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Abstract: This study aimed to compare the effectiveness of contrast-enhanced ultrasonography and chest X-rays for central venous
catheter placement. A prospective study was conducted in the Radiology and Emergency Medicine Department from July 2021 to
July 2022. A total of 100 patients scheduled for elective cardiac surgery and central venous catheter placement were included in
the study. A central venous catheter was inserted using the Seldinger technique, and contrast-enhanced ultrasonography was
performed to detect catheter placement. After the surgery, the patient was transferred to the intensive care unit, and a chest
radiography was performed by a radiologist who was blinded to ultrasound results. There was concordance in 93 patients between
ultrasound and radiography; both showed correct placement in 85 patients and misplacement in 8 patients. Ultrasonography
showed 97% sensitivity, 68% specificity, 95% positive predictive values, and 85% negative predictive values. K statistics an
interrater agreement of 0.70 between ultrasound and radiography (p<0.001). Contrast-enhanced ultrasonography is a successful
alternative to radiography for detecting central venous catheters.
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Introduction

Placement of a central venous catheter is a frequent
intervention during multiple surgeries and in patients
admitted to the intensive care unit. More than 15% of
catheter placement complications include hematoma,
catheter misplacement, punctured artery, and pneumothorax
(Bjorkander et al., 2019; Jamshidi, 2019). Catheter
misplacement poses a danger to the patient and can
sometimes be fatal; hence, it is significant to detect the
position of the catheter (Mushtaq et al., 2018). Chest
radiography is a traditional method used to verify accurate
catheter placement. Although this procedure is frequently
performed, it is lengthy and involves exposing patients to
excessive radiation (Chui et al., 2018; Subramanian et al.,
2019).

Additionally, little evidence backs the effectiveness of
exposing the patient to immediate radiography after the
procedure. Radiological confirmation is not obtained during
catheter placement in major surgeries. Therefore, post-
operative chest radiography is performed, but this time gap
can be lethal to the patient (Woodland et al., 2018). Several
ultrasound techniques have been proposed to monitor
catheter placement in real-time as an alternative to chest
radiography.

This study was conducted to compare the effectiveness of
contrast-enhanced ultrasonography and chest X-rays for the
placement of central venous catheters.

Methodology

A prospective study was conducted in the Radiology and
Emergency Medicine Department from July 2021 to July
2022. A total of 100 patients scheduled for elective cardiac
surgery and central venous catheter placement were

included in the study. Patients younger than 18 years, those
with a recent chest or abdominal surgery history, and those
undergoing emergency catheter placement were excluded.
Every patient provided informed consent to become a part
of the study. The Ethical board approved the study design.

General anesthesia was administered to all patients, and a
central venous catheter was inserted using the Seldinger
technique by an approach chosen at the anesthesiologist's
discretion. Ultrasound guidance was not used during the
procedure. After the catheter placement, contrast-enhanced
ultrasonography was performed to detect -catheter
placement by a standard approach opted for by cardiologists
for diagnosing patent foramen ovale (Vezzani et al., 2010).
Two syringes were connected with a three-way stopcock
containing 9ml saline and 1ml air. The contents of the
syringes formed a homogenous mixture through the
stopcock. The stopcock was attached to the catheter till its
tip, and 5 ml solution was administered in the catheter. The
microbubble test was interpreted by Vezzani and colleagues
(Vezzani et al., 2010). If the placement of the catheter is
correct, microbubbles with laminar flow from the superior
vena cava were noted within 1-2 seconds of administration
of the injection. Turbulent flow from the right atrium or
inferior vena cava showed incorrect placement. If the
catheter location was not confirmed, a second injection was
administered. If no bubbles were seen in previous locations,
axillary and jugular Doppler sonography was performed.
Fluoroscopic guidance was used to detect the catheter
before the surgery if the catheter could not be located in any
of these locations.

After the surgery, the patient was transferred to the intensive
care unit, and a chest radiography was performed by a
radiologist blinded to ultrasound results. Correct catheter
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placement was referred to as its detection in the superior
vena cava or superior vena cava-right atrium junction. In
any other positions, it was a catheter misplacement.

All the data was analyzed by SPSS version 23. Mean and
standard deviation were used to present continuous data.
Ultrasonography results were compared to radiographic
results to obtain sensitivity, specificity, and predictive data.
K1 statistic was used to calculate concordance between
ultrasound and chest x-ray. A probability value of less than
0.05 was regarded as significant.

Results

The mean age of patients was 58 +11 years. Out of 100
patients, most participants (90%) underwent CABG with
central venous catheter placement. The catheters were
inserted through the right internal jugular (88%), left
internal jugular (2%), and right subclavian (10%) (Table I).
There was a discrepancy in 7 patients between both
findings, shown in Table Il. Radiography showed correct
extra-axial catheter placement in two patients, and
ultrasound demonstrated a false negative. In the remaining
five patients, ultrasound showed false positive results, and
radiography showed intra-axial placement (false negative).

There was concordance in 93 patients between ultrasound
and radiography; both showed correct placement in 85
patients and misplacement in 8 patients (Table III).
Ultrasonography showed 97% sensitivity, 68% specificity,
95% positive predictive values, and 85% negative
predictive values. K statistics an interrater agreement of
0.70 between ultrasound and radiography (p<0.001).

Table I: Patient characteristics of study patients

Characteristics N
Gender

Male 60 (60%)
Female 40 (40%)
Age, years 59 (11)
Weight, kilograms 68 (16)
Height, centimeters 167 (11)
BMI, kg/m2 26.1 (14)
Surgery type

CABG 90 (90%)
Tricuspid valve replacement 1 (1%)
Aortic valve replacement 4 (4%)
Mitral valve replacement 4 (4%)
Aortic web 1 (1%)

Table I1: Comparison of ultrasound and X-ray findings in some recorded cases

Patient Age  Surgery

Catheter placement
approach

Ultrasound result X-ray result

1 59 Mitral valve replacement Right internal jugular vein = Right atrium Correct placement

2 69 CABG Right internal jugular vein  Right atrium Correct placement

3 59 CABG Right internal jugular vein | Correct placement Right atrium

4 60 CABG Subclavian vein Correct placement Brachiocephalic vein
5 51 CABG Right internal jugular vein  Correct placement Right atrium

6 54 CABG Left internal jugular vein Correct placement Right subclavian vein
7 58 CABG Right internal jugular vein = Correct placement Right atrium

Table I11: Comparison of ultrasonography and radiography results in the study population

Contrast-enhanced ultrasonography  Radiography

Correct placement

Correct catheter placement 85
Wrong placement 2
Discussion

We conducted this study to compare the efficacy of
ultrasonography with radiography in the localization of
venous catheters. The results indicated that ultrasonography
detected catheter misplacements in 70% of cases in real
time.

Other studies have also reported the effectiveness of
ultrasonography compared to standard radiography for
correct catheter placement and preventing post-operative
complications due to time delay (Li et al., 2018; Smit et al.,
2020; Smit et al., 2018). Raman et al. reported a near-perfect
efficacy of ultrasonography in demonstrating catheter
misplacements and complications like pneumothorax
(Raman et al., 2019). Vezzani et al. compared radiography
with B-mode and contrast-enhanced
ultrasonography(Vezzani et al.,, 2010). The former
combination could not detect 6 misplacements while the
latter could detect all the cases; hence, CEUS is a better
alternative method to radiography. Other studies have

Wrong placement
5
8

supported our conclusion (Franco-Sadud et al., 2019;
Pandurangadu et al., 2018).

Lacobone et al. also showed a high concordance between
radiography and ultrasonography for catheter tip
detection(lacobone et al., 2020). However, the tip could not
be visualized in 45% but was regarded as the correct
placement. This lack of direct visualization does not show
correct placement ideally.

Nakamuta et al. show similar results to our study (Nakamuta
et al., 2018). They reported a 40% sensitivity and 98%
specificity of contrast-enhanced ultrasonography compared
to 97% and 68%, respectively. However, this study still
recommends radiography as a standard procedure and uses
ultrasonography for triage.

Our study has some limitations. Our study consists of a
limited number of patients. We performed radiography a
few hours after the surgery, so we could not compare the
time effectiveness of x-ray and ultrasonography.

Conclusion
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Contrast-enhanced ultrasonography is a successful
alternative to radiography for detecting central venous
catheters.
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