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Diuretic　Effect　of　Oral　Clonidine　Premedication

　　　　　　　　　　　　during　Hypotensive　Anesthesia

Ryohei　Kudo，　MD“，　Takashi　Horiguchi，　MD，　PhD“，

　　　　　　　　　Toshiaki　Nishikawa，　MD，　PhD“

Abstract

　　Clonidine，　an　a2－agonist，　increases　urine　output

and　electrolyte　excretion，　and　reduces　the　dose　re－

quirement　of　vasodilator　for　induced　hypotension．

We　examined　whether　oral　clonidine　would　provide

these　effects　during　hypotensive　anesthesia．

　　Twenty　patients　randomly　received　oral　clonidine

either　5　pgZkg　（clonidine　group，　n＝　10）　，　or　none　（con－

trol　group，　n＝10）．　General　anesthesia　was　main－

tained　with　isoflurane　and　67％N20．　During　hy－

potensive　period，　mean　arterial　pressure（MAP）　was

kept　at　50－60　mmHg．　Urine　output，　urine　osmolality，

urinary　excretion　of　electrolytes，　and　plasma　ADH

level　were　examined．

　　Urine　output　and　absolute　urinary　excretion　of　po－

tassium　were　greater　during　the　first　30　minutes　of

hypotensive　period　in　the　clonidine　group　than　the

control　group．　Five　patients　in　the　control　group　and

one　in　the　clonidine　group　had　no　urine　output　during

the　hypotensive　period（p〈O．05），　Absolute　urinary

excretion　of　sodium　and　potassium　increased　in　the

control　group　after　MAP　recovered．　However，

plasma　ADH　levels　did　not　change　over　time　in　both

groups，　and　were　similar　between　groups．　No　differ－

ence　was　found　between　the　two　groups　in　the　dose

requirement　of　nicardipine　during　hypotensive　period．

　　Oral　preanesthetic　medication　of　clonidine　5　”gtkg

provided　a　diuretic　effect　dur血g　hypotensive　anesthesia．
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Introduction

anesthesia，　oral

　　Previous　clinical　reports　show　that　systemic　as　well

as　regional　administration　of　clonidine，　a　preferential

a2－adrenergic　agonist，　modifies　perioperative　care　by

reducing　requirements　of　anestheticsi－V3）　or　］61－adreno－

ceptor　antagonist　for　induced　hypotension3），　and　pro－

viding　hemodynamic　stability‘’V6＞　and　analgesia7）．　ln

addition，　clonidine　alters　the　responses　to　sympath－

omimetic　or　parasympatholytic　agents8’9），　attenuates

the　sympathoadrenal　responsesiO），　and　provides

diuresisii）　．

　　It　is　well　known　that　induced－hypotension　causes　a

rapid　rise　in　the　activity　of　the　renin－angiotensin　sys－

tem，　resulting　in　a　fivefold　increase　in　plasma　renin

activityi2・i3），　since　the　section　of　renin　by　the　juxtag－

lomerular　apparatus　is　stimulated　by　a　decrease　in

blood　pressure．　Renin　cleaves　angiotensinogen　to

angiotensin　1，　which　is　then　cleaved　to　angiotensin　II

by　the　action　of　angiotensin－converting　enzyme　in　the

pulmonary　circulation．　Angiotensin　II，　in　turn，

causes　vasoconstriction　with　greater　infiuence　on　the

arterial　system　of　the　kidney，　an　increase　in　aldoster－

one　secretion，　and　the　retention　of　water　and　sodium

in　the　body．　These　net　effects　are　likely　to　decrease

urine　output　and　urinary　excretion　of　electrolytes

during　induced－hypotension．

　　Therefore，　the　aim　of　the　present　study　is　to　assess

whether　preanesthetic　clonidine　medication　would
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induce　clinically　significant　diuresis　in　patients　under－

going　surgical　interventions　under　deliberate　hy－

potensive　anesthesia，　and　further，　to　evaluate　the

effect　of　clonidine　on　vasodilator　requirement　during

induced－hypotension　and　on　ADH　secretion．

Methods

　　Twenty　adult　patients，　who　were　in　ASA　physical

status　1　or　2，　gave　their　informed　consent　to　partici－

pate　in　research　approved　by　Human　lnvestigation

Committee．　The　subjects　scheduled　for　elective

surgery　in　the　morning　for　otorhinolaryngological

procedures　or　thyroidetomy　were　included．　The

subjects　had　neither　medical　history　nor　been　taking

any　drugs．　Those　who　had　diabetes　insipidus，　diabe－

tes　mellitus，　serum　electrolyte　abnormalities，　anemia，

renal　dysfunction，　hypertension，　sinus　bradycardia

（heart　rate〈60　beats／min），　and　obesity　exceeding

standard　body　weight　by　200／o　or　more，　were　excluded

from　this　study．

　　Each　patient　was　randomly　assigned（sealed　enve－

lopes）　to　one　of　two　groups．　Subjects　fasted　for　8

hours　before　the　operation，　and　no　intravenous　fluid

was　administered　until　subjects　arrived　at　operating

room．　The　patients　received　either　oral　clonidine

approximately　5　ptg／kg（clonidine　group；　n＝10）　or

none　（control　group；　n＝10）　，　in　addition　to　famotidine

20　mg　p．o．，　90　minutes　prior　to　arrival　at　operating

room．　Because　clonidine（Catapres＠，　Boehringer

Ingelheim　＆　Tanabe）　is　available　only　in　tablet　forms

of　75　ptg　or　150　pg　dose　in　Japan，　administration　doses

of　clonidine　were　determined　by　choosing　the　closest

doses　calculated　by　multiplying　37．5　pg　（half　a　tablet）

as　a　unit．　Prescription　of　preanesthetic　drugs　and

observation　during　anesthesia　were　performed　by　the

same　anesthesiologist　who　was　in　charge　of　each　an－

esthetic　case．　After　an　electrocardiogram　monitor，　a

blood　pressure　cuff　and　a　pulse　oximeter　were　estab－

lished，　a　20　G　intravenous　cannula　was　placed　into　the

forearm　cutaneous　vein．　Lactated　Ringer’s　solution

was　thereafter　infused　through　the　IV　cannula　at　a

rate　of　10　mL／kg／h　until　the　end　of　study．　General

anesthesia　was　induced　with　thiamylal，　4－5　mg／kg　IV，
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and　tracheal　intubation　was　facilitated　with

vecuronium　approximately　O．2　mg／kg　IV　Anesthesia

was　maintained　by　inhalation　of　isoflurane　O．5－1．50／o

expired，　and　670／o　nitrous　oxide　in　oxygen　with　6

L／min　of　the　background　gas　flow．　The　lungs　were

mechanically　ventilated　to　control　arterial　blood　car－

bon　dioxide　tension（PaCO2）　between　33　and　37　mm

Hg．　Each　patient’s　blood　pressure　was　kept　within

±200／o　of　the　preoperative　value　by　regulating　the

concentration　of　isoflurane　throughout　the　study　pe－

riod　except　during　hypotensive　period．　When　blood

pressure　decreased　below　800／o　of　the　preoperative

value，　or　heart　rate　decreased　below　40　beats／min，

intravenous　ephedrine　O．1　mgtkg　or　atropine　O．Ol

mg／kg　was　administered，　respectively；during　nor－

motenive　periods．　During　surgery，　end－tidal　isoflu－

rane　concentration　was　increased　to　1．50／o　and

nicardipine　was　infused　to　keep　mean　arterial　pres－

sure（MAP）　of　50－60　mmHg　for　60　minutes．　There－

after，　nicardipine　infusion　was　discontinued　along　with

reducing　isoflurane　concentration，　so　that　MAP　re－

covered　for　the　next　60　minutes，

　　An　arterial　cannula　and　a　urinary　catheter　were

placed　in　the　radial　artery　and　in　the　bladder，　respec－

tively，　immediately　after　induction　of　general　anesthe－

sia．　Urine　was　collected　thereafter　during　anesthe－

sia　and　surgery　to　gauge　urine　output　immediately

after　the　induction　of　anesthesia，　and　then　every　30

minutes．　Urine　samples　were　obtained　at　the　time

for　urine　output　measurement　to　examine　urine　elec－

trolyte　concentrations　and　osmolality，　along　with　arte－

rial　blood　gas　tensions，　pH　and　base　excess（BE）

analyses．　All　patients　in　each　group　were　examined

for　plasma　concentrations　of　ADH　at　every　30　min－

utes　during　hypotension　and　following　normotension．

The　proposed　surgery　was　started　approximately　20

minutes　after　induction　of　anesthesia．　This　study

was　continued　until　three　hours　after　induction　of

anesthesia　and　no　further　collection　of　data　were　per－

formed，　because　all　surgical　procedures　were　accom－

plished　within　3　hours　after　induction　of　anesthesia．

　　Blood　samples　were　collected　into　heparinized

tubes　for　analysis　of　ADH．　Plasma　was　quickly　sepa一
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rated　by　centrifugation　and　stored　frozen　at　一400C

until　assayed　in　a　week．　Urine　electrolyte　concen－

trations　and　osmolality，　and　blood　gas　tensions　were

determined　with　a　multichannel　electrolyte　analyzer

（NOVA　6；　Nova，　MA，　U．S．A．），　a　freezing－point　de－

pression　analyzer（Osmometer　OM801；　Vogel，　Ger－

many），　and　a　pH／blood　gas　analyzer（GEM＠PRE－

MIER　400，　lnstrumentation　Laboratory，　United　King－

dom），　respectively，　Expiratory　isoflurane　concentra－

tions　were　determined　by　an　anesthetic　gas　analyzer

（Capnomac　UltimaTM，　Datex，　Helsinki，　Finland）．

Concentrations　of　plasma　ADH　were　analyzed　using

RIA　kits　（Mitsubishi　Petrochemical，　Tokyo，　Japan）　and

a　gamma－scintillation　counter　（ARC950，　Aroka，　Tokyo，

Japan），

　　Results　were　reported　as　means±standard　error　of

the　mean（SEM）．　Urine　output　index（mL／kgh）　was

calculated　as　hourly　urine　output（mL／h）　divided　by

body　weight（kg）．　lntergroup　differences　in　demo－

graphic，　drugs　and　fluid　data　were　compared　by　an

unpaired　Student’s　t－test．　Testing　for　significance　in

the　incidence　of　between　the　two　groups　was　accom－

plished　by　a　chi－square　analysis．　Statistical　analysis

was　performed　by　two－way　analysis　of　variance　to

compare　changes　in　hemodynamic　variables　and　arte－

rial　blood　gas　values　between　groups．　When　a　sig－

nificant　difference　was　identified，　this　was　followed　by

an　unpaired　Student’s　t－test　with　Bonferroni　correc一

tion．　Changes　in　hemodynamic　variables，　urinary

data，　and　plasma　ADH　levels　over　time　within　each

group　were　analyzed　by　repeated－measures　analysis

of　variance，　followed　by　paired　Student’s　t－test．　A　P

value〈O．05　was　considered　significant　for　all　of　the

statistic　tests．

Results

　　There　were　no　significant　differences　between　the

two　groups　in　patient　demographic　characteristics，

drugs　for　anesthesia　and　hypotension，　and　the　amount

of　fluid　given　during　the　study（Table　1）．　Clonidine

dose　administered　for　the　clonidine　group　was

4．92±O．07　ptg／kg，　while　the　total　doses　of　nicardipine

given　for　induced　hypotension　were　similar　between

groups（Table　1）．　The　volume，　sodium　and　potas－

sium　concentrations，　and　osmolality　of　urine　gauged

and　discarded　at　the　beginning　of　anesthesia　did　not

differ　significantly　between　the　two　groups（data　not

shown）．　Blood　losses　during　surgery　were　within

100　mL．　No　additional　intravenous　fluid　rather　than

lactated　Ringer’s　solution　of　10　mL／kg／h　were　admin－

istered．

　　Two　patients　in　the　clonidine　group　and　two　pa－

tients　in　the　control　group　received　ephedrine，　while

two　patients　in　the　clonidine　group　and　one　patient　in

the　control　group　received　atropine，　for　the　treat－

ments　of　hypotension　and　bradycardia，　respectively．

Table　1　Patient　demographic　characteristics，　doses　or　end－expiratory　concentration　of　anesthetic　agents

　　　　　　　　used　during　induction　and　maintenance　of　general　anesthesia，　dose　of　nicardipine　given　for　hy－

　　　　　　　　potension，　and　amount　of　fiuid　administered　during　the　study

Group Clonidine　（n＝　10） Control　（n　＝　10）

Age　（year）

Weight　（kg）

Height　（cm）

Gender　（］NnyF）

Clonidine　dose　（ptg／kg）

Thiamylal　dose　（mglkg）

Vecuronium　dose　（mg／kg）

End－expiratory　concentration　of　isoflurane　（O／o）

　　　Before　hypotensive　period

　　　During　normotensive　period

Nicardipine　dose　（mgLkg）

Lactated　Ringer’s　solution（mエノkg／h）

　　38±5

　　56±4

　162　±　3

　　　3／7

4．92　±O．07

4．8±O．03

0．20±O．Ol

O．77±O．03

0．74±O．03

0．12±O．08

10．8±1．4

　　39±3

　　56±3

　159±3

　　　4／6

4．8±O．07

0．19±O．Ol

O．73　±　O．02

0．70±O．04

0．26±O．15

10．2　±　1．3

Values　are　mean±SEM．　There　were　no　significant　differences　between　the　two　groups．
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Table　2 Hemodynamic　variables　and　values　of　arterial　blood　gas　analysis　before，　during　1　hour－hypotension

and　subsequent　1　hour－normotension　in　the　clonidine　（n　＝10）　and　control　（n＝10）　groups

Hypotensive　period Normotensive　period
variables Group Before

30min　　　　60　min 90min　　　120　min

MAP（mmHg） Clonidine

bontro1

75±3

V7±4

54±3晋　　　　　　　55±3士

T5±3→「　　　　　　56±4晋

70±4＋　　　　　　73±4＋

V2±4＋　　　　　　75±5＋

HR（beats／min） Clonidine

bontrol

64±2

U6±5

75±3歯　　　　　　　75±3歯

V4±4士　　　　　　　73±5需

69±3＋　　　　　　　70±3＋

U9±4＋　　　　　　71±5＋

pHa Clonidine

bontrol

7．45±0．01

V．46±0．01

7．44±0．01★　　　7．44±0．01歯

V．44±0．01衷　　　7．44±0．01壷

7．43±0．01　　　　7．43±0．01

V．44±0．01　　　　7．43±0．01

PaCO2（mmHg） Clonidine

bontrol

35±1

R4±1

35±2　　　　　　　　34±2

R5±2　　　　　　　　35±2

36±3　　　　　　　　35±2

R4±2　　　　　　　36±3

PaO2（mmHg） Clonidine

bontrol

160±12

P59±9

155±11　　　　　　158±13

P56±10　　　　　　155±11

157±13　　　　　　155±12

P53±10　　　　　　152±9

BE（mE（江） Clonidine

bontrol

1．5±0．6

P．8±0．5

0．9±0。5索　　　　　0．8±0．5砦

O．8±0．6士　　　　　0．8ゴ＝0．6肉

0．7±0．6　　　　　　0．5±0．7

O．6±0．7　　　　　　0．5±0．8

Values　are　mean±SEM．　MBP＝mean　arterial　pressure．　HR＝heart　rate．　pHa＝＝arterial　pH．　PaCO2＝arterial

carbon　dioxide　tension．　PaO2＝＝arterial　oxygen　tension．　BE＝＝arterial　base　excess．　“p〈O．05　versus　values　before

hypotensive　period．　’p〈O．05　versus　values　at　30　and　60　min　of　hypotensive　period．　However，　there　were　no　sig－

nificant　differences　between　the　two　groups　during　any　study　periods．

All　of　the　patients　responded　well　to　these　treatments．

The　incidence　of　either　ephedrine　or　atropine　admini－

stration　was　not　significantly　different　between　the

two　groups．

　　There　were　no　differences　between　the　two　groups

in　hemodynamic　variables　and　arterial　blood　gas

analyses　before　hypotensive　period　（Table　2）　，　Mean

arterial　pressure　decreased　during　hypotensive　period

and　returned　to　pre－hypotensive　values　during　nor－

motensive　period　in　both　groups．　Heart　rate　in－

creased　during　hypotensive　period　and　returned　to

pre－hypotensive　values　during　normotensive　period

in　both　groups．　However，　no　significant　differences

were　noted　in　these　variables　between　groups，　Ar－

terial　pH　and　base　excess　decreased　to　the　same　extent

in　both　groups　during　hypotensive　period　（Table　2）　．

　　The　patients　receiving　clonidine　5　ptg／kg　had　larger

amounts　of　urine　output　and　urinary　potassium　excre－

tion　during　the　first　30－minute　hypotensive　epoch

than　did　the　patients　in　the　control　group（p〈O，05，

Table　3）．　Five　patients　in　the　control　group　and　one

in　the　clonidine　group　had　no　urine　output　during　the

hypotensive　period（p〈O．05）．　Urine　output　indices

increased　significantly　during　normotensive　period

following　60－minute　hypotensive　epoch　in　both

groups，　as　compared　with　the　values　du血g　hypoten－

sive　period（p〈O．05，　Table　3），　with　greater　magni－

tude　noted　during　the　second　30－minute　period　of

normotension　in　the　control　group．

　　Urine　osmolality　during　normotensive　period

showed　comparably　significant　reductions　from　the

values　during　hypotensive　period　in　both　groups．

Absolute　urinary　excretion　of　sodium　during　nor－

motensive　period　was　significantly　greater　than　those

during　hypotensive　period　in　the　control　group，　with　a

significant　increase　than　the　clonidine　group　during

the　2nd　30－minute　normotension（Table　3）．　Also

absolute　urinary　excretion　of　potassium　increased

significantly　during　the　2nd　30－minute　normotension

in　the　control　group，　as　compared　with　the　value　at

30－minute　hypotensive　period（p〈O．05）．　However，

plasma　ADH　levels　did　not　change　over　time　in　both

groups，　and　were　similar　between　groups　（Table　3）　．

Discussion

　　The　present　results　show　that　clonidine　5　pg／kg　as

an　oral　preanesthetic　medication　significantly　reduced

the　number　of　patients　with　anuria，　along　with　in－

creasing　urine　output　and　urinary　potassium　excretion

during　nicardipine－induced　hypotension　in　surgical
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Table　3　Urine　output　index，　urine　osmolality，　absolute　urinary　excretion　of　sodium　and　potassium，　and

　　　　　　　　plasma　ADH　concentrations　during　1　hour－hypotension　and　subsequent　1　hour－normotension　in

　　　　　　　　the　clonidine　（n＝10）　and　control　（n＝10）　groups

闘

Hypotensiveperiod Normotensiveperiod
variables Group

30min 60min 90min 120min
．UOI（mレkg／h） Clonidine

bontrol

0．24±0．1＊

O．05±0．4

0．49±0．1

O．90±0．4

2．70±0．5＋

R．86±0．8＋

3．10＋0．5衷＋

T．50±0．7＋

UOsm（mOsn》kg） Clonidine

bontrol

792±55

V99±144

605±93

R73±86

147±23＋

P61±40＋

130±30＋

P04±6＋

UNa（mEψ） Clonidine

bontrol

2．03±0．8

O．51±0．4

1。44±0．4

P．81±0．8

2．17±0．4

S．66±1．4＋

2．71±0．4索

U．16±1．3＋

UK（mEq／h） Clonidine

bontrol

0．75±0．2需

O．15±0．1

0．98±0．2

P．17±0．6

1．39±0．2

P．54±0．4

1．20±0．1

P．45±0．2幸

ADH（P創mL） Clonidine

bontrol

1．0±0．2

P．2±0．2

1．3±0．3

P．1±0．2

1．5±0．4

P．0±0．1

1．5±0．3

P．1±0．1

Values　are　mean±SEM．　UOI＝urine　output　index．　UOsm＝urine　osmolality．　UNa＝absolute　urinary　sodium

excretion．　UK＝absolute　urinary　potassium　excretion．　ADH＝plasma　antidiuretic　hormone　concentrations．

“p〈O．05　versus　control　group．　’p〈O．05　versus　values　at　30　and　60　min．　＃p〈O．05　versus　values　at　30　min．

patients　under　isoflurane－nitrous　oxide　general　anes－

thesia．　This　effect　of　clonidine　appears　not　to　be

mediated　primarily　by　its　effect　on　ADH　release，

Although　mechanisms　of　clonidine－induced　diuresis

during　deliberate　hypotension　remains　to　be　proved，

preanesthetic　clonidine　premedication　is　likely　to

provide　one　of　clinically　useful　adjuvants　in　patients

undergoing　hypotensive　anesthesia　and　surgery．

　　Major　determinants　for　urine　output　during　anes－

thesia　and　surgery　include　renal　blood　flow，　glomeru－

lar　filtration　ratio，　blood　volume，　plasma　osmolality，

and　activities　of　autonomic　nervous　and　endocrine

systemsi4）．　Because　arterial　blood　pressure　is　most

likely　to　affect　renal　blood　flow　and　thus　urine　output

during　anesthesia　and　surgeryi4），　lower　blood　pres－

sure　should　contribute　to　decrease　urine　output

through　baroregulatory　mechanisms　to　stimulate

ADH　secretioni5）．　But　it　is　unlikely　in　the　current

study，　because　mean　arterial　pressure　decreased　to

the　same　extent　during　hypotensive　period　in　both

groups　and　there　were　no　signhicant　differences　be－

tween　the　two　groups　in　hemodynamics　as　well　as　in

plasma　ADH　concentrations　throughout　the　entire

study　period．　Similarly，　isoflurane　has　been　demon－

strated　to　decrease　renal　blood　flow　and　glomerular

filtration　ratioi6），　though　cardiac　output　was　well

maintained　at　O．9－1．9　minimum　alveolar　concentra一

tion　of　isofluranei7）．　But，　because　expired　concentra－

tions　of　isoflurane　were　comparable　between　groups

before，　during　and　after　hypotensive　period，　the　mag－

nitude　of　detrimental，　renal　effects　of　isoflurane

seemed　to　be　similar　in　both　groups．

　　More　importantly，　the　patients　receiving　clonidine　5

ptg／kg　in　the　current　study　had　1arger　amounts　of

urine　output　and　urinary　potassium　excretion（Table

3），and　lower　incidence　of　anuria　during　the　hypoten－

sive　period，　as　compared　with　the　patients　of　the　con－

trol　group．　These　findings　may　be　supported　by　a

previous　investigation　showing　that　acute　deliberate

hypotension　by　clonidine　did　not　reduce　renal　blood

flow　in　ratsi8）．　The　result　that　urine　output　increased

during　normotensive　period　following　hypotension　in

both　groups（Table　3）　seems　to　be　attributed　to　res－

toration　of　renal　blood　flow　secondary　to　a　rise　in　ar－

terial　blood　pressure．　But，　the　rcason　for　its　greater

magnitude　found　during　the　second　30－minute　period

of　normotension　in　the　control　group　remains　unclear，

Similarly，　significant　reductions　in　urine　osmolality

during　normotension　following　hypotensive　period　in

both　groups（Table　3）　are　probably　due　to　an　increase

in　water　excretion　secondary　to　recovery　of　renal

blood　flow　associated　with　normotension．　Also，　sig－

nificant　increments　in　absolute　excretion　sodium　and

potassium　during　the　same　period　in　the　cqntrol　group

Presented by Medical*Online



（Table　3）　presumably　are　ascribed　to　increased　renal

blood　flow．

　　Several　mechanisms　for　diuretic　effect　of　a2－

adrenoceptor　agonists　have　been　Proposed．　According

to　several　experimental　evidences，　a2－adrenoceptor

agonists　directly　inhibited　the　action　of　ADH　on　the

renal　collecting　tubules　in　various　animalsi9”v　22）．

This　inhibitory　effect　of　ADH　on　the　renal　collecting

tubules　has　been　evidenced　by　significant　reduction　of

ADH－stimulated　cyclic　AMP　accumulation23）．　How－

ever，　there　seems　to　be　a　marked　inter－species　differ－

ence　in　this　ability　of　a2－adrenoceptor　agonists23）．

While，　diminished　central　secretion　of　vasopressin

may　account　for　diuretic　effect　of　a2－adrenoceptor

agonists24・25）．　There　are　some　reports　showing　re－

ductions　of　ADH　levels　in　both　plasma　and　cerebro－

spinal　fluid　following　oral　or　intravenous　clonidine　in

awake　humans25”w28）．　However，　since　plasma　ADH

levels　in　the　present　results　did　not　differ　between

groups，　this　mechanism　for　the　diuretic　action　of　clo－

nidine　is　unlikely　to　be　involved　in　patients　undergo－

ing　hypotensive　anesthesia　and　surgery．　As　another

mechanism　for　the　diuretic　action　of　clonidine，　clo－

nidine’s　releasing　effect　of　atrial　natriuretic　peptide

（ANP）　may　be　proposed29・30）．　However，　ANP　has

been　demonstrated　not　be　involved　in　the　diuretic

effect　of　clonidine　in　patients　undergoing　minor　sur－

gery　under　isoflurane　and　nitrous　oxide　anesthesiaii）．

Thus，　ANP　is　unlikely　to　account　for　the　diuretic　ef－

fect　of　clonidine，　although　plasma　ANP　concentrations

were　not　measured　in　the　current　study．　Sympa－

thetic　inhibition　by　clonidine　may　rather　be　a　plausible

mechanism　of　diuresis　during　hypotensive　anesthesia，

since　renal　sympathetic　nerve　activity　is　suppressed

by　clonidine2’3i’32），　thus　resulting　in　diuresis33・34）．

　　There　are　some　controversies　regarding　the　effect

of　isoflurane　upon　plasma　ADH　levels　as　well　as　upon

hormoral　effect35＞．　According　to　a　clinical　study，

1．10／o　isofiurane　with　650／o　nitrous　oxide　in　oxygen

reduced　plasma　ADH　levels　by　approximately　500／o　of

the　mean　control　value（9．9　pglmL）　prior　to　surgery，

but　was　unable　to　suppress　ADH　secretion　in　re－

sponse　to　surgical　stimuli，　resulting　in　a　fourfold　in一
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crease　in　plasma　ADH　levels36）．　However，　plasma

ADH　levels　remained　within　low　ranges　during　all

study　periods，　did　not　change　significantly　over　time，

and　did　not　differ　between　groups　in　our　study　（Table

3）．　Thus，　the　influence　of　isoflurane　on　the　plasma

ADH　levels　might　be　minimal　due　to　relatively

smaller　surgical　stress　response　in　each　patient　of　the

present　study．

　　In　the　present　study，　a　comparison　of　urine　outputs

between　groups　before　induction　of　hypotension　was

not　performed，　because　it　does　not　make　sense　for

the　purpose　of　the　study　and　it　was　obscure　how　long

urine　filled　the　patient’s　bladder；　some　of　the　patients

voided　just　before　leaving　the　ward，　or　some　of　those

did　not，　Since　the　peak　plasma　concentration　of　clo－

nidine　reaches　1　to　3　hours　after　oral　administration37），

the　diuretic　effect　of　clonidine　should　have　been　evi－

dent　after　anesthesia　induction（approximately　2

hours　after　clonidine　administration）．　Furthermore，

we　could　not　measure　the　urine　butput　more　than　3

hours　due　to　brief　surgical　procedures，　but　the　diu－

retic　effect　of　clonidine　is　expected　to　last　for　a　con－

siderable　period，　because　the　elimination　half－life　of

clonidine　is　approximately　12　hours，　ranging　from　6　to

24　hours37）．　Thus，　the　diuretic　action　of　clonidine　is

likely　to　persist　into　a　long　postoperative　period．

　　Based　on　a　previous　investigation　showing　that

clonidine　premedication　caused　a　greater　incidence　of

hypotension　and　more　frequent　requirements　of　vaso－

pressor　agents3），　we　assumed　lesser　requirement　of

nicardipine　for　induced－hypotension　in　patients　re－

ceiving　oral　clonidine　premedication．　However，　the

total　doses　of　nicardipine　given　for　induced　hypoten－

sion　were　statistically　similar　between　groups　in　our

study（Table　1）．　The　failure　to　detect　a　difference

between　the　clonidine　and　control　groups　in　the　re－

quirement　of　nicardipine　was　likely　to　be　due　to　larger

individual　variations　of　nicardipine　doses　in　both

groups，　especially　in　the　control　group．　Nicardipine

also　has　been　demonstrated　to　exert　a　diuretic　effect

through　increasing　renal　blood　flow　as　well　as　glome－

rular　filtration　rate　in　rats　or　dogs38’39），　but　the　current

results　might　not　have　been　affected　by　this　confound一
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ing　factor　because　of　the　statistically　comparable　total

dose　of　nicardipine　given　for　induced　hypotension　in

the　two　groups．

　　It　is　recommended　to　use　diuretics　to　counteract

oliguria　or　anuria　during　anesthesia40），　since　a　de－

crease　in　urine　output　during　anesthesia　is　of　little

clinical　importance　in　low－risk　patients，　provided　ade－

quate　circulatory　volume　is　maintained．　Among

agents　used　for　preanesthetic　medications，　there　has

been　no　description　as　to　whether　premedicants　affect

urine　output　during　anesthesia．　For　example，　al－

though　morphine　in　anesthetic　dose　reduced　urine

output　in　some　animals4i’42）　presumably　through　in－

creasing　ADH　release，　its　preanesthetic　medication

seems　not　affect　urine　output　in　humans　during　anes－

thesia43），　and　data　on　other　premedicants　are　not

available　in　this　regard．

　　Although　the　results　from　previous　clinical　investi－

gations　as　to　the　effects　of　a2－adrenoceptor　agonists

on　plasma　ADH　concentrations　are　conflicting26’v28），

no　data　have　been　available　whether　preanesthetic

oral　clonidine　medication　induces　diuresis　in　surgical

patients　undergoing　hypotensive　anesthesia．　Since

anesthetic　agentsi6’44’45）　or　techniques46’V48）　including

hypotensive　anesthesiai2”3）　may　impair　renal　hemo－

dynamics　and　decrease　urine　output，　a　diuretic　effect

of　clonidine，　a　unique，　valuable　action，　should　provide

a　certain　clinical　importance　for　care　of　patients　dur－

ing　anesthesia．

　　In　conclusion，　the　current　results　show　that　oral

preanesthetic　medication　of　clonidine　5　pg／kg　pro－

vided　a　diuretic　effect　during　surgical　procedure　under

hypotensive　anesthesia　with　isoflurane　and　nitrous

oxide．
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