BhpE s 1226

e 3 NaCl I IR 58 5-1 2 8 — P E D B R ML AR T DAL =X LA

LR )

e B R 52 R S e I 2 SRR FE A

B E ESRANKOFEIRNE ST av 212k IR EL THWLIL TS, ERAEHKEARNE G120k D%
REBIRFSICOD, 1) SR RIEKICH AT, MBS MAF IR IOKOBENZ 5 X2, 2)Na'/Ca®" Rtk
OIEMEAIZEY Ca OFADHIINTHZETOMHEEN T2, 3) Na'/H" 2t OIS LIz L0Man H 2380
FTHTLTOIAEEA NS 5, LasL., @Rk EHEKZ#IRMNICEEE G358 R EZ S [ EEZ 32L& mbiTn
%o M IREHKEE G2 LA G B IR B O ¥ A R T 51 ARMESECLZ LT THY ZOAN =A%
R HZLIFFFERICEETHLHEE A OND, £ T, SEF 4 1L, Ty HWT, @R KRN S 5125
TG ERBYREA~ D R BA RIE B E G BR | 250 T CRll T, W -l 07 — 7 V& T RERIRICH AL 7=, REREIRD
SEMWRILERE RS 7 —7 v AR R DA O BANERE RS 7 —7 v AR O A LN ERE RS T
—TNEENEIRALR, £, LEIDRU T, T RERICIEINE H 7 0 —7 %2535 U7, 9% NaCl #&iRAFER
#5-(2 mL/kg, 0.5 mL/min) 3~5& ., BRILE2356) 30 mmHg F2RE EH-L, ZO%hEIT 10 53 LL ez, —F7 T, R
5.-(2 mL/kg, 1 mL/s) §5&, BfRILEITH 60 mmHg F2E—@IEIAR T U7z, @R AR FRIRIN 20dE 5103t 35 8)
ARALEDIR T IX, IREKFR ThoTo, RIEERICH T MERIUIIR G ERICAEICEAL Z0BAEITIKTLE,
AT AR dP/dt max [3A BEITIK TL, DHAHEDIR TR RO, ZOZEn b, —lHEOHZ AR OIERIZED
DAHEPEDIR T &, Ui A SR IV BIIR ML DK TS RoNDZ Envbinotz, £72, REWRICERAE
KREPF G- LT J0S BRI G- L7 O 7 BB R ILE DA B2 IR T8 RENT=Z b, IifE SR TO BN RES
ATz B SR Tl MR UK B 52 IS B BP0 A B INEA % dP/dt max OF BRETARLN, Tl
FREDO A ER BB oz, 612, ma—pi b DEFREOLEE~ORAD b, ZHHDRERENG,
ERRIUKZ IR AR 5728, 1) IEER O /& BRETEAN, 2) A DEA~OB AR KICED 4D A4, 3) KE)
ARA~IRA LTz @8R B KIC KOG BR O M AEHGTHIAN, 4) BPENGPE N 2D D EE A~ O AT A i L% A ARTHE I
DIEODARENEID ZORER, BIRIMLEDIKR TRET LT LR DT,

1. ARBEH

18R NaCLHRIR DO FEIRN G133 7 1okt 35 iR % E
LCTHWLITWD 2, @ik NaCl VSRR % 512 2%
BRI E (AP) D EFITIRDIHNCEZ DTS, 1) 5%
g NaCl RIS TREN SIS NI kOB
a5l EEIL, FIGEREZENSE 4, 2) Na'/Ca™
ZEHFEREDIRMEALICED Ca®” DWABENINT LT
IHEPEASEEINT S %, 3)Na'/H' AZHkEREDIRMELIC LY
RN H 2SR L, Ca®t EhR=2 C OFEA A4

HZETOIAEMEAEINT S ¢ LosL—J7 T, ik NaCl
IR Z B ARNIC B B 532 & ENCENMY) TR I %
IR T ZENMONTWD, ZOMKIMLE L — A7t
DT, AP DR TIIAKI 2 53 ANIZTEDOL ~IUITETRDAN,
iR NaCl ¥R G-\ G20 G BR A SO A 17
TN ARMENETDZEZFETHY, ZOAH =X
LEET AT LIIEF ICHEHETHDLEE I DILD, ZDA
T=ALEFIRDTZOIT, T 1TETRE NaCl SRR
B kT D IMA TN R~ DR | (RIEER LT ER
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HULERIRE (CVP) | GO it &, REDR ik &A1 E L
7o Wi ER Tl A D=L (RVP) | LVP, i@k . i
R R M A E L7,

2. ARAE

A [Blod FEERIT BOR - EERE M FR S HZ AID FEBR AT
STz, ZRIOEERTIE, 12 BEROAAD Sprague-Dawley
Tk (n=42) % v iz,
2.1 FhAE

ETOTYMI, TV Z-q JaTn—A R (712
500 mg/kg, o 77— A:50 mg/kg) #1177, IR
G057 —7 v REEE IR T REEIRICEA LT,
CVP WEM BT —7 VSRR _EREIRIZHRA
L7zo AP JIE A7 —7 V2 KIREN IR 5 I8 5 K E Ik
(ZHRA LTz, LVP IE 77— 7 V& A i B IR ~
ATz, E2, RVP ZIET 25-8121E, CVPIIE AT
— T NV LENICETHED 72, KENRINE EHIE D
WU, transit-time a7 2 —7 % EATKEIIRICESL

T2 T 2R THI 36 SOV AR 3 1 0D LBt 2 R 3 72012

W77 A= m—7 %0 LU R I C A L
72 REF 2—7 & L CA TIPS F CEREZIT-
IIE R ) | ey Rt OY NN 1L 1k 528 S I 2 A By
2. 2 BERNaCliZRE#IRNZFE GRS HEEERA
D& (n=30)

iR NaCl VIR E RN S B 51253 D IR BR 1A T
BHRE~ DA T NDT-DIT, RO EREIT-T-, 1) 7K
BAKRBED 0.9%., 3%, 6%, 9%D NaCl iz FHIRNIZ
LUk 5L (2 mL/kg, 1 mL/s) LVP, AP, CVP, dP/dt max
ZUELE (n=6) , HH-ONEFITT X LELTZ, 2) 9%
NaClHRHRFR RN BB 512k - 2R AR Rt 28
{bZFH 7= (0=6) , 3) 9% NaCl IR FIRPN S 512 k)
T OURYE R MATENRE~D B AR OB 52~ 5728
12, ~FHAR=7 A (60 mg/kg; Sigma-Aldrich, St. Louis,
MO, USA) Z#5-#%1Z LVP, AP, CVP, dP/dt max Z{H|E
L7z (0=6) , 4) KEWRIZ 9% NaCl IFiEEE#H & 5 L7-RF oD
AP DIEALET T2, 5) 9% NaCl AR RN 208 35 -
O Ui 2 1 e B A E L7z (n=6)
2. 3 EikNaCliAREIRN 2 ERE G I3 HMTERA

DEE (n=12)

R NaCl VIR ERIRPS 2o G- 123 2 Mg Br M4 T
BB~ DL T RDT20DIZ RO FEBREAT T2, 1) 9%
NaCl ¥R IR s 5 320 A IR 2 b a
T2 (0=6) o 2) 9% NaCl Eik i IR Sod & G-I O Jifike
il i M 2 1 E L7z (n=6) .

2.4 AIEAE

B 521X, 7 a7 7 2V UR T (KDS220;
Holliston, MA, USA) % f\ 7=, LVP, AP, RVP, CVP I
ERADT =T NVEIEN T VAT a—HF —ICHf L
(MP5200; Baxter, Deerfield, IL, USA) | %7 /L% &
JE% 4 WE B C B E L 72 (MEG-6108; Nihon Kohden,
Tokyo, Japan), 7 /IR, 7w s —F V2%
#i%s (PowerLab; AD Instruments, Bella Vista, Australia) %
AL TR—=YFarva—FCikLiz, 77
—h3 1,000 Hz £ L7z, @3k NaCHATR RN SO $% 5-1%
D RIE (Fe KIE L2 (LVDP), Fe b= LR AR W+
(LVEDP), AP, CVP) 10 FHOF ez, #5-7i 30
MOEHME & R L7z, LVP (OF — 4755, positive dP/dt
max & negative dP/dt max #4572, KEWRIML T &1L,
transit-time i3 (TS420; Transonic Systems, Ithaca, N,
USA) Z JHWTHIE L 72, MBI R M T &%, o —
4 & (VEVO-770TTM Micro-Imaging System, Visual
Sonic, Toronto, ON, Canada) %\ CRIEL 7=, IIEERD
MG, AP L CVP D72 KE R I & TR 528
TR T, MAEEROMAE S UL, RVP & LVP D% il
R MLt & CTER 952 L TR T, L2 i 36 L OVl
KEO ML, L —Y =Ry 77—z (model FLO
-C1 BV; Omegawave, Tokyo, Japan) & HVCTHRIFEL 7,
DR T B KO R m O M7 —2 LT, #5480
30 bt 5% 120 B ETOA 10 FRHI ORI A KD
77

3. BIRHER
3. 1 B3R NaCliERFHIRNZRIZ S (23T DAEEIRA
DFEE

0.9% NaCl #EREHIRAN 203 5Tk, LVP, AP, CVP
DT R BN 223->7= (Fig. 1A) . 9% NaCl IRiE RN
A G TlE, LVP BEXOVAP DK FE CVP O _EH A
57z (Fig. 1B), —J7. 9% NaCl iRk A 5 IkINAE IR 5-
THE, BRILED EAD RO, ZO%FIT 10 770L
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Fig. 1. A: Typical recordings of left ventricular pressure (LVP), arterial pressure (AP), and central venous pressure (CVP) in
response to rapid infusion (2 mL/kg, 1 mL/s) of 0.9% NaCl solution. B: Typical recordings of LVP, AP, and CVP in response
to rapid infusion (2 mL/kg, 1 mL/s) of 9% NaCl solution. C: Typical recordings of AP in response to slow infusion (2 mL/kg,

0.5 mL/min) of 0.9 or 9% NaCl solution.

foev 7= (Fig. 10)
AR LVDP R° AP DR FIT. I 3%LL o

LVEDP X° CVP OF B2 K FIE RO eh -7 (Fig. 2)
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Fig. 2. Changes in left ventricular developed pressure (LVDP), left ventricular end-diastolic pressure (LVEDP), arterial

pressure (AP), central venous pressure (CVP), positive dP/dt max, and negative dP/dt max in response to infusion of distilled

water and 0.9, 3, 6, and 9% NaCl solution. *P<0.05 versus distilled water and 0.9% NaCl solution, * P<0.05 versus 3% NaCl

solution, * P<0.05 versus 6% NaCl solution.

9% NaCl VAR RN Zs 1 5-12 80 . RBIIR e i
W LT (Fig. 3A) . MR MAFHHTIE. 9% NaCl IR #
54% 20 BRIIA B/ EEINE /R L, D% 40 FEITAEE
728 7R Uiz (Fig. 3B) . F72., 9% NaCl ¥ & KEhfk
(R - LT RO BRI OAR T, FRERAIRIC#
HUTZRRZ TR B/ a0 - 72 (Fig. 30) .

3. 2 BiRNaCliZREIRN2ERE G HMIEERA
DFE

9% NaCl IFRFRIRAN s 5-Cl, 5 E %I RVP

DM EARRLI, EO%REKRADEEOIK TEA

DEPERMED _EAN RS (Fig. 4A) . F7-, filish

AR sk AR T W7z (Fig. 4A), RVP & LVEDP
DIERGETHLHWETIEIIAFEIC EF- LI (Fig. 4B), —77
T, BB R Lk SV X s Lz (Fig. 4C) , filifd s o
MAEHGUIA BT 72 (Fig. 4D), 9% NaCl ik
AR s 15 5-RE D positive dP/dt max & negative dP/dt
max %, 0.9% NaCl¥ER IR S BRI~ A BT
J U7z (Fig. 4E) .

9% NaCl EIREF RN 208 5-1% | O 22 3 KO
R 1 oD i Bl 3 L7z (Fig. SA & 5B), 72, #BH
Wro—E 230 9% NaCl IFIREFIRIN 2O 515
L E RO T RO A RS T2,
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Fig. 3. A: Typical recordings of arterial pressure (AP), central venous pressure (CVP), aortic flow, and total systemic
peripheral resistance in response to rapid infusion (2 mL/kg, 1 mL/s) of 9% NaCl solution. The arrow indicates the time of
infusion. White line in aortic flow indicates mean value. B: Changes in total systemic peripheral resistance in response to
rapid infusion (2 mL/kg, 1 mL/s) of 9% NaCl solution. The dashed line indicates the time of infusion. ¥*P<0.05 versus
pre-infusion. C: Change in AP induced by the intravenous infusion (i.v.) or intra-aortic infusion (i.a.) of 9% NaCl solution.

*P<0.05 versus 9% NaCl i.v.
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Fig. 4. A: Typical recordings of left ventricular pressure (LVP), arterial pressure (AP), and right ventricular pressure (RVP)
in response to rapid infusion (2 mL/kg, 1 mL/s) of 9% NaCl solution. Doppler echocardiography images show blood
velocity in the pulmonary artery before (Pre-infusion) and after (Post-infusion) rapid infusion of 9% NacCl solution. Changes
in the mean pressure difference between right ventricular pressure and the left atrium (B), mean pulmonary blood flow (C),
and mean resistance in the pulmonary circulation (D) before (Pre-infusion) and after (Post-infusion) rapid infusion (2 mL/kg,
1 mL/s) of 9% NaCl solution. *P<0.05 versus Pre-infusion. E: Changes in positive and negative dP/dt max before
(Pre-infusion) and after (Post-infusion) rapid infusion (2 mL/kg, 1 mL/s) of 0.9% (solid bar) or 9% NaCl (open bar) solution.
*P<0.05 versus 0.9% NaCl.
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Fig. 5. A: Typical recordings of AP, CVP, and myocardial blood flow to infusion (1 mL/s) of 9% NaCl solution. B: Averaged

changes in mean blood flows in the myocardium and the alveoli in response to infusion 9% NaCl solution. * 'P<0.05 versus

pre-infusion

4. F ;|

SEIOFEBRTIL, EIROASDZENDI-T, 1) T
KEFIR~D 9% NaCl el G- LTz ReD J7 5 KE)
NROEELOS A 2R BRI DAL T A3 R 5472, 2) LVDP,
AP, dP/dt max DF E7ei# & LVEDP & CVP O E72
2SR FEARAF I LD AL, 3) MR i A i,
9% NaCl K EIRN ZOE R G E % 20 RHITA EICH

L., ZOHA BT LT, 4)9% NaCl R ERIRN 2
B3 A N /N 1 1K= 3 7 e < = = ) 1] i

Kien HiE, 4 X% HWTHEE NaCl ISR E RN 20
HAZxt T AR ERE O 2 b A~ —iE MO Bk fn &
DI T IR AR & BT P 2SRRI 72 St 72 7,
—7J77C, LVEDP @ _E&-& dP/dt max D Rz &
Db, ik NaCl S RITDIROUHE I h 84 52 52
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Intravenous Infusion of Hyperosmotic NaCl Solution Induces Acute Cor

Pulmonale in Anesthetized Rats

Chikara Abe

Gifu University Graduate School of Medicine

Summary

Rapid intravenous infusion of hyperosmotic NaCl solution is used for resuscitation of circulatory shock.
Infusion of hyperosmotic NaCl solution at 2—5 mL/kg/min has been used for therapeutic purposes. However,
this infusion rate occasionally induces hypotension in animals and humans. Although the hypotension is
transient and recovers within 2 min without detrimental consequences, it is important to understand the associated
hemodynamics and mechanisms. In the present study, we induced severe hypotension by very rapid intravenous
infusion of hyperosmotic NaCl solution (9% NaCl) to investigate this response, as the hypotension occurs in a
rate- or concentration-dependent manner. In order to evaluate the specific effects of infusion on the systemic
and pulmonary circulations, 9% NaCl solution was infused into the inferior vena cava or the ascending aorta.
To evaluate the systemic circulation, we measured left ventricular pressure, arterial pressure, central venous
pressure, myocardial blood flow, and aortic blood flow. To evaluate the pulmonary circulation, we measured
right ventricular pressure, left ventricular pressure, pulmonary arterial blood flow, and alveolar blood flow.
Slow infusion of 9% NaCl solution was effective for increasing arterial pressure compared with slow infusion of
0.9% NaCl solution. However, rapid intravenous infusion of 9% NaCl solution resulted in a decrease in left
ventricular developed pressure and arterial pressure and an increase in left ventricular end-diastolic pressure and
central venous pressure. The hypotensive effect was larger with rapid intravenous 9% NaCl infusion than with
intra-aortic infusion, indicating that change in cardiac performance played a more significant role than change in
peripheral resistance. 9% NaCl infusion induced an increase in pulmonary vascular resistance and central
venous pressure and a decrease in right ventricular dP/dt max, suggesting acute cor pulmonale. Diastolic
ventricular crosstalk-induced left ventricular failure was also observed. In conclusion, a higher infusion rate or
osmolality carries a risk of inducing acute cor pulmonale and subsequent left ventricular failure, even if the

infusion volume is unchanged.
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