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Abstract

guided vascular access approaches along with best practice suggestions.
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Ultrasound-guided vascular access is rapidly becoming a more critical topic as critical care medicine systems struggle with an increasing number of patients
with vascular access problems. Depending on the situation up to 50% of the patients may have no peripheral vascular access sites or access is very difficult
to obtain, which can lead to many complications such as bleeding, pneumothorax or prolonged procedure. Aggravating factors are the increase in obesity,
longer lifespan in the case of chronic diseases and the increasing use of corrosive drugs that contain chemotherapeutic agents. The ability to utilize ultrasound
guidance for vascular access is an important skill and like in many procedures, such as securing an airway or relocating a dislocated joint, a toolkit of options is
often required as multiple sites may need to be checked in order to find a feasible site for cannulation. In this pictorial essay, we describe multiple ultrasound-

INTRODUCTION

Evidence-based recommendations on ultrasound-guided
vascular access procedures have recently been published by
the EFSUMB (European Federation of Societies for Ultrasound
in Medicine and Biology) [1], as have literature reviews and
comments on indications and contraindications [2]. We also refer
to the current EFSUMB guidelines on interventional ultrasound
(INVUS) [(1, 3-6)], contrast enhanced ultrasound [7-10],
elastography [11-14], and comment on the guidelines [15-22].

Ultrasound guidance is used to identify target vessels and
their topography through direct visualization [23] in order to
increase the success rate and performance speed, to minimize
the number of attempts and reduce complications to < 2 %. [24].
Ultrasound guidance has been shown to reduce complication
rates compared to landmark techniques [(25-29)] and leads
to shorter access time and fewer puncture attempts [2,30-35].
The two most significant benefits associated with ultrasound-
guided (USG) techniques versus landmark techniques are lower
risks of accidental artery puncture and of local hematoma
[36,37]. A lower pneumothorax rate is also significant in terms
of morbidity and costs. USG benefits have been demonstrated
in a variety of clinical settings including hemodynamics [(31,
32)], critically ill patients [38,39], parental nutrition [36],
ventilated [40], and oncological patients [41- 45]. Establishing a
central venous access is fundamental for emergency physicians

in order to monitor hemodynamics, central venous pressure
(CVP) and pulse contour cardiac output (PiCCO), to administer
vasoactive drugs, hyperosmolar fluids and volume resuscitation
[30]. However, many central line placements and the associated
potential complications can be obviated by ultrasound-guided
peripheral venous cannulation [46]. This is particularly common
in the emergency department and with critically ill patients.

Ultrasound guidance increases the first-attempt success
rate of central venous catheter placement [31,47]. A decision on
the best approach for US-guidance (direct, indirect, freehand,
mechanical guidance, Doppler) should be made by the operator
according to the patient’s characteristics, the equipment used
and his own expertise [48]. USG for central venous catheter
placement has been endorsed as a key safety measure by both
the Agency for Healthcare Quality and Research in the United
States and the National Institute for Health and Care Excellence
(NICE) in the UK [1,24,49-56]. USG for central venous access was
listed as one of the primary applications for emergency US in
the guidelines published by the American College of Emergency
Physicians [57]. Here we illustrate ultrasound-guided (USG)
vascular access procedures to provide practical advice and to
illustrate the procedures with practical tips and tricks.

PROCEDURE PREPARATION

Indications, contraindications and the rules of patient-
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informed consent [58,59], should be systematically checked each
time, as should other recently discussed variables [2].

Sonographic Vessel Screening

An ultrasound vessel pre-screening of the target vessels
should be performed to determine the most suitable anatomical
site and the optimal patient position for central vascular
access [1]. Knowledge of surrounding structures is of utmost
importance. Possible anatomical variations of the veins occur in
a substantial number of cases [60-64], and can be identified by
means of ultrasound. If possible, in case of venous catheterization,
no arterial vessel should be located in front, closely lateral,
behind the target or in any other close relation. In the case of
a central venous cannulation of the internal jugular vein (IJV),
head rotation of 30-40° affects vessel orientation and optimizes
IJV contact while reducing the likelihood of inadvertent contact
with the common carotid artery, but unfortunately cannot be
performed on all patients. Changing the relationship of arterial
and venous vessels is more difficult in subclavian and femoral
approaches.

Hygienic Procedures (antiseptics, sterile cover, hand
disinfection)

Using a prevention bundle is the most effective measure
to avoid central line-associated bloodstream infection. Such a
bundle includes hand hygiene, full barrier precautions, sterile
gloves, covering the examiner and the ultrasound transducer,
disinfection with e.g., antiseptic alcoholic octenidinhydrochlorid,
avoiding femoral access and removing the catheter as soon as
possible. Recent studies as well as work at the German Robert-
Koch-institute (RKI) show controversial results concerning the
infection rate of the femoral puncture site [65-67]. Recently
published surveys attempt to answer the feasibility of these
bundles and show decreased infection rates; however, it remains
unclear whether one location is superior to the other concerning
infection control [68,69]. Due to established guidelines, a
sterile cover of the ultrasound probe is mandatory to complete
these antiseptic conditions. An assistant, if available, helps

tremendously in facilitating sterile coverage of the ultrasound
transducer. After preparing the transducer with a sufficient
amount of ultrasound gel, the assistant, who does not have to
be sterile, carefully places the probe into the sterile ultrasound
sleeve and extends it away from the operator along the length of
the probe cable. In order to secure the sleeve, use sterile adhesive
tape. For better acoustic coupling, we either recommend the use
of sterile ultrasound gel or intermittent application of antiseptic
alcoholic disinfection. Some ultrasound machines allow for the
transducer to be positioned higher and slightly away from the
machine, thus enabling one operator to apply the sterile sheath to
atransducer, albeit with great care and some difficulty (Figure 1).

Local Anaesthesia and Sedation

In our opinion, local anesthesia with e.g., Mepivacaine is
necessary for conscious patients to avoid pain and to improve
comfort for everybody involved. If the patient expresses
procedure anxiety or is agitated, sedation with midazolam or
propofol should be considered. Mechanically ventilated patients
should receive local anesthetics as well, since sedation in
mechanically ventilated ICU patients is often minimized [70,71].
In general, inadequate sedation can result in stress and patient
discomfort during invasive procedures and should be avoided in
any case.

Best Patient Positioning

The relative position of arterial and venous vessels may
change during movements of the head. Choose the most
appropriate head position in order to locate the target vein lateral
to the artery. Changes in head position may influence the vein
diameter and the relative position of the surrounding vessels
[62,72,73]. Especially in hypovolemic patients, intravenous fluid
prior to the puncture can be helpful. Another tool to improve
intravenous filling is placing the patient in a Trendelenburg
position. Also try to improve the position of the examiner and
the ultrasound device in relation to the puncture site (aim for a
comfortable working environment for the interventionalist). In
the author’s opinion, a comfortable working space is essential in

Figure 1 Sterile cover (with assistance): Extending the sterile ultrasound sleeve along the length of the transducer wire.
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order to reduce misalignments and possible complications. We
strongly recommend placing the screen of the ultrasound device
and the needle insertion in the same field of view to minimize
head rotation of the operator [51] (Figure 2).

How to Improve the ultrasound Equipment?

The ultrasound device should allow good near-field
resolution. Special presets, e.g., for cervical, brachial and femoral
vessels, are helpful. Check the equipment and its function during
preparation. High frequency (5 - 17 MHz, in practice 7 - 12 MHz)
linear transducers with a relatively small aperture of less than
4 - 6 cm are recommended for superficial anatomical structures.
In deeper locations (e.g., femoral vessels), particularly in obese or
edematous patients, the use of a curved array abdominal probe
may be the right choice.

Transducers may offer vendor-dependent needle guides,
but only a limited number of transducers are useful and most
punctures are done freehand.

How to Train the operators’ skill?

Adequate teaching, education and training are necessary
for a successful procedure, since the level of US experience has
a significant impact on complication rates [37,74]. However,
it has also been shown that the use of ultrasound-guided
technology can reduce the frequency of complications, even
when the cannulation is performed by inexperienced operators.
Simulation-based skill training is more effective than traditional
bedside teaching [75-78], including the number of needle
passes to achieve central venous access and the frequency of
pneumothorax [79, 80]. Other author’s recommend a fixed
sequence of labartory training as well as a theoretical and
practical teaching on a simulator followed by a clinical training.
They recommend at least 30 successful procedures within one
year [(81)] [European Society of Anaesthesiology guidelines

Figure 2 The position of the interventionalist allows aligning the puncture

site and the screen of the ultrasound machine in field of vision. We recommend
holding the ultrasound probe with the nondominant hand while inserting the
needle with the dominant hand.

on peri-operative use of ultrasound-guided for vascular access
(PERSEUS vascular access)]

Ultrasound guiding techniques

The “direct” technique implies needle placement under
permanent USG [48]. Other methods(“indirect”, ultrasound
assisted, fixed needle trajectory) have been described to guide
and visualize the needle [48, 82-84], but are not part of this
practical guide.

The USG techniques can be divided into three different
approaches, the longitudinal (in- plane), transverse (out-of-
plane) and oblique techniques, which have been described in
detail and demonstrated conflicting published evidence in favour
of each approach [3,85-92].

Longitudinal Technique (in plane long axis)

Advantages: In the longitudinal and in-plane technique,
using adapted angulation, the complete course of the needle [87],
and the target vessel, including the posterior wall [86,93], as well
as the complete process of insertion and advancement of the
needle can be easily guided in real- time (Figure 3).

Disadvantages: From a theoretical point of view, there are no
disadvantages of this technique. In some anatomical situations it
may be difficult to properly position the transducer and view the
full course of the target vessel. Therefore, this technique requires
greater levels of hand-eye coordination and can be challenging
for beginners with little training.

Transverse technique (out of plane short axis)

With the transversal and out-of-plane technique, the
puncture site is exactly in the middle of the probe at an angle of
approximately 45° to the skin. Tilting the probe during insertion
continuously tracks the needle tip (Figure 4).

Advantages: The advantage of this technique is the reliable
positioning of the needle tip according to the course of the vessel,
which prevents a deviation from the vessel axis to the right or
left. The transversal and out-of-plane technique is useful in
anatomical areas with limited access space and for cannulation of
smaller vessels. This technique can provide inexperienced users
with a steeper learning curve and more self-confidence.

Disadvantages: A disadvantage is the possible loss of control
over the needle tip with the risk of posterior wall penetration
[(94)]. Also, it may be difficult to determine the most appropriate
angle for insertion.

The solution, the oblique technique

With the oblique approach, the needle is seen in plane and
during the entire course of its path. The vessel is seen obliquely
and is only partially visible. It combines better visualization of the
anatomical structures via a short-axis view and better needle tip
visualization via an in-plane needle visualization approach [95].

Arch Emerg Med Crit Care 7(2): 1061 (2023)
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Figure 3 Longitudinal technique (in plane long axis). The transducer is placed parallel to the vessel and the needle at the greatest anterior-posterior diameter of the
targeted vessel. The puncture of the skin has to be close to one end of the transducer under an angle of approximately 30° from the skin surface depending on the

skin- vessel distance.

Figure 4 Transversal technique (out of plane short axis). Placing the ultrasound probe transversal to the vessel and inserting the needle in the middle of the probe. By
shifting and tilting follow the tip of the needle until successfully puncturing the targeted vessel.

Access Ways

Jugular access: The internal jugular vein (IJV) is the easiest
central vein to puncture.

Anatomy, topography and puncture site: The internal
jugular vein (IJV) is usually anterior and slightly lateral to the
carotid artery and usually has a larger diameter [62]. Due to
its superficial location and the simple ultrasound display, it can
be regarded as the access site of choice for a central venous
cannulation. In addition, an accidental posterior wall puncture is
less likely to lead to the development of a pneumothorax. Another
advantage is the straight transition of the right jugular vein into
the superior vena cava [96].

USG internal jugular vein catheterization with RTUS-guidance
can be performed faster, with a higher success rate [97,98], and
with fewer complications [40], than the traditional landmark
technique. The two heads of the sternocleidomastoid muscle and

the clavicle form a triangle on the anterior neck. The internal
jugular vein is accessible within this triangle about 2 to 3 cm
above the collarbone (Figure 5).

Subclavian access: SV access is associated with the lowest
infection rate [99]. However, a survey of intensivists from
November 2014 to January 2015 showed that subclavian access
was used in 31 % of cases. While those who chose jugular vein-
access used ultrasound in 99 %, ultrasound for subclavian access
was used in only 31 %, real-time ultrasound even in 28 % (73
% for jugular access) of cases. The main reason was that the
operator felt uncomfortable with using real- time ultrasound
[100]. The 2012 guideline for performing ultrasound-guided
vascular cannulation does not recommend the use of ultrasound
for subclavian access [52]. Puncturing the subclavian vein can
be difficult in critically ill patients, for example in cases of septic
shock or hypovolemia. Ultrasound visualization should help
perform subclavian catheterization and make it safer. Based

Arch Emerg Med Crit Care 7(2): 1061 (2023)
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Figure 5 Anatomical landmarks internal jugular vein. SMA = sternocleidomastoid muscle; THY = thyreoid gland; SH = sternomyoid muscle; OH = omohyoid muscle;

CCA = common carotid artery; IJV = internal jugular vein

on this reasoning, ultrasound-guided infraclavicular axillary
vein catheterization could be an interesting alternative. With
this technique, the performer focuses on the transition point of
axillary to subclavian vein. After preparation as mentioned above,
the vein is punctured with an in-plane needle guidance approach.

Anatomy, topography and puncture site: The subclavicular
location of the axillary/subclavian vein and the close relation to
the lung apex [101], the subclavian artery and the brachial plexus
[48], can make vascular access difficult [102]. Cannulation should
be performed by inserting the needle below the collarbone and
proximal to the first rib. The cutaneous puncture site should be at
the medial point of the collarbone [96] (Figure 6).

Axillary Access: The less frequently used axillary access
can be used for safe central venous catheter placement in adult
[103-105] and paediatric patients [106]. It is more frequently
used in patients with severe burns to the face, neck, and/or
proximal shoulders [48,107]. The “axillary access” [108,109], is
also possible in patients with a cervical collar or neck trauma
[48]. An advantage of the axillary and subclavian vein access is
the lower infection rate compared to the internal and especially
femoral vein cannulation. Metanalyses show no significant
difference between those three puncture sites [110]. In the past,
the axillary venous access has not gained popularity because of
the difficult identification of landmarks [109]. Since the era of
ultrasound-guided vascular access, axillary access has gained
popularity due to a number of advantages. These advantages
include a fundamental fact: the axillary vein in the upper arm is
easier to map and more accessible than in the chest. This vascular
access has the anatomical advantage of being further away from
the chest wall, the pleura as well as the artery [111]. Therefore, a

lower risk of arterial, pleural and nerve damage can be assumed
[112].

Anatomy and topography: The axillary vein is the
continuation of the basilic vein after passing the proximal border
of the teres major muscle and becomes the subclavian vein after
passing the lateral edge of the first rib under the clavicle [108].
Because the subclavian vein is difficult to visualize, lateral access
under ultrasound guidance is easier (Figure 7).

Femoral access: The femoral approach has been discussed
previously [25,113-115]. It is favoured especially in cases of
resuscitation and interventions such as cardiac compressions or
endotracheal intubation, when safe access to the subclavian or
internal jugular vein is limited [96].

As mentioned before, femoral access is controversial in the
face of catheter infections [65- 67,110,116].

Anatomy, topography and ideal puncture site: The
cutaneous puncture should be performed in the anterior
superior thigh approximately 3 cm below the inguinal ligament.
The ligament extends from the pubic tubercle to the anterior
superior iliac spine and is generally intersected by the femoral
artery, which is located lateral to the femoral vein [96] (Figure 8).

The Seldinger Procedure

For the initial puncture a needle with attached syringe, half
filled with sterile fluid, is used. As soon as the needle passes
caudally underneath the transducer, the needle can be detected
directly or by soft-tissue tenting. In addition, small “tapping”
movements may help to visualize the tip of the needle [117].

Arch Emerg Med Crit Care 7(2): 1061 (2023)
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CL: Clavicle ; AV: axillary vein; SV: subclavian vein; IJV: internal jugular vein CL: Clavicle ; SV: subclavian vein; SA: subclavian artery

Figure 6 Anatomical landmarks subclavian vein. SV = subclavian vein; AS = subclavian artery; CL = clavicula

Figure 7 Anatomical landmarks axillary vein: TM: triceps muscle; BM: biceps muscle; AA: axillary artery; AV: axillary vein, MPM: M. pectoralis major; MD: M.
deltoideus; MTM: M. teres major

medial

Figure 8 Anatomical landmarks femoral vein: MQF: quadriceps femoral muscle; FA: femoral artery; FV: femoral vein; MA: Musculus adductor; MS: Musculus Sartorius

Arch Emerg Med Crit Care 7(2): 1061 (2023) 6/] 4
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After blood aspiration using the Seldinger technique, a guide
wire is introduced under USG. Good coordination is required
to perform the puncture with one hand whilst manipulating
the US probe with the other. Before removing the guide wire,
the correct position of the catheter should be verified by using
ultrasonography [117]. Transthoracic echocardiography,
particularly with contrast enhancement has proven to be a valid
method for the detection of the tip of the catheter in the right
atrium [51] (Figure 9 and Figure 10).

Special Situations

Coagulopathy (DIC, thrombocytopenia): A systematic
review by Nasr-Esfahani, Mohammad et al, showed that in
coagulopathic patients no cases of serious life-threatening
bleeding or complications occurred and that the severity of
coagulopathy does not correlate with the bleeding risk [118,119].
But van de Weerdt et al, also showed that there seems to be
no correlation between severe thrombocytopenia and minor
bleeding complications as oozing or a superficial hematoma.

A correction of hemostatic effects before CVC placement is
still a matter of debate [119]. Nasr- Esfahani, Mohammad et
al,, concluded, that a correction of coagulation parameters is
not necessary for all CVC placements. Additionally, the use of
ultrasound guidance resulted in a decreased number of punctures
attempts as well as complication rates [118, 119]. A review of
Peris et al., showed a significant decrease of hematoma after the
use of ultrasound guidance [120].

Since most current national and international guidelines are
still based on the landmark technique and thus correlate with a
higher risk of complications, there is still a recommendation for
the correction of coagulopathy, e.g. thrombocytopenia or INR
[121-123].

In the German cross-sectional guidelines for therapy with
blood components and plasma derivatives it is suggested that a
central venous catheter can be inserted uncritically in patients
with no tendency to diathesis and thrombocytopenia > 10.000/
pl It is also recommended to correct the coagulopathy in patients

——meedie-shaft

=

—

needle tip

Figure 10 Seldinger procedure: Second step - Introducing the guide wire under permanent ultrasound guidance
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with diathesis and platelet counts < 20.000/pl. These guidelines
also point out that in patients with liver dysfunction and
coagulopathy there is a lack of indication for prophylactic plasma
administration prior to liver biopsy, paracentesis, thoracentesis
or central venous cannulation [124]. In the author’s opinion, a
correction of coagulopathy should be carried out individually,
depending on the patient’s constitution, but still in accordance
with the current guidelines.

The very obese patient: There is a paucity of literature on
central venous catheterization in obese patients, makingitdifficult
to recommend specific procedures or adjustments. Since obesity
limits the visualization of the clavicle [125], alternative insertion
sites should be considered. Catheterization of the internal jugular
vein or femoral vein can also be difficult due to a short neck
and a massive subcutaneous fat layer, so that, for example, the
brachial access point for catheterization of the artery or vein can
be considered. As our hospital is a designated bariatric surgery
center and deductive for severely obese patients, we occasionally
need to look for different insertion sites (Figure 11).

For severely obese patients with a massive subcutaneous
fat layer we use an extra-long puncture needle (18G, 140mm,
S-Sharped, e.g. B/Braun Melsungen AG). Due to the length of the
needle, it bends when inserted. We therefore recommend guiding
the needle close to the tip for a better and firmer grip. Connecting
a syringe allows the operator to avoid air aspiration. A long
dilatator may be required in these cases.

Other Peripheral Veins: Many clinical situations call for
rapid vascular access in order to accomplish patient resuscitation,
blood transfusion and antibiotic or other medical administration.
As the patient with challenging vascular access becomes more
common in many clinical settings, and patients with virtually
no options left for venous cannulation appear more frequently,
other approaches to vascular access should not be overlooked.
These include basilic and cephalic veins in the upper arm, the

Figure 11 Using a brachial access point in case of a very obese patient with
gangrenous groins

antecubital fossa and forearm. The great and the small saphenous
vein in the leg can also be a potential site if access is critical. The
antecubital fossa is often overlooked by vascular access providers
(Figure 12). This makes sense since nurses and phlebotomists
have typically tapped this area and with no palpable and even
possibly scarred antecubital regions, ultrasonography appears
to be of little use. However, searching slightly more proximal to
the antecubital fossa can reveal access options in a surprising
number of patients as these deeper locations are not palpable
or visible and are therefore inaccessible to providers using
blind technique. Figure 13 shows a large vein in the proximal
antecubital region which was neither visible nor palpable upon
inspection by an experienced nurse. However, under ultrasound
it was easily discovered and cannulated.

The cephalic vein appears surprisingly accessible and large
enough in approximately a third of the patients with challenging
vascular access. Figure 14 shows a cephalic vein in the lateral
lower third of a chronically ill, obese patient’s upper arm. Many
peripheral venous catheters can be guided to their target vessel

Figure 12 Figure Shows a “used up” antecubital fossa in a vascular access
challenge patient. Multiple attempts by nursing to palpate any vessels failed and
blind stick attempts failed as well. The long blue line shows the approximate
location of a cephalic vein which could have been cannulated. The short blue
line shows the antecubital fossa vein which was cannulated under ultrasound.

Figure 13 A “used up” antecubital fossa in a vascular access challenge patient
shows a large vein missed on palpation and visual inspection. BM: biceps
muscle; BV: basilica.
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Figure 14 A cephalic vein (CV) is identified on the lateral aspect of a morbidly
obese patient’s upper arm. While smaller than the typical basilica vein, this was
the only available option and successfully cannulated.

and the catheter “pushed off” into the vein with the same hand
while visualizing the procedure using ultrasound (Figure 15).
This ensures proper placement and should allay any concerns
by nursing staff that the catheter has been misplaced, if blood
does not pull back right away or as easily as expected. The vein
shown was found to be the only one suitable for cannulation and
was easily accessible under ultrasound guidance. In such cases,
modified peripheral intravenous catheters like midline catheters,
are often useful. Ranging from 10 to 20 cm in length, they are
often passed over wire in one combined cannulation process and
can remain in place for 3 weeks or longer, a fact much appreciated
by general practitioners and other services who may have these
patients for weeks at a time in hospital.

Complications

Complications can be divided into mechanical, infectious
and thrombotic complications. Mechanical and procedure-
related complications include injuries to surrounding nerves
and structures, vascular damage particularly arterial puncture
leading to fistula formation, pseudo aneurysm, major bleeding
and hematoma. The use of a subclavian approach carries a
higher risk of pneumothorax or hemothorax than the insertion
into the internal jugular vein [126]. Since ultrasound decreases
complication rates, all cannulations should be performed using
ultrasound guidance. When using the real-time ultrasound
technique, the constant visualization of the needle tip and its
surroundings leads to a lower risk of mechanical complications
[126]. The risk of a mechanical complication increases with the
number of insertion attempts. After three or more attempts, the
complication rate is six times higher than it is after one attempt
[127]. Despite US-guidance, posterior vessel wall puncture may
occur as a complication of venous catheterization [94,128].
Factors influencing the risk of posterior wall penetration are
the particular access technique (transverse vs. longitudinal
approach), the speed of needle insertion, the distance between
needle entry and transducer and the angle of insertion [87].
Infectious complications are mainly caused by infection of the
puncture site and can lead, via migration along the catheter
surface, to

intraluminal colonization and hematogenous

e

— .\‘Guide wire

Figure 15 Figure shows an example of in-plane visualization technique with
one hand holding the transducer and the other driving the venous cannula.
Using one finger, the operator pushes off the catheter from the cannulating
needle and is able to watch it feed into the vessel in real time, confirming proper
catheter placement directly.

distribution of the pathogen [126]. Due to the possible
emergence of antibiotic-resistant organisms, a prophylactic
application of antibiotics is not generally recommended.
Scheduled catheter changes are not advised, as replacement
via guide wire is associated with an increased rate of infections
and a scheduled exchange with a new catheter at a new site is
associated with a higher risk of mechanical complications during
insertion [129,130]. The most urgent measure against infectious
complications are a short dwell time of the catheter, since the
probability of catheter-related infections increases gradually
[131,132], as well as a proper antiseptic procedure prior to
catheter insertion. Another important prophylactic measure
is a daily examination of the puncture site. Signs of erythema,
entry-site-infection or purulence should lead to a new insertion
at a different site. In cases of sepsis or septic shock McGee et al.,
recommend starting empiric antibiotic therapy to treat possible
infections with Staphylococcus epidermidis or Staphylococcus
aureus [126].

Even optimal efforts do not guarantee the avoidance of
infectious complications, so that all patients with signs and
symptoms of infection and no other confirmed focus should be
suspected of having a central venous catheter infection. In such a
case, blood cultures should be collected from the CVC as well as
from peripheral sites (two blood samples each) [126]. A negative
culture from a catheter site makes a catheter-related bloodstream
infection unlikely [126].

Central venous catheterization also leads to a significant
risk of catheter-related thrombosis, and the risk associated with
internal jugular insertion is four times higher than the risk of
subclavian catheterization [133]. A thrombosis, including the
contralateral veins, should be ruled out prior to any vascular
access. Excluding neoplastic vein thrombosis is important in
oncological patients [44,134]. Ultrasound examination is most
helpful for the detection of vascular complications of venous and
arterial access, in particular of the thrombosis of the target vessel
[135,136], of arterial pseudoaneurysm and of arteriovenous
fistula [137-141]. The sonographic signs of the respective

Arch Emerg Med Crit Care 7(2): 1061 (2023)
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complications have been described elsewhere and are not part
of this practical guide [51]. Thrombosis, arteriovenous fistulas
and pseudoaneurysms represent possible mid-/long-term
complications of central venous catheter placement and can be
identified sonographically [135-141]. If detected, an effective
treatmentmay be available with para-aneurysmatic US-controlled
injection of saline or a US-controlled intrapseudoaneurysmal
thrombin injection. These treatments can be combined with
manual compression [142]. Correct placement of the catheter is
important due to a correlation of perforation of the cardiac cavity
and the placement of the tip of the CVC in the right atrium [143].
In some cases, the CVC tip can be detected by ultrasound using
a subxiphoidal approach [144-150]. Pneumo- and haemothorax
are rare if central venous puncture is performed under USG
[33,34]. Catheter displacement is recognized by US at the time
of intervention [143-152]. Due to a possible rapid progression
of a pneumothorax, especially in ventilated patients, rapid
detection of a postprocedural pneumothorax is critical. This can
be achieved by using thoracic ultrasound and by systematically
searching for specific sonographic signs such as “lung sliding”,
“lung pulsation” as well as searching for the “lung point” [143].
Ultrasound technology is more sensitive and specific in the
diagnosis of occult pneumothorax than thoracic radiography and
has the advantage of quick availability. USG should not only be
used to guide central venous access, but also to check correct
placement of the line and to rule out complications [1, 153-155].
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