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Abstract:
Access to central veins and peripheral arteries remain amongst the most commonly performed procedures in the world yet are associated with persistent low frequency complications.  We introduce improvements in the design of guide needles and guidewires, to be used for central venous and peripheral vascular access targeting improved patient safety and ease of use. The modifications include an echogenic needle bulb enhancing ultrasonic visualization and haptic feedback during insertion as well as an integrated guidewire. 
 
 
Manuscript:
 
The Seldinger technique is used for arterial and venous vascular access into large central veins such as internal jugular, subclavian or femoral vein. The technique, developed in 1953, involves puncturing the targeted artery or vein with a guide needle and syringe, blood aspiration to determine success in access, detaching of the syringe, insertion of a guidewire, removing the needle and sliding a catheter over the wire onto the artery or vein. 1,2 The initial description promoted through and through artery and vein punctures and pull back of the needle into the vascular lumen. 3,4 The procedure is now performed both emergently and electively, providing reliable vascular access for administration of medications, fluids, blood products and total parenteral nutrition, and facilitates rapid infusion of fluids in critically ill patients while allowing delivery of irritant or hypertonic medications which may otherwise damage smaller peripheral veins; it also enables hemodynamic monitoring, including measurement of central venous pressure, and repeated blood sampling. 5,6,7  Broadening indications for central venous access has increased its applicable populations, and is often required for the management of acutely ill patients with more comorbidity and morbid risk of access complications or failure. 8,9  In 1998, it was estimated that central venous catheters were inserted 5 million times in the USA; 10 current estimates are 27 million central venous catheters are inserted worldwide. 11  In addition to the venous access, approximately 8 million brachial and radial arterial lines are created with the Seldinger technique in the United States every year for numerous diagnostic and therapeutic procedures. 12 
 
Central venous catheter placement is associated with low but measurable rates of serious complications. 13,14  Estimates of complications for central venous access range from 5%-19%. 15,16 A 2024 systematic review and meta-analysis published in JAMA Internal Medicine analyzing 130 separate studies from 2015-2023 found that while reported rates varied considerably, major complications occurred in an average of 3% of central venous catheter placements including placement failure occurring at a rate of 20.4 events per 1000, arterial puncture at 16.2 events per 1000, and pneumothorax at 4.4 events per 1000, while use complications rates of 4.8 events per 1000 for infection and 2.7 events per 1000 for deep vein thrombosis. 11 
 
The introduction of real time ultrasound has become the gold standard for central venous access, possibly reducing many of the complications, in particular pneumothorax. 17,18,19,20  However, the tools used for Seldinger access have neither been optimized for ultrasound visualization nor for guidewire manipulation: 1) the needle tip is not always readily visible under ultrasound necessitating a secondary blood flash-back confirmation, and 2) introduction of the guidewire still requires putting down the ultrasound probe while detaching the syringe from guide needle and inserting the guidewire into the needle hub.  These manipulations both risk inadvertent with-drawal of the needle from vascular lumen or advancing it through the posterior wall of the vein or artery. Additionally, the current access procedure causes the operator to often end visual ultrasound imaging while detaching the syringe and obtaining and advancing a guidewire (“third hand dilemma”).  The “blind” stabilization of the needle during manipulations risks dislodging or inadvertently advancing the needle should any operator or patient movement occur.  This “third hand dilemma” also results in the blind introduction of the guidewire, which is not the standard of care. Continuous visualization of the needle tip could ensure persistent proper positioning of the needle bevel within the lumen of the target vessel. And, continuous visualization could ensure safer introduction of the guidewire. 
 
 
A novel Accelerated Seldinger Kit has recently been approved by the FDA for human use by the 510k pathway, which addresses these specific deficiencies by creating an echogenic bulb on the introduction needle, helping to both optically and haptically identify the outside of the vessel wall as the needle bevel advances into the vessel lumen, thereby reducing risk of posterior wall puncture or laceration.  Additionally, inclusion of an integrated guidewire, with advancer, pre-connected to the needle obviates the need for a syringe detachment and wire introduction into the needle hub, and simultaneously resolves the “third hand dilemma”.
 
This novel Accelerated Seldinger Kit could represent a larger workflow redesign - creating a central venous access tool optimized for ultrasound visualization and facilitating continuous visualization of guidewire insertion. The echogenic properties and haptic feel of the bulb transform the needle from a passive cylinder into a direct visual interface that constitutes a functional element of the image itself. Furthermore, the integrated guidewire system eliminates the “third-hand dilemma” and potentially minimizes the time between vessel puncture and guidewire placement, reducing both needle manipulations and maintaining continuous ultrasound visualization of all steps. 
 
This novel Accelerated Seldinger Kit potentially leads to improvements in patient safety and ease of use. Further studies are currently underway to prospectively capture the procedural and outcome-specific improvements associated with the Accelerated Seldinger Kit.
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Figure 1-1. Primero SAS
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Figure 1‑2.  Primero Introducer Needle Echogenic Bulb
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