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The involvement of inflammation in the pathology of numerous major clinical conditions 

from diabetes, cardiovascular or autoimmune diseases and neurodegenerative conditions to 

sepsis and cancer malignancy is well-established. However the specific role and contribution 

is yet not fully understood. Pneumonia is one the most common infection in intensive care 

units (ICU) with ventilator associated pneumonia (VAP) being the most common hospital 

acquired infection in ICU, occurring in around 20% of ventilated patients with mortality rates 

in the region of 30%. The high morbidity and mortality associated with this common 

complication exert a significant health and economic burden on society, however current 

clinical scores are inadequate at predicting such conditions and robust diagnostic techniques 

for early detection are lacking. A comprehensive description of the inflammatory state of 

patients through their ICU stay would deepen the understanding of this condition and in turn 

pave the way for prediction of patients at risk, greatly benefiting their recovery.  

 

Previous clinical observational studies have mainly focused on local production of 

inflammatory markers within the lungs and a smaller amount of work looked at systemic 

levels of these mediators, often measuring only a limited subset of signalling molecules at a 

time with a focus on mechanistic elements. While the inflammatory response was thought to 

be mainly pro-inflammatory, most recent findings have shed a new light on the resolution of 

these events. New lipid mediators -also known as oxylipins- have been described as actively 

regulating the resolution process
1
. The complexity of the inflammatory regulation network is 

such that measuring only one or several of these oxylipins may not be sufficient to predict 

patients at risk (Figure 1).  

 



Oxylipin’ physico-chemical similarity, low endogenous concentrations, and instability, 

prevented their comprehensive identification and quantification in a single analysis until the 

most recent advances in liquid chromatography coupled to multiple reactions monitoring. 

Even then, only a limited number of such quantitative, validated, profiling methods have been 

proposed and application to human samples has been limited. The present work reports the 

validation and application of such a panel approach to measure a wide array of oxylipins and 

focus on their early diagnostic potential for ventilator associated pneumonia in an ICU 

setting. 

 

The reported oxylipin profiling method is validated to quantify 48 oxylipins in 100μL of 

human serum, plasma or urine. This approach relies on a fast chromatography run followed 

by negative electrospray ionization and multiple reactions monitoring (MRM), enabling the 

quantification of isomers by targeting the most sensitive and specific fragmentation patterns.  

 

 

Figure 1. Oxylipin biosynthesis cascade, pro-inflammatory, pro-resolution and stable 

degradation products are colored in red, green and blue respectively. Five oxylipins that are 

not quantified by the targeted profiling approach are greyed out. 

 

The developed method was tested and validated on 175 serum samples collected from 58 

patients in intensive care unit at Charing Cross Hospital London as part of a longitudinal 



observation study. Serum was sampled at 48hourly intervals from admission for up to four 

time points over the first week of ICU stay. Patients were defined as either having pneumonia 

(13) or a brain injury (21) without pneumonia when the first serum sample was collected. All 

patients were followed up over time and those brain injured patients developing VAP (5) 

were defined based on CPIS scoring
2
. Patients with borderline scores were assessed and 

classified as VAP or no VAP by an independent assessor and employed as validation data for 

the generated models. The study protocols were approved by an independent ethics 

committee and assent was obtained from each patient’s next of kin, data were then 

anonymised. 

  

This method successfully quantified 31 oxylipins in human serum samples, results which are 

in agreement with the coverage of other reported oxylipin profile of human blood products. 

The mediators quantified in serum span the 3 enzymatic pathways biosynthesizing them 

(CYP450, COX, LOX), and display a wide range of concentrations through the different 

samples. These results confirm that the use of UPLC-ESI-MS/MS provides a robust 

analytical method capable of quantifying oxylipin levels and profiling a wide range of 

inflammatory pathways despite their inherent instability and low endogenous concentration. 

 

In order to investigate the evolution through time of the inflammation signalling, a 

metabonomic approach was applied with the aid of multivariate statistical analysis tools such 

as orthogonal partial least squares discriminant analysis (OPLS-DA). This approach 

combined with the targeted mass spectrometry data was successful at highlighting 

significantly altered mediators between the brain injury and pneumonia group on arrival in 

ICU. The resulting model was applied to a further 11 patients with borderline scores and 

compared to current clinical scores with positive sensitivity and specificity. By focusing on 

the brain injury population, new insight on the correlation of oxylipins and their biosynthetic 

precursors as well as cytokines could be generated. Predictive modelling of VAP was 

performed and the best prediction being obtained when synchronised time-points post onset 

of ventilation were considered for each group. Inflammatory mediators identified as causing 

separation between groups have then been studied in light of the known biological activity of 

the corresponding mediators and previously published work.  

 

In conclusion, we applied a UPLC-ESI-MS/MS profiling assay which quantified 31 oxylipins 

in human samples and offers a wide coverage of the multiples pathway responsible for the 



synthesis of the highly bioactive, low concentrations, lipid mediators of inflammation. This 

approach was applied to a cohort of patients through their ICU stay, providing systemic 

levels of a wide panel of mediators and focusing on their diagnostic potential. The presented 

profiling assay provides the tools to fully investigate the interaction between oxylipins and 

major complications such as pneumonia and generate new understanding of these conditions. 

Oxylipins demonstrated their ability to differentiate patients with pneumonia from those 

admitted to ICU with brain injuries, furthermore when combined with cytokine profiles they 

showed promise to assist in early diagnosis of pneumonia and more specifically VAP. Serial 

oxylipin measurements are of clinical merit in intensive care units and may serve as a novel 

biomarker for predicting adverse patient outcome. 
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