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Abstract
Central venous catheterization is a basic skill applicable in various medical fields. However, because it may occasionally 
cause lethal complications, we developed this practical guide that will help a novice operator successfully perform central 
venous catheterization using ultrasound guidance. The focus of this practical guide is patient safety. It details the fundamen-
tal knowledge and techniques that are indispensable for performing ultrasound-guided internal jugular vein catheterization 
(other choices of indwelling catheters, subclavian, axillary, and femoral venous catheter, or peripherally inserted central 
venous catheter are also described in alternatives).

Keywords Medical education · Ultrasound-guided central venous catheterization · Mechanical complication · Catheter-
related infection · Pediatric

Introduction

Central venous catheterization is an invasive medical proce-
dure applied widely in pediatric and adult patients not only 
to measure central venous pressure but also to secure a stable 
route for continuous drug administration. Incorrect inser-
tion procedure can harm patient. Anesthesiologists regularly 
perform catheterization during medical care; thus, they need 
to fully understand its safety and risks and be able to do it 
properly. This guide describes the current state of central 
venous catheterization and proposes the directions for the 
procedure. Note that the items in this guideline are described 
for general principles. Decisions for the procedure on spe-
cific cases must be made by the physicians in charge.

Informed consent

Life-threatening complications can occur from central 
venous catheterization. To avoid such complications, the 
advantages and disadvantages of catheterization must be 

considered, including the alternative tool to use in placing 
a central venous catheter, the use of a peripherally inserted 
central catheter (PICC) in certain cases, or the use of other 
substitute methods. Medical institutes, hospitals, and clinical 
departments should standardize approaches and techniques 
used to ensure catheterization safety.

Anesthesiologists’ participation in central venous cath-
eterization can be divided into two broad categories: first, 
when they are asked to perform central venous catheteriza-
tion that is unrelated to surgical anesthesia, such as when a 
catheter needs to be inserted for a long period for long-term 
therapy, for example, in anticancer drug therapy for children; 
and second, when it is part of the series of steps needed for 
anesthetic management. In the latter cases, the catheter is 
usually removed after a short period. The risk of infection 
differs between these two categories [1]. When catheteriza-
tion is performed for long-lasting therapeutic purposes, the 
patient’s psychological condition and other factors must be 
considered, unlike catheterization with surgical anesthesia. 
In either, the procedure should be explained to the patient 
and his/her family, and informed consent should be obtained 
beforehand [2, 3]. When central venous catheterization needs 
to be performed in an emergency case, it is preferable to 
explain the procedure beforehand even just to the family. If 
the procedure is part of an extreme lifesaving treatment, it 
should be explained as soon as possible after the procedure 
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to inform the patient. If fluoroscopy or other examinations 
are needed after catheterization, this should also be explained 
as well.

The explanations should be as comprehensive as possible, 
covering areas such as why central venous catheterization is 
needed, complications that could occur, and how unexpected 
complications would be dealt with. Techniques and compli-
cations are described below. If the duration of catheteriza-
tion becomes longer than expected, an additional explana-
tion should be given and approval should be obtained when 
replacement becomes necessary.

Educational structure

Safe central venous catheterization and management requires 
standardized education, simulations, and structures for educa-
tion and instruction [4]. At the Symposium of 127th Japanese 
Association of Medical Sciences, the science of medical safety 
focused on abiding by three keywords—standardization, simu-
lation, and education.

Ultrasound-guided puncture approaches should be aggres-
sively applied to improve the techniques of central venous 
catheterization. Real-time ultrasound catheterization can 
visualize both target vein and needle during the procedure. 
To achieve this skill, simulation training is effective [5, 6]; 
however, enough training should be needed to achieve the skill. 
Institutions and hospitals should introduce the use of manne-
quins and other educational equipment for puncture simula-
tions. If it is difficult for an institution to obtain such equip-
ment on its own, holding joint training sessions at academic 
conferences or other venues is recommended. These sessions 
can also provide opportunities to learn methods for discovering 
complications quickly. Simulation training should also cover 
infection control [7].

Simulation training using cadavers in the risky proce-
dures has been recently possible in Japan, and it has been 
progressing and somewhat shown effectiveness [8]. We rec-
ommend educating novice operators using cadaver training 
at starting clinical training period by experts and educational 
specialists.

The purpose of central venous catheterization is to improve 
the therapeutic results of anesthetic management and other 
procedures while ensuring patient safety. Training programs 
to achieve this should be designed to improve technical skills 
and teach safety, infection control, how to obtain informed 
consent, and explanation skills. Administrators should improve 
the medical care environment to ensure that this educational 
structure functions properly.

Central venous catheterization

Understanding the anatomy of the puncture site

Performing safe catheterization requires not only techni-
cal proficiency but also knowledge of the anatomy of the 
puncture site [9, 10]. The following summarizes the ana-
tomical characteristics of each puncture site and the areas, 
where caution is needed.

Internal jugular vein [10]

The internal jugular vein (IJV) lies at a subcutaneous 
depth of about 1 cm within what is known as the Sedil-
lot’s triangle on the neck, which is formed by the sternal 

Fig. 1  Sedillot’s triangle. Sedillot’s triangle comprises the sterno-
cleidomastoid muscle and the clavicle. The triangle can be visually 
approximated or palpated. In most cases, the internal jugular vein is 
located within the triangle. Furthermore, insertion and catheterization 
within the triangle have the benefit of easy handling of the needle and 
dilator because of the thin tissue layer between the skin surface and 
the vein



169Journal of Anesthesia (2020) 34:167–186 

1 3

and clavicular heads of the sternocleidomastoid muscle 
and the clavicle (Fig. 1) [11]. At this location, the IJV 
runs roughly parallel to the trachea. The central approach, 
in which a puncture is made from the apex of this triangle 
toward the ipsilateral nipple, avoids erroneous puncture of 
the common carotid artery. The operator should remember 
needle direction not being coincide with the pathway of 
the IJV. It means that once the needle cannot catch the 
IJV, never catch the IJV with deeper sticking. When using 
the central approach and the usual depth of the vein is 
exceeded, the subclavian artery or the lung can be pos-
sibly punctured. Various small arteries lie posterior to the 
IJV, including the thyrocervical trunk branching from the 
subclavian artery, the inferior thyroid artery, the transverse 
cervical artery, and the suprascapular artery as well as the 
vertebral artery and other vessels, which are all at risk 
of puncture during this procedure. To avoid mistakenly 
puncturing one of these arteries, practitioners must avoid 
puncturing deeply or medially (Fig. 2) [12]. 

As the IJV approaches the clavicle, it enters the medi-
astinum; hence, when puncturing in this area, practitioners 
need to be careful of the medial bend of the IJV. Assuming 
that the IJV runs in a straight line creates a risk not only of 
missing the vessel, but also of directing the puncture needle 
toward the lung.

Subclavian vein [10]

The subclavian vein (SV) is normally located at the medial 
third of the dorsal side of the clavicle. To puncture the SV, 
from this site, aim for a short and narrow gap between the 
clavicle and the costoclavicular ligament, which is located 
on the medial side of the first rib. The classic landmark 
method is direct insertion of the needle sticking from the 
infraclavicular fossa (an area on the lateral clavicle, where 
the muscle becomes thin between the lateral margin of the 

pectoralis major and the medial margin of the deltoid) into 
the gap between the medial clavicle and medial first rib. 
Another method aims directly at the medial third of the dor-
sal side of the clavicle. Whichever is used, puncturing the 
nearby subclavian artery or the lung, causing pneumotho-
rax, is possible. Damaging both simultaneously results in 
hemopneumothorax.

Recently, evidence on the usefulness of ultrasound-
guided SV puncture (more precisely, infraclavicular axil-
lary vein puncture: IAV puncture) has accumulated [13]. 
However, at this time, only experienced practitioners have 
achieved high success rates and low complication incidence 
rates [14]. Beginners should thus refrain from casually using 
this puncture method.

Femoral vein [10]

Femoral vein (FV) puncture is usually described as aiming 
for an area 2 finger-widths caudal to the inguinal ligament 
and medial to the femoral artery. Be careful not to pass over 
the puncture needle cranial to the inguinal ligament. Espe-
cially in the right side, if the needle reaches the cranial side 
of the inguinal ligament, the (external iliac) artery is overlaid 
on the (external iliac) vein, which makes it easy to mistak-
enly puncture the artery. If this happens, massive bleeding 
could occur in the retroperitoneum or abdominal cavity.

Peripherally inserted central catheter

Traditionally, peripherally inserted central catheter (PICC) 
is placed in the superior vena cava from a cutaneous vein 
near the elbow [usually the basilic vein (BV)]. In this area, 
elbow movements can cause the catheter to rub against the 
skin, causing phlebitis. Furthermore, catheterization of the 
small BV near the elbow may inhibit blood flow and cause 
thrombus formation. Recently, ultrasound-guided puncture 

Fig. 2  Anatomical considera-
tion for preventing mechanical 
complications. a Vessels and 
nerves surrounding the internal 
jugular vein. b Magnified figure 
of the dashed square in part a 
showing the transparent view 
of the internal jugular vein and 
surrounding vessels and nerves. 
IJV internal jugular vein, CA 
carotid artery, SA subclavian 
artery
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of the BV on the upper arm has become the mainstream form 
of PICC [15]. The BV on the upper arm is relatively large; 
thus, blood flow is less likely to be inhibited. However, it is 
usually difficult to confirm the vein with the naked eye in 
this area; thus, ultrasound guidance is needed.

Catheterization methods

Puncture techniques

Central venous catheterization methods are mainly classi-
fied into two [16–18]: the anatomical landmark techniques, 
which use gross anatomical landmarks on the body surface, 
and ultrasound-guided techniques, which use ultrasound 
images.

In ultrasound-guided techniques, a pre-procedure ultra-
sound examination (pre-scan [18]) is performed before 
the puncture to observe the area around the target vein in 
ultrasound images. In the static approach, puncturing is 
performed after understanding the positional relationships 
of anatomical landmarks on the body surface. (In Japan, 
this is called the “map-making method”, because it involves 
marking the skin.) In the real-time approach, puncturing is 
guided by ultrasound. A pre-scan is always performed even 
with the real-time approach (if a risk is first revealed in a 
pre-scan immediately before puncturing, preparations such 
as re-disinfection would be needed when changing the punc-
ture location).

Pre‑procedure ultrasound examination (pre‑scan)

The objective of the pre-scan is not only to confirm the loca-
tion of arteries and veins (veins are easily flattened by pres-
sure from the ultrasound probe, whereas arteries resist pres-
sure and will cause the probe to throb with the pulse) [18]. 
Objectives of the pre-scan include (1) assessing whether 
a vein is suitable for puncture (presence or absence of the 
target vein, presence or absence of venous thrombosis), (2) 
assessing risk at the time of puncture (tortuous or deviated 
veins, positional relationship to arteries, relationship to sur-
rounding tissue), (3) post-procedural risk assessment (vein 
diameter: catheterization can reduce blood flow in small 
veins, which can cause thrombus formation or stenosis of 
the vein) (Fig. 3). A pre-scan is a useful method of risk 
assessment and should be performed if possible even when 
landmark techniques are used. When a pre-scan is performed 
before employing the landmark technique, the position of the 
target vein is confirmed with ultrasound; thus, this would 
fall under the ultrasound-guided category (static approach, 
described below) [16, 19]. Therefore, this guide recom-
mends ultrasound-guided techniques for all central venous 
catheterizations.

Selection of puncture site [1]

The target veins for central venous puncture include the IJV, 
SV (IAV with ultrasound-guided techniques), FV, and upper 
arm BV (PICC). Table 1 shows the characteristics of each 
puncture site [17]. The puncture site should be determined 
by considering the (1) characteristics of the site, (2) risks 
particular to the patient, and (3) risk assessments based on 
the pre-scan.

The incidence of catheter-related bloodstream infections 
is reportedly lowest with the SV and highest with the FV 
(CDC guidelines) [20], yet other studies have found no dif-
ference in infection rates between the sites [21, 22]. The lat-
est report indicates that catheter-related bloodstream infec-
tions occur least frequently with the SV and that there is not 
much difference between the IJV and the FV [23]. However, 
many medical institutions are not thorough about infection 
control; thus, this guide recommends switching from FV 
catheterization to another central venous route. Furthermore, 

Fig. 3  Small arteries posterior to the IJV. a Ultrasound image of the 
IJV and CA around the middle of the Sedillot’s triangle. b Color 
Doppler reveals several arteries (asterisk) dorsal to the IJV, which 
shows the high risk of mistakenly puncturing an artery if the posterior 
wall of the IJV is penetrated. IJV internal jugular vein, CA common 
carotid artery
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FV catheterization is not a recommended a site due to the 
high risk of thrombus formation associated with it.

PICC, which has a low risk of mechanical complications, 
should be considered for high-risk patients [24].

Risk assessments

Patient-specific risks include obesity (body mass index > 30) 
or low body weight (emaciation; body mass index < 20) [25, 
26], edema [26], a surgical wound [25, 26], pacemaker [26], 
or infection [26] at the puncture site, radiation therapy [25], 
coagulopathy (or uncorrected anticoagulant therapy, anti-
platelet therapy) [26], and inability to be in the supine posi-
tion (increased intracranial pressure, heart failure) [26, 27]. 
The presence of these risks makes central venous puncture 
even more dangerous; thus, the decision to puncture and the 
selection of the puncture site should be considered carefully 
in such cases. The aforementioned PICC is one method of 
averting risk.

The information needed to assess risk includes the 
patient’s physique (height, weight, outward appearance), 
general condition (undernutrition, dehydration, presence/
absence of hypovolemia), physiological findings (respiratory 
sounds), chest radiographs (computed tomography images 
provide more accurate assessments), complete blood count, 
blood biochemistry, coagulation function test, medical his-
tory, and current disease history (internal medication) (see 
“Risk factors”). The normal safety criteria for risk of bleed-
ing are platelet count of 50,000/ml3 or higher, prothrom-
bin time international normalized ratio (PT-INR) of 1.8 or 
less, and activated partial thromboplastin time of no more 
than 1.3 times the normal upper limit [1]. The decision to 

puncture should done after fully considering the patient’s 
condition and the risks and benefits. Therefore, a risk assess-
ment must be performed before puncturing.

Procedure of manipulations [28]

The process is carried out in the following order: (A) moni-
toring and preparation of for the emergency cart, (B) patient 
positioning, (C) pre-scan, (D) maximal sterile barrier pre-
cautions (MBPs), (E) checking the catheter kit, (F) time-out 
[29, 30], (G) disinfection, (H) puncture and catheterization, 
and (I) confirmation of the catheter’s location.

A. Monitoring and preparation of the emergency cart

Monitoring is necessary; thus, any mechanical complica-
tions that occur due to puncturing (bleeding, pneumotho-
rax, hemopneumothorax, arrhythmia, airway obstruction due 
to hematoma, cerebral infarction, etc.) can be discovered 
quickly and treated as soon as possible. It uses peripheral 
arterial oxygen saturation (pulse oximeter), electrocardio-
gram, sphygmomanometer, chest stethoscope (follow the 
JSA Monitor’s Guidelines for Safe Anesthesia [31]). When 
using artificial respiration, capnometry and the graphic 
monitor of the artificial respirator (airway pressure, flow-
volume curve) are useful for detecting unexpected disloca-
tion of an artificial respiration circuit, kinking of the tracheal 
tube, or other problems that may occur when the patient is 
covered by sterile drapes. If the patient is conscious, com-
municate with him/her throughout the procedure. Do not 
simply try to obtain cooperation from patients, but listen to 

Table 1  Characteristics of each puncture site (adapted from [1]) [1, 15]

a Pinch-off syndrome occurs when the catheter is inserted through the ligament between the first rib and the clavicle, which causes the catheter 
to be pinched when the arm is moved, leading to poor infusion and eventually even cutting off the catheter. PICC, peripherally inserted central 
catheter

Target vein Advantages Disadvantages

Internal jugular vein Vein is easy to identify Strong catheter discomfort
Low risk of mechanical complications
Infrequent thrombus formation
Puncturing easy with ultrasound-guided techniques

Subclavian vein Little catheter discomfort Vein is difficult to identify
Low risk of thrombus formation Easy to mistakenly enter the cranial side on right side

High risk of pneumothorax and/or hemopneumothorax
Risk of pinch-off  syndromea

Ultrasound-guided puncture techniques are difficult for 
inexperienced practitioners

Femoral vein Vein is easy to identify Strong catheter discomfort
Puncturing easy with ultrasound-guided techniques High risk of thrombus formation

PICC Lethal complications unlikely High risk of thrombus formation
Low risk of infection
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their complaints and statements to help discover complica-
tions quickly.

The emergency cart should be stocked the implements 
needed to secure an airway in an emergency (oxygen mask, 
tracheal tube, intubation tools, oxygen cylinder, etc.), a defi-
brillator, critical-care drugs, etc.

B. Patient positioning

The basic position for puncturing the IJV or SV (IAV) is the 
Trendelenburg position [32], with the bed angled at about 
10°–20°. An angle of about 10° is appropriate when punc-
turing under general anesthesia [11]. In this position, the 
IJV is dilated, which makes puncturing easier (the SV is 
also slightly dilated [33], and air embolism does not occur 
easily (see "Air embolism")). Adding the Valsalva maneuver 
increases venous pressure, which is thought to help prevent 
the needle from penetrating the posterior wall [34]. Setting 
the ventilator to apply positive end-expiratory pressure at 
about 5–10 cm water-column pressure will also help increase 
venous pressure [35, 36]. FV punctures are performed in the 
horizontal or reverse Trendelenburg position [37].

When puncturing the IJV, the neck should be rotated 
about 30° away from the puncture site. Over-rotation can 
create large overlap of the ICV and CA, which increases 
the risk of mistakenly puncturing the CA [38]. When the 
sternocleidomastoid is indistinct or if the patient has a short 
neck, placing a towel or some other object under the shoul-
der of the side being punctured can help make the bulge of 
the sternocleidomastoid stand out.

C. Pre‑scan (described above)

D. Maximal sterile barrier precautions (MBPs) [20, 28] MBPs 
are necessary. In MBP, the operator wears a mask, cap (cov-
ering all the hair), sterile gloves, and a sterile gown, and the 
patient is covered with large sterile drapes (see “Infection 
control in central venous puncture and catheter manage-
ment”).

E. Checking the catheter kit

Catheter kits are broadly classified into three types depend-
ing on the puncture technique used. In the Seldinger tech-
nique, a guidewire is inserted after puncturing with a metal 
needle, then a dilator is used to expand the puncture hole, 
and finally, the catheter is placed. In the modified Seldinger 
technique, a needle with a cannula attached is used. After 
puncturing, the guidewire is inserted through the cannula 
(i.e., all techniques that use a guidewire can be categorized 
under the Seldinger technique).

Both techniques are characterized by puncture needles 
with relatively small diameters. (Usually, needles of 18 G or 

thinner are used. With ultrasound-guided techniques, even 
20- to 22-G needles can be noticeable, and small needles 
are favorably used, because they are minimally invasive 
to the vein.) There is also the through-the-needle/cannula 
technique (with through-the-cannula technique, a splitting 
sheath divided into two is used), which uses a large-diame-
ter needle (16 G or larger) to puncture, then the catheter is 
placed directly through the needle or through the cannula 
(no guidewire is used).

Because mistaken punctures are less invasive with small 
needles, this guide recommends the Seldinger or modified 
Seldinger technique.

Ensure that nothing in the catheter kit is defective. Spe-
cifically, this includes checking if (1) physiological saline 
solution can pass through the catheter and (2) the guidewire 
can be inserted into the puncture needle or dilator. Read 
the instruction manuals beforehand for any unfamiliar items 
(this not only saves time during the procedure, but also can 
help prevent medical accidents from improper usage).

F. Time‑out [29, 30]

Taking a time-out is important for medical safety (using a 
checklist is recommended [29]).

The staff should confirm the patient’s name, purpose of 
the puncture, puncture site, patient-specific risks, and dis-
infection method (presence or absence of allergies), then 
begin disinfection.

G. Disinfection [20, 28]

The puncture site should be disinfected with 1% chlorhex-
idine–alcohol or an iodine formulation (povidone–iodine). 
Before use, the staff should confirm the content of all medi-
cal fluids, then dispose of any leftover disinfectants after use 
(in particular, 1% chlorhexidine–alcohol is clear; thus, be 
careful not to mistake it for physiological saline solution). 
Patients who are allergic to alcohol should be disinfected 
using an iodine formulation (povidone–iodine). The operator 
should wash his/her hands for the procedure and carry out 
MBPs after disinfecting his/her hands with a hand disinfect-
ant (see “Infection control in central venous puncture and 
catheter management”).

H. Puncture and catheterization

Puncturing is performed as described above, with the ultra-
sound-guided static approach (the location of the target vein 
is confirmed in the pre-scan, the positional relationship with 
anatomical landmarks on the body surface is understood, 
and the puncture direction and length are estimated) or a 
real-time approach. With the real-time approach in particu-
lar, sufficient training on a simulator should be done before 
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performing punctures in the clinical setting (see “Educa-
tional structure”).

The following summarizes a common method of central 
venous catheterization, the right IJV puncture.

Static approach (map‑making method)

Confirm the location of the IJV in the Sedillot’s triangle 
during the pre-scan (if necessary, draw a map using a skin 
pen—this is why the static approach is also called the map-
making method) (Fig. 4).

 1. In the pre-scan, measure the rough distance to the IJV 
if puncturing at a 30°–45° angle to the skin, and use 
this as a guide so as to not puncture deeply.

 2. Before the main puncture, perform a pilot puncture 
using a small needle (22–23 G). This is done to ensure 
that a puncture at the direction and depth confirmed by 
ultrasound reaches the IJV.

 3. Confirm whether the needle has entered the vein by 
applying slight negative pressure to the syringe to see 
whether any blood is aspirated into the syringe (back-
flow of blood).

 4. If backflow of blood is observed, remember the punc-
ture direction and length for the main puncture [the red 
dashed arrow shows the puncture direction (Fig. 4a)].

 5. The main puncture uses a larger needle than the pilot 
puncture, which makes is more difficult to penetrate the 
anterior wall of the vein and tends to lead to a slightly 
deeper puncture (Fig. 4b). Puncturing deeper than nec-
essary increases the possibility of complications; thus, 
sufficient care should be taken. (Be careful not to care-
lessly puncture deeper than the anticipated puncture 
length. The absence of backflow of blood even after 
puncturing to the anticipated depth indicates a strong 
possibility that both the anterior and posterior walls 
have been penetrated. If so, slowly withdraw the needle 
while applying negative pressure. If the posterior wall 
was penetrated, backflow of blood will arrive once the 
needle returns to the lumen of the vein.)

 6. Examine the force and color of the backflow of blood 
to check for mistaken arterial puncture. However, if the 
bevel of the needle is touching the posterior wall of the 
vein or if a patient has poor circulation (e.g., patient 
is in state of shock), a decision cannot be made based 
on the force of the backflow of blood alone [29, 39]. 
Furthermore, in patients with anemia or those using 
artificial respiration, the aspirated blood cannot be con-
firmed to be venous blood based on the color [29, 39].

   If mistaken arterial puncture is not accurately 
assessed and a dilator is inserted when an artery has 
been punctured, it will increase the damage to the 
artery and lead to secondary complications. There-

fore, when using the static approach, use a needle with 
a cannula (modified Seldinger technique), and once 
backflow of blood has been confirmed, temporarily 
insert a guidewire and place the cannula along it. Then, 
check whether the backflow of blood from the cannula 
is arterial. If in doubt, take a blood sample for blood 
gas analysis, attach a small extension tube to measure 
venous pressure, or attach a pressure monitor to check 
for an arterial pressure waveform [29] (see “Confirma-
tion procedure to avoid mechanical complications”).

 7. Once it is confirmed that an artery has not been mistak-
enly punctured, insert the guidewire. When doing this, 

Fig. 4  Static approach. The triangle shows the Sedillot’s triangle. 
The line lateral to the Sedillot’s triangle indicates the IJV location 
confirmed in an ultrasound image. In some cases, the IJV is located 
outside of the Sedillot’s triangle. If the operator inserts the needle 
immediately above the line, which was the IJV location confirmed 
in an ultrasound image, the sternocleidomastoid muscle (clavicular 
head) would likely be penetrated, which may cause difficulty in the 
insertion of the dilator. When enlarging the route of the guidewire 
through the thick muscle using the dilator, a patient who is awake 
may feel discomfort and fear. Furthermore, difficulty in the insertion 
of the dilator may sometimes cause kinks and aberrant movement of 
the guidewire from the vein. Even the procedure has been performed 
safely, the patient will complain of discomfort when they move 
their neck. If the operator chooses the real-time ultrasound-guided 
approach in this case, the operator can insert the needle on the line at 
a relatively cephalad portion, which can prevent the penetration of the 
sternocleidomastoid muscle, rendering it safer
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confirm that there is no resistance to the insertion. Do 
not insert the guidewire deeper than 20 cm. Inserting 
the guidewire deeply has the risk of stimulating the 
heart, which can cause arrhythmia [39, 40]. If arrhyth-
mia occurs, immediately withdraw the guidewire and 
wait until normal sinus rhythm is restored (sometimes 
defibrillation may be necessary [41]).

 8. When inserting the dilator, hold the posterior end of 
the guidewire firmly and insert the dilator along the 
natural angle of the guidewire to prevent the guidewire 
from bending or being left behind in the body. The 
dilator should be inserted no more than 5 cm; hence, 
be careful not to insert it deeper than necessary. (For 
patients with thick necks, use ultrasound to measure 
the necessary insertion length, then insert the dilator 
carefully.) Inserting a dilator deeply could damage the 
vein [42, 43].

 9. When inserting the catheter, hold the guidewire 
firmly to prevent being left in the body. The catheter 
is placed at a depth of about 13 cm in a standard adult 
(12-15 cm, estimated based on height) [44]. There are 
methods for making accurate estimates based on ana-
tomical landmarks on the body surface and information 
from chest radiographs [45]. In one simple method, the 
distance is estimated by adding the length between the 
needle insertion point (normally, the apex of the Sedil-
lot’s triangle on the right neck) and the right clavicular 
notch (sternoclavicular joint) and where the joint of the 
manubrium sterni touches the second rib [46].

 10. The catheter should be fixed in place correctly accord-
ing to the instruction manual of the product used.

Real‑time approach [16, 17, 47]

These are broadly classified into two categories based on 
the positional relationship between the vein and the needle 
in ultrasound images.

Short‑axis out‑of‑plane technique [16, 17, 47]

In this technique, the needle is inserted while observing the 
short axis of the vein; thus, the needle intersects the ultra-
sound image. It is mainly used for puncturing the IJV and 
FV. It is advantageous, because positional relationships with 
arteries are easy to identify, but its disadvantage is that it 
is difficult to know, where the needle is until it enters the 
beam plane of the ultrasound scan. In addition, distinguish-
ing between the tip and the shaft of the needle by observing 
an ultrasound image can be difficult. Therefore, if the needle 
goes outside the scan plane and goes through the vein, the 
tip can possibly puncture an artery or the lung.

Figure 5 shows the difficulty in distinguishing between 
the tip and the shaft of a needle in an ultrasound image. In 

Fig. 5a, the needle tip (dotted red circle) is on the ultrasound 
beam. In Fig. 5b, the ultrasound image depicts part of the 
needle shaft (dotted red circle). The intensity of the shaft is 
greater than that of the tip in Fig. 5a, which makes it easy to 
make mistakes. A depression in the anterior wall of the vein 
(yellow dotted line) can be observed. This shows that the 
needle is outside the ultrasound beam plane and is touching 
the anterior wall.

If the puncture is performed only by confirming the vein’s 
short axis, there is a possibility that the puncture direction 
will differ from the path of the vein. This would cause the 
needle to penetrate the vein diagonally, which could lead to 
a mistaken puncture.

To make up for these disadvantages, perform a care-
ful pre-scan to confirm the path of the vein and ensure the 
puncture follows this path. It is also important to constantly 
confirm the location of the needle while being inserted. It is 
important to understand that the needle tip is not recognized 
from its appearance, but that it is the first point of brightness 

Fig. 5  Pitfall of the short-axis out-of-plane technique. The yellow 
dotted line shows the dimple-like deformed anterior vein wall. It 
indicates the needle reaching and pushing the anterior vein wall. The 
white dot represents the shaft of the needle. a The needle tip (dotted 
red circle) is on the ultrasound beam. b The ultrasound image depicts 
part of the needle shaft (dotted red circle)



175Journal of Anesthesia (2020) 34:167–186 

1 3

to enter the ultrasound beam plane. As shown in Fig. 5, if 
a point of brightness is seen throughout the insertion of the 
needle, it is highly likely this is not the tip of the needle but 
the shaft.

Short‑axis out‑of‑plane theory [11, 12, 47]

Two types of scans need to be combined to grasp the path 
of the target vein.

First, a sweep scan is performed, in which the probe 
sweeps over the path of the vessel like a broom (about 2 cm). 
The probe should be manipulated so that the vein is always 
at the center of the ultrasound image (Fig. 6).

The next technique involves swinging the probe like a fan 
(about 30°, Fig. 7). Similarly, the probe should be manipu-
lated so the vein is constantly at the middle of the ultrasound 
image (Fig. 7).

Combining these two scans ensures that the probe is com-
pletely perpendicular to the vein. Therefore, if the puncture 
is directed toward the center of the probe, the needle will 
advance toward the center of the vein (Fig. 8).

It is important to confirm the location of the needle tip 
to ensure that the posterior wall is not penetrated (described 
above). In the short-axis out-of-plane technique, the vein 
intersects the scan plane; thus, the needle is guided into the 
ultrasound image. The needle tip is being confirmed inter-
mittently in this method; thus, it is not strictly a real-time 
puncture. The position of the needle tip is not confirmed 
by depicting it in real time, but is based on theory (Fig. 9).

Long‑axis in‑plane technique [12, 48]

In this technique, the needle is advanced inside the ultra-
sound scan plane while observing the long axis of the vein. 
Unlike the short-axis out-of-plane, puncturing is truly per-
formed in real time. Although this technique can be applied 
clinically with the IJV if a small probe is used, it can be dif-
ficult to use regular-sized probes on the necks of small adults 
due to lack of space to manipulate. This technique is particu-
larly useful with the IAV. With the long-axis in-plane tech-
nique, penetration of both the anterior and posterior walls 
of the vein does not occur very often, but the needle may 
penetrate the vein if the needle is directed from the anterior 
wall toward one of the lateral walls [48]. Depicting the long 

Fig. 6  Sweep scan technique (reproduced from [12]). W, the scan 
is not following the path of the vessel; thus, the target vein, which 
was at the center of the image, moves toward the edge of the image; 
R, when the scan follows the path of the vessel, the vein stays at the 
center of the image. Conversely, if the vein remains at the center of 
the image during the sweep scan, the scan is following the path of the 
vessel

Fig. 7  Swing scan technique (reproduced from [12]). W, if the probe 
is not perpendicular to the long axis of the vein, the vein will move to 
the edge of the image when the probe is swung; R, if the probe is per-
pendicular to the long axis of the vein, the vein will stay at the center 
of the image when the probe is swung. Conversely, if the vein stays at 
the center of the image during a swing scan, the probe is perpendicu-
lar to the path of the vessel

Fig. 8  Probe placed perpendicular to the path of a vessel (reproduced 
from [12])
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axis of the center of the vein can prevent a needle directed 
toward a lateral wall from penetrating the vein [48] (Fig. 10).

Confirmation of guidewire position [16, 29]

In the real-time approach, ultrasound is used not only dur-
ing puncturing, but also to confirm that the guidewire has 
been placed correctly inside the vein. If it is difficult to 
depict a small wire using ultrasound, shaking the guide-
wire: repeatedly inserting and withdrawing the guidewire in 
small amounts (about 5 mm) makes confirming the location 
easy [47]. If the wire gradually comes into contact with the 

posterior wall of the vein, it will not penetrate the posterior 
wall (Fig. 11; see “Main mechanical complications and their 
countermeasures”).

If a guidewire is mistakenly inserted into a vessel it is 
not intended for, the vein could be damaged when the dila-
tor is inserted. For example, a guidewire inserted from the 
right IJV may mistakenly migrate into vessels such as the 
right SV, left brachiocephalic vein, or azygos vein. In such 
situations, ultrasound can be used to confirm the position of 
the guidewire and follow it centrally as much as possible. 
However, while an unintended insertion into the right SV 
can be confirmed, it can be difficult to detect mistaken inser-
tion into the left brachiocephalic vein or azygos vein using 
ultrasound. Therefore, the dilator should be inserted gently, 

Fig. 9  Manipulation of the needle and confirmation of the tip (repro-
duced from [12]). a When the needle is guided into the scan plane, 
b the first point of brightness to appear is the needle tip. c Next, 
the scan plane is moved slightly forward, which causes the point 
of brightness to disappear. d The needle is again advanced slowly 
into the scan plane, which causes a point of brightness to reappear. 
e Repeating this manipulation, the needle gradually reaches the tar-
get vein. f When the needle tip touches the anterior wall of the target 
vein, it creates a small dimple, turning the vein into a heart shape. 
Pushing the needle into the vein with a snapping motion allows it 
to move a short distance so that it only penetrates the anterior wall. 
(Venous pressure is normally low; thus, if the needle is pressed 
slowly into the anterior wall and the tip reaches the posterior wall, it 
could penetrate the posterior wall as well.) g Finally, the anterior wall 
returns to its original shape, the shaft comes into view, and the tip can 
no longer be seen. h To see the tip, move the scan line forward

Fig. 10  Long-axis in-plane technique. To perform the procedure 
safely, the operator should identify the center of the vein using the 
scan called the “side-scape scan technique” [48], which includes the 
following steps: First, turn the distal part of the probe to the right 
until the right lateral wall is identified (the yellow arrow shows the 
turning direction). The lateral wall appears to have a bullet shape 
because of the merging of the anterior and posterior walls. Second, 
turn the distal part of the probe to the left, and the left lateral wall 
can then be identified. The operator can estimate the distal center of 
the vein and then repeat the same motion at the proximal side of the 
vein to estimate the proximal center of the vein. Third, the operator 
can obtain the longitudinal ultrasound view of the center of the vein. 
Finally, with the needle guide and/or personal skills, advance the nee-
dle within the ultrasound beam, which can prevent “anterior to lateral 
wall penetration.”

Fig. 11  Confirmation of the guidewire. The white arrow indicates 
entering point of the guidewire into the vein. V long axis of the inter-
nal jugular vein, AW anterior wall of the internal jugular vein, PW 
posterior wall of the internal jugular vein. The white arrow indicates 
entering point of the guidewire into the vein
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and the manipulations should be halted if any abnormal 
resistance is felt. After catheterization, carefully confirm, 
via a chest radiograph, for example, that the catheter was 
not inserted into an unintended vessel.

Methods of confirming catheterization [49]

Confirm that the catheter is placed correctly in the vein and 
that the tip is in the desired position using a chest radio-
graph. Ideally, the tip of the catheter should be roughly par-
allel with the wall of the superior vena cava, caudal to the 
inferior margin of the clavicle, between the third rib and 
the fourth/fifth thoracic vertebra, and cranial to the bifur-
cation of the trachea or right primary bronchus (Fig. 12). 
The bifurcation of the trachea is usually positioned cranial 
to the pericardial reflection; thus, it is best if the tip of the 
catheter is always cranial to this. If perforation due to ero-
sion of the vessel wall occurs, a mediastinal hematoma may 
occur, transfusion fluid may enter the chest cavity cranial to 
the pericardial reflection, or cardiac tamponade may occur 
caudal to this area (see “Main mechanical complications and 
their countermeasures”).

Catheters inserted from the left IJV need to be parallel 
to the vessel wall. If the tip of a catheter inserted from the 
right IJV is in zone A, it should be pulled back to zone B. In 
this case, zone B is the optimal location for the catheter tip.

Confirmation procedure to avoid mechanical 
complications

The spread of ultrasound devices has reduced the frequency 
of mechanical complications. However, critical situations 
can arise when mechanical complications occur. In a 2004 
report, the central venous catheter-related mechanical com-
plications with the highest mortality rates were pulmonary 
artery damage, hemothorax, cardiac tamponade, and air 
embolism, in that order [50]. Any of these complications 
could lead to death or a critical situation. Great care should 
thus be taken to ensure these complications in particular do 
not occur. To achieve this, place the catheters in the appro-
priate location and ensure that a dilator or catheter is not 
mistakenly inserted into an artery. Ultrasound-guided cen-
tral venous catheterization has been reported to reduce the 
frequency of mistaken arterial puncture [1, 29].

The preferred confirmation methods for ultrasound-
guided central venous catheterization are shown in the fol-
lowing figures. Figure 13 addresses the static approach. 
Basically, ultrasound images are not used during puncture 
in the static approach; thus, it is important to check that the 
puncture needle is definitely in the vein. Inserting a cannula 
into the vessel allows manipulations to be performed stably. 

Fig. 12  Optimal catheter placement (modified from [49]). Zone A, 
inferior portion of the superior vena cava up to the superior portion 
of the right atrium; zone B, portion of the right innominate vein con-
fluent with the left innominate vein and the superior portion of the 
superior vena cava; zone C, innominate vein peripheral to the supe-
rior vena cava

Fig. 13  Central venous catheterization methods with a static 
approach. *Venous blood cannot be confirmed using only the color 
or flow of backflow blood. **Insert the guidewire about 10 cm and 
insert the cannula up to its base, then confirm by attaching an exten-
sion tube to measure pressure, display a pressure waveform, or per-
form blood gas analysis. TEE, transesophageal echocardiography
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It is possible to mistake arteries for veins with signs such 
as the color and force of backflow blood with hypoxemia, 
extremely high oxygen partial pressure, or hypotension, such 
as in states of shock. It is easy to measure pressure by attach-
ing a small extension tube, by displaying the pressure wave-
form to confirm the presence of a venous pressure waveform, 
or by taking a blood sample for blood gas analysis to confirm 
venous blood. One of these methods is necessary to confirm 
that the needle is inside a vein. As described in the section 
on puncture techniques, as it can be difficult to confirm that 
the punctured vessel is a vein with the metal needles that are 
used in the static approach, the use of a cannula needle is 
recommended. Therefore, if a metal needle is selected with 
the static approach, ultrasound images or other examina-
tions should be used to confirm that the inserted guidewire 
does not penetrate the posterior wall and is traveling inside 
the vein. Even if a cannula needle is used, it is preferable to 
confirm through ultrasound images or other examinations 
that the inserted guidewire does not penetrate the posterior 
wall and is traveling inside the vein.

Figure 14 addresses the real-time approach. With this 
approach, ultrasound is used to confirm that the needle is 
inside the vein, regardless of whether a metal or cannula 
needle is used. With a metal needle, once the color or force 
of the backflow blood indicates the presence of venous 

blood, the guidewire can be inserted. After confirming 
in the ultrasound images that the guidewire did not pen-
etrate both the anterior and posterior walls of the vein and 
is traveling inside the vein, the dilator can be inserted. If 
a cannula needle is used, once the color and force of the 
backflow blood indicate it is venous blood, the guidewire 
can be inserted. Then, similar with a metal needle, after 
confirming in ultrasound images that the guidewire did not 
penetrate both the anterior and posterior walls of the vein 
and is traveling inside the vein, the dilator can be inserted. If 
it is difficult to make a decision based on the backflow blood, 
insert the guidewire about 10 cm and insert the cannula up to 
its base, then, as in the static approach, confirm the presence 
of venous blood by attaching an extension tube to display 
a pressure waveform or for blood gas analysis. Then, insert 
the guidewire. After this, confirm in the ultrasound images 
that the guidewire does not penetrate both the anterior and 
posterior walls of the vein and is traveling inside the vein, 
then insert the dilator. Figures 13 and 14 show ultimately 
only safety examples; thus, each institution should reference 
these to establish methods for confirming that a dilator has 
not been mistakenly inserted into an artery.

Figure 15 shows the extreme importance of confirming in 
ultrasound images or other methods that the guidewire does 
not penetrate both the anterior and posterior walls of the 
vein and is traveling inside the vein. The following describes 
the methods for confirming in ultrasound images that the 
guidewire is traveling inside the vein. After inserting the 
guidewire, the short axis will look like the image in Fig. 15a. 
However, it cannot be declared that the guidewire is traveling 
inside the vein from this alone. This is because the possibil-
ity that the guidewire has penetrated the vein cannot be ruled 
out. Thus, short-axis images must be observed by moving 
the ultrasound probe slowly from the guidewire puncture site 
toward the heart to around the clavicle. This will show that, 
in most cases, if the guidewire penetrates the skin and enters 
the vein, it proceeds almost as if it is in contact with the ves-
sel wall. Next, if possible, the tip of the guidewire should 
be depicted in a long-axis image. As shown in Fig. 15b, if 
it can be confirmed that the guidewire tip is traveling along 
the vein parallel to it and without any changes in angle, it is 
acceptable to believe that it has not penetrated the vein. This 
confirmation procedure is extremely important for prevent-
ing mechanical complications.

Main mechanical complications and their 
countermeasures

Arterial puncture and hematoma

Central venous catheterization rarely accompanies the for-
mation of hematoma. However, with the jugular vein, and 

Fig. 14  Confirmation of central venous catheterization with real-time 
approach. **Insert the guidewire about 10 cm and insert the cannula 
up to its base, then confirm by attaching an extension tube to measure 
pressure, display a pressure waveform, or perform blood gas analysis. 
TEE, transesophageal echocardiography
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particularly when the carotid artery is mistakenly punctured, 
the formation of a hematoma may block the upper airway. 
If an artery is mistakenly punctured during SV puncture, 
external compression to stop the bleeding can be difficult 
to apply. If a catheter of 7 Fr (equivalent to a diameter of 
2.3 mm) or less is inserted into an area, where compression 
is possible and the catheter can be withdrawn and external 
compression applied for 10 min, then it can be withdrawn 
with no problem. In other words, if an artery is mistakenly 
punctured by a needle thinner than 14 G (equivalent to a 
diameter of 2.1 mm), hemostasis may be possible via com-
pression. However, if a catheter or dilator larger than 7 Fr 
is inserted into an artery or a vessel for which compression 
is not possible, a cardiovascular surgeon should be brought 
into withdraw the catheter safely [1, 51]; otherwise, cerebral 
infarction, arteriovenous fistula, or hemothorax might result.

Pneumothorax

Understand the local anatomy and do not insert puncture 
needles into risky areas. When performing catheterization, 
diagnose any cough, chest pain, or respiratory difficulty from 
auscultatory findings and chest radiographs. Immediately 
after catheterization, a normal chest radiograph will not 
rule out pneumothorax. Delayed pneumothorax sometimes 
occurs. In most cases, pneumothorax that fills about 30% or 
less of the chest cavity does not present with clinical symp-
toms and does not normally require drainage [1]. Recent 
findings have indicated that ultrasound devices can be useful 
in diagnosing pneumothorax [52].

Hemothorax, mediastinal hematoma, pleural 
effusion, and cardiac tamponade

Particular caution is warranted in patients who require mul-
tiple punctures. Subcutaneous diffusion of transfusion fluid 
can result from catheters during insertion or clinical use or 

from damaged blood vessels, which can create local tissue 
edema. Extravasation of fluid that has been injected into a 
vein may cause pleural effusion. Moreover, punctures in the 
pericardium can cause cardiac tamponade, which has a high 
mortality rate. These require drainage of the chest cavity, 
mediastinum, or pericardium.

Air embolism

This is caused when air mistakenly enters the vessel through 
a puncture needle or open catheter end exposed to the open 
air. Puncturing should be performed in a head-down tilt or 
the Valsalva maneuver should be added, if necessary, in hor-
izontal supine position. After a catheter is removed, air can 
be drawn into the puncture hole to cause an air embolism. 
Therefore, after removing the catheter, cover the puncture 
site with a transparent dressing or other covering [53, 54].

Arrhythmia

Mechanical stimulation from a guidewire or catheter can 
cause arrhythmia, including supraventricular arrhythmia 
and ventricular fibrillation. Rarely, a patient can transition 
to continuous ventricular fibrillation when a catheter is 
removed. In such an event, immediate defibrillation should 
be performed.

Local nerve damage

Local nerve damage related to catheterization can present as 
mechanical injury, nerve compression from a hematoma, or 
neurotoxicity from medical fluids leaking outside a vessel.

Rare complications

Rare complications include brachial plexus injury, tho-
racic duct damage, or chylothorax from left IJV or left SV 

Fig. 15  Confirmation of 
guidewire location using 
ultrasound images. The patient 
was a 6-month-old infant. The 
guidewire can be seen inside 
the internal jugular vein in the 
short-axis image (a). However, 
this alone cannot determine 
if the guidewire tip is inside 
the vein. The long-axis image 
shows that the guidewire path 
gradually becomes parallel to 
the vessel wall (b)
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puncture. Knotting of the catheter, a guidewire being left 
behind, accidental removal, femoral nerve damage from FV 
puncture, abdominal cavity puncture, and retroperitoneal 
hematoma may also occur.

Frequency of complications

Table 2 shows the frequencies of complications by punc-
ture site with the classic landmark approach without using 
ultrasound images and with the ultrasound-guided real-time 
approach [13, 55–57].

The results of a meta-analysis showed that catheterization 
failures were significantly less frequent for the IVJ and SV 
with the ultrasound-guided approach than with the landmark 
approach, but the difference for the FV was not significant 
[58]. PICC can also be useful in patients such as those with 
the risk factors discussed below.

Catheter insertions and removals should be recorded 
on the hospital’s designated forms and surveys should be 
performed to ensure that central venous catheterization is 
monitored for safety.

Risk factors

Patient risk factors for mechanical complications include 
underlying disease, comorbidities, tendency to bleed due to 
regular medication or other factors, high risk for thrombo-
embolism due to arteriosclerosis, and changes to the ana-
tomical pathways of vessels due to surgery or bone fracture.

Factors that can increase moderate levels of risk include 
(1) puncturing the site of a previous central venous cath-
eterization, (2) history of local radiation therapy, (3) history 
of median sternotomy, (4) recent myocardial infarction, (5) 
thrombocytopenia, (6) venous thrombosis at the puncture 
site, (7) fibrinolytic therapy, and (8) an anxious patient. Fac-
tors that can increase mild levels of risk include (1) abnor-
mal weight/height ratio, (2) severe obesity, (3) prolonged 
coagulation time, (4) artificial respiration with high airway 
pressure, (5) moderate to severe arteriosclerosis, (6) sepsis, 
(7) ventricular arrhythmia, (8) pulmonary emphysema or 

chronic obstructive pulmonary disease, and (9) hypovolemia 
[59].

Infection control in central venous puncture 
and catheter management

Types of catheter‑related infections

The US Centers for Disease Control and Prevention cat-
egorizes catheter-related infections as follows [60]:

1. Catheter colonization: There are no clinical symptoms, 
but a culture from the catheter surface shows more than 
15 colony-forming units (CFUs) in a semiquantitative 
culture or more than 100 CFUs in a quantitative culture.

2. Local catheter-related infection:

• Exit-site infection: There are no symptoms of a 
bloodstream infection, but inflammatory symptoms 
such as erythema, swelling, pain, or purulent exudate 
are observed within 2 cm of the puncture site.

• Tunnel infection: There are no symptoms of a 
bloodstream infection, but signs of an infection are 
observed in the subcutaneous tissue along the cath-
eter insertion route at least 2 cm from the puncture 
site.

• Pocket infection: This occurs in the subcutaneous 
pocket of an implanted port system. There are no 
signs of a bloodstream infection, but there are sub-
cutaneous signs of infection or inflammation, where 
the port is embedded.

3. Infusate-related bloodstream infection: This is a blood-
stream infection in which no other infections are present, 
but the same bacterium is detected from the injection 
instruments and materials and from a blood culture.

4. Catheter-related bloodstream infection: This is a blood-
stream infection in which the same bacterium is detected 
from the catheter and a blood culture. If the infection is 
detected less than 48 h after catheterization, it is classi-
fied as a catheter-associated bloodstream infection (little 
relation to the catheter).

Table 2  Complications by 
puncture site with the classic 
landmark approach and 
ultrasound-guided real-time 
approach [13, 55–57]

Site Method Arterial punc-
ture (%)

Hematoma (%) Pneumothorax (%)

All Landmark 6.9 8.2 3.1
Ultrasound-guided 1.4 1.6 1.3

Internal jugular vein Landmark 5.8–10.6 8.4–9.1 2.4–3.0
Ultrasound-guided 0.3–1.1 0.2–1.2 0–1.2

Subclavian vein Landmark 6.2 4.6 3.7
Ultrasound-guided 2.0 1.5 0.7
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Recommendations for the central venous 
catheterization environment

1. Perform central venous catheterization in a place, where 
sterile manipulations can be performed.

2. Use a standardized catheter set.
3. Have an assistant during central venous catheterization.
4. Use a checklist or protocol for placing and maintaining 

catheters.
5. Conduct simulation training for central venous catheter 

insertion.

At present, there is not sufficient evidence for items 1–3 
[2, 9]. Items 4 and 5 have been shown to reduce catheter-
related infections and complications [61–64].

Recommendations for preventing infections

1. Intravenous antibiotic prophylaxis should not be done 
routinely. However, this may be administered on a case-
by-case basis for immunocompromised patients or high-
risk neonates [65, 66].

2. Maximal sterile barrier precautions (MBP): this includes 
hand washing, wearing of mask, cap, sterile gloves, and 
a sterile gown, and covering of the patient with large 
sterile drapes. Although the results of randomized trials 
on MBP have been unclear [67], observational studies 
have indicated that they reduce catheter-related blood-
stream infections [62, 63, 68, 69].

3. Skin disinfectants: use 1% chlorhexidine–alcohol or 10% 
povidone–iodine [70]. Side effects such as contact der-
matitis, sensitivity reactions, and anaphylaxis have been 
reported with chlorhexidine; thus, alcohol solutions or 
aqueous solutions are currently used. Results regarding 
the skin toxicity of chlorhexidine in neonates of less 
than 44 week gestation are unclear; thus, each institution 
must make its own clinical decisions [29].

4. Antimicrobial-impregnated central venous catheters: 
antimicrobial-impregnated central venous catheters 
should be used appropriately in consideration of the 
latent risk of the expression of resistant bacteria and 
the expensive cost. They should not be used in patients 
allergic to antibiotics, because there are reports of ana-
phylactic shock due to antimicrobial-impregnated cen-
tral venous catheters [71, 72]. The use of chlorhexidine/
silver sulfadiazine—or rifampicin miconazole—impreg-
nated central venous catheters reduces the risk of cath-
eter-related bloodstream infections [73]. In Japan, only 
minocycline–rifampicin-impregnated central venous 
catheters are available. This type of catheter can prevent 
catheter-related bloodstream infections in the intensive 
care unit better than chlorhexidine/silver-sulfadiazine-
impregnated central venous catheters [74].

5. Closed infusion system: the use of a closed infusion sys-
tem can reduce the mortality rate of sepsis caused by 
catheter-related bloodstream infections [75]. In contrast, 
the incidence of catheter-related bloodstream infections 
rises with open three-way stopcocks [76]. If an open 
three-way stopcock is used, wipe the ports thoroughly 
with cotton soaked in a disinfectant (chlorhexidine, 
povidone–iodine, 70% alcohol) for at least 15 s [77, 78]

6. Puncture site selection: the puncture site should be deter-
mined based on clinical necessity. Contaminated areas 
(infected skin, burns) and areas that may be contami-
nated (groin, near the tracheostomy, surgical wounds) 
should be avoided. There is no significant difference in 
catheter colonization rates and catheter-related blood-
stream infection incidence between the IJV and the SV 
[79–81]. The catheter colonization rate of the FV was 
higher than that of the SV catheterization, although the 
catheter-related infection rate was not different between 
the two veins [82].

7. Covering the puncture site: bio-occlusive dressings are 
preferred for covering puncture sites to prevent infec-
tions. Chlorhexidine-impregnated sponges in catheter 
dressings can prevent catheter-related infections, and 
changing the frequency of changing dressings from 
every 3 days to every 7 days is recommended [83].

8. Duration of catheterization: the duration of central 
venous catheterization should be based on clinical 
necessity. Longer periods of catheterization increase the 
risk of infection, but there is no standard for duration. 
The need for keeping the catheter should be evaluated 
daily, and catheters that are no longer needed should be 
removed immediately. Leaving in place a catheter that 
is no longer needed may cause catheter-related blood-
stream infections. Even regularly replacing a central 
venous catheter does not reduce the frequency of cath-
eter-related bloodstream infections [84]. The infection 
rate does not differ between using a guidewire to replace 
a central venous catheter and replacing it by making 
a new puncture. Replacing catheters using a guidewire 
every 3 days and every 7 days were compared, but no 
significant difference was observed in the formation of 
colonies on the catheter tip [85, 86]. The catheter punc-
ture site should be checked daily for signs of infection, 
and if any are found, the catheter should be removed 
and the catheterization site changed. If a catheter-related 
infection is suspected, it is better to change the puncture 
site than replace the catheter with a guidewire [29].

9. Drug administration and blood aspiration from a cen-
tral venous catheter: when administering medication or 
aspirating blood from a central venous catheter, three-
way stopcock ports should be wiped thoroughly with an 
appropriate disinfectant before use [29]. After use, three-
way stopcocks should be capped. Access ports may also 
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be used. Using needleless connectors can reduce the 
incidence of port infections [87].

Cautionary notes specific to pediatric central 
venous catheterization

Caution during puncture

• Ultrasound-guided techniques are recommended for chil-
dren with small veins that are difficult to puncture. Select 
a thinner, lighter probe than for adults. A linear probe or 
hockey-stick probe can be used.

Recommended catheters

• Catheter kits 3–4 Fr and 5 cm long are available for new-
borns. Select a size that is suitable for the patient’s phy-
sique.

Cautionary notes for preparation

• The position of the patient should be stable. In smaller 
children, it is especially important to secure an area for 
puncture manipulations. For instance, placing a pillow 
under the neck or using tape to extend the neck can help 
secure an area to operate.

• The lumen of small vessels easily collapses under the 
weight of an ultrasound probe or a needle. Creating trac-
tion on the skin by taping around the puncture site, such 
as on the mandible or above the clavicle, can help main-
tain skin tension and reduce pressure on the vessel during 
the procedure [88].

Anatomy

• The IJV is often located lateral and anterior to the CA, 
but may also be directly superior (3.2%), laterally parallel 
(3.2%), or lateral and posterior (1.4%) to it [89].

• The vertebral artery runs medial and posterior to the IJV; 
hence, there is a risk of arterial puncture. Compared to 
adults, children’s vertebral arteries are larger compared 
with their IJV and the distance from the skin to the ver-
tebral artery and from the vertebral artery to the IJV is 
shorter [90].

Practical puncture techniques

• In low–birth weight infants, use a syringe smaller than 
that used in adults to confirm backflow of blood.

• The pressure on the vessel from the puncture needle can 
cause the anterior wall of the vessel to stick to the pos-

terior vessel or collapse the lumen, which can lead to 
both the anterior and posterior walls being penetrated 
simultaneously, and backflow of blood may not appear 
despite vein puncture. Pulling the needle back will cre-
ate a space between the anterior and posterior walls and 
cause the vessel lumen to expand and fill with blood; 
thus, if the vessel has been penetrated, backflow of blood 
may appear in the process of withdrawing it.

• It can be difficult to differentiate arterial and venous 
blood by color in patients with cyanotic heart disease. 
Confirm venous residence of the wire using ultrasound 
imaging, or if this cannot be determined via ultrasound, 
measure the pressure by inserting a plastic cannula from 
a venous indwelling needle via the guidewire. Confirma-
tion can also be performed by attaching a pressure trans-
ducer directly to the needle [91]. Do not insert a dilator 
unless it is certain that the guidewire resides in the vein.

• Test punctures are not recommended in small children. A 
hematoma caused by a test puncture will make the proce-
dure even more difficult and could easily cause blockage.

• Even if the needle tip is definitely inside the vein, it is 
difficult to insert a guidewire into a vein with a small 
diameter; thus, consider using a guidewire with a hydro-
philic monofilament. However, be careful of breakage 
when using metal needles.

Complications

• Owing to their small size, guidewires should not be 
inserted in children as deeply as in adults. Neonates and 
infants have thin ventricular and atrial walls that are eas-
ily penetrated.

• Cardiac tamponade is a lethal complication. The right 
ventricle and right atrium are common perforation sites, 
and perforations can occur in children from the guidewire 
(even J type), dilator, or catheter. Symptoms may not 
appear right away with a guidewire puncture, and a punc-
ture may be difficult to diagnose with radiograph after 
catheterization is finished. Therefore, if a decrease in 
blood pressure is observed, quickly perform an echocar-
diogram to search for cardiac tamponade [92].

Other considerations

• Neonates have fragile skin; hence, be careful not to dam-
age it by suturing too tightly when fixing a catheter.
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