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Introduction

¢

Our Multi-Modal Diagnostic Pipeline (MDPipe) Current Challenges & Our Contributions

Motivation:
Multi-Modal Diagnostic Pipeline Given clinical data and imaging, can we build a diagnostic pipeline using LLMs for
B - a Clinician ocular surface disease (e.g., DE, MGD, ...) diagnosis with clinically relevant rationales?
| have a first visit patient g+
Multi-Modal &l He is a 35 years old Asian man, | | |
Clinical Data LLM-based Clinical his NIKBUT is 3.2 sec, and his Challenge 1: Can a model process meibography images with the same level of
/) Report Summarizer \I morphology is... Can you tell me attention and detail as a human clinician?
if he has any ocular surface

4 Y diseases? and why? .
RO ¢) i > Visual Translator <@ |}
=y = A7
Clinical Knowledge ;" |

@ é [ e e e A

This patient probably

has Dry Eye because o _ _
the present NIKBUT is clinically sound rationales for diagnoses.

Challenge 2: Can the model make a precise and accurate diagnosis and provide

§— : Clinical Report ]
| Patient 101 is a 56 years old, : 3.2 sec which 1is lower . 0
:Asian female.. Her MG morphology : - than average.. 9 LLM_based Clinical Report Summarizer
:is... She is diagnosed Dry Eye.. : LLM Agent ¢ N
|

-> Clinical Data from real-life clinician diagnoses e@g
Methodology
Shortcomings in MLLMs? Apply Visual Translator! LLM-Based Clinical Report Summarizer

Clinical Raw data | O LLM-based Clinical Report Summarizer Clinical Report Summary
i V C) 4 S— — TR =7/
44 .aVA-1.5: The presence of a black spot Visual Transator - =g “Subject 266_2 R” — [ Task Description | 5C) ###Human : (QA)
AE i . . "Gender” Clinical Your task is to generate a clinical report summary for the raw Subject 266 and it’s right eye.
A Ehe aye ENgUes A that; 1.:he g . Vsual Daal Segnlepted MG "Age” Measurements C clinical metadata mentioned in the caption. The individual is identified as
ght have dr;y BFs. nea toonal Ly, the " o M7 Instance N o ',;E"’ A "Race” Please generate a human readable Q&A format by setting Male, with an age of 33, and
PLACL Sleein e les B sl o niEh A T § T T/ " TMH"’ subject’'s demography, ...and morphology as the Question, while belongs to the Hispanic race.
‘ & )*’\"‘ Segmentatlon | "NIKBUT” the ocular surface disease as the Answer... The Non-Invasive Keratograph
N\ . i SR . (UNet arch.) N : ' ”MG_Morph” MG Morphology V(I) [ Supporting Examples ] Tear Breakup Time (NIKBUT)
MiniGPT-4: There is no sign of dry eye, I . T R "PA” st R , v , , -, measures 16.81 sec .. The MG
= made this prediction because the image - "mg density” » e e P f B e morphological features exhibit
lﬁ, : Please confirm shows a close up view of a person’s eye, - "avg length” SRy | | ) o o the average length of 7.4mm ..
whether Dry Eye and with the iris and pupil visible... - @ gland length and width (mm\) "avg_width” Pratogiapn 1o | Wi 1) TOGIIS &t D7 Could you measure if the
MGD is present or not, i . ( "avg contrast” o ‘, | o o | o subject has any ocular surface
and why 2 B > tof at h (0/) < ' MG MOI'phOlOgy avg_tortuosity : | | o diseases?
A . percent or atropny (7 ‘ ) | | e | | b |
" ChatGPT-4-Vision: I am unable to - > gland density (%) AﬂﬂlYSIS ) “Dry Eye” [ Prompting the Clinical Metadata ] ###Assistant:
provide medical diagnoses or confirm - \. J "Meibomian Gland Dysfunction” . L The Meibomian Gland Dysfunction
medical conditions such as dry eye.. MG Morphology V([) "Aqueous Deficiency” Please generate a clinical report summary for the clinical (MGD) diagnosis for this
( ) o ( ) "Blepharitis” Disease Diagnosis D metadata | attach below.. individual is No..
a - b

We employed an LLM-based summarizer to generate Q&A clinical reports (via GPT-4)
to contextualize insights from both the non-narrative clinical metadata and MG
morphology to enhance LLMs' learning capability.

(a) Limitations of current MLLMs (LLaVA, GPT..) in processing visual data, (b) Our visual
translator V is designed to interpret visual data | by converting them into quantifiable MG
morphology data.

Quantitative and Qualitative Evaluations

Comparison (General & Medical Domain LLMs) Clinician Preference Study - MDPipe vs GPT-4
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=g Case: Subject 3614 and it's first visit. The person is Male, aged 25.0, belonging to the Hispanic ethnicity. > oo |
Meth Od / D E M G D Blepharltls ([~ The NIKBUTuisfeoct;)servedaas 3.29. 'Sl'heSTMH ;ﬁp?)?'te: to i: 0?19 967mm. Th: gr(SseacZ ofeBuIEZ?H;peererr?ia is T T T gET_f fours)
D i} ':@;' inciic;ated ;s_,, 0.95.T'Ir'lhe N(IDStE)I i§ nog:ld ag g.3,tthtl-:tZFTBUS isl§.8§ec, apd1t2% Sch(ijrrger S:rip gNetteq L1e8n8th is . B B
: noted as 7.7mm. The Meibomian Gland Central Zone Quality Score is 18.0, and Quantity Score is 18.0. 1
ISease ACC . S N S P F 1 ACC . S N S P F 1 ACC . S N S P F 1 . ' Could you evaluate whether the subject is affected by at|)1/y ocular surface diseasetsy? Could you also :[
) - - INician’ yescribe the reasons why you made these predictions? § 1 1
General LLMS WIthOUt flne-tunlng : /The diagnosis of DE for this individual is Yes. The MGD diagnosis for this individual is No. The Blepharitis Z_U > -
diagnosis for this individual is No. A FTBUT shorter than 10 seconds is an indication of Dry Eye. The @ -
: low Schirmer Strip Wetted Length (less than 10mm) is also an indication of Dry Eye. Despit ©
Llama 49 " 8 93 2 1 4 " 7 60 ' 5 40 6 88 " 7 1 7 ' 1 55 ' 9 44 ' 7 28 . 5 55 . 3 30 8 experiencing Dry Er;/e, the OSDI gcorfa is relatively Iow,)suggesting that the individu?l,'s gubje:tis\?e (:ymptoms Q % 2]
: are not severe. The low NIKBUT and the presence of Bulbar Hyperemia suggest that the individual may be MDPipe T
GPT_35 577 867 327 649 486 955 256 606 462 31 3 61 9 338 \experiencing some degree of tear film instability and inflammation. (ours)
/The subject ex'hibits signs consi§tent with Dry Eye_ Sy'ndrome. The low NIKBUT aqd FTBUT suggest rapid e
Llama2-78 639 88.2 38.6 66.6|52.7 83.2 233 623|474 31.8 59.3 34.4 [ Fmercs ana 53Dt scoressow uppors oot oo oy ape WD vy s resemeaiven |2 oL i I
the high qualfity (ajmd quantityds_co:jes, contributing to the tear film instability. Regular evaluation and Accuracy Completeness Rationale Robustness
GPT-4 70.7 771 66.3 67.7/65.2 65.7 76.8 65.5|58.2 39.3 729 48.8 R e e ———————
1 ' ' “““ CaseZ: Subject 1073 and UL nd it's first visit. The individual is Female, with an f63.0, and 5 B
LLMs fin e-tuned on medical domain data { [~ belongs to the JCe):ucasia:1 race. Tet:/ee I:IKBUST issobsservedeat 16.33; Tshe(?I'MaHemeas:‘resa g.ezgmm. T:e . T _ Z'E; 'fe tpurs)
@ presence of _Bulbar Hyperemia' is noted as 0.9. The OSDI is_ note_d as 18.8, the FTBUT is 18.§23ec, anq the —
Med-Alpaca 62.5 87.3 33.5 70.3|53.4 84.7 28.2 619|549 53.8 55.8 49.7 B e Guantly Score 1 0. The MG morphaogical eatures exhit . Gould you evaluate whether the
ihician subject is affecte_d l.)y any ocular surface diseases? Could you also describe the reasons why you 2y
PMC-LLaMA 73.3 73.1 77.7 75.8|63.6 70.7 61.5 64.7|60.5 50.3 74.4 56.8 . oeuiteen prekions? =5
/The subject does not have any ocular surface diseases. The reasoning for this prediction is as follows: Tha o
. - | Schi Strip of 13.0 indicates that the subject h | tear film, and the FTBUT of 18.82 c
M Dplpe'7B (OUFS) 86 . 9 89 . 3 84 . 3 87 . 8 76.1 67.2 81 .7 69.2 7 1 2 56 . 3 79 . 7 63 8 sSggr;ns?sr th;tptr?e tearrfr"lllm irs‘, sfaab?:anz frezs:)f cizgenaefa?i\:‘:rcr::ngeei Ar:dizgna";, the NIKCB)UT of :2?333 e 5 -
=
is within the normal range, suggesting that the tear film is not excessively unstable. The OSDI score 33:
. : of 18.8 indicates that the subject experiences some degree of discomfort or pain, but this is not .
Mdpipe-13B (ours) | 89.5 88.2 91.0 89.9|74.4 61.4 829 65.7|73.1 58.7 80.1 65.1 .\ Suficient to classity as a disease. MoPipe
Based on the provided clinical measurements, the subject does not exhibit typical signs of severe ocular ) P
: surface disease. The NIKBUT, FTBUT, and Schirmer scores are within normal ranges, suggesting “U/jl‘\

. . . . . | adequate tear film stability and production. However, the presence of Bulbar Hyperemia and the OSDI | Wa=at 0 , , . .
Comparison between general and medical domain-tuned LLMs for diagnosing ocular | score, alongside moderate Meibornian gland atrophy, may indicate mild dry eye syndrome. Jopra Accuracy Completeness Rationale Robustness -
diseases: Dry Eye (DE), Meibomian Gland DySfunction (MGD), and Blepharitis. ....................................................................................................................................................................................................................................................
Evaluation criteria include accuracy, sensitivity (SN), specificity (SP), and F1 score. Comparative evaluation and clinician study between MDPipe and GPT-4.

Dataset (3513 entries): (Train / Test) set has (1903 / 198) metadata-only & (1257 / 155) Five clinicians were masked as to which model produced each output, and then
image+metadata instances. There are a total of 878 subjects. asked to read and rate the two models’ output on a scale from 1 (poor) to 5 (best)

regarding 1) clinical accuracy, 2) diagnostic completeness, 3) diagnostic rationale, and 4)
the model's robustness to handle ambiguous or incomplete patient data.

Comparison (Training Variables within MDPipe)

Sratra + Training Variables in MDPipe Diagnosis Acc. (%) ACknOWIEdgement
retrain
Metadata Morphology MG-Express. RealDiag. | DE MGD Bleph. | _ .
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The impact of various training variables within our MDPipe on ocular disease diagnosis. It

Is observed that MG morphology is essential in MGD diagnosis. ¥ = T-PM-120



