12.03  10.86 10.11

Note: Entries are the reduction of the mean of the European clearance distribution, at constant CV, that equates the values of US-first and parallel entry; larger reductions favour
US-first entry. Inputs from Table 3: European healthcare cost of capital of 9.57 percent, financing interval of 22.9 months, K /7 from notified-body fees or total first-year certification
cost relative to turnover per enterprise; valuation horizon eleven years with expiry truncation, to which the entries are insensitive. European clearance follows the log-normal fit to the
twentieth survey and US clearance times are resampled from the file-level FDA records; 300,000 draws. With an unchanged European file, US-first entry falls short of parallel
entry by 0.38 years of EU revenue behind a 510(k) review and by 0.94 years behind a premarket approval. Results for cost of capital of 7.54 and 10.57 percent are given in Online

Resource 1, Section B.5.

151 P —— US route: 510(k) clearance
________ - - - US route: premarket approval
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9 £4

firm-size gap in mean review phase: 5.3 months

Required saving (months)

US-first pays

O T T T
c=0 c=0.55 c=0.90

Cost of one further financing round (years of revenue)

Fig. 3 When entering the United States first pays. Curves give
the reduction of mean European clearance time that would make
US-first entry exactly as good as parallel entry, at the European
healthcare cost of capital; bands span the cost bases of Table 3, from
notified-body fees alone to the full first-year certification cost, and
the three firm-size classes within each. The dashed line marks the
difference between the fitted mean review phases of small and large
manufacturers. It is a cross-sectional gap between firm types and not
a measured effect of preparing a dossier; it serves only as a quantity
of comparable order against which the threshold can be read. Behind
a 510(k) review the requirement meets that line without refinancing
and falls below it with refinancing; behind a premarket approval it
stays far above

that review itself takes 14.7 months on average. No public
record measures what completing a European dossier during
a US review actually saves, so the threshold has to be read
against quantities of a comparable order rather than against an
estimated effect. One such quantity is the gap of 5.3 months
between the fitted mean review phases of small and large
manufacturers (MedTech Europe, 2024); another is the 77
percent of respondents who report faster assessment for a

second technical-documentation certificate than for the first.

Both are of the order the 510(k) threshold requires and neither
approaches what a premarket approval requires, which is the
asymmetry the article reports; neither is evidence that file
completion causes a saving of that size.

Fig. 3 reads the same condition off a single panel. The
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order of entry therefore turns on two questions a project team
can answer from its own files and from public data, namely
how many months European certification would lose if the
file were completed while a 510(k) review runs, and how
many financing rounds a long European wait would require.
Across the documented range of the cost of capital, 7.5 to
10.6 percent, the requirement moves by at most 0.9 months
behind a 510(k) review and by up to 2.3 months behind a
premarket approval, and the tail of the European clock, which
a mean-based rule cannot see, enters through the refinancing
term.

As a model-implied condition, Proposition 1 is not em-
pirically identified; testing it would require matched records
pairing patent filing dates with FDA submissions and MDR
applications, which are not in the public domain. Indus-
try surveys describing a shift of launch priority away from
the EU are compatible with the mechanism (MedTech Eu-
rope, 2025; Svempe, 2024), yet other factors could contribute
jointly, among them the pandemic shock to European man-
ufacturing SMEs (Juergensen et al., 2020), the pricing of
cross-Atlantic risk and heterogeneity in discount rates. Infor-
mational spillovers from US clearance are not modelled; they
could shorten the European clock where clinical data from a
premarket approval can be reused, and they are less plausi-
ble for 510(k) clearances that rest on substantial equivalence.
Online Resource 1, Section E translates the condition into a
decision tree for the project-valuation stage.

Proposition 2 (SME amplification). Let large firms face
clearance-time parameters (U, 0r) and SMEs (U, Os), with
Us > Uy and o5 > o, and let a share p of applications origi-
nate from large firms. Portfolio-level variance is

HP" = poi+(1—p)og+p(1—p)(uL—ps)>. (1)

Its last term is a between-group amplification that is strictly
positive whenever Ly, # pg. It is a structural identity of the
mixture and not a behavioural response, since it follows from
the law of total variance applied to two groups with different
means, and it holds for any group-level distributions with
finite first two moments. Notified-body and industry statis-
tics pool across firm types and therefore measure HP°™, not



the dispersion each group experiences. The between-group
term does not change under proportional reductions of within-
group dispersion and depends only on the mean gap, so capac-
ity expansion that raises aggregate throughput without closing
the gap between firm types leaves it untouched (proof and
examples in Online Resource 1, Section C). Proposition 3 be-
low is accordingly stated for levels strictly above the crossing
point, since at the crossing point itself an atom can reverse
the order.

Before the European firm-size data are read through the
identity, the US record allows the firm-level pattern to be
estimated. Table 5 reports equation (4). Without controls,
applicants with a single premarket notification in the window
take 66 percent longer than applicants with twenty or more;
with submission type, third-party review, applicant country,
fiscal year and device area held fixed, the gap is still 36 per-
cent, and it declines monotonically with experience, to 18
percent for two to four and 14 percent for five to nineteen
submissions. Quantile regressions show where the gap sits.
For single-submission applicants the coefficient rises from
0.196 log points at the first quartile to 0.295 at the median
and 0.360 at the third quartile before settling at 0.348 at the
ninth decile, so the least experienced applicants lose more at
the upper end of the distribution than at its centre, which is
the third expectation. In months, the ninth decile of clearance
time is 13.4 for single-submission applicants against 8.6 for
the most frequent, the mean of the slowest tenth 18.6 against
11.9, and the share exceeding eighteen months 4.1 against
0.7 percent (Fig. 4). The empirical distribution function of
single-submission applicants lies below that of frequent appli-
cants everywhere above about two months, so the tail-order
condition of Proposition 3 holds on this record over the whole
region of interest; at a handful of early jump points the order
reverses by at most 0.004 in probability, which is why the
condition is stated for levels above the crossing point rather
than for the whole support. A Kolmogorov—Smirnov statis-
tic of 0.266 rejects equality of the two distributions at any
conventional level. Restricting the sample to traditional sub-
missions without third-party review, dropping the backlog
years 2022 and 2023, or moving the reference class to ten and
more submissions leaves the single-submission coefficient
between 0.245 and 0.306. Submission frequency is a proxy,
and the association is conditional rather than causal; what the
estimate establishes is that the pattern the European survey
shows for SMEs appears in a file-level record with the same
sign, the same monotonicity and the same concentration in
the tail.

Two extensions answer the objection that the classification
counts decisions the applicant had not yet obtained when the
focal file was submitted. The first replaces it with a strictly
backward-looking measure, namely the number of substan-
tially equivalent decisions the same applicant had already
obtained, over the whole public record back to 1996, strictly
before that submission was received. Applicants entering
with no prior decision wait 22.0 percent longer than those
with twenty or more, those with one to four 13.7 percent
longer and those with five to nineteen 8.4 percent longer,
with the same controls and clustering (Online Resource 1,
Table D.1); at the median the gap for a first-time applicant is
0.192 log points and at the ninth decile 0.178, so the pattern
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is not an artefact of counting later decisions. The second
holds the firm constant, and it changes the reading. Among
applicants with at least three submissions, adding applicant
fixed effects and regressing log duration on the log of the
running submission number gives —0.433 (0.021) when the
sample is defined by decision year. Right-censoring produces
that estimate, since files received late and still open are ab-
sent from a decision-year sample, so late submissions are
selected towards short durations and the bias runs with the
finding rather than against it. Defining the sample by receipt
cohort attenuates that selection, and the gradient collapses
by about nine tenths, to —0.045 (0.021) for the 7,518 files
received in fiscal years 2018 to 2021 and —0.016 (0.022) for
the 7,456 received in 2019 to 2022, against a placebo on the
reversed submission order of —0.011 (0.024). Only the first
of the three differs from zero at conventional levels, its inter-
val running from —0.086 to —0.003, and a doubling of the
submission count shortens clearance by about three percent
against twenty-six under decision cohorts. Two limits attach
to the exercise. Conditioning on the decision year instead of
the receipt year within the same cohort restores a coefficient
of —0.390 (0.021), which is what conditioning on an outcome
does, since the decision year is the receipt date plus the du-
ration being explained. And a register of decided files is not
a complete receipt cohort, because applications still open or
withdrawn never enter it. Within a firm, later submissions are
therefore at most marginally faster, by an amount the placebo
cannot separate from noise. The cross-sectional gap between
frequent and infrequent applicants separates firms rather than
tracking experience accumulating inside one, which is the
narrower reading the article adopts.

Two objections arrive before the European evidence can be
used at all, and both can be answered with the records in hand
rather than deferred to future data. The first is that the survey
describes notified bodies and not files, so that nothing follows
about the distribution an individual applicant faces. Right
as a statement about identification, the objection is wrong
as a statement about direction. Writing 7 for the duration
of a file and b for the body that handles it, the law of total
variance gives Var[t] = E [Var[t | b]] + Var[E[7 | b]], so the
dispersion of body-level durations is a lower bound on the dis-
persion of file-level durations whenever the reported typical
duration tracks the central tendency of a body’s own distribu-
tion. Over every assignment of typical durations consistent
with the reported counts, the standard deviation across bodies
lies between 2.57 and 8.23 months if the open bracket ends at
36 months. Turning that into a bound on file-level dispersion
needs one further assumption, since the survey counts bod-
ies while a file distribution weights them by caseload: were
caseloads equal, the between-body term would be at least 2.57
months and the file-level coefficient of variation at least 0.14
at the survey mean. Caseloads are unequal and unpublished,
so the figure is conditional on that weighting rather than a
bound the data deliver on their own. The second objection is
that the two European sources measure different things. They
do, and the difference is of the size the sources themselves
imply: bodies report 18.17 months from a signed agreement,
firms 21.80 months from application, a gap of 3.63 months
that falls inside the pre-review phase which MedTech Europe
puts at three to six months. The records are therefore not in



Table 5 Clearance time and applicant experience: substantially equivalent 510(k) decisions, fiscal years 2021-2025

OLS Quantile regression
Dependent variable: log clearance time mean q=0.25 q=0.50 q=0.75 q=0.90
Single submission 0.306 (0.025) 0.196 (0.018) 0.295 (0.021) 0.360 (0.023) 0.348 (0.025)
Two to four submissions 0.163 (0.025) 0.104 (0.017) 0.135(0.020) 0.236 (0.021) 0.187 (0.024)
Five to nineteen submissions 0.133 (0.025) 0.089 (0.016) 0.116 (0.019) 0.202 (0.021) 0.154 (0.023)

Twenty or more submissions reference

Special 510(k) -1.248 (0.055)

Third-party review -1.835 (0.105)

US applicant -0.045 (0.015)

Fiscal-year and device-area effects yes yes yes yes yes
Observations 15,702 15,702 15,702 15,702 15,702
Applicants (clusters) 6,146

R? 0.418

Robustness of the single-submission coefficient, OLS

Traditional submissions, no third party 0.306 (0.027) N =12,793

Excluding fiscal years 2022 and 2023 0.298 (0.028) N =9,290

Reference class ten or more submissions  0.245 (0.021)

Note: OLS denotes ordinary least squares. Coefficients on applicant experience classes with standard errors in parentheses, clustered by applicant for the least-squares column;
quantile-regression standard errors from the asymptotic covariance. Clearance time is the calendar time from receipt to decision. Submission type includes traditional, special
and abbreviated 510(k)s; device area is the review advisory committee (twenty categories). Applicant names are normalised before counting. Reproduced by the script of Online

Resource 1, Section F.
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Fig. 4 Clearance time by applicant experience. Empirical distribu-
tion functions of the time from receipt to decision for substantially
equivalent 510(k) decisions of fiscal years 2021 to 2025, by the
number of such decisions the applicant obtained in that window. The
curve for single-submission applicants lies below every other curve
at every point, so their clearance times dominate in the upper tail; the
gap between the least and the most experienced class is 2.6 months
at the median and 4.8 months at the ninth decile

conflict; they bracket the same procedure from two ends.

Pooled statistics understate SME-specific dispersion ex-
actly when 62 > o7 + (1 — p)(ur, — tis)*. MedTech Europe’s
firm-size data allow the identity to be evaluated for the review
phase of technical documentation assessments, the phase in
which files are examined and deficiencies raised (MedTech
Europe, 2024, Fig. 8). One feature of the source has to be
recorded before the fits are used. The four shares reported
for SMEs sum to 100 percent, those for large manufacturers
to 92, and for the quality-management phase to 82 and 97;
the missing mass is unexplained in the source and is here
distributed proportionally. Log-normal fits to the shares so
normalised give a mean of 13.4 months with a standard devia-
tion of 4.6 months for large manufacturers and 18.7 months
with 13.1 months for SMEs, and SMEs account for 40 per-
cent of the certificates required (MedTech Europe, 2022), so
that p = 0.6. Assigning the missing eight points of large-
manufacturer mass entirely to one bracket instead moves the
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between-group share between 4.7 and 8.8 percent and the
pooled ninetieth percentile between 25.0 and 29.0 months
(Online Resource 1, Section C), so the qualitative conclusion
survives the ambiguity while the point estimates do not carry
three significant digits. The condition holds by a wide margin
(170.6 against 32.7 squared months), yet the between-group
term contributes only 7.6 percent of pooled variance (Online
Resource 1, Fig. H.4). Two caveats temper the numbers. The
survey samples are small, with 28 respondents for techni-
cal documentation assessments, and total certification times
hardly differ by firm size, because SMEs report shorter pre-
review phases (MedTech Europe, 2024). A longer average
wait is therefore not the main form of the SME burden in these
data; that burden sits in the within-group tail of the review
phase and in costs that are fixed per certificate. Once notified
bodies report processing times cross-tabulated by firm size,
the identity can be taken to administrative data.

Tail exposure differs more sharply than means. Half of
the SME respondents but a quarter of large manufacturers
reported review phases longer than 15 months, and under the
log-normal fits the ninetieth percentile of the review phase
is 34.3 months for SMEs against 19.5 months for large firms
(Table 2). Fixed costs compound the difference. Notified-
body fees of 313,183 euros for a quality-management and
a technical-documentation certificate equal 0.28 years of
turnover for the average enterprise with 10 to 19 persons
employed in the manufacture of medical and dental instru-
ments and supplies, 0.10 years with 20 to 49 persons and
0.02 years with 50 to 249 persons (MedTech Europe, 2024;
Eurostat, 2026). Fixed compliance costs of that shape are
what the literature on administrative burden identifies as the
channel through which procedure weighs on smaller firms
(Tomasi et al., 2023). Pooled statistics average both the tail
and the cost ratio away, which is the practical meaning of the
within-group and between-group terms taken together.

Three statements need to be kept apart, because they call
for different policies. A longer mean clearance time for SMEs
plausibly reflects access to bodies, file completeness and pre-
submission contact, and responds to measures that improve



first submissions. Wider within-group spread plausibly re-
flects thin regulatory departments and mismatches between
devices and designation scopes. The between-group term is
an accounting consequence of pooling, so reporting by firm
size makes it visible without changing either of the first two.

Online Resource 1, Table H.4 collects the documented alter-
natives behind the main quantities, and Section D of the same
resource the alternative distributional families and service-
time assumptions. None reverses the ordering of pathways by
mean clearance time, none changes the conclusion that US-
first entry behind a 510(k) review requires an improvement of
the European file of the size documented between firm types,
and varying the interval between filing and submission shifts
all effective terms by the same amount.

Once dispersion is costly mainly through the tail, a tail
measure of effective term summarises a clearance regime
better than its variance. For a confidence level ¢ and clearance
time measured in years, effective term at risk is the protection
that a dossier retains at the -quantile of clearance time, and
expected term shortfall is the protection retained on average
by the slowest share 1 — o of dossiers,

ETaRy =T"™ — D — g4 (1),
ETSq = T™ — D —ESq(7),

®

where ESq(7) = (1 —a)~! folc qu(7) du is the expected short-
fall of clearance time. The construction borrows from fi-
nancial risk measurement, in which expected shortfall is the
coherent counterpart of value at risk (Artzner et al., 1999;
Acerbi and Tasche, 2002); to the author’s knowledge, neither
measure has so far been applied to regulatory clearance time
or to patent term.

Proposition 3 (Tail concealment under pooling). Let F;, and
Fs denote the clearance-time distributions of large firms and
SMEs, and F = pFy + (1 — p)Fs the pooled distribution with
0 < p < 1. Suppose that SME clearance times dominate in
the upper tail, Fs(x) < Fy(x) for all x > xo. Then for every
o > oy = max{Fy(xo),Fs(x0)}

dh <qa <43, )

ESL <ESq <ESS,

so that pooled effective term at risk and pooled expected term
shortfall overstate the protection that SMEs retain in the tail.

A proof of a few lines is given in Online Resource 1, Sec-
tion G. Unlike Proposition 2, the result needs neither moments
nor a distributional family; it places the pooled tail between
the group tails at every level above . For the review phase
of technical documentation assessments, the reported shares
satisfy the condition above 15 months, where 50 percent of
SME:s against 25 percent of large manufacturers are still wait-
ing, but not at 8 months, by which a larger share of SMEs
than of large manufacturers has finished; the log-normal fits
cross at 10.2 months, so that o is about 0.26 and the ordering
covers the upper three quarters of the distribution. A reader
of notified-body statistics can draw the consequence directly:
a figure describing how long the slowest tenth of all certi-
fications takes will always make the slowest tenth of SME
certifications look faster than it is, whatever the shape of the
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distributions, as long as SME files are the slower ones in the
tail.

In these data the differences are material. The pooled 90th
percentile of the review phase lies at 25.0 months, against
34.3 months for SMEs and 19.5 months for large firms, and at
the 75th percentile the pooled value of 17.9 months compares
with 23.4 and 15.9 months. Pooled statistics therefore credit
SME:s in their slowest decile with more than nine months of
protection that they do not retain (Online Resource 1, Sec-
tion G, Table G.2).

Reported brackets identify these measures only partially
(Manski, 2003). Without any distributional assumption, the
a-quantile lies in the bracket in which the cumulative share
crosses &, and expected shortfall is bounded by placing the
tail mass at the lower or upper edges of its brackets (Online
Resource 1, Section G). For typical EU certification times the
median lies between 13 and 18 months and the 75th percentile
between 19 and 24, but the ninetieth percentile is not bounded
above at all: with counts of 3, 20, 12 and 4 among 39 bodies
the cumulative share at 24 months is 0.897, so the quantile
falls in the open bracket. Expected shortfall inherits that
failure. Its lower bound is 24 months, whereas the upper
bound equals whatever cap is assumed, 36 months at a cap
of 36 and 60 at a cap of 60, and the log-normal value of 27.5
months lies inside that region without being implied by it.
The FDA records need no bounds at all: for 510(k) clearances
the 90th percentile is 10.38 months and expected shortfall
at the 90 percent level 15.25 months, for original premarket
approvals 27.04 and 46.36 months. Whether the surviving
term is long or short in absolute years depends in addition on
the date from which the term-bearing patent runs, which this
article does not establish.

Identification turns the design of duration reporting into a
policy variable. A median, as Implementing Regulation (EU)
2026/977 requires, can be recovered from coarse brackets
but carries no information about the tail; a 90th percentile is
identified within one bracket width only where the cumulative
share crosses it inside a closed bracket, which the twentieth-
survey counts do not do; and expected shortfall requires a
closed upper boundary. An additional reporting boundary at
36 months that contained all longer durations would turn an
unbounded quantity into one identified within 12 months. The
same measures price a restoration instrument indexed to the
tail. An extension equal to the delay beyond the 90th per-
centile costs in expectation (1 — &) (ESq — g¢ ) of additional
protection per dossier, 0.49 months for 510(k) clearances
and 1.93 months for original premarket approvals in the FDA
records, concentrated on the one dossier in ten that needs it;
for European certification the same expression has a lower
bound of zero and no upper bound, because the underlying
quantile is not bounded above. Lenders and investors face the
same arithmetic. Expected term shortfall is the quantity that a
covenant on patent-backed financing would need, and Propo-
sition 3 implies that a covenant calibrated on pooled statistics
understates the risk carried by SME borrowers throughout the
upper tail.



5 DISCUSSION AND POLICY IMPLICATIONS

Read together, the findings reposition how regulatory fric-
tion enters an account of innovation. Effective term satisfies
E[T;] = T™* — D — i, so once mean clearance is fixed vari-
ance leaves no trace at that level of description, and whether
dispersion matters depends on the frictions a firm faces. A di-
versified investor without financing constraints would hardly
price it. An undiversified owner, a firm whose financing must
bridge the wait, or a firm facing a fixed commercial window
values the same distribution through a concave function, so
that E[V(T;)] < V(E[T;]) and the gap widens with Var([Tj].
Two regimes can share a diagnosis of mean delay while the
firms that matter most for European device innovation value
them very differently.

Recent work that treats regulation and technology as de-
veloping together reads procedural uncertainty as largely in-
formational and proposes infrastructures that allow regulator
and firm to move from one-off review towards continuous
exchange (Chin et al., 2026). The friction isolated here is
capacity-bound instead. A finite pool of notified bodies pro-
cesses heterogeneous device classes through shared capacity,
so service-time variability propagates into the spread of wait-
ing times, and no audit trail removes it. Better verification
might compress the informational part of mean clearance time
and still leave the variance across bodies and device classes
untouched.

A closer structural precedent comes from political economy.
Carpenter (2004) represents product approval as an optimal-
stopping problem faced by a learning regulator and shows
that a facially neutral regime favours larger and older firms
even when the regulator is neither captured nor risk-averse,
because the regulator’s uncertainty about a firm falls as it
accumulates submissions. The experience gradient estimated
in Table 5 is consistent with that channel. Dispersion in the
present account has a second source that does not contract
with familiarity, a congested queue that a small firm meets
on its tenth filing as on its first, and it acts after access, on
the patent term that survives the wait; the SME incidence of
Proposition 2 is a property of pooling rather than of behaviour.
Addressing the familiarity advantage would therefore leave
the capacity-driven component in place.

Aggregated over a heterogeneous population of applicants,
the firm-level results imply a shift in the composition of in-
novation, with fewer device projects developed for the EU
first, more US-first filings, and more reliance on protection
mechanisms other than patents where filing is expensive and
timelines are long (Ayerbe et al., 2024), and investors must
price a commercialisation date that is widely distributed at the
moment of investment (Bonnin Roca and O’Sullivan, 2022).
Such statements concern incentives across the population and
do not assert a causal effect for any single firm.

5.1 Policy implications

Article 121 MDR requires the Commission to evaluate the
regulation by 27 May 2027 (European Parliament and Coun-
cil, 2017). In December 2025 the Commission proposed a
targeted simplification of the device rules, now in the ordinary
legislative procedure as 2025/0404(COD), and the accompa-
nying staff working document estimates annual cost savings
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near EUR 3.3 billion (European Commission, 2025a,b). The
proposal names the lack of sufficiently predictable certifica-
tion timelines as a problem, which is independent institutional
recognition of the quantity formalised here.

Implementing Regulation (EU) 2026/977, adopted on 4
May 2026, goes further in procedural terms (European Com-
mission, 2026). Notified bodies must complete applica-
tion review and contract signature within 30 days, quality-
management audits within 120 days and product verification
within 90 days, subject to documented interruptions; under Ar-
ticle 4(2) each body reports the share of activities completed
within those timelines, the median duration from application
to certification and the median total cost, and publishes the
figures annually. The regulation applies from 25 February
2027, its reporting provision from 1 January 2028, and the
monitoring covers only agreements signed after 25 May 2027.

Measured against the present analysis, the template records
the centre of each body’s duration distribution and a compli-
ance share, but no measure of spread. Adding a dispersion
statistic to Article 4(2), for example the 90th percentile of
duration by device class, would require an amendment of an
implementing act and not of the MDR itself. Even without
it, the published medians of some fifty bodies will reveal the
dispersion between bodies from the 2028 reporting cycle on-
wards. A reform that lowers median durations while the upper
tail persists would, on this account, provide relief without
correction.

Reporting of that kind bears on the wider question of how
far European regulation can be made an instrument of com-
petitiveness rather than a constraint upon it (Mariotti, 2024).
Three design choices make a dispersion statistic workable,
and Online Resource 1, Table H.2 sets what the present tem-
plate records against what the measures of Section 4.2 require.
Durations should be reported by device class and route, since
pooling quality-management certificates for Class Ila devices
with product assessments for Class III devices would repro-
duce at body level the aggregation problem of Proposition 2.
Interruptions for missing documentation should be reported
separately from the time the body consumes, so that the upper
tail can be attributed to applicants or to assessors. And cov-
erage should extend to procedures that have not yet closed,
because a report restricted to completed certifications trun-
cates exactly the long durations that matter. The identification
results rank these choices. A median can be recovered from
coarse brackets, a 90th percentile only within one bracket
width, and expected shortfall only if reporting closes the up-
per tail.

Three kinds of instrument address the dispersion channel
directly. Performance governance for notified bodies along
the lines of the MDUFA model, with negotiated targets, pub-
lic reporting and consequences for missed targets, would
supply the accountability that survey monitoring measures
but does not enforce (Kattel and Mazzucato, 2018; Bonnin
Roca, 2024). Support differentiated for SMEs, through pre-
submission advice that brings dossiers to completeness, fee
relief for first-time applicants or designated review tracks,
acts on the tail that the experience gradient of Table 5 docu-
ments, consistent with the view that policy for SMEs should
respond to differences among them (Juergensen et al., 2020).
A device-specific instrument restoring term lost to clearance



is a third option; its welfare arithmetic and legal design are
developed elsewhere (Peters, 2026a, forthcoming), and On-
line Resource 1, Section E sketches how an extension could
respond to upper-tail delay.

Any argument that clearance time erodes appropriability
invites the rejoinder that the erosion is the price of safety.
The relevant counterfactual is the predecessor regime with its
own record of harm, not a frictionless world, and the asym-
metry of the trade-off bears on policy. The appropriability
loss is measurable, immediate and concentrated on the firms
identified by P2 and Table 5; the safety benefit set against it
remains hard to demonstrate (Bretthauer et al., 2023; McDer-
mott and Kearney, 2025), accrues over the deployed life of
devices and is spread across the patient population. A cost
with that profile, weighed against a benefit of the opposite
profile, does not argue for dismantling scrutiny; it argues for
delivering the same scrutiny with less dispersion. Welfare
accounting has to include access as well, since changes in ex-
clusivity alter the availability of health technologies (Bennato
and Giulietti, 2019; Peters, 2026a), and longer assessment
can generate information about quality (Grennan and Town,
2020), so not every reduction of dispersion raises welfare.
The argument concerns dispersion that stems from class mix,
resubmission and congestion, which delays access without
adding information about the device.

Asymmetry in the trade-off bears directly on policy. On
the cost side, the appropriability loss is measurable in the
erosion and gap bands of R1, immediate because it falls on
devices now in the queue, and concentrated on the SMEs
identified by P2. The safety benefit set against it is harder to
demonstrate, with post-MDR evidence on improved outcomes
still thin (Bretthauer et al., 2023; McDermott and Kearney,
2025); it accrues over the deployed life of devices; and it
is spread across the patient population. A cost with that
profile, weighed against a benefit of the opposite profile, does
not argue for dismantling scrutiny. It argues for delivering
the same scrutiny with less variance. Welfare accounting
has to include the availability side as well, since changes in
exclusivity alter access to health technologies (Bennato and
Giulietti, 2019; Peters, 2026a).

Firm size is the incidence dimension formalised here, but
not the only one, since geography and product category cut
across the same population (Dobrzynska et al., 2025; Gupte
et al., 2025), and the conditions under which the construct
travels to other regulated sectors are set out in Online Re-
source 1, Section E.

5.2 Boundaries and limitations

Several limitations bound the results. The queueing relation
serves as a comparative-statics argument with a single server
standing in for some fifty bodies, and a multi-server repre-
sentation is not modelled. EU durations are available only
as shares of notified bodies by typical duration and as firm-
reported phase durations from small samples, so file-level
dispersion in the EU is not identified and log-normal and
heavier-tailed families cannot be told apart at the upper tail.
Submission frequency in the US record classifies firms by
how often they appear in the register and measures neither
experience at the moment of filing nor firm size. A strictly
backward-looking count reproduces the gradient; a within-
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applicant specification on receipt cohorts does not, so what
the estimates identify is a difference between firms and not
learning inside one, and the associations carry no causal read-
ing. Absolute effective terms are not reported, because the
date from which a term-bearing patent runs is the earliest
application in its chain of benefit and establishing that date
for a sample of devices is a task in patent-register work not
undertaken here; revenue is proxied by turnover per enterprise,
which includes exports and other products; financing intervals
and dilution come from venture data across sectors; and the
cost of a financing round is measured as dilution times sector
valuation multiples, not as an observed loss. Strategic interac-
tion between firms and between notified bodies is abstracted,
EU and US clearance times are treated as independent (posi-
tive correlation would strengthen the case for US-first entry),
and quality benefits of the MDR are not incorporated. The
value of waiting for information and spillovers from US clini-
cal data are not computed. Proposition 3 requires upper-tail
dominance of SME clearance times, which the firm-size data
support above about ten months of review, and the bounds of
Online Resource 1, Table H.3 depend on the cap assumed for
the open upper bracket.

Each limitation marks a test. Matched firm-level records
linking patent filing dates, FDA submissions and MDR appli-
cations would allow the sequencing condition to be confronted
with observed entry decisions. Annual notified-body reports
under Implementing Regulation (EU) 2026/977 will provide
body-level medians and compliance shares from 2028, and
processing times cross-tabulated by firm size would allow the
mixture identity to be estimated from administrative records.
A further line concerns devices that re-enter assessment af-
ter material changes, as adaptive software increasingly does;
there the single clearance draw becomes a repeated one and
the variance channel recurs over a device’s life, a case re-
served for separate work.

Pharmaceutical patents face structurally similar delay prob-
lems, but statutory restoration through patent-term extension
in the United States and supplementary protection certificates
in Europe, whose compatibility with the European patent sys-
tem Article 63(2)(b) EPC provides for, insulates them partly
(Grabowski et al., 2015; European Parliament and Council,
2009). Standalone devices lack an equivalent mechanism and
bear the full appropriability cost.

6 CONCLUDING REMARKS

Administrative time is a price that firms pay in a currency
regulators rarely measure. Where the procedure at issue is a
condition of market access, that price is levied on a wasting
asset: patent term runs from filing, so a month in conformity
assessment is a month of exclusivity that no later efficiency
can restore. Firms differ in what such a month costs them. A
diversified owner with cash on hand discounts it and moves
on; a single-product manufacturer financing the wait from a
fixed runway may find that the tail of the distribution, and not
its centre, decides whether the project survives at all. Such
an asymmetry gives the dispersion of regulatory duration an
economic content distinct from its level, and it gives reporting
rules a role they are not usually credited with, since a statistic
that describes only the centre cannot show a burden that lives



in the tail. For the European medical-device sector, where
small and medium-sized manufacturers hold a minority of
devices but require a plurality of certificates, the question is
not academic.

Against that background the author has measured what
the clearance clock does to appropriable patent term under
the MDR and how the effect is distributed across firm types.
The measurement rests on four public records, namely the
notified-body survey commissioned by the European Com-
mission, with data status 28 February 2026; the manufacturer
surveys of MedTech Europe for 2022 and 2024, which re-
port durations and fees separately by firm size; the file-level
databases of the US Food and Drug Administration, cover-
ing 15,706 premarket notifications, 173 De Novo grants and
311 original premarket approvals; seventy Federal Register
notices determining regulatory review periods; and the patent
office’s list of extensions granted under 35 U.S.C. §156, which
records what 111 of the 223 patents named in all 161 device
notices actually recovered. Costs of capital, valuation multi-
ples, financing intervals and turnover by size class complete
the inputs.

Three results follow. European certification consumes
about one to 1.4 years more patent term than a 510(k) clear-
ance and 0.3 to 0.6 years more than an original premarket
approval, and it roughly doubled relative to the predecessor
directives; a device that passes premarket approval is in ad-
dition eligible for statutory term restoration in the United
States, which the patent office granted to 111 device patents
at a median of 2.62 years of the review period, and no Euro-
pean counterpart exists. The US records identify the tails of
clearance time exactly, whereas the European record bounds
them only from below, so whether the European clock is also
more dispersed cannot be settled from public data. Entering
the United States first is never optimal for a firm that would
file the same European dossier anyway, and with observed
inputs it pays behind a 510(k) review only where completing
that dossier saves between two and five and a half months, an
amount of the order documented between smaller and larger
firms, and rarely pays behind a premarket approval. Smaller
manufacturers wait hardly longer on average, but their review
phase has a far longer tail, 34.3 against 19.5 months at the
ninetieth percentile, and the fees weigh about fourteen times
more heavily against turnover than for firms with 50 to 249
persons employed; pooled statistics conceal the tail at every
level above the point where the two firm-size distributions
cross. On the file-level US record the same pattern is esti-
mated rather than read from a survey: applicants with a single
premarket notification in five years wait 34 percent longer
than the most frequent applicants at the median and 42 per-
cent longer at the ninth decile, with device area, submission
type and fiscal year held fixed. The gradient survives a strictly
backward-looking experience count but not a within-applicant
specification on receipt cohorts, so it separates firms rather
than tracking learning inside one. Read together, the results
locate the burden where pooled monitoring cannot see it.

Regulators should measure dispersion, not only duration.
Implementing Regulation (EU) 2026/977 obliges notified bod-
ies to report the share of activities completed within the new
maximum timelines and the median duration from applica-
tion to certification; neither statistic describes the tail that
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decides whether a small manufacturer can finance the wait.
Adding a ninetieth percentile by device class and conformity-
assessment route, and closing the upper reporting bracket,
would make the quantity observable at negligible cost and
would give the evaluation required by Article 121 MDR a
criterion that a reform can be judged against. Where the tail
is what binds, the tail is what must be reported.
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