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Abstract

Correlation between Radiographic Cardiac Marker
and Body Weight Loss Rate following Furosemide
Administration in Maltese Dogs with Cardiogenic

Pulmonary Edema

Youngsin Seung

(Supervised by Prof. YoungMin Yun)

Department of Veterinary Medicine, Graduate School,

Jeju National University

This study was conducted to evaluate whether body weight changes in
myxomatous mitral valve disease (MMVD) maltese dogs with cardiogenic
pulmonary edema (CPE) are predictive indicators of disease cure, and to
confirm the correlation with other radiographic cardiac markers.

For this purpose, 48 Maltese dogs treated with furosemide constant
rate infusion (CRI) were enrolled and divided into two groups according
to previous administration of pimobendan and enalapril. Body weight
(BW), vertebral heart score (VHS), and vertebral left atrial size (VLAS)
were measured at the time of admission, and the CPE disappeared. The
rate of change of these indicators was calculated.

In comparison with before the cure of pulmonary edema, BW, VHS,

and VLAS are decreased significantly. The average rate of weight loss



was —6.89 T 0.02%, VHS decreased by —6.19 = 0.04%, and VLAS
decreased by 5.97 *£ 0.04%. In comparison between the two groups
according to whether or not they took heart medication (pimobendan and
enalapril), the average of Group 1, who took heart medication for the
first time, was higher in both the rate of change in BW and radiographic
cardiac marker. But there was no significant difference between groups.
In the correlation test between the BW change rate and other indicators,
most showed a positive correlation, but there was no significant
difference.

In conclusion, although there was no correlation between the rate of
change in BW and radiographic cardiac markers, BW change and VHS
and VLAS showed significant decreases in all patients treated with
diuretics. Therefore, measuring BW change has potential as an index

that can predict the complete cure of CPE.

Key words : CPE, VHS, VLAS, BW, Maltese dog
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Abbreviations

ACEI1 : angiotensin converting enzyme inhibitor

ACVIM : American College of Veterinary Internal Medicine
AO : aorta

BW : body weight

CHF : congestive heart failure

CPE : cardiogenic pulmonary edema

CRI : constant rate infusion

LA : left atrium

LVIDdN : left ventricular end diastolic diameter normalized
for body weight

MMVD : myxomatous mitral valve disease

NT—proBNP : N—terminal pro—B—type natriuretic peptide
SD @ standard deviation

VHS : vertebral heart score

VLAS : vertebral left atrial size
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(Woorien; pnV, Seoul, Korea) oA &l HY U Z& 87|52 A5 A

BEAZTE AR B B FINE wol At

1) gz dloly xg 7]F
YAs gz} FollH &S F TR 7 U MMVDE 717l HE|=
Sz}, AA AL G AALE B A gE-Fo] geld 32} 783 furosemide

o CRI AAE W& 842 oz B A7 A8,

2) @2} vlo]e] wA) 7]
ARE BT B AT B ARH AYBY B AN G AAA
Aol APANAES Fuehn b BAUGHR) 1L wAAY AYE

(non—cardiogenic pulmonary edema, NCPE) 3$Fx} 24n}e]= v A&} c}.
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2. AN EAF

YA =94 W (cephalic vein)s FaA AFsIGleH, AFHE AL
EDTA-3K A& HFB 9 &33d Az FH (Catalyst lithium heparin whole blood
separator)°ll go] &5 Akt Ao AEHIE ERlsty] flE g AAE



(complete blood count, CBC), @3 s}e4 HAF(Chem 17 CLIP) ¥ A7 A3k
(NT-proBNP) & A+t
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(IDEXX Laboratories, Westbrook, Maine, USA)E ©]&3to] fAAFaIdth ¢4
g3 AACZ RBC (red blood cell), Hb (hemoglobin), HCT (hematocrit) 2
WBC (white blood cell) Z1g]a W&y HPaAACR NE (neutrophil), LY
(lymphocyte), MO (monocyte) 2} EO (eosinophil) & A3t A AEZ2+=
NT—proBNP = F#% 9 57%7] (BIONOTE, Vcheck V200, KOREA) & o] &3t
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Figure 1. Right lateral thoracic radiography (A) a vertebral heart size measurement in a Maltese

dog, with a value of 10.2 vertebrae and (B) a vertebral left atrial size measurement in the same

dog, with a value of 2.7 vertebrae.



Z53= (Affiniti 50, Phillips Medical Systems, Andover, MA.) LA/Ao (left atrium—to—aorta ratio), LVIDDn (left ventricular

end diastolic diameter normalized for body weight) 18] E peak (velocity of early diastolic transmitral flow) & =743}
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Figure 2. Echocardiographic images (A) a LA/AO measurement in a Maltese dog and (B) a Measurement of left

ventricular internal dimension. M-—-mode echocardiography obtained from a right parasternal short axis at the papillary

muscle level. and (C) Transmitral E—peak obtained from a left apical four—chamber plane.



2 AFeA R AT 2AF ARe Fe8 (coding) ¥ oF AE AY F
micro—soft EXCEL®Z 248§ dlolg A& waslvh & 42 IBM SPSS
program ver 25.0(IBM SPSS Statistics 25.0, SPSS Inc., Chicago, IL, USA)<
Argst o, BAE FoFEE 0.052 Atk Ager Fo] of 7o mus
Mann—whitney test® 331, A5 Wslgd #42 Wilcoxon F3+9 HYoE &+

qaheiet,
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B ozAo] 8 A4 ARE wEHZ 84t sl A o5 3 2] A

2 3} Sxt= 26vtE], U dARY A #eElokE=Z pimobendan
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(0.25 mg/kg, PO) (Vetmedin 5 mg chewable tablets, Boehringer Ingelheim
Vetmedica, Inc, Duluth, Ge)¥} enalaprii (0.5 mg/kg) (Samnam enalapril,
Samnam Pharmacetucal, Korea)& Fojwrole #xb= 23mk2| itk (Table 1). W<
ato] AdAstor ek nt o AR #e ofEs HE FokehA ¥ I
(Group 1)ellAl A5 #AF-Fo] BT A=2] PES 43 F7 (castrated male,
CM) 13718 (52%), FA3} 97 (spayed female, SF) 87} (32%), 47 (male, M)
4712] (16%) vk, W A58 A7 dgfokes Foptra | @2 (Group 2)9] A
M2 CM 119 (47%), SF 77+ (30%), 3 3wkl (13%) 123 7 2wl
(8%) «=A9tt. Group 19 Hfvbolel EFHAE= 11.36 £ 2.279d, 18]31 Group
29] Aol 12 £ 2.254 ot



Table 1. Characteristics of MMVD Maltese dogs with CPE

No. of Dogs
Group 1 (%) Group 2 (%)
Total 25 (100) 23 (100)
Intact male 4 (16) 2 (8)
Castrated male 13 (52) 11 47)
Sex
Intact female 0 (0) 3 (13)
Spayed female 8 (32) 7 (30)
Body weight (mean = SD) (kg) 3.6 £ 1.23 3.53 = 1.40
Average age (mean = SD) (yr) 11.36 £ 2.27 12 £ 2.25
(min—max years) (7-16) (9-16)

Group 1: group not taking heart medications, Group 2: group taking

heart medications



2. &2 AArE R (AlF, VHS, VLAS)

A #Ape] Ht AT 3.56 £ 1.30 keolla, HF-Fo| APRS wWe] HA
2 331 £ 1.19 keoldth Group 1ei4+& 3.60 *£ 1.23 keollA 3.34 = 1.14
kg ® 7HAekelar, Group 29 4% 3.53 = 1.40 kgolA] 3.28 = 1.28 kgo & 7t
23kt (Table 2).

Y Zao A4 sxke] Hd VHSE 11.76 £ 0.930]1%03, #H5-Fo] AleHilS
.03 £ 0.9699%(Table 2). Group 19 11.27 = 0.74°)A4
F a1, Group 29 4$ 12.3 +£ 0.82014 11.56 + 0.83%
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=

e FAe AA #Ake] Fat VLASE 3.04 * 0.33%03, #HF-Fo] A )
VLASE 2.86 * 0.32%{tH(Table 2). Group 1] 2.92 *+ 0.33¢]A4] 2.72

+ 0.32% #3831, Group 29 A4 3.17 £ 0.27°1A4 3.00 £ 0.26% 7438k
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Table 2. MMVD Maltese dogs with CPE in DO and D1

MMVD Maltese dogs

Total Group 1 Group 2

Body weight DO D1 DO D1 DO D1

mean = SD (kg)  3.56 £ 1.30 3.31 £ 1.19 3.60 £ 1.23 3.34 £ 1.14 3.53 £ 1.40 3.28 = 1.28

VHS DO D1 DO D1 DO D1

mean = SD 11.76 £ 0.93 | 11.03 £ 0.96 | 11.27 £ 0.74 | 10.55 £ 0.82 12.3 £ 0.82 11.56 = 0.83

VLAS DO D1 DO D1 DO D1

mean = SD 3.04 £ 0.33 2.86 = 0.32 2.92 £ 0.33 2.72 £ 0.32 3.17 £ 0.27 3.00 £ 0.26

DO : The day the patient came to the hospital with CPE D1 : The day the patient was resolved in the CPE Group 1 :

group not taking heart medications Group 2 : group taking heart medications

_11_



3. A&, VHS, VLAS 9] Wgh&

W GAl9 AA $x9] Fo A, VHS, VLAS o #H3k&S Table 3¢ zls)
Aot AA A A AT HIES -6.89 £ 0.02%°]%1, Group 1oAe= -
7.00 £ 2.66%Q 1L, Group 29 A% -6.76 £ 2.13%°|ct WL A A 3
2ol Fd VHS Wg&2 -6.19 £ 0.04%°1903, Group 1914 -6.40 + 4.2%
L, Group 29 ¢ -5.94 £ 4.18%°]1th. WY A AA 24e] Hk VLAS
= -5.97 £ 0.04%°]31, Group lolA+= -6.73 * 4.48%% 11, Group 29 % -
5.13 = 4.15%°] ]t}

_12_



Table 3. MMVD Maltese dogs with CPE in DO and D1

MMVD Maltese dogs

Total Group 1 Group 2

Body weight
loss rate (%) -6.89 £ 0.02 -7.00 £ 2.66 -6.76 £ 2.13
(mean £ SD)

VHS
change rate (%) -6.19 = 0.04 —6.40 £ 4.20 —-5.94 = 418

(mean = SD)

VLAS
change rate (%) -5.97 £ 0.04 —-6.73 £ 4.48 -5.13 £ 4.15
(mean £ SD)

DO : The day the patient came to the hospital with CPE D1 : The day the patient was resolved in the CPE Group 1 :

group not taking heart medications Group 2 : group taking heart medications

_13_
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g o= 22+ (Group 1)olA d&aA

Group 114 DO A5& D1 AlF2 ko] AaaA4(0.997) 5 H3l31(p<0.01), DO
VHS9F o] AaaA (0.521) 7F Hep ltH(p<0.01). D1 A& DO VHSS 49
JAAA(0.535) R (p<0.01), DO VHSSF <kl A##A(0.521)% YeERIT
(p<0.01). DO VHS+= D1 VHSSF o] A4adA(0.818) 5 H AL (p<0.01), DO
VLASS} D1 VLAS ESolA zhzh ke aaA(0.682, 0.567)5 Wbt
(p<0.01). DO VLAS® D1 VLASS} k8] 2a¥71(0.913) F e 31eH(p<0.01).

38357

r

-~

4=2. A% B eSS H5E&35E 7 (Group 2) oA A

Group 2014 DO AF& DI AT ke J##A(0.998)F Hl3(p<0.01), D
OVHS+= D1 VHS$F <k A##A41(0.798) & WERASITH(p<0.01). DO VLASS} %
o] A##AA(0.512, p<0.05), DI VLASSE <o A##A4(0.546)5 YeERIT)
(p<0.01). D1 VHSE VHSW3HE3} <ko] A##4(0.414, p<0.05), DO VLASS}
D1 VLASS®} 247} <kl A4 (0.542, 0.546) 5 YERASITH(p<0.01). DO VLAS
i D1 VLASS} <Fe] Z#3341(0.874) & R ATH(p<0.01).

—

e

_14_



Table 4. Correlation with each marker in Group 1

Body VHS VLAS
Age bo Body bl Body weight loss | DO VHS D1 VHS change DO VLAS | D1 VLAS change
weight weight
rate rate rate
Age 1
PO Body ~0.263 1
weight
P1 Body ~0.289 997+ 1
weight
Body
weight ~0.355 ~0.026 | 0051 1
change
rate
DOVHS —0.245 D21 .D35%x* 0.169 1
D1VHS -0.330 0.370 0.384 0.195 818 1
VHS
change -0.213 -0.100 -0.096 0.094 —-0.043 D38 1
rate
DOVLAS 0.046 0.280 0.283 0.062 682 D81 —-0.002 1
D1VLAS -0.133 0.212 0.219 0.131 602 DO T 0.086 913 1
VLAS
change —.460%* -0.133 -0.122 0.178 -0.164 -0.003 0.226 -0.198 0.217 1
rate

DO : The day the patient came to the hospital with CPE D1 : The day the patient was resolved in the CPE Group 1 : group not

taking heart medications Group 2 : group taking heart medications *

_‘]5_

p<0.05, =+ p<0.01



Table 5. Correlation with each marker in group 2

) VHS VLAS
Age PO Body | DI Body | Body weight | p) yye | 11y | change | DO VLAS | DI VLAS | change
weight weight loss rate
rate rate
Age 1
PO Body | g 1
weight
b1 Body 1 470 998+ 1
weight
Body
weight -0.232 | -0.284 | -0.228 1
change
rate
DO VHS -0.236 0.014 0.026 0.170 1
D1 VHS -0.085 -0.194 -0.193 0.103 J798xx 1
VHS
change 0.216 -0.319 -0.335 -0.090 -0.217 A414% 1
rate
DO VLAS -0.154 0.069 0.069 0.020 .D12% D4 1= 0.108 1
D1 VLAS -0.112 0.066 0.074 0.161 5465 .04 8xx 0.072 87 4xx 1
VLAS
change 0.072 -0.001 0.014 0.285 0.098 0.035 -0.080 -0.209 0.292 1
rate

DO : The day the patient came to the hospital with CPE D1 : The day the patient was resolved in the CPE Group 1 : group not

taking heart medications Group 2 : group taking heart medications *

_16_

p<0.05, ** p<0.01



5. F wA+e] A
A B oEs Folol wE AR wd AdtelM, Group 12 11.36 *

2.27 d, Group 2t 12.00 * 22692 <19 Fe Fo4 zol= At
(p=0.333). 2% &A= o5 =& offel W ATH4 Wskae) Al Group 1
2 7.01 = 2.66 kg, Group 2% 6.76 £ 2.14 ke & Group 19 H+fo] EHgrort
T8 AT (p=0.726). VHS W& ZAeA Group 12 6.41 *+ 4.21,
Group 2+= 5.95 £ 4.18% Group 29| Bto] HRou sAHCE F4= L
=] ekt (p=0.706). VLAS W3sl&2 dyoA Group 1< 6.73 = 4.48, Group
2+ 5.13 = 4.15% Group 19 Hito] =8Oy Fo4& AATHp=0.207).

Table 6. Correlation between Group 1 and Group 2 for each marker

Variables N Mean SD F D

Group 1 25 11.36 2.27

Age 0.230 0.333
Group 2 23 12.00 2.26

DO Body Group 1 25 3.60 1.23 1.573 0.857
weight Group 2 23 3.53 1.40

D1 Body Group 1 25 3.35 1.14 1.280 0.859
weight Group 2 23 3.29 1.28
Body Group 1 25 -7.01 2.66

weight 1.279 0.726
loss rate Group 2 23 —6.76 2.14
VHS Group 1 25 -6.41 4.21

change 0.143 0.706
rate Group 2 23 —-5.95 4.18
VLAS Group 1 25 -6.73 4.48

change 0.615 0.207
rate Group 2 23 -5.13 4.15

DO : The day the patient came to the hospital with CPE D1 : The day the
patient was resolved in the CPE Group 1 : group not taking heart
medications Group 2 : group taking heart medicationss

_17_



5% WA Bt AT 3.56 ke ot oAl AAE Wi, HEFol ARE
ol HFEAFS 331 kg ® HE 6.89% HAFth old AjolN wE|=

ACVIM Stage B29] F#AF 3.45 kg(2.62-4.39) 9131, Stage C2 AZF 3.12
kg(2.66-3.70) QAT FUg BxtelA o] A5 wglel digh A o] oA A sk
oh A AFe] AR ACVIM =M e stage CE AL wj7px <] A
SHrae] #ek A SAPAE, HEFo] dstE HE AT FaTe] #et AT
ofz] R EA] GhtH(8). Table 69 AollA Hit# 0w AFol 6.89% st

VHS= A% vldiE 208 5 Q= ABE B2 Aolx Hegdd s S43)
Soh(13,14). old Aol FFH #BAIQIO] stage B29 Co VHSE 77}
11.4(8.9-13.5), 12(8.8-14.5) & HI¥y, TE =+ 747} 10.9(10.7-11.38),
11.2(10.7-12.03) & K% rH(8,24). dAF-F A5 A $9 VHS Hlst Aol
A, HAR-F JIA o] VHS7ZE HAsitkE A3 Atk 2 AFelME Am A
9] VHSO W3l He 6.19 £ 0.04%2 F40] A HAaskith

VLASE #0275 S48 e AEz B2 5o s 1
9l A®oth(11,19). o] d ATelA 1Ast BEZ= A VLASE 2 (1.8-2.1) %
I, MMVD #E= AL 2.4(2.2-2.8)2 HuHAT(3,16). FFl ALl
stage B29} C¢ VLAS+ Z+7} 3.0(2.5-3.8), 3.3(2.2—-3.8) 2 H.I¥%l3l, stage
B2} Co @E]= AL 7b7h 2.55(2.33-2.98), 3(2.3-3.13) 2 R Eth(24). o
FEE AMEE7] A3 39 VLAS Hlwdt dolA, HEFe /A o)F rasict
= A7 Gl B delA s s AF VLASS Aol =597 £ 0.04% 3
A% A9 Aol BT
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AHE B89 9 T VHS ¥ VLAS Aolelds Agere Bgda o)

9 T wshEo] B A 2t FFHozE o 2o 49
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o

WA gtk olde) AelA pimobendan] Fol7t Ael /S AM AAZL,
Andow AAHE A%e 2AFHE AAE ofn dFHoY ARE AR A

A B8 Tl W ool YUTHT9.20). AP R P 1
24 ke AN HRE ARG kel UlE AP o Bt

Ange] ARGl B AF As 43 AE F FBEAL AA0} 9
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