
Introduction 
Therapeutic drug monitoring (TDM), mainly used to prevent 

drug toxicity, insufficient treatment as well as development of 

bacterial resistance, has gained importance concerning 

individual antibiotic dose optimization. There is evidence that 

TDM followed by adapted drug dosage of beta-lactam 

antibiotics in critically ill patients with severe sepsis is 

associated with a better clinical outcome. For this reason a 24/7 

diagnostic service appears essential.  

In general, analysis by ultra-high performance liquid 

chromatography coupled to fast tandem mass spectrometry 

(UHPLC-MS/MS) shows better specificity and higher sensitivity 

than immunoassay-based approaches. Nevertheless, because 

of the lack of automation, standardization and special (mass 

spec) skilled staff, LC-MS/MS is not used in emergency 

laboratories 24/7. 

The aim of this study was to: 

a) develop a standardized method for beta-lactam antibiotics 

(meropenem, piperacillin, flucloxacillin, cefotaxim, ceftazidim) 

using a fully automated sample preparation unit (CLAM-2000, 

Shimadzu Corporation) online with UHPLC-MS/MS (NexeraX2-

LCMS8050, Shimadzu Corporation) 

b) evaluate the CLAM-2000 LCMS8050 with regard to simple 

handling by technical staff with neither chromatographic nor 

mass spec experience during 24/7 routine analysis. 

Methods  
The sample preparation procedure and the LCMS method were 

adapted according to our established routine procedure and 

measured at the CLAM-2000 LCMS8050. The stabilized internal 

standard, precipitation solution, calibrators and controls were 

loaded daily to the CLAM-2000 trays.  

Patient plasma samples were placed on the device throughout 

the day. For chromatographic separation, a sharp linear 

gradient was run on a BEH shield column (Waters) at 45°C. The 

target compounds were identified by parent ions and optimized 

MRM transitions. Quantification was performed using internal 

standards.  

For the method comparison between the CLAM-2000 UHPLC-

MS/MS and our established routine method, routine samples 

from patients treated with piperacillin, meropenem, 

flucloxacillin, ceftazidime or cefotaxime were used. Stability of 

the internal standards, calibrators, quality controls and patient 

samples was evaluated at 9°C, up to 24 h on the CLAM-2000 

sample and reagent trays. 

The linearity of the novel method was given over a 

working range between 0.5-150 mg/L. The stability of 

the internal standard determined by its area under 

the curve was below 10% CV during one week. The 

overall precision of the patient samples as well as the 

quality control samples of the beta-lactam antibiotics 

was below 10%, which fulfills the criteria of the EMA.  

 

Repeated measurements of the controls, which were 

kept at the instrument over 24h, showed an accuracy 

below 5%. Deviation of repeated measurements of 

non-stabilized patient samples was below 5% within 

12 h. The method comparison between the CLAM-

2000 LCMS8050 system and our established routine 

LCMS correlated well. 
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analyte Within run  Between run  Method comparison UPLC-MS/MS 

vs. CLAM-2000 LCMS8050 

  c [mg/L] n CV [%] d [%] c [mg/L] n CV [%] d [%] n r y 

ceftazidim 10 10 3,1 7,4 9,5 6 2,8 4,9 

39 0,994 0,993x-0,605 23 10 4,6 10 23 6 5,0 0,6 

51 10 4,2 0,21 51 6 9,8 5,6 

cefotaxim 10 10 2,9 5,6 10 7 4,6 1,9 

19 0,994 0,959x+0,956 20 10 3,1 3,8 25 7 4,2 1,5 

46 10 1,8 3,9 50 6 1,6 3,3 

flucoxacillin 0,5 10 7,9 5,8 10 7 7,6 14 

20 0,998 0,924x-0,269 25 9 5,7 7,8 25 8 7,4 5,6 

50 11 6,8 6,1 50 8 8,2 7,4 

meropenem 10 10 5,3 2,3 10 7 1,9 4 

30 0,981 1,058x-9,41 23 10 5,3 1,1 27 7 3,4 0,4 

50 10 3,0 1,8 55 7 5,7 5,7 

piperacillin 10 10 2,6 6,6 12 7 3,6 2,5 
36 0,983 1,076-5,03 25 10 2,3 1,5 30 7 3,5 0,5 

50 10 1,3 0,5 57 7 4,2 1,2 

Results 

Conclusion 
CLAM-2000 proved to be a suitable routine device for 

24/7 application in clinical diagnostics due to its robust-

ness as well as the convincing precision and accuracy 

data achieved in our evaluation study. In addition, the 

patient samples measured on the CLAM-2000 and our 

in-house method showed a strong correlation.  

These findings combined with the easy-to-use 

control panel and the familiar user interface of the 

CLAM-2000 make the LCMS attractive for use in 24/7 

emergency analyses. For future use in routine, bi-

directional communication as well as faster 

processing is desired and under development. 
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