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Background: Pimobendan is widely used for the treatment of dogs with
heart failure via the oral route. A new injectable form of pimobendan is how
available and its potential usefulness via intravenous route has been recently
demonstrated in dogs. However, the cardiovascular effects of intramuscular
(IM) administration of injectable pimobendan have not been investigated yet.

Hypothesis: IM administration of pimobendan may have the same
hemodynamic effect as the IV route.

Methods: Six healthy Beagle dogs underwent a placebo-controlled
double-blind crossover study. The early cardiovascular effects after a single
dose of IM and IV injections of pimobendan (0.2 ml/kg; Pimo IM and Pimo
IV, respectively) were compared to the same volume of IM placebo (Saline
IM) in anesthetized dogs. Clinical [heart rate (HR) and blood pressure (BP)]
and echocardiographic hemodynamic parameters [left ventricular (LV) inflow
waveforms of diastolic early wave (eV), atrial systolic wave (aV), diastolic early
mitral ring velocity ), peak velocity (pV), stroke volume (SV), cardiac output
(CO), and systemic vascular resistance (SVR)] were monitored with 15 min
intervals for 120 min.

Results: Diastolic BP decreased significantly at 30 min in Pimo IM compared
to Saline IM. Mean eV and CO values significantly increased from 75min,
e’ from 60min, pV from 75min, and SV from 15 to 120min, whereas SVR
significantly decreased at 30—60 min in Pimo IM compared to those of Saline
IM (P < 0.05). Compared with the Pimo IV, eV and pV were significantly lower at
30-60min (P < 0.05) while SV was significantly higher at 90-105 min in Pimo
IM (P < 0.05). Other hemodynamic parameters (BP, HR, SVR, CO, e, and E/e’)
did not significantly change between Pimo IM and IV.

Conclusions: The hemodynamic effect of pimobendan following IM and
IV injection was described. Our results suggested that IM administration
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of pimobendan is equally comparable and possibly interchangeable with
IV administration. This warrant further studies to investigate the clinical
effectiveness of IM pimobendan in treating dogs with congestive heart failure
or in heart failure cases unable to receive IV or oral administration.

KEYWORDS

pimobendan injection, echocardiography, hemodynamics, phosphodiesterase Il
inhibitor, cardiotonic, dogs

Introduction

Mitral valve disease (MVD) is the most common acquired
heart disease in dogs which accounts for 75-80% of congestive
heart failure (1, 2). Pimobendan has long been used as a
treatment of choice in dogs suffering from MVD (3-5) and
dilated cardiomyopathy (DCM) (6). ACVIM Specialists of
Cardiology recommended the use of pimobendan for hospital-
based acute care to improve the survival rate and patient
outcomes (7, 8). Moreover, pimobendan medication delays
the onset of congestive heart failure (CHF) in dogs with
preclinical MVD with enlarged left atrium and left ventricle
(ACVIM Stage B2) by 15 months (3).
cardiotonic, myocardial relaxing, and vasodilatory effects by

Pimobendan has

calcium sensitivity enhancing (9-11) and phosphodiesterase
III (PDE-II) inhibitory effects (12-14) in a dose-dependent
manner (15).

Oral administration of pimobendan is the most preferred
method when the MVD condition is stable and for chronic
medication strategy (16). The pharmacokinetics of pimobendan
during oral medication considering the drug form vary among
studies. This difference is essential to predict the onset of the
peak effect of pimobendan during the treatment of patients,
particularly in severe cases (17-20). In addition, many dogs
with acute heart failure cases due to MDV have little reserve
cardiorespiratory function, hemoptysis, and respiratory distress
(2). Oral administration in such cases is more difficult than

Abbreviations: aV, The left ventricular inflow waveforms of the atrial
systolic wave;

CO, Cardiac output; DBP, Diastolic blood pressure; DCM, Dilated

BP, Blood pressure; CHF, Congestive heart failure;

cardiomyopathy; E/e’, early mitral inflow to the diastolic early mitral ring
velocity; eV, The left ventricular inflow waveforms of the diastolic early
wave; HR, Heart rate; LAP, Left atrial pressure; LV, Left ventricular; LVEDP,
The left ventricular end-diastolic pressure; MAP, Mean blood pressure;
MVD, Mitral valve disease; PaCO,, Expiratory terminal carbon dioxide
partial pressure; PDE-Ill, Phosphodiesterase Ill; Pimo IM, Intramuscular
administration of pimobendan; Pimo IV, Intravenous administration of
pimobendan; pV, Peak velocity; SBP, Systolic blood pressure; SpO,,
Saturation of percutaneous oxygen; SV, Stroke volume; SVR, Systemic

vascular resistance; VTI, Velocity-time integral.
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parenteral routes, and the desired effect of the drug occurs slowly
when used per os (17), making it an inappropriate route of
administration in emergency cases such as in acute heart failure
or severe CHF.

Currently, injectable pimobendan has been formulated
and became available for IV injection (17, 21), suggesting
an alternative live-saving route of administration in case of
advanced stages of MVD to rapidly reduce the left ventricular
end-diastolic pressure (17, 22). Recent studies revealed that
the IV administration of pimobendan, but not SC, may be
useful in patients with acute heart failure caused by MVD
(23, 24). Until now, there is no data regarding the IM route of
pimobendan administration in dogs. In severe cases, injection
of medicine is a lifesaving choice because of getting the desired
effect after a short time compared with the oral route. In light of
previous literature, there are certain cases of emergency where
the IV route can be accessed easily. However, in some cases,
like vasogenic shock, IV is very difficult due to the collapse of
peripheral veins (25). Also, in small breed dogs, the peripheral
veins are not so easily accessed and IV injection should perform
with caution. When we consider these points, the IM route of
pimobendan administration is worth studying. Practically, IM
injection is easier, and safer, and may serve as an alternative
route of administration in urgent cases when the IV route is
difficult. Besides, the desired effect of the medication is generally
more rapid when used via IM than the SC (26, 27).

The current study aims to investigate the cardiovascular
effect of injectable pimobendan through the IM route. We
will demonstrate the prolonged effect of pimobendan IM
injection on cardiovascular functions through evaluation of
hemodynamic changes, evaluating the start time of action, the
duration for maximum activity, and the strength of the action in
comparison with the IV route in healthy dogs.

Materials and methods

Animals
A group of six female beagle dogs aged 1-3 years old

and weighing 7.6-8.4kg (median: 7.9kg) was studied. No
abnormalities were found in their health, based on clinical,
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hematological, and serum biochemical examinations, as well
as the cardiologic evaluation by electrocardiography and
transthoracic echocardiography.

Study design

This is a placebo-controlled, double-blinded, crossover
study. In this study, the cardiovascular effect of pimobendan
treatment via IM route (Pimo IM) was investigated which
was compared with pimobendan IV (Pimo IV) and placebo
administered IM (normal saline; saline IM).

For each examined dog, the supervisors randomly prepared
the dose of injectable pimobendan and the same volume of saline
as Drugs A and B. Additionally, the other supervisor selected
either Drug A or B for IM administration and subsequent
measurements of heart function parameters in anesthetized
animals. The IM injections were performed in the longissimus
muscle of the lower back. None of the supervisors who prepared
and administered the drug/placebo knew which substance was
administered until all experiments were finished. In addition,
the preparation and administration of the drug were overseen by
the designated supervisors. Moreover, the effect of intravenous
administration of pimobendan (Pimo IV) was compared with
that of the Pimo IM, using the same individual animals as in the
Pimo IM vs. saline IM test. The drugs were pre&ared at doses
of pimobendan 0.15 mg/kg (0.2 ml/kg; Vetmedin ™~ 0.75 mg/ml,
Boehringer Ingelheim, Germany) for IM and IV routes, and
saline 0.2 ml/kg (Otsuka normal saline, Otsuka Pharmaceutical
Factory, Inc., Japan), respectively, according to the previously
published protocol (23). The IV route was injected over 1 min
in the cephalic vein.

In this experiment, all dogs were subjected to the same
route of administration. After one week’s lag, another route was
started to avoid overlapping and ensure complete clearance of
the medicine (23).

Anesthesia and preparation

A catheter (SURFLO 22-gauge, 25 mm, TERUMO, Japan)
was placed in the cephalic vein for pre-medication and infusion.
Each dog was pre-medicated with butorphanol (0.2 mg/kg,
IV; Vetorphale, Meiji Seika, Japan). Anesthesia was slowly
introduced with propofol IV (6.0 mg/kg; propofol IV 1% “FK”,
Fresenius Kabi Japan K.K., Japan) and endotracheal intubation
was performed (28, 29). General anesthesia was maintained
by isoflurane (isoflurane, Pfizer Inc., NY, United States) to
100% oxygen, supplied via mechanical ventilation (Aestiva/5,
Datex-Ohmeda, GE Healthcare, Japan). The concentration
of isoflurane during the experiment was determined for
each dog (1.0-1.8%), and the concentration was maintained
within a range of £0.1%. The dog was placed in the left
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lateral position, and the heart rate (HR), expiratory terminal
carbon dioxide partial pressure (PaCO;), expiratory terminal
isoflurane concentration, blood pressure [BP; systolic blood
pressure (SBP), mean blood pressure (MAP), diastolic blood
pressure (DBP)], esophageal temperature, and saturation of
percutaneous oxygen (SpO;) were continuously monitored
using an anesthesia monitor (Life Scope A BSM-5192, Nihon
Kohden, Japan). Samples for expiratory terminal PaCO; and
expiratory terminal isoflurane concentration were collected
from the Y piece of the ventilator respiratory system, and
expiratory terminal PaCO; was maintained at 35-45 mmHg.
BP was monitored with a transducer (DX-300, Nihon Kohden,
Japan) connected with a catheter (SURFLO 24-gauge, 19 mm,
TERUMO, Japan) placed in the dorsalis pedis artery. Esophageal
temperature was maintained at 37.0-37.5°C using a warm air
mat (Bair hugger™, 3M™, Minnesota, United States). The
SpO; was measured with a pulse oximeter clipped to the tongue
and levels were maintained at 98% or higher. Lactated Ringer’s
solution was infused at a flow rate of 3.0 mL/kg/h throughout
the experiment.

Measurements of cardiovascular and
hemodynamic parameters

After confirming the stability of the hemodynamic
parameters following anesthesia, the baseline parameters
before drug administration (Time 0) were measured
from the anesthesia monitor and by using conventional
echocardiography (Prosound F75, Hitachi Aloka Med., Japan).
Subsequently, while dogs were still under anesthesia, drug
administration was started, and the data were measured every
15min up to 120 min (eight-time points: T15, T30, T45, T60,
T75, T90, T105, T120) after the acquisition of the baseline
measurements (T0). This protocol has been modified from
previously published studies (17, 23). For echocardiography
(30), a cross-sectional image of the apex of the heart was
visualized. By the left parasternal approach, the left ventricular
inflow waveforms of the diastolic early wave (eV) and atrial
systolic wave (aV) were measured using the pulse Doppler
method, and the early diastolic mitral annular velocity (assessed
by TDI) (e/) on the lateral wall was measured using the tissue
Doppler echocardiography. The eV/e' (E/e) was calculated
from the measured eV and e,. Subsequently, the five-chamber
view with color flow Doppler was acquired, and the peak
velocity (pV), velocity-time integral (VTI), and tract diameter
(d, cm) of LV outflow was measured by the Pulsed-wave
Doppler echocardiography of the aorta. The following values

were calculated from the following formulas (31):

Stroke volume (SV) = (d/2)? x 7 x VTI
Cardiac output (CO) =SV x HR
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TABLE 1 Heart rate and blood pressure measurements after pimobendan injection in comparison with measurements at the baseline (Time 0).

Time Saline IM Pimobendan IM Pimobendan IV
(min)

Mean 95%CI P-value Mean 95%CI P-value Mean 95%CI P-value
HR (beats/min)
15 2.14 —1.09 5.37 0.18 0.20 —3.04 3.43 0.90 2.50 —0.73 5.72 0.12
30 4.04 0.97 7.11 0.01 3.79 0.72 6.86 0.02 3.17 0.11 6.24 0.04
45 3.62 0.00 7.23 0.05 3.40 —0.22 7.01 0.06 1.66 —1.95 5.26 0.34
60 6.50 1.70 11.30 0.01 3.90 —0.90 8.70 0.10 —0.40 —5.19 4.39 0.86
75 6.32 —0.31 12.96 0.06 —0.76 —~7.39 5.88 0.81 4.60 —2.02 11.22 0.16
90 8.26 3.45 13.07 0.002 5.96 1.14 10.77 0.02 3.79 —1.01 8.59 0.11
105 8.78 2.69 14.88 0.01 9.00 2.90 15.10 0.01 6.55 0.47 12.64 0.04
120 10.31 2.83 17.80 0.01 10.83 3.34 18.32 0.01 6.86 —0.61 14.33 0.07
SBP (mmHg)
15 —2.10 —8.26 4.06 0.48 —2.02 —8.43 4.39 0.51 —0.88 —7.32 5.56 0.78
30 0.58 —4.15 5.32 0.80 —2.90 —7.82 2.03 0.23 —4.35 —9.30 0.59 0.08
45 —3.85 —9.39 1.70 0.16 —4.85 —~10.62 0.92 0.09 —1.30 —7.10 4.50 0.64
60 —3.82 —11.67 4.03 0.31 —3.81 —11.97 435 0.33 0.46 —7.74 8.67 0.91
75 —3.16 —11.25 4.93 0.42 —4.03 —12.44 4.38 0.32 —1.31 —9.76 7.15 0.75
90 0.00 —7.36 7.37 1.00 —6.13 —13.79 1.53 0.11 —2.71 —10.40 4.99 0.46
105 —0.97 —9.64 7.70 0.81 —2.74 —11.75 6.28 0.53 —0.62 —9.69 8.44 0.89
120 0.86 —7.17 8.89 0.82 —3.79 —12.13 4.56 0.35 0.76 —7.63 9.15 0.85
MAP (mmHg)
15 0.93 —2.37 4.23 0.55 0.25 —3.06 3.57 0.87 0.32 —3.11 3.74 0.85
30 3.08 —0.28 6.43 0.07 —0.45 —3.82 2.92 0.78 —1.30 —4.78 2.19 0.44
45 2.19 —1.19 5.56 0.19 —0.59 —3.99 2.80 0.71 —~1.26 —4.77 2.25 0.45
60 1.64 —2.78 6.06 0.44 —~1.18 —5.62 3.26 0.58 —0.46 —5.05 4.13 0.83
75 1.99 —1.88 5.86 0.29 —~1.96 —5.86 1.93 0.30 —0.52 —4.54 3.50 0.78
90 2.64 —1.31 6.59 0.17 —2.31 —6.28 1.66 0.23 —0.99 —5.10 3.11 0.61
105 2.31 248 7.10 0.32 0.15 —4.67 4.97 0.95 —0.62 —5.60 4.35 0.79
120 3.23 -1.08 7.54 0.13 —0.78 —5.12 3.55 0.70 0.56 -3.92 5.03 0.79
DBP (mmHg)
15 0.69 —3.47 4.85 0.73 —2.17 —6.19 1.86 0.27 1.47 —2.68 5.63 0.46
30 3.54 —0.90 7.99 0.11 —3.00 —7.30 1.30 0.16 —0.21 —4.65 423 0.92
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0.47

2.58

—5.35

—1.39

0.02

—0.83

—8.50

—4.67

0.16

6.69

—1.25

2.72

90

0.42

2.48

—5.60

—1.56

0.59

291

—491

—1.00

0.42

5.60

—2.48

1.56

105

0.79

3.36

—4.32

—0.48

0.23

1.55

—5.88

—-2.17

0.37

5.48

—2.20

1.64

120

*

Test for change from Time 0 in the repeated measures ANCOVA (time effect, group effect, and time”group interaction) (least significant difference). P-value of 0.05 is considered significant. 95% CI: 95% confidence interval. HR, heart rate; SBP, systolic

blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure. Bold values idicated that the P value < 0.05.
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Systemic vascular resistance (SVR) = 80.0 x (MAP -
central venous pressure).

Since the healthy dogs had no right atrial enlargement
or transvenous distension, the central venous pressure was
assumed to be 5 mmHg (32).

Statistical analysis

The statistical analysis was performed by SATISTA (Kyoto,
Japan). SPSS for Windows version 24.0 (IBM Japan, Tokyo,
Japan) was used for the statistical analysis. For each time
series outcome, the time (every 15min), group (saline IM,
Pimo IM, Pimo IV), and their interactions were fixed effects;
additionally, RM-ANCOVA was performed with the initial
value of the dependent variable (Time 0) corrected as a
covariant. The estimated mean value at each time and its
95% confidence interval (CI) were calculated. For the pairwise
comparison, the Pimo IM vs. saline IM test and the Pimo
IV vs. IM test were performed. Since the comparative tests of
the above two hypotheses were performed independently of
each other, multiplicity was not corrected. Since each outcome
was researched on the assumption that it followed a normal
distribution from the preliminary survey, a parametric method
was adopted. P < 0.05 was considered statistically significant.

Results

Hemodynamic changes caused by
pimobendan IM in comparison with the
baseline

All hemodynamic measurements obtained from the current
study are submitted as additional data (Supplementary Tables 1,
2). Tables 1, 2 summarizes the changes in hemodynamic
parameters after pimobendan administration in comparison
with the baseline (Time 0). The HR was significantly higher
than the baseline 30 and 90 min after administration of Pimo
IM. The SBP and MAP did not change significantly during
the monitoring period (P > 0.05); however, DBP showed a
significant decrease at 60, 75, and 90 min compared to its
baseline (P < 0.05, Table 1).

The echocardiographic data showed significant increases in
pV, SV, and CO following Pimo IM at all measurement time
points compared with the baseline (Time 0) and reach the
maximum values at 90 min (Table 2). The pV was increased
from the baseline (mean: 81.4 + 5.4 cm/s) to (mean: 106.2
+ 8.3 cm/s) after 15min and continued to increase until
90 min (mean: 152.0 = 13.1 cm/m). Concomitantly, SV and
CO were elevated from the baseline (mean: 13.7 & 1.2mlL, 1.3
4 0.1 L/min) to (mean: 15.9 4+ 1.2mlL, 1.5 & 0.1 L/min) after
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TABLE 2 Hemodynamic parameters after pimobendan injection in comparison with the baseline (Time 0).

Time Saline IM Pimobendan IM Pimobendan IV

Mean 95%CI P-value Mean 95%CI P-value Mean 95%CI P-value
aV (cm/s)
15 1.71 —2.83 6.25 0.43 3.24 —1.50 7.98 0.17 4.34 —0.40 9.07 0.07
30 3.03 —~1.36 7.42 0.16 2.13 —2.45 6.71 0.34 6.39 1.82 10.97 0.01
45 2.47 —1.80 6.75 0.24 4.75 0.29 9.21 0.04 8.36 3.90 12.81 0.001
60 2.89 —2.33 8.11 0.26 6.93 1.48 12.38 0.02 7.23 1.78 12.67 0.01
75 3.79 —1.87 9.44 0.17 7.66 1.76 13.57 0.02 7.89 2.00 13.79 0.01
90 4.59 0.40 8.78 0.03 9.03 4.66 13.41 <0.001 11.73 7.36 16.10 <0.001
105 4.43 —1.72 10.58 0.15 12.44 6.02 18.86 <0.001 15.18 8.77 21.60 <0.001
120 7.55 2.67 12.42 0.01 13.18 8.10 1827 <0.001 12.07 6.99 17.15 <0.001
eV (cm/s)
15 2.84 —3.04 8.72 0.32 7.23 1.28 13.17 0.02 12.35 7.07 17.62 <0.001
30 3.33 —5.92 12.59 0.45 7.35 —2.01 16.71 0.11 20.33 12.03 28.63 <0.001
45 3.03 —9.07 15.14 0.60 12.39 0.14 24.63 0.05 26.09 15.23 36.94 <0.001
60 6.65 —5.17 18.47 0.25 19.20 7.25 3116 0.004 31.05 20.45 41.66 <0.001
75 3.60 —5.14 12.33 0.39 34.89 26.05 43.73 <0.001 33.51 25.68 41.35 <0.001
90 6.04 —5.79 17.86 0.29 23.87 11.91 35.83 <0.001 31.22 20.61 41.82 <0.001
105 7.51 —4.19 19.22 0.19 35.28 23.44 47.11 <0.001 34.88 24.38 45.38 <0.001
120 4.75 —4.34 13.83 0.28 28.63 19.44 37.81 <0.001 35.61 27.46 43.75 <0.001
¢ (cm/s)
15 0.07 —0.36 0.50 0.74 0.41 —0.03 0.84 0.06 0.75 0.31 1.18 0.002
30 0.41 —0.58 1.39 0.39 0.64 —0.35 1.64 0.19 1.94 0.94 2.93 0.001
45 0.16 —0.94 1.26 0.76 0.76 —0.35 1.87 0.16 2.14 1.03 3.25 0.001
60 —0.04 —1.18 1.10 0.94 1.85 0.70 3.00 0.004 2.85 1.71 4.00 <0.001
75 —0.04 —1.48 1.40 0.95 1.68 0.23 3.13 0.03 2.96 1.51 4.41 0.001
90 0.51 —0.61 1.62 0.34 2.59 1.47 3.71 <0.001 2.95 1.83 4.07 <0.001
105 0.06 —1.26 1.37 0.93 2.13 0.81 3.45 0.004 3.28 1.96 4.60 <0.001
120 0.01 —1.18 1.20 0.99 2.51 1.31 3.71 0.001 2.78 1.58 3.99 <0.001
Ele
15 0.7 0.0 1.4 0.04 0.15 —0.51 0.81 0.63 0.75 0.10 1.40 0.03
30 0.3 ~1.0 1.5 0.66 0.08 —~1.10 127 0.88 0.74 —0.43 1.92 0.19
45 0.5 —0.5 1.4 0.29 0.45 —0.48 1.37 0.32 1.15 0.24 2.06 0.02

(Continued)
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TABLE 2 (Continued)

Time Saline IM Pimobendan IM Pimobendan IV

Mean 95%CI P-value Mean 95%CI P-value Mean 95%CI P-value
60 12 —0.1 2.4 0.06 0.00 -1.18 1.18 0.99 1.08 —0.08 2.25 0.07
75 1.0 —0.2 23 0.11 1.51 0.27 275 0.02 1.31 0.09 2.54 0.04
90 0.5 —0.4 1.4 0.24 0.00 —0.85 0.85 0.99 0.85 0.01 1.69 0.05
105 1.1 —0.1 2.3 0.07 1.42 0.23 2.61 0.02 0.94 —0.23 2.12 0.11
120 0.6 —0.2 1.5 0.13 0.71 —0.12 1.53 0.09 1.23 0.41 2.04 0.01
pV (cm/s)
15 7.95 2.45 13.44 0.01 9.95 4.55 15.34 0.001 13.49 8.17 18.81 <0.001
30 12.94 4.47 21.41 0.01 24.88 16.56 33.20 <0.001 28.26 20.06 36.46 <0.001
45 16.05 5.88 26.21 0.004 28.62 18.63 38.61 <0.001 48.58 38.74 58.42 <0.001
60 11.61 —5.20 28.42 0.16 33.02 16.50 49.53 <0.001 60.08 43.81 76.35 <0.001
75 15.00 0.54 29.45 0.04 60.45 46.25 74.65 <0.001 63.69 49.70 77.68 <0.001
90 15.46 2.05 28.87 0.03 70.63 57.45 83.80 <0.001 55.21 4223 68.19 <0.001
105 22.72 6.71 38.72 0.01 68.68 52.95 84.40 <0.001 55.25 39.76 70.74 <0.001
120 26.72 16.94 36.50 <0.001 59.90 50.29 69.51 <0.001 63.88 54.41 7335 <0.001
SV (mL)
15 0.46 —0.73 1.65 0.42 2.24 1.00 3.47 0.002 1.58 0.39 2.76 0.01
30 1.19 —0.43 2.81 0.14 3.86 2.18 5.53 <0.001 427 2.65 5.88 <0.001
45 2.22 0.60 3.83 0.01 4.69 3.01 6.37 <0.001 6.24 4.63 7.86 <0.001
60 1.28 —1.14 3.69 0.28 5.73 3.22 8.24 <0.001 7.70 5.28 10.11 <0.001
75 2.32 —0.35 4.99 0.08 9.37 6.60 12.15 <0.001 7.12 4.45 9.79 <0.001
90 1.96 —0.11 4.02 0.06 11.69 9.55 13.84 <0.001 6.63 4.56 8.69 <0.001
105 2.57 1.26 3.88 <0.001 8.73 7.37 10.10 <0.001 6.27 4.96 7.58 <0.001
120 2.26 0.31 4.20 0.03 9.33 7.31 11.35 <0.001 6.95 5.00 8.89 <0.001
CO (L/min)
15 0.16 0.01 0.32 0.04 0.22 0.05 0.39 0.01 0.24 0.08 0.40 0.01
30 0.17 —0.05 0.40 0.12 0.49 0.24 0.73 <0.001 0.50 0.27 0.73 <0.001
45 0.32 —0.17 0.80 0.18 0.83 0.31 1.34 0.004 0.67 0.18 1.16 0.01
60 0.24 —0.07 0.56 0.12 0.62 0.29 0.96 0.001 0.76 0.44 1.08 <0.001
75 0.34 —0.07 0.75 0.10 1.09 0.65 1.53 <0.001 0.82 0.40 1.23 <0.001
90 0.39 0.06 0.72 0.02 121 0.86 1.56 <0.001 0.90 0.57 1.23 <0.001
105 0.47 0.18 0.76 0.004 1.03 0.72 1.33 <0.001 0.90 0.60 1.19 <0.001
120 0.42 0.07 0.77 0.02 1.15 0.77 1.52 <0.001 0.92 0.56 1.28 <0.001
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—6.54 (95% CL: —12.72 - —0.36), P = 0.040], 75 min [—5.91 (CI:
~10.78 - —1.03), P = 0.021], and 90 min [—7.39 (CL: —12.91 -
—1.87), P = 0.012] after administration compared with those of
Saline IM (Figure 1D).

In the Pimo IM group, a significant increase in pV was
observed at 75min [45.45 (CL: 24.69 - 66.21), P < 0.001;
Figure 2E], for SV at 15min [1.77 (0.02 - 3.5), P = 0.048;
Figure 2F], and for CO at 75min [0.75 (CI: 0.13 - 1.37), P
= 0.022; Figure 2G] after administrations compared with the
saline IM.

No significant difference between groups was observed in
late mitral velocity (aV) at all measurement points; however,
early mitral velocity (eV) was significantly increased at 75 min
[31.30 (CI: 17.65 - 44.94), P < 0.001], 105 min [27.76 (CI: 9.49
- 46.04), P = 0.006], and 120 min [23.88 (CI: 9.70 - 38.06), P =
0.003] after Pimo IM administration compared with saline IM
(Figures 2A,B).

In the Pimo IM group, mitral annulus velocity (€) was
significantly reduced at 60 min [1.89 (0.27 - 3.51), P = 0.025]
and 90 min [2.08 (0.50 - 3.66), P = 0.014] after administration
compared with the placebo (Figure 2C). There was no significant
difference in E/e ratio between Pimo IM and saline IM at
all measurement points (Figure 2D). Finally, SVR showed a
significant decrease in the Pimo IM group after 30 min [—514.2
(CI: —917.6 - —110.8), P = 0.016] and 60 min [—515.7 (CIL:
—1003.6 - —27.9), P = 0.040] of administration (Figure 2H).

Comparison between the two routes of
pimobendan administration

In the Pimo IM and IV groups, significant changes were
observed in eV 30 min after administration [difference between
groups (“Pimo IM;” “Pimo IV”): Time 30: —12.98 (CI: —25.57 -
—0.39), P = 0.044; Figure 2B] and in pV at 45 min [—19.96 (CL
—33.88 - —6.05), P = 0.008] and 60 min [—27.07 (CI: —50.07
- —4.06), P = 0.024] after administration (Figure 2E), with a
significant increase in the Pimo IV group. On the other hand,
SV was significantly increased in Pimo IM at 90 min [5.07 (CI:
2.02 - 8.12), P = 0.003] and 105min [2.47 (CL: 0.53 - 4.40),
P = 0.016] compared with Pimo IV (Figure 2F). In addition,
there was no significant difference in BP, HR, aV, SVR, CO, e,
and E/e’ between IM and IV routes of pimobendan injection
(Figures 1A-D, 2A,C,D,G,H).

Discussion

Pimobendan is a drug known to enhance the systolic force
and vasodilator effects, and so, is defined as an inodilator
(11). In the present study, we measured parameters that
represent systolic contractile and diastolic relaxing functions
of LV myocardium and BP to verify whether IM injectable
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pimobendan works safely and effectively in healthy dogs.
Our results showed that the two routes of pimobendan
administration affected the LV myocardial diastolic and systolic
functions by increasing eV of the mitral inflow and pV values
of LV outflow (relaxation) and increasing SV and CO (positive
inotropy), along with the superiority of pimobendan IM over
IV. Also, IM pimobendan produced vasodilator effects due to
decreasing SVR and diastolic BP within 120 min of a single dose
in healthy dogs.

Pimobendan, a benzimidazole-pyridazinone derivative, is
a non-sympathomimetic, and non-glycoside inotropic agent
that presents vasodilator effects by inhibiting PDE-III, a
regulator of cardiac and vascular smooth muscle contractility
(11). Additionally, pimobendan has a Cat2-sensitizing effect
and directly increases the affinity of the regulatory site
on cardiac troponin C for Cat?, giving rise to a positive
inotropic activity (12-14). Pimobendan increases CO and
decreases SVR (inodilation) in a dose-dependent manner.
In the current study, the observed increases in CO and
decreases in SVR following IM pimobendan administration
were consistent with a previous study (24). These results show
that the inodilator effect of pimobendan is maintained after
IM injection.

Rapid fluctuations in the HR and BP may be a high risk
for acute heart failure patients who are already in shock with
hypotension. In the present study, a significant increase in HR
was observed in Pimo IM and saline IM groups, but the amount
of change from the baseline in those two groups was almost the
same (~10 beats). This finding indicated that the increase in HR
was related to factors other than the effect of pimobendan, such
as the effect of long-term anesthesia. Isoflurane was maintained
at £0.1% during the experiment, ETCO2 was 35-45 mmHg, and
body temperature was maintained at 37.0-37.5°C. However, the
T1/2 of propofol used in the anesthetic preadministration was
4.2 + 2.2 min (33) and the T1/2 of butorphanol was 1.3-3.6 h. It
is possible that the attenuation of these effects led to a decrease
in anesthetic depth, which in turn led to an increase in heart rate.
Therefore, IM (and IV) administrations of pimobendan (0.15
mg/kg) were considered not to affect the HR, SBP, or MBP. This
is in agreement with a previous study in which pimobendan
was administered intravenously (23). On the other hand, some
studies have reported an increase in HR and a decrease in systolic
LV pressure (34, 35). Other studies also stated that the increase in
HR and decrease in BP after pimobendan administration is dose-
dependent (36, 37). The differential effect of pimobendan on HR
and BP may be due to the differences in the dose of pimobendan
among the studies. When used at high doses as in later studies,
the effect of pimobendan on HR and BP will be more than the
net effect observed in the present study.

Reducing the afterload of the LV is an important target
during the treatment of acute heart failure. The afterload
is mainly due to the resistance applied to the LV wall and
the resistance of the arterial system. The resistance applied
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pressure (MAP, mmHg), (D) diastolic blood pressure (DBP, mmHg).

Data are presented as mean + 95% confidence interval (error bar). Black line: Saline IM; Red line: Pimobendan IM (Pimo IM); Gray dot line:
Pimobendan IV (Pimo IV). (*) fitted to indicate the significance difference between Pimo IM Saline IM, [for the repeated measures ANCOVA
(model: time, group, and time*group)]; P < 0.05. (A) Heat rate (HR, beat/min), (B) systolic blood pressure (SBP, mmHg), (C) mean arterial
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to the LV wall is defined by SBP, while the resistance of
the arterial system is defined by SVR (2). In the present
study, although no significant change was observed in SBP,
a significant decrease was observed in the SVR, indicating
that IM pimobendan leads to vasodilation. In addition, the
vasodilator effect was rapidly observed (after 15 min) and was
maximized 90 min after administration, the same as observed
via the IV route. Pimobendan is given primarily to increase
CO (11). Hypotension is frequently observed in cases of
cardiogenic shock in which an immediate increase in CO should
be considered to maintain effective circulation (25, 29). Our
findings suggested that IM pimobendan is not a hypotensive
drug, and therefore will not worsen the blood pressure in case
of hypotension.

Active relaxation of the LV myocardium occurs when the
LV pressure drops below LAP, the pressure difference becomes
the driving pressure and the mitral valve opens, causing blood
inflow from the left atrium to the LV; this is eV (38). In the
present study, pimobendane IM administration resulted in a
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significant increase in eV. The potential reasons for eV increase
are the active relaxation of the LV or increased LAP (39).
Previous studies have reported that pimobendan significantly
reduces the trans LAP (15) and LV end-diastolic pressure (23).
Moreover, the present study showed a significant increase in
e e represents myocardial movement during diastole (40).
Therefore, this result indicated that the IM pimobendan was
effective regarding cardiotonic action. In addition, there was no
difference in E/e’ in the present study. Previous studies reported
a significant correlation between E/e and mean LAP (40, 41).
There was no significant change in LAP in dogs treated with
pimobendan in the current study. Nevertheless, Ohte et al. (35)
found a significant decrease in LAP when pimobendan was
administered at a high dose (0.25 mg/kg). Lowering LAP is
necessary in heart failure treatment. However, the low dose of
pimobendan (0.15 mg/kg) in our study did not decrease LAP.
Therefore, the absence of reduced LAP in our study could be
attributed to the difference in pimobendan doses used in this
study compared with other studies (36).
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Data are presented as mean + 95% confidence interval (error bar). Black line: Saline IM; Red line: Pimobendan IM (Pimo IM); Gray dot line:
Pimobendan IV (Pimo IV). (*) fitted to indicate the significant difference between Pimo IM and Saline IM, while (#) fitted to compare Pimo IM vs.
Pimo IV [for the repeated measures ANCOVA (model: time, group, and time*group)]; P < 0.05. (A) Peak atrial filling velocity (aV, cm/s), (B) Early
diastolic left ventricular filling velocity (eV, cm/s), (C) Peak early diastolic velocity of the mitral annulus (e’, cm/s), (D) Early diastolic left
ventricular filling velocity/Peak early diastolic velocity of the mitral annulus ratio (E/e’), (E) Peak velocity (pV, cm/s), (F) Stroke volume (SV, mL),
(G) Cardiac output (CO, L/min), (H) Systemic vascular resistance (SVR, dyne-s/cm?®).
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Cardiac output is a result of the synergistic action of
cardiotonic activity, preload, and afterload (2). The results of
the present study demonstrated a rapid and marked increase
in CO after IM administration of pimobendan, most probably
due to either increased cardiotonic action, increased preload,
decreased afterload, or the synergistic effect (11, 16). The
present study did not measure factors increasing the preload.
As described above, the results of SVR and € values were
thought to be compatible with a reduction in the afterload
and an increase of cardiotonic action, respectively. Therefore,
it was considered that the increase in the CO in the present
study was due to the enhancement of cardiotonic action and
the reduction of afterload. Cardiac output is proportional to the
initial length of myocardial fibers as defined by Frank-Starling’s
law (42). This means that CO depends on the relaxation of
the left ventricular myocardium and its ability to contract.
The results of pimobendan administration obtained in this
study indicated that pimobendan contributes to increased CO
by enhancing myocardial relaxation, thereby promoting an
increase in blood volume during left ventricular relaxation
and enhancing myocardial contractile capacity (35, 43, 44). In
addition, the enhanced vasodilatory effects decreased peripheral
vascular resistance and reduced afterload, which was thought to
be attributable to the increase in CO (35, 43, 45).

In this study, the hemodynamic effect of IM and IV
pimobendan has been comparatively described. Significance
difference was only observed in eV, SV, and pV while
other parameters (BP, HR, SVR, CO, e/, and E/e,) were
not significantly changed. However, in comparison with the
baseline, while pV, SV, and CO showed statistically significant
increases after pimobendan injection via the two routes,
SVR decreased significantly after 15min in both groups,
indicating that the two routes are approximately expressing
the same hemodynamic effect with extended improve in SV
after IM administration. Our results suggested that both IM
and IV administration of pimobendan nearly induce the
same hemodynamic effect and multiple routes of the drug
administration will be more beneficial for life-saving therapies,
especially in urgent conditions.

Moreover, there were significant differences in eV
and € values between IM and IV routes of pimobendan
administration. Generally, eV and ¢ are measured to assess
LV myocardial relaxation using echocardiography (38, 40).
The IM administration of pimobendan caused a significant
increase in the eV after Time 45 and e, after Time 60, whereas
its IV administration caused a significant increase in both eV
and ¢ after 15 min. From these results, it was speculated that
the IM injection of pimobendan might have a milder effect
on the LV myocardial relaxation than its IV administration.
This was thought to be due to the fact that when pimobendan
is administered intramuscularly, it takes time for the drug
to move from the intramuscular to the bloodstream (26, 27).
In the present study, this difference in time was thought to
account for the different effects of IV and IM administration.
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In this regard, it can be considered that IM is another choice
in acute heart failure patients who are already in shock with
collapsed peripheral vessels. Because of the availability of
oral, IV and IM routes of pimobendan administration, it will
be easier for the practitioner to choose a suitable route of
its administration depending on the condition of each case
particularly in countries where injectable pimobendan solution
is available. However, injectable pimobendan may be extended
soon to include many countries (17, 24). In the future, further
research is needed to accurately evaluate how the effects of
cardiotonic action, vasodilatory action, and LV myocardial
relaxation action change depending on different methods of
pimobendan administration in clinical cases.

Clinical implications

Taken together, our results suggested that the IM route of
pimobendan administration is an effective method to provide
cardiotonic action, vasodilator effect, and LV myocardial
relaxation. At present, IV administrations of cardiotonic drugs
have been preferred, especially in the emergency treatment of
heart failure in human and veterinary medicine. However, IM
pimobendan might be another simple and safe route for cases
in which the heart failure is complicated by other factors such
as hemoptysis, and when the condition is expected to worsen
due to stress—caused, for example, by retention to secure a
venous route—and in cases of cardiogenic shock associated
with difficulty in securing a venous route. In the current study,
anesthesia resulted in some hemodynamic changes as previously
reported (46-50), however, our results provided clear evidence
for the usefulness of IM pimobendan the same as observed by
IV pimobendane to enhance the heart function in healthy dogs.

Limitations

The current study has been conducted on healthy dogs.
Hemodynamic properties of pimobendan are different in
animals with heart disease compared to healthy dogs and the
sensitivity by target site may vary depending on the degree
of acidemia and circulatory failure in dogs with CHF. Here
we have to say that various routes of injectable pimobendan
administration are still under research consideration using
animal models or healthy dogs and further clinical studies
should be performed (17, 21-23).

We did not measure the plasma concentration of
pimobendan and its active metabolite following IM injection.
In our protocol, we measured the hemodynamic parameters
every 15 minutes. This requires continuous blood sampling at
short intervals which may impact the hemodynamics during
the study. In addition, it has been reported that pimobendan
has altered pharmacokinetics in plasma, whole blood, and
intracellularly in dogs (17).
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Besides, the effects of pimobendan administration on
CO and vasodilation were measured by echocardiography.
cardiac  catheterization accurate

Despite being more

than echocardiography in these measurements, cardiac
catheterization is more invasive and unsuitable for repeated
measurements in each dog (51-53). Moreover, we elected to
conduct the study under anesthesia to avoid any fluctuation
in cardiac measurements during the handling of animals as
previously described (22, 23). However, the isoflurane used in
the present study has a dose-dependent antihypertensive effect
associated with vasodilation and negative inotropic effects as
previously reported (46-49); additionally, isoflurane has been
reported to increase the HR and LAP and decrease myocardial
contractility (50). This can diminish the effect of pimobendan
even though the hemodynamic effect of injectable pimobendan
in our study was clear.

Conclusion

The present study showed that intramuscular pimobendan
changes cardiovascular functions by enhancing LV myocardial
relaxation and LV contractility, producing vasodilation within a
short time after its administration in healthy dogs approximately
in the same way as the IV route. However, further clinical
studies should be performed to explore the usefulness of an
intramuscular administration of Pimobendan and whether it is
an effective route of administration in case of emergency and
when the IV route cannot be applied.
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