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 1 
AIUM Practice Parameter for the Use of Ultrasound to Guide Vascular 2 
Access Procedures 3 
  4 
Parameter developed in conjunction with the American Academy of Physician Assistants (AAPA), the 5 
American Association of Critical Care Nurses (AACN), the American Association of Nurse Anesthetists 6 
(AANA), the American College of Emergency Physicians (ACEP), the American College of Radiology 7 
(ACR), the American Society of Diagnostic and Interventional Nephrology (ASDIN), the American Society 8 
of Echocardiography (ASE), the Association of Physician Assistants in Cardiovascular Surgery (APACS), 9 
the Association for Vascular Access (AVA), the Infusion Nurses Society (INS), the Renal Physicians 10 
Association (RPA), the Society of Diagnostic Medical Sonography (SDMS), and the Society for Vascular 11 
Ultrasound (SVU). 12 
  13 
The American Institute of Ultrasound in Medicine (AIUM) is a multidisciplinary association dedicated to advancing the 14 
safe and effective use of ultrasound in medicine through professional and public education, research, development of 15 
parameters, and accreditation. To promote this mission, the AIUM is pleased to publish this AIUM Practice Parameter 16 
for the Use of Ultrasound to Guide Vascular Access Procedures, established collaboratively with many organizations 17 
whose members perform vascular access. We are indebted to the many volunteers who contributed their time, 18 
knowledge, and energy to bringing this document to completion. 19 
  20 
The AIUM represents the entire range of clinical and basic science interests in medical ultrasound, and, with 21 
hundreds of volunteers, the AIUM has promoted the safe and effective use of ultrasound in clinical medicine for more 22 
than 50 years. This document and others like it will continue to advance this mission. 23 
  24 
Practice parameters of the AIUM are intended to provide the medical ultrasound community with parameters for the 25 
performance and recording of high-quality ultrasound examinations. The parameters reflect what the AIUM considers 26 
the minimum criteria for a complete examination in each area but are not intended to establish a legal standard of 27 
care. AIUM-accredited practices are expected to generally follow the parameters with recognition that deviations from 28 
these parameters will be needed in some cases, depending on patient needs and available equipment. Practices are 29 
encouraged to go beyond the parameters to provide additional service and information as needed. 30 
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  74 
I. Introduction and Scope of This Document 75 
  76 
The contents of this parameter were developed collaboratively among the AIUM and other 77 
organizations whose members use ultrasound for guidance in vascular access procedures. 78 
  79 
This parameter has been developed by and for clinicians from diverse specialties and 80 
practitioner levels who perform vascular access. While vascular access may be performed using 81 
external landmarks, point-of-care ultrasound is now increasingly available.1 Appropriately used, 82 
ultrasound guidance for vascular access has been shown to improve success rates while 83 
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reducing iatrogenic injury, the number of needle passes, and infection rates.2 Additionally, it may 84 
improve patient comfort and satisfaction. 85 
  86 
This parameter is intended to be evidence based when possible and to include selected 87 
references of importance, but it is not meant to be a comprehensive or rigorous literature 88 
review, as this has been accomplished elsewhere.3 The intent of this document is to highlight 89 
appropriate evidence while also providing practical, real-world expert consensuses from 90 
clinicians with diverse backgrounds on the best use and techniques for incorporating ultrasound 91 
into vascular access procedures with the ultimate goal of improving the care of our patients. 92 
  93 
 94 
II. Indications/Contraindications 95 
  96 
Ultrasound should be used to aid in central venous, peripheral venous, and arterial access 97 
procedures4. When used appropriately by qualified personnel, there are no absolute 98 
contraindications to using ultrasound as a procedural adjunct for vascular guidance. Based on 99 
evidence and the consensus opinion of the collaborating organizations, ultrasound should be 100 
used whenever feasible in ) all central vascular access procedures.  While ultrasound guidance 101 
may not be required for peripheral venous or arterial access it can aid in the safety and success 102 
of these procedures, particularly if they are not successful on a first pass. Clinicians routinely 103 
performing vascular access procedures should have access to appropriate ultrasound 104 
equipment, should be adequately trained in the use of ultrasound for procedural guidance, and 105 
should understand the benefits and limitations of using ultrasound to guide vascular access 106 
procedures. 107 
  108 
III. Qualifications of the Ultrasound User for Vascular Access 109 
  110 
It is assumed that practitioners who perform vascular access are performing this procedure 111 
within their scope of practice, with or without ultrasound. Training and determination of 112 
competency for the use of ultrasound in procedural guidance will be defined by the practitioner’s 113 
respective specialty but should include basic didactic training in principles and practice of 114 
ultrasound, instruction in the techniques of ultrasound guidance for vascular access, and 115 
proctored assessment of competency in a simulated or actual patient care setting.3,5,6 116 
  117 
IV. General Considerations for Ultrasound-Guided Vascular Access 118 
  119 
As with all procedures, the clinician should perform a sufficient history and physical examination 120 
to determine the appropriate procedure and anatomic site. Known anatomic issues, prior 121 
procedures, and the potential for complications (particularly the presence of an underlying 122 
coagulopathy) should be evaluated. For central access, written informed consent should be 123 
obtained unless the procedure is emergent. The following sections delineate procedures and 124 
practices that are relatively constant across different ultrasound-guided vascular access 125 
procedures. 126 
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  127 
A. Out-of-plane (Short Axis) vs. In-plane (Long Axis) Visualization (Figure 1) 128 

Using basic B-mode imaging, the plane of the ultrasound image may be oriented relative to 129 
the needle so that the ultrasound plane is perpendicular to the needle (out-of-plane) or 130 
parallel to the needle (in-plane). With out-of-plane visualization the plane of the ultrasound is 131 
perpendicular to the vessel so the vessel will then be seen in short axis, while if the needle 132 
is in-pane with the ultrasound the vessel will be seen in long axis .While the terms “out-of-133 
plane” and short axis (and “in-plane” and long axis) are often used synonymously when 134 
describing vascular access, in- and out-of-plane are the preferred terms for ultrasound 135 
guided procedures as there are times (such as in performing nerve blocks) where an in-136 
plane approach may visualize the structure of interest in a short axis. For vascular access 137 
using an out-of-plane approach, the vessel should appear in short axis as an anechoic circle 138 
on the screen, with the needle visualized as a hyperechoic point in cross section. In an in-139 
plane view, the image plane is parallel to the course of the vessel which will be seen in long 140 
axis. The image should show the course of the vessel across the screen and the shaft and 141 
point of the needle as it is advanced. 142 

 143 
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  144 
Figure 1. Planes of ultrasound visualization for vascular access procedures. Panel A shows an in-plane view of the 145 
needle, long axis to the vessel. The in-plane view has the advantage of showing the entire needle, including the tip 146 
(ultrasound image at right), although it can be challenging to obtain and maintain this view of the needle. Panel B 147 
shows an out-of-plane approach (short axis to the vessel), with the characteristic “target sign” of the needle in the 148 
vessel lumen. The ultrasound image also shows a reverberation artifact, which occurred in this case when the 149 
ultrasound beam struck a metallic object. The artifact appears as closely spaced, tapering lines below the needle. 150 
Although the visualized portion of the needle is centered in the lumen, the disadvantage of an out-of-plane approach 151 
is that the plane of the ultrasound may cut through the needle shaft proximally, underestimating the depth of the tip 152 
(figure and legend used with permission from the New England Journal of Medicine1). 153 
  154 
The out-of-plane (short axis) view allows the needle approach to be over the center of the vein. 155 
However, care must be taken to “fan” the plane of the image along the needle as it advances to 156 
track the tip and avoid underestimating the depth of the tip. A helpful way to ensure that the tip 157 
of the needle terminates in the center of the vessel is to fan the ultrasound plane distally and 158 
see the target sign disappear, known as the “vanishing target” sign7.While the in-plane (long 159 
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axis) view has the advantage of allowing visualization of the entire needle shaft and tip,8 it may 160 
be more difficult to keep the plane of the ultrasound in line with the vessel, as the plane of the 161 
image may “slip off” to the side of the plane of the needle and/or the center of the vessel.9 The 162 
in-plane approach may be easier and more appropriate to use in larger vessels such as central 163 
veins when knowing the tip location is crucial, although with experience and care, the out-of-164 
plane approach is adequate and sufficient to follow the needle tip location. The out-of-plane, 165 
short axis approach may also be used when the space available for the transducer footprint 166 
does not allow for the in-plane, long axis view, i.e., in patients with a short neck or when devices 167 
or structures are in the way of the beam. It may be helpful to start a procedure with an out-of-168 
plane, short axis view to ensure that the needle is centered over the middle of the vessel and 169 
then rotate the probe to a long-axis/in-plane view as the needle is advanced. 170 
B. Differentiating Arteries and Veins 171 

As tubular fluid-filled vessels, arteries and veins have a similar appearance on a grayscale 172 
ultrasound image. Both typically have an anechoic (black) lumen. However, arteries have 173 
thicker walls that are slightly more hyperechoic (brighter) than the walls of veins. Arteries are 174 
less compressible than veins, but both are compressible with enough pressure. Peripheral 175 
arteries are more easily compressible than central arteries, but central arteries may be fairly 176 
easily compressed in a hypotensive patient. The ability to compress and collapse the 177 
venous walls with relatively minimal pressure is a useful way to distinguish a vein from an 178 
artery. If there is any doubt that a vessel may be arterial, the vessel should be imaged in the 179 
short axis and enough pressure applied to slightly deform the vessel, and it should be 180 
observed for several seconds to determine whether arterial pulsations are present or 181 
absent. A non-compressible venous lumen indicates a thrombus. Color Doppler imaging 182 
may also be used to identify blood flow and to help differentiate arterial from venous flow. 183 
The Doppler scale should be lowered sufficiently (by lowering the pulse repetition frequency) 184 
and the color gain increased sufficiently to detect flow if it is not initially seen. Pulsed-wave 185 
Doppler may also be used and differentiates a bi-phasic venous waveform from an arterial 186 
tri-phasic waveform. 187 

C. Static Versus Dynamic Ultrasound Guidance 188 
The static approach uses ultrasound to determine the vessel location and patency, assess 189 
surrounding structures, and mark the location to provide optimum placement for needle 190 
introduction. After this location is determined, the procedure is performed without real-time 191 
ultrasound. In a dynamic approach, the procedure is performed using real-time ultrasound 192 
observation of needle entry and placement. The static approach has advantages over a 193 
completely landmark-guided procedure. However, the dynamic approach allows for real-time 194 
visualization of needle tip placement and has been shown to be superior to the static 195 
approach in most situations.10 196 

D. One-Person Versus Two-Person Technique 197 
Using dynamic visualization, it is possible for one person to perform the ultrasound imaging 198 
while another person performs the procedure (“two-person dynamic approach”). This 199 
provides the potential advantage of allowing the person performing the procedure to use two 200 
hands for the procedure itself and does not require the dual hand-eye coordination of 201 
directing the ultrasound transducer as well as performing the procedure.11 However, the two-202 
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person approach has the disadvantage of requiring additional personnel, and it may be 203 
more difficult for the practitioner doing the procedure to optimize the image positioning 204 
relative to the needle. In a one-person dynamic approach, the person performing the 205 
procedure holds the needle with one hand while directing the ultrasound probe in the other 206 
hand. While a one-person dynamic approach requires more experience, it is preferred by 207 
most advanced practitioners, as it allows for real-time hand-eye coordination.12 208 

E. Site Selection and Preparation 209 
Site selection is a clinical decision. Guidelines such as the Michigan Appropriateness 210 
Guidelines for Intravenous Catheter (MAGIC) or other institutionally developed 211 
recommendations may be consulted.13 Before site preparation for puncture, ultrasound 212 
should be used to choose the optimal site for access. The choice of site should include 213 
factors such as vessel size, depth, course, surrounding structures, and adjacent pathology 214 
(such as overlying cellulitis). The vessel should be assessed for patency, course, and other 215 
anatomic issues such as vein valves. Although ultrasound will allow direct visualization of 216 
the vessel, optimizing the anatomy before the procedure is extremely important. In venous 217 
access, it is extremely important, particularly in central access procedures, to choose an 218 
angle of needle approach that will avoid the artery if the needle penetrates the posterior 219 
wall. This can be aided by appropriate patient positioning.14 220 

Once a site has been chosen topical anesthesia may be applied. The chosen site for central 221 
venous or arterial access should be prepared using maximal sterile barrier precautions.15 222 
Maximal sterile barrier precautions are not required when using ultrasound guidance to 223 
perform peripheral venous access.15,16 224 

In addition to skin preparation and barrier precautions, a sterile sheath is required for the 225 
ultrasound probe. There are commercially available probe cover kits that include both a 226 
sterile cover (sheath) for the probe and sterile gel. Typically, the probe is “dropped” into a 227 
sheath, which then extends up the cord of the probe to an adequate length to avoid 228 
inadvertent contamination. It is very helpful for the practitioner to have assistance with the 229 
equipment to ensure that sterility is maintained. Ultrasound gel must be placed both inside 230 
and outside the sheath (except for transducer covers that adhere to the transducer with 231 
adhesive, with sterile gel used on the outside. Avoid air bubbles between the face of the 232 
probe and the inner surface of the sterile sheath, as they will lead to suboptimal 233 
visualization. 234 

F. Performing the Procedure 235 
Adequate anesthesia will ensure both patient comfort and patient cooperation, reducing the 236 
risk of unwanted complications caused by unexpected patient movement. While injection of 237 
a small amount of anesthetic in the skin should provide adequate pain control, excessive 238 
subcutaneous injection may obscure the ultrasound image without much additional benefit 239 
to the patient.  240 

Before needle or catheter insertion, the axis of the vessel should be noted, and the expected 241 
direction of the needle path should be in line with this axis. Using ultrasound to identify the 242 
depth of the center of the intended vessel, the point of skin entry should be about the same 243 
distance from the probe, assuming an approximately 45° angle, set back from the probe a 244 
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distance approximately equivalent to the depth of the vessel (“triangulating” the path of the 245 
needle toward the vessel lumen). A steeper angle of approach may require a site of entry 246 
closer to the probe, whereas an angle more parallel to the skin would be farther away. The 247 
needle should be directed toward the middle of the vessel, typically more easily determined 248 
initially using out-of-plane, short axis ultrasound visualization and centering the vessel on 249 
the screen, then using the center of the probe as a guide for where the needle should enter. 250 
Whether using either in-plane or out-of-plane needle visualization with ultrasound, the tip of 251 
the needle must be identified throughout the procedure. The needle should be advanced in 252 
small increments. Between each needle depth adjustment, the operator can check the 253 
ultrasound screen to ensure that the proper needle trajectory has been maintained. If the 254 
needle tip is angled lateral or medial to the vessel, withdraw the needle to just below the 255 
skin surface, and then adjust the needle’s orientation. If the needle tip is not clearly seen, 256 
very slight movement of the needle may help visualize the tip by showing adjacent tissue 257 
movement. Once the needle is passed in the correct plane, the needle tip will be noted on 258 
the ultrasound screen to “indent” the wall of the vein. While keeping part of the needle in 259 
view is easier in a short-axis view (out-of-plane imaging), ensuring the tip location may be 260 
more challenging in this plane and requires “fanning” the plane of the probe to ensure that 261 
the plane of the ultrasound beam is intersecting the needle at or near the tip, rather than 262 
more proximally along the shaft (leading to underestimation of tip depth). 263 

When the needle enters the vessel, a “target sign” is seen in an out-of-plane or short axis 264 
view (see Figure 1). Typically a flash of blood will be seen in the needle hub or syringe 265 
attached to the needle, although caution should be used in relying on flash to determine 266 
intraluminal tip position, as flash often occurs just as the needle penetrates the posterior 267 
vessel wall (“backwalling”). The catheter may need to be advanced slightly farther, as the 268 
endothelium of the vessel may tent into the lumen. Care should be taken not to penetrate 269 
the posterior wall of the vein. In some cases (particularly with states such as dehydration), 270 
posterior wall puncture may occur. If posterior wall puncture occurs, it should be recognized 271 
and the needle withdrawn until the target sign is seen. Using the vanishing target sign 272 
(target sign disappears as ultrasound plane is fanned distally) can ensure that the needle tip 273 
terminates in the center of the vessel7. 274 

Once the needle has entered the vessel, ultrasound should be used to confirm that the 275 
needle and/or guide wire is in the target vessel and is not visible in adjacent vessels not 276 
intended for cannulation. Placement of the guide wire, dilator, and line may then proceed. 277 
Direct visualization of the guide wire/dilator within the vein can ensure proper placement.17

 278 
Sterile technique should be maintained at all times. 279 

G. Use of Ultrasound After the Procedure 280 
Ultrasound may be used after cannulation to ensure appropriate placement and to assess 281 
for complications. For venous access procedures, a “post-procedure flush” using agitated 282 
normal saline may be performed and recorded. This involves injecting a small amount (<10 283 
mL) of saline that has been agitated with air and then had large air bubbles removed from 284 
the syringe. When the catheter is properly placed, injection of agitated saline produces 285 
hyperechoic contrast within the lumen of the vessel, verifying the proper position. For central 286 
catheters, this can be performed while visualizing the right atrium of the heart, which may be 287 
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improved by using a low-frequency probe such as a curvilinear or phased array transducer. 288 
Ultrasound is faster than a chest xray, does not involve radiation, and may confirm that an 289 
infusion is entering the right side of the heart, however current evidence suggests that 290 
ultrasound cannot replace the chest x-ray in determining appropriate tip position of the 291 
catheter.18-20-xx Intra-procedural methods such as EKG monitoring may also provide timely, 292 
accurate and cost effective options for tip confirmation 21(Pittiruti, 2011) 293 

Lung sliding may also be assessed using ultrasound to help show the absence of 294 
pneumothorax, particularly after subclavian or IJ placement.2229 295 

H. Adjunctive Equipment and Aids 296 
While commercial needle guides exist for vascular guidance, most experienced users find 297 
that they are cumbersome and do not add value to a freehand technique. For novice 298 
operators, needle guides have been shown to increase first-pass success, although the rate 299 
of arterial puncture was not decreased.23 Using needles with “echogenic” needle tips as well 300 
as ultrasound machine algorithms that enhance visualization of the needle may be very 301 
helpful, particularly for less experienced users.24xx Products using other means of needle 302 
localization and guidance that do not interfere with needle manipulation as much as 303 
traditional needle guides are becoming commercially available and may make ultrasound 304 
guidance for vascular access procedures even safer and easier in the future. 305 

V. Specifications of Specific Ultrasound-Guided Access Procedures 306 
  307 
A. Ultrasound-Guided Central Venous Catheterization 308 
It is estimated that approximately 5 million central venous catheters (CVCs) are inserted 309 
annually in the United States.16   Central venous catheters are often used when peripheral 310 
access fails, or when large volumes of fluid or medications are required, including vasoactive 311 
medications that may be dangerous if given peripherally. There are four major sites for 312 
accomplishing CVC access: internal jugular (IJ), axillary/subclavian, and femoral. Factors such 313 
as infection rates, compressibility in the event of arterial laceration, interference from other 314 
medical devices, and operator experience may influence site selection. A full consideration of 315 
site selection is outside the scope of this document. While ultrasound may be used to provide 316 
procedural guidance for all four sites, the subclavian vein may be more challenging to visualize 317 
with ultrasound due to interference from the clavicle. Access to the subclavian vein via the 318 
axillary vein or via a supraclavicular approach may be more amenable to ultrasound. A pre-319 
procedure scan should be performed before sterile precautions are secured to identify thrombi, 320 
occlusion, and unfavorable anatomy. Measurement of vessel diameter should be assessed prior 321 
to catheter selection to ensure no more than one-third of the vessel would be occupied by the 322 
catheter. 323 

 324 

1.   Ultrasound Guidance for Internal Jugular (IJ) Cannulation 325 
a.   Overview and Evidence for Ultrasound Guidance in IJ Access 326 

There is clear evidence that ultrasound guidance for IJ vein cannulation improves first-327 
pass and overall success rates and reduces the risk of procedure-related complications 328 
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across diverse environments of care.25,26,27, 
 The impact of ultrasound guidance in 329 

improving success and reducing complications is greatest in difficult patients, particularly 330 
in patients who are obese, have short necks, or are uncooperative. 331 

Ultrasound guidance has also been shown to reduce the incidence of insertion failure, 332 
arterial puncture, hematomas, pneumothorax, hemothorax in when the operator is 333 
adequately trained in the use of ultrasound for guidance.4,28,29 334 

In mechanically ventilated intensive care unit patients, real-time ultrasound-guided IJ 335 
vein cannulation has been shown to improve the overall success rate and to decrease 336 
mechanical and infectious complications, particularly in hypovolemic patients.26 337 

While there is less literature on the use of ultrasound guidance for IJ access in children, 338 
ultrasound guidance for IJ vein insertion using real-time guidance is 339 
recommended.4,30Finally, the use of continuous wave Doppler ultrasound alone (ie, 340 
sound without an image) for guidance in IJ vein cannulation is discouraged. Although 341 
used extensively in the past, it does not offer benefit over 2-dimensional (B-mode) 342 
ultrasound imaging.31However, adjunctive use of Doppler (color or spectral) imaging may 343 
help clarify venous and arterial structures, as well as vessel patency. Doppler 344 
interrogation does not present additional risk or discomfort to the patient and should be 345 
left to operator discretion and the level of training. 346 

In summary, one-person dynamic ultrasound guidance32
 is recommended for a CVC at 347 

the IJ vein site. 348 

b.   Technique for Ultrasound-Guided IJ Access 349 
If the patient is able to tolerate it from a hemodynamic and respiratory standpoint, he 350 
or she should be placed in the Trendelenburg position to maximize the IJ vein size 351 
and minimize the possibility of air embolism.33,34 If a patient is cooperative, other 352 
maneuvers such as Valsalva or humming may also increase the IJ vein size.35 While 353 
some head rotation may be required to maneuver the probe and cannulation 354 
equipment, the amount of rotation is directly associated with increasing overlap of 355 
the IJ vein and carotid artery, and rotation should be minimized.14 Before beginning 356 
sterile preparations, interrogation of the IJ vein should be undertaken to assess the 357 
anatomy and patency and to choose the side and location of access. The operator 358 
should be positioned at the head of the bed, with the ultrasound screen facing the 359 
operator in a position where it can be easily visualized during the procedure. In a 360 
transverse or short-axis view, the probe indicator should be oriented to the operator’s 361 
left, corresponding to the left of the patient and the left side of the screen as it is 362 
viewed. 363 

A site should be chosen where the IJ vein is lateral to the carotid artery, as close as 364 
possible to the surface of the skin. The classic anterior approach is to insert the 365 
needle at the apex of the triangle formed by the sternal and clavicular heads of the 366 
sternocleidomastoid muscle. A posterior approach may also be used. Both 367 
approaches may be enhanced by visualizing the relationship of the 368 
sternocleidomastoid muscle to the IJ vein using ultrasound. The distance from the 369 
skin surface to the center of the vessel should be noted, accounting for the angle of 370 



DRAFT FOR OPEN COMMENT 
DO NOT CITE OR DISTRIBUTE 

 
Send comments to practice@aana.com 

11 
 

the needle pass to determine how far from the probe the needle should enter the 371 
skin. If it is impossible to avoid IJ vein and carotid artery overlap, an angle of 372 
approach should be chosen so that if the needle penetrates the IJ vein posteriorly, it 373 
will not enter the carotid artery.36,37 374 

Once blood return has been obtained, the ultrasound probe may be placed aside on 375 
the sterile field to continue with the procedure.  376 

2.   Ultrasound Guidance for Subclavian/Axillary Access 377 
a.   Overview and Evidence 378 

While the utility of ultrasound guidance for IJ vein catheterization is well 379 
demonstrated, the subclavian vein access site has been shown to have lower rates 380 
of infection and is a preferred site of access by some practitioners.38,39, However, in 381 
most dialysis patients the subclavian site is contraindicated because of the high 382 
incidence of stenosis related to dialysis catheters in this location unless no other 383 
upper extremity access is planned on the ipsilateral side. While ultrasound-guided IJ 384 
vein access may result in fewer complications than blind subclavian vein access, the 385 
literature is less clear on the use of ultrasound in aiding subclavian vein access. 386 

Interference from the clavicle hinders the utility of ultrasound for subclavian central 387 
venous access.12 However, the axillary vein (which drains into the subclavian vein 388 
lateral to the outer border of the first rib at the teres major muscle) can be easily 389 
visualized using ultrasound. There is some lack of clarity in the literature about 390 
whether studies of ultrasound-guided access in this area are referring to direct 391 
subclavian vein access or to subclavian vein access via the axillary vein 392 

A recent meta-analysis found ultrasound guidance for subclavian access reduced the 393 
incidence of insertion failure, arterial puncture, hematomas, pneumothorax, 394 
hemothorax.4  395 

b.   Subclavian/Axillary Vein Ultrasound Guidance Technique 396 
There are 3 basic approaches to the subclavian vein: infraclavicular (proximal) 397 
approach, axillary vein (more distal infraclavicular) approach, and supraclavicular 398 
approach. 399 

A direct subclavian infraclavicular approach using dynamic ultrasound may be 400 
difficult but with experience will allow the operator to safely cannulate the subclavian 401 
or proximal axillary veins under direct ultrasound guidance. This can be aided by 402 
using a smaller-footprint probe (including an L-shaped “hockey stick” probe or a high-403 
frequency endocavitary probe), but linear array (7–12-MHz) transducers usually will 404 
suffice. 405 

Before the procedure, the clavicle, pleural line, vein, and artery should be clearly 406 
identified. Excessive pressure should be avoided to avoid collapsing the vein, 407 
particularly in a hypovolemic patient. When approaching the subclavian vein, the 408 
short-axis (out-of-plane) view is safer than the long-axis (in-plane) view, as 409 
differentiation between the vein and artery may be more difficult. The vein and artery 410 
should be clearly visualized as separate structures just below the distal half of the 411 
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clavicle on a short-axis view. Proximal to this landmark, the vein is under the clavicle 412 
and cannot be visualized directly without positioning the transducer at a different site. 413 
Once the needle is visualized, the position of the tip should be carefully followed by 414 
“fanning” the transducer medially and cranially, noting its relationship with the 415 
location of the artery and pleura. Once the lumen is entered, the needle may need to 416 
be angled laterally to allow for smooth advancement of the guide wire. Ultrasound 417 
may be used to aid correct guide wire placement and avoid migration of the guide 418 
wire or catheter into the ipsilateral IJ vein. 419 

The axillary vein can be approached inferior to the clavicle in a similar manner. The 420 
vein can be differentiated from the artery by compression, although more force may 421 
be required to collapse the vein than usual because of soft tissue and overlying 422 
muscle in the chest. On conscious (awake) patients, performing a ‘sniff test’ while 423 
resting the ultrasound probe over the axillary/subclavian vein helps identify vein 424 
versus artery 40 (Hightower DR, 1985). Doppler imaging may be helpful in identifying 425 
the artery. In addition to arterial puncture, the proximity of the pleura should be 426 
appreciated, as well as the risk of pneumothorax. Ultrasound may be used after the 427 
procedure to assess for the presence of pneumothorax. 428 

A blind supraclavicular approach has been described in the procedural literature but 429 
in practice is rarely used, likely because of concerns about complications when a 430 
large needle is directed toward the mediastinum. However, with ultrasound guidance, 431 
the large venous target resulting from the confluence of the IJ and subclavian veins 432 
can be appreciated. Ultrasound guidance from this approach should use an in-plane, 433 
long-axis view, both to allow the probe to fit into the supraclavicular space and to 434 
follow the shaft and tip of the needle. 435 

3.   Ultrasound Guidance for Femoral Vein Access 436 
a.   Overview and Evidence 437 

For longer-term central access, the femoral vein site is not usually preferred because 438 
of higher infection rates and increased risk of deep venous thrombosis. However, the 439 
distance from structures in the neck and chest reduces the chance of hemothorax or 440 
pneumothorax, and accessibility in trauma and resuscitation scenarios makes it a 441 
good choice in certain situations. For dialysis patients this access point may be used 442 
to preserve the upper extremities for future access or if upper extremity vascular 443 
access is not possible. The proximal femoral vein is located medial to the femoral 444 
artery but often, the femoral artery overlaps the vein making landmark technique 445 
problematic and risky for inadvertent arterial puncture.4,32,33

   Particularly in situations 446 
in which a pulse is difficult to palpate (severe hypotension or cardiac arrest) as well 447 
as in pediatric patients, ultrasound guidance has been shown to improve successful 448 
femoral vein access.43,44 449 

Published literature on ultrasound guidance for femoral vein catheterization is less 450 
robust than that for ultrasound guidance in IJ vein cannulation. A prospective trial of 451 
ultrasound guidance for hemodialysis access showed that the use of ultrasound 452 
improved first-pass and overall success rates as well as lowering the rate of arterial 453 
puncture and overall procedure time.45 Another trial also demonstrated improvement 454 
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in these metrics, although only in less-experienced operators.6 A small study of 455 
patients in cardiac arrest showed that ultrasound guidance for femoral vein access 456 
resulted in fewer needle passes and arterial catheterizations.43 The use of ultrasound 457 
guidance for pediatric femoral vein access has been shown to markedly increase the 458 
first-pass success rate and shorten the time to cannulation.44 459 

In summary, ultrasound guidance for femoral vein access improves the success rate 460 
and reduce complications for femoral vein cannulation. 461 

b.   Technique for Ultrasound-Guided Femoral Vein Access 462 
The patient should be in a supine position with the leg slightly externally rotated 463 
(“frog leg” position). This will minimize overlap of the femoral artery on top of the 464 
femoral vein, keeping the vein medial. It is essential during the pre-procedure 465 
ultrasound assessment as well as during the procedure that the course of the 466 
femoral vein is appreciated and that it is accessed at a sufficiently proximal point in 467 
the thigh, as overlap will often occur only slightly distal to the inguinal ligament. 468 
Because of the close relationship of the artery and vein in this area, it is particularly 469 
important that the guide wire is appropriately placed before advancement of the 470 
dilator. Correct guide wire placement can be verified by using direct visualization with 471 
ultrasound. After securing the catheter, appropriate placement may be confirmed by 472 
visualizing the inferior vena cava and/or right atrium during a saline flush. 473 

4.   Ultrasound Guidance for Arterial Access Procedures 474 
a.   Overview and Evidence 475 

Arterial access is an important aspect of vascular cannulation for monitoring and 476 
procedural purposes. Although vascular ultrasound imaging of arterial vessels is an 477 
established technique for detecting atherosclerosis, ultrasound can also be used to 478 
aid in accessing or cannulating arterial vessels. Ultrasound guidance aids in 479 
identifying and accessing the arterial lumen at the more traditional locations that 480 
have good external anatomic landmarks and may expand options for access to 481 
nontraditional sites whose external landmarks are less well defined. The choice of 482 
access site depends on the intended use, accessibility, and complication rate for 483 
both access and maintenance but may include the femoral, radial, brachial, axillary, 484 
and dorsalis pedis arteries. 485 

Ultrasound-guided arterial cannulation is particularly useful in patients with obesity, 486 
altered anatomy, low systemic perfusion, or non-pulsatile blood flow and among 487 
patients in whom previous cannulation attempts have been unsuccessful.3 488 
Ultrasound has been compared to fluoroscopic guidance in a large trial of patients 489 
undergoing retrograde femoral artery cannulation.46 While there was no significant 490 
difference in the primary end point of the cannulation success rate for the overall 491 
group, the subgroup of patients with a “high bifurcation” (above the femoral head, 492 
occurring in approximately 30% of patients) showed substantially better cannulation 493 
rates with ultrasound guidance. Ultrasound guidance also improved the first-pass 494 
success rate, reduced the number of attempts, reduced the risk of venipuncture, 495 
reduced the time to access, and reduced the risk of vascular complications when 496 
compared to fluoroscopy. 497 
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Ultrasound guidance improves cannulation success and reduces the time to 498 
cannulation when compared to the palpation method in the placement of radial 499 
arterial catheters.38 Several studies have demonstrated improvement in first-pass 500 
success rates for ultrasound-guided radial artery access in the emergency 501 
department and operating theater settings.4,48-50

  The advantages of the radial artery 502 
are its accessibility, predictable location, and low complication rates associated with 503 
both its access and use. It is usually palpable and is also not typically the sole blood 504 
supply to the distal extremity, unlike the axillary, brachial, and femoral arteries. 505 

In the pediatric population, one investigation found that the use of ultrasound for 506 
arterial cannulation substantially improved the success rate, whereas another 507 
investigation did not find a benefit (although the operators in this investigation had 508 
minimal experience with ultrasound).51,52 509 

In summary, ultrasound guidance for arterial access may be helpful in certain 510 
subgroups; the evidence is strong that it offers significant advantages over palpation 511 
and fluoroscopy. 512 

b.   Technique for Ultrasound-Guided Arterial Access 513 
A site for access should be chosen by using ultrasound guidance before sterile 514 
preparation. Arteries should be identified and differentiated from veins, with 515 
surrounding anatomy appreciated. Identification of plaque, an arterial spasm, 516 
hematoma, or a decreased luminal diameter with ultrasound avoids futile cannulation 517 
attempts and directs the operator to a more desirable location. Real-time ultrasound-518 
guided insertion of an arterial catheter using sterile technique is preferred over a 519 
skin-marking static imaging technique. 520 

For radial artery cannulation, an Allen test or, more objectively a Barbeau test for 521 
collateral perfusion should be performed. Optimal positioning of the wrist should 522 
include a support that allows the wrist to be approximately 45° extended (>45° may 523 
cause the vessel to be compressed).48 524 

Conditions such as hypotension, low cardiac output, and an excessive limb 525 
circumference that contribute to arterial cannulation failures with a landmark-guided 526 
technique may be equally challenging despite ultrasound guidance. 527 

5.   Ultrasound Guidance for Peripherally Inserted Central Catheters 528 
a. Overview and Evidence 529 

Peripherally inserted central catheters (PICCs) help meet the demand for venous 530 
access in the growing population of patients with poor venous integrity, as well as 531 
providing intermediate-term access in inpatient and outpatient adult and pediatric 532 
patients.53,54

 PICCs are typically appropriate when intravenous therapy will exceed 14 533 
days, though guidelines such as the MAGIC guidelines may be consulted.xx PICCs 534 
should be avoided in patients with chronic kidney disease to preserve future dialysis 535 
access. While PICCs may be placed by practitioners of different backgrounds, 536 
approximately 70% of the 3 million PICCs placed annually in the United States are 537 
placed by nurses, and the availability of ultrasound equipment and appropriate 538 
training for nurses who perform PICC placement is recommended.55 539 
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The use of ultrasound guidance for PICC placement enhances vein assessment 540 
techniques, provides a better selection of optimal veins for access, and enhances 541 
success while decreasing complications. The use of ultrasound for PICC placement 542 
has been shown to substantially increase overall success rates while minimizing the 543 
risk of thrombosis.56-59 When using a “blind” approach to PICC placement, most 544 
practitioners rely on a landmark such as an artery to find the adjacent vein (i.e., the 545 
brachial artery and adjacent veins in the upper arm). In addition to clarifying the 546 
relationship of adjacent arteries and veins, ultrasound can find and guide access to 547 
veins that do not travel with arteries (such as the basilic vein), minimizing the risk of 548 
arterial puncture. 549 

Based on evidence and an evolving standard of care, it is the recommendation of 550 
this group that ultrasound equipment and training should be provided to practitioners 551 
who place PICCs and that ultrasound guidance should be used routinely to aid in 552 
PICC placement.4  553 

b.   Technique for Ultrasound-Guided Peripherally Inserted Central Catheter Placement 554 
This technique assumes that the operator is competent using the modified Seldinger 555 
technique for PICC insertion. Supplies, patient positioning, and skin preparation 556 
should be compliant with patient safety and infection control standards of care, when 557 
incorporating maximal sterile barrier precautions.15 Once the central line equipment 558 
has been prepared, the single-operator technique can be used for PICC placement 559 
based on operator preference. 560 

The first and perhaps most important step in successful placement of the PICC is the 561 
initial ultrasound examination of the upper arm to determine the best site for needle 562 
puncture and PICC site location.60 If patients are able to tolerate it, they should be 563 
positioned in a recumbent, supine position with the extremity of choice extended on a 564 
flat surface, palm up. The ultrasound probe should be placed in close proximity to the 565 
patient’s bed or examination table. A linear probe should be used to identify and 566 
track the basilic, cephalic, or brachial veins to determine the optimal location for 567 
access based on vessel location, patency, size, depth, and adjacent and overlying 568 
structures. Once the site has been chosen, sterile precautions should be initiated. 569 

Ultrasound guidance should be used to guide the needle and to verify correct 570 
insertion of the guide wire using a modified Seldinger technique. Once correct 571 
placement has been verified, the PICC should be advanced to the desired length and 572 
location. 573 

Ultrasound may be used to verify PICC placement by visualizing agitated saline from 574 
an intravenous flush in the right atrium of the heart after placement. Ultrasound may 575 
help identify and correct malposition of a PICC, particularly inadvertent placement 576 
into the IJ vein.61 Peripherally inserted central catheter placement should be verified 577 
and adjusted such that the tip dwells between the lower third of the superior vena 578 
cava (SVC) to the right atrium. 62 Electrocardiographic guidance and other US Food 579 
and Drug Administration– approved non-radiographic techniques are optimally used 580 
to verify and adjust the tip position. In the event that electrocardiographic guidance 581 
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and other Food and Drug Administration–approved devices for such purposes are 582 
unavailable, the catheter tip position must be verified by chest radiography before 583 
use. 584 

6.   Ultrasound-Guided Peripheral Venous Access 585 
a.   Overview and Evidence 586 

Ultrasound guidance for peripheral venous access can be an invaluable technique 587 
when short-term access is needed in patients who are difficult or impossible to 588 
access via the landmark technique63. While ultrasound-guided peripheral venous 589 
access can be very effective when performed by an experienced individual, this 590 
procedure can be quite challenging, as the vessels are small and can be deep.12 591 
Without sufficient operator experience with both intravenous access and ultrasound 592 
guidance for procedures, ultrasound may consume time and cause patient 593 
discomfort without benefits.64 Ultrasound use by nurses has shown a particular 594 
benefit as an adjunct for peripheral venous access in difficult patients.65 595 

b.   Technique 596 
Vessels in the upper extremity are usually preferred for ultrasound-guided peripheral 597 
venous access, although others may be identified. Veins may be found in the 598 
forearm, antecubital fossa, or upper arm. When available, superficial veins are 599 
preferred, as they are closer to the surface and not typically near arteries or nerves. 600 
Superficial veins include the median antebrachial vein on the volar surface of the 601 
forearm, the antecubital vein, the cephalic vein (radial side), and basilic veins (ulnar 602 
side). Deep veins of the forearm are paired with arteries and are often found with one 603 
on each side of an artery. Nerves travel adjacent to arteries as well. Any potential 604 
vessel should be evaluated for patency, diameter, depth, course, and surrounding or 605 
overlying structures. A vein depth of about 5 mm is usually ideal, and a depth of 606 
greater than 1.5 to 2 cm makes peripheral access very challenging even with 607 
ultrasound guidance, although larger-diameter vessels may be accessed deeper 608 
than others.66 Proximal placement of a rubber tourniquet may distend the vessel and 609 
improve the ability of the catheter to puncture the vein without also passing through 610 
the posterior wall. 611 

The site should be prepared by cleaning with an appropriate antiseptic agent, and 612 
clean gloves should be used, but maximum sterile barrier precautions are not 613 
required for peripheral venous access.15 An appropriate-gauge catheter of sufficient 614 
length should be used. It is essential that the catheter be longer than the typical 615 
intravenous catheter (1.25 inches), or the catheter will not reach (or will not remain 616 
in) the veins, as they are deeper than those accessed via the landmark technique. A 617 
catheter length of greater than 1.75 inches is recommended. There are also longer 618 
peripheral catheters (~2.5”) that include a wire to utilize a Seldinger technique for 619 
deeper or more difficult peripheral access. If these are not available some 620 
practitioners have used the67 The site may be anesthetized by using topical or 621 
injectable lidocaine and a small-gauge needle (ie, tuberculin or insulin syringe). 622 
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Static guidance has been shown to be helpful in pediatric patients when veins are 623 
not easily seen, but one-person dynamic guidance is usually the preferred method 624 
for ultrasound-guided peripheral venous access by experienced users. Ultrasound 625 
guidance in peripheral veins is almost always performed by using an out-of-plane 626 
orientation, visualizing the short axis of the vessel, as smaller vessels with more 627 
frequent turns are difficult to keep in view longitudinally.12 The ultrasound probe 628 
should be centered over the vessel. The catheter should be grasped with the hand 629 
over the top of the catheter to allow improved manipulation of the angle of insertion, 630 
allowing it to be more parallel to the skin if necessary. Once the catheter tip is 631 
appropriately placed in the lumen, the catheter should be advanced over the needle 632 
and should slide in easily. Resistance usually means the tip is not properly 633 
positioned. Once the catheter is placed, blood should return easily, and the catheter 634 
should be flushed and secured. Ultrasound visualization of the vein more proximal to 635 
the catheter while a flush is performed can confirm appropriate placement. 636 

7. Midline catheters 637 

Between peripheral IV catheters and PICC s there is a category of catheters known 638 
as “midline” that are longer than most peripheral catheters but shorter than PICC s, 639 
typically 8-20cm in length68.These catheters are recommended for medium- to long-640 
term intravenous therapy, and are recommended by the Centers for Disease Control 641 
and other guidelines when therapy is expected to exceed 6 days.13 As with PICCs, 642 
midline catheters should be avoided in patients with chronic kidney disease who may 643 
need dialysis as they may compromise future dialysis access. While midline 644 
catheters are technically considered peripheral it is generally recommend that full 645 
barrier precautions be used, which may limit feasibility in the acute setting69. The use 646 
of ultrasound guidance for midline placement should be similar to that for PICC 647 
placement. 648 

 649 

VI. Documentation 650 
  651 
As in all procedures, vascular access using ultrasound guidance requires adequate 652 
documentation, both of the procedure and the use of ultrasound. Documentation of ultrasound 653 
guidance includes written documentation in the patient’s medical record as well as image 654 
retention. Retention of the ultrasound examination should be consistent with both clinical needs 655 
and local health care facility requirements. As such, we recognize that the following important 656 
elements of documentation should be considered. In emergency, remote, out-of-hospital, or 657 
disaster situations, documentation and/or image retention may need to be abbreviated. 658 

A. Written Elements 659 
1.    Procedural consent (written consent for major procedures such as central vascular access; 660 
may be verbal for peripheral access) by the patient, guardian, or agent under a durable attorney 661 
for healthcare. 662 
A.    Proxy when the clinical scenario permits (i.e., except in emergent cases). 663 
2.    Indications for the procedure. 664 
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3.    Safeguards taken for major procedures (time out, checklist or correct side). 665 
4.    Methods and measures taken to ensure sterility. 666 
5.    Procedural sedation, if used, including the agent, amount, and full accompanying sedation 667 
documentation as dictated by the clinician’s specialty or institution. 668 
6.    Local anesthetic agent, concentration, and amount infiltrated. 669 
7.    Anatomic site, target vessel patency, and approach to the target vessel. 670 
8.    Use of ultrasound, in-plane or out-of-plane approach, and visualization of needle entry. 671 
9.    Type, gauge, and length of the catheter used. 672 
10.  Number of passes/attempts and any complications. 673 
11.  Confirmation of successful placement. 674 
12.  Post-procedural annotation of patient tolerance of the procedure and appearance of the 675 
site. 676 
B.   Image Retention 677 

Images should be labeled with the patient identification, facility identification, and side of the 678 
anatomic site imaged. Ideally this would include the following as dynamic (cine loop) images, 679 
although the difficulty of recording images during a procedure is recognized and may not include 680 
all elements: 681 

1.    Pre-procedure venous compressibility and patency and surrounding structures. 682 
2.    Entrance of the needle tip into the vessel lumen. 683 
3.    Post-procedure flush to ensure intraluminal placement. 684 
Reporting should be in accordance with the AIUM Practice Parameter for Documentation of an 685 
Ultrasound Examination. 686 

VII. Equipment Specifications 687 
  688 
Ultrasound guidance for vascular access procedures should be performed using broadband 689 
high-resolution linear array transducers. Frequencies between 7.5 and 12 MHz are generally 690 
preferred, with higher frequencies better for more superficial vessels and lower frequencies 691 
better for deeper vessels. Small-footprint probes (including the “hockey stick”–type probe) may 692 
be helpful in pediatric patients or in areas where space is limited, such as near the clavicle. 693 
Color or spectral Doppler imaging may be helpful for identifying flow in vascular structures and 694 
in aiding the differentiation of arteries and veins. 695 

In addition to ultrasound equipment, certain additional equipment may be required or helpful for 696 
ultrasound guidance of vascular access procedures. Sterile probe covers should be available for 697 
all central access procedures. Echogenic needle tips for access may improve sonographic 698 
visibility. Longer intravenous catheters (>1.75 inches) are essential for peripheral venous 699 
access of deeper vessels identified with ultrasound. 700 
  701 
VIII. Quality Control and Improvement, Safety, Infection Control, and 702 
Patient Education Concerns 703 
  704 
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Policies and procedures related to quality control, patient education, infection control, and safety 705 
should be developed and implemented in accordance with the AIUM Standards and Guidelines 706 
for the Accreditation of Ultrasound Practices. 707 

Additional care needs to be taken for infection control while using ultrasound equipment to aid in 708 
procedural guidance, particularly in central vascular access, in which sterility must be 709 
maintained. The introduction of an additional piece of equipment adds complexity to keeping 710 
these procedures sterile. Sterile probe covers should be readily available with all equipment. An 711 
additional person is often required to assist with sterile preparation of the ultrasound probe and 712 
machine operation. Consistent adherence to additional infection control guidelines, including 713 
hand hygiene, the use of chlorhexidine skin preparation, and maximum sterile barrier 714 
precautions, has been shown to contribute significantly to positive patient outcomes in central 715 
vascular access. 716 

Equipment performance monitoring should be in accordance with the AIUM Standards and 717 
Guidelines for the Accreditation of Ultrasound Practices. 718 
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