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Evaluation of Influence of Anesthetics on Canine Stroke Volume and
Feasibility of ACT Using Echocardiography

Ki-tae Park, Eun-sung Lee, Dong-in Jung, Seong-chan Yeon and Hee-chun Lee'

Research Institute of Life Sciences, Gyeongsang National University, Jinju, Korea

Abstract : Stroke volume (SV) is an important parameter for monitoring of a critically ill animal and is echocardio-
graphically measured using the modified Simpson's method, automated contour tracking (ACT) method and left
ventricular outflow method. The purpose of this study was to evaluate the effect of anesthesia (isoflurane) on the SV
during echocardiographic examination and to evaluate the feasibility of ACT method for measuring the stroke volume
without anesthesia (conscious state). Ten clinically healthy adult Beagle dogs (3 male and 7 female, weighing 6.6-
10.8 kg, aged 2-3 years old) were enrolled. Our study found that the dogs anesthetized have a significantly lower
SV, compared to the SV of dogs unanesthetized, regardless of methods measuring SV. In addition, in the dogs without
anesthesia, the SV measured by ACT method was significantly lower than the other two methods. This result implies
that the anesthesia may significantly lower the SV. Thus, the measurement of SV under anesthesia may not be adequate
in veterinary field. Furthermore because the ACT method measured SV significantly lower than other two methods,
this method may be inappropriate for measuring SV in even conscious dogs.

Key words : stroke volume, modified Simpson method, ACT method, LVO method, anesthetics.
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B Ao AME 2337]= Xario® SSA-660A (TOSHIBA,
Japan) 240|350 MHz F-A1& ©E27F AREH AT 4%
<3 Arks AARE S8l 55 AR BAEC] H3EEE ¢
Zder w3 5 AAEdH

A
B Agor %33 ZAF=Emodified Simpson's method,
left ventricular outflow (LVO) method Z2]3 Automated
Contour Tracking (ACT) methodE ARE-s1ow Zbzke] 4
AL o]l AT-(18)8) FLUSH WHO R HAE AAEA
o 4289 A A AL Q) Akl HAlE o
s Ik flal Z/d€ 3, medetomidine® 2 W H
e 2E]3L isoflurane 02 viHE FEiE o] A E
o} AvlHAZ = atropine sulfate (Jeil Atropine Sulfate
inj.", Jeil pharm. Co. Ltd., Taegu, Korea; 0.04 mg/kg, SC)
9} Ranitidine (Ranisid inj.*, Jeil pharm. Co. Ltd., Seoul,
Korea, 2 mgkg IV)S F3I3tt. Medetomidines ARE-g
A¥e 92% IRAe 22G7HEEE AU Medeto-
midine (Domitor®, Orion pharm. Co. Ltd., Espoo, Finland;
40 pg/kg V)& T3 A v Hd 2345 Uehll= 15%
T AAEASH isoflurane S AREEH A 8E% HTA
ol ARJE 22G 71HElE 53 Propofol (Provive 1%.%,
Myungmoon pharm. Co. Ltd., Seoul, Korea; 6 mgkg IV)
2 Folsle] nlAE FES F /3 FH WL s
Edut 71 A4k 100% AHARFF skl isoflurane
(Ifran®, Hana pharm. Co. Ltd., Kyonggi-Do, Korea; 1.5~

2%)02 mHE FAEITE v Y5 457Ul ETiso
E1.5%Z 204 °)% %XW?L T AAES AAssln
w7 X Sk ARk, 355, A(BSM-2301K,
NIHON KOHDEN, Japan)sﬂr ET CO,, ET ISO, SPO, &
(Capnomac Ultima, Datex, Finlandyg =7 &}1t}.

Data analysis

=4 A 2GS Hd + FF X (mean £ SE)E A
staem A9 Aol FA £ SPSS version 14.0
for Windows (SPSS Inc., Chicago, USAYE ©]&-3}T}.

A Z 5 3 (modified Simpson's method, left ventricular
outflow method 22]32 ACT method)S ©]&3t 7zt AdL
<) @574—%):9] ol 7L Scheffe-testz 43100 =&
7Hd AFS parel 0.05 Rl A-E fojs Ao 7HE

STt

_1

2

U3] AuEs S92 1001 H2AE Ude R AHAE
Aot AZXSIE o8 A7A] A mF=EA] &2
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Table 1. Volumetric evaluation of stroke volume (ml) by three
echocardiographic measurement methods in conscious state
and under anesthesia (isoflurane and medetomidine) “p <
0.001 compared with conscious state and °p < 0.01 compared
with conscious state (n = 10)

Methods Simpson's LVO method ACT method
method

Conscious  12.63+2.52% 13.82+2.84® 9.67+2.00"

Medetomidine  6.80 £2.21°  7.76+1.65°  6.07 +2.53*

Isoflurane 7.76+0.86° 9.18+142° 6.52+1.01°

Stroke volume values are means + SD.
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Stroke volume(ml)
[ve]

Simpson's m. LVO m. ACT m.

Fig 1. The comparison of the stroke volume obtained from
ACT method and the other methods in conscious state. a: p <
0.05 compared with Simpson’s method, b: p < 0.005 compared
with LVO method.



266 W7lE - ol - A
7t Bt 43 ANEFES vt Zth(Table ).

Al 7E] S8 BFolA mlFERA] 2 Aol vl
7R WEFHAE Bl mhEE e olx ] A3 AdEe] &
oF o7 e As HS RIS

T3 mERER] o2 el A7 Sl ol 24
¥ 43 AurEwre] das #4823 ACT methodol ©]
3t Axgte]l ©& F 7BA] W = modified Simpson’s
method®} left ventricular outflow methodHel| H|&) 24
o7 v SA=AckFig 1).

.

i =}

1e] g Fofglof|x] theet U3 AlutEEe]

MEo] ot el e BiGH o)A AE3sk=t] o
Hgo] o] IRl g BrFss A 7KIT3,24).
22122 Ehlers (6= 93] AlutEwF 57800 oA 875
= 2702 O HREFAHY A, @ el G4 A
A, @ Agor star AAEA] 4ol 75 A, @
o] AHT A, ® AHHo)|L A3t € A 5 EXL
b, 2 A3oMe ozt 21 SSAIEA, G4l
Adollr GAl AES 5 Je U 4uEF

S5 T Al 7 SHHE AR

o] QoA o}E FE ek 2 XFE 9% 97 3
9l Al AHEg viFE 5ol dite] o FEES
A ol tid FEgd 5507 s X5 ¢ AT 9
Sk pojate] 7o) HIgRA]] dES skl Ha L= Q1)
Ags A D HE3 2 7rF BT ® ohg} FEe
s AR FA7 PFoz Qldl FEI FA BF AlA
Aol =4S 9L £ AUTK5,12). ol AEST AL A=
BAE 5= Qe BAF o)t AT viFHE <)
Asks ofe] 7HA] 282 IS = Q17] wiiel] HEg v
WS Meste] ebdsH AlmE oo dit} 53], viEe Al
E Ul Zg IS Aslietd At Ao #5ES E
|$hsES A7, T ok E A

Lo

fl

rfr oo dle

0> 1o 30 & (o
(o]

B
I

I
o>

I8

Ak

Rl

%

dz

>

1o

[o]
P
)
B>
>,
N
rr
=
N

s H
T 42E FUITHA). mep U3) e 2YsE B

] = =
A7} 7o) A71e BE 34 Aol niH el A
o] NFE 71gelof & Aeolth. & AFlME o] Ay

A dutHor 7 Wol AR FUPHAllsofluranest
FAMEA] Medetomidines ARS-3IGoH, F S/ vlEAl
£ FosS o 3] AuEEe vEHEA G AdE A
o} vladle] A7EA] S BTN ooz wre As
£ Bt o= F 7K R nEATE B 43 ARk
Fe oA = FAgo] EA) &) "o uiE & 37t
= QoA A e ool AEA] kS AAIS

ACT methode SAHES ASAIA AREALY] w8
FHasl A7l wHoEM A 5 g o)¢h oA ¥
slele A g 21s AsdoR ARt A4

W7ol 848 24k et Ha qle] Ao] Haw
44 z9%

ACT method & 53l €3] ABERF 5

ke ATe AR et B AFolA miEHExR] ke
BHZF4E o2 ACT methodS S8 U3 &3S
=A4s 2 A3}, ACT methode TFE F 7K AZS9Py
of Hlsl frejFer d3] HutEgo] AA Yoe AE &
o135}t Kenichi (23) 59l €J8PH ACT methodol] AFE-E

47 4% Swgde ATE Sggow ds) A4l 4

A7 AZ dHgAS ARE-S= modified Simpson’s method
oF HIEAL, o] Wl HIS|ME fre|Hor 3] 4lukE
Fol A3t WA vee RS B W2 AuEe] A3
£ Kenichi®] o]2o® d9d 4= gtk

At o2 Fhe] AHkE 60-1803]2 Abgre] AukE 60-
803]ell wlal] w2}, B Aol AFA] Ha AHur=
1423] % Abghe] Aluppe]] vls) 2uf 7h7ho] Wit} AE
3 AL A ol E A 571719 e 2T
ZEdoR 7|EH et Al AvksrE 6032 Azte
g1e] Aol A Hol oleb7|ok ) F=5717kA]9] Al =
o WSS 30z o vehd 4 ol Wk, & Aol
= 1B3EHYeE Yepiglt. 5, AR vskE el
=t BEE7E "old & o] glow 1o uet A 84
< Wrkeketl A A AAX|7F & Flolnt. o]ygh o]
ol 18] B A4 ACT methodoll &3F U3] A&k
o] thE 7 7HA] whel g AzgETt folHos AA
2 Zlo] obdrt Alssth

2 AT AghdE doshy A3
g s = Al o3 SAgko] AN A BTt
= Holtk. SN A&t U= HEy Aee 338l
Aol Agol o, Axeut WHE o8l 389 A%
o] Bl Wt B3 AHE EEske B A7 &
A & Ao A

o

=

o &3

=]
i
ﬁ
7
N

4 =

A7 022NN A2t ZAE A SkRATE A3 A
= 1= G ot vFHEA] e el o
3] AuEd 34 AT ACT method?] 2§ 78S %
7¥al7] 9l 2 A7E S

Z 100l MFAL PO HELTHE o§d
modified Simpson's method, left ventricular outflow (LVO)
method 28] Automated Contour Tracking (ACT) method
Z4o] o|Foigom vlAAL Ul AuEPel VX
S ZRlsl] S8 2% el & UlET, medetomidine
Z vlHE A 28] isoflurane 2 E vl ¥ AHE AF
o AHg3a



7oA

Jud)

2 Az, Al 7] SR BN v EA] e A
3l miFE dEjollAe] d3] AuEsre] fojHom e
FE BJI v EA] 2 Aol ACT methodoll 2|
F Agre] e F 7] Sl Hls] felFoE v
A= At

322 isoflurane’} medetomidine®l] 2] o
AEEES AT IE ZEe] 7] wiidd A dsellA
B 2 IR AAPE ZldE ook s AEE A
oA ACT method®] 482 ] B2 A7t 2% 5
AtEE

AN pot

UAtel 2
o] RS 2010d% HY @SFErIER)e] Yoz 3
=ATA 715_@_?/‘}?34 A Qg ol e A2 (2010-
0007394).
= LA

1. Abbott JA, MacLean HN. Comparison of Doppler-derived
peak aortic velocities obtained from subcostal and apical
transducer sites in healthy dogs. Vet Radiol Ultrasound 2003;
44: 695-698.

2. Boon JA. Manual of veterinary echocardiography. Blackwell
publishing 2006; 1: 1983-1985.

3. Critchley LA, Peng ZY, Fok BS, Lee A, Phillips RA. Testing
the reliability of a new ultrasonic cardiac output monitor, the
USCOM, by using aortic flowprobes in anesthetized dogs.
Anesth Analg 2005; 100: 748-753.

4. Eddie Clutton R. Anaesthetic complication, accidents and
emergencies. In BASAVA Manual of Canine and Feline
Anaesthesia and Analgesia (Seymour C, Duke-Novakovski T,
editors). BSAVA 2007; 2: 317-320.

5. Eddie Clutton R. Legal and ethical aspects of anaesthesia. In
BASAVA Manual of Canine and Feline Anaesthesia and
Analgesia (Seymour C, Duke-Novakovski T, editors). BSAVA
2007; 2: 1.

6. Ehlers KC, Mylrea KC, Waterson CK, Calkins JM. Cardiac
output measurements. A review of current techniques and
research. Ann Biomed Eng 1986; 14: 219-239.

7. Gore JM, Goldberg RJ, Spodick DH, Alpert JS, Dalen JE. A
community-wide assessment of the use of pulmonary artery
catheters in patients with acute myocardial infarction. Chest
1987; 92: 721-7

8. Guyton AC. The Fick principle. In Circulatory Physiology:
Cardiac output and its regulation, 2nd ed. Philadelphia: Saunders.
1973; 1: 21.

9. Guyton AC, Hall JE. The heart. In Medical Physiology.
Philadelphia: Saunders. 2002; 7: 171.

10. Hergan K, Schuster A, Fruhwald J, Mair M, Burger R, Topker
M. Comparison of left and right ventricular volume mea-
surement using the Simpson's method and the area length

N2 A VAL dsliE

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

| PlXRe Gt ACTHS) H87Fs %7t 267

method. Eur J Radiol 2008; 65: 270-278.

Hozumi T, Yoshida K, Yoshioka H, Yagi T, Akasaka T, Takasi T,
Nishiura M, Watanabe M, Yoshikawa J. Echocardiographic
estimation of left ventricular cavity area with a newly developed
automated contour tracking method. J Am Soc Echocardiogr
1997; 10: 822-829.

Kienle RD, Thomas WP. Echocardiography. In Small animal
diagnostic ultrasound, 2nd ed. Philadelphia: Saunders. 2002; 2:
354-355.

Kienle RD, Thomas WP. Echocardiography. In Small animal
diagnostic ultrasound, 2nd ed. Philadelphia: Saunders. 2002; 2:
368.

Lewis JF, Kuo LC, Nelson JG Limacher MC, Quinones MA.
Pulsed Doppler echocardiographic determination of stroke
volume and cardiac output: clinical validation of two new
methods using the apical window. Circulation 1984; 70: 425-
431.

Nishikawa T, Dohi S. Errors in the measurement of cardiac
output by thermodilution. Can J Anaesth 1993; 40: 142-153.
Otterstad JE, Froeland G, St John Sutton M, Holme I. Accuracy
and reproducibility of biplane two-dimensional echocardio-
graphic measurements of left ventricular dimensions and
function. Eur Heart J 1997; 18: 507-513.

Otterstad JE, St John Sutton M, Froland G, Skjaerpe T, Graving
B, Holmes I. Are changes in left ventricular volume as
measured with the biplane Simpson's method predominantly
related to changes in its area or long axis in the prognostic
evaluation of remodelling following a myocardial infarction.
Eur J Echocardiogr 2001; 2: 118-125.

Park K, Yeon S, Lee H. Comparative evaluation of cardiac
output using echocardiography in beagle dogs. J Vet Clin
2012; 29: 384-390.

Rezende ML, Pypendop BH, Ilkiw JE. Evaluation of trans-
esophageal echo-Doppler ultrasonography for the measurement
of aortic blood flow in anesthetized cats. Am J Vet Res 2008;
69: 1135-1140.

Schober KE, Fuentes VL, Bonagura JD. Comparison between
invasive hemodynamic measurements and noninvasive assess-
ment of left ventricular diastolic function by use of Doppler
echocardiography in healthy anesthetized cats. Am J Vet Res
2003; 64: 93-103.

Slama M, Susic D, Varagic J, Ahn J, Frohlich ED. Echo-
cardiographic measurement of cardiac output in rats. Am J
Physiol Heart Circ Physiol 2003; 284: 691-697.

Smartt S. The pulmonary artery catheter: gold standard or
redundant relic. J Perianesth Nurs 2005; 20: 373-379.
Sugioka K, Hozumi T, Yagi T, Yamamuro A, Akasaka T,
Takeuchi K, Homma S, Yishida K, Yoshikawa J. Automated
quantification of left ventricular function by the automated
contour tracking method. Echocardiography 2003; 20: 313-318.
Yamashita K, Ueyama Y, Miyoshi K, Igarashi R, Kushiro T,
Umar MA, Muir WW. Minimally invasive determination of
cardiac output by transthoracic bioimpedance, partial carbon
dioxide rebreathing, and transesophageal Doppler echocardio-
graphy in beagle dogs. J Vet Med Sci 2007; 9: 43-47.



