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Effects of anaesthesia 
and surgery on the 
solubility of volatile 
anaesthetics in blood 

To determine the effects of anaesthesia and surgery on the 
solubility of volatile anaeslhetics in blood, we measared the 
blood/gas partition coefficients of enflarane, halothane, iso- 
flurane, and methoxyflurane in vitro in blood obtained from six 
healthy unpremedicoted adults at three different times during 
isoflurane anaesthesia: (1) awake: (2) 20 minutes after induc- 
tion of anaesthesia, but before surgical incision; amt, (3) 90 
minutes after surgfcal incision. The blood~gas partition co(~- 
eienta of the four volatile anaesthetics decreased significantly 
after induction of anaesthesia and after surgical incision (p < 

0.05]. Values for haematocrit and the serum concentrations of 
albumin, globulin, and cholesterol decreased parallel to the 
decrease in blood~gas partition coefficients. 
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The rate at which the alveolar anaesthetic partial pressure 
increases is inversely related to the solubility of volatile 
anaesthetics in blotxl (the bk.,od/gas partition coefficien0, i 
Because the concentrations of serum constituents de- 
crease during anaesthesia and surgery, we speculated that 
the solubility of volatile anaesthetics in blood may be 
affected by anaesthesia and surgery.2-4 To test t11is thesis, 
we determined the blood/gas partition coefficients of four 
volatile anaesthetics before and during anaesthesia and 
surgery, and simultaneously measured the haematocrit 
and serum concentrations of four blood constituents. 

Methods 
With approval from our Committee on Human Research, 
informed consent was obtained from six adults scheduled 
for elective minor surgery. All patients were 30-45 years 
of age, ASA physical status 1 or I1, fasting, and 
unpremedicated. Anaesthesia was induced with thiopen- 
tone and followed by isoflurane, nitrous oxide, and 
oxygen. The trachea of each patient was intubated and the 
lungs were ventilated to maintain an end-tidal carbon 
dioxide partial pressure (as determined by mass spectrom- 
etry) between 35 and 45 mmHg. Either lactated Ringer's 
solution or five per cent dextrose in lactated Ringer's 
solution (as chosen by the anaesthetist) was administered. 
Venous blood specimens of 15 ml were obtained from 
each patient at three times: (1) prior to anaesthesia 
(aWAKE); (2) 20 minutes after induction of anaesthesia, 
but before surgical incision (ANAESTHESIA); and, (3) 90 
minutes after surgical incision (SURGERY). Each specimen 
was divided into a 7 ml sample anticoagulated with EDTA 
and an 8 ml clotted sample. The fom~cr was used to 
determine the blood/gas partition coefficients of en- 
flurane, halothane, isoflurane and methoxyflurane, and to 
measure haematoerit; the latter to determine the serum 
concentrations of albumin, globulin, cholesterol, and 
ttiglycerides. Blood/gas partition coefficients were deter- 
mined at 37~ using gas chromatography. 3 The serum 
concentrations of albumin, globulin, cholesterol and 
triglycerides were determined by automated (SMA 12) 
analysis. 

Statistical significance (p < 0.05) was determined 
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using repeated-measures A N O V A ,  and the S tudent -  
N e w m a n - K e u l s  multiple range test. 

Results  
The AWAKE values for the blood/gas partition coefficients 
agreed with previous data. 1,3 Those obtained during 

ANAESTHESIA and SURGERY decreased significantly below 
AWAKE values (Figure and Table). Except  for isoflurane, 

the partition coefficients during StmG~RY did not differ 
significantly f rom those during ANAESTHESIA. 

The AWAKE values for haematocri t ,  and the concentra- 

tions of  serum albumin,  globulin, cholesterol,  and tri- 
glycerides were consistent with normal estimates for these 
blood constituents s (Table). Haematocr i t  values during 
ANAESTHESIA and SURGERY decreased significantly com- 
pared with AWAKE values. Value5 for the serum concen- 
trations of  albumin, globulin, and cholesterol during 
ANAESa~rSIA were significantly lower than AWAKE values 
and decreased further during SURGERY (Table). The  
serum concentration of  triglycerides did not change 
significantly throughout the study. 

The mean (-+ SD) vo lume  of  crystalloid administered 
during the 20 minutes after induction of  ANAESTHESIA was 
600 ml (----- 200) and the vo lume  administered during the 
90 minutes after skin incision was  580 ml (-+ 50). 

Discussion 
The blood/gas partition coefficients of  enflurane, halo- 
thane, isoflurane, and methoxyflurane decreased signifi- 
cantly during AN AESTHESlA and SURGERY (Figure). These 
decreases paralleled significant changes in haematocri t  
and the serum concentrations o f  blood constituents. 
Decreases in haematocri t  and in the serum constituent 
concentrations m a y  be attributable in part to dilution 
secondary to the administration of  substantial volumes of  
intravenous crystalloid fluids during ANAESTHESIA and 
SURGERY, and, in part, to a direct effect o f  volatile 
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FIGURE The blood/gas partition coefficients (mean : SE) for en- 
flurane, halothane, isoflur~e, and methoxyflurane decrease signi- 
ficantly during ANAESTHESIA alld SURGERY compared to AWAKE values 
(p < 0.05). The blood/gas partition coefficient for isoflurane during 
SUp.OE ~:Y decreased significantly co mpalx:d to that during ANAESTttESiA. 
*Significantly different from AWAKE values. 
"i'Signifieantly different from ANAESTHESIA values. 

anaesthetics. The  vo lume o f  crystalloid fluids adminis- 
tered was sufficient to decrease the haematocri t  (during 
ANAESIHES1A) ten per  cent helow the aWAKE values 
(Table). Because the solubility of  volatile anaesthetics is 
significantly less irt aqueous solutions (such as lactated 
Ringer 's)  than in plasma or blood, the infusion of 'aqueous 
solutions will decrease the solubility o f  volatile anaes- 
thetics in blood, a'7 Evidence f rom animal studies suggests 
that administration of  halothane or  halothane-nitrous 
oxide decreases haematocri t  and plasma protein concen- 
trations by an increase in plasma volume and splenic 
sequestration, s Thus,  the combination of  the infusion of  

TABLE Results 

A WAKE ANAESTHESIA SURGER Y 

B loud/gas partition coefficients: 
~. enfiurane 1.92 - 0.10 1.80 -+ 0. I 0 1.74 _* 0.15* 
h halothane 2.56 • 0.20 2.38 -+ 0.15" 2.30 *-- 0.21" 
h isoflurane 1.39 -+ 0.07 1.33 + 0.06* 1.28 • 0.09*4 
h methoxyflurane 16.5 • 0.8 14.9 • 0.5* 14.7 • 0.8 ~" 

Haematocrit (vol %) 39.3 - 3.0 36.4 § 30* 35.2 ~- 4.6 ~ 
Serum albumin (gin %) 4.3 § 0.2 3.8 § 04* 3.5 • 0.4"? 
Serum globulin (gin %) 2.6 • 0.4 2.25 • 03* 2.15 - 0,3*t 
Serum cholesterol (rag%) 198.5 • 40 174.5 • 42* 161.0 +- 42"i" 
Serum triglycerides (rag %) 64.4 + 32 66.8 + 3g 57.8 • 39 

Data arc mean • SD. 
*Significantly different from AWAKE values (p < 0.05). 
?Significantly different from ANr~6STHESlA v~lacs (p ":~ 0.05). 
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crystalloid fluids and the administration of volatile anaes- 
thetics may contribute to decreases in the solubility of 
volatile anaesthetics in blood. 

The decreases in blood/gas partition coefficients may 
affect the development of an anaesthetizing partial pres- 
sure of volatile anaesthetic in alveoli. Decreases in the 
blood/gas partition coefficients will speed the increase in 
alveolar anaesthetic partial pressure and thus the equili- 
bration of alveolar and inspired anaesthetic partial pres- 
sures. 

The blood/gas partition coefficient also influences the 
rate of increase in tissue anaesthetic partial pressure. As 
the blood/gas partition coefficient decreases, the tissue/ 
blood partition coefficient increases)  Since the time 
constant for tissue equilibration is proportional to the 
tissue/blood partition coefficient, this prolongs the time to 
tissue equilibration. In the extreme, if the blood/gas 
partition coefficient approaches zero, both the tissue/ 
blood partition coefficient and the time to tissue equilibra- 
tion would approach infinity. However, the net effect of a 
decrease in the blood/gas partition coefficient on induc- 
tion of anaesthesia is likely to be small. 
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8 Steffey EP, Gillespie JR, Berry. JD, Eger Et II, Schabn OW 
Effect of halothane and halothane-nitrou~ oxide on 
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R~sum6 
Aria de d~terminer les effets de l'anesrhdsie et de 1o chirurgie sur 
la solubiliM des anesth~siqaes volatiles dans le sang, on a 
mesur~ las coefficients de partition sansIgaz de V enflurane, 
halothane, isoflurane, et mgthoxyflurane in vitro dam le sang 
obrenu de six adutres non prgm~diqugs gz trois temps cliff, rents 
lots de l'anesth(nie fi l' iaoflurane: l )  rdveil, 2) 20 minutes aprds 
l'ind~ction de I'anesthgaie mais avanr I'inci~ion chirurgicale et 
3) 90 minutes apr~s l'inciaion chirurgicale. Les coefficients de 
paetition sanglgaz des quatre anestltdsiques volatiles dimbtu~- 
rent signifieativement aprhs induction de l'anes:hdsie et apron" 
incision ehirargieale (p < 0.05). Les valeurs de l'h~matoerite, 
I'albamme s~rique, la globaline ainsi que le eholesMrol oat 

diminu~ parallblement d :a diminution des coefficments de 
partition sanglgaz. 
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