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Abstract: Background: Central venous catheterization (CVC) is a frequently performed
procedure in anesthesia and critical care settings. Modern procedures have improved
significantly, particularly with increasingly sophisticated venous verification methods
and ultrasound guidance. While the associated historical complication rates reflect this
improvement, complications such as inadvertent arterial puncture, arterial cannulation,
pneumothorax, deep vein thrombosis, and catheter-associated infection are still significant
risks. Methods: This narrative review was constructed from a literature review using a
search strategy of the MESH terms central venous access, central venous line, complications,
insertion, and puncture, published between 2015 and 2025. Inclusion criteria included peer-
reviewed full-text articles. Supplementary articles were included to construct the historical
perspectives on central venous access and complications. Results: Our review offers a
simple management algorithm for the mechanical complications of CVC insertion. This
algorithm focuses on inadvertent arterial puncture/cannulation, with steps ranging from
external compression to endovascular repair or surgical intervention. Conclusions: Moving
forward, clinicians are encouraged to look into the future to predict what complications
may arise as our modern patient cohort evolves. When complications develop, clinicians
should know how to manage them to prevent further patient morbidity.

Keywords: central venous catheter; anesthesia; complications; inadvertent arterial cannulation

1. A Brief History of Central Venous Access

Central venous catheters (CVCs) are used daily in critical care to deliver medication,
fluids, blood products, and hemodynamic monitoring. Up to 27 million CVCs are inserted
worldwide annually [1]. This article reviews the insertion, complications, and management
associated with central venous access, with a particular focus on inadvertent arterial injury.

This review was constructed primarily through a literature review from PubMed. The
search strategy was designed in collaboration with The University of Queensland library
staff, and the inclusion criteria were peer-reviewed full-text articles that included the MESH
terms central venous access, central venous line, complications, insertion, and puncture
and were published between 2015 and 2025. Additionally, supplementary articles on the
historical aspects of central venous access and complications were found using simple
search strategies on PubMed with no limit on publication date.

Central venous access has a rich history, shaping its modern techniques and compli-
cations. The first documentation of attempted central venous access occurred in 1733 by
Englishman Stephen Hales (1677-1761), who measured a horse’s left internal jugular vein
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pressure using a glass tube (Figure 1) [2]. More than 100 years later, primitive techniques of
central venous access were created, involving the great saphenous vein and brachial vein
cut down and cannulation with long catheters to reach the superior vena cava. These tech-
niques were time consuming, dangerous, and commonly associated with a high incidence
of thrombotic complications [3].

Figure 1. The first catheterization of a central vein performed by Stephen Hales in 1733 (with
permission of Sette et al. 2012) [2].

Central venous catheters are routinely placed in one of three anatomical sites: the
internal jugular (IJV), subclavian, or femoral vein [1]. The first documented cases of IJV
cannulation using the landmark method occurred in 1969 [4]. Aubaniac first described
subclavian cannulation in 1952 using an infraclavicular approach, while Yoffa described the
supraclavicular approach in 1969 [5,6]. The US Army Surgical Research Unit documented
one of the earliest descriptions of femoral vein cannulation in 1958. At that time, this
technique was associated with significant complications, including lower limb edema,
clotted tubing, and, most notably, thrombosis, often complicated by sheared-off polyethy-
lene catheter tubing left in the venous system, which proved fatal for multiple patients.
These complications hindered the mainstream adoption of the techniques [7]. The current
landmark techniques for CVC insertion are detailed in Table 1.

Since the initial descriptions of modern central venous access, research has been con-
ducted to improve the diagnosis and management of insertion-related complications. In
1985, Fabian and Jesudian described the novel technique of pressure manometry, which
improved the safety of central venous cannulation by avoiding inadvertent arterial in-
juries [8]. This technique detected arterial punctures that could not be diagnosed through
the traditional method of contrasting pulsatility and blood color.

Legler and Nugent first used ultrasound scan technology rather than traditional
landmark methods for central venous access in 1984. This technology has profoundly
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reduced the incidence of mechanical complications during insertion due to its easier
recognition of vessels and anatomical variations [3,9].

Table 1. Overview of landmark techniques and common complications in central venous catheter
insertion [1,10].

Choice of Vein

Anatomical Position

Internal Jugular Vein

Anatomy

Approach

Originating at jugular foramen, joins subclavian vein behind sternal extremity of clavicle.
Central Approach: Insert needle 1 cm above apex of Sedillot’s Triangle *. Advance at
60 degrees to skin aiming at the ipsilateral nipple, blood should be obtained within 3 cm.
Lateral/Posterior Approach: Insert 2-3 cm above clavicle along posterior border of
sternocleidomastoid (SCM). Direct needle towards jugular notch; blood should be
obtained within 5 cm.

Subclavian Vein

Anatomy

Approach

The subclavian vein lies inferior to midpoint of clavicle and superior to the first rib. Joins
internal jugular vein behind the sternal extremity of the clavicle.
Infraclavicular Approach: Insert needle 1-2 cm inferior and lateral to the clavicular
transition point. The needle should be aimed towards the sternal notch in a fashion
parallel to the floor to avoid pneumothorax.

Supraclavicular Approach: Insert needle 1 cm superior and lateral to the junction of the
lateral border of the clavicular head of SCM and the clavicle. The needle is oriented
5-15 degrees posteriorly off a coronal plane along a line that would bisect the angle of the
clavicle and sternocleidomastoid.

Femoral Vein

Anatomy

Approach

The femoral vein runs medially to the femoral artery in the femoral triangle, becoming
the external iliac vein as it passes the inguinal ligament.
Insert needle 1 cm medial to the point of maximal femoral arterial pulsation in the
anterior superior thigh within the femoral triangle. Insert at a 45-degree angle along the
same line as the arterial pulsation.

Complications

The common complications for all insertion sites are catheter misplacement/failure,
arterial puncture/cannulation, pneumothorax, catheter-associated infection, and deep
vein thrombosis.

It should be noted that there is a negligible risk of pneumothorax with CVC insertion into
a femoral vein.

* Sedillots triangle is defined by the posterior border of the sternal head of the SCM, the anterior border of the
clavicular head of the SCM, and the superior aspect of the clavicle inferiorly.

2. The Modern Procedure

The modern approach to gaining central venous access has improved significantly
since the previously mentioned historical methods. In 2020, the American Society of
Anesthesiologists published updated practical guidelines for achieving central venous
access and preventing complications. This guideline recommends using aseptic techniques
(e.g., hand washing) and maximal barrier precautions (e.g., sterile gowns, gloves, caps,
and masks that cover both the mouth and nose, along with full-body patient drapes).
Furthermore, experts suggest utilizing chlorhexidine-based skin cleansing solutions or
povidone-iodine solutions when those are contraindicated [11].

When determining the appropriate type of central line for placement, guidelines
recommend adhering to these principles: (1) keep the number of lumens to a minimum,;
in standard practice, often three lumen CVCs are used; (2) if a lipid-containing solution
is used, for example, in the administration of total parenteral nutrition, ensure that it has
a dedicated lumen, and (3) consider how long the CVC line needs to remain in situ [11].
Patients at high risk of developing catheter-associated infections include those who will
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have catheters in for more than 7 days or those with specific risk factors, such as burns or
immunocompromised conditions. For these patients, an antimicrobial-coated line should
be considered [12]. While various CVC sizes, types, and introducer needles are available,
current research and expert recommendations indicate that catheter size and type should
be selected based on local protocols and operator experience. No evidence demonstrates a
clinical difference in outcomes among the various options. Additionally, clinicians should
utilize the smallest catheter necessary for the clinical situation [11].

When deciding between right- and left-sided options for inserting CVCs, the current
literature and expert opinion suggest prioritizing right-sided insertion sites for internal
jugular vein catheterization. However, both options should be considered depending on
clinical circumstances [13]. These studies found that, when comparing the right and left
internal jugular veins (RIJV and LIJV), the RIJV is larger and less likely to be positioned
anteriorly relative to the common carotid artery, thus minimizing the risk of a ‘through and
through’ inadvertent arterial puncture [14-16]. As for subclavian or femoral cannulation
sites, expert consensus suggests scanning both sides and choosing whichever the operator
feels most comfortable with. A 2024 RCT suggests that the left subclavian vein has a
straighter anatomical path to the SVC and found that there is a lower rate of catheter
malposition in left-sided subclavian insertions when compared with the right side (4.5% vs.
13.8%, p = 0.001) [17].

Two mainstream insertion techniques are commonly used: the wire-through-thin-wall
needle technique (Seldinger technique) and the catheter-over-the-needle-then-wire-through-
the-catheter technique (modified Seldinger technique). When inserting into the internal
jugular or femoral veins, operators should choose the method with which they feel most
experienced. However, when inserting into the subclavian vein, some RCTs suggest that
a thin-walled technique (Seldinger technique) results in a lower complication rate than a
catheter-over-needle technique (Modified Seldinger) [18,19].

For CVC insertion, an ultrasound with a sterile probe cover and sterile gel is rec-
ommended to locate the relevant venous and arterial anatomy. The needle is inserted
under ultrasound guidance into the central vein, and blood flow should return through the
needle, indicating intravascular access. In the Seldinger technique, a guidewire is inserted
through the introducer needle into the vein, and its position is checked with ultrasound.
The modified Seldinger technique feeds the cannula into the vein, and the guide wire is
inserted through the cannula under ultrasound guidance. The guidewire is then used to
insert the required dilator or multi-lumened CVC into the vein [11].

Verification methods for correct needle, wire, and catheter placement in the venous
system include ultrasound, manometry, waveform analysis, fluoroscopy, venous blood gas,
echocardiography, transesophageal echocardiography, and chest radiography (CXR) [11].
Figure 2 shows how these verification methods can help ascertain a CVC’s venous place-
ment [20].

Historically, post-procedural CXR has been the modality of choice for determining the
CVC position and development of iatrogenic complications [11]. The current guidelines
recommend that the optimal tip position is at the junction of the lower superior vena cava
(SVC) and the right upper atrium when viewed on CXR [21]. This allows high blood
flow to prevent thrombosis while also lying outside the right atrium to avoid arrhythmias
from catheter tip irritation of the right atrial wall. The surface landmarks correlating to
this position for measuring catheter length are from the intended puncture site to the
angle of Louis, i.e., the manubrio-sternal joint [10]. An MRI study of catheter tip positions
compared to CXR radiographic landmarks showed that the right tracheobronchial angle is
the most reliable landmark for the upper SVC. It showed that catheter tips placed caudad
to this landmark by no more than 2.9 cm, resulted in the best positioning outcomes within
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the SVC [22]. The carina is another reliable radiographic landmark that can be used to
place CVCs. In 2000, a study published in the British Journal of Anaesthesia showed that
the carina is reliably visible in poor-quality CXRs, and catheter tips positioned above
this landmark on CXR minimize the chance of potentially fatal cardiac tamponade from
deep CVC insertion [23]. In 2019, the Royal Brisbane and Women’s Hospital promoted an
insertion bundle checklist in which clinicians judged the acceptable tip position, which was
the upper, mid, or lower SVC and the cavo-atrial junction, from the post-procedure CXR.
The quality improvement project utilized similar radiographic landmarks to assess the
optimal tip position. This audit showed that more CVCs were inserted at an appropriate
depth, reducing the number of ‘too high” CVCs [24].
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Figure 2. Confirmatory modalities for successful central venous cannulation, including dynamic
ultrasound in short-axis (A) and longitudinal (B) views; manometry (C); fluoroscopy (D); trans-
esophageal echocardiography (E); and chest radiography (F) (with permission from Walsh and
Fitzsimons, 2023) [20].

However, the recent literature has shown that dynamic ultrasound scanning is non-
inferior to CXR for evaluating post-procedure positioning. A 2017 meta-analysis by
Ablordeppy et al. shows that bedside ultrasound and TTE can help determine the fi-
nal catheter position. It reported a pooled positive likelihood ratio of 31.12, indicating that
ultrasound is sufficient to confirm CVC malposition, but a negative likelihood ratio of 0.25
suggests that it is insufficient to rule out catheter malposition [25]. Therefore, clinicians
could feasibly use bedside ultrasound to decide if post-procedure CXR is necessary when
there is clinical suspicion of CVC malposition. A 2018 meta-analysis found that the di-
agnostic accuracy of ultrasound for detecting CVC malposition has a pooled specificity
and sensitivity of 98.9 (95% CI: 97.8-99.5) and 68.2 (95% CI: 54.4-79.4), respectively. It was
also a more reliable method for detecting immediate mechanical complications of CVC
insertion, such as pneumothorax or inadvertent arterial puncture. These data suggest that
the CVC position is best verified by combining vascular ultrasound for guidewire and
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cannula position in the vessel with transthoracic echocardiography (TTE) for the CVC tip
position [26].

While our review focuses on non-tunneled conventional CVCs for access to the central
venous system, it is important to note that many other options are available for accessing
the central venous system. Although an extended review of these options falls outside the
scope of this paper, as critical care providers rarely perform their insertion, they will be
briefly discussed here.

Peripherally inserted central catheters (PICCs) represent a type of non-tunneled central
venous access. Long catheters are inserted into peripheral veins so that their tips termi-
nate in the distal one-third of the superior vena cava, similar to traditional CVCs. They
are associated with complications, such as central line-associated bloodstream infections,
catheter occlusions or failure, and deep vein thromboses (DVTs) [27,28]. Data from a 2021
multicenter study suggest that PICC-associated bloodstream infection rates are as high
as 1.6%, while catheter occlusion rates can reach up to 7.0% [27] The incidence of PICC
migration or dislodgement is between 5% and 31% [29] Depending on the patient cohorts
examined, the rates for deep vein thrombosis secondary to PICCs vary widely, ranging
from 0.7% to 91% in the most critically ill patients [27,29].

Tunneled central venous access devices (CVADs) provide an alternative form of access
and include Hickman lines, Broviac lines, or totally implantable ports. These devices are
suitable for long-term medication administration and are selected when treatment is likely
to last months to years. They can be inserted under the skin percutaneously or through
a surgical cut-down using local or general anesthesia [30]. The choice of these devices is
often patient-specific and depends on their intended use [31,32]. Common complications
associated with these long-term CVADs include catheter blockage, catheter-associated
infection, infection of the exit site or tunnel, and deep vein thrombosis [30].

3. Complications

Despite their frequent use and improvements in procedure, the immediate insertion
process poses various risks to the patient, including arterial puncture or cannulation,
pneumothorax, catheter mispositioning, a bleeding event requiring action, nerve injury,
arrhythmia, and cardiac tamponade. Furthermore, delayed complications can result from
the ongoing use of CVCs, including catheter malfunction, deep vein thrombosis, and
catheter-associated infection [1,26]. Table 2 documents the current complication rate for
both immediate and delayed complications of CVC insertion. Case reports also describe a
variety of rare complications, including mediastinal hematoma, the loss of guidewire, the
intracardial entrapment of pulmonary artery catheters, and massive hydrothorax [33-38].

Table 2. Common immediate and delayed complication rates [1].

Immediate Complication = Total Catheters Analyzed  Complication % (95%CrI)

Placement failure 17,407 2.04% (1.09-3.44)
Arterial puncture 22,296 1.62% (1.15-2.20)
Arterial cannulation 6489 0.28% (0.01-1.00)
Pneumothorax 32,665 0.44% (0.27-0.65)
N Total Catheter Days Complication % per

Delayed Complication Analyzed Catheter Day (95%CrI)
Deep vein thrombosis 73,894 0.27% (0.1-0.62)
Catheter-associated 549,246 0.48% (0.34-0.66)

infection
95% Crl indicates 95% credible interval.
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These risks depend on the chosen location of the catheter, operator experience, ad-
herence to sterility measures, and whether ultrasound is used during the insertion and
confirmation process [1,11,39,40]. Misplacement of the catheter is most commonly docu-
mented, occurring between 10.9 and 34.4 events per 1000 catheters inserted [1]. However,
these rates significantly decrease to as low as 5.2 events per 1000 when dynamic ultra-
sound is utilized during insertion [1]. It should also be noted that the data for Table 2 are
drawn from a recent meta-analysis combining landmark methods and dynamic ultrasound
scan-assisted CVC insertions. Notably, the incidence rate of arterial puncture using the
landmark method has been reported to be as high as 9%. In comparison, the rate of arterial
cannulation with the landmark method is reported to be as high as 0.5% [41-43]. The
difference in incidence can be attributed to cases where arterial puncture was noted, and
appropriate measures were taken to prevent arterial cannulation.

The historical incidence of complications has decreased over time due to procedure
improvements, as shown in Table 3. A recent meta-analysis on central venous catheteri-
zation published by Teja et al. drew data from 2015 to 2023 and demonstrated the lowest
complication rates in all areas compared to historical data [1]. In 2015, the New England
Journal of Medicine published a multicenter randomized controlled trial conducted in nine
hospitals in France from December 2011 through June 2014 [44]. They analyzed the com-
plication rate of central venous catheters using three different insertion sites. Regarding
site-specific differences, they concluded that subclavian vein catheterization was associated
with a lower risk of catheter-associated infections and deep vein thrombosis but a higher
risk of pneumothorax compared to internal jugular or femoral vein catheterization. From
a historical comparison perspective, overall data reported that symptomatic deep vein
thrombosis and catheter-associated infections occurred in 0.5% to 14% and 0.5% to 1.2%
of central venous insertions, respectively [44]. Their data showed immediate mechanical
complication rates of 0.7% to 2.1% and defined major mechanical complications (grade 3
or higher) per the modified National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0 [44]. These included the pneumothorax requiring any operative
management or leading to clinical symptoms for the patient, arterial or venous punctures
resulting in severe symptoms or requiring operative intervention, or any bleeding event
necessitating the transfusion of RBCs or operative management [44].

In 1997, Yilmazlar et al. published a prospective study of 1303 central venous catheters
(CVCs) and compared their incidence of complications with other available studies at the
time. Their research revealed a 5.2% incidence of arterial puncture (4.1-11.3% reported
in other studies) and a 0.5% (0-5.2% in other studies) incidence of pneumothorax. They
noted that rates of catheter malposition in the literature from that period ranged from
1.9% to 5.2%. The authors observed that, compared with other studies available at the
time, the lower incidence of pneumothorax was likely due to their choice of the internal
jugular vein (IJV) as the cannulation site [45]. A prospective study published in 1985 by
Sitzmann et al. followed the historical trend of increasing complication rates [46]. These
data examined 200 consecutive patients at Johns Hopkins Hospital requiring central lines
for total parenteral nutrition. The rates of immediate complications are displayed in Table 3,
and it should be noted that catheter-associated infection rates are likely skewed due to the
administration of total parenteral nutrition. One of the earliest studies examining the com-
plication rates associated with central venous catheterization was a two-part prospective
study by Bernard and Stahl published in 1971. This research focused solely on subclavian
vein catheterization. The rates of placement failure, pneumothorax, arterial puncture, and
infection were significantly higher than in more recent data [47,48].
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Table 3. Overview of historical complication rates.
Immediate Complications 2024 (95% CrI) [1] 2015 [44] 1997 [45] 1985 [46] 1971 [47,48]
Placement failure 2.04% (1.09-3.44) X (1.9-5.2%) X 6.5%
Arterial puncture 1.62% (1.15-2.20) X 5.20% 3.8% 19%
Pneumothorax 0.44% (0.27-0.65) X 0.50% 2.3% 6%
Major mechanical complication * X 0.7-2.1% X X X
Delayed Complications
Deep vein thrombosis 0.27% (0.1-0.62) 0.5-1.4% X X X
Infection 0.48% (0.34-0.66) 0.5-1.2% X 5.7% 3.5%

95% Crl indicates 95% credible interval. x indicates no data was available for this specific complication in
this year. * Major mechanical complication defined as any of the following: (1) pneumothorax requiring any
operative management or that led to clinical symptoms for the patient; (2) arterial or venous punctures leading
to severe symptoms or requiring operative intervention; (3) bleeding event requiring transfusion of RBCs or
operative management.

These data show a linear improvement in complication rates over time, with noticeable
improvement once the development of ultrasound-guided techniques became mainstream
for critical care providers post-1984. As shown in Table 4, evidence shows that dynamic ul-
trasound markedly reduces complications associated with central venous access compared
to traditional landmark techniques. Apart from misplacing the CVC, arterial puncture with
the introducer needle is the most common significant complication. Furthermore, of the im-
mediate mechanical complications, arterial cannulation has the highest potential morbidity
and mortality per incidence [49]. A 2023 educational article published in the British Journal
of Anaesthesia provides guidelines (Figure 3) aimed at preventing mechanical complications
associated with CVC insertion, effectively summarizing some of the modern key points. It
contends, however, that no single technique is sufficient to avoid all complications related
to CVC insertion [20].

Table 4. Complication rates of CVC insertion: Dynamic ultrasonography versus the land-
mark method.

Complication [1] Ultrasonography Landmark Method
Placement failure 1.19% (0.51-2.46) 2.90% (0.75-9.63)
Arterial puncture 1.35% (0.91-1.92) 6.88% (3.24-13.75)
Arterial cannulation n/a n/a
Pneumothorax 0.24% (0.12-0.43) 0.99% (0.33-2.62)
Delayed complications [1]

Deep vein thrombosis 0.12% (0.02-0.67) n/a
Infections 0.42% (0.23-0.72) 2.18% (0.29-15.4)
Other complications * [39,40]

Internal jugular vein 8 per 1000 (3-17) 23 per 1000
Subclavian vein 30 per 1000 (7-127) 105 per 1000
Femoral vein 6 per 1000 (1-28) 13 per 1000

n/a—mnil sufficient data for adequate analysis. * Other complications defined as the following: thrombosis,
embolism, hematomediastinum and hydromediastinum, hematothorax and hydrothorax, pneumothorax, subcu-
taneous emphysema, and nerve injury.
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Before the procedure

+ |nstitute appropriate operator training
* Recognise risk factors for difficult cannulation
+ Large calibre catheters
* Patient anatomy and comoarbidities
* Inexperienced operator
» Emergency placement
« Compromised procedural seffing including lack of appropriate equipment
= Choose catheter type and venous access site as clinically appropriate
* IJV when able due to increased risk of complications with SCV and femoral sites
+ Identify surface landmarks and scan intended vessel with ultrasound
* For upper-extremily lines, approach from the right side as able
« Choose smallest-caliber catheter as able
= Consider correcting coagulopathy
+ Ensure optimal patient positioning
« Confirm completion of checklist and full-stop timeout

During the procedure

All catheters

+ Provide appropriate sedation or anaesthesia for patient to maintain optimal positioning

+ Employ dynamic ultrasound for all sites throughout placement including vessel puncture

= Consider secondary confirmatory technigue such as manometry

* Preferentially use Seldinger technique to confirm guidewire position before catheter insertion
* Limit total attempts by single operator to <2

Anticipated difficult catheter

* Use most experienced operator
= Consider two-operator placement
= Consider fluoroscopy, TOE, and collaboration with auxiliary teams

After the procedure

= Confirm catheter tip positioning
* CXR is appropriate for most patients
« Consider immediate TOE or fluoroscopy for catheters associated with advanced
mechanical circulatory support or dialysis
= Order CT scan if concern for extravenous access
= Consult vascular or cardiothoracic surgery emergently if extravenous access

No one technigue can prevent CVC complications

-

A

Figure 3. Suggested procedural approach to prevent CVC insertion complications (with permission
of Walsh and Fitzsimons, 2023) [20].

4. Inadvertent Arterial Puncture

Unintentional cannulation of an arterial vessel with a dilator or large-bore catheter
is a dangerous and difficult-to-manage complication for the modern anesthesiologist and
intensivist. The American Society of Anesthesiologists Closed Claims Project database
suggests that, since 1990, the majority of immediate complications associated with CVCs
leading to insurance claims have been vascular injuries [50].

The modern literature shows that the pooled rate of arterial cannulation was 2.8 events
per 1000 catheters placed (Table 2) [1]. Tables 4 and 5 show that incidence rates were
significantly affected by the insertion location and whether ultrasound was used in the
insertion process.
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ECG

JVP

PPG

The complications associated with arterial puncture or cannulation are severe and
include stroke, pseudoaneurysm, airway obstruction, further surgery for vascular repair,
or death [49]. Commonly, the methods for avoiding the arterial placement of a CVC were
to observe the color and pulsatility of the blood from the introducer needle before placing a
guidewire or to test the degree of oxygenation of the blood with sampling [51]. However,
these methods can be unreliable due to systemic hypotension, arterial desaturation, catheter
kinking, or occlusion [51]. In 1983, a retrospective cohort study by Jobes et al. of over 1200
attempts at IJV access reported that, on clinician assessment of color and pulsatility, 0.8%
of needle punctures were incorrectly identified as being in the venous system but could
be correctly identified as arterial on pressure waveform analysis [52,53]. Figure 4 shows
an example of the difference between arterial and venous waveforms with an ECG for
comparison.

Diastole Systole Diastole Systole Diastole

Figure 4. The jugular venous pressure waveform (JVP) compared to the arterial pressure waveform
(carotid pulse on photoplethysmography—PPG). Recognizing the different waveforms on CVC helps
proceduralists determine when an inadvertent arterial puncture occurs. For ECG, P corresponds to
atrial depolarization, QRS complex to ventricular depolarization, and T to ventricular repolarization.
For JVP: The (a) wave represents atrial contraction and is followed by the (x) descent, indicating the
closure of the tricuspid valve. Subsequently, the (c) wave shows the bulging of the tricuspid valve
due to right ventricular contraction, followed by the drop in pressure (x’). The (v) wave reflects the
maximum pressure from right atrium filling before the tricuspid valve reopens. Finally, there is a
drop in pressure during rapid ventricular filling, represented by the (y) wave. For PPG: s indicates
the systolic pressure peak and d the diastolic pressure peak. (with permission of Garcia-Lépez and
Rodriguez-Villegas, 2020) [53].

Furthermore, Ezaru et al. published a retrospective study in 2009 of over 9000 CVC
insertions [51]. They determined that an inadvertent arterial puncture could be correctly
identified in virtually all cases using pressure manometry combined with an assessment of
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color and pulsatility. In contrast, again, with reliance on color and pulsatility alone, 0.8%
of insertions would have led to arterial cannulation. As previously discussed, the current
standard of practice is the real-time use of ultrasound to confirm the location of the needle,
guidewire, and catheter tip.

Table 5. Inadvertent arterial injury by CVC insertion site [1].

Location Total Catheters Analyzed  Complication % (95%CrI)
Internal Jugular Vein 8852 1.19% (0.5-2.47)
Femoral Vein 1200 2.77% (0.25-22.58)
Subclavian Vein 4253 3.59% (1.32-8.61)

95% Crl indicates 95% credible interval.

5. Management of Inadvertent Arterial Puncture/Cannulation

When an uncomplicated arterial puncture with an introducer needle is identified,
the most common management is applying external pressure to prevent hemorrhagic
complications, which is often effective. However, for select groups of patients with bleeding
disorders, difficult-to-compress vascular punctures (e.g., subclavian artery), or extensive
atherosclerotic disease, postponing any subsequent operation and ongoing neurological
follow-up could be recommended [49,54].

However, clinicians must know the management options when arterial punctures
are not identified and inadvertent arterial cannulation occurs. A 2009 case series by
Blaivas reported six inadvertent arterial cannulations that occurred despite the use of best
practice ultrasound [55]. This review notes that the assumption that “serious complications
no longer arise when ultrasound is used” is incorrect. Table 6 summarizes these cases,
including the outcome for each patient. This confirms that no single technique can prevent
inadvertent cannulations of arteries during CVC placement. Historically, attempts to
remove the dilator or inadvertently intra-arterially placed CVCs and apply direct pressure
(the “pull and pressure” approach) have led to significant morbidity and mortality for
patients. The ideal management strategy for the modern clinician is a combination of CT
angiogram, direct angiography, and endovascular closure techniques, which have been
successful with minimal complications in various case reports [56-59]. Given the minimally
invasive nature of angiography compared to open surgical options and similar clinical
outcomes, it should be considered the first-line option for managing these complications.

In 2008, Guilbert et al. published a retrospective analysis and literature review that
showed removing the malpositioned catheter and applying direct pressure led to significant
complications in 47% of patients, including stroke or death. Their results showed the imme-
diate stroke risk following a carotid arterial CVC removal was 5.6% and thus recommend
prompt imaging and neurological assessment, which may necessitate the postponing of
elective surgeries in anesthetized patients. Their data showed that open surgical repair
or endovascular intervention was not associated with increased morbidity or mortality.
Particularly, endovascular repair was recommended for sites of arterial trauma below the
clavicle [54].

A 2017 systematic review of the management of inadvertent arterial cannulation
compared the treatment options of the three treatment modalities. They found that compli-
cations arose in 94.4% of arterial cannulations managed with external compression, notably
hematoma formation, hemorrhage, and embolic events. Significantly, 16.7% of these pa-
tients died due to embolic stroke. Comparatively, in the 37 cases of endovascular treatment,
there were only two complications (5.4%), with one case of inability to stop the hemorrhage
and one embolic stroke. In 37 cases of open surgical management, no complications were
reported. They concluded that, while surgery appears to be more optimum in terms of
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closure complications, it is more invasive and may carry more morbidity due to the open
nature of repair compared to endovascular methods. They contended that it might also
be less favorable in subclavian artery repairs, as this area is more difficult to access and
includes the risk of a general anesthetic in a critically unwell patient. They believe clinicians
should consider both angiography and surgery depending on the individual patient and

location factors [60].

Table 6. Video analysis of six accidental arterial cannulations during CVC insertion using dynamic

ultrasound guidance [55].

Age Mechanism of Injury Outcome
Attending emergency physician and resident inserted CVC into an awake Patient died after failed emergency
67 septic patient with multilobar pneumonia. The needle went through IJV intubation for worsening respiratory
into carotid artery. distress from mediastinal hematoma.
75 Attending physician inserted into awake patient with urosepsis. The Vascular surgery for
catheter went through femoral vein into femoral artery. arteriovenous fistula.
48 The needle inserted into an intubated patient with pulmonary edema went ~ Surgery for tear and focal dissection of
through a collapsed IJV and entered carotid artery posterior to the IJV. carotid artery.
An awake oncology patient with esophageal cancer had a CVC inserted for . . .
. . . . Hematoma with respiratory distress
67 pulmonary edema. Guidewire traveled through IJV and its posterior wall .. : .
. . requiring emergent intubation.
and into the carotid artery.
69 An awake patient with respiratory distress had a CVC inserted. The needle =~ Emergency carotid artery repair; the
penetrated the carotid artery, which was very close to the IJV. patient died of complications.
An awake patler}t Wlth likely urosepsis had a CVC inserted by an Central catheter removed; bleeding
14 emergency physician. The needle penetrated the rear wall of IJV and

entered carotid artery.

eventually stopped.

A 2022 case series by Papastratigakis et al. analyzed three more modern cases of
inadvertent arterial cannulation and again recommended against removing the catheter
and direct pressure, which led to complications like hematoma, airway obstruction, and
stroke [43]. Their report encouraged that the current gold standard of care is that, once
inadvertent arterial cannulation is identified, clinicians should discuss an angiographic
approach to management with an interventional radiologist. Inmediate consultation with

a general or vascular surgeon is also appropriate, depending on the clinical setting [43].

Much of the current literature suggests the consideration of prophylactic anticoagula-
tion due to the prevalence of thrombotic complications after arterial cannulation, leading
to embolic stroke. Some authors hypothesize that a thrombus forms around the catheter,
which dislodges and embolizes during catheter removal [61]. While there is no consensus
on the requirement for anticoagulation, some vascular protocols suggest full hepariniza-
tion and ultrasound evaluation of the injured artery (particularly carotid arteries) to look
for thrombus formation or atherosclerotic calcifications and back bleeding of the catheter
before removal. Furthermore, they recommend considering open surgical techniques over
endovascular closure in cases with >4 h before the arterial cannulation is identified [60,61].
Figure 5 presents our recommended management algorithm for contemporary practitioners.
If arterial cannulation occurs with the dilator or catheter, endovascular or angiographic
closure techniques are the gold standard of care. However, in clinical situations lacking
access to angiography or endovascular closure, open surgical repair should be considered
for patients stable enough to tolerate the procedure, which often requires general anesthe-
sia [60]. If these patients are not stable enough to tolerate open surgical repair, consider
immediate consultation with interventional radiology and vascular surgery to arrange
potential transfer to a facility that can offer endovascular closure. In practice, we assert
that proceduralists, interventional radiologists, general surgeons, and vascular surgeons
should all be engaged, if available, in a shared decision-making process to determine the

most appropriate intervention for each patient.
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Suggested management algorithm of mechanical complications during central venous catheterisation

Inadvertent Arterial Puncture

| | Inadvertent Pneumothorax

| | Inadvertent Retained Guidewire

'

v

o ) - ) o Assess patient for impact on airway and ventilation
Confirm inadvertent arterial puncture/position of CVC with a combination of: 7
1. USS
2. Arterial pressure waveform or manometry If access to guidewire is no longer possible
3. Pulsatile flow and color - Confirm presence of pneumothorax with bedside
Observe the patient for impact on their airway or ventilation USS and/or CXR
Introducer needle accidental Dilator or CVC accidental puncture Respiratog distress 1. Immediate CXR for exact localisation
uncture of arter of arter 2. Is guidewire visible in vascular system?
Can this grtery be easily con¥pressed? Leave the devicye in situ Pneumothorax >30% of pleural cavity =0 !
| | iR o
YES NO YES NO ' |
(Jugular/Femoral Artery) (Subclavian Artery) ¢ ¢
" . Supportive care
Is en ular repair . i i
aalible? P Insertion of chest e.g., fest, oxygen, 1. Urgent consultation 1. Ongoing
. , : tube for drainage delaying further with vascular surgeon reassessment of
- Pul(ljand Pressfur(:5 . T procedures or |nt9rvent|onal patient, pons[der
1. Remove ana compress for mantfaS YES NO radiologist for removal further imaging
while monitoring for patient deterioration under vision 2. Serial
2. Serial follow-up cardiovascular and . — 2. Serial neurological neurological
neurological examinations D|Iator<o‘{ ﬁ(\frs'g situ for examinations examinations
3. Follow-up USS/Rx :
[
YES N‘O

Endovascular/Angiographic Repair
1. Immediate consultation with interventional
radiologist/vascular surgeon
2. Consider heparinization and USS arterial
puncture site for thrombus formation
3. Serial neurological examinations

Open Surgical Repair
1. Immediate consultation with a vascular or
general surgeon
2. If the patient is not fit for general anesthesia,
then consider transfer for endovascular repair
3. Serial neurological examinations

Figure 5. Suggested management algorithm of mechanical complications during CVC insertion.
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6. Pneumothorax

The development of a pneumothorax through the process of obtaining central venous
access has been consistently documented historically as a common complication. The 2024
meta-analysis by Teja et al. suggests that pneumothorax rates range from 0.3 to 54.9 events
per 1000 catheters placed, reflecting substantial between-study heterogeneity and a notable
negligible risk of pneumothorax when studies involving femoral vein catheter placement
were analyzed [1].

The previous standard investigation for the diagnosis of a pneumothorax is CXR.
However, some international clinical guidelines note that immediate post-procedure CXR is
often insufficient, as this complication develops insidiously [62]. For the modern clinician,
a recent meta-analysis reports that the sensitivity and specificity of ultrasound to detect
post-procedure pneumothorax are nearly 100%, and this has been reflected consistently
in the literature [25,63,64]. The first documentation of ultrasound for the diagnosis of
pneumothorax occurred in 1986 by a veterinarian in a study of horses, and it has since been
shown that it is superior in efficacy and speed to CXR in the diagnosis of pneumothorax in
the supine position and critically ill patients [25,65].

The current recommended management of pneumothorax by the American Society
of Anesthesiologists’ 2020 report is the insertion of a chest tube if a pneumothorax de-
velops [11]. The Swedish Society of Anaesthesiology and Intensive Care Medicine’s 2014
guidelines elaborate further and recommend that, in cases where patients do not develop
clinical signs of dyspnea, tachypnoea, decreased peripheral oxygen saturations, or cough,
and the pneumothorax corresponds to less than 30% of the pleural cavity, drainage is not
required [62].

7. Other Complications

Table 7 summarizes the common complications reported by the ASA and their diagno-
sis and management. Given the invasive nature of central venous catheterization and its
frequency in modern medicine, various rare complications are intermittently reported in
case studies. We propose that modern clinicians be aware of these risks despite their small
incidence rate.

Table 7. Common complications of CVC placement as reported by ASA 2020 report—brief diagnosis
and management summary [11].

Immediate Complications Diagnosis Management
Historically, CXR has been the gold standard.
Placement Failure Ultrasound (USS) and TTE are non-inferior and faster in Remove misplaced catheter.
recent meta-analyses.
Combination blood color and pulsatility assessment, Often, no invasive management is required apart
Arterial Puncture pressure manometry, and dynamic USS for needle from external compression if it is identified before
tip position. further cannulation.

Arterial Cannulation

Pneumothorax

Combination of blood color and pulsatility assessment,
pressure manometry + waveform analysis, and dynamic
USS for catheter position.

Leave the catheter in situ, and follow the pathway
documented in Figure 5.

Bedside ultrasound is faster, more sensitive, and more Patients with large pneumothoraces >30% or
specific than CXR for identifying pneumothorax after respiratory distress may benefit from the insertion
central venous catheter insertion. of a chest drain.

Delayed Complications

Deep Vein Thrombosis

Catheter-Associated Infection

The catheter may be left in situ. Anticoagulation
for as long as catheter is in situ or >3 months,
whichever is longer.

Remove the catheter and send for tip culture.
Clinical assessment and blood cultures. Antibiotics per local guidelines. Prophylaxis is

not recommended

Combination of clinical assessment,
D-dimer, and USS.
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7.1. Retained Guidewire

While an adequate CVC insertion technique should prevent this complication, mul-
tiple case reports have documented the complications that arise after the guidewire’s
vascular retention during insertion. These case reports document that unrecognized re-
tained guidewires lead to complications, including embolization, fragmentation, infection,
arrhythmias, cardiac perforation, stroke, and migration through soft tissue [33,66-70]. Cur-
rent international guidelines recommend that, if the complete guidewire is not found in
the procedural field at the end of the insertion procedure, a CXR should be ordered im-
mediately to determine if it is retained in the vascular system. In this scenario, immediate
consultation with vascular surgeons or interventional radiologists should occur [11].

7.2. Hemothorax/Mediastinal Hematoma/Cardiac Tamponade

Hemothoraces or mediastinal bleeding can occur during central venous catheterization
if an arterial or venous perforation communicates with the space. The potential pleural
space is large, up to approximately 3 L, as the lung is completely compressible. If a hemoth-
orax develops post-insertion, the consensus recommendations are to leave the catheter in
situ, consider a chest drain, serial hematocrit measurements, volume replacement, and
urgent vascular surgical consultation [11,49].

Mediastinal hematoma case reports usually document the insidious hematoma de-
velopment after the insertion procedure. The mediastinal space is much smaller than the
pleural space, so this complication leads to airway manifestations, including dyspnea,
decreased peripheral oxygen saturations, and potential airway compression [34,37]. If
this complication is suspected, the immediate priority is controlling hemorrhage from the
puncture site and ongoing monitoring. Even large hematomas can usually be managed
conservatively [71].

Cardiac tamponade is a life-threatening complication associated with central venous
access attempts. This complication occurs more frequently in neonatal central venous
cannulation, and its incidence is not well established in the literature, ranging from 0.01%
to 0.3%, but it has a reported mortality ranging from 30% to 100% if there is associated
ventricular perforation [72,73].

7.3. Chylothorax/Infusothorax/Hydrothorax

Rare complications of non-blood-containing fluid entering the mediastinum or pleural
cavity because of CVC insertion have been documented in sporadic case reports. Infusotho-
rax/hydrothorax mechanisms have been proposed to include the erosion of the subclavian
or internal jugular vein wall, leading to fluid infusion into the mediastinum or pleural
cavity [74]. These cases have been managed primarily with the cessation of the infusion
and insertion of a chest drain if the patient is systemically unwell [74,75].

Chylothorax development has various attributable causes, including the insertion of
CVCs. Iatrogenic injury to the lymphatic system leads to the accumulation of chyle in the
pleural cavities, which can present as shortness of breath, cough, or chest discomfort [76].
While no randomized control trials are available to guide management, recent publications
suggest that conservative measures such as low-fat diets and/or chest tube placement are
sufficient for managing low-output chylothoraxes. For patients who do not respond to
conservative management or have high-output chylothoraxes (>1000 mL per day), surgical
intervention is warranted [76].

7.4. Delayed Complications

Tables 2 and 4 detail the incidence rates of deep vein thrombosis associated with
CVC and catheter-associated infections. Interestingly, using ultrasound scanning in the
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insertion process potentially reduces the risk of both events despite not being an immediate
insertion-related complication [1,39,40].

Deep vein thrombosis associated with CVC can be diagnosed with clinical decision
scoring (Constans score), D-dimer testing, and ultrasound imaging [77]. Upper limb
catheter-associated deep vein thrombosis often presents as asymptomatic, inability to flush
or aspirate from the catheter, or catheter-associated infection [78]. The current recommen-
dations from international committees for treatment are to consider anticoagulation for
as long as the catheter remains in situ or for >3 months, whichever is longer. It should
be noted that these guidelines note there is a lack of strong evidence for the duration of
anticoagulation after catheter removal, and all decisions should be made on a case-by-case
basis [79].

Catheter-associated infections are commonly reported. Notably, despite modern ad-
vances in aseptic techniques, over 80,000 CVC-associated bloodstream infections occur
annually in the United States [80]. If an infection is suspected, international guidelines
recommend that blood cultures be taken from both the catheter and a peripheral site, and
the catheter tip should be sent for culture [62,81]. Antimicrobial therapy for suspected
catheter-associated infections should empirically target the likely causative organisms
while awaiting culture sensitivities. The common causative organisms for these infections
include Staphylococcus aureus and coagulase-negative staphylococci. Candida species
and Gram-negative bacteria are also prevalent in immunocompromised patients [81,82].
Given the regional differences in antimicrobial resistance, infections should be treated with
appropriate antimicrobials according to local guidelines. However, in general, these infec-
tions can be treated empirically with vancomycin, with the addition of an aminoglycoside
if there is a suspected high risk of Gram-negative infection [81]. The American Society
of Anesthesiologists and the Centers for Disease Control do not recommend routine IV
antibiotic prophylaxis [11,83].

7.5. Future Perspectives

Given the history of central venous cannulation, our modern advances in techniques
and equipment have been instrumental in reducing the risks associated with this critical
procedure. As such, modern clinicians should begin to preempt the possible future com-
plications that a contemporary patient cohort may encounter. Looking ahead, obesity has
been identified through meta-analysis as an independent risk factor for difficult peripheral
intravenous cannulation [84]. As modern society progressively increases its average BMI,
and, in particular, the prevalence of extreme obesity, research has begun to focus on ensur-
ing that CVC remains a safe procedure for these patients [85]. This includes head and neck
positioning strategies, passive leg raising, and other patient positions to enhance central
venous accessibility under ultrasound guidance [86-88].

Further research could consider the complications of increased body mass and sub-
cutaneous tissue. Hypothetical new complications requiring further investigation could
involve subcutaneous neck adiposity weighing down upper body CVCs, leading to post-
verification placement failure, inadvertent arterial puncture due to the subcutaneous weight
forcing catheters through posterior venous vessel walls and into adjacent arterial walls,
or catheter failure from kinking under the weight. We must remain prepared for new
complications as we advance techniques to provide central venous access.

8. Conclusions

Central venous catheterization remains one of the most critical procedures in anes-
thesia and critical care medicine. The transition from invasive methods, such as the great
saphenous vein cut-down, to ultrasound-guided techniques has significantly improved
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patient safety and physicians’ capability to manage critically ill patients. Since the 1980s,
ultrasound guidance has revolutionized vascular access, enabling real-time vessel visu-
alization and decreasing complications. However, no single technique is adequate to
prevent all complications related to CVC insertion. Immediate complications such as ar-
terial puncture, arterial cannulation, and pneumothorax/hemothorax remain prevalent.
Clinicians must be prepared to tackle these challenges, using ultrasound and additional
tools like pressure manometry and waveform analysis as required. Research indicates that
ultrasound guidance can significantly reduce the risk of arterial puncture, pneumothorax,
and catheter misplacement compared to traditional landmark approaches. In addition to
attempting to prevent the development of complications with modern techniques, clin-
icians should be aware of the management pathways if they arise. This review offers a
suggested management pathway for the most common complications, particularly the
management of inadvertent arterial cannulation. Clinicians should remain current with
the latest endovascular techniques and indications to prevent poor outcomes for patients
who undergo inadvertent arterial cannulation. Future research should examine how to best
support patients undergoing angiographic and endovascular closure techniques after arte-
rial cannulation and the need for ultrasound evaluation and anticoagulation in these cases.
Additionally, increasing patient obesity changes optimal CVC insertion and associated
risks, and more data are needed to develop evidence-based guidelines and management in
this cohort.

Author Contributions: K.W. conceived and designed the text structure, contributed to the writing
of the original draft and manuscript, contributed to review and editing, and read and approved the
final version. A.v.Z. contributed to the review and editing of the manuscript, supervised the review,
and read and approved the final version. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors acknowledge the Department of Anaesthesia and Perioperative
Medicine, Royal Brisbane, and Women'’s Hospital and the University of Queensland, Brisbane, QLD,
Australia, for their support.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Teja, B.; Bosch, N.A.; Diep, C.; Pereira, T.V.; Mauricio, P; Sklar, M.C.; Sankar, A.; Wijeysundera, H.C.; Saskin, R.; Walkey, A ; et al.
Complication Rates of Central Venous Catheters: A Systematic Review and Meta-Analysis. JAMA Intern. Med. 2024, 184, 474-482.

[CrossRef] [PubMed]

2. Sette, P; Dorizzi, RM.; Azzini, A.M. Vascular access: An historical perspective from Sir William Harvey to the 1956 Nobel prize
to André F. Cournand, Werner Forssmann, and Dickinson W. Richards. J. Vasc. Access 2012, 13, 137-144. [CrossRef] [PubMed]

3. Hoffman, T.; Du Plessis, M.; Prekupec, M.P,; Gielecki, J.; Zurada, A.; Tubbs, R.S.; Loukas, M. Ultrasound-guided central venous
catheterization: A review of the relevant anatomy, technique, complications, and anatomical variations. Clin. Anat. 2017, 30,
237-250. [CrossRef] [PubMed]

4. English, L.C.W.; Frew, R M,; Pigott, ].EG.; Zaki, M. Percutaneous cannulation of the internal jugular vein. Thorax 1969, 24, 496-497.

[CrossRef]

ISANNSL

Aubaniac, R. Subclavian intravenous injection; advantages and technic. Presse Med. 1952, 60, 1456.
Yoffa, D. Supraclavicular subclavian venepuncture and catheterisation. Lancet 1965, 2, 614—-617. [CrossRef]

7. Moncrief, J.A. Femoral catheters. Ann. Surg. 1958, 147, 166-172. [CrossRef]


https://doi.org/10.1001/jamainternmed.2023.8232
https://www.ncbi.nlm.nih.gov/pubmed/38436976
https://doi.org/10.5301/jva.5000018
https://www.ncbi.nlm.nih.gov/pubmed/21983826
https://doi.org/10.1002/ca.22768
https://www.ncbi.nlm.nih.gov/pubmed/27521991
https://doi.org/10.1136/thx.24.4.496
https://doi.org/10.1016/S0140-6736(65)90519-2
https://doi.org/10.1097/00000658-195802000-00004

Healthcare 2025, 13, 1168 18 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Fabian, J.A.; Jesudian, M.C. A simple method for improving the safety of percutaneous cannulation of the internal jugular vein.
Anesth. Analg. 1985, 64, 1032-1033. [CrossRef]

Legler, D.; Nugent, M. Doppler localization of the internal jugular vein facilitates central venous cannulation. Anesthesiology 1984,
60, 481-482. [CrossRef]

Bannon, M.P;; Heller, S.E; Rivera, M. Anatomic considerations for central venous cannulation. Risk Manag. Healthc. Policy 2011, 4,
27-39. [CrossRef]

Practice Guidelines for Central Venous Access 2020: An Updated Report by the American Society of Anesthesiologists Task Force
on Central Venous Access. Anesthesiology 2020, 132, 8-43. [CrossRef] [PubMed]

ANZICS. Central Line Insertion and Maintenance Guideline; Care ACoSaQiH; ANZICS: Prahran, Australia, 2012; Available online:
https:/ /www.anzics.org/wp-content/uploads /2018 /08 / ANZICS_Insertionmaintenance_guideline2012_04.pdf (accessed on 10
March 2025).

Czyzewska, D.; Ustymowicz, A.; Kosel, J. Internal jugular veins must be measured before catheterization. J. Clin. Anesth. 2015, 27,
129-131. [CrossRef]

Bos, M.].; van Loon, R.EH.].; Heywood, L.; Morse, M.P,; van Zundert, A.A.]. Comparison of the diameter, cross-sectional area,
and position of the left and right internal jugular vein and carotid artery in adults using ultrasound. J. Clin. Anesth. 2016, 32,
65-69. [CrossRef] [PubMed]

van Zundert, A.; Bos, M.; Heywood, L. Internal jugular veins must be measured before catheterisation. J. Clin. Anesth. 2015, 27,
435-436. [CrossRef]

Bos, M.].; van Mook, W.N.K.A; van Zundert, A.A.J. Asymmetric Jugular Veins: Implication for Central Venous Access in the ICU.
Crit. Care Med. 2016, 44, €778—€779. [CrossRef]

Shin, K.W.,; Park, S.; Jo, W.-Y.; Choi, S.; Kim, Y.J.; Park, H.-P.; Oh, H. Comparison of Catheter Malposition Between Left and Right
Ultrasound-Guided Infraclavicular Subclavian Venous Catheterizations: A Randomized Controlled Trial. Crit. Care Med. 2024, 52,
1557-1566. [CrossRef] [PubMed]

Kim, E; Kim, B.G,; Lim, YJ.; Jeon, Y.T.; Hwang, ] W.; Kim, H.C.; Choi, Y.H.; Park, H.P. A prospective randomised trial comparing
insertion success rate and incidence of catheterisation-related complications for subclavian venous catheterisation using a
thin-walled introducer needle or a catheter-over-needle technique. Anaesthesia 2016, 71, 1030-1036. [CrossRef]

Lee, YH.; Kim, TK; Jung, Y.S.; Cho, Y.J.; Yoon, S.; Seo, ].-H.; Jeon, Y.; Bahk, J.H.; Hong, D.M. Comparison of Needle Insertion and
Guidewire Placement Techniques During Internal Jugular Vein Catheterization: The Thin-Wall Introducer Needle Technique
Versus the Cannula-Over-Needle Technique. Crit. Care Med. 2015, 43, 2112-2116. [CrossRef]

Walsh, E.; Fitzsimons, M.G. Preventing mechanical complications associated with central venous catheter placement. BJA Educ.
2023, 23, 229-237. [CrossRef]

Wright, D.; Williams, D. Central venous catheter tip position on chest radiographs. Anaesthesia 2020, 75, 124-125. [CrossRef]
Aslamy, Z.; Dewald, C.L.; Heffner, ].E. MRI of central venous anatomy: Implications for central venous catheter insertion. Chest
1998, 114, 820-826. [CrossRef]

Schuster, M.; Nave, H.; Piepenbrock, S.; Pabst, R.; Panning, B. The carina as a landmark in central venous catheter placement. Br.
J. Anaesth. 2000, 85, 192-194. [CrossRef] [PubMed]

Hade, A.D.; Beckmann, L.A.; Basappa, B.K. A checklist to improve the quality of central venous catheter tip positioning.
Anaesthesia 2019, 74, 896-903. [CrossRef]

Ablordeppey, E.A.; Drewry, AM.M.; Beyer, A.BM.; Theodoro, D.L.M.; Fowler, S.A.M.; Fuller, BM.M.; Carpenter, C.R.M.
Diagnostic Accuracy of Central Venous Catheter Confirmation by Bedside Ultrasound Versus Chest Radiography in Critically I11
Patients: A Systematic Review and Meta-Analysis. Crit. Care Med. 2017, 45, 715-724. [CrossRef] [PubMed]

Smit, ].M.; Raadsen, R.; Blans, M.].; Petjak, M.; Van de Ven, PM.; Tuinman, P.R. Bedside ultrasound to detect central venous
catheter misplacement and associated iatrogenic complications: A systematic review and meta-analysis. Crit. Care 2018, 22, 65.
[CrossRef]

Swaminathan, L.; Flanders, S.; Horowitz, J.; Zhang, Q.; O'malley, M.; Chopra, V. Safety and Outcomes of Midline Catheters vs
Peripherally Inserted Central Catheters for Patients With Short-term Indications: A Multicenter Study. JAMA Intern. Med. 2022,
182, 50-58. [CrossRef] [PubMed]

Bing, S.; Smotherman, C.; Rodriguez, R.G.; Skarupa, D.J.; Ra, ].H.; Crandall, M.L. PICC versus midlines: Comparison of
peripherally inserted central catheters and midline catheters with respect to incidence of thromboembolic and infectious
complications. Am. . Surg. 2022, 223, 983-987. [CrossRef]

Duwadi, S.; Zhao, Q.; Budal, B.S. Peripherally inserted central catheters in critically ill patients—complications and its prevention:
A review. Int. |. Nurs. Sci. 2019, 6, 99-105. [CrossRef]

Galloway, S.; Bodenham, A. Long-term central venous access. Br. ]. Anaesth. 2004, 92, 722-734. [CrossRef]

Kehagias, E.; Galanakis, N.; Tsetis, D. Central venous catheters: Which, when and how. Br. |. Radiol. 2023, 96, 20220894. [CrossRef]


https://doi.org/10.1213/00000539-198510000-00021
https://doi.org/10.1097/00000542-198405000-00016
https://doi.org/10.2147/RMHP.S10383
https://doi.org/10.1097/ALN.0000000000002864
https://www.ncbi.nlm.nih.gov/pubmed/31821240
https://www.anzics.org/wp-content/uploads/2018/08/ANZICS_Insertionmaintenance_guideline2012_04.pdf
https://doi.org/10.1016/j.jclinane.2014.09.010
https://doi.org/10.1016/j.jclinane.2015.12.034
https://www.ncbi.nlm.nih.gov/pubmed/27290948
https://doi.org/10.1016/j.jclinane.2015.03.027
https://doi.org/10.1097/CCM.0000000000001801
https://doi.org/10.1097/CCM.0000000000006368
https://www.ncbi.nlm.nih.gov/pubmed/38912886
https://doi.org/10.1111/anae.13543
https://doi.org/10.1097/CCM.0000000000001167
https://doi.org/10.1016/j.bjae.2023.02.002
https://doi.org/10.1111/anae.14894
https://doi.org/10.1378/chest.114.3.820
https://doi.org/10.1093/bja/85.2.192
https://www.ncbi.nlm.nih.gov/pubmed/10992822
https://doi.org/10.1111/anae.14679
https://doi.org/10.1097/CCM.0000000000002188
https://www.ncbi.nlm.nih.gov/pubmed/27922877
https://doi.org/10.1186/s13054-018-1989-x
https://doi.org/10.1001/jamainternmed.2021.6844
https://www.ncbi.nlm.nih.gov/pubmed/34842905
https://doi.org/10.1016/j.amjsurg.2021.09.029
https://doi.org/10.1016/j.ijnss.2018.12.007
https://doi.org/10.1093/bja/aeh109
https://doi.org/10.1259/bjr.20220894

Healthcare 2025, 13, 1168 19 of 21

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Neville, J.].; Aye, H.M.; Hall, N.J. Tunnelled external versus implanted port central venous catheters in paediatric oncology: A
systematic review and meta-analysis. Arch. Dis. Child. 2023, 108, 975-981. [CrossRef] [PubMed]

Najari, F; Amirian, M.; Sadjadi, S.; Kayal, I.B. Loss of Guide Wire as an Important Complication of Central Venous Catheterization;
a Case Report. Emergency 2018, 6, e17. [PubMed]

Xiao, L.; Chen, X.; Zhang, D. Carotid Artery Aneurysm-Induced Mediastinal Hematoma Leading to Airway Compression-A Rare
Complication of Internal Jugular Vein Puncture. Vasc. Endovasc. Surg. 2024, 58, 676—679. [CrossRef]

Zhang, Y.; Tan, Y.; Xiang, H. Complete heart block: A rare central venous catheter placement complication. Zhong Nan Da Xue
Xue Bao Yi Xue Ban 2019, 44, 1306-1310. [CrossRef]

Aggarwal, R.; Soni, K.D. Delayed massive hydrothorax following subclavian catheter insertion: An unusual complication. Crit.
Care Nurs. Q. 2015, 38, 405-408. [CrossRef]

Ali, S.R.; Mukhija, D.; Nagpal, S.J.S. Mediastinal haematoma: A rare complication of central venous catheter insertion. Natl. Med.
J. India 2017, 30, 362. [CrossRef]

Schnabel, R.; van Zundert, A. Intracardiac entrapment of a pulmonary artery catheter. Acta Anaesthesiol. Scand. 2007, 51, 781-782.
[CrossRef]

Brass, P.; Hellmich, M.; Kolodziej, L.; Schick, G.; Smith, A.F. Ultrasound guidance versus anatomical landmarks for internal
jugular vein catheterization. Cochrane Database Syst. Rev. 2015, 1, Cd006962. [CrossRef] [PubMed]

Brass, P.; Hellmich, M.; Kolodziej, L.; Schick, G.; Smith, A.F. Ultrasound guidance versus anatomical landmarks for subclavian or
femoral vein catheterization. Cochrane Database Syst. Rev. 2015, 1, Cd011447. [CrossRef]

McGee, D.C.; Gould, M.K. Preventing complications of central venous catheterization. N. Engl. . Med. 2003, 348, 1123-1133.
[CrossRef]

Pikwer, A.; Acosta, S.; Kolbel, T.; Malina, M.; Sonesson, B.; Akeson, ]J. Management of inadvertent arterial catheterisation
associated with central venous access procedures. Eur. |. Vasc. Endovasc. Surg. 2009, 38, 707-714. [CrossRef] [PubMed]
Papastratigakis, G.; Marouli, D.; Proklou, A.; Nasis, N.; Kondili, E.; Kehagias, E. Management of Inadvertent Arterial Catheteriza-
tion during Central Venous Catheter Placement: A Case Series. J. Pers. Med. 2022, 12, 1537. [CrossRef]

Parienti, J.-J.; Mongardon, N.; Mégarbane, B.; Mira, J.-P; Kalfon, P; Gros, A.; Marqué, S.; Thuong, M.; Pottier, V.; Ramakers, M.;
et al. Intravascular Complications of Central Venous Catheterization by Insertion Site. N. Engl. J. Med. 2015, 373, 1220-1229.
[CrossRef] [PubMed]

Yilmazlar, A.; Bilgin, H.; Korfali, G.; Eren, A.; Ozkan, U. Complications of 1303 central venous cannulations. J. R. Soc. Med. 1997,
90, 319-321. [CrossRef]

Sitzmann, J.V.; Townsend, T.R.; Siler, M.C; Bartlett, J.G. Septic and technical complications of central venous catheterization. A
prospective study of 200 consecutive patients. Ann. Surg. 1985, 202, 766-770. [CrossRef]

Bernard, R.W.; Stahl, W.M. Subclavian vein catheterizations: A prospective study. 1. Non-infectious complications. Ann. Surg.
1971, 173, 184-190. [CrossRef]

Bernard, R.W.; Stahl, W.M.; Chase, R.M.,, Jr. Subclavian vein catheterizations: A prospective study. II. Infectious complications.
Ann. Surg. 1971, 173, 191-200. [CrossRef] [PubMed]

Bowdle, A. Vascular Complications of Central Venous Catheter Placement: Evidence-Based Methods for Prevention and Treatment.
J. Cardiothorac. Vasc. Anesth. 2014, 28, 358-368. [CrossRef]

Domino, K.B.; Bowdle, T.A.; Posner, K.L.; Spitellie, PH.; Lee, L.A.; Cheney, EW. Injuries and Liability Related to Central Vascular
Catheters. . Am. Soc. Anesthesiol. 2004, 100, 1411-1418. [CrossRef]

Ezaru, C.S.; Mangione, M.P.; Oravitz, T.M.; Ibinson, ].W.; Bjerke, R.J. Eliminating arterial injury during central venous catheteriza-
tion using manometry. Anesth. Analg. 2009, 109, 130-134. [CrossRef]

Jobes, D.R.; Schwartz, A.].; E Greenhow, D.; Stephenson, L.W.; Ellison, N. Safer jugular vein cannulation: Recognition of arterial
puncture and preferential use of the external jugular route. Anesthesiology 1983, 59, 353-355. [CrossRef] [PubMed]
Garcia-Lépez, I.; Rodriguez-Villegas, E. Extracting the Jugular Venous Pulse from Anterior Neck Contact Photoplethysmography.
Sci. Rep. 2020, 10, 3466. [CrossRef] [PubMed]

Guilbert, M.-C.; Elkouri, S.; Bracco, D.; Corriveau, M.M.; Beaudoin, N.; Dubois, M.].; Bruneau, L.; Blair, J.-F. Arterial trauma
during central venous catheter insertion: Case series, review and proposed algorithm. . Vasc. Surg. 2008, 48, 918-925; discussion
925. [CrossRef]

Blaivas, M. Video analysis of accidental arterial cannulation with dynamic ultrasound guidance for central venous access. J.
Ultrasound Med. 2009, 28, 1239-1244. [CrossRef] [PubMed]

Al Rayes, A.; Khattak, Y.; Qafani, A.; Anwar, M.; Al Sibaie, A. Acute Management of latrogenic Injury to Vertebral Artery With
Central Venous Catheter in a Critically Ill Patient. Cureus 2020, 12, €9956. [CrossRef]

Akkan, K.; Cindil, E.; Kilic, K.; Ilgit, E.; Onal, B.; Erbas, G. Misplaced central venous catheter in the vertebral artery: Endovascular
treatment of foreseen hemorrhage during catheter withdrawal. J. Vasc. Access 2014, 15, 418-423. [CrossRef]


https://doi.org/10.1136/archdischild-2023-325789
https://www.ncbi.nlm.nih.gov/pubmed/37491140
https://www.ncbi.nlm.nih.gov/pubmed/30009219
https://doi.org/10.1177/15385744241247535
https://doi.org/10.11817/j.issn.1672-7347.2019.180150
https://doi.org/10.1097/CNQ.0000000000000089
https://doi.org/10.4103/0970-258X.239090
https://doi.org/10.1111/j.1399-6576.2007.01321.x
https://doi.org/10.1002/14651858.CD006962.pub2
https://www.ncbi.nlm.nih.gov/pubmed/25575244
https://doi.org/10.1002/14651858.CD011447
https://doi.org/10.1056/NEJMra011883
https://doi.org/10.1016/j.ejvs.2009.08.009
https://www.ncbi.nlm.nih.gov/pubmed/19800822
https://doi.org/10.3390/jpm12091537
https://doi.org/10.1056/NEJMoa1500964
https://www.ncbi.nlm.nih.gov/pubmed/26398070
https://doi.org/10.1177/014107689709000607
https://doi.org/10.1097/00000658-198512000-00017
https://doi.org/10.1097/00000658-197102000-00002
https://doi.org/10.1097/00000658-197102000-00003
https://www.ncbi.nlm.nih.gov/pubmed/5541476
https://doi.org/10.1053/j.jvca.2013.02.027
https://doi.org/10.1097/00000542-200406000-00013
https://doi.org/10.1213/ane.0b013e31818f87e9
https://doi.org/10.1097/00000542-198310000-00017
https://www.ncbi.nlm.nih.gov/pubmed/6614547
https://doi.org/10.1038/s41598-020-60317-7
https://www.ncbi.nlm.nih.gov/pubmed/32103056
https://doi.org/10.1016/j.jvs.2008.04.046
https://doi.org/10.7863/jum.2009.28.9.1239
https://www.ncbi.nlm.nih.gov/pubmed/19710223
https://doi.org/10.7759/cureus.9956
https://doi.org/10.5301/jva.5000267

Healthcare 2025, 13, 1168 20 of 21

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Gabriele, P.; Emanuele, G.; Ilenia, D.S.; Carlo, G.C.; Luca, F; Luciano, C. Management of Inadvertent Supra-aortic Arterial Lesions
During Central Venous Access Procedures: Report of Six Cases and Proposed Algorithm. Ann. Vasc. Surg. 2021, 75, 308-314.
[CrossRef]

Verloh, N.; Scharf, G.; Baumler, W.; Pfister, K.; Oikonomou, K.; Stroszczynski, C.; Uller, W.; Dollinger, M. Erroneous placement of
central venous catheters in subclavian artery: Retrieval and successful hemostasis with a femoral closure device. J. Vasc. Access
2022, 23, 692-697. [CrossRef]

Dixon, O.G.; Smith, G.E.; Carradice, D.; Chetter, I.C. A systematic review of management of inadvertent arterial injury during
central venous catheterisation. J. Vasc. Access 2017, 18, 97-102. [CrossRef]

Bechara, C.F; Barshes, N.R ; Pisimisis, G.; Kougias, P; Lin, PH. Management of inadvertent carotid artery sheath insertion during
central venous catheter placement. JAMA Surg. 2013, 148, 1063-1066. [CrossRef]

Frykholm, P.; Pikwer, A.; Hammarskjold, F.; Larsson, A.T.; Lindgren, S.; Lindwall, R.; Taxbro, K.; Oberg, F; Acosta, S.; Akeson, J.
Clinical guidelines on central venous catheterisation. Swedish Society of Anaesthesiology and Intensive Care Medicine. Acta
Anaesthesiol. Scand. 2014, 58, 508-524. [CrossRef] [PubMed]

Lichtenstein, D.A.; Menu, Y. A bedside ultrasound sign ruling out pneumothorax in the critically ill. Lung sliding. Chest 1995,
108, 1345-1348. [CrossRef]

Ebrahimi, A.; Yousefifard, M.; Kazemi, H.M.; Rasouli, H.R.; Asady, H.; Jafari, A.M.; Hosseini, M. Diagnostic Accuracy of Chest
Ultrasonography versus Chest Radiography for Identification of Pneumothorax: A Systematic Review and Meta-Analysis.
Tanaffos 2014, 13, 29-40. [PubMed]

Rantanen, N.W. Diseases of the thorax. Vet. Clin. N. Am. Equine Pr. 1986, 2, 49—-66. [CrossRef]

Hemsinli, D.; Mutlu, H.; Altun, G.; Pulathan, Z.; Ozdemir, A.C. An unexpected image on a chest radiograph. Scott Med. |. 2017,
62, 156-158. [CrossRef] [PubMed]

Pérez-Diez, D.; Salgado-Fernandez, J.; Vazquez-Gonzalez, N.; Calvifio-Santos, R.; Vazquez-Rodriguez, ]. M.; Aldama-Lépez, G.;
Garcfa-Barreiro, J.J.; Castro-Beiras, A. Images in cardiovascular medicine. Percutaneous retrieval of a lost guidewire that caused
cardiac tamponade. Circulation 2007, 115, e629-e631. [CrossRef]

Lin, Y.N.; Chou, ] W.; Chen, Y.H.; Liu, C.Y;; Ho, C.M. A 20-year retained guidewire, should it be removed? Qjm Int. ]. Med. 2013,
106, 373-374. [CrossRef] [PubMed]

Gunduz, Y.; Vatan, M.B.; Osken, A.; Cakar, M.A. A delayed diagnosis of a retained guidewire during central venous catheterisation:
A case report and review of the literature. BMJ Case Rep. 2012, 2012, bcr2012007064. [CrossRef]

Bugnicourt, J.-M.; Belhomme, D.; Bonnaire, B.; Constans, J.-M.; Manaouil, C. Posterior Cerebral Infarction following Loss of
Guide Wire. Case Rep. Neurol. Med. 2013, 2013, 164710. [CrossRef]

Sharma, S.; Gupta, P; Guleria, S. Mediastinal haematoma: A rare complication following insertion of central venous catheter.
Indian |. Chest Dis. Allied Sci. 2011, 53, 225-228. [CrossRef]

Mora-Aznar, M. Cardiac tamponade and cardiogenic shock after central venous catheter cannulation. Analysis of a case.
Anaesthesiol. Intensiv. Ther. 2023, 55, 71-75. [CrossRef]

Valente-Aguiar, M.S.; de Carvalho, E.R.; Magalhaes, T.; Dinis-Oliveira, R.J. Fatal iatrogenic cardiac tamponade due to central
venous catheterization. Forensic Sci. Med. Pathol. 2022, 18, 275-279. [CrossRef]

Naguib, M.; Farag, H.; Joshi, R.N. Bilateral hydrothorax and hydromediastinum after a subclavian line insertion. Can. J. Soc.
Anaesth. 1985, 32, 412-414. [CrossRef] [PubMed]

Rabia, R.; Liaqat, A.; Mariam, M.; Kanwal, A.; Khan, Z.A.; Mumtaz, H. A case of accidental displacement of a central venous
catheter in lung parenchyma leading to hydrothorax: A case report. Int. |. Surg. Case Rep. 2023, 102, 107813. [CrossRef] [PubMed]
Agrawal, A.; Chaddha, U.; Kaul, V.; Desai, A.; Gillaspie, E.; Maldonado, F. Multidisciplinary Management of Chylothorax. Chest
2022, 162, 1402-1412. [CrossRef]

Kleinjan, A.; Di Nisio, M.; Beyer-Westendorf, J.; Camporese, G.; Cosmi, B.; Ghirarduzzi, A.; Kamphuisen, PW.; Otten, H.-M.;
Porreca, E.; Aggarwal, A ; et al. Safety and feasibility of a diagnostic algorithm combining clinical probability, d-dimer testing,
and ultrasonography for suspected upper extremity deep venous thrombosis: A prospective management study. Ann. Intern.
Med. 2014, 160, 451-457. [CrossRef]

Kreuziger, L.B.; Jaffray, J.; Carrier, M. Epidemiology, diagnosis, prevention and treatment of catheter-related thrombosis in
children and adults. Thromb. Res. 2017, 157, 64-71. [CrossRef]

Sousa, B.; Furlanetto, J.; Hutka, M.; Gouveia, P.; Wuerstlein, R.; Mariz, ].M.; Pinto, D.; Cardoso, F. Central venous access in
oncology: ESMO Clinical Practice Guidelines. Ann. Oncol. 2015, 26 (Suppl. S5), v152-v168. [CrossRef] [PubMed]

O’Grady, N.P; Alexander, M.; Burns, L.A.; Dellinger, E.P; Garland, J.; Heard, S.O.; Lipsett, P.A.; Masur, H.; Mermel, L.A.; Pearson,
M.L; et al. Guidelines for the Prevention of Intravascular Catheter-related Infections. Clin. Infect. Dis. 2011, 52, e162-e193.
[CrossRef]


https://doi.org/10.1016/j.avsg.2021.02.012
https://doi.org/10.1177/11297298211007704
https://doi.org/10.5301/jva.5000611
https://doi.org/10.1001/jamasurg.2013.3770
https://doi.org/10.1111/aas.12295
https://www.ncbi.nlm.nih.gov/pubmed/24593804
https://doi.org/10.1378/chest.108.5.1345
https://www.ncbi.nlm.nih.gov/pubmed/25852759
https://doi.org/10.1016/S0749-0739(17)30732-0
https://doi.org/10.1177/0036933017699505
https://www.ncbi.nlm.nih.gov/pubmed/29226770
https://doi.org/10.1161/CIRCULATIONAHA.107.689000
https://doi.org/10.1093/qjmed/hcs038
https://www.ncbi.nlm.nih.gov/pubmed/22408152
https://doi.org/10.1136/bcr-2012-007064
https://doi.org/10.1155/2013/164710
https://doi.org/10.5005/ijcdas-53-4-225
https://doi.org/10.5114/ait.2023.126341
https://doi.org/10.1007/s12024-022-00491-4
https://doi.org/10.1007/BF03011352
https://www.ncbi.nlm.nih.gov/pubmed/4027768
https://doi.org/10.1016/j.ijscr.2022.107813
https://www.ncbi.nlm.nih.gov/pubmed/36470052
https://doi.org/10.1016/j.chest.2022.06.012
https://doi.org/10.7326/M13-2056
https://doi.org/10.1016/j.thromres.2017.07.002
https://doi.org/10.1093/annonc/mdv296
https://www.ncbi.nlm.nih.gov/pubmed/26314776
https://doi.org/10.1093/cid/cir257

Healthcare 2025, 13, 1168 21 of 21

81.

82.

83.

84.

85.

86.

87.

88.

Therapeutic Guidelines. Available online: https://app-tg-org-au.apl.proxy.openathens.net/viewTopic?etgAccess=true&
guidelinePage=Antibiotic&topicfile=bartonella-infections&guidelinename=auto&sectionld=c_ABG17_Infections-associated-
with-intravenous-catheters_topic_11#c_ABG17_Infections-associated-with-intravenous-catheters_topic_11 (accessed on 24
April 2025).

Collignon RHaP. Controlling Intravascular Catheter Infections. Australian Prescriber. Updated 1 April 2003. Available on-
line: https:/ /australianprescriber.tg.org.au/articles /controlling-intravascular-catheter-infections.html#:~:text=Summary, unit%
20will%20als0%20be%20necessary (accessed on 24 April 2025).

Control CfD. Guidelines for the Prevention of Intravascular Catheter-Related Infections. Background Information: Strate-
gies for Prevention of Catheter-Related Infections in Adult and Pediatric Patients. 28 February 2024. Available on-
line: https:/ /www.cdc.gov/infection-control /hcp /intravascular-catheter-related-infection / prevention-strategies.html#cdc_
generic_section_l0-antimicrobialantiseptic-impregnated-catheters-and-cuffs (accessed on 24 April 2025).

Rodriguez-Calero, M.A.; Blanco-Mavillard, I.; Morales-Asencio, ]. M.; Fernandez-Fernandez, I.; Castro-Sédnchez, E.; de Pedro-
Goémez, ].E. Defining risk factors associated with difficult peripheral venous Cannulation: A systematic review and meta-analysis.
Heart Lung J. Cardiopulm. Acute Care 2020, 49, 273-286. [CrossRef]

Williamson, K.; Nimegeer, A.; Lean, M. Rising prevalence of BMI > 40 kg/m?: A high-demand epidemic needing better
documentation. Obes. Rev. 2020, 21, e12986. [CrossRef] [PubMed]

Kim, H.; Chang, J.-E.; Won, D.; Lee, ].-M.; Kim, TK.; Min, S.-W.; Kim, C.; Hwang, J.-Y. Effect of head and shoulder positioning on
the cross-sectional area of the subclavian vein in obese subjects. Am. J. Emerg. Med. 2021, 50, 561-565. [CrossRef] [PubMed]

Pei, D.; Wang, S.; Sun, C. Effect of passive leg raising on the cross-sectional area of the right internal jugular vein in patients with
obesity: A randomised controlled trial protocol. BM] Open 2024, 14, €085044. [CrossRef] [PubMed]

Perilli, V.; Aceto, P.; Sacco, T.; Cicco, R.D.; Punzo, G.; Tosi, A.; Ceaichisciuc, I.; Cataldo, A.; Lai, C.; Sollazzi, L. Effect of different
manoeuvres on internal jugular vein cross-sectional area in obese and normal-weight patients. Eur. |. Anaesthesiol. 2020, 37,
149-152. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://app-tg-org-au.ap1.proxy.openathens.net/viewTopic?etgAccess=true&guidelinePage=Antibiotic&topicfile=bartonella-infections&guidelinename=auto&sectionId=c_ABG17_Infections-associated-with-intravenous-catheters_topic_11#c_ABG17_Infections-associated-with-intravenous-catheters_topic_11
https://app-tg-org-au.ap1.proxy.openathens.net/viewTopic?etgAccess=true&guidelinePage=Antibiotic&topicfile=bartonella-infections&guidelinename=auto&sectionId=c_ABG17_Infections-associated-with-intravenous-catheters_topic_11#c_ABG17_Infections-associated-with-intravenous-catheters_topic_11
https://app-tg-org-au.ap1.proxy.openathens.net/viewTopic?etgAccess=true&guidelinePage=Antibiotic&topicfile=bartonella-infections&guidelinename=auto&sectionId=c_ABG17_Infections-associated-with-intravenous-catheters_topic_11#c_ABG17_Infections-associated-with-intravenous-catheters_topic_11
https://australianprescriber.tg.org.au/articles/controlling-intravascular-catheter-infections.html#:~:text=Summary,unit%20will%20also%20be%20necessary
https://australianprescriber.tg.org.au/articles/controlling-intravascular-catheter-infections.html#:~:text=Summary,unit%20will%20also%20be%20necessary
https://www.cdc.gov/infection-control/hcp/intravascular-catheter-related-infection/prevention-strategies.html#cdc_generic_section_10-antimicrobialantiseptic-impregnated-catheters-and-cuffs
https://www.cdc.gov/infection-control/hcp/intravascular-catheter-related-infection/prevention-strategies.html#cdc_generic_section_10-antimicrobialantiseptic-impregnated-catheters-and-cuffs
https://doi.org/10.1016/j.hrtlng.2020.01.009
https://doi.org/10.1111/obr.12986
https://www.ncbi.nlm.nih.gov/pubmed/32017386
https://doi.org/10.1016/j.ajem.2021.08.013
https://www.ncbi.nlm.nih.gov/pubmed/34555660
https://doi.org/10.1136/bmjopen-2024-085044
https://www.ncbi.nlm.nih.gov/pubmed/38719285
https://doi.org/10.1097/EJA.0000000000001062

	A Brief History of Central Venous Access 
	The Modern Procedure 
	Complications 
	Inadvertent Arterial Puncture 
	Management of Inadvertent Arterial Puncture/Cannulation 
	Pneumothorax 
	Other Complications 
	Retained Guidewire 
	Hemothorax/Mediastinal Hematoma/Cardiac Tamponade 
	Chylothorax/Infusothorax/Hydrothorax 
	Delayed Complications 
	Future Perspectives 

	Conclusions 
	References

