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Abstract

Background Total hip, knee and shoulder arthroplasties (THKSA) are increasing due to expanding demands in
ageing population. Material surveillance is important to prevent severe complications involving implantable medical
devices (IMD) by taking appropriate preventive measures. Automating the analysis of patient and IMD features
could benefit physicians and public health policies, allowing early issue detection and decision support. The study
aimed to demonstrate the feasibility of automated cohorting of patients with a first arthroplasty in two hospital data
warehouses (HDW) in France.

Methods The study included adult patients with an arthroplasty between 2010 and 2019 identified by 2 data
sources: hospital discharge and pharmacy. Selection was based on the health insurance thesaurus of IMDs in the
pharmacy database: 1,523 distinct IMD references for primary THSKA. In the hospital discharge database, 22 distinct
procedures for native joint replacement allowing a matching between IMD and surgical procedure of each patient
selected. A program to automate information extraction was implemented in the 1st hospital data warehouse using
natural language processing (NLP) on pharmacy labels, then it was then applied to the 2nd hospital.

Results The e-cohort was built with a first arthroplasty for THKSA performed in 7,587 patients with a mean age
of 67.4 years, and a sex ratio of 0.75. The cohort involved 4,113 hip, 2,630 knee and 844 shoulder surgical patients.
Obesity, cardio-vascular diseases and hypertension were the most frequent medical conditions.

Discussion The implementation of an e-cohort for material surveillance will be easily workable over HDWs France
wild. Using NLP as no international IMD mapping exists to study IMD, our approach aims to close the gap between
conventional epidemiological cohorting tools and bigdata approach.

Conclusion This pilot study demonstrated the feasibility of an e-cohort of orthopaedic devices using clinical data
warehouses. The IMD and patient features could be studied with intra-hospital follow-up and will help analysing the
infectious and unsealing complications.
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Background

Population ageing is associated with increasing ortho-
paedic surgery due to disability and functional disorders
leading to an expansion of demands [1]. in France more
than 200,000 total arthroplasties for hip (THA), knee
(TKA) and shoulder (TSA) are performed annually [2,
3]. In this context, patient conditions (age, polymedica-
tion, comorbidities) raise the risk of complications such
as infections (1% for THA and TKA) and thrombosis (2
to 3% for THA and 9 to 12% for TKA) [4—6]. Even though
serious side effects are rare [7], THKSA (total hip, knee
or shoulder arthroplasty) could be responsible for longer
stays, poorer quality of life, incapacity, rehospitalisation
and second surgery, hence representing a public health
issue [8—10].

Although patient characteristics associated with com-
plication are well-established [11-14], accurately assess-
ing the impact of implantable medical devices (IMDs) or
surgical techniques on complication occurence remains
challenging. It has been sparsely explored, notably
because of the rarity of such events, requiring large study
populations. Orthopaedic surveillance repositories have
been implemented since 1975, but they are often limited
by high costs and incomplete data, particularly in France
[13, 14]. Their goals are not fully met, partly due to insuf-
ficient information regarding data quality and coverage
[15, 16]. Thus, larger cohort studies are needed to address
physician concerns and regulatory authority require-
ments and to guide public health decision-making [15].
This is particularly relevant given the low frequency of
implant-related issues and the recent updated require-
ments in material-vigilance [17, 18].

In Western France, interoperable Clinical Data ware-
houses (CDW) have been implemented in 6 hospitals,
offering potential for improving device surveillance by
the reuse of real-life clinical data [19, 20]. These CDWs
integrate multiple sources: (i) hospital discharge database
from the French Diagnosis Related Groups (DRG) which
encompasses the international classification of diseases
(ICD) and the French Current Procedural Terminology
(CPT), (ii) Electronic Health Records (prescriptions for
bio-clinical examinations and results, consultation and
hospitalisation reports, etc.) and (iii) pharmacy records
(medication, devices, etc.). Data collection automation
through CDW real-world digital data could represent a
great opportunity to improve medical device monitor-
ing. A recent literature review on the use of CDWs for
IMD surveillance highlighted several ongoing challenges,
such as data quality and the need for improved semantic
interoperability, requiring the adoption of standardized,
regularly updated reference terminologies. Addition-
ally, the review underscored the importance of inserting
a Unique Device Identifier (UDI) and detailed annota-
tions on IMDs to enhance surveillance effectiveness [21].
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Currently, there is still no sufficiently complete or quali-
tative IMD knowledge database to meet this need, but
efforts are ongoing. However, real-world digital data
offer many opportunities for improving the automation
of monitoring in orthopaedics: structured data could be
used to describe both IMD and patient. The contribution
of real-world data, especially through Natural language
processing (NLP) and the integration of device Knowl-
edge databases intended to better describe IMDs could
improve current surveillance performance (17-19).

This study, so called STUDIO (STUdy of automate sur-
veillance of Devices In Orthopedics via big data tools),
aimed to assess the feasibility of creating an e-cohort
of patients undergoing THKSA using French CDWs.
The ultimate goal is to provide surgeons and regulatory
authorities with insights into material safety by leverag-
ing real-life clinical data.

Methods

The STUDIO study was an exploratory pilot designed to
assess the feasibility of developing and utilizing a THKSA
e-cohort. First, the cohort population was identified from
two hospital knowledge databases. The patient character-
istics were then described and finally, IMDs were charac-
terised with a focus on THA devices.

Patient inclusion in the e-cohort

The population concerned all the hospital stays of adult
patients for a primary THKSA between 2010 and 2019 in
the orthopaedic departments of two university hospitals
in Western France (centre I and centre II) having imple-
mented a CDW based on the eHOP® model [19]. To accu-
rately identify the cases, two data sources were crossed,
data from the (i) hospital pharmacy database and (ii)
hospital discharge database. Hospital stays were selected
only if data existed and matched from the two sources
(i.e. same joint). Patients could possibly have multiple
stays for a joint replacement and each one was included
(e.g.: a patient with one stay for THA and one for TKA
or with one stay for a left hip procedure and one for the
right hip). To focus on the joint replacement procedures,
hospital stays with a primary diagnosis of fracture, cancer
or infection were excluded. Patients excluded from the
e-cohort were described by exclusion reason (fracture,
cancer or infection), by joint (THKSA) and by care centre
(I and II) (supplementary data, figure A1l).

Hospital pharmacy database

The hospital pharmacy database records the LPP code
for each device. This mandatory information is useful
for IMD companies, national institutions and healthcare
facility pharmacies to identify every component of an
orthopaedic device; they are linked to the French Health
Insurance system, according to French regulatory rules
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[22]. The complete LPP thesaurus is available online and
a filter module can extract LPP references by querying
keywords in the text label of the device. A “STUDIO LPP
list” based on regular expressions was extracted from the
French Health Insurance LPP thesaurus (consulted online
in January 2022) to identify any THKSA-related IMD
(Table 1). All the LPP references with a text label contain-
ing one of the key words “HIP’”, “KNEE” or “SHOULDER’,
but without “CUSHION’, “PROTECTOR” or “CORREC-
TION’, were included in the STUDIO LPP list. The num-
ber (and proportion) of LPP references finally included in
the STUDIO LLP list was estimated by arthroplasty.

From the 21,699 LPP codes registered by the health
insurance thesaurus, a total of 1,523 distinct LPP codes
were included in the STUDIO LPP list for inclusion in the
THKSA cohort (Table 1). The majority of LPP codes per-
tained to IMDs used in THA (51.1%).

Hospital discharge database

The hospital discharge database records the French CPT
codes, known as CCAM. These CPT codes for THKSA
were categorized by joint type and surgical indication,
as follows: native joint replacement (“remplacement de
larticulation native” in French), one-stage IMD revi-
sion (“changement de prothése”), 2-stage IMD revision
(“repose de prothése”) or revision (“reintervention pour
changement de tout ou partie de la prothése”). Only pri-
mary arthroplasties were included in the e-cohort (i.e.
native joint replacement).

Mismatch between the 2 data sources: pharmacy/hospital
discharge

A surgical hospital stay was identified as a “CPT but no
LPP” mismatch when no LPP code from the STUDIO
LPP list was recorded (i.e.. no LPP code at all or any
other LPP reference). A stay was identified as a “LPP but
no CPT” mismatch when no replacement CPT code was
recorded (i.e.: no CPT code at all or any other CPT code).
None of the mismatch hospital stays were included in the
e-cohort. The number of patients affected by mismatches
were detailed by type of arthroplasty and by hospital. A
review of the stays with mismatches was performed to
identify the main discrepancies between the two knowl-
edge databases.
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Analyses of the e-cohort, patients and stays

The absolute frequency of hospital stays (and patients)
recorded in the pharmacy database involving the dispen-
sation of IMD from the STUDIO LPP list of references
was detailed by centre and joint type.

Similarly, the absolute frequency of stays (and patients)
recorded in the hospital discharge database involving a
primary THKSA was described by centre and joint type.
Additionally, the proportion of hospital stays with an LPP
code from the STUDIO LPP list but with a CPT code
other than “replacement” was estimated, based on the
discordant CPT codes recorded during those stays.

The number of hospital stays and patients included in
the e-cohort was estimated by joint location (THKSA)
and by care centre (I and II). The sex ratio and mean age
with standard deviation (SD) were estimated, globally
and by centre and joint. The main comorbidities were
analysed using ICD-10 codes of all hospital stays in the
hospital discharge database up to 2 years prior to the
surgery of interest. The absolute (and relative) frequency
of hospital stays involving at least one comorbidity were
estimated by care centre and joint. The relative frequency
of osteoarthritis coded as a primary diagnosis was esti-
mated by joint.

Capability of pharmacy knowledge database

To explore its effectiveness in describing device charac-
teristics, textual LPP labels were analysed by natural lan-
guage processing (NLP). Given their frequency, hip IMD
characteristics were examined as a use case. The IMD
category was extracted from the hip LPP labels (“NEW
SHORT LABEL”) using regular expressions. The number
(and proportion) of hip IMD references was estimated
by category. Information regarding material type and
cement usage was also extracted from the LPP labels. The
number of LPP references presenting either of these two
pieces of data was estimated by category.

Data management and processing was performed with
R software (version 4 - R Core Team (2019)) [23]. R Foun-
dation for Statistical Computing, Vienna, Austria. URL
Project home page: https://cran.r-project.org/. Operatin
g system(s): R studio server deployed on ubuntu server;
Other requirements: R 3.6.0.

Table 1 STUDIO LPP list references of distinct services and products thesaurus (LPP) among the three joints

Hip

Knee Shoulder Overall

LPP references included, n
(%)

779{51.1)

586 (38.5) 158 (10.4) 1,523 (100)

LPP: List of products and services


https://cran.r-project.org/
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Ethics approval and consent to participate
Research in compliance with the Helsinki Declaration.
According to French regulations, all patients were
informed (leaflet, poster, website) of the potential reuse
of their data for research purposes and could refuse to
participate. No signed consent was required. Data from
eHOP® CDW are de-identified and linked to a unique
anonymous identifier. Non-interventional studies from
the eHOP® CDW were approved by the French Data Pro-
tection Agency (CNIL; N° 2212853 and N° 2212496).
Access to linked de-identified data in the dataware-
house was performed in accordance with the French Ref-
erence Methodology procedure for retrospective studies
on data reuse, declaration signed by the teaching hospital
of Tours (number 4116221019, 2019), as regulated by the
French Data Protection Board (Commission Nationale
de I'Informatique et des Libertés, CNIL). According to
French data regulations, consent or information of each
patient included was not required to use the French de-
identified data. No nominative, sensitive or personal data
of patients have been collected.
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Results

Construction of the e-cohort

In the pharmacy database, one IMD dispensation was
identified for 13,713 stays with a reference from the STU-
DIO LPP list (Table 2). The stays involved mostly hip
arthroplasties (60.9%). Centre II presented more THA
stays identified in the pharmacy database (+859) than
centre I. On the contrary, more TKA and TSA stays were
identified in centre I (+74 and +250, respectively).

From the 22 CPT codes from the French hospital dis-
charge database (Table A2), one replacement was iden-
tified for 11,411 hospital stays according to the hospital
discharge databases (Table 3). The most frequent proce-
dure was hip arthroplasty (60.6% of overall stays). Centre
II was concerned by more THA stays than centre I (n; =
3,925 Vs. n; = 2,991), though conversely, more TKAs and
TSAs were identified in centre I.

LPP-CPT mismatch

Among all the patients initially identified by the hospital
discharge database with a procedure code (2=10,257),
the vast majority (96.2%) also had a corresponding IMD
implantation (i.e. on same joint) from the LPP thesaurus
(Fig. 1). The review of the medical records involving the
remaining “CPT but no LPP” stays showed that most did

Table 2 Hospital stays (and patients) between 2010 and 2019 associated with a pharmacy record of services and products thesaurus (LPP) from the

STUDIO LPP list, by hip, knee or shoulder arthroplasty (THKSA) and centre

THA TKA TSA Total
t ith DIO LPP list
e 5 G ERE He
Overall 8,348 3,941 1,424 13,713
(60.9) (28.7) (10.9) (100)
Center I 3,693 2,007 837 6,537
(56.5) (30.7) (12.8) (100)
Center II 4,655 1,934 587 7,176
(64.9) (26.9) (8.2) (100)
Patients S IO LPP list
il Ul 1
Overall 7,282 3,282 1,255 11,819
(61.6) (27.8) (10.6) (100)
CenterI 3179 1,684 719 5,573
(56.9) (30.2) (12.9) (100)
Center 11 4,112 1,598 536 6,246
(65.8) (25.6) (8.6) (100)

THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty;
TSA: Total shoulder Arthroplasty; LPP: List of products and services
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Table 3 Overall number (proportion) of stays between 2010 and 2019 and corresponding patients, associated with a hospital discharge code for replace-

ment by hip, knee or arthroplasty (THKSA) and centre

THA TKA TSA Total
Stays with replacement CPT
records, n (%)
Overall 6,916 3,188 1,307 11,411
(60.6) (27.9) (11.4) (100)
Center | 2,991 1,609 745 5,345
(55.9) (30.1) (13.9) (100)
Center II 3,925 1,579 562 6,066
(64.7) (26.0) (9.2) (100)
Patients with replacement CPT
records, n (%)
Overall 6,304 2,764 1,189 10,257
(61.5) (26.9) (11.6) (100)
Center | 2,737 1,390 658 4,785
(57.2) (29.0) (13.7) (100)
Center I1 3,567 1,374 531 5,472
(65.2) (25.1) (9.7) (100)

THA: Total Hip Arthroplasty; TKA: Total Knee Arthroplasty; TSA: Total
shoulder Arthroplasty; CPT: Current Procedure Terminology

Pharmacy data base (DB)

11,819 patients

Hospital discharge DB

10,257 patients

Pharmacy and hospital discharge DB crossing

9,864 patients

Patients not included

CPT butno LPP: 393
LPPbutno CPT: 1,955

Inclusion in STUDIO e-cohort

7,587 patients

Patients excluded

Fracture : 2,187
Cancer : 101
Infection : 45

Fig.1 Flow chart of patients included in the cohort, in both university hospitals for a first THKSA between 2010 and 2019 DB: database; LPP: List of products

and services; CPT: Current Procedure Terminology
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not involve THKSA, but another location of surgery (e.g.
bone biopsy, fracture with immobilisation) or no arthro-
plasty at all (Appendix table A3).

Among the patients initially identified by the pharmacy
database with IMD dispensation registered, most (83.4%)
had also a corresponding procedure code (Fig. 1). The
review of the medical records of the stays involving “LPP
but no CPT” codes showed mismatches about the joint
operated (e.g.: an LPP code for hip but a CPT code for
knee) (Appendix, Table A3, Figures A2-4).

Patients were more frequently identified by the phar-
macy source for THKSA (respectively+978, + 518 and
+66) than by the hospital discharge database (Tables 3
and 4 and Figure Al). There was also a mismatch in the
number of hospital stays that was constantly higher than
the number of distinct patients, for each data source,
centre and joint (Tables 3 and 4 and Appendix Figure Al).

e-cohort description

Between 2010 and 2019, 7,587 patients were included in
the e-cohort for a first THKSA (Fig. 1). They represented
76.9% of the patients hospitalised over the period, with
both records of a replacement arthroplasty (CPT code)
and IMD dispensation of the STUDIO LPP list involving
THKSA.

Among the patients identified by an IMD dispensation
for THKSA, 16.5% (n=1,955) were not associated with
any replacement procedure code during their hospital
stay. Only 3.8% (1=393) of the patients initially identified
by a procedure of interest in the hospital discharge data-
base were not associated with any IMD reference from
the pharmacy. The most frequent exclusion criterion was
the presence of a fracture according to the ICD-10 coding
during the arthroplasty hospital stay (n=2,187) involv-
ing 22.2% of the patients with THKSA (as identified by
concordant data sources) in the center I whereas cancer
appeared to be a more frequent diagnosis than fracture
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for TKA for the centre II (Appendix, Figure Al). The
e-cohort more frequently included patients from centre
II for THA, but conversely, it involved fewer patients for
TKA and TSA compared to center I (Appendix, Table
Al).

The e-cohort involved 4,113 THA patients, 2,630 TKA
patients and 844 TSA patients (Table 4). The overall sex
ratio was 0.75 and the mean age 67.4 years, with a stan-
dard deviation of +/- 12.1. Obesity, cardio-vascular dis-
eases and hypertension were the most frequent medical
conditions whatever the location of the arthroplasty.

Obesity was more than three time lower in centre I
(e.g.: 5.0% vs. 14.5% for the THA), as was hypertension
(e.g.: 6.2% vs. 15.4% for TKA), whereas cancer was more
prevalent (4.1% versus 1.9 for THA), as was diabetes mel-
litus. The most frequent diagnosis was arthrosis for the
TKA (93.8%), THA (88.4%) and TSA (77.3%) cohorts.

Use case: hip IMD description

The 779 LPP references related to THA were categorized
into 8 distinct categories corresponding to specific device
parts using regular expressions. A ninth category, “other’,
was created for the least frequent references. Most of
the THA LPP references involved the Stem (26%), Dual
mobility (20%) and Head (14%) categories (Fig. 2).

Four IMD categories (Dual mobility, Head, Insert and
Acetabular cup) had LPP references that specified the
material type. Three IMD categories (Stem, Dual mobility
and Acetabular cup) had LPP labels containing informa-
tion about cement use with the device. None of the LPP
references from the Cupula, Ring or Custom implant cat-
egories provided details on material or cement use. All
LPP references in the Acetabular cup category presented
information about material type, and the majority also
mentioned cement use. Additionally, metrics informa-
tion, such as diameter and size of the different IMD parts,
was inconsistent and varied by IMD category or brand.

Table 4 Description of the cohort of patients hospitalised for a THA, TKA or TSA between 2010 and 2019

THA TKA TSA

Centrel Centrell Centrel Centrell Centrel Centrell

(n=1,811) (n=2,302) (n=1,362) (n=1,268) (n=499) (n=345)
Sex ratio 0.99 0.81 0.80 0.69 049 041
Age, mean (SD) 66.8 (12.7) 65.5(13.9) 69.1(9.2) 68.6 (10.1) 70.1 (10.7) 68.6(11.4)
Comorbidity, n(%)
Cancer 75 (4.1) 27 (1.2) 27 (1.9) 6(0.5) 8(1.6) 1(0.3)
Cardiovascular disease 127 (7.0) 159 (6.9) 85 (6.2) 82 (6.5) 24 (4.8) 14 (4.0)
Diabetes 41(23) 88 (3.8 35(26) 68 (5.4) 5(1.0) 16 (4.6)
Hypertension 111(6.1) 275(11.9) 85 (6.2) 196 (15.4) 31(6.2) 51(14.8)
Neurological disease 42(2.3) 53(2.3) 25(1.8) 23(1.8) 14 (2.8) 15(4.3)
Overweight 91 (5.0) 335(14.5) 104 (7.6) 320(25.2) 26 (5.2) 62 (17.9)
Other comorbidity 732 (40.4) 1,235 (53.6) 587 (43.1) 799 (63.0) 164 (32.9) 173 (50.1)

THA Total Hip Arthroplasty; TKA: Total Knee Arthroplasty; TSA: Total shoulder Arthroplasty; CPT: Current Procedure Terminology
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250
OLPP with cement information
200 )
P02
LPP with material type information
150
100 — 113
95 103 (5594
50
0 0 1 0 0 00 00 00 00
Total Stem ‘ Dual mobility ‘ Head Insert ‘Acetabular cupl Cupula Ring K Other ‘Custom implantK Overall
by LPP category 202 158 113 102 94 12 26 22 20 779
(%) (25.9) (20.3) (14.5) (13.1) (12.1) (5.4) (3.3) (2.8) (2.6) (100.0)

Fig. 2 LPP labels for Total Hip Arthroplasty Implantable Medical Devices, presenting textual information about IMD characteristics (cement or material),
per device category Legend: Bars represent the number of LPP labels with cement or material type information in their text label from the LPP thesaurus,
per IMD category; e.g. all LPP labels from the stem category contain information about cement use with the device (n=202) but any information about

the material type

Discussion

This study demonstrated the advantages of using a CDW
for device surveillance, using the monitoring of ortho-
paedic devices as a use case. It proved feasible even in
the absence of a universal IMD knowledge database.
This research successfully identified patients undergo-
ing orthopaedic medical device implantation for native
joint replacement crossing two data sources: hospital
discharge (LPP domain terminology) and pharmacy
databases (ICD-10). The e-cohorting method was ini-
tially developed and applied by the data center team at
one center, and subsequently adapted and implemented
at another center using the same CDW technology [19,
24]. Hence, the eHOP® data warehouse model used in
each university hospital in Western France facilitated
the straightforward adaptation and implementation
of the e-cohorting script at a second hospital [19]. This
approach improved the results and their reliability by
increasing the number of patients and devices studied,
along with completeness and quality of the registered
information. Ultimately, implementing of an e-cohort
for material surveillance will be easily workable across all
eHOP® CDWs, which are expanding throughout France.
Initially, we assumed that an comprehensive knowledge
database could be used to describe IMDs (which are
simply referenced by a code identifier or free text in the
hospital information system). It turned out that no such
database was currently fully satisfactory for the automatic
annotation of MD references, but the LPP thesaurus was
a good option to start. Our approach aims to close the
gap between conventional epidemiological cohorting
tools and the implementation of an automated e-cohort.

The device characteristics were not yet structured
in eHOP®, but could have been extracted from the LPP
label using natural processing techniques based on reg-
ular expressions. However, information stored in text is
not homogeneous and its presence depends of the type
of device. Further work on data structuring and conver-
gence in the medical files is necessary, such as in surgical
reports. A research work on that specific challenge has
been undergone successfully using CDWs in the HAC-
ROHUGORTHO study [25]. Including the LPP thesau-
rus and CLADIMED, the medical device interoperability
catalogue (CIODM) aims to structure the information of
more than 1.6 million medical devices [26]. EUDAMED
terminology (replacing CLADIMED) is an IT system
established on medical devices and developed by the
European Commission [27] and could represent the next
step to interoperability. Indeed, the registration of legacy
devices in EUDAMED is not yet required as the system
is not fully functional, but its application started in 2021.
This implementation will ease the e-cohorting process,
but our pilot study showed we could already move on in
France, with the Health Insurance data as a huge legacy
of medical big data. As recently shown in a literature
review, data collection automation through the reuse of
real-world digital data from clinical data warehouses rep-
resents a great opportunity to improve medical device
monitoring [14, 28]. However, a number of obstacles
remain, such as data quality and interoperability through
the use of common and regularly updated terminologies,
and the use of a Unique Device Identifier (UDI).

This approach had some limits. Considering both
data sources (pharmacy and hospital discharges), more
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hospital stays were identified than individual patients,
likely due to contralateral arthroplasty being performed
on the other joint side of the same patient. The patient
profiles were consistent to those described in the lit-
erature for hip procedures in terms of age, gender, and
comorbidities [29, 30]. Patients were not included in the
study if a fracture diagnosis was coded during the hos-
pital stay because the complication of those “after frac-
ture arthroplasties” are very different. Comorbidity rates
were estimated from the hospital discharge data with the
international classification of disease codes (ICD-10).
Their proportion depends on the centre’s coding strat-
egy. Regarding the hospital information department, the
quality review could result in possible underestimation of
comorbidities compared to registry studies [31]. For this
reason, the estimation of the proportion of comorbidities
according to the hospital discharge database might vary
according to hospitals hosting the data warehouse and to
the department of medical information’s coding strategy.
According to the hospital discharge database, CPT codes
corresponding to THA were more frequent than TKA, as
shown in the literature, but with a higher ratio [32]. Epi-
demiological grounds or centre strategy for the develop-
ment of specific activity can explain the different number
of patients between centres or arthroplasty. Indeed, uni-
versity hospitals with data centres are not representative
of all hospitals in France, as they tend to be more spe-
cialized and attract a larger patient population beyond
their local communities. This likely explains the higher
number of hip arthroplasty cases observed, possibly due
to the higher incidence of hip dysplasia in this region of
France [33]. Also, one centre developed its activity par-
ticularly towards shoulder arthroplasties, as a reference
centre, explaining its higher proportion compared to the
other university hospital.

Finally, a program was developed to automate infor-
mation extraction for patients and devices using natu-
ral language processing (NLP) on pharmacy labels, due
to the lack of an international IMD mapping system
to describe prosthetic device characteristics and the
absence of global and dynamic repositories in France.
The resulting e-cohort included 7,587 patients who
underwent initial THKSA. Compared to traditional
device surveillance models, utilizing real-world digital
health data offers a more effective way to monitor joint
replacement surgeries by identifying target populations,
population size, and key descriptive results. Further stud-
ies are needed to implement machine learning models
for NLP of medical records, such as surgery reports, to
extract critical information like the laterality of the pro-
cedure, as a recent study proposed [25]. Automatic and
dynamic information availability from electronic health
data concerning IMD opens opportunities for dynamic
real-world monitoring to assess associated risks related

(2024) 24:324

Page 8 of 9

to implanted materials [25, 28] and enhance feedbacks
to orthopaedists surgeons and infectious disease special-
ists about implant follow-up, guiding them in therapeutic
decision-making, and inform public health policymakers
[4, 8, 14, 25, 34]. This study demonstrated the interest of
artificial intelligence tools in healthcare for efficient and
cost-effective automated surveillance, in compliance with
recent European regulations [17]. Matching the hospital
database to the national health data system (SNDS) could
help developing a shareable model for extra-hospital
material health surveillance.

Conclusion

This pilot study demonstrated the feasibility of an
e-cohort of orthopaedic IMD involving native joint
replacement. An automation script for information
extraction from structured data was implemented,
adapted and tested in two centres to describe THKSA
patients and device characteristics, showing the easy
transferability of the script to hospitals with a clinical
data warehouse. The model could be developed in other
CDW centres. Intra-hospital follow-up can be conducted
to describe the infectious, thromboembolic and unseal-
ing complications. Automation of information extraction
concerning the IMD and patient’s features and follow-up
will participate in the construction of the new material-
vigilance era.

Summary points

« This pilot study demonstrated the feasibility of an
e-cohort of orthopaedic devices using clinical data
warehouses.

+ Intra-hospital follow-up can be conducted to
describe the infectious, thromboembolic and
unsealing complications.
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