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SUMMARY: 
This study aims to develop an effective method for achieving hemostasis in mouse arteries.

ABSTRACT: 
During arterial puncture or cannulation in mice, permanent ligation of the artery is often required due to difficulty achieving hemostasis after needle withdrawal. This leads to permanent ischemic injury in the supplied tissue region. Such localized ischemia frequently induces secondary complications, compromising experimental outcomes in animal models. The present method aims to seal the puncture site post-procedure while maintaining normal blood flow, thereby preventing postoperative ischemia. This method involves harvesting an adipose tissue fragment from the experimental animal itself, performing arterial puncture using standard techniques, and then wrapping the puncture site with the fat pad to achieve hemostasis while maintaining blood flow. In this study, bilateral common carotid artery puncture was performed on mice, followed by hemostasis using a fat-wrapping technique. Laser speckle contrast imaging(LSCI) revealed no differences in cerebral blood flow changes between the sham and operated groups of mice, and no significant changes were observed in preoperative versus postoperative cerebral blood flow measurements in the operated group. Histological assessment performed at 7, 14, and 28 days after surgery revealed that: (1) preserved brain architecture (H&E staining), (2) intact neuronal morphology without degenerative changes (Nissl staining), and (3) absence of pathological alterations in brain sections. This arterial hemostasis technique capitalizes on the pliable nature of adipose tissue and physiological coagulation mechanisms. The procedure involves: (1) wrapping autologous fat around the puncture site, (2) securing it with sutures to ensure optimal contact with the arterial adventitia, and (3) allowing escaping blood to permeate the fat-artery interface where it undergoes coagulation. This triple-action mechanism achieves reliable hemostasis while preserving arterial patency and preventing ischemic complications post-operatively. The method demonstrates notable procedural simplicity, clinical efficacy, and excellent translational potential.

INTRODUCTION: 
In animal models, creating arterial injury is an extensively utilized experimental approach for modeling various pathological conditions, including cerebral ischemia-reperfusion models, carotid (CCA) or aortic (AO) atherosclerosis models, and spinal cord ischemia models.

Taking the mice cerebral ischemia-reperfusion (MCAO) model as an example, the current standard modeling approach1–3 involves: isolating the external carotid artery (ECA), ligating its distal end, clamping the proximal ECA with an arterial clip while placing a stay suture, creating a puncture hole between these points, inserting a filament retrogradely through the CCA, securing the vessel and filament with the stay suture, transecting the ECA between the puncture site and distal ligation, releasing the arterial clip, redirecting the filament into the internal carotid artery (ICA) to occlude the middle cerebral artery, and upon filament withdrawal, ligating the proximal ECA.

While this procedure achieves reperfusion, it only restores blood flow between the common and ICA, leaving the ECA permanently disconnected. This ECA transection causes ischemic damage to the ipsilateral facial regions, an unintended injury that not only complicates the surgical procedure but also introduces confounding trauma to experimental animals, potentially compromising study outcomes. More concerningly, in some experimental protocols4,5, researchers perform a direct CCA puncture, a suture is inserted to establish the MCAO, and then immediately removed, followed by permanent ligation at both ends of the puncture site for hemostasis. However, this method directly increases vascular pressure, thereby elevating cardiac afterload and potentially leading to heart failure6.

Using the mouse CCA or AO endothelial injury model with a high-fat diet to establish atherosclerosis as an example, the conventional methodology7–10 involves performing arterial puncture in the CCA, abdominal aorta (AA), or femoral artery (CFA), inserting a balloon catheter to induce endothelial denudation, and achieving hemostasis by permanently ligating both ends of the puncture site. This standard approach presents several critical limitations: the obligatory ligation creates localized ischemia distal to the occlusion site. More detrimentally, lipid accumulation occurs at the ligation sites. The validity of the compromise model is altered by affecting local hemodynamics, which interferes with drug delivery to target lesions and skews pharmacological evaluation outcomes.

In the murine spinal cord ischemia model, the procedure involves arterial puncture (via CCA, AA, or CFA access) followed by the insertion of a balloon catheter to induce ischemia at targeted locations11. Following balloon withdrawal, conventional hemostasis is achieved by permanently ligating the puncture site bilaterally.

In all three aforementioned models, post-puncture hemostasis is uniformly achieved through bilateral ligation of the puncture site. While effective for bleeding control, this approach inevitably induces localized ischemia, leading to secondary complications that ultimately compromise model validity. The maintenance of vascular patency during hemostatic procedures is therefore physiologically and experimentally critical. Therefore, this article introduces an innovative, simple, and effective arterial hemostasis method for mouse experiments. The procedure involves first clamping both ends of the puncture site with arterial vascular clips, then wrapping the artery with a 3 mm × 3 mm × 1 mm fat pad to cover the puncture. The fat pad is secured in place with a ligature suture around the artery. The arterial clips are gradually released, and the tightness of the ligature is adjusted based on bleeding until complete hemostasis is achieved. This approach restores blood flow, maintains normal hemodynamics, and prevents ischemic damage to surrounding tissues caused by permanent vessel ligation. It is particularly advantageous for long-term post-modeling observation of mouse conditions and for assessing pharmacological interventions, thereby significantly enhancing the experimental rigor of preclinical studies.

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]PROTOCOL: 
[bookmark: OLE_LINK36]All experimental procedures were conducted in strict compliance with the Guidelines for the Care and Use of Laboratory Animals (Protocol Approval No. SNLL25040501; Animal Use License No. SYXK(Liao)2021 - 0010) established by the Institutional Animal Care and Use Committee (IACUC) of Shenyang Agricultural University. The reagents and the equipment used are listed in the Table of Materials.

1. Experimental preparation
[bookmark: OLE_LINK3]
1.1 Animal details and documentation: Document all animal research data following ARRIVE guidelines (Animal Research: reporting of In Vivo Experiments). Use male Balb/C mice aged 6–8 weeks, weighing 22 g ± 4 g. Maintain housing conditions at 24 ± 2 °C with 55% ± 5% relative humidity under a 12 h light/dark cycle. 

1.2 Animal preparation

1.2.1 Anesthetize the mice using an isoflurane vaporizer (following institutionally approved protocols). Induce anesthesia with 4% isoflurane, then maintain with 2% isoflurane.

1.2.2 After anesthesia, depilate the cervical and cranial regions and disinfect the exposed skin with povidone-iodine, followed by 75% ethanol to remove the residue.

1.2.3 Place the mice on a 37 °C heating pad for all subsequent experimental procedures.

1.3 Measuring baseline cerebral blood flow in mice

1.3.1 Position the mice in a prone posture. Make a midline scalp incision to expose the parietal bones. Carefully dissect and remove the overlying fascial layer from the skull surface.

1.3.2 Adjust the LSCI system to scan the exposed mouse parietal bone at 10x magnification, and record the baseline cerebral blood flow data.

1.4 Harvest the fat pad and performing arterial puncture

1.4.1 Reposition the mice in supine position. Make a midline cervical incision. Harvest a 3 mm × 3 mm × 1 mm subcutaneous adipose tissue graft for later use.

1.4.2 Perform blunt dissection of the submandibular gland, sternohyoid muscle, and sternocleidomastoid muscle. Expose both CCA.

1.4.3  Free the CCA to expose the ICA and ECA.

1.4.4 Apply vascular clamp 1 to the distal end of the CCA, and place vascular clamp 2 on the proximal end.

1.4.5 Puncture the CCA between the two clamps using a 23 G needle.

1.5 Applying the fat pad

1.5.1 After the needle removal, wrap the CCA at the puncture site with the cut surface (non-serosa side) of the fat pad.

1.5.2 Place a 4-0 suture beneath the fat-wrapped area; then tie a single throw gently over the fat surface to apply pressure for secure contact between the fat pad and the vessel wall; finally, adjust the ligature gradually to achieve pressure balance for hemostasis.

[bookmark: OLE_LINK2]1.5.3 Elevate the distal CCA with a moist cotton swab. Release vascular clamp 1 and slowly withdraw the swab to allow gradual blood flow toward the puncture site.

1.5.4 Check for blood flow; if active bleeding was observed, reclamp the distal CCA with vascular clamp 1.

1.5.5 Wait for 1 min, then slowly release the vascular clamp 1; if bleeding occurs, reposition the fat pad or slightly tighten the single throw of the ligature to increase pressure; continue these adjustments until complete hemostasis is achieved.

1.5.6 Elevate the proximal CCA with a moistened cotton swab. Release vascular clamp 2 and gradually withdraw the swab to permit controlled blood flow toward the puncture site.

1.5.7 If bleeding occurs, reclamp the distal CCA with a vascular clamp 2.

1.5.8 Slightly tighten the single throw of the suture to increase pressure; wait for 1 min, then elevate the proximal CCA and release vascular clamp 2; slowly rolling the moistened cotton swab toward the puncture site.

1.5.9 If bleeding persists, repeat the two preceding steps until achieving complete hemostasis.

1.5.10 Place an additional throw with the suture to form a double knot over the initial one, thereby better securing the fat pad to the vessel wall and achieving hemostasis through balanced intravascular and external pressures.

1.5.11 Confirm that the common carotid arteries on both sides of the fat pad were filled and exhibit consistent vessel diameter; consider this as successful blood flow restoration and hemostasis.

1.5.12 Repeat the identical procedure to perform puncture hemostasis on the contralateral common carotid artery.

1.5.13 Expose the bilateral common carotid arteries in sham mice without performing arterial puncture or fat pad wrapping, while maintaining all other procedures identical to the operated group.
 
1.5.14 Suture the cervical surgical incision and apply an antiseptic.

1.6 Performing postoperative cerebral blood flow assessment

1.6.1 Following the completion of bilateral CCA puncture hemostasis in the mice, adjust the LSCI system to scan the exposed parietal bone and acquire 10x magnified images; then record the cerebral blood flow changes.

1.6.2 Suture the scalp incision and apply antiseptic, allow the mice to recover on a 37 °C heating pad before returning them to the housing cage for continued care.


1.7  Performing postoperative monitoring and tissue collection

1.7.1 Monitor and record daily the survival status, motor activity, and any signs of bleeding in the cervicomandibular region of the mice during the postoperative period.

1.7.2 On postoperative days 7, 14, and 28, euthanize the mice with carbon dioxide (following the institutionally approved protocols) and fix the brain tissues in 4% paraformaldehyde.

2. Pathological examination

2.1 After 24 h fixation, dehydrate the brain tissues through an ethanol gradient, clear with xylene, and embed in paraffin for sectioning.

2.2 Perform H&E staining on hippocampal sections and examine the brain tissue morphology under a microscope.

2.3 Perform Nissl staining on hippocampal sections and examine neuronal architecture under a microscope.

REPRESENTATIVE RESULTS: 
Analysis of the pre- and post-operative laser speckle contrast imaging data and relative perfusion measurements in both the sham and operated groups revealed no significant changes, demonstrating that this arterial hemostasis technique successfully sealed the common carotid artery puncture site without compromising cerebral blood flow (Figure 1).

Mice in the operated group were continuously monitored for 28 days post-operatively, with no mortality observed. Their motor activity showed no differences compared to either the sham group or their own preoperative baseline levels, and no hemorrhaging was detected in the cervical or submandibular regions. These findings confirm the efficacy of this method for arterial hemostasis.

Brain tissues H&E staining from both the sham and operated groups revealed clear histological architecture with preserved organizational structure in the cortex, hippocampus, and thalamus, showing no significant pathological alterations. Neurons exhibited intact morphology without reduced cell density. Nissl staining demonstrated well-organized neuronal alignment, normal cellular structure, and intact Nissl bodies. These pathological findings confirmed that the arterial closure technique effectively seals the carotid artery puncture site without compromising cerebral perfusion or causing brain damage during extended observation periods (Figure 2).

FIGURE LEGENDS: 

[bookmark: OLE_LINK6]Figure 1: LSCI of mice heads in sham-operated and operated groups before and after surgery. (A, Scale bars: 1 mm, 10×) Cerebral blood flow images of mice, where blue areas indicate low perfusion values and red areas represent high perfusion values. (B) Changes in cephalic blood flow in mice. No significant difference in cerebral blood flow perfusion unit (PU) values was observed between preoperative and postoperative measurements. Data are presented as mean ± standard deviation (n = 6).

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 2: Microscopic examination of brain tissue architecture in operated group mice at 7, 14, and 28 days post-operation and in sham mice. H&E staining (A, 12×, Scale bars: 200 μm, 40×, Scale bars: 50 μm). Observing neurons in brain tissue, Nissl staining (B, 12×, Scale bars: 200 μm, 40 ×, Scale bars: 50 μm).

DISCUSSION: 
In MCAO models, preserving the ECA better recapitulates clinical pathology by preventing facial ischemic damage associated with ECA ligation and transection. While the conventional approach of filament insertion via CCA puncture offers technical simplicity, it necessitates bilateral ligation of the puncture site, resulting in cerebral perfusion that depends on Circle of Willis collateral circulation, a suboptimal representation of true stroke pathophysiology. The fat pad hemostasis technique presented in this study enables simultaneous vascular repair and restoration of blood flow upon suture removal, thereby ensuring concurrent cerebral and facial perfusion without ischemic complications. This approach permits immediate postoperative reperfusion without the need for compensatory circulatory mechanisms. Consequently, the optimized MCAO model more accurately mimics human stroke mechanisms, generates clinically relevant data, and supports extended survival studies free of ligation-induced ischemic comorbidities.

For animal models involving vascular endothelial injury or balloon-induced ischemia-reperfusion, this method effectively seals arterial puncture sites post-cannulation, maintaining patent blood flow while preventing lipid deposition.

[bookmark: OLE_LINK29]In summary, Figure 1 demonstrates unimpaired cerebral blood flow and patent vasculature post-operatively, proving the short-term efficacy of hemostasis. Postoperative longitudinal observation of the operated and sham groups revealed no mortality, and the pathological results in Figure 2 confirmed the absence of brain damage, collectively validating the long-term effectiveness of the hemostatic procedure. Arterial hemostasis is critically important for relevant animal models, as it enhances modeling accuracy, prevents secondary diseases caused by excessive ischemic injury, reduces experimental animal discomfort, and improves overall welfare, better aligning with ethical standards. Furthermore, it facilitates long-term monitoring by preventing chronic ischemic complications, extends animal lifespans for therapeutic interventions, and enables the reliable evaluation of drug efficacy. This approach provides an optimized experimental platform for both in-depth studies of known therapeutics and the development of novel drugs, yielding more rigorous scientific data to significantly advance preclinical drug research.

This arterial hemostasis method has inherent limitations, requiring substantial patience for iterative adjustments of both fat graft positioning and ligature tension, resulting in prolonged procedure times.

The purpose of using a fat pad to seal the CCA puncture site is to prevent arterial ligation and preserve vascular integrity, thereby reducing the risk of secondary complications. When tying the suture knot over the fat pad, excessive tightness should be avoided to prevent arterial compression. Based on the thickness of the fat pad and the external diameter of the artery, an appropriately sized needle is placed adjacent to the fat pad during suturing. After securing the fat pad, the needle is removed to maintain luminal patency for blood flow.

The significance of the fat pad lies in the physiologically viscoelastic properties of adipocytes. Viscosity enables firm adhesion to the vascular wall, ensuring effective sealing of the puncture site. Elasticity allows the vessel to easily dilate back to its original state as blood flows in, establishing a pressure equilibrium between intravascular pressure and the fat-suture interface, thereby further promoting hemostasis. Exposed adipocytes achieve maximal contact with the arterial adventitia, accelerating the hemostatic process. Although the natural smoothness of the serosal surface helps reduce friction, it is intentionally avoided at the sealing interface, as direct fat-to-vessel contact optimizes clot formation12.

First, vascular clip 1 at the distal CCA must be released to allow blood from the Circle of Willis to perfuse the CCA and reach the puncture site. At this stage, the lower arterial pressure at the puncture site promotes platelet aggregation from the retrograde blood flow. After maintaining this state for 1 min to facilitate vascular sealing, elevate the proximal CCA with a moistened cotton swab and release vascular clip 2. The swab is gradually advanced to restore antegrade blood flow in a controlled manner. This staged approach is critical because the proximal CCA, near the heart, has higher blood pressure and flow velocity; sudden clip release could abruptly increase arterial pressure, displacing the platelet plug and causing rebleeding.

The use of a moistened cotton swab instead of vascular clips allows for the gradual restoration of blood flow through controlled rolling. Direct clip release makes it difficult to regulate blood flow velocity, whereas rolling the swab enables precise flow modulation. Compared to dry swabs, moistened swabs offer a smooth surface that prevents tissue adhesion - particularly to the fat pad sealing the puncture site. Dry swabs have a rough texture that can stick to tissues; moving them may dislodge the fat pad, loosening the seal and causing bleeding that compromises hemostasis. If bleeding persists, first reclamp the artery and wait 1 min. If oozing continues, reposition the fat pad to align the ligature with the puncture plane. If bleeding persists, incrementally tighten the suture until hemostasis is achieved. Secure the fat pad permanently by adding a second locking knot. This process requires meticulous observation and iterative adjustment.
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