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Thrombosis in Left Ventricle of a Dog Remains with Anticoagulant Therapy
Marina FUNAYAMA, Eri TERASAKI, Eri KOMIYAMA and Masami UECHI'
* Nihon University, Graduate School of Veterinary Medicine, 1866 Kameino, Fujisawa, 252~

0880, Japan

SUMMARY

Thromboembolism commonly occurs in cats with heart disorders, but is rare in the dogs. We describe a dog
with suspected thromboembolism, with the thrombus in the peripheral artery and left ventricle. A border col-
lie suddenly presented with astasia on hind legs, and a peripheral arterial thrombus embolism was suspected.
We started anticoagulant therapy with the administration of heparin, but a mass (20.6 X 18.5 mm) that was pro-
jected inside the apex of the left ventricle was found in echocardiography. The prescription was changed to
dalteparin sodium, ozagrel hydrochloride, and cephalexin. Seven days after changing the treatment, the mass
was reduced to 13.1 X 4.9 mm. We suggest that replacing thrombolysis with antithrombotic therapy sup-
pressed the thrombus formation.
——Key words : low-molecular weight heparin, myocardial infarction, ozagrel hydrochloride, thrombosis.
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The aim of this study was to retrospectively assess the clinical usefulness of plasma atrial natriuretic pep-
tide (ANP) concentrations for determining the severity of myxomatous mitral valve disease (MMVD) in
dogs. Plasma ANP levels were found to be significantly higher in dogs with MMVD compared to healthy

dogs, and plasma ANP levels increased significantly in dogs with progressive heart failure. In dogs with

Keywords:

Cardiac biomarker
Congestive heart failure
Echocardiography
Mitral regurgitation
Pulmonary edema

MMVD, stepwise regression analysis revealed that the left atrium/aorta ratio and fractional shortening
could be used to predict the plasma ANP concentration. These results indicated that plasma ANP rose
with an increase in the volume overload of the left side of the heart. Plasma ANP discriminated cardio-
megaly from non-cardiomegaly caused by asymptomatic MMVD. We conclude, therefore, that plasma
ANP concentrations may be a clinically useful tool for early diagnosis of asymptomatic MMVD in dogs.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Myxomatous mitral valve disease (MMVD) in dogs is the most
commonly acquired heart disease (Serfass et al., 2006). MMVD
causes mitral regurgitation due to rupture of chordae tendineae
and poor coaptation of the mitral valve leaflets during systole.
Mitral regurgitation leads to the left atrial and the left ventricular
dilatation, and causes pulmonary congestion (Gouni et al., 2007).
This mechanical stress imparted on the cardiomyocytes stimulates
the synthesis and secretion of atrial natriuretic peptide (ANP)
(Edwards et al., 1988). Normally, ANP is secreted mainly by atrial
cardiomyocytes, ventricular contribution corresponding to less
than 3% (Nakayama, 2005). However, heart failure stimulates
ANP release from ventricular cardiomyocytes to a level equivalent
to the atrial cardiomyocytes. This small peptide plays an important
role in intravascular volume homeostasis, such as natriuresis, vaso-
dilation, and inhibition of the renin-angiotensin-aldosterone sys-
tem (Ruskoaho, 2003). Precisely, release of ANP is a protective
mechanism against ventricular volume overload (de Almeida
et al, 2012).

Heart diseases in dogs are associated with high concentration of
ANP in the bloodstream. For instance, plasma ANP level increases

* Corresponding author. Address: Veterinary Cardiovascular Medicine and Sur-
gery Unit, Laboratory of Veterinary Internal Medicine, Department of Veterinary
Medicine, College of Bioresource Sciences, Nihon University, 1866 Kameino,
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with pulmonary capillary wedge pressure, a measure of left atrial
pressure in dogs (Asano et al., 1999; Hori et al., 2010). Haggstrém
et al. reported that left atrial enlargement causes an increase in
plasma ANP concentration, and ANP level was a good indicator of
decompensation in Cavalier King Charles Spaniels with mitral
regurgitation (Haggstrom et al., 1994, 2000). In addition, Greco
et al. reported that plasma ANP level reflects survival in dogs with
heart failure including dilated cardiomyopathy and MMVD (Greco
et al,, 2003). These studies suggest plasma ANP may be a marker of
severity of heart disease in dogs.

The aim of this study was to test the potential of plasma ANP
levels as diagnostic marker of MMVD severity in dogs. First, we
determined the relationship between plasma ANP levels and
MMVD severity. Second, the accuracy as a diagnostic indicator of
MMVD severity was determined by the sensitivity and specificity
of plasma ANP levels.

2. Materials and methods
2.1. Study population

The study population consisted of client-owned dogs that pre-
sented with systolic murmur in the mitral area (grade >2) and
owner consent was obtained for all dogs included in this study.
Five veterinary cardiology practices prospectively recruited dogs
between October 2009 and May 2010. Both healthy dogs (healthy
group) and dogs with MMVD (MMVD group) were recruited for
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this study. The healthy dogs were considered healthy on the basis
of results of physical examination, including cardiac auscultation,
and blood test; total protein, albumin, complete blood count, urea
nitrogen, creatinine, aspartate amino transferase, and alanine ami-
notransferase. Exclusion criteria included congenital heart disease
and acquired heart disease other than MMVD. For the MMVD
group, dogs with liver disease, kidney disease, or systemic disease
were excluded from the study. Dogs with prerenal azotemia asso-
ciated with MMVD were included in the study.

2.2. Assessment of cardiac disease severity

All dogs with MMVD underwent thoracic radiography and 2-D,
M-mode, and color-flow Doppler echocardiography. The left
ventricular end-diastolic diameter (LVEDD), the left ventricular
end-systolic diameter (LVESD), the aortic diameter (Ao), and the
left atrial diameter (LA) were measured by standard echocardio-
graphic techniques (Hansson et al, 2002; Thomas et al., 1993).
LA to Ao ratio was calculated (LA/Ao). The left ventricular fractional
shortening (FS) was calculated with LVEDD and LVESD. LVEDD and
LVESD values were divided by the Ao to normalize them to the size
of the dog (LVEDD/Ao and LVESD/Ao, respectively). In dogs with
MMUVD, the severity of heart failure was classified according to
the International Small Animal Cardiac Health Council (ISACHC)
recommendations based on clinical symptoms and thoracic radio-
graphs (International Small Animal Cardiac Health Council, 1999).

2.3, Blood sampling and measurement of ANP

Blood samples were obtained from the jugular or cephalic vein
and were immediately collected in a tube containing aprotinin and
EDTA and centrifuged at 3000 rpm for 10 min. The supernatant
(plasma) was transferred to a plastic tube and stored at —80 °C.
Plasma ANP concentrations were determined with a chemilumi-
nescence enzyme immunoassay for human o-ANP (Shionoria-
ANP, Shionogi Co., Osaka, Japan) (Hori et al.,, 2011). The detection
limit of plasma ANP concentrations assay was 5 pg/mL.

2.4. Statistical analysis

Values are presented as the median and the interquartile range
(IQR, 25th~75th percentile). Mann-Whitney's U test was used to
compare plasma ANP concentrations between healthy dogs and
dogs in each ISACHC Class of MMVD. The Kruskal-Wallis test, fol-
lowed by the Dunn multiple comparison test, was used to compare
physical examination results, echocardiography variables, and
plasma ANP concentrations among dogs in each ISACHC Class of
MMVD. Differences in the numbers of dogs receiving medical
treatment in each ISACHC Class were determined by use of the
chi-square test.

Pearson's correlation coefficient test was used to examine
correlations between plasma ANP concentration and heart rate,
LA/Ao, LVEDD/|Ao, LVESD/Ao, and FS. The Spearman rank correla-
tion was calculated to assess the correlation between plasma
ANP concentration and heart murmur grade. Stepwise multiple
regression analysis was performed to identify continuous variables
associated with plasma ANP concentration,

Receiver operating characteristic (ROC) analyses were per-
formed to determine the optimal cut-off values for plasma ANP
concentration in discriminating between dogs with MMVD and
healthy dogs. Furthermore, ROC analyses were performed to assess
the predictive accuracy of the plasma ANP concentration for
detecting left atrium enlargement and pulmonary edema. ROC
curves were drawn by plotting all the sensitivity values against
their corresponding 1 — specificity values. The area under the
ROC curve and the 95% confidence interval (Cl) of the prediction

of the area were calculated. All analyses were performed with stan-
dard software (Prism version 5.0c, GraphPad Software Inc., CA,
USA) and values of P < 0.05 were considered significantly different.

3. Results

A total of 36 healthy dogs and 127 dogs diagnosed with MMVD
were included in this study. Both groups were comparable in terms
of mean age, gender ratio and body weight, as well as breed
variety. The healthy group comprised of male (n = 16, 44.4%) and
female (n =20, 55.6%), adult aged (median, 56 months; IQR, 42—
87 months), and small-breed dogs (median, 9.0 kg; 5.4-11.9 kg).
Breeds consisted of 16 Beagles, seven Miniature Dachshunds, three
Mixed breeds, two Yorkshire Terriers, and one French Bulldog, Lab-
rador Retriever, Maltese, Papillon, Shetland Sheepdog, Shiba, Toy
Poodle, and Welsh Corgi. The MMVD group was mostly composed
of male (n = 81, 63.8%), adult aged (median, 145 months; IQR, 115-
161 months), small-breed dogs (median, 5.5kg; 3.8-7.7kg).
Breeds consisted of 17 Mixed breeds, 16 each of Maltese and Cav-
alier King Charles Spaniels, 14 Shih Tzus, 13 Miniature Dachs-
hunds, 12 Chihuahuas, eight each of Yorkshire Terriers and
Pomeranians, six Shibas, five Toy Poodles, three each of Beagles
and Miniature Schnauzers, two Papillons, and one Akita, American
Cocker Spaniel, Japanese Chin and West Highland White Terrier.

The MMVD dogs were classified according to disease severity
based on the ISACHC classification. A total of 57 dogs (44.9%) had
asymptomatic disease (Class I), 47 dogs (37.0%) were in ISACHC
Class II, and 23 dogs (18.1%) were in ISACHC Class Il The heart
murmur rate gradually doubled with disease severity, from a med-
ian value of 2 for Class Ia to 4 for Class Ilib, Heart rate also in-
creased significantly with disease severity, but the most dramatic
increase was detected for Class Hla, and not Class IlIb. The healthy
dogs were not taking any medication. In contrast, the MMVD dogs
at baseline, 96 (75.6%) dogs were receiving medical treatment for
their cardiac disease. Twenty-nine dogs were receiving mono-
therapy with angiotensin converting enzyme (ACE) inhibitor.
Sixty-seven dogs were receiving combination therapy with more
than two of the following drugs: ACE inhibitor, carvedilol, digoxin,
diuretics (furosemide or torsemide), spironolactone, and/or pimob-
endan. A higher proportion of dogs in ISACHC Class 11 (91.5%) were
receiving medical treatment compared with dogs in ISACHC Class I
(63.2%, P<0.01) and Class IIf (73.9%, P<0.05) MMVD. Ventricular
overload increased linearly starting with Class Ib as detected in
terms of LAJAo, LVEDD/Ao, and LVESD/Ao. The most remarkable
finding is the drastic age difference between Class Ia and Class Ib,
which marks a change in the rate of disease progression. Seventeen
dogs presented with pulmonary edema in ISACHC Class Iil. Base-
line values of the continuous variables for the 127 dogs at first
examination are summarized in Table 1.

The relationship between MMVD and plasma ANP concentra-
tion was demonstrated by comparing the median values of the
healthy dogs to those of each Class of MMVD dogs. Table 2 shows
that all MMVD Classes of dogs exhibited a median plasma ANP le-
vel significantly higher than healthy dogs. Also, plasma ANP levels
were significantly higher in Classes Ib, I, Illa and IIIb, compared to
Class [a, showing a gradual progression with disease severity.

Regression analyses were conducted to determine whether an
increase in plasma ANP level correlates with the increase of ven-
tricular overload in MMVD dags. Table 3 shows that plasma ANP
level was correlated significantly with heart rate, LA{Ao, LVEDD/
Ao, and FS, but not LVESD/Ao that is reflected by pressure overload
and systolic function. Stepwise multiple regression analysis re-
vealed that the LA/Ao ratio and FS could be used to predict the
plasma ANP concentration.
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Table 1
Baseline characteristics of the study population including 127 dogs with myxomatous mitral valve disease.
ISACHC
Variable la(n=31) ib (n=26) I (n=47) Itla (n=14) b {n=9)
Age (months) 115 141 148" 153 145
[94-157) {114-151] {130-171) [134-170} [103-161}
Body weight (kg) 55 6.8 5.0 4.9 3.6
[3.8-8.0] [4.4-7.9} {3.9-8.2) (3.7-10.9] [2.8-5.6]
Heart murmur grade 2 3" 4o 4 4
[2-3] [3-4] [4-5] [4-5] {4-5]
Heart rate (bpm) 131 146 140" 180°"" 118 144”
[107-150] {121-152] [120-168] [155-214} 1108-172)
Medication 15 21 43 11 6
LA/Ao 1.4 17" 207 247 2671
{1.3-1.5] {1.6-19] [1.8-23] [2.1-2.7] {2.2~3.0]
LVIDD/Ao 1.6 1.9 23 23" 29
[1.5-1.9} [1.7-2.5) [2.0-2.6) [2.0-2.9] [2.6-3.0]
LVISDAo 0.8 11 117 1.2 13"
[0.7-1.0] (0.9-1.2] {0.9-1.3} {0.7-1.5] [1.0-1.6]
FS (%) 458 47.7 49.6 43.1 49.0
{41.5-53.6] [39.7-52.0] {44.0-57.8} {38.7-57.6] [45.0-63.4)

Data are given as medians and 25th-75th percentiles.

ISACHC, International Small Animal Cardiac Health Council; n, number of dogs for which variables were available; LAJAo, left atrium to aortic root ratio; LVEDD, left
ventricular diameter in diastole; LVESD, left ventricular diameter in systole; FS, left ventricular fractional shortening.
Statistics were calculated by Kruskal-Wallis test, followed by the Dunn multiple comparison test.

° P<0.0.05 compared with Class la.
** P<0.01 compared with Class la.
°™ P<0.001 compared with Class la.
t P<0.05 compared with Class Ib.

1 P<0.001 compared with Class Ib.
% p<0.05 compared with Class Il.

Table 2

The plasma atrial natriuretic peptide {ANP) concentrations in healthy dogs and in
dogs with myxomatous mitral valve disease grouped on the basis of International
Small Animal Cardiac Health Council (ISACHC) Class.

Table 3
Correlations between plasma atrial natriuretic peptide concentration and various
parameters (n=127).

Correlation coefficient (r) I Pvalue
Median IGR (25th-75th) Heart rate (bpm) 035 0.12 | <0001

Healthy 158 11.0-263 LA/Ao 0.68 0.46 <0.001
ISACHC LVEDD/Ao 0.35 0.12 <0.001

Class Ia 338 235-589 LVESD/Ao 0.09 0.01 NS

Class Ib 53.0 334-1113° FS (%) 034 0.12 <0.001

Class Il 77.0 434-173.0°

Class Hla 228.0 165.5-446.0"15% n, number of dogs for which variables were available; r, coefficient of determi-

Class Hib 222.0 99.5-347.5"8 nation; LA/Ao, left atrium to aortic root ratio; LVEDD, left ventricular diameter in

Mann-Whitney's U test was used to compare plasma ANP concentrations between
healthy dogs and dogs in each ISACHC Class of MMVD, All ISACHC Classes of dogs
exhibited a median plasma ANP level significantly higher than healthy dogs.
Statistics were calculated by Kruskal-Wallis test, followed by the Dunn multiple
comparison test, to compare plasma ANP concentrations among dogs in each
ISACHC Class of MMVD.

" P<0.001 compared with Class la.

t P<0.01 compared with Class Ib.

§ p<0.01 compared with Class IL

8 p<0.05 compared with Class Il

Receiver operating characteristic (ROC) analysis was performed
to determine the cut-off value of plasma ANP concentration, which

is different between healthy dogs and MMVD dogs (Table 4 and -

Fig. 1). The highest sensitivity and specificity (83% and 86%) were
found for a plasma ANP cut-off concentration of 30.7 pg/mL in
the whole population. Plasma ANP concentrations >27.0 pg/mL
identified dogs with ISACHC Class Ib MMVD with a sensitivity of
88% and a specificity of 81%. The optimal plasma ANP cut-off con-
centrations were different when dogs with asymptomatic MMVD
(27.0 pg/mL) and dogs with symptomatic MMVD (40.8 pg/mL)
were studied separately. A plasma ANP concentration >59.9 pg/
mL could identify dogs with left atrial enlargement (LAfAo > 1.7)
with a sensitivity of 81% and a specificity of 79% (Fig. 2). Use of
plasma ANP concentration >182.5 pg/mL to identify dogs with pul-

diastole; LVESD, left ventricular diameter in systole; FS, left ventricular fractional
shortening; NS, not significant. Statistics were calculated by Pearson’s correlation
coefficient test.

monary edema had a sensitivity of 94% and a specificity of 79%
(Fig. 3).

4, Discussion

Congestive heart failure caused by MMVD is commonly re-
ported in dogs over 10years old. Since MMVD is a progressive
degenerative disease, the aim of this study was to identify a simple
and sensitive diagnostic assay that could detect MMVD early to im-
prove the survival of these dogs through proactive interventions.
Plasma ANP was selected because this small peptide is released
from cardiomyocytes in response to cardiac overload. The present
study provides evidence that plasma ANP can be used as early
diagnostic tool and marker of disease severity for dogs with
MMVD.

In the present study, plasma ANP levels in dogs with mitral
regurgitation are significantly elevated compared with those in
healthy dogs and this result is consistent with a previous study
{Hdggstrom et al,, 1994; Hori et al., 2011), Furthermore, the pres-
ent study showed that plasma ANP levels were able to discriminate
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Table 4
Sensitivity and specificity of plasma atrial natriuretic peptide concentrations to discriminate dogs with myxomatous mitral valve disease from healthy dogs.
Population considered Area under ROC curves 95% Cl Cut-off points (pg/mL) Sensitivity (¥) Specificity (%)
Whole population {n= 127} 0.93 0.887-0.966 >30.7 83 86
1SACHC
Class I (n=57) 0.87 0.797-0.937 >27.0 77 81
Class Ia (n=31) 0.82 0.728~0.921 >27.0 68 81
Class Ib (n=26) 0.92 0.851-0.985 >27.0 88 81
Class 11, I (n=70) 0.98 0.952-0.998 >40.38 g0 97

ROC, receiver operating characteristic; Cl, confidence interval; ISACHC, International Small Animal Cardiac Health Council. Statistics were calculated by ROC analysis.
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Fig. 1. Receiver operating characteristic (ROC) curve showing the sensitivity and specificity of using plasma atrial natriuretic peptide concentrations to distinguish healthy
dogs from dogs with myxomatous mitral valve disease. The abscissa and the ordinate of each point represent the sensitivity and 100% ~ specificity rates for specific cutoff.
Each curve was generated by calculating the sensitivity and 100% — specificity rates. Plasma ANP discriminated cardiomegaly from non-cardiomegaly caused by
asymptornatic MMVD, (A) ROC curve for the whole population (n= 127). (B) ROC curve for ISACHC Class 1 (combined Class la and Ib, n=57), Class 1a (n=31) and Class Ib

(n=26).
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Fig. 2. Receiver operating characteristic (ROC) curve displaying sensitivity and
specificity of using plasma atrial natriuretic peptide (ANP) concentrations to
distinguish dogs with myxomatous mitral valve disease (MMVD) and left atrial
enlargement (LA/Ao > 1.7) from dogs with MMVD and LA/Ao < 1.7, The abscissa and
the ordinate of each point represent the sensitivity and 100% —~ specificity rates for
specific cutoff. Each curve was generated by calculating the sensitivity and
100% -~ specificity rates. An ANP value of 59.9 pg/mL was associated with a
sensitivity of 81% and a specificity of 79%. Area under the curve = 0.87.

dogs with ISACHC Class Ib MMVD from healthy dogs with high sen-
sitivity and specificity. Similar result was reported by Hori et al.
(2011). Plasma ANP concentration differentiates ISACHC Classes
Ib, If and I from Class Ia with high sensitivity and specificity,
regardless of heart disease (including MMVD, dilated cardiomyop-
athy, patent ductus arteriosus, and ventricular septal defect) (Hori
et al,, 2011).

ANP is secreted in response to the stretching of the atrium that
results from volume overload in the heart (Edwards et al., 1988;
Hori et al., 2010). Plasma ANP concentration increased concomi-
tantly with increase in the cardiothoracic ratio, vertebral heart
score, LAJAo, in dogs with heart disease (Hori et al, 2011;
Higgstrom et al,, 1994). In the present study, plasma ANP concen-
trations showed a moderate positive correlation with LA/Ao, and

0
0 20 40 €0 80 100
100% - Specificity

Fig. 3. Receiver operating characteristic curve displaying sensitivity and specificity
of using plasma atrial natriuretic peptide (ANP) concentrations to distinguish
symptomatic dogs with myxomatous mitral valve disease (MMVD) and pulmonary
edema from symptomatic dogs with MMVD without pulmonary edema. The
abscissa and the ordinate of each point represent the sensitivity and 100¥% - spec-
ificity rates for specific cutoff. Each curve was generated by calculating the
sensitivity and 100% - specificity rates, An ANP value of 182.5 pg/mL was associ-
ated with a sensitivity of 94% and a specificity of 79%. Area under the curve = 0.88.

>59.9 pg/mL, and could discriminate the left atrial enlargement
(LA/Ao > 1.7) with a sensitivity of 81% and a specificity of 79%.
These results indicate that plasma ANP concentration differenti-
ates asymptomatic MMVD with enlarged heart.

The present study demonstrated that the plasma ANP concen-
tration increases gradually with the progression of MMVD. These
data are supported by a number of previous studies. For instance,
the Cavalier King Charles Spaniel with naturally acquired decom-
pensated mitral valve regurgitation, N-terminal pro-atrial natri-
uretic peptide (Nt-proANP) levels rose gradually during
compensation and reached their highest levels in early decompen-
sated congestive heart failure (Haggstrém et al., 1997).

Progression of heart failure in dogs with MMVD leads to left at-
rial and ventricular enlargement (Gouni et al., 2007; Lord et al,,
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2010), and Perrella et al. showed a stepwise increase in left atrial
ANP expression throughout the progression of congestive heart
failure (Perrella et al., 1992). In addition, the stretching of the heart
walls induces release of ANP from the ventricles. Luchner et al.
demonstrated that left ventricular ANP gene expression and plas-
ma ANP levels increased following the left ventricular wall stress
in dogs with experimentally induced congestive heart failure
(Luchner et al., 2000). These results suggest that ANP levels are ele-
vated in dogs with congestive heart failure.

Conversely, several studies have indicated that there is reduced
atrial storage of ANP in dogs with pacing-induced heart failure
(Moe et al., 1989, 1991). One possible explanation is extensive car-
diac tissue fibrosis associated with acute pacing-induced heart fail-
ure in dogs (Ogawa et al, 2007). Post-mortem examination
revealed that cardiac tissue fibrosis is also extensive in MMVD dogs
with congestive heart failure (Falk et al., 2010; O'Leary and Wilkie,
2009). Mitral regurgitation produced by mitral valve avulsion has
been reported to promote the formation of interstitial fibrosis
and inflammation in dog left atrium (Verheule et al., 2003). These
recent research suggest that plasma ANP level affected not only
cardiac enlargement but also time course and cardiac fibrosis.
Therefore, acute or chronic severe mitral regurgitation may indi-
cate lower plasma ANP level.

In summary, the present work demonstrates that the measure-
ment of plasma ANP concentration can be used for early diagnosis
and monitoring of MMVD severity. An earlier study reported a
greater median survival in dogs with heart failure and plasma
ANP <95 pg/mL (Greco et al,, 2003). In contrast, the ROC analysis
presented here identifies, for the first time, a cut-off value that
can be used to identify MMVD even before the emergence of
symptoms. The prognosis of dogs with MMVD is currently very
poor, with a median survival time of 6-7 months after diagnosis
(Borgarelli et al., 2008; Serres et al., 2007). Regular monitoring of
plasma ANP levels of dogs over the age of 9 years might detect
the onset of MMVD disease before irreversible damage to the heart.
This examination might provide a window of opportunity for
successful early intervention.

In conclusion, plasma ANP levels correspond to the severity of
MMVD, including asymptomatic MMVD, and with left atrial
enlargement.
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The Effect of Antithrombotic Treatment of Dalteparin after Mitral
Valve Repair under Cardiopulmonary Bypass in Dogs
Megumi FUJIWARA, Takeshi MIZUNO, Takahiro MIZUKOSHI, Asako SHINODA,
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Abstract. We evaluated the effect of ozagrel and darteparin after mitral valve repair under
cardiopulmonary bypass in dogs. A total of 32 dogs were included in this study (9.7+2.3 years old,
53137 kg). The two out of 32 cases were excluded because of death with aspiration or hypoten-
sion within 24 hours after surgery. Dogs (#=14) were treated with hydrochloric acid ozagrel orally
{p.o) for a dose of 5 or 10 mg/kg BID, or Low molecular weight heparin; dalteparin (5 IU/kg/hr)
after the operation. The dose of dalteparin was increased gradually (until 50 or 75 IU/kg/hr), and
then changed to subcutaneous injection of 50-100 IU/kg/day for 6-12 days (#=16). After that, oza-
grel hydrochloride (10 mg/kg p.o, BID), a thoromboxane A 2 synthase inhibitor, was administered
for 1 month instead of dalteparin. In this study, it was suggested there were less thrombosis in the
darteparin-treated group. The number of platelets increased earlier in darteparin-treated group.
Also, there was significant lower rate of hyperlipasemia in the darteparin-treated group. This study
has shown the effect of darteparin in preventing adverse events, and it was emphasized the impor-
tance of anticoagulation management after mitral valve repair.

Key words: dog, cardiopulmonary bypass, antithrombotic treatment, dalteparin
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Table 1. Signalment, incidence of thorombotic events and bleeding

Ozagrel Dalteparin P-Value Odds ratio
Cases 16
Age (year) - 94421 99427 0.63
Sex . 20.0% Male 69.2% Male
BW 58+38 40423 0.84
Preoperative LA/Ao 27405 2.7%05 097
Preoperative LVIDd/BW 85+46 96125 0.74
Operation time (min) 516.71+88.3 4940+1255 027
Number of artificial cordae 52408 4.7+09 0.10
Bleeding (m/) 90.11+1331 4881385 0.98
Thorombotic event 0/16 0.12 0.3-150.2
Cerebral infarction 0
Pulmonary embolism 0
Pancreatitis 1/16 046 02-3L0
Hyperlipasemia 1/13 0.022 1.1-1307

LA/Ao: the ratio of the LA to aorta at the level of the aortic valve

LVIDAd: diastolic left ventricular internal dimension

3_..



A X OEIEST RS B R OB

) Ozagrel treated group wy  Dalteparin treated group

600 600

500 500 -

400 400 -

300 300 -

200 * * 200 4
*

100 4 100 A

0 0
pre 1d 3d 54 7d pre 1d 3d 5d 7d

+ ozagrel + dalteparin

Days following operation

Fig. 1.

Days following operation

The change of the number of platelet count before and after the operation

The mean platelet counts were significant lower in 3 and 5 days after CPB than those of
preoperation. The only dogs treated with dalteparin had significant higher platelet counts on the
7th day than those on 3 days after surgery.

d: day, *: P<0.05 vs. baseline.

Same letters indicate statistically significant differences (£<0.05).
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Table 2. The comparison of the perioperative condition with or without hyperlipasemia

Hyperlipasemia Non-hyperlipasemia P-Value
Cases 17 6 0.03
Body weight (kg) 38429 45+28 0.37
Sex 16.7% Male 58.8% Male 0.08
Age (year) 92424 96126 1.00
Anesthesia time (min) 4702735 48391817 0.75
Extracorporeal circulation time (min) 13724270 138.8+41.6 0.72
Aortic clump time (min) 8331188 8461224 0.62
Perioperative mean blood pressure (mmHg) 6204138 6331146 0.70
Minimum temperature of rectum (C) 247421 250429 0.86
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MBI RERETIZ 04520144 g/ml, CKD BETIZ 0.41£0.10 4 g/ml Tho . ML DIV 7 a3 LV DFY
M BERY 7 HEEAERORE Y I 2 b— Y a VIC L ARSI EZRED N h oo, BHIFELD, F
VET7RFY Y VITEREOBET LA CKD ORI BWT, HERRUBENBORBEEIFRETH L O LRB IR,
meeeFpee e [0 CKD, T AF TR 0 RHE, RIRGERR, ANVET ORIy, RERS VI ab—-T a2,

FhFuF o yERIEEEEDNA VY4 LA RU
FPRAV XS —EHEEZHNL, FT72BHEE, I
s, w4 375 A< UCRERENICREE
HERT (1], ANVET7uFRS T aByROS 3 A
TAFOF ) aRREETHY, ThITh i
Lo e+ s CAMENREShTEL [2-12). F
NE 7T &Y Y RINBROERBITECER (6], &
ZH PO KB LT BB 1.56 ug/ml OR/h
M # R oR3 (18], -y 3y FEEP MO
TrvFuFouaryREEEeEBELCEL (14, 15],
MR AE { BEREFS ik EORIFLRERE
boREHE LT, BREBRCEIBHEShTRS (6,
16].

BESE (Chronic Kidney Disease : CKD) &K
T OHEN, BENREZRLARBLER
&h, BEoORIZEZBDOND [17,18]. CKD OE
B, fliERE, 7304 F—Y R, Bk %%
B, REAZLREPHITbRE [19,20]. chosoR
L34RE, BT, OETLREEORRBERSZNE
HERT, BREEF 70y ROBLEZHRL, THEE

HBR&EE 67, 603~607 (2014)

DIEYPEEE T D HREFD 5.

RO BIX, CKD ZEBWICHFR LRI L
THIVE 7059 Y ¥ 5.0 mg/kg DEBZORS 24T
Wl BEOHBRFMT AL &b, REES VI 2
V—YarvZERL, CKDORICBFaFvE7uE
¥ OBERICOVWTHET A2 L Chodz.

HEHRERUTFE

AR B AKEENMRENERODHERGETE
CEISWTHEBS N, BERKREEWR I ERRES
FAREHRFICTERENL - AVROS L, —#&
ShEE REERCOEBRECREZEDLVIEE
BERL L T, AROBRECRYEOZOEV3HEH
POEFRHEZT, 3ERBRELABIC1/6 0ETH
RERF#ITH ZL TCKD BRER LA TTOR
B1ETor—YHwE L, EBRTEITHROFy 7
7—F%1H2HEMEHEL -

A ERIZ, 1 XYY (XU —F%E, BEL
ER OBHE) 2EELAMEAXY I 2YT TV AEE
BWTHERLE A2 VlhgEL) yavN—-rx

T EHREE GERR) | LBEX (JASMINE &5 SoBREREY ¥ —)
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BHFREEEORIBI BT VE 7YY Y 0RYHHE

FNE 7YY mEREE (ug/ml)

-O- BEH

#ER

48

0.25 05 1 2 4 6 ] 12 24 72
PEBE R (FR)
#E/ 0.25 0.5 1 2 4 6 9 12 24 48 72
wxm  <oo 208 302 350 B Ky L i % Il Sk i%(?gl
cow <oo N5 KB EU. L Zae Som sour So00 sod0 +oo7  so0e

1 FnE7uxryy rEEESHOMPIEENHER
REF LU TCKDRE, BN REINERMOERR RREIRERAER L2

YRR YERL, meEE— RS TER (AUCY
BUToaRARICTRS 2 [21, 22].

fast

AUCt= Y

t=0

(tr;"tn—l) . (Ca+cn-1) + Clast
2 Az

t: 4 XY YEEBORE (min), f.: DPERESE
LN/ RBOBEE (min), C R Cmr: 4 XY v#E
#ombiEE (mg/mh), t, BTt 42 V5
HOBE (min) 2ZhThELTWS. 1, HEER
DEE (BB3IEO/ Y VP BELEE-SELN
RERANBEROERERPLEHRLL). $RTOIYT
5V AERHE (kg) CEEELL

ANEIREFY Y (E2F RS &, DS77—<
FoUANAE, HE) L LT50mg/kg? 10 m/
DARLLDCEEEORE UL, #5220 FHT»0®
BARMBICERLL, KZBHEHKE L. 95R
iz, BE5H, #E5%0.25 05 1, 2, 4, 6, 9, 12,
24, A8 RO T2 OE 12BN TRAEERS S 2.5 ml
BEL, ANy YFrIYABMBRECTESR
3,000 rpm T 10 S EHOHREL -3 L L7 REL
MR B -18CUT CHEERE L. §XC
DX 2ERBEZT, 1HEORRTRREAAM
BERAWCHN 2T o . BOFPLELREEIZ2EE
DRBE TR ENMFEEZEHLL. Arevasy
YORIER, BEltr o b 7E (BEBRN) %
BHEL, 7W&tE SERF0.01ug/ml HHNER
ET70% L, ZEMRER20% T & Lz,

FNETOFY Y OBEMPERE (Cmax) 13353

RER&RE 67 603~607 (2014)

EXRAL, BHmPREREFA (Tmax) BRI
Cmax #7R LB & L. AUCt BEFMEO A Z R
LTEBRICIVERL, $HE ) 2ERLZ
T, ANE7UXYY VEEREROFEYMFEEE
B2 HWT, 10.0 mg/kg, 5.0 mg/kg, 2.5 mg/kg %
1H1E, 7HHRERO®RS LHEDYIab—T g
YEERLL. AEBBRS O LRERSROMER,
1B%2 200 58 LB0BDOORBICH T 2SN PE
EZUTOARNCTERL, FRsBOEEnhilER
BEhebesd [EhabEE] T2 hRoA [23].

I —kel-t
C =1 X -
max=D 1/(1 e )

Cmin=Cmaxxe *"!

D:HRERE, F: A VE70FH Y Y OENFESE,
Vd: SHEHE, kel BEUHEEESE, @ SENER
ETNThELTHAE.

CKD B FBMTHE, ABOoWEABREOTELE
L7 3RTOEEFHE L BEEZTRLL.

B #

BEFIFEHITL24 R, #E11.5+08kg CKD
BEZER0.0x1.68 #KE117x08kg Tho7z. &
EROLRREEERIT 4.14+0.66 mi/min/kg, CKD
BHORBERBEE 2.32+0.45 ml/min/kg THo 7=,

FNETTFF T O Cmax X, BEETRESE]
Bl T3.60+£0.23 2g/ml, CKD HTi3i¥5-1% 2 Biic
3.07x031 ug/mi Cholz. WELDICL,LIX28M%
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LR RIBER

R RU CKD BECB W AW RSN X — ¥

AUCt Cmax Tmax tip 148 2248
(ughr/mh) (ug/ml) () (hr) (hr)

41l 375 075 28 1043
BEH L 70 +040 =027 +049 =0.62
3879 335 108 3.02 1277
¥416  +035 027 *177 +3.3
AUCt: i r—E MMM FHEH, Cmax: BFlbhiR
BE, Tmax : M chiB BRI, G/ 330

CKD #f

RLA (0. oW CREET2HBRT TV
Ezudy i Uagiish, IPBECAFREIEDS
Nihdpolzs, FNETOERYY Y OFY bl #
WEHEUCKDHE L ICHEHR 6~ 12 RRECTRABICR
FL, WSH24ABNICREETI045+0.14ug/ml,
CKD BTt 041%0.10ug/ml Chotz. Fhkst
72REMC, AN T oFRF Y rombiEid, BEE
T3 0.02+0.01 gg/ml, CKD ¥ T 1 0.03+0.02ug/
ml Tho/z (A1).

ANETUEFH Y VORBEEYIab—-va v T
3, EBEUCKDEE L IMPBECEEEIHED
Shilkdoiz (H2),

%d, REBRTHO CKD BIC3 Y 2 miss s
FHTR, BEREOHENE WHROMMEL Aoy o
ROl BAMEORY, RIMEOEL, THBEICHE
DIEILIRI T bz,

% %

ERFRICBNTF L E 7Y 05, BER
T 2 BRI RESIhiER R L, S5 HRIRHT
MR IRER L. COFRIHEOEYRIE L
—F L7 [3]. MEBLIEEBLTCKDETIE, REl
i B ELERF O ERE R USRS Z R L2, |
BICHFEERZD oz, T, 7 HEREED
H#EYI 2 V-V a Y OMPBEEBEIWHEE b I0—-&K
LTwi BEEY, ¥ 7ady 3y oEyRIRRIE,
REBRPCKDEHLLICEDTL I ERL, THRE
bhwnekEZ bl

BHBORITEREI OO F 82 EBESHN L7
W VBEFI0~20%ET 5. & 5ICHIIEE
B0, BASEOBRY, FERRUCRFLEDORSIC
0, FHOSHERZ A CEY oM EERTHE
BAOEHEFRET AWREZED 5. BHEIIBY
5CKD#iX, BEBHLEBELCRETHY, RILER
MEERBEELCCERE (FLRRURRMERERD
B OET2RLAE [21,24], FA¥zadyI v
DF VST EERIT20~40% & HEEL, BbicT
WTIVEREESTH (25 26). RBERBEOBRLSRE
CEMEREOET L2 CKD #idmbh 7 V73 VBED

- ——605—

l

W OB
g 1004
o
g
f;‘é
e
K-
u\l
™~
5 .
& 0«1 T T T T ¥ T T T ]
*® 0 20 40 60 80 100 120 140 160 180
e 5AERREN (RERD
CKD B
#® 100
i
i
=
~E
>
'é-‘\
i 2
D’\J
~
‘AJ ",
2 0 O —
e 0 20 40 60 8 100 120 140 160 180
PRI (B 00)
— 100 mg/kg —— 5.0 mg/kg -~ 25 mg/kg

H2 Anv¥vnxdyr21H1H, 7HRBRESDR
Sl EomPBERBOY I L—Tay
LERERER TERICKDERRL, BOEREZ
10.0 mg/kg, IREBEHIIE.0 mg/ke, FHIZ2.5 mg/
kg # x5 Lol RREESEE RT.
WHLLIANE 70X rOBEREITHERS
nidoiz.

BAZHTIL, 7VTI VIEREHI VETORYT
OhEEEZ LRSS, BRI B W CREMEEER
P L-CKD 8%, Frevadxyyrvogsry7y
SVAFRLL, TR L2 0OMESY 320
ROV BRI PR ERERE O ER R UBHREYEE S
RL7zEEZ bR

FNETaFFY U RBEETNCEEL TR TSR
ThY, BFHEICH L TL56ug/ml Ll EDBETSHE
FeHIET 5 13]. BELZS Y PiCANVETUFH Y
¥ 20 mg/kg  BEEORSE L2846, &5 4BHEE
TR, B OBER BRHBHEAOMBT 156 ug/m]
BLEOMSBEERRT. YA TERERBED
B 5 ERCRY 48 BT TIT 0.1 ug/ml BITIC
BETE 5] A 733V VoRERS VI 2
V=Y a vyiZHBnT, B0 CKD B#LERIE%ED
MFgEEBER L. BCEIBNpHOLR, B
LEOEGHET, HIEOMEERBOETEIIEY
BINCHE LB 2ETFLLVEEY, Frdyusy
YYOBEREIBR IR0,

EREICBNT, FNVET7UEH TV 5.0mg/kg &
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Evaluation of Pharmacokinetics of Orbifloxacin in Dogs with Chronic Kidney Disease
Marina FUNAYAMA and Masami UECHI'

* Nihon University, Graduate School of Veterinary Medicine, 1866 Kameino, Fujisawa, 252~
0880, Japan

SUMMARY

Orbifloxacin, is a fluoroquinolone antibiotic developed for use in veterinary medicine that is quickly and
widely distributed after administration and is excreted primarily by kidney. In this study the pharmacokinetics
of orbifloxacin after a single oral administration of 5.0 mg/kg body weight was evaluated in three dogs with
experimentally induced chronic kidney disease (CKD group) compared to three healthy dogs (healthy group).
The mean glomerular filtration rates by inulin clearance for the CKD group and the healthy group were 2.32
+0.45 m!//min/kg and 4.14+0.66 m!//min/kg respectively. The maximum blood concentration of orbifloxacin
was 3.60+£0.23 yg/m! in the healthy group one hour after administration, and 3.07+0.31 x g/m! in the CKD
group two hours after administration. The average blood concentration of orbifloxacin a 24 hours after adminis-
tration was 0.45+0.14 4 g/ml in the healthy group and 0.41+0.10 z g/m! in the CKD group. In this study the
concentration of orbifloxacin were higher in the CKD group, whereas there was no significant difference com-
pared to the healthy group. In conclusion, orbifloxacin showed favorable pharmacokinetic properties with no
obvious adverse reactions in the CKD group compared to the healthy group. Therefore, these results suggest
that no dosage adjustment of orbifloxacin is needed for CKD dogs.

—— Key words : CKD, fluoroquinolone, glomerular filtration rate, orbifloxacin, repeated-dose simulation.
T Correspondence to (Present address) ; Masami UECHI (JASMINE Veterinary Cardiovascular Medical Center)
2-7-3 Nakagawa, Tsuzuki, Yokohama, 224-0001, Japan
TEL 045-532-8451 FAX 045-532-8456 E-mail : uechi.masami@cardioveis.jp
J. Jbn. Vet. Med. Assoc., 67, 603~ 607 (2014)
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ABEO B, ZRAEOAMNEEZER LINSIRANCERBOTEHY, AR, FuliRt2FHT252L TH5.
AKX 4HEOBREAL L., RARER, FHEFERER Fro- VABEAESEED SV IXePTFE/ Sy F %
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BERe B SEE LT VA VBT SOT Y
0.05mg/kg (Boehringer Ingelheim Co., Ltd.,
Canada), B FOF ¥ ¥ ¥ lmg/kg (Atarax-P®,
77 A - R, R, BT ¥ 0.025mg/
kg (Phoenix Phaumaceutical Inc, UK.) % FERE#A
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Bl BB, B3, RBAET MUY AEHE
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