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[bookmark: OLE_LINK215][bookmark: OLE_LINK216]SUMMARY:
[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK177][bookmark: OLE_LINK178]This protocol describes a mouse model of non-pacing-induced spontaneous postoperative atrial fibrillation following cardiac manipulations associated with off-pump coronary artery bypass grafting.

[bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK214]ABSTRACT: 
Postoperative atrial fibrillation (POAF) is a common complication after cardiac surgery, particularly after coronary artery bypass grafting. POAF can compromise postoperative recovery by increasing the risk of stroke, prolonged hospitalization, and adverse long-term outcomes. A simple and reproducible mouse model of spontaneous POAF (sPOAF) is a useful tool for studying postoperative arrhythmia and evaluating potential therapies. Here, a mouse model of sPOAF induced by mimicking key procedural components of off-pump coronary artery bypass grafting is described. A wireless telemetry transmitter is implanted subcutaneously to capture sPOAF episodes continuously for 5 days in conscious, freely moving mice. The incidence, daily distribution, episode number, cumulative duration, and mean episode duration of sPOAF are used to evaluate the model. Unlike programmed stimulation approaches, this model enables direct observation of postoperative AF episodes occurring without pacing induction and quantification of arrhythmia burden. In general, this protocol provides a reproducible platform for studying POAF mechanisms and testing therapeutic strategies.

[bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK208]INTRODUCTION:
[bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Coronary artery bypass grafting (CABG) is one of the most frequently performed cardiac surgical procedures worldwide1. Despite surgical advances like off-pump CABG (OPCAB), postoperative atrial fibrillation (POAF) still complicates 30%–40% of cases, typically peaking 2–4 days postoperatively2–4. POAF significantly increases the risks of stroke, heart failure, and long-term mortality5,6. Its pathophysiology is complex, primarily driven by surgical mechanical trauma, pericardial disruption, localized inflammation, and oxidative stress7,8. Therefore, a translatable animal model that uses cardiac manipulations to mimic key procedural components of OPCAB and generates spontaneous POAF (sPOAF) is urgently needed to elucidate underlying mechanisms and identify therapeutic targets. 

Currently, various animal models have been developed to investigate the mechanisms of POAF, mainly including sterile pericarditis, pericardiotomy, atriotomy, and modified surgical mouse models. However, a common consideration is that the pathophysiological changes in these models may differ from those induced by clinical OPCAB. For instance, the sterile pericarditis model involves applying sterile talcum powder to the surface of the heart; since this is not performed during OPCAB, such exogenous inflammatory mediators might introduce additional pathophysiological responses9–11. While pericardiotomy is indeed a necessary step in CABG, models relying on this procedure lack the subsequent mechanical manipulations, and thus may not fully capture the comprehensive pathophysiological changes induced by OPCAB12. Furthermore, atriotomy models may inherently increase the risk of incision-related intra-atrial reentrant tachycardia13,14. Moreover, although programmed atrial stimulation is widely used to assess atrial fibrillation (AF) susceptibility in POAF studies, whether pacing-induced AF is pathophysiologically equivalent to spontaneous AF remains uncertain, and it may not fully capture the natural onset or clinical characteristics of sPOAF13,15,16.

Here, a simple and reliable method to induce spontaneous POAF is described. “Spontaneous” refers to episodes occurring without pacing induction. By replicating key OPCAB steps, this model effectively simulates the relevant pathophysiological processes. Furthermore, continuous wireless electrocardiographic (ECG) telemetry in freely moving mice successfully captures sPOAF events and enables quantification of the cumulative time spent in sPOAF during the defined postoperative monitoring window. This model provides a clinically relevant platform for studying sPOAF and testing potential interventions.

PROTOCOL:
All animal experiments were approved by the Animal Ethics Committee of Capital Medical University under protocol number AEEI-2022-066 and were performed in accordance with institutional guidelines for the care and use of laboratory animals. Six-month-old male C57BL/6J mice were used for this protocol. The mice were housed under a 12 h light/dark cycle at 22 °C with free access to food and water. Sterile microsurgical instruments and surgical supplies must be used. It is also recommended to wear surgical gloves and a surgical mask throughout the procedure. Figure 1A illustrates the experimental workflow, and Table 1 compares clinical OPCAB procedures with the corresponding manipulations in the mouse model. The reagents and the equipment used are listed in the Table of Materials.

1. Preoperative preparation
1.1. Weigh the mouse accurately to calculate the anesthetic dose. Prepare a 100% weight/volume (w/v) stock solution of 2,2,2-tribromoethanol in 2-methyl-2-butanol. Dilute the stock solution to 1.25% in phosphate-buffered saline (PBS) and administer it intraperitoneally at 15 µL/g body weight.

1.2. Confirm deep anesthesia by the absence of the pedal withdrawal reflex.

1.3. Using a blade, shave the left precordial chest region for surgery and the right abdominal flank region for telemetry transmitter implantation. Remove loose hair with sterile gauze.

1.4. Place the mouse in the supine position on the operating platform. Secure the upper incisors with a rubber band and fix the four limbs with tape.

NOTE: Do not overstretch the forelimbs, as this may cause respiratory compromise.

1.5. Tilt and stabilize the operating platform. Gently lift and hold the tongue with curved forceps, and use an illuminator to visualize the larynx. Adjust the light intensity and position until the glottic opening is clearly visible.

1.6. Perform oral tracheal intubation using a self-made device (22 G intravenous cannula with a blunted tip) (Figure 1B). Slightly elevate the cannula tip to align it with the glottic opening, and then advance it into the trachea.

1.7. After insertion, gently advance the cannula and confirm that the glottic opening is no longer visible, indicating that the cannula has entered the trachea rather than the esophagus. Immediately remove the inner needle and connect the endotracheal cannula to the ventilator. 

1.7.1. Verify intubation by observing bilateral chest movement synchronized with the ventilator and the absence of abdominal distension. Then, secure the cannula–ventilator connection to the operating platform with tape to prevent dislodgement.

1.8. Set the ventilator to a respiratory rate of 110 breaths/min and a tidal volume of 200 µL (Figure 1C).

NOTE: Adjust the ventilator settings according to body weight, increasing the tidal volume as needed for heavier mice.

1.9. Before making the surgical incision, connect the mouse to a surface ECG recording system and record a stable preoperative baseline tracing under anesthesia. 

2. Heart exposure

2.1. Disinfect the left precordial chest region twice with povidone-iodine solution. Cover the surgical field with a sterile drape containing an appropriately sized opening.

2.2. Make an oblique skin incision (0.5–1.0 cm) over the left third–fourth intercostal space using straight scissors.

2.3. Use straight forceps to bluntly separate the subcutaneous tissue around the skin incision. Gently lift the pectoralis major muscle with curved forceps and bluntly dissect beneath it. Repeat this procedure for the pectoralis minor muscle.

2.4. Insert a pre-sterilized self-made integral spring chest retractor approximately 24 mm long, with two opposing smooth U-shaped blunt hooks approximately 3 mm wide (Figure 1D), to expose the ribs. Avoid vascular injury during dissection to reduce bleeding and maintain a clear surgical field.

NOTE: For sham-operated mice, stop after step 2.3, close the skin incision with 5-0 sutures, and then perform Section 6 and all subsequent procedures in the same manner as in the cardiac surgery group (CS).

2.5. Lift the third or fourth rib with curved forceps to avoid cardiac injury during thoracic entry. Make a 6–8 mm incision in the third–fourth intercostal space using micro-forceps and place the chest retractor to expose the heart.

2.6. Carefully remove the pericardial adipose tissue. Incise the pericardium using microscissors to fully expose the cardiac surface. Avoid injury to the thymus and lung.

3. Simulated vessel stabilization and clamping

3.1. After pericardiotomy, identify the region adjacent to the left anterior descending coronary artery (LAD) as the target area. Use sterile cotton balls to gently push the heart forward and improve exposure of the target vessel.

3.2. Compress the myocardial tissue surrounding the LAD, but not the artery itself, with forceps for 1 min to simulate local coronary stabilization during distal anastomosis. Ensure that no myocardial blanching occurs at the compressed site to avoid ischemia-reperfusion injury.

3.3. Place two temporary sutures on the cardiac surface for 2 min to simulate temporary coronary clamping during OPCAB, and then remove them. Confirm that the sutures do not occlude the LAD or any major arterial branch.

4. Simulated anastomosis

4.1. Identify a 5 × 5 mm target area on the left ventricular epicardial surface adjacent to the LAD, avoiding the LAD and its visible branches. Hold the tissue-contacting edge of the micro-forceps at an angle of approximately 45°–60° to the tissue surface. Make 10 scratches within the predefined target area, each approximately 4–5 mm long, to simulate distal anastomosis-associated mechanical trauma. 

4.1.1. Perform each scratch in the direction indicated in Figure 1A, displacing the forceps tip downward by approximately 0.5–1.0 mm. Apply enough force to maintain continuous surface contact while avoiding active bleeding.

4.2. Identify a 3 × 3 mm target area on the exposed aortic root, avoiding the pulmonary artery, adjacent appendage tissue, and visible coronary origins. Following the scratching technique described in step 4.1, make 10 scratches within the target area, each approximately 2–3 mm long, in the direction indicated in Figure 1A to simulate mechanical trauma associated with proximal graft anastomosis.

4.3. Place a small sterile cotton ball in the thoracic cavity to protect the lung during cardiac irrigation. Irrigate the heart with 200 µL of sterile saline.

4.4. Aspirate fluid from the thoracic cavity using a self-made venous catheter aspirator assembled by directly connecting a sterile 24 G × 19 mm intravenous catheter to a 1 mL syringe (Figure 1E). Confirm catheter patency and a secure, leak-free connection before use. Aspirate any residual fluid from the cotton ball before removing it.

5. Chest tube placement and chest closure

5.1. Partially close the lateral side of the intercostal incision with 7-0 sutures, leaving the medial side open for chest tube insertion.

5.2. Place a self-made silicone chest tube (made from a 1.9 F PICC tube, length approximately 50 mm, Figure 2A-6), with the distal end folded back and securely ligated with a 7-0 suture. Position the proximal end above the surface of the heart and the folded and ligated distal end within the subcutaneous tissue of the abdomen.

5.3. While closing the medial side of the intercostal incision, secure the chest tube with a 7-0 suture to prevent displacement.

5.4. Close the skin incision with 5-0 sutures.

NOTE: Gently compress the thoracic cavity before final closure to evacuate residual air and prevent pneumothorax. When closing the intercostal space, avoid passing the needle through the lung or heart.

6. Telemetry transmitter implantation

CAUTION: Sterilize the wireless telemetry transmitter (Figure 1F) in 2% glutaraldehyde for 24 h before surgery. Because glutaraldehyde is toxic, handle it with appropriate precautions and rinse the transmitter thoroughly with sterile PBS before implantation.

6.1. Disinfect the right abdominal flank region twice with povidone-iodine solution. Cover the surgical field with a sterile drape containing an appropriately sized opening.

6.2. Make a 1–1.5 cm skin incision in the right abdominal flank using straight scissors. Use curved scissors to bluntly separate the subcutaneous tissue and create a pocket large enough to accommodate the wireless telemetry transmitter.

6.3. Bluntly create two subcutaneous tunnels: one toward the right pectoral region for the negative lead and the other toward the left caudal rib region for the positive lead. Make a small skin incision (~1 cm) at each site to allow lead fixation.

NOTE: Avoid damaging the peritoneum during blunt dissection. Peritoneal injury may lead to postoperative infection and increased scratching or wound biting, which can damage the telemetry leads.

6.4. Place the negative lead in the right subclavicular region and the positive lead near the left costal arch. Secure the two lead tips subcutaneously with 7-0 sutures and close the small skin incisions at these two sites.

6.5. Place the wireless telemetry transmitter into the subcutaneous pocket in the right abdominal flank. Tuck the remaining lead segments into the pocket and close the skin incision in the right abdominal flank with interrupted 5-0 sutures.

6.6. Activate the telemetry transmitter using a magnet and confirm activation with a radio receiver. A buzzing sound indicates successful activation.

NOTE: Avoid damaging the telemetry leads during lead fixation and skin closure. Close the right abdominal flank incision with interrupted sutures rather than continuous suturing to reduce the risks of suture loosening, wound biting, transmitter extrusion, and lead damage.

7. Postoperative care

7.1. Monitor recovery by observing whisker movement, tail movement, and the response to toe pinch.

7.2. Disconnect the endotracheal cannula from the ventilator and observe whether spontaneous breathing resumes. If spontaneous breathing does not resume, rapidly press the chest several times at the level of the second rib until spontaneous breathing returns. Then slowly remove the endotracheal cannula.

7.3. Inject penicillin intramuscularly into the thigh at 100 µL/day (20,000 units/day) for 3 consecutive days to prevent postoperative infection. Administer no other anti-inflammatory or analgesic drugs.

7.4. Place the mouse on a 37 °C heating pad until it is fully awake to maintain body temperature and reduce postoperative mortality.

NOTE: House mice individually after recovery. Check the right abdominal flank incision daily. If suture loosening or wound dehiscence is observed, re-suture the incision immediately under anesthesia.

[bookmark: OLE_LINK172][bookmark: OLE_LINK175]8. Continuous ECG monitoring and data analysis

8.1. Place each cage housing an individual mouse on a telemetry receiver. Observe the ECG waveform to confirm appropriate lead positioning. Record ECG signals continuously for 5 days using telemetry acquisition software.

8.2. Analyze the data using telemetry analysis software. Have two investigators, each with 10 years of clinical experience in AF management and blinded to group allocation, independently review the ECG recordings. Consult a qualified physician if the two reviewers disagree regarding the underlying cardiac rhythm.
[bookmark: OLE_LINK198][bookmark: OLE_LINK199]
8.3. Calculate the overall and daily sPOAF incidence, cumulative sPOAF duration, mean episode duration, episode number, and maximum single-episode duration during the 5-day monitoring period. Define sPOAF as an AF episode lasting ≥1 s that occurs without programmed electrical stimulation but by cardiac manipulation, and is characterized by the absence of discernible P waves and rapid, irregular R–R intervals. This threshold is consistent with established definitions used in murine experimental AF studies17–20.

8.4. During the perioperative period, exclude mice from analysis if any of the following occur: an intraoperative complication that invalidates the model, including pneumothorax caused by lung injury, severe bleeding, or inadvertent LAD ligation. During the 5-day postoperative monitoring period, exclude mice with wound infection or persistently poor telemetry signals that prevent reliable ECG analysis despite lead adjustment. Report all deaths separately from exclusions. 

9. Statistical analysis

9.1. Express the experimental as mean ± standard deviation (SD). Apply parametric or nonparametric analyses according to data distribution, with normality assessed using the Kolmogorov–Smirnov test. 

9.2. Analyze the differences between sham and CS groups using an unpaired, two-tailed Student’s t-test or Mann–Whitney U test, as appropriate. Differences were considered statistically significant when p < 0.05. 

NOTE: Sample sizes for the animal experiments were not determined by an a priori statistical calculation but were selected according to sample sizes commonly used in comparable studies18,21 involving sex- and age-matched animals. The experimental effects were pronounced and showed limited within-group variability, indicating that the number of animals used was sufficient to detect the observed differences between groups.

REPRESENTATIVE RESULTS:
Of the 18 mice that underwent the procedure, one died perioperatively from massive hemorrhage, and no postoperative deaths occurred during the 5-day monitoring period. One mouse was excluded because of a postoperative wound infection. No other animals were excluded because of poor telemetry signals, wound dehiscence, pneumothorax, or nonfatal bleeding. The final analysis included 16 mice: 8 sham-operated mice and 8 CS mice. Figure 1A summarizes the overall experimental workflow, and the major surgical instruments are shown in Figures 1B–F. If continuous telemetry is unavailable or the objective is to assess AF susceptibility rather than sPOAF, the procedure may be concluded after chest closure, and conventional transjugular venous pacing may then be performed three days postoperatively to induce AF. 

The key procedural steps are illustrated in Figure 2, including tracheal intubation, target vessel exposure, simulated vessel clamping, simulated anastomosis, chest tube placement, telemetry transmitter implantation, and continuous ECG monitoring. Among these steps, proper chest tube fixation and careful confirmation that no air leakage is present are necessary to prevent pneumothorax. Additionally, to support 5 days of continuous monitoring, strict aseptic technique was maintained throughout the procedure, particularly during transmitter implantation, to minimize the risk of postoperative infection. Such an infection could cause mice to bite the wound, leading to wound dehiscence and ECG lead damage. Finally, although the transmitters were sterilized with glutaraldehyde before surgery, they were thoroughly rinsed before implantation to reduce the risk of postoperative toxicity. 

A representative preoperative surface ECG confirmed baseline sinus rhythm (Figure 3A), and an ECG tracing recorded immediately after transmitter implantation confirmed adequate signal quality (Figure 3B). Representative telemetry tracings show a normal sinus rhythm (Figure 3C) and an sPOAF episode (Figure 3D) on postoperative day 2. During 5 days of continuous telemetry, sPOAF was detected in 4 of 8 mice (50%) in the CS group and in none of the sham mice (0 of 8, 0%) (Figure 3E). Further characterization of sPOAF episodes in the current study explained the ability to detect sPOAF in mice after cardiac surgery, which has historically been considered challenging. sPOAF episodes displayed a distinct temporal pattern with minimal events during the first 24 h (12.5%), peaking on postoperative day 2 (37.5%), declining through days 3–4 (25.0%), and with no episodes detected on postoperative day 5 (Figure 3F), a temporal profile that is highly consistent with clinical characteristics. This delayed onset suggests that previous studies monitoring the post-surgical period for less than 24 h likely missed the window of highest arrhythmia burden. Extending the monitoring period to the third day enables the reliable detection of sPOAF. Additionally, although each sPOAF-positive mouse had at least one continuous episode lasting ≥30 s, with maximum single-episode durations ranging from 37–65 s (Table 2), the average sPOAF episodes are relatively brief, with a total episode duration ranging from 182–252 s (Figure 3G), an average episode duration of approximately 17–20 s (Figure 3H), and the number ranged from 9 to 15 episodes (Figure 3I), making them difficult to detect without continuous monitoring. Such delayed onset and brief duration of AF episodes could easily be missed by approaches relying on shorter monitoring periods or programmed electrical stimulation that assesses AF susceptibility at defined time points. The ability to capture these transient episodes is attributable to continuous long-term monitoring in freely moving animals.

In addition, hematoxylin and eosin (HE) staining showed increased inflammatory cell infiltration and a significantly higher histopathological inflammation score in CS mice compared with sham-operated mice (n = 8 per group; Figure 4A,B). Masson’s trichrome staining further showed significantly greater collagen deposition in CS mice than in sham-operated mice (Figure 4C,D).

FIGURE AND TABLE LEGENDS:

Figure 1: Experimental workflow and major surgical instruments. (A) Workflow for establishing the cardiac surgery-induced sPOAF model and performing continuous ECG monitoring. The inset provides a schematic illustration of the cardiac surgical procedure and telemetry system placement. The cardiac schematic indicates the 5 mm × 5 mm left ventricular target area adjacent to the LAD and the 3 mm × 3 mm aortic-root target area, together with the direction of the standardized unidirectional scratches. (B) Self-made tracheal intubation device, with an enlarged view of the blunted and recessed stylet tip. (C) Small-animal ventilator and operating platform. (D) Self-made chest retractor. (E) Self-made venous catheter aspirator. (F) Wireless telemetry transmitter. Abbreviations: ECG, electrocardiography; LAD, left anterior descending coronary artery; sPOAF, spontaneous postoperative atrial fibrillation.

Figure 2: Key procedural steps of cardiac surgery and telemetry monitoring. (A) Cardiac surgery procedure: (1) tracheal intubation; (2) target vessel exposure; (3) simulated vessel clamping; (4) simulated anastomosis; (5) cardiac irrigation; and (6) chest tube fixation. (B) Telemetry implantation and monitoring: (1) creation of a subcutaneous pocket; (2) placement of the telemetry transmitter and leads; (3) lead fixation; (4) incision closure; (5) ECG signal confirmation; and (6) continuous ECG monitoring of an individually housed mouse. Abbreviation: ECG, electrocardiography.

[bookmark: OLE_LINK270][bookmark: OLE_LINK271][bookmark: OLE_LINK256][bookmark: OLE_LINK257]Figure 3: ECG validation and quantification of sPOAF. (A) Preoperative surface ECG showing baseline sinus rhythm. (B) ECG immediately after telemetry transmitter implantation. (C) Telemetry ECG showing normal sinus rhythm. (D) Telemetry ECG showing an sPOAF episode. The 100 ms scale bar applies to panels A–D. (E) sPOAF incidence during the 5-day monitoring period in sham-operated mice (0/8, 0%) and CS mice (4/8, 50%). (F) Daily incidence of sPOAF in CS mice, defined as the percentage of mice with at least one episode on each postoperative day. (G) Cumulative sPOAF duration per mouse. (H) Mean sPOAF episode duration per mouse. (I) Number of sPOAF episodes per mouse. n = 8 mice per group. **p < 0.01, unpaired, two-tailed Student’s t-test. Abbreviations: CS, cardiac surgery; ECG, electrocardiography; ms, milliseconds; s, seconds; sPOAF, spontaneous postoperative atrial fibrillation.

Figure 4: Cardiac inflammation and collagen deposition in CS mice. (A) Representative hematoxylin and eosin (HE)-stained cardiac sections from sham-operated and CS mice, with boxed regions shown at higher magnification. Scale bars, 1,000 μm and 50 μm. (B) Histopathological inflammation score in sham-operated and CS mice. (C) Representative Masson’s trichrome-stained cardiac sections from sham-operated and CS mice, with boxed regions shown at higher magnification. Collagen is stained blue, and myocardium is stained red. Scale bars, 1,000 μm and 50 μm. (D) Quantification of the collagen-positive area as a percentage of the total myocardial area. n = 8 mice per group. The histopathological inflammation score in panel (B) was analyzed using the Mann–Whitney U test, and the collagen-positive area in panel D was analyzed using an unpaired, two-tailed Student’s t-test. **p < 0.01. Abbreviations: CS, cardiac surgery; HE, hematoxylin and eosin.

[bookmark: OLE_LINK285][bookmark: OLE_LINK286]Table 1: Comparison of clinical OPCAB procedures with the corresponding manipulations in the mouse cardiac surgery model. The table summarizes how the major steps of clinical OPCAB are represented or simulated in the mouse protocol used to induce sPOAF. Abbreviations: G, gauge; LAD, left anterior descending coronary artery; OPCAB, off-pump coronary artery bypass grafting; sPOAF, spontaneous postoperative atrial fibrillation. # The compressed site was inspected to confirm the absence of myocardial blanching and thereby avoid ischemia-reperfusion injury.

Table 2: Individual arrhythmia outcomes in CS mice during the 5-day telemetry monitoring period. Episode number, cumulative sPOAF duration, mean episode duration, and maximum single-episode duration are reported for each mouse. N/A indicates that no sPOAF episode was detected. Abbreviations: CS, cardiac surgery; N/A, not applicable; s, seconds; sPOAF, spontaneous postoperative atrial fibrillation.

DISCUSSION:
[bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK200][bookmark: OLE_LINK201]POAF research is limited by the lack of animal models that recapitulate the pathophysiology of clinical POAF. Previous animal studies have frequently used models involving sterile pericarditis models9,10, pericardiotomy12, or atriotomy13,14. It has been suggested that the pathophysiological responses induced by sterile talc application or atriotomy may differ from those caused by CABG7. Pericardiotomy models may not fully capture the subsequent mechanical manipulations of OPCAB12. Moreover, atriotomy itself may promote incision-related intra-atrial reentrant tachycardia13,14. Similarly, AF induced by burst pacing may not represent clinical sPOAF13. To address this unmet need, we developed a mouse model simulating the steps of clinical OPCAB procedures. By employing continuous wireless ECG telemetry, sPOAF was captured with an incidence and onset timing similar to typical OPCAB patient profiles22. Accordingly, this protocol provides a reproducible platform for studying POAF mechanisms.

The sPOAF incidence in this model was 50%. All mice with sPOAF had at least one continuous episode lasting ≥30 s, with maximum single-episode durations of 37–65 s. This incidence is comparable to that reported in other experimental models, including approximately 50% on postoperative day 3 in sterile pericarditis models10,23, and 35%–41% in an open-pericardium rabbit model24. In contrast, atriotomy causes more extensive direct atrial injury and has been associated with AF inducibility as high as 100%12. While spontaneous AF is traditionally considered rare in mice due to their small atrial size, its successful detection is driven by both pathophysiological changes and methodological advantages. Pathophysiologically, the acute surgical trauma induces structural and electrical remodeling. As shown in current and previous studies18,22, sPOAF model mice exhibit early collagen deposition, decreased atrial conduction velocity, and shortened atrial effective refractory periods, which collectively facilitate the formation of an arrhythmogenic substrate25. Methodologically, multi-day continuous telemetry in freely moving mice overcomes the missed detections inherent to single-timepoint programmed electrical pacing15,17. Additionally, continuous telemetry enables quantification of arrhythmia burden, including episode number, mean duration, and total duration. A recent clinical consensus statement has emphasized AF burden as a quantitative measure of “how much AF” occurs over time rather than binary AF detection alone26.

In the present cohort, postoperative inflammation was increased in CS mice. This finding was consistent with our previous work showing increased levels of interleukin-1β (IL-1β), interleukin-4 (IL-4), interleukin-6 (IL-6), myeloperoxidase (MPO), and tumor necrosis factor-α (TNF-α) in myocardial tissue and thoracic drainage fluid at 3 days after surgery18,22. Similar observations of increased postoperative inflammation have also been reported in sterile pericarditis models11, atriotomy13, and CABG patients27. We also observed early collagen deposition in this model, consistent with previous reports15,28. This may result in reduced atrial conduction velocity and shortened atrial effective refractory periods18,22, indicating structural and electrophysiological atrial remodeling25. These inflammatory, structural, and electrophysiological alterations can be interpreted within the contemporary concept of atrial cardiomyopathy (AtCM), which encompasses structural, architectural, contractile, and electrophysiological abnormalities of the atria29. Collectively, these AtCM-related features may contribute to the formation of an AF-prone atrial substrate and facilitate sPOAF, further supporting the biological relevance of this model for investigating postoperative atrial arrhythmogenesis. 

To ensure model reproducibility, several key steps must be carefully considered. The first key point is endotracheal intubation. Traditional procedures involve a midline neck incision to expose the trachea30. In that way, the researcher can directly visualize tube insertion into the trachea. In the current method, a non-invasive transoral intubation technique is utilized. The researcher can clearly visualize the opening and closing of the glottis with breathing under a bright illuminator and then insert the tube into the trachea easily. Hence, a cervical incision is not made to reduce unnecessary trauma and potential secondary infections, which is crucial because inflammation is considered a potential trigger for the occurrence of AF. The second key point is maintaining strict asepsis throughout the procedure. This model aims to reproduce sterile, localized surgical trauma associated with clinical OPCAB; contamination of the surgical field or instruments may introduce infectious inflammation and alter the arrhythmogenic substrate. Because the telemetry transmitter remains in the subcutaneous pocket for 5 days, aseptic handling of the transmitter, surgical instruments, sterile drapes, and skin preparation is essential, especially avoiding contact between the transmitter and non-sterile areas during implantation. Otherwise, postoperative infection may cause scratching or biting of the wound, leading to wound dehiscence and irreversible ECG lead damage. The third key point is the placement of the temporary myocardial sutures used to simulate the mechanical stress of a cardiac tissue stabilizer. The depth and location of these sutures are vital. If the needle penetrates too deeply, it may injure major blood vessels, leading to fatal hemorrhage. Additionally, researchers must be extremely careful to avoid puncturing or ligating the LAD or major coronary branches. Inadvertent ligation of the LAD will cause acute myocardial infarction and ischemia-reperfusion injury, shifting the model from an sPOAF paradigm to an ischemic arrhythmia model. Conversely, if the needle is inserted too shallowly, the mechanical trauma and subsequent localized inflammatory response will be insufficient, failing to induce sPOAF. The fourth key point is to verify the ECG waveform on the telemetry receiver immediately after transmitter implantation and adjust the lead positions if signal quality is poor. The negative lead is placed in the right subclavicular region, and the positive lead near the left costal arch. Suboptimal positioning may result in poorly defined P waves, making accurate identification of AF episodes difficult. Furthermore, daily assessment of the waveform quality is required; a sudden deterioration in the signal strongly indicates electrode dislodgment. Because the mice are freely moving throughout the study, inadequately secured leads are susceptible to detachment. Therefore, the leads must be firmly sutured to the subcutaneous tissue to ensure long-term stability. In addition, it is imperative to check the abdominal flank incision daily; if any loosening or wound dehiscence is observed, it must be re-sutured immediately under anesthesia. Additionally, several aspects and precautions require attention. First, mice must be weighed accurately preoperatively to calculate the precise dosage of the anesthetic. An overdose can lead to fatal respiratory depression, while an underdose may result in intraoperative awakening or sudden movements, significantly increasing the risk of accidental myocardial injury. Second, the primary causes of intraoperative mortality include anesthetic accidents, pneumothorax (typically caused by improper pericardium removal or chest closure), and severe hemorrhage. Massive hemorrhage usually originates from hitting major blood vessels during suturing on the cardiac surface. Furthermore, improper placement of the telemetry leads can result in excessive artifact noise, making it impossible to accurately identify arrhythmic episodes.

Several limitations should be considered when interpreting these findings. First, in clinical practice, POAF typically arises when perioperative stress interacts with a vulnerable pre-existing substrate, such as advanced age and atrial remodeling31. The sPOAF model uses 6-month-old male C57BL/6J mice and therefore captures advanced age and male sex as susceptibility factors, but lacks other vulnerable pre-existing substrates, such as atrial enlargement. This limitation should be addressed in future disease-substrate models. Second, the ≥1 s cutoff used in this model differs from the ≥30 s criterion applied to clinical AF. Although the ≥1 s definition is commonly used in murine AF studies17–20, all mice with sPOAF in the present cohort had at least one continuous episode lasting ≥30 s. Nevertheless, this experimental definition should not be interpreted as equivalent to clinical AF criteria. Third, the small murine heart precludes true OPCAB procedures, including vascular grafting and anastomosis. Therefore, superficial cardiac scratches are used to simulate vessel suturing-related mechanical trauma and successfully induce typical sPOAF episodes. A core mechanism underlying POAF may involve the pathophysiological response to cardiac injury caused by surgical manipulation. Greater manipulation of the cardiac surface is associated with a higher incidence of POAF; for example, the incidence is approximately 11% following heart transplantation32, 30% after CABG33, and up to 60% after combined CABG and valve surgery34. Fourth, the sham procedure excluded thoracic entry and pericardiotomy because pericardiotomy itself can induce atrial inflammation and a proarrhythmic substrate. Nevertheless, the absence of a pericardiotomy-only control prevents separation of the effects of pericardial disruption from those of the subsequent mechanical manipulations. Future studies should include a pericardiotomy-only group to address this limitation. Fifth, because the primary aim of this study was to establish and validate a reproducible methodological protocol, molecular analyses were not performed in the present study. Related molecular mechanisms have been explored in our previous studies18,22. Sixth, no power calculation was conducted. The sample size of eight mice per group was selected in accordance with group sizes commonly used in comparable experimental POAF studies18,35–37. Notably, a similar sPOAF incidence of approximately 40%–50% has been reproduced in three independent experimental cohorts using this murine surgical model18,22,38. Given the limited sample size, however, the 50% sPOAF incidence observed in the present cohort should be interpreted cautiously. Finally, species-specific anatomical and electrophysiological differences should be considered when interpreting this model. Mice have faster heart rates, smaller atria, and shorter atrial action potentials than humans39–42, which may contribute to the brief, self-terminating nature of murine sPOAF43 and warrant caution when extrapolating to human POAF.

In summary, this protocol provides a reliable and reproducible mouse model for inducing sPOAF. This model can be utilized for mechanistic investigations and therapeutic research related to POAF.
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