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Abstract 
 
Introduction: Central venous catheterization is one of the most common medical procedures 
and is associated with such complications as misplacement and pneumothorax. Chest X-ray is 
among good ways for evaluation of these complications. However, due to patient’s excessive 
exposure to radiation, time consumption and low diagnostic value in detecting pneumothorax 
in the supine patient, the present study intends to examine bedside ultrasound diagnostic 
value in locating tip of the catheter and pneumothorax. Materials and methods: In the present 
cross-sectional study, all referred patients requiring central venous catheterization were 
examined. Central venous catheterization was performed by a trained emergency medicine 
specialist, and the location of catheter and the presence of pneumothorax were examined and 
compared using two modalities of ultrasound and x-ray (as the reference standard). Sensitivity, 
specificity, and positive and negative predicting values were reported. Results: A total of 200 
non-trauma patients were included in the study (58% men). Cohen’s Kappa consistency 
coefficients for catheterization and diagnosis of pneumothorax were found as 0.49 (95% CI: 
0.43-0.55), 0.89 (P<0.001), (95% CI: 97.8-100), respectively. Also, ultrasound sensitivity and 
specificity in diagnosing pneumothorax were 75% (95% CI: 35.6-95.5), and 100% (95% CI: 97.6-
100), respectively. Conclusion: The present study results showed low diagnostic value of 
ultrasound in determining catheter location and in detecting pneumothorax. With knowledge 
of previous studies, the search still on this field. 
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Introduction  

Central Venous Catheterization (CVC) is one 
of the most important elective medical 
procedures for critically ill patients that can be 
used in hemodynamic monitoring, 
administration and dosage control of 
medication (1). CVC is one of the most common 
medical procedures, in that according to 
statistics, more than 5 million catheters are 
placed annually in the United States (2, 3). 
However, catheterization is associated with 
complications like misplacement and 
pneumothorax, which has been reported from 
3.3% to 14% (4, 5). Although, there is still 
controversy about location of central venous 
catheter tip, new guidelines identify the upper 
vena cava junction at the right atrium as the 
optimal location, and suggest radiography as 
the reference standard for its assessment (5, 6). 

Patient’s excessive exposure to radiation is 
the most important limitation in chest 
radiography. Moreover, some studies argue 
that accuracy and credibility of radiography in 
locating the catheter has been overestimated 
(7, 8). Thus, researchers are seeking other 
evaluation techniques that are highly accurate, 
reliable and low cost, and expose the patient to 
less radiation. 

A low-cost and harmless method is bedside 
ultrasound. Recent studies have shown that 
bedside ultrasound can be useful in 
management of critically ill patients [9, 10]. In 
this respect, Vezzani et al. recommend 
ultrasound as another technique for evaluating 
placement and pneumothorax, and argue that 
ultrasound has a more diagnostic value in 
pneumothorax diagnosis than radiography, and 
is less costly for patients (11). Furthermore, 
Maury et al. (12) and Lichtenstein et al. (13) 
also found similar results, and argue that 
ultrasound may provide a more accurate test 
for pneumothorax monitoring compared to 
chest radiography. Ultrasound is also not 

without limitations. For example, absence of 
ultrasonic windows, and presence of a wound 
in the chest or obesity in some patients renders 
ultrasound is more challenging to perform [14]. 
Also, operator’s expertise significantly affects 
interpretation of ultrasound results. A study 
conducted by Cortellaro et al. in 2014 showed 
sensitivity of ultrasound of 33% in locating 
central venous catheter (15). These limitations 
have led to controversy about bedside 
ultrasound as a diagnostic modality in locating 
catheter, and its complications. Accordingly, 
the present study intends to examine 
diagnostic value of bedside ultrasound in 
determining location of catheter tip and its 
subsequent pneumothorax. 

Materials and methods 

Study design and setting: 

This cross-sectional study enrolled patients 
referred to Imam Reza Hospital in Tabriz-Iran, 
over a 12-month period from April 2011 to 
March 2012. The present study protocol was 
approved by the ethics committee of Tabriz 
University of Medical Sciences. During the 
study period, researchers complied with the 
principles of Helsinki Convention. Patients or 
their company completed informed consent 
form for participation before entering the 
study. 

Participating patients:  

Study population consisted of patients 
referred to Imam Reza teaching hospital 
requiring central venous catheterization. 
Inclusion criteria were older than 18 years old, 
and candidate for central venous 
catheterization or dialysis catheter. Exclusion 
criteria included patients with known anatomic 
cardiac impairments, patients with cardiac 
shunts, and pregnant patients. 

Catheterization indication was determined 
by physicians not involved in the study, based 
on medical requirement. 
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Procedure: 

Central Venous Lines (CVL Catheters) were 
placed by an emergency medicine specialist, 
trained in ultrasound catheterization and 
pneumothorax diagnosis. In the present study, 
the following catheters were used: two lumen 
hemodialysis catheterization set (Arrow, USA- 
20 cm, 12 French), and two lumen central 
venous catheterization set (Arrow, USA- 20 cm, 
8 French), which were placed percutaneously 
using Seldinger technique. Placement was 
performed according to anatomic landmark, 
without fluoroscopy or guided ultrasound in 
supine position. Following placement, location 
of catheter and also presence of pneumothorax 
were studied using two modalities of 
ultrasound (LOGIO 200, PRO Series Ultra 
Sonography, 10-15 Hz) and chest radiography. 

Misplacement of catheter was defined as 
positioning of catheter tip in the right atrium or 
venous other than the superior vena cava. To 
that end, for ultrasound evaluation prior to 
fixing catheter to the wall, catheter placement 
assessment was carried out using injection of 
ready-made agitated (aspirated) normal saline, 
which is a standard techniques recommended 
by the European Society of Neurosonology and 
Cerebral Hemodynamics [16]. First, the cardiac 
subxiphoid image was observed using bedside 
ultrasound as saline solution (9 ml of saline and 
1 ml of air) was injected through central 
catheter simultaneously. Assurance of 
placement of catheter in central venous was 
achieved through observation of air dissolved 
in the saline (air bubbling) in the right atrium 
and immediately in the right ventricle in cardiac 
image that manifests itself in the form of 
temporary increase in echogenicity in cardiac 
cavity. When layers of micro-bubbles are 
observed in the right atrium within 1 to 2 
second of injection, placement is assumed 
correct, otherwise it is considered incorrect. 
Then, using surface ultrasound probe (11-16), 
the 2nd to 5th intercostal space from mid-

clavicular lines to mid-auxiliary line was 
examined for potential pneumothorax (17, 18). 
Then, immediately catheter was fixed in 
position, and after dressing, simple chest 
radiography was performed as the golden 
standard (19). Then, second ultrasound was 
performed to evaluate misplacement and 
complication of catheterization. Interpretation 
of radiography was performed by a radiologist, 
blind to ultrasound results and purpose 

Statistical analysis: 

Data were analyzed using STATA-11 statistics 
program. Given sensitivity of 95%, confidence 
of 95% (α=0.05), and power of 90% (β=0.1), 
minimum sample size was found 183 patients 
(this article). Ultrasound and chest radiographic 
results were compared and presented as true 
positive and true negative, false positive and 
false negative. Then sensitivity, specificity, and 
positive and negative predicting value of 
ultrasound in detecting misplacement of 
catheter and pneumothorax, based on chest 
radiography results, were presented. It should 
be noted that level of agreement between two 
modalities was assessed by calculating Cohen’s 
Kappa coefficient in 95% confidence range. 

Results 

A total of 200 non-trauma patients, aged 
between 23 and 87 years, with mean age of 
63.7±22.5 years participated in this study (58% 
men). Dialysis catheter was used for 71 (35.5%) 
and central venous catheter for 129 (64.5%). 
Radiographic findings showed 197 (98.7%) of 
catheters were placed correctly (70 dialysis and 
127 CVL). In other words, success rate was 
98.5%. Also, pneumothorax occurred in 8 cases 
(4%), 3 of whom (4.2%) had dialysis catheter 
and 5 (3.9%) had CVL (P=0.94). Ultrasound 
diagnosed 1 (33.3%) of the 3 misplaced cases, 
which means that ultrasound evaluation had 2 
(66.7%) false negative cases. This test was also 
able to diagnose 6 (75%) of the 8 
pneumothorax cases. 
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The area under ROC curve for locating 
catheter position was found 0.67 (95% CI: 0.34-
0.99), which is indicative of low adequacy of 
ultrasound in this area (figure 1). Cohen’s 
Kappa coefficient for ultrasound to diagnose 
catheter position was 0.49 (95% CI: 0.43-0.55, 
p<0.001). Also, sensitivity and specificity of 
ultrasound in locating catheter position were 
33.3% (95% CI: 1.76-87.5) and 100% (95% CI: 
97.8-100), respectively (Table 1). 

The area under ROC curve of ultrasound to 
diagnose pneumothorax was 0.87 (95% CI: 
0.71-1.0) (Figure 1). Kappa coefficient obtained 
in detecting pneumothorax was 0.85 (95% CI: 
0.677-1.027; P<0.001). Also, sensitivity and 
specificity of ultrasound in detecting 
pneumothorax were 75% (95% CI: 35.6-95.5) 
and 100% (95% CI: 97.6-100), respectively 
(Table 1). 

 

Diagnostic parameter Catheter position Pneumothorax 

 
Value (%) CI 95% Value (%) CI 95% 

Sensitivity 33.3 1.76-87.5 75 35.6-95.5 

Specificity 100 97.8-100 100 97.6-100 

Positive predicting value 100 5.5-100 100 51.7-100 

Negative predicting value 99 96.0-99.8 99 95.9-99.8 

Positive Likelihood ratio --- --- --- --- 

Negative Likelihood ratio 0.67 0.3-1.48 0.25 0.08-0.83 

Table 1: Ultrasound diagnostic value in locating catheter position and detecting pneumothorax 

 

Discussion 

The present study results showed that 
ultrasound had 100% specificity in detecting 
catheter position, but had a low sensitivity 
(33.3%). This test had 75% sensitivity and 100% 
specificity in identifying pneumothorax. 
Accordingly, it seems, despite its high specificity 
in locating catheter placement and subsequent 
pneumothorax, ultrasound is not an 
appropriate alternative to radiography. 

For technical reasons, radiography is not 
very reliable in pneumothorax evaluation, since 

chest radiography immediately after catheter 
placement leads to insufficient time for spread 
of pneumothorax, and pneumothorax  does not 
sufficiently progress to be detectable (20, 21). 
Furthermore, chest radiography in anterior-
posterior view has a low sensitivity in 
identifying latent pneumothorax, since air 
initially accumulates in the chest medial area, 
where radiography is unable to accurately 
evaluate this region in supine position (22). 
Recent guidelines strongly emphasize that 
catheter tip should not be placed in the heart, 
or be able to migrate to the heart (7, 19). These  
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Figure 1: ROC ultrasound curve for detecting 
catheter position and pneumothorax 

 

guidelines present space between superior 
vena cava and right atrium as the best catheter 
position. Thus, it is recommended that portable 
radiography be used for critically ill patients, 
despite the high costs and patient and 
physician exposure to radiation (23). However, 
it should be borne in mind that superior vena 
cava junction at right atrium is not visible with 
portable radiography, and cause false positive 
results (misplacement) to be reported in 47% of 
cases (24). All these limitations have led to 
recent studies to seek a reliable method to 
reduce complications caused by catheter 
placement. Existing evidence suggests effective 
role of ultrasound in correct catheter 
placement (ultrasound guided). During 1996-
2003 three meta-analyses provided strong 
evidence for use of ultrasound guided central 
venous catheterization (25-27). But, none of 
these meta-analyses had been performed on 
critically ill or emergency patients. All three of 
these meta-analyses show that use of this 
method can cause improved success rate, 
reduce number of catheterization attempts and 
complications. Also, this technique leads to 
reduced medical costs. However, in these 
studies, efficacy of use of ultrasound guided 
has not been assessed for mortality rate, 
hospitalization period, or long term 

complications. Moreover, ultrasound guided 
also has limitations that have led to its low use 
by physicians despite all its advantages (28). 
This technique can only be effective in 
catheterization and cannot detect 
pneumothorax. Effective use of ultrasound to 
the diagnosis of pneumothorax and 
misplacement of catheter requires a good 
knowledge of the anatomy and 
pathophysiology of the pulmonary system. In 
addition, all ultrasound examinations are 
known to be operator dependent. For this 
reason several studies demonstrated that the 
overall sensitivity of ultrasonography for the 
diagnosis of pneumothorax varied from 58.9% 
to 100% (29, 30). These reasons justify 
difference among the studies.  

To compare findings of present study, a 
study by Vezani et al. can be cited, which 
argues that sensitivity and specificity of 
ultrasound to confirm catheter position are 
96% and 93% respectively. Also, sensitivity of 
this diagnostic test in pneumothorax evaluation 
was reported 98% (11). Zanobetti et al. showed 
high adaptability of ultrasound and radiography 
in assessment of catheterization (94% 
sensitivity and 89% specificity) and occurrence 
of pneumothorax (100% sensitivity) (31). 
However, Cortellaro et al. showed Contrast 
Enhanced Sonography sensitivity of 33% and 
specificity of 98% in detecting catheter position 
(15). It can be seen that there is a huge 
difference of opinion about ultrasound 
sensitivity and specificity in determining 
catheter position, which requires further 
research. 

Emergency physicians can do all of emergent 
procedures in emergency department and have 
this ability and have high degree performance 
(32); also, presence of Ultrasonography 
instruments can help to do procedures beside 
patient evaluation specially in trauma patients 
(33,34) but complication can happen in 
emergency situation such as malpositioning 
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(35); we must know when malpositioning 
occurred, specially when catheter presents in 
arteria, emergency physicians must not 
withdraw it before well evaluation and surgeon 
presentation (36).  

In the present study, all ultrasounds were 
performed by one person, which prevents 
interobservation. However, among study 
limitations, the role of ultrasound operator’s 
dexterity may have affected the results. 
Perhaps, the reason for low sensitivity in 
determining catheter position was due to this 
fact. It should also be mentioned that in venous 
catheterization, observing air bubbles in the 
heart is not necessarily indicative of catheter 
placement in superior vena cava or right 
atrium, since when catheter is misplaced (for 
instance in the subclavian vein), by injection of 

saline containing gas bubbles, air bubbles are 
observed at the right atrium junction with SVC 
due to blood circulation. Yet, very low 
frequency of unsuccessful catheter placement 
(1.5%) may have affected sensitivity of 
ultrasound and created false low sensitivity. 

Conclusion 

Study results indicate low ultrasound 
sensitivity in catheterization. This test has 75% 
sensitivity and 100% specificity in detecting 
pneumothorax. The present study show that 
ultrasound cannot be a suitable alternative to 
radiography in determining catheter position 
and detecting pneumothorax. Thus, with 
knowledge of previous studies, the search still 
on this field.  
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