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ABSTRACT The present study was conducted to elucidate the role of sympathetic nerve activity
related to ageing in the pressor mechanism of essential hypertension. In 83 hospital-admitted
patients with mild to moderate essential hypertension (EHT) and 126 normotensive subjects (N'T)
receiving a regular diet containing 200 mEq of sodium and 75 mEq of potassium daily, there was a
significant positive correlation between plasma noradrenaline concentration (pNA) at supine rest
and age in NT, but not in EHT. Mean value of pNA in young (less than 40 years old) subjects was
significantly higher in EHT than that in NT, unlike in the middle-aged (40-59 years old) and old-
aged (over 60 years old) groups. On the other hand, a significant positive correlation or a similar
tendency was observed between pNA and both mean arterial pressure (MAP) and heart rate (HR)
in NT and EHT. This relationship between pNA and MAP was not presented in any age groups of
‘NT, but was pronounced in the young EHT, weak in the middle-aged EHT, and disappeared in the
old-aged EHT. No significant relation was found between pNA and HR in any aged-groups of
either NT or EHT.

Following 60° head-up tilt for 20 minutes (tilt), MAP increased in young and middle-aged NT
and young EHT, whereas it remained unchanged in old-aged NT, and decreared in middle-aged and
old Aged EHT. PNA and HR significantly increased in the three age groups both in NT and EHT.
Change in MAP during tilt correlated negatively with age both in NT and EHT. Tilting induced
PNA elevation in NT and EHT, but tended to be lower in the middie- and old-aged groups than in
the young groups.

‘In EHT, pNA correlated positively with plasma renin activity (PRA) and negatively with
plasma: volume (PV), extracellular fluid volume (ECFV) and exchangeable sodium (Nae). The

k,.regres‘sion'line between pNA and PRA shifted downward with ageing. On the other hand, a nega-
tive correlation between pNA and PV, ECFV and Nae in EHT was demonstrated only in the young
group. '

The mean value of renal clearance of noradrenaline (Cy,) in EHT was highest in the young,
‘second highest in the middle-aged and lowest in the old-aged groups. In addition, Cya correlated
‘negatively with age and pNA in EHT.

‘These results suggest that the sympathetic nerve activity estimated by pNA levels is closely
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related to the renin-angiotensin system and water-sodium balance, and the enhanced activity may

play an important role in the pressor mechanism of EHT, particularly in young EHT.

In addition,

attenuated renal noradrenaline clearance was demonstrated in the old-aged EHT, suggesting that

much caution may be required if sympathetic nerve activity is evaluated only by pNA levels in elderly

EHT.

(Received March 2, 1990 and accepted March 26, 1990)
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Fig. 1 Correlation between age and plasma nora-
drenaline concentration (pNA) in normoten-
sives (left panel) and essential hypertensives
(right panel).
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Fig. 2 Comparisons of plasma noradrenaline concen-
tration (pNA) between normotensives (open
column) and essential hypertensives (shaded
column) in young, middle-aged and old-aged
groups.
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BEAYED, ROTHE, BEFEFEOMEEMEE Y, &
ER L EFEFOBICHFHIERE (p<0.00D)
2D SR, —J, EHT ©ia NT & &7 b, pNA
NEFHIRDE L, BERSINICRE, FERFS
BLEL, EREEO pNA BHEROFNE VAR (<
0.005) @fERR L. #2C, NT & EHT mERT
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FEHL S NT & EHT MicHEE L, EEFEHT
ENT b U EHT 2868 (p<0.00D) EfExsL
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Niewboo, BEECIINT L EHT 25, ¥
FEHCTEXEHT KL NT 28, ThFhERELSHE
%L Cie(Table1-a). F#hikIbic, FEv~y
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pNA &L, TofERL, Fhk~yF 350
BIORBE L RO R YE L T\~ (Table 1-b).
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- fio FLEREREE

- OBREN LB LR, UToFRREE2EL.
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DMLk oER B bivie (Fig. ). £
Tz, pNA & MAP 3 X OHR & OREREFERFER
TBE L. FOfEER, NT i, &, EEBEOWTF
s ~Th, pNA & MAP OB E OMHEEIIRED
Biehete. —F, EHT Tk Fig b w3 2 & <
pNA & MAP B BB cRIFRIE r=0.620, p<
0.001) @, SAEFETIIFEWCIEOMHEE (r=0.360, p<
0.05) Z3RL, BEBHTHALLHEEYRVCHLE S
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HL zhoi.
3+3 Tilt OB EES L UMTEENE L&
i _
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Table 1 Comparisons of age and plasma novadrenaline concentration (PNAD at supine vest
among young, widdle-aged and old-aged normotensives (NT) and essential hyperten-

sives (EHT).
a) All cases

young middle-aged old-aged
Age (years) NT 25.4£0.9(n=51 48 .6+ 1.0(n=26) 74.1%£1.0(n=49)
EHT 31.0£1.0(n=32) 48,6+ 0.9(n=34) 68.8+1.2(n=17)
NT vs EHT p<0.001 ns p<0.005
pNA (pg/mD) NT 111.9+ 6.8(n=501) 142.7+£18.8(n=26) 169.14+13.5(n=49)**
EHT 174.2+12.6(n=32) 123.4+11.7(n=34)* 146.4+20.8(n=17
NT vs EHT p<0.001 ns ns
*p<0.005 vs young group
**p<0.001 vs young group
b) Age-matched
young middle-aged old-aged
Age (years) NT 29.1£0.9(n=32) 48.6+ 1.0(n=26) 71.8+1.1(n=33)
EHT | 31.0+1.0(n=32) 48.6+ 0.9(n=34) 68.8+1.3(n=17)
NT vs EHT ns ns , ns
pNA (pg/mD) NT 118.4+ 7.8(n=32) 142.7+18.8(n=26) 168.8£17.4(n=233)**
EHT 174.2+12.6(n=32) 123.4£11.7(n=34)* 146.4+20.8(n=17
NT vs EHT p<<0.001 ns ns

*p<0.005 vs young group

**p<0.02 vs young group
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Fig. 3 Correlation between mean arterial pressure
(MAP) and plasma noradrenaline concentra-
tion (pNA) in normotensives (left panel)
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Fig. 4 Correlation between heart rate (HR) and
plasma noradrenaline concentration (pNA) in
normotensives (left panel) and that in essen-

and that in essential hypertensives (right tial hypertensives (right panel).
panel).
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Fig. 5 Correlations between mean arterial pressure (MAP) and plasma noradrenaline concentration (pNA) in
voung (left panel), middle-aged (middle panel) and old-aged essential hypertensives (right panel).

MAP 3B, REFEL L Y EFT5, D
BEIEFEHOLNER (p<0.01) ¢, EEETIA
ETHo7(Table 2). —J5, EHT © MAP i tilt 4,
EEFECHEQP<0.0DI ER+T 50, haER,
HEH (p<0.1) TR LAKRTEREZTREL, 0K
D AMAP B3EERICH UHERE (0<0.01) B XU
HEBE (p<0.005) HEHEIC/NZ st (Table3, Fig.

6). %7, AMAP % NT & EHT cRild5E, &
FWMFLOAERCELARER YR 5T X5
iz, tilt B AMAP L8 & officiz, Fig. 7ok
<, NT T3aDOMEER G=—0.300, p<0.D%%,
EHT T BB A CHE (r=-0.362, p<0.005) L
7. —7, HRE, NT, EHT ovFhickvwid, %
EREELAEECENL, AHRIINT ClEERCR
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Table 2 Effects of 60° head-up tilt for 20 minutes on wmean artevial pressurve (MAP), heart
rate (HR) and plasma novandrenaline concentration (pNA) in  young, middle-aged

and old-aged novmotensive subjects.

young middle-aged old-aged
n=§ n=12 n=12
MAP basal 79.1+3.2 87.2+3.5 88.3+3.8
tilt 87.3+3.8% 89.1+2.2 88.1+4.2
A 8.1x1.6 1.9£2.6* —0.2£3.7*
HR basal 62.0£2.4 63.6+2.0 63.5+2.4
tilt 82.0+1.6%8 76.84£3.28% 80.044.4%8%
A 20.0+1.4 13.2+£2.3*%* 15.8+2.6
pNA basal 96.4+13.7 99.94+8.3 157.0x£17.5
tilt 273.1+44.7 223.8+20.688 283.9+£36.28
A 176.8+41.1 123.84+16.8 126.9+28.3
* p<0.1 Vs young
** p<0.05 vs young
$ p<0.01 vs basal value
$8 p<0.001 vs basal value

Table 3 Effects of 60° head-up Hlt for 20 minutes on mean arievial pressure (MAP), heart
vate (HR) and plasma novadvenaline concentration (pNA) in young, middle-aged and

old-aged essential hypertensives.

young middle-aged old-aged
n=21 n=31 n=11
MAP basal 110.8+5.3 124.8+2.7 129.9+3.2
tilt 118.4+4 488 122.2£3.0- 124.042.5%
A 7.7+2.5 —2.7%2.5* —5.9%2.7**
HR basal 64.7+1.9 62.3+1.9 62.5+2.0
tilt 78.7+2.5%88 74.4+2 4588 74.0+3.8%%
A 14.0x1.8 12.1£1.5 11.5£2.6
pNA basal 168.2+12.6 127.7+13.1 143.7£16.9
tilt 347.9+21.3%%% 285.2+21.358% 285.7+38.458
A 179.7+18.9 157.5+17.7 142.0+31.2
* p<0.01 Vs young
** p<0.005 Vs young
$ p<0.1 vs basal value
$ p<o.01 vs basal value
$8$ p<0.001 vs basal value

HREL, PEFHCRLNEL (Table2), FELF
EHMIEREZE (p<0.05) &#ED, EHT TiXE, =,
HEFOIRAKME & 7o E A % A7 (Table 3, Fig. 6).
—%, tilt #o pNA 2 NT, EHT 0&EREV-TH
CEWTLEEEEM LA (Table2, 3). Z DD
ApNA I NT ClHBERcH Lh, ZEECEMOHE
FIR7R Ly, AR RER Cliho e, b
7, EHT @ ApNA iz, MAP LB+ A EEH TR
LAEL, MAPME T 5, FEEROEUEMEL v

583 BB R REZ RIS vl z(Table 3).
#7-, NT, EHT [Hlo ApNA O%f T, &EEE
&L WERICE Y LT h - 72 (Fig. 6).
34 STRMIEIEM, IMIE renin jEM (PRA) LAKE
OYFERE & hniEs

3-4-1 PNA ¢ PRA O1EE8

PNA & PRA ZEGHIE LS/ NT 82 1, EHT 73
FleHEOMEBEYEN L. £ “hix NT &k
L OEHT &kchid+54: Fig. 8 o2&, NT Tt
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Fig. 6 Comparisons of change in mean arterial pressure (A MAP, left panel), heart rate (A HR, middle panel)
and plasma noradrenaline concentration (A pNA, right panel) following 60° head-up tilt for 20 minutes
among young, middle-aged and old-aged normotensives (open column) and essential hypertensives

(shaded column).
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Fig. 7 Correlation between age and changes in mean

arterial pressure (A MAP) following 60°
head-up tilt for 20 minutes in normotensives
(left panel), and that in essential hyperten-
sives (right panel.
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Fig. 8 Correlations between plasma noradrenaline
concentration (pNA) and plasma renin activ-
ity (PRA) in normotensives (left panel) and
in essential hypertensives (right panel).

DfEFmEFRD (Fig. 9, *OERERSIECHGT
Fefmirt s @EmsvR &t (Fig 9).
3-4-2 PNA L BEERMIEE (PV), AN RE
(ECFV) & & UHR3c#1E Na & (Nae) 01
23]
EHT =) % pNA ¥ » Na g & OB REH
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Fig. 9 Correlations between plasma noradrenaline concentration (pNA) and plasma renin activity (PRA) in
young (left panel), middle-aged (center panel) and old-aged essential hypertensives (right panel).

B L7cB#E % Table 4 iw7x$. EHT &4 <%, pNA
WE R E o PV r=-—0.249, p<0.05), ECFV
(r=-—0.206, p<0.1), Nae(r=-0.331, p<0.01)
EBERAOREIR LI E DB &R Lic(Table 4).
LaL, FBEEHNomsck, pNA & PV, ECFV,
Nae BHEEFCOLE RBIA OB RATR DN, F
R, EEHTEHHEEEE Lo h 5 72 (Table 4).
35 EHTIZ & |7 % & noradrenaline
(Cys) &hniEe

B#iz, EHT ofisicft > pNA o Z B, Bo
NA Bt ERE» B 5T 5 B s Lie. TORKE,
Cer iz & & K F L (Tableb), #vo, FiEpéH
BIHHEE] (r=—0.480, p<0.005) +52, Ccr &
PNA } L Cyy & ORITIT—EDHEIIED b -
foo —H, Cua WHEB EHEHAR r=—0.363,

clearance

p<0.05) L (Fig.10, £X), MM HEE TR
WA, EERO Ca b E L, FEFNIIOKE,
AR D EMEER L (Table5). %¥%, EHT &
OB TS, Cun & pNA EOMICER A DHEES
(r=—0.503, p<0.005)2Edbi(Fig. 10, HRD.

4 % %=

LRPREE O TTE O E, (DIBEED, BRI
BOENEN L COOBHEY LR L, S 5cMEIRIK
fiEic & b AR MR AL T, SR Fi,
ZRERRETE 12 RA R0 - Na FEOEF & B X<
BT 2 LML RT3, LichisC, REEH
R O FEEEICE, TRHBERI KOOSR
EHBIEL T, BEEEEIRE L TV 5 TEEMELH <
SR D, 0, ZRMEEEOREL LTI pNA

Table 4 Correlation coefficients between plasma norvadrenaline concentration (pNA) and plasma
volume (PV), extracellular fluid volume (ECFV) or exchangeable sodium (Nue) in
young, widdle-aged and old-aged patients with essential hypertension.

pNA Vs PV pNA Vs ECFV pNA VS Nae
all age n=67 r1=—0.249** n=66 r=—0.206* n=60 r=-—0.331***
young n=28 r=—0.555%** n=28 r=—0.484%** n=28 r=-—0.614%***
middle n=26 r=-—0.19 n=25 r=-0.148 n=23 r=-—0.148
old n=13 r=-—0.168 n=13 r=-—0.051 n=9 r=—0.360
*p<0.1, **p<0.05  ***p<0.01, ****p<0.001
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Table 5 Endogenous creatinine cleavance (Cecr) and

noradvenaline cleavance (Cys) in  young,
wmiddle-aged and old-aged patients with
essential hypertension.

Cer(ml/min) Cys(m{/min)
young (m=10) 108.6x4.3  130.8:20.4
middle-aged (n=22) 88.5+4.9* 98.7+ 8.6
old-aged (n= 4) 76.7+3.8** 91.6+t12.2
total (n=36) 92.8+3.7 106.8+ 8.3

* p<0.01 vs young
** p<0.001 vs young

BEL VSR TWAID, NA BAF R R DK
HEnE, FoXEsEBEERINS. ks
INcbODO—IRITI BIREE2FT, BEAIT
ThiBnbEHtEh s, 1228 g Bimy
EVABRAIEAR (GFR) MET 52 L xBaos
ET, pNA ¥ TRARIFEROHE L LRV AR,
MWD, INEMICEE 5 B NA clearance (Cya) @
EEHNREL D 5%, LaL, EHT i 528 K&
RETEME & ks & DBAGR%E, DNA & Cya OBIENDEE
U7 3Fs & s,

4-1 IM3E noradrenaline JEE & Nt H & U MITENRE

NHHAEEE

F535, Dbk pNA DBfREZ 5 L&, NT ® pNA ik
g s &b igind s (Figl)., 2oz &3—eK
EI0 e e, BETIREE—RLALREL
Too T B2, 2L, IiEsefE S pNA o L7221
BRESEOEDOTTE™ ¥BERT 5L 0o, $5
ViR NA OREeHkl DK T DR R Do 1R 72BEFE
RSB LR T s, it b sy, ESEE
BREDE T, TEMEE g XBFRORZIR EHOET
PEL, ThbIAIREMREERS SO NA it 18N
BB L5 O, NIk 5 Cuy DIET 2
pNA =D BB LI T 285 L b5, —F
EHT Tt NT £ E/cb, pNA L EROBIZTFLY
TefEBE R indr»7-(Table 1, Fig.1, 2). ZoORE
EROBE D L —% 1L, FEEHT ©pNA M
BEXRTIDEELLRS. KRig, NT & EHT &%
sk, HEROpNARNT U EHT A&
FEL, RE, EEFCIHHERICE LD I o .
Hofman et al®” Rflo#ons D022 4, FEaE
EHT 0#ERE3 L O 78 pNA 3B Y~ v 7 L1Ic
NT OZhEnd b SfETH5HH, BEBRLUSNO NT,
EHT MIci3Z0 W2 2B EL TRy, EELOH
BLHR—%T5. T7abb, B EHT 3, pNA

AR RN ELE D B LB k1 5 TRMER OB 411

Cna Cna
m¢/min me/min
250 n =36 2501 n=36
. r=-—0.363 . r =-—0.503
p<0.05 ‘ P <0.005

200

150

100

501

o years 0 pg/mé
I A -
20 40 60 100 200 300
Age pNA

Fig. 10 Correlation between noradrenaline clearance
(Cna) and age (left panel) or plasma nora-
drenaline concentration (pNA) (right panel)
in essential hypertensives.

PHHERT AR Y, FEHSHEBO NT X b33 Bt iEk
S MCTTEL TS EEZ S DL E 2,
Wi, ZEHEOPNA Lt MEBOBERY & 5 &,

EHT o pNA (FEHGE DI M E e fra

/ﬂ:\ﬁmEls,ls,le,ZS,ZB)’ MAPZS,SO), %h%h&ﬁ*a;@—?é&
DI|ENLE L, THhITHTHEERD I Boh5. K
WE<cd, NT, EHT 2h T hoFELE T pNA &
MAP DEZEg- 3 bE R e IE MBI b,
—7%, Louis et al?® /% EHT CERBERTHIY 5o M
EZE{LE pNA OB ERICIEAETS L ®EL, =
HODEFEL EHT OF BB m R R =B el
R E T BB AIR ORET 5. LaL, pNA
& MBI R EMRE IR Lo S 115 K.
% 2T, AR TpNA & MAP oBiRE%HE, F
o, BEOFERBEICHE Lic. TofR, NT Tk
W OEBTICR\TH EE R 0y, EHT
TIEFFCHEVIED, PEFTIEVCIEOHE Y
o, FEFFTE»» HHEBBROEE YL, hb
UFEAE EHT BoRFiar MRG0T ERL v 8
BICESS L, Mic#EE EHT ciisoBEoBErb i
W EERTETAREEE LR,

¥ je, REFROHR & pNA DB T, NT,
EHT OfFEECHE\ 7S IEOMEB R Lk e ofEm %
Wb, B, , EEOERBEHNORE T, WE
BcEESARERRVE L 2 ko, 20 HID
T, Brecht et al.'® i3Zz#i;o HR & pNA 2 EHT
CTHEEWIEMEBEET %5, NT CrIEE L ous & Rt
B, L, BRSO 3D L, Bk Hof-
man et al 2 IXEEFEOLOEST, NT, EHT O
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FhieB\ - Th HR & pNA BB BB &
Wi, ZEESLEUORBEYHRE L TWA. APRD
¢, pNA 2 MAP tFMEEEL, HR & 0B E5
WHAYBESICT 22 LR TE Ik feit, EZHE
AT B RAG I EES O FREI 2355 & AT RARETE MK
T B0IR L, HR OFFEIAc R R B3
HREROBEEN M) KE VD E b HEIND.

—7, SEINMEAERRRER Gl W TEHOFE Y 7
EROEERV e, LIESEERRE ¥ N1 %30
MR L D TR 3B RIFRTE, tiltic
I b, pNA & HRZNT, EHT & 3 £FEHECTHER
wER L 7L, MAPI3, F&EBoONT, EHT
THBR LR L, FE, EFEFCI, NT gL
B UAECchLOR L, EHT Tkt ditiET L,
FOETETEEHECTLIE L, (Table2, 3). %
7o, tilt e X B MAP oFLixEERO LRt L
F, BEBETIENT TLAEOBELFHVHARET,
EHT CiBfic B BIE T L(Fig. 6), oo AMAP
L oIz, NT, EHT & & BB & OB
W LR EEE R bt (Fig. 7). EHT FCian
#e &I AHR, ApNA /&L mafEmavRmBIh
% (Fig. 6). = OBHO—ulY, tilt BoBIRKERE
BAC X5 OHHEEETEHS <, LEREHFY
S U TR RBARIE e 2T (BIAT MRS W E D)
F a5, ZONEBREN T, #EEEHT, BRiCKEACR
TLTCED, b pNAOLFEERRMH L EEDMm
EMETS 2 EE 220, ZOBERDWTE, ESE
HEZHIENT, EHT & Ly cE T, NT ikt
LEHT TX v Z L WE T, 60 @%bl LodE EHT
TEEDO NT 2 EHT LB L HIIET, 7LD
A2 5. fot2l, Sowers et al.3® 1% lower body
negative pressure &\ e 5en b, BERESHE
EERY, EEROLMESAABEERES EHT ©
AFLIEZERIN TR ERTS. i, Bertel
et al ™ arfrck 5 HR, MED EFH R R #EE
# EHT cE\V %, isoproterenol BRI 5-RD
HR #mR s ot Bass, B-adrenoceptor D
Mo I b 5 BES A HER L 7.

WTRIRLTh, RFREETH DR X O tilt B
ORERBET 5L, EHT OB REEIEEET
FLEL TV, ZOFEEEMEE & HEEL, &
FEZ L UABROETIET TV DA RN SIHE
ANtz
4-2 ITRGERSEME, M3E renin & (PRA) L UME

R - 5K Na B &0

FLBRERES

PRA 2\a & & BB TT5 2 & 13HEY PHERD
gL CHEEl by TH 5. Eh, #ETR, EHT
O E R Na Biimkh & & b, ZofK
EoAAN Na Bo#EaihiEs L O#EE EHT 0B Ek
BEAEEYETAHI WG LR 0, TR
FRIEME I RA Rk Na P L BECEET 52
ERHIB TV B, UL, ZhbHEROMEE R
Zh0ls L OBREN LN LB R E v, £ T
A7t EHT wwisid % pNA & PRA, #EE -1&
7§ Na B & OBIHE % EMF IR L 2.

ZofEER, NT T bkl dains, EHT
TItpNA & PRAWERB LHEZ =L (Fig. 8),
EHT ot A 30 mit % & RA RED & b B BIE
PRI W s389, X 51, OMEBERREE
H, FEOKLERFCLRDON, TORFERIZM
B L4 PRAEMEACRA L (Fig. 9). Renin 4
W B B SR ERIBABEREREEAZE LTS
ZLRBMTHEN, TORBATEMHEENTD
renin SWAINE E & SIET oA ETREL, &
BHTHEBRECFTRE W25, i, BEREEMEES
FH4F, B5E EHT ¢l PRA BEDHINE <, TOBFF
VAL AR IE E TTE A B ST A b D EE L s,

iz, pNA & PV, ECFV, Nae »B3fR#% EHT <
4%k, pNA & PV, ECFV, Nae * O3 f
BianfER G LEOER AR BRI (Table ), &
OHEIZEHT T4 RE - A NaZE X v
pNA BHIH S h 5 o L 2EBHRL, HERMOInEIH

5 ¥R« P Na B8N 2, AFFETRI LK
o, Z4E EHT OTREMRIEEE TIcd e & —5
FELTWEZ L xHERZRES. LaLl, FHEHND
®Ecit, pNA & PV, ECFV, Nae O FHESB R
4 EHT BeoLBE 5T, b, EBEFTEEY R
WH LB (Table 4), &, #5 EHT ik} 520
GRTEE & AWE - Na P fs o  EBEM L h s U T
WS ABEE b RIB E T,

4-3 EHT iZ& 17 508 & & noradrenaline clear-
ance (Cya)

S bt L, pNA R, NT Ciingsed
ww kB L, EHT ciiBERcmL, PEFHCET, &
FEETHEOLEAEL, NT, EHT O WTFhies\ T 5
Wz o pNA BEEEm YR L. Larl, BEEHT
T, tilt BromiTERE (Fig. 6) LHEHRF ONHMKE
NA #5103 5 FER G OTIE R EORED b,
TRMEEEIDLAETL WS EE2 B2
. Ledia T, EEE O pNA B{ES, (L TR
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HRIEHTTE R ERT 5 ONENEOWTIRERD D
HEort, BESPREERIEDR THIL. &
DEZBE LT, F9 Overy ef al.*® IEMMEBROME
25, NAGERRECERCERESh, KAETHR
I, 2T, BHErhiEl tb NA OBfiER
TRk E B Y LT, Rfb NA Oich O ER
o NAWHEREST S5 Ef~<%. £ LT, Esler et
al P FERBEBTR TS Cun KR TOWEELREL, &
ik pNA ofE, 14, BE S LEL 5 L
NTC D, FITEABZ TR, #F EHT © pNA &iE
B D NA BEIE2 N2 12B830 % 8% Cya OED HIEE
L7z, TR, Cw WEFEHT THRbEL, P4,
HEEHT HOJAETL, 22, Cu EEBHEK IO
pNA OB R A DMHEBENEET 5 L ORELYE
fo. Ffz, Cer i pNA, Cys EIXEESHBER R
WA, EREBFEECYERE L. ShboBREND, i
iz by, Caridd & x b, Cu dETFTHZEN
e fb, ZFEEHT © pNA EER Cua (EF 23,
D1e & H—HEAE LT\ AAEEMABE S R I It
BT CIIBEEEREEN Y ED ah o ke, BkREE
LS BB B TRLEFITIZpNA B EAE2RTED
e 2, BREEE EHT BT E EOT
mHL, pNA &<, uNA, Cy, HMEL, BipempsE
EHT @ pNA OBEECIIED Cy EEV RS L, =0
o pNA SERZREFEETEL LT LS ML
WEIRRBEL DS H B, DE D, InEhictEs pNA S
Bz, BMfECAREEEROETAFESL WD
MHREEIIEEL 23, LichioT, miE CiipNA &
fED s HATEARRIE M TIE L T 5 L HBT T 20
M L TE 2L, FOMHMCIEEYE TS LA
Itz

5 #& B

AR REME = M PEAE O 7 BT 1k 1) 2 TR R D 1%
Elx s & OB T IER T, AR—ERENT
OARELE EHT) 834l EFMmMEE (NT) 126 4
%, ENENEERU RN, PEFU~59 5,
FER 60 LB o 3FF s, KHEKR, 60°
head- up tilt(tilt) BB, [M%4# noradrenaline(pNA)
L MfTENREREHAIL, %7, pNA & RA R, {A¥%-Na
4% X OVF noradrenaline clearance (Cyy) OFHH
BIREEMCES L, UToREYE .

1) PNAEBIEINT TEECEMREL &R,
EHT T8 ¥, EwEpoksci, EHT o
PNA EEEHTOL NT K LAEBEREELR L.
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2) PNA i1¥HmE MAP) & NT, EHT o3
RIEBWCHIFMEL 72, & OBREERTEIICEER
T5 &, NT CivFhofEiicd pNA, MAP
CHBI R 43, EHT CWEEER T, PEH TS
WIEDOHB ZRS, EFEFCIIERE R Rl e,

3) Tilt o MAP &, NT CREEBETEERL
BL, i, EEETBEELRERRCLAETH 1.
EHT CHHEEHTERIC LR Ly, $4F, EEHT
T LAKTL, tilt By MAP OZLE £
BERRAOHBE N ZEDbN. —F, tilt e HR &
pNA X NT, EHT 0 #FERFECWThIFEIKER
Liehs, ZoBREREERCH LB, BEFHCRWE
B8,

4) PNA & PRA i EHT &k LU, h, &
F£EHT 21 Zh CEERIEOHERLIXZoER %
KL, EUREZREIEE S PRA EEARAT
BERIRD BRI

5) EHT o pNA (% PV, ECFV, Nae L BERE
OBV LIz oEmERL, FHREEHITE, o
MENEFEHCOARET, F, EEHTIHELLT
feds iz,

6) EHT o Cy iEEFEHCcREL, FEHNRCH
WIRE, ZBEHIELEMBERL, Cu LEBHRIO
pNA OB R & OB ARED Bt

IEX Y, pNA »LHEBXAATEMAELLIIRA
oY Na S L BB 2R IF L e B E L,
FRRAREE M SE AR B MRS T B 2 ITHE
LTkh, FEHERCELATRMERORE IS, #
FEHRBIML, L ELHFREREHTAEVC &
PEOL»E st —T, BEAMEBEHTIBLE
3% NA clearance 2METF LTk b, EBHEBE O
RETEME % DNA OB BFHI$5 & & imiZnich DE
BEXRETHL0LEE 2 bRt

#HOW

WME#zsebich, HBBLHEE, HEH%
WL T SR BRI R B L £ T, RRRIS, AREF
GBI TR BB B A OCRB L 3T
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