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Summary: From the viewpoint of rehabilitation and quality of life, persistent (chron-
ic) hypotension has been focused on as a serious complication of maintenance hemodial-
ysis in patients with chronic renal failure.

In this study, 32 hemodialysed patients were categorized into three groups according
to their blood pressure as follows, hypertensive (n=5), normotensive (n=14) and hypo-
tensive patients (n=13). To elucidate some etiologic factors responsible for the pathoge-
nesis of chronic hypotension, a variety of the factors regulating blood pressure, such as
plasma renin activity, plasma levels of angiotensin II, aldosterone, noradrenaline, a-
-human atrial natriuretic peptide (h-ANP) and sodium content in erythrocyte, were in-
vestigated. In addition, Valsalva index was measured as a parameter indicative of
baroreflex sensitivity in the autonomic nervous system.

The conclusions confirmed in this study were as follows:

1) The renin-angiotensin-aldosterone system might not participate in the patho-
genesis of chronic hypotension.

2) No evidence could be found to support the hypothesis that h-ANP would be one
of the etiologic factors in the development of chronic hypotension.

3) An impaired baroreflex sensitivity was closely linked with the pathogenesis of this
clinical entity.

4) As an another important factor, a down regulation between noradrenaline and

peripheral vessel was strongly suggested.
Index Terms
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LD REFT R EORDONBERME RIS L. b
i<, BMEECHLTT v ¥4 7 vy vERBRLEHA
BIO BT vy A—RAEGDS BRI LIz, Licdio T,
DRoEs S GV MAEBHTAEL 1 4211 ko MR E L
HERRENT B 3201 C, BB T 0 R BRI Bk
B EM200, oik106l, F3061, BRI L2460
DEEMGITH Y, FEREEMANEI~815E, FH47+
12.95%, ZHEIX30~667%, FHH46+19. 9B TH-7%. 1
7 BEOBHEIGELIMES 100 mmHg LI DRk
EMEARTEG R EmERE (1361), Ik E A
140~100 mmHg % 7R3 EGI% EF MER (1461), I
fEMMESS 160 mmHg Dl E#F 7= X IR ER 95
mmHg Pl bR EAYELERE (56 &L, HiER
L7 (Table 1). ZRECOREREL Table 2 D&
<, Dk, ~=h 2V b, REENRR X OEREEL
B FIRBAL T, ABEECERRD bR o, i
¥ Na {Ei%, &6 131~142mEq/l OfEHH Y, &
MFERE 138+2.3 mEq/l, ¥ MER 136-+2.7 mEq/l,
B MFER: 136+41.6 mEq/l & £BRICERZ5NT, M
B KfEd 46 4.1~6.6mEq/l ofifcshy, KIMFE
FECIx 5.1£0.6 mEq/l Cflid 2FE & DEXLD gk
o,

2) FERITE

&, kr—7 54 A-FEL 754 ¥ —2HEHAL,
Na j&pr 136~140 mEq/l OEREENEIC CHE 2 ~
SEDFENEMTL T\ 5.

3) # £

M & Mg, FEFEHT B 2RI 155 %k
{PEAAZ BRI L 7o i % 20 e U C 18 e

4)  BHIRTE{LIESL (Atherogenic index)

EMER 3G, EW MER46], BOER 5ok =

Table 1. Subjects studied

No. of Sex Age (¥rs) Duration of Blood pressure (mmHg) Etiology
Group cases Mean(range) HD (M) SP bp MAP
MoF Mean(range) Mean(range) Mean(range) Mean(range) CGN Others
Hypertension | 5 3 2 075 QLhh  (setw)  (Bi~d  (0s~iin 5 0
Nommotemsion| 1t 7 7 @58 giiisy  (ios~139) (o8  Goeioh 1B 1
Hypotension | 13 10 3 (gifé‘f) (17ét~i 13277) ?7832%85) (54213%2% ?5‘%{7?31) 21

HD: hemodialysis
SP: systolic pressure
DP: diastolic pressure

MAP: mean arterial pressure
CGN: chronic glomerulonephritis
Others: urolithiasis
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Table 2. Clinical characteristics

Grows | CTR (%) Ht(%)  ABW (%)* SNa(mEql) S-K(mEq) Fofie  Aherogenic
P Mean(range) Mean(range) Mean(range) Mean(range) Mean(range) Mean(range) Mean(range)
: 50£2.0 . 25%5.9 2.4%1.1 1364_‘—1..6' 5.240.3 44112 3.0+1.0
Hypertension (47~59) (19~39) (1.7~4.4)  (135~139) " (4.8~5.5) (30~60)  (1.7~4.5)
: 46+4.5 23+3.5 '3.8£2.1 136+2.7 5.4+0.7 - 38+11 4.0+1.8
Normotension| (45~ 53) (17~29)  (0.8~8.6) (131~140) (4.1~6.2)  (25~66)  (1.1~8.3)
: - 47+5.3 25+4.4 3.0£1.3 138+2.3 5.1£0.6 43+12 3.7£1.2
Hypotension | = (41 61) (21~33)  (1.3~5.0) (185~142) (4.5~6.6)  (27~65)  (1.8~5.7)
CTR: cardio-thoracic ratio . % ABW=9, weight gain fréni dry weight
_ , , .+ 4. LDL chol
Ht: hematocrit ok Athcrogeruc,m,dex_ﬁD_L_ch—OT
VAT R =L (T-ch_fng/dl), A R TG (TG mg/dl), c1':‘_1;%smal 301 m/ iS&Jmp]c %88/13
HDL = V25— (HDL-ch mg/dl) %R T Silicagel | 30 mg "
W5 L, LDL-ch/HDL-ch % BiREHLHED L Lic. R

5) MV =ik (ng/mljbr), [T 1 K AT R Y
WL (pg/ml) |

IEIFEREISGY, T3 MEEREL4PI, MR 5 Bl o\
€ RIA B CHIE L. ERERMEL = iEk 05
~2.0 ng/mlfhr, 74 FA# 7Y@ 0~190 pg/ml <
o T »

6) IMiE7 v 4TV v IERE (pg/ml)

IMEERE13G], EF MERELI0F, = MERE 5 flizouw
T RIA SRR CRIE L 7. EH{EX 50 pg/ml LT ChH
> 7. ' »

7) Mg/ AT Fus Y viIEE (ng/ml)

{SIMFERE 186, E% MERI46], = mERE 5 fleouw
- HPLC ¥CllfELk. EEE 0.10~0.41 ng/ml
THote. v

8) I/ v xx7 )V IE (pg/ml)

(EIMEREISH, 7% MER1A0], B&IMERS Aaxs
LLTC, ZAARFT7YIVFEL, L (FA4FRy b i) &
Fv, RIA AR X D RIE L. EFEE 175pg/
ml PFCHo . : .

9) IR Na i (mEq/) .

(EMPEREISH], TE% MEREIOf, MMmERES 6, 1%
ZNPID~2Y VERM U o Bifhka %58 MgCl, (2.85h/
dl) T2EKEEL, SHHIAD DR, iR ARELLY
WS, BUERM S, SEREERECHE L. EREL
7.824+1.40 mEq/l (n=11) TH 7. ‘ o

{0) LR Na FIR~7F K. (h-ANP) J&1 (pg/ml)

IRIMERE3G], EFIMER146], SMER 5 flexts

L1, #i a-hANP (133 Peninsula #, 1#5I-3-hANP

1% Amersham #8814 D% vy, Fig. 1 ofkclle

H,0 2 mi, Washing

80% MeOH 2 ml, Washing Labeled Ag 1001

0.005N-AcOH 2 ml, Washing 1% r-Glob 1004/

0.1 N-HCL/Acetone (20/80)  25% PEG 500p!
. 1 m/, Twice extraction - :

: ~ Centrifuge
Resuspension in 2 ml Petro-  (3500rpm for 10 min)
leum Ether ; .

Radio activity in

Desiccation (45°C) pellet

Sample (RIA)
Fig. 1, Pretreatment of sample (plasma) and .
assay procedure of h-ANP.

) o—0 Competitive assay
40+ Sample * 0.1nt
1250 ANP 0.1m¢
) Antiserum0.1m¢
< 304 | Incubate 4T 20hr
X B/@f separation
=
m 20+
104

50 100 500 1000. .
, ANP (pg/nt)
Fig.2. h-ANP standard curve.
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Lic. $igEE#HIE LT EDTA-2Na (0.1 g/ml), 2[5 43
ERFEEA L LC 5 om—A% v, Bl
Fig.2 0Z & THY, WHBFIT 4 pg/ml, BEHEHIL
15~60 pg/ml (n=30) TH-1. Bﬁﬂﬂﬁu%%+1
=F Ly Y a—ABHNTiTo . :

11) Valsalva 3Ex
EMERESG], EF MER146], BMER 5 flans
LU, WL, FEEITHCLHMEIE, LEafIsE
2% L, KEREs L tube OFME O %,
158 40 mmHg DEHF I L CERIEH T % H kT
1T\, Daul et al.® o#fhfic#e UC Valsalva $55%
BH L. F_CORBRILTPE L EERLETEL, AH
ZOWSEL, Student t BETCITV, p<0.05 #FHK
e L. :

&

1) RESEN L PmE }

RMERELG, IEFIMERI06], = mER 5402661
W CIREN B COREH RO HE 5 P
DEQ%ﬁ&Ltﬁ%,kaam_a< &1 FEREC
VEHR D 2T R EIE I AR 5 I B R 237 <, 11614 3
B (27.3%) s L AEERINK © D P E I MEE %
RTEARRD bR, Fio, BMER, E¥HmMERT
AR KO L FHMEDOEBIL, BR/REDH
B (r=0.585, p<0.005) ARSI hi=0rRL, Kl
FERECIXAER (r=0.178) x5B® b hich o7 (Fig. 3).

2) IfEL=viEk

#

7.5T
X 6.0
=
m
_ 4.54
o
(0]
e
[0
k3 3.0 E
& ° r =0.585
154 Y =0.104X+2.818
’ * p<0.005
n=15
0 T T T 1
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AMAP (mmHg)

a) Hypertension and normotension

group
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SFCEMEOERA AR LN, ERMEGSH (25.0%),
IEMEGI 36 (9.4%) ©HL, 5ng/mi/hr LLEDHS A
TeTERERILN156] (46.9%). Zbhiz. £ EETOFHME
W, {EMFERE 5.245.0 ng/mi/hr, TEFHmMER 7.4+7.6
@mmuﬁi@%mﬁﬁ&uﬁmemff@m
BHMTOBEEELLL, ABEL TV (AkE)
MREEARRD . e, (EOERTE, 5ngl
mlfhr LIE o & E 5175 6 41 (46.2%), EAE G126
(15.4%) &bhie (Fig.4). '

3) M7 FARTrVIEE
4BEC 500 pg/ml Ll EOB{EGILI18F] (56.3%), IE
ARG T B (21.9%) 2 b, £BOTHES, Ei
ERE 9674765 pg/ml, TEH MR 8824655 pg/ml ¥
LOFMERE 2174210 pg/ml &, 7 FERE T HBEIE

Table 3. Variation of AMAP due to weight gain

No. of Difference of AMAP
Group ABW (%)*  (mmHg)**
€aseS  Mean(range) Mean(range)
on | e 8564181 '10.8+9.52
Hypertenyon 5 2.9~6.7)  (  2~25)
o | 4.42+1.49 13.5+9.05
Normotension 10 (2.5~6.9) (T1~34)
: 3.01+1.18  3.451+8.78 .
Hypotensmn 11 (0.8~4. 8) (-1 1 ~ 16)

*Dlﬂ'erence of ABW ABW  of prehcmodlalymsu_
—/4BW on day before hemodlalysm ’

#xAMAP: MAP of - prehemodialysis—MAP on
day before hemodialysis

5.0 .
1 . °
;\; 4.04 ®
a .
2 3.0+ e °
S
S o ®
g) 2.04 ) PY
R
E
1.0+ r=0.178
° n=11
0 T T T 3]
—-20 -—10 0 10 20

AMAP (mmHg)

b) Hypotension group

Fig. 3." Difference of 4BW and:4MAP.
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Renin activity (ng/m¢/hr)

0.1

L] L] L
Hypotension Normotension Hypertension
(n=13) (n=14) (n=5)
Fig. 4. Plasma Renin activity.

B2 A B, &IILER T 500 pg/ml Ll EOEERL 5 6
1l (20.0%) T Eishote (&0 ER Tk 500
pg/ml Ll EEEFIL 9B (69.2%) HBhi: (Fig.5).

4) ME7vFFTvyvIRE _

ERECOFIEE, EMFER 62.6+62.2 pg/ml, E%
MER 70.2+68.3 pg/ml 35 X OVE M E#R 33.3+19.8
pg/ml &, FEMER CHEIEME: A DR (Fig. 6).
¥, MV =viEM 0.5ng/ml LITFOEMEITIE,
Thb 7 v ¥+7v v DEER 10 pg/ml LT OE(E
TH 7.

5) FRIERA Na jREE

EREOFYIME L, (EMERE 7.85+1.77 mEq/l, E%

MERE 8.10+1.79 mEq/l & XOEMERE 9.60+1.14
mEq/l &, FEIERECMEEX » BEREENS DR
£3C 6mEq/l PIT O{EMGIE, [KMERET 461 (30.8
%), EHWIMERT2H6 (20.0%) b hich, EIMLE
BETIRL B Rich o e (Fig. 7).

6) IM#E/ T FUr ) VIRE

*5:3262261 (68.8%) vEfERRL, HFHTOF
BEXEhZh, EMERH 0.54+0.23 ng/ml, EF ME
B 0.48+0.21 ng/ml ¥ X ONEMERE 0.4440.15 ng/ml
L, BMERCHFEL ) LRBEWEARAD R ER
Eixabhichote. ¥, {EIMEHF T 0.5ng/ml )

Angiotensin I (pg/m?)

V) : normal range

2000+ :
1000- A
] o
B ..
()
5
2
]
B
<

Hypotension Normotension Hypertension
(n=13) (n=14) (h=5)

Fig. 5. Plasma concentration of Aldosterone.

300+ £y P - normal range

100+

Hypotension Normotension Hypertension
(n=13) (n=10) (n=5)

Fig.6. Plasma concentration of Angiotensin 1II.
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T . normal range

Na (mEaq/¢)

.

T T T
Hypertension

(n=5)
Normotension Controls
“(h=10) (n=11)

Fig.7. Na concentration in erythrocyte.

LOREBEHII3FIE 6B (46.2%) &fHFEL h o
%< Abhi: (Fig.8).

7) Mg/ ERTY VIEE

£HED, BLALDEFANBERLRL, KFEOTH
fEvE, {RMFERF 546351 pg/ml, TEF MERE 456+242
pg/ml, FIMMER 246+190 pg/ml &, (KMERFR IO
EFMEFCRENEEILbh. /AT FrrY
VIEERRE, (EOERTE 500 pg/ml Lo REEE
BA 1361 6 61 (46.2%) LfbEEL D %< Zbhie (Fig.
9). JLAZF7YVIEE//ALT FLrF Y v EEHIX
2862261 (78.6%) &3 & A & DIEFITL ST OIE
HHERNE R L.

8) h-ANP jyaps

JEBEHT H 132607 9 B (28.1%) 1 50 pg/ml [J k=
DEAEGDZ S RIdd, £BECOFfEL, (€1 ER36.1
+34.2 pg/ml, EFIMTER 37.2+18.2 pg/ml % XU
MFERE 50.4+27.8 pg/ml TH Y, HHECEEZETR
Lhishote (Fig.10a). F7z, WFRIEFETL BN A
TIREEHINCHECEL 27 ERZR U A, Fig. 10b
DT EAEMFERETY 39.24+36.4pg/ml 5 1554111
pg/ml L fifE L @G0 LRRAL R,

9) Valsalva #5%

Valsalva 3837 Ci%, TEH IMEREL 3710. 16, &I LR
1.5340. 221 b L, {EIMFEREL. 2440, 12 2 KM FERETLE
BEGEELRD, 125 TOEMER S EF mERFR X
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72 - normal range

1.0+ .

Noradrenaline (ng/mf)

T .. | ,
Hypotension Normotension Hypertension

(n=13) (n=14) (n=5)

Fig. 8. Plasma concentration of Noradrenaline.

Y27 : normal range
2000~

1000+

A

Normetanephrine (pg/mt)

o
o

Hypotension Normotension Hypertension

(n=13) (n=14) (n=5)
Fig.9. Plasma concentration of Normetane-
phrine.

OBIMER196IH 4 61 (21.1%) R L, {EMER T
136U 8 6 (61.5%) RDHNI= 3B TD over
lap case 332fIrR2561 (78.1%) Zbhiz (Fig.o11).
10) Valsalva {8 & BHTER
Valsalva {541 & B4R O i ©I1%, HEMEHK r=
—0.35 (P<<0.05) & BIER OB I L, Valsalva
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LA ) (—
Hypotension- Normotension Hypertension
- (n=13) (n=14) (n=5)
Fig. 10a. Plasma concentratio of h-ANP.
1000+
500+
3
=
I
o
Z 1004
<
10

Hypotension Normotension Hy'per,t_ension
(h=13)  (n=14) (n=5)
Fig. 10b. Variation of plasma concentration of

h-ANP due to weight gain.

R OETEANS A DR, BIFEHK0H RO Val-
salva $§50%, 1.410. 18 THH DL, 70% AL L
Tlk, 1.2840. 14EEfETH -7 (Fig. 12).
11)  Valsalva $g§& /7 7 F v o ) v iREs
Valsalva §§%& /v 7 Fvo-y v isE ¥ r=-0.51
(p<0.005) "X & DHEBIZRRD, /17 FLvir) v igE
7% 0.5ng/ml % ¥ % % E{EGI T, Valsalva $550%1. 40

Lk L
p<0.02
I ]
p<0.05 :
1.8~ — *
1.7+ .
. °
1.6 .
5 ' T
©.
..E; 1.4 ° @ H
i) ° °
S 1.3 : o
8
1.2 H !
[}
1.14
®
1 L] 1
Hypotension Normotension Hypertension
(n=13) (n=14) (n=5)
Fig. 11. Valsalva index.
2.0" .
r=-0.35
° o Y=—0.002X+1.48
° n=32
% : 'p<0.05
3
£
s
&
©
>

100 120 140

0 20 40 60 80
HD duration (months)

Tig. 12. Valsalva index and curation of hemo-
dialysis.

LUT DAL 1460 1361 (92 6%). % 5 iz (Fig. 13).
7z, Valsalva fE3 L /v 2 257 Y ViLEED & O K
B2 A B ke

% 5

RS OO EREEZ R\ e B BIE 5 EE & L
T L) vav e TYFEFET VYV« THFATRY R
BIOC/ AT Vvr ) vEOREWNHE, 2) *=v -7
VI VvAY e TrAR ST vRLEE Na FlR~<7
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. r=-0.51
Y = —0.44X +1.56
n=232

o * p <0.005

‘Valsalva index

" Noradrenaline. (ns/nt)

Fig. 13. Valsalva index and plasma con-
centration of Noradrenaline.

F FEOREWE, 3) MEFBI:AEWREES X O
REHREORIEMN b DTHS. HRBHELE TD
MERE, leEMERECIIv=Y 7Yy ¥I-Ty
YV TN N AT R ROBEX, ZhE TOHEOT

WRIRTE A2, FREELEE~NOBS BN,

H|EORLL, SEOHEREL AHETH o7 Imai et
all® OHECLEMEH CIHEMER X v Mgy = v
B EFIRRWZ EARER DD, D ORI
ToL AEMERE CILmE v = v iE®D EARELHTH
ST LERTRETHD. LUl b ERF I W
T, 7ri=viERLEEDR LB E Y = v IER, &
MEDRED—2E LTHEHEh TR Y, SEDET
ERBE FRE & T2 EANEE R TRy, (&l
FERClE L = it 0.5 ng/ml/hr LITF O REEMHEE]
238460 (25%) &b, WPFhA TV EFT Vv T
ENEETH o7z 213, & —EDEACIHEMELE
DREBERDO—D Lo TWBHZEEELZLRS.
INT FUvF Y vBEREL L, ZhE ik,

BB CIiXiMmiE dopamine-8-hydroxylase M D{ET
BHEBNBIZE ik b TIN5 & ORED~ID 2%
s %Ojﬁ%ﬁ’?k L C catecholamine-o-methyl transferase
(COMT) EH D ETOPREZAFEBZHEDS L IX
target organ AH4-5 M4 SR O KGN D R 58 T
HTLREREPRIE LSRN D, SEDORERRT
B/ VARRT YV VEE/ AT FLF Y v sE ik
LA EDEFCIEFEEANTH D, HMRENT AL T
COMT FEHILISIEER R TCnbbDEELLR
L. MR VT v ) v IRE ORI IR I EE O FE
ADBEBIL Tt Campese et al.l® (IFEL TH
D5 SEOFHER CTHEMER OFHEIL 0.54 ng/ml C
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fild 2 B EL, B LARMEFRD DR, HHEOERE
LCEBERBHTH - Ao

—J5, REDORMEC, BHEMRREEEE OB S L
FHPEW~D (X FEFCRDSL, BRESERET N
5 BAMBEREECEL T, HENEE CEREOS
% Valsalva 3ECHRE IR, BRICMED AL DD
bOTREERGEDDINTE D, RHEEDEED
REFRE L COBERREHIN T2, ZOEE
AL ELC, EMHEREOKROSDEE 2 R T 2
cold pressor test, BIZZREMEMSE LB EER TS deep
breathing beat-to-beat test, aj-agonist “Ci % -pheny-
lephrin infusion 1= X 2 EZAGOHRE L L2 BAE
RIMHER D, TR, ESEESLIOEOR
DEOBEERETH D, BOBIILRHEE THH L
DHBRTNED~, SEOFER TS, EFMERT
2378 D OFERCEMEMRZS W ch, KIERCIIFE
ZDEEEERCH ol —T, EZEGE N5/
MREREEDFEDOEFIZEIL, Brodde & Daul?® |13
LAKIGMAGCD receptor LI# » adenylate cyclase
EMDET %, %7, Campese et al.2® 4 KRR TD
ST RV ) VIR B RIEHOE TR H L T v
%. B Daul et al® &, REERET COEZER
B LORARESR (WEFEY) ORIGHETR 5%
EHREE LT 9, ik A7 Fud ) Vi OMN
HECY, ThRRMBEETLC ek oT (24
1), down regulation Ic X % KR TOSASK (ad-
renoceptor) OEHA L, FERAIC Imai et ali? 73
SMD%ﬁﬁ@mEﬁ%fﬁﬁthki*ﬁm%ﬁﬂ
DETEERT AW EETRE L. SEDOKERTY,
Valsalva 587 & 7 47 F v o) v BER X 0% 7 H118
LIZADHEERABRTEY, ZER /AT FUFY Y
BE & OB E <, Daul et al® o RfEwTHT5
BRTH o 7. —RITHEREBITEA COME LR, 3
LA LD salt-water-dependent®3OD Tk b, SEODfF
EHEMR L FHOEDEEDHIZ T, Fig. 30 LS
ETMER R & OEMERF AR c EOMBN R S
e Shie K UEIER CRRMEBIRgRs b hy, HiE
COERBBRARORKBECHS, KEEL L
TORIEHDREE X R HTE > T B4 D LRI
%. —75, Losse et al.sD OI|ELISE, AR MERE
LARMBKA Na RED LALERS h, ouabain &%
M Na 5% (Na-K ATP ase) =i X % FRInEkM
Na JREO LREA LR LEREDD S CE k. REE
BETENTE, Welt et al3» 13 UDHERC L ) Ak
DIEONL LN DD, BT Corry et al.3? (%, #HIE
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