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Abstract
Background: Mitral valvuloplasty (MVP) is a surgical procedure for treating severe mitral regurgitation in dogs. 
Although MVP is considered highly invasive, the extent of myocardial injury, postoperative complications, and 
recovery has not been evaluated.
Aim: This study examined the degree of MVP invasiveness, the extent of myocardial damage, postoperative 
complications, cardiomyocyte recovery, and timing of hospital discharge.
Methods: Cardiac troponin I (cTnI) was used to investigate the myocardial damage caused by cardiac arrest associated 
with a surgical approach to the myocardium in 13 patients with MVP and five controls with patent ductus arteriosus 
(PDA) who underwent similar anesthesia and thoracotomy.
Results: The level of cTnI peaked 1 day after surgery and was significantly higher in the MVP group (median, 19.90 
ng/ml) than in the control group (median, 1.50 ng/ml p < 0.001). At day 7, the cTnI level was significantly higher in 
the MVP group (1.9 ng/ml) than in the control group (0.1 ng/ml) (p < 0.001), and recovery to the preoperative level 
took 10 days in the MVP group but returned to the preoperative level at day 7 in the control group. Although the mean 
arterial pressure of cardiopulmonary bypass (CPB) at the time of use was 42.92 mmHg, the peak cTnI levels in the two 
patients who exhibited a temporary decrease of 20 mmHg or less (46.03 ng/ml) were significantly higher than in the 
other 11 patients (19.70 ng/ml) (p < 0.05). Preoperative cTnI levels were correlated with the severity of postoperative 
complications (P = 0.03, F = 0.71).
Conclusion: The results showed that MVP caused temporary greater myocardial tissue damage than thoracotomy, but 
postoperative recovery was smoother. A high preoperative cTnI level requires relatively more careful postoperative 
management, and measuring the level of cTnI over time after surgery can provide information about the extent of 
myocardial damage and recovery from surgery and help determine the time of discharge.
Keywords: Cardiac troponin I, Cardiopulmonary bypass, Invasiveness, Mitral valvuloplasty, Myxomatous mitral 
valve disease.

Introduction
Mitral valvuloplasty (MVP) is an invasive procedure 
that has been performed in some dogs with severe 
valvular heart disease (Kanemoto et al., 2021). 
However, the extent of myocardial injury, incidence 
of postoperative complications, and postoperative 
recovery associated with this procedure have not been 
evaluated.
Although pharmacotherapy is the first choice for the 
treatment of heart diseases in dogs, surgery is required 
if drug therapy is ineffective.
Myxomatous mitral valve disease (MMVD) is the 
most common cardiac disease in older small-breed 
dogs (Häggström, 2009). Diagnosis and treatment are 

guided by American College of Veterinary Internal 
Medicine (ACVIM) guidelines (Atkins et al., 2009; 
Keene et al., 2019). Although MMVD is mainly treated 
with medical therapy, surgical therapy may be chosen 
to improve clinical symptoms, improve the quality of 
life, or discontinue or reduce the medication dose in 
dogs over Stage B2.
Recently, MVP with open-heart surgery has been 
proposed, showing a good short-term prognosis 
(Kanemoto, 2021). Unlike medical therapy for MMVD, 
these surgical therapies are now used by some experts as 
definitive treatment. However, no study has evaluated 
the degree of invasion and perioperative stages of 
MVP. MVP is a highly invasive surgical procedure that 
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involves cardiac arrest, making it necessary to report 
on specific invasiveness, cardiomyocyte damage, and 
recovery for the widespread use of these treatments. 
Based on this information, clinical veterinarians can 
decide whether to choose MVP for the treatment 
of MMVD. Herein, we will report on the degree of 
MVP invasiveness, the extent of myocardial damage, 
postoperative complications, cardiomyocyte recovery, 
and the timing of discharge.
Early diagnosis of MMVD during the asymptomatic 
stage can be tentatively made by checking for 
intracardiac murmurs through careful auscultation 
during routine health checkups, such as vaccinations, 
and by asking about increased respiratory rate at rest. 
A definitive diagnosis can be made by ultrasound 
examination (Atkins et al., 2009). The ACVIM 
guidelines indicate that the diagnostic criteria for 
MMVD stage B are a murmur intensity Levine of >3/6, 
left atrial/aortic (LA/Ao) of >1.6, LVIDDN of >1.7, 
and vertebral heart size (VHS) of >10.5v (Atkins et al., 
2009; Gordon et al., 2017; Keene et al., 2019).
Medical therapy is recommended during MMVD 
diagnosis regardless of the acute or chronic stage, 
which changes with the progression of the MMVD 
stages. Although these medical therapies require strict 
medication management and exercise restrictions, they 
enable the long-term survival of patients. However, 
MVP is recommended by some experts for patients 
with Stage B2 having difficulty in adhering to strict 
medication management and exercise restrictions 
(Keene et al., 2019; Gordon et al., 2022). Although 
previous studies have reported that MVP improves 
short-term outcomes (Griffiths et al., 2004; Matsuura 
et al., 2022; Pennington et al., 2024), pet owners are 
often provided with less information while choosing 
for an operation.
MVP is a surgical treatment of choice because of its 
favorable impact on the quality of life, including 
reduction in MR, reduction in LA volume, and 
discontinuation or dose reduction (Kanemoto, 2021).
Although cardiac surgery (Orton et al., 2001; Borgarelli 
and Haggstrom, 2010) can be fundamentally treated by 
stopping the heart by cardiopulmonary bypass (CPB), 
it is considered to be highly invasive surgery as it is 
highly affected by myocardial injury and myocardial 
ischemia associated with CPB and has a high risk of 
postoperative complications.
A combination of CPB and deep surface-induced 
hypothermia (sHT) enabled circulatory arrest during 
cardiac surgery (Hikasa et al., 1967; Kanemoto et al., 
2010). Stable and effective CPB has recently become 
possible even in small dogs (Kanemoto, 2021).
Additionally, the discharge rates after CPB were 
improved in dogs (Kanemoto et al., 1990, 2010; 
Griffiths et al., 2004; Uechi et al., 2012; Yokoyama et 
al., 2017).
Cardiac Troponin I (CTnI) is a biomarker that assesses 
myocardial injury and ischemic necrosis (Adams et 

al., 1994; Kociol et al., 2010; White, 2011). It is a 
useful tool for diagnosing myocardial infarction in 
humans (Thygesen et al., 2007) and predicting clinical 
outcomes by diagnosing cardiac disease in cats and 
dogs (Langhorn and Willesen, 2016). Furthermore, 
a CTnI value can be used to estimate the extent of 
myocardial ischemia or injury during open-heart 
surgery (Vermes et al., 2000; Blankenberg et al., 
2019), which makes it suitable to assess the severity of 
myocardial and cardiomyocyte damage and its recovery 
(Wu et al., 2018). Levels of CTnI increase rapidly with 
cardiomyocytes after necrosis and ischemia, and they 
return to normal after 5 to 10 days of disappearance 
of these conditions (Goldmann et al., 2001; Burgener 
et al., 2006). In dogs anesthetized for surgery, the 
increases in CTnI levels induced by anesthesia are 
small (Cilli et al., 2010; Verbiest et al., 2013). The 
type of anesthesia has less influence on CTnI levels as 
shown by Saunders et al. (2009).
During human cardiac surgery, an increase in cTnI 
levels was observed due to differences in the surgical 
approach to myocardial tissue (Immer et al., 1998). A 
peak value increase of cTnI by 35 µg/l or more was 
associated with the incidence of major postoperative 
complications (Immer et al., 1999). However, no 
studies have examined the relationship between open-
heart surgery and cTnI levels in dogs (Pelander et al., 
2008; Shih et al., 2009).
To assess the degree of invasion in dogs with MVP, 
we evaluated cardiomyocyte damage, postoperative 
recovery, and complications using cTnI value, and 
compared it with the control group (TH group).

Materials and Methods
Animals
All dogs in the MVP and TH groups underwent surgery 
at the owners’ request. An oral or written explanation 
of the study objectives was provided to the owners and 
oral or written informed consent was obtained from 
them. The present study complied with the animal 
testing regulations of Osaka Metropolitan University 
(Osaka Prefecture, Japan). The remaining plasma 
samples after treatment were used.
MVP for mitral regurgitation was performed on 13 
small dogs at the Chayagasaka Animal Hospital in 
2015 (Aichi Prefecture, Japan). Altogether, five dogs 
underwent patent ductus arteriosus (PDA) thoracotomy 
(TH) at Ando Animal Hospital in 2016 (Hyogo 
Prefecture, Japan)
Anesthesia
All dogs received premedication with atropine 
(0.025 mg/kg SC), midazolam (0.2 mg/kg IV), and 
butorphanol (0.2 mg/kg IV) and anesthesia induction 
with alphaxalone (2–4 mg/kg IV) and propofol (0.4-
PHR CD-2% isoflurane in 100% oxygen. Fentanyl 
hydrochloride (5–30 μg/kg/h), alphaxalone (20–70 
μg/kg/h continuous infusion [CRI]), and intermittent 
rocuronium (9 μg/kg/min CRI) were used as needed)
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During extracorporeal circulation, 0.02 mg/kg/min of 
alphaxalone CRI, 9 μg/kg of rocuronium, 5 μg/kg/h of 
fentanyl, 0.3%–2% of isoflurane, and 100% oxygen 
were mixed with a membrane oxygenator from the 
extracorporeal circulation side (Kanemoto et al., 2010, 
2021).
Cardiac surgery
MVP was defined as artificial chordal reconstruction, 
suture valvuloplasty, and/or suture annuloplasty 
(Kanemoto et al., 2010, 2021). In MVP, the dog 
was placed in the right lateral position for a left-fifth 
intercostal thoracotomy (Yokoyama et al., 2017). Deep 
sHT was induced slowly by cooling the blood in a 
heat exchanger (Agua stream ASO4; JMS Co., Tokyo, 
Japan) to a minimum rectal temperature of 28°C 
(Kanemoto et al., 2021). Prior to releasing the aortic 
cross-clamp (ACC), blood was slowly warmed to an 
esophageal temperature of 37°C using a heat exchanger 
(Mihara et al., 2017). We inserted arterial and venous 
drainage cannulas through the left jugular vein and left 
carotid artery into the right atrium for CPB. It was then 
connected to a CPB open-circuit (Terumo Baby RXO5; 
Terumo Company, Tokyo, Japan) that included a rigid 
reservoir and a membrane oxygenator (Kanemoto et 
al., 2010, 2021; Mihara et al., 2017).
Based on the clinical signs, the risk of postoperative 
surgical complications was categorized into four 
grades. Severity is based on the following criteria: 
severity 4, death due to surgical complications; 
severity 3, persistent surgical complications; severity 
2, rapid improvement of surgical complications; 
and severity 1, no or mild complication and good 
postoperative course. As for the specific complications, 
the operators subjectively evaluated them as heart 
failure, infection or inflammation at the operative area 
(e.g., site of incision), infectious diseases of the urinary 
organs, thrombogenesis, renal failure, and pneumonia 
(Bilimoria et al., 2013).
Ductus arteriosus ligation (TH) by thoracotomy 
without the surgical approach to the heart muscle wall 
was carried out for the PDA by thoracotomy for those 
dogs with low body weight (Goodrich et al., 2007).
Examination
All animals underwent physical examinations, 
echocardiograms, and blood tests. Levine scale 
(Silverman and Wooley, 2008) was used during 
auscultation to assess for cardiac and respiratory 
conditions, including cardiac murmurs. A chest X-ray 
was performed to measure the VHS by using the 
vertebrae from the lateral view (Buchanan, 2000) and 
cardiothoracic ratio (CTR) from the dorsum of the 
abdomen (Hamlin, 1968).
Three cardiac cycles were monitored by 
echocardiogram on each measurement, which were 
then averaged. Additionally, the LA/Ao ratio was 
calculated by comparing the left atrial and aortic inner 
diameters according to a two-dimensional short-axis 
view from the right parasternal-to-basal level (Rishniw 

and Erb, 2000). The E wave to A wave ratio (E/A) was 
calculated by measuring the early diastolic and atrial 
contraction velocities using a pulsed-wave Doppler 
technique based on a two-dimensional four-space 
image of the apical region from the left parasternal 
region at the approximate center of the mitral valve, 
where the mitral valve leaflet abuts (Bodh et al., 2019). 
The mitral regurgitant flow was assessed by calculating 
the time–velocity integral of the flow (Pedersen et al., 
1999).
A blood sample (1.0 ml) of plasma cTnI was collected 
from the femoral vein, placed in a heparinized tube, 
and centrifuged at 3,000 rpm for 5 minutes. The 
isolated plasma was analyzed rapidly using a bench-
top-analyzer (Pathfast, Mitsubishi, Japan). A part 
of it was stored frozen at −20°C and measured after 
freezing. A benchtop chemiluminescent enzyme 
immunoassay system was used for testing (Kurihara 
et al., 2008). This test device uses chemiluminescent 
enzyme immunoassay, and the test system uses goat 
and mouse monoclonal antibodies. The measurement 
range was 0.02–50.00 ng/ml and the reference standard 
value for human was 0.028 ng/ml. A preliminary study 
of the time course of cTnI in MVP was performed in 
four dogs, and the cTnI levels were measured at 1, 2, 
6, 12, 24, 48, 72, 96, 144, 168, and 240 h before and 
after surgery until the cTnI level had returned to the 
level measured before surgery. The cTnI levels were 
measured before and at 12, 24, and 168 h after surgery 
in 13 MVP and 5 TH dogs before and at 24 and 168 h 
after surgery.
Statistical analysis
Descriptive data are tabulated. A normal probability 
plot graph was visually evaluated and tested using 
the Kolmogorov–Smirnov test to test the normality 
of data. Normally distributed data were reported 
as mean (standard deviation) and non-normally 
distributed data as median (range). Wilcoxon signed-
ranks test was used to test the difference in the pre-and 
postoperative cTnI levels, which were non-normalized 
values, between the two groups. A pair of normally 
distributed samples was tested using Student’s t-test. 
Mann–Whitney’s U test was used to test for differences 
in the hypotensive episodes during CPB between the 
two groups. A correlation between the severity of 
postoperative complications and variables was tested 
using Spearman’s rank correlation matrix. p <0.05 was 
determined to be significant. All statistical analyses 
were performed using the statistical package (Stata 
version 15, College Station, TX)  
Ethical approval
All dogs in the MVP and TH groups underwent surgery 
at the owners’ request. An oral or written explanation 
of the study objectives was provided to the owners and 
oral or written informed consent was obtained from 
them. The present study complied with the animal 
testing regulations of Osaka Metropolitan University 
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(Osaka Prefecture, Japan). The remaining plasma 
samples after treatment were used.

Results
Characteristics of the study population
In the study, 13 MVP dogs were enrolled, including 
3 Shih Tzus and 10 Chihuahuas. These dogs had 
Stage C MR and received MVP as per the American 
Veterinary Society MR Severity Classification (Keene 
et al., 2019). The dogs’ mean age and weight at the 
time of surgery were 10.5 ± 2.0 years and 3.6 ± 1.6 
kg, respectively, with 53.8% females (Table 1). The 
assessment of dog heart murmur was Levine 3/6 ± 0.5, 
mean LA/Ao was 2 ± 0.72, mean E wave peak was 133 
± 24.9 cm/s, mean E/A was 1.4 ± 0.4, VHS was 12.1 ± 
1v, and mean CTR was 67% ± 7.6% (Table 1).
MVP had a mean anesthetic time of 386.7 ± 87.4 minutes 
and an ACC time of 80 ± 11.9 minutes. The average 
pump time, pump flow rate, mean arterial pressure 
(AP), and blood pressure during CPB were 137.6 ± 
25.5 minutes, 316.7 ± 138.2 ml/ minutes, 42.9 ± 7.7 
mmHg, and 169.7 ± 33.0 mmHg, respectively (Table 
1). At the early stage of CPB, the mean aortic pressure 
was 20 mmHg or less for 5–10 minutes in two patients. 

All dogs underwent artificial chordal reconstruction, 
annuloplasty, and valvuloplasty, which reduced the 
mean time–velocity integral of mitral regurgitant blood 
flow by 90% and demonstrated no mitral regurgitation 
(Pedersen et al., 1999). All dogs were treated in an 
intensive care unit for 24 hours (room temperature, 
26°C; humidity, 50%; oxygen concentration, 40%) 
before being transferred to a general ward, fed a regular 
diet, and underwent light walking training. A patient 
was discharged from the hospital on the 7th day after 
surgery. After discharge, the dogs were treated with oral 
medications and owners were instructed to have the 
dogs rest at home. Additionally, sutures were removed 
by the referring veterinarian 10 days after surgery.
All five patients in the TH group underwent PDA 
ligation and closure. They included Toy Poodles (n 
= 3; females), an Esha Ness Sheepdog (female), and 
a Sheba dog (female). The average age and weight 
of the dogs at the time of surgery were 18.6 ± 15.6 
months and 2.6 ± 1.5 kg, respectively. After surgery, 
no dogs demonstrated a PDA shunt. The postoperative 
management for the TH group was similar to that of the 
MVP group.

Table 1. Mitral valvuloplasty surgery patient data in mitral regurgitation and thoracotomy in patients with patent ductus arteriosus 
(PDA).

  Mitral valvuloplasty Thoracotomy for 
PDA

n 13 5
Age Years *10.5 ± 2.0 1.55 ± 1.3
Sex Female = 53.8% Female = 100%
Body weight kg *3.6 ± 1.6 *2.9 ± 1.4

Breed Chihuahua ×10, Shi Tzu ×3 Toy poodle ×3, Sheep 
dog, Shiba dog

Consensus statements of the ACVIM Stage **C
Cardiac murmur /VI **3/6
Left atrial to aortic ratio *2 ± 0.72
Left ventricular inflow early wave cm/min *133 ± 24.9
Ration of the E wave to the atrium wave *1.4 ± 0.4
VHS (v) *12.1 ± 1
ACC time minutes *80 ± 11.9
Esophageal temperature Lowest *25.2
Cardiopulmonary bypass time minutes *137.6 ± 25.5
Pump flow rate ml/min *316.7 ± 138.2
Mean arterial blood pressure mmHg *42.9 ± 7.7
Mean blood pressure mmHg *169.7 ± 33.0
Anesthesia time minutes *386.7 ± 87.4 *180
Complication Grade **1 **1

Complication grade 4: death because of surgical; grade 3: persistent surgical complication; grade 2: rapid improvement in surgical complication; 
grade 1: absence of surgical complication, *Mean ± SD, **Median.
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cTnI level
Among patients who underwent MVP surgery, the 
changes in cTnI values during the perioperative period 
are shown in Figure 1 for four patients observed for up 
to 10 days after surgery. The median preoperative cTnI 
level was 0.12 ng/ml (95% CL 0.13–0.29 ng/ml), which 
increased significantly to a median of 19.9 ng/ml (95% 
CL 9.24–21.27 ng/ml) after one day of surgery. At 7 
days after surgery, the median cTnI level was 1.9 ng/
ml (95% CL 1.24–2.76 ng/ml), which was significantly 
higher than the preoperative level (p < 0.01). However, 
at 10 days after surgery, the median cTnI level value 
was 0.12 ng/ml, which returned to the preoperative 
level (Table 2).
The median preoperative cTnI level in the TH group 
was 0.08 ng/ml (range 0.02–0.13 ng/ml). At day 1, this 
level increased significantly to 1.5 ng/ml (0.49–1.95 
ng/ml) (p < 0.001). However, 7 days after surgery, the 
level decreased to 0.1 ng/ml (0.08–0.23 ng/ml), the 
same as the preoperative level, as shown in Table 2.
Although there was no significant difference in 
preoperative cTnI levels between the MVP and TH 
groups, there was a significantly higher leakage of 
cTnI in the MVP group at day 1 postoperatively 
(Table 2). The peak cTnI value in the MVP group 
did not correlate with the grade of postoperative 
complications. However, a high preoperative cTnI 
level was significantly associated with the severity of 
postoperative complications (P = 0.03 and F = 0.71).
Of the 13 MVPs who underwent CPB, 2 had 
significantly elevated peak cTnI levels (42.06 and 50 
ng/ml) (p < 0.05). Although the mean arterial blood 
pressure during CPB was reduced to 20 mmHg or less 
during the initial 5–10 minutes of CPB, there were no 

other abnormal changes. The mean pump flow, mean 
AP, and mean AP measured at 5-minutes intervals were 
316.7 ± 138.2, 42.9 ± 7.7, and 169.7 ± 33.0 mmHg, 
respectively, as shown in Figure 1.
Among patients in the MVP group, the level of cTnI 
on the first postoperative day was significantly higher 
when the CPB was temporarily reduced to 20 mmHg 
or less (46.03 ng/ml) than when the mean CPB-AP 
remained stable at 20 mmHg or more (19.70 ng/ml) (p < 
0.05) (Table 3). The dogs’ clinical symptoms improved 
postoperatively, with postoperative reductions in cTnI 
levels. The patients were discharged on postoperative 
day 7 (1.90 ng/ml) with continued cTnI level elevation 
(0.12 ng/ml). Ten days later preoperative levels were 
achieved (0.12 ng/ml) (Table 2).
Conversely, the TH group, which did not undergo 
myocardial tissue surgery, already demonstrated cTnI 
levels similar (0.10 ng/ml) to preoperative levels (0.08 
ng/ml) and was discharged 7 days after surgery.

Discussion
Our results confirm that, in dogs, MVP surgery 
causes more severe myocardial tissue damage than 
thoracotomy for PDA based on the cTnI levels. 
However, the postoperative recovery was smooth, and 
dogs returned to their preoperative levels 10 days after 
surgery.
As the measurement of concentration of cTnI in 
the perioperative stage can estimate preoperative 
evaluation of cardiomyocytes in cardiac surgery, the 
estimation of cardiomyocyte damage during operation, 
and recovery of cardiomyocytes after operation 
becomes an important item for examination.

Fig. 1. Perioperative cTnI levels in three dogs in the MVP group that were observed up 
to 10 days after surgery.
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The preoperative cTnI concentration did not differ 
significantly between the MVP (median, 0.12) and TH 
groups (median, 0.08). However, the value was slightly 
higher in the MVP group as it included older patients 
with ACVIM stage C who had chronically worsened 
MMVD in relatively elderly patients, whereas the TH 
group underwent surgery at a relatively young age 
before severe symptoms developed.
Three patients with high preoperative cTnI levels 
(median 0.66 ng/ml, range 0.44–0.12 ng/ml) were more 
likely to have serious postoperative complications 
(long-term heart failure, P = 0.03; F = 0.71). As 
cases with high preoperative cTnI concentration may 
indicate preoperative myocardial tissue damage, the 
preoperative cTnI measurement seems to be effective 
for preoperative evaluation of the operation.
Peak cTnI levels were observed 12 and 24 hours 
after cardiac-related surgery. The median cTnI levels 
were 27.06 ng/ml (range 9.71–50 ng/ml) and 19.9 
ng/ml (range 8.64–50 ng/ml), respectively, with no 
significant difference between the two-time points (P 
= 0.55). Therefore, it is reasonable to use the 24-hours 
postsurgery cTnI level for comparison of peak cTnI 
levels in dogs undergoing cardiac-related surgery (Shih 
et al., 2009).
Adverse effects of cardiac-related surgery on 
cardiomyocytes can be attributed to anesthesia, 
surgical damage to the myocardium, and cardiac arrest 
at CPB (Ailawadi and Zacour, 2009). Peak cTnI levels 
at surgery were significantly higher in the MVP group 
(median 19.9 ng/ml) than in TH group (median 1.5 ng/
ml) (p < 0.001), indicating cardiomyocyte injury. MVP 
surgery involves a large incision in the left atrial wall 
and a surgical approach to the left ventricular papillary 
muscle, resulting in frequent physical damage to 
myocardial cells and high cTnI values. Conversely, 
the surgical approach in the TH group did not involve 

heart muscle, and only aorta and pulmonary artery 
were approached, resulting in less damage to the heart 
muscle tissue and significantly lower peak cTnI levels. 
Two patients in the MVP group had significantly higher 
peak cTnI levels (42.06, 50 ng/ml) than others (median 
19.9 ng/ml; P = 0.04). In the MVP group, the mean 
AP during CPB was 42.9 ± 7.7 mmHg, measured at a 
5-minutes interval. In patients with high cTnI levels, 
the mean AP decreased to 20 mmHg or less within 
5–10 minutes during the early PCB exposure period, 
suggesting transient myocardial ischemia occurred, 
resulting in abnormally increased (Canty, 2022). The 
median cTnI level (19.7 ng/ml) was significantly lower 
at stable conditions with a CPB mean-AP of 20 mmHg 
or more. Based on these findings, postoperative cTnI 
measurement is beneficial for evaluating cardiomyocyte 
damage during surgery.
Perioperative general anesthesia has minimal effects 
on perioperative cTnI levels and cardiomyocytes, as 
per previous studies (Goldmann et al., 2001; Pelander 
et al., 2008; Saunders et al., 2009; Cilli et al., 2010). 
The anesthesia protocol used in this study was similar 
to previous studies on MVP and TH (Pelander et al., 
2008; Shih et al., 2009; Kanemoto et al., 2021). The 
changes in cTnI values in the TH group were consistent 
with previous reports (Pelander et al., 2008; Saunders 
et al., 2009; Shih et al., 2009; Cilli et al., 2010; Verbiest 
et al., 2013), indicating that anesthesia had minimal 
effects on cardiomyocytes in this study due to optimal 
maintenance of anesthesia.
As for the TH group, the cTnI level was lowered to 
the preoperative level (0.08 ng/ml) 7 days after surgery 
(median: 0.1 ng/ml) and patient was discharged. 
Although the MVP group’s mean level remained 
significantly higher (P = 0.001) than preoperative 
level (0.12 ng/ml) at 7 days (1.9 ng/ml), it decreased 
to the preoperative level after 10 days (0.12 ng/ml). 
This is consistent with a typical temporary cTnI leak 
that normalizes between days 5 and 10 (Goldmann et 
al., 2001; Burgener et al., 2006), indicating a smooth 
recovery. A decrease in cTnI levels was observed 
during postoperative recovery (Shih et al., 2009), 
which suggests that the appropriate time for discharge 
is 10 days after cardiomyocyte stabilization.
Although cardiac surgery in children and infants was 
associated with major postoperative complications 
when peak cTnI levels increased to 35 μg/l or higher 
(Immer et al., 1999), only one out of three cases of 

Table 2. Patient data based on perioperative cardiac troponin I concentrations in mitral valvuloplasty and thoracotomy surgeries.

After surgeries
Pre 1 day 7 days 10 days

N cTnI 95% CL cTnI 95% CL cTnI 95% CL N cTnI Range
Mitral valvuloplasty 13 0.12 0.13–0.29 19.9 9.24–21.27 1.9 1.24–2.76 3 0.12 0.09–0.15
Thoracotomy 
for patent ductus 
arteriosus

5 0.08 0.03–0.10 1.5 0.35–1.36 0.1 0.04–0.15

Table 3. Relationship between minimum blood pressure and 
concentration of cardiac troponin I during cardiopulmonary 
bypass.

Minimum arterial 
blood pressure No. Cardiac troponin I 

concentration
<20 mmHg 2 46.03 ng/ml
>20 mmHg 11 19.70 ng/ml
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major complications (heart failure) occurred in the 
MVP group in this study where the peak cTnI level 
exceeded 35 ng/ml. The other two cases experienced 
no adverse effects. There was no correlation between 
the peak cTnI values in the group with and without 
postoperative complications (16.1 and 30.05 ng/ml, 
respectively).
Although postoperative cTnI levels may be lower than 
preoperative levels if MVP resolves MR, improves 
MMVD symptoms, and reduces preoperative cardiac 
burden, this study did not confirm this finding.
There are several limitations to this study. First, 
the small sample size in the MVP group may have 
hindered our ability to detect statistically significant 
differences. Additionally, the cTnI value was measured 
on day 7 after surgery in many animals, and long-
term observations were not done to confirm the effect 
and recovery time of the operation. Furthermore, 
pathological examination was not possible, and 
necrosis and ischemia of the cardiomyocyte could not 
be proven either.
With the accumulation of cases in the future, the cTnI 
value will be a useful index for assessing the damage 
and recovery of cardiomyocytes during open-heart 
surgery in dogs. Additionally, a detailed examination of 
the changes in cTnI levels over time may provide useful 
information for determining the time of discharge.
As cTnI measurement is cumbersome, alternative 
test methods have been proposed and are expected to 
become widely available in the future (Mahmoud et al., 
2024).
Moreover, CPB should be managed to maintain the 
mean aortic pressure at ≥20 mmHg.
Conclusively, MVP places a heavy burden on the 
myocardial tissue and the canines undergoing such 
procedure may take longer to recover after the 
operation. Furthermore, the generation risk of the 
postoperative complications was higher in the dogs 
with high preoperative cTnI levels. After surgery, the 
cTnI level may provide an estimate of the extent and 
recovery of damage of cardiomyocytes and may help 
determine the time of discharge. Therefore, a favorable 
CPB was suggested to be effective in protecting the 
cardiomyocytes.
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