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Abstract

Chihuahuas are one of the small breed dogs which are
predisposed to myxomatous degenerative mitral valve disease
(MMVD), which is an important disease observed in this breed in
clinical practice. The etiology of MMVD is not completely understood,
making prevention and treatment of the disease difficult. There are
more than 50,000 Chihuahuas bred in Japan. Herein, we analyze the
early stages of MMVD to clarify the cause of Chihuahuas' predilection
for MMVD.

An allometric equation for exponential echocardiographic
values influenced by body weight was obtained from 47 clinically
healthy Chihuahuas to establish and echocardiography reference
range for the breed (Study 1). Our results showed a high frequency of
trivial mitral regurgitation (MR). Since MMVD is essentially a disease
of old age, the fact that MR is observed at a young age suggest the
characteristics of MMVD in Chihuahuas.

Thereafter, we examined the prevalence and characteristics of
MR in young Chihuahuas without a heart murmur. The results
showed that a high percentage (86.7%, 26/30) of the Chihuahuas had
MR. Additionally, findings suggestive of MMVD, such as mitral valve
thickening and deviation to the left atrial side, were observed in 17
and 14 cases, respectively. These results suggest that Chihuahuas
have MR from a young age and that even young individuals may
develop MMVD. Furthermore, late systolic MR, which occurs only
during the late systolic phase, and previously unreported in
veterinary medicine, was also observed. This may be a predisposing
factor for the high incidence of MMVD observed in this breed. Late
systolic MR is different from the usual MR that occurs from early to
late systole (full systolic MR).

Finally, we examined the association between trivial MR and
cardiac biomarkers. ANP and NT-proBNP were measured in 56
samples collected from 28 Chihuahuas with no heart murmur. There
was no correlation between the degree of mitral regurgitation and
biomarker values. we can thus conclude the following: it is good that
cardiac biomarkers are not abnormal values because trivial MR in



Chihuahuas is not a target for treatment. Biomarkers can be used as
a screening test to consider the need for treatment even in young
Chihuahuas.

This study provided baseline information for the
echocardiographic indices and cardiac biomarkers, which are
important clinical evaluation methods for this breed. Notably, our
results show that Chihuahuas have trivial MR from a young age,
which may be one of the predisposing factors for MMVD.
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7= (W3 d P<0.001) (% 5),

3.3 (BMEFRWFEIEAE T D RFAE O FF-AMh

fENEFR PTG B ATz 26 B & XS fi#MT 21T > 7=, Late Systolic
MR 1% 6 BlZFE D ALz, MO ER Tl v, fEiE 0O BEEE
WY = v NEBIZAERZITZRO LN ho o, [BiEFOIEE & #fii
/X Late Systolic MR ﬁi“( X 1 Bl HiL, FE Late Systolic MR
BRI AP IVMERNZ B o 7o, (HIEFRRTR DR SIZ-OWTIE, Late
Systolic MR EF CAH B 2/~ LTz, FERIZHOWTIEE 6 1T~ T,

4. B

DHEE DR SN2 NF U T ThHoThH, MmO TEWESTMR 254
THZENRALMNE RS Tz, ERKRIZEWTIE, RIS Z X onT
I ENDZ EN K THDLHLDOD, RIFFEORRNLFUDICE
WIS ZAE LD X VBO THRIIZMR ZBRAL TN EEX LN
7o ZODMEENFERINALIENCMR 24 U A0REIL. v 7 AT R
R =T+ =TIV T LVl REIZEBNTHHREINTWDD, I
S DORFEICEBWNTIIARMIEDF U U OFERIZHRT, MR 25469 2514
[T £ REZATLHEEOEMIIFEVEMIZH S 07, Z0F
J AT ROPEITBWTIL, 5ARmo 21 flH 7612, 5~10 miin D
37 iR 22 Bz, 10 LA B> 49 BilH 39 B MR RO BN TR, / —
T A =7 T U TITENTE, LRI WR 8380 515 6T 5. 2 il
THoT I ERREINTNS, ZNHDRREEI L, TUTICZEW
Tm\%%%#%m%%ﬁ#é%Aﬁﬁbfﬁw&%Z%hto

MMVD DJR IR & 72 2 BB S 3 1T D AR IEERZE PRI, (i Ici 2 51k
%mmﬁ@@#\%wm@mm LoTHAELD?, EBIC, EBRIIC
Wit 2 VERR L 72 2 OEIE TR Tl IR 2 A U5 2 L DR ST
Wb, TNHDEFEND, BN SHEMET D MR, FUTIZEBNT
MMVD ZFEIET HONE DD EK TH 5 A[REMENE 2 LTz, AW TIE 0
~ 1 klinlZ 3 1T 2 (8ME 77 O JRJECHRAL & V> 72 MMVD (2 B39~ 2 By AL 13
Bl ZnZn 4afle 2B ThH o703, ZORTRIZ 2~3 il T, 10 4
6B L 5 BNZHEEM L, 4~6 m#n Tk, 7 HlHF T X CTOMKTIEE &
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HEE?MM&D%%L?_O Z DN, 5&‘7‘7 BiF5 WRITAHNL DO TH
BEMENNE 2 %%L\ — 5 CEEFIZB T D IRESCHIL & W o 7RI
””’féféﬁwﬂﬁ PEPEIZ HOUNT iMMVD EZDHREEEZ BN,
F7o. MR 3R B AL 26 Bl 6 il TiX, WHEZEICERE L THEL S
MR T& % Late Systolic MR MR INT-, Z ORI L E TITEE
BWTITHE SN TR0 DOO, ANERIZBWTIEL, (EiE PR iE EE
D—HIZRO LD Z ERHREINTEY ., MIEFmCILEH 25 07
fEMEFE A EDOIHEINC BT D ARLEMIC L > THELLBG L ST
A3 T SO RS Late Systolic MR X, F U UICEBIT A RFE A
P72BIG TH L AEEMENH D . FEERI ZIKEJVB (IZEBWTH Late Systolic
MR DF U U Fin TRD HALDMEMICH Y | 1 FlZBROTHEERICE
DB B ERE AL (IREB®D) | mu&)%zhiib)oﬁ_o 55
BRI MLEETIIH A0, Late Systolic MR 23F 7 U D MMVD F&IE D BLK]
Lo TWDATEEMENE 2 bl

5. JNEE

F U U TIL, Em»oODMEENHER I N2 VWEEKTH - TH, T—?$ z
ENEFWIENRO LTz, S BT, FNH0 9D LIEEFFEICERE N e
YA EICRRE U788 i 2 =3 A B NMFAE LT,
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FTAE DESTHIERINLWVWEROFUTICBITINNf A~—0—¢
fEVE SR & o BEE M (BFSE 3)

1 El=l=R
. ﬁ /‘?’\

MMVD 1 E i/ MR TR B Z<BOLNHMEETHY | BRBES TIX
BRI L DS Z X o TIZicsnd Z EN—RINTH 5,
7272 L. T U U TIIEERICHEEE TH - T HEMREC 3 TIOR8
DAELTEY, ZIUTDHESESEER SN 2N E WS TERERH 5 Z &
N, FH2E (M1 2O WNCHE 3FT (WL 2) OMRICE > THLME
o,

ANP, NT-proBNP 7 & D/ A A~ — B — T4, BREHR TR DIFRRE
Rl 572D HWLNTE Y, LE. DE~OMBREIC X - Tl
ﬁ%ﬁﬁhﬂﬁé_k#%\quwﬁiﬁﬁ@&f%%mféU&o
DIFEL 72> TWND P 22T, K&E (B3 S)Ti DF T TITRD
53 BBE DI WPEN A A~ — B — DB KIE T B DOV TR
NLHZEEHME LT,

2. MBS L OT5E
2.1 R

HRRIZ T —F—TEHBEEINTWAFUUZRHRE L, W2, FiK
RAER X OMEREN S, BIRICHEE CTH D LS N=F U T &2 uf
TEITHLA AN T, 7272 L, AFlnid 8 milin ARl 2 xf e & L, e 38
SN A ERIZAFGE DRIR BRI LT,

7B ARWFZEIIMAA R FEERIMEE DI ORRBEESTHEMB L UK
WEE 2011242 &),

2.2 T a—[XRA

L a—XfEE L. GE Healthcare #f8 (Chicago, the United
States) Vivid E9, 6 HHWT 12 Mz Dk 27 Z Fu—7 %L, #EE
K2 E5EEPICEm LT, LT a—ORITEEH L0 1 ADLNER
BEOWTIDNITV, NI T X THENMT -7, FHlITER L7
3ILATITV., ZDOEHEERD =,

fEE WO T ONTIE, A E EHET i H 25 VN AL B E L
S 2 W TC, R OFEICADE CHBEN Y n—7 288 S84
N O ER LM 21T > 7, {4 EMﬁm@%hﬁ@muO“Tﬁ i
MY =y NEEE EDEIEOLN G, WY = v FHEEE KD,
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2.3 NAF~—T1—

HFAR S L < 3AMAMREFFIRD BRI 21TV, g 7 vz 7 7'a
F = BT Iml, MIEEIC 2m]l DVE LT, T 0%, iKY 7 ik
B B/ BERE KUBOTA 2010 % VT 3000~3500 [E]#5C 10 4y
DUy B U721 & i 13- 18 CREEE TSR Lz, B L7 A4 LA
VET > 27 5 X (BED) 12T NT-proBNP, ANP I‘EZFTVN, A7 U —=1
JfEfE L L TBUN, Cre I8 L7z, 723, NT-proBNP |X, HIEFHEZR T
FRAEAS 500 pmol/L ThH o727, HIEREIDS 500 pmol/1 A & 72> 7=
H DX 500 pmol/1l & Lz, ZTHH DAL F~— B —DHE LEEFIIX
[FtEDAFE LTV A EAE (NT-proBNP 900pmol/1 LA, ANP 8.6~105. 8
pg/ml. BUN 9.2~29.2 mg/dl, Cre 0.40~1.40 mg/dl ) #HBEIC LT,

2.4 WUEHEHT

WEHENTIC X, IBM 48 (New York, the United States) SPSS 27.0
A LTz, FEERA EKYEIX P AE 0. 05 K & L7z,

FHRMEmE L LT, 7 XTOMEIZ Shapiro-Wilk BEZIT > 7=, 1EHRME
DFRD BIVTAEIZ DWW T EE SRR A Z RL L, ERESRRD 5
AR o T AEIZ DWW TP E & & &2 £ L7,

WY = v MEMEOFER G 10%LL Ed DT 1094, & 72 20%L4
DN 20% KT IC TN ENRED T A Lz, WO E LT, Mann-
Whiteney UMRIEEZIT -7,

3. REE

3.1 HEEK

R 20 IO F T TNk UL CHERAEZIT o725, 1 FNTDHEE H3HE
B STz DRSS Uiz, BRI 28 BINIFZE D3GR & 7r o 72,

28 B DOMEFED PNFRIZME 19 B, HE 12 I TH VY, FEfio P RAEIL 24. 5
i A (WU AL#EPH 5-92 » His) . REOHFREIF 2.0 (1.3-2.7 kg) T
Hoil,

3.2 L o—at

WS SRl 28 FlH 26 1 (92.9%) (ZFEH LT, WHRORRE X 24
THETHY ., HLNRODIERIZZR EENE Y (DNFEFHITER o2
FAE) 1T Lo T, DI —KREDRKERIZOWTIE, RTIZ
R,
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3.3 A F~v—F—

28 B 56 o TN ENE LT, A7 V—=0 T OOl 5E b LTz
BUN & Cre (£7 X CTOHIE CEREEFFHN T > 72, NT-proBNP ¢ HJefi %
584. 90 pmol/L. I IL 708.95 pmol/L Tdh-o7-, 10 %> F LTl
FEVE FRRECTdH 5 900 pmol/L ZH# 2 7=, ANP O H YT 80. 40 pg/mL,
SEVMELE 7771 pg/ml T o7z, 4V 7 Tlix, BEERETHSD
105. 8 pg/mL Bz 7=, MEHBRAEOFRERICHOWTIE, K5I LTz,

3.4 MY = v NEEE NA A~ — B — O BEM

WY =y MAREE S S ISR 56 o 7L EEEDIT L, WiiORRE &N
A F~—F—DOBRICOWTEHME L 7=, Wi 10924 E & 10%AR0 12 —
BELTRER. 10%AR31X 36 o7, 10% LA Eid 20 07 CTH Y,
20%LL & 20% ARG 1 HE L7 RE R CIEL 20% A0 1 49 T L. 20%
LLEIZ T TN ThoTz, 10%AT0 & 10924 _E36 KON 20%Ai# & 20%LA
FOFENFNOEEM T I T, NT-proBNP & ANP DWW DS A A
V= —ICBWTHLARBERETRO N7 (6, X7),
WY = v MEFE & NT-proBNP, Wity = v MHifE & ANP, NT-proBNP
EANP O 3THBIZEBWT, HENTRO b -7, BURIKNIEK 8, 9
(ZREE L7,

4. B

DHEE DR N T T TIZBWT, @%ﬁkmmﬁrkbﬁﬂ4ﬁv~w
— DRI BEIIERD S hr o 72, NT-proBNP 30038 O R HIELC
ofbﬁﬁﬁ%%Méméfw%/f&D\wm@%ﬁ%ﬁfm;ﬁw
R, mEOWRE TR, R 722 KO NT-proBNP o H1 il X 638
pmol/L, 696.5 pmol/L & &N TEYH, KFEOF I T TORERITIINE
FRETH o723, Lizdio T, DHESEAERSNRNTF U U THRD
SILA BRI IL. NT-proBNP OfEIZIT K ME SR WEEE . O F 0 O
FEAOMBRIPIIIEFICOT N TH DL, b LTV D EHEE IR
%o ANP IZODE~NMERIIIIC L > T ERTAHHRALELTHDLN, AHIO
WFSE TIL NT-proBNP & [RIERIZ, I FR I K DB B 07 s B I fifERE S
Niemolz, REORRKIE CTIX, RO MVD ITIERD E 72> T B IR
ZRGT D EN R TH DT, %UU B DB/ MR IZE > T
NAF—H—NEHEE RIS o7l Lk, BREBEAELIEHERT
&D\ﬁﬁ%@%%%ﬁﬁﬁm%mk%z%hko
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NT-proBNP (X, 777 R—/L L h U N—=0L K== 72 EDORFET
TEH R CTHo THEEETRTZENMESNTEBY, REFEEND
LHZEDHALMNEIRSTND O30 L LR s, FUTIZBWTL,
AR O X 912, fEROEENE L 72 2 G BIFIZILE > TV D Z & D3RR
SNz, 7277 L, AHFZETIL NT-proBNP O B YEEIDH O FFRIE T 5 900
pmol/L ZH#8 2 72K A 10 Vo 7 VAFEAE LT=, NT-proBNP (XKL & DR
EPEDNERAE STV D, ARAFZRICHLIA ATV KO B I 139 X CTIEH,
ECTH -7 %, Harr & OIFZETIL., FEa s (0~18 » H) . K
(19 » HA~EZFIIZHE LT LZE Z A, £/ T NT-proBNP OfH
WCABENDT-Z L ZWELTWA Y, £7-, FERFZE I, S8
H Ol 500 pmol/L (IQR 500pmol/L LA F~982 pmol/L) . AR H HfE
617 pmol/L(IQR 500 pmol/L LA F~1450 pmol/L) & L CEBY . FHEi>
BRI R O U ME R T & > T 8 NT-proBNP DAE Y 900 pmol/L % %
HZENHDHERLTWS, L7z > T, NT-proBNP [ Z.OEREIZ B H
72 b EVERPE FIRMEAZ R T2 Z L EBETRETH D,

ANP (2B W T b s Koo AL 61. 9 pg/ml, 50.5 pg/ml Tdh -7z
EEINTBY, FUUDAMPHEIZINLYVOUEEEZRLIZbOD,
YEFTAPICIZBAFICINE > TWD Z L AR S 210 Z ofE 5%,
NT-proBNP & [EIARIZHEER ERRE & 70 & 72 WERE O Fp it 2 1E L < 7F
ML TNWDERZDZENTE D,

5. JNEE

DHEE D72 WERRO T U U TiRD LA MEIEF IR L » TS 4~
— =MW EFRTHZ LT D ~OMEBREZ DR WIRETH D
ZEDHER ST, LTe o TRREDERRBIZ I 5351 A~ —T1—
HIED B Z+o R 2 &l &z,
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FEHE EZE

RO MIVD (T INERE I C RREBEN EH 2B THDH Y, Lo, MIVD
DIHFRREE INDTUVTIZOWNWTHRIZEZ A, HITHDHIZTH 20
HDOT MR ZRAT HEEPRD TELL, S HIZENLO—EHTIXF O
JERWE & VN> 72 MMVD (IZBE T AP LA 1E ) Z b E o7, F
FRYT e 2T e Fr— LR« 2= 1L MVD Z 4542 RFEED O
EDOLEINTWVWAEN, EFENT VY CTHER LTS R L RIERIC, B
5MRZRAT D ERMIBFOMENENEED ZehRESINTND
W FUTIZEBWTH MIVD 24739 2 ERIT, FRlich s EE2 0N
77,

EHI12, XV EZ T2 2 A, 1m0 F U T TlE, fEig
FEDOEJELHRME & N o 72 MIVD DFHEZ DT MR Z2fRA L TWDH Z &R
SN E o7z, BREEZATIE, MRIIMEIE I U MR EAR P 0 5
ELTALDEENTEY, AFETBIEINTZT IO M L, kD
ROMR DR EITHALNCERR D LD THD, LB ->T, FUVILE
WL, MMVD Z3RIET 2 LRI LD MREZBEA L TEBY., ZOMICE-T
MMVD, D% V) I8 FRIHIRIEREZEME A2 £ U T D AlREENRE 2 BTz,
fEIE I AT DRI EAR M DO F OO & DITIE, BRI 72 58~ D |
WRBEE L TWDH &SN TR, ERRIZ, ERIICHTRZ/ER LIZFED
e CILRIRIEAR M 24 U5 2 E DR SN T W5, Bl S D
MR % JFIAINZ MMVD % FEE$ 2 AlREMEIZ 0B 2 Hh b %2,

Flo, AKMR L, EEFLAET 2RHEOET (2IHES) <. EiE
OB & EREBOEBREICL>THELD, LrL, BHEROFUITD
—HE TR, DR =y (DGHERZ ) IZRE L72 MR SR ST
D, ZHUFE 7 MR IR LB TH S, DUGEZRIIZIRE L7z MR
IZOWTIHINE TEERECTITHE SN TV WS DD, ANERETITIL
Ma % WIS = 2 A2 SEPLEA RS O FF0 72 B B CfE e Fplim O YRR, AR
MEORAL R EORER L LT, MRS ®mM L, HisEZ 285 L S
NTWBE2 oz b, FUTICEBWTHEEREAROERME
TERER IS BRI D MR Z/E L TV A D TR RV EEZ N, 1=
L, ZNHDORIZOWTIE, BRHIMENLETHD EEZ L,

16



Fo6E FEE

WIVD DEFFERFETHHF U Ui, B/NERTIEH S 6 OD.Llgo ke
BEOFHMIZ OV TIE, D KFE & R AR E D SR S 5 AER Y T
DOHNDL T EDRDLNoT, BT, Pk G MR Z & WO R TRA
L. 18RO Z DT U O#% IR ET 5 Late systolic MR %
BT HEEGEE LT, MIVD I3 DF U T ICBW TR b2 b0
B MR ORFEH D . EIBFRE SIS T DI S 5 5 I EE D
EUAS MMVD Z 5384 2 BK & 72 > TV D ATREMENE 2 b A #%IFZE T 5
VEN B D & Bz,

A LD —FIELL FIZAaFk LT,

Niimi S, Kobayashi H, Take Y, Ikoma S, Namikawa S, Fujii Y.
Reference intervals for echocardiographic measurements in healthy
Chihuahua dogs. The Journal of Veterinary Medical Science. 2022
Jun 10:;84(6) : 754-759.
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Variable Median  Mean SD Min-Max  Lower RI 90% CI Upper RI 90% CI

LA (mm) 10.8 11.0 1.5 7.9-14.6 8.0 7.4-8.7 14.0 13.4-14.6
Ao (mm) 8.9 9.2 1.0 6.9-11.2 7.2 6.8-7.6 11.2 10.7-11.6
LA/Ao 1.20 1.20 0.10 0.90-1.49 0.99 0.95-1.03 1.41 1.37-1.46
IVSd (mm) 4.5 4.8 1.2 2.9-10.0 3.0 29-33 9.4 6.4-10.0
LVIDd (mm) 18.6 18.4 1.8 13.6-23.9 14.7 14.0-15.6 22.1 21.3-22.9
LVPWd (mm) 4.6 4.5 0.8 3.0-6.6 3.0 2.7-33 6.1 5.7-6.4

LVIDs (mm) 10.6 10.5 1.7 6.5-13.4 7.1 6.4-7.8 13.9 13.1-14.6
FS (%) 42.6 433 6.8 32.2-57.6 29.4 26.6-32.2 57.3 54.5-60.4
E-wave (m/sec) 0.65 0.67 0.10 0.40-0.93 0.47 0.43-0.51 0.86 0.82-0.90
LVIDDN 1.46 1.46 0.13 1.15-1.72 1.18 1.13-1.25 1.73 1.67-1.78

LA, left atrial short-axis diameter; Ao, aortic valve short axis diameter; LA/Ao, left atrial-to-aortic ratio; IVSd, interventricular
septum thickness at end-diastole; LVIDd, left ventricular internal dimension at end-diastole; LVPWd, left ventricular posterior wall
thickness at end-diastole; LVIDs, left ventricular internal dimension at end-systole; FS, fractional shortening; E-wave, peak velocity
of early diastolic transmitral flow; LVIDDN, normalized left ventricular internal diameter in diastole; SD, standard deviation; Min-

Max, minimum maximum reference intervals; RI, reference interval; CI, confidence interval.

26



* 3 REBOL= o —fREEANEME CFEME S 95% TR X [H)

BW (kg) LA?(mm) Ao® (mm) IVSd® (mm) LVIDdd (mm) LVPWde (mm)
1.5 9.7 (8.8-10.7) 8.2 (7.6-8.9) 4.0 (3.2-4.8) 17.2 (15.7-18.7) 3.9 (3.4-4.3)
2.0 10.6 (9.6-11.7) 8.9 (8.2-9.6) 4.5 (3.6-5.5) 18.1 (16.6-19.7) 43 (3.8-4.8)
25 11.4 (10.3-12.5) 9.4 (8.7-10.1) 5.1 (4.1-6.1) 18.9 (17.3-20.5) 4.7 (4.2-5.3)
3.0 12.0 (10.9-13.2) 9.8 (9.1-10.6) 5.5 (4.4-6.6) 19.5 (17.8-21.2) 5.1 (4.5-5.7)
35 12.6 (11.4-13.9) 102 (9.4-11.0) 5.9 (4.8-7.1) 20.0 (18.3-21.8) 5.4 (4.7-6.0)
4.0 13.2 (11.9-14.5) 10.5 (9.7-11.4) 6.3 (5.1-7.6) 20.5 (18.8-22.3) 5.7 (5.0-6.4)
4.5 13.7 (12.3-15.0) 10.9 (10.0-11.8) 6.7 (5.4-8.0) 21.0 (19.2-22.8) 6.0 (5.2-6.7)
5.0 14.1 (12.7-15.5) 11.1 (10.3-12.1) 7.1 (5.7-8.5) 21.4 (19.6-23.2) 6.2 (5.5-6.9)

BW, body weight; LA, left atrial short-axis diameter; Ao, aortic valve short-axis diameter; IVSd, interventricular septum thickness at
end-diastole; LVIDd, left ventricular internal dimension at end-diastole; LVPWd, left ventricular posterior wall thickness at end-diastole.
Allometric equation with 95% prediction intervals: Y=aM® [9]; Y=echocardiographic variable; M=BW; ‘a’=proportionality constant;
‘b’=scaling exponent.  Allometric equation with 95% prediction intervals: Y=7.72 to 9.43 x M%3L. b Allometric equation with 95%
prediction intervals: Y=6.89 to 8.07 x M%25, ¢ Allometric equation with 95% prediction intervals: Y=6.89 to 8.07 x M2, 4 Allometric
equation with 95% prediction intervals: Y=14.64 to 17.36 xM? 18, ¢ Allometric equation with 95% prediction intervals: Y=2.91 to 3.70

xM0.39_
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Intraobserver CV Interobserver CV

Mean (%) Mean (%)

LA (mm) 10.84 5.6 11.10 0.9
Ao (mm) 9.15 1.4 9.31 1.9
LA/Ao 1.18 4.1 1.19 3.3
IVSd (mm) 493 2.3 4.95 1.7
LVIDd (mm) 18.08 1.2 18.27 0.8
LVPWd (mm) 4.64 10.0 4.72 7.0
LVIDs (mm) 11.08 0.5 11.01 0.8
FS (%) 38.51 3.1 39.75 3.2
E-wave (m/sec) 0.64 9.3 0.66 6.0

LA, left atrial short-axis diameter; Ao, aortic valve short-axis diameter; LA/
Ao, left atrial-to-aortic ratio; IVSd, interventricular septum thickness at end-
diastole; LVIDd, left ventricular internal dimension at end-diastole; LVPWd,
left ventricular posterior wall thickness at end-diastole; LVIDs, left ventricular
internal dimension at end-systole; FS, fractional shortening; E-wave, peak
velocity of early diastolic transmitral flow; CV, coefficient of variation.
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All dogs 0-1 years old 2—-3years old 4-6 years old p—value
Number 30 13 10 7
Sex (F/M) 18/12 6/7 9/1 3/4
Age (month) 245 (143-42.3) 13.0 (12.0-18.0) 325 (25.0-36.8) 740 (62.0-76.0)
BW (kg) 20 (19-2.2) 20 (1.8-2.1) 2.1 (20-2.2) 2.1 (2.0-24) 0.213
HR (beat/min) 120 (109-131) 120 (112-132) 116 (109-124.5) 124 (108-144)
MR (n) 26/30 (86.7%) 9/13 (69.2%) 10/10 (100%) 7/7 (100%)
MR Grade (mild/moderate) 24/2 9/0 9/1 6/1 0.035
MR jet Area (%) 10.6 (6.8-13.0) 10.9 (9.4-13.4) 74 (55-12.1) 12.6 (9.3-15.5) 0.333
AML thickness (n) 17/30 (56.7%) 4/13 (30.8%) 6/10 (60.0%) 7/7 (100%)
PML thickness (n) 6/30 (20.0%) 0/13 (0%) 1/10 (10.0%) 5/7 (71.4%)
AML + PML thickness (n) 6/30 (20.0%) 0/13 (0%) 1/10 (10.0%) 5/7 (71.4%)
AMV prolapse (n) 14/30 (46.7%) 2/13 (15.4%) 5/10 (50.0%) 7/7 (100%)
PMV prolapse (n) 7/30 (23.3%) 0/13 (0%) 2/10 (20.0%) 5/7 (71.4%)
AMV + PMV prolapse (n) 7/30 (23.3%) 0/13 (0%) 2/10 (20.0%) 5/7 (71.4%)
Prolapse grade (mild/moderate 10/4 2/0 5/0 3/4 <0.001
AML thickness (mm) 143 (1.07-1.63) 1.07 (1.00-1.33) 150 (1.18-1.61) 210 (1.77-2.22) <0.001
AML length (mm) 8.03 (7.23-8.48) 7.00 (6.70-7.83) 8.30 (8.03-8.41) 8.90 (8.65-9.12) <0.001
AML area (mm?) 9.33 (7.67-12.00) 7.00 (6.33-8.00) 967 (9.17-10.25) 13.67 (12.83-17.17) <0.001
MR + thickness + prolapse (n) 13/30 (43.3%) 2/13 (15.4%) 4/10 (40.0%) 7/7 (100%)
Late—systolic MR (n) 6/30 (20.0%) 3/13 (23.1%) 3/10 (30.0%) 0/7 (0%)

Values are expressed as the median (interquartile range).
AML, anterior mitral leaflet; AMV, anterior mitral valve; BW, body weight; MR, mitral regurgitation; PML, posterior mitral leaflet;

PMV, posterior mitral valve.
The Kruskal-Wallis test was used for statistical analysis.
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Late—systolic MR Holo—systolic MR p—value

Number 6 20

Age (month) 220 (14.8-278) 36.0 (225-610) 0.242
MR Grade (mild/moderate) 6/0 18/2 0.744
MR jet Area (%) 9.02 (6.64-10.53) 10.85 (7.87-13.17) 0.387
AML thickness (n) 1 14

PML thickness (n) 1 5

AML + PML thickness (n) 1 5

AMV prolapse (n) 1 13

PMV prolapse (n) 1 6

AMV + PMV prolapse (n) 1 6

Prolapse grade (mild/moderate) 1/0 9/4

AML thickness (mm) 1.00 (1.00-1.25) 1.55 (1.23-1.83) 0011
AML length (mm) 752 (6.83-8.21) 8.18 (7.42-8.65) 0.355
AML area (mm?) 8.00 (7.25-9.25) 9.83 (7.92-12.75) 0.196
MR + thickness + prolapse (n) 1 12

Values are expressed as the median (interquartile range).

AML, anterior mitral leaflet; AMV, anterior mitral valve; BW, body weight; LA/Ao, left atrial—
to—aortic ratio; LVIDd, left ventricular internal diameter diastole; MR, mitral regurgitation;
PML, posterior mitral leaflet; PMV, posterior mitral valve.

The Mann—-Whiteney U test was used for statistical analysis.
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