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4 

medical directors and 

consultants (board 

certified; MD and/or PhD) 

• Formed in 1984 

• Privately held 

• Nonprofit enterprise of the 

University of Utah and its 

Department of Pathology  

ARUP: More Than a Lab 



5 

• Has one of the broadest test menus 

in the industry 

 > 3,000 tests and test combinations 

• Performs 99 percent of all testing 

on-site 

• Operates 24 hours per day, seven 

day a week 

• Processes more than 30,000-

35,000 specimens of blood, body 

fluid, and tissue biopsies per day  

ARUP: More Than a Lab 
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ARUP: Pediatric Hospitals Are Well Served 



ARUP is the  

most automated 
laboratory in North America 

7 Hawker et al., Clin Chem (2014) 60:463 

Bottom line: Consistent handling of specimens, patient safety 



ARUP Institute for Clinical and 

Experimental Pathology® 

• Research arm of ARUP Laboratories 

• Founded in 1996 

• More than 50 technical sections, 50 

medical directors, and 75 scientists 

• Unique combination of investigator-

initiated and goal-oriented research 

effectively brings new tests to market 

and improves existing assays, 

ultimately improving patient care 
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MAJOR FOCUS AREAS: 

Creating new lab tests 

Improving current lab tests 

Evaluating lab tests (including 

testing site protocols) 

Basic and clinical research 
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1600 

# of peer-reviewed research 

publications in leading journals 

published by ARUP research 

scientists (since 2000) 

600 

# in-house tests developed 

by the institute 

# improved 

and validated 

# developed by 

institute scientists 

200 400 

ARUP Institute for Clinical and 

Experimental Pathology® 



Pediatric Testing 

Why do so many children’s hospitals in the United States use 

ARUP as their reference laboratory? 

R&D 

• Approximately 10 percent of ARUP R&D budget is used for test development 

related to pediatrics 

Extensive menu 

• Accommodates more than 99 percent of pediatric testing requests 

• Majority performed at ARUP 

• Allows children’s hospitals to be more operationally efficient 

Test Interpretation 

• Pediatric Pathology Consultation Services 

• Academic affiliation with University of Utah’s Division of Pediatric Pathology 

• ARUP Consult 

• Physician’s Guide to Laboratory Test Selection and Interpretation 
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• Biochemical genetics 

• Electron microscopy 

• Fetal autopsy 

• Kidney and liver 

• Molar pregnancy 

• Muscle and nerve 

• Pediatric pathology  

(including tumors) 

• Perinatal pathology 

• Placental pathology 

Pediatric Testing – Specialty Services 
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User 

Friendly 

Navigation 
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Important 

News 

ARUP Consult® 



ARUP Consult® 

13 



14 



Outline 

ARUP: Background, Resources, Research and Development 

Pediatric Reference Intervals: Challenges and Concerns 

CHILDx Initiative 

Current Improvements and Future Developments 

Conclusions and Questions 

15 



How are reference intervals determined? 

1. Identify a reference population 

2. Measure analyte 

3. Determine the most common results 

4. Establish lower and upper limits of “healthy” 
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• Verify   

– 20 samples per partition 

• Establish   

– 120 samples per partition 

Reference Intervals (RIs): Standard Approaches 

17 CLSI  Document C23-A3c 
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Establishing RIs: Number of Healthy Adults Studied 

From: Friedberg et al., Arch Pathol Lab Med (2007) 131:348 

Potassium 

N = 129 labs 
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                       Creatinine 

                       

TSH 

Lab Values Throughout Childhood: Moving Targets 
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• Healthy volunteers 

–  Define “healthy”  

–  Consent 

–  Research Ethics Board 

• Dynamic testing 

• Tanner staging 

– Subjective 

• Sampling limitations 

• Numerous partitions 

–  Appropriate, relevant 

Establishing Pediatric RIs: Inherent Challenges 
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Establishing Pediatric RIs: Statistical Approaches 
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• Reference intervals based on hospitalized populations are 

commonly wider than those based on healthy populations 

• Ideally, >50% of data from healthy individuals (Soldin et al., 

Clin Biochem 2008;41:937) 

• RI validation per CLSI guidelines may not be appropriate in 

pediatric populations 

• Hoffmann statistical approach is limited in pediatrics, 

particularly when data originates from tertiary care center 

Findings: 

Establishing Pediatric RIs: Statistical Approaches 
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Establishing Pediatric RIs: Statistical Approaches 
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• Reference population? 

– Small sample number 

– Data mining or indirect-

sampling 

– Sick vs. healthy 

– Test bias 

– Tanner staging 

• Method? 

– Method specific 

– Outdated methods 

• Historical literature? 

• Rampant adoption 

without validation 

– Lab to lab to lab… 

– Method specific 

– Are RIs even valid anymore? 

Evaluating Existing Pediatric RIs: Critical Questions 
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Pediatric RIs: Sources 

TSH 

N = 134 labs 

26 From: Friedberg et al., Arch Pathol Lab Med (2007) 131:348 



Practical Concerns in Pediatric Testing 

• Adequate volume for dilution 

• Adequate volume for repeat testing 

• Multiplex testing when possible 

• Avoid sample splitting 

Sample volumes: 
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• Formed in 1999 

• Address: 

– Poor number of analytes 

– Poor sample size 

• Board of Directors established, 15 institutions 

• Largest U.S. study of its kind 
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• Marzia Pasquali, PhD: Chair 

• Edward Ashwood, MD 

• Mark Astill, MS 

• Phillip Bach, PhD 

• Carlo Brugnara, MD 

• Gregory Buffone, PhD 

• Cheryl Coffin, MD 

• Sharon Geaghan, MD 

• Marilyn Hamilton, MD, PhD 

• Harry Hill, MD 

• Patricia Jones, PhD 

• Michael Laposata, MD, PHD 

• Nicola Longo, MD, PhD 

 

• Naomi Luban, MD 

• Wayne Meikle, MD 

• Mary Murray, MD 

• Jeanne Panlener, MS, MT(ASCP) 

• Sherrie Perkins, MD, PhD 

• Deborah Perry, MD 

• Maria Proytcheva, MD 

• Theodore Pysher, MD 

• William Roberts, MD, PhD 

• Joe Rutledge, MD 

• Suresh Shelat, MD, PhD 

• Paul Steele, MD 

• Darrel Yamane, MBA 

National Advisory Board: 
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Goal: Establish reference intervals for pediatric 
patients, for a wide variety of analytes 
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7 yrs through 17 yrs 6 mos through 6 yrs 

ARUP Pediatric Reference Interval Study: 
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• Started 2006, collection ongoing 

• Goal = 3,360 children 

• 240 boys each year of life 

• 240 girls each year of life 

• Screened prior to elective 
surgeries 

• Fasting 

• No prescription medications 

• Blood (serum) collected through 
IV, after induction of anesthesia 

• Height and weight (BMI) 

• Chart review, no exam 

6 Months Through 6 Years: 
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• Started 2002; completed Spring, 2011 

• Goal = 2,640 children 

– 120 boys each year of life 

– 120 girls each year of life 

• Recruited via community 
advertisement 

• No prescription medications 

– Allergy, BCP, acne, antidepressants 

• Serum, citrated plasma, and urine 
collected 

• Physical exam, including Tanner stage 
and BMI 

– Performed by single individual 

7 Years Through 17 Years: 
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• Started 2011; collection 

ongoing 

• Serum collection, fasting 

individuals 

• Ages 7 through 17 years 

• Goal = 880 children 

– 40 boys each year of life 

– 40 girls each year of life 

• Collections > 30% completed 

Expanded Collection: Fasting Samples 
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Example: RI by Age & Gender 
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Kushnir MM et al. Clin Chem. 2010 Jul;56(7):1138-47 37 



Kushnir MM et al. Clin Chem. 2010 Jul;56(7):1138-47 38 
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• 37 analytes 

• 53 articles and abstracts 

 

… 



CHILDx: 

Recent Publications & Manuscripts 
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  Beckman 

    DxI 

 

  Roche 

    Modular  

    E170 

CHILDx: 

Recent Publications & Manuscripts 

41 Clinica Chimica Acta 415 (2013) 169-172 



Gender 

Age Range 

(years) N 

Lower 

Reference 

Limit 

(ug/L) 90% CI* 

Upper 

Reference  

Limit 

(ug/L) 90 % CI* 

M&F 0.5 - 3 279 7.4 6.2 - 8.6 48.7 44.0 - 62.1 

M&F 4 - 7 284 4.1 2.5 - 5.5 40.5 34.0 - 43.6 

M&F 8 - 17 698 0.8 0.3 - 1.3 29.4 27.2 - 33.8 

*CI = confidence interval 

Thyroglobulin Reference Intervals for the Access 2 Immunoassay: 

CHILDx: 

Recent Publications & Manuscripts 

42 Manuscript Accepted, Clinica Chimica Acta 2014 



FT4 Reference Intervals Using ED-MS/MS: 

Gender 

Age 

Range 

(years) 

N 

Lower 

Limit 

(pmol/L) 

95% CI* 

(Lower Limit) 

Upper 

Limit 

(pmol/L) 

95% CI* 

(Upper 

Limit) 

M&F 0-6 840 18.0 16.7 – 18.0 34.7 33.0 – 37.3 

M&F 7-17 1373 14.2 14.2 – 14.2 25.7 25.7 – 27.0 

*CI = confidence interval 

43 

CHILDx: 

Recent Publications & Manuscripts 

Manuscript in preparation 



FT3 Reference Intervals Using ED-MS/MS: 

Gender 

Age 

Range 

(years) 

N 
Lower Limit 

(pmol/L) 

95% CI* 

(Lower 

Limit) 

Upper 

Limit 

(pmol/L) 

95% CI* 

(Upper 

Limit) 

F 0-6 401 5.8 5.4 – 6.3 13.1 12.1 – 13.4 

F 7-12 378 5.5 5.4 – 5.8 10.0 9.8 – 10.1 

F 13-17 305 4.5 4.3 – 4.8 8.6 8.6 – 9.1 

M 0-6 438 5.7 5.4 – 6.3 11.8 11.5 – 12.1 

M 7-12 381 5.7 5.2 – 6.0 9.8 9.7 – 10.1 

M 13-17 310 5.2 5.1 – 5.5 9.4 9.1 – 9.8 

*CI = confidence interval 

44 Manuscript in preparation 

CHILDx: 

Recent Publications & Manuscripts 
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New Resource: 

ARUP Pediatrics Website 

www.aruplab.com/pediatrics 
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www.aruplab.com/pediatrics 
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www.aruplab.com/pediatrics 
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www.aruplab.com/pediatrics 
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www.aruplab.com/pediatrics 
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www.aruplab.com/pediatrics 
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Reference Intervals and Reporting: 
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IGF-1 (Insulin-Like Growth Factor 1) 

Pubertal Ranges by Tanner Stage: 
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• Follicle Stimulating Hormone 

• Luteinizing Hormone 

• Free Testosterone 

• Bioavailable Testosterone 

• Total Testosterone 

• Sex Hormone Binding Globulin 

• Androstenedione 

• 17-Hydroxyprogesterone 

• 17-Hydroxypregnenolone 

 

 

Endocrine-Related Analytes With RIs by Tanner Stage: 

Examples 
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• Fractionated Estrogens 

• Pregnenolone 

• Dehydroepiandrosterone 

• Dehydroepiandrosterone Sulfate 

• 11-Deoxycortisol 

• IGF-1 

• IGFBP-3 

 

 



Endocrine-Related Panels: Examples 

 

• Congenital Adrenal Hyperplasia Panel, 11-beta Hydroxylase 

Deficiency 

• Congenital Adrenal Hyperplasia Panel, 21-Hydroxylase Deficiency 

• Congenital Adrenal Hyperplasia Treatment Panel 

• Adrenal Steroid Quantitative Panel 

• Virilization Panel 1 

• Virilization Panel 2 

• Hirsutism Evaluation Panel 
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Currently On-Line: 

• Latest adrenal steroid panel 

– Corticosterone 

– 11-Deoxycortisol 

– 11-Deoxycorticosterone 

– 17-Hydroxyprogesterone 

– Progesterone 

• Pico AMH assay 

– Newly established reference 

intervals (n = 1,324), lower 

sensitivity (0.003 ng/mL) 

Future: Assay Improvement and Development 

61 

Currently In Development: 

• 17-Hydroxypregnenolone, 

pregnenolone 

• Ultrasensitive luteinizing hormone 

• Aldosterone by LC-MS/MS 

Future Development: 

• Free testosterone in women 

and children 

– Equilibrium dialysis 

• IGF-II 

• IGFBP-1 
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Conclusions: 

• Establishing quality reference intervals in pediatric populations can 

be challenging. 

– Sources 

– Sample numbers 

– Healthy definitions 

• ARUP is invested in serving the needs and missions of pediatric-

focused institutions. 

– R&D efforts 

– Automation 

– Publications 

– CHILDx repository 

– www.aruplab.com/pediatrics 
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End Goal: 

Quality results for each and every 

patient, large or small. 
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