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Abstract 
Introduction: Central venous catheter (CVC) insertion is a common and essential procedure in 
perioperative and critical care management. Accurate catheter tip placement is critical to avoid 
malposition and complications such as arrhythmia, vascular injury, and thrombosis. 
Conventionally, chest radiography has been used for confirmation, though it has limitations 
including time delay and radiation exposure. Materials and Methods: This prospective 
comparative study was conducted after obtaining Institutional Human Ethics Committee 

approval. A total of 90 patients undergoing elective cardiac surgery were randomized into two 
groups: Group A (fixed-depth insertion, n=45) and Group B (endocavitary ECG-guided insertion, 
n=45). Demographic details, type of procedure, number of attempts, threading difficulty, and 
complications were documented. Results: The baseline demographics, including age (59.5 ± 9.4 
years in Group A vs. 60 ± 11.9 years in Group B, p=0.822), weight (66 ± 8.2 vs. 69.8 ± 16.9, 
p=0.207), and height (159 ± 5.1 vs. 161 ± 8.0, p=0.406), were comparable between groups. Most 
patients underwent CABG (84.4% vs. 91.1%). First-attempt success rates were similar (73.3% vs. 

66.7%, p=0.49). Difficult threading occurred in 20% of Group A and 28.9% of Group B. 
Conclusion: Both fixed-depth and ECG-guided CVC insertions were safe and effective, with 
comparable complication rates. However, ECG guidance demonstrated a higher proportion of 
catheters positioned optimally at the SVC–RA junction, suggesting its value as a practical, real-
time, and radiation-free method to improve accuracy and safety in CVC placement. 
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Graphical Abstract 

 

Introduction 

Central venous catheter (CVC) 

insertion is one of the most common 

invasive procedures performed, not only 

in operation theatres and intensive care 

units but also extended to bedside 

placements in chemotherapy and 

medical wards. Though central venous 

catheterization offers multifarious 

benefits, the procedure is associated with 

adverse events that may be hazardous to 

patients [1,2]. 

Meticulous care and adjuncts 

such as ultrasound and fluoroscopy 

substantially improve the success of 

central venous catheter placement. 

Nevertheless, a considerable number of 

catheter-related complications still occur 

in day-to-day practice [3–7]. 

The common adverse events 

associated with CVC insertion in the 

neck and thorax have been extensively 

reported in the literature and include 

infection, hematoma, and pneumothorax. 

Other recognized complications of CVC 

placement include hemothorax, 

chylothorax, extravasation of infusate, 

unrecognized arterial placement, cardiac 

tamponade, and mediastinal hemorrhage 

(8). A less commonly described but 

important complication is 

malpositioning of the catheter tip in a 

vessel other than the superior vena cava 

(SVC), reported in approximately 7% of 

thoracic CVC placements, and capable 

of leading to serious sequelae. 

Malposition enhances the risks of 

catheter wedging, erosion or perforation 

of vessel walls, local venous thrombosis, 

and catheter dysfunction [1,10,11]. 

Over-insertion of the catheter tip 

can result in life-threatening cardiac 

tamponade or precipitate arrhythmias, 

whereas inadequate depth of insertion 

may lead to thrombus formation and 

increased rates of infection. More than 
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100 cases of cardiac perforation due to a 

malpositioned CVC tip have been 

reported in the literature, highlighting 

the critical importance of accurate tip 

positioning [11–13]. 

Despite advancements in 

imaging techniques and procedural 

protocols, malposition and related 

complications of central venous catheter 

placement remain clinically significant 

and under-reported in routine practice. 

Accurate positioning of the catheter tip 

is crucial for patient safety, effective 

therapy, and reduction of morbidity and 

mortality associated with CVC use. This 

study was therefore undertaken to assess 

the demographic and procedural factors, 

technical difficulties, complications, and 

radiological outcomes associated with 

CVC insertion, with the objective of 

identifying predictors of safe and 

successful placement and minimizing 

malposition-related risks. 

 

Materials and Methods 

This was a prospective cross 

sectional comparative study conducted at 

a tertiary care centre. The study was 

carried out between August 2018 and 

November 2018. Ninety patients 

requiring central venous catheter 

placement for elective surgeries were 

included. They were randomly allocated 

into two equal groups of 45 each (Group 

A and Group B) using computer-

generated block randomization 

sequences. All patients requiring central 

venous catheter placement for elective 

surgical procedures were eligible. 

Patients with arrhythmias, pacemaker 

rhythms, deranged coagulation profiles, 

local infection at the insertion site, 

anatomical chest or neck deformities, or 

those aged below 18 years were 

excluded. 

Prior to enrolment, a patient 

information sheet describing the study 

protocol, benefits, and possible risks was 

provided, and written informed consent 

was obtained. Ethical clearance was 

secured from the Institutional Human 

Ethics Committee (IHEC) before 

initiating the study. 

In Group A, the depth of catheter 

insertion was determined by the 

anesthetist’s judgment following 

institutional guidelines. For right internal 

jugular vein cannulations, the catheter 

fixation depth was typically 12–13 cm 

for males and 11–12 cm for females, a 

depth validated in Indian populations to 

minimize malpositions, particularly 

inadvertent intra-atrial placements 

[14,15]. 

In Group B, catheter depth was 

guided using endocavitary 

electrocardiography (ECG). This 

technique utilized a specialized adaptor 

(e.g., Braun) connected between the 

guidewire and ECG monitor, allowing 

the operator to switch between surface 

and intracavitary ECG. Lead II was 

mainly used for visualization of P-wave 

changes. The method relied on distinct 

ECG patterns as the catheter advanced: 

 

 A normal upright P-wave indicated 

placement in the upper SVC. 
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 A P-wave of half the surface 

amplitude indicated position in the 

lower SVC. 

 A maximal upright P-wave 

suggested the catheter tip at the 

cavo-atrial junction. 

 Biphasic or negative P-wave 

deflections signified advancement 

into the right atrium [16,17]. 

 

Thus, intracavitary ECG provided a 

real-time physiological marker of tip 

position, improving precision over 

conventional depth-based methods. 

Outcome assessment was performed 

using postoperative chest radiographs in 

the intensive care unit or post-anesthesia 

care unit. These X-rays confirmed the 

catheter tip position and identified any 

misplacements. In addition, 

complications such as carotid puncture 

or hematoma were documented. 

Sample size calculation was based 

on retrospective data from 438 eligible 

cases over a six-month period. With a 

95% confidence interval, 5% margin of 

error, and response distribution of 5%, 

the sample size was estimated as 90. 

Block randomization with a block size of 

six ensured balanced distribution 

between the study arms. 

Statistical analysis: Data were coded 

and entered in Microsoft Excel, and 

statistical analysis was performed using 

SPSS software (version 27). Continuous 

variables such as age, height, and weight 

were expressed as mean ± standard 

deviation (SD) and compared between 

groups using the Student’s t-test. 

Categorical variables such as gender, 

number of attempts, complications, and 

radiographic outcomes were expressed 

as percentages and compared using the 

Chi-square test or Fisher’s exact test 

where appropriate. A p-value <0.05 was 

considered statistically significant. 

 

Results 

The mean age of patients was 

59.5 ± 9.4 years in Group A and 60 ± 

11.9 years in Group B (p = 0.822), while 

the mean weight was 66 ± 8.2 kg in 

Group A and 69.8 ± 16.9 kg in Group B 

(p = 0.207). The mean height was also 

comparable between the two groups 

(159 ± 5.1 cm vs. 161 ± 8.0 cm, p = 

0.406). Male patients predominated in 

both groups, with 73.3% in Group A and 

71.1% in Group B, while females 

constituted 26.7% and 28.9% 

respectively (p = 0.814). In terms of 

procedures, CABG was the most 

common, performed in 84.4% of patients 

in Group A and 91.1% in Group B, 

while other procedures such as MVR 

(6.7% vs. 0%), AVR (6.7% vs. 8.9%), 

and miscellaneous surgeries (2.2% vs. 

0%) formed the minority. No significant 

differences were observed between the 

groups in baseline or procedural 

characteristics, indicating comparability 

of study populations (Table 1). 
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Table 1. Baseline Demographics and Procedural Details 

Parameter Group A Group B P Value 

Age (Mean ± SD) 59.5 ± 9.4 60 ± 11.9 0.822 

Weight (Mean ± SD) 66 ± 8.2 69.8 ± 16.9 0.207 

Height (Mean ± SD) 159 ± 5.1 161 ± 8.0 0.406 

Gender 

Male n (%) 33 (73.3) 32 (71.1) 0.814 

Female n (%) 12 (26.7) 13 (28.9) 

Procedure included 

CABG n(%) 38 (84.4) 41 (91.1) 0.289 

MVR n(%) 3 (6.7) 0 

AVR n(%) 3 (6.7) 4 (8.9) 

Others n(%) 1 (2.2) 0 

 

The first-attempt catheterization 

was successful in 73.3% of Group A and 

66.7% of Group B, while 26.7% and 

33.3% respectively required a second 

attempt (p = 0.49). Difficulty in 

threading was reported in 20% of cases 

in Group A and 28.9% in Group B (p = 

0.327). Complications were infrequent 

overall, with carotid puncture seen in 

one case (2.2%) in Group A and none in 

Group B, while hematoma occurred in 

6.7% of Group A and 4.4% of Group B 

(p = 0.438). Importantly, pneumothorax 

did not occur in either group. These 

findings highlight that the technical 

aspects of cannulation and complications 

were comparable across both groups, 

with low complication rates overall 

(Table 2). 

  



National Board of Examinations - Journal of Medical Sciences, Volume 3, Issue 9 

 

1134 
 

Table 2. Technical Aspects and Complications 

Parameter Sub 

Classification 

Group A 

N (%) 

Group B 

N (%) 

P Value 

Attempts First   33 (73.3) 30 (66.7) 0.49 

Second   12 (26.7) 15 (33.3) 

Difficulty threading No   36 (80.0) 32 (71.1) 0.327 

Yes   9 (20.0) 13 (28.9) 

Complications 

Encountered 

Carotid 

Puncture   

1(2.22) 0 0.438 

Hematoma   3(6.66) 2(4.44) 

 

Radiological evaluation of 

catheter tip placement showed that in 

Group A, 31.1% were 2.1–3.5 cm below 

the carina, 40% were 0.1–2.0 cm below, 

22.2% were at the carina, and 6.7% were 

above the carina; while in Group B, 

40.9% were 2.1–3.5 cm below, 43.2% 

were 0.1–2.0 cm below, 15.9% were at 

the carina, and none were above (p = 

0.31). Regarding the final location of 

catheter tips on chest X-rays, 11.1% in 

Group A and 8.8% in Group B were in 

the upper SVC, 73% and 84% 

respectively were at the SVC-RA 

junction, and 15% versus 6.6% extended 

into the right atrium (p = 0.19). These 

results show that although not 

statistically significant, ECG guidance 

resulted in a higher proportion of tips at 

the optimal SVC-RA junction and fewer 

malpositions into the right atrium 

compared to the clinical method (Table 

3). 

 

Table 3: Radiological Outcomes 

Parameter Sub Classification Group A 

N (%) 

Group B 

N (%) 

P 

Value 

Distance of tip from 

Carina 

2.1–3.5 cm below carina 14 (31.1) 18 (40.9) 0.31 

0.1–2.0 cm below carina 18 (40.0) 19 (43.2) 

At the level of carina 10 (22.2) 7 (15.9) 

0.1–2.0 cm above carina 3 (6.7) 0 (0.0) 

Location of catheter tip in 

both groups on chest x-

rays 

Upper SVC tip   5 (11.1) 4 (8.8) 0.19 

SVC-RA junction tip   33 (73) 38 (84) 

RA Tip   7 (15) 3 (6.6) 
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Discussion 

Central venous catheter (CVC) 

insertion is a ubiquitous invasive 

procedure, often lifesaving in diverse 

clinical scenarios. Despite its wide use, 

the procedure is still associated with 

potentially serious complications, some 

of which may be life-threatening. Real-

time ultrasound guidance has 

revolutionized central venous access, 

making the technique safer than 

traditional landmark-based approaches, 

as demonstrated in numerous studies 

[14,18]. The addition of fluoroscopy has 

further increased success rates in 

selected settings. Nevertheless, 

complications remain inevitable even in 

expert hands, highlighting the need for 

adjunctive strategies to improve safety. 

There is no clear consensus on 

the ideal CVC tip position; however, it is 

generally agreed that the optimal site is 

at the cavo-atrial junction (CAJ), the 

region between the superior vena cava 

(SVC) and right atrium [15]. 

Traditionally, chest radiography has 

been the most widely employed method 

to confirm CVC tip placement and rule 

out malposition or complications such as 

pneumothorax [19]. However, post-

procedural chest X-ray is not a real-time 

modality and often diagnoses 

malposition after catheter insertion is 

complete, thereby failing to prevent 

adverse events. Moreover, chest X-rays 

are subject to drawbacks, including time 

delay, radiation exposure, variable image 

quality, and difficulties in interpretation 

due to patient positioning, rotation, or 

poor exposure. 

In routine practice, clinicians 

often adopt empirical methods to 

determine insertion depth, such as using 

fixed formulae, approximations based on 

patient height, or institutional standards 

of 13 cm in males and 12 cm in females 

[20,21]. Although convenient, these 

methods are prone to inaccuracies, as 

factors such as patient height, puncture 

site variation, and neck thickness 

significantly affect precision. This 

underlines the need for a real-time, 

reliable method for confirming catheter 

tip position. 

Among bedside techniques, 

endocavitary ECG has emerged as a 

promising approach. This technique 

enables real-time visualization of P-

wave morphology to indicate proximity 

to the right atrium, thereby allowing 

adjustment of insertion depth before 

fixation [16]. Studies have demonstrated 

its effectiveness in minimizing 

malposition, reducing complications, 

and improving procedural success rates 

[22,23]. 

In the present study, 

demographic characteristics such as age, 

height, and weight were comparable 

between the two groups, with no 

statistically significant differences 

(p>0.05). The mean age was 59.5 ± 9.4 

years in Group A and 60 ± 11.9 years in 

Group B, while mean heights were 159.1 

± 5.1 cm and 161 ± 8.0 cm, respectively. 

This comparability in baseline 

characteristics ensured that group 

differences in outcomes were unlikely to 

be attributable to demographic 

confounders. Similarly, the gender 
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distribution and type of surgical 

procedures (predominantly CABG in 

both groups) were balanced, indicating 

that the groups were homogeneous at 

baseline. 

Technical aspects, such as the 

number of attempts and difficulty in 

threading, showed no significant 

differences between groups. 

Complications were minimal, with only 

a few cases of carotid puncture and 

hematoma, again with no statistically 

significant differences. Importantly, 

radiological confirmation of catheter tip 

location demonstrated that Group B 

(endocavitary ECG-guided placement) 

achieved a higher proportion of tips 

positioned at the SVC–RA junction 

compared to Group A, which relied on 

fixed-depth institutional protocols. 

Although not statistically significant in 

this study, this trend reflects findings 

from previous reports that have 

highlighted the superior accuracy of 

ECG-guided placement in achieving 

optimal catheter positioning [17]. 

 

Conclusion 

The present study demonstrated 

that demographic and procedural 

characteristics were comparable between 

the groups, ensuring homogeneity. 

Technical difficulties and complications 

were minimal and not significantly 

different between the groups. 

Importantly, radiological evaluation 

indicated that the use of endocavitary 

ECG guidance resulted in a higher 

proportion of catheter tips positioned at 

the superior vena cava–right atrial 

junction, which is considered the optimal 

site, compared to the conventional fixed-

depth method. 

Although the differences did not 

reach statistical significance, the 

findings align with existing evidence 

that ECG guidance offers a real-time, 

cost-effective, and reliable method for 

accurate tip localization. This approach 

may reduce malposition-related 

complications and the need for 

repositioning. Thus, integrating 

endocavitary ECG into routine practice 

has the potential to improve safety and 

efficacy in central venous catheter 

placement, particularly in resource-

limited settings where fluoroscopy is not 

feasible. 
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