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Background and Aims  Ultrasound guidance of central venous catheter (CVC) inser-
tion improves the safety and efficacy of its placement, but still it may not ensure 
correct placement of catheter tip. In our study, we aimed to identify the correct place-
ment of CVC tip and to detect mechanical complications, by visualizing it in real time 
with the help of sonography and comparing this to the chest X-ray findings.
Patients and Methods  This was a cross-sectional observational study conducted on 
80 patients with American Society of Anesthesiologists grades 1 and 2, in the age 
group of 18 to 65 years, who required central venous catheterization in intensive care 
unit. The CVC tip placement was identified with ultrasound and then the finding was 
compared with postinsertion chest X-ray.
Results  In only 9 out of the 80 patients (11.3%) malposition was detected on ultra-
sound and was corrected immediately, whereas in remaining 71 patients (88.8%) no 
intervention was required. It was observed that all the patients had correct position of 
CVC tip on postprocedural chest X-ray. Accidental arterial cannulation occurred in two 
(2.5%) patients in whom right internal jugular vein was cannulated and in two (2.5%) 
patients who had arrhythmia.
Conclusion  Ultrasonography (USG) examination can be used as a diagnostic tool 
method for confirmation of CVC tip and identification of cannulation-related compli-
cations. Thus, we can say that USG might obviate the need for post-CVC insertion 
chest X-ray.
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Introduction
Central venous access is indicated for hemodynamic mon-
itoring, proper interpretation of central venous pressure, 
delivery of blood products and drugs in cases of difficult 

peripheral intravenous access, and placement of thera-
peutic devices.

Central venous catheterization is, however, not without 
risk and, even in experienced hands, may cause early mechan-
ical complications and misplacements.1 Various methods 

J Card Crit Care:2021;5:18–22

Original Article

published online
March 18, 2021



19Evaluating Efficacy of Ultrasound in Detecting Correct Placement of CVC  Panda et al.

Journal of Cardiac Critical Care TSS  Vol. 5  No. 1/2021  © 2021. Official Publication of The Simulation Society (TSS).

such as anatomical landmarks,2,3 simple formulae,4 Peres for-
mula, radiographic guidance, postinsertion chest X-ray, right 
atrial electrocardiography,5-7 and echocardiography8 have 
been used to ensure correct placement of the central venous 
catheter (CVC) tip. However, these techniques have their own 
limitations.

The correct position of the tip of CVC is deemed to be in 
the superior vena cava above the level of pericardial reflec-
tion at the cavoatrial junction.9,10 Ultrasound guidance of CVC 
insertion improves the safety and efficacy of its placement, 
but still it may not ensure correct placement of catheter tip.

In this study, we aimed to identify the correct placement 
of CVC tip and to detect mechanical complications, by visu-
alizing it in real time with the help of sonography and com-
paring this to the chest X-ray findings. The endeavor of this 
study was to determine whether this technique can elimi-
nate the need for chest X-ray postinsertion of the catheter 
for reconfirming the correct catheter tip position as is rou-
tinely done. Time required for ultrasonography (USG) study 
and time required from order of chest X-ray to its reporting 
was also noted.

Methodology
After obtaining the Institutional Ethical Committee approval, 
no. 101–20120–142–204632, and taking written informed 
consent, a cross-sectional observational study was conducted 
on 80 patients with American Society of Anesthesiologists 
grade I/II/III, involving patients of both sexes, in the age group 
of 18 to 65 years, who required central venous catheterization 
in intensive care unit. Exclusion criteria included: patient’s 
refusal, infection at local site with preexisting chest-tubes, 
multiple central vein cannulation, traumatic pneumothorax, 
hemothorax, subcutaneous emphysema, patients with body 
mass index (BMI) >40, altered coagulation profile, arrhyth-
mia, and patients with poor image of cardiac chamber.

In all patients, standard monitors were applied and the 
patients were kept in supine position—with anesthesiologist 
at the head end of patient for internal jugular vein (IJV) can-
nulation or on the ipsilateral side of the patient for subcla-
vian vein (SCV) cannulation, with the ultrasound monitor in 
view on the opposite side of the bed. The site of cannulation 
was selected by the anesthetist. Maintaining strict aseptic 
measures, cannulation of the selected vein was attempted 
with 7 Fr triple lumen Prymax central vein catheter, 16 cm 
in length, by Seldinger technique under ultrasound guidance 
(►Fig.  1). Based on studies of Rash Kujur et al11 and Joshi  
et al,5 catheters were inserted to a length of 13–14 cm on the 
right side and to a length of 14 to 15 cm on the left side. After 
correct placement of the catheters, each lumen was aspirated 
and flushed and the triple lumen catheter was secured as 
recommended.

After cannulation of the selected vein, to ensure correct 
intravenous placement of catheter tip, 10 MHz linear probe 
transducer was used to visualize ipsilateral IJV, SCV, and 
innominate vein for catheter position. Then opposite sides 
of IJV, SCV, and innominate vein were checked for catheter 
position. After diagnosis of correct intravenous position, 

transthoracic echocardiographic (TTE) examination was per-
formed using 3.5 MHz sector probe transducer. Three types 
of cardiac views were obtained, that is, subcostal view, apical 
four chamber view, and parasternal short axis view (►Fig. 2). 
Absence of catheter inside the right atrium was diagnosed as 
correct placement of CVC tip.

Early mechanical complications related to cannulation, 
including pneumothorax and hemothorax, were assessed in 
bilateral thoracic cavities. To detect pneumothorax, 10 MHz 
linear probe transducer in the anterior intercostal line from 
third to the fifth intercostal spaces and then laterally in the 
anterior axillary line was used. Between two ribs, the inter-
face between the thoracic wall and lung is a hyperechogenic 
line that represents both the visceral and parietal pleura. 
Comet-tail artifacts are grossly vertical artifacts spreading 
from the hyperechogenic line to the inferior edge of screen 
(►Fig.  3). The presence of these artifacts completely ruled 
out pneumothorax. Lung sliding was searched and its pres-
ence in all intercostal spaces was used to rule out postpro-
cedural pneumothorax. In absence of lung sliding in one 
or more intercostal spaces, the lung point was searched to 
increase the likelihood of detection of pneumothorax and to 

Fig. 1  Ultrasound guided CVC insertion. (A) Short axis view of IJV. 
(B) Hyperechoic needle within vessel lumen. (C) Long axis view of IJV.

Fig. 2  Transthoracic ecocardiography for catheter tip confirmation. 
(A) Subcostal view. (B) Apical four chamber view. (C) Parasternal 
short axis view.
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quantify its extent. To detect hemothorax, 3.5 MHz sector 
probe transducer at lateral intercostal space was used.

Post catheter insertion, an expiratory anteroposterior 
supine position chest X-ray was recorded as a reference for 
CVC tip placement. CVC tip position was judged as correct, if 
the tip was positioned just at the level of carina.

Sample size was calculated using the formula for descrip-
tive study (Z2 × p × q)/d2). With reference to previous study 
by Matsushima and Frankel in 2010,12 the efficacy of CVC 
sonography in detection of correct placement in p =71% of 
cases correlated with chest radiography, with precision error 
of estimation d = 10% and α = 0.05, for which a sample size 
of 80 cases was needed. Descriptive statistics was analyzed 
with SPSS version 17.0 software. Pearson’s chi-squared test 
or the chi-squared test of association was used to determine 
if there is a relationship between two categorical variables. 
Also, p < 0.05 was considered statistically significant.

Result
►Table 1  depicts the distribution of various demographic and 
observational parameters of the group under the study. It was 
observed that the mean age of distribution was 54.75 ± 12.83 
years, the mean height of distribution was 161.42 ± 7.86 cm, 
the mean weight of distribution was 64.63 ± 11.37 kg, and the 
mean BMI of distribution was 24.85 ± 4.12 kg/m2.

We observed that the mean central vein insertion 
length was 13.17 ± 0.38 cm, mean ultrasound duration was  
13.56 ± 4.98 minutes, and the average duration from order 
of chest X-ray to its reporting was 70.3 ± 3.56 minutes. It 
was observed that out of the 80 patients, 2 (2.5%) had left 
IJV insertion, 9 (11.3%) had left SCV insertion, 14 (17.5%) 
had right SCV insertion, and the majority patients, that  
is, 55 (68.5%), had right IJV insertion. Accidental arterial can-
nulation occurred in 2 (2.5%) patients in whom right IJV was 
cannulated and 2 (2.5%) patients had arrhythmia, whereas 
remaining 78 (97.5%) patients did not have arrhythmia. 
In only 9 out of the 80 patients (11.3%) malposition was 
detected on ultrasound and was corrected immediately, 
whereas in remaining 71 patients (88.8%) no intervention 

was required. It was observed that all the patients had cor-
rect position of CVC tip on postprocedural chest X-ray.

►Table  2  depicts distribution of correlation between 
insertion site and detection by ultrasound and immediate 
correction of catheter malposition in the group under the 
study. It was found that 88.9% of the total malposition was 
present in right SCV cannulation, 11.1% of the total malposi-
tion was present in left SCV cannulation, while no malposi-
tion was detected in IJV cannulation.

Discussion
Applying safe and effective approaches to vascular cathe-
ter insertion should be a priority for all practitioners.13 The 
practice regarding the length of insertion of the CVC has not 
conformed to any fixed guidelines.14 Correct position of CVC 
is important to avoid life-threatening mechanical complica-
tions such as cardiac perforation, cardiac tamponade, dys-
rhythmias, pneumothorax, and hemothorax.

In our study, all 80 patients had successful central vein 
cannulation. Central venous cannulation was successful on 
first attempt in 78 patients, whereas in 2 patients inad-
vertent carotid artery puncture occurred who underwent 
IJV cannulation, as IJV was present just anterior to carotid 
artery. Incidence was statistically insignificant. In a study by 
Wigmore et al,15 there were three carotid artery punctures 
in 169 patients in the ultrasound-guided group. There were 
five carotid artery punctures, one pneumothorax, and four 

Fig. 3 

Table 1   Demographic and observational parameters

Variable Mean ± SD/n (%)

Age (y) 54.75 ± 12.83

Weight (kg) 64.63 ± 11.37

Height (cm) 161.42 ± 7.86

BMI 24.85 ± 4.12

CVC insertion length (cm) 13.17 ± 0.38

USG duration (minutes) 13.56 ± 4.98

Order of chest X-ray to reporting (min) 70.3 ± 3.56

Insertion site

Left IJV 2 (2.5)

Left SCV 9 (11.3)

Right IJV 55 (68.8)

Right SCV 14 (17.5)

Arterial cannulation Yes 2 (2.5)

No 78 (97.5)

Arrythmia Yes 2 (2.5)

No 78 (97.5)

Immediate detection and cor-
rection of catheter malposition

Yes 9 (11.3)

No 71 (88.8)

Chest X-ray  
(correct position of catheter tip)

80 (100)

Abbreviations: BMI, body mass index; CVC, central venous catheter; IJV, 
internal jugular vein; SCV, subclavian vein; SD standard deviation; USG, 
ultrasonography.
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hematomas in 115 patients in the landmark group. There 
was a significantly greater number of failed insertions in 
the landmark technique group (7/115 vs 1/169; p = 0.01). 
They observed an absolute risk reduction in favor of USG 
of 6.9%.15 In a study by Brass et al16 for IJV, the number of 
attempts needed for successful cannulation decreased in 
all subgroups. Use of ultrasound increased the chance of 
success at the first attempt by 57%. For the SCV, ultrasound 
reduced the risk of inadvertent arterial puncture.16 Based on 
above data we concluded that two-dimensional ultrasound 
offers increased safety when compared with anatomical 
landmark technique.

In our study, aberrant catheter position occurred in nine 
cases. All of the malposition was with SCV cannulation. In 
14 cases right subclavian catheter was inserted, of which 
in 8 cases guide wire tip was detected in the ipsilateral IJV 
on table, and in 9 patients in whom left SCV catheter was 
inserted, guide wire tip was detected in the ipsilateral IJV 
in 1 case. No malposition was detected during IJV cannu-
lation. These malpositions were corrected and intracardiac 
catheter tip position was ruled out by TTE and later by chest 
X-ray (p < 0.001).

Maury et al17 evaluated ultrasonic examination as a 
diagnostic tool for catheter misplacement after CVC inser-
tion. Eighty-five CVCs were inserted into 81 patients; 
10 misplacements occurred. All misplacements except one 
were diagnosed by ultrasound, but they did not correct the 
misplacement under ultrasound guidance. Postprocedural 
chest radiography also disclosed 10 misplacements. They 
concluded that ultrasonic examination is accurate in detect-
ing catheter misplacement after SCV and IJV cannulation.17

Matsushima and Frankel12 conducted a prospective 
study to evaluate the efficacy of novel CVC sono-technique 
for identifying the CVC insertion related, or peripherally 
inserted central catheter related, complications and to 
eliminate the need for postinsertion chest radiography. 
The positive predictive value of CVC sonography was 83% 
and negative predictive value was 91%. Based on the above 
data, our study corroborated with the study by Matsushima 
and Frankel.12

In our study, no pneumothorax or hemothorax occurred 
after central venous cannulation observed with USG and 
postoperative chest X-ray. Only two patients had arrythmia, 
which was statistically insignificant (p = 0.818).

In our study, entire time required to perform ultrasonic 
examination was 13.56 ± 4.98 minutes, and catheter confir-
mation time by chest radiography was 70.3 ± 3.56 minutes. 
No discrepancy existed between sonographic and radio-
graphic confirmation of catheter placement. In a study by 
Maury et al, the entire time required to perform ultrasonic 
examination was 6.8 ± 3.5 minutes, whereas it took 80.3 ± 
66.7 minutes for the chest radiography (p < 0.0001).17 In a 
study by Matsushima and Frankel, mean examination time 
for CVC sonography was 10.8 minutes, which was signifi-
cantly shorter than the time required to obtain the chest 
radiograph, which was 75.3 minutes (p < 0.001).12

Conclusion
In our study, we could collaborate USG confirmation of CVC 
tip with postprocedural chest X-ray findings, but we could 
not collaborate pneumothorax and hemothorax as there was 
no incidence of these complications. Thus, we can say that 
USG might obviate the need for postoperative chest X-ray.
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