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Abstract

Myxomatous mitral valve disease (MMVD) in dogs is a heart disease that is characterized by
histopathologic changes in cardiomyocytes, which ultimately result in valve degeneration and
blood regurgitation due to structural changes in the heart valves. A number of studies have
been conducted with the objective of identifying prognostic factors that may influence the
prognosis of dogs with MMVD. Nevertheless, there is a paucity of research examining the
factors that predict MMVD stage progression as defined by the American College of Veteri-
nary Internal Medicine. The objective of this study was to examine whether there are factors
associated with stage progression within one year of diagnosis in dogs diagnosed with sub-
clinical MMVD (stage B1 or B2) using physical examination findings, clinicopathologic bio-
markers, and echocardiographic markers. This is a retrospective study of veterinary practice
performed at Chungbuk National University Animal Hospital. The electronic medical record
of the hospital was searched to obtain clinical records of canine patients diagnosed with sub-
clinical MMVD over an 11-year period. For each patient cohort, a logistic regression analysis
was conducted. The variables were initially selected using the backward elimination method,
and the optimal logistic regression model was determined by removing the independent vari-
ables with the largest variance inflation factor. Among the independent variables examined in
this study, heart murmur intensity was identified as a statistically significant predictor of stage
progression within one year for subclinical MMVD, a finding that aligns with those of previous
studies. No other independent variables were found to be significantly associated with sub-
clinical MMVD stage progression. This is the inaugural exploratory study to concentrate on
blood test results, a relatively straightforward and quantifiable test result that can be readily
obtained in primary care veterinary clinics, among the factors that may be associated with the
progression of subclinical MMVD stages.
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INTRODUCTION

7H9] AHFA S5 wut A myxomatous mitral valve disease, MMVD)2 A1+ A2 2] 14
24 9 AAtwato A & E(chordae tendineae), A (papillary muscle) 5-& T-/d5H= Al X
49| A e|shy] Wshof w2 gl WA, T3 A% ko] Lk wHslo] 2 ) o

FE 50 sh= A% Ao, 2]. oA MMVD7ZH Z1 8= 4154 (heart failure)o] 2
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A =
0.35%2 Yerdth4, 5]. 7FE ol 7 ZA Amyd(Cavalier King Charles Spaniel), 7|4 o]
A #E(Miniature Poodle), P]Y oA 7U--A(Miniature Schnauzer), X2F2KChihuahua), 2
2t H(Pomeranian) 5-2] 574 7§ £ MMVD FHE°] &2 A0 2 HIE 0] QIT}6).

7oAl MMVD2] §H8E-2 tolof wte} F71sted, 13|l o]& 7H9] 85%4 wat
W] SAZF DAEH7]. 1y ofd@ AollAl A7 wat ¥ do] AR AL siA] =
Al A% 716 AolE QIgE A A (HREH)7F UEh= 22 ofdth 2009¥°] ACVIM
(American College of Veterinary Internal Medicine)2| 4173} £2] ZAAA A 3E (Specialty
of Cardiology consensus panel)}<> 4173-2] FEj5ta] Wz} A 59| HAE o=
MMVDE] H7|(stage) T 7123 7+ B 7]2] TA A A& 2d E 2 =0f| gt 7ho] =gt
1S FHEF o, o 7to] =kl 2017dol Jullo|EH vt JlHH1, 8

MMVDZ} = 7HoflA] o Fo] FF= & 5= e ¥rss Bk A7) v 33
Atk dlE =01, MMVDZ} Q= 7H9] AR z5ut AAF A2 5 E LVIDD:Ao(left ventric-
ular internal dimension in diastole indexed to aortic diameter), LA/Ao(left atrium to aorta
ratio) 50| AFESO & QITH AFYY A& QIAE UERTHI, 10]. E3F MMVD $HAHY] W
A Tt U w7150 of ) 3= AAF <4 (vertebral heart score, VHS)= MMVD 4}
O BE 712} {3 wo] e Ae® et 11, 12]. 13y ACVIM B719] 2+ &
Aol A thx 71 29] X3Z oS5k Al gt A= A9 itH13, 14].

B 79 BrE U4 MMVD(ACVIM stage Bl T+ B2 MMVD)7} XeHE 7jof| 4]
Ak Alo] 7155 A4 A 23, A4 vlo|onbA, ARSI VA RES =
HHSE sto] et A o2 RE EF 7I7H1d) W] ¥7] AP RE SR Sh=
222 3 BdE 75510, H7] AP BEE QAR A EHFH 0 R JESH= A

o,

o
=

—_

MATERIALS AND METHODS

el SHEE AT AT SENS N sEH YA +3E Fooh Awo] &
A datoltt. 20129 89HH 20234 8E7HA] SEHT L sEH AL A 7 7|&
(electronic medical record, EMR)S AA5}o], ACVIM MMVD 7ol Egleld] wha} A g4
AR EE MMVD kS Bh2 7)) k2] A 7152 ESotith g53F A4 7152 H
A3t ko] RS, MMVD stage 2 A A (stage™B 2 T-29), AA AAF A3t
(heart murmur grade 5), THAF 23 9 B4H}5H T 23k (albumin 5), 8 HAFE T}
(urine specific gravity ), A% 27] H71E st Q5 A HAA] E(vertebral heart
scale 5) @ Ax-21 HAX] HE(left atrium to aorta ratio 5)5 X33},

A i A 9 AL HlolE 9] =3t 7] thadt At %2 MMVD 2 A
ACVIM stage”} B1 T+ B2 % A1t study population©]] ZHsIct = HAF Avk= 5
APEE 2 %22] MMVD e Al Fdo] =5 glo[ent bttt 2 Al gl
A3t AL ol ¥ =SS B9, AA 259 B A4 2R gt A
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¢}

9] MMVD A&t Al o]9] 7152 AES], = Atk FA] MMVD H7] o|F 17|l
MMVD Zgto] thA] Y2d 79 o]& MMVD %7]9] 28 (stage progression) 2.2 2|5+
o} H717F A== o 4289 717 H & A o] % g 7] o]% 7|29 Zgo] Ak
H 97 5 7P 7R AT FEx e Al 9] Aol (YA E A 2dth. Study popula-
tion?] 7]&3 SA1= Table 19 AAE0] JloH, EPHSL2A 1 RE QA 7|29 &

39} 7144 541+ Supplementary Table S10f| A|A|E]o] Qlct.

F|z A FA ] stage = ﬂx}:r"g T1F3}sko], B2 stage TLF WollA HAAF x| 4
S Hl&o] 30% o1l EHHPE AASHIH. e A3+ 22 SH¥S Yollx9 &
ko 2 Bkt 7 gl thsf] 19| o]she] 71Xt o|ujofl ®7]7} XY= =A] o F-

I

£ SR Adste] EAAY JHEAZ S5 DA BP A U &
H(backward elimination method)S ©]-&5}o] 1X}A 02 HEE HHst, o|nff ¥ Heie
of7tolA] A H7]&(Akaike information criterion, AIC)S ARSIt SAEE TR AAH
9] A7te} AICE Table 20 AAI=]o] k.
SRAAAH o) Aejs BE S0 BEAMYAQ Ql(variance inflation factor, VIF)O]
nRto] & wi7bA] VIF7} 7H} & SHRSE st Al ASke] 22]9] Z2AAE JARYES
gotgict. dlolE g5 A= -8 T4 ATEYO(MS excel)7F AHEElOH, B
E Ao R studio(version 2023.12.1+402), R(version 4.3.2), dplyr(version 1.1.4) T]|%]
FAREE AT

(ot

7
2

N

RESULTS

ACVIM MMVD stage B1 A9 ZAAE 3|4 =7} F-oJ5HA YeRd
<+ segmented neutrophil count(OR = 1.13, CI = [1.01, 1.26]) ¥ heart murmur(OR =

Table 1. Descriptive statistics of the study population

ACVIM MMVD stage

Number of patients (%) MMVD stage progression

Number of patients by Average time to stage pro-

stage progression (%) gression (S.D.)"
Not progressed 146 (87.95)
B1 166 (45.36)
Progressed 20 (12.05) 530.19 days (569.76)
Not progressed 183 (91.50)
B2 200 (54.64)
Progressed 17 (8.50) 407.37 days (268.07)

" Average time to stage progression is considered to be the closest of the dates that stage progression was diagnosed to the date of the initial diagnosis.
ACVIM, American College of Veterinary Internal Medicine; MMVD, myxomatous mitral valve disease.

Table 2. Results of the backward elimination

AIC as a result of backward

ACVIM MMVD stage Variables selected as a result of backward elimination elimination
B1 Seg_no, RBC, Hct, Hemoglobin, MCV, 12134
MCHC, platelet, PCT, RDW albumln ALP creatinine, heart murmur, MR flow :
WBC, Mono_per, Lympho_per, Seg_per,
B2 Eosinophil_per, Mono_no, Lympho_no, Seg_no, Eosinophil_no, RBC, hemoglobin, MCV, 98.12

MCH, MCHC, RDW, Total protein, albumin, creatinine, K, heart murmur, LA/Ao, LVIDDN

ACVIM, American College of Veterinary Internal Medicine; MMVD, myxomatous mitral valve disease; AIC, Akaike information criterion; Seg_no, segmented neutrophil count; RBC,
red blood cells; Hct, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; PCT, plateletcrit; RDW, red blood cell distribution width; ALP,

alkaline phosphatase; MR flow, mitral regurgitation flow; WBC, white blood cells; Mono_per, monocyte percentage; Lympho_per, lymphocyte percentage; Seg_per, segmented

neutrophil percentage; Eosinophil_per, eosinophil percentage; Mono_no, monocyte count; Lympho_no, lymphocyte count; Eosinophil_no, eosinophil count; MCH, mean corpuscular

hemoglobin; K, potassium; LA/Ao, left atrium to aorta ratio; LVIDDN, left ventricular end—diastolic internal diameter normalized for body weight.
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2.42, C1=[1.27, 5.04])9.21 stage B2 EAol|A] 2. =H8[7}F §-2]oHA] YERT W=+ total
protein(OR = 0.19, CI = [0.04, 0.85]) & heart murmur(OR = 4.72, CI = [1.60, 16.96])°]
T} & ACVIM MMVD stage Bl $HA49] 739 HELHAMY S5 729k 153 grade
7t g2 s AGIERE 19 ool ¥717F 1 7ol 21, B2 3R] A¢- &
HIHHAMY B SHHLA 7 FE5E, AES grade”t 5255 AHAZHE 19 oy
of 717} P2 7Fs/de] . 2HEH BAAE ALY HE SYHPE Q28| = o
A7-H 2 Tables 3 and 49 A= o] Y},

Table 3. Odds ratios of MMVD stage B1 study population by independent variables in logistic regression models

Independent variable Odds ratio (OR) 95% confidence interval (Cl) of the OR p-value
Seg_no 1.13 [1.01, 1.26] 0.032
RBC 1.63 [0.81, 3.47] 0.184
MCV 1.12 [0.94, 1.38] 0.281
MCHC 1.16 [0.68, 1.89] 0.575
Platelet 1 [1.00, 1.00] 0.993
RDW 0.99 [0.82, 1.14] 0.851
Albumin 3.23 [0.79, 14.57] 0.112
ALP 1 [1.00, 1.00] 0.093
Creatinine 0.41 [0.06, 1.03] 0.306
Heart murmur 242 [1.27, 5.04] 0.011
MR flow 0.78 [0.49, 1.33] 0.307

MMVD, myxomatous mitral valve disease; Seg_no, segmented neutrophil count; RBC, red blood cells; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin con-

centration; RDW, red blood cell distribution width; ALP, alkaline phosphatase; MR flow, mitral regurgitation flow.

Table 4. Odds ratios of MMVD stage B2 study population by independent variables in logistic regression models

Independent variable Odds ratio (OR) 95% confidence interval (Cl) of the OR p-value
Mono_per 0.8 [0.51, 1.20] 0.341
Eosinophil_per 0.76 [0.48, 1.05] 0.178
Lympho_no 1.01 [0.50, 1.64] 0.983
Seg_no 1 [0.81,1.19] 0.991
Hemoglobin 1.24 [0.79, 2.09] 0.405
MCV 0.87 [0.68, 1.03] 0.179
MCHC 0.56 [0.26, 0.87] 0.12
RDW 0.87 [0.56, 1.12] 0.447
Total protein 0.19 [0.04, 0.85] 0.04
Albumin 273 [0.35,23.2] 0.342
Creatinine 0.29 [0.02, 1.68] 0.277
K 1.75 [1.03,5.99] 0.311
Heart murmur 4.72 [1.6, 16.96] 0.01
LA/Ao 4.87 [0.97, 27.54] 0.06
LVIDDN 0.3 [0.05, 1.18] 0.135

MMVD, myxomatous mitral valve disease; Mono_per, monocyte percentage; Eosinophil_per, eosinophil percentage; Lympho_no, lymphocyte count; Seg_no, segmented neutrophil
count; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; K, potassium; LA/Ao, left atrium to aorta ratio;
LVIDDN, left ventricular end-diastolic internal diameter normalized for body weight.
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DISCUSSION

K 4 7} 2 dS g2z 7] MMVDe| 7] 133t B d IS A3 Mat-
tin 52 APAF{13]°14 HFojZ SFHFES T2 4 AFHEE, 713 5) 2 91
illss ﬂ‘ﬂo} 01 ToE E Aol A thRolRl YRS o7} oy, FEH R A
H 2210 S A T AFolA B ¥7]9] X FAH o= [t #elo] = A
o5 UEhEth 22 A8 AFtolA W79 X3 o] e A= YERd NT proBNP
(N-terminal pro b-type natriuretic peptide)x= = A-ol|lA 270 LHE HEF oy =4
71 SHA7IA Fofl EA ol =R ok

Mattin 52| AAF0l|A 2= 2] G2 W 7}#11 # Aol A= ACVIM MMVD
stage Bl ARtol A EFEST S2(segmented neutrophil count)2] 57}, B2 R0 4]
G S (total protein)2] FHA7t ZH2t {dotA W71 AP} SAHoZ {5t
Ho] = AR Uehth RASFT A9 S7Het a9 as 727 HAl A5
9hE = 1715 o, A58 52 wEo] AR 7L} *17ES] MMVD 2] gtol et <
TollAl o] wat /o] Al TS R Ao E HEEHIN[15], & AFollA 1
= W 7hed] A4l 959] F- &0 A ERI CRP(C-reactive protein)th 7+ E A% 7]
TlE A 3#2] alanine aminotransferase(ALT), creatinine 5= &5 1 o] 7] o5
o} SAACE FOgt WAZF YefA] gte B g Aito] thgt sfAfof] 22171 B a5}t

ojgrgjoto] st FEHYE thido2 7/ MMVDY B7] 18 T= AFga #AE o QI
AEE ARt Borgarelli 59 AP AF[14]0014 HHFol7 2152 72 4 01, A
Al 5) 9 Hx51 HaEolt) Borgarelli 59 A AollA= A =7t obd /-5
£ E3UthE Abol= 3 0‘/} 2 A7} R 2 AEe 77 AR E {2t o
T QIAE Yt B A Ao ohE A2 W 7Hed LA/AO 2 E-max(i
ALl A MV Peak E Vel[mltral valve peak e-wave velocity|2} &)= 2 Aet= g &
qF o= AR YT 2 AFolA= A EReu BigE 7R 19 oy 18719] X1
I IAE QRE Qe A 0E YT o]2f3t Alol= 7 AT AfeloflA A RS 4
2 ol S-S Aok 71l 23] e 4= St

AR 2 AFoA AEH SH¥eE 7hed, A3 A7t &94%F ACVIM
MMVDE] 14 oly} 7] ZgJo] Qo] TAA = [l &= Zo] A A-53t
o] dAE A= yepylth 7] AP FHo] Sle 7Rs/de] e HE SHES 7heH|
EAT ST A9 @4 FHMEA], LA/AO2E MV Peak E vel®] 7%, study population A
o]9] YA Aiht A7 Ateto] At HA AR Zfo] T & QI Heet AES W
7] feiM= 7141 A7 T

¢

:L_l‘

o

=

AT gl 4] /5t T 50 BAR s vy & 27]9) HolE e o
402 A7 SYFLAOH, MMVD ol £ 4 A 714 Aol it B 3
2% 4 QL FHH A7 B4 A4 2o 3L v S U B 2ACIS 5

01 plmobendanﬁr ol rgEIsts HAl Ao FFe v &+ e e FHZA F
4] oF)yE B FeIstal Aol & gigithe ARl Sl A Aete] =2A] 7t

2ol e olelet eAoR A 4 Gosi, Aol MMVD 8] 4] ol Az
89 4 9 A4 It A AP FAsh] AeiAE o B dolE At A
3 419 tixiele] LR Ao Hal
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dFo = E45kal 2 3= ACVIM MMVD stageit H719] 2
o] Sl AAE 7hdl YA SEHYOIA vy H1 FFHo=
IR1 AN AAAZ - AL, BATIE AAL Hoid HAD 23HE SHCE g Hx9] g%
A= 29 E 7HIT

SUPPLEMENTARY MATERIALS

Supplementary materials are only available online from: https://doi.org/10.12729/
jbtr2024.25.3.161.
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