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ABSTRACT. We studied the effect of a small volume of 7.2% hypertonic saline solution (HSS) or HSS with 6% dextran 70 (HSD) on hemo-
dynamic status， especially on cardiac contractility， in anesthetized dogs using th巴l巴ftventricular end-systolic volume index (ESVI) and 
民jection合action(EF)， which can be obtained in noninvasive echocardiography. In the present study， the mean values of ESVI were 
unaffected by HSS and HSD infusion， whereas the left ventricular end-diastolic volume index (EDVI) was markedly and significant 
increased. As a result of出巴 changesin EDVI but not in ESVI， EF increased transiently and significantly in the HSS and HSD group， 

whereas no such significant change was observed in the dogs that rec巴ivedisotonic saline solution. In addition， as a result of the 
increases in cardiac index but not arterial pressure， system vascular resistances (SVR) decreased transi巴ntlyand significantly i目白eHSS 
and HSD groups， whereas no such significant change was observed in the ISS group. Therefore， the positive ino位opiceffects of HSS 
and HSD may be attributable to出巴Iscr巴asein left ventricular preload and decreases in SVR rather than direct changes in myoc紅 dial
contractility. 
悶 YWORDS: canine， cardiac contractiLity， cardiac index， echocardiography， hypertonic saline. 

Recent clinical data supports the conc巴ptthat early resti-
tution of th巴 circulationin severe sepsis and septic shock 
patients improves oxygenation and increases the survival 

rate [22]. It is therefore of great importance to restore the 
intravascular volume and thereby maintain adequate cardiac 

output (CO) and oxygen delivery. Hypovolemic shock 

resuscitation with colloids is prefeηed over crystalloids 

because colloids result in better regional and rnicrocircula-
tory blood flow [24]. Small-volume hypertonic saline solu-

tion(HSS) has been successfully used to resuscitate dogs 

with experimentally induced hypovolernic shock [13， 28， 
29]. The beneficial hemodynarnic effects ofHSS have b田 n

attributed to rapid plasma volume巴xpanslOncaus巴dby body 

fluid shift from intracellular space [2， 7]， transient decrease 
in systemic and pulmonary vascular resistance [27]， a 

vagally mediated reflex depend巴ntstimulation of pulmo-
nary osmoreceptors [13， 30] and increased cardiac contrac-
tility [29]. These beneficial effects most likely result from 

an increase in preload and/or decr巴asein afterload [27]. 
Some studies have found a positive inotropic effect after 

HSS infusion [9， 10， 15， 17]. HSS induces cellular dehydra-

tion through an osmotic effect， thus decreasing cellular 
water content and directly increasing the calcium level [32]. 

This could produce a positive inotropic effect of HSS 

because the increase in intracellular calcium concentration 

([Ca2+]in) results in increased cardiac contractility. Myocar-
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dial oxygen consumption increases 鉱山eend of HSS infu-

sion without significant change in coronary venous oxygen 
tension and content [15]. Howev巴r，many in vitro studies 
have demonstrated that a sudd巴nincrease in the extracellu-

lar sodium concentration ([Na+]OUl) produces a transient and 

rnild negative inotropic effect that lasts for up to 10 rnin， 
with [Na+]OUl directly influencing cardiac contractility [3， 4， 
31]. In vivo， HSS does not induce a demonstrable effect on 

M-mode echocardiograph indices of systolic function， but it 
does cause preload augmentation出atmay contribute to組

abrupt and transient increase in CO just aft巴rHSS infusion 

in normovolernic dogs [26]. 
The beneficial effects of HSS are short-Iived. The addi-

tion of a hyperoncotic agent， such as dextran， has been 
shown to prolong出ecardiovascular resuscitative effect of 

HSS in the treatment of hemorrhagic shock [24]. Combina-

tion of 6% dexran 70 with HSS (HSD) increases the dura-
tion of action， making thes巴 solutionsmore efficient with 

r巴gardto maintenance of plasma volume， mean arterial 
pressure and CO [11， 12， 19]. Adding colloids prolongs白e

duration of volume expansion and thereby the effects on 

cardiac contractility. HSD has been shown to be beneficial 

in experimental shock models. Further HSD research is 
required with regard to cardiovascular function in dogs. 

Therefore， there has b巴enclinical interest in HSD in relation 
to its effect on cardiovascular status， especially cardiac con-

tractility [26]. 
The aim of出isstudy was to investigate using echocar-

diography wheter infusion of the same small volume of 

HSD is superior to infusion of HSS in terms of the inotropic 

effect in normovolernic anesthetized dogs. 
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MATERIALS AND METHODS 

All procedures were undertaken in accordance with the 
National Research Council on Guide for the Care and Use of 
Laboratory Animals [18]. The experiments were performed 
on 21 beagle breed dogs， 3.3 :t 1.6-years-old (mean :t SD)， 
weighing 13.2 :t 3.1 kg (mean :t SD). These dogs were 
deemed healthy on the basis of a physical exarnination， tho-
racic auscultation and radiological and echocardiographic 
analyses. A complete， balanced di巴tconsisting of rationed 
concentrated pellets was provided， and the dogs had unlim-
it巴daccess to fresh water. Food (16 hr prior) and water (1 hr 
prior) were removed prior to anaes白esia.All the dogs wer，巴
cared for in accordance with the principles outlined in the 
Guidebook for the Care and Use of Laboratory Animals 
approved by th巴 Collegeof Bioresource Sciences， Nihon 
University. 

The dogs were divided into three groups (n=7 each 
group). They were randomly allocated to receive 5 ml/kg of 
either isotonic saline solution (ISS)， HSS or HSD at a flow 
rate of 20 ml/kg/h via right cephalic vein. Each dog was 
introduced by thiopental sodium (Ravonal 0.3 for injection， 
Tanab巴Seiyaku，Osaka， Japan) at a dose of 18 mg/kg intra-
venously， and ana巴sthesiawas maintained with isoflurane 
(Forane， Abbott Japan， Tokyo， Japan) in 100% oxygen. 
During the experiment period， isoflurane in oxygen was 
deliver，巴dat an end-tidal concentration of 1.8士0.1%.The 
time of initiation of fluid infusion was designated as t=O. 
AII dogs were monitored until the end of the experiment 
(t=90 rnin). 

Transesophageal echocardiograph images of the long 
axis 2 and 4 chamber views were obtained at t=O (pre)， 3， 6， 
9， 12， 15， 30，45， 60 and 90 rnin after initiation of fluid infu-
sion using an echocardiograph (Prosound SSD-4000 Plus， 

Aloka， Tokyo， Japan) with a 5.0 MHz transesophageal 
probe (UST-5293S-5， Aloka). An anaesthetic gas and elec-
trocardiograph monitor (Colin BP-508 type S， Omron 
Colin， Tokyo， Japan) was used to monitor the systolic 
(SAP)， diastolic (DAP) and mean arterial pressure (MAP) 
by non-invasive oscillom巴tryand heart rates (HR) by limb 
lead electrocardiogram at each recording point. Venous 
samples were obtained at t=O， 5， 10， 15， 30， 45， 60 and 90 
rnin after initiation offluid infusion to dete打ninethe haemo-
globin concentration and hematocrit value using an auto-
matic cell counter (Celltac・.alfa，Nihon Kohden Co.， Tokyo， 
Japan). The changes in the relative plasma volume (rPV) 
were calculated from hae 

Hbn，. 100 -Hct.，mn 

rPV (%) =ー一一x x 100， 
Hbsamp 100 -Hctpre 

where Hbp問 andHtpre were Hb and Ht before saline infu-
sion and Hbsamp叩 dHtsamp were Hb and Ht at each sampling 
pomt. 

The left ventricular end-diastolic volume (EDV) and巴nd-
systolic volum巴 (ESV)we陀 determinedby the Simpson 

method. The stroke volume (SV)， CO and巴jectionfraction 
(EF) were calculated as follows [16]: 

SV (ml) = EDV -ESV， 
CO (l/min)=SV x HR ， 

SV 
EF (%) =一一一一一 x100. 

EDV 

Then， SV， CO， EDV and ESV were indexed (SVI， CI， 
EDVI and ESVI， respectively) to body surface area (BSA) 
as follows [21]: 

BSA (m2)=(body weight2l3 x 10.1)1100. 

The systernic vascular resistances (SVR) were calculated 
from CO and MAP as follows: 

SVR (dynes.s/cm5) = (MAP x 80)/CO. 

The data are expressed as means 土 standarddeviation. 
AII data recorded during this study were continuous mea-
sures with normal distributions. Statistical evaluation of 
data included a two-way repeated measures analysis of vari-
ance (ANOV A)， with treatment group and time as the two 
factors， followed by use of a post hoc test出atdepended on 
multiple comparisons versus pre-value (Bonferroni test). 
We used ANOV A for repeated measures followed by 
Tukey's Studentized range test to assess differences among 
the thr田 groupsat each same point. These statistical analy-
ses were performed using a software package (Stat View， 

Japanese Edition， Ver. 5， Hulinks Japan， Tokyo， Japan) 
Pく0.05was taken as the level of significance. 

RESULTS 

Figure 1 shows sequential changes in rPV， EDVI， ESVI 
and SVR for the dogs in each group. There was a slight 
increase in the rPV of the ISS group， reaching 110.5士5.0%
at t=15 rnin when the fluid infusion was completed， and this 
value remained stable for the rest of the experiment. For the 
HSS and HSD groups， progressive and significant increases 
in th巴 rPVwere observed that reached peaks of 137.3 :t 
6.4% at t= 15 rnin and 141.2 :t 7.8% at t=30 rnin after initia-
tion of the fluid infusion (p<0.001). The sequential change 
in rPV in the HSD group was significantly greater than those 
of the other groups (pく0.001).

EDVI increased immediately after HSD infusion from 
43.2 :t 8.7 at prior to infusion to 53.4 :t 10.2 mL/m2 at 15 
rnin after initiation of fluid infusion (p<0.001). Compared 
with the ISS and HSS groups， the HSD group had signifi-
cantly higher volumes persisted for the rest of the experi-
ment (p<0.001). The mean values ofESVI were unaffected 
by ISS， HSS or HSD infusion and remained constant 
throughout the experiment in all groups. 

The SVR of the ISS group was unaffected by ISS infusion 
and remained constant throughout the experiment. The 
SVRs of the HSS and HSD groups， however， were progres-
sively and significantly decreased， from pre-values of 
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Fig. 1. Sequential changes in a relati v巴 plasmavolume (rPV)， left ventricular end-
systolic volume index <ESVI)， left ventricular end-diastolic volume index (EDVI) 
and systemic vascular resistance (SVR) after infusion of hypertonic saline dextran 
solution (HSD) into dogs. The levels of significance (p<O.05) are indicated as foト
lows: (a) versus the ISS group， (b) versus由eHSS group and (勺 versusthe pre-
valu巴byBonferroni t巴st.The data are means :!: SD of seven dogs per group. 

fected by ISS infusion and remained constant throughout the 

experiment. Prior to infusion加 dat t=12-30 min after initi・

ation of the HSS infusion， the mean SVI and CI significantly 
increased from 23，7 :t 8.3 to 30.3 :t 4，1 mllm2 (pく0，05)and 

from 2，90士0，66to 3，89 :t 0.42 lIminlm2 (p<0，05)， respec-
tively， Then， SVI叩 dCI decreased towards the pre-values 
during由巳experimentalperiod， There were progressive and 

significant increases in th巴 SVIand CI of the HSD group， 
reaching 32，2:t 5，6 mllm2 and 3，98:t 0.78 II江山11m2，resp巴c-
tively， at t=30 min after initiation of HSD infusion， and 
these va1ues remained unchanged for the rest of出eexpeル
ment (p<0.001). Compared with the ISS and HSS groups， 

3390，6:t 1429，9 and 3847.5 :t 797.7 dynes.s/cmえreaching

2261.8:t 532.7 and 2335.6:t 429.0 dynes.s/cm5 at t=15 min， 
respectively (pく0.01). The SVRs of the HSD and HSS 

groups were significantly lower白血 theISS group from 9 

min to 45 min after initiation offluid infusion (pく0，01)，The 

sequential changes in arterial pressure紅 eshown in Table 1; 

arterial pressure did not vary significantly during the exper-
iment between the dogs in each group， 

Figure 2 shows the sequential changes in SVI， CI and EF 

in the dogs of each group. The pre-va1ues of SVI and CI of 
all dogs were 23，0 :t 5，5 ml/m2 and 2，61士0，64lIminlm2， 
respectively. The mean values of SVI and CI were unaf-
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Table 1 E仔'ectof a small-volume of 7.2% hypertonic saline wi出 6%dex仕組 70on cardiovascular parameters 

Pre 3 6 9 12 15 30 45 60 90 (rnin) 

Heart rates (bpm) 
ISS 105.8:t11.7 101.8士17.2 106.2:t11.3 103.8土12.5 103.8:t13.2 102.5士13.9 106.3士11.9106.3:t16.2 104.8:t15.2 104.5士13.8
HSS 1 27.O:t17.9 126.5士17.5 128.5土19.3 129.1土20.8 130.5士21.6 131.0士23.4 127.4士24.8 125.O:t22.6 123.6:t20.2 119.6士20.6
HSD 112.1士16.8 110.0士16.3114.3:t12.4 120.l:t22.9 122.9:t30.8 124.O:t30.0 124.1士27.1 121.7士25.1116.6:t19.1 114.4:t17.2 

Systolic arterial pressure (mmHg) 

ISS 11O.O:t7.8 108.3:t5.4 113.3士15.5 117.5士25.3 119.8士27.6 119.2士31.2 123.7:t21.0 125.2:t8.3 1 27.2:t6.5 1 26.7:t8.1 
HSS 111.7:t33.9 108.6士25.0 108.3士28.5 106.3士29.5 106.7士28.4 107.6士25.7 106.7:t17.6 108.7:t17.1 111.4:t22.8 115.3:t24.9 
HSD 11O.l:t29.0 107.4:t23.7 105.4:t20.2 105.1:t20.3 105.7:t21.8 102.4:t17.1 106.1:t19.4 111.1:t21.4 110.4士19.4 115.O:t22.0 

Mean arterial pressure (mrnHg) 

ISS 64.8士14.1 64.批 11.4 60.O:t8.7 58.8:t13.6 57.4:tl2.4 58.3 :t 13.4 64.8:tl4.1 76.4士16.9 76.6:t14.7 78.4土15.7
HSS 62.2:t15.1 62.2:t13.7 61.5士14.8 61佐 15.0 60.3士14.4 63.3士10.2 64.5:t 12.6 66.5:tl3.0 69.7:t16.3 72.5:t19.4 
MSD 66.3:t 9.5 62.7士8.5 61.3土7.0 60.8土7.4 60.5:t9.0 60.8士6.9 62.2士8.2 68.O:t6.7 70.5:t5.7 7 1.7:t1 3.0 

Diastolic arterial pressure (mrnHg) 
ISS 51.4:t7.0 51.6:t8.6 57.2:t15.9 48.8:t9.9 48.0 :t8.6 48.3:t9.8 50.5:tlI.2 59.4士12.1 58.8:tlO.9 59.6:t10.2 
HSS 51.2:t8.9 50.8:t9.8 49.5士10.5 49.0士9.6 48.8士9.8 50.0士8.9 52.2:t8.8 53.0:t9.1 54.8:t12.0 56.7:t13.5 
HSD 56.8士4.9 541:t11.7 52.9土8.4 51.1土6.2 50.7:t7.0 51.1土8.1 50.4土6.7 51.3士5.7 54.9:t7.7 56.9:t8.6 

the HSD group had significantly higher volumes for SV and 

CI persisted for the rest of出e巴xperiment(pく0.001).The 

mean values of heart rate (HR) in the HSS and HSD groups 
were slightly， but not significantly accelerated (Table 1). 

In出巴 ISSgroup， EF did not vary significantly during出巴

experiment. A transient and significant increase in EF was 

observed after hypertonic solution infusion， from 56.1 ::!: 
9.1 % to 64.0::!: 4.4% in the HSS group and from 58.2:!: 8.69も
to 63.9 ::!: 6.39もinthe HSD group (pく0.05).Then， EF 

retumed to the pre-values levels by t=60 rnin after initiation 

of the infusion in both groups. No significant difference in 
EF was observed between the HSS佃 dHSD groups 

DISCUSSION 

Whether or not hypertonic sa1ine with or without dextran 
enhances cardiac contractility is a controversial issue in 
research conceming shock resuscitation. Sirieix et al. [23] 

demonstrated that in patients who have undergone mitral 

valve repair， postoperative infusion of HSS increases left 
ventricular preload， decreases systernic vascular resistances 
and improves left ventricular EF. Some researchers have 

reported positive effects of HSS on cardiac contractility [9， 

10， 15， 17]， whereas others have not observ巴dsuch positive 

inotropic effects [6， 20]. In出epresent study， the mean val-
ues of ESVI were unaffected by HSS and HSD infusion， 
whereas the mean values of EDVI were markedly and sig-

nificantly increased. As a result of changes in EDVI but not 
in ESVI， EF increased transiently and significantly in the 

HSS and HSD groups， whereas no such significant change 
was observed in出eISS group. In addition， as a result of 

increases in CI but not in arterial pressure， SVR decreased 

transiently and significantly in出eHSS and HSD groups， 
whereas no such significant change was observed in the ISS 

group. Therefore， the positive inotropic effects of HSS and 
HSD may be attributable to出eincrease in left ventricular 

preload and decreas巴 inSVR rather出andirect changes in 

、myocardialcontractility. In addition，出eseresults suggested 

出at5 mllkg of HSD is superior to an isovolume of HSS in 

terms of intropic effects in th巴dog.

Our results indicated that HSS and HSD infusions 

induced a transient， but significant increase in SVI during 

fluid infusion. This may b巴explainedin part by the findings 

that HSS adrninistered IV did not show any ESV altema-
tions， whereas th巴rewas a significant increase in EDV due 
to preload augmentation. These results are in agreement 

with previous studies， which showed that resuscitation of 

shocked anima1s with HSS caused a significant increase in 

SV [5， 10， 28]. Those results suggest that the increases in 
rPV and EDVI， as indices of preload caused by HSS and 

HSD infusion， induced the increases in SVI to manage the 

volume-load， resulting in the increase in CI. 
The percent fractiona1 shortening， which can be obtained 

from M-mode echocardiography， is dependent on the inher-

ent preload and after!oad [16]. Horton and Mitchell [8] 
exarnined left ven位iculardimensional changes during hem-

orrhagic shock and found that the changes in left ventricular 

geometry were related to a disproportionate decrease in the 

septal-lateral axis that was greater than that in the apex-base 

axis. Therefore， echo-derived ESVI and EF obtained by the 
Simpson method are useful paramet巴rsfor estimation of L V 

functions without出einfluence of preload augmentation. In 

this study， the ESVI was also unaffected by HSS or HSD 

infusion and remained constant throughout the experiment 

despite satisfactory plasma volume and EDV expansion. 

These results are in agreement with previous studies show-

ing that HSS does not enhance cardiac contractility [6， 20]. 
This may b巴explainedin part by findings that HSS or HSD 
adrninistered IV is diluted within a short period and equili-

brated within the systernic circulation [14]， and so its con-

tractile effect may not be persist巴ntenough to be det巴cted
[20]. 

The changes in the hemodynarnic parameters， such as 

rPV， EDVI and CI， just after HSS and HSD infusion showed 
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Fig. 2. Sequential changes in stroke volume index (SVI)， cardiac index (CI) and句ec-
tion fraction (EF) after infusion of hypertonic saline dextran solution (HSD) into 
dogs目 Thelevels of significance (p<O.05) are indicated as follows: (a) versus由巳 ISS
group， (b) versus the HSS group and (*) versus出epre-value by Bonferroni test. Th巴

data are means :t SD of seven dogs per group. 

ride solution， while th巴ywere under isoflurane anaesthesia 
during the experimental period. Therefore， it did not seem 
necessary to consider the influence of isoflurane anaesthesia 
on cardiac function in出epresent sωdy. 

The present study demonstrated that the mean values of 
ESVI were unaffected by HSS and HSD infusions， whereas 
the mean values of EDVI were markedly and significantly 
increased after HSS and HSD infusions. Therefore， the pos-
itive inotropic effects of HSS and HSD may have been 
attributed to an increase in left ventricular preload and a 
decrease in SVR， without direct changes in myocardial con-
tractility. 

that there was a tendency for them to increase compared 
with the ISS group. The increase in CI of the dogs receiving 
hypertoruc saline may have been due to an increase in pre-
load [9]. In fact， many researchers have reported a signifi-
cantly expanded plasma volume as a result of HSS infusion 
[1， 29]. In our study， HSS infusion induced a progressive 
and significant increase in rPV and EDVI at t=15 min， 
which was the infusion ended. Because CI was calculated 
using HR and SVI， this implies that SVI was the factor 
involved in the increased CI. It is known that isoflurane 
anaesthesia has an influence on cardiac function. However， 

no changes were observed in the SVRs of出巴 dogsin the 
ISS group， which were administered isotonic sodium chlo-



94 K. SUZUKI ET AL. 

ACKNOWLEDGMENT. This work was partially sup-

ported by the Ministry of Education， Culture， Sports， Sci-

ence and T巴chnologyof Japan Grants-in-Aid for Scientific 

Research (No. 15780204 and 18580319) and the Nihon Uni-

versity Research Grant (2006) to K. Suzuki. 

REFERENCES 

1. Ajito， T.， Suzuki， K.釦dIwabuchi， S.， 1999目 Effl巴ctof intrave-
nous infusion of a 7.2% hypertonic saline solution on serum elec-

trolytes and osmotic pressure in healthy beagles.よVet.Med. Sci. 

61: 637-641. 
2. Baue， A.E.， Tragus， E.T. andParkins， W.M. 1967. Acomparison 

of isotonic and hypertonic solutions and blood on blood flow and 

oxygen consumption in the initia1 treatment of hemorrhagic 

sh∞k. J. Trauma 7: 743-756. 

3. Ben-Haim， S.H.， Edoute， Y.， Hayarn， G. and Better， O.S. 1992 

Sodium modulates ino甘opicresponse to hyperosmolarity in iso-
lated working rat heart. Am. J. Physiol. 263: H1154-1160目

4. Brown， 1.M.， Grosso， M.A. and Moore， E.E. 1990. Hypertonic 

sa1ine and dextran: impact on cardiac function in the isolated rat 
heart目 J.Trauma 30: 646-651. 

5. Constable， P.D.， Schmall， L.M.， Muir， W.W.， Hoffsis， G.F. and 
Shertel， E.R. 1991. Hemodynamic response of巴ndotoxemic

calves to treatm巴ntwith small-volume hypertonic sa1ine solu-

tion. Am. J. Vet. Res. 52: 981-989. 
6. Constable， P.D.， Muir， M.W.III and Bink1ey， P.F. 1994. Hyp巴r-

tonic sa1ine is a negative ino甘opicagent in normovolernic dogs 

Am. J. Physiol. 267: H667-H677 
7. Drobin， D. and Hahn， R.G. 2002. Kinetics ofisotonic andhyper-

tonic plasma vo1ume expanders. Anesthesiology 96・1371-1380

8. Horton， 1.W. and Mitchell， 1.H. 1992. Left ventricular dimen-
sions during hemorrhagic shock measured by bip1ane cinefluo-

rography. Am.よPhysiol.260: HI433-HI422. 

9. Kien N.D. and Kramer， G.c. 1989. Cardiac performancefollow-
ing hypertonic saline. Braz. J. Med. Biol. Res. 22: 245-248 

10. Kien， N.D.， Reitan， 1.A.， White， D.A.， Wu， C.H.加 dEisele， 1.H 
1991. Cardiac contractility and blood flow distribution follow-

ing resuscitation with 7.5% hypertonic saline in anesthetized 

dogs. Circ. Shock 35・109-116.

11. Krarner， G.c.， Perron， P.R.， Lindsey， D.C.， Ho HS， Gunther， 

R.A.， Boyle， W.A. and Holcroft， 1.W. 1986. Srnall-volume 

resuscitation with hypertonic saline dextran solution. Surgery 

100:239-247 
12. Krarner， G.C. 2003. Hypertonic resuscitation. Physiologic 

mechanisms and recommendations for位aumacare.よ Trauma

54: S89-S99. 
13. Lopes， O.U.， Pontieri， V.， Rocha-E-Silva， M.加 dVelasco， I.T. 

1981. Hyperosmotic NaCI and sever巴 hemorrhagicshock: Role 
of出巴 innervatedlung. Am. J. Physiol. 241: H883-890. 

14 Mazzoni， M.C.， Borgstrom， P.， Arfors， K.E. and Intaglietta， M. 

1988， Dynarnic fluid redis甘ibutionin hyperosrnotic resuscita-

tion of bypovolernic bernorrhage. Am. J. Physiol. 255: H269-

H637. 

15. Mouren， S.， 

eds)， W.B. Saunders Co.， Philadelphia， PA， U.S.A. 

17. Muir， W.W. and Sally， 1. 1989. Small-volume resuscitation wi白
hypertonic saline solution in hypovolernic cats. Am. J. Vet. Res 

50: 1883-1888. 

18目 NationalResearch Council. 1996目 pp.1-70. Guid巴forthe Care 

and Use of Laboratory Animals. National Acaderny Press， 
Washington， D.C.， U.S.A. 

19. O'Benar， 1.D.， Bruttig， S.P.， Wade， C.E. and Dubick， M.A. 1998. 

Hemodynarnic釦 dmetabolic responses to repeated bernorrhage 

and resuscitation with hypertonic saline dextran in conscious 
swine. Shock 10: 223-228. 

20. Ogino， R.， Suzuki， K.， Kohno， M.， Nishina， M. and Kohama， A. 
1998. Effects ofhypertonic sa1ine and dextran 70 on cardiac con-

tractility after hemorrhagic sh∞k. J. Trauma 44: 59-67. 
21. Pypendop， B. and Verstegen， 1. 1999. Cardiorespiratory effects 

of a combination of rnedetornidine， rnidazolarn， and butorphanol 
in dogs. Am. J. Vet. Res. 60: 1148-1154. 

22. Rivers， E.， Nguyen， B.， Havstad， S.， Ressler， 1.， Muzzin， A.， 

Knoblich， B.， Peterson， E. and Tomlanovich， M. 2001. Early 
goal-dir巴ctedtherapy i目白etreatrnent of severe sepsis and septic 

shock. New. Engl. J. Med. 345: 1368-1377 
23. Siri巴ix，D.， Hongnat. 1. M.， Delay釦ce，S.，D'A汀ellis，N.， Vicaut， 

E.， Berrebi， A.， Paris， M.， Fabiani， 1. N.， Carpentier， A. and 

Baron， 1. F. 1999. Comparison of the acute hemodynarnic effects 
of hypertonic or colloid infusions immediately after rnitral valve 
rep創r.CrIl. Care Med. 27: 2159-2165. 

24. Somell， A.， Aollevi， A.， Suneson， A.， Riddez，し釦dHjernqvist， 

H. 2005. Beneficial effl巴ctsofhypertonic sa1ine/dextran on early 

survival in porcine endotoxin shock. Acta. Anaesthesiol Scand 
49・1124-1134.

25. Suzuki， K.， Ajito， T.， Kadota， E.， Ohashi， S. and Iwabuchi， S.， 

1997. Cornparison of commercial isotonic fluids intravenously 

a也ninisteredto rebydrated fasted bullocks. J. Vet. Med. Sci. 59: 

689-694. 

26. Suzuki， K.， Aoyagi， S.， Koie， H. and Asano， R. 2006. Tbe effect 
of 7.2% hypertonic saline solution on M-mode echocardio・

graphic indices in normovolernic dogs. J. Vet. Med. Sci. 68: 749-

751. 
27. Suzuki， K.， Suzuki， T.， Miy油訂a，M. and Iwabuchi， S. and 

Asano， R. 2005. Comparison of a small volume of bypertonic 

saline solution and dextran 40 on hernodynarnic altemations in 

conscious ca1ves. J. Vet. Sci. 6: 111-116 
28. Us， M.H.， Ozkan， S.， Ora1， L.， Ogus， T.， Acar， H.V.， Cakir， 0 

and Keskin， O. 2001. Comparison of由巴巴ffectsof hypertonic 

saline and crystalloid infusions on ba巴rnodynarnicpar創neters
during haemorrhagenic shock in dog. J. Int. Med. Res. 29: 508-

515 
29. Velasco， I.T.， Pon 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

