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Abstract

Background: Without mastering Central Venous (CV) Line placement skills, medical graduates will
not have sufficient clinical competence to perform this sensitive procedure. The level of proficiency
in each repetition of any skill, such as CV Line, can be checked and recorded by means of a learning
curve.

Method: This article was cross-sectionally conducted in 80 emergency medicine resident students. In
order to collect data, a checklist was used to measure the level of proficiency in installing CV Line,
according to the experts and available sources, after each time performing the skill and recording
observations and before performing this skill again (with an interval of 1-3 days), The student's
proficiency score was calculated by the emergency medicine assistant out of 100 and recorded in the
learning curve, and this process continued until reaching the clinical proficiency stage, that is, reaching
asmooth line in the learning curve. Then all the data were recorded and subjected to statistical analysis.
Results: The results showed that there was a significant difference between the average scores of
clinical skills in five stages. The clinical skill level scores in the first time (13/29) were significantly
lower than the clinical skill level scores in the second, third, fourth and fifth time, and overall, the
clinical skill level scores and the ability to do work increased over time.

Conclusion: After five times performing the CV Line embedding, the students will reach clinical
proficiency in doing it.
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Introduction
Central venous catheters (CVCs) are catheters that
are placed in large veins such as neck (internal
jugular vein), chest-chest (subclavian vein), or
thigh (femoral vein). Today, the use of these
catheters in outpatient and inpatient settings is
increasing, so high quality training should be
conducted under the supervision of experts to train
the human resources responsible for its placement,
so that complications during the procedure can be
reduced. The problems caused by CVC
installation can be divided into two categories.
The first category is related to the loss of skin
integrity and the development of opportunistic
bacterial and fungal infections and sometimes
bloodstream infections (1). Central venous
catheter-related infection increases mortality from
4 to 20 percent (2). Studies indicate varying
infection rates related to CVCs. One study
estimates over 160,000 central line-associated
bloodstream infections (CLABSIs) annually in
Europe, causing around 25,000 deaths (3). In a
multicentric study, the incidence rate of central
catheter-associated bacteremia was reported as
11.8% (4). Approximately 25% of inserted central
venous catheters show asymptomatic
colonization, and infection rates range between
7% and 42% (5). Though catheter-related sepsis
occurs in a small percentage of patients, its impact
is significant due to the widespread use of CVCs
(6). Another problem caused by CVC placement
is its potential mechanical complications that
harm the patient and increase the length of
treatment and costs. Common mechanical
complications include the formation of hematoma,
hemothorax, and arterial puncture, which usually
occur during catheter placement by unskilled
hands (7). Pneumothorax, which is also called
pulmonary collapse, occurs during placement and
due to the impact of the needle on the lung and the
creation of an air leak, with the incidence varying
between 1% and 6.6%. Higher rates are reported
in emergency situations and with larger numbers
of needle passes during insertion (8). In some
cases, delayed pneumothorax and contralateral

hydrothorax can occur as complications of CVCs
(9,10).

The risk of complications due to CVC placement
is directly related to the experience of the person
performing the procedure (11) and the
competence of the individual performing the
catheter placement is one of the strongest
predictors of complications (12). Therefore, it is
necessary to train medical students to perform the
procedure in a principled manner with minimal
side effects. In a study, it was shown that after
standardization and training on correct hand
washing, the incidence rate of CLAB decreased
from 7.7 per 1000 days of patients having a central
venous catheter to 1.4 (13). In addition, to solve
the problem of this complication, the Health
Development Institute has introduced an
evidence-based intervention called the catheter
care bundle, which has better results for patients.
This bundle or standard care includes hand
washing, skin washing with chlorhexidine and
skin antiseptic solutions, standard precautions,
choosing the right place, daily care of the catheter
insertion site and removing it on time (12).
Therefore, the way of embedding the lines and the
bundle of their care should be included in the
educational calendar of medical students and
people with less experience. Studies show that the
education and service delivery system in the future
should be based on teamwork, standard protocols,
patient-centered care, updated medicine based on
evidence and information technology (14), but
substantial evidence supporting this transition is
still lacking. To achieve this goal, managers and
educational planners must establish infrastructure
and conduct comprehensive research to identify
the most effective methods of service delivery,
including procedures like the installation of
intravenous catheters. This entails gathering
robust evidence and exploring innovative
approaches to ensure successful implementation.
The learning performance of medical assistants is
evaluated by many methods. Also, methods such
as supervision, real patient care and other methods
are used for this purpose (15). In order to
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determine an objective standard that indicates the
sufficient number of times to perform a skill, the
level of proficiency in each repetition of that skill
can be examined and recorded, which is called a
learning curve. The learning curve theory is based
on the principle that the time required to perform
an activity decreases with the repetition of that
activity (16). The learning curve can be used for
simple skills such as memorizing a word,
intermediate skills such as CV Line and complex
skills such as cystoscopy (17-19). This curve is
drawn in the coordinate system in such a way that
the horizontal axis shows the number of times the
skill is performed and the vertical axis shows the
level of mastery, and with that, the learning rate of
the students is evaluated. In fact, the learning
curve is the changes created in a person's
proficiency as a result of performing a skill
different time (16). The learning curve is based on
the beginner-to-expert theory of Benner and
colleagues, according to which repeated practice
of skills causes a gradual increase in overall
clinical proficiency (20). Common methods for
developing standards using the learning curve
include three criteria: smoothing the learning
curve, achieving a defined level of mastery (e.g.,
75%), and ensuring a specific percentage of
learners reach the desired proficiency. The target
proficiency percentage can be selected according
to factors such as skill sensitivity, length of
training period, continuity or lack of continuity of
training, and the level of education of learners
(21,22). By drawing a learning curve, a standard
can be achieved for the frequency of performing
clinical skills. So in this study we aimed at
investigating the number of CV Line insertions
through the jugular vein to obtain the necessary
clinical adequacy based on the standard learning
curve.

Methods

This research is a prospective cohort study, which
was conducted for emergency medicine residents
of Kerman University of Medical Sciences in
2017-2018. The sample of the study consisted of
emergency medicine assistant students of Kerman

University of Medical Sciences who had
previously been trained to apply the CV line
through the jugular vein theoretically and
practically, but had not performed this skill in a
clinical setting until the time of the study. Also,
they did not have any organ defects or diseases
that would cause problems in performing clinical
skills. All the second- and third-year residents
were included in the study in a period of 12
months by census method, except for those
meeting exclusion criteria.

The research comprised two stages. Firstly, a
standard checklist was developed, and experts
determined the required score for clinical
adequacy. In the second stage, the performance of
the assistants was observed, and the CV Line skill
score was assessed based on the checklist. For the
first stage, based on specialized sources and the
opinion of emergency medicine specialists, a
number of criteria were selected to check the
clinical adequacy of CV line placement, and its
validity and reliability were checked by all
emergency medicine specialists working in
Kerman University of Medical Sciences. In the
second stage, the performance of clinical skills by
students and its effect on the level of clinical
proficiency were repeatedly measured, and this
practice continued until the learning curve
smoothed out (less than five percent change or
reaching 100 percent proficiency).

After obtaining approval and coordination with
the research environment officials, two
coordination meetings were conducted with the
research team and the educational group director.
Eligible students were selected from clinical
departments using the research unit's selection
form. After explaining the research objectives and
obtaining informed consent, their personal
characteristics were collected through a relevant
questionnaire. To reinforce  theoretical
information, oral training sessions were conducted
at the beginning of each training period. The
proficiency checklist, outlining the skill stages,
was provided to assistants for review. A one-week
interval was implemented for regularity and to


https://intjmi.com/article-1-1133-en.html

[ Downloaded from intjmi.com on 2025-12-15]

IntJ Med Invest 2024; VVolume 13; Number 1; 76-85

http://intjmi.com

minimize possible behavior changes. During
instances of performing CV Line on conscious
adults, the researcher assessed skill proficiency
using the checklist. The student's proficiency
score, out of 100, was recorded in the learning
curve after each performance. This process
continued until reaching clinical proficiency,
characterized by a smooth line in the learning
curve (less than a five percent change in
proficiency over three consecutive measurements
or reaching 100 percent proficiency).
Subsequently, all data were recorded and
subjected to statistical analysis.

Data with SPSS 21 software and using descriptive
statistics (mean, standard deviation, relative and
absolute frequency distribution, percentile). To
analyze the data, a repeated measures analysis of
variance (ANOVA) was employed due to the
multiple measurements taken during the learning
process. The assumption of sphericity was tested
using Mauchly's sphericity test, and Greenhouse-
Geisser correction was applied when the
assumption was violated.

Results

In this study, 30 students were examined to assess
the difference in the mean scores of clinical skills
across five stages, utilizing a repeated measure
analysis of variance (ANOVA). Initially,
Mauchly's sphericity assumption was assessed
through the Mauchly's sphericity test, and the
results are presented in Table 1. The results in
Table 1 indicate a violation of the sphericity
assumption (p = 0.00). Therefore, a Greenhouse-
Geisser adjusted repeated measures ANOVA was
deemed necessary. The outcomes of the repeated
measure ANOVA, considering the lack of
sphericity assumption, are presented in Table 2.
Considering the results in Table 2, the calculated
F value for the effect of stages is significant (F =
320.572, p = 0.00), indicating a significant
difference in mean scores of clinical skills across
the five stages. Post hoc tests were conducted to
examine specific differences among means, and
the results are presented in Table 3. Table 3
illustrates a significant difference in all mean

scores of clinical skills. The post hoc tests indicate
a significant difference in clinical skill scores
among all stages.

Discussion

In this cross-sectional study conducted among
assistant students at Kerman University of
Medical Sciences to assess the frequency of
central catheter placements for achieving clinical
proficiency, a significant difference was observed
in the average scores of clinical skill levels across
five stages. The results indicate a noteworthy
distinction in all clinical skill scores. Specifically,
the clinical skill level scores at the initial
assessment (13.29) were significantly lower than
those in subsequent assessments (second, third,
fourth, and fifth). Overall, there is a discernible
upward trend in clinical skill level scores,
reflecting an improvement in the ability to
perform tasks over time. Similar findings were
reported in Gettman's study, which explored the
required frequency for mastering cystoscopy skills
(19), and in studies related to compliance
calculations for central venous catheter care (23).
In the first study, Gettman and his colleagues tried
to find the frequency of performing cystoscopy to
achieve clinical adequacy based on the learning
curve in a computer-simulated form. The results
showed that the people participating in the study
achieved mastery in this field with the standard of
performing cystoscopy 6 times. In the second
study, East et al. during a study in 2005
investigated the effect of nursing education on CV
line compliance under a training program. The
results showed that complications caused by CV
line insertion improved significantly after
training. In their study in 2003, Grantcharov and
his colleagues investigated the number of times
required to gain proficiency in performing
laparoscopy according to the level of previous
skill of the doctors. The results of this study also
estimate the number of times required to gain
proficiency in performing laparoscopy between 2
and 7 times (48), which is similar to the present
study. Also, in the study of Pandian et al., which
used the learning curve to check the level of


https://intjmi.com/article-1-1133-en.html

[ Downloaded from intjmi.com on 2025-12-15]

IntJ Med Invest 2024; VVolume 13; Number 1; 76-85

http://intjmi.com

proficiency of flexible laryngoscopy in 15 medical
students on a mannequin, they also suggested
performing the skill 6 times to achieve the
necessary proficiency (24).

The results of Ines Prach et al. and Erman et al.'s
study on students' cardiopulmonary resuscitation
skills and Arthur et al.'s study on human skills
demonstrated that continuous practice of the skill,
even for a short period of time, enhances the
learning of certain factors, such as the practiced
time distance (25, 26). We did not work on this
variable in our study, but what is clear is that
environmental ~ conditions and  personal
characteristics of the learners can lead to a
decrease in proficiency, which can be one of the
main reasons for changes in the learning curve,
decrease in accuracy and concentration. In some
details, it may be due to the increase of proficiency
in learners due to factors such as false self-
confidence about acquiring sufficient proficiency
and decreasing anxiety and fear of performing
skills (21,22). Sun (2010), Burritt (2009) and
Yang (2006) also showed in their studies that in
the frequency of performing a clinical skill, there
is an increasing trend of proficiency at first, but
after that, it either has a downward trend or
remains stable (27-30). This fact is well clear in
the graph obtained from our data analysis in the
fourth chapter.

Considering that medical education is expensive
and faces a large volume of work, lack of human
resources and equipment for education, the
clinical training of medical assistants should be
planned in such a way as to achieve sufficient
proficiency, stabilize skills and facilities. and the
existing conditions, balance will be established.
Of course, in this regard, conducting a study on
the difference in the retention rate (that is, the
length of time a person remembers a learned skill)
so that the learning curve can be used to determine
the number of times clinical skills are learned and
determine the number of times The standard of
skill performance, while achieving effective
clinical training, saved costs and instead of
spending time on performing clinical skills in

which mastery has been gained, time should be
spent in performing skills in which the level of
mastery gained is as high as sufficiency of 75% is
not reached and besides that, new skills that are
the future job needs of doctors should be included
in their curriculum. Compilation of educational
standards will help evidence-based education and
is one of the ways to improve the quality of
education and educational efficiency.
Standardization of assistant clinical skills training
program, in addition to the above, can help to save
educational resources, document schedule of the
training program, design a log book to record
clinical skills, modify the training program, and
finally improve the clinical competence of
graduates. In view of the above, the aim of this
study is to determine the appropriate educational
standard for the frequency of CV Line placement
through the jugular vein based on the smoothing
of the learning curve, the average of achieving
75% proficiency, and the percentage of students
who have achieved the required proficiency. In the
present study, in addition to strengthening the
body of knowledge about how to acquire clinical
competence in relation to medical skills; In
particular, the insertion of central venous catheters
should be evaluated as a challenging issue in the
field of patient safety, which is one of the
significant topics of research in the last two
decades.

Conclusion

Embedding CV Line five times leads to the
improvement of results in the clinical competence
of medical students in the field of emergency
medicine. Using the results in the medical
assistant training curriculum can be one of the
most practical results of this research. Also, the
results of this study have helped evidence-based
education and are among the strategies to improve
the quality of education and improve patient safety
through infection control.
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Tables
Table 1. To collect data, a proficiency checklist was used to assess CV Line placement skills, as
shown below:
CV Line Placement SKill Proficiency Checklist
Scoring:

o Rejected (0): Not performed or incomplete.
o Failed (1): Performed with inadequacies.
e Passed (2): Successfully performed.
Items:
1. Indication and Contraindication Assessment:
e 0: Not assessed
o 1: Assessed with appropriate consideration of indications and contraindications.
2. Pre-Procedure Equipment Preparation:
e 0: Not prepared
e 1. Properly selected and prepared necessary equipment before initiating the
procedure.
3. Appropriate Technique Selection:
e 0: Inappropriate
o 1: Selected suitable technique based on patient conditions.
4. Hand Hygiene and Proper Use of Protective Gear:
e 0: Not observed
o 1: Practiced proper hand hygiene and used appropriate protective gear.
5. Correct Prep and Drape Application:
e 0: Not performed
e 1: Successfully performed prepping and draping.
6. Effective Local Anesthesia and Sedation Utilization:
e 0: Not applied
o 1: Utilized suitable local anesthesia and sedation techniques.
7. Patient Positioning According to Chosen Technique:
e 0: Incorrect
o 1: Placed the patient in an appropriate position considering the chosen technique.
8. Needle Insertion with Appropriate Technique:
e 0: Incorrect technique
e 4: Correctly inserted the needle using suitable techniques (heparinization, depth,
angle, site).
9. Proper Wire and Catheter Placement:
o 3: Correctly placed wire and catheter.
10. Correct Catheter Embedding Duration:
e 0: Incorrect duration
e 1: Properly embedded the catheter for the appropriate duration.
11. Assurance of Inserted Catheter’s Functionality:
o 2: Ensured functionality of the inserted catheter.
12. Secure Catheter Fixation:
e 0: Not secured
e 1: Adequately fixed the catheter in place.
13. Post-Procedure Chest X-ray Consideration:
e 0: Neglected
o 1: Considered post-procedure chest X-ray after completion.
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Table 1. Mauchly's Test Results for Sphericity Assumption

Within-Subject Factor Mauchly's Test | Chi-Square | Df | Significance Greenhouse-Geisser Epsilon
Stages 0.064 25.75 9 0.0 0.580
Table 2. Results of Repeated Measure ANOVA
Source of Variation Sum of Squares Degrees of Freedom Mean Squares | F Value | Significance
Stages 401.44917 35.2 19.19316 320.572 0.00
Error 0.072276 43.67 0.7533
Table 3. Post Hoc Test Results
Stages Comparison SE Mean difference Significance
Stage 1 vs. Stage 2 0.69 -13.33 p<0.01
Stage 1 vs. Stage 3 1.37 79.75 p<0.01
Stage 1 vs. Stage 4 1.12 38.84 p<0.01
Stage 1 vs. Stage 5 1.11 47.87 p<0.01
Stage 2 vs. Stage 3 1.29 -46.12 p<0.01
Stage 2 vs. Stage 4 0.99 -83.25 p<0.01
Stage 2 vs. Stage 5 141 -34.8 p<0.01
Stage 3 vs. Stage 4 0.57 -13.36 p<0.01
Stage 3 vs. Stage 5 1.4 -33.22 p<0.01
Stage 4 vs. Stage 5 1.16 -96.08 p<0.01

Figure 1 displays the results of the analysis, indicating the following significant findings: The clinical skill
scores at Time 1 (M = 29.13) were significantly lower than those at Time 2, 3, 4, and 5. The clinical skill scores
at Time 2 (M = 46.42) were significantly lower than those at Time 3, 4, and 5. The clinical skill scores at Time
3 (M = 93.74) were significantly lower than those at Time 4 and 5. The clinical skill scores at Time 4 (M =
30.68) were significantly lower than those at Time 5. In summary, over time, there has been a notable increase
in clinical skill scores, indicating an improvement in the ability to perform tasks.
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