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Introduction
The end-to-side anastomosis is one of the most common anastomoses used in
cerebrovascular surgery. Achieving proficiency in performing this bypass is a
fundamental necessity for cerebrovascular and skull base surgeons. Learning
models for this specific anastomosis type are most needed in training protocols,
as they provide a platform for practicing and enhancing manual and non-manual
skills required for such fine, complex tasks. Few studies have tried to provide a
practice model for this purpose. Majority of models are non-living low-fidelity
models such as silicone tubes and chicken wing vessels. However, these are not
comparable to high-fidelity living models which incorporate real-time
hemodynamics and vessel (coagulation) physiology. 1

Rat common carotid arteries (CCAs) have been used to practice the end-to-side
anastomosis, and we recently proposed the use of the rat common iliac arteries
(CIAs) for this purpose. 2-5 The aim of this study is to compare two arterial
models (CCA vs. CIA) for practicing end-to-side anastomosis in rats to identify
their relative advantages and disadvantages, and help trainees select the proper
practice model that best meets their learning objectives.

Methods
Ten Sprague-Dawley rats weighing >350g anesthetized to undergo surgery
according to the protocol approved by the Institutional Animal Care and Use
Committee (IACUC) and managed according to USDA and NIH guidelines.
Intermittent (every 30-45 minutes) intramuscular injections of a combination of
xylazine (5mg/kg), acepromazine (1.0mg/kg) and ketamine (50mg/kg) used to
induce and maintain anesthesia. To avoid hypothermia and hypoxia, heat source
and oxygen supplementation (through a nose cone) provided, respectively.

CIA/CCA Exposure
CIAs were exposed from the origin to their distal bifurcation into the internal and
external iliac arteries. Using microsurgical techniques, the carotid sheath was
opened, and the CCAs were dissected off the accompanying Vagus nerve and
sympathetic trunk bilaterally. The diameter and length of the exposed CIA/CCAs
were measured. The distance between the two arteries was measured at their
distal exposure point and at the mid-cervical level, for the CIA and CCA
respectively.

Figure 1. Exposure of the distal abdominal aorta
and bilateral CIAs with clips applied distally and
proximally to the CIAs.

Figure 2. Exposure of CCAs through a midline
neck incision with vascular clips placed
proximally and distally. The right CCA was
transected just distal to the proximal clip; this
retracts and shortens to almost 1/2 of its initial
length.

Results
CCAs and CIAs were exposed in 10 anesthetized rats with their lengths and diameters measured.
The mobilization extent of each vessel along its contralateral counterpart was measured after each
artery was transected at its proximal exposure point. We also studied the technical advantages and
disadvantages of each model for practicing end-to-side anastomosis.

Table 1. Anastomosis was completed successfully in all animals. The average
diameters of the CCA and CIA were 1.1mm and 1.3mm, respectively. The
average extents of mobilization along the contralateral vessel were 13.9mm
and 10.3mm for CCA and CIA, respectively.

Table 2. The CCA model had the advantages of more arterial redundancy (allowing completion of both suture lines extraluminally) and minimal risk of venous
injury. The main disadvantage of the CCA model was risk of cerebral ischemia. While the CIA model provided limited redundancy, it was not limited by
ischemia time and provided the technical challenge of microsurgical dissection of the common iliac vein from the CIA.

Conclusions
This study provides a novel critical framework for guiding the use of rat arteries in teaching
trainees prior to the operating room setting. Both CCA and CIA models are effective for practicing
the end-to-side anastomosis technique. Each model offers several important advantages and
provides different learning challenges, allowing trainees flexibility in selecting an optimal practice
model based on their skill level. Such practice models are an essential element for improving
microsurgical skills.
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Figure 3. Assessment of the
mobilization extent of the
right CCA for an end-to-side
anastomosis to the left CCA.
The right CCA is mobilized
along the left CCA (B)
distally and (C) proximally to
assess its maximal distal and
proximal excursion relative
to the proximally exposed
point on the CCA (double-
headed arrow lines).


