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Abstract

Objective: To review the use of cardiac troponins as biomarkers for myocardial injury in human and veterinary medicine.

Data sources: Data sources included scientific reviews and original research publications.

Human data synthesis: Cardiac troponins have been extensively studied in human medicine. Finding an elevated cardiac troponin level carries important diagnostic and prognostic information for humans with cardiovascular disease. Troponin assays are used primarily to diagnose acute myocardial infarction in patients with ischemic symptoms such as chest pain. However, elevated blood levels may be found with any cause of myocardial injury.

Veterinary data synthesis: Several studies have shown that cardiac troponins are sensitive and specific for myocardial damage in veterinary patients and may have utility in diagnosis and prognosis for certain disease states. Human assays may be used in most animals due to significant homology in the troponin proteins between species.

Conclusions: Cardiac troponins are sensitive and specific markers of myocardial injury although they do not give any information regarding the mechanism of injury. They have redefined how acute myocardial infarction is diagnosed in humans. Their use in the clinical management of veterinary patients is limited at this time. Further prospective studies are warranted.

INTRODUCTION

Biomarker: a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathological processes or pharmacological responses to a therapeutic intervention.


●Used to: identify high-risk individuals



quickly and accurately diagnose disease states

determine treatment plans and prognosis

Cardiac troponins (cTn)


●High sensitivity and specificity for myocardial damage 


●Biomarker of choice for detection of cardiac cellular injury

Physiology

Troponins



●Regulatory proteins that are part of the contractile apparatus of skeletal and 



cardiac muscle tissue


●Not present in smooth muscle

- Troponin I: interferes with myosin/actin binding

- Troponin T: attaches troponin complex to tropomyosin and actin

- Troponin C: binds calcium

Majority of troponin bound within thin filament

- Small percentage free in cytosol (2-4% cTnI, 6-8% cTnT)

Considered leakage markers


●Damage to cardiac myocytes results in loss or membrane integrity and release of 

cTn into circulation


●Apopotosis does not cause leakage of cTn

Acute cardiac injury:


●Initial release of cytosolic pool results in early rise in blood levels


●Slower release of structurally bound cTn results in sustained elevation


●Half-life of 2 hours

cTn release associated with reversible and irreversible injury

Troponin levels


●ELISA


●Not standardized 


●Antibodies used may have differing specificity for each circulating form of cTnI


●Use serum, heparinized plasma or whole blood

False positive:


●Rheumatoid factor


●Excess fibrin


●Heterophile antibodies


●Hemolysis


●Lipemia


●Elevated ALP


●Immune-complex formation

Normal values:


cTnI 
dogs: < 0.03-0.07 mg/mL (median 0.02 mg/dL)



cats: < 0.03-0.16 ng/mL

ESC/ACC criteria for diagnosis of MI in humans:


●One of the following 2 criteria may be used to diagnose MI:


1. Typical rise and fall of biomarkers such as troponin or CK-MB with at least one of 
the following



a. Ischemic symptoms (chest pain)



b. Development of pathological Q waves on ECG



c. ECG indicative of ischemia (ST-segment changes)



d. Coronary artery intervention (angioplasty)


2. Pathological findings of MI

- Recommended to take samples at admission, 6-9 hours and 12-24 hours

- One study suggested that negative cTn at admission and at 6 hours after onset of symptoms was associated with a low-risk of heart-related event 

- With MI, any troponin level above reference is associated with an increased risk of adverse events in both the short and long-term

- Size of infarct may be predicted based on peak cTnI levels or cTnT levels at 72 hours

- cTnI more sensitive than cTnT 

- Neither will give you any information about the mechanism of injury

TRAUMA

- Trauma to heart can result in cTn elevations

- Used to rule out significant blunt chest injury leading to cardiogenic shock, severe arrhythmias or structural damage related to trauma

- cTn elevations have been shown to be sensitive in detecting cardiac injury in dogs and cats with blunt chest trauma:

1. Burgener IA et al. JVIM 2006;20:277-283
●Looked at cTnI and cTnT in healthy dogs and in dogs at risk for myocardial injury because of GDV or blunt chest trauma

●cTnI higher in GDV and BCT dogs versus healthy

●cTnT higher only in BCT 

●Increased cTn found in 93% GDV and 75% BCT dogs

●In dogs with BCT no significant changes in cTn were seen over time

●Lack of Gold Standard for determination of myocardial damage



Postmortem exam in 3 dogs



Looked at ECG abnormalities (VPC, arrhythmias, tachycardia)

2. Shober KE et al. J Vet Cardiol 1999;1:17-25
●33 dogs with BCT and 40 control dogs

●Used ECG abnormalities as marker of myocardial injury – only seen in 30% dogs with BCT
●cTnI not detectable in 36/40 normal dogs; cTnT not detectable in normal dogs
●cTnI elevated in 18/33 dogs with BCT, cTnT in 9/33

●cTn levels were not correlated with ECG abnormalities

3. Kirback B et al. Tieraeztl Prax 2000;28:30-33

INFECTION/INFLAMMATION

Mechanisms of elevated cTn during sepsis:


●Cardiac oxygen demand > supply


●Septic microemboli


●Bacterial endotoxins


●Cardiac depressant factors from cytokines

- Elevated cTn in human patients with sepsis associated with LV dysfunction

- cTn elevated in canines with Babesiosis and Ehrlichiosis

1. Lobetti R et al. JVIM 2002; 16:63-68

●cTnI concentration was significantly higher in dogs with complicated Babesiosis or Babesiosis + IMHA

●Also elevated in 3 dogs that died

●Presence of VPCs associated with high cTn levels

●Association between cTnI levels and histological changes, clinical severity and survival

2. Diniz PPVP et al. JVIM 2008;22:1136-1143

●194 dogs in Brazil with Ehrlichiosis

●Serologic assays and PCR to determine infection

●E. canis infected dogs had a higher cTnI than controls

●Acute E. canis infection, severity of anemia and SIRS associated with higher risk for cardiomyocyte damage (higher cTnI)

*3. Segev G et al. JVIM 2008;22:106-113

●Elevated cTnT (25%) and cTnI (65%) in dogs envenomed by Vipera palaestinae
●Dogs with increased cTnT had a significantly higher occurence of arrhythmias and higher resting HR and were hospitalized longer

HEART DISEASE/HEART FAILURE

- cTnI and cTnT elevated in humans with heart failure due to LV dysfunction

- Levels often return to normal with treatment - use to monitor course of disease

- cTn levels can be elevated in veterinary patients with primary heart disease

HCM: 

1. Herndon WE et al. JVIM 2002; 16:558-564

●Cats with moderate to severe HCM with and without heart failure have significantly higher levels of circulating cTnI than normal cats

●Cats with HCM and heart failure had cTn levels higher than those without heart failure

*2. Herndon WE et al. JAVMA 2008; 233(8):1261-1264

●cTnI may be used to differentiate cats with cardiac and noncardiac causes of respiratory distress 

●cTnI > 0.2 ng/mL had 100% sensitivity but 58% specificity for identifying CHF

●cTnI > 1.43 ng/mL had 100% specificity but 58% sensitivity for cats with CHF

●Median cTnI level was higher in cats with dyspnea due to CHF versus cats with dyspnea due to non-cardiac causes

MVD/SAS/DCM:

1. DeFrancesco TC et al JVIM 2002; 16:553-557

●cTn used to identify dogs with these conditions and may correlate with severity and prognosis

2. Spratt DP et al. J Small Anim Pract 2005; 46:139-145

●47% of dogs had elevated cTn

●Significant difference in cTn levels between dogs with heart disease and normal population

●Cut-off cTn of f2.0 ng/dL

*3. Linklater AK et al. JVECC 2007; 17(3): 243-249

●Admission cTn levels in 15 dogs with class IV CHF due to MVD

●40% had detectable cTnI, 7% had detectable cTnT

●No difference in survival to discharge between dogs with detectable cTn and those without

●Dogs with detectable cTn had shorter overall survival times

*4. Wess G et al. JVIM 2010

●cTnI in Dobermans with DCM

●336 dogs: 264 healthy dogs, 75 with cardiomyopathy

●VPC group (> 100 VPC/24 hrs), ECHO group (only echo changes), VPC + ECHO group, dogs with clinical signs, insipient group (developed DCM within 1.5 years of initial exam)

●cTnI levels of dogs in all disease groups were significantly higher than control group

●Cutoff value of 0.22 ng/mL had a sensitivity of 79.5% and specificity of 84.4% for detecting all forms of cardiomyopathy

*5. Ljungvall I. et al. JVIM 2010;24:153-159

●cTnI levels increased with increasing MVD severity

●Higher cTnI levels were significantly associated with age, HR, LVED internal dimension and C-reactive protein levels

6. Baumwart RD AJVR 2007; 68(5) 524-528
●cTnI levels in Boxers with ARVC, normal Boxers and non-Boxer dogs
●In Boxers, found a significant correlation between serum cTnI concentration and number of VPC/24 hours and between cTnI concentration and grade of ventricular arrhythmia

●Boxers with ARVC had a significantly higher cTnI than clinically normal dogs
7. Church WM J Vet Cardiol 2007; 9(1):53-57
●Case report, 3rd degree AV block and acute myocarditis in a dog
●cTn of 44.5 ng/mL

●Severe myocardial necrosis observed at necropsy

PERICARDIAL EFFUSION

Mechanism:


Secondary to epicardial inflammation


Decreased coronary perfusion during tamponade

1. Shaw SP et al. JVIM 2004; 18:322-324

●Dogs with pericardial effusion had higher cTnI but not cTnT than normal dogs

●Suggested using cTnI to differentiate between idiopathic and hemangiosarcoma

●Higher cTnI in dogs with hemangiosarcoma (cTnT not different)

CHEMOTHERAPY

Cardiomyopathy secondary to chemotherapy with doxorubicin irreversible and usually fatal

1. Cardinale D et al. Circulation 2004; 109(22): 2749-2754

2. Sandri MT et al. Clin Chem 2003; 49(2) 248-252

●Elevated cTn levels in human chemo patients can be predictive for development of cardiac toxicity and decreased LV function

3. Selting KA et al. Vet Comp Oncol 2004; 2:142-156

●Retrospective showed cTnI levels elevated in patients receiving doxorubicin for lymphoma or osteosarcoma

●Elevations did not predict development of cardiac disease

*4. DeFrancesco TC et al. JVIM 2002;16:553-557

●cTnT ELISA in 6 groups of dogs

●Not detectable in healthy dogs, dogs with untreated neoplasia or asymptomatic DCM

●Detectable in 2 dogs that had 180mg/m2 doxorubicin, suggestive of myocardial damage

●Also detected in 3 dogs with CHF and 2 dogs with skeletal muscle trauma

EXERCISE

1. McKenzie EC JAVMA 2007; 230(10):1486-92
●Elevations in cTnI seen in Alaskan sled dogs after exercise, transient

PTE 

cTn have not been evaluated in veterinary patients with PTE or pulmonary hypertension

Human patients with PTE and elevated cTn have worse prognosis

HYPERTHYROIDISM

1. Connolly DJ et al. J Feline Med Surg 2005; 7:289-300

●11/23 cats had elevated cTn prior to I-131 therapy

●Only 3 cats had persistently high cTn 6 months after treatment

●Mechanism of increase unknown

GDV

Dogs with GDV have myocardial degeneration and necrosis

1. Schober KE et al. JAVMA 2002; 221:381-388

●Elevated cTnI (87%) and cTnT (51%) of 85 dogs with GDV

●All dogs that died (19%) had elevated cTn

●Peak cTn levels 48-72 hours post-op

●cTnI and cTnT levels were predictive of outcome

2. Burgener IA et al. JVIM 2006; 20:277-283

●Elevated cTnI (93%) and cTnT (57%) of patients

●Peak cTn levels 24-48 hours post-op

●All dogs that died (21%) had elevated cTn levels

RENAL FAILURE

- Elevations in cTn found in 50% of human patients with chronic renal insufficiency

- Mechanism:


Silent myocardial necrosis


Ventricular hypertrophy


Impaired renal clearance

- cTnT more commonly associated with renal disease (82% vs. 6% with elevation in cTnI)

1. Rishniw M et al.  (abstract) – published below with Porciello
●11/14 cats and 29/36 dogs with moderate to severe azotemia due to renal insufficiency had elevated cTnI levels

*2. Sharkey LC et al. JAVMA 2009; 234(6):767-770

●Dogs with evidence of cardiovascular or nonrenal disease excluded; did not echo

●All dogs Cr > 3.0 mg/dL, usg 1.007 to 1.030, clinically diagnosed renal failure

●cTnI significantly higher in dogs with renal failure versus healthy dogs

●Maybe associated with subclnical cardiovascular disease?

*3. Porciello F et al. Aust Vet J 2008; 86:390-394
●Retrospective; measured cTnI in dogs and cats with renal failure (Cr > 2) or other non-cardiac disease

●cTnI levels elevated in 70% of dogs and cats with azotemic renal failure and in 70% dogs with non-cardiac disease
●cTnI levels did not correlate with degree of azotemia, presence of murmurs, hypertension or type of non-cardiac illness

QUESTIONS

1. List 10 disease states that may cause an elevated cardiac troponin level in veterinary patients


CHF


MVD


Pericardial effusion


HCM


Doxorubicin


GDV


Babesiosis


Feline hyperthyroidism


Renal insufficiency


Ehrlichiosis

Blunt chest trauma


Sepsis


Endurance exercise

2. An elevated cardiac troponin level indicates which of the following?


a. Myocardial infarction


b. Heart failure


c. Myocardial injury

d. Cardiac inflammation

3. Approximately what percentage of cTnT is free in the cell cytosol?

a. 2-4%


b. 4-6%


c. 6-8%

d. 8-10%

4. What is the plasma half-life of cTn?


a. 1 hour


b. 2-4 hours

c. 5 hours


d. 12 hours

5. List 5 substances found in the blood that can cause a false positive cTn result


Rheumatoid factor


Elevated Fibrin

Heterophile antibody


Hemolysis


Lipemia


Elevated ALP


Immune complex formation

6. Which of the following is true regarding cTnI assays?


a. There is a gold standard assay for cTnI


b. Each assay targets the same sequence of the cTnI molecule


c. Results from different assays may be compared


d. The reference range is the same for all commercially available assays


e. Human assays may be used in veterinary medicine
