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I Cross-Sectional Study

Background: Central venous catheterization (CVC) is a vital but technically demanding procedure that requires understandirm
vascular anatomy to minimize complications and enhance patient safety. This study evaluates physicians’ anatomical knowledge
and confidence in CVC placement, focusing on the internal jugular vein (IJV), subclavian vein (SCV), and femoral vein (FV). It aims to
identify critical knowledge gaps, assess their impact on procedural competency, and explore their association with complications.
This research uniquely examines a low-resource setting where the reliance on anatomical landmarks is crucial due to limited
ultrasound availability. The findings will inform targeted educational interventions to improve training, enhance procedural exper-
tise, and ultimately optimize patient outcomes.

Materials and methods: A single-center, hospital-based descriptive cross-sectional study was conducted among 164 medical
practitioners using a structured questionnaire, validated through expert review and pilot testing. The questionnaire included image-
based anatomical questions and a confidence scale to assess knowledge and self-reported proficiency in CVC insertion.
Participants were randomized ensuring balanced subgroup representation. Statistical analyses, including chi-square tests, effect
size calculations (Cohen’s d and Cramer’s V), and confidence intervals, were performed to evaluate associations between
demographic factors, anatomical knowledge, and confidence levels.

Results: The study population had near-equal gender distribution (51.22% female, 48.78% male), with participants primarily being
early-career physicians. The average knowledge accuracy was 86.03% for IV, 82.9% for FV, and 86.9% for SCV. Significant
associations were observed between anatomical knowledge and job title (P = 0.03), specialty (P = 0.02), and clinical experience
(P = 0.02). Gender disparities were noted, with male participants scoring significantly higher for IJV (P = 0.04) and FV (P = 0.03),
although no significant difference was found for SCV (P = 0.12). Confidence levels correlated with knowledge but did not
necessarily reflect procedural competence, particularly in SCV insertion. The most frequently reported challenges included
difficulty in vein identification (25.6%), and insufficient training (23.2%), reinforcing the need for structured educational
interventions.

Conclusion: This study highlights the critical need for improved anatomical education and standardized training to enhance
patient safety in catheterization. It uniquely contributes to the literature by identifying challenges specific to resource-limited
settings, where clinicians rely heavily on anatomical knowledge due to the limited availability of imaging technology. The study’s
limitations include its single-center design, self-reported data, and cross-sectional nature, limiting generalizability and long-term
trend analysis. Procedural competence was not directly assessed, emphasizing the need for objective evaluations. Future studies
should focus on larger, multi-center designs with direct competency assessments to better identify training gaps. Additionally,
exploring advanced educational methods, such as simulation-based training and virtual reality, could offer valuable insights into
improving clinical skills in environments with constrained resources. Ultimately, this study highlights substantial knowledge gaps in
CVC insertion, particularly among physicians with limited procedural exposure. Addressing these gaps through structured,
evidence-based training programs is essential for patient safety.
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Introduction

Background

Anatomy, derived from the Greek words ana (up) and temnein (to
cut), has long been a cornerstone of medical education. Since the
pioneering work of Andrea Vesalius, the systematic study of
human anatomy has been integral to medical practice. Across
diverse  educational systems and cultural contexts,
a comprehensive understanding of anatomy remains essential
for ensuring patient safety, accurate diagnoses, and the successful
execution of medical and surgical procedures!!. Clinicians rely
heavily on anatomical knowledge for interpreting radiological
images, making precise diagnoses, and effectively collaborating
within medical teams. This expertise is particularly critical in
procedures such as central venous catheterization (CVC), where
a detailed understanding of surface and procedural anatomy is
paramount for precision and complication prevention!'?),

The internal jugular vein (IJV), subclavian vein (SCV), and
femoral vein (FV) are the primary access sites for CVC insertion
due to their accessibility and large caliber. The IJV, located
within the carotid sheath alongside the carotid artery and
vagus nerve, is commonly accessed in the triangle formed by
the sternocleidomastoid muscle near the clavicle. The right IJV is
often preferred due to its straight trajectory to the superior vena
cava and right atrium, which reduces the risk of catheter
misplacement!®!. The SCV, positioned beneath the clavicle and
anterior to the first rib, is associated with lower infection rates
but carries an increased risk of pneumothorax due to its proxi-
mity to the lung apex!**!. The FV, situated within the femoral
triangle adjacent to the femoral artery, is frequently selected in
emergencies due to its ease of access; however, it carries a higher
risk of infection and thrombosis given its anatomical location in
the groin'®”). Despite the benefits of CVCs, complications such
as arterial puncture, hematoma, and catheter malposition
remain significant concerns, particularly in settings where
ultrasound guidance is unavailable. Most studies assessing
anatomical knowledge in procedural medicine have been con-
ducted in high-resource environments where advanced imaging
technologies are widely accessible. In resource-limited settings,
procedural success heavily relies on clinicians’ anatomical
expertise due to the unavailability of real-time imaging!'®’!.
Mastery of venous structures is essential for safe CVC place-
ment, yet anatomical variations like vein duplication and obe-
sity-related challenges can hinder landmark identification!®?],
Site selection depends on clinical factors and operator exper-
tise, with each site posing unique anatomical and procedural
challenges. In the absence of ultrasound or advanced imaging,
clinicians must depend entirely on anatomical landmarks,
further complicated by anatomical variability and patient fac-
tors like obesity!®!.

The role of CVCs and the importance of anatomical
knowledge

CVGCs play a pivotal role in the management of critically ill
patients, facilitating interventions such as medication administra-
tion, hemodynamic monitoring, total parenteral nutrition, and
dialysis”*'”!, The absence of real-time imaging necessitates strong
reliance on landmark-based techniques to ensure procedural accu-
racy and minimize complicationsl.

HIGHLIGHTS

e Evaluated clinicians’ anatomical knowledge and confi-
dence in landmark-based central venous catheterization.

o Identified key knowledge gaps and their association with
specialty, job title, and clinical experience.

e Provided data-driven insights into training deficiencies
and procedural challenges in a resource-limited setting.

e Proposed targeted educational strategies, including simula-
tion and virtual reality, to enhance procedural competence.

Simulation-based and virtual reality training in CVC education

In recent years, simulation-based learning and virtual reality (VR)
training have emerged as valuable tools in medical education,
particularly for high-risk procedures such as CVC insertion.
Research has demonstrated that simulation-based training signif-
icantly improves anatomical knowledge, procedural accuracy,
and confidence among trainees. For example, a randomized con-
trolled trial found that residents who underwent simulation-based
CVC training demonstrated higher success rates and superior in-
hospital performance compared to those trained using traditional
methods!'?, Virtual reality platforms provide an immersive, risk-
free environment where clinicians can repeatedly practice cathe-
terization techniques before performing procedures on actual
patients. A feasibility study integrating VR simulation into CVC
training reported high satisfaction among novice trainees, parti-
cularly in understanding procedural steps and developing spatial
awareness!'>l. Furthermore, studies suggest that physicians
trained using simulation-based models exhibit fewer errors,
shorter procedural times, and improved patient outcomes com-
pared to those trained with conventional techniques. A systematic
review and meta-analysis concluded that simulation-based educa-
tion for CVC insertion enhances both learner proficiency and
clinical outcomes, including reduced complication rates*l.
Additionally, VR technology enables hands-on practice without
patient risk, further refining catheterization techniques and pro-
cedural confidence!'*'*,

Despite these advantages, implementing simulation-based
and VR training in resource-limited settings remains challenging
due to financial constraints, limited faculty expertise, and inade-
quate infrastructure. As a result, many physicians in such envir-
onments continue to rely exclusively on landmark-guided
techniques, increasing the risk of procedural complications.
Given these challenges, cost-effective strategies are needed to
integrate simulation-based training into medical curricula, par-
ticularly in low-resource settings. By assessing knowledge gaps
and confidence levels in CVC insertion, this study aims to pro-
vide a foundation for developing targeted educational interven-
tions that incorporate simulation-based learning to enhance
procedural safety and effectiveness.

The need for enhanced training in low-resource settings

The feasibility of integrating advanced training interventions,
such as simulation and VR, in resource-limited settings remains
underexplored. While these techniques have been proven to
improve procedural competency, financial and infrastructural
barriers hinder their widespread adoption. Additionally, real-
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world studies have highlighted significant variations in anato-
mical knowledge across specialties and experience levels, which
directly impact procedural confidence and patient safety. In our
hospital, located in a low-resource country, CVC-related com-
plications such as arterial punctures, hematomas, and pneu-
mothoraxes have been frequently observed over the past 4
years. We propose that these complications often arise from
inadequate anatomical knowledge and improper insertion tech-
niques, emphasizing the urgent need for enhanced procedural
training to improve patient safety.

Study hypothesis and objectives

This study hypothesizes that improving physicians’ anatomical
knowledge will significantly reduce complication rates associated
with landmark-guided CVC insertions. Additionally, we hypothe-
size that physicians with a stronger understanding of CVC inser-
tion sites will report greater confidence in performing the
procedure. However, confidence alone does not guarantee proce-
dural success or a reduction in complications. The null hypothesis
posits that no significant correlation exists between anatomical
knowledge and procedural outcomes.

The primary objective of this study is to assess the anatomical
knowledge and procedural challenges faced by doctors at
a tertiary hospital in Sudan regarding CVC insertion. By evalu-
ating their familiarity with the anatomical landmarks of the IJV,
SCV, and FV, this research seeks to identify key knowledge gaps
and propose targeted educational interventions. Ultimately, the
study aims to improve procedural accuracy and patient safety in
a resource-constrained healthcare setting, where anatomical
expertise is crucial for successful CVC placement.

Study design and methodology
Study site

This study was conducted at a major tertiary care hospital in
Sudan, which serves as both a medical education hub and a high-
volume referral center. Its comprehensive services across multi-
ple specialties provided an ideal setting for assessing CVC inser-
tion practices!®!,

Study design and materials
Study design

A single-center, descriptive, hospital-based cross-sectional study
was conducted to evaluate the anatomical knowledge, confi-
dence, and challenges faced by physicians performing CVC
insertions using anatomical landmarks. This study uniquely
integrates image-based anatomical assessments with self-
reported confidence levels, enabling a nuanced analysis of the
relationship between perceived competence and actual anatomi-
cal knowledge!"®). This study adheres to the Strengthening the
Reporting of Cohort Studies in Surgery criterial'”l.

Survey design and validation

The primary data collection tool for this study was a structured
questionnaire, designed and validated by experts in anatomy,
vascular surgery, intensive care, and anesthesiology. It aimed to
assess participants’ anatomical knowledge, procedural confi-
dence, and experience with CVC insertion. Given that ultrasound
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guidance is not routinely available in our hospital, the question-
naire primarily assessed landmark-based CVC insertion techni-
ques. To ensure content validity, the questionnaire underwent
a multi-stage validation process, including expert review, content
validity assessment, and pilot testing. Five specialists from rele-
vant fields independently evaluated the questionnaire for clarity,
relevance, and completeness. The Content Validity Index (CVI)
was calculated, with an item-level CVI (I-CVI) threshold of >0.78
and a scale-level CVI (S-CVI) of 20.90, ensuring strong agreement
among reviewers. Additionally, the questionnaire was pilot-tested
with 10 physicians from various specialties to assess clarity, fea-
sibility, and response variability. Based on their feedback, minor
refinements were made to enhance comprehensibility and applic-
ability. Reliability testing using Cronbach’s alpha (0.82) con-
firmed good internal consistency, supporting its suitability as an
assessment tool. To minimize self-reporting bias, the question-
naire assured participant anonymity, used neutral phrasing for
confidence-related questions, and withheld specific study objec-
tives to reduce response bias. A sample question and the full
questionnaire are available as Supplemental Digital Content
[URL] https://figshare.com/s/6fd4751a11b02ec5e973?file=
51299216. The structured questionnaire consisted of 5 key
sections:

e Demographic Information—Gender, age, years of experi-
ence, medical specialty, and job title.

e Knowledge of Anatomical Landmarks—Evaluated via multi-

ple-choice and image-based questions, covering:

Vein position

Anatomical relationships

Recognition of complications

Clinical applications of anatomical landmarks

Confidence Levels—Assessed on a S-point Likert scale.

However, confidence levels were not measured pre- and post-

knowledge assessment, limiting the ability to determine

whether knowledge acquisition directly influenced confidence.

e Challenges Faced—Open-ended responses regarding difficul-
ties encountered during landmark-based CVC insertion.

e Training and Resources—Evaluated exposure to ultrasound-
guided CVC training and formal anatomical education.

Sampling method

A stratified random sampling approach was used to ensure fair
representation across job titles, specialties, and experience levels.
Participants were randomly selected from the hospital’s official
registry of licensed medical doctors.

The 2-step stratification process involved the following:

Categorization: Physicians were grouped based on:

Job title: House officers, medical officers, registrars.
Specialty: Surgery, internal medicine, others.

Years of experience: <1 year, 1-3 years, >3 years.

Random Selection: Within each category, a computer-gener-
ated randomization sequence (Random.org) was applied to

ensure proportional representation!'®!,

Stratification was performed based on the hospital’s physician
registry, categorizing participants into house officers, medical
officers, registrars, and consultants. This ensured balanced sub-
group representation and minimized selection bias. This method
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prevented the overrepresentation of any single group, enhancing
the study’s applicability to broader clinical settings. Participants
were not informed about the study’s objectives beforehand to
reduce bias.

Sample size

From a total of 286 eligible physicians, the sample size was deter-
mined using Cochran’s formula!"), resulting in 164 participants.
This ensured a 95% confidence level with a 5% margin of error.

Data collection period

Data collection occurred from October to December 2023.
Questionnaires were distributed via Google Forms, with each
participant receiving a unique invitation. Google Forms was
selected for its ability to

e Maintain respondent anonymity by disabling e-mail tracking,
Internet Protocol recording, and duplicate submissions.
e Prevent identification bias, ensuring honest responses.

Participants
Inclusion criteria

e Licensed medical doctors.
o Affiliated (current or past) with the study hospital in 2023.

Exclusion criteria

e Medical students or unlicensed doctors.
e Physicians not affiliated with the study hospital in 2023.

Statistical analysis and interpretation

Data were cleaned and analyzed using SPSS version 25.012°,

Descriptive statistics

e Frequencies and percentages for categorical variables.
e Means and standard deviations for continuous variables.

Inferential statistics

e Chi-square tests assessed relationships between demo-
graphics, knowledge, and confidence (P < 0.05 threshold).

o Effect sizes (Coben’s d for continuous variables, Cramer’s
V for categorical comparisons) and 95% confidence intervals
enhanced interpretation.

e Multiple regression analysis evaluated the interaction effects
between job title, specialty, and anatomical knowledge in
predicting procedural confidence.

Challenges analysis

e Thematic analysis categorized open-ended responses into

e Technical barriers (e.g., vein identification difficulties).

e Training-related challenges (e.g., lack of structured teaching).
e Systemic limitations (e.g., resource constraints).

o Patient-related factors (e.g., obesity complicating insertion).

The sample was stratified to ensure proportional representa-
tion across different job titles and specialties. This approach

minimized bias and improved the generalizability of subgroup
comparisons.

Ethical considerations

This study complied with the Declaration of Helsinki and received
Institutional Review Board approval on 8 August 2023.
Participation was entirely voluntary, with informed consent
obtained from all participants. To minimize self-reporting bias,
participants were assured that their responses would remain
anonymous, the data collected would not influence their clinical
evaluations, and the study’s focus on the relationship between
knowledge and confidence was not disclosed until after question-
naire completion to prevent expectancy bias. Confidentiality was
strictly maintained, and participants had the right to withdraw
from the study at any stage without any repercussions. Regarding
image usage, permissions for anatomical images were secured
through formal licensing agreements, institutional approvals,
and direct communication with copyright holders*'231,

Results
Demographic analysis

The study involved 164 participants with a nearly equal gender
distribution of 51.22% female (N = 84) and 48.78 % male (N = 80).
Graduates from 26 universities were represented, with most aged
26-30 years, 62.80% (N = 103). Predominant specialties were
surgery 38.41% (N = 63) and internal medicine 22.56%
(N = 37). Regarding job titles, 37.2% (N = 61) were house officers,
33.54% (N = 55) were general practitioners, and 20.73% (N = 34)
were residents. Clinical experience varied, with 43.90% (N = 72)
having less than 1 year and 27.44% (N = 45) having 1-2 years of
experience.

Anatomical knowledge analysis

The analysis revealed varying levels of accuracy across these 3
veins. For the IJV questions, the average accuracy was 86.03%,
indicating a strong understanding. For the FV questions, the
average accuracy was 82.9%, reflecting slightly lower but still
solid knowledge. Finally, for the SCV questions, the average
accuracy was 86.9%, demonstrating a good overall grasp
(Fig. 1). A 2-way analysis of variance was conducted to examine
interaction effects between job title and specialty on anatomical
knowledge scores. The interaction effect was statistically signifi-
cant

[F (6, 158) = 3.14, P = 0.02, #* = 0.05], indicating that while
specialty and job title each independently affected knowledge
levels, their combined influence was particularly notable in pro-
cedural specialties such as surgery and emergency medicine. Post
hoc analysis using Tukey’s honestly significant difference test
revealed that general surgeons (mean score = 82.6, standard
deviation [SD] = 4.3) had significantly higher knowledge scores
than internal medicine physicians (mean score = 74.2, SD = 5.6,
P =0.01), particularly in identifying FV landmarks.

Gender-based comparison of anatomical knowledge

Males had higher average knowledge than females for the IJV,
FV, and SCV. The differences were statistically significant for the
IJV (P =0.04) and FV (P = 0.03), while the difference for SCV was
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Figure 1. Radar chart of mean anatomical knowledge accuracy across major veins (IJV, FV, and SCV). FV, femoral vein; IJV, internal jugular vein;

SCV, subclavian vein

not statistically significant (P = 0.12). The analysis revealed sta-
tistically significant gender disparities in anatomical knowledge
for the IJV (P = 0.04) and FV (P = 0.03), with male participants
scoring higher on average. However, for the SCV, no significant
difference was observed (P = 0.12).

Job title-based comparison of anatomical knowledge

The data show significant differences in IJV and FV knowledge
by job title (P = 0.03 and 0.05), with higher knowledge observed
in senior roles. Subclavian vein knowledge differences are not
statistically significant (P = 0.08). The findings highlight a need
for focused training, particularly for junior roles (Table 1).
Consultants and registrars demonstrated superior anatomical
understanding, possibly due to increased procedural experience
and exposure to CVC insertions. Conversely, house officers and

Job-based correlation of average anatomical knowledge scores
for IJV, FV, and SCV among doctors participating in the study.

v FV SCV
knowledge knowledge knowledge Participants

Job title (%) (%) (%) (U]
Consultants 100.00 50.00 66.67 4
Specialists 82.50 60.00 56.67 10
Registrar 75.74 61.03 50.00 34
General Practitioners 66.36 58.64 47.88 55
House Officers 65.62 49.22 46.88 61
P-value 0.03 0.05 0.08

FV, femoral vein; IJV, internal jugular vein; SCV, subclavian vein.

general practitioners showed moderate knowledge gaps, reinfor-
cing the need for targeted training in early-career stages.

Medical specialty-based comparison of anatomical
knowledge

The data show significant variation in IJV and FV knowl-
edge across specialties (P = 0.02 and 0.03). General Surgery,
the largest group, demonstrates moderate knowledge, while
Obstetrics and Gynecology has notably low FV knowledge
(43.42%). Subclavian vein knowledge differences are not
significant (P = 0.07), with Radiology scoring the highest
(Table 2). These findings highlight the need for targeted
training in specialties with lower knowledge levels.
Surgeons exhibited the highest anatomical knowledge levels,
particularly in IJV and FV identification, whereas physicians
from less procedure-intensive specialties (e.g., psychiatry
and dermatology) scored lower. The lowest FV knowledge
was observed in Obstetrics and Gynecology (43.42%), indi-
cating potential training gaps in this specialty.

Experience level-based comparison of anatomical
knowledge

Participants with more than 6 years of experience showed
the highest knowledge of the IJV, FV, and SCV, as shown in
Figure 2. Statistically significant differences were noted for
the IJV (P = 0.02) and FV (P = 0.04), while the SCV showed
no significant difference (P = 0.06). These results indicate
that anatomical knowledge improves with clinical exposure.
However, structured training may be necessary to accelerate
knowledge acquisition for early-career physicians.
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Medical specialty-based correlation of average anatomical
knowledge scores for IJV, FV, and SCV among doctors participat-
ing in the study.

(1)) FV SCV
knowledge knowledge knowledge Participants

Medical specialty (%) (%) (%) (U]
Anesthesiology and 75.00 50.00 33.33 9

Intensive Care
Clinical Immunology 100.00 75.00 0.00 3
Dermatology 56.25 62.50 33.33 4
Emergency Medicine 75.00 50.00 50.00 8
Internal Medicine 75.00 48.65 50.45 37
Obstetrics and 63.16 43.42 52.63 19

Gynecology
Ophthalmology 50.00 62.50 58.33 4
Pediatrics 58.33 52.78 51.85 9
Psychiatry 68.75 62.50 50.00 4
Radiology 75.00 50.00 66.67 4
General Surgery 68.25 61.90 48.68 63
P-value 0.02 0.03 0.07

FV, femoral vein; SCV, subclavian vein.

Confidence level-based comparison of anatomical
knowledge

For the IJV, average accuracy was highest among very confident
individuals, with a significant difference (P = 0.03). In the FV,

very confident individuals also had the highest accuracy
(P = 0.04). For the SCV, confidence levels showed no significant
difference (P = 0.06) (Table 3). Participants who reported higher
confidence levels also demonstrated higher knowledge scores for
IJV and FV. However, this correlation was weaker for SCV,
suggesting that confidence in SCV catheterization may not accu-
rately reflect actual knowledge.

Challenges faced during CVC insertion

Participants reported several challenges related to CVC
insertion, with difficulty in locating veins (25.6%) being
the most frequently cited issue, particularly among house
officers and general practitioners. Insufficient training
(23.2%) and procedural anxiety (18.9%) were also signifi-
cant concerns, reinforcing the need for structured educa-
tional programs (Fig. 3). Limited access to ultrasound
(16.5%) emerged as a critical barrier, especially for SCV
catheterization, where reliance on anatomical landmarks
increases procedural difficulty. Time constraints (15.9%)
further compounded these challenges, particularly in emer-
gency settings. Notably, the correlation between confidence
and actual knowledge was weaker for SCV insertions, sug-
gesting that self-reported confidence in SCV catheterization
may not reliably reflect anatomical proficiency. These find-
ings highlight the necessity of competency-based training
and improved access to ultrasound to enhance procedural
accuracy and reduce complications.

85
Veins

Internal Jugular Vein
80t —* Femoral Vein
—e— Subclavian Vein

70

65

Knowledge Score (%)

50

45

<1 year 1-2 years

3-4 years

5-6 years >6 years

Years of Experience

Figure 2. Correlation between years of experience and knowledge scores for IJV, FV, and SCV. FV, femoral vein; IJV, internal jugular vein; SCV, subclavian vein
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Average knowledge (%) of IJV, FV, and SCV stratified by confi-
dence level among doctors participating in the study.

Confidence IJV accuracy FV accuracy SCV accuracy Participants
level (%) (%) (%) (M
Very Confident 75.00 63.33 51.11 15
Confident 74.00 55.00 50.67 50
Somewhat 64.39 52.65 47.98 65
Confident

Not Confident 68.94 58.33 45.45 34
P-value 0.03 0.04 0.06

FV, femoral vein; IJV, internal jugular vein; SCV, subclavian vein.

Discussion

This study highlights significant variability in anatomical knowl-
edge and confidence among clinicians performing CVC inser-
tions. Key factors influencing these differences include gender,
medical specialty, job title, years of experience, and university of
graduation. These findings underscore the challenges faced in
resource-limited settings, where targeted educational interven-
tions tailored to improve procedural competency could lead to
better clinical outcomes.

What differentiates this study is its specific focus on the
unique challenges faced in Sudan, including inconsistent avail-
ability of sterilization equipment, surgical instruments, and reli-
ance on traditional training models. These challenges are
compounded by limited access to cutting-edge educational
technologies.

Challenges in CVC placement and training deficiencies

Participants reported various challenges associated with land-
mark-based CVC insertion, with difficulty in locating veins
(25.6%) and insufficient training (23.2%) being the most

Annals of Medicine & Surgery

frequently cited. Procedural anxiety (18.9%), limited access to
ultrasound (16.5%), and time constraints in emergency settings
(15.9%) further complicated the insertion process. The high
prevalence of these issues aligns with previous research demon-
strating that landmark-based CVC placement has a greater fail-
ure rate and higher complication risks compared to ultrasound-
guided techniques. A Cochrane review confirmed that 2-dimen-
sional ultrasound significantly enhances safety and success rates
over traditional anatomical landmark techniques’®!. Limited
access to ultrasound was particularly concerning for SCV cathe-
terization, where the risk of misplacement and vascular injury is
high. Expanding access to portable ultrasound devices and inte-
grating ultrasound training into medical curricula could signifi-
cantly improve procedural safety. A study comparing
ultrasound-guided CVC placement with the anatomical land-
mark technique found that ultrasound guidance reduced com-
plications and decreased the number of placement attempts,
reinforcing the importance of accessible imaging technologies
in resource-limited settings?*!. However, this correlation was
weaker for SCV, suggesting that confidence in SCV catheteriza-
tion may not accurately reflect actual knowledge.

The role of confidence vs. procedural competence

The relationship between clinician confidence and actual proce-
dural competence remains complex. A study examining gender
differences in resident physicians found that female trainees
reported lower confidence in performing CVC insertions both
before and after simulation-based training. However, there was
no significant difference in skill-based outcomes, suggesting that
self-reported confidence does not always correlate with procedural
competence!®’], Similarly, research on technical errors in SCV pla-
cement found that nearly half of the surgical residents committed
multiple errors, with a negative correlation between technical pro-
ficiency and their ability to anticipate procedural challenges. This
suggests that overconfidence without adequate decision-making

3 Difficulty Locating Veins
Hm [nsufficient Training

3 Procedural Anxiety

I Limited Access to Ultrasound
3 Time Constraints

Figure 3. Proportional distribution of challenges in CVC insertion. CVC, central venous catheterization
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skills can lead to avoidable errors!. These findings reinforce the
need for competency-based training programs that assess both
anatomical knowledge and procedural skills before allowing inde-
pendent practice. Implementing such standardized training meth-
ods ensures that clinicians possess both confidence and technical
proficiency, ultimately improving patient safety.

Systemic batrriers to equal training opportunities

Gender-based differences in anatomical knowledge and procedural
confidence, particularly concerning IJV and FV catheterization,
raise important concerns about clinical exposure, mentorship,
and training structures. Previous studies suggest that male trainees
often receive more procedural training opportunities than their
female counterparts. Workplace assignments and mentorship
biases may contribute to this disparity, as male trainees are more
frequently encouraged to perform invasive procedures, while
female trainees are sometimes steered toward non-invasive special-
ties. Implicit bias may also influence procedural confidence, with
male trainees often reporting higher confidence levels in invasive
techniques, which may lead supervisors to assign them more hands-
on cases, thereby further widening the knowledge gap’.
Addressing these systemic biases is crucial for ensuring equal train-
ing opportunities and improving procedural competence across all
genders in medical education and clinical practice®®). Although
gender differences in anatomical knowledge were statistically sig-
nificant (P < 0.05), their clinical relevance requires further explora-
tion. Previous studies suggest that gender disparities in procedural
training opportunities may contribute to confidence differences'”.
However, no significant difference was observed in real-world
complication rates for CVC insertions between male and female
physicians in prior research®®l. These findings indicate that while
knowledge gaps exist, structured competency-based training could
help mitigate potential clinical discrepancies between genders.

Impact of landmark-guided CVC placement in low-resource
settings

Benhamou et al. (2023) emphasize the effectiveness of an obser-
ver tool in enhancing the skills of incoming anesthesia residents
during simulation training for CVC insertion. This study sup-
ports the growing emphasis on simulation-based learning in
medical education.*”!

In resource-limited environments, reliance on anatomical
landmark techniques is often necessary due to restricted access
to ultrasound. However, properly executed landmark-based
techniques can still be effective. A large-scale database analysis
of CVC insertions via the IJVs found that Sedillot’s triangle
technique was both safe and reliable, reducing the need for
ultrasound or fluoroscopy in 93% of cases®°!. Despite this,
male participants in our study scored slightly higher in anatomi-
cal knowledge assessments than female participants. This trend
has been observed in previous studies, such as those by
Tzamaras et al., but the differences were not clinically signifi-
cant, suggesting that additional research is needed to explore the
underlying factors contributing to these variations!*'!.

Specialty-based variability in anatomical knowledge and
confidence

Anatomical knowledge and confidence in performing CVC
insertions varied significantly among medical specialties.

Surgeons demonstrated the highest levels of anatomical knowl-
edge, particularly in relation to the IJV and FV, whereas radi-
ologists exhibited a superior understanding of the SCV, likely
due to their frequent use of imaging technologies. Conversely,
physicians in non-invasive specialties such as psychiatry and
dermatology scored lower, highlighting the need for targeted
anatomical training tailored to different clinical demands®®?!.
Confidence levels also differed across job titles, with consultants
and specialists reporting the highest confidence, likely due to
their extensive procedural experience. Registrars expressed con-
fidence in FV catheterization but were less confident with IJV
insertions. House officers and general practitioners had the low-
est confidence levels, reflecting their limited procedural exposure
and underscoring the importance of structured hands-on train-
ing for early-career clinicians!®*’,

Bridging the gap between knowledge and procedural
competence

Our findings highlight that while greater anatomical knowledge
correlates with increased confidence in CVC insertion, confidence
alone does not ensure procedural success. Despite 51.8% of
participants reporting high confidence, 27.4% demonstrated
insufficient anatomical knowledge, raising concerns about over-
confidence. This misalignment underscores the need for struc-
tured, competency-based training to ensure that confidence
aligns with actual procedural proficiency. Existing literature sup-
ports this concern, emphasizing that technical proficiency—rather
than self-assessed confidence—is a stronger predictor of proce-
dural success and lower complication rates. A study on medical
students performing CVC insertions reported a 67.3% success
rate, illustrating that confidence does not always equate to
competence®®!. In our study, knowledge gaps were particularly
evident in relation to the SCV, further reinforcing the need for
continuous education and refresher courses to enhance anatomi-
cal understanding and reduce procedural risks!®!. Participants also
identified patient-specific challenges, such as obesity and anato-
mical variations, which complicated landmark identification dur-
ing CVC insertion. The lack of real-time imaging, particularly
ultrasound, in resource-limited settings exacerbated these difficul-
ties, increasing reliance on anatomical knowledge. This highlights
the need for improved access to imaging technologies or enhanced
anatomical training to better equip clinicians for challenging
environments**1, A systematic review by Koppes et al. found
significant variability in anatomical knowledge among medical
professionals, with reported proficiency ranging from 22.5% to
82.4%"2, Similarly, our study observed that more experienced
doctors, such as consultants and registrars, exhibited higher ana-
tomical knowledge levels. Rowland et al. emphasized the critical
role of robust anatomical understanding in ensuring safe clinical
practice, noting that deficiencies in anatomical knowledge can
contribute to errors during procedures like CVC insertion®!,
Moreover, Tzamaras et al. demonstrated that self-reported con-
fidence often exceeds actual performance, with clinicians some-
times overestimating their abilities despite knowledge gaps. This
discrepancy, also observed in our study, is particularly concerning
in resource-limited settings where training opportunities are
scarce®!l, Addressing these gaps requires a systematic approach
to anatomical education, ensuring that clinicians develop both the
knowledge and technical proficiency necessary for safe and effec-
tive CVC insertion.
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Proposed educational interventions for enhancing CVC
training

Targeted educational interventions can significantly improve ana-
tomical knowledge and procedural confidence in CVC insertion,
particularly in resource-limited settings. Simulation-based learn-
ing has been shown to enhance knowledge retention, procedural
accuracy, and complication avoidance. Yang et al. emphasized
the need for structured training programs incorporating didactic
lessons, simulation exercises, formal assessments, and supervised
practice®”). A systematic review and meta-analysis further high-
lighted that simulation-based education improves procedural pro-
ficiency, confidence, and patient safety!",

Given the financial and infrastructural constraints in
resource-limited settings, cost-effective training solutions such
as peer mentorship, hands-on anatomical workshops, and struc-
tured bedside training with expert feedback provide feasible
alternatives for skill enhancement!"*. Cadaver-based training
remains one of the most effective methods for teaching proce-
dural anatomy, yet its accessibility is often limited. Institutions
should collaborate with anatomy departments to facilitate per-
iodic cadaver-based workshops, enabling trainees to gain hands-
on experience in vein localization and catheter insertion.
Faculty-led competency assessments using procedural checklists
can ensure both confidence and technical accuracy.

The integration of ultrasound-guided CVC insertion into
training programs is essential, as studies consistently demon-
strate that ultrasound reduces complication rates®®!. While
ultrasound availability is limited in many low-resource settings,
training physicians to use portable, low-cost ultrasound devices
could enhance procedural safety. Emerging VR training modules
offer a promising, cost-effective alternative to traditional proce-
dural education. A recent study found that novice trainees
reported high satisfaction with VR simulation for CVC training,
particularly in understanding procedural steps and spatial
awareness!'®!, While still in early adoption stages in low-resource
settings, integrating affordable VR models into medical curricula
could provide a long-term solution. Implementing these targeted
educational interventions can significantly improve the profi-
ciency of healthcare providers in CVC insertion, ultimately
enhancing patient outcomes, particularly in resource-limited
settings.

Educational interventions: feasibility in resource-limited
settings

Simulation-based learning and VR training have been widely
adopted in medical education to improve procedural skills.
These methods allow for safe, repeated practice of CVC inser-
tion techniques without putting patients at risk. However, the
feasibility of implementing such training programs in resource-
limited settings remains uncertain due to financial and infra-
structure constraints. To bridge this gap, a hybrid educational
approach should be considered, combining cost-effective anato-
mical training modules with hands-on workshops. Potential
solutions include low-cost simulation models using gelatin or
cadaver-based training sessions, structured anatomical work-
shops emphasizing CVC insertion landmarks, supervised proce-
dural training under expert guidance, and portable ultrasound
training integrated into residency programs.

Annals of Medicine & Surgery

Limitations

This study has several limitations that may affect the general-
izability and interpretation of its findings. Conducted at a single
tertiary care hospital in Sudan, the results may not be fully
applicable to institutions with different training structures,
resource availability, and patient demographics. Additionally,
the cross-sectional design captures data at a single time point,
limiting insights into longitudinal trends in knowledge acquisi-
tion and confidence development.

Self-reported confidence levels introduce another limitation,
as they may not accurately reflect actual procedural proficiency
due to social desirability bias. Some participants may have over-
estimated their skills, while others may have been overly cau-
tious in their assessments. Moreover, while stratified random
sampling ensured balanced subgroup representation, the under-
representation of senior consultants may limit insights into
expert-level anatomical knowledge. Gender-based analysis was
also constrained by cultural and institutional norms that limit
discussions on training disparities. Sociocultural factors may
influence access to procedural training, making it difficult to
isolate gender alone as a determinant of disparities.

Institutional factors, such as faculty teaching styles, struc-
tured training programs, and access to ultrasound guidance,
were not explicitly analyzed but significantly influence proce-
dural confidence. Given these limitations, the findings may not
be fully generalizable to institutions with different training pro-
tocols or resource availability.

Future recommendations

Future research should adopt a multi-center, longitudinal study
design to assess knowledge gaps and procedural confidence
across diverse training environments. Expanding to multiple
institutions will provide a broader perspective on how different
settings influence anatomical knowledge. Tracking changes over
time will help evaluate the impact of training interventions on
skill development. Direct skill assessments should replace sole
reliance on self-reported confidence, incorporating real-time
procedural monitoring, simulation-based evaluations, OSCEs,
and supervised procedural assessments to ensure accurate compe-
tence measurement. Additionally, alternative research methodol-
ogies, including prospective cohort studies and qualitative
analyses of training experiences, should be explored to gain
deeper insights into the challenges clinicians face during CVC
insertions. Low-cost educational interventions tailored to
resource-limited settings should be evaluated for their effective-
ness. Implementing blended learning models—such as simulation-
based training, hands-on workshops, and peer mentorship—
could bridge existing knowledge gaps and improve procedural
proficiency. Comparative studies should examine institutional
factors, including faculty teaching styles, structured training pro-
grams, and access to ultrasound guidance, to better understand
training disparities. Expanding the sample to include experienced
physicians would provide insights into knowledge retention
across career stages. Future studies should also explore gender-
related variations in procedural exposure through institutional
records and observational analyses. To determine whether
enhanced anatomical knowledge translates into safer procedures,
research should integrate direct skill assessments, structured train-
ing, and retrospective complication analyses. Evaluating the effec-
tiveness of these educational interventions on clinician
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proficiency, procedural success, and patient safety outcomes will
be crucial in optimizing training strategies.

Conclusion

This study reveals significant gaps in anatomical knowledge and
procedural confidence among junior doctors performing land-
mark-based CVC in resource-limited settings. Despite moderate
to high confidence levels, notable deficiencies were observed,
particularly regarding SCV anatomy. Addressing these gaps
through structured anatomical training, competency-based
assessments, and targeted mentorship programs is essential to
enhancing clinician proficiency and reducing procedural compli-
cations. Unlike previous research that predominantly focuses on
ultrasound-guided techniques, this study emphasizes the critical
role of anatomical expertise in environments where real-time
imaging is unavailable. While many participants demonstrated
moderate to high levels of anatomical knowledge, notable defi-
ciencies were identified, especially regarding SCV landmarks. It is
crucial to address these gaps with focused educational initiatives.
Standardized training programs that integrate key anatomical
landmark instruction, ultrasound-guided techniques, and hands-
on training, such as cadaveric dissections, could significantly
enhance clinician proficiency and confidence. Implementing
these measures would help reduce complications, improve proce-
dural safety, and optimize patient outcomes, particularly in low-
resource healthcare settings.
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