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SUMMARY: 
This study presents a porcine model for evaluating small-diameter grafts in femoral arteries. The model mimics human vascular dynamics and comprehensively assesses graft patency, hemodynamics, and vascular remodeling. It offers a valuable platform for testing vascular grafts and monitoring them with Doppler ultrasound and angiography.

ABSTRACT: 
Small-diameter vascular grafts (≤6 mm) are a key focus due to their frequent use in clinical applications and the challenges they present in terms of graft patency and long-term function. Swine serves as an ideal preclinical model for testing such grafts, as their arterial calibers and physiology closely resemble that of humans. This study provides a detailed protocol for testing experimental small-diameter vascular grafts (≤6 mm) in a translational model. In this approach, a segment of the right femoral artery was excised and replaced with an experimental graft. The excised arterial segment served as an autograft and was implanted in the left femoral artery to function as a control. Anastomoses were performed using continuous sutures. Both grafts were monitored non-invasively using Doppler ultrasound, enabling real-time assessment of blood flow and graft patency. On day 30, prior to euthanasia, an angiography was performed. The procedure demonstrated the successful integration of the autograft into the femoral artery, with 100% patency on day 7, as confirmed through Doppler ultrasound. The optimal results in the autograft highlight the feasibility of the surgical technique, providing an ideal platform for studying small diameter (≤6 mm) vascular grafts and offering insights into graft remodeling and potential therapeutic interventions to improve graft patency and long-term outcomes.

INTRODUCTION: 
Cardiovascular diseases remain a leading cause of morbidity and mortality worldwide1,2. Vascular reconstructive surgeries—including coronary artery bypass, lower limb bypass, arteriovenous access creation, and congenital defect repair—frequently require the use of small-diameter (<6 mm) vascular grafts3,4. Currently, autologous veins or arteries are the preferred conduits; however, many patients lack suitable vessels due to prior harvesting, anatomical variations, or preexisting vascular disease5,6. Additionally, complications such as donor site morbidity further limit their applicability. Long-term patency of these grafts also remains a significant clinical challenge. Graft failure frequently leads to recurrent ischemic symptoms and clinical deterioration, requiring additional revascularization procedures, which are less effective and carry higher risks and costs2,7,8. 

Synthetic grafts such as expanded polytetrafluoroethylene (ePTFE) and Dacron have improved surgical outcomes in large-diameter applications, but their use in small-caliber vessels is associated with poor patency rates, thrombosis, and compliance mismatch with native vasculature. In pediatric patients, their inability to grow with the host presents further limitations9–11. The development of biological grafts aims to mimic the functional properties of native vessels, addressing the limitations of currently available options12,13.

Tissue-engineered vascular grafts (TEVGs) represent a promising solution to these challenges. By combining scaffolds, cells, and bioactive stimuli, TEVGs aim to replicate the structure and function of native vessels, offering the potential to integrate, remodel, and grow within the host. Recent advances in this field have led to encouraging preclinical results, particularly in large animal models, yet variability in design, testing conditions, and reporting standards continues to hinder clinical translation5,6,14,15.

In comparison to small animal models like rats and mice, the porcine model resembles more closely to human vascular dynamics and size, making it ideal for testing complex therapeutic strategies12. 

The present protocol introduces a porcine femoral artery grafting model as a translational platform to assess small-diameter vascular grafts (≤6 mm), including an experimental graft in conditions that closely mirror clinical settings. Pigs were selected due to their anatomical and physiological similarities to humans, particularly regarding arterial size16,17. Also, hemodynamic and hematological profiles in pigs are comparable to those in humans2,18–22.

The protocol involves implanting an experimental graft into the right femoral artery while using an autograft (the extracted native femoral artery) in the contralateral artery as a control. The model mimics key clinical aspects, including surgical trauma, altered hemodynamics, and graft integration20,21. Imaging modalities such as Doppler ultrasound and angiography, coupled with posterior histological analyses and immunohistochemistry, are employed to assess graft patency and vascular remodeling. 

This approach is particularly advantageous for evaluating vascular grafts and novel interventions aimed at enhancing graft function. By combining reproducibility with translational relevance, this model serves as a robust platform for advancing cardiovascular research and bridging the gap between preclinical and clinical applications.

PROTOCOL: 
The procedure was conducted according to the Guide for the Care and Use of Laboratory Animals23. All the experiments were approved by the Animal Experimentation Unit Ethical Committee of the Germans Trias i Pujol Health Research Institute (IGTP) and Government Authorities of the Generalitat de Catalunya (Code 12179).

1. Husbandry and animal acclimation 

1.1. Use a 3-month-old female crossbred pig of Landrace and Large White breed, weighing 30–35 kg (arrived 1 week before surgery). 

NOTE: A minimum acclimatization period of 7 days is observed prior to any surgical procedure.

1.2. Keep the pigs in spacious pens enriched with straw bedding and environmental stimuli (hanging toys, balls) to promote natural behaviors and reduce stress.

1.3. Maintain environmental conditions within optimal physiological ranges: temperature: 20–24 °C, humidity: 45–65%, light/dark cycle: 12 h/12 h.

1.4. Allow ad libitum access to water and feed a commercial pig diet twice daily.

1.5. Perform daily monitoring to assess behavior, activity, feeding, social interaction, and general health status.

NOTE: All procedures are supervised by the institutional animal welfare body, and the animals' well-being is prioritized throughout the preoperative, perioperative, and postoperative periods. The daily monitoring is performed by trained veterinary staff.

2. Animal preoperative preparation

2.1. Give antiplatelet treatment to prevent graft thrombosis: Clopidogrel (150 mg/kg PO) and Acetylsalicylic acid (300 mg/kg PO) on the day of surgery and repeat daily until the end of the study.

2.2. Assess the health conditions before the surgical intervention with a complete veterinary examination, including visual inspection and measurement of heart rate (HR), respiratory rate (RR), body temperature (T), and body weight, as well as laboratory tests (hematological and biochemical analysis).

NOTE: Physiological constants of juvenile pigs are HR: 85 to 110 beats per minute (bpm), BR: 20 to 40, T: 36.5 – 38.5°C

2.3. Fast the animals for 12 h before surgery to reduce the risk of aspiration after anesthesia. 

3. Sedation and anaesthesia

3.1. To calculate the dose, weigh the animal before surgery.

3.2. Then, sedate the animal with dexmedetomidine (0.03 mg/kg), midazolam (0.3 mg/kg), and ketamine (3 mg/kg). Include methadone (0.3 mg/kg) for analgesia. Administer all drugs intramuscularly.

3.3. Once the animal is sedated, place an oxygen mask (90–100%) with a mix of sevoflurane (1–2%) to ventilate it. Simultaneously, attach a pulse oximeter to monitor the pulse rate and percentage of oxygenated hemoglobin until the animal is intubated.

NOTE: Alpha-2 agonists and ketamine can alter heart rate, causing tachycardia or bradycardia. If severe bradycardia appears (less than 55 bpm), administer atropine (0.02–0.04 mg/kg, IV or IM) if needed.

3.4. Use electric blankets to maintain body temperature.

3.5. Smear vet ointment to the eyes to prevent dryness. 

NOTE: Reapply artificial tear ointment every 20 min.

3.6. Place a venous catheter (20 G) in a lateral ear vein to establish venous access. Administer propofol (1–2 mg/kg) to induce anesthesia.

3.7. Place the animal in dorsal recumbency.

3.8. To insert the endotracheal tube, ensure that the swallowing reflex is lost. Use a veterinary laryngoscope to expose epiglottis and glottis and complete tracheal intubation with an endotracheal tube.

NOTE: Tube size must be appropriate for the pig (6.5–7.0 Fr for pigs weighing 30–35 kg, and 7.0–7.5 Fr for pigs weighing 35–40 kg). Intubation must be performed swiftly to prevent extended apnoea.

3.9. Connect the endotracheal tube to the ventilator with a capnograph and initiate automatic ventilation, ensuring a tidal volume of 10 mL/kg, inspiratory-to-expiratory ratio 1:2 (FiO2: 0.50), and RR of approximately 20 bpm.

3.10. Maintain anesthesia with sevoflurane (1–3%). 

[bookmark: _Hlk197526484]NOTE: To confirm that the animal has reached the appropriate surgical anesthetic depth, it should neither breathe spontaneously nor display corneal or pupillary light reflexes. No muscle relaxants were used at any time during the anesthetic procedures described.

3.11. Shave the area of the left dorsolateral neck to apply the fentanyl patch (2.5 µg/kg/h) for pain relief lasting up to 72 h.

NOTE: The transdermal patch can be applied to the inguinal area. However, due to the surgical procedure location, it is preferable to be placed on the dorsolateral position of the neck.

3.12. Administer antibiotic therapy on the day of surgery: Slow IV Ceftriaxone (50 mg/kg); intramuscular Amoxicillin/Clavulanic acid (8.75 mg/kg mg/kg) and oral Amoxicillin/Clavulanic acid (12 mg/kg) once daily from postoperative day 1 to day 5 

NOTE: Do not mix Ceftriaxone with calcium solutions.

4. Hemodynamic monitoring and preparation of the surgical area

4.1. Position the animal on the operating table in the ventral recumbency. Secure its limbs to the table using tape or bandages.

4.2. Place electrodes on the limbs to monitor electrocardiogram (ECG) changes and HR throughout the procedure.

4.3. Continue monitoring oxygen saturation using a pulse oximeter placed on the tongue or the corner of the animal's lip.

4.4. Place a non-invasive blood pressure cuff on the forelimb.

4.5. Measure oesophageal or rectal temperature.

4.6. Shave and wash the right and left femoral areas with surgical soap to remove debris. Then, disinfect by applying three rounds of 0.7% iodine alternating with  70% ethanol under sterile conditions. 

4.7. Ensure the surgeon performs a surgical handwash and dons a sterile gown and gloves.

4.8. Cover the animal with a sterile surgical drape.

4.9. Assess anesthesia depth every 10 min during surgery.

5. Surgical procedure

5.1. For intraoperative analgesia, administrate a fentanyl bolus during the surgical procedure if signs of pain are detected, such as an increase in HR.

5.2. Use ultrasound to locate the right femoral artery and assess its blood flow.

5.3. Make a 7–10 cm vertical incision perpendicular to the linea inguinalis with an electric scalpel.

NOTE: Approximately 2–4 cm below the inguinal ligament, the common femoral artery bifurcates into the superficial femoral artery (SFA) and the deep femoral artery.

5.4. Spear subcutaneous tissues.

5.5. Achieve hemostasis by electrocoagulation of the small surrounding vessels (Figure 1A).

5.6. Use two Weitlaner retractors to gently separate the Sartorius, Rectus Femoris, Gracilis, and Pectineus muscles for better exposure to the SFA. 

NOTE: SFA lies under the medial border of the sartorius muscle.

5.7. Administrate heparin intravenously (300 UI/kg) before femoral artery clamping to prevent intraoperative thrombosis. 

5.8. Apply vascular clamps proximally and distally on the right SFA to achieve complete occlusion. Ensure that the distance between the clamps is approximately 1 cm longer than the arterial segment to be resected. 

5.9. Prior to resection, confirm that the replacement graft—whether autograft or experimental—is anatomically compatible in both length and diameter with the transected arterial segment (typically 4–5 mm in diameter for a 30 kg pig) (Figure 1B).

NOTE: In this study, the experimental graft measured 4.5 mm in diameter and 5 cm in length. To ensure appropriate sizing, it is placed adjacent to the native right SFA before resection.

5.10. Ensure the clamps are properly positioned to control blood flow around the area where the resection will be performed. 

5.11. Excise 5 cm segment of the right SFA in a slightly oblique fashion (rather than completely tangential) to facilitate posterior termino-terminal anastomosis near the proximal and distal clamps. 

NOTE: Place the autograft (the extracted right SFA fragment) in a sterile container with physiological saline solution and maintain it at 37–38 °C.

5.12. Cut the proximal and distal ends of the graft.

5.13. Suture the proximal and distal anastomoses of the experimental graft to the clamped right SFA using a continuous 7-0 Prolene suture in a running stitch pattern (Termino-terminal anastomosis) from posterior to anterior and from medial to lateral (Figure 1C).

5.14. Unclamp the proximal and distal clamps of the right SFA to restore vascular flow and ensure there is no blood leakage from the anastomoses. 

NOTE: if there is blood leakage, one-stich suture can be performed to fix the leak.

5.15. Close the muscle and subcutaneous tissue using a resorbable 1 continuous suture and the skin with a resorbable 0 intradermal continuous suture.

5.16. Apply a sterile transparent dressing.

5.17. Repeat the procedure on the left SFA, using the autograft as a control of the graft surgical technique, if necessary.

6. Postoperative procedure and animal recovery

6.1. Continue monitoring the animal's vital signs until it has fully recovered.

6.2. Discontinue sevoflurane administration and stop mechanical ventilation once the animal begins to breathe spontaneously.

6.3. Maintain oxygen supply until oxygen saturation stabilizes at 95% or higher.

6.4. Extubate the animal. Once it begins to wake up, the swallowing reflex is restored. 

6.5. Closely monitor the animal until it is fully awake.

NOTE: Pigs usually stand up quickly after surgery; however, following this type of procedure, they may take longer to regain control of their hind limbs. If the animal exhibits signs of pain, methadone (0.3 mg/kg IM) can be administered every 5 h for analgesia.

7. Doppler ultrasound 

NOTE: Use duplex ultrasonography to non-invasively visualize blood flow in the femoral arteries on days 0, 14, and 30 post-surgery.

7.1. Sedate the pig with a mixture of dexmedetomidine (0.03 mg/kg), midazolam (0.3 mg/kg), and ketamine (3 mg/kg), administered intramuscularly. Ensure that the pig is sedated and placed in dorsal recumbency. Maintain anesthesia using sevoflurane (1–3%) delivered via a facemask covering the snout.  

7.2. Shave the area around the femoral artery to ensure optimal contact with the ultrasound probe. Thoroughly clean the skin to remove any residual hair or debris.

7.3. Apply a generous amount of ultrasound gel to the inner thigh over the femoral artery, ensuring the absence of air bubbles.

7.4. Perform duplex ultrasonography using a high-frequency linear transducer, such as the MS 400 (center frequency: 30 MHz), with a frame rate of 230–400 frames/s. Adjust the probe position to obtain clear B-mode and Doppler images of the femoral artery.

7.5. Acquire images and video clips to assess blood flow velocity, vessel diameter, and Doppler flow profile. Ensure measurements are recorded at specific landmarks (proximal artery, proximal suture, graft, distal suture, distal artery) to facilitate comparison across experimental conditions.

8. Femoral angiography 

NOTE: Perform angiography to evaluate perfusion of the autograft and the experimental graft at 30 days post-transplant. This is a terminal procedure conducted under deep anesthesia to minimize animal discomfort and ensure optimal image acquisition.

8.1. Anesthetize the pig using a mixture of dexmedetomidine (0.03 mg/kg), midazolam (0.3 mg/kg), methadone (0.3 mg/kg), and ketamine (3 mg/kg), administered intramuscularly.

8.2. Once sedated, intubate the animal, connect the pig to the ventilator, and maintain anesthesia with sevoflurane (3–4%) in oxygen.

8.3. Place the pig in a supine position and monitor vital signs throughout the procedure, including heart rate, respiratory rate, oxygen saturation, and non-invasive arterial blood pressure.

8.4. Shave and wash the skin over the ventrolateral side of the neck with surgical soap to remove debris.  Then, disinfect by applying three rounds of 0.7% iodine alternating with 70% ethanol under sterile conditions. Drape the area to create a sterile field, leaving only the access site exposed.

8.5. Administrate a fentanyl bolus (2.5 µg/kg/h, IV) for intraoperative analgesia.

8.6. Locate the carotid artery by palpation or using ultrasound guidance. Make an incision to expose the artery. Insert a vascular sheath (e.g., 6F) using the Seldinger technique.

NOTE: Administrate heparin intravenously (300 UI/ kg) after inserting the vascular sheath and before the catheter.

8.7. Insert a 6F vascular catheter through the sheath into the carotid artery and advance it under fluoroscopic guidance to the femoral arterial site.

8.8. Connect the catheter to a pressure injector filled with iodinated contrast medium. Flush the system thoroughly to eliminate air bubbles.

8.9. Using fluoroscopy, confirm the catheter's position. Inject the contrast medium at a rate of 1–2 mL/s, depending on the catheter size and vascular site, to visualize the blood vessels.

8.10. Acquire angiographic images using a high-resolution digital fluoroscopy system in an anteroposterior (AP) projection.

8.11. Obtain images of both femoral arteries.

8.12. After completing the procedure, carefully withdraw the catheter and remove the vascular sheath. 

9. Euthanasia practice

9.1. After completing the angiographic procedure and ensuring adequate sedation and anesthesia, administer an overdose of intravenous Pentobarbital sodium (100 mg/kg).

9.2. Confirm death by assessing vital signs, including electrocardiogram, blood pressure, and capnography, to ensure cardiorespiratory arrest.

10. Harvesting samples and preservation of the tissue

NOTE: Perform histopathological analysis to evaluate tissue structure and morphology of the femoral graft using Masson's trichrome staining and immunohistofluorescence.

10.1. Confirm death by assessing vital signs, including electrocardiogram, blood pressure, and capnography, to ensure cardiorespiratory arrest.

10.2. Harvest the femoral graft post-procedure and immediately immerse it in 4% paraformaldehyde for fixation overnight. 

CAUTION: Handle paraformaldehyde with care due to its toxicity. Work in a well-ventilated area and use appropriate personal protective equipment (PPE).

10.3. After fixation, section the samples perpendicularly.

NOTE: Ensure that samples are collected from the following sites: proximal native artery (before anastomosis), proximal suture site (Between the native artery and the graft, to ensure that all the proximal anastomosis is included), graft segment, distal suture site (between the native artery and the graft, to ensure that all the distal anastomosis is included), and distal native artery (after anastomosis). Samples should be collected from both femoral arteries.

10.4. Divide the samples for histology staining and immunohistofluorescence.

NOTE: Cryopreserve the samples selected for immunohistofluorescence by immersing them in 3% Saccharose solution until they sink. Then, freeze them using liquid nitrogen. Embed the dehydrated tissue selected for Masson's Trichrome staining in paraffin blocks to preserve the sample for sectioning.

11. Immunohistofluorescence analysis of femoral grafts

11.1. Place the samples (10-μm-thick cryosections) at room temperature (RT) for at least 20 min.

11.2. Wash them with 1x PBS three times for 5 min each.

11.3. Wash them with 1x PBS containing 0,2% Triton three times for 5 min each.

11.4. Block with Horse Serum (1:5 dilution in 1x PBS) for 1 hour at RT.

11.5. Incubate with primary antibodies diluted in 1x PBS containing 0.2% triton and Horse Serum (1:20 dilution) at 4 °C overnight or for 1 h at RT.

11.6. Wash them with 1x PBS three times for 5 min each.

11.7. Incubate with the secondary antibody diluted in 1x PBS.

11.8. Wash them with 1x PBS three times for 5 min each.

11.9. Stain nuclei with 4′,6-diamidino-2-phenylindole (DAPI; 1:1000 dilution) for 10 min at RT.

11.10. Wash them once with 1x PBS.

11.11. Carefully mount the samples with an aqueous mounting medium and cover it with a slip.

11.12. Visualize the prepared slides under a confocal or epifluorescence microscope.

12. Histological analysis of femoral grafts

12.1. Using a microtome, cut the paraffin-embedded tissue into 4-μm-thick sections.

12.2. Deparaffinize the slides by immersing them in xylene for 5–10 min, then rehydrate them by passing them through a graded ethanol series (100%, 96%, 70%) before rinsing them in distilled water.

12.3. Stain the sections using Masson's trichrome staining protocol as described in steps 12.4–12.14.

12.4. Fix the samples with Bouin's solution overnight at RT or for 1 h at 56 °C.

12.5. Wash the samples until the yellow color disappears.

12.6. Immerse the samples in Weigert's hematoxylin for 10 min.

12.7. Wash the samples with distilled water.

12.8. Immerse the samples in Ponceau Fuchsin for 5 min.

12.9. Wash the samples with distilled water.

12.10. Immerse the samples in a mixture of phosphomolybdic acid and phosphotungstic acid for 10 min.

12.11. Immerse the samples in Light Green for 5 min.

12.12. Wash the samples with distilled water.

12.13. Dehydrate the stained slides in graded ethanol solutions (90%, 100%) and xylene for 2 min each.

12.14. Mount the slides using a slide mounting medium and allow them to dry thoroughly.

12.15. Examine the prepared slides under a light microscope.

REPRESENTATIVE RESULTS: 
To assess the feasibility and performance of the proposed porcine vascular grafting model, the following representative results illustrate the outcomes of the autograft transplantation, used as a control graft in a 30 kg female pig, procedure over the 30‐day follow‐up period.  

The surgical technique was successfully performed, and the animal demonstrated smooth recovery and excellent physical condition. Figure 1 illustrates the key steps of the surgical procedure.

The successful incorporation of the autograft into the femoral artery and its patency was verified non-invasively using Doppler ultrasound, confirming the feasibility of the surgical procedure (Figure 2, Supplementary Table 1). By day 7, Doppler ultrasound showed 100% graft patency with no signs of acute rejection or infection (Figure 2A,B). The autograft maintained a diameter of 5.3 mm, consistent with native vessel physiology. By day 15, the autograft maintained its diameter (4.7 mm) and flow parameters without complications. By day 30, Doppler ultrasound (Figure 2C) and angiography confirmed consistent graft patency throughout the study, with no structural abnormalities observed (Figure 2D). The autograft maintained its diameter at 5.3 mm (Table 1).

Histological and immunohistofluorescence analysis is shown in Figure 3. The autograft was explanted with surrounding tissue in a representative section (Figure 3A) for histological and immunohistofluorescence analysis (Figure 3B,D). Masson's trichrome-stained sections of the autograft showed normal vascular structure and proper layer distribution (Figure 3C), as well as the immunohistofluorescence analysis (Figure 3D), further supporting the feasibility of the surgical technique.

FIGURE AND TABLE LEGENDS: 
Figure 1: Surgical procedure. Representative photographs of the surgical procedure displaying  (A) the dissection of the left femoral artery to expose the vessel for grafting, (B)  the placement of the autograft before extraction of the selected section native artery, (C)  the suturing of the autograft using a continuous pattern to secure the graft in place, (D) the measurement of the autograft, (E)  the testing of functionality to ensure proper flow and no blood leakage, and  (F) the resulting closed incision from the surgical procedure, showing the site of autograft placement.

Figure 2: Ultrasonic examination and angiography. Representative images of ultrasonic examination (upper) monitoring of the patency of the autograft after implantation at (A) 7, (B) 14, and (C) 30 days of follow-up. (D) Image of a 30-day femoral angiography (bottom), in an anteroposterior projection. The asterisks (*) mark the arterial graft.

Figure 3: Histological and immunohistofluorescence analysis. (A) Representative images of an extracted left femoral artery, (B) the arterial sections and their corresponding Masson's trichrome staining (light green: collagen and extracellular fibers; dark red: nuclei; and pink: muscle and cytoplasm) images of the autograft and the native femoral artery. (C)  Microphotograph of Masson's trichrome staining showing the arterial wall of the graft after 30 days post-implantation, where tunica adventitia, media, and intima can be observed. (D) Representative images of immunohistofluorescence staining against von Willebrand factor (vWf) (green), alpha-smooth muscle actin (αSMA) (red), Collagen I (gray), and nuclei (blue) of (from left to right) the tunica adventitia, tunica media and tunica intima of the explanted autograft. 

Table 1: Diameter in millimeters at different locations. Left femoral artery graft.

Supplementary Table 1: Gradient in millimeters at different locations. Gradient = (velocity (m/s)/100)2)  4. Left femoral artery graft.

DISCUSSION: 
This protocol outlines a comprehensive methodology for femoral artery graft transplantation in a porcine model, incorporating robust preoperative, intraoperative, and postoperative strategies to ensure animal welfare and reproducibility of results. Pigs are an ideal choice for testing vascular grafts with small diameters (<6 mm) due to the similarity of their arterial calibers, morphology, and physiology to those of human14,17–19.

We present a detailed protocol for instrument preparation, surgical procedures, and postoperative evaluation for vascular graft transplantation in femoral arteries. Critical steps include preoperative preparation, anesthesia, and precise hemodynamic monitoring. Endotracheal intubation is necessary to protect the airway, preventing aspiration and maintaining positive pressure ventilation during anesthesia24. Swine intubation can be more challenging than humans due to differences in tracheal anatomy25. For optimal results, an appropriate laryngoscope with a long, straight blade and a plastic guide wire can be used to facilitate the introduction of the endotracheal tube26. Additionally, dorsal recumbency is described as the position for endotracheal intubation. However, ventral recumbency may offer advantages over dorsal, particularly for operators with limited experience in anesthetizing animals5,26. The anesthesia protocol used in this study involved sevoflurane, as opposed to the more commonly used isoflurane27.

A critical step in the surgical process involves the careful handling of the vascular grafts, including harvesting femoral artery segments and performing anastomoses with the new grafts. Before harvesting the femoral arteries, it is essential to ensure that the vascular clamps are properly secured to avoid complications in the surgical field. An incomplete seal may compromise surgical vision and cause blood leakage28.

Additionally, the administration of heparin is crucial to control blood flow and reduce thrombogenic risks24. Maintaining the extracted autograft under sterile conditions and at an appropriate temperature is essential for preventing infections and minimizing inflammation associated with the procedure. Sterility and precise anastomosis are vital to ensure graft patency. Oblique cutting and continuous suturing of the proximal and distal ends of the graft require technical expertise to prevent leakage or undue tension, which could compromise graft integrity. The suturing process is another critical element, as suture sites are prone to stenosis in continuous suture patterns. In addition, reactive vasospasm—a hallmark of juvenile porcine arteries—may transiently narrow vessel diameter at the anastomosis; although we employed oblique suture angles to lessen this effect, incorporating intraluminal vasodilators (such as nitroglycerine or papaverine) between clamp applications in future protocols could further mitigate vasospasm and reduce stenotic risk28–30. 

These measures are fundamental for testing vascular grafts while minimizing surgical complications and ensuring reliable outcomes for histopathological and imaging evaluations28,31.
A critical step in postoperative evaluation involves performing carotid artery angiography—a procedure that requires precise and careful catheter manipulation—to assess in vivo graft patency and flow dynamics, offering high-resolution imaging and precise quantification without disturbing the femoral surgical field32,33.

The significance of this protocol lies in its applicability to translational research in vascular grafting and its potential to improve patient outcomes. By combining preclinical methodologies with detailed imaging and histological analyses, this model enables the study of vascular dynamics, therapeutic interventions, and advancements in tissue engineering. This protocol lays the foundation for innovative vascular therapies and bridges the gap between preclinical research and clinical implementation.
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