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Background: Establishing intravenous access in newborns in an emergency situation is a challenge even for well-trained neonatologists.
As not all hospitals have a neonatology department, other specialists such as anaesthesiologists and obstetricians must also be able to quickly
establishing venous access. Consequently, there is a need for teaching strategies that can be used for a large group of people.

Aim: To evaluate the applicability and the acceptance of a teaching method for umbilical venous access that can be implemented in
hospitals with obstetric departments following the principles of simulation-based learning.

Methods: Single-center cross-over pilot-study with video-based teaching of medical students using a model with fresh umbilical
cords. The volunteers performed three techniques: standard umbilical cord cut - umbilical button cannula (S-EUC), lateral incision -
umbilical button cannula (L-EUC) and standard umbilical cord cut - umbilical catheter (S-UC). Participants’ acceptance of the
teaching method was evaluated using Likert-scale.

Results: The video teaching was considered as easy to learn and understand for all three techniques. After practicing on the model, most
participants believed that they could successfully apply at least one of the techniques if faced with a real emergency situation. Subjects were
able to perform the techniques in similar timescales to those published in the literature for the standard technique (S-UC).

Conclusion: The teaching method combining video learning and practical training on real umbilical cords, is suitable for teaching
venous access in newborns even for untrained personnel. The model can be replicated using materials every obstetrics department has
at hand.

Plain Language Summary: This study was conducted to improve how medical staff learn to perform emergency procedures on
newborns, specifically umbilical venous access. This procedure is crucial in emergencies but is rarely needed, making it hard to
practice. The researchers wanted to create a teaching method that is easy to use and does not require a lot of resources. They used real
umbilical cords to create a realistic training model and conducted explicit teaching videos for every technique. Medical students
watched these instructional videos to learn the procedure. Students practiced the procedure using the model. The researchers found that
the video teaching method was effective. Students felt prepared to handle real emergencies. One technique, called S-EUC, was the
fastest and most successful. The teaching model and the video-based approach is cost-effective and can be used in hospitals with
limited resources. These results mean that hospitals can adopt this teaching method to better prepare their staff for neonatal
emergencies. The study suggests that using video instruction and real umbilical cords is a practical way to teach important medical
skills. This approach could lead to faster and more successful emergency care for newborns.
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Introduction

Teaching practical skills to medical staff is a challenge in today’s hospital environment due to staff shortages during
ongoing hospital operations, high workloads and financial constraints. Emergency procedures, including advanced
resuscitation, are infrequently required but rely heavily on the practitioner’s experience for success.' This is especially
true in neonatology, a field in which resuscitation is required in only 0.1 to 1% of births.>* Since not all hospitals have
a specialized neonatology department, medical staff from the obstetric department and anaesthesiologists are more
frequently affected by such situations than highly qualified neonatologists.” Specific training can improve the quality of
resuscitation in both high level (up to 30%) and low-level facilities (up to 20%).” Therefore, the implementation of well-
designed teaching and training models for neonatal emergencies is crucial.

One of the most challenging procedures in the delivery room is establishing access to the neonatal vascular system. Even
well-trained neonatologists often face technical difficulties and require multiple attempts for this task.® However, establishing
venous access for the administration of drugs and fluids is a crucial step in neonatal emergencies. Current guidelines recommend
umbilical venous catheterization (UVC) and intraosseous (I0) access, with UVC as the primary option and IO access as an
alternative due to lack of data on the safety of IO access.”” However, simulation studies have implicated that the IO access can be
placed faster than UVC access (52 sec (i.0) vs 134 sec (UVC), 45 vs 95 sec; 59 vs 105 sec; 86 vs 199 sec).'®!% In neonatal
emergencies, physicians must choose the safest and quickest technique for venous access. It should also offer realistic training
opportunities for ample preparedness.

Leaving the old mantra “see one, do one, teach one” behind, simulation-based learning has gained a prominent
position in medical education over the last two decades.'*"'* In its simplest form, it consists of a simulation in which
participants perform a task on a model within a realistic, yet controlled environment. In this way, skills can be learned
without jeopardizing patient safety.'>'” Simulation training can be integrated into an existing curriculum or delivered
as a stand-alone unit with an associated theoretical unit. When teaching the positioning of UVCs, the theoretical
knowledge can be taught through video sequences, which has proven to successfully enhance the skills of beginners
and advanced practitioners in the past.'® Practical training can be carried out on commercially available plastic
umbilical cords or on task trainers.'” However, the use of real umbilical cord specimens incorporated into models
provides a more realistic training experience, as it is the actual organic material on which the emergency access
techniques will later be applied."

The aim of the study was to design a teaching and training model for umbilical venous access, based on the
principles of simulation-based teaching. The field of neonatology is a perfect role model when considering the fact,
that its contents are to be found in every part of the world, every kind of medical setting and accounts for a huge
amount of possibly affected patients. It should be possible to implement it in almost any hospital using existing
material with minimal personnel and financial effort. The main study hypothesis was that the training method would be
evaluated positively by the participants, giving them the feeling of being well prepared for the task and the real
emergency situation. We concluded that the training method and the video-based approach would adequately prepare
unexperienced participants to apply a technique quickly, resulting in times to success comparable to those reported in
existing literature for the standard procedure inserting the umbilical catheter through the standard umbilical cord cut
(S-UC).'* 2 Results concerning the time to successful cannulation have been published elsewhere.”’ Mean time until
successful vascular access was within the expected and hitherto known ranges for other kinds of emergency access in
manikin studies. These results confirm that the video-teaching technique is able to match the standard teaching
technique using a “bench-side” approach.
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Materials and Methods
Setting and Subjects

A single-center, prospective, randomized, controlled study in a 3%3 cross-over design was conducted at the level III
neonatal intensive care unit of the University Medical Center of Freiburg, Germany. 45 medical students from the third to
tenth semester of the Medical Faculty of the University of Freiburg were enrolled between November 2019 and
February 2020. None of the students had any previous practical experience in neonatology or obstetrics. Each participant
had to agree to the potential biohazard of working with human tissue. Approval for the study was granted by the Ethics
Committee of the University of Freiburg, Germany (No.10007/20). Registration was made with the German Clinical
Trials Register, registration number DRKS00019197.

Simulation Models

Fresh umbilical cord specimens were anonymously collected by midwives in the delivery room directly after birth with
parental consent. The umbilical cords were cleaned externally from blood and the umbilical vein was rinsed with saline
fluid. The cords were then stored in a refrigerator at 7°C for up to 120 hours or frozen for a maximum of two weeks. To
simulate the situation in the delivery room the specimens were divided in three equal parts and then each part was
integrated into a true-to-life model. The umbilical cord was drawn through the extended opening of a baby bottle suction
teat (NUK, Zeven, Germany, size one) and clamped on the placenta-side part. In order to imitate a blood-filled umbilical
vein, they were filled with coloured aqua ad iniectabilia (BRAUN, Melsungen; Colour solution: RAL Diff-Quik Solution
II, RAL Diagnostics, Martillac) and the umbilical cord was clamped. To create a scenery comparable to the situation in
the delivery room, the cord specimen model was covered with an incised sterile single-use drapes (Figure 1). Each test
was continuously observed by the instructor who did not intervene but was allowed to hold and “milk” the umbilical cord
to improve venous filling, which is comparable to real-life situation, where a 2™ person is also needed to assist.

Randomization

The statistic department of the University of Freiburg recommended testing the 3 different techniques in varying order.
The participants were randomized electronically to one of three groups, with only the first technique being varied. The
subsequent order was kept to avoid potential carry-over effects. Group 1 started with “lateral incision - emergency button
cannula” (L-EUC), followed by “standard umbilical cord cut - umbilical catheter” (S-UC) and finally “standard umbilical
cord cut - emergency button cannula” (S-EUC); Group 2: S-EUC/L-EUC/S-UC; Group 3: S-UC/S-EUC/L-EUC.

Teaching

For each technique, a two-minute instructional video was created to explain the upcoming procedure and the equipment
to be used. The equipment included: 1 surgical forceps, 1 anatomical forceps, 1 umbilical cord string, 1 scalpel size 11, 1
umbilical emergency button cannula (Meiser Medical GmbH, Neuenstein, Germany, Size 70 mm), 1 umbilical catheter
(Vygon, Ecouen, France, Size 4 Fr; 20 cm), a 2-mL saline filled syringe (BRAUN, Melsungen, Germany). The videos

Figure | Experimental Setup. (A) Umbilical cord after retrograde filling of the umbilical vein with dye. (B) Study equipment used in each of the three parts of the
experiment: umbilical cord string, forceps (2x), scalpel, emergency button cannula and umbilical catheter (from left to right). (C) Final umbilical cord set-up.
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show the execution of the respective technique from start to finish with additional explanations and instructions. The
participants were consecutively tested in all 3 techniques. Directly before the respective technique to be tested the
corresponding video was available for 10 minutes and could be watched on demand by the subjects.

Assessment of Satisfaction

A standardized questionnaire with 21 items, rated on a 1-5-point or a 1-4-point Likert-scale, was used to evaluate the
subjects’ satisfaction with each of the three techniques as well as the with teaching method. A further question asked the
participants about their pre-existing experience with the application of central and peripheral lines. The questions and the

participants’ answers are shown in Table 1 and Table 2.

Outcomes

The primary outcome was the effectiveness of the video teaching technique by measuring the duration in seconds to establish
access to the umbilical vein, defined as the time from the first touching of the materials to aspiration of the coloured solution
after successful insertion of the device to an insertion depth of 5 cm. Inability to gain intravenous access or a catheter
misplacement in Wharton’s jelly outside the umbilical vein that could not be corrected were both rated as failures and recorded

as a time duration of 300 seconds. Participants’ evaluation of the video-based teaching method was a secondary outcome.

Table | Demographic data and already existing experience with handling of peripheral and central lines

Group | Group 2 Group 3 P value
L-EUC/S-UC/S-EUC S-EUC/L-EUC/S-UC S-UC/S-EUC/L-EUC
n/15 (%) Mean n/15 (%) Mean n/15 (%) Mean
(Cl 95%) (Cl 95%) (Cl 95%)
Gender Female 8 (53.3) - 9 (60) - 8 (53.3) - -
Male 7 (46.7) - 6 (40) - 7 (46.7) - -
Age - 23.9 (22.7-25) - 24.4 (22.8-26) - 23.5 (22.2-24.9) 0.75
Semester - 8.1 (7.2-9) - 7.7 (6.8-8.7) - 7.7 (6.6-8.9) 0.77
Experience peripheral - 2.93 (2.22-3.64) - 2.67 (1.92-3.41) - 3.13 (2.48-3.79) 0.63
lines
Experience central - 1.60 (1.25-1.95) - 1.53 (1.03-2.04) - 1.47 (1.00-1.93) 0.59
lines

Abbreviations L-EUC, Lateral Incision-Emergency Umbilical Cannula; S-UC, Standard Intersection — Umbilical catheter; S-EUC, Standard Intersection -
Emergency Umbilical Cannula.

Table 2 Questions |1-4: Evaluation of teaching technique before (questions | and 2) and after (questions 3 and 4) the practical
exercises with standardized questionnaire rated on a 5-point Likert-Scale

L-EUC s-uc S-EUC S-UC vs L-EUC | S-EUC vs L-EUC | S-UC vs S-EUC
Mean (SD) Mean (SD) Mean (SD) P P P
|. Method understood after video 1.2 (0.39) 1.2 (0.39) 1.1 (0.29) 0.99 071 0,71
2. Will be able to use the method after watching video 1.9 (0.70) 1.8 (0.48) 1.4 (0.53) 0.99 <0.05 <0.05
3. Was able to use the method in the study 1.8 (0.93) 1.7 (1.1) 1.5 (0.73) 0.99 0.35 0.99
4. Video is suitable for teaching the technique 1.2 (0.44) 1.2 (0.61) 1.1 (0.25) 0.99 0.64 0.34
5. Would use technique in an emergency 1.9 (0.59) 1.7 (0.46) 1.9 (0.74) 0.99 0.99 0.99

Notes: |=Strongly agree to 5=Strongly disagree Question 5: 4-point Likert-Scale 1=S-UC; 2=S-EUC; 3=L-EUC; 4=None.
Abbreviations L-EUC, Lateral Incision-Emergency Umbilical Cannula; S-UC, Standard Intersection—Umbilical catheter; S-EUC, Standard Intersection-Emergency
Umbilical Cannula.
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Sample Size
The mean time to venous access was assumed to be 117 seconds,® according to published data, giving a total sample size
of 45 participants at a significance level of p<0.05 with a power of 80%.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 10.02 and SPSS (V.24.0; IBM). A non-parametric Wilcoxon
rank-sum test was used to analyse non-parametric data, the chi-squared test for contingency data and the Kruskal-Wallis
test for comparison tests. A linear mixed-effects model as described by Senn was used to analyse positioning times in this
three-group cross-over design, which can separate the (a) effect of time period (ie, whether the participant performs his or
her first, second, or third technique) from (b) the effect of the group to which the participant belongs and from (c) the
effect of the technique used.?! The results of this contrast analysis represent the number of seconds a participant needs to
perform a specific technique within a certain period while belonging to a particular group. Subsequently, the effect of the
different techniques on the expected outcome can be calculated allowing a statistically reliable conclusion to be made as
to whether one technique is significantly superior to the others in terms of time. To compare the positioning times from
this study with the times reported in the literature, the average time for each access method was also calculated. To
analyse the influence of prior experience and education level in connection to performance, a linear regression analysis
was performed, using the mean positioning times of the probands as the dependent variable. A two-tailed p-value of
<0.05 was considered significant. Data are described using means and 95% confidence intervals.

Results

Randomized into 3 groups of 15 participants each, all 45 students completed the study. There were no significant
statistical differences between the three groups in terms of education level, previous experience with peripheral and
central line placement and gender distribution. The demographic data of the subjects are listed in Table 1.

Overall mean duration for the L-EUC technique until intravascular access was 89.3 sec (95% CI: 72.3—-106.5 sec) while the
failure rate was 4.4% (n=2). S-EUC was the fastest technique with an overall mean duration of 89.2 sec (95% CI: 66.9-97.6 sec),
also showing the lowest failure rate: 2.2% (n=1). The S-UC technique showed the longest overall mean duration until placement
with 115.1 sec (95% CI: 94.7-135.5 sec), also having the overall highest failure rate of 8.9% (n=4) (see Figure 2).

We also assessed whether the time to successful cannulation was influenced by the students’ level of training. Using
the linear regression model, neither previous experience with central venous access (p=0.49; R* =0.011; rc =—5.02) nor
with peripheral venipuncture (p=0.095; R? =0.064; rc=—7.53) had a significant impact, but the regression indices
indicated slightly shorter times with increasing training level and pre-existing knowledge (p=0.15; R? =0.048; rc=—0.22).

The results of the questionnaire regarding the preference for a specific technique as well as on the video-based
teaching approach are shown in Figure 3 and Table 2. In terms of the used device, the emergency button cannula was
preferred to the standard umbilical catheter by 68.9% of the students and 80% rated the standard umbilical cord cut
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Figure 2 Time to success to implement the cannula correctly and comparison of mean ClI values between the different techniques.
Abbreviations: L-EUC, Lateral Incision-Emergency Umbilical Cannula; S-UC, Standard Intersection-Umbilical Catheter; S-EUC, Standard Intersection-Emergency Umbsilical
Cannula.
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Figure 3 Preferred technique as stated by the participants in the questionnaire. Pie charts for the whole group (n=45) (top) and for the 3 different rotation groups (n=15
each) in columns (bottom). (A) Preferred technique if emergency access required in the event of an emergency (B) Favoured device after testing all three techniques. (C)
Favoured intersection technique after testing all three techniques.

Abbreviations: L-EUC, Lateral Incision - Emergency Umbilical Cannula; S-UC, Standard Intersection - Umbilical Catheter; S-EUC, Standard Intersection - Emergency
Umbilical Cannula.

access more promising than the lateral incision. 62.2% would use the S-EUC technique if confronted with a delivery
room emergency (S-UC: 26.7%; L-EUC: 11.1%).

Prior to the practical exercises and after watching the explanatory videos of each of the three vascular access
techniques, participants rated the video-based teaching method as easy to understand (S-EUC 91.1/8,9%; L-EUC 82.2/
17,8%; S-UC 82.2/17.8% strongly agree/agree). They also rated their chances of successfully applying the respective
technique in the following scenario as positive (S-EUC 64.4%/33.3%; L-EUC 28.9%/51.1%; S-UC 26.7%/71.1%
strongly agree/agree). After completing the practical exercises, participants assessment of their ability to perform the
respective techniques remained positive (S-EUC 64.4/22.2%; L-EUC 46.7/35.6%; S-UC 60.0/17.8% strongly agree/
agree). Overall, the videos were rated as suitable for teaching the different techniques (S-EUC 93.3/6.7%; L-EUC 84.4/
13.3% S-UC 82.2/13.3% strongly agree/agree). Only one question showed a statistical difference for the three techni-
ques: Prior to and after the practical exercises, the participants rated the probability of successful use of the S-EUC
technique better than for the L-EUC and S-UC techniques (see Table 2). After the video teaching and practical exercises,
most participants thought that they could successfully apply at least one of the techniques if faced with a real emergency
situation (37.8/48.9 strongly agree/agree).

Discussion

The aim of this study was to develop a useful teaching strategy for neonatal emergency vascular access techniques using
the umbilical cord. Because not all hospitals have a specialized neonatology department, different medical specialties and
therefore many individuals within a hospital need to be capable of establishing venous access in neonatal emergencies.’
Consequently, the teaching strategy should be temporally flexible, easy to replicate, should require minimal human
resources and be cost efficient.

Theoretical knowledge was taught through video training in this study. This form of visual instruction is well-suited for
imparting practical skills and has been successfully utilized in the surgical field.?>** The advantage of video-based teaching is
the standardized form, the continuous and unlimited availability and reduced necessity of teachers. When uploaded to an
online platform, students can watch the videos at home and on demand, giving them the opportunity to customize the sequence
and pace according to their needs.** In this way, the learning process can take place independently of the hospital’s practical
working hours and implements the possibility for long lasting retention of knowledge by using the video and model over and
over again. The video teaching was well perceived by the study participants. When asked if they had understood the video, all
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of them answered positively. The majority also thought that they could perform the technique well after watching the video. As
expected, the more applicable techniques in clinical use were found to be the most popular (S-UC and S-EUC). Eleven
participants opted to answer neutrally, with most students giving this answer regarding the L-EUC technique, which might
suggest that the technique itself was perceived as difficult to perform. Virtual reality simulation was thought to enhance the
quality of simulation models and transfer of knowledge. Unfortunately, even recent research could not present suitable
evidence for the teaching of technical skills.*>*

Models within simulation-based training can take various forms, such as virtual reality simulators, simulation
mannequins or task trainer.”” When selecting the model, the objective should be kept in mind. In the case of this
study, the aim was to design a teaching method for a specific technique that should be imparted on many people, putting
the focus on low cost, easy reproduction and almost unlimited availability of materials while also entailing the highest
fidelity possible. Task trainers offer a useful option for this type of teaching. They are partial body simulators that are
used for teaching specific techniques or tasks.?” The fidelity of these models can vary. In the case of umbilical venous
access, the actual material on which the emergency access will be placed on later can be used, giving it the highest degree
of realism in contrast to commercially available task trainers for different emergency access techniques.

The mean time until successful vascular access in our model was within the previously reported ranges for other kinds of
emergency access in other manikin studies.'® ' The participants also answered the question of whether they could imagine
using one of the techniques in a real emergency largely positively, apparently thinking that the haptics and technique would
not differ greatly from our model. These two findings give us reason to believe that the model has sufficient accuracy for
comprehensive teaching. It is also cost-effective and has an almost unlimited availability, since umbilical cords can be
easily collected in hospitals with obstetrics departments. They can be frozen for several weeks before further processing.
Consequently, umbilical cords can be collected over an extended period and preserved for extensive training sessions. All
other material used in this study should also be easily available in every low-level hospital.

Regarding the secondary study objective, it was found that the techniques using the button cannula allowed faster
placement than the one using an umbilical catheter. Therefore, these techniques were more comparable to the placement
times of the IO method. As there is still uncertainty about the safety of 10 access and since the time advantage of 10
access over UVC placement seems to decrease when using the button cannula this new method with its two different
access routes could strengthen the position of umbilical venous over the IO access in national and international guidelines
with further research.

However, there are different limitations of our model. For example, since the dye filled into the umbilical vein stained
the vessel more than blood in the umbilical vein, the probands had an advantage compared to the real situation. Since no
model study depicts the real-life situation perfectly, it cannot be ruled out that in a real emergency the success rate and
time to success may vary from our study.

Conclusion

According to our results, the teaching method of this study seems to be well suited to teach umbilical venous access to
a large group of non-pre-trained medical staff in a hospital. The method of imparting theoretical knowledge and training
venous access is easy to replicate, cost-effective, and requires minimal financial and human resources while ensuring
rapid skill acquisition. We are aware that a combination of video instruction followed by individual training cannot cover
the subtleties of neonatal emergency care, we believe our model serves as an effective alternative to hands-on instruction
by an experienced neonatologist. Furthermore, the new technique using the button cannula instead of the standard
umbilical catheter displayed shorter duration until correct placement of the device as well as a low failure rate, making it
a promising alternative that should be investigated further.

Our model is a practical and cost-effective method for teaching neonatal emergency venous access, with implications
for medical education theory as well as real-world hospital training protocols. Video-assisted learning combined with real
umbilical cords is an effective training approach that could be widely adopted in hospitals with limited neonatal
expertise. Future research could focus on validating this method in additional clinical settings and the approach to

optimize training for neonatal emergency protocols.
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