
Volume : 4 | Issue : 2 | Feb 2015 ISSN - 2250-1991

1  | PARIPEX - INDIAN JOURNAL OF RESEARCH

Research Paper

 Ultrasound-guided internal jugular vein catheterization: 
A randomized controlled trial

Anaesthesiology

DR SIDDHARTHA 
CHAGALETI

Department of Anaesthesiology,  Great Eastern Medical School
Srikakulam  India

DR JEEVAN BABU 
ATHURU

Department of anaesthesiology,  SVR Ruia Government General 
Hospital, Tirupathi, India

KEYWORDS  intensive care unit, anesthesia, ultrasound, central venous line

A
B

S
TR

A
C

T

Introduction
Even though advantages of ultrasound line placement seem obvious, many countries do not have easy access to such 
technology. This study aims to compare the degree of difficulty in central venous line placement with or without ultrasound 
and the incidence of complications, and to establish the effect of the operator’s degree of training.
Methods
The study included 257 patients that required central venous catheterization during the study period. Patients were divided 
into groups according to the operator’s experience: expert group (over 70 central accesses performed before the study) 
(n=152) and in-training or non-expert group. Procedures were randomized to “without ultrasound” (n=80 expert and 54 
non-expert) and “with ultrasound” (n=72 expert and 51 non-expert).
Results
Catheter placements were more successful in the “expert” and in the “with ultrasound” than in the “non-expert” (88% 
vs 79%; p=0.04) or in the “without ultrasound” groups (91% vs 78%; p=0.005). Incidence of complications was 11.7%, 
with no significant difference among “with ultrasound” (8.1%) and “without ultrasound” (14.9%) groups. However, the 
“non-expert” group had fewer complications with the use of ultrasound (7.8% vs 24%).
Conclusions
Ultrasound reduces the incidence of complications when placement is performed by inexperienced operators. Centers with 
residents should emphasize the necessity of ultrasound for central line catheterization. Training in ultrasound might be of 
paramount importance in the effectiveness of the technique.

Introduction
Central venous catheterization is a procedure frequently per-
formed in intensive care units. Indications include hemody-
namic monitoring, total parenteral nutrition, renal replace-
ment therapy and medication prescription, among others. It 
is estimated that 5,000,000 central venous lines (CVLs) are 
placed each year in the USA [1]. The rate of mechanical com-
plications during the procedure ranges between 6% and 19% 
[2,3,4], representing between 250,000 and 1,000,000 me-
chanical complications per year.

CVLs are usually inserted in the internal jugular vein (IJV), the 
subclavian vein, and the femoral vein. Subclavian access po-
tentially presents an higher risk of pneumothorax [2,3,4] while 
femoral CVL displays a higher risk of artery puncture [5,  6] 
and of infectious complications [2] when compared to the jug-
ular approach.

Anatomically, the IJV is in an anterolateral position with re-
spect to the internal carotid artery (ICA), covered by the ster-
nocleidomastoid muscle (SCM). It ends behind the internal 
edge of the clavicular bundle of the SCM, near the medial end 
of the clavicle when it joins the subclavian vein to form the 
venous brachiocephalic trunk [7]. Traditionally, IJV catheteriza-
tion has been performed taking these anatomical landmarks 
into account, particularly in relation with the SCM [8]. The 
first description of percutaneous access to the IJV in critical 
care dates back to 1966 [9]; different approaches have been 
described since: anterior [10], central [11] and posterior [12].

Although the anatomical landmark techniques have been 
validated by the above-mentioned studies, they present me-
chanical complications during insertion, such as accidental 

ICA puncture, local hematoma and pneumothorax, at an in-
cidence of 3% to 10% for ICA and/or local hematoma, and 
0.8% to 2.4% for pneumothorax [3,  13,14,15]. Other less 
frequent complications involve nerve injury, such as lesions of 
the recurrent laryngeal nerve [16], cervical sympathetic chain 
[17], and brachial plexus [18]; accidental deaths during the 
procedure have also been reported [13, 19]. Additionally, the 
IJV approach by anatomical landmarks displays a variable in-
cidence of failure, ranging from 2% to 35% [13, 15, 20, 21]. 
Many studies have identified the factors associated with com-
plications during CVL placement by anatomical landmarks, 
namely operator’s experience, site of placement, number of 
attempts, patient’s body mass index (BMI), or CVL placement 
in an emergency situation [13, 14, 22, 23].

In 1978, Ullman et al. reported the advantages of localizing 
the IJV by means of Doppler ultrasound before its catheter-
ization [24]. Later on, Legler et al. published a prospective 
randomized study on central venous catheterization with Dop-
pler ultrasound versus the technique by landmarks, reporting 
a higher success rate and lower rate of complications with 
the former [25]. Bond et al. gave an account of the first IJV 
catheterization with bi-dimensional ultrasound [26]: through 
this technique, the neck structures and the advancement of 
the puncture needle can be directly visualized. Mallory et al. 
published a prospective randomized study indicating a higher 
rate of success and a lower number of attempts and of im-
mediate complications for IJV catheterization with bi-dimen-
sional ultrasound versus the anatomical landmarks technique 
[20]. Additionally, they reported that patients in whom the 
CVL by anatomical landmarks failed could be catheterized un-
der ultrasound through the same puncture site. These results 
have been confirmed by many consequent prospective rand-
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omized studies, in which a success rate of 98% to 100% has 
been reported, together with a rate of complications <5%, a 
decrease in the time used to perform a CVL of <50%, and 
a reduction in the number of punctures to <50% compared 
to the anatomical landmarks technique [15, 18, 21, 27,28,29].

Two meta-analyses have been performed with prospective 
studies comparing the landmarks technique versus the ultra-
sound-guided technique [30,  31], concluding that the ultra-
sound-guided technique lead to fewer failures and a lower 
number of attempts than the traditional technique. In the 
pediatric setting reports also favor the ultrasound technique 
over the traditional one [32]. The Agency for Healthcare Re-
search and Quality of the USA [33] and the UK National In-
stitute of Clinical Excellence [34] both recommend CVL cath-
eterization under ultrasound as one of the safe practices to 
improve patient care. To date, there are no published studies 
analyzing in a randomized and controlled manner the effects 
of operator’s experience, both with or without ultrasound, on 
the efficiency and incidence of complications when perform-
ing a CVL.

Despite the obvious advantages of ultrasound line placement, 
many countries (mainly emerging countries) do not have ac-
cess to such technology in every operating room. In those cas-
es, it is essential to identify the operators that strongly require 
ultrasound to guide CVL placement. We hypothesize that 
non-expert operators must use ultrasound for CVL placement. 
If ultrasound is not available, it is suggested that only expert 
operators should perform CVL placement.

This study aims to compare the efficacy and the incidence of 
complications in CVL placement, with or without ultrasound, 
depending on the operator’s degree of training or the pa-
tient’s neck anatomy. In Uruguay, only one study has analyzed 
the advantages of ultrasound guided CVL placement focusing 
on a Nephrology Center of the University Hospital [35]

Methods
This is a prospective and randomized controlled study focused 
on the placement of CVL in the intensive care unit and oper-
ating rooms of Great eastern medical school, SVR Ruia hospi-
tal, Padmachandra superspeciality and lotus emergency hospi-
tals.

Oral or written consent was obtained from the patients or 
their families in order to include them in this study. Critically ill 
patients or those that required surgery and a CVL were includ-
ed; unconscious, intubated, and paralyzed patients were also 
included. Patients under 18 years old were excluded from the 
study, as were conscious but non-collaborative patients.

The central IJV approach was used for CVL placement in all 
cases. Operators were divided into two groups according to 
their previous experience in CVL placement. An operator was 
considered an “expert” (E) when he/she had placed more 
than 70 central accesses by anatomical landmarks over the 
last 5 years. Anesthesia and intensive care unit residents that 
had performed less than 70 procedures were included in the 
“non-expert” (NE) group. Initially two doctors were included 
in the E group and two in the NE group.

One of the residents surpassed 70 procedures during the 
study period and was switched to the E group. At the begin-
ning of the study, a basic training course on ultrasound CVL 
placement was given to both E and NE groups simultaneously.

The attending or resident responsible for the patient was the 
one who performed the CVL. CVLs were only placed if the 
clinical condition required it (absolutely independently of the 
study). When the attending or resident informed the authors 
that a CVL needed to be placed on a patient, he/she was ran-
domly assigned to either the “ultrasound” or the “landmark” 
groups. Randomization was performed through a computer 
random number generator, placing the results in sheets inside 
closed envelopes, which were opened right before CVL place-

ment (Figure 1)

Study design and randomization process. (Figure 1)

The number of patients to be included in this study was cal-
culated through a test for the comparison of two proportions 
for dichotomy variables based on the average rate of compli-
cations of the procedure without ultrasound taken from the 
literature, which is approximately 12% [3, 13].

The formula applied was 

with 95% confidence (Z=1.96), accuracy of 3% (d=0.03), a 
proportion of 12% (p=0.12) and q=0.88.

The number of the sample is 450 patients.

The study was interrupted when an intermediate analysis indi-
cated a statistically significant difference in the complications 
of the procedure with or without ultrasound in the NE group.

Complications. Mechanical complications were defined as ICA 
hematoma at the site of puncture and pneumothorax. ICA 
was diagnosed by visualization of throbbing bright red blood 
return through the syringe, local hematoma was diagnosed 
through inspection and palpation of the puncture site, and 
pleural complications were diagnosed by thorax radiography.

Success. CVL success was determined when the IJV was cath-
eterized in three or less than three attempts. Catheterization 
after more than three attempts was defined as failure. After 
failure was assigned, the operator could opt to perform the 
puncture on the contralateral side or to use a different ap-
proach. Multiple punctures was defined as the occurrence of 
more than one skin piercing with the puncture needle in order 
to perform the venous catheterization.

Type of neck.  With respect to the patient’s neck features, 
patients were classified into two groups: normal neck with 
palpable anatomical landmarks (sternocleidomastoid mus-
cle muscle bundles and carotid pulse) and difficult neck with 
non-palpable landmarks due to obesity, subcutaneous cell tis-
sue infiltration, previous CVL, or tracheotomy, among others.

Landmark-guided technique. The apex of the triangle of sep-
aration between the sternal and clavicle bundles of the SCM 
was used as an anatomical landmark (Sedillot’s triangle). The 
IJV was placed in a deep position in that space. For CVL place-
ment, B Braun CERTOFIX@ duo and trio CVL kit were used. 
Catheterization was carried out in sterile conditions. Patients 
were placed in the Trendelenburg position, with the head ro-
tated 45º towards the contralateral side of the puncture. The 
carotid pulse was identified and the puncture was performed 
through Sedillot’s triangle apex, directing the needle towards 
the areola. Once blood aspiration was confirmed, the CVL 
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was placed using Seldinger’s technique. Control of the central 
catheter position was performed by chest x-ray in all cases.

Ultrasound-guided technique. An expert in ultrasound-guided 
procedures trained the operators (anesthesiologists and in-
tensivists) in ultrasound-guided IJV cannulation. The need to 
follow and visualize the needle tip during the procedure was 
stressed. During the one-week training period, all CVLs need-
ed at the Intensive Care Unit of the padmachandra superspe-
ciality hospital were placed by the operators, under supervi-
sion, using ultrasound; the number of CVLs placed was similar 
for all operators: 7 to 9.

Two portable ultrasound scanners (Logic Book XP, GE Medi-
cal Systems, USA) in bi-dimensional (2D) mode with a linear 
transducer of 8 Mhz were used in all procedures. The trans-
ducer was covered with ultrasound gel and wrapped in a ster-
ile plastic bag. Sterile physiological saline solution was spread 
on the patient’s skin to eliminate the air interface between 
the skin and the plastic bag. The transducer was placed in a 
transverse position to the patient’s neck axis, leveled with the 
separation of the sternal and clavicle bundles of the SCM, or, 
if non-palpable, lateral to the visceral axis at the middle point 
between the lower jaw angle and the clavicle. Briefly, the 
ICA was identified as a round, throbbing, and incompressible 
structure. The IJV was identified because it is placed in front 
and outwards with respect to the ICA, it is compressible, and 
non-throbbing. Catheterization was attempted after check-
ing for compressibility. In case of finding an incompressible 
vein (intraluminal thrombus), catheterization was attempted 
through the contralateral side. Each procedure was carried out 
by a single operator, who performed the ultrasound scan and 
the puncture simultaneously (mono-operator). Vein penetra-
tion was confirmed objectively when the tip of the puncture 
needle was visualized inside the vein or when blood return 
was obtained. Once inside the vein, the CVL was placed using 
Seldinger’s technique. Control of the central catheter position 
was performed by thorax radiography in all cases.

Data collection and statistical analyses.  Demographic data 
were collected from all patients: age, sex, BMI, main condi-
tion, and mechanical ventilation. From the procedure, the 
following data were collected: puncture side, number of at-
tempts, success/failure, complications (arterial puncture, he-
matoma, and/or pneumothorax), and neck features. Data 
were analyzed by Χ2  independent test through 2×2 tables. In 
order to include three variables into the analysis, difference 
of proportions tests were used. The level of significance was 
established atp=0.05. Demographic data were analyzed with 
parametric and non-parametric tests.

The variables included in the analysis were type of operator 
(expert/non-expert), ultrasound scan (yes/no), patient’s neck 
anatomy (normal/difficult), complications (yes/no), and success 
in CVL placement (yes/no).

Results
A total of 257 procedures were performed: 152 by the E 
group (72 with ultrasound scanner and 80 with landmarks) 
and 105 by the NE group (51 with ultrasound scanner and 54 
with landmarks). The difference in the number of procedures 
performed by the E and NE operators is explained by the high-
er number of expert operators included in this study.

Patients’ characteristics are shown in Table 1.

Table 1   Characteristics of the patients in the “expert” and 
“non-expertise” groups.

Although there is a higher percentage of patients with a dif-
ficult neck in both the ultrasound and landmark groups, this 
difference was not statistically significant (p=0.09).

In the E group, 134 successful placements were recorded 
(88%), 68 with the ultrasound technique (95%) and 66 (83%) 
with the landmark technique, whereas the NE group was suc-
cessful in 83 of the placements (79%), 44 (86%) with ultra-
sound and 39 (72%) without (Table 2-A). The Χ2  independ-
ence test showed a statistically significant difference in favor 
of the expert operators for this variable (p=0.04) (Table 2-A) 
and an increase in the success rate with the use of ultrasound 
(p=0.005) (Table 2-B).

Table 2

OUTCOMES: success, complications and multiple puncture in 
each group. A- Comparison between expert and non-experi-
enced groups; B- Comparison between ultrasound guided and 
landmarks guided groups.

A total of 30 complications were recorded (11.67%), of which 
21 were ICA punctures requiring local compression, 8 were 
visible hematomas without identified ICA puncture, and 1 was 
a case of pneumothorax in the NE group without ultrasound, 
a complication that was solved by pleural drainage. When 
analyzing complications according to group, results showed 
that 13 complications (8.5%) occurred in the E group, 6 of 
them with ultrasound and 7 without; this difference was not 
statistically significant with respect to ultrasound scanner use 
(Table 2-A). The small sample size (the study was interrupted 
after 257 procedures) caused difficulties in the interpretation 
of the results.

In the NE group, 17 complications were recorded (16.2%), 4 
with ultrasound scanner and 13 without. In this case, there 
was a significant difference in favor of ultrasound scanner use 
(p <0.033).

There were more complications in the NE group when ultra-
sound scanner was not used (Table 2-B).

There were no differences between E and NE groups (Table 
2-A) or between the ultrasound and landmark technique (Ta-
ble 2-B) regarding the number of patients with multiple punc-
tures. Even though in the NE group, the use of ultrasound de-
crease the number of multiple punctures from 44% to 31% 
(p=0.028)

When analyzing the variable type of neck, for difficult necks 
(n=50), the use of ultrasound lead to success in 92.6% of cas-
es (25 out of 27), while without ultrasound the success rate 
was 65% (15 out of 23), both for expert operators; this differ-
ence was statistically significant (p<0.030) (Table 3).
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Table 3 Success related to ultrasound scan in difficult necks. 
The rate of success was analyzed separately: in all patients 
with difficult neck, in non-experienced group and in the ex-
pert group.

Two complications were recorded in the ultrasound group 
(7.4%) and 4 (17.4%) in the landmark group (both for expert 
operators) (p>0.05). In the non-expertgroup working with dif-
ficult necks (n = 33 the success rate was 89% with ultrasound 
(17 out of 19) and 64% without (9 out of 14). There were 3 
complications with the ultrasound scanner (15.8%) and one 
without (7.1%); no significant differences were found in these 
cases neither for success nor for complications.

Discussion
Several studies [31,  36,37,38] have demonstrated that the 
use of ultrasound guidance is clearly cost-effective, not only 
in terms of reduction of major complications, but primarily re-
garding the reduction of access time: therefore all operating 
rooms should have ultrasound guidance. Nevertheless, unfor-
tunately ultrasound is not routinely available in all operating 
rooms in many emerging countries. Although this study fo-
cused on analyzing the advantages of ultrasound, its experi-
mental design allowed the evaluation of the influence of other 
variables such as operators’ experience (operator-dependent 
variable) and the type of neck (patient-dependent variable) on 
the use of the above-mentioned technique. Identification of a 
target population of patients and/or doctors with an increased 
benefit in using ultrasound guidance may help emerging 
countries (without universal availability) to prioritize the use of 
the technique in certain contexts.

The effectiveness rate in the expert group was 83% with the 
landmark technique, improving to 95% with ultrasound use. 
These data are in agreement with previously published pa-
pers which show an effectiveness of 87% to 89% without 
ultrasound [3,  13] and of 97% to 100% with ultrasound 
[15,  27,  28,  39]. Regarding non-expert operators, compari-
son with previous studies that include ultrasound scanner use 
is difficult because most prospective studies included opera-
tors that were experts in CVL. The study of this issue involv-
ing non-expert or in-training operators is one of the novelties 
of our work. It is noted that in the present study the punc-
ture technique was performed using an ultrasound scanner 
in a mono-operator mode, i.e., the operator had to learn to 
perform both the ultrasound scan and the puncture simul-
taneously. Mey et al. reported on the efficiency of the ultra-
sound-guided technique when performed by two operators 
(one performing the puncture while the other performed 
the ultrasound scan) [40]. The study showed that the most 
important factor when performing a puncture under ultra-
sound guidance is the scanner operator’s experience, since 
only when this operator was experienced the success rate was 
>97.1%; on the other hand, if only the operator performing 
the puncture was experienced or both operators were inex-
perienced, effectiveness was reduced to between 90.1% and 
90.3% [40]. In our study, non-expertoperators succeeded in 
72% of the cases without ultrasound and improved to 86% 
with ultrasound use, which coincides with the above-men-
tioned results. Slama et al. published a prospective study 
with inexperienced operators, reporting a 76% effectiveness 
without ultrasound and 100% with ultrasound while using 
the two-operators technique with an experienced ultrasound 
scanner operator [29].

With regards to complications in the NE group, we recorded 
an incidence of 24% without ultrasound, which is higher than 
that obtained by Sznajder et al. [3] (14%) and Eisen et al. [13] 

(10%). With the help of the ultrasound scanner, the incidence 
of complications in this group decreased to 7.8%, which is 
similar to that obtained by Mey et al., who reported an inci-
dence of 10% to 17% for inexperienced ultrasound operators 
and puncture performers [40]. In the case of expert operators, 
a similar rate of complications was observed both with and 
without an ultrasound scanner, namely 8.3% and 8.8%, re-
spectively. The rate of complications without ultrasound is sim-
ilar to that reported by Karaktisos et al. (10.6%) [15], Troianos 
et al. (8.43%) [27], and Denys et al. (8.3%)[18]; however, we 
did not observe a decrease in the rate of complications with 
ultrasound use, as was observed in these studies. This might 
reflect a lack of experience in the use of ultrasound, since the 
8.3% rate of complications can be compared to the 7.8% ob-
tained by the NE group, and is in concordance with the study 
by Mey et al. highlighting the importance of experience in the 
ultrasound scan [40]. Therefore, training in ultrasound scan-
ning is essential to achieve higher benefits from the technique.

The most frequently found complications [97% (29/30)], were 
ICA puncture and/or local hematoma. Although the classical 
anatomical description of the vein in the anterolateral position 
with respect to the artery is the most usual, it does not apply 
to all cases. Gordon et al. reported that the vein was found 
in anterolateral or lateral position in 72% of cases while in 
22% and 5% of cases it was in an anterior position and inside 
with respect to the artery, respectively [41]. Troianos et al., in a 
study with over 1,000 patients, found that the vein was over-
lapping the artery over 75% of its circumference in 54% of 
the patients [42]. The mere movement of head rotation in a 
contralateral direction relative to the puncture site, employed 
as part of the vascular access technique, increases the over-
lap between both vessels [43]. It has also been observed that 
the vein is easily compressed by the puncture needle, some-
times going across this blood vessel; along with the overlap 
observed between the IJV and the ICA, this compression helps 
to explain the higher rate of arterial puncture when perform-
ing the maneuver blindly [44].

Further, we investigated if the absence of palpable landmarks 
had an influence on the results; the E group was more suc-
cessful with ultrasound (93% vs 65%), whereas the NE group 
did not show significant differences. In our opinion, the dif-
ficult neck situation posed an additional difficulty for the NE 
group. Regarding complications in patients with necks consid-
ered difficult to puncture, there were no significant differences 
in either of the groups. We consider that the number of pro-
cedures analyzed might be insufficient to detect differences 
and that a more powerful study (higher patient numbers) may 
be necessary to detect them.

Limitations
A significant limitation of the current is the unequal number 
of patients included in the E and NE groups. The cutoff point 
was decided when half the number of patients estimated in 
the sample was reached (257 of 450) and the number of pa-
tients in each group (E and NE) was not considered in that 
decision. Another limitation is the threshold of 70 procedures 
for inclusion of an operator in the E group. This limit may be 
too high, since an observation  a posteriori  of our data indi-
cates that for an operator who performed the 70 procedures 
in the NE group, most complications occurred during the first 
30 procedures (Figure 2).
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Figure 2

  It is possible that an operator can be considered an “expert” 
with only more than 30 CVLs placed; if that is the case, the 
NE group would actually be a moderately trained group, with 
smaller differences between the two groups than expected. 
Even though there is lack of a specifically delineated number 
of procedures to develop competence in ultrasound CVL can-
nulation, it has been suggested by experts that a minimum of 
10 procedures are required [38]. A recent paper by Nguyen et 
al. demonstrated that the maximal technical skills score was 

obtained after 8 procedures [45]. In our study, the “expert” 
operators in CVL placement were probably not trained in ul-
trasound techniques well enough, which would explain the 
same percentage of complications with and without ultra-
sound in the “expert” group. Nevertheless, this lack of a dif-
ference may also be attributed to the small sample size (the 
study was interrupted in 257 procedures). For a correct inter-
pretation of this result, the study would need to be completed 
with the total number of patients that were initially calculated 
in the methods section of the study. Finally, difficult neck with 
non-palpable landmarks due to obesity, subcutaneous cell 
tissue infiltration, previous CVL, tracheotomy, or intraluminal 
thrombus could be considered as exclusion criteria in order to 
avoid bias in the study, as they have not been evenly distribut-
ed between the two studied groups.

Conclusion
Ultrasound scanning facilitates the insertion of central lines 
and decreases the number of complications. If ultrasound is 
not available for CVL placement, we highly recommend that 
experienced operators insert the CVL. Experience in ultrasound 
scanning has an influence on the results; therefore, operators, 
no matter whether they are experienced in CVL placement 
or not, should receive training on ultrasound scanning to im-
prove results.
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