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Abstract

Myocardial infarction (MI) is one of the most important causes of mortality in humans1-3. In order to improve morbidity and mortality in patients
with MI we need better knowledge about pathophysiology of myocardial ischemia. This knowledge may be valuable to define new therapeutic
targets for innovative cardiovascular therapies4. Experimental MI model in mice is an increasingly popular small-animal model in preclinical
research in which MI is induced by means of permanent or temporary ligation of left coronary artery (LCA)5. In this video, we describe the step-
by-step method of how to induce experimental MI in mice.

The animal is first anesthetized with 2% isoflurane. The unconscious mouse is then intubated and connected to a ventilator for artificial
ventilation. The left chest is shaved and 1.5 cm incision along mid-axillary line is made in the skin. The left pectoralis major muscle is bluntly
dissociated until the ribs are exposed. The muscle layers are pulled aside and fixed with an eyelid-retractor. After these preparations, left
thoracotomy is performed between the third and fourth ribs in order to visualize the anterior surface of the heart and left lung. The proximal
segment of LCA artery is then ligated with a 7-0 ethilon suture which typically induces an infarct size ~40% of left ventricle. At the end, the chest
is closed and the animals receive postoperative analgesia (Temgesic, 0.3 mg/50 ml, ip). The animals are kept in a warm cage until spontaneous
recovery.

Video Link

The video component of this article can be found at https://www.jove.com/video/3093/

Protocol

1. Protocol Text

1. Before proceeding to surgery, anesthetize a male mouse (C57BL/6) that is 6 weeks of age or older by inhalation of 2-5% isoflurane. Perform
a toe pinch to confirm that the animal is sufficiently anesthetized.

2. The unconscious mouse is placed on its back on a warm pad to maintain a constant temperature of 37 °C. The precordial chest on the left
side is shaved.

3. Secure the mouse to an intubation device with an isoflurane-filled chamber. Insert a tube of 0.2 inner diameter into the mouse's trachea
through mouth, then place the intubated mouse on an aseptic surgical area (37 °C by a temperature controller) and connect the endotracheal
tube to a ventilator (rate of 120 per min, pressure of 4-6 mmH2O); disinfect the area with betadine and 75% ethanol .

4. Apply ophthalmic ointment to the mouse's eyes. Place standard ECG electrodes on the paws and connect the mouse to the ECG recorder.
5. Use sterile scissors to make a 1.5 cm incision along the mid-axillary line. Scissors are used rather than a scalpel to avoid injury to the

underlying tissue in mice. Then, use blunt-tip vessel scissors to dissect and retract the precordial muscle from the chest wall.
6. Perform a left thoracotomy between the third and fourth ribs to visualize the anterior surface of the heart and left lung
7. Further retract the thoracic wall using a suitable retractor in order to improve visualization and accessibility. Remove the pericardium by using

toothed forceps and blunt-tipped scissors.
8. Ligate the left coronary artery by placing the needle (attached with 7-0 ethilon suture) beneath the artery with a band of myocardium between

the ligature and the artery. A successful occlusion of coronary artery is verified by hypokinesis/akinesis of the anterior left ventricular wall and
by the alterations of ECG recording (e.g. ST segment elevation, QRS broadening)

9. Close the chest by placing two stitches (6-0 ethilon suture) on the third and fourth ribs.
10. Use 5-0 ethilon suture to close the skin.
11. For post-operative analgesia, administer a single intraperitoneal injection of buprenorphine (0.05 mg/kg). The animals will spontaneously

recover within 2-5 min after stopping isoflurane anesthesia. Finally, place the mouse in a warm cage and provide 0.6 mg/ml of buprenorphine
in the drinking water to prevent post-operative distress. Closely monitor the mouse for the first 24 hours after surgery.
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12. Echocardiography is performed to evaluate cardiac function 3 days after myocardial infarction. Successful procedure is verified by akinesia in
the anterior left ventricular wall (see the enclosed video in Results). At the end of the experiment, the heart will be collected and stored in -80
°C for further investigations. i.e. gene expression.

Representative Results

Instrument Function description

Blunt-tip scissors Used to cut skin, intercostal chest muscle, and sutures

Eye retractor Used to expose surgical view

Blunt-tip forceps Used to grasp skin and muscle

Needle holder To hold a needle

5-0 suture Used to suture skin

6-0 suture Used to suture chest muscle

7-0 suture Used to ligate coronary artery

Table 1.  Instruments used in the procedure of myocardial infarction.

 

Figure A. Before coronary artery ligation, the left atrium, left lung, and anterior wall of left ventricle were exposed. The QRS complexes
shown in ECG were narrow and short.
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Figure B. After coronary artery ligation, the anterior wall of left ventricle developed cyanosis and diskinesia. The QRS complexes
became significantly wider and the ST segments were obviously elevated, compared with those before coronary artery ligation.

Discussion

The surgical procedure for LCA ligation as demonstrated in this report is a reliable and reproducible method for induction of experimental MI
in mice3, 6. The ligation of LCA according to this protocol induces myocardial ischemia engaging typically ~40% of left ventricle3. This induces
significant ECG changes in ST segment7  and visible pallor on the anterior surface of the heart. Due to the large myocardial infarction, the
mortality can be up to 30%8, 9. A note should be made that infarcted myocardial area and post-MI mortality may be different among various
animal strains. The method has several advantages. Placement of skin incision along mid-axillary line rather than on anterior chest wall
facilitates the later investigation with echocardiography. The stiches in the operative wound do not interfere with ultrasound imaging of the
anterior segments of the heart. Moreover, the intubation of mice allows the operator to have adequate time to perform the surgery. The ligation
of the LCA "in situ" inside the chest is more "physiological" as opposed to ligation of the LCA after externalization of the as this will induce
severe bradycardia and global hypoxia10. This approach also holds advantages over the cryoinjury-based approach as the latter is associated
with pathophysiological processes distinct from those of ischemia-induced myocardial infarction which may confound mechanistic studies of
ischemic cardiomyopathy. We believe that this video and the accompanying instructions will be of useful complement to the existing techniques
for experimental MI in mice.

Troubleshooting:

1. To get the best visualization of important anatomical structures (left atrium, left anterior ventricular wall, and left lung), the left thoracotomy is
usually performed between the third and the fourth rib.

2. Be aware that accidental puncture of the left atrium results in severe bleeding that may lead to death of the animal.
3. Lung contusion should be avoided as it may cause increased mortality. If left lung is covering the heart after opening of the chest, the lung

tissue should be retracted gently by using e.g. cotton-stick.
4. High concentration of isoflurane should be avoided. Typically 2% of isoflurane is optimal for the achievement of proper anaesthesia in the

present surgery.
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