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ABSTRACT

Background: Central Venous Catheter (CVC) is an interventional procedure used during anesthesia and critical care 
for the administration of drugs, fluids and to measure blood pressure as well as other medical uses. There are two 
methods for the insertion of a Central Venous Catheter, ultrasound imaging, and anatomical landmarks. The CVC is 
inserted into a central vein such as the internal jugular, Subclavian, and femoral veins in sterile procedures with as 
few attempts as possible to reduce complications. Objective: The study aimed to review the incidence of complications 
during the insertion of central venous catheterization guided by ultrasound versus an anatomical landmark. 
Methodology: The researchers collected papers that met the criteria and were already published in databases, i.e., the 
Wiley digital library, Scopus, PubMed, Google Scholar, and Cochrane Databases in the period of (2000-2020). The 
sample consisted of 25 articles. Mesh headings searched included ultrasound, anatomical landmark, central venous 
cannulation, and complications. Result: Findings of 24 (96%) Randomized Controlled Trials (RCT) in different parts 
of the world revealed that the ultrasound imaging method has fewer complications than anatomical landmark during 
central venous cannulation, A p-value<0.05, and only 1(4%) study showed the insignificance with the p-value is >0.05.  
Conclusion: According to all previous studies, the review concluded that ultrasound imaging is more effective in 
reducing complications compared to the anatomical landmark technique in patients requiring central venous catheter 
insertion. And this review is recommending further studies to discover other factors that can reduce the complications.
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INTRODUCTION

Central venous cannulation is commonly indicated in the care of critically ill patients for various purposes. Anyhow, 
this routine procedure has complications that every provider should recognize, consider, and be able to manage, either 
directly or with immediate specialized assistance. Complications can occur at the time of catheter insertion and include 
vascular, cardiac, pulmonary, and placement complications. Late complications include dysfunction and infection 
of the device. Peripherally inserted central venous access has an altered complication profile that clinicians should 
consider when deciding on central venous access but are still associated with the same spectrum of complications as 
the centrally placed catheter [1].

A Central Venous Catheter (CVC) is a tube placed into a large vein in the Subclavian, internal jugular, and femoral 
veins. The purpose of this tube is to administer medication or fluids that are unable to be taken by mouth and measure 
Central Venous Pressure (CVP) for critically ill patients or in major surgical cases. There are different types of central 
venous catheter used for a different purpose, which is a single lumen and multiple lumens (double or triple lumen). 
Single lumen is for insertion only medications or fluids. Multiple lumens are for injection of drugs, intravenous fluids, 
and Central Venous Pressure (CVP) monitoring. A central line pertains to a catheter inserted into a central vein such 
as the internal jugular, Subclavian, and femoral veins for purposes of diagnosing and treating critically ill patients [2].

The use of ultrasound guidance in central venous catheterization is based on recommendations agreed by many 
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medical societies and government agencies. i.e., the Agency for Healthcare Research and Quality, the National 
Institute for Health and Clinical Excellence in the UK, the American Society of Echocardiography, and the Society 
of Cardiovascular Anesthesiologists. Despite these recommendations, the use of ultrasound for central venous 
catheterization are still very low [3].

Central venous catheterization is frequent in use and essential medical intervention. Despite its regular practice, it is 
still linked with a high incidence of complications, especially infection and catheter tip embolization. The addition 
of ultrasound guidance to the technique has proved significant change to the better regarding the time and number of 
attempts for successful catheterization [4].

A sterile procedure must be performed successfully with as few attempts as possible. to avoid adverse consequences 
including hematoma from mistakenly puncturing the artery instead of a vein, infection, pneumothorax from puncture 
of the lungs, thrombosis, embolism, vena cava laceration, and nerve injury [1].

A lot of benefits are gained from the use of ultrasound as a real-time guiding the Central Venous Catheters (CVCs) 
when it is compared with landmark techniques for the placement of (CVCs). These include faster procedure times as 
well as lower complication rates [5].

The likelihood of the complications depends on the characteristics of the patient, clinician expertise, the care 
environment, and the risks inherent in the procedure. Central vein catheters have traditionally been inserted by using 
anatomical landmarks. There are three main veins for insertion Central vein catheter that are subclavian, Internal 
Jugular (IJV), and femoral CVC insertions. The left IJV cannulation is more time-consuming. When compared to 
other cannulation sites, left IJF is associated with a higher incidence of complications. The use of ultrasound improves 
the success rate and decreases the number of complications during Internal Jugular Venous (IJV) cannulation [6].

Many studies agreed that dynamic and static US guidance during central venous catheter insertion was connected with 
improved first cannulation attempts and in general success rates of introduction by junior residents [7]. 

Previously, CVC placement is performed using landmark techniques based on the knowledge of anatomic structures 
and palpation of arteries next to the veins. These landmark techniques cannot account for anatomic variations at 
the CVC insertion site. Anatomic changes to the “normal anatomy,” however, have been described in a relevant 
proportion of patients for the Internal Jugular Vein (IJV), the Subclavian Vein (SV), and the Femoral Vein (FV) [4].

For many years the landmark technique has been accepted as a standard approach for CVC. Still, literature has 
challenged this practice and caused an ideal shift toward ultrasound-guided intravenous access. Nevertheless, the 
anatomic landmark method is a common practice among pediatric surgeons. However, they know it does not allow 
for accurate visualization of the vein and the surrounding structures and increasing the risk of complications.  The 
American College of Surgeons supports the use of ultrasound in central venous catheter placement in the adult 
population; however, this concept is not globally [8].

Many techniques have been nominated to decide a proper insertion depth of the Central Venous Catheter (CVC). 
Among the methods, the carina is recommended as a useful target level for the CVC tip position. And a lot of studies 
evaluated the sternal head of a right clavicle and the nipples as anatomic landmarks for determining the optimal depth 
of CVC [9].

Ultrasound imaging (US) can be used in different ways to facilitate CVC placement. Static US (also called the indirect 
US) describes a technique using ultrasound only before CVC placement to identify the anatomy of the target vein 
(mapping) and adjacent anatomic structures (including the patency of the vein and its dimensions and depth from the 
skin) [9].

On the opposite, real-time US (also called the direct US) pronounce a skill of needle insertion and vessel puncture 
under continuing US control (i.e., the needle is always visualized on the US screen). It is also referred to as “US 
guidance” [10].

Although the placement of a Central Venous Catheter (CVC) is a routine procedure in intensive care medicine and 
anesthesiology, severe acute complications (such as arterial puncture or cannulation, hematoma, hemothorax, or 
pneumothorax) occur in a relevant proportion of patients [9].
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Cannulation of the internal jugular or femoral vein by inexperienced residents when it is guided by ultrasound 
appears to be more reliable than the Landmark (LM) or other methods and was associated with a lower mechanical 
complication rate among ICU patients [11].

Ultrasound-guided intravenous access, whether peripheral or central, can reduce procedural time and complications, 
and is associated with higher satisfaction. Obtaining venous access is often a vital component of emergency department 
patient care, in patients with difficult venous access, or who urgently require central venous access for therapy and 
resuscitation [12]. 

Proper methods in any clinical practice are one of the fewer complications, and this study assures, using an ultrasound 
technique for central venous cannulation will achieve the benefit. This technique may result in fewer adverse events 
compared to the landmark approach. The studies conducted in this area have investigated the complications of 
central venous catheters individually and compare the incidence of these complications when using ultrasound versus 
anatomical landmarks. This systematic review study aims to review the difficulties of central venous cannulation and 
associate them with ultrasound versus anatomical landmark techniques.

METHODS

Inclusion Criteria

This study is running based on the guideline for conducting systematic review studies (Cochran) and using the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist [13]. The study included 
all randomized control studies published in peer-reviewed journals. Only the papers in English which had examined 
the complications of central venous cannulation either by ultrasound-guided technique or anatomical landmark 
approaches were included. The minimum sample size of the reviewed documents was 25. 

The main objective of this study was to compare the complications of CVC when using the ultrasound versus the 
anatomical landmark approach.

Search Strategy

In the current study, the international databases (Wiley library, PubMed, Google Scholar were searched from the time 
of 2000 until July 30, 2020. The keywords were used based on Medical Subject Headings (MESH) and Emtree and 
then merged. The keywords used in English included ultrasound, anatomical landmark, central venous cannulation, 
and complications.

Selecting the Studies and Extracting Information 

According to the study protocol and the inclusion criteria, two of the researchers investigated the title and abstract 
of the studies separately, and then the repeated cases were eliminated. In the next stage, the full text of the papers 
was examined, and the necessary information was extracted. In cases where a disagreement occurred for selecting 
the studies, a consensus method was used to resolve the dispute between the writers. The items of the extracted 
information included general information (first author, year, country, sample size, data collection method), and the 
search consists of (complications of insertion of central venous catheter by ultrasound imaging versus anatomical 
landmark technique).

Quality of Studies

Investigation on the quality of studies was performed using the Jadad scale for reporting randomized controlled 
trials. The main advantages of this scale are that it is easy to use; it contains many of the essential elements that have 
empirically been shown to correlate with bias, and it has known reliability and external validity [14,15].

RESULTS

Assortment of Studies 

Based on the keyword search across different databases, the researchers found more than 3000 papers, out of which 
1300 were non-repeated. In the next step, the study investigated the non-repeated documents based on their title and 
abstract and removed bout 1270 papers. In the next stage, the team of researchers found 30 articles, and 25 Randomized 
controlled trials entered the final step. The team excluded five documents at this stage, and the rest included studies 
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that had been conducted in different parts of the world internationally (Figure 1). In the final stage (n=25), randomized 
controlled studies composed of 5301 participants (Table 1). 

 

Figure 1 Flow Diagram of the step-wise selection of studies

Table 1 Key Feature of the selected studies that compare the ultrasound versus anatomical landmark in reducing compli-
cations of central venous cannulation

Studies References Nation Design No. of patients UL group LA group p-value
1.       (7) USA RCT 115 57 58 <0.01
2.       (16) Egypt RCT 100 50 50 <0.05
3.       (17) Turkey RCT 380 190 190 <0.01
4.       (18) Turkey RCT 584 292 292 =0.04
5.       (19) Iran RCT 321 160 161 =0.04
6.       (20) India RCT 60 30 30 <0.05
7.       (21) Italy RCT 148 74 74 0.001
8.       (22) Pakistan RCT 60 30 30 =0.024
9.       (23) Nepal RCT 120 60 60 =0.001
10.    (24) Jordan RCT 203 101 102 <0.001
11.    (25) Turkey RCT 100 50 50 <0.05
12.    (3) Macedonia RCT 400 200 200 =0.0008
13.    (8) The USA. RCT 150 75 75 =0.0001
14.    (11) France RCT 118 59 59 =0.01
15.    (5) Germany RCT 157 78 79 <0.0001.

16.    (26) China RCT 214 107 107 <0.05
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17.    (27) Turkey RCT 100 50 50 =0.041
18.    (28) Romania RCT 60 30 30 <0.05
19.    (29) Nepal RCT 111 58 53 =0.001
20.    (30) Greece RCT 900 450 450 <0.001
21.    (31) India RCT 450 225 225 =0.04
22.    (32) Egypt RCT 100 50 50 <0.05
23.    (33) Egypt RCT 60 30 30 <0.05
24.    (34) Iran RTC 200 100 100 <0.0001
25.    (35) Iran RTC 90 45 45 =0.750

Total 5301 2651 2650

DISCUSSION

The present systematic review was conducted to compare the complications of Central Venous Catheterization (CVC) 
among ultrasound-guided methods versus anatomical landmarks. By using international databases from 2000 until 
July 30, 2020, the present study found ultrasound methods reduced the complications as compared with the anatomical 
landmarks. After recorded and analyzed all papers we found out, 25 Randomized Controlled Trials (RCT) studies, 
which include 5795 patients, examined the complications occurring with ultrasound imaging versus an anatomical 
landmark technique for central venous catheterization.

Brass et al., in Germany, demonstrated a Randomized and quasi-randomized controlled trial for comparing two-
dimensional ultrasound or Doppler ultrasound versus an anatomical ‘landmark’ technique.  During the insertion of 
subclavian or femoral venous catheters to evaluate by using both methods, the study results showed the ultrasound 
technique offers small benefits in safety and quality when compared with an anatomical landmark technique [2]. 

In contrast to the previous study in Iran, Fathi et al., pull out a comparison between central venous cannulation of the 
internal jugular vein using ultrasound-guided and anatomical landmark-guided techniques. Patients undergoing the 
study were randomly divided into two groups According to the results of this study, under current conditions and due 
to limited resources and a lack of adequate training, the use of anatomical landmarks will continue to be the preferred 
method of treatment in Iran [16].

Turker et al., supported the same idea in Turkey when they compared the landmark-guided technique versus the 
ultrasound-guided method for internal jugular vein cannulation in spontaneously breathing patients. Patients who 
required internal jugular vein cannulation were randomly assigned.  They received the cannulation either by using the 
landmark- or ultrasound-guided technique. The researchers recorded a failed catheter placement, some complications, 
the number of attempts, and the time to successful catheterization, as well as the demographics of each patient. The 
result showed a higher complication rate in the landmark group than in the ultrasound-guided group (p<0.01) [17].

This another study in which Kayir et al., in Turkey, evaluate the effectiveness of needle-guiding ultrasound for 
internal jugular venous cannulation compared with the landmark. Patients were divided into two groups.  Group U for 
catheterization with ultrasound guidance and Group L are performed with the anatomic landmark technique. The rate 
of success in the procedure and the frequency of complications for both methods were compared. Group U produced 
success and complication rates significantly better than Group L, the landmark technique (p=0.04 and p=0.00001, 
respectively). This study illustrated that the use of ultrasonography reduced complication rates as compared to the 
landmark technique [18].

The advantages of ultrasound-guided central venous catheter insertion over the anatomical landmark technique 
regarding ease of insertion and safety are determined in Pakistan. Patients in the study were selected and randomly 
divided into two groups; the central catheter was inserted under aseptic conditions, and including ease of access, 
several attempts, arterial punctures, and other complications in both groups were recorded. Result: Ultrasound guidance 
resulted in statistically significant comfort of insertion (p=0.024) While decreasing the attempts to gain venous access 
as compared to the anatomical landmark group (p=0.0453). Two cases of arterial puncture were recorded in the 
anatomical landmark group, while no arterial puncture occurred in the ultrasound group. Conclusion: Ultrasound 
guidance for central catheter insertion makes it easy and safe as it allows better identification of vascular structures. It 
also reduces the rate of complications associated with central catheter insertion and improves the success rate, thereby 
justifies its cost [19].
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Youssef et al., Egypt, compare the outcome of an ultrasound-guided technique versus an anatomical landmark-guided 
technique for central venous catheterization. Patients were assigned into two groups (A) and (B), respectively, and 
the study stated the use of ultrasound-guided central venous catheterization has better results and higher-safety in 
comparison to anatomical landmark-based technique, as well as the mechanical complications in which significantly 
lower [20]. 

During 2019 in Italy, a study compared the effectiveness of a real-time ultrasound with a landmark-guided technique 
for the subclavian vein. Two groups of 74 consecutive patients were recruited, each undergoing subclavian vein 
catheterization. One group included patients from the intensive care unit, studied by using an ultrasound-guided 
technique. The other group included patients from surgery or emergency units, considered by using a landmark 
technique. As a result, confirmed the use of an ultrasound-guided technology for Subclavian catheterization offers 
advantages in terms of a reduced number of attempts and complications [21]. 

In India, they determined if US guidance could be successful in the number of attempts and rates of acute complications 
when patients were prospectively randomized in two groups of 30 each LM and US.  The number of attempts, success 
rate, access time and difficulties, were noted by US guidance during Subclavian vein catheterization in the first-
attempt with success and improves access time with a reduced average number of attempts and complications [22]. 

A study conducted by Shrestha et al., in Nepal, to find out if an ultrasound technique has advantages over the 
conventional landmark technique in a prospective randomized comparative study. The outcome measures were 
compared between the groups. In conclusion, the survey agreed with ultrasound for the success rate besides minimizes 
the time and complications during internal jugular vein cannulation. It can be referred to as a rescue technique in cases 
of a failed landmark technique [23].

In contrast, in most of the studies about the benefit of ultrasound methods, Iranians, recently stated that neither of the 
ways of ultrasound guidance and anatomical landmarks had a significant superiority in terms of the success rate. And 
the complications of insertion the reason for the absence of a substantial difference between the two groups in the 
above parameters were the anesthesia residents’ insufficient personal skills in performing the ultrasound [24]. 

Recently in Jordan 2020, a study showed real-time ultrasound-guided Central Venous Catheterization (CVC) when 
demonstrated, can reduce insertion and procedure time as well as having fewer complications compared to the landmark 
technique. The technique was newly introduced to Jordan University Hospital. They concluded the ultrasound method 
could increase the efficiency and reduce the complications which justify the costs of implementing this technique 
[25-33].

CONCLUSION

According to all previous studies, the review concluded that ultrasound imaging is more effective in reducing the 
number of insertion attempts, complication, compared to the anatomical landmark technique in patients requiring 
central venous catheter insertion. The findings of this study can be effectively implemented in the clinical practice of 
central venous cannulation.

Recommendations

The research team, based on the recommendations taken from the previous RCT, encourages the use of ultrasound-
guidance for central venous access to achieve the best practice with low complications and applies training of anatomic 
landmark techniques, especially in junior practitioners.
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