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Objectives

• Discuss adoption of mass spectrometry (MS) in clinical 
laboratories today

• Explain why automation in MS testing workflows is desirable

• Describe 3 MS approaches that are likely to inform and improve 
future medical decisions



Simplified components of a  typical MS system

Sample 
introduction

Ionization, 
sometimes 

fragmentation

Ion selection,  
detection

Results
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Clinical 
laboratory 

applications 
of MS 

continue to 
expand

Confirmatory toxicology

 Newborn screening

  Small molecules

   Proteomics 

    Metabolomics

     Genomics

      More! 
 

  



Trends
• North America 
represented 38% of the 
2023 market ($371 million)

• Hospital segment 
represented 58% of the 
clinical market

• Common platforms:  GC-
MS, LC-MS/MS, CE-MS, 
MALDI-TOF, IMS-MS

https://market.us/report/clinical-mass-spectrometry-market



Current state …
Magic

• Targeted specificity
• Multiple analytes can be 

detected in the same sample
• Flexibility in test design and 

specimen type

Madness

• Costs
• Time to result
• Complex extraction methods
• Inadequate sensitivity
• Variable ionization efficiency
• Interferences
• Test design flaws / limitations
• Instrument inconsistencies
• Regulatory expectations
• Intellectual property



MS at ARUP
~150 instrument systems
~500,000 tests per month

• Many lab sections:
• Chemistry
• Biochemical Genetics
• Toxicology
• Trace and Toxic Elements
• Infectious Disease
• Genetics
• Immunology
• MSDO, MSRD, MSPA

• Internal service engineers

Courtesy of Dr. Kiu Shahrokh and Mr. Warren Hunt



Challenges: special site requirements
• Space
• Power
• Ventilation

• Heat
• Fumes
• Particulates
• Humidity

• Flammable storage
• Gas purity
• Noise
• Vibration
• Service

Example site requirements and notes for the ThermoFisher Orbitrap Exploris Series Rev C, 2020





We need vented cores!

Hotspot

Courtesy of Dr. Kiu Shahrokh and Mr. Warren Hunt



@ 2 feet above floor
No Core Vented Core Non-vented Core

75°F

66°F

90°F
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@ 8 feet above floor
No Core Vented Core Non-vented Core

72 ° F

67°F

80°F



Multiplexing

• Multiple analytes  and isomers
• Multiple specimen types
• Automation

• Sample preparation
• Data analysis
• Testing

• Testing throughput
• Multiple LC columns
• Multiple LC systems
• Direct injection



Example of a multi-analyte targeted assay

Standard umbilical cord drug testing panel includes 49 drugs and 
metabolites; analogous testing performed with meconium and urine



Adding value 
through 

monitoring 
trends in 
positivity 

rates

What are we missing?



Utah umbilical cord study

• 132 cords from hospitals in Salt Lake County were 
collected June – October 2022 if they tested positive for 
at least one drug analyte on the targeted panel.

• Residual cord segments were processed at ARUP and 
sent to the Center for Forensic Science Research and 
Education (Horsham, PA) for untargeted analysis 
used liquid chromatography quadrupole time-of-flight 
mass spectrometry (LC-QTOF).
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Smid M et al, CPDD 2023



Highlights from Utah cord study
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DOI, drug of interest (possible NPS or illicit)
Rx, also available as a prescription drug Smid M et al, CPDD 2023



Different categories of isomerism

Habler et al, JMSACL 33:49-54, 2024



Tetrahydrocanabinol (THC) isomers

• Isomers of Carboxy-THC 
metabolite were separated 
chromatographically and applied to 
several matrices

• Example: of 325 residual urine 
samples positive for THC 
metabolite, 24% were a mixture of 
delta-8 and delta-9 and 6% were 
exclusively delta-8 THC
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Thanks to Dr. Melissa Hughs for unpublished data!



Kratom alkaloids

• At least 54 alkaloids have 
been isolated from kratom

• ARUP LC-MS/MS data showed 
epimerization of analytes

• Mitragynine (MG) and 
Speciociliatine (SC) were 
selected for ARUP test in 
umbilical cord tissue
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Kratom diastereomer distribution is variable 
from patient to patient
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MG
SG

MC
SC

MG

SG MC
SC

MG-d3

MG-d3P343

P476

Mean 
(ng/g)

Median 
(ng/g)

Max (ng/g)

Mec MG 1650 423 20,320

Cord MG 7.2 0.4 90

Cord SC 12.5 0.6 169

Hughs et al, JAT 46(9):957-64, 2023



Example of a multi-analyte targeted assay

Smith et al, JALM, 2023



Ion Mobility

Widely used analytical tool 
for environmental and 
product safety, biomarker 
discovery, research 

Particular clinical interests:
• Glycomics
• Lipidomics
• Proteomics

Eldrid and Thalassinos K. Biochem Soc Trans 48:2457-66, 2020



Data analysis presents 
additional challenges



Automation of data 
processing (ASCENT, from 
Indigo BioAutomation)

• Review by exception approach 
• Rules created regarding acceptability of individual data/run elements
• Savings in tech time and improved consistency of run review
• Initial test implementation (urine opiates) was extensive!!!

• Current real-time experience (courtesy of Caroline Wentworth)

• Establishing and validating rules now requires just a few days
• Case example: immunosuppressants 

requires review of approximately 15% of chromatography for a batch of 96 samples 
(9 analytes per sample) = approximately 10 minutes of manual data review per run



Automation of data 
processing (ASCENT, from 
Indigo BioAutomation)

• Data warehousing
• Archived data to monitor and mine
• Supports data-driven evaluations of instrument capacity
• Supports queries of performance stability, concerns
• Informs opportunities for assay improvements, efficiency tools, 

consolidations of assays



Example instrument utilization data

Provided by Dr.Kiu Shahrokh



Ways to improve throughput

• Automate, automate, automate
• Skip the chromatography (e.g. 

rapid fire, DART)
• Automatic alternating column 

regeneration (ACR)
• Cart swapping/sharing
• Multiplexed chromatographic 

instrumentation (e.g., Stream         
Select )

30



Optimization solutions are test specific

Instrument sharing 
through cart switching

Stream Select
Provided by Dr.Kiu Shahrokh



Multiplexed LC-MS/MS analysis of Vitamin B1

32Vachali et al, Clin Chem, 2025



Fully-automated LC-MS/MS

• Mimic the standard automated chemistry analyzer
• Ready-to-use reagents and disposables
• No need for pre-analytical sample preparation/extraction
• Stability of calibration and assay robustness over time
• Random access
• Rapid time to result
• High performance standards
• Simplified training and operation
• Agreement across laboratories

Vogeser M, et al. JMSACL 34:44-5, 2024



Automating extraction with surface-specified 
paramagnetic particles allows for parallelization 
 

Adapted from Michael Vogeser, MD, PhD 



Findings of initial evaluation
 

Vogeser M, data from prototype pilot study at LMU hospital

Observed up to 100 tests/hr, random access

3 days familiarity training was adequate 
Calibration stable even with extended walk-away



Roche Cobas® 
i601 analyzer

• Multi-center data (8 sites in 
US, Europe, Asia) to be 
published soon

• CE mark approval granted 
December 18, 2024

• Installations ongoing now

• Initial launch includes 
Ionify® reagent pack for 4 
steroids (iST1), but >60 
analytes to be available



Aldosterone 
example



Aldosterone 
example (cont.)

• Total allowable error at LOQ is 30%

• Accuracy >125 pg/mL within 10% 

• Up to 1:4 dilutions allowed

• Calibration stable for 12 weeks when using the 
same reagent lot

• QC to be tested at least once/24 hr period that 
the assay is in use

• No interferences reported

• Results of testing healthy adults provided 
supine (n=184) and upright (n=185)



What will be 
the reality?

• Real-life performance?

• Costs?

• Expectations to offer?

• Triggers for updates?

• Supply chain issues?

• Orphaned populations?

• Competing products?



Other approaches to 
sample introduction and 
ionization

a) Desorption Electrospray Ionization MS (DESI-MS)
b) Paper Spray Ionization MS (PSI-MS)
c) Touch Spray Ionization MS (TSI-MS)
d) Extractive Electrospray Ionization MS (EESI-MS)
e) Rapid Evaporative Ionization MS (REIMS)   
f) MasSpec Pen
g) Direct Analysis in Real-Time MS (DART-MS)
h) Matrix-Assisted Laser Desorption Electrospray 

Ionization MS (MALDESI-MS)

Banerjee S, ACS Omega 5:2041-8, 2020



Kallianta et al, Biomedicines, 2023, 11, 286.

Point of care MS?
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iKnife  example data

St John et al, Breast Cancer Res 59, 2017



MasSpec Pen System  example

Courtesy of Dr. William Clarke, Johns Hopkins University



MasSpec Pen System  example data

Courtesy of Dr. William Clarke, Johns Hopkins University



Conclusions

• MS will continue to 
evolve and make 
significant future 
contributions in 
medicine 

• Managing the 
madness inspires 
the magic!



Thank-you for your attention!

Questions?
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