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3. Standard surgical procedures of the IPI technique and microsurgical repair 

3.1 Disinfect the neck region by povidone-iodine solution and allow the skin to dry completely before proceeding (Figure 1D).

3.2 Drape the mouse aseptically using a sterile surgical drape, exposing only the neck region (Figure 1E).
	
3.3 Make a midline cervical incision approximately 0.8–1 cm in length using sterile surgical scissors, with fine forceps for tissue retraction (Figure 2A).

3.4 Perform blunt dissection of the superficial fascia and underlying muscles using fine angled forceps to expose the right carotid sheath (Figure 2B1, Figure 2C1).

3.5 Isolate the right External Carotid Artery (ECA) from the carotid sheath and ligate the right ECA to prevent cell leakage into the extracranial branches (Figure 2B2, Figure 2C2).

3.6 Carefully isolate the right CCA within the carotid sheath, preserving the Vagus nerve located laterally and beneath the vessel (Figure 2C1). 

3.7 Place a small piece of a rubber glove and a saline-moistened cotton ball beneath the isolated right CCA as a pillow to elevate and stabilize the vessel. 

NOTE: Elevating the CCA stabilizes the vessel and facilitates accurate puncture and injection. (Figure 2B4, Figure 2C4). 

3.8 Place two untightened knots with open loops on the CCA distal and proximal to the cotton ball, and then tie the proximal knot (Figure 2B3, Figure 2C3). 

3.9 Apply a microvascular clip on the CCA near the distal untightened knot to temporarily block the CCA blood flow (Figure 2B4, Figure 2C4).

3.10 Cancer cell implantation

3.10.1 Interlock puncture 

3.10.1.1 Puncture the elevated segment of the right CCA using a 32G needle with the bevel facing upward.

3.10.1.2 Withdraw the initial syringe while maintaining the puncture site.

3.10.1.3 Vortex-mix the cancer cell suspension and draw 100 μL into the microliter syringe, ensuring that no air bubbles are aspirated.

3.10.1.4 Insert the needle tip of the microliter syringe into the puncture site created in Step 3.10.1.1 and hold it steadily without initiating injection to ensure stable positioning prior to cell delivery (Figure 2B5, Figure 2C5, Supplementary Figure 1).

NOTE: Use a 32G syringe for puncture and a microliter syringe for injection to ensure stable positioning and controlled delivery. Supplementary Figure 1 shows the parameters of the two syringes. The outer diameter of the 32G syringe is 0.22 mm, while the microliter syringe needle is 0.26 mm, facilitating secure insertion and controlled injection.

3.10.2 Pulsatile injection (Figure 2C5)

3.10.2.1 Remove the microvascular clip applied in Step 3.9.

3.10.2.2 Begin injection of the tumor cell suspension into the ICA through the microliter syringe.

3.10.2.3 Deliver the suspension using a pulsatile injection motion, gently advancing the syringe plunger in small pulses rather than continuous pressure.

3.10.2.4 Administer the suspension using either of the following criteria: the cardiac cycle criterion, injecting ~1 μL of cell suspension every 8 cardiac cycles guided by pulsatile retrograde blood flow at the distal internal carotid artery; or the injection rate criterion, injecting ~1 μL/s while ensuring the rate does not exceed 60 μL/min.

3.10.2.5 Monitor the vessel during injection. Successful delivery is indicated when the red vessel becomes temporarily transparent as the suspension passes through the lumen, with no visible extravasation around the puncture site.

3.10.2.6 After completing the injection, withdraw the microliter syringe carefully.

3.10.2.7 Immediately tighten the distal knot in a controlled manner to seal the vessel and minimize regurgitation (Figure 2B6, Figure 2C6).

NOTE: Pulsatile injection reduces overperfusion and minimizes the risk of intracranial pressure elevation.

3.11 Microsurgical repair (Figure 2B6, Figure 2C6)

3.11.1 Use a 10-0 nylon microsurgical suture to close the puncture site in a watertight manner, positioning the needle entry and exit points immediately adjacent to the defect margin to minimize vascular leakage and preserve luminal patency.

3.11.2 Pass the microsurgical suture needle through the puncture hole in the vessel wall under high magnification and leave the suture untied temporarily.

3.11.3 Flush the surgical field with heparinized saline.

3.11.4 Secure the suture with two to three square knots.

3.11.5 Trim the free ends of the suture to approximately 1–2 mm to prevent loosening while minimizing foreign body burden.

NOTE: Standard surgical procedures of the IPI technique and microsurgical repair are described in Supplementary Video 1.

4. Restoration of the blood flow of the CCA

4.1 Gradually loosen the proximal knot. 

4.2 Flush the lumen to remove any potential microscopic clot. Place a dry cotton ball in the surgical field to monitor for excessive bleeding.‌

4.3 Once no active effusion from the puncture site is confirmed, cautiously loosen the distal knot to restore carotid blood flow (Figure 2B7, Figure 2C7).

5. Confirm successful repair

5.1 Restoration of pulsation

5.1.1 Observe the CCA for robust pulsations, indicating successful reperfusion.

5.2 Verify patency and vessel integrity

5.2.1 Inspect the repair site to ensure it is free of stenosis and that the lumen remains patent and continuous with the proximal vessel segment.

6. Wound irrigation and closure

6.1 Irrigate the surgical field thoroughly with non-heparinized normal saline to remove debris and blood clots.

6.2 Close the skin incision using a continuous suture.

NOTE: Maintain a moist surgical field and perform all manipulations gently to minimize tissue injury.

