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Abstract

　　It　is　well　documented　that　a　pressure　difference

between　central　and　peripheral　arteries　may　occur

following　cardiopulmonary　bypass　（CPB），　but　how

and　when　it　occurs　in　each　patient　is　still　controversial．

Accordingly，　we　evaluated　the　individual　variation　of

the　pressure　difference　between　femoral　and　radial

arteries　accompanied　by　CPB．　Sixteen　adult　patients

undergoing　coronary　artery　bypass　graft　surgery　using

mild　hypothermic　CPB　were　enrolled　in　this　study．

Both　radial　and　femoral　artery　pressures　were　mea－

sured　after　induction　of　anesthesia，　every　10　min

during　CPB，　and　O，　10，　20，　30，　and　60　min　after　CPB．

When　the　difference　for　each　blood　pressure　（systolic，

mean，　and　diastolic）　exceeded　10　mmHg　in　any　period

before，　during，　or　after　CPB，　the　difference　vvas

defined　as　significant．　We　could　assign　the　patients

into　three　different　groups　depending　on　their　variation

of　blood　pressures：　Groups　A，　B，　and　C．　ln　Group　A，

none　of　systolic，　mean，　and　diastolic　femoral　artery

pressures　exceeded　corresponding　radial　artery　pres－

sures　significantly　at　any　time　before，　during，　and　after

CPB．　ln　Group　B，　femoral　artery　pressure　became

higher　than　radial　artery　pressure　during　CPB，　and

femoral　artery　pressure　was　not　significantly　lower

than　radial　artery　pressure　after　CPB．　The　patients　in

Group　C　showed　no　significant　difference　during　CPB，

but　only　systolic　pressure　of　femoral　artery　became
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higher　than　that　of　radial　pressure　after　CPB．　ln

conclusion，　our　data　demonstrated　that　the　pressure

difference　accompanied　by　CPB　was　not　uniform

among　the　individual　patients．　Alteration　of　the　pres－

sure　waveforms　in　each　patient　may　indicate　the

feature　of　the　difference，　and　may　play　a　role　in

prediction　of　the　difference，

　　Key　words　：　Pressure　difference，　Cardiopulmonary

bypass，　Mild　hypothemia，　Coronary　artery　bypass

graft　surgery

Introduction

　　There　exists　a　physiologic　pressure　difference　be－

tween　central　and　peripheral　arteriesi）．　This　is　pro－

duced　by　the　relationship　between　the　heart　and

arterial　system．　Following　the　use　of　cardiopulmonary

bypass　（CPB），　both　the　cardiac　function　and　the　tonus

of　arterial　system　may　be　altered　and　greatly　increase

the　pressure　difference．　This　sometmes　makes　mea－

suring　peripheral　blood　pressure　unreliable　and　even

valueless　for　diagnosis　of　low　or　high　blood　pressures．

Numerous　studies　documented　that　considerable　pres－

sure　differences　between　central　and　peripheral　arteries

could　occur　after　the　use　of　CPB2－v6），　but　the　individual

variation　of　the　difference　during　and　after　CPB　is　still

obscure．　ln　this　study　we　evaluated　the　individual

variation　of　the　pressure　difference　accompanied　by

the　use　of　CPB　in　each　patient　undergoing　coronary

artery　bypass　graft　surgery．
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Methods

　　After　institutional　approval　and　informed　consent

from　each　patient　were　obtained，　sixteen　adult　male

patients　scheduled　for　coronary　artery　bypass　graft

surgery　were　enrolled　in　this　study．　They　were　chronic

users　of　nitrates　and　calcium　entry　blockers．　All

patients　received　intramuscular　mo叩hine　O．1mg1kg

and　scoplamine　O．3　mg　as　a　premedication．　Under

monitoring　oscillometric　blood　pressure，　multi－leads

ECG，　Spo2，　Etco2，　and　pulmonary　artery　and　central

venous　pressures，　the　left　or　right　radial　artery　was

cannulated　with　a　5．1　cm，　20　gauge　Teflon　catheter

（Becton　Dickinson　Vascular　Access，　Sandy，　UT，　USA）．

After　anesthesia　was　induced　with　intravenous　fen－

tanyl　1　mg　and　midazolam　5　mg，　vecuronium　O．1

mg／kg　was　administered　to　facilitate　endotracheal

intubation．　Anesthesia　was　maintr血ed　with　fentanyl

l．5　to　3　mg　and　less　than　1　MAC　isoflurane，　and

vecuronium　was　used　as　needed　to　maintain　nor－

mocapnic　controlled　ventilation．　A　7．　6　cm，　18　gauge

Teflon　c’annula　（Becton　Dickinson　Vascular　Access）

was　inserted　in　the　right　femoral　artery　after　induction

of　anesthesia．　Each　pressure　line　was　connected　to　a

disposable　transducer　（Uniflow　system，　Utah　Medical

Products，　Midvale，　UT，　USA）　to　measure　blood

pressure．　The　measurement　system　consisted　of　the

cannula，　120　cm　of　low－compliance　pressure　tubing

（Baxter，　Tokyo，　Japan），　a　continuous　flush　device，　and

a　disposable　transducer．　The　system　was　filled　with

saline，　and　a11　visible　air　bubbles　were　eliminated．　The

dynamic　response　of　the　system　revealed　a　mean

natural　frequency　of　37．6　Hz　with　a　range　of　31．3　一

40．OHz　and　a　mean　damping　coefficient　of　O．2ユwith

a　range　of　O．209　一　O．224．　Blood　pressures　were

monitored　on　a　CRT　with　other　variables．

　　Our　CPB　circuit　creating　steady，　non－pulsatile　flow

consisted　of　an　ordinary　kit：　a　pump，　a　membrane

oxygenator　and　heat　exchanger，　a　venous　drainage　line

through　the　right　atrium，　and　an　arterial　inflow　1ine　to

the　aorta．　Arterial　flow　from　CPB　was　cooled　to

produce　mild　hypothermia　between　31　and　34　℃　by

core　temperature．　After　the　aorta　was　unclamped，　the

arterial　flow　was　gradually　rewarmed　to　achieve　core

temperatures　above　35℃（bladder　temperature）．

Values　of　femoral　and　radial　anery　pressures　and　their

traces　of　pressure　waveforms　were　r㏄orde曲y　a

monitor　（HOR－2200，　Mnnen　Medical，　Israel）　after

induction　of　anesthesia，　every　10　min　during　CPB，　and

O，　10，　20，　30，　and　60　min　after　CPB，　At　any　period

befbre，　during．，　and　after　CPB，　a　pressure　d並ference

more　than　or　equal　to　10　mmi｛g　was　deemed　signifi－

cant　difference．　We　used　one　way　AN・OVA　to　find　any

difference　among　variances　of　the　three　groups　after

performing　Bartlett　test　to　examine　the　homogeneity　of

them，　A　value　of　p　less　than　O．05　was　deemed

significant　in　each　test．

Results

　　Depending　Qn　the　individual　fea加res　of　the　pressure

difference　between　femoral　and　radial　arteries，　we

could　assi／gn　the　sixteen　patients　into　three　different

groups；　Groups　A，　B，　and　C　（Table　1　）．　ln　Group　A　（n

＝・T），　no　values　for　systolic，　mean，　and　diastolic

femoral　artery　pressures　exceeded　those　for　radial

artery　pressures　significantly　at　any　time　before，

during，　and　after　CPB．　ln　Group　B　（n　＝　5），　mean

femoral　artery　pressure　became　higher　than　radial

artery　pressure　in　some　periods　during　CPB，　and　no

values　for　femoral　artery　pressure　becarne　significantly

lower　than　those　for　radial　artery　pressure　after　CPB．

The　patients　in　Group　C　（n　＝6）　showed　no

significant　difference　regarding　the　mean　arterial　pres－

sures　durhlg　CPB，　but　only山e　values　fbr　systolic

pressure　of　femoral　artery　became　higher　than　those　of

radial　artery　after　CPB．　Mean　age，　total　pump　time，

and　aortic　cross　clamp　time　were　62．6±　10．8　years

old　（mean±　SD），　117．4±　16．2　min，　and　80．8　±

10．0　min　for　Group　A．　They　were　65．4±7．9　years

old，126．0±33．2　血n，　and　84．8±31．O　Inin　fbr

Group　B，　and　64．0±　11．0　years　old，　130．8±　15．4

min，　and　84．　7±18．　8　min　for　Group　C．　No　statistical－

ly　significant　differences　were　obtained　in　their　vari－

ances．

　　Comparing　pressure　waveforms　of　femoral　and

radial　arteries　after　CPB　with　those　before　CPB，　we

could　find　some　features　in　each　group．　ln　Group　A，　a

steep　peak　in　systole　and　diastolic　augmentation　・seen
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Table　1．　Characteristics　of　the　pressure　difference　between　femoral　and　radial　arteries　before，　during，　and　after　CPB　in　each　patient

Group　A Blood　Pressure Before　CPB During　CPB After　CPB

A－1

A－2

A－3

A－4

A－5

systolic

　rnean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

mean
diastolic

systolic

　mean
diastolic

R＞F
R＞F
R＞F

R＞F
NS
NS

R＞F
NS
NS

NS
NS
NS

NS
NS
NS

R＞F

NS

NS

NS

NS

NS
R＞F
R＞F

NS
NS
NS

R＞F
NS
NS

R＞F
NS
NS

R＞F
NS
NS

Group　B Blood　Pressure Before　CPB During　CPB After　CPB

B－1

B－2

B－3

B－4

B－5

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

NS
NS
NS

R＞F
NS
NS

NS
NS
NS

R＞F
NS
NS

NS
NS
NS

F＞R

F＞R

F＞R

F＞R

F＞R

F＞R
F＞R’

NS

F＞R
F＞R
NS

F＞R
F＞R
NS

NS
NS
NS

NS
F＞R
NS

Group　C Blood　Pressure Before　CPB During　CPB After　CPB

C－1

C－2

C－3

C－4

C－5

C－6

systolic

mean
diastolic

systolic

　mea血

diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

systolic

　mean
diastolic

NS
NS
NS

R＞F
NS
NS

R＞F
NS
NS

NS
NS
NS

NS
NS
NS

F＞R
NS
NS

NS

NS

NS

NS

NS

NS

F＞R
NS
NS

F＞R
NS
NS

F＞R
NS
NS

F＞R
NS
NS

F＞R
NS
NS

F＞R
NS
NS

NS，　not　signifTicant　difi；erence（the　difference　was　less血an　l　O　mmHg）；R＞F　or　F＞R，　the　difference　was　equal　to　or　more　than　10　m血Hg　at　least　some

periods　before，　during　and　after　CPB　；　R，　radial　artery　ptessure　；　F，　femoral　artery　pressure．
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Table　2．　Alteration　of　pres・sure　waveforms　for　femoral　and　radial　arteries　before　and　after　CPB　in　Group　A

Group　A
Arterial

Pressure

CP’
a

early　phase

，Systole

late　phase

　Diastole

augmentatuon

A－1

A－2

A－3

A－4

A－5

radial

femoral

radial

femoral

radial

femoral

radial

ifemoral

radi組

femeral

雅
奮
㎞
血
㎞
畠
血
奮
㎞
血
㎞
血
奮
奮

　peak

shoulder

　peak

shoulder

　peak

　peak

離

one　peak

hump

round　peak

one　peak

’one　peak

shoulder

round　peuk

one　peak

round　peak

one　peak

hump

shoulder

shoulder

shoulder

　　　　　round　peak

　　　　　round　peak

　peak　shoulder
　　　　　　one　peak

　　　　　round　peak

shoulder　peak

×
×
×
×
×
O
X
×
○
．
○
×
X
O
O
O
×
○
○
×
X

O　，　／presence　；　×　，　absence．

in　radial　artery　pressure　were　almost　preserved　even

after　CPB　（Table　2，　Figure　1　一A）．　in　Group　B，

diastolic　augmentation　in　radial　artery　pressure　was

still　observed　in　most　cases　（Table　3，　Figure　1　一B）．

But　round　systolic　waveforms　of　femoral　artery

pressure　before　CPB　changed　after　CPB　to　an　early

peak　and　a　late　systolic　shoulder　in　4　of　the　5　patients．

And　in　Group　C，　the　diastolic　aug／　entation　in　radial

artery　pressure　was　hardly　recognized　after　CPB

（Table　4　，　Figure　1　一C）．　Further，　systolic　waveforms　of

femora1　artery　pressure　also　changed　from　typical

round　peak　to　an　early　peak　and　a　late　systolic

shoulder　or　hump　after　CPB　as　seen　in　Group　B，

Discussion

　　Our　results　showed　that　the　individual　variations

exist　in　the　pressure　difference　between　femoral　and

radial　arteries　both　during　and　after　CPB．　ln　this　study，

patients　were　clearly　assigned　into　three　different

groups　（Groups　A，　B，　and　C）　depending　on　the　features

of　the　pressure　difference　in　each　patient．　ln　addition，

each　group　also　had　some　features　in　the　pressure

waveforms　of　femoral　and　radial　arteries．　Patients　in

Group　A，　whose　values　’for　femoral　artery　pressure

never　exceeded　those　for　radial　artery　pressure，　had　a

typical　physiologic　waveform　in　radial　artery　pressure

be丘）re　CPB．　That　is　a　steep　peak　in　early　systole，　a　late

systolic　shoulder　or　hump，　and　a，　diastolic　augmenta－

tion．　The　late　systolic　wave　and　the　diastolic　wave　are

greatly　affected　by　the　reflex　pressure　wave　from

lower　extremitiesi），　Accordingly，　in　this　group，　the

reflex　from　the　lower　extremities　sti11　existed　even

after　CPB．　This　may　result　from　the　individual

characteristics　of　the　arterial　system，　because　the　ways

of　cooling　and　rewarming　during　CPB　and　the　use　of

cathecholamines　（dopa血ne，　dobutamin．e　and　nore－

pinephrine）　and　vasodilators　（nitroglycerin　and　pro－

staglandin　Ei）　at　temination　of　and　after　CPB　were

similar　among　all　three　groups．　ln　Group　B，　this　reflex

was　also　preserved　in　most　cases，　whereas　in　Group　C，

reflex　waves　in　late　systole　or　diastole　nearly　disap－

peared．
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A．　B．　C．1．　before　CPB

239

a）　raidal　artery　pressure

．一／N・N．VNN・一．U JNN．．．．．　ioommHg
．／”NN．．／”N…．．．．vrN一．

b）　femoral　artery　pressure

．．．／’N”“・一一．．／’N’一一・・．．．／’N一 “r’N一．．．一一／．．
・sec

mー＼
2．　after　CPB

a）　raidal　artery　pressure

b）　femoral　artery　pressure

．．rvN．．．一rv・N

Fig．1

1
2
A
B
C

JV八AAioom竺一＼J＼八」＼
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1　sec

」＼J＼」＼J＼　　　＼J～」へ＼ハ＼

Representative　traces　of　arterial　pressures　in　each　group．

A　for　Group　A　（A－5），　B　for　Group　B　（B－4），　and　C　for　Group　C　（C－4）

：　pressure　waveforms　for　radial　（a）　and　femoral　（b）　arteries　before　cardiopulmonary　bypass　（CPB）

：　pressure　waveforms　for　radial　（a）　and　femoral　（b）　arteries　10　min　after　CPB

：　A　steep　systolic　peak　and　diastolic　augmentation　in　radial　artery　pressure　are　relatively　preserved　after　CPB．

：　A　steep　systolic　peak　and　diastolic　augmentation　in　radial　artery　pressure　are　sti11　preserved　after　CPB．　But　the

pressure　waveforms　of　femoral　artery　fai1　to　show　the　roundness　of　systolic　wave．

：　An　early　steep　peak　and　a　late　systolic　hump　are　prominent　in　the　pressure　waveforms　of　femoral　artery　after　CPB．

Tabte　3．　Alteration　of　pressure　waveforms　for　femoral　and　radial　arteries　before・　and　after　CPB　in　Group　B

Group　B
Merial

kessure
CPB

early　phase

Systole

late　phase

　Diastole

augmentation

B－1

B－2

B－3

B－4

B－5

radial

femoral

radial

femoral

radial

femoral

radial

femoral

radial

femoral

む
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　

㎞
鶴
藷
血
諮
監
欝
㎞
鶴
盤
鶴
血

peak

peak

round　peak

one　peak

round　peak

shoulder

shouldeT

　　　　　one　peak

　　　　round　peak

peak　shoulder
　　　　　one　peak

　　　　　one　peak

　　　　　one　peak

peak

peak

欲
欲

鉾
熊

one　peak

round　peak

ene　peak

round　peak

round　peak

shoulder

shoulder

shoulder

shoulder

○
×
×
×
○
○
×
×
○
○
○
×
○
○
×
×
○
○
×
×

O，presence；X，absence，
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Table　4．　Alteration　of　pressure　waveforms　for　femoral　and　radial　arteries　before　and　after　CPB　in　Group　C

Group　C
Arterial

Pressure
CPB

early　phase

Sy’stole

late　phase

　Diastole

augrnentation

C－1

C－2

C－3

C－4

C－5

C－6

radial

femoral・

radial

琵mora1

radial

femoral

radial

femoral

radial

femoral

radial

femoral

奮
奮
㎞
血
㎞
血
㎞
畠
血
㎞
血
鷺
鷺
奮
㎞
血
㎞
血

peak

peak

peak

peak

　　　　　　　shoulder

　　　　　　　　hump

round　peak’

　　　　　　　＄houlder

　　　　　　　shoulder

shoulder

Peak

peak

shoulder

peak

peak

peak

peak

peak

peak

one　peak

round　peak

shoulder

shoulder

one　peak

round　peak

shoulder

　　hump

one　peak

round　peak

one　peak

round　peak

one　peak

one　peak

one　peak

P
▲
P
」

㎜
㎜h
h
shoulder

shoulder

．
○
×
×
×
○
×
×
×
○
×
×
×
×
X
×
×
×
．
×
×
×
○
○
×
×

O，presence；×　，　absence．

　　As　far　as　femoral　artery　pressure　was　concerned，　all

groups　had　same　features．　Pressure　waveforms　of

femoral　artery　physiologically　consist　of　a　round－

shaped　systolic　wave　shifting　to　a　downward　diastolic

pressurei）．　Contours　of　the　pressure　waves　of　femoral

artery　is　greatly　changed　after　CPB，　particularly　in

systole．　The　systolic　wavefb皿s　after　CPB　were

usually　composed　of　an　early　steep　peak　and　a　late

sy　stolic　shoulder　or’　hump　in　most　cases，　as　if　they　had

been　pressure　waveforms　of　upper　extremities．　lt　is　not

clear　by　this　study　vvhy　these　changes　occur　after　CPB．

One　speculation　is　that　the　function　of　arterial　system

is　greatly　changed　because　of　CPB　in　which　a

nonpulsatile，　steady　arterial　flow　and　some　degree　of

hypothermia　are　induced．　ln　fact，　it　was　reported　that

hand　vascular　resistance　or　arterial　vasodilation　in　the

叩per　extremity　was　reduced　after　CPB4～6）．　The　use　of

vasodilators　made　the　pressure　difference　between

central　（femoral）　and　peripheral　（radial）　arteries　in－

crease　after　CPB7）．　Rich　et　al．　reported　that　the

aortic－to－radial　artery　pressure　differene　is　associated

with　events　occcurring　du血g　initiation　of　CPB　rather

than　’with　rewarming　or　temination　of　CPB8）’．　Their

results　are　in　accordance　with　the　results　obtained　in

Group　B，　and　somewhat　different　from　our　results

showing　no　pressure　difference　during　CPB　obtained

in　most　patients　of　Group　A　and　all　patients　in　Group・

C．　Accordingly，　it　is　hard　to　conclude　that　initiation　of

CPB　is　mainly　responsible　for　the　pressure　difference．

They　also　stated　that　it　is　unclear　whether　hemodilu－

tion　associated　vvith　the　onset　of　CPB　contributes　to

the　pressure　difference．　Recently，　Goda　et　al　demon－

strated　that　the　femoral－to－radial　artery　pressure　differ一一

ence　after　CPB　was　correlated　well　with　hemodilution，

and　they　concluded　that　hemodilution　was　responsible

for　the　pressure　difference9）．　These　studies　indicate　that
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the　great　change　in　arterial　system　and　hemodilution

induced　by　CPB　play　important　roles　in　the　pressure

difference　between　central　and　peripheral　arteries．　The

血ermoregulatory　mechanism　in　the　human　body　may

also　affect　the　tonus　of　the　arterial　tree　in　cooling　and

rewarming　periodsiO）．　Radial　systolic　pressure　exceed－

ed　femoral　systolic　pressure　during　vasoconsuiction，

and　the　difference　was　reversed　during　vasodilation．

The　fact　that　femoral　systolic　pressure　exceeded　radial

systohc　pressure　after　CPB　in　Gro叩s　B　and　C　may　be

related　to　vasodilation．　However，　it　is　not　clear

whether　vasoconstriction　may　be　responsible　for　the

pressure　difference　after　CPB　in　Group　A　because

intropes　and　vasodilators　used　in　Group　A　were　similar

to　those　used　in　Groups　B　and　C．　There　are　many

factors　including　cooling　and　rewarming，　catecholam－

ine　release，　anesthetics　during　surgery，　the　use　of

inotropes　and　vasodilators　at　temination　and　after

CPB，　and　hemodilution　which　are　responsible　to　the

pressure　differences　between　central　and　peripheral

arteries．　lt　i　s　difficult　to　conclude　which　factor　plays

the　most　important　role　in　the　pressure　difference

during　and　after　CPB．

　　in　conclusion，　CPB　produces　pressure　differences

between　femoral　and　radial　arteries　both　during　and

after　CPB，　and　the　difference　is　not　uniform　because

the　individual　variations　exist．　Alteration　of　the　pres－

sure　waveforms　in　each　patient　may　indicate　the

feature　of　the　difference，　and　may　play　a　role　in

prediction　of　the　difference．
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