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Coordinating 
Center 

: pediatric sites 

eMERGE goals 
• To perform GWAS using EMR-derived 

phenotypes  
• To initiate implementation of actionable 

variants into the EMR 
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What we’ve learned - Finding 
phenotypes in the EMR 

True cases 

True cases = combinations of elements defined by 
Boolean logic, counting or scores, machine learning, or 
logistic regression 



Finding cases: Rheumatoid Arthritis 

255 507 1184 
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Replicating known studies in the EHR 
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Discovery science in eMERGE: Autoimmune 
Hypothyroidism 

Am J Hum Genet. 2011;89:529-42 

Algorithms can 
be deployed 

across 
multiple EMRs 
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using extant 

data 



Hypothyroidism algorithm 

 



Completed eMERGE/VU GWAS 
Diseases 
• Dementia 
• Cataracts 
• Autoimmune Hypothyroidism 
• Diverticulosis/diverticulitis 
• Type 2 Diabetes 
• Diabetic retinopathy  
• Herpes zoster 
• PheWAS 
• Peripheral Arterial Disease 
• Venous Thromboembolism  
• Glaucoma 
• Ocular hypertension 
• Abdominal Aortic Aneurysm  
• Colon polyps 
 
 
 

Pharmacogenomic phenotypes 
• ACE inhibitor cough 
• Heparin induced thrombocytopenia 
• Resistant hypertension 
• Drug Induced Liver Injury 
• C. difficile colitis 
• Delta-LDL with statins (GIST) 
• Vancomycin dose (VU) 
• Asthma exacerbations and inhaled 

steroids (PGRN) 
 

Candidate gene PGx Studies: 
• Clopidogrel/Major Cardiac Events 
• Warfarin dose  
• Warfarin-related bleeding events 
• Statin ED50/Emax 

 
 

bold=GWAS completed with  
          significant results 

Endophenotypes 
• PR Duration 
• QRS Duration 
• HDL/LDL 
• height  
• white blood cell counts 
• red blood cell counts 
• Cardiorespiratory Fitness 
• ESR levels 
• Platelet levels 

 
 



Two GWAS of Drug-ADEs from the EMR 

ACEI-cough  
(NLP of allergy sections, automated) 

Heparin-induced thrombocytopenia 
(automated+manual review) 

Karnes et al. Thromb Haemost. 2014 



Performance of 88 Phenotype Algorithms in PheKB 
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Initial look at SJS/TEN in BioVU 

• ICD9 codes: 
– 695.1* (erythema multiforme) 
– 695.12  EM Major 
– 695.13  SJS 
– 695.14  SJS – TEN overlap syndrome 
– 695.15  Toxic epidermal necrolysis 

 

• Keywords for SJS/TEN (including misspellings) 
 

Codes 
available after 
2008 



Manual Review of possible cases 
in 2012 (N~100k in BioVU) 

• Total of 72 cases SJS/TEN/EM thought drug related 
– 17 treated at VU (9 distinguished as EM) 
– 17 with description of case (2 EM) 
– 38 with positives mentions in notes (8 EM) 

• 35 had a drug identified (20 different drugs 
mentioned; some multiple) 

• Path reports present sometimes, but these are often 
PDFs 

• In recent years, pictures often in EMR 
 



Cohort Length of Stay Modeled Probability Estimated # 
Cases 

Estimated # 
Cases, lower CI 

Old ICD9 codes, 
Erythema 

multiforme 

A: Not Hospitalized   -- -- 
B: 2 or fewer days 0.08 (0.02-0.22) 56 18 
C: 3 to 5 days 0.29 (0.17-0.45) 324 187 
D: 6 to 13 days 0.28 (0.13-0.5) 225 106 
E: 14 or more days 0.77 (0.47-0.92) 389 237 

Specific SJS/TEN 
ICD9 codes 

A: Not Hospitalized 0.15 (0.07-0.28) 145 71 
B: 2 or fewer days 0.22 (0.05-0.61) 27 6 
C: 3 to 5 days 0.57 (0.25-0.84) 150 66 
D: 6 to 13 days 0.57 (0.23-0.85) 160 65 
E: 14 or more days 0.92 (0.62-0.99) 158 107 

Nonspecific rash 
codes 

A: Not Hospitalized -- -- -- 
B: 2 or fewer days 0.002 (0-0.013) 23 3 
C: 3 to 5 days 0.008 (0.001-0.045) 136 24 
D: 6 to 13 days 0.008 (0.001-0.049) 103 16 
E: 14 or more days 0.064 (0.015-0.233) 606 143 

Total Cases (out of ~ 8 million)  2502 1049 

Validation of ICD9s in HMORN 

Courtesy of Bob Davis 



Finding cases: DRESS as an example 

• No specific ICD9/ICD10 code 
• “dress” is not a useful search term, and it may be 

underdiagnosed anyway 
• But, we can find: 

• Drugs exposures 
• Presence of a rash 
• Eosinophilia, thrombocytopenia 
• Fevers 
• Documented lymphadenopathy 
• Acute kidney injury, acute liver injury 

• We could use similar approaches for SJS/TEN 



Strengths 

• Rich, longitudinal data stores  
• Many are prospectively collected, so potential 

to find serious/potentially fatal diseases (like 
SJS/TEN) without need to recontact 

• Potential for closed-loop discovery and 
implementation 

• Expensive testing available “for free” 



Challenges 

• Developing algorithms takes time and people, and then 
implementation requires local expertise 

• Phenotype is rare, and drug exposure is important – 
ideally would involve big networks 

• Key data is in PDF forms (dermatology biopsies reports, 
images) 

• Causative drug can be hard to identify (true outside of 
EHRs too) 

• Treatment is heterogeneous 
• Some research data warehouses have design 

considerations to be addressed (e.g., de-identification 
of “Stevens-Johnson”, suppression of images) 
 



What we can do afterwards 

• Look at comorbid diseases 
• Follow for mortality and outcomes 
• Evaluate for treatments 
• Find controls with drug exposures 



Commonality of PGx drug exposures 
5-year Medication Exposures in 52,942 “Medical Home” patients 



Looking at SJS/TEN drugs 

• Looked at incidence of allopurinol, 
lamotrigine, phenytoin, carbamazepine, 
abacavir in ~98k adults at Vanderbilt with at 
least 3 years of contact 

• 12% of this general population take one of 
these meds 
– 6% of these take >1 SJS/TEN med 

 
 



Coordinating 
Center 

: pediatric sites 

Kaiser Permanente 

Network DNA samples GWAS 

eMERGE   361k 51k (100k) 

Million Veterans Program 350k 200k 

Kaiser Permanente 240k 100k 

Total >1 million >351k 
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