
v Medic Notes based Diagnosis Prediction 
Ø Emergency Medical Service (EMS)
Ø MIMIC-III ICD-9 Diagnosis Codes
Ø Long-tail Distribution
Ø Multi-Label Text Classification (MLTC)

v Existing Solutions

v Intuition: Domain Knowledge helps
Ø Compensate for data scarcity in fine-tuning 
Ø Label relations can provide constraints in training

v Contribution
Ø Automated Knowledge Graph Construction by GPT-4
Ø Knowledge Graph incorporation with language models by 

heterogeneous label-wise attention
Ø DKEC outperform SOTAs on two real-world datasets

Introduction

Knowledge Graph Construction

DKEC Pipeline

v Graph Branch
Ø Node: Diagnosis Code 𝐷 = {𝐷!}!"#$ ; Symptom 𝑆 = {𝑆!}!"#

|&| ; 
Treatment 𝑇 = {𝑇!}!"#

|'| ; Hierarchy 𝐻 = {𝐻!}!"#
(

Ø Edge: Diagnosis Code – Symptom: 𝐸)& ; Diagnosis Code –
Treatment: 𝐸)&; Diagnosis Code – Hierarchy: 𝐸)(

Ø Heterogeneous Graph Transformer (HGT)
𝐷∗ = Linear HGT 𝐺

v Text Branch
𝐸)+, = Encoder(𝐷𝑜𝑐)

v Heterogeneous Label-wise Attention
Ø how informative medical document 𝐷𝑜𝑐 is for all 𝐿 labels

𝑎)+,,! = softmax(tanh 𝑊.𝐸)+, + 𝑏. 𝐷!∗)
𝐴)+, = [𝑎)+,,# 𝑎)+,,/ … 𝑎)+,,! … 𝑎)+,,$ ]'

𝐸)+,0112 = 𝐴)+,𝐸)+,
v Classification

!𝑦!"# = Linear(Pooling(𝐸!"#$%%&))

v DKEC alleviates the class imbalance problem 

v Information Retrieval
Ø Description 

v GPT-4 Chain-of-Thought (CoT) prompt
Ø Token Classification
Ø Span Detection
Ø Relation Extraction

v UMLS Concept Normalization
v Union of Knowledge Graphs from Multiple Sources

GPT-4 Prompt
Let's think step by step

Text Content
Early symptoms include

cough, wheezing,
shortness of breath.
Other symptoms may
include anxiety,
depression. Give
antibotics  Lung
transplantation...

Query
API or WebDriver

Medical Concept
Normalization 

UMLS API Graph from 
KnowBase_1

Graph from
KnowBase_i

Heterogenous
Knowledge Graphs

...

Knowledge Bases
KnowBase_1 KnowBase_i

. . .

UMLS Semantic
Types

SYMPTOM: sosy, dsyn...
TREATMET: clnd, antb...

Token Classification
Label the token one by one

symptom, treatment  or none
-"Early": none

-"symptoms": none
-"include": none

-"cough: symptom
-"wheezing": symptom

...

Span Detection
Locate minimal spans

representing symptoms, or
treatments

-"cough": symptom
-"wheezing": symptom

...
-"lung transplantation": treatment

...

Relation Extraction
identify the relation [positive,
negative] between entity with

disease
"cough": positive

-"wheezing": positive
...

-"lung transplantation": positive

Formatting Output
\begin{SYMPTOM}

\item{cough}
...

\end{SYMPTOM}
\begin{TREATMENT}

\item{antibotics}
...

\end{TREATMENT}

"008.45": "Clostridiodies infection",
"Protocol 3-1", "Medical-Abdominal Pain"

Diagnosis code

Text Branch 
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Graph Branch 

Classification

DKEC: Domain Knowledge Enhanced Multi-Label 
Classification for Diagnosis Prediction 
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Results

Knowledge Graph Quality Evaluation

v Symptoms and Treatments Manual Annotation
v 50 ICD-9 Diagnosis Codes

Ø Wikipedia and Mayo-Clinic
v 43 EMS Protocols

Ø ODEMSA

v One-shot CoT GPT-4 outperforms other baselines in 
medical entity extraction

Figure 2: Knowledge Graph Construction
v DKEC enables smaller language 

models to achieve comparable 
performance to LLMs 

v DKEC maintains performance 
when external knowledge is 
available for all the labels 
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