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Efficacy of Ultrasound-Guided versus Landmark Technique in Central
Venous Catheterisation: A Prospective Comparative Study
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Background: Central venous catheterisation is an essential procedure in anaesthesia, emergency care, and intensive care practice, but landmark-
guided insertion is associated with failed attempts and mechanical complications. Ultrasound guidance allows real-time visualisation of vascular
anatomy and needle trajectory, improving procedural precision. The objective is to compare ultrasound-guided and landmark techniques for
central venous catheterisation with respect to first-attempt success, overall success, number of attempts, catheterisation time, need for change
of site, and procedure-related complications. Material and Methods: This prospective comparative study included 60 patients requiring central
venous catheterisation at Kamineni Institute of Medical Sciences, Narketpally, Telangana, India, from December 2024 to November 2025.
Patients were divided equally into Group U, who underwent ultrasound-guided catheterisation, and Group L, who underwent landmark-guided
catheterisation. Baseline characteristics, indication, insertion site, procedural outcomes, and complications were recorded and compared
between the two groups. Results: Baseline demographic and clinical variables were comparable. First-attempt success was higher in Group U
than Group L. The mean number of attempts and mean catheterisation time were lower with ultrasound guidance. Overall success was 100.0%
in Group U and 90.0% in Group L. Any complication occurred in 3.3% of patients in Group U and 26.7% in Group L. Conclusion: Ultrasound-
guided central venous catheterisation demonstrated superior procedural efficacy and safety compared with the landmark technique. Its use was
associated with higher first-pass success, fewer attempts, shorter procedure time, and fewer mechanical complications.
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INTRODUCTION

Central venous catheterisation is a commonly performed
invasive procedure in anaesthesia, critical care, emergency
medicine, nephrology, and perioperative practice. It permits
administration of vasopressors, hyperosmolar solutions,
parenteral nutrition, blood products, and long-term
intravenous therapy.l#2 It is also used for central venous
pressure monitoring, difficult peripheral venous access,
haemodialysis access, and management of
haemodynamically unstable patients. Despite its broad
clinical value, the procedure carries risks related to vascular
puncture, pleural injury, haematoma, malposition, infection,
and thrombosis. Safe insertion therefore requires careful
patient assessment, aseptic technique, appropriate site
selection, and technical competence.4!

The traditional landmark technique relies on surface anatomy
and expected relationships between the vein and adjacent
arterial or bony structures. This approach is familiar,
inexpensive, and widely practised in many institutions.
However, anatomical variation, obesity, hypovolaemia,
previous catheterisation, short neck, coagulopathy, limited
neck mobility, and emergency circumstances can reduce the
reliability of external landmarks.[®! Repeated needle passes
increase patient discomfort and the probability of arterial
puncture, haematoma, pneumothorax, haemothorax, and

catheter malposition. Classical reviews of central venous access
complications have emphasised that unsuccessful or multiple
attempts are important contributors to mechanical adverse
events.[57]

Ultrasound guidance offers a direct method of identifying the
target vein, assessing patency, recognising anatomical variation,
differentiating vein from artery, and selecting a safe puncture
path. Dynamic real-time ultrasound permits visualisation of the
needle during cannulation, while pre-procedural scanning can
identify vessel depth, diameter, compressibility, thrombus, and
overlap with the carotid artery or other nearby structures.
Evidence from structured reviews, meta-analyses, and clinical
studies supports ultrasound guidance as a strategy that improves
first-attempt success, reduces the number of attempts, shortens
access time, and lowers mechanical complication rates,
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particularly for internal jugular venous catheterization. !
International  recommendations increasingly  support
ultrasound use for central venous access, especially where
equipment and trained operators are available. In many
Indian tertiary care settings, both techniques continue to be
used depending on clinical urgency, equipment availability,
and operator experience. Local prospective data remain
useful because patient profile, operator training, case mix,
and institutional practice patterns influence procedural
performance. The present study was conducted to compare
ultrasound-guided and landmark techniques for central
venous catheterisation in patients requiring central venous
access. The primary objective was to compare first-attempt
success between the two techniques. Secondary objectives
were to compare overall success, number of attempts,
catheterisation time, need for change of site, and procedure-
related complications.

MATERIALS AND METHODS

Study design and setting: This prospective comparative
study was conducted in the Department of Anaesthesiology,
Kamineni Institute of Medical Sciences, Narketpally,
Telangana, India. The study period extended from December
2024 to November 2025. The study evaluated adult patients
requiring central venous catheterisation in the operating
room, emergency care area, or intensive care setting. The
study was conducted in accordance with the principles of the
Declaration of Helsinki and institutional ethical
requirements. Written informed consent was obtained from
eligible participants or legally acceptable representatives
when clinically appropriate. Patient confidentiality was
maintained throughout data handling.

Study population: A total of 60 patients requiring central
venous catheterisation were included. Patients were divided
into two equal groups of 30 patients each. Group U
underwent ultrasound-guided central venous catheterisation,
and Group L underwent catheterisation using the
conventional landmark technique. Patients requiring central
venous access for haemodynamic monitoring, vasopressor
administration, or major  surgery/anaesthesia-related
indications were eligible. Patients with local infection at the
proposed puncture site, uncorrected severe coagulopathy,
distorted local anatomy, previous major neck or thoracic
surgery affecting the planned site, refusal of consent, or
incomplete procedural records were excluded.

Grouping and procedure: In Group U, a high-frequency
linear ultrasound probe was used under sterile precautions to
identify the vein, confirm compressibility, distinguish it from
the artery, and guide needle entry. Real-time ultrasound

guidance was used whenever feasible until venous puncture was
achieved. In Group L, catheterisation was performed according
to standard anatomical landmarks for the selected site. Internal
jugular, subclavian, and femoral routes were used according to
clinical indication, operator decision, and patient suitability. In
both groups, the Seldinger technique was used after venous
puncture. Catheter placement was confirmed clinically and by
institutional practice, including aspiration of venous blood, free
flushing, pressure waveform assessment where applicable, and
post-procedure imaging when indicated.

Outcome measures: Baseline variables included age, sex, body
mass index, American Society of Anesthesiologists physical
status, diabetes mellitus, hypertension, indication for
catheterisation, and insertion site. Procedural outcomes included
first-attempt success, second-attempt success, more than two
attempts, overall success, mean number of attempts,
catheterisation time, and need for change of site. Catheterisation
time was recorded from skin preparation/needle puncture
initiation to successful guidewire or catheter placement
according to the procedural record. Complications assessed
included arterial puncture, local haematoma, pneumothorax,
catheter malposition, and occurrence of any mechanical
complication.

Statistical analysis: Data were entered into a spreadsheet and
analysed using standard statistical methods. Continuous
variables were expressed as mean with standard deviation, and
categorical variables were expressed as frequency and
percentage. Intergroup comparison of continuous variables was
performed using the independent samples t-test when data were
normally distributed. Categorical variables were compared using
the chi-square test or Fisher's exact test, as appropriate. A p-value
less than 0.05 was considered statistically significant.

REsuLTs

A total of 60 patients requiring central venous catheterisation
were included in the study. Patients were divided into two equal
groups: Group U underwent ultrasound-guided central venous
catheterisation, and Group L underwent catheterisation using the
landmark technique. Each group included 30 patients. All
patients completed the study and were included in the final
analysis.

The baseline demographic and clinical characteristics were
comparable between the two groups. The mean age was 47.8 +
14.2 years in Group U and 49.1 + 13.8 years in Group L. Male
patients constituted 60.0% in Group U and 56.7% in Group L.
There was no statistically significant difference between the
groups with respect to age, sex distribution, body mass index,
American Society of Anesthesiologists physical status, diabetes
mellitus, or hypertension [Table 1].

Table 1: Baseline demographic characteristics of the study population

Variable Group U: Ultrasound-guided technigue (n=30) Group L: Landmark technique (n=30) p-value
Age, years 478+ 14.2 49.1+13.8 0.720
Male/Female 18/12 17/13 0.795
Body mass index, kg/m? 246+3.2 25.1+3.4 0.559
ASA I/11/111 6/15/9 5/16/9 0.932
Diabetes mellitus 7 (23.3%) 8 (26.7%) 0.766
Hypertension 9 (30.0%) 10 (33.3%) 0.781
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The indications for catheterisation were also comparable
between the two groups. Hemodynamic monitoring was the
most common indication in both groups, followed by
vasopressor administration and major surgery or anaesthesia
requirement. Internal jugular venous access was the most

frequently used site in both groups. No statistically
significant difference was observed between the groups with
respect to indication for catheterisation or catheter insertion
site [Table 2].

Table 2: Indication and site of central venous catheterisation

Variable Group U: Ultrasound-guided technique (n=30) Group L: Landmark technique p-value
(n=30)

Indication for catheterisation 0.917

Hemodynamic monitoring 12 (40.0%) 11 (36.7%)

Vasopressor administration 10 (33.3%) 11 (36.7%)

Major surgery/anaesthesia requirement 8 (26.7%) 8 (26.7%)

Site of catheterisation 0.873

Internal jugular vein 22 (73.3%) 21 (70.0%)

Subclavian vein 5 (16.7%) 6 (20.0%)

Femoral vein 3 (10.0%) 3 (10.0%)

Procedural outcomes showed better performance in the
ultrasound-guided  group. First-attempt  success was
significantly higher in Group U compared with Group L. The
mean number of attempts and mean catheterisation time were
significantly lower in Group U. Overall catheterisation

success was higher in the ultrasound-guided group, although
the difference did not reach statistical significance. The
requirement for change of site was observed only in the
landmark group [Table 3].

Table 3: Comparison of procedural outcomes between the two groups

Procedural outcome Group U: Ultrasound-guided technigue (n=30) Group L: Landmark technique (n=30) p-value
First-attempt success 26 (86.7%) 17 (56.7%) 0.010
Second-attempt success 4 (13.3%) 8 (26.7%) 0.197
More than two attempts 0 (0.0%) 5 (16.7%) 0.052
Overall success rate 30 (100.0%) 27 (90.0%) 0.237
Mean number of attempts 1.17+£0.38 1.73+0.83 0.002
Catheterisation time, minutes 52+21 9.8+45 <0.001
Need for change of site 0 (0.0%) 3 (10.0%) 0.237
Table 4: Comparison of procedure-related complications

Complication Group U: Ultrasound-guided technique (n=30) Group L: Landmark technique (n=30) p-value
Arterial puncture 0 (0.0%) 4 (13.3%) 0.112
Local haematoma 1(3.3%) 4 (13.3%) 0.353
Pneumothorax 0 (0.0%) 1 (3.3%) 1.000
Catheter malposition 0 (0.0%) 3 (10.0%) 0.237
Any complication 1(3.3%) 8 (26.7%) 0.026
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Figure 1: Comparison of Procedural Outcomes Between
Ultrasound-Guided and Landmark Techniques

Mechanical complications were less frequent in Group U
than in Group L. Arterial puncture, local haematoma,
pneumothorax, and catheter malposition were observed more
often in the landmark group. The proportion of patients
developing at least one complication was significantly lower

in the ultrasound-guided group than in the landmark group [Table

4].
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Figure 2: Comparision of Procedure-Related Complications
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Overall, ultrasound-guided central venous catheterisation
was associated with a higher first-pass success rate, fewer
needle puncture attempts, shorter catheterisation time, and a
lower complication rate when compared with the landmark
technique.

DiscussioN

The present prospective comparative study demonstrated that
ultrasound-guided central venous catheterisation provided
better procedural efficacy than the landmark technique. The
most important finding was the significantly higher first-
attempt success in the ultrasound group. First-pass access is
clinically meaningful because each additional puncture
increases procedure duration, patient discomfort, tissue
trauma, and the probability of complications. The ability of
ultrasound to visualise the target vein, identify arterial
overlap, and guide needle advancement explains the
improved performance observed in this study.?3

The mean number of attempts was significantly lower in the
ultrasound-guided group. This finding is consistent with
evidence from systematic reviews and meta-analyses
showing that two-dimensional ultrasound improves success
and reduces puncture attempts compared with anatomical
landmarks for internal jugular venous access.*® The present
study also showed a shorter mean catheterisation time with
ultrasound guidance. Although ultrasound requires probe
preparation and sterile covering, the gain achieved through
direct vessel identification and reduced repeated needle
redirection appears to outweigh this preparatory step. Similar
reductions in access time have been reported in critical care
and perioperative studies.[®12

Overall success was 100.0% in the ultrasound group and
90.0% in the landmark group. The difference was not
statistically significant, probably because of the modest
sample size and the opportunity for repeated attempts or
change of site in the landmark arm. However, the clinical
direction favoured ultrasound guidance. In daily practice,
avoiding failed catheterisation has value beyond statistical
significance, especially in unstable patients requiring rapid
vasopressor therapy, invasive monitoring, or major surgical
support. Evidence from emergency and intensive care
settings has similarly shown that ultrasound guidance
improves procedural reliability across varying operator
experience and patient anatomy.[8-10.13.14]

Complications were lower in the ultrasound-guided group.
Arterial puncture, haematoma, pneumothorax, and catheter
malposition occurred more frequently with landmark-guided
access. The overall complication rate showed a statistically
significant reduction with ultrasound guidance. These
findings agree with earlier reports that mechanical
complications are closely related to blind needle passage,
anatomical variation, and repeated attempts.[®” Ultrasound
can identify wvessel depth, size, thrombus, respiratory
variation, and carotid artery overlap before puncture, thereby
supporting safer access planning. It also allows operators to
choose a different route before tissue trauma occurs.

The study supports routine use of ultrasound guidance
wherever trained personnel and equipment are available.

Nevertheless, landmark knowledge remains important because
emergencies, equipment malfunction, and resource-limited
settings still occur. A balanced training strategy should therefore
include vascular anatomy, ultrasound image acquisition, needle
visualisation, aseptic technique, and management of failed
access. The findings from this study add institutional data from a
tertiary care centre in Telangana and reinforce the role of
ultrasound guidance as a practical method to improve central
venous access safety and efficacy.

Limitations: This was a single-centre study with a modest
sample size of 60 patients. Operator experience, catheter
insertion site, and patient anatomy were not stratified in detail.
Long-term outcomes such as catheter-related bloodstream
infection and thrombosis were not assessed. The study focused
mainly on immediate procedural efficacy and mechanical
complications.

CONCLUSION

Ultrasound-guided central venous catheterisation was more
effective and safer than the landmark technique in this
prospective comparative study. It provided significantly higher
first-attempt success, fewer needle puncture attempts, and shorter
catheterisation time. Overall success was higher with ultrasound
guidance, while complications such as arterial puncture,
haematoma, pneumothorax, and catheter malposition were less
frequent. These findings support the routine use of ultrasound
guidance for central venous access in tertiary care practice.
Landmark technique retains value where ultrasound facilities are
unavailable, but ultrasound-guided access should be preferred
when equipment and trained operators are accessible. Wider
training can improve procedural safety and patient outcomes.
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