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Abstract

Background: Medtronic Onyx zotarolimus-eluting stents (ZES) are widely used in complex
percutaneous coronary interventions (PCI), yet real-world safety signals remain underexplored

outside of clinical trials. We conducted a focused case study leveraging the Food and Drug
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Administration (FDA) Manufacturer and User Facility Device Experience (MAUDE) database to

characterize complications and technical failure modes specifically associated with Onyx platforms.

Methods: We applied a ChatGPT 5-assisted extraction and curation workflow to the 500 most recent
MAUDE reports retrieved using the query Manufacturer = “Medtronic” AND Product = “Onyx” (as
of September 30, 2025). The model accurately parsed free-text narratives to identify device problems,
clinical outcomes, and event severity, guided by a standardized taxonomy, which were then
summarized providing row counts and prevalence rates, with exact 95% confidence intervals.
Notably, out of 30 randomly selected reports manually verified by two independent reviewers, no

inaccuracies were evident for death (0 [0-11.6%]) and two for non-fatal events (6.7% [0.8%-22.1%]).

Results: We identified 499 reports (one was excluded because focusing on a non-coronary device),
with death occurring in 21 cases (4.2% [2.8%-6.3%]). Devices were predominantly Onyx Frontier
(n=419, 84.0% [80.5%-86.9%]), with Trucor (n=68, 13.6% [10.9%-16.9%]) and Trustar (n=12, 2.4%
[1.4%-4.2%]). Leading issues included stent dislodgement/displacement (n=400, 80.2% [76.4%-
83.4%]) and positioning failure (n=183, 36.7% [32.6%-41.0%]); balloon breakage/burst and balloon
malfunction occurred in 58 (11.6% [9.1%-14.7%]) and 42 (8.4% [6.3%-11.2%]), respectively. Other
reported outcomes included myocardial infarction in 19 (3.8% [2.5%-5.9%]), bleeding in 10 (2.0%
[1.1%-3.6%]), and stroke in 3 (0.6% [0.2%-1.8%]).

Conclusions: This case study demonstrates the feasibility and accuracy of ChatGPT 5 in extracting
structured safety signals from unstructured MAUDE narratives. Complications linked to Medtronic
Onyx stents were predominantly procedural, centering on delivery and positioning challenges, with
case fatality of 4.2%. These findings are promising and insightful, albeit hypothesis-generating. They
underscore the need for procedural optimization and enriched linkage with clinical registries to

contextualize risk.

Introduction

In current percutaneous coronary intervention (PCI) practice, the Medtronic (Minneapolis, MN,
USA) zotarolimus-eluting stent (ZES) family—including the widely adopted Resolute Onyx
platform—has been engineered to improve deliverability, radiopacity, and strut profile while
maintaining favorable safety outcomes.(1) Its use in complex PCI — particularly in small-caliber
vessels, bifurcation lesions, and high-bleeding-risk scenarios — has extended far beyond initial

carefully selected trial populations.(2) Despite robust trial and registry data supporting its efficacy,
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real-world complication patterns remain less well characterized, especially in uncontrolled procedural

settings and among anatomically complex subgroups.

To address this gap, post-market surveillance systems like the Food and Drug Administration (FDA)
Manufacturer and User Facility Device Experience (MAUDE) database offer a valuable, though
underutilized, lens into rare or unexpected device-related events.(3-4) However, the unstructured
nature of MAUDE narratives, inconsistent terminology, and lack of denominator data complicate
traditional analyses and limit reproducibility.(5-6) Large language models (LLMs), particularly
advanced versions such as ChatGPT 5 (OpenAl, San Francisco, CA, USA) now offer a novel pathway
to extract structured insights from these free-text reports with high fidelity.(7-10)

In this focused case study, we applied a ChatGPT 5-assisted workflow to systematically curate and
analyze MAUDE reports related to Medtronic Onyx coronary stents. By combining automated
narrative parsing with human adjudication and standardized taxonomy mapping, we aimed to identify
recurrent failure modes, procedural complications, and potential safety signals. Our approach
illustrates the value of integrating Al tools into medical device surveillance and provides a replicable

framework for translating unstructured adverse-event data into actionable procedural knowledge.

Methods

We conducted a retrospective analysis of adverse-event reports involving Medtronic Onyx coronary
stents using a LL.M-assisted curation workflow. The protocol prespecified screening, coding, and
synthesis steps to maximize reproducibility and minimize subjective variability. Two investigators
oversaw data handling, with predefined adjudication procedures for discordant classifications.
Because all information derived from a publicly available post-marketing surveillance database, this

work did not constitute human-subjects research and required no institutional review board approval.

The data source was the MAUDE database.(5) We applied a strict query strategy—Manufacturer =
“Medtronic” AND Product = “Onyx”—and included the most recent 500 reports entered as of
September 30, 2025. Eligible records specifically referenced coronary use of Onyx stents; reports
clearly pertaining to peripheral devices or unrelated products were excluded. Prior to analysis, we
removed obvious duplicates and filtered out records with insufficient narrative content for

classification.
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Free-text narratives were processed through a prompting scheme designed to extract key entities,
including device problem and clinical complication. The model outputs of 30 randomly selected
reports were reviewed by two human adjudicators to estimate the risk of inaccurate data extraction.
The overall workflow for data retrieval, Al-assisted classification, and eventual analysis is

summarized in Figure 1.

Primary outcomes were the distributions of report categories—malfunction, patient injury, and
death—and their corresponding clinical complications. Device-related failure modes were coded
using a standardized taxonomy encompassing delivery failure, dislodgement, deformation/fracture,

and entrapment.

Statistical analysis was based on providing counts and prevalence estimates for event categories and
failure modes, and also accompanying exact 95% confidence intervals (95%CI), according to the
Clopper-Wilson method.(11) The dataset used for the analysis and the prompts for data processing

and extraction can be obtained contacting the corresponding author.

Results

Out of 500 screened reports, one was excluded because focusing on a non-coronary device (Onyx
Liquid Embolic System, Medtronic), yielding 499 MAUDE reports suitable for analysis (Table 1).
Out of the 30 randomly selected reports manually verified by two independent reviewers, no

inaccuracies were evident for death (0 [0-11.6%]) and two for non-fatal events (6.7% [0.8%-22.1%]).

Event categories were distributed as follows: death in 21 (4.2% [95%CI, 2.8-6.3]), injury in 223
(44.7% [40.4-49.1]), and malfunction in 258 (51.7% [47.3-56.1]) (Figure 2). Notably, no mislabeling

of fatal events occurred.

Most entries involved Onyx Frontier (n=419, 84.0% [80.5-86.9]), with smaller contributions from
Onyx Trucor (n=68, 13.6% [10.9-16.9]) and Onyx Trustar (n=12, 2.4% [1.4-4.2]), indicating that
signal profiles largely reflect Frontier-era devices. The leading device issue was stent
dislodgement/displacement (n=400, 80.2% [76.4-83.4]), followed by positioning failure (n=183,
36.7% [32.6-41.0]). Balloon-related problems were also observed—balloon breakage/burst (n=58,
11.6% [9.1-14.7]) and balloon malfunction (n=42, 8.4% [6.3-11.2])—supporting a predominance of
delivery/positioning-linked failure modes. These figures provide the framework for mapping

technical issues to downstream clinical events.
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Among records with outcome documentation, eventual procedural success was noted in most cases
(n=358, 71.7% [67.6-75.5]). Non-fatal outcomes included myocardial infarction (n=19, 3.8% [2.5-
5.9]), bleeding: (n=10, 2.0% [1.1-3.6]), and stroke (n= 3, 0.6% [0.2-1.8]).

Discussion

This case study demonstrates the feasibility of using a ChatGPT 5-assisted pipeline to accurately
extract structured clinical insights from unstructured MAUDE narratives related to Medtronic Onyx
coronary stents. Among the 499 curated entries, malfunction events predominated over patient injury,
with death being the least frequent outcome. Delivery- and placement-related failures—specifically
stent dislodgement and positioning issues—emerged as the dominant technical signals, while major

adverse cardiac or cerebrovascular events were reported less frequently.

By combining high-fidelity Al extraction with manual adjudication, our approach enabled reliable
identification of procedural complications across a heterogeneous set of real-world reports.(12) The
clustering of delivery and positioning failures suggests that operator-device interaction and anatomic
complexity likely contribute more to observed complications than fundamental flaws in stent design.
Notably, 84% of all cases involved the Onyx Frontier generation, limiting inference across platform

iterations but offering a focused snapshot of current-era device performance.

This analysis reinforces that MAUDE signals must be interpreted cautiously and descriptively.(5-6)
The variability and occasional ambiguity of report narratives — despite mitigation via LLM-guided
extraction — underscore passive nature and denominator-free design of this unique database.(7)
Rather than estimating event incidence, our findings localize where complications are most likely to
cluster, pointing to delivery and positioning stages as recurrent risk zones. When triangulated with
data from randomized trials and prospective registries—where Onyx has shown favorable long-term

outcomes—our results add procedural granularity to a broader safety profile.

Importantly, this study illustrates the added value of generative Al in post-market surveillance, in
keeping with prior similar works on this novel take at clinical surveillance.(8-10). ChatGPT 5 enabled
accurate parsing of technical complications, timing descriptors, and clinical outcomes that are
typically buried in unstructured text, with human oversight ensuring precision.(13) This Al-human
hybrid method provides a replicable template for future device-specific investigations across other

platforms and specialties.(14)
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The practical implications are clear: attention to lesion preparation, guide catheter support, and
intraprocedural visualization is crucial to minimize stent misdelivery (e.g. embolization) and
procedural failure, which can be quite eventful.(15) Future iterations of MAUDE should incorporate
structured fields for procedural context, imaging use, and bailout strategies to expand analytic depth.
Until then, narrative normalization—as applied here—can bridge data gaps and support procedural

learning.

This work strengths include a nationally scoped dataset, systematic failure-mode taxonomy, dual-
review validation, and proactive misclassification screening. Limitations remain intrinsic to MAUDE
itself—underreporting, duplication, delayed entries, and missing contextual detail.(16) Nevertheless,
our structured Al-assisted curation ensures interpretability and transparency, offering a
methodological advance in how real-world device safety is analyzed. In addition, this work is not
calling into question the safety and effectiveness of this DES, nor of DES in general, as a key
limitation of MAUDE is the lack of any sort of denominator, limiting thus any accurate analysis on

comparative safety and efficacy.(17-19)

Future directions include linking MAUDE reports to clinical datasets to enable adjustment for patient
risk factors, antithrombotic regimens, or operator experience.(20) Assessing whether device iteration
affects failure mode prevalence beyond the Frontier generation will be essential. Public release of our
prompts, codebooks, and taxonomy mappings — as outlined in supplementary materials — can

support reproducibility and prospective monitoring efforts.

In conclusion, a contemporary MAUDE analysis focusing on the Medtronic Onyx stent,
complications were dominated by delivery/positioning-related failures. These descriptive,
denominator-free signals are hypothesis-generating and highlight procedural risk clusters rather than
estimating incidence. Technical optimization and richer, linkable data sources are needed to validate

mechanisms and guide targeted mitigation.
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Table 1
Summary features of included reports.
Count (%) 95% Confidence Interval
of %
Reports 499 -
Event type
Death 21 (4.2%) 2.8-6.3%
Injury 223 (44.7%) 40.4-49.1%
Malfunction 258 (51.7%) 47.3-56.1%
Device
Onyx Frontier 419 (84.0%) 80.5-86.9%
Onyx Trucor 68 (13.6%) 10.9-16.9%
Onyx Trustar 12 (2.4%) 1.4-4.2%
Issue(s)
Balloon malfunction 42 (8.4%) 6.3-11.2%
Balloon breakage/burst 58 (11.6%) 9.1-14.7%
Deployment failure 183 (36.7%) 32.6-41.0%
Dislodgement/displacement 400 (80.2%) 76.4-83.4%
Patient outcomes
Procedural success 358 (71.7%) 67.6-75.5%
Bleeding 10 (2.0%) 1.1-3.6%
Myocardial infarction 19 (3.8%) 2.5-5.9%
Stroke 3 (0.6%) 0.2-1.8%
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Figure 1

Workflow for large language model-based analysis of Manufacturer and User Facility Device
Experience (MAUDE) reports.
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Figure 2
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Main findings of a ChatGPT-based analysis of recent Manufacturer and User Facility Device
Experience (MAUDE) reports on the Medtronic Onyx zotarolimus-eluting stent, as of September

30, 2025.

ChatGPT/MAUDE analysis

60
50
40
% 30
20
10

100
80
60
40
20

%

Event type
100
51,7
44,7 80
60
40
a2 20
| 0
Death Injury Malfunction
Issue(s)
80
80,2
60
40
38,7
I 20
8,4 11,6
- [ 0
e B?:;'::g"!_, > F;ifure ks '

Malfunction DisplaT:ement

Burst

on Medtronic Onyx ZES

Device Model

84

13,6
m -

Frontier Trucor Trustar

Other Outcomes

7,7

2 3,8

Balloon
Balloon Depl Dislod

Lt
Malfunction Br:akagef Failure Displi‘::ement
urst

Page 9 of 11


https://doi.org/10.62684/PMEF6950

Biondi-Zoccai et al. Top Ital. sci. j. 2025,;3(1), hitps://doi.org/10.62684/PMEF6950

References

1. Blum M, Cao D, Mehran R. Device profile of the Resolute Onyx Zotarolimus eluting coronary
stent system for the treatment of coronary artery disease: overview of its safety and efficacy.
Expert Rev Med Devices 2020;17:257-265.

2. Toth GG, Kandzari DE, Kirtane AJ, Windecker S, Latib A, Kedhi E, Mehran R, Price MJ, Choi
JW, Caputo R, Troquay R, Diderholm E, Singh S, Brar SS, Loussararian A, Chetcuti S, Tulli M,
Stone GW, Lung TH, Mylotte D. Two-year results from Onyx ONE clear in patients with high

bleeding risk on one-month DAPT with and without intracoronary imaging. Cardiovasc Revasc
Med 2024;58:60-67.

3. U.S. Food and Drug Administation (FDA). Manufacturer and User Facility Device Experlence
(MAUDE) Database. Available at :
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/ctmaude/search.cfm  (last accessed on
October 26, 2025).

4. Everhart AO, Karaca-Mandic P, Redberg RF, Ross JS, Dhruva SS. Late adverse event reporting
from medical device manufacturers to the US Food and Drug Administration: cross sectional
study. BMJ 2025;388:e081518.

5. Lawal OD, Mohanty M, Elder H, Skeer M, Erpelding N, Lanier R, Katz N. The nature, magnitude,
and reporting compliance of device-related events for intravenous patient-controlled analgesia in
the FDA Manufacturer and User Facility Device Experience (MAUDE) database. Expert Opin
Drug Saf 2018;17:347-357.

6. Sawaya J, Champlain A, Cohen J, Avram M. Barriers to Reporting: Limitations of the Maude
Database. Dermatol Surg 2021;47:424-425.

7. Biondi-Zoccai G, editor. ChatGPT for Medical Research. Torino: Edizioni Minerva Medica; 2024.

8. Shi Y, Yang E, Gong Y. Unveiling Endoscopic Procedures in MAUDE: An ETL-LLM Method.
Stud Health Technol Inform 2025;328:96-100.

9.Shah F, YuY, Shi Y, Gong Y. Leveraging Data Pipeline and LLM to Advance Patient Safety Event
Studies. Stud Health Technol Inform 2025;327:253-257.

10. Yu Y, Shi Y, Feng Y, Gong Y. Developing a Generative Al-Powered Chatbot for Analyzing
MAUDE Database. Stud Health Technol Inform 2024;316:1255-1259.

11. Biondi-Zoccai G. Medical Statistics: A User-Friendly Handbook. Torino: Edizioni Minerva
Medica; 2025.

12. Murff HJ, FitzHenry F, Matheny ME, Gentry N, Kotter KL, Crimin K, Dittus RS, Rosen AK,
Elkin PL, Brown SH, Speroff T. Automated identification of postoperative complications within
an electronic medical record using natural language processing. JAMA 2011;306:848-55.

13. Gao Y, Chen Y, Wang M, Wu J, Kim Y, Zhou K, Li M, Liu X, Fu X, Wu J, Wu H. Optimising
the paradigms of human Al collaborative clinical coding. NPJ Digit Med 2024;7:368.

14. Kiyak YS, Kononowicz AA. Using a Hybrid of Al and Template-Based Method in Automatic
Item Generation to Create Multiple-Choice Questions in Medical Education: Hybrid AIG. JMIR
Form Res 2025;9:¢65726.

15. Chawla R, Ahamad W, Sharma V. Techniques to Overcome Difficulty in Device Deliverability
to Lesion in Complex PCI. Curr Cardiol Rev 2020;16:117-124.

Page 10 of 11


https://doi.org/10.62684/PMEF6950

Biondi-Zoccai et al. Top Ital. sci. j. 2025,;3(1), hitps://doi.org/10.62684/PMEF6950

16. Biondi-Zoccai G. Medical Writing: A User-Friendly Handbook. Torino: Edizioni Minerva
Medica; 2025.

17. Biondi-Zoccai GG, Moretti C, Lotrionte M, Sheiban I. Safety of drug-coated stents. Expert Opin
Drug Saf 2008;7:597-606.

18. D'Ascenzo F, Iannaccone M, Saint-Hilary G, Bertaina M, Schulz-Schiipke S, Wahn Lee C,
Chieffo A, Helft G, Gili S, Barbero U, Biondi Zoccai G, Moretti C, Ugo F, D'Amico M, Garbo R,
Stone G, Rettegno S, Omede P, Conrotto F, Templin C, Colombo A, Park SJ, Kastrati A, Hildick-
Smith D, Gasparini M, Gaita F. Impact of design of coronary stents and length of dual antiplatelet
therapies on ischaemic and bleeding events: a network meta-analysis of 64 randomized controlled
trials and 102 735 patients. Eur Heart J 2017;38:3160-3172.

19. Corcione N, Ferraro P, Morello A, Cimmino M, Albanese M, Pepe M, Nestola PL, Giordano S,
Biondi-Zoccai G, Giordano A. Alex Plus Versus Xience Drug-Eluting Stents for Percutaneous

Coronary Intervention in Routine Clinical Practice: A Propensity Score-Matched Analysis. J
Invasive Cardiol 2022;34:E319-E325.

20. Liao TJ, Crosby L, Cross K, Chen M, Elespuru R. Medical device report analyses from MAUDE:
Device and patient outcomes, adverse events, and sex-based differential effects. Regul Toxicol
Pharmacol 2024;149:105591.

Page 11 of 11


https://doi.org/10.62684/PMEF6950

