
Ghent UniversityGhent University

Evaluation of Evaluation of COCO22--absorbents for Use in absorbents for Use in 
SevofluraneSevoflurane Based ClosedBased Closed--circuit Anesthesia circuit Anesthesia 

through GCthrough GC--MS Determination MS Determination 
of Compound Aof Compound A

MarieMarie--PaulePaule L. A. BoucheL. A. Bouche11

L.F. VersichelenL.F. Versichelen22, M.M. Struys, M.M. Struys22, E.P. Mortier, E.P. Mortier22, G. Rolly, G. Rolly22, , 
A.P. De LeenheerA.P. De Leenheer11, and J.F. Van Bocxlaer, and J.F. Van Bocxlaer11

1 Laboratory of Medical Biochemistry and Toxicology, Ghent University, Belgium
2 Department of Anesthesiology, University Hospital, Ghent University, Belgium

Liège, 25-26 octobre 2001



OutlineOutline

Introduction

Aim

DevelopmentDevelopment of the analytical procedure 

Method validationMethod validation

ApplicationApplication in clinical trial

ConclusionsConclusions

Liège, 25-26 octobre 2001



IntroductionIntroduction

Sevoflurane: widespread usewidespread use as inhalational
anesthetic

Volatile, non-flammable, non-explosive
Pleasant smell
Low blood and tissue solubility

→ smooth induction of anesthesia
→ rapid recovery from anesthesia
→ more precise control of anesthesia

IdealIdeal anesthetic ?
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However:

MetabolizationMetabolization in-vivo (2-5%)
→ HFIP
→ Inorganic F -: nephrotoxic

Interaction and degradationInteraction and degradation by  COCO22--absorbentsabsorbents

⇒ Formation of potentially toxic by-products

Used in lowUsed in low--flow and closedflow and closed--
circuit anesthesia to sequester circuit anesthesia to sequester 

COCO22 exhaled by the patientexhaled by the patient

e.g. sodalime,
Baralyme
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Sevoflurane

Compound A:

Known Known nephrotoxicnephrotoxic in rats
LC50:  120-1100 ppm
Threshold for nephrotoxicity: 50-114 ppm
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F3CSevoflurane Canister with 
alkaline lime

Compound A Compound B

Compound C,D,E
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Parameters Parameters affecting compound A productionaffecting compound A production

SevofluraneSevoflurane concentrationconcentration
Chemical composition of absorbentChemical composition of absorbent
Fresh gas flow rateFresh gas flow rate
Temperature Temperature →→ COCO22 productionproduction
Duration of anesthesiaDuration of anesthesia
Water contentWater content

FDA restrictionFDA restriction: fresh gas flows < 2 L/min 

ReportsReports in the literature:
20-30 ppm
compound A controversycompound A controversy

⇒ IsIs sevofluranesevoflurane administration safe ?administration safe ?
Liège, 25-26 octobre 2001



AimAim

1. To assess “safe” sevoflurane administration in 
present day low-flow and closed-circuit
anesthesia

2. Development of an analytical assay for 
quantitative determination of trace levels of 
compound A in vapour phase samples
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DevelopmentDevelopment

RequirementsRequirements for the assay

Very limited sample volume (1-2 mL)

Automation

Complete resolution between compound A and 
sevoflurane

Sensitivity

Easy-to-perform calibration procedure
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Maximum sensitivityMaximum sensitivity

Injection Injection procedure

ChallengeChallenge:

High injection volume::

1 mL1 mL

High 
chromatographic 

peak quality:

SmallSmall initial initial 
bandwidthbandwidth

Reconciliation in Reconciliation in 
capillary GC ?capillary GC ?



Injection Injection procedure

Based upon automated headspaceautomated headspace sampling

PTV PTV (Gerstel CIS(Gerstel CIS--4)4)

Cryogenic condensationCryogenic condensation in the injector liner 
followed by flash desorption flash desorption (250 °C)

Liquid N2,  -80 °C
Tenax TA

⇒⇒ Simple, robust and automated injection approachSimple, robust and automated injection approach
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⇒⇒

Chromatographic Chromatographic separation
Adequate retentionretention and separationseparation

Custom made CPCustom made CP--Select 624Select 624
Isothermal: 38 °C38 °C

Mass spectrometric Mass spectrometric detection
FullFull--scanscan mode: 40 – 300 amu

Identification based on TR + + Mass spectrum

Quantification based on 
reconstructed mass reconstructed mass fragmentograms fragmentograms 
(compound A, m/z 128)



Internal standardInternal standard

To enhance the precision

ChoiceChoice:

1,1,11,1,1--trifluorotrifluoro--22--iodoethaneiodoethane

Addition: 0.5 µL0.5 µL injected into every vial

tobre 2001

Physicochemical properties

Halogenated → xenobioticxenobiotic

Good retention profile

Typical mass spectrum
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Peak identificationPeak identification:: 1.1. Compound ACompound A
2.2. SevofluraneSevoflurane
3.3. Internal standardInternal standard



CalibrationCalibration procedure

Easy-to-perform: static methodstatic method

No No dedicated gas instrumentation

7 calibrators + zerozero--calibratorcalibrator

RangeRange: 0 – 75 ppm or µL/L compound A

Departing from liquid solutions liquid solutions of compound A 
and sevoflurane in EtAcEtAc
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Liquid
stock solutionsstock solutions

Liquid
working dilutions

Liquid
standard solutions

Transition to Transition to 
the vapour the vapour 
phasephase

Sevoflurane in EtAcSevoflurane in EtAc Compound A in EtAcCompound A in EtAc

5 mL5 mL--headspace vialheadspace vial

Zero calibratorZero calibrator Varying concentrations of Varying concentrations of 
Compound A Compound A 



ValidationValidation
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LinearityLinearity

RangeRange: 0 – 75 ppm or µL/L compound A

Peak area ratio ∼ compound A concentration

WeightedWeighted linear regression (1/y)(1/y)

11 n, , number of determinations
² CV, coefficient of variation

 n1 = 10 R square Slope  Intercept 

mean 0.996 0.048 0.018 
SD 0.003 0.003 0.003 

CV² (%) 0.3 6.9 16.2 



Other parametersparameters
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Validation parameter  Concentration added 
(ppm or µL/L air) 

 0.5 10 75 

Precision (CV1, %)    
within-day (n = 6)² 9.6 9.9 5.7 

total (n = 10)2 10.0 7.1 4.1 
Accuracy (recovery, %)    

mean 101.16 101.27 99.00 

SD 10.09 6.57 4.10 

CV1 (%) 9.97 6.49 4.14 

LOD (ppm) 0.1   
LOQ (ppm) 0.3   

 11 CV, coefficient of variation
² n, , number of determinations



ApplicationApplication
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AimAim of the investigation

In-vitro closedclosed--circuitcircuit anesthesia

Use of different COCO22--absorbentsabsorbents

Classical soda limesoda lime ↔ alternate products

Evaluation of compound A formationcompound A formation

SofnolimeSofnolime
AmsorbAmsorb
LiOHLiOH



InIn--vitro setvitro set--upup

Closed-circuit Physioflex  with model lung

2 valves 2 valves to mimic classical circuit set-up

Incorporated fan: offoff

Sevofluraneinsp: 2.2 %2.2 %

Duration: 240 min240 min

2 2 mL mL gas samples gas samples for compound A determination
in duplicateduplicate, at 0, 15, 30, 60, 90, 120, 150, 180, 
210 and 240 min
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Sampling

Sampling

To mimic O2
uptake by the 
patient

Canister

Model lung

Liège, 25-26 octobre 2001



Liège, 25-26 octobre 2001

ResultsResults

Compound A Compound A 
inspiratory inspiratory 

concentrationsconcentrations

(ppm)(ppm)

AmsorbAmsorb (n = 7) Sofnolime Sofnolime (n = 5)

* p < .05 at all 
assessments 

between groups

*
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ResultsResults

Compound A Compound A 
inspiratory inspiratory 

concentrationsconcentrations

(ppm)(ppm)

LiOHLiOH (n = 7) SodalimeSodalime (n = 6)

* p < .05 at all 
assessments 

between groups

*



ResultsResults

SodalimeSodalime: : NaOH + KOH

SofnolimeSofnolime: NaOH, KOH: NaOH, KOH--freefree
AmsorbAmsorb : : Ca(OH)2 + CaCl2

LiOHLiOH

[[Compound ACompound A]]inspinsp

10 10 –– 35 ppm35 ppm

Practically Practically 
NO compound A NO compound A 

formationformation

Best choice: AmsorbAmsorb
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ConclusionsConclusions
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Novel, highly sensitive Novel, highly sensitive and fully validated fully validated assayassay
for vapour vapour phasephase determination of compound A

ClosedClosed--circuit circuit sevofluranesevoflurane anesthesiaanesthesia = safesafe

provided the use of modern anesthesia modern anesthesia 
equipmentequipment and productsproducts
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