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Clinical motivation

i

\ " A ° °
49 million N 11 million deaths
N sepsis cases worldwide in 2017 Nearly one in five deaths globally was associated
— - with sepsis

The information required for early detection is distributed across multiple document types
* Clinical observations and ICU reports

* Laboratory and microbiology results

* Medical imaging, prescriptions, and therapeutic information

* Scanned records with variable visual quality and complex layouts
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Research gap and question

Conventional pipeline [, Direct multimodal pipeline

OCR transcription —) Text-based extraction Multimodal model

Scanned record . relations
Scanned record

Structured entities and
—

OCR errors can propagate to every downstream step

Research question

Can multimodal language models extract clinical entities and relations directly from record images, without an
intermediate OCR transcription step?

This study explores direct extraction. An OCR+LLM comparison remains future work.

[1] KG-EDS pipeline o
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Study contributions

E - o N ~ J
~ Direct ultl__rinodal extraction J
Aﬁe‘te irﬁ'age—t(_)-J SON pipeline for clinical entities and relations.

. -

Current extension

The corpus expanded from 211 records at submission to 246 records after submission.
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Corpus and evaluation scope

Gold Standard records

Corpus at =
subjsjion 4 o 20
Current corpus: )
264 3 A)

Document content

Hospitalization and intensive care reports

Clinical observations

Biological and microbiological results

Prescriptions and therapeutic
information
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TRACE-Sepsis Annotation Schema and Guidelines

21 entity types 32 relation
types

PATIEN BIOMARKE treatment administered to presents sympto

T R m

TREATMEN VITAL supports_organ_failure isolated in

T SIGN
ORGAN MICRO- patient_has_outcom indicated_for
FAILURE ORGANISM e

The same terminology constrains model output and guides reference annotation.



2. Data

JDSE 2026 | L. Dridi et al.

TRACE-Sepsis Annotation Schema and Guidelines

A standardized framework for consistent clinical information extraction

Clinical ambiguity TRACE-Sepsis specities
“Fever at 39°C” "
1 Category definition
Should ‘fever’ alone be annotated? y _ y s
Pt o timpefatnte e Inclusion and exclusion criteria
included?
Which clinical category applies? 3 Annotation span and granularity
Without explicit rules, annotators may
represent the same evidence differently. 4 Management of ambiguous cases
5 Authorized entity relations

The same rules guide human annotation and model
extraction.

Standardized decision

Clinical Assigned category
evidence
Type 2 diabetes COMORBIDIE
HISTORY
Septic shock DIAGNOSTIC_LABE
L
Pneumonia DIAGNOSTIC_LABE
L
7
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Direct multimodal extraction pipeline

~ ., — — — — — — — — — — — — — — — A
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Direct multimodal extraction pipeline

r red information Extraction
MLLM-Based Clinical Information Extraction ST G T DTN T xtractio

: L
2 {3; QwenVL a_yf

NER Named Entity Recongnition

m “CRP 245 mg/L” —PBIOMARKER

“Septic Shock” —PDIAGNOSTIC LABEL

_>.|.-.|.

Vision-Language Models

—>

Trace-Sepsis Extraction

Digitized and ((;:idfilitl_les ot RE Relation Extraction
nnotation \ | |
Pseudonymized Clinical .%4
;ecords Guideline-Guided Prompt Engilslcehee;nii)lg ‘e “Amilkin”Ptreatment_administerd_toP-Patient”
RE

"source_file": "nom.pdf",
"type_extraction": "lecture_visuelle_directe_plus_schema_trace_sepsis_detaille",
"schema": {
"name": "schema_trace_sepsis_fr",
“varsion™: "1,
"description”: "...",
“entity types™: [...];
"relation_types": [...]
s
"document_summary": {
"total_pages_pdf": X,
"pages_traitees": X,
"pages_failed": X,
"total_entities": X,
"total_relations": X
}J
"global_entities": [...],
"global relations™: [:xul;
"global_sepsis_assessment™: {...},
"pages": [
{
"page": 1,
"texte brut": "...
Yentikies™ [.....];
Ypalakions™: [azwls
"sepsis_assessment”: {...},
Yquality control™; {..-},

2

"statut_ocr": "ok",
"statut_ontologie": "ok",
"statut_entites": "ok",
“"statut relations": "ok"
k
1,

Structured JSON Output: Entities and Relations



"source_file": "nom.pdf",

"type_extraction": "lecture_visuelle_directe_plus_schema_trace_sepsis_detaille",

"schema": {
"name": "schema_trace_sepsis_fr",
"version": "l1l.e",
“description”: "...",
“entaity types™: [iisl;
"relation_types": [...]

}s

"document_summary": {
"total_pages_pdf": X,
"pages_traitees": X,
"pages_failed": X,
"total_entities™: X,
"total_relations™: X

}s

"global_entities": [...],

"global _relations": [...],

"global_sepsis_assessment™: {...},

"pages™: [
{
"page”: 1,
“texte BPUL™: TiaiT;

“ankiEuEs™: [...J;
"relatrons™: [iesl:
"sepsis_assessment™: {...},
"qualitv control™: 4. ),

"statut ocr™: Tok",
"statut_ontologie": "ok",
"statut_entites": "ok",
"statut_relations": "ok"
}
1,

Structured JSON Output: Entities and
Relations

"page": 3,
"entites": |

{

"identifiant_entite": "EG€1",
"categorie": "BIOMARQUEUR",
"parametre": "proteine_C_reactive",
"valeur": 97.2,

"unite": "mg/L",
"valeur_reference”: null,
"direction_cinetique"”: "inconnue",
"horodatage": "inconnu",

"preuve"”: "CRP 97.2 mg/L",

"nie": false,

"confiance": "elevee",

"type_inference": "extraction_directe"

"page": 3,
"relations”: [
{

"identifiant_relation™: "Ree1l",
"name_entite_sujet"”: "Amiklin",
"type_relation™: "traitement_a_pour_posologie",
"name_entite_objet": "5 jours",
"dela_minutes": null,
"preuve": "Amiklin pendant 5 jours",
"note_clinique™: "",
"type_inference"”: "extraction_directe”,
"confiance": "elevee"
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Direct multimodal extraction pipeline

Structured information Extraction
MLLM-Based Clinical Information Extraction uctu 1 1 X 1

Layer
@ Qwen-VL
+

NER Named Entity Recongnition

m “CRP 245 mg/L” —pPBIOMARKER

“Septic Shock” —PDIAGNOSTIC LABEL

Vision-Language Models

—

Guidelines \,‘\,

Trace-Sepsis Extraction
RE Relation Extraction

Digitized and

p d ized Clinical (Annotation §
seudonymize mica Schi : 7
cherma) o @ “Amilkin”Ptreatment administerd to—p“Patient”

Records Guideline-Guided Prompt Engineering RE

Gold Standard
construction

Pré-annotation par un annotateur
Guidée par le guide d’annotation
£ e e e

|— Patient : KAU BER

{

ome
Foun de 'hospitalisation

|+ Confusion sur hyporjatrémig chez un patient de 77 ans cirrhotique
Antécédents

Médicaux

- Cirrhose hépatique diagnostiquée en mai 2014 sur un bilan de pancytopénie, probablement
dorigine éthylique. Bflan autgimmun négatif, sérologie virale négative, association d'une
hypertension portale dans thrombose.

- Gastrite avec bulbite &rosive traitée. Gastroscopie faite en janvier 2015. pas de récldive de gastrite,
pas de varices oesophagiennes. CST 13%, alpha-protéine 2,5 en janyier 2015

- Hepatite A a 'age de 14 ans

- Anémie par carencé martiale diagnostiquée en janvier 2015, traitée par Vénofer IV, puis

Tardiyferen
[ magene ajective comriae

- Coloscopie avec excision de polypes

Py 9 poumen droi de 4 mm c lobe mayen cbjectivé en janier 2015 sur TOM theracique
mcwn d'atrophie cortico-sous-carticale (compte rendu absent)

Digitized and

—_— 20% Sample Selection -
Pseudonymized Clinical

Familiaux
pas d'information
Records
Allergies

Mode de vie

Vit avec sa femme en maison a Suresnes
a une fille

tabagisme sewré e 1998 estimé & 10 PA
roleur retaite

anc

»_pour_posologie

Tardyféron 1cp par jour

HISTOIRE DE LA MALADIE

Le patient est hospitalisé 4 Foch mi janvier 2015 pour altération de I'état général, fébrile, ayant mené
au diagnostic de SinUsite qui a justifié un traitement par augmentin, associé a une (corticothérapie.
Au cours de ce séjour la TDM thoracique réalisée pour le bilan de fiévre retrouve un nodule de 4 mm

—

"source_file": "nom.pdf",
"type_extraction": "lecture_visuelle directe_plus_schema_trace_sepsis_detaille",
"schema": {
"name": "schema_trace_sepsis_fr",
"version": "1.e",
"description": "...",
"entity types": [...],
"relation_types": [...]
}J
"document_summary": {
"total_pages_pdf": X,
"pages_traitees": X,
"pages_failed": X,
"total_entities": X,
"total_relations™: X
}s
"global_entities": [...],
"global_relations": [...],
"global_sepsis_assessment": {...},
"pages": [
{
Tpage™: 1,
"texte_brut": "...",
mentities™: [....],
"relstions”: [ius].
"sepsis_assessment": {...},
"quality controll: {...:F;
"statut_ocr": "ok",
"statut_ontologie": "ok",
"statut_entites": "ok",
"statut_relations": "ok"
}
]J

Structured JSON Output: Entities and Relations

11



* Entities

2 One Annotator Pre-Annoation |DONNEE_PATIENT 1 ILABEL_NOSOLDGIOUE 2 lSIGNE_VETAL 3 |BIOMARQUEUR 4

guided by TRACE-Sepsis Annotation Guidelines
|SCORE_SDFA 5 | SCORE_qSOFA 6 ISCDRE_NEURDLOGIGUE 7 |STADE_|RA 8

(] 5 iromrt_simiste v siin kemer.siminisr.o |FOYER_INFECTIEU){ 9 IMICRO_DRGANISME 0 |DEFAILLANCE_ORGANE q

Patient : KAU BER
|TRAITEMENT w POSOLOGIE e ICDNTEXTE_ACQUISITIDN t

Fiour de I'hospitalisation

|COMOFEBIDITE_ANTECEDENT A lEVENEMENT_TEMPOREL :
Confusion sur hypnﬁah‘émid chez un patient de 77 ans cirrhotique
|EVGLUTIDN_PRDNOSTIC d |SERVICE_MEDICAL f |IMAGERIE_PROCEDURE g
Antecedents
administre_a
Medicaux

- Cirrhose hepatique diagnostiguée en mai 2014 sur un bilan|de p-ad'lcytupén're. probablement
d'origine &thylique. Bjlan autgrimmun négatif, sérologie virale négative, association d'une

|METADDNNEES_PIPELINE 2 |SYMPTDME .

hypqr_tpns_iqnpqrt_a!é dans thrombose. _ . e Relations
- Gastrite avec bulbi én:rs'njvei.l traitée. Gastroscopie faite en janvier|2015, pas de récidive de gastrite,
pas de varices oesophagiennes. C5T 13%, alpha-protéine 2,5 en janvier 2015. <Relations>

- Hépatite A 3 I'age de 14 ans.
- Anémie par carencé; rrwtiaH diagnostiquée en janvier 2015, traitée par Vénofer [V puis

- ¢<!-— Diapnostic -->
Tardiyferon peticte vin: label_nosologique”
= Eﬂlﬂfﬂ}ﬂpi? AVEC Eﬂél::lﬁluﬁd polypes STHRCJENE CEC I | . : | <Relation value="a_pour_label nosologique"/>
Iedy poumon droit de 4 mm du lobe moyen objectivé en janyier 2015 sur TDM theracique <Relation value="presente_ suspicion_infection"/>
= ivuown d'atrophie c*:rticn—sdus—mtic:ale {compte rendu absent) <Relation value="presente dysfonction organe”/>
<!-- Terrain -->

Chirurgicaux <Relation value="score sofa calcule pour”/> <Relation value="comorbidite est facteur risque de"/>
aucun i = inclut bi o : i s S

<Relation value="score_sofa_inclut_biomargqueur”/> <Relation value="a pour contexte acquisition”/>

<Relation value="score_sofa_inclut_signe vital"/> . = T i ! Y *
Familiaux <Relation value="contexte_acquisition_influence_risque_resistance”/>

<Relation value="score_sofa_inclut_score_neurologique” />
pas d'information

o e
<Relation value="score gsofa calcule pour"/> < Femporel g

Allergies iy e -
J <Relation value="score_gsofa_inclut_score_neurologique”/> <Relation value="precede”/>
aucune connue = = = = : . ) L
<Relation wvalue="patient_a_ pour_evolution"/>»
i =" i " <Relation value="evenement_associe_evolution”/>
Mode de vie <Relation value="stade ira calcule pour”/> it = /
Vit avec =a femme en maison & Suresnes <Relation wvalue="service medical accueille"/>
a une fille <!-- Thérapeutique -->
tabagisme sevre e 1998 estimé a 10 PA <Relation value="traitement_administre_a"/> <!-- Imagerie -->

ancien contréleur retraité c i : x E st
<Relation value="traitement_a pour_posologie"/> <Relation value="imagerie objective foyer"/>

<Relation value="antibiotique_adequat_pour"/>

 rT T g S IR ] <Relation wvalue="imagerie_objective_defaillance"/>
e LR PR DOvSUES ARElErton akion - aEIUAGE IR I NADRRRRE. e <Relation wvalue="imagerie objective comorbidite"/>
Il il e o = - J - v L v —
Tardyféron 1cp par jour <Relation value="traitement cible defaillance"/>

<Relation value="traitement_indigue_par_ label nosclogique"/> : i =
<Relation value="presente_symptome"/>

HISTOIRE DE LA MALADIE ki== Haodogre = T
<Relation value="biomarqueur_obtenu_a"/> 1 2
Le patient est hospitalisé 2 Foch mi janvier 2015 pour altération de I'état général, fébrile, ayant mené <Relation value="biomarqueur_supporte defaillance organe"/>
au diagnostic de sinusite qui a justifié un traitement par augmentin, associé a une corticotheérapie. <Relation value="signe vital supporte defaillance organe"/>
Au cours de ce séjour la TDM thoracigue réalisée pour le bilan de fiévre retrouve un nodule de 4 mm <Relation value="biomarqueur_est_critere_de"/>

<Relation value="micro organisme isole dans"/>
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Direct multimodal extraction pipeline

MLLM-Based Clinical Information Extraction

: L
= Q Qwen-VL :yfr

—> -
r e Vision-Language Models .
Digitized and Guidelines
(Annotation

Schema)

Records Guideline-Guided Prompt Engineering

Pseudonymized Clinical

Gold Standard
construction

i)igifized and —Pp

Pseudonymized Clinical

20% Sample Selection

Records

Trace-Sepsis Extraction

Structured information Extraction

NER Named Entity Recongnition

m “CRP 245 mg/L” —pPBIOMARKER

“Septic Shock” —PDIAGNOSTIC LABEL

® "f \ RE Relation Extraction

7 &‘/ “Amilkin”Ptreatment _administerd to—p“Patient”

RE

Pré-annotation par un annotateur
Guidée par le guide d’annotation
£ e e e

 Patient : KAU BER

==

| mour de I'hospitalisation
> Confusion sur hypenlatrémig chez un patient de 77 ans cirrhotique
Antécédents

Médicaux
- Cirrhose hépatique diagnostiquée en mai 2014 sur un bilan de pancytopénie, probablement
dorigine éthylique. Blan autgimmun négatif, sérologie virale négative, association d'une
hypertension portale dans thrombose.
- Gastrite avec bulbite &rosive traitée. Gastroscopie faite en janvier 2015. pas de récldive de gastrite,
pas de varices oesophagiennes. CST 13%, alpha-protéine 2,5 en janyier 2015
- Hépatite A 4 'age de 14 ans
- Anémie par carencé martiale diagnostiquée en janvier 2015, traitée par Vénofer IV, puis
Tardiyferon
by

Py 9 poumen droi de 4 mm c lobe mayen cbjectivé en janier 2015 sur TOM theracique

‘‘‘‘‘‘ n d'atrophie cortico-sous-corticale (compte rendu absent)

Chirurgicaux
aucun

Familiaux
pas dinformation

Allergies
aucune connue

Mode de vie

fille
tabagisme sewré e 1998 estimeé a 10 PA
ancien controleur retraité

1cp par jpur

HISTOIRE DE LA MALADIE

Le patient est hospitalisé 4 Foch mi janvier 2015 pour altération de I'état général, fébrile, ayant mené
au diagnostic de SinUsite qui a justifié un traitement par augmentin, associé a une (corticothérapie.
Au cours de ce séjour la TDM thoracique réalisée pour le bilan de fiévre retrouve un nodule de 4 mm

"source_file": "nom.pdf",
"type_extraction": "lecture_visuelle_directe_plus_schema_trace_sepsis_detaille",
"schema": {
"name": "schema_trace_sepsis_fr",
"version": "1.8",
"description™: "...",
"entity_types": [...],
"relation_types”: [...]
b
"document_summary": {
"total_pages_pdf": X,
"pages_traitees": X,
"pages_failed": X,
' "total_entities": X,
"total_relations": X
}J
"global_entities": [...],
"global_relations": [...],
"global_sepsis_assessment™: {...},
"pages": [
{
Tpagers 4,
~texte brut™: "y
"entities™ [...l;
"relations™: [...],
"sepsis_assessment": {...},

"quality control™: {:..3},;
"statut_ocr": "ok",
"statut_ontologie": "ok",
"statut_entites": "ok",
"statut_relations": "ok"

}

1,

Structured JSON Output: Entities and Relations

v

D

Comparaison des résultats d’extraction avec
le Gold Standard

=~

m\"

i ’ Expert Correction & Validation
(Correction & Validation)

Evaluation des performances

% o _> Precision/Recall/F1-score /Strict / Boundary-Relaxed /
Relaxed Matching

Gold Standard /

Analyse des écarts
Référence

Erreurs d’extraction, Entités / relations manquantes, Entités
/ relations incorrectes, Hallucinations potentielles

13
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Evaluation protocol

Extraction Results / Gold Standard Comparison

Performance Evaluation

Precision/Recall/F1-score /Strict / Boundary-Relaxed / Relaxed
Matching

Discrepancy Analysis
Extraction Errors/Missing Entities / Relations/Incorrect Entities /
Relations/Potential Hallucinations

1.How do we evaluate automatic extraction ?

System Output @ Validated Medical
Reference

2. We can identify:

* Correctly extracted information

Missing information

Incorrectly added information

Incorrect category

Incorrect relation

3. We then calculate:

Precision, Recall, and F1-score

The medical reference allows us to objectively assess the quality of the extracted information. 14
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Results reported in the accepted paper

80%

710%

+24.45 points

70%

62%

Entity and relation F1

60%

50% advantage for Mistral

40%

30%
Mistral Small 4

20%

10%

Entity F1:

0% . 69.57%
Relation F1: 62.43%

Entities Relations

B Qwen2.5-VL ™| Mistral Small 4

Evaluation subset: 43 annotated records

15



4. Results JDSE 2026 | L. Dridi et al.

Post-submission evaluation on the same 43 records

80%

74% 75%

71% 12%

69%
70% o

60% ‘

50%

Updated Micro F1
71.14% 68.64%

Entities Relations

40%
30%
20% |

10%

0% !

Precision Recall Micro F1 Macro F1 For relations

M Entities ™ Relations

+6.21 points

Evaluation subset: 43 annotated records

Mistral Small
4
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Error analysis

Omitted entities Over-extraction

Treatments and biomarkers may be missed when Models sometimes generate plausible clinical concepts
evidence is visually dense or spread across pages. that the source document does not support.

Missing relations Incorrect links

Relations such as medical service admits and The model may identify both entities correctly but
presents symptom remain difficult to recover. connect them with the wrong relation.

17
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From evaluation to hallucination reduction

Hallucination

taxonomy

Visual ‘Structural -Factual - Contextual- Temporal - Ontological- Reasoning

Goal: preserve useful corrections while preventing unsupported additions.

F - R — T T T e e g — — e e e e e e e e — —

Hallucination Mitigation Clinical Ontology Alignment Knowledge Graph Generation Clinical Reasoning Iterative Refinement
v AV R TR 2 o
Detecti d i d . . 2t : 3 Using evaluation feedback to
ctecting ggd corngetinginsypporty Mapping extracted corcepts to Transforming validated entities and Deriving clinically meaningful insights progressively improve the extraction
clinigal informagign standardized clinical terminologies relations into structured knowledge from the knowledge graph pipeline
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Structured information Extraction

NER Named Entity Recongnition
“CRP 245 mg/L” —PBIOMARKER —

| |
I
b | |
E |
|| | |
b | |
(13 g 2 |
: | Pa Septic Shock” —PDIAGNOSTIC LABEL JSON | |
| O .. Trace-Sepsis Extraction I |
| . - Vision-Language Models L. . . I_l |
| | Digitized and Guidelines - ;*Y RE Relation Extraction | |
| Pseud ized Clinical S o Structured JSON Output |
| seudonymized Clinica S o S . . |
| : Records Guideline-Guided Prompt Engineering - ”Amllkln —Ptreatment_administerd_t —P*“Patient Entities + Relations : |
0
| |
A | |
| — ———————_———— ———————— e — | |
| |
v
| s :
: ' -1 20% Sample Selection Extraction Results / Gold Standard Comparison |
| l |
| Performance Evaluation |
| p———T L | 7’ One Annotator Pre-Annotation S > Precision/Recall/F1-score /Strict / Boundary-Relaxed / Relaxed ]
| Digitized and LLl guided by TRACE-Sepsis Annotation 00 Matching |
| Pseudonymized Clinical Guidelines frrr |
o tandar : .
| Rechrds Expert Correction & Validation . D‘SF?epa‘?Fy Anglysm y |
. L Extraction Errors/Missing Entities / Relations/Incorrect Entities / |
: (Correction & Validation) Relations/Potential Hallucinations |
| |
e = =F | DAMESS ANy W * SRS W gl N A e e Nl S s
- — T T T T T T T T T T T e T T T T T T T T T T T T T T T e T — — — — — ]
| |
| Hallucination Mitigation Clinical Ontology Alignment Knowledge Graph Generation Clinical Reasoning Iterative Refinement :
| ~ |
DA LA V |
g4 e Using evaluation feedback to
| Detecting and correcting unsupported Mapping extracted concepts to T formine validated entiti d Derivine clinicall inoful insicht g . . |
| s standardized clinical terminologies relations into structured knowledge from the knowledge graph pipeline b |
L




