
EMR	Data	mining

Nigam	Shah
nigam@stanford.edu

1 0 -1
1 0 -1

1 0 -1
1 0 -1

1 0 -1

thousands

millions

hundreds

engineered

The	Data	and	the	problem

ß
In
di
vi
du

al
s	(
N)
à

ß Features	(p)	à

ProceduresDevicesDiseasesDrugs Sequence,	Expression	
(gene,	protein),	
Metabolites	…

Claims Quantified	self

We	do	a	lot,	without	knowing	what	works.

1. Clinical	questions
2. Insights	from	the	data
3. Predictive	models

Understanding	the	question

What	proportion	of	the	population	
has	familial	hyperlipidemia?

What	are	the	subtypes	of	autism?

Is	there	a	relation	
between	gut	bacteria	
and	depression?

Which	patients	
will	be	high-cost	
next	year?

Is	mitral	valve	repair	or	replacement	
better	for	patients	with	prolapse?

How	does	androgen	deprivation	
increase	dementia	Risk?
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Phenotyping

Clinical	studies



Terms,	Concepts

Counts

Variables

Any	allergy	med																																								?

Profiling	risk	factors	for	chronic	uveitis PAST MEDICAL/SURGICAL HISTORY:  Positive for 
atrial fibrillation.  The patient had AVR 6 
years ago.  Peripheral arterial disease with 
hypertension, peripheral neuropathy, 
atherosclerosis, hemorrhoids, proctitis, 
CABG, and cholecystectomy.

FAMILY HISTORY:  Positive for 
atherosclerosis, hypertension, autoimmune 
diseases in the family.

REVIEW OF SYSTEMS:  Weight loss of 25 pounds 
within the last 6 months, shortness of 
breath, constipation, bleeding from 
hemorrhoids, increased frequency of 
urination, muscle aches, dizziness and 
faintness, focal weakness and numbness in 
both legs, knees and feet.

LABORATORY DATA AND RADIOLOGICAL RESULTS:  
The patient had a chest x-ray, which showed 
cardiomegaly with atherosclerotic heart 
disease, pleural thickening and small pleural 
effusion, a left costophrenic angle which has 
not changed when compared to prior 
examination, COPD pattern.  The patient also 
had a head CT, which showed atrophy with old 
ischemic changes.  No acute intracranial 
findings.

DISCHARGE DIAGNOSIS:  Syncope.

DISCHARGE MEDICATIONS:  The patient was 
discharged on the following medications; 
Cardizem 90 mg p.o. thrice daily, digoxin 
0.125 mg p.o. once daily, allopurinol 100 mg 
two times daily, Coumadin 4 mg p.o. q.h.s., 
and Remeron 15 mg p.o. q.h.s.

past medical surgical history:  positive for 
atrial fibrillation.      patient     avr   
years ago.  peripheral arterial disease      
hypertension, peripheral neuropathy, 
atherosclerosis, hemorrhoids, proctitis, 
cabg, and cholecystectomy.

family history:  positive for 
atherosclerosis, hypertension, autoimmune 
diseases        family.

review of systems:  weight loss       pounds                   
months, shortness of breath, constipation, 
bleeding      hemorrhoids, increased 
frequency of urination, muscle aches, 
dizziness and faintness, focal weakness and 
numbness    both legs, knees and feet.

laboratory data and              results:      
patient       chest x-ray, which        
cardiomegaly      atherosclerotic heart 
disease, pleural thickening and small pleural 
effusion,   left costophrenic angle which     
not changed      compared    prior 
examination, copd pattern.      patient            
head ct, which        atrophy      old 
ischemic        .  no acute intracranial 
findings.

discharge diagnosis:  syncope.

discharge medications:      patient                       
following medications; cardizem    mg  . .        
daily, digoxin 0.125 mg  . . once daily, 
allopurinol 100 mg two times daily, coumadin   
mg  . .  . . ., and remeron    mg  . .  . . .

Input Text Annotations

True Internal Representation
(with some keys shown for illustration)

53    8
44    5
8539  8
3     16   (colon)
996   3
1363  13   (atrial fibrillation)
1     19   (period)
8     7
5087  12
129   6
158   6
1     3
16091 3    (peripheral arterial disease)
254   33
2     12
4624  2
2     21   (comma)
6198  2    (atherosclerosis)
2     15   (comma)
2835  2
2     11
10647 2    (proctitis)
2     9
2026  2    (cabg)
2     4
11    2
1907  4    (cholecystectomy)
1     15   (period)
...

Reconstructed Representation

PAST MEDICAL/SURGICAL HISTORY:  Positive for 
atrial fibrillation.  The patient had AVR 6 
years ago.  Peripheral arterial disease with 
hypertension, peripheral neuropathy, 
atherosclerosis, hemorrhoids, proctitis, 
CABG, and cholecystectomy.

FAMILY HISTORY:  Positive for 
atherosclerosis, hypertension, autoimmune 
diseases in the family.

REVIEW OF SYSTEMS:  Weight loss of 25 pounds 
within the last 6 months, shortness of 
breath, constipation, bleeding from 
hemorrhoids, increased frequency of 
urination, muscle aches, dizziness and 
faintness, focal weakness and numbness in 
both legs, knees and feet.

LABORATORY DATA AND RADIOLOGICAL RESULTS:  
The patient had a chest x-ray, which showed 
cardiomegaly with atherosclerotic heart 
disease, pleural thickening and small pleural 
effusion, a left costophrenic angle which has 
not changed when compared to prior 
examination, COPD pattern.  The patient also 
had a head CT, which showed atrophy with old 
ischemic changes.  No acute intracranial 
findings.

DISCHARGE DIAGNOSIS:  Syncope.

DISCHARGE MEDICATIONS:  The patient was 
discharged on the following medications; 
Cardizem 90 mg p.o. thrice daily, digoxin 
0.125 mg p.o. once daily, allopurinol 100 mg 
two times daily, Coumadin 4 mg p.o. q.h.s., 
and Remeron 15 mg p.o. q.h.s.

past medical surgical history:  positive for 
atrial fibrillation.      patient     avr   
years ago.  peripheral arterial disease      
hypertension, peripheral neuropathy, 
atherosclerosis, hemorrhoids, proctitis, 
cabg, and cholecystectomy.

family history:  positive for 
atherosclerosis, hypertension, autoimmune 
diseases        family.

review of systems:  weight loss       pounds                   
months, shortness of breath, constipation, 
bleeding      hemorrhoids, increased 
frequency of urination, muscle aches, 
dizziness and faintness, focal weakness and 
numbness    both legs, knees and feet.

laboratory data and              results:      
patient       chest x-ray, which        
cardiomegaly      atherosclerotic heart 
disease, pleural thickening and small pleural 
effusion,   left costophrenic angle which     
not changed      compared    prior 
examination, copd pattern.      patient            
head ct, which        atrophy      old 
ischemic        .  no acute intracranial 
findings.

discharge diagnosis:  syncope.

discharge medications:      patient                       
following medications; cardizem    mg  . .        
daily, digoxin 0.125 mg  . . once daily, 
allopurinol 100 mg two times daily, coumadin   
mg  . .  . . ., and remeron    mg  . .  . . .

Input Text Annotations

True Internal Representation
(with some keys shown for illustration)
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Reconstructed Representation
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Count	present,	positive	
mentions,	about	the	patient3
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Knowledge	graph
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ID Term-1 150,879 90,000 0.90 0.05 … 0.03
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Event	/	Outcome	concepts

Juvenile	Idiopathic	Arthritis

:

Uveitits

Iridocylitis

Oral	Antihistamines

Juvenile	Idiopathic	Arthritis
ICD 9 codes
696.0, 714.0, 714.2, 714.3, 714.9, 720.2, 720.9

Terms:
Juvenile idiopathic arthritis, JIA
Juvenile rheumatoid arthritis, JRA
Psoriatic arthritis
Juvenile spondyloarthropathy,
spondyloarthritis,
enthesitis related arthritis,
sacroiliitis,
reactive arthritis

Terms,	Concepts

Counts

Variables

Androgen	deprivation	&	Alzheimer’s	risk

0 1 2 3 4 5 6 7

Anaphylaxis

Rhabdomyolysis

Tuberculosis

Allergic> rhinitis>

Abdominal>aortic>aneurysm>

Age

Caucasian

Ever> smoker

AntiDplatelet>medication>use

AntiDcoagulant>medication>use

AntiDhypertensive>medication>use

Statin>use

History>of>cardiovascular>disease

History>of>diabetes

History>of>malignancy

ADT>use

1.06 (1.04-1.08) <0.001

1.60 (1.04-2.44) 0.031

1.88 (1.10-3.20) 0.021

www.tinyurl.com/JCO-ADT

Androgen	deprivation	&	Dementia	risk
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1826 1177 872 645 470 367 282 211 160 124ADT
7446 5448 4587 3889 3231 2708 2233 1833 1518 1214No ADT

Number at risk
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Years

No ADT
ADT



http://tinyurl.com/inf-consult

antihypertensives

Intervention

Diastolic	pressure	<	90	mm	Hg

Outcome

A	55	year	old	female	of	Vietnamese	heritage	
with	known	asthma	presents	to	her	physician	
with	new	onset	moderate	hypertension

My	Patient

100

Diastolic	BP	with	Drug	A:	245
Diastolic	BP	with	Drug	B:	989

1 2 3 4 5 6
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Variables	associated	with	Outcome

Drug	A

Asthma

Ethnicity

HDL	

3 40 1 2
HbA1c	>	10%

Example	– 1:	Choosing	diabetes	drugs

Scenario:	Which	second	line	drug	to	use	for	treating	
diabetics	who	have	high	HbA1c	one	to	two	months	
after	first	line	treatment?

250	million	patients

Metf->Metf (n)	=	377
Glip->Glip (n)	=	30

Efficacy of monotherapy 
(Stanford data only)

Effective	treatment	pathways

8.0
Metformin	à Glipizide	vs.	Pioglitazone

Metformin	àSitagliptin vs.	Pioglitazone

Metformin	à Sitagliptin vs.	Glipizide

Example	– 2:	Choosing	chemotherapy

Scenario:	For	55-60	year	old	white	male	patient	
with	newly	diagnosed	plasma	cell	leukemia	(PCL),	
what	is	the	difference	in	overall	survival	between	
patients	treated	with	intensive	versus	less	intensive	
chemotherapy?

Example	– 2:	Personalized	estimate



Outline	of	an	informatics	consult

Descriptive	summary
• What	happened	after	treatment?

Making	recommendations
• What	treatment	choices	are	typically	made,	
given	prior	medical	history?	What	are	typical	
outcomes?

• Estimation:	What	is	the	effect	of	treatment	
choice	X	on	outcome	Y?

XPRESS- EXtraction of Phenotypes	from	clinical	Records	using	Silver Standards
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ICD-9 RX Terms Labs 

3. Patient history is found after first mention of keyword 

1. Build Keyword list based on 
terms related to “Myocardial 

infarction” 

Pid Notes 

524 

1234 

765 

834 

… 

…. 

… 

… 

… 

… 

… 

… 

…. 

Annotations 

“Myocardial infarction” (Y/N) ? 

2. Find Patients with keyword 
mentions +" #"

T" TP# FN#
F" FP# TN#

train 

test 

5. Classifier is built using 5-fold cross validation 

4. Feature Vectors constructed after collapsing patient timeline 
into normalized frequency counts for all terms, ICD-9s, 

prescriptions and labs 

ICD9 RX Terms  Labs 

4. Feature Vectors constructed after collapsing patient timeline 
into normalized frequency counts for all terms, ICD-9s, 

prescriptions and labs 

Input:	config.R – with	term	search	settings	
Output:	keywords.tsv and	ignore.tsv

Input:	getPatients.R -- config.R,	keywords.tsv,	ignore.tsv
Output:	feature_vectors.Rda

Input:	buildModel.R -- config.R,	feature_vectors.Rda
Output:	model.Rda

Phenotype AUC Sens. Spec. PPV

DM 0.95 91	% 83 % 83	%

MI 0.91 89	% 91	% 91	%

FH 0.90 76.5% 93.6% ~20%

Celiac 0.75 40 %	 90	%	 ~4 %

Phenotyping	- effort	precision	trade	off

Acc PPV Time

0.98 0.96 1900

Acc PPV Time

0.90 0.91 2hr
Insights

Learning	true	ranges	of	lab	tests DETECT:	Data	mining	EMRs	To	Evaluate	Coincident	Testing



Quality	metrics

• Post	surgery	DVT	
rates

• Urinary	
Incontinence	after	
prostate	cancer	
surgery

Time between surgery and DVT/PE event
 (first year after surgery)

Time in 10 day intervals
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Predictive	Modeling

Classification	or	Prediction?

Patient’s	
Medical	Record

###.##

Time	of	“X”

###.##
###.##
###.##

Risk	prediction Classification

Source	of	features
Choice	of	features

Predicting	delayed	healing	wounds

59,958 patients

• Age
• Gender
• Insurance
• Zip code

180,716 wounds
• Wound type
• Wound location

• Dimensions
• Edema
• Erythema
• Rubor
• Other wound qualities

Each wound assessment:68 Healogics Wound 
Care Centers in 26
states
• Center Code

Clinically	usable	performance
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Predicting	Cost	Blooms

Panel	2013-14
Total	Members:	149,038

Panel	2014-15
Total	Members:	274,525

Learn	model

Apply	model



Predicting	Cost	Blooms

N	=	274,525
Expensive	in	

2014	=	$18,028

Expensive	in	
2015	=	$20,489

60%	- Bloomers

40%	- Persistent

Predicted,	but	
don’t	bloom

Bloomers	
we	miss

Cost	Bloom	model

Whole	Population	
– High	Cost	model

Correctly	predicted	
bloomers

0.81
0.43
0.57

AUC
PPV
Cost	Cap.

0.86
0.51
0.68

Fruitful	areas	of	activity

• Risk	stratification:	cost,	latent	disease,	
decompensation

• Personalizing	evidence:	risk	for	me,	what	
treatment	will	work

• Insights	into	disease	progression
• Using	passively	collected	data:	sensors,	
feature	engineering

• Practice	management:	predicting	missed	
appointments,	medication	adherence	...

Open	research	problems

• Data	nonstationarity
• Local	vs.	Global	models
• Handling	unstructured	data	(text,	images,	time	traces)

• Outcome	ascertainment	(and	censoring)
• Evaluation:	Beyond	discrimination
• calibration,	net-reclassification

• Bridging	the	“last	mile”
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