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Overview

Correct analysis of clinical records is crucial for treatment planning.

Chief Complaint C.\!
PMH 22 l
I , Surgery  Medicine Radiation
X-ray .l._ — . .

Clinical Note Diagnosis Treatment Planning

Family History iRs
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Overview

Complex and lengthy records can overwhelm doctors and increase diagnostic errors.

Chief Complaint: Scrotal and leg swelling ... I\
History of Present lllness: ... In the last 3 days his ***** has become quite
swollen. It is similar ***** swelling when he was admitted with acute CHF ... EKG
was consistent with priors (NSR, NANI, ********** changes). The left ventricle is
mildly enlarged. He was given ********* with good UOP ...

Past Medical History: ... -Diabetes, -Hypertension, -CKD, stage 3, -GERD, -
Depression, - Amputation of ***********  Pneumonia, - Osteoarthritis- History of
***k*****’ Asthma .

Family History: There is no family history of **************** grigry ...

Physical Exam: ... LUNG: bibasilar rales that do not clear with deep inspiration.
... ABDOMEN: nondistended, ********* all quadrants. EXTREMITIES: bilateral
pitting edema to the sacrum, extending to the up abdomen. Warm, well perfused.
... HEENT: AT/NC, EOMI, PERRL. ...

Pertinent Results: _ 03:50PM BLOOD WBC-8.0 RBC-3.26* Hgb-9.3* Hct-
30.9* MCHC-29.9* ... __ 11:30AM BLOOD proBNP-3843 ... Overall left ventricular
systolic function is mildly depressed (LVEF= 45-50 %) without regional wall motion
abnormalities. *********** imaging suggests an increased ******* filling pressure
(PCWP>******Hq) ...

Clinical Note

v

Misdiagnosis
Records are complex

Lack of specialist

o)

Automatic diagnosis is necessary
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Overview

Recently, large language models (LLMSs) have shown their power in a variety of language tasks.

Machine Translation v

ChatGPT . i
0 TR Sentiment Analysis v

Gen{ini Question Answer v

Keyword Extraction v
Meditron

a Clinical Note Analysis ?

Microsoft Copilot

v
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Overview

It is important that LLMs are explainable and consistent with physicians.

The reason is
unknown

O
Clinical notes are complex |= + R : :
—W— > » Dilagnosis
and lengthy —
Even GPT-4 is prone to lack of expertise, LLMs

misunderstandings, and misdiagnosis

Black Box

It is difficult to explain the reasons and
process that led to the results
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Overview

The diagnostic process of a human doctor follows existing diagnostic rules.

%

® —
|:{> g gg g —>
= Hill @
Admission Consultation

Chief Complaint: Right
weakness and aphasia.
Events: He had episode of
maurosis fugax in right eye
*kkkkkkk ago ......

Past Medical History:
HTN, COPD on home 1L

Radiology: A3.0x 1.1 cm
left thalamic hematoma
appears stable when ......
MR HEAD: Only ***** T1,
axial T1, and axial FLAIR
sequences were ......
CT HEAD: Stable **** basal
anglia

@
(%)

'Hemorrhagic
Stroke

==
.-

______

Final
Diagnosis

When a patient is admitted, an initial consultation takes place to collect subjective information. Subsequent
observations may then require further examination to confirm the diagnosis.
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Overview

An interpretable pipeline

On Q
=+ Input Output O
P » (O0.OD + % i > (h_ﬂﬁ Diagnosis and reasoning

Clinical Note Combining LLMs and knowledge graphs to Useful for practical clinical applications
achieve high accuracy

li

A benchmark dataset

A

Pipeline

® 0 O Construct N Evaluation
Ad D A - V1V

Specailist Benchmark
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Diagnostic Knowledge Graph

UMLS Knowledge Graph (existing)

“This is 47 yrs female with fever, coughing, and sepsis.”

Temporally Sepsis-associated
Jollows _ " .
i ’ gastrointestinal hemorrhage
Sepsis »
Has pathological . Communicable disease
process  Isa _ Fever of the newborn ~ Has .Pneumonia
” pathological infl
Faver s and influenza

) Coughing with fever

Isa ¥
Has finding site

Respiratory tract Has I Respiratory
. S ) » finding Distress
Coughing 2,‘?:':"‘ Post-tussive vomiting site Syndrome

—>

*  Only provide relations for simple words (For use this KG, input has

to be split into words.)

* No experimental values.

Our Diagnostic Knowledge Graph

is ... /

ST Elevation hs-cTn Cardiac
-Brealhlessness is criteria . Exceeded ... | {Troponin t
is a symptom ... STEMI-ACS
. Strongly NSTEMI-ACS

Arthythmias | 7| Suspected ACS Suspected ACS

i NSTE-ACS
_ / UA
...... Third Heart Any Severe ST / No Obvi /
Sound ... | |Presentations ... nen- © Fbvious
Elevation ... ECG ...

Figure 2: A part of k; for 7 being Acute Coronary Syndromes.

g; = (D;, F;)

ki — (Dzapzaszafz)

Dz’ Diagnostic Nodes

Pi Premise Nodes

‘D* Leaf Nodes

Olivier Bodenreider. The unified medical language system (UMLS): integrating biomedical terminology. Nucleic acids research, 32:D267-D270, 2004.

F,

Procedural Edges

Si Supporting Edges
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Data Annotation

Chief Complaint: Scrotal and leg swelling™ N .Pjeﬁ;;h_er:aT oedema is’

History of Present lliness: ... In the last 3 days his ***** has become qU|tt;T__—__—-+a sign of heart failure | Suspected HF
swollen. It is similar ***** swelllng when he was admitted with acute CHF ... EKG CTTTTLLL T T T

was consistent with priors (NSR, NANI, ******* changes). The left ventricle is Fo--smmmmTEmEmEmIET

mildly enlarged. He was given ********* with good UOP ... _,1 Hypertension is the risk factor |

Past Medical History: ... -Diabetes, -Hypertension;=CKD, stage 3, -GERD, - ' of heart failure : Y
: . T : " : e - - - Strongly
Depression, - Amputation of , Pneumonia, - Osteoarthritis- History of [ e
wkkrek A\ Gfhioo mmosmmo-------o-o-- ./' Suspected HF
, 1
Family History: There is no family history of ******xxxxxxx grtary | ! NT-proBNP 38432125pg/ml is a
1

Physical Exam: ... LUNG: bibasilar rales that do not clear with deep inspiration. diagnostic criteria of strong HF 1

... ABDOMEN: nondistended, ********* all quadrants. EXTREMITIES: bilateral | \ s L 4

itting edema to the sacrum, extending to the up abdomen. Warm, erfused. Tt TToTTTm ottt A
. HI?ENT' AT/NC. EOMI. PERRL " . P :Cardlac structure abnormalities are :_//') HF
Pertinent Results: _ 03:50PM BLOOD WBC-8.0 RBC-3.26" Hgb-9.3* Hct-  diagnostic criteria of heart failure |
30.9* MCHC-29.9* .. 11:30AM BLOOD proBNP-3843 ... Overall left ventrlcular e
systolic function is mlldly depressed (LVEF= 45-50 %) without regional wall motlon :—Card|ac systolic dysfunction ~49% A 4
?gg%n;i\uﬁfmg) imaging suggests an increased filling pressure 'can lead to the diagnosis of HEmrEFr > HFmrEF

e !
Clinical Note R Rationale < Diagnosis d

An annotation sample of Heart Failure (HF). The left part is the clinical note alongside extracted observations by a doctor. The middle
part outlines the steps of the rationale for the premise corresponding to each diagnostic node shown in the right part.

£ = {(0,2,d)} for (R,d")

Annotated by 9 clinical physicians and subsequently verified for accuracy and completeness by three senior medical experts.
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Data Statistics and Task Definition

Statistics of all 25 disease categories, 511 annotations. Statistics of 5 medical domains.
Medical domain ~ #cat. #samples |D;| |Df| |O| Length
Domains Categories #samples |D;| |Df| -
Acute Coronary Syndromes 65 6 3 Cardiology 7 184 27 16 8.7 1156.6t
Aortic Dissection 14 3 2 Gastroenterology 4 103 11 7 43 10260t
Atrial Fibrillation 10 3 2 Neurology 5 77 17 11 1.9 11863t
Cardiology ﬁﬂrdiﬁrm);ﬂpathy 592 2 ;, Pulmonology 5 92 26 17 10.7  940.7t
eart Failure 4
Hyperlipidemia 5 5 | Endocrinology 4 55 20 14 6.9 1063.5t
Hypertension 32 2 1 Overall 25 521 101 635 8.5 1074.6 t
Gastritis 27 5 3
Gastroenterology Gastroesophageal Reflux Disease 41 2 1
Peptic Ulcer Disease 28 3 2 . . , . .
Upper Gastrointestinal Bleeding 7 21 Each note only has a primary discharge diagnosis (PDD) in D*
Alzheimer 10 2 1
Epilepsy 8 3 2
Neurology Migraine 4 3 2
Multiple Sclerosis 27 6 4
Stroke 28 3 2 L
Asthma 33 7 s Task 1 d*,& = M(R,G)
COPD 19 6 4
Pulmonology Pneumonia 20 4 2
Pulmonary Embolism 15 5 3 Ix O
Tuberculosis 5 3 2 TaSk 2 d 5 E = M(Ra }C)
Adrenal Insufficiency 20 4 3
Endocrinology Diabetes 13 4 2
Pituitary 12 4 3
Thyroid Disease 10 6 4
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An Al Agent Pipeline

Our baseline comprises three LLM-based modules: narrowing-down U, perception W, and reasoning V.

R v . — .
Lo ] Narrowing- Observations () &o Q@3 ®06
down (1) Elevated blood pressures > @ ol
w J’ ( (2) CXR showed mild pulmonary edema
" Perception i |
Clinical \[ p ]—> (3) CHF/Cardiomyopathy v ‘ ) 3 ® @ 5
Note (4) Severe LV diastolic dysfunction J &l ' LT
(5) BPs: 148/98, 156/93 L Ressoning P

/"ty: Chief Complaint N\ 57 CHCY

ro: History of Present lliness

ry: Past Medical History Diagnostic KG

x

r4: Family History {dn ;' (cjt @ @ ,® @ @
A . 1 v, >
r5: Physical Examination P Reasoning i' ,"‘\l R ‘éD
QB: Pertinent Results / @ @
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Experiment Results

Accuracy of diagnosis (Acc)
Completeness of observations (Obs)

Faithfulness of explanations (Exp)

Auto Evaluation via LLama3 8B

Table 3: Diagnostic reasoning ability of different LLMs under the proposed baseline method.

Diagnosis Observation Explanation

Task Models Acc®™  Accdisg ObsP™ Obs"™¢ Obs P Expo™ Exp!
Zephyr 7B 0.274 0.151 0.1 23:t0.200 0.11 Sj:(). 166 O.ngig_mg 0.071 +0.139 0.0 l4i[),()37
Mistral 7B 0.507 0.306 0.21 ]:|:()_19() 0.31 7:|:()_253 0.173:|:()_]57 0.230:&0_312 0.062:‘:0_038
Mixtral 8 x7B 0.413 0.237 0. 147i0.165 0.266:&0.261 0.1 24:|:0_ 138 0. 144:}:0.268 0-029:t0.056

With Q LLama3 8B 0.576 0.321 0-253i0.156 0-43?i0.207 0-219i0.137 0-232i0.316 0.07 1i0.093
LLama3 70B 0.752 0540 0277410146 053710002 0.256101420 039510320 0.11210110
GPT-3.5 turbo 0.679 0.455 0.389i0'212 0-351i0.192 0-275i0.167 0-331i0.366 0-103i0.127
GPT-4 turbo 0.772 0.572 0.446:|:0_2|]7 0.491 +0.180 0.371 +0.186 0-47510.363 0.19910_131
LLama3 8B 0.576 0.344 0.235 +0.162 0.394:&0.227 0.1 99:|:0_|42 0.327:}:0_375 0.087:‘:0_] 14

With £ LLama3 70B 0.735  0.581 026240146 0.50110208 0.23640131 046310374 0.12540117
GPT-3.5 turbo 0.652 0.413 0.347:&0241 0.279:&).203 0-232:|:0.184 0.37410.403 0.121:‘:0‘152
GPT-4 turbo 0.781 0.614 0.431 +0.207 0-458i0.187 0-353i(}.170 0.633i0_333 0.247}[]_201

Table 4: Evaluation of diagnostic reasoning ability of LLMs when no external knowledge is provided.

Observation Explanation

Task Models Acctie Obs™™® Obs"™* Obs*o™P Exp*om Exp™!
LLama3 8B 0.070 0.1 54i0.l39 0-330i0.244 0.1 35i0.122 O-OZOiO.IUO 0-004i{).016
With D* LLama3 70B 0.502 0-257i0.150 0-509i0.213 0-237i0. 145 0. 138i0_209 0-034i0.054
GPT-3.5turbo  0.223  0.16410240  0.14940212  0.11640474  0.09140231  0.02540,065
GPT-4 turbo 0.636 0.46119206 0.48210160 0.378+0.174 0.18619221 0.074 19990
LLama3 8B 0.023 0.1 37:1:0,159 0.258:|:0,274 0.1 1910.14I 0.01 8:|:0.083 0-006:t0.026
No Knowledee LLama3 70B 0.037 0.246 +0.148 0.504:&0.222 0-22710.148 0.022i0_093 0.007:‘:0.030
& GPT-3.5 turbo 0.059 0.161 +0.238 0. ]48i0,215 0.1 13i0.17l 0.036i0_|31 0.01 lig.()_qg
GPT-4 turbo 0.074  0.41040208 044310101 032410482 0.047 19,143  0.019, 9,058
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Experiment Results

Performance of LLama3 70B, GPT-3.5, and GPT-4 under different medical domains.

Acc Comp Faith

1.0
0.81
0.61
0.41
0.21

0.0 — : : : : : ‘ : : - - : - ‘ ‘
LLama3 GPT-3.5 GPT-4 LLama3 GPT-3.5 GPT-4 LLama3 GPT-3.5 GPT-4 LLama3 GPT-3.5 GPT-4 LLama3 GPT-3.5 GPT-4
Cardiology Gastroenterology Neurology Pulmonology Endocrinology
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Experiment Results

Consistency of automated evaluation metrics with human judgments.

Table 5: Consistency of automated evaluation with human
judgments. Evaluated by mean and confidence interval (CI).

Observation Rationalization
Model Mean 95% CI Mean 95% CI

LLama3 8B  0.887 0.844 ~ 0.878 0.835 0.759 ~ 0.818
GPT-4 turbo  0.902 0.830 ~ 0.863 0.876 0.798 ~ 0.853
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Generated Samples From GPT-4

Purple, orange, and red indicate ground truth, prediction, and common in both, respectively.

Present lllne: He underwent a right carotig ****# s |\ 7 - T T ]
and per notes, it was uneventful. This was done as an-eféctive -Tran5|ent vision loss typically &-,u Carotid artery stenosis is an :
procedure after he had episodes of amaurosis fugax in wﬂ-mdlcates a transient ischemic . -|mportant cause of |nsuff|0|ent'___, Suspected
#4rxsx days ago, which, on evaluation, showed significant (more attack, often associated with : | blood flow to the brain and is . Stroke
than ******* percent) carotid stenosis. ... . carotid artery disease. ! :assomated with risk of stroke:

Past Medical History: +HTN, +Diverticulosis, +CHF -

Physical Exam: Mental status: Awake, ***** doemma%.\
Can only say ****** words. Comprehension is relatively spare
can answer with ********** tg yes and No type questions. ...
Pertinent Results: CT HEAD W/O CONTRAST Study Date '
FINDINGS: A ****** cm left thalamic hematoma appears stable
when compared to ********** from outside the ********j
approximately ******** ago. There is an Increased amount.of

. The presence of a thalamic © : Thalamus hematoma

layering hemorrhage in the ************ of the left lateral ventricle.

Hemorrhagic Ischemic

 hematoma is directly related / means brain bleeding
. which is a common —»

small amount of intraventricular blood is noted in the | to symptoms of stroke, '

1 ! ! LT ; ) . N i Stroke Stroke
weekssseeseseirss of the right lateral ventricle, ******. There is . indicating brain bleeding . diagnostic criterion for .
surrounding ******* which appears ****** from prior CT. ... :__which can lead to stroke __; ;__hemorrhagic stroke _:

Clinical Note Rationale Diagnosis

An example prediction for a clinical note with PDD of Hemorrhagic Stroke by GPT-4.

Chief Complaint: epigastric and substernal chest pain/ﬁx .............................
Present lllne: suspected PBC with severe epigastric pain that | Common symptoms of GERD ! ; Epigastric and substernal chest |
radiates to her mid-sternal area beginning at ** AM. She noted | : include chest pain that can be ~ pain are atypical and typical
gradual *ssesssssminytes It did not radiate to her | | Substemal or epigastric. | 'symptoms of GERD respectively. Suspected
back, and was similar in character to past episodes. However, she \ GERD
felt the pain was much more severe, and did not respond to her | -~ T
usual reflux techniques (drinking water, taking tums, and drinking a - Hiatal hernia and erosions _*Erosmns at the GE juncﬂonl
lidocaine water mixture). She denied SOB, chest pain, palpitations, | . at the gastroesophageal | : may be an endoscopic
nausea, **ereexeaienitis She also denies change in ** et j: junction are common | | finding of GERD but was !
such as melena or BRBPR. Endoscopy showed hiatal M ; findings in GERD ; not graded. 1
erosions at the GE junction that were shown to be benign on | "~~"- """ 77" 77rToTooToon tmmmmmmmmmonon s \
pathology ... U .
Past Medical History: ... ' Indicates absence of erosive damage typically seen in severe |
Pertinent Results: EGD: Normal mucosa in the esophagus, | » GERD, but does not rule out GERD as symptoms can occur 1
stomach, and duodenum. *********** polyp in the upper : without visible mucosal damage.
stomach. T R T GERD
duodenum. EKG: upright axis, sinus rhythm, regular rate at ~60 | .
bpm, intervals wnl, no acute ST changes. *********** refux | _: AET greater than 4% on pH-impedance /
monitor: total AET:6.5% on pH-impedance monitoring— | + _monitoring supports the diagnosis of GERD .
Clinical Note Rationale Diagnosis

An example prediction for a clinical note with PDD of GERD by GPT-4
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Thanks
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