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INTRODUCTION
The first insertion of a central venous catheter (CVC) 
on a human subject was first reported by the German 
physician Werner Forssmann in a self-experimentation 
attempt in 1929.1 In 1953, the Swedish Sven-Ivar Seldinger 
described a technique that facilitates catheter placement 
into the arterial system over a guide-wire, that was later 
also used in the venous system and body cavities.2 Later, 
in the 1970s, Broviac et al3 and Hickman et al4 designed 
the first long-term CVCs, and in 1982, Niederhuber et al5 
first reported the insertion of a totally implanted venous 
port system.

Short-term or long-term CVCs are now considered the 
standard of practice for various central venous therapies, 
such as chemotherapy, fluid administration, antibiotic 
therapy, and parenteral nutrition. In fact, central venous 
access is one of the most common procedures today, and it 
is estimated that 8% of hospitalized patients are in need of 
a CVC.6 Each year, more than 5 million CVCs are placed in 
the US alone.7

CATHETER TYPES
Central venous access catheters are broadly divided in 
tunneled or non-tunneled catheters (Figure  1). Tunneled 
catheters can be further subdivided in totally implanted 
and not totally implanted devices.

Non-tunneled catheters include conventional CVCs, Swan-
Ganz catheters, acute dialysis catheters and peripherally 
inserted central catheters (PICCs). Tunneled catheters are 
Hickman (double lumen) or Broviac (single lumen) cath-
eters, permanent dialysis catheters, and totally implanted 
ports. Table 1

Device selection depends on various factors such as avail-
ability of peripheral veins, expected duration of therapy, 
and desired flow rate. But factors such as availability in an 
emergency, experience of the health-care professionals with 
the device, concomitant diseases, and patient preference 
can also play a role.

As a general rule, a non-tunneled CVC is indicated for a 
treatment duration of 2–3 weeks. PICCs can generally 
outlast a conventional CVC and are commonly used for 
treatment as long as 3 months. Tunneled catheters are 
expected to be used for more than one month and even for 
years. Implantable ports are tunneled devices that can last 
for years and have the added benefit of easy concealment, 
since they are totally implanted, giving a more discreet 
appearance. Ports can be placed in the chest or arm,8,9 A 
disadvantage of ports is the need for percutaneous access 
using a special needle, under sterile conditions.10 On one 
hand, access is somewhat painful; on the other hand, all 
flow is directed through the 19–20G needle, which limits 
the rate of infusion.
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ABSTRACT

Short-term or long-term CVCs are now considered the standard of practice for the administration of chemotherapy, 
fluid therapy, antibiotic therapy, and parenteral nutrition. Central venous access catheters are broadly divided into 
tunneled or non-tunneled catheters. Tunneled catheters can be further subdivided into totally implanted and totally 
not implanted devices. Device selection generally depends on various factors such as availability of peripheral veins, 
expected duration of therapy, and desired flow rate. Ultrasound-guided access is the safest technique for central venous 
access compared to the landmark technique and departments should strive to for a 100% ultrasound guided access. 
This review gives a basic overview of the differences of CVC catheters including PICCs, Hickman-catheters and port-
catheters along with the criteria for CVC selection. It will also describe technical tips on placement of CVCs. Finally, it 
aims to highlight complications which are associated with CVC placement and options to treat or prevent them.
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There is a great variety of CVCs offered to cover different needs. 
Special information on CT- and MR-compatibility can be can 
be found in the instructions for use, as can the flow rates and 
maximum pressure for contrast administration. The tip of the 
CVC may have different configurations which is especially true 
for dialysis catheters. Some catheter tips are not open-ended, 
but have a valve, that allows the use of heparin free flush solu-
tion. The most commonly used valve, which is essentially a slit 
in the sidewall of a catheter with a closed end is Groshong valve 
(Figure 2).

CONTRAINDICATIONS (RELATIVE)
There are no absolute contraindications for central venous cathe-
ters placement. Relative contraindications rely upon the urgency 
of the indication and the presence of an alternative for venous 
access.

While major bleeding after central venous catheterization is 
uncommon, moderate-to-severe bleeding diathesis is considered 
a relative contraindication.

In emergency situations, venous access may be performed in 
spite of coagulopathy, and the safety of standard and large-bore 
non-tunneled catheter placement in such circumstances has 
been documented,11,12 As a rule of thumb, non-tunneled cath-
eterization at access sites that are easy to control by manual 
pressure in case of bleeding should be of preference in patients 
with coagulopathy. In those cases, the subclavian access should 
be our last choice, due to lack of the ability to safely monitor or 
compress the venipuncture site. Real-time ultrasound guidance 
may reduce the amount of venipunctures needed for a successful 
access and minimize bleeding complication rates.13

Figure 1. Artistic representation of three common CVCs, from left to right, PICC, Hickman and port. The tip of the CVC in SVC is 
shown at the center.

Table 1. Most common catheter types and characteristics

Catheter type Size (Fr) Lumens Access vein Tunnel Totally implanted Intended dwell time
Conventional 7–8 1–3 SCV, IJV, CFV No No 3 weeks

PICC 3–6 1–3 BV, BrV, CV No No 6 months

Hickman 7–9 2 (1: Broviac) IJV, SCV, CFV Yes No Years

Port 5–9 Usually 1, up to 2 IJV, SCV, CFV Yes Yes Years

http://birpublications.org/bjr


3 of 11 birpublications.org/bjr Br J Radiol;96:20220894

BJRCVC review

Regarding coagulation factors – platelet count, international 
normalized ratio (INR), and partial thromboplastin time – there 
appear to be no cut-off values for safe central venous catheter-
ization. There are no data to support routine correction of coag-
ulopathy prior to CVC insertion, contrary to popular concern 
and practice.14,15 There is evidence that thrombocytopenia 
may be a greater risk than prolonged clotting times,16,17 Based 
on available retrospective studies, preprocedural correction for 
platelet count>20×109  l−1 and INR<313 is not indicated For more 
severe coagulopathy (e.g., platelet count<20×109  l−1 and INR>3), 
consider administration of blood products (e.g., platelets, fresh-
frozen plasma) if time permits.

ACCESS SITE
Each clinical situation should be individualized for the most 
appropriate site for central venous access. Important factors to 
consider may be operator skill, ultrasound findings and avail-
ability, relevant anatomy (e.g., easily identified landmarks, docu-
mented venous obstruction, presence of lymphedema), factors 
that increase access risk (e.g., coagulopathy, pulmonary disease), 
anticipated intravenous therapy needed, frequency and duration 
of catheter usage,18–22 There are inherent specific advantages and 
disadvantages in various access sites, such as jugular, subclavian, 
or femoral, which determine the risk of varius complications, 
such as the risk of catheter-related infection.23 Complications can 
be minimized with experience of clinician inserting the catheter, 
use of ultrasound-guided access, adherence to maximum sterile 
precautions, and training of nurses and related professionals 
involved in catheter care.24 According to the guidelines issued 

by the United States Centers for Disease Control and Prevention 
(CDC), the femoral access should generally be avoided.

NON-TUNNELED CATHETER PLACEMENT
Non-tunneled percutaneous CVCs can be generally placed at 
the bedside, while tunneled catheters and ports are preferably 
inserted in an interventional radiology suite or operating room 
with use of fluoroscopic guidance.

Before every CVC insertion, informed consent should be given 
from the patient and/or legal guardian, with the exception of 
emergency situations where it is implied.

Issues covered in consent include indications, benefits, plan, and 
potential complications of the procedure (e.g., pneumothorax), 
the potential need for a second procedure, such as chest tube 
insertion in case of a pneumothorax.

Continuous cardiac rhythm and pulse oximetry monitoring are 
essential during central venous access procedures. The room 
should be equipped with supplemental oxygen in case it becomes 
necessary, and, for some patients, nasal oxygen administration 
may be prudent before covering the patient’s head with drapes.

PATIENT POSITIONING
Patient positioning depends on cardiopulmonary stability and 
should ensure patient’s and operator’s comfort. Ideally, posi-
tioning should help maximize the diameter of the vein to be 
punctured. Contrary to popular belief, Trendelenburg position is 

Figure 2. A Groshong valve at the tip of a CVC.

http://birpublications.org/bjr


4 of 11 birpublications.org/bjr Br J Radiol;96:20220894

BJR Kehagias et al

not always necessary or feasible for jugular and subclavian access 
despite the fact that it may reduce the risk of venous air embo-
lism,25–29 For high-risk patients, anesthesia with airway control 
may be required for the safe completion of a central venous 
access procedure.

STERILE TECHNIQUE
Maximum sterile precautions are indicated for elective and 
emergency central venous access procedures, in order to reduce 
infectious complications. These include the use of long enough 
sterile drapes to cover the entire patient, placing a sterile cover 
over the ultrasound probe, hand surgical antisepsis, wearing a 
long-sleeved sterile gown, sterile gloves, a surgical mask and 
cap.30–35

SITE PREPARATION - SKIN ANTISEPSIS
Before skin antisepsis, the area should be prepared with hair clip-
ping which is preferable to shaving.36 The whole area should be 
prepped using a chlorhexidine antiseptic solution with alcohol 
and sufficient time should be allowed for it to dry before30–35 
draping the patient. Use of chlorhexidine-based solutions (>0.5% 
chlorhexidine preparation with alcohol) is desirable compared 
to aqueous or alcohol-based povidone-iodine, because chlorhex-
idine offeres increased protection against catheter colonization 
and catheter-related bloodstream infection (CR-BSI).37–39

Although common, use of prophylactic antibiotics prior to 
CVC placement is not supported by literature. A meta-analysis 
comparing prophylactic antibiotic coverage versus no coverage 
before totally implanted venous access devices placement, failed 
to show any significant difference in infection rates.40

ANALGESIA AND SEDATION
For CVC placement as for all procedures, effort number of 
measures should be taken to increase patient cooperation and 
comfort. Those may include local anesthetic use (topical, infil-
trated) and minimal or deeper sedation, in case it is needed. 
Topical anesthetics may be helpful, particularly in children.

VENOUS ACCESS
It cannot be stressed enough that ultrasound guided access is 
the safest technique for central venous access compared to the 
landmark technique. Departments should strive to for a 100% 
ultrasound guided access,41,42 Use of micropuncture access sets 
can minimize the risk of access-related complications. A very 
advantageous access technique for the IJV, especially for patients 
with short necks or children is the “lateral in-plane technique”.43

Femoral vein access can be used as an alternative when stan-
dard access veins are inaccessible or cannot be recanalized. It is 
always useful to perform a preoperative ultrasound assessment 
of the vein of the proposed access site, and of the opposite side, if 
feasible. Other options reported include transcaval or transhep-
atic central venous access.

INTRAPROCEDURAL COMPLICATIONS
Operators should be aware of the possibility of aspiration causing 
venous air embolism due to negative venous pressure. Risk can 

be minimized by decreasing the time for aspiration by closing 
the opening of the peel-away sheath with a finger after removing 
the dilator or by tilting the table to a Trendelenburg’s position so 
that the head is lower than the right atrium. Venous pressure can 
be increased by application of the Valsalva maneuver, but can 
prove counterproductive if the patient cannot follow breathing 
commands. Some manufacturers have equipped larger peel-
away sheaths with valves.

Arterial puncture should be recognized promptly, before intro-
ducing larger sheaths or the catheter. When the sheath or 
catheter is actually in the artery, manual compression usually 
is sufficient; if the site is not suitable for compression, closure 
devices, balloon-assisted removal, or surgery can be considered.

Pneumothorax is a rare occurrence using ultrasound-guided 
access technique and rarely can lead to cardiopulmonary insta-
bility. Careful advancement of the access guide-wire under fluo-
roscopy, ideally in the IVC, will prevent most cases of arrhythmia. 
In case, supraventricular tachycardia develops compression of 
the carotid bifurcation can be tried before medical treatment.Ta-
bles 2 and 3.

CATHETER TIP PLACEMENT
The ideal tip position of central venous catheters is a subject 
of continuous controversy.47 Imaging observation shows that 
the catheter tip of tunneled lines moves head wards with the 

Table 2. Peri-interventional complications for jugular/subcla-
vian approach; complication rates for peripheral access are 
smaller44

Complication Incidence
Pneumothorax 1–3%

Hemothorax 1%

Hematoma 1–3%

Perforation 0.5–1%

Air embolism 1%

Wound dehiscence 1%

Procedure-induced sepsis 1–3%

Thrombosis 1–5%

Table 3. Early (within 30d) and late complications.45,46 
Complications per 1,000 catheter-days

CVC
Tunneled 

CVC PICC Port

Complication 1.08 1.01 2.02 0.52

Systemic infection 0.22 0.34 0.11 0.16

Local infection 0.35 0.36 0.25 0.14

Thrombotic 
dysfunction

0.08 0.06 0.40 0.06

Non-thrombotic 
dysfunction

0.39 0.23 0.98 0.16

Other 0.04 0.02 0.00 0.00
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patient upright.44 Arm VADs, on the other hand, tend to move 
catheter tip inwards with arm adduction and elbow flexion.45 
A good compromise for CVC tip positioning is one vertebral 
body-height distance below the carina in the recumbent patient, 
minimizing the risk for thrombosis and arrhythmia. An excep-
tion to this rule would be neonates (where the carina level would 
be a safer option for tip positioning) and hemodialysis catheters 
(where the catheter should enter the RA for better function). 
Manufacturers have introduced various techniques for correct 
placement of catheter tip based on ECG guidance.46

SPECIFIC PROCEDURE DETAILS
Conventional CVCs
Conventional CVCs are usually 2- or 3-lumen 7–8 Fr, 20–30 cm 
in length catheters. Conventional CVCs are placed using the 
Seldinger technique, preferably using real-time ultrasound guid-
ance, in the IJV, SCV, and common femoral vein. Tunneling is 
possible as a more advanced version of the conventional CVC 
technique.48 More expensive catheters may have additional anti-
thrombotic antimicrobial coatings and/or power injection capa-
bility, a very useful feature that allows them to be connected to 
a contrast power injector used for contrast medium injection 
during a CT scan.

PICC placement
Peripherally inserted central catheters or PICCs use a venous 
access in the middle third of the inner aspect of the arm. The 
difference in patient placement is that the arm should lye 
extended on an arm table with the forearm supinated. Using 
a tourniquet, we interrogate with ultrasound the arm veins on 
both sides working from the elbow up. Important factors to 
consider are vein size and compressibility (Rapid Peripheral Vein 
Assesment – RaPeVA).44

The non-dominant arm is selected, if feasible. The vein access 
of choice of is the basilic vein, due to its straight course to the 
axillary vein and its distance from the artery, followed by the 
brachial veins. Cephalic vein is rarely a good choice, due to its 
superficial location, angled course to the subclavian and possible 
use for an AV fistula in the future. Measurement of a PICC’s 
length is usually carried out with the arm extended, following the 
anticipated course of the veins to the third intercostal (Figure 3). 
The vein is accessed in the out-of-plane view and the sheath is 
introduced over the guide-wire. After removing the dilator and 
wire, the catheter is threaded to the desirable position (Figure 4). 
When the catheter is directed in the IJV, ipsilateral head turning 
and supraclavicular pressure will help position it in the SVC. 
Manufacturers have developed devices for PICC placement 
without fluoroscopy based on ECG tracing52. Simple traction 
and compression of the access point is enough for PICC removal.

Hickman catheter placement
The respective hemithorax is prepared. A low jugular access may 
help to improve the functional and cosmetic result with different 
techniques reported.9,47,48 Alternative access sites include but are 
not limited to the IJV higher in the neck, the EJV, the brachio-
cephalic vein, and the supraclavicular and infraclavicular SCV. 
The catheter is tunneled and the subcutaneous cuff is placed 
2–3 fingers from the exit site for easier removal. The peel-away 
sheath is introduced over the guide wire. The catheter is placed 
over the chest, following the anticipated course of the SVC and 
cut over the third intercostal, or one vertebral body height below 
the carina using fluoroscopy (Figures 5 and 6).

Port catheter placement
Preparation and ultrasound-guided venous access are the same 
with a Hickman catheter.

Figure 3. PICC measurement from access site to the 3rdintercostal.

http://birpublications.org/bjr
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Figure 4. Various stages of PICC placement. A) Placing the peel-away sheath, B) Inserting the catheter.
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There are several variations of placing the port pouch. A more 
discreet option follows the skin tension lines about one to two 
fingers medial to the deltoid crease and one to two fingers caudal 
to the clavicular bone. A subcutaneous pouch is created caudal 

to the incision, making sure that the incision will not overlay 
the port puncture area. The dissection is made above the pecto-
ralis major aponeurosis. We propose the “L-shaped” tunneling 
technique, for avoidance of catheter kinking.49 The incision and 

Figure 5. Stages of Hickman catheter placement.

Figure 6. Hickman trimming using fluoroscopy (left), placing the catheter over the patient’s chest and marking the 3rd intercostal 
with a hemostat. Final fluoroscopic result (right).

http://birpublications.org/bjr
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pouch of the port should be as narrow as possible for a snug fit, 
ensuring a better cosmetic result and good hemostasis, avoiding 
skin tension above the port (Figures  7–9). Suturing the port 
to the aponeurosis to prevent rotation within the pouch is not 
usually necessary.

After peeling of the sheath, the catheter tip is positioned using 
fluoroscopy and the port is connected. While positioning the 
tip, the effect of an upright position on anatomy should be 
anticipated. Before pouch suturing, the port is aspirated and 
flushed.

Figure 7. Stages of port placement using the “L-shaped tunneling technique”

Figure 8. Immediate postoperative result of a port placed using the “L-shaped tunneling technique”

http://birpublications.org/bjr
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Particular patient anatomies may necessitate applying gentle 
caudal traction to the breast for the entire implantation, moving 
the incision to a site in the mid-clavicular line just below the 
clavicle or dissecting the subcutaneous fat only about 1 cm deep, 
for easier port access.

Arm port catheter placement
Conventional technique for placing arm ports (also called “PICC 
ports”) involves accessing an arm vein in a manner similar to 
PICC placement (usually upper Basilic, upper Brachial or Axil-
lary without a tourniquet). Then, the line is tunneled lower in 
the arm where a pouch is created.50,51 One must be careful not to 
damage the ulnar and median nerve and to use a bony counter-
part under the port for puncture support.

Advanced techniques for arm VAD placement
Specifically for arm VADs, the Arm-to-Chest Tunneling 
technique (ACT) has been described.9 It is a technique for 

placement of arm VADs (ports, PICCs and cuffed lines) using 
IJV access, particularly useful for patients with occluded 
or small arm veins, or even children. This technique has the 
advantages that it is easier, quicker, and less-expensive than, for 
example, trying a recanalization of an occluded subclavian vein 
using a glide wire. ACT is the only method the authors use for 
arm port placement.

CONCLUSION
Central venous catheters are an essential service for any modern 
hospital. The operator should be familiar with placement, 
complication management, and use of different types of central 
venous catheters following the motto “the right catheter for the 
right patient”. Strict sterile technique, adoption of ultrasound 
access for all cases, and attention to detail are the mainstay for a 
successful venous access.

Figure 9. The respective fluoroscopic image of patient in Fig. 6 (right). Compare with a port placed with conventional technique 
on the left.
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