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Sevoflurane anaesthesia causes a transient decrease in
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Sevoflurane anaesthesia is occasionally associated with polyuria, but the exact mechanism of
this phenomenon has not been clarified. Aquaporin-2 (AQP2) is an arginine vasopressin (AVP)-
regulated water channel protein localized to the apical region of renal collecting duct cells and
is involved in the regulation of water permeability. To elucidate the effect of sevoflurane
anaesthesia on urine concentration and AQP2, we have compared serum and urinary
concentrations of AVP, AQP2 and osmolar changes during sevoflurane and propofol anaesthesia.
General anaesthesia was induced with sevoflurane or propofol in 30 patients for a variety of
major surgical procedures. Blood and urine samples were obtained from patients at baseline,
and 90 and 180 min after induction of anaesthesia. AVP and AQP2 concentrations were
measured by radioimmunoassay. In both groups, plasma and urinary concentrations of AVP
increased similarly during anaesthesia although plasma osmolality remained unchanged. Although
urinary AQP2 excretion in the propofol group increased together with changes in plasma and
urinary AVP, urinary AQP2 was significantly lower at 90 min in the sevoflurane group. Urine
osmolality in the sevoflurane group also showed a transient but significant decrease in parallel
with suppression of AQP2. Our data suggest that sevoflurane anaesthesia transiently produced
an impaired AQP2 response to an increase in intrinsic AVP.
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Polyuria is occasionally observed after general anaesthesia collecting duct cells and regulates water permeability in
with sevoflurane. However, because of the usual abrugnal collecting duct$? > AQP2 protein is a normal

onset and spontaneous remission of polyuria, detailed constituent in the urine of normal subjects, and urinary
investigation of this phenomenon has been limited. Wexcretion increases after a period of dehydration, decreases
reported previously a patient who developed polyuria after hydration and increases in response to exogenous
immediately after surgery under sevoflurane anaesthesi@esmopressin (1-desamino-8-D-arginine vasopredsit.

and postulated that many factors, including hormonal and Rai and collédgdetermined the characteristics of
physiological conditions before and during anaesthesia, angnary AQP2 and refined the radioimmunoassay (RIA)
involved in the manifestation of the polyuric state. The for this protein, using relatively high concentrations of
surgical procedure itself may also specifically induce @etergents and bovine serum albumin in the RIA buffer.
marked increase in plasma concentrations of arginine vaso- Using this RIA method, we have shown recently that
pressin (AVPY ° independent of changes in plasméigh concentrations of AVP during surgery under general
osmolality. The surgery-associated increase in AVP is anaesthesia augments urinary AQP2 éRdrelithrer-

thought to be related to surgical str&Ssand/or anaesthetic more, our data suggested that anaesthesia probably interfered

agent-1! with this action of AQP2, resulting in a decrease in urine
Aquaporin-2 (AQP2) is an AVP-regulated water channeloncentratior?
protein, first discovered in the collecting tubules of the rat In this study, we have investigated the specific effects of

kidney in 1993t AQP2 was subsequently cloned from thesevoflurane anaesthesia on body fluid balance via AVP-
human genomé&® AQP2 is localized in the apical region of dependent AQP2 in 30 patients undergoing surgery under
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genera| anaesthesia using either sevoflurane or propoFGP'e 1 Patients characteristics and changes during anaesthesia and surgery
We measured plasma and urinary AVP and urinary AQI._/,rﬂean 6em or range) or number).P<<0.05 vs sevoflurane group

concentrations, and the concomitant changes in urinary Sevoflurane Propofol
osmolality. group (n=16) group (h=14)
Age (yr) 49.4 (17-74) 543 (21-78)
. Sex (M:F) 8:8 9:5
Total operation time (min 257.2 (37.6 398.1 (69.4
Patients and methods | ion time (min) (37.6) (69.4)
. . _Total anaesthesia time (min) 336.9 (39.7) 495.0 (68.1)*
The st.udy was approved by thg Human Ethics RevieW|es for total anaesthesia time
Committee of Okayama University Medical School and urine volume (ml) 920.0 (166.9)  1384.6 (290.9)
informed consent was obtained from each patient. WeMean urine excretion rate (ml mif) 2.51 (0.25) 2.77(0.32)
tudied 30 patient d . : i geglood loss (mD 796.6 (142.4)  1050.8 (268.1)
studie palients undergoing various operatlons unaeg,iq replacement (mi) 3524.0 (415.6)  4976.2 (874.2)
general anaesthesia at our hospital. Patients who requivedes for 180 min of anaesthesia
extracorporeal circulation or interruption of blood flow Urine volume (mf) ' 623.1 (57.4)  612.1 (62.3)
h h th d | Is duri Mean urine excretion rate (ml mif) 3.46 (0.32) 3.40 (0.35)
through the aorta, vena cava and renal vessels duringjoog joss (mi) 429.7 (65.3) 415.7 (86.1)
surgery were excluded. All patients were premedicated withFiuid replacement (ml) 2675.6 (103.9)  2785.7 (108.5)
hydroxyzine 25-50 mg i.m., approximately 30 min befor@peratve site 9:1:4:2 4Tzl

. . . . . abdomen:thoracic:orthopaedic:head
operation. Before anaesthesia, an i.v. line was established’ P )

in the upper extremity. A urinary catheter and a radial artery

catheter were also inserted. Patients were allocated randomlye 2 Anaesthetic procedure. Data are meavi [range]. *°<0.05vs
to receive sevofluranent16) or propofol (=14) for sevoflurane group. GENitrous oxide in oxygen

induction of anaesthesia. All patients underwent mechanical
ventilation during surgery and were monitored closely. The
surgical procedure commenced approximately 20—30 mnfiremedication  Hydroxyzine 25-50 mg ~ Hydroxyzine 25-50 mg
after induction of anaesthesia. Blood and urine sampl&guction Sevoflurane Propofol

Sevoflurane group 6=16) Propofol group (n=14)

—1
were obtained before induction and at 90 and 180 min after 1'(2350(0'21) el +9§§y(§éln7) (G-a0Imo¥en
initiation of anaesthesia. Blood samples were centrifuged +midazolam
immediately and cells were separated from plasma or serym_ 431 (0.29) [2-61 mg Propofol
and stored at —30°C until assay. Urine samples were also + GO 3.42 (0.31) [2-5] mg kg bt
stored at —30°C until assay. + GO

Osmolality was measured by freezing point depressioffu9 dose during 180 min

' i Fentanyl 178.1 (20.9) [100-35Q]y 179.2 (16.8) [100-300}g
Plasma and urinary AVP concentrations were measured D¥tropine 0.16 (0.07) [0-0.5] mg 0.21 (0.10) [0-0.05] mg

RIA, and urinary AVP concentrations were corrected for Vecuronium  12.63 (1.38) [2-20] mg 15.3 (0.96) [10-20] mg
creatinine to the excretion rate of AVP. The RIA for urinary EPedrine  3.13 (0.91) [0-8] mg 8.33 (2.40) [0-28] mg*
AQP2 was performed using the method described in our

previous study? Briefly, a synthetic peptide (human AQP2

. : S appropriate (StatView, version 4.5, Abacus Concepts,
[V257-A271] with Tyr at the N-terminus), radioiodinated L
with [224] Na (New England Nuclear, Boston, MA, USA) Berkeley, CA, USA).P<0.05 was taken as statistically

using the chloramine-T method, was mixed with carriers—lgmflcam'

free [129] Na and chloramine-T. The reaction was terminated

by addition of ascorbic acid followed by 10% Ki in distilledR€SUItS

water. The mixture was applied to a Sephadex G10 column Patient characteristics are summarized in Table 1. There

and eluted with phosphate-buffered saline. For the assaxgre no differences between the sevoflurane and propofol

0.1 ml of the urine sample (diluted 1-8 times) or standard, groups in urinary output, volume of blood loss or volume

0.1 ml of assay buffer and 0.1 ml of anti-AQP2 antibodyf fluid replacement during the first 180 min of anaesthesia.

(a polyclonal antibody raised in rabbits against the synthetic  Fluid replacement consisted of lactated Ringer’s solution,

portion of the C-terminal end of human AQP2; final dilutioracetate solution and saline. No blood or plasma was

X16 000) were incubated at 4°C for 48 h. This was followed transfused. Mean urine excretion rate and total operation

by addition of 0.1 ml of }29] peptide (15 C-terminal amino time were similar in both groups, but the total duration of

acids) (10 000 cpm) and incubated again at 4°C for 48 h. anaesthesia was significantly longer in propofol than in

Bound and free ligands were separated using the doubilee sevoflurane group. The operative region included the

antibody method. Intra- and inter-assay coefficients of abdomen, thorax, bones and joints, or the head and neck

variation were 4.7-12.9% and the lower limit of detectiofiTable 1) in both groups.

was 60 fmol mtL1® Values obtained were corrected for Polyuria or polydipsia was not observed either before or

creatinine to estimate the excretion rate of AQP2. after anaesthesia in any patient. Drugs used during anaesthe-
Data are presented as measeM). Differences were sia are listed in Table 2. Sixteen patients were anaesthetized

tested statistically using ANOVA or unpairédests, where with sevoflurane using the following procedure. Anaesthesia
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- 18; A o Sovefiurans (1= 18) unchanged at 90 min (relative to baseline) in both groups
‘.—E 8- © Propofol (n=14)\ but significantly increased at 180 min in both groups (Fig.
o 77 18). Plasma and urine AVP concentrations at 180 min after
§ g: induction of anaesthesia in the sevoflurane and propofol
< a4 groups were 4.72 (2.0) and 5.29 (2.3) pghand 106.3

= g: (44.7) and 113.7 59.2 ng g€ respectively, indicating that

£ 14 both agents were associated with a similar increase in

plasma and urinary AVP concentrations.

Baseline urinary AQP2 excretion was 177.1 (29.9) and
180 g 160.6 (30.4) fmol mgCt in the sevoflurane and propofol
groups, respectively (Fig.c). At 90 min after induction of
anaesthesia, urinary AQP2 concentration in the sevoflurane
group was low (136.5 (20.9) fmol mg€y while that in
the propofol group was significantly high (259.9 (48.9)
fmol mgCr?) relative to baseline. The difference in AQP2
between groups was significant. At 180 min after induction
. of anaesthesia, urinary AQP2 excretion in the sevo-
Pre. 90 min after 180 min after flurane group was significantly elevated (247.2 (43.2)
fmol mgCr?) and remained elevated in the propofol group
(280.1 (47.7) fmol mgCH) relative to baseline.

Plasma osmolality and serum sodium concentrations
remained stable throughout the study and there were no
significant differences between groups (Fig.#). Baseline
urine osmolality was comparable in the two groups. At
90 min after induction of anaesthesia, urine osmolality
decreased in both groups. However, it was significantly
Pre. 90 min after 180 min after lower in the sevoflurane group compared with the propofol

group and baseline (Figc? At 180 min after induction of
z;}gdluﬁgspgzsdg Pgﬁi”;a(iggiz;;t‘)’:fsoife’f?;rs;“)(ap\r\]”(?z'f'j’rii:af;rg\/eztﬁ)esiaanaesthesia, urine osmolality tended to be lower in both
Data are n)”:eaqnsez). *P<0.05vsvalues at 90 min; P<0.05gvs baseline groups relative to bas?“ne’ although there was no.dlﬁe.rence
values; P<0.05 between groups. between groups. A similar trend was observed in urinary

sodium excretion, although the changes did not reach
statistical significance (Fig.0d.

was induced with 3-5% sevoflurane with nitros oxide in
oxygen using a semi-closed circuit, in addition to midazo- . i
lam. Anaesthesia was maintained with approximately 1841SCUSSION
sevoflurane with nitrous oxide in oxygen. Propofol anaesthe- One of the most important functions of the kidney is
sia was used in 14 patients. Anaesthesia was induced wigigulation of body fluid balance by concentrating or diluting
propofol 8-10 mg kgt h~! and oxygen, followed by urine. Such regulatory processes depend on the presence of
maintenance with 2-5 mg k§h™! and nitrous oxide in a discrete segmental distribution of transport properties
oxygen. During the study period of 180 min, fentanyl, along the renal tubules and collecting>d&etsently,
atropine, vecuronium and ephedrine were also administeredveral proteins responsible for these properties have been
The doses of these drugs were not different between groups, cloned. Among these (also known as aquaporins), AQP2
with the exception of ephedrine. A higher dose was usadediates water transport across the apical plasma membrane
in the propofol group as anaesthesia tended to induce of principal cells and is the main target for the short-term
hypotension. None of the 30 cases showed marked changeson of AVP to increase water permeabifiy:®> Most of
in mean arterial pressure (decreases exceeding 5%) or the AQP2 molecules are present in cytoplasmic vesicle
cardiac dysfunction over the 180 min. membranes rather than in the apical membrane of the renal

Plasma and urinary AVP concentrations before anaesthe- collectindtt¥etad AQP2 in the apical membrane was
sia in the sevoflurane and propofol groups were 1.Kb6nsidered to be the active molecule for concentrating urine.
(0.2) and 1.02 (0.2) pg ml and 28.2 (7.5) and 23.7 Approximately 3% of AQP2 present in the kidney is
(7.0) ng gCr%, respectively (Fig. 4, B). Anaesthesia was constantly excreted from the apical membrane into urine
associated with a change in plasma and urinary AVP each day and this fraction does not change even during
concentrations. In both groups, plasma AVP was higher @hydratiort® These findings imply that the amount of
90 min, although no further increase was noted at 180 min  AQP2 excreted in urine reflects the mechanism for regulat-
(Fig. 1a). In contrast, urinary concentrations of AVP weréng AQP2 protein in the apical membrate Accurate

T
Pre. 90 miln after 180 n;in after

Urinary AVP (ng gCr™
o]
o
1

Urinary AQP2 (fmol mgCr ™)
[\
n
(5]
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Fig 2 Changes in plasma osmolality)( serum sodium concentrations),( urine osmolality ¢) and urinary sodium excretiom) before (Pre.) and
during anaesthesia. Data are meaeMj. *P<<0.05vs baseline; £<0.05 between groups.

measurement of urinary excretion of AQP2 protein is now of polyuria is elusive. It is not clear if sevoflurane causes
possible, and detectable concentrations and changesranal impairment, although it has been used in more than
response to AVP can be measured by R$A? 20 Thus 2 million operations in Japan.
measurement of urinary AQP2 excretion is helpful for Biotransformation of fluorinated volatile anaesthetics
overall evaluation of body fluid balance. results in the production of fluoride metabolites, which may

In addition to changes in osmolality, several other factokse associated with hepatic or renal toxicity® Sevoflurane
stimulate secretion of AVP from the posterior pituitdfy. undergoes hepatic biotransformation in humans, producing
These include reduction in circulating blood volume, redugeak plasma inorganic fluoride concentrations equivalent to
tion in mean arterial or left atrial pressure, various peptides, those associated with renal impairment after methoxyflurane
including catecholamines, angiotensin Il, atrial natriuretianaesthesi#. 27 Although in the case of methoxyflurane,
peptide and prostaglandins, drugs with cholinergic or biotransformation by renal cytochrome P450 is believed to
B-adrenergic properties, opioids and anaesth@drarther- be associated closely with renal dam&g&! most clinical
more, high plasma AVP concentrations have been demon- studies have not reported fluoride-associated nephrotoxicity
strated in patients undergoing anaesthesia for surgery, onlgh sevoflurane anaestheg&a?® 2° In a recent study,
after initiation of the surgical procedufeTherefore, the nephrotoxicity observed after sevoflurane anaesthesia was
surgical operation under general anaesthesia representst likely explained by compound A, a degradation product
an endocrinologically specific condition characterized by of sevoflurane produced in carbon dioxide aB8orbers.
inappropriate oversecretion of AVP. This is thought to be Jellish and colleagués demonstrated recently a small
caused by surgical strés$and/or anaesthetic agetit! but significant decrease in urine specific gravity, an indirect

In our study, although concentrations of AVP were nanheasure of renal concentrating ability, 24 h after exposure
different between the sevoflurane and propofol groups, the to sevoflurane compared with propofol. In another study,
increase in urinary AQP2 was significantly blunted imiguchi and colleagué$ showed that administration of
the sevoflurane group compared with the propofol group. vasopressini.v., 16.5 h after cessation of anaesthesia, caused
Furthermore, differences in urine osmolality reflected the slight and insignificant reduction in urinary osmolality in
difference in AQP2 excretion, that is urine concentrating sevoflurane-anaesthetized patients whose fluoride concen-
capacity was also impaired during sevoflurane anaesthesaion was more than 5@mol litre™l. These findings
in contrast with propofol anaesthesia. The differential suggest that sevoflurane may alter the urine concentrating
response of AQP2 and urine osmolality to sevoflurareapacity of the renal collecting ducts. In our study, we
was prominent at 90 min after induction of anaesthesia; demonstrated transient suppression of urinary AQP2 and
differences in urinary AQP2 and osmolality between thienpairment of urine concentration during sevoflurane anaes-
two anaesthetics were not significant at 180 min. Sevoflurane thesia, but these changes were no longer significant 180 min
is a volatile, fluorinated anaesthetic agent which is occasicafter induction of anaesthesia. What are the mechanisms of
ally associated with polyurt@® however, the pathogenesis  sevoflurane-induced suppression of urinary AQP-2? Several
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mechanisms are involved in AQP2 mobilization to the city of the kidney by reducing AQP2. Our findings suggest
apical membrane of the renal collecting duct cells ithat sevoflurane-associated polyuriais caused by impairment
response to AVP. These mechanisms play an important role  of the AQP2 response to an increase in AVP during surgery.
in increased water permeability1® It is possible that these
shuttle trafficking mechanisms are transiently interrupted
by sevoflurane anaesthesia. Impaired urine concentratidgknowledgements
observed in our Study may contribute to the cause methank_Dr K. Sekine and Dr M. Miura (M.itSUbiSh'i Kagaku Bio-Clinical
polyuria occasionally noted after sevoflurane anaesthesj b?rg_toé'_eISSégc('wzorSﬁ’&’efjiﬁ’(?rgy?rzéjcm'Sct?;%s)s;ztra:;%%ir\]’;ea?]:jeegdr;f;“'
Namely, when this transient impairment of urine concentrat the manuscript.
tion is prolonged or modified by administration of other
medications, polyuria may become clinically evident.
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