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Background

Ultrasound guided regional anesthesia (UGRA) has become a core procedural

instructional skill in most anesthesiology departments because it is widely used in

everyday practice. Training in UGRA is accomplished at the patient bedside and with

simulation that ranges from simple gels containing cysts to prohibitively expensive

anatomic simulators. A method for producing anatomically correct ultrasound phantom gels of the interscalene, supraclavicular, infraclavicular, and axillary brachial plexus, and of the femoral and sciatic-popliteal nerves is described. The gels are inexpensive to create, are easily made with readily available materials and the anatomic models can be recycled in new phantom gels. The gels were used as procedural simulators in a curriculum designed for faculty and senior trainees in anesthesiology to review ultrasound guided regional anesthesia (UGRA) techniques. The use of these simulators allowed course participants to practice localization, coordination and targeting skills using the models as practice patients. The use of these anatomically correct simulators allows faculty and residents to familiarize themselves with ultrasound imaging and procedural execution at their own pace and without the risk of patient injury. 

Methods

Ultrasound phantom gels of the axillary brachial plexus and lateral popliteal sciatic nerve were built using 1 liter cylindrical polypropylene suction canisters for their mold. The interscalene-suraclavicular and infraclavicular brachial plexus and femoral nerve ultrasound phantoms were built using 1 liter rectangular polypropylene basins for their mold. Veins were simulated using 1/4 inch penrose drains filled with water and tied at each end. Arteries were mimicked using water filled 24 French red rubber Foley catheters.

The infraclavicular brachial plexus was created using rubber bands fastened lengthwise to the Foley catheter at the 3 o’clock, 6 o’clock and 12 o’clock position  A length of 1/2 inch polyvinyl chloride pipe was used to mimic the clavicle. These structures were laid in the mold according to their correct anatomic location. The fascial layers between the pectoralis major and pectoralis minor muscles were simulated by laying a separate sheet of polyethylene plastic film over the surface of the gel for each fascial plane and filling the remainder of the container with the gel material.

The axillary brachial plexus was reproduced by fixing rubber bands along the longitudinal course of the Foley catheter at the 3 o’clock, 6 o’clock and 12 o’clock positions. These structures were enveloped within a ½ inch penrose drain to mimic the plexus sheath and placed upright in the cylinder according to their correct anatomic location. The fascial plane separating the biceps and coracobrachialis muscles was simulated by laying a separate sheet of polyethylene plastic film in the correct anatomic location within the gel material prior to its congealing. A rubber band was affixed along the center of this muscle interface to reproduce the musculocutaneous nerve.

The femoral nerve was created using a ¼ inch penrose drain filled with rubber bands placed lengthwise through its internal lumen. The structures simulating the femoral nerve were laid in the base according to their correct anatomic location. The fascia lata and the fascia iliaca were simulated by laying a separate sheet of polyethylene plastic film over the surface of the gel and filling the remainder of the container with the gel material.

The sciatic nerve was created using a 1/2 inch penrose drain filled with rubber bands placed lengthwise through its internal lumen and two ¼ inch lengths of penrose drains filled with the same rubber bands simulated the nerve bifurcation and distal nerve branches. These structures were placed upright in the cylinder according to their correct anatomic location.

The interscalene-supraclavicular model used gel-filled penrose drains to recreate the anterior and middle scalene and sternocleidomastoid muscles. Fluid filled penrose drains mimicked the internal jugular and subclavian veins and fluid filled red rubber Foley catheters simulated the carotid and subclavian arteries. The brachial plexus was constructed with fluid filled small bore intravenous extension tubing placed within a penrose drain to copy the sheath. The first rib was constructed with thick walled large bore irrigation tubing. The pleura and cervical fascia were recreated with polyethylene plastic film. All the structures were securely fixed in their correct anatomic locations with superglue adhesive prior to pouring the gel in the mold.

The containers were filled with phantom gel material utilizing the formula described by Bude and consisting of a compound mixture of gelatin and cellulose fiber. To fill a 1 liter container with gel requires 1 liter of boiling water in order to completely dissolve 80 g of gelatin (Knox unflavored brand – 12 packets) and 40 g (approximately 4 tablespoons) sugar-free psyllium hydrophilic mucilloid fiber (Metamucil). Dissolving the gelatin and fiber in a small volume of water and then adding the remainder of the volume while constantly stirring avoids the formation of clumps and creates a more uniform gel with less layering. The models were allowed to refrigerate overnight and were then removed from their molds for use.
Results

The visual opacity furnished by the gels made it difficult for operators to localize the brachial plexus, femoral and sciatic nerves in the models by inspection alone. The veins and arteries were distinguished from each other on the basis of their differing lumens and wall thickness. The neural bundles were distinguished by the stippling echogenic effect of the rubber bands. 

The simulated musculocutaneous nerve was visualized in the axillary model. The plastic film representing the pectoralis fascial planes in the infraclavicular model was visualized as separate tissue interfaces by ultrasound and the resistance offered to the needle on performing a nerve block simulation mimicked the “pops” described in the technique. The plastic film representing fascia lata and iliaca in the femoral nerve model was visualized as two separate tissue interfaces by ultrasound and the resistance offered to the needle on performing this procedure also mimicked the “pops” described in this technique. The bifurcation point within the sciatic nerve model was also localized.

The models can be stored at room temperature and repeated use for nerve block training resulted in minimal gel disruption with air bubbles. Injection of water into the gel to demonstrate nerve block injection techniques did not result in fluid accumulation on account of the hydophilicity of the cellulose component. The models could be reutilized by removing the old gel from the anatomic structures by dissolving the gel in hot water and pouring new gel in the molds.

Conclusions

Low cost reusable high fidelity nerve block simulator phantoms can be easily built using commonly available materials. This will allow greater training opportunities in UGRA and improve operator proficiency in performing these techniques. The process of building these models for the majority of peripheral nerve block techniques has been described. Future directions of this simulation will be to develop a skills assessment tool for trainees learning UGRA teachniques.

