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Abstract
Sepsis-induced myocardial dysfunction (SIMD) is a critical and often underdiagnosed complication in humans as well as in dogs. The present study aimed to evaluate SIMD taking canine parvo-virus (CPV) positive dog as a model for sepsis, fulfilling SIRS criteria. Twenty-four dogs diagnosed with canine parvovirus (CPV) infection and six clinically healthy control dogs, all older than six months of age, were included in the study. Septic dogs were allocated into a septic group excluding 6 non-survivors (n=18) and healthy control (n=6). Clinical, echocardiographic parameters and serum canine cardiac troponin I (CTnI) were evaluated on days 1, 3, and 5. Septic dogs exhibited marked deviations in heart rate, respiratory rate and systolic blood pressure on day 1. Two-dimensional echocardiographic examination on day 1 demonstrated reduced ejection fraction (<50%) along with increased left ventricular internal diameters during diastole (LVIDd) and systole (LVIDs). Furthermore, an elevated serum cTnI levels, indicating myocardial injury was also observed. A significantly progressive improvement in ejection fraction (EF) and fractional shortening (FS) was observed by day 5 in septic dogs receiving treatment. In conclusion, the present study demonstrated significant alterations in clinical and echocardiographic parameters, together with changes in canine cardiac troponin I values, indicative of cardiovascular and myocardial dysfunction in septic dogs. The findings further highlight the importance of timely therapeutic intervention in improving survival outcomes.
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1. Introduction
	Sepsis is a leading life-threatening condition in veterinary science. It is characterized by a dysregulated host response to infection, often resulting in multiorgan dysfunction syndrome (MODS) and high mortality. Sepsis-induced myocardial depression (SIMD) is one of the systemic complications of sepsis which has emerged as a clinically significant yet incompletely understood entity. SIMD is reported in 75% of the dogs with sepsis (Ince et al., 2019; Nelson et al., 2006). Although the cardiac dysfunction is reversible in nature but delayed therapeutic intervention in septic patients can lead to impaired ventricular contractility and altered hemodynamics, contributing substantially to poor outcomes. The pathogenesis of SIMD is multifactorial, involving the deleterious secondary effects of cytokines like IL-6, IL-1β and tumor necrosis factor-α, tissue hypoxia, reperfusion injuries (Dickinson et al., 2007). Additional contributing mechanisms include mitochondrial dysfunction and sympathetic overactivation, which leads to tachycardia, reduced diastolic filling time, and compromised left ventricular performance (Boissier et al., 2022).
Researchers have reported various findings mainly involving left ventricular systolic dysfunction, left ventricular diastolic dysfunction and right ventricular systolic dysfunction (Naseri et al., 2023). Diastolic dysfunction accounts for 70% of the cases and rest 15% were systolic dysfunction. 10% of the dogs had both systolic and diastolic dysfunction (Ince et al., 2019).
Echocardiography has huge diagnostic and prognostic capabilities for evaluating patients with SIMD in a non-invasive manner. The prognostic value of LV systolic and diastolic dysfunction can be accessed through Two-dimensional, M-mode, and trans-thoracic Doppler echocardiography was done in dogs with sepsis (Ince et al., 2019). Cardiac troponin I is a regulatory protein which is released after myocardial damage and during sepsis, elevated levels of circulating troponin were a sign of a heightened risk of death (Bessiere et al. 2013). Various other biomarkers such as BNP and NT-proBNP peptides released by cardiomyocytes in response to wall stretch and LV filling pressure. The rise in BNP and NT-proBNP mainly occurred due to illness severity rather than septic cardiomyopathy (Lemos et al., 2003). Other advanced non-invasive modalities like Cardiac-MRI and Two-dimensional speckle-tracking echocardiography (2D-STE) are available as useful resource in diagnosing the cardiomyopathy induced by sepsis (Muehlberg et al., 2022; Corda et al., 2019). Despite such advances, there is a lack of consensus regarding the definition, incidence, development and prognosis of SIMD, this limits the ability to provide a targeted therapeutic management in order to improve the survivability in patients with SIMD in medical science (Shvilkina et al., 2023; Boissier et al., 2022). Further, fewer studies were done in this regard in canine medicine.
In canine practice, research on SIMD is quite scarcer (Ince et al., 2019). Thus, sepsis as a major contributor to myocardial injury often leads to severe clinical outcomes like infective endocarditis and toxoplasmosis (Romito et al., 2024). Canine parvovirus (CPV) infection represents an important and commonly available model of sepsis (Alves et al., 2020). Therefore, CPV-induced sepsis provides a clinically relevant framework to study myocardial dysfunction in dogs over 3 months of age due to its systemic inflammatory nature. As canine parvoviral myocarditis is observed only in neonatal pups between 2-8 weeks of age having multiplying myocardial cells (Ford et al., 2017; Robinson et al., 1980). Due to the limited studies related to cardiovascular dysfunction during sepsis and its effect on myocardium of canine patients there is a need to explore in this aspect. Thus, the aim of the study is to investigate sepsis induced myocardial depression in septic dogs affected with CPV over the age of 6 months to rule out possibility of viral myocarditis which occurs in neonates. Assessment was done using echocardiography and canine cardiac troponin I estimation.
2. Materials and Method
2.1. Study area
	The present study was undertaken at Veterinary Clinical Complex, College of Veterinary Science and Animal Husbandry, Uttar Pradesh Pandit Deen Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go-Anusandhan Sansthan (DUVASU), Mathura. The following study was approved by Institutional Animal Ethics Committee (IAEC) under project number IAEC/25/20. 
2.2. Study Design and Animal Selection
Dogs suffering from parvovirus enteritis were selected as a model to observe myocardial changes during sepsis. Dogs presented from December 2024 to August 2025 in the age group of 6 months to 1 year with no history of CPV vaccination in order to exclude pups suffering from possible parvo-viral myocarditis from the study. The tentative diagnosis of parvoviral enteritis based on clinical signs (anorexia, vomiting, foul-smelling bloody diarrhoea, lethargy, and dehydration) and hematological findings; fulfilment of SIRS criteria (as per Sykes 2014). Finally, retrospective confirmation of CPV infection by polymerase chain reaction (PCR) using faecal samples and PCR-negative dogs were excluded from the study. 
2.3. Molecular Confirmation of Canine Parvovirus Infection
Faecal DNA extraction was done using NucleoSpin® DNA Stool as per the manufacturer’s instructions and genotypic confirmation of VP1/VP2 gene was carried out. 160bp amplicon was further visualized using 1.5% agarose gel electrophoresis.
2.4. Experimental Groups and Therapeutic Management
Initially, 24 CPV-positive dogs were allocated to septic group initially. Of these CPV-positive dogs, 6 died before completing the trial thus excluded from the septic group. Although day 1 parameters of non-survivors were recorded. Thus, in total 24 dogs were included, comprising 18 CPV-positive dogs in septic group and 6 healthy controls. The dogs in the septic group received fluid therapy using crystalloids according to their hydration status along with antibiotics (Inj. Cefotaxime sig. 40mg/kg bodyweight IV q 12hr.; Inf Metronidazole sig. 15 mg/kg body weight IV, q 24 hr) and other symptomatic treatment using antiemetics and antacid as required.
2.5. Clinical Evaluation and Cardiovascular Assessment
Cardiovascular dysfunction was assessed by monitoring heart rate, respiratory rate and systolic blood pressure of the septic dogs on day 1, 3 and 5. Systolic blood pressure assessment was done using vmed® Technology Vet-Dop2 Doppler and the BP-AccuGard oscillometric monitor. Locations of peripheral artery like the dorsal pedal artery, and digital artery was used.  Similarly, heart rate was assessed via auscultation and respiratory rate was also monitored.
2.6. Echocardiographic Evaluation
Myocardial function was assessed by serial echocardiography using an Esaote® MyLab 40 ultrasound system equipped with a phased-array transducer (PA 122; 5.0–7.5 MHz). Examinations were performed on days 1, 3, and 5. The dogs were positioned in right lateral recumbency on a specially designed examination table with a slit, allowing image acquisition from beneath the patient. Phased array probe (PA 122; 5.0-7.5 MHz) was used and transducer head was positioned over the palpable precordial impulse on thoracic wall. M-mode echocardiograms were recorded and analyzed according to the recommendations of the American Society of Echocardiography (Thomas et al., 1993). The parameters recorded after the examination of long-axis view were right ventricle diameter in diastole (RVDd), left ventricle diameter in systole and diastole (LVDs & LVDd), posterior wall diameter in systole and diastole (PWs & PWd), interventricular septum in systole and diastole (IVSs & IVSd), ejection fraction and fractional shortening. Heart Rate was monitored by auscultation between 4-6th intercostal space at the point of maximum intensity (PMI) with the help of a stethoscope for one minute. 
2.7. Measurement of Cardiac Troponin I
Myocardial injury was further evaluated by measuring serum canine cardiac troponin I (cTnI) concentrations using a commercially available high-sensitivity ELISA kit (Dog hs-cTnI ELISA Kit; BR Biochem Life Sciences Pvt. Ltd., Catalogue No. BC8730). The test principle applied in this kit is sandwich enzyme immunoassay. The microtiter plate provided in this kit has been pre-coated with an antibody specific to Dog CTnI Standards or samples are added to the appropriate microtiter plate wells then with a biotin-conjugated antibody specific to dog CTnI. Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added to each microplate well and incubated. After TMB substrate solution is added, only those wells that contain dog CTnI, biotin-conjugated antibody and enzyme-conjugated Avidin will exhibit a change in color. The enzyme-substrate reaction is terminated by the addition of sulphuric acid solution and the color change is measured spectrophotometrically at a wavelength of 450nm ± 10nm. The concentration of dog CTnI in the samples is then determined by comparing the OD of the samples to the standard curve. 
2.8. Statistical Analysis
Data analysis was done using general Linear Model of two-way ANOVA based on Fisher’s Least Significant Difference method was used to determine the significant difference among days (1, 3 and 5 days) for different groups as well as among treatment (1 and 2) for different days using IBM® SPSS® statistics version 26. The significant values in the ANOVA were further tested through Duncan multiple range test. Results are presented as mean ± SE and differences were considered significant when P <0.05.

3. Results
	The septic dogs affected from parvo-virus enteritis were assessed for potential cardiovascular dysfunction using various clinical parameters, echocardiographic parameters and canine cardiac troponin I. The values obtained were compared with healthy dogs and dogs died before completion of therapeutic trial.
3.1 Evaluation of clinical parameters
	The mean values of heart rate were significantly higher in septic dogs than healthy ones (p=0.041) whereas in non-survivors the mean value of heart rate was very high (138.34±8.31) (Table 1). The values decreased significantly in septic dogs receiving the therapy. The respiratory rate was significantly higher in septic dogs in all 3 days of the trial (Table 2). Significant improvement in the values of heart rate and respiratory rate was noticed. The systolic BP was significantly lower on day 1 in septic dogs. In non-survivors the mean value was much lesser (111.67±10.85) (Table 3).
Table 1: Comparison of Heart rate (beat/min) between Septic and Healthy Dogs
	HR (bpm)
	Septic
	Healthy
	P-Value

	Day 1
	115.94±7.04
	87.83±6.80
	0.04*

	Day 3
	82.83±7.7
	74.00±5.440
	0.72

	Day 5
	71.39±8.07
	84.66±8.250
	0.27

	P-value
	0.000*
	0.36
	



Table 2: Comparison of Respiratory rate (breath/min) between Septic and Healthy Dogs
	RR (breath/min)
	Septic
	Healthy
	P-Value

	Day 1
	63.39±5.75 
	20.66±2.654
	0.000*

	Day 3
	40.06±3.00 
	22.34±2.043
	0.002*

	Day 5
	35±2.32 
	20.34±2.375
	0.003*

	P-value
	0.000*
	0.82
	



Table 3: Comparison of Systolic BP (mmHg) between Septic and Healthy Dogs

	Systolic BP (mmHg)
	Septic
	Healthy
	P-Value

	Day 1
	118±4.95
	120.33±3.12
	0.038*

	Day 3
	123.22±3.42
	120.83±2.38
	0.63

	Day 5
	122.14±3.9
	119.83±3.75
	0.73

	P-value
	0.68
	0.97
	


 
*Mean ± SE having letters as superscripts differ significantly (p <0.05)
*Column-wise capital letters are used in superscripts.

3.2 Evaluation of Echocardiographic Parameters
	The mean ± SE values of ejection fraction (EF) were reduced in the septic dogs on day 1, with no significant difference observed between the treatment groups. Non-surviving dogs exhibited an EF value of 31.16 ± 3.99%. A significant increase in EF was observed by day 5 compared with day 1 within the septic group (p = 0.002), indicating improvement in cardiac systolic function following treatment (Table 4).
The values of fractional shortening (FS) were significantly lower in septic dogs than healthy group (p=0.04). When observed group-wise the value was significantly higher on day 5 than day 1 in septic group (p=004) (Table 5). The mean value of FS in non-survivors was 17.34±2.2.
Table 4: Comparison of Ejection Fraction between Septic and Healthy Dogs
	EF (%)
	Septic
	Healthy
	P-Value

	Day 1
	43.06±3.63
	55.83±3.92
	0.071

	Day 3
	44.06±3.71
	55.16±3.44
	0.114

	Day 5
	59.89±3.34
	55.57±2.03
	0.529

	P-value
	0.002*
	0.977
	


*Mean ± SE having letters as superscripts differ significantly (p <0.05) 

Table 5: Comparison of Fractional Shortening between Septic and Healthy Dogs
	FS (%)
	Septic
	Healthy
	P-Value

	Day 1
	21.83±1.82
	30.00±3.89
	0.040*

	Day 3
	22.78±1.66
	30.33±3.72
	0.058

	Day 5
	31.00±2.52
	30.00±3.82
	0.841

	P-value
	0.004*
	0.996
	



The left ventricular internal diameters during diastole (LVDd) and systole (LVDs) were higher in septic dogs than in healthy controls on day 1, with the highest values observed in non-survivors (LVDd: 30.85 ± 4.40 mm; LVDs: 26.71 ± 3.90 mm). Although both parameters showed a declining trend over the course of the study, the changes were not statistically significant (Table 6).
The mean ± SE values of right ventricular diameter in diastole (RVDd), posterior wall thickness in diastole (PWd) and systole (PWs), and interventricular septal thickness in diastole (IVSd) and systole (IVSs) in septic dogs were comparable to those of the healthy control group throughout the study period, with no significant differences detected. Corresponding mean values recorded in non-survivors were 13.93 ± 2.34 mm for RVDd, 15.96 ± 2.40 mm for PWd, 19.05 ± 2.58 mm for PWs, 16.20 ± 3.80 mm for IVSd, and 21.51 ± 3.80 mm for IVSs.
Table 6: Comparison of M- Mode echocardiographic indices between Septic and Healthy Dogs
	LVDd(mm)
	Septic
	Healthy
	P-Value

	Day 1
	30.51±2.5
	27.77±4.02
	0.58

	Day 3
	26.39±3.06
	26.53±3.94
	0.98

	Day 5
	27.24±2.31
	26.55±3.93
	0.88

	P-value
	0.51
	0.99
	

	LVDs(mm)
	Septic
	Healthy
	P-Value

	Day 1
	24.07±2.3
	22.11±3.50
	0.68

	Day 3
	20.86±2.81
	21.81±4.07
	0.86

	Day 5
	22.25±2.54
	20.60±3.73
	0.74

	P-value
	0.68
	0.99
	

	RVDd(mm)
	Septic
	Healthy
	P-Value

	Day 1
	13.10±1.54
	14.75±3.38
	0.62

	Day 3
	13.25±1.53
	14.75±3.38
	0.65

	Day 5
	14.91±1.73
	14.81±3.41
	0.96

	P-value
	0.68
	0.999
	

	IVSd(mm)
	Septic
	Healthy
	P-Value

	Day 1
	13.83±2.31
	18.08±5.89
	0.34

	Day 3
	15.58±6.14
	18.14±5.8
	0.33

	Day 5
	16.22±2.04
	18.93±4.2
	0.35

	P-value
	0.99
	1.00
	

	IVSs(mm)
	Septic
	Healthy
	P-Value

	Day 1
	17.05±2.06
	19.8±5.52
	0.57

	Day 3
	16.74±2.05
	19.75±5.52
	0.52

	Day 5
	16.94±1.53
	19.70±5.55
	0.49

	P-value
	0.98
	1.00	
	

	PWd(mm)
	Septic
	Healthy
	P-Value

	Day 1
	14.27±1.74
	12.23±3.58
	0.58

	Day 3
	13.92±3.11
	12.18±3.56
	0.58

	Day 5
	13.55±6.9
	12.18±3.60
	0.48

	P-value
	1.00
	1.00
	

	PWs(mm)
	Septic
	Healthy
	P-Value

	Day 1
	18.23±1.95
	16.26±3.81
	0.63

	Day 3
	16.92±3.24
	16.35±3.85
	0.59

	Day 5
	18.92±1.15
	16.20±3.80
	0.37

	P-value
	0.96
	1.00
	



3.3 Evaluation of Canine Cardiac Troponin I
	The values of CTnI were higher in the treatment group than healthy groups on day 1 but were non-significant. In non-survivors, mean value obtained was 13.92±2.34.  The mean values of cardiac troponin I showed reduction within the septic group from day 1 to day 5 as mentioned in table below but no significant difference was found between them (Table 7). 
Table 7: Comparison of Canine Cardiac Troponin I between Septic and Healthy Dogs
	CTnI(pg/ml)
	Septic
	Healthy
	P-Value

	Day 1
	11.01±0.82
	8.68±0.79
	0.138

	Day 3
	10.350±0.509
	8.68±1.42
	0.578

	Day 5
	10.94±0.94
	8.60±0.791
	0.201

	P-value
	0.574
	1.00
	



4. Discussion
	The sepsis arising from canine parvo-virus infection is associated with cardiovascular dysfunction due to altered haemodynamic function and secondary effects of circulating inflammatory cytokines on the cardiomyocytes. The same is also evident from the changes in the clinical parameters like heart rate, respiratory rate and systolic blood pressure. The initial tachycardia is attributed to the insufficient cardiac preload due to perfusion deficit resulting from increased vascular permeability due to sepsis and gastrointestinal fluid and protein loss (Ince et al. 2021; Ehrman et al., 2018; Pritte J. 2004).  Hypotension observed as a result of vasodilation due to inducible nitric oxide synthase and reduced stroke volume as a result of impaired contractile function on myocardium (Hiraiwa et al., 2024) and non-survivor dogs with severe persistent hypotension indicates shock with deaths within 24 hr as observed by Isola et al. (2013). As the infection subsided and perfusion improved after providing fluid and antibiotic these parameters were found to improved.
	M-mode echocardiography is done to assess functioning of myocardium (Table 6). It is classified as LV systolic, LV diastolic dysfunction and right ventricle dysfunction (Shvilkina et al., 2023; Pulido et al., 2012). The values of EF were lower on day 1 in septic dogs <50% when compared to healthy group >50% which increased during the course of study in septic dogs. Reduction in ejection fraction indicates poor myocardial contractility (Kocaturk et al. 2012; Dickinson et al., 2007) which indicates severity of disease as in case of non-survivors. Left ventricular dysfunction mainly systolic is the potential cause of reduction in ejection fraction in septic dogs.  But both systolic and diastolic dysfunction can lead to this finding. In human medicine LVEF <52% in men and <54% in women are suggestive of SIMD (Hiraiwa et al., 2024). Many authors like Levy et al. (2005), explained the similar reduction in LVEF as myocardial adjustment for lower perfusion and oxygen deficit. Authors like Huang et. al, (2013) and Jones et al., (2005) reported that a hyperkinetic heart with very high LVEF is associated with greater mortality as it is the indicative of septic shock in humans. Further a more common diastolic dysfunction leading to impaired relaxation of left ventricle leads to reduced LVEDV and thereby reduced CO (Shvilkina et al., 2023).
	The systolic and diastolic left ventricle diameters were higher on day 1 when compared to day 3 and day 5, along with reduced ejection fraction and fractional shortening on day 1 from healthy group. It indicates a systolic ventricular dysfunction of hypokinetic nature which is transient and reversible as on day 5 we found a reduction in mean values of both the diameters. In human, this was reversible nature of dysfunction was initially observed by Parker et al., (1984). The given data reveals combined results of echocardiography undergone in a population of dogs suffering from sepsis thus dysfunction occurring in an individual may differ resulting in findings having no significant difference. RVDd showed no statistical significance throughout the different interval of study. It was slightly raised in standard group on day 1 than healthy indicating that some of them might be suffering from right ventricular dysfunction.
	The inter-ventricular septum diameters and posterior wall diameters were almost similar to that of healthy group on day 1. Further no statistical variation was observed in the data. Mention of these indices in relation with sepsis induced cardiomyopathy is scarce. In our study no significant changes in non-survivors were observed too. Heterogenicity among the patients suffering from sepsis and their cardiac response is observed by Shvilkina et al., (2023) in their study in human. Thus, further categorisation is required to identify left ventricular systolic and diastolic dysfunction or right ventricular dysfunction through advanced modalities like color doppler as used by Ince et al., (2021) and found left ventricle diastolic dysfunction to be more common than systolic in canine patients. Now a days speckle tacking echocardiography Ehrman et al., (2018) is used to get a better diagnostic evaluation of cardiac response in sepsis patients in human medicine.
	CTnI values were higher in septic group than healthy group on day 1(Table 7). Similar finding was reported by Ince et al., (2021), indicating functional deterioration rather than structural of LV. During sepsis due to myocardial injury serum cTnI level gets elevated transiently. Therefore, the values reduced gradually during the course of therapy in septic dogs. Higher values of cardiac troponin I in non-survivors revealed the association of elevated level to increased mortality as observed by Pugliese et al., (2022), Pelander et al., (2023), Hamacher et al., (2015) thus considering cTnI level as negative prognostic indicator during critical illness. However, in some studies in humans it is also reported that cTnI cannot be an individual indicator of mortality as the values does not reach a good statistical separation in studies by Choi et al., (2025), Jendoubi et al., (2019). Therefore, further studies are required to identify the severity related to high cardiac troponin levels in blood.
5. Conclusion
The present study establishes that sepsis is associated with significant cardiovascular and myocardial dysfunction in dogs affected with canine parvo-virus infection. CPV induced sepsis also acts as a clinically relevant model for evaluation SIMD using echocardiography and cardiac biomarkers for the purpose of therapeutic monitoring and assessing the prognosis.
In septic dogs, tachycardia, tachypnoea, hypotension were the early clinical findings along with reduced EF and FS and raised left ventricle diameters (LVDd and LVDs) on day 1 giving the indication of diastolic dysfunction of hypodynamic nature. Therefore, reduced EF and FS provided reliable echocardiographic indicators of SIMD. Elevated cardiac troponin I levels highlighted its potential utility as a negative prognostic indicator in critically ill dogs. Further, characterization of the SIMD using advanced diagnostic modalities and more specific markers in dogs, larger sample size and extended follow-up are warranted to better elucidate its mechanism. 
Moreover, the progressive improvement in the clinical and echocardiographic parameters by day 5 provides evidence of the reversible nature of condition in dogs and early diagnosis in acute phase of condition followed by therapeutic intervention targeting the source of infection and haemodynamic instability can improve the survivability and prompt recovery.
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