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e Generative Al for clinical diagnosis

GPT-4 achieved 93.8%

L]
Radiology

suggesting differential
Feasibility of Differential Diagnosis Based on Imaging

Patterns Using a Large Language Model diagnoses for radiological

imaging patterns.
Jonathan Kottlors, MD * Grischa Bratke, MD * Philip Rauen, MD * Christoph Kabbasch, MD
Thorsten Persigehl, MD * Marc Schlamann, MD * Simon Lennartz, MD

From the Institute for Diagnostic and Interventional Radiology, Faculty of Medicine and University Hospital Cologne, University of Cologne, Kerpener Strasse 62,
50937 Cologne, Germany. Received May 6, 2023; revision requested May 16; revision received June 2; accepted June 15. Address correspondence to S.L. (email:
simon. lennartz@uk-koeln.de).

Supported in part by the German Federal Ministry of Education and Research Network of University Medicine 2.0 (grant no. 01KX2121).

Conflicts of interest are listed ar the end of this article.

Supplemental material is available for this article

Radiology 2023; 308(1):¢231167 ® https://doi.org/10.1148/radiol.231167 ® Content code: ® © RSNA, 2023

[2] Van Veen, D., Van Uden, C., Blankemeier, L. et al. Adapted large language models can outperform medical experts in clinical text summarization. Nat Med 30, 1134—-1142 (2024).



MEIET 1 Medtrinity-25M

e Generative Al agent for real-world medical decision-making processes

B MDAgents, an adaptive
multi-agent LLM framework
for medical decisions,
achieved best performance
in all kinds of medical

benchmarks.

[3] Kim, Yubin, et al. "Mdagents: An adaptive collaboration of lims for medical decision-making." The Thirty-eighth Annual Conference on Neural Information Processing Systems. 2024
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e Generative Al for medical foundation model

|"/)-- \\"
Z® Prompt

Given the image, what are the radiology findings? Med-Gemlnl, a famlly Of f|ne'

tuned Gemini models for

multimodal medical tasks, can

analyze 2D/3D medical

4 Response

FINDINGS: mild cortical atrophy and periventricular white matter changes are noted compatible with microvasculopathy. there is

proportionate ventriculomegaly. no bleed, mass effect, midline shift or abnormal intracranial fluid is seen. no evidence of acute | ma g es , g ene rate ra d | 0] I O g y

intracranial hemorrhage, territorial infarct, abnormal fluid or mass effect.no abnormal extra-axial fluid collection is identified. no
definitive evidence of intracranial hemorrhage or large territorial infarct within the limits of ct imaging. old left basilar ganglia

infarct. no intracranial mass, swelling, hemorrhage, infarction or extra-axial collection is seen. visualized mastoid air cells: well 1 1
\ pneumatized. visualized paranasal sinuses: well pneumatized. atherosclerotic calcification of vasculature at the skull base. r e p O r t S ’ a n S W e r C I I n I C a I
a i . . .
et questions, and predict disease
FINDINGS: the fourth ventricle is midline. the remaining ventricular system is within normal limits. there is mild chronic white : :
matter microangiopathic disease and moderate generalized cortical atrophy. no bleed, mass effect, midline shift or abnormal rISkS from genomlc data

intracranial fluid is seen. bone windows demonstrate an intact skull. the remaining visualized paranasal sinuses and mastoids are
clear. chronic white matter microangiopathic disease, mild generalized cortical atrophy, not significantly changed since 2015. no
evidence of acute intracranial hemorrhage, territorial infarct, abnormal fluid or mass effect.

-

[4] Lin Yang, Shawn Xu, Andrew Sellergren, . et al. Advancing Multimodal Medical Capabilities of Gemini. Nat Med 30, 1134-1142 (2024).
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e Generative Al agent for for doctor assistance

= Microsoft | Industry Industry Solutions ~  Products ~  Resources v  Support v All Microsoft v Light Dark

(® Blog_home / Healthcare Search the blog Q

Healthcare News and announcements . 2 min read

DAX Copilot—Al-powered

solution wins Al Tech Sprint to
reduce clinician burnout

By Peter Durlach, Corporate Vice President, Chief Strategy Officer, Microsoft Health & Life

Sciences.

B DAX Copilot automates clinical documentation from patient conversations and assists

clinicians with daily tasks to reduce administrative burden and burnout.
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e Problem: data shortage for foundation models

B Data will run out for large language models in the natural image field by 2028 1.
W It will happen much faster in the medical domain.
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[1] Villalobos, Pablo, et al. "Position: Will we run out of data? Limits of LLM scaling based on human-generated data." Forty-first International Conference on Machine Learning.
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e Motivation: enhance multigranular alignment and effective scaling through synthetic
data

The image is an axial T2W TSE fat-suppressed MRI focusing on the liver and surrounding areas,
A 49-year-old man presenting

a pancreatic neoplasia with
i peritoneal carcinomatosis.
Axial T2W TSE fat-suppressed
MRI| shows two hepatic
pericapsular implants of
. peritoneal carcinomatosis
ROCO (arrowheads), biconvex, in

highlighting two hepatic pericapsular implants indicative of peritoneal carcinomatosis, marked by
their high signal intensity and biconvex shape. These abnormalities, located on the right side of the
liver, are positioned horizontally to the left and vertically at the bottom of the image, occupying
about 1.5% of the area. The region of interest reveals these unusual features, contrasting with the
normal liver texture and appearance.

ALLEN : _ Med-Trinity-25M
high signal iontensity. (Ours)
5 Structure Lesion Modalit Structure ROI Lesion Local-global
Macaty Detection Texture O Detection Analysis Texture Relation

— e o mm mm mm Em o Em Em Em Em Em Em Em o Em Em Em o Em Em Em o Em Em Em Em Em Em — e mm mm mm mm mm mm mm mm Em Em o o mm mm mm mm mm Em Em o Em Em mm mm mm mm mm my

existing multimodal annotation: lack of Multigranular annotation:

* lackof ROlin images | mUItigranUIar )»»* i e rich information i

e lack of detailed description a|ignment e multigranular attributes

e lack of local-global relation
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® Naive prompt MLLM to generate fine-grained descriptions will normally fail.

Naive Prompt Prompt MLLM The image is a chest-ray showing the/th%?gréigefecéli%t;mo,n
:_(::_i_v_e__;n_é] = including the lungs and heart, primarily located in the
detailed —> =) | central to lower thoracic cavity... This X -ray_is typically used
: ?hzsifr::g:” i i = ,“ to assess the condition of these organs, looking for signs of !
D Tooo | ™ ] |ldiseases such as pneumonia or other pulmonary conditions.!

Undefine Disease

. Give me detailed
description of the image,
) RO - 2

. Image-ROI-Description
|
: based on coarse caption, :
|
|

A chest X-ray. Triplets
Showing lungs centrally located within the
thoracic cavity.

L e e e e e e e e e e e - : o :
Coarse ‘ ROl is positioned horizontally at the left- |

Caption e \ center and vertically at ...,

i lesion region,

= Region exhibits increased opacity and
= = irregular texture, indicating ...
Medical ——
Ours Kno‘gledg _ y

® Equip MLLM with our pipeline to successfully generate fine-grained descriptions.



e Method

Without coarse caption:

The image is a chest X-ray showing the thoracic
region, including the lungs and heart, primarily
located in the central to lower thoracic cavity...This
X-ray is typically used to assess the condition of
these organs, looking for signs of diseases such

as pneumonia or other pulmonary conditions.

EI 1 - Medtrinity-25M

Cbarse
Caption

“A chest X-Ray
image with
COVID-19in
the lungs”

Specify
Disease

i

With coarse caption:

The image provided is a frontal chest X-ray
showing both lungs....This radiograph is marked
by the presence of diffuse opacities in the lung
fields, which are indicative of an infectious

process, noted here as COVID-19.

Coarse caption help to specify disease type




e Method

The image provided is a
frontal chest X-ray showing
both lungs....This radiograph
is marked by the presence
of diffuse opacities in the
lung fields, which are
indicative of an infectious
process, noted here as
COVID-19.

©

ROIls

Locate ROls

Region-wise
Correlations

EI 1 - Medtrinity-25M

The image is a chest X-ray showing...... The
regions of interest located in the left-center
upper-middle and right-center middle of the
image show alterations in lung texture,
suggestive of COVID-19. These areas display

increased opacity compared to surrounding lung
tissue. The left-center and right-center regions are
immediately adjacent to each other, suggesting a
bilateral involvement typical for respiratory
infections like COVID-19, which might imply that
the processes seen in these regions are part of a
widespread pulmonary disease affecting both
lungs simultaneously.

ROIls guide MLLM to
® focus on local lesion area
® access impact of ROIs on

adjacent normal regions

10



e Method

The image is a chest X-ray showing......
The regions of interest located in ....

These areas display increased
opacity compared to surrounding lung

tissue. The left-center and right-center
regions are immediately adjacent to
each other, suggesting a bilateral
involvement typical for respiratory
infections like COVID-19, which might
imply that the processes seen in these

regions are part of a widespread
pulmonary disease affecting both
lungs simultaneously.

(i

RAG

“glass opacities”,

“consolidation”

Standardize
Terminology

Revise
Diagnosis

EI 1 - Medtrinity-25M

The image displayed is a frontal chest
X-ray showing ....... The regions of
interest, located in ...... These areas
show increased opacity which may
indicate the presence of ground-glass
opacities or consolidation....

The abnormalities observed in these
regions are consistent with the
peripheral and bilateral distribution of
lung involvement often seen in COVID-
19, suggesting..... This pattern reflects
the typical progression of COVID-19
pneumonia, where localized areas of
infection may exacerbate and affect
larger regions of the lungs as the
disease progresses.

RAG retrieves external medical knowledge

e standardize medical terminalogy
® revise diagnosis

11
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e A step-by-step pipeline for generating multigranular annotations for medical images

Y-

Report or QA

Mask or B-box

~
S

( Classification )

s

ROI
Locating

t

Metadata
Integration

v

v

Knowledge
Retrieval

t

(0

Knowledge i
Base

\. J

Coarse

Medical
Knowledge _/

"7 Publed” |

| W STATPEARLS |

RAG and metadata for data trustworthiness
ROl for local focus

step-by-step prompt for generating local and global multigranular annotations

(1) Data Processing (2) Multigranular Textual

Description Generation

Prompt

Give me detailed description

of the image, based on
coarse caption, lesion

region,

v

Caption > e [ 2 MLLM }

Multigranular

Textual Description

Modality
Organ & tissue
Detection
ROI Analysis
Lesion Texture

Image <+

Multigranular Description

¢ A chest X-ray.
Showing lungs centrally
located within the
thoracic cavity.
ROl is positioned
horizontally at the left-
center and vertically at ...,
Region exhibits increased
opacity and irregular
texture, indicating ...

Data Triplet

12
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e Statistics Overview

« 25 million images with ROls and multigranular text descriptions
* 10 imaging modalities

e 65 kinds of disease

« 48 kinds of anatomical structures

B MedTrinity-25M
Ultrasound(0.7K) Bra in - [ PMC-15M
. U N B PMC-OA
Microscopy(10K) /" Head8Neck | ; SoT B MIMIC-CXR-JPG
Dermoscopy(10K) | z B 1-om S
=
PET(44K) 15M
I 5
Endoscopy (64K Number of Samples
(a) Modality distribution. (b) Biological structures. (c) Data size comparison.

13
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e Main Result

VQA-RAD SLAKE PathVQA

Method Open Closed Average | Open Closed Average | Open Closed Average
GPT-4V (Achiam et al., 2023) 39.5 78.9 59.2 33.6 43.6 38.6 - - -
VL Encoder—Decoder (Bazi et al., 2023) 71.5" 82.5 77.0 - - - 71.3" 85.6 78.6
Q2ATransformer (Liu et al., 2023) 79.2% 81.2 80.2 - - - 54.9* 88.9 71.9
Prefix T. Medical LM (Sonsbeek et al., 2023) - - - 84.3% 82.0 83.2 40.0* 87.0 63.5
PubMedCLIP (Eslami et al., 2023) 60.1* 80.0 70.1 78.4* 82.5 80.5 - - -
BiomedCLIP (Zhang et al., 2023a) 67.6* 79.8 73.7 82.1% 89.7 85.9 - - -
M2I2 (Li et al., 2023) 66.5* 83.5 75.0 74.7* 91.1 82.9 36.3* 88.0 62.2
LLaVA (Liu et al., 2024) 50.0 65.1 57.6 78.2 63.2 70.7 7.1 63.2 35.5
LLaVA-Med (Li et al., 2024b) 61.5 84.2 72.8 83.1 85.3 84.1 379 91.2 64.5
LLaVA-Tri 711 86.0 81.6 86.2 89.3 87.8 66.5 99.0 82.8

e After alignment pretraining on Medtrinity-25M, our LLaVA-Tri
achieves SOTA in all three VQA benchmarks.



Datasets

e Ablation Study

Medtrinity-25M

Table 4: Comparison of different models with or without alignment pretraining with MedTrinity-25M.
The notation w/ and w/o indicate models with and without pretraining on MedTrinity-25M, respectively.

i P VQA-RAD SLAKE PathVQA
open close | average open | close | average open | close | average

LLaVA-Tri w/o 64.6 77.0 70.8 79.3 84.0 81.7 55.0 94.0 74.5
w/ 77.1+(125) | 86.0 +(9.0) | 81.6+(10.8) | 86.2+(6.9) | 89.3+(5.3) | 87.8 +(6.1) | 66.5+(11.5) | 99.0 +(5.0) | 82.8 +(8.3)

o i w/o 48.5 86.4 67.5 572 80.0 68.6 31.2 90.5 60.9
MiniCPM-V-2.6-8B (Yao et al., 2024) w/ 50.5+(2.0) | 87.6+(1.2) | 69.1+(1.6) | 65.3+(8.1) | 80.6+(0.6) | 73.0+(4.4) | 34.2+(3.0) | 94.8 +(4.3) | 64.5+(3.6)

w/o 38.2 76.2 57.2 61.7 77.8 69.8 16.8 86.4 51.6
InternVL2-88 (Chenet al., 2024) w/ 40.7 +(25) | 80.0+(3.8) | 60.4+(32) | 66.4+(4.7) | 78.8+(1.0) | 72.6+(2.8) | 23.6+(6.8) | 87.4 +(1.0) | 55.5+(3.9)

p w/o 55.6 79.3 67.5 - - - - =
PubMedCLIP (Eslami et al., 2023) w/ 60.6 +(5.0) | 79.7+(04) | 70.2+2.7) ’ ; ; :

e Multigranular alignment pretraining on Medtrinity-25M can improve performance
on all kinds of VLMs and CLIP-based models.
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e Limitation

Evaluator Attributes
Modalit Organ ROI Lesion  Region-wise Av
Y Detection Analysis  Texture  Correlations &
LLM 1.00/1.00 0.90/1.00 0.90/1.00 0.80/1.00  0.70/1.00  0.86/1.00

Expert 1.00/1.00 0.90/1.00 0.90/1.00 0.70/1.00  0.80/1.00  0.85/1.00

Noise in annotation

e expert and LLM evaluation show relatively high accuracy of synthetic data

e noise still exists particularly in complex attributes (e.g., region-wise correlations)
e large scale datasets are able to improve model despite the presence of noise



Datasets

e Limitation

Medtrinity-25M

Inaccurant

Description

possible issue

of synthetic

17
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1 ROI Mispositioning

A ngturgl image A radiology image A natural image
of skin disease of lung cancer of metastatic carcinoma

B [everage expert models to identify ROI for lesion localization.

» Challenges: detecting lesions when applied to rare diseases or natural

images with out-of-distribution objects
18
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A correct example:

An image of brain tumor

Modality: The image is a magnetic resonance imaging (MRI) scan of
the brain.

Anatomical Structural: ...showing a cross-sectional view with various
brain structures visible, such as the cerebral hemispheres.

ROI locations: The region of interest, located left-center and in the
middle vertically, occupies approximately 3.1% of the area.

ROI description: It appears to have an abnormal texture or
signal intensity compared to the surrounding brain tissue,
which may indicate the presence of a disease of tumor.

Local and global relation: This abnormal area could potentially be
affecting or be affected by adjacent brain structures due to...

B ROI description: Identify the abnormality and determine its associated disease.

19
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2 Inaccurant Description

An incorrect example:

An image of lung cancer

Modality: The image is a transverse section of a thoracic CT scan, showing
the lungs, heart, and part of the spine.

Anatomical Structural: The lungs are the primary organs visible, with the
heart centrally located between them and the spine visible posteriorly.

ROI locations: The region of interest, located in the right-center and upper-
middle of the image, occupies approximately 0.1% of the area and is
situated in the lung tissue.

Inaccuracy: nonspecific disease

ROI description: This region exhibits an unusual appearance, potentially
indicating a disease process, such as an abnormal texture or density
compared to the surrounding lung parenchyma.

Local and global relation: The relationship between the content in the
region of interest and other regions could be....

B Lack of sufficient medical knowledge to specify of disease with accurant terminalogy.

20
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3 Ambiguous Relationship

A correct example:

An image of brain tumor

Global: The image is a magnetic resonance imaging (MRI) scan of the
brain...

Lobal: The region of interest, located centrally and in the middle of the
image, encompasses an area of the brain that appears to have abnormal
tissue characteristics, possibly indicating a brain tumor. This region is
characterized by a difference in texture and intensity compared to the
surrounding brain tissue, which may suggest the presence of a
pathological process

Local-global Relationship: The abnormal area could be affecting or
be affected by adjacent brain structures due to its central location,
potentially influencing nearby tissue either by direct invasion or
secondary effects such as edema or mass effect

B [ocal-global Relationship: How local abnormal area may affect the global anatomical

structure as the disease progresses?

21
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3 Ambiguous Relationship

Global: The image is a magnetic resonance imaging (MRI) scan of the

An incorrect example: brai
rain...

Lobal: The region of interest, located centrally and in the upper-middle
area of the image shows a brain edema in the brain tissue, which could be
indicative of a disease process given its distinct appearance compared to
the surrounding brain matter.

Ambiguity: too coarse to learn the effect of local abnormality

Local-global Relationship: This abnormality is likely related to the
surrounding brain structures, potentially affecting them or being
affected by a pathological process occurring in the brain.

An image of brain edema

B Generative models sometimes struggle to reason about how localized abnormalities contribute
to global disease:

» Insufficient data availability to train models on complex pathological reasoning relationships.
22



