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SIMULATED PERIPHERAL VEIN CATHETERIZATION SKILL.
A FRESH PLACENTAL MODEL MAY BE A GOOD MODEL IN
LOW RESOURCE SETTINGS. IS IT AS GOOD AS THE “GOLD
STANDARD™?

HABILIDAD SIMULADA DE CATETERISMO DE VENAS PERIFERICAS. UN
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Abstract

Introduction: Nowadays, practical learning is an important part of Medicine
degree, and even more in low- and middle-income countries (LMICs). To teach
some regular techniques, such as peripheral vein catheterization (PVC), simulation
models are being used. They create safer realistic scenarios for students to practice
and feeling safer. There are several different techniques and models for teaching
this performance, to learn several techniques. The aim of this study is to validate a
new placenta simulation model for peripheral vein canalization learning.
Methods: We designed an observational study on ten sixth-grade medicine
students who performed ten procedures in placentas plus ten other procedures
in mannequins, the gold standard simulation model. During the catheteriza-
tion technique or activity, successful and failed punctures with each model were
registered and this data was used to elaborate learning curves with the Cummula-
tive sum (CUSUM) method.

Results: Placental model proved to be as useful as mannequins for learning the
technique. Most of the students acquired the competence in PVC, with a rate of
success of at least an 80%, after ten procedures. Also, satisfaction surveys were
handed over for students to evaluate their learning process. Most of them expressed
to have learnt better with placental model and found simulation use very positive
for medical students training.

Discussion: The new placenta model was at least as good as the standard. 10 attempts
of PVC were enough to learn the skill in most students with any of both models.
Placenta availability is cheap and can be used wherever deliveries may take place.

Resumen

Introduccion: Hoy en dia, el aprendizaje practico es una parte importante de los
estudios para el Grado de Medicina, y mds aun en los paises de ingresos bajos y
medios (LMICs). Para ensefar algunas técnicas habituales, como el cateterismo
de venas periféricas (PVC), se utilizan modelos de simulacién. Crean escena-
rios realistas mas seguros para que los estudiantes practiquen, sintiéndose mds
seguros. Existen varias técnicas y modelos diferentes para enseflar esta actuacion
y aprender esta y otras técnicas. El objetivo de este estudio es validar un nuevo
modelo de simulacién de placenta para el aprendizaje de la canalizaciéon de venas
periféricas.

Métodos: Diseiamos un estudio observacional en diez estudiantes de sexto grado.
estudiantes de medicina que realizaron diez procedimientos en placentas mas
otros diez procedimientos en maniquies, con el modelo de simulacién estandar.
Durante la técnica de cateterismo, se registraron punciones exitosas y fallidas con
cada modelo y estos datos se utilizaron para elaborar curvas de aprendizaje con el
método CUSUM (suma acumulativa de casos).
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Resultados: El modelo placentario demostrd ser tan util como los maniquies para el
aprendizaje de la técnica. La mayoria de los estudiantes adquirieron la competencia
en PVC, con una tasa de éxito de al menos un 80%, tras diez procedimientos. para
que asi los estudiantes evaluen su proceso de aprendizaje. La mayoria de ellos
expresaron haber aprendido mejor con el modelo placentario y encontraron el uso
de la simulacién muy positivo para la formacidn de los estudiantes de medicina.
Discusion: El nuevo modelo de placenta era al menos tan bueno como el estandar.
10 intentos de PVC fueron suficientes para aprender la habilidad en la mayoria de
los estudiantes con cualquiera de ambos modelos. La disponibilidad de placenta es
econdmica y se puede utilizar dondequiera que se realicen partos.

INTRODUCTION

Practical skills acquisition is an important aspect
of medical education in high income countries
(HICs) and in LMICs. Medical students, nurses and
non-physician anesthesia providers (NPAPs), must
learn some basic competences. Among these skills,
we can find peripheral vein canulation (PVC).

PVC is usually taught to medical students and other
learners using simulation on plastic mannequins,
that may be similar, or not, to real patients.
Frequently mannequins may have been used by too
many students, so it may be difficult to learn this
skill. The problems with this conventional model
are, the cost of the mannequins, the repeated use
of them, the number of punctures at the same place
and lack of realism of the model.

Mannequins are expensive, and are not available
in many countries, or at peripheral hospitals or
centers.

Placenta as a simulation model has been described
for neurosurgical and vascular techniques (1) We
have recently described and published a new model
to teach medical students peripheral vein canaliza-
tion using fresh human placenta. (2) The placenta
model is a “closed blood circuit” full of veins in
the fetal side of it, that are available to be used by
tutorized medical students.

Training in practical skills can follow different
methods. From the classic model thatis the “see-one,
do-one, teach-one” (3) to nowadays, the learning
models have changed significatively. Learning must
be based on the competences and acquisition of
skills (4). Each student, or resident, requires indivi-
dual attention, which is not necessarily the same
in all cases. The use of objective evaluation tools
facilitates this individualization, while allowing
planning the average number of procedures
necessary to acquire the selected competence that
is going to be evaluated. To analyze the acquisition
of competencies, while learning different techni-
ques in some particular fields, such as anesthesia
(5) and surgery, the Cumulative Sum (CUSUM)
statistical method is frequently used (6). CUSUM
method allows the development of learning curves
that reflect how the performance of the technique
improves over time, after successive attempts.

The proposed hypothesis is that the placenta
is as reliable as the conventional method with
mannequins, or even more reliable than the simula-
tion mannequin for learning PVC.

Our goal is to validate the simulation model with
placenta, compared with the use of mannequins,
for learning PVC in a group of sixth-year medical
school students.

METHODS

After Local Hospital and University Research
Ethics Committee/Institutional Review Board
approval (PI-4991. Madrid, November 29%" 2021.
President Ethics Committee Dr. Emma Fernandez-
Uzquiano) and written informed consent obtained
of all women and students, we designed a unicen-
tric observational study based on a teaching
activity called “peripheral vein cannulation” (PVC)
included in the official program of our medical
school in conventional simulation mannequins and
in human fresh placenta after delivery. We used
20G standard iv cannulas.

We studied the performance on this skill, PVC, of
10 volunteer students at 6™ year medical school.
We divide the students in 2 groups of 5 persons
each. Group 1 started the PVC at the hospital
obstetric delivery suite with human placenta
specimens obtained from recently delivered
women. Group 2 started the PVC with conven-
tional mannequins in the simulation department
(room) of our medical school. Once persons in
every group had performed 10 attempts of PVC
in their initially assigned model, they exchanged
to the other one and they performed 10 additional
attempts of PVC.

The placentas were selected according to the
following criteria: Informed consent of the mother
and the student, regular size of the specimen
(excluded small specimens and coagulated
placental vessels), integrity of the placental tissue
and its venous net and a working cord clamp
closing the cord, to avoid placental exsanguina-
tion. An exclusion criterion was if the placenta
had to be sent to the pathology department for
any reason.
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Figure 1. Mannequin model (A) and placental model (B) after its use by students.

The total number of attempts was 200 (10
procedures each student on each model). (Fig. 1)

For anonymization of the students and the
correct handling of the information, each partici-
pant student received an identification code with
3 values: first the student itself with a number
from 1 to 10, second “a” for placenta group or
“b” for mannequin group, third which number
of performed procedure, also from 1 to 10. So,
the record 1 a 10 means; student number 1, uses
placenta (a) for his/her 10" attempt.

We considered “SUCCESS” of the PVC, when
it was introduced the iv cannula in the selected
vein and blood or fluid in the mannequin model
flowing through this catheter on the first attempt.
“FAILURE” was considered if any of the previous
criteria was not fulfilled.

We collected all data in an anonymized database
Microsoft® Excel® 2019 MSO (version 2202 compila-
tion 16.0.14931.20128).

To compare the data collected, the absolute
frequency and percentage of the qualitative
variables are provided and, of the quantitative
ones, the mean and standard deviation, if they
follow a parametric distribution, or the median
and range (non-parametric distribution). For the
hypothesis contrast of the qualitative variables,
the results were grouped into contingency
tables and the Pearson Chi Square statistical
test was applied. For quantitative variables, the
Mann-Whitney-Wilcoxon test (non-parametric
test) was applied.

The CUSUM statistical method (6) was applied,
and a learning curve was developed for each
student. If a curve reaches or crosses the lower
limit, with a value on the Y axis of -2.24, it means
that the success rate has been equal to or greater
than 80% and the objective of acquiring the skill
has been reached. If the curve exceeds the upper
limit, with a value on the Y axis of 2.24, it means
that the student has had a success rate of less
than 60%, which is considered unacceptable for
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the acquisition of the competence and indicates
that learning is uncontrolled. The space between
both limits corresponds to a success rate of
60-80% and indicates that learning is under
control.

After completion of this part of the study, the
participants were given an anonymous question-
naire to assess their attitude towards PVC, after
having tried both learning models. Questions 1
and 7 are dichotomous, with yes or no answers,
questions 2-6 and 8 admit answers from 0 to 10,
within a Likert scale (7), and questions 9 and 10 are
open questions. (Table 1)

RESULTS

100% of students performed the procedures both
in placenta and mannequin. Data collection and
procedures took 3 weeks, from January 20, 2022
to February 8" 2022. The global percentage of
success and failures on each group is shown in
(Fig.2). No differences were found between groups
(Pearson Chi square p=0,3).

We compared each student success rate with each
model, applying Chi square test. 8 of these students
did not show differences in success rate (p>0,05),
and student 5 and 10 showed differences (p=0,05
and p=0,02 respectively) (Fig.3)

We tried to determine if 10 attempts per student
were enough to reach the competence. For that
goal, we used CUSUM method to build learning
curves.

In group “1” (placenta), all the students, except
numbers 1 and 9, reached the competence after
a mean of 5 attempts (range 4-8). In group “2”7
(mannequins) all the students, except numbers 1
and 10, reached the competence after a mean of
6 attempts (range 5-9). Neither of the students
were under the unacceptable level of competence.
(Fig.4)
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Table 1. Students satisfaction survey

Use of Placenta vs Mannequin for Peripheral vein catheterization (PVC)

sHave you completed the 10 procedures on each model?
O Yes O No

Please give a score (0-10) of your learning process of PVC with the mannequin.
0123456738910

Very poor

Normal

Very good

Please give a score (0-10) of your learning process of PVC with the placenta.
0123456738910

Very poor

Normal

Very good

Please give a score (0-10) on the difficulty for PVC on the mannequin
0123456738910

None

Medium

Very high

Please give a score (0-10) on the difficulty for PVC on the placenta
0123456738910

None

Medium

Very high

After performing 10 procedures on each model, How prepared do you feel for a first live
6 experience on PVC?. Please score (0-10)

0123456738910

Not at all prepared

Medium prepared

Completely prepared

Do you consider the number of PVC procedures enough to learn the skill?

/ O Yes O No
g As a medical student, are simulation models, in general, useful for learning skills?
0123456738910
Not at all Indiferent useful Very
9 Would you like to add any other comment?
10 Do you have any suggestion for improvement in simulation?

We compared, using Mann Whitney-Wilcoxon
test, the number of required attempts required for
each student to reach the competence. We could
not find differences (p=0,09). There is a trend that
tavors the placenta group.

Finally, we analyzed the subjective evaluation
survey given to the students, with scores from 0 to
10. The learning experience of the PVC technique
with mannequins received a score equal to or
greater than 7 in six students, obtaining the highest

score (9-10) in three students. Learning PVC with
the placental model obtained a rating higher than
7 in 100% of the students and the highest rating
of 10, was given by eight students. The mean
difficulty subjectively recorded by the students,
when performing PVC in a mannequin was 6.8
and in the placenta was 3,9. Most of the students,
after the study, considered themselves prepared for
PVC in vivo with a mean score of 7,4. The useful-
ness of the simulation models for learning the PVC
technique received an average score of 9,2.
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Figure 4. CUSUM curves in pla-
centa (A) and mannequin (B).

Footnote 4: X axis: number of
channels (0-10). Y axis: CUSUM
value. E1: student 1; E2: student
2; E3: student 3; E4: student 4;
E5: student 5; E6: student 6; E7:
student 7; E8: student 8; E9: stu-
dent 9; E10: student 10. In graph
A, all the curves cross the lower
limit after 5 (range 4-8) trials,

except E1 and E9. In graph B, all
the curves cross the lower limit
after 6 (range 5-9) trials, except
EI and E10.

DISCUSSION

The placental model has proven to be at least as
useful for learning PVC as mannequins, considered
as a current reference model in 6™ year medical
students. Furthermore, the number of attempts
required to reach channeling proficiency was
similar comparing both models.

Numerous simulation studies use mannequins
for learning venous cannulation in nursing (8)
and medical (9) students. There are also publica-
tions on the use of cadavers (10) and other simpler
venipuncture devices (11). This is the first descrip-
tion that an attempt has been investigated to
validate a human placenta model for learning this
technique, as suggested by our group recently
(2). The fact that the activity under study (PVC),
can be performed and quantified in the placenta,
determines its content validity as a simulation
model. In addition, the similarity of results in the
placenta and the reference model (mannequin)
determines their concurrency validity, as it is
compared to “gold standard”. These concepts were
defined by McDougall in 2007 (12) on validation
criteria for surgical simulators and have served as a
reference for other authors (13).

It is not only interesting to know that the placenta
model contributes to learning, but also to what
extent it may serve as a preparation for students

to face the live PVC in their future patients. The
usefulness of the CUSUM curves is based on setting
the level of learning from which it is considered that
the student masters the technique sufficiently to
reproduce it safely in the current clinical practice.
The use of these curves in Medicine is common
to assess the progress of residents and students
acquiring a skill in procedures of some technical
difficulty, such as orotracheal intubation (14) or
epidural anesthesia (5, 15), among other skills.

There are publications of studies similar to the
present one, in which the puncture was tested in
patients (16) or in mannequins (8), and with ten
cannulations success rates of 67-77% were achieved.
In our study, ten punctures were enough for at
least eight students in each of the models tested to
master the technique. This fact, raises the need to
individualize the number of punctures in students
who require more attempts, since the percentage
of successes set to acquire the competence (80%)
could be very strict. This conclusion is reached by
other studies that have used the CUSUM method to
assess the learning of medical residents (14, 15, 17).

Simulation is essential nowadays in our educational
system, to teach the basics of clinical procedures
and skills in the development of a safe environ-
ment for students. These fictional activities provide
strategies to face real situations with greater skill,
confidence, and adaptability (8, 18). The benefits
for the student depend to a large extent on how
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they felt during their training (19). For this reason,
it is important to consider the perception of the
learning esperience of the students themselves,
reflected in satisfaction surveys (16). In our study,
all the participants considered in the surveys that
they had learned the PVC technique with placentas
very well and the students found PVC less difficult
compared to the mannequins. In summary, the
majority considered themselves ready to perform a
PVC in vivo and highly evaluated the use of simula-
tion for practical teaching in Medicine. We found
several limitations to our study:

The availability and useful life of the mannequins
is limited, favoring demotivation in the simula-
tion session, since many of them are repeatedl
punctured in the same places. Sometimes the filling
mechanisms are technically complex and may
require specific technical assistance.

The availability of placentas depends on whether
there are deliveries at the hospital, although the fact
that it is a biological product makes the variation in
the arrangement of the placental veins similar to the
variability also found in the daily clinical practice.

Simulation in LMICs is not an easy task, and
different strategies have been developed to increase
the access to this kind of resources.(20)

Low cost models have been implemented success-
fully in some LMICs (21)

Training programs, as SAFE programs developed
by WEFSA (22) and others (23) are useful, and in
this context, our model is an additional strategy to
teach the PVC skill easily and cheap.

The placenta model is cheaper, as it is a biolog-
ical product that is usually discarded is reused,
compared to a mannequin and its maintenance.
Placental vessels look more real and versatile in the
touch of the tissue and the thickness of the vessels,
presenting different degrees of difficulty depending
on the caliber of the vascular tree.

The PVC simulation activity with the placenta
could be part of the students' curriculum during
their clinical rotation, under the direct supervision
of the students' teachers and/or tutors.
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