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Craft High-Level Latents (CHILL)

e

\_

Patient has symptoms of ...

and history indicates type H/_

diabetes ...
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Raw patient notes

Read the following text
from a clinical note:
<notes> ply = 1|x) = o(0-7)
Does this patient have T
a ?

| po.i.ons
‘-, B / indicator

Prompt LLM Linear model over high-
(Flan-T5) level features




Feature Extraction Performance

MIMIC-IIl Feature Extraction MIMIC-CXR Feature Extraction
(ICD Code Features) (Expert-Crafted Features)
For Example: For Example:
» Unspecified Essential Hypertension « Bulging Fissures
« Congestive Heart Failure » Decreased Lung Volumes

« Atrial Fibrillation » Collapse of Lung



Feature Extraction Performance

MIMIC-IIl Feature Extraction MIMIC-CXR Feature Extraction
(ICD Code Features) (Expert-Crafted Features)
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Feature Extraction Performance

MIMIC-IIl Feature Extraction MIMIC-CXR Feature Extraction
(ICD Code Features) (Expert-Crafted Features)
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Downstream Performance

AUROC

1.0

0.9

0.8

0.7

0.6

0.5

0.4

MIMIC-III Tasks
] I -
L
J_ k¢
| T %
Ky — - 'y
w e AR W
*g I k¢
i w [ hA ¢
x¢ *g k¢
D¢ D¢ W
ﬁ_ i}_ i}_
71 === BERT =1 Inferred Continuous
== = TF-IDF (30k) E=1 Inferred Continuous w/ Custom
Ground Truth Il Zecro-Shot Downstream Prediction
1 ?6_ 1 |'6_ | !6_
35> o™

Chest X-ray
Classification




Downstream Performance

Chest X-ray
Lo MIMIC-IIl Tasks Classification
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Crafted feature names are

Featu re |ntel’pl’etabi|ity more naturally interpretable

Readmission Prediction Features l
TF-IDF (30k) Inferred Continuous w/ Custom
trach Coronary atherosclerosis of unspecified type of vessel
osh Hypertensive chronic kidney disease
no Acute respiratory failure
esrd :
di : custom_has_chronic
ialysis
hd const
varices Congestive heart failure
hemodialysis Other and unspecified hyperlipidemia
rehab Unspecified essential hypertension
comfort Acute kidney failure
subdural Long-term (current) use of anticoagulants
tracheostomy Diab i ith . : licati
metformin labetes mellitus without mention o _con’_np |_cat|_on
line Atrial fibrillation
overdose custom_is_lifethreatening




Model Interpretability

Weights align with clinical
Continuous Feature Coefficients (Atelectasis) expectations
Jbulging fissures /

stags antler sign
decreased lung volumes
‘/alveolarfilling process
Xconvex left atrial appendage
collapse of lung
reticular opacity
Jdense op air filling with pus water blood
thickening of the fissures
const
.ﬁndistinct basilar opacity
Xincrease subcarinal angle
apical lucency
Jprominent right atrial contour
peribronchiolar cuffing



Feature Interpretability

HISTORY: Intubated, evaluate ET

s Targets ‘

(CheXpert Labeler)

FINDINGS: The ET tube is 3.5 cm ‘Cardiomegaly
above the carina. The NG tube tip ‘Lung Opacity

is off the film, at least in the Devi
stomach. Right IJ Cordis tip is in Supr

the proximal SVC. The heart size Model

is moderately enlarged. There is Predictions
ill-defined vasculature and :

alveolar infiltrate, right greater Gardiomegealy
than left. This is markedly Lung Opacity
increased compared to the flm & Sypport Devices
from two hours prior and likely

represents fluid overioad.

What went wrong?



Feature Interpretability

HISTORY: Intubated, evaluate ET Targets

s (CheXpert Labeler)

FLh‘IyDINt(::f e ETTt:b:Iz fusb:': i:ldlanegdy Top Continuous Features
above the carina. The Opacity

is off the film, at least in the P - endotracheal tube =
stomach. Right IJ Cordis tip is in Support Devices tube i
the proximal SVC. The heart size Model enlarged heart |
is moderately enlarged. There is Predictions enlarged cardiac silhouette -
ill-defined vasculature and T BRI alveolar fluid ==
alveolar infiltrate, right greater egaly alveolar filling process 1
than left. This is markedly Lung Opacity esophageal tube I
increased compared to the flm  Sypport Devices nasogastric tube o
from two hours prior and likely gastric tube =

represents fluid overioad. enlarged cardiomediastinal silhouette



Feature Interpretability

:-Ilbs;l' ORY: Intubated, evaluate ET Targets
ube. (CheXpert Labeler)

FINDINGS: The ET tube is 3.5 cm  Cardiomegaly
above the carina. The NG tube tip 'Lung Opacity
is off the film, at least in the

stomach. Right IJ Cordis tip is in

endotracheal tube
Support Devices tube
enlarged heart

the proximal SVC. The heart size Model

LS o . There is Predi enlarged cardla|c silrlmoufclztll:g

ill-defined vasculature and : S
Cardiomegaly alveolar filling process

alveolar infiltrate, right greater '
than left. This is markedly Lung Opacity
increased compared to the film  Sypport Devices

from two hours prior and likely
represents fluid overioad.

esophageal tube
nasogastric tube

gastric tube
enlarged cardiomediastinal silhouette

Top Continuous Features

Top Decision-Impacting Features (Edema)
const
J alveolar filling process
alveolar fluid
peripheral lucency
enlarged heart
upper lobe pulmenary venous engorgement
hazy perihilar opacity
gastric tube
esophageal tube
rounded left heart border

Feature Values X Model Weights



Feature

alveolar infiltrate, right greater

than left. This is markedly Lung Opacity esophageal tube

increased compared to the film

from two hours prior and likely
represents fluid overioad.

HISTORY: Intubated, evaluate ET Targets
tube.
(CheXpert Labeler)
A T e ek Gardiomegaly Top Continuous Features  Top Decision-Impacting Features (Edema)
;bgf‘f’ett::efilcr:,n gtaieaT;eir:\' tGheuJbe tir {Lung Opacity endotracheal tube - const
stomach. Right W Cordis tip is in SPTSIREENICES tube NN o alveolar filling process
the proximal SVC. The heart size Model Snisrgac heast =  alveolar fluid
is moderately enlarged. There is Predictions enlarged cardiac silhouette - peripheral lucency
ill-defined vasculature and ! alveolar fluid = enlarged heart
Cardiomegaly alveolar filling process 1 upper lobe pulmonary venous engorgement
1
=
I
==

Interpretability

nasogastric tube
gastric tube
enlarged cardiomediastinal silhouette

Support Devices

Extracted features permit easier inspection and

validation of predictions on individual examples

hazy perihilar opacity

gastric tube
esophageal tube

rounded left heart border




Feature Interpretability

:-Ils;l' ORY: Intubated, evaluate ET Targets
o (CheXpert Labeler)

FINDINGS: The ET tube is 3.5 cm ‘Cardiomegaly
above the carina. The NG tube tip ‘Lung Opacity
is off the film, at least in the

stomach. Right IJ Cordis tip is in
the proximal SVC. The heart size

endotracheal tube
Support Devices tube
enlarged heart

Model g

i hiocioruial anlaad THa s e et enlarged card|a|c silrl\ou:lztfz
- . alveolar flu
ill-defined vasculature and Cardiomegaly

alveolar infiltrate, right greater alveolar filling process
than left. This is markedly Lung Opacity

esophageal tube
increased compared to the film Support Devices nasogastric tube
from two hours prior and likely

gastric tube
represents fluid overioad. enlarged cardiomediastinal silhouette

Top Continuous Features

const

J alveolar filling process
alveolar fluid
eripheral lucency
enlarged heart
upper lobe pulmogfry venous engorgement
hazy perihilar opacity
gastric tube

esophageal tube
rounded left heart border

1. Check Features that
impacted the decision

Top Decision-Impacting Features (Edema)



Feature Interpretability

:—Ils;l' ORY: Intubated, evaluate ET Targets
o (CheXpert Labeler)

FINDINGS: The ET tube is 3.5 cm Cardiomegaly Top Continuous Features Top Decision-Impacting Features (Edema)
above the carina. The NG tube tip Lung Opacity b ke b [ const

: : taast |
is off the film, at least in the Support Devices T = o alveolar filling process

stomach. Right |J Cordis tip is in
the proximal SVC. The heart size Model enlarg'ed heart alveolar fluid

: : enla peripheral lucency
::—r:;?nﬁtslaysgun:;g;d énT:;ere < - . alveolar fluid = enlarged heart
alveolar infiltrate, right greater Cardiomegaly alveolar filling process - upper lobe pulmor iry venous engorgement
than left. This is markedly Lung Opacity esophageal tube - hazy perihilar opacity
increased compared to the film  Sypport Devices nasogastric tube == gastric tube
from two hours prior and likely gastric tube = esophageal tube
represents fluid overload. enlarged cardiomediastinal silhouette [ rounded left heart border

2. Reference the Report
to Validate the Features



Feature Interpretability

3. Make a Clinical Judgment

HISTORY: Intubated, evaluate ET Targets i X
tube. (Che At Clinical Judgment: Edema Should be a target!

FINDINGS: The ET tube is 3.5 cm  Cardiomegaly Top Conti eatures Top Decision-Impacting Features (Edema)
above the carina. The NG tube tip ‘Lung Opacity e s = S
is off the film, at least in the Su o = J o

stomach. Right IJ Cordis tip is in ppoft o aiveciar filing process
the proximal SVC. The heart size enlarg:z‘d heart = alveolar fluid
is moderately enlarged. There is Prodictions enlarged cardiz= 1" 0 e =4 peripheral lucency
ill-defined vasculature and : alveolar fluid == enlarged heart
alveolar infiltrate, right greater Cardiomegaly alveolar filling process 1 upper lobe pulmor iry venous engorgement
than left. This is markedly Lung Opacity esophageal tube 1 hazy perihilar opacity
increased compared to the film  Sypport Devices nasogastric tube e gastric tube
from two hours prior and likely gastric tube - esophageal tube
represents fluid overload. enlarged cardiomediastinal silhouette [ rounded left heart border




Feature Alignment with Clinical
EXpeCtationS We can retrieve positively-

contributing features
using the model weights

Lo Feature Alignment with Clinical Expectationy




Data Efficiency

Mortality Prediction
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Data Efficiency

Mortality Prediction

1.0 -
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Feature Efficiency

Not too much

Plateau, so more Chest X-Ray Feature Ablation
features might help prune Randomly (10 runs) Prune by Coefficient
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Feature Efficiency rligh Density of

Useful Features

Chest X-Ray Feature Ablation

Prune Randomly (10 runs) Prune by Coeffici
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