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product it &, £ DFKIE, EiiE, B/ME, S
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(a) Method of blood pressure monitoring
"(b) Example of analysis of blood pressure
using computer
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ik, SEORI TR, MECEEHHEOHEEE LT,
HEHE(RE(E (standard deviation) B\ 7o, FEHa
B iE Student t — test £1T71 p < 0.05 EFatHicH
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B 24 BEIME = 5 -~ % BB T 3 A, static
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% % 3 7D handgrip) -\ ¢ dynamic exercise
& LT Master ZEMERMEF X b 2ITOLHE, &
BRoTROBERFOH2L2EEL, BECED
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;  TPR) Z%hE:, handgrip BF%o 2 @EH L,
AREECTHIE L7 TPR index # &M L.

4) [EREtHEE (baroreflex sensitivity) ER 4§
HHE % %05 BT, Smyth, Pickering >0 Hkic &
Y, 7 x=17" > (phenylephrine) %R\ t:—B@itkD
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B FE 1o X9 3 00 KIS % # ~, baroreflex
sensitivity O & L7z, +4bH 5 50 ~ 150ug ® 7
=17 v% one shot THE L 1280 .LEX Lo
R - REBOEE, » 5\, BT : VIRAKOD
R - REBOEHE, +4bh b dmsec/d mn Hg % 3R
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BLt. CoB, MEEERICHET 2 R - REBO
fic r 2 0.8 OMEMEIT 3 & 1c @ & BSI %3t
B/, ZoBSIE, FaITH, 12, FRKO 1
A3EEHAIL 72 b 26 f, ARG OF% 8 ¥, B
B4R T, 128, 5K, BRFD SEEHRAIL2 b
D8 FlicoE, ThZNRDI., WFhbZh oD
xS ->TZOEADBSI & L7,
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{t%& EBl-> T/,

LB RERR IS 2~ 238/ (3~25%) @
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Fig. 2. Continuous recording of blood pressure
and heart rate
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BRIK~DMSEBEEED, HHFLEETH - 1.
ST, M6ikcas L, EBREL2EQOINGHE,
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WE, SEHE, HRAELGEC & 3 &, Faididd
BROEHDOMEL ) bEEEEVPTL, FHRESB
BLEFHEL-FHL, RBEISOEBPPAEVE
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3. MERFRCEDHMNOEZEDERTH

BT cRERD,MEHAS Y X I A ABEEERL L,
D& DUFEIAEIC LT 10 ~ 20 mm Hg 0 Z1k% 1 578
BEDRMTCOERLEPIERT. COX5H6FE%
AL 3 BIhIFlOBTH - 1.

4. B¥, FEHOLDEEE

1) BF, AES SO, MEINGEHE 3 ~ 60
mn Hg, SEHE 1~ 37 pm He, $53RHIE 3 ~ 36 mn Hg

mmHg mmHg mmHg beats /min.
200
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Fig. 3. Changes in blood pressure and heart rate
(waking time vs. sleeping time)
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1 P<0.01 o P < 0.001 P<0.025
o 40 40 g 40
)
Ll & U
g 30 & 30 . . <::> 30
e z A .
2 20 w20 < 20 .
n = a
u w
& 10 © 10 O 10
) -t -
- '} '}
T o £ o £ o
-10 Y -10 L -10 Y -
150 200 100 150 70 100
mmHg mmHg mmHg

AVERAGE SYSTOLIC BP
( WAKING TIME )

AVERAGE MEAN BP
( WAKING TIME )

AVERAGE DIASTOLIC BP
( WAKING TIME )

Fig. 4. Relation between fall of blood pressure during sleep and average blood pressure
in waking time
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s Pp<0.025 = P<0.05

Fig. 5. Diurnal changes in blood pressure
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150 100 150 150 mmHg

(b} (c)

AVERAGE MEAN BP IN WAKING TIME

AVERAGE
DIASTOLIC BP
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130

100 o /0 . ’ .
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130

Fig. 6. Relation between average blood pressure in the morning, afternoon, and
night, and that in waking time
Continuous line represents identical line
(a) morning (b) afternoon (c¢) night
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Fig. 7. Example of rhythmic changes in arterial
pressure

A

TIME OF DAY

3 4 s 7 AM
L] i T
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VOIDING
TALKING , WATCHING TV
B
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150
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SYSTOLIC BP MEAN BP DIASTOLIC BP HEART RATE

CHANGES IN BP AND HR AT VOIDING

Fig. 8.
(a) Continuous recording of blood pressure
(b) Changes in blood pressure and heart rate

r=-0.624
P <0.001 50

= — (.464, p < 0.01, EEHRK :xr = — 0.441, p <
0.01).

¥, lAD S 5 A B0 ERGREEH 12
8Fd>b, BSIA2FTETE 2 RBER L THlic
2%, FREMEEL YIS IHHOME
OEFHE A2 LNEHES XY EOEHE L
BSI tofficBoEME A2 (K13). LaL, #i5E
HMEOZ S L BS] Offic dBEERED I, -1 (r
=(0.105).

7, AEHBOMECESMHL BSI 0% E 4 3
&, IUEEE, EHEC YL TROEMENS SN,
HETE > W TR S Shiidb - (B14).

BSI & LA oMIic 3 HERN, BRIRE S IR
Ao otz (EEEE :r = 0.168, HERE ;1 = -
0.146 ) #5,BSI &L ERLFHHLAROEBHEOMICE
EoREANA SN (K15).BSI & BIRFOVEROE
Bt L URER S ORoLHROESEOMICRE
BOHMBERW L -1 (BIEF :r = 0.251, AEH
v =0.253).

7. mMECEHELOEEE, MPL=-VEEED

Ba&R '

M OESM G, NHEHE, THE, HREEVY
BT h, ZEpkE, handgrip#%o C. O0,.C. L &
% Wit handgrip B0 #h & O LR, ESWEEIT
- 1 %2898 PRA, handgrip #%, Master “E R 7%
EH%DOPRAHBVIREZOENRZN TN ICHE
MBGRE A ShEd T,

8. MmFE & # & &, rate — pressure —

product , KA MBI & O BIFR

TPR index, rate — pressure — product & [fi/E

mmHg
r=-0.538
P < 0.005

RISE OF DIASTOLIC BP

at voiding
mmHg mmHg
r=-0.475
50 p<.0.01 50
o 40 . 40 .
Q .o . &
)
B 30 z 30
4 ]
b =
< 20 20
(=] [}
Yoo W10
T . 4
o 150 200 0 100

) mmHg
AVERAGE SYSTOLIC BP

AVERAGE MEAN BP

150 0

mmHg mmHg

AVERAGE DIASTOLIC BP

Fig. 9. Relation between rise of blood pressure during voiding and average blood pressure

in waking time
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0 150 2 ommHg

AVERAGE SYSTOLIC BP
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mmHg
15

r=0.702
P<0.001

o 150 200

mmHg

AVERAGE SYSTOLIC BP

(b) ( SLEEPING TIME )

Fig. 10. Relation between systolic variability during the day and average
systolic blood pressure

Q mmHg
o r=0.557 .
i P< 0.001
@
£ 10
=
o
<
o
g
Q5
o
n
»
0 5 10 15 mmHg
SYSTOLIC VARIABILITY ( WAKING )

Fig. 11. Systolic variabilty —waking time
vs. sleeping time—
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FE LR CHEOBRIFEIT) T LN TE
MEGHEREE bIcERL, BETTRERL LS
O EiFECHSNTNWAE DS SRIDOFKET I
MEDCHS L BRPOMED TR E ORI IZIEDOHER
280, MEXEVEREMEOTENKTH-1. £

LCHED FREIC>\WTA 2 EMEOEVH &EN

1

Fld3IF—ECIREREI 5%, FHEES 5%,
WERE 8 £ 5% (CPEaELEREEM) Th- 1.
ZTOHEE, BIRPIEERTICA SN B LS BEFT
DOREHEMEDENRZ SN WVERBNICH BT Edbh
of. COBRCKZ2MEDOTHRIZADOMRIET LA
Sh, EhERICHMEHLBROTELERLL. o

AVERAGE AVERAGE AVERAGE
SYSTOLIC BP MEAN BP DIASTOLIC BP
mmHg mmHg mmHg
200 200
r=-0.469 r=-0.251
P <0.005 NS
150 150
100 100 100 ‘ A
-, o. " .
E .“E' ﬁ:
0 0.5 1.0 0 1.0 0 0.5 1.0

BSI (LOG1w0 SLOPE )

BSI ( LOG10SLOPE )

BS| ( LOG10 SLOPE )

Fig. 12. Relation between blood pressure and baroreflex sensitivity index

(waking time)

mmHg
15 r=-0.509
P<0.01
L L]
10

SYSTOLIG VARIABILITY
w

0 0.5 1.0
BS! (LOG 10 SLOPE )

mmHg
15 r==0.402
p<0.05
10

MEAN VARIABILITY
v

0 0.5 1.0
BS! ( LOG10SLOPE )

Fig. 13. Relation between variability of blood pressure and baroreflex

sensitivity index
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mmHg mmHg mmHg
30 r=-0.373 30 r=-0.425 30 r=0.148
pP< 0.05 p< 0.025 NS
>
E 20 20 E 20
@ PR = ]
é L o..' ° e ; &( ° ° )
< .. E S N .
N E °s a2 %0
15 3" o g g ° ’.‘n .::
2104 . - 2 10 S 10 S :
I < Q '
> w <<
w ° = a °

BSI ( LOG10 SLOPE )

BS! ( LOGwo SLOPE )

BS! ( LOG1o SLOPE )

Fig. 14. Relation between variability of blood pressure during voiding and baroreflex

sensitivity index

beats / min

10

VARIABILITY OF HR

0 0.5 1.0

BS! ( LOG10SLOPE )

Fig. 15. Relation between variabillty of heart
rate and baroreflex sensitivity index in wa-
king time
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5. L& L, LIFID 5 3E & 1T & 72 neurohormonal
factor it & 3 &EEZ ONTLWBE—EOMERA Y X
LEVABZEHLBERSONLDL -, DF D
Millar — Craig 593 MERSFEH IcE B I AL
WY XLEREL, FEIIMEICRIEL Y, Reict
FLTOETH I0FRERS & - 2%, R4 ICTRL
TWSEL, TorNy—YHEABEEXRF o4 FOH
MHEEEXSUUTEYD, 53 -17 3 vOHAR
EHELEOLUTVEEIANHBZET 55 5
neurohormonal factor itk 3 -EZ 5 h 3 ED
PHEEEELLDOTH B, FEEORBETIRZOLS
RMEDBAEBRA Shish -1,
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A
RPP ( BPXxHR) RPP (BPxHR) RPP ( BPxHR)
%107 x10° x10°
20 r=0.735 20 r=0.789 20 r=0.776
P<0.001 P<0.001 P<0.001
L]
15 15 15
10 10 10
L T T
o] 150 200 0 100 150 0 80 100 120
mmHg mmHg mmHg
AVERAGE SYSTOLIC BP AVERAGE MEAN BP AVERAGE DIASTOLIC BP
B
TPRindex
( mmHg /Lmin;m?)
40
30
20
r=0.627 r=0.688 r=0.643
P< 0.001 P < 0.00t p< 0.001
10 10 10
L 1 1
T T T
0 150 200 100 150 80 100 120
mmHg mmHg mmHg
AVERAGE SYSTOLIC BP AVERAGE MEAN BP AVERAGE DIASTOLIC BP
Fig. 16.
(a) Relation between rate-pressure-product and average blood pressure (waking
time)

(b) Relation between total peripheral resistance index and average blood pressure
(waking time)
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R, Fk, BOMFEICDITATY, WFhO
H b ZDEAORERBOMEDOFEBEE & —FHL
fobs, FROMEH, NFEHE, PHE, HEREE L
b, <R K—HLL.

BEIRAP MDY X3 A8 255K L 26 34 5
fi3flichHohfcic T ELho7. Bevan Sic &
, CHREBERHMEOEWEMICA SN BT EHE
WweEt, 8 5< REMBIEE FVEZENSSZ & D
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FEMS 15l mHg 0 BETCEOIEBRTHE. *
DEEBFPLCERCODVTRSBISICBRFLEUN
FE -1 A '

BECK, MEGERLAESEH L0, HEC
febNy FARZETOMEOHI X485 &, 20k
REGMEOSS EAMMEERL, MESEVERZ
LZDLEEBNEVEVIRRTH-12. TO—RFH
RLHFIE Mancia'™® 50\ S E R & © resetting
BERTHRATE»S LBV, F70b b Mancia &
{& variable pressure neck chamber method i &
D BEEAREE D transmural pressure 2 &{L X & 3 &
LIt LV HBREZBTHOFEHELENS 5V iZED &
#, T TAMECE X = HNER ML EE
Lic. 20®R, MEMSE v A & & transmural
pressure D FFIC L TL O RS HBERGHEH
h, BEMEXBOAREZDORIGHNS L, —F,
transmural pressure ORI L TIRMME 245 W
AGERBEREH/NE , MESBEVRERGHKE
WeETBbDTHS. ECATEEORETRIMED
B VAER & & FERUTHERE (BSD) 2B T L, ERGHEE
BETFTLTVWAEAZRETEOBOMED FHEH
BETH-71:. Likd-T, EZEKIC L3048
L MEEMUFEEER L BEMER & @4 L b—&
LW EMNFHRENS, b EMEDSVEIL
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MEDFE FRBERBETHS LV AEEEMNEZ 5
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NIFE R ERERE, BRSO FIEGEEEE
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EERSTHEEE (BSD R oEMAETR Lz &, BSIfl
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Abstract

Although it is well known that blood pressure (BP) shows a great extent of fluctuation in
physical activities, mental stress, sleep and so on, the precise mechanism(s) and magnitude of
variance of BP are not clear yet. From the standpoint of the management of hypertensives, it is
important to evaluate BP changes throughout 24 hours and the factor(s) effecting the BP vari-
ance. In this study it was attempted to clarify the variability of BP in essential hypertensives
in connection with their pathophysiological states.

Intra-arterial pressure was monitored in 34 untreated essential hypertensives using telemetry
for 24 hours. Data were analyzed by obtaining the average, maximal, minimal value and stand-
ard deviation of systolic BP (SBP), mean BP (MBP) and diastolic BP (DBP), heart rate and
rate-pressure-product (RPP) using a computer program, respectively.

SBP, MBP and DBP showed a fall in sleep 2 to 46, —1 to 26, —4 to 25 mmHg, respectively.
The change in SBP was greater than those of MBP and DBP. Heart rate showed a fall of 2-23
beats/min (3-25%) in sleep.

In physical activities such as voiding, taking a meal and so on, SBP, MBP and DBP showed a
rise of 3 to 60, 1 to 37 and 3 to 36 mmHg, respectively. The change in SBP was greater than
those of MBP and DBP.

The fall of BP in sleeping time was correlated with the value of BP in waking time, but the rise
of it in physical activities showed an inverse correlation with the value of BP in waking time.

Inverse correlation was seen between the value of SBP and MBP and baroreflex sensitivity
(BSI), and positive correlation was seen between the value of SBP and the variability of it not
only in waking time but in sleeping time. Inverse correlation was seen between the variability of
SBP and MBP and BSI. Positive correlation was seen between BSI and the variability of heart
rate. Well correlation was observed between average BP and RPP, total peripheral resistance.
The variability of BP of each patient was not correlated with cardiac output, cardiac index,
plasma renin activity, total peripheral resistance and rising rate of them after isometric exercise
or dynamic exercise.

As to the circadian rhythm of BP in each patient, BP was lower in the morning than that in
the afternoon, and fell to the lowest value during sleep. BP in the afternoon was nearly the same
as the average BP throughout the waking time.
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