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SUMMARY:  28 

Here we describe a simple and reproducible method that can induce myocardial infarction or 29 

myocardial ischemia-reperfusion injury in mice by precision ligation of the left anterior 30 

descending coronary artery through micromanipulation. 31 

 32 

ABSTRACT: 33 

Acute myocardial infarction is a common cardiovascular disease with high mortality. 34 

Myocardial reperfusion injury can counteract the beneficial effects of heart reflow and induce 35 

secondary myocardial injury. A simple and reproducible model of myocardial infarction and 36 

myocardial ischemia-reperfusion injury is a good tool for researchers. Here, a customizable 37 

method to create a myocardial infarction (MI) model and MIRI by precision ligation of the left 38 

anterior descending coronary artery (LAD) through micromanipulation is described. Accurate 39 

and reproducible ligature positioning of the LAD helps obtain consistent results for heart injury. 40 

ST-segment changes can help to identify model accuracy. The serum level of cardiac troponin 41 

T (cTnT) is used to assess the myocardial injury, cardiac ultrasound is employed to evaluate 42 

the myocardial systolic function, and Evans-Blue/triphenyl tetrazolium chloride staining is 43 

used to measure infarct size. In general, this protocol reduces procedure duration, ensures 44 
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controllable infarct size, and improves mouse survival. 45 

 46 

INTRODUCTION:  47 

Acute myocardial infarction (AMI) is a common cardiovascular disease worldwide and carries 48 

high mortality1. Advances in technologies make early and efficacious revascularization 49 

available for AMI patients. After these treatments in some patients, myocardial ischemia-50 

reperfusion injury (MIRI) can occur2. Thus, it is of great significance to understand the 51 

mechanisms of actions and how to ameliorate MI/MIRI. Mice are widely used as models 52 

because of their low cost, rapid breeding time, and ease for making genetic alterations3. 53 

Scholars have developed different methods to model MIRI and MI in animal4–9. This strategy 54 

promotes research, but the different criteria and methods employed complicate the 55 

interpretation of results among research teams.  56 

 57 

In mice, MI has been induced by isoproterenol10, cryoinjury11–12, or cauterization13. MI can be 58 

induced readily by isoproterenol, but the pathophysiological process is different from that in 59 

clinical MI. Cryoinjury-induced MI has poor consistency, elicits excessive myocardial damage 60 

around the left anterior descending coronary artery (LAD), and can easily induce arrhythmia. 61 

Cauterization-induced MI is quite different from the natural process of myocardial infarction, 62 

and the inflammatory reaction in the burning area is more intense; in addition, the operation 63 

is difficult. Moreover, there are some labs14 developing MI model in minipigs using balloon 64 

blocking or embolization or thrombosis method through interventional technique. All these 65 

methods can cause coronary artery occlusion directly, but needing coronary angiography 66 

devices and, above all, the too-thin mouse coronary arteries makes these operations not 67 

practical. For MIRI, the differences among different models were quite modest, such as using 68 

respirators /micromanipulation or not5–6.  69 

 70 

Here, a simple and reliable method that can induce MI and the MIRI model, adapted from 71 

previously published methods4–9,15, is described. This method can simulate pathophysiological 72 

processes by direct blockade of the LAD through ligation. Moreover, by relieving the ligation, 73 

this model can also simulate reperfusion injury. In this protocol, a dissecting microscope is 74 

used for LAD visualization. Then, the researcher can identify the LAD readily. Subsequently, 75 

accurate ligation of the LAD leads to reproducible and predictable blood occlusion and 76 

ventricular ischemia. Moreover, electrocardiography (ECG) changes can be used to confirm 77 

ischemia and reperfusion in addition to the color changes of the LAD observed under a 78 

microscope. This strategy leads to a shorter procedure duration, lower surgical complications 79 

risk, and fewer experiment mice needed. The methods for the troponin-T test, cardiac 80 

ultrasound, and triphenyl tetrazolium chloride (TTC) staining are also described. Overall, this 81 

protocol is useful for studies of MI/MIR mechanism, as well as for drug discovery.  82 

 83 

PROTOCOL: 84 

 85 

Animal studies have been approved by the Animal Care and Utilization Committee of 86 

Huazhong University of Science and Technology (Wuhan, China).  87 

 88 



NOTE: Male C57BL/6J mice (8–10 weeks) are used as models. Mice have free access to food 89 

and water and are bred in specific pathogen-free conditions. The room is maintained under 90 

controlled temperature (22 °C ± 2 °C) and humidity (45%–65%). Mice are exposed to a 12-h 91 

light/dark environment at the Animal Care Facility of Tongji Medical School (Wuhan, China) 92 

according to the guidelines set by this institution. Microsurgical instruments and surgical 93 

supplies must be previously sterilized. Surgical gloves and masks are required throughout the 94 

procedure. The experimental workflow is shown in Figure 1A. 95 

 96 

1. Preoperative preparation 97 

 98 

1.1 Use a rectangular operating table (OT) with a prewarmed heating pad (37 °C) throughout 99 

the surgical procedure (Figure 1B). Disinfect the board with ultraviolet light and 70% alcohol 100 

before procedure initiation. 101 

 102 

1.2 Weigh all mice accurately to calculate the dose of anesthetic drugs needed. Then, 103 

anesthetize the mice with ketamine (80 mg/kg) and xylazine (10 mg/kg) via intraperitoneal 104 

injection. Ensure appropriate depth of anesthesia by the absence of a withdrawal reflex to toe 105 

pinching and blink reflexes. 106 

 107 

1.3 Place the mouse supine on the OT with gauze under the head to avoid overheating of the 108 

eyes. Apply ophthalmic ointment to the eyes to prevent them from drying out. 109 

 110 

1.4 Shave the fur on the left precordial chest with an electric razor. Use a fur removal cream 111 

on the pre-shaved thorax and massage evenly with a sterile cotton swab for ~1 min. Wipe the 112 

excess loose fur with gauze.  113 

 114 

1.5 Use povidone-iodine, followed by 70% alcohol to clean the area. Cover the thorax with 115 

gauze. 116 

 117 

1.6 Use a 4-0 suture under the upper incisors and secure it to the anchor point (close to the 118 

edge of the OT over the nose) to keep the mouth slightly open and facilitate cannulation.  119 

 120 

1.7 Pull the tail to keep the body straight, and secure the tail to the OT using tape. Secure the 121 

four limbs with rubber bands and tighten them on the other anchor points. Importantly, do 122 

not over-stretch the front limbs; otherwise, respiratory compromise may occur.  123 

 124 

1.8 Use curved forceps and forceps to open the jaw and lift the tongue. Use an illuminator to 125 

clearly visualize the throat and glottis.  126 

 127 

1.9 Insert a 22-G cannula gently with a blunted and truncated needle into the trachea through 128 

the mouth ~1-cm down the throat. Use one hand to hold the tongue, move it slightly upwards 129 

with blunt forceps, and, simultaneously, use the other hand to gently insert the tube into the 130 

trachea. Be careful not to insert the tube into the esophagus.  131 

 132 



1.10 Remove the needle gently. Check the intubation by placing the tube into the water 133 

for bubbles to form before connecting to the ventilator.  134 

 135 

1.11 Connect the endotracheal tube to a ventilator set to 120/min and tidal volume 136 

adjusted to 250 µL.  137 

 138 

NOTE: The ventilator setting is adjusted by body weight (in general, a higher body weight 139 

requires a higher tidal volume).  140 

 141 

1.12 Verify intubation by checking bilateral symmetrical chest expansion. Then, the 142 

connection is fixed to the OT with tape to avoid the tube falling off. 143 

 144 

1.13 Place ECG electrodes on the paws and connect them to the ECG recorder. Monitor 145 

cardiac electrophysiology throughout the procedure.   146 

 147 

2. Thoracotomy 148 

 149 

2.1 Remove the gauze on the thorax. Disinfect again with 70% alcohol for the incision areas 150 

using three scrub cycles. Then, cover the mouse with a sterile surgical drape with a hole over 151 

the surgical field to reduce contamination of the surgical site. 152 

 153 

2.2. Make an oblique skin incision (0.8–1.0 cm) along the left midclavicular line with sterile 154 

scissors. 155 

 156 

2.2 Undertake blunt dissection of subcutaneous tissues to expose the ribs underneath. Be 157 

careful not to injure vessels, ribs, and lungs. Stop the bleeding by using cotton applicators. 158 

 159 

2.3 Identify and make an incision of about 6–8 mm in the third intercostal space. Then, carry 160 

out blunt dissection of tissues in the intercoastal space to open the chest cavity. Be careful not 161 

to injury the internal thoracic artery. 162 

 163 

2.4 Use forceps to span the intercostal space. Insert pre-sterilized homemade retractors 164 

(Figure 1C) into the rib cage and pull back to spread the incision to ~6 mm in width. Attach 165 

the retractors to the OT with rubber bands.  166 

 167 

2.5 Remove the surrounding tissues carefully to expose the heart fully. Pull off the 168 

pericardium gently with curved forceps without injuring the heart. Now a clear view of the 169 

heart is available.  170 

 171 

3. LAD ligation 172 

 173 

NOTE: The LAD appears as a thin red line running perpendicular from near the apex and down 174 

through the left ventricle. The LAD is bright-red color, so be careful not to mistake it for a vein.  175 

Usually, the ligation site is ~1–2 mm below the left auricle. This ligation position will produce 176 



about 40%–50% of the ischemia in the left ventricle. A higher position will create a more 177 

extensive infarct zone. A more distal site will create a smaller infarct zone. 178 

 179 

3.1 Use a dissecting microscope and direct a focused and appropriate light for LAD 180 

visualization. Press the site below the chosen ligation position gently to enlarge the LAD 181 

temporarily (≤5 s per time). Recheck the LAD in this way. 182 

 183 

3.2 Use a tapered needle (3/8, 2.5 x 5) to pass an 8-0 silk ligature underneath the LAD under 184 

a dissecting microscope. Be careful with the needle depth: not too deep to enter the left 185 

ventricle and not too shallow to avoid damaging the LAD.  186 

 187 

3.3 Tie the ligature with a loose double-knot. The loop diameter is about 2–3 mm. 188 

 189 

3.4 Place a 2–3 mm PE-10 tubing into a loop parallel to the artery. 190 

 191 

3.5 Tighten the ligature loop gently until it is around the artery and tubing. Then, secure the 192 

loop with a slipknot. Take care not to damage the myocardial wall with excessive tightening 193 

pressure.  194 

 195 

NOTE: Ligation is not carried out for the sham-operation group.  196 

 197 

3.6 Confirm cessation of blood flow in the LAD: observe a paler color in the anterior wall of 198 

the LV after ligation. In addition, significant ST-elevation within a few heartbeats also indicates 199 

occlusion16. If permanent ligation is required (e.g., MI), remove the PE-10 tubing and tie the 200 

LAD directly with a knot. Resume the remaining procedure as mentioned in step 4.3 below.  201 

 202 

3.7 Remove the retractors from the incision. Then, close the wound temporarily with a 203 

bulldog clamp. Ischemia duration is according to the experimental design. Ensure that the 204 

mouse continues to be connected to the ventilator. 205 

 206 

4. Reperfusion 207 

 208 

4.1 When the period of ischemia ends, remove the bulldog clamp and insert the retractors 209 

again to open the incision and expose the heart (especially the ligation site).  210 

 211 

4.2 Untie the slipknot and remove the PE-10 tubing. Confirm the restoration of blood flow in 212 

this step by observing the color change back to pink-red within 20 s. Simultaneously, watch 213 

the ECG carefully: a potential dissolution of ST-elevation also suggests reperfusion. 214 

 215 

4.3 Leave the 8-0 ligature in situ for subsequent Evans-Blue and TTC staining. In other cases, 216 

remove the suture at this step. 217 

 218 

4.4 Remove the retractors and close the incision by suturing the third and fourth ribs with a 219 

4-0 silk suture. Be careful not to injure the lung. Push out the air that might be trapped in the 220 



chest cavity by pressing the chest gently while tying the suture knots. 221 

 222 

4.5 Close the muscle layers with continuous sutures (4-0 silk). For skin closing, continuous 223 

sutures and interrupted sutures are acceptable. 224 

 225 

5. Postoperative care 226 

 227 

5.1 Observe the mouse carefully for signs of recovery from anesthesia, for example, 228 

movement of the tail or whiskers. After that, the mouse usually resumes a normal breathing 229 

pattern with a respiration rate of around 150 bpm. Extubate the mouse by removing the tube 230 

slowly. 231 

 232 

5.2 Monitor the mouse for an additional 3–5 min to ensure respiratory distress is absent. 233 

 234 

5.3 Administer 100 µL of buprenorphine (0.1 mg/mL, s.c.) after the mouse begins to breathe. 235 

For the next 24 h, provide an additional dose every 4–6 h. Provide ibuprofen as additional pain 236 

relief in drinking water as a 0.2 mg/mL solution for 2 days before and ≤7 days after surgery. 237 

 238 

5.4 Keep the mice warm and reduce mortality risk by using thermal insulation blankets as 239 

mice are prone to hypothermia after the anesthesia. 240 

 241 

6. Validation after the procedure 242 

 243 

6.1 Troponin-T test 244 

 245 

6.1.1 Collect blood samples from the retroorbital plexuses and isolate the serums by 246 

centrifugation (3,000 × g, 10 min, room temperature).  247 

 248 

6.1.2 Dilute 20 µL of serum to 100 µL with saline solution for the troponin-T test. Store the 249 

remainder of the samples at -80 °C.  250 

 251 

6.1.3 Detect the Troponin T (cTnT using a commercial kit following the manufacturer’s 252 

instructions. 253 

 254 

6.2 Cardiac ultrasound 255 

 256 

NOTE: Cardiac ultrasound is used to evaluate cardiac function and wall-motion abnormalities 257 

at different stages before and after surgery according to the experimental design17–18. 258 

Different parameters such as ventricular wall thickness, ventricular volume, ventricular-cavity 259 

diameter, ejection fraction, and short-axis shortening fraction are measured.  260 

 261 

6.2.1 Anesthetize the mice with ketamine (80 mg/kg) and xylazine (10 mg/kg) via 262 

intraperitoneal injection. 263 

 264 



6.2.2 Shave the chest with an electric razor. Use fur removal cream and massage evenly. 265 

Wipe the excess loose fur with gauze. 266 

 267 

6.2.3 Place the mouse on the OT and secure the four limbs with adhesive tape.  268 

 269 

6.2.4 Place the ultrasound probe (30 MHz) on the anterior region of the heart at ~ 30° to 270 

the sternum. The probe in this view is aligned with the long axis of the heart. Set the 271 

ultrasound in B-Mode; the left ventricle, left atrium, mitral valve, and ascending aorta can be 272 

identified clearly.  Use video capture to obtain data for subsequent analysis. 273 

 274 

6.2.5 By rotating the transducer 90°clockwise, obtain a parasternal short-axis view at the 275 

level of the papillary muscles to clearly detect the left and right ventricles. Then use B-Mode 276 

and M-Mode to assess cardiac function and morphometry. 277 

 278 

6.2.6 Calculate the left ventricular end-diastolic diameter (Dd), end-systolic diameter (Ds), 279 

and interventricular septal thickness by specifying the corresponding location in the 280 

ultrasound images.  281 

 282 

NOTE: The machine would manually calculate left ventricular end-diastolic volume (LVEDV) 283 

and end-systolic volume (LVESV). Also, the machine would calculate the values for fractional 284 

shortening (FS) and ejection fraction (EF) using formulas FS = (Dd-Ds)/Dd × 100% and EF= 285 

(LVEDV-LVESV)/LVEDV × 100%. Choose five consecutive cardiac cycles and obtain their mean 286 

values.  287 

 288 

6.3 Measurement of myocardial infarct size 289 

 290 

NOTE: Evans-Blue/TTC staining is used to measure the infarct size because it can evaluate 291 

tissue viability19. It is recommended to stain within 72 h of reperfusion because the scar will 292 

shrink. This step is performed after euthanizing the animal with 200 mg/kg pentobarbital 293 

sodium via intraperitoneal injection.  294 

 295 

6.3.1 Expose the heart again following the previous procedures from steps 2.2–2.5. Then, 296 

re-ligate the LAD at the initial site validated by the suture mentioned in step 4.3 at the end of 297 

the desired reperfusion duration. 298 

 299 

6.3.2 Cannulate the aorta and then perfuse the heart with 0.3 mL of 1% Evans Blue solution. 300 

The myocardium of the non-ischemic region is stained blue. After perfusion, remove the heart 301 

rapidly by cutting the aorta with scissors.  302 

 303 

6.3.3 Then, wash the heart in KCl solution (30 mM) to stop the heart from beating. Store 304 

at -20 °C for ≥4 h after removing the surrounding fatty tissue. 305 

 306 

6.3.4 Cut the heart in the transverse direction into five slices of thickness 1 mm using a 307 

sharp scalpel. Weigh the slices and then incubate them with 2% TTC for 40 min at 37 °C.  308 



 309 

NOTE: After the incubation, the infarct areas are demarcated as white, whereas viable tissues 310 

in non-infarct areas remain red. 311 

 312 

6.3.5 Fix the slices with 4% formaldehyde overnight.  313 

 314 

NOTE: This action will enhance the contrast between the infarct area and the non-infarct area. 315 

It will also shrink the slices. 316 

 317 

6.3.6 Photograph the slices with a digital camera. Then, calculate the area at risk (AAR), 318 

infarct area, and non-ischemic zone using graphics software.  319 

 320 

NOTE: After Evans-Blue/TTC double-staining, the blue area is the “normal” area. The 321 

remaining areas (including white and red) are the “ischemia risk” areas: the white area is the 322 

myocardial infarction area (IA), and the red area is the ischemic (but not infarcted) area. Taking 323 

the inconsistency of sizes of heart slices into account, the results are adjusted for weight. 324 

 325 

Assign: 326 

A1–A5 for Area of infarct zone /Area of the heart slice; 327 

B1–B5 for Area of non-infarct zone/ Area of the heart slice; 328 

W1–W5 for Weight of the heart slice.  329 

 330 

Then:   331 

Total weight of infarcted myocardium: W1 × A1 + W2 × A2 + W3 × A3 + W4 × A4 + W5 × A5; 332 

Total weight of non-infarcted myocardium: W1 × B1 + W2 × B2 + W3 × B3 + W4 × B4+ W5 × 333 

B5; 334 

Total weight of AAR 335 

  = (W1 + W2 +W3 + W4 + W5) – (W1 × A1 + W2 × A2 + W3 × A3 + W4 × A4 + W5 × A5) 336 

 337 

Finally: 338 

  The area of myocardial ischemia is calculated as the percentage of AAR in the left ventricle: 339 

((W1 + W2 +W3 + W4 + W5) – (W1 × A1 + W2 × A2 + W3 × A3 + W4 × A4 + W5 × A5)) 340 

(W1 + W2 +W3 + W4 + W5) 341 

 342 

  The area of myocardial infarction is calculated as the percentage of IA in the AAR: 343 

          (W1 × A1 + W2 × A2 + W3 × A3 + W4 × A4 + W5 × A5)                 344 

 ((W1 + W2 +W3 + W4 + W5) – (W1 × A1 + W2 × A2 + W3 × A3 + W4 × A4 + W5 × A5)) 345 

 346 

REPRESENTATIVE RESULTS:  347 

The experimental workflow is shown in Figure 1A. The researcher can schedule the time 348 

nodes according to the experimental design upon study initiation. The duration of LAD ligation 349 

is according to the research purpose. For MI, the research can ignore the reperfusion step. 350 

Cardiac ultrasound is available at different stages of the study because it is non-invasive, while 351 

Evans-Blue/TTC staining can be performed only when the mouse is sacrificed. For research 352 



that focuses on fibrosis and ventricular remodeling, the observation time is much longer. 353 

 354 

The typical images for part of the experiment process are shown in Figure 2A, from 355 

endotracheal intubation, skin incision, thoracotomy, LAD identify, LAD ligation to reperfusion. 356 

To verify myocardial ischemia and reperfusion, the representative ECG images with significant 357 

ST-elevation after ligation and dissolution of ST-elevation when the slipknot is untied are 358 

shown in Figure 2B. 359 

 360 

After obtaining blood samples from all mice, the troponin-T test can be undertaken to validate 361 

infarction. Figure 3A shows a significant increase of cTnT in MIRI and MI groups when 362 

compared with the sham groups. Figure 3B demonstrates the double-staining of Evans-Blue 363 

and TTC for five consecutive transverse sections of the heart between the sham group and 364 

MIRI group. The blue area suggests the normal area, the white area suggests the myocardial 365 

infarction area, and the red area suggests the ischemic but not infarcted area. Figure 3C 366 

represents the long-axis images of cardiac ultrasound between the sham group and MI group. 367 

Software applications can be used to calculate different functional parameters, such as a 368 

higher value of ejection fraction for the sham group in Figure 3C compared with that in the MI 369 

group. 370 

 371 

FIGURE AND TABLE LEGENDS: 372 

Figure 1: Surgical setup. (A) Overview of the experimental timeline. (B) Operating table with 373 

a prewarmed heating pad and connection for ECG electrodes. (C) Homemade retractors. 374 

 375 

Figure 2: Experimental process and ECG changes. (A)Images of endotracheal intubation, skin 376 

incision, thoracotomy, LAD identification, LAD ligation, and reperfusion are shown in 1, 2, 3, 4, 377 

5, and 6, respectively. (B) Typical ECG images of MI and MIRI after ligation and reperfusion. 378 

 379 

Figure 3: Validation after the procedure. (A) Expression of cardiac troponin among sham, 380 

MIRI 24 h, and MI 3 d groups. (B) Evans -Blue/ TTC double-staining for sham and MIRI 24 h 381 

groups. (C) Cardiac ultrasound for sham and MI groups. LVID; d, end-diastolic left ventricular 382 

internal dimension; LVID; s, systolic left ventricular internal dimension. 383 

 384 

DISCUSSION:  385 

In recent years, the creation of models for MI and MIRI in clinical and scientific research has 386 

developed rapidly20,21. However, there are still some questions, such as the mechanisms of 387 

actions and how to ameliorate MI/MIRI, that must be resolved. Here, a modified protocol for 388 

establishing a murine model of MI and MIRI is described.  Several key points must be 389 

considered carefully.  390 

 391 

The first key point is endotracheal intubation. Some procedures6,9 involve incision of the 392 

cervical skin, tissue separation, followed by exposure of the sternohyoideus muscle to view 393 

the trachea. In that way, the researcher can visualize tube insertion into the trachea. This is a 394 

good step to reduce the risk of respiratory distress. In the current method, the researcher can 395 

clearly visualize the glottis’s closing and opening with breathing under an illuminator and then 396 



insert the tube into the trachea easily. Hence, a cervical incision is not made to reduce skin 397 

trauma and potential infections, which is important in research on inflammatory signaling. 398 

Visual laryngoscopes are used widely in clinical tracheal intubation: maybe they can be used 399 

in mice too. Mares et al.22 reported the continuous mask inhalation anesthesia without 400 

endotracheal intubation, which was performed by 2% isoflurane inhalation after 5% isoflurane 401 

induction with oxygen administered through a non-invasive mask placed over the nose and 402 

mouth of the animal. It can avoid tissue damages and improve the safety and efficiency of 403 

anesthesia. However, a special inhalation anesthesia machine is needed. Moreover, volatile 404 

anesthetics can cause physical harm to the operator.  405 

 406 

The second and most important key point is the identification and ligation of the LAD. Every 407 

mistake in the LAD identification and ligation will lead to inconsistent results: either too large 408 

infarct size resulting in death or too small infarct size resulting in failure. Various methods can 409 

be applied to identify the LAD and verify its ligation. Here, a dissection microscope is used to 410 

locate the LAD. The LAD usually appears as a thin red line running perpendicular from near 411 

the apex and down through the left ventricle. By pressing the site below the chosen ligation 412 

position gently to enlarge the LAD temporarily (≤5 s per time), the LAD can be checked again. 413 

After ligation, LAD occlusion is verified by a paler color in the anterior wall of the left ventricle 414 

and significant ST-elevation within a few heartbeats. Then, the ligation is untied, and 415 

reperfusion is validated by a color change back to pink-red within 20 s and potential 416 

dissolution of ST-elevation upon ECG. Finally, the troponin-T test, TTC staining, and cardiac 417 

ultrasound are employed to evaluate the myocardial injury. These multiple insurances and 418 

mutual verifications make the experimental results highly reliable. Moreover, 419 

micromanipulation elicits higher accuracy and fewer complications (e.g., bleeding). Another 420 

important issue is the assumption that the blood vessels of mice are normal, but in fact, some 421 

coronary arteries vary greatly, and even collateral circulation can present23–24. Hence, the 422 

infarct sizes are sometimes not consistent even though the ligations are deemed to be at the 423 

same level. The advantages of the microscope are exhibited here. Ligation cannot be done 424 

based only on experience or anatomical landmarks: the LAD and its direction must be verified 425 

clearly before ligation otherwise, the results will be unreliable. In some experiments6,8, mice 426 

are in the right lateral decubitus position for the convenience of observing the anterior wall 427 

of the left ventricle and coronary arteries after heart exposure. 428 

 429 

This model has two main limitations. First, LAD ligation cannot simulate occlusion of the right 430 

coronary artery. In fact, due to anatomical differences among animals25, the LAD usually 431 

extends to the apex of the heart in mice and rats, and the left circumflex branches are not 432 

developed, so the models in mice and rats are established by LAD ligation. For large and 433 

medium-sized animals such as rabbits and pigs, the LAD is relatively short, whereas the left 434 

circumflex artery covers a large area of the heart, so ligation of the left circumflex artery is 435 

selected to establish the model. Sicard et al.26 reported a novel method to investigate right-436 

ventricular dysfunction and biventricular interaction by ligating the right coronary artery in 437 

mice, which could remedy this limitation. The second limitation is an inconsistent infarct size 438 

due to variability in coronary-artery anatomy27 and the experience of the surgeon. As 439 

discussed above, the microscope is very important for increasing consistency by verifying the 440 



LAD and its direction before ligation, and for an experienced researcher, adjusting the ligation 441 

position after a complete assessment of vascular anatomy can be achieved. 442 

 443 

Some other issues merit mention. For example, thoracotomy and needle-piercing will 444 

inevitably cause slight damage to muscles and the myocardium, which may have effects upon 445 

inflammation. In addition, analgesic agents were reported to have effects on MI28. Hence, 446 

these factors must be taken into consideration when analyzing inflammation or its effects on 447 

MI. For troubleshooting, there are several factors that would lead to mice death. For example, 448 

complications related to myocardial infarct, anesthetic accident, and bleeding. Moreover, the 449 

inconsistent results mainly come from inappropriate ligation positions: too high a ligation 450 

position would induce too large infarct size even mice death; meanwhile, the false 451 

identification of LAD would result in model failure. Some details need to be improved in this 452 

method. For example, it would be better if a rectal probe could be inserted to monitor the 453 

temperature during the procedure. Last but not least, the experimenter should keep in mind 454 

the differences between animal studies and clinical realities, especially that the 30 min 455 

ischemia time is indeed quite short for clinical. We encourage the researcher to arrange the 456 

steps according to their experiment design, including the ischemia time. Only in this way can 457 

this protocol be useful for studies of the mechanism and treatment of MI/MIRI and drug 458 

discovery. 459 

 460 

In short, a simple and reproductive murine model for MIRI and MI is provided. This model can 461 

be used for the study of MI/MIRI mechanisms and therapeutic research. 462 
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