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Abstract
Central venous catheters (CVCs) are required in many critically ill patients. As with most invasive procedures, 

central venous catheterisation is associated with numerous potential complications, many of which stem from 
the access procedure. Other serious complications are related to the catheter tip position. Secondary to CVC 
misplacement, there is significant morbidity and mortality associated with complications such as perforation of the 
vessel, thrombosis, extravasation and arrhythmias with its related consequences. In clinical practice, methods used 
to determine CVC tip position are chest radiography and ECG guidance of the CVC during the insertion procedure.
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Introduction
Many critically ill patients require central venous catheters (CVCs) 

[1]. Usually CVCs are inserted via the subclavian or internal jugular 
vein. As with most invasive procedures, CVC usage has numerous 
potential complications, many of which stem from the insertion 
procedure [2-4]. Ultrasound guidance during CVC insertion has been 
shown to significantly improve patient safety [5,6].

In addition to insertion complications, the optimal CVC tip position 
remains the subject of debate because no position is considered to be 
absolutely safe [7]. Despite the level of skill of the operator and the use 
of ultrasound guidance, central venous catheter (CVC) placement can 
result in CVC malpositioning, an unintended placement of the catheter 
tip in an inadequate vessel or position [4,8].

Perforation

Venous or right heart perforations, resulting in pericardial 
tamponade or hemothoraces, have a 65-95% mortality rate [1]. These 
perforations can be caused by a misplaced CVC tip. Unfortunately, 
current literature does not contain sufficient studies that address the 
relationship between specific tip placement and specific complications.

Due to pericardial tamponade risks, the US Food and Drug 
Administration (FDA) strongly advises that the CVC tip should not 
be placed in, or be allowed to migrate into, the heart [9]. Apart from 
improper catheter placement, especially when using hemodialysis 
catheters) [10], at a too proximal tip position, patients are prone to 
extravasation injury and vessel thrombosis [11]. These and resultant 
complications are a real threat to patients. The incidence of vessel 
perforation appears to be approximately 0.25 to 0.4%, but there are no 
reliable data on post-placement incidences of cardiac tamponade, or 
any other CVC-position related complication [1].

Thrombosis

Thrombosis is not a benign, self-limited condition. It can cause 
serious complications, e.g. pulmonary embolism, loss of vascular 
access, superior vena cava syndrome. Contributing factors include 
venous access route, catheter material biocompatibility, catheter length 
and size, and time in place. Other factors promoting venous thrombosis 
include endothelial damage through the CVC, hypercoagulable states, 
inflammation and infection.

When a catheter causes injury to the vein wall, a clot forms at the 
lesion point and a sleeve can form as early as 24 h after catheterization. 
The clot then transforms into vascularized connective tissue after 5–14 
days. The sleeve is mainly formed by smooth muscle cells migrating 
from the injured vein wall into the early pericatheter thrombus [12]. 
The sleeve is permanently attached to the vein wall, making it a very 
unlikely cause of embolism. Other reports have shown that these fibrin 
sleeves may, in rare cases, cause pulmonary embolism spontaneously 
or after fibrin sheath stripping [12,13]. Thrombosis, as well as fibrin 
sheath formation play a central role in causing CVC dysfunction.

Studies on silicone catheters show a relationship between 
thrombosis and tips placed higher than, or high within, the superior 
vena cava. The morbidity and mortality rates caused by such thrombus 
may exceed those caused by perforation. Studies on polyurethane 
catheters show a high risk of both thrombosis and sleeve formation. 

Extravasation

Extravasation is an unintentional injection or leakage of fluid in 
the perivascular or subcutaneous space [14]. Extravasation injury 
results from a combination of factors, including solution cytotoxicity, 
osmolality, vasoconstrictor properties, infusion pressure, regional 
anatomical peculiarities, and other patient factors and may be associated 
with tissue injury [14]. Extravasation is less frequent in CVCs than in 
peripheral lines, but potentially more dangerous because it is more 
difficult to detect and is more likely to involve vulnerable anatomical 
structures [15]. When using a multilumen catheter, it is particularly 
important to be aware of the position of the ports relative to the tip 
and the total length of the catheter. Depending on insertion depth, the 
extravasal position of the proximal port can occur when a multilumen 
catheter is inadvertently withdrawn just a few centimeters [15].
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Arrhythmias

Contact of a guide wire or catheter with the endocardium may 
induce arrhythmias or heart block. When CVCs are placed without 
imaging guidance, a significant number of patients experience atrial or 
ventricular dysrhythmias 41% and 25%, respectively. Such dysrhythmias 
are usually transient and asymptomatic; however, in patients suffering 
from severe aortic stenosis, acute myocardial ischemia, or left bundle 
branch block, dysrhythmias may be life-threatening.

Methods To Determine CVC Tip Position
Verifying catheter tip position is not particularly easy. In the 

following section traditional and recent methods and their pitfalls are 
delineated.

Since the first placement by Forßmann in 1929, chest radiography 
has been used to verify CVC position. Today, the American College of 
Radiology recommends portable radiographs for critically ill patients 
following placement of support and monitoring devices such as 
endotracheal tubes, CVCs, etc [4,8]. Bedside chest radiography differs 
from standard erect radiography in several critical respects. It has by 
far greater variability in positioning and technique (e.g. due to rotation, 
lordotic or reverse lordotic positioning, extent of lung inspiration). 
This has profound effects on the interpretation of the radiograph. Due 
to inherent projection phenomena, however, it should not be used to 
assess tip position with respect to the right atrium (RA) [16].

ECG-guidance is a reliable method to use for patients with sinus 
rhythm. Many clinical studies have shown that ECG-guidance during 
CVC placement is also an adequate tool to prevent malpositions 
[17,18]. A safe method for ECG-guidance of the CVC follows (using 
CVC kits from B.Braun, Melsungen, Germany): Insert the guide wire 
in the vein to a depth not to exceed 10-12 cm. Introduce the catheter 
over the wire, up to the black marking that indicates the point at which 
the tip of the wire levels with the distal port opening (Figure 1) [19]. 
To make sure that this method works a sterile connection cable with 
a crocodile clip has to be clamped to the guide wire [19]. The other 
end of the connection cable joins a switch box (e.g. Certodyn universal 
adaptor, B. Braun Melsungen AG, Germany) which has to be joined up 
in the circuit. This enables to switch the right arm ECG electrode to the 
catheter tip to get an intravascular ECG displayed. Then carefully and 
simultaneously advance the catheter and the guide-wire under ECG-
guidance until an increase in P wave size is detected. The first increase 
in P wave amplitude (Einthoven lead II) relates to the pericardial 
reflection (Figure 2). This is the only bedside method which provides 
reliable identification of the pericardial reflection, and thereby, 
consistently correct placement of the CVC outside the pericardium 
[11]. The P wave amplitude increases to its maximum once the catheter 
tip levels with the superior vena cava/right atrial junction (SVC/RA) 
[11]. Further advancement of the catheter tip results in a decrease in P 
wave amplitude or biphasic P wave. This has been confirmed by several 
studies using transesophagel echocardiography (TEE). 

ECG guidance is not capable of providing information regarding 
the angle of CVCs to the vessel wall or whether the CVC inadvertently 
had been placed arterial. We suggest placing the CVC tip at the maximal 
P wave amplitude, as CVCs typically end in the lower SVC at junction 
with the right atrium. At this position catheters – even those inserted 
from the left – will run parallel to the vessel wall [8,18].

Although plain chest radiography is the standard imaging 
modality for confirming catheter tip location, signs and symptoms 

of CVC malpositioning even in presence of normal or inconclusive 
conventional radiography findings should prompt the use of additional 
diagnostic methods to confirm or rule out CVC malpositioning [4,8]. 
With very few exceptions, the recommendation in cases of intravascular 
CVC malpositioning is to remove and relocate the catheter [4,8]. 

Unintended Arterial Cannulation
Early recognition of the arterial trauma and prompt management 

are required [20]. Two different approaches to unintended arterial 
cannulation during central venous catheterization have been taken: 
removal of the cannula, followed by the application of local pressure, 
and immediate surgical or endovascular management [20,21].

The present data demonstrate that with catheter 7F and over, the 
pull/pressure technique could be associated with significantly higher 
morbidity than surgical or endovascular management, including 
stroke, suddenly expanding hematoma causing airway compression, 
false aneurysm, or death [20-22]. Under no circumstances should 
prolonged arterial cannulation be tolerated [20]. Several cases are 
described with thrombus found at the site of the arterial injury, 
especially after prolonged catheterization. Heparinization should be 
considered if immediate treatment is not possible [20,23]. 

After arterial repair, prompt neurological evaluation should be 
performed, even if it requires postponing elective intervention [20-22]. 
Imaging is suggested to exclude arterial complications, especially if 
arterial trauma site was not examined and repaired [20]. 

Figure 1: ECG-guidance during CVC insertion. Attach connection 
cable (white) with a crocodile clip to the guide wire. The other end of the 
connection cable joins a switch box which has to be joined up in the circuit. 
This enables to switch the right arm ECG electrode to the catheter tip to get 
an intravascular ECG displayed. Arrow indicates tip of the guide wire which 
serves as an intravascular electrode.

Figure 2: ECG-guidance during insertion: a) Normal P wave amplitude in 
V. superior vena cava (SVC) above pericardial reflection. b) At pericardial 
reflection first significant increase in P wave amplitude. c) Maximal P wave 
amplitude at SVC/right atrium junction.
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Conclusion
Placement of a CVC is always associated with risks [11]. Ultrasound 

guidance during CVC insertion has been shown to significantly 
improve patient safety.

Clinicians should attempt to reduce risk by placing CVCs so that 
they function properly and where the risk of perforation is low, i.e. 
no angles > 40° to the vessel wall [11]. The optimal position is close 
to the superior vena cava/ right atrial junction and can be specifically 
determined by using ECG-guidance to identify the maximal P wave 
amplitude [11,24]. In clinical practice, radiologists and intensivists 
typically use bedside CXR, the least sophisticated imaging procedure 
available, to decide CVC tip placement. Although bedside CXR does 
not compare to TEE for assessing CVC tip position, particularly with 
regard to the RA, CXR remains a valuable tool to identify other CVC 
malpositions or complications, such as pneumothorx – and it is widely 
available. 

Key Messages
- Central venous catheterisation is associated with numerous

potential complications, many of which stem from the access
procedure [1,20]. Other serious complications are related to 
the catheter tip position.

- Clinicians should attempt to reduce risks by placing CVCs under
ultrasound guidance.

- CVC`s should function properly and should be placed at a
position where the risk of perforation is low.

- The optimal position is close to the superior vena cava/right atrial 
junction and can be specifically determined by using ECG
guidance during the access procedure. 

- Methods used in clinical practice to determine CVC tip position
are chest radiography and ECG guidance.

- Although not ideal for CVC tip assessment (post-hoc monitoring, 
projection phenomena), chest radiography remains a valuable
tool to identify other CVC malpositions or complications 
[4,25]. 

- Unintended arterial cannulation should be detected and managed 
as fast as possible. If arterial trauma with a large-caliber
catheter occurs, prompt surgical or endovascular treatment 
seems to be the safest approach [20]. After arterial repair, 
prompt neurological evaluation should be performed, even if it 
requires postponing elective intervention [20-22].
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