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Dr. Goldberg’s Legacy

Kohli et al, Hypertension 1991
McDonald et al, J Clin Invest 1964



Using Big Clinical Data for Small (Pediatric) Patients

• Acute Kidney 
Injury

• Latent Drug 
Outcomes

• Drug-Gene 
Interactions



EHRs are a tool for translational research and 
implementation

Norman Rockwell, Doctor and Doll
The Saturday Evening Post, March 29, 1929

“Is Your Doctor Getting Too Much Screen Time?”
The Wall Street Journal, December 14, 2015



AKI is a problem for pediatric inpatients

Acute Kidney Injury (AKI) 
– 1.5-fold or 0.3 mg/dL increase in creatinine
– Increased morbidity, mortality and length of stay
– >5% on wards; >25% in PICU

– Screening can reduce severity

McGregor et al, Am J Kidney Dis 2016
Goldstein et al. Pediatrics 2013

Downes et al. J Cyst Fibros 2014



We can use EHR data to predict AKI risk
Age at admission

15 years vs. 3 years

High risk nephrotoxins
Increase per 1 additional

Moderate risk nephrotoxins
Increase per 1 additional

Total medications
Increase per 1 additional

Minimum platelet count
278 vs. 206x103/μL

Median RDW
13.5 vs. 13.2%

Phosphorus
None checked vs. normal

Phosphorus
High value vs. normal

Transaminases
None checked vs. normal

Transaminases
High value vs. normal

Minimum pH
7.3 vs. 7.2

Hypotension
Present vs. absent

EHR Data

Informative?
Independent?

Available in Real-Time?



We can use EHR data to predict AKI risk

EHR Implementation



AKI prediction in REAL TIME

Wang et al. PAS 2018



Randomized trial of AKI decision support efficacy

VCH Admissions 
12/2016-10/2017

ICU Non-ICU

936
Control

973 
Intervention

5505 
Control

5492 
Intervention

597 (64%) 
At Risk

606 (62%) 
At Risk

193 (4%) 
At Risk

193 (4%) 
At Risk

Wang et al. PAS 2018



AKI risk alerts work, sometimes…
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What are other AKI risk factors?

• Increased AKI reported in adults treated with 
piperacillin/tazobactam (TZP) and vancomycin

• Studies difficult to interpret due to 
confounding by indication 



Vancomycin + piperacillin/tazobactam is more 
nephrotoxic than vancomycin + cefepime 
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Adjusted Analysis of AKI in
228 Matched Children

Odds Ratio 
[95% CI]

p-
value

Vancomycin + 
Cefepime

Reference

Vancomycin + 
TZP

2.5
[1.1-5.8]

0.03

Adjusted for age, sex, nephrotoxins, 
and vancomycin dose

Univariate Analysis of AKI in 228 
Matched Children

Cook et al. JPIDS 2018



Can we protect against AKI?

• Half of pediatric cardiac 
surgery patients have 
post-op AKI

• Many factors…

Van Driest et al. JAMA Peds 2018



Acetaminophen associated with less AKI

AKI and Acetaminophen in 666 Pediatric Cardiac Surgery 
Patients

No AKI 
(N=325)

AKI 
(N=341) P-value

Any 
Acetaminophen 
Given

305 
(94%)

289 
(85%) <0.001

Acetaminophen
dose (mg/kg)

78 
(43-104)

47 
(18-88) <0.001

Van Driest et al. JAMA Peds 2018



Association holds with adjustment

Van Driest et al. JAMA Peds 2018

OR = 0.86 
(0.82-0.90)



Association holds with adjustment and 
in replication cohort

OR = 0.91 
(0.84-0.99)

Van Driest et al. JAMA Peds 2018

OR = 0.86 
(0.82-0.90)



Changing trajectories of health
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Using Big Clinical Data for Small (Pediatric) Patients

• Acute Kidney 
Injury

• Latent Drug 
Outcomes

• Drug-Gene 
Interactions



GWAS and PheWAS

Phenotype
Genome

Genome Wide Association

Genotype
Phenome

Phenome Wide Association

Denny et al. Nat Biotechnol 2013



PheWAS can be used for more than genetics
A drug 

exposure

A disease

A genetic 
pathway or 
risk score

A single SNP
Associated 
phenotypes

A laboratory 
test result

The curated EHR-based 
phenome

Measured or 
“imputed” gene 

expression



PheWAS may help us uncover new drug effects

Birth 1 year 2 years 4 years3 years 5 years

Exposure Outcomes
(PheWAS Codes)

Choi et al. Bioinformatics 2018



Proof-of-principle in a medical home cohort

Group All Gentamicin

Exposure Status All Exposed Unexposed

N 11,116 1,202 9,589 

N Female (%) 5,412 
(48.7%)

521 
(43.3%)

4,736 
(49.4%)

Age (SD) 10.9
(4.6)

8.7 
(3.7)

11.1 
(4.6)

N White (%) 4,061 
(36.5%)

411 
(34.2%)

3,542 
(36.9%)

Choi et al. Bioinformatics 2018



Unadjusted PheWAS results indicate a multitude 
of associations to gentamicin exposure

Choi et al. Bioinformatics 2018



PheWAS on drug exposures require updated 
methods
“Standard”
• Adjust by demographics

• Logistic regression 
using maximum 
likelihood (Wald)

Supported by Simulation
• Adjust by propensity score

– Beats demographic adjustment
– Beats propensity score matching

• Logistic regression using penalized 
maximum likelihood (aka Firth’s)
– Handles complete separation
– Reduces bias

Choi et al. Bioinformatics 2018



Adjusted PheWAS results indicate interesting 
associations to early gentamicin exposure

Choi et al. Bioinformatics 2018

Impaired renal function



New results validate the PheRS approach

Kohler-Forsberg et al. JAMA Psychiatry 2018



Using Big Clinical Data for Small (Pediatric) Patients

• Acute Kidney 
Injury

• Latent Drug 
Outcomes

• Drug-Gene 
Interactions



Genes influence drug response through drug 
metabolism (and other ways)

Enzyme MetaboliteDrug



Thiopurine metabolism depends on TPMT & 
NUDT15

Gianluigi et al, Pharmacogenet Genomics 2010



PREDICT

Pharmacogenomic (PGx) Resource
For Enhanced Decisions 
In Care & Treatment

Current Platform
TPMT – Thiopurine Drugs

CYP3A5 – Tacrolimus
CYP2D6 – Codeine, Tramadol

CYP2C19 – Clopidogrel, Voriconazole
CYP2C9, VKORC1, CYP4F2 – Warfarin

SLCO1B1 – Simvastatin



Actionable pharmaco-genotypes are common
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Actionable pharmaco-genotypes are common
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Few pediatric patients undergo PGx testing

Adult
Pediatric
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Pediatric Exposures to “PGx drugs”
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Aka, et al. J Personalized Med 2017 
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Which PGx associations have pediatric evidence?

Aka, et al. J Personalized Med 2017 



Why aren’t we doing PGx testing for risperidone?



The BioVU resource links EHR data to DNA
Electronic 

Health 
Records Data

Notes

Lab  
Results

Drug 
Exposure

Billing 
Codes
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Synthetic Derivative
~3 million individuals

DNA from Discarded 
Blood Samples

BioVU
>240,000 DNA samples 

>30,000 pediatric



p=0.04

Univariate Analysis of Adverse Drug 
Events in 251 Children
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CYP2D6 Metabolizer Status

CYP2D6 status is associated with 
risperidone adverse events

Cohort Summary Characteristics
Variable N=257
Age (Years) 8.3 (6.3-10.5)
Male Sex 188 (73%)
Adverse Events 76 (30%)
Metabolizer Status
Ultrarapid
Normal
Intermediate
Poor

6 (2%)
218 (85%)

18 (7%)
15 (6%)

Number (%) or Median (Interquartile Range)

Neely et al. PIII-092
Oshikoya et al. Pediatric Res 2019



Ward & Kearns. Pediatric Drugs 2013
Lima et al. J Pediatrics 2013

Proton Pump Inhibitor PGx



CYP2C19 status is associated with PPI 
adverse events

Cohort Summary Characteristics
Variable N=670
Age (Months) 7 (3-13)
Male Sex 378 (56%)
Annual Infection Events 
(per person) 2.1
Metabolizer Status
Rapid/Ultrarapid
Normal
Intermediate/Poor

220 (33%)
267 (40%)
183 (27%)

Number (%) or Median (Interquartile Range)

p=0.03

Univariate Analysis of Infection 
Events in 670 Children
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We continue to build evidence for pediatric PGx

Aka, et al. J Personalized Med 2017 



Making progress in pediatric PGx

Wagner, et al. J Clin Pharmacol 2018; Shakhnovich, et al. Ped Drugs 2018
Balyan, et al. Pharmacogenomics 2018; Brussee, et al. Pharm Res 2018 

Aldrich, et al. Front Pharmacol 2019



Complex genomic methods needed to study 
novel associations to complex phenotypes  



Hope for the future… I am choosing the safest 
drug for you, based on 
your history and your 

genome…

Image: The Wall Street Journal, December 14, 2015
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And my awesome family



Thank you for your time and attention!
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