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(Figure 1),assessingflowanddisease dy-
namics,andfindingveinsthatarenotvis-
ible or palpable. US guidance should be
usedforperipheralvascularaccess,espe-
cially when by use of palpation or sight,
an appropriate vessel for cannulation is
unable to be found.? For some access
routes, such as upper arm veins and the
poplitealartery,ultrasound-guidedaccess
isnecessary.Forotherroutes,suchasthe
jugular vein, there is clear evidence that
supports the use of US-guided vascular
access.USguidanceassistsinjugularvein
access because it allows the operator to
avoid accessing the carotid artery and
other structures in the neck.'?

Vascular access can be challenging
whenpatientspresentwithobesity,ede-
ma, poorlypalpablepulses,knownvascu-
lar disease, intravenous (IV) drug abuse,
andlimited access options.2Ultrasound-
guidedaccessisbeneficialforvenousac-
cess, since many veins are not palpable
and lie close to major arteries. In these
cases, US can minimize the chances of
puncturing the wrong vessel or other
structures.Whenaccessingnon-palpable
arteriessuchasthepopliteal artery, USis
essentialtoensureaccess.The use of US-
guided access is becoming more widely
usedin practiceand operatorsshouldbe
encouraged to be trained in US-guided
vascularaccesstechniques.Internationally,
recommendationsadvocateforUSguid-
ance for all venous-access sites for both
pediatricand adult patients, particularly
when difficulties are expected.?

Technique

Ultrasound can be used to take static
ordynamicimagesofatargetblood ves-
sel. However, dynamic ultrasound of-
ferstheadvantageofobservingvascular
access in real time.3* Most ultrasound
machines allow for short axis and long
axis views to actively visualize wire and
needle insertion (Figure 2). Color-flow
ultrasound can confirm arterial and ve-
nous flow, and verify the patency of a
target vessel. Ultrasound can also dif-
ferentiate between arterial and venous
structure by performing a compression
test. In this test, the thinner-walled vein
collapseswhentheprobeappliespressure
(Figure3).Additionally,arterial pulsation
may be visualized with US, which also
helps distinguish between arterial and

venousanatomy. Forcorrectorientation
ofanatomy,theultrasoundprobeindica-
torshouldbeplacedtotheoperator’sleft
side (Figure 4).Basic procedural stepsfor
vascular access are described in Table 2.

Radial Artery Access

As radial artery access becomes more
common in coronary angiography, US
guidance has benefits that may resultin
higher cannulation success rates, fewer
totalattempts,anddecreasedprocedural
time. US guidance is an easily learned
techniquetoisolatethearteryanddeter-
mine size and depth? and may decrease
thetimethatit takesfor successful radial
artery access. In addition, successful US-
guided insertion identifies vessel size to
ensure that a 6 French sheath can be in-
serted (Figure 5). US guidance and first-
timesuccessfulpuncturesalsoreducethe
likelihood of spasmandthrombosis,and
increase patient comfort.> Therefore, US
guidance should be considered for rou-
tineaswellas potentially challenging ra-
dial artery access.

Upper Arm Access

The brachial artery, vein, and nerve
all lie in close proximity to each other.
Therefore, US offers the ability to visual-
ize and access the correct vessel during
brachial access. Brachial artery access is
associatedwithhighervascularcomplica-
tionratesthanradialorfemoralarteryac-
cess,andcompressivecomplicationsand
nerve impacts can occur because of bra-
chial artery or vein punctures.® Brachial
artery and vein access can be optimized
by using micropuncture needlesand US
guidance; this technique allows the op-
eratortoeffectivelyvisualizevessels,min-
imize access trauma, and avoid nearby
nervesandvessels.®Brachialarteryaccess
isnotcommonly performed in coronary
angiographyandisgenerally performed
onpeoplewithadvancedatherosclerotic
disease.Therefore,USguidanceprovides
the advantage of minimizing additional
vascular issues associated with brachial
artery access (Figure 6).

USinsertionhasbeendeterminedtobe
fastandreliable for use in upperarmve-
nousaccess.|tallowsoperatorstoisolate
thecephalic,brachialandbasilicveins.As
radialarteryaccessincreasesforcoronary
angiography, upper arm vein access is
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Table 1. Advantages of ultrasound-guided access:

- Non-invasive imaging technique to assess vessels.
- Identifies adjacent vessels and structure.

« Accurately determines vessel depth and diameter.
« Assists in accessing central lumen of vessel.

«Is able to observe dynamic vessel puncture.

« Minimizes use of ionizing radiation.
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Figure 1. Depth and centering markers for vascular access.

Table 2. Procedural steps for ultrasound-guided vascular access:

« Use a sterile cover for the probe.

« Lubricate the head of the probe before placing it in the sterile bag to
improve the ultrasound signal.

- Set the depth and gain for the anatomy being visualized.

« Use the compression test to distinguish between venous and arterial
anatomy.

- Place probe indicator (horizontal line) to the operator’s left for proper
orientation.

- Consider the use of color flow to determine flow.
« Consider the use of long- and short-axis views.
« Consider dynamic ultrasound-guided access over static.

« Perform a brief fluoroscopic view for femoral access to minimize the
likelihood of high stick.

Asradial artery access becomes more common
in coronary angiography, US guidance has
benefits that may result in higher cannulation
success rates, fewer total attempts, and
decreased procedural time.
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Figure 3. Compression of vessels clarifies veins and arteries. Shown are neck vessels non-compressed and compressed.
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becomingmorecommonlyusedforright
heart catheterization. Each of the three
upper arm veins can be accessed, but
they should be evaluated to determine
size, location and course to choose the
bestaccess route.The cephalic vein may
be small-caliber and tortuous, and the
brachial vein is in close proximity to the
brachialarteryand nerve.Inmany cases,
the basilic vein is large, has a straighter
course to the heart, and avoids arterial
andnervoussystemanatomy.Therefore,
ultrasoundnotonlyisolatestheveins,but
alsoallowsaccessintoavesselthatislarge
enoughtoaccommodateswancatheters,
and more easily travel to the heart and
pulmonaryarteries.Theantecubitalfossa
houses the deep brachial vein, which is
often posterior to the median nerve or
the brachial artery. The basilic vein is
moreisolatedandisfrequentlythesafest
choice in ultrasound-guided peripheral
venous access.’

Jugular Vein Access

Evidence strongly supports US guid-
ance for accessing the internal jugular
vein.tUltrasoundisimportantforjugular
access,becauseoftheproximityoftheca-
rotidartery,anatomicvariations,andoth-
erstructuresintheneck."**Research has
alsoconcludedthatUSguidancereduced
jugularaccesscomplicationrates,suggest-
ingthatUStraining canbeusedtocurtail
accidental internal carotid artery (ICA)
puncture,localhematoma,andpneumo-
thorax rates.’ Both short- and long-axis
real-time US guidance approaches for
internal jugular vein cannulation have
proven to perform better than the land-
mark insertion technique for central ve-
nouscatheters.’°Preliminaryultrasound
evaluation of the vein patency, size and
locationshouldalsobeanalyzedwhenat-
temptingjugularveinaccess'' (Figure7).

Lower Extremity Access

Femoral arterial and venous access is
widely used for a wide variety of proce-
dures. For arterial access, US guidance,
in conjunction with external rotation of

When using large-caliber sheaths for
procedures such as transcatheter aortic
valve replacement (TAVR) and endovascular
aneurysm repair, US guidance of the vessel
ensuresplacementofthesheathintothecenter
of a large, disease-free vessel segment. This
may help minimize procedural complications,
improvethetechnicalsuccessoftheprocedure,

and optimize hemostasis.

Figure 4. Probe indicator orientation.
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Figure 7. A short-axis view of the jugular vein and internal carotid artery.
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the leg and fluoroscopic marking of the
femoralhead,candecreasethenumberof
attemptsforsuccessfulcommonfemoral
artery cannulation.ltreducesthetimeto
obtain access, the risk of puncturing the
wrongvesselorvesselsegment,andsub-
sequentvascularcomplications(Figures
8-9).US guidance helpsavoid punctures
into the superficial femoral artery or
profunda,decreasesinappropriatepunc-
tures of the femoral vein, and it may pre-
vent sticks above the inguinal ligament.
IncreasingUSexperiencewasassociated
with a reduced time required for access
with US guidance, and operators with
greaterthan10procedureshavereduced
accesstimeand demonstrateatrend to-
ward improved common femoral artery
cannulation success.”>> When using
large-calibersheathsforproceduressuch
astranscatheteraorticvalvereplacement
(TAVR) and endovascular aneurysm re-
pair, US guidance of the vessel ensures
placementofthesheathintothecenterof
alarge, disease-freevessel segment.This
mayhelpminimizeproceduralcomplica-
tions,improvethetechnicalsuccessofthe
procedure, and optimize hemostasis.

Fluoroscopic location of the femoral
head is an important tool to isolate the
femoral artery and vein. However, it is
not an accurate landmark on its own,
becausefluoroscopicguidancedoesnot
reducethenumberofpunctureattempts
required to achieve access, puncturing
a deep artery at a level identified by a
surface marker can be difficult without
repeatedfluoroscopy,andindividualpa-
tient anatomy may vary'”"'"? (Figure 8).
Duetothesevariablesandtheability to
puncture the target vessel in real time,
ultrasoundhasadefinedroleforfemoral
vessel access.

In the electrophysiology lab, US-
guided venous access is becoming in-
creasinglycommon.When placingmul-
tiplevenoussheathsintoasinglefemoral
vein,USguidanceallowstheoperatorto
minimize the risk of puncturing the ar-
tery and it determines the ability to de-
ploy a figure-of-eight suture technique

US-gquided venous access is a valuable tool
in the hands of an experienced operator. It is
particularly useful when vascular access is
difficult, or when the structure can only be
accessed by ultrasound, as in the case of the

popliteal artery.
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Figure 8. Common femoral artery and vein with compression and without compression.

for hemostasis. The US allows the op-
erator to deploy the suture without
creating risk to the femoral artery, and
ensurethatthevesselsaredeepenough
todeployfigure-of-eightsutures.When
accessingthefemoralarteryandplacing
multiple venous sheathsinasingle ves-
sel,USguidanceisstronglyencouraged
to optimize vascular access.

Antegrade femoral artery access is a
challenge for operators, because it re-
quiresapuncturethataccessesthecom-
mon femoral artery, and directs the wire
and sheath into the superficial or deep
femoral artery as needed. US guidance
allowstheoperatortoenterthecommon
femoralarteryand guide the sheathinto
the superficialfemoral artery to perform
peripheral interventions. In difficult pa-
tients,suchthosewithsignificantperiph-
eralvasculardiseaseandobesity,USguid-
anceisavaluabletooltoensuresuccessful
vascular access.

In cases of severe lower extremity dis-
ease, thepoplitealarterymaybeaccessed
using US guidance. Since the popliteal
arteryis not palpable, US guidanceis es-
sential for proper sheath insertion. The
use of the popliteal artery is beneficial
forpatientswithseveresuperficialfemo-
ralarterydiseasethatcannotbeaccessed
via the femoral, brachial, or tibial arter-
ies. It is an important access option for
limbsalvageand managementofsevere
claudication,and US-guided access may
help limit vascular complications from
the popliteal approach.

Conclusion

US-guided venous access is a valu-
able toolin the hands of an experienced
operator. It is particularly useful when
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vascular access is difficult, or when the
structure can only be accessed by ul-
trasound, as in the case of the popliteal
artery. Ultrasound helps determine the
depth and diameter of the vessel, iden-
tifies other important anatomical struc-
tures,andprovidessupplementalimaging
toassessvascular disease ataccess sites.
Italso reduces fluoroscopic doses by us-
ingnon-radiationimagingmodalities.lts
popularity is increasing and appropri-
atetraining, preparation, technique,and
equipment can facilitate a high-quality,
safe, and effective cannulation.
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Ultrasound helps determine the depth and
diameter of the vessel, identifies other
importantanatomicalstructures,andprovides
supplemental imaging to assess vascular
disease at access sites. It also reduces
fluoroscopic doses by using non-radiation

imaging modalities.



