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Introduction

DuringcentralvenousaccesgCVA)a needleis insertedinto the internal jugular
(IJ)or subclavianvein. Unlike 1J CVA,subclavianCVAis commonlyperformed
a 0 f Aigheu¢ ultrasound(US)guidancebecausethe claviclecastsa large US
shadowthat interfereswith USguidance Cliniciangnsteadrely on anatomical
landmarkssuchasthe sternalnotch and heuristicsto establishthe entry point

and a safetrajectory to target. It canbe difficult to acquiresufficientpracticein

subclavianCVA especiallyin civilian medicinewhere the USguided IJroute is

more common In contrast, subclavianCVAIs more widespreadin military

medicineespeciallyf a neckcollaris presentand/or the surgeonis performing
cricothyrotomy Duringdeployment,training facilities may not be optimal. We

designeda compact, turnkey simulator for use in austere environmentsthat

allowsreservists/militarymedicalpersonnelto acquire/maintainsubclaviarCVA
skills/masteryevenduringdeployment

Methods

We bullt a simulator that mixes physicaland virtual componentsfor
training in needletip placementinto the subclavianveinwithout striking
the adjacentartery or lungs In contrastto existing CVAtrainers, our
simulator detects lung strikes, displaysthe margin of safety, I.e., the
distanceby which artery or lung puncture wasavoidedand recordsand
playsbackthey S S Rpatkfo) after actionreview
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We 3D printed the torso, neck and head of an actual human from a
contrastenhancedCT scan including anatomical landmarks (palpable
sternal notch and clavicle)and ribs. The remainder of the simulator
(veins, arteries, lungs) was virtually modeled and registered to the
physicalcomponent(a 3D-printed torso) with sulb-millimeter accuracy
Thetip of an 18 ga needle on a Raulersonsyringe (TeleFlexMedical,
ResearchirianglePark,NC)wastrackedin real time with a magnetic6t
DoFsensor We implementeda scoringalgorithmto automaticallyscore
performance As a preliminary study, the simulator was evaluatedwith
28 anesthesia residents at an academic health center In the
southeasternU.S; each used the simulator three consecutivetimes
(Runsl-3).
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Results

From Run 1 to Run 3, performance score (0-100 scale lower score Is better) for all participants was
Improved,on average by 28%with a 71.9 secondgeductionin averagetime to achievesubclavianCVAWe
performedrepeatedmeasures;ANOVAon the outcomesfrom the three wavesof data collectionwith follow-
up pairwise dependent samplet-tests There were reductions in averagetime (F=4.28, p<0001), the
number of attempts (F=10.77, p =0001, number of skin punctures (F%6.59, p = .004) and score as
determined by the scoringalgorithm (F=14.59, p < .0001). Complicationrates for pneumothoracesand
subclavianarterial punctureswere reducedfrom 11%to 7% and 13%to 7%, respectively On a five point
scale (1=stronglydisagreeto 5=stronglyagree),on average,participants agreedthat the simulator was
realistic (M=4.1) and strongly agreedthat the simulator should be used as a training/educationaltool
(M=4.8).

Theabovedatawere collectedwith the initial CVAsimulatordesign Thenew modulardesignwill be similar
to a modularregionalanesthesiasimulator which is turnkey and can be set up in 7 minutes by a person
unfamiliarwith it. We expectsimilarturnkeycharacteristicfor the new CVAsimulator

Conclusions

Our preliminary data indicate that a CVAmixed simulator may provide military medical personnela
robust, deployablesimulatorto acquire/maintainskills/mastery

Initial CVA simulator design. Left: -Binted torso & tracked syringe. Right: 3D visualization of torso, internal tissuesyange.

3D rendering of new CVA simulator on modular stand
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