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Studies on Carp Electrocardiogram

Leading methods and standard values

Kai-Xun ZHANG, Katsutoshi OHNO and Hiroshi KADONO

Laboratory of Veterinary Physiology
(Recetved July 31, 1986)

SUMMARY

Several works have been reported on the electrocardiogram (ECG) of fish, but very few systematic
and detailed studies have been pubished on fish ECG because of lead method difficuties.

This study describes the lead methods and standard ECG values in the carps under light anaesthe-
sia. Needle electrodes were stuck into the right and left fins and left chest region of the carp. By the
combination of these 3 points the standard limb leads (I, II, III) and the augmented leads (aVR, aVL,
aVF) were determined after the lead methods of human or animal ECG. These lead methods were easy
to perform and all waves of ECG were recorded very clearly.

The characteristics of each wave are as follows :

P wave: This wave appeared in positive or negative form, so it has been considered that the
cardiac rhytihmicity was sinus rhythm in all cases. QRS complex : All QRS complex appeared as a
positive wave form, and the amplitude of this wave was larger in lead I and aVR. Mean value of R
wave of in lead I was 33.6xV and that of Q wave in aVR was 70.04 V. T wave : This wave in aVR was
positive in all cases.

On the other hand, T wave in I, II, and aVL showed a negative form in almost all cases.

The mean electrical axis indicated almost the same direction in both cardiac atrium and ventri-
cles.

Amplitudes and durations of P, QRS and T wave, and the intervals between these wave were
measured. .
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HBR 3 i3 HB I 101 7.2 5.0+ 2.5
I 6 60 4 40 m | 4.3+ 1.0] 7.2% 4.0
I 4 40 | 5 50 10 aVR | 3.8+ 2.0|10.7% 3.9
I 8 8 | 2 20 aVL| 7.6+ 5.0 3.8+ 1.8
aVR| 6 60 | 2 20 | 2 20 aVF | 2.9+ 1.7| 5.8% 4.3
aVF| 2 20 | 6 60 | 2 20
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aVF 74.0£23.2  135.6+29.2 157.5%20.6 | 2708+924.5 231.0+61.7 760.0+176.1
feFfE | 70.7£22.3  137.6+ 2.7  179.3+ 8.0 | 27084924 5 228.9+ 3.9 788.2%+ 10.0
FHET R

= =

REOLBARTESLT, 1LBEILELIORD, SbIcEERE (Teleostei) & # B /&% (Elasmo-
mMmgfm:aﬁotﬁm%éofvéoitﬁﬁ@bmmvb@bi%&D%&@mmmhﬂmww
ﬁm)%%%&Lfﬁ%&b%&@ﬁ%%ﬁot&ﬁﬁa,aﬂ,bﬁ%lwcﬂmﬁﬁgnfv5%

%%%D%bt@mCﬂKEL,:@ﬂf@ﬁﬁaD%ﬁumﬁﬁaﬁﬁﬁ4®2hﬁméb,ﬁ%ﬁ
ﬁ%~w@$%t0%&&koivao%—&ﬁ%&D#B%Ltﬂ§m®EE%M%ﬁKﬁ%LT®E
K%?éﬂ,%ﬁOQEKQ,%ﬂﬁﬁ&%héﬁﬁbﬁﬁBﬁbbb@%ﬂﬁﬁﬁ%@%%hfvtbo
Lkﬁof@gmﬁiﬁ%%%ﬁﬁ&LT&%K&%%GW&E&%&Hﬁ%bbﬁﬁfﬁﬁ?é%a
it?%ﬁ%ﬁ#&b%%mﬁbb,CC%*@&LTEﬁé%@Ef%ﬁKI%EE%%%%hTh
K%%:f%ﬁ@@%@#%k@%%ﬁ5%%%&@&&6&%@%%%K&%?6:&u§§%%?
50LmbﬁUﬁ@%mvfﬂoﬁﬁﬁ@@5@%@@%§&fﬁﬁ§ht®%@f@hd,%ﬁ@@ﬁ



= B .M o LERCET AR 179

DEBHEET 5 L TEBRTALDLELLRD, TRBERAREOREXY AN E LABIRTIE, Z0L5
HEROEEILETH b, BIBHCAFTE, HEMELLTOME, KE, Fih HHLEEED
Sty T WFIELD B, BE S REVGKE T b R ERE R VO ERZEH L

BRI A O Y Lize 20X 5 RN LRI IBRETAD bV TREADDE
BREROLENFNRFCETHZ LNTED LE LD,

BEOLBIAOERIMEL, %@ﬁ@&&%i@%%m%m#BAf% WEE bR T 5 X
5 L EROBEH AERERTE RV, £ DHE DD S ~NBEBARA LIBARBERIMER I
hTtwad, Lirlz @ﬁ&ﬁ%@%@bﬁﬁ%kﬁ%4%@0%%%0H%L@1$mk%&@ﬁ%%m
FWL+7, ¥EEEYEDALBCEOMNBYRR CERRACERVOTEBRYEFCAN L T 2HCE
QeI BEETH D, Lizhis TLHEROEMYBITT 5lcdicil, RRETRICAKEHEILE
BONBYHEITHLERD B, T RBEACEE, EBIESOBMNEL (KiE25~30C T2 H~1
BEDEBTSTYIMLTLES> LD, ;bﬁﬁ@ﬁéﬁ@bm<v%ﬁﬁ%§hykLtﬁof
o D J T Ik O A REER e BRI R TR Y, BEOMBRLRESCHT MENEETE,
DOEMEITH HOT, BEEOBVWLENEZERTHZ LNTE S,

BEOIEOEYTEL, DEYESATESX ABFECHY T HNECERYEEL TEHEIEL
BRI UOBROLERT1LE 1 LEOBRIC L A RELLTH A, P, QRS X OT B B\ H
AL, PRaEM, QRSEIZRs 27k REARL, TEEEN, —Ht BHEOIOREIETIEITH
BT AT 5,

EELORETS P, QRS BR X OTHEBBBCANTE I, LELERTOLERICHE L TEE
DOIFEINE VD, OB EESEO XY 77 71X > TEBEEORWEELIIRTH 5,

BB ST QRS BE L T I & ORI/ X B AEEL, hBERM#EO RS BEAREZRTBE T
» b9 Satchell® 3 AELENOEAWER L LTPELET L CHIRAOB S AR ¥R+ VI G S
hozd, Lih-TVE, PH, QRSHE, BEIZhFRERRA, LF, LER X OBIRM#EDOHS &
BEYTEL, OSWTHET A TREILEOESEAELELTEMERTHD L LTVD, LichsT
Oz EnBTHEVERIUBESEDLEBEOSHALETH B, hkd b OBE TIRIEEI D
TINE WD EAEREIREV, FAR 2 I hLOEHEED TOBOBRIERFH RN LT 5
fedicly, PIBRTERNLELBbh b,

HEIABOESRE CHEAXRBEBECL ), LDEoEMMETABEY (+), AHOEEL (—)
FLTLERYERLT, PERXVThLBHETH S, QRSEOEH 24 TIXQRE, 7Tz QS
Bl =< ATIERSHE, ~=F b= 1 3QrBRRTEL TS, EciRIBIZ= A & =2~ ATL.1mV,
7#0.4mV, ~=50.9mV, =2 40.1mV THh, EH IR\ BFECI - TZEIETHHEL, &0
I HEROERE L CEEOERNCERT 2 OBOBEN MBI T2 &, EHER L O L OERRY s
MEBBGEY —EREoZ AL ThL VW LR ERELLRB E LTV 5,

L ORECEPREEMAERCCEBEPIEE ), BEPEXI 2R\, T MK PRERITZE
EREFRTRTCOFHETAD bR, T QRSFILOWT aVL £
3 QRENRS A, FEick - QX RSE, QSH, QRSHE, R C
R linbhbd, SO L IBEEOEBLZUTHHLEEL
Shah, (4) (—)—HOBEBOAXATEBINICLDOTHH,
2L LOEROEANFTEERC L) - TEBLYREL TV
HIEALTWASDEBbhS, TitbbRARNYICL % LD #
OEEZEE D L ICREFIMNBERIR3 OB TH S, Zhil
Z2EZLORELOBEROAFEICE T 5 EHLCESEOBR
RRBTHEDOBERID, LEOBSBABIRINCLH D,
OE, DEOIEFCERTSE 2 aVROFEEBIF S B O
FRLTL AHAEALELTH B, LichioTRSEMNHEL, R 3 @O




180 BB RF LB RME £ 51 5 1986

ﬁ%%@i&%&&%:&ﬁb#éJLMm%mo%VF@%ﬁ%@@@@@mﬁ@@&ﬁbf<5ﬁ@
R TH Do LA TIhhbBERINAWEHEBREOW P FOERG Z T2 & ivbonsd, & 748
DOLERFAMHL T 50T, HEHI N5 QQEILILEN K X < BIETH 5,
FEDLRALROERICESWTLER L OLEDOEHESHIC O T EIR T - 7223, Fokt
RigE, B, RBIOADZHEIRRD, 1) OBRERED LR, Tihbh, Fho0OEMY LT
HHAHE S - T b, 20z ik Ueno 208 0 LERICEIT 28ED e T H IS X T 5,
ABRICE T 5 EORROBIFTS & 3V 27202, BEOIRALALEROBEETREEL L Ic
B Ie W Z B TEL T LD, ThBOBRITS &L FWTEBO G 2R Lt, F ORI
THOERFR ISR RIS DB BRI A REE L DL E 25, L Lanba% e b LR
LT, ZFFEHEOBEROW & OBIRIC OV TBR TS & & bic, DEOBSE O RIZo T O
QRS TRz X 5 #5f% £ 0 Einthoven IF == Bailey D RE#ER T & & ORI D TEHM o
WETH B,

& 3

ARROKmICHIc>T, B REK WLAREE) CHRBRIBNIE It o L 23S L
B

X (73

1) BEARE: "RBEEBRYHEE 1" B SEH, 301-305, 1981

2) RERE  BEUBOSLRE L v BT 5B AN, Bk, 78, 291-296, 1969.

3) BPE, NHUE, MAES, PHEA AEOLERCETAHE 1. OEREHE OB, KEKE
KEFHFCE, 12, 147~154, 1973.

4) IIRIE  BREEREREOEE, 8. FE00BER. 148, 19-21, 1981

5) B 110, ToMOBFHESYWO.OER "IEOEY", B SIA2E, 158-168, 1985.

6) G. H. Satchell : Circulation in Fishes. Cambridge Univ. Press, Cambridge, 1971.

7 BEE" BEOLERONANBERIC L BB 5T, ST, ErAE 1978

8) MEEZ : "BMERRMHOIEH” Tt | BIEE, 493-497, 1964.

9) Ueno, S., Yoshikawa, H., Ishida, Y. and Mitsuda, H. : Electrocardiograms recorded from the Body surface
of the Carp. Proc. Jap.Acad. 61 (B), 261-264, 1985.



= B BoLERBET A% 181

: .

I

e I R

S H R E

aVL
!. u |
—NT N —N—~
Vv
aVF _____l 25y

X4 EERKFEE (1. O 0D ROHEBRER
K% (aVR. aVL. aVF) o



