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Objective

To better understand the need for fully 

automated LC-MS/MS solutions



LMU 

University Hospital, Ludwig-Maximilians University (LMU), Munich

LMU founded 1472 - best ranked university in the EU – 14 Nobel Prize winners

Hospital >10.000 employees, > 1.700 physicians, > 4.000 medical students

Institute of Laboratory Medicine: approx. 9 Mio analyses per year

LC-MS/MS in routine diagnostic use since 1999 
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What is the role of cortisol ?

Controls the body's medium- and longer-term 
response to physiological stress 
(e.g., infection, starvation, tissue damage, surgery)

Metabolic, immunological, circulatory and 
psychological effects, etc.

Secreted from the cortex of the adrenal glands
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What can go wrong? 

Adrenocortical dysfunctions 

• Inborn – congenital adrenal hyperplasia (CAH) – defective enzymes

• Destruction of the adrenal glands in tuberculosis

• Atrophy of the adrenal cortex under long-term steroid therapy

• Addison‘s Disease - autoimmune destruction of the adrenal cortex

Body is unable to react adequately to stress e.g. surgery →

Addison‘s crisis (hypotension) → Addison‘s coma → shock → death
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How is the adrenocortial function tested today? 

One-point measurement of serum cortisol useless

Dynamic studies required:  ACTH-stimulation test

• ACTH is injected i.v.
= endogenous regulator of cortisol synthesis, secreted from the pituitary gland 
(syn. Corticotropin, Synacthen ®)

• Serum is sampled before and 60 min after injection
• Measurement of cortisol in the serum samples

so far by immunoassays
• Normal: increase of cortisol to > 18 µg/dL

= biochemical stress simulation test
typically done in patient with suspected Addison’s disease
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Can steroids help patients with severe infections?

• Favourable effects of steroid administration observed on gas exchange

and circulation of patients with sepsis – case reports, single studies

• variable effects in individual patients

→ Concept of relative adrenal failure in sepsis - Prof. Briegel and others
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Identifying patients who benefit from steroids in sepsis ?

Several studies on steroid administration with unclear evidence 

Main problem probably lack of personalization



Adrenocortical Monitoring with MS

Novel approaches to adrenal gland diagnostics

Multi-analyte steroid profiling of the synthetic pathways with LC-MS/MS 
(„steroidomics“) 
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Analytical Methods



Adrenocortical Monitoring with MS

MS/MS-steroid profiling

+

ACTH-stimulation testing
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First Reference range study for steroid profiling after ACTH

• 36 healthy individuals

• Cortisol, Cortisone, Corticosterone, 11-
Deoxycortisol, 11-Deoxycorticosterone, 
17-OH-Progesterone

• Baseline and 60 after 250 µg ACTH i.v.
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Translation > HYPRESS trial

• HYdrocortison for PRevention of Septic Shock

JAMA 2016;316:1775-85

• Multicentre, placebo-controlled, double-blind trial

• Funded by the German Federal Ministry of Education 

and Research

• 180 adult patients with sepsis - not in shock

• i.v. Cortisol vs. i.v. Placebo, 

• ACTH-stimulation testing prior to randomization

• 360 samples for MS-Steroid profiling (Johanna Lindner) 
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Results
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• Data from the placebo group were evaluated for 
their power to predict shock development and 
death

• Powerful marker: 
cortisol-to-corticosterone ratio after ACTH

Adrenocortical Monitoring with MS

> 32.2

< 32.2
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Specific conclusion

LC-MS/MS based steroid profiling allows Identification of a high-risk 

population of patients with sepsis who might benefit most from 

administration of steroids

→ ratio of stimulated cortisol-to-corticosterone as a novel biomarker
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General conclusion - 1

Patterns derived from MS/MS multianalyte analyses have additional diagnostic 

value compared to single compound evaluation by immunoassay

multi-dimensional approach  vs. one-dimensional diagnostic approach
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General conclusion - 2

Steroid treatment of patients with sepsis: 

example of many specific diagnostic challenges where novel multi-dimensional 

testing strategies could improve patient management through personalization

Unmet diagnostic needs may not be very obvious to the medical public.

Medicine has many facets and is complex

“rare diseases / conditions are frequent” – taken together - mosaic

Close collaboration between clinicians and analysts required to address needs

Clinical pathologist at the interface
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General conclusion – 3

The HYPRESS publication was a retrospective analysis –

For prospective studies and to have an impact on patient 

management in the ICU, serum steroid profiles need to be 

available 24/7 from automated, fully standardized MS-based 

clinical laboratory analysis systems with random access
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Outlook
• i-RECORDS study – International Rapid rEcognition of COrticoseroiD sensitivity or

resistance in Sepsis
• Multicenter study funded by the European Commission 

→ MS steroid profiling in a multi-omics approach. 
• Application of artificial intelligence to predict corticosteroid response in sepsis

Dr. K. Habler
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Thank you very much 

for your attention !

michael.vogeser@med.uni-muenchen.de

University Hospital, LMU


