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(" ABSTRACT )

Background: Midline catheters (MCs) are effective and safe devices that provide patients with intravenous
access within hospitals and healthcare facilities. This study aimed to investigate emergency medicine physi-
cians' and nurses' clinical skills and confidence in performing MC insertion after a directed simulation course.

Methods: This single-center study was conducted in King Faisal Specialist Hospital, Riyadh, Saudi Arabia,
among physicians and nurses in the emergency department. The study participants were recruited into a simu-
lation course. The participants' practical skills were assessed for quality improvement, and retrospectively, the
difference in pre-post measurement was analyzed, and a cross-sectional part included a survey of self-rated
comfort levels.

Results: A total of 51 participants were included in the study. Two-thirds of the participants were physicians
(66.7%), worked more than 15 shifts (66.7%), and were Saudi (66.7%). Most worked in governmental hospi-
tals (90.2%), and about half were residents (43.1%). There was a significantly high level of agreement among
the participants regarding the advantages of using a MC over central venous catheters (p-value < 0.001).
Participants’ total score regarding the comfort level in placing ultrasound-guided MCs and MC insertion pro-
cedural skills was significantly better after the training (p-value < 0.001 and <0.001, respectively). In addition,
physicians showed significantly higher scores in improving their procedural skills after the training (p-value <
0.001).

Conclusion: Medline catheters are a valuable device that can improve the management of such patients.
Therefore, they should have adequate knowledge and acquired practical skills regarding managing MC devices.
Physicians could achieve these skills through continuous training and practice.
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Introduction

Midline catheters (MCs) or medial venous catheters are
devices composed of polyurethane or silicone, have up to
two lumens, and have an available range of sizes. They
are about 8-20 cm long and are accessed in the periphery
of the upper arm or antecubital fossa, with the tip at the
axillary vein or below it [1-3]. The MC was initially
produced in the 1950s and utilized as a peripheral
vascular access approach into the 1990s [4].

MCs are designed for intravenous therapies with an
intermediate duration (generally ranging from 5 to 14
days) [5]. In addition, they are not regarded to dwell in the
central circulation, such as central venous catheters (CVC)
or peripherally inserted central catheters (PICC) [6].

MCs have shown multiple benefits, including providing a
continuous intravenous infusion of drugs, lower rates of

needle sticks, reducing the risk of phlebitis, cost-benefit
potency for the hospital, and low rates of complications
such as infections and catheter-related thrombosis.
Thus, MCs are the primary type of catheters for patients
requiring long-term infusion and could be a suitable
alternative to the PICC or short peripheral intravenous
catheters [7-9].
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Early utilization of MCs in the emergency department
(ED) for patients with difficult peripheral venous access
or anticipated lengthy hospitalization could be valuable
in many aspects. For example, reducing hospital service
costs, lowering catheter-related complications, and
consequently, helping manage the increased pressure
on healthcare providers to achieve patient satisfaction
[7,10,11].

Furthermore, satisfactory medical service can be provided
through the education and training of the medical
staff. For instance, the ED staff plays a significant role
in managing critically ill patients, so improving their
practical skills should be continuous. After technological
developments, learning in real situations became a less
popular approach to teaching medical professionals.
Thus, simulation training is a preferred and effective
method that maintains patient safety. The simulation
also allows the learners to develop expertise, comfort,
and skills and deal with less common situations without
assessing patients [12,13].

To the best of our knowledge, no previous studies in
Saudi Arabia were published investigating the impact of
simulation courses on healthcare providers working in the
ED; thus, this study was conducted to assess the clinical
skills and confidence of emergency medicine physicians,
residents, and nurses in performing MC insertion after a
directed simulation course.

Methods
Study design and setting

This single-center study was conducted in King Faisal
Specialist Hospital, Riyadh, Saudi Arabia. It is a mixed-
method study with a retrospective part and a cross-
sectional part. The first part included a simulation course
being done routinely in the ED as part of the training
requirement of the physicians and nurses. The practical
skills of the participants were assessed for quality
improvement purposes by the ED. The course provider
did the assessment using a pre-post objective structured
clinical examination on the same day. The difference in
pre-post measurement was analyzed. The cross-sectional
part of the research was done using a survey of self-rated
comfort levels (designed by the authors) through a five-
point Likert scale.

Study populations

Emergency medicine physicians, residents, and nurses
were invited to participate in the study. Quota sampling
was followed in the study. A total of 55 physicians and
nurses attended the training. Of these, 51 physicians and
nurses were included in the study, while four nurses were
excluded because they were not emergency medicine
nurses.

Statistical analysis

Data were extracted and entered into a Microsoft Excel
sheet. Data were statistically described in terms of
continuous data median [interquartile range (IQR)].
Frequencies (n) and percentages (%) were used for
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categorical variables. For calculating the score of
participants’ answers on agreement with the advantages
of using MCs over the CVC five-point Likert scale
questionnaire (strongly disagree, disagree, neutral, agree,
and strongly agree), responders’ answers were converted
to scores from one to five where one represents strongly
disagree and five represents strongly agree.

For calculating the total score of the responses to
the six-point Likert scale questionnaire regarding
comfort in placing ultrasound-guided MCs (extremely
uncomfortable, moderately uncomfortable, mildly
uncomfortable, mildly comfortable, moderately
comfortable, and extremely comfortable), responders'
answers were converted to scores from zero to five
where zero represents extremely uncomfortable, and five
represents extremely comfortable.

Regarding the procedural skills of MC insertion before
and after the training, each participant was given a score
of one to five points for each skill where 1 = “Sub-
optimal,” 2 = “Needs improvement,” 3 = “Fair,” 4 =
“Good,” and 5 = “Excellent.” A total score (out of 35
points) was calculated for each participant before and
after the training.

Nonparametric tests were used; the Wilcoxon Signed
Rank Test was used to compare the respondents’ scores
before and after the training. The Mann-Whitney test
was used to investigate the association between the total
score and the demographic characteristics. p-values less
than 0.05 were considered statistically significant. All
statistical calculations were done using the computer
program IBM SPSS (Statistical Package for the Social
Science; IBM Corp, Armonk, NY), release 26 for
Microsoft Windows.

Results

In total, 51 participants were included in the study, and
their complete characteristics are shown in Table 1.
Approximately two-thirds of them were physicians
(66.7%), worked more than 15 shifts (66.7%), were
Saudi participants (66.7%), and all of them were from the
central region (100%). The majority of the respondents
worked in governmental hospitals (90.2%). About half of
them were residents (43.1%).

The participants’ answers to the questions assessing the
agreement level on the advantages of using MC over the
CVC were compared. There was a higher statistically
significant agreement (p-value < 0.001) on using MC
over CVC in all aspects. Full details are illustrated in
Table 2 and Figure 1.

By comparing the overall score of the respondents’
comfort level in placing ultrasound-guided MCs before
and after simulation training, the score after the training
was significantly higher than before (p-value < 0.001).
Full details are illustrated in Table 3.

The ranking distribution for procedural skills’ score on
midline insertion after the training was significantly higher
than before (p-value < 0.001). In addition, the scores for
all aspects of procedural skills were significantly higher
after the course than before the training (p-value <0.001).
All details are described in Table 4 and Figure 2.



After comparing the total score of the participants after
training with the participants’ characteristics, physicians
had a significantly higher score than nurses (p-value <
0.001). Meanwhile, gender, type of hospital, and the
number of clinical shifts had no significant impact on the
total score. All details are in Table 5.

Discussion

There has been an increase in interest in using MC devices
in hospitals to avoid adverse events that occasionally
occur by using PICCs [14]. MCs are CVC, so they do
not cause central line-associated bloodstream infections.
In addition, they are longer than other peripheral
intravenous catheters and can dwell deeper than standard
peripheral intravenous catheters. Despite its frequent use,
venous access in the ED is an often-under-appreciated
procedural skill [6,7]. This study aimed to evaluate the
clinical skills and confidence of emergency medicine

Table 1. Baseline characteristics of the participants.

Study variables Frequency (n = 51) Percent

Job title

Physician 34 66.7

Nurse 17 33.3
Gender

Male 28 54.9

Female 23 45.1
Nationality

Saudi 34 66.7

Non Saudi 17 33.3
Place of residence

Central region 51 100.0
Type of hospital

Governmental 46 90.2

Military 1 2.0

Private 4 7.8
Number of emergency medicine practice years

Currently still a resident 22 431

2-5 years 8 15.7

6-10 years 9 17.6

11-15 years 4 7.8

16-20 years 8 15.7
Number of clinical shifts (Average per month in emergency medicine)

11-15 shifts 17 33.3

>15 shifts 34 66.7

physicians, residents, and nurses in performing MC
insertion after a directed simulation course.

Usually, inserting intravenous access in the ED may
fail in about 25% of the cases, especially in certain
conditions, including obesity, hypovolemia, chronic
medical disorders, history of intravenous drug use, or
vascular diseases [15]. Thus, introducing training is
essential to enhance healthcare providers’ skills and
maintain patients’ comfort.

Most studies only examined the use of MCs in the ED,
especially in patients with difficult access, with no
regard to assessing the effectiveness of training courses
[16-18,10,11]. To our knowledge, this is the only cross-
sectional study investigating the impact of simulation
courses on the clinical skills and confidence of emergency
medicine physicians, residents, and nurses in performing
MC insertion in Saudi Arabia.

In our study, the participants attended a simulation
workshop on placing ultrasound-guided MCs and their
insertion procedures. It was indicated that the workshop
was valuable, and the participants from physicians
and nurses reported significantly higher scores after
attending the workshop than before training. In addition,
the procedural skills of the participants, including
anatomical landmarks, ultrasound skills, sterile field
preparation, introducing the guidewire, introducing the
catheter, and applying the catheter caps, were improved
after the training.

On the other hand, the ultrasound guide for inserting
the cannula in the basilic and brachial veins has been
estimated to be helpful in an ED. Doctors and nurses
are practicing it in the same way [19,20]. Ultrasound
guidance is adopted worldwide, and MCs are now
frequently inserted by the modified Seldinger method
[21]. The insertion of MCs with ultrasound guidance has
multiple benefits, including that it is a safe, inexpensive,
and easy method for most patients; in addition, it is
helpful in correlating the location of the tip of MC with
the incidence of catheter-related venous thrombosis or
malfunction [22]. As a consequence of these benefits, the
participants in our study trained on using it and showed
a significantly better score after training than before
training.

Although nurses work longer hours in contact with
patients and usually perform most invasive procedures,
such as catheter insertion, physicians showed significantly
better scores regarding procedural skills after training
than nurses. In a similar concept, a study by Eraso et al.

Table 2. The respondents’ level of agreement on the advantages of using a MC over CVC (n = 51).

Factor Median IQR p-value
Easy to use 5 0 <0.001
Faster 5 0 <0.001
Fewer mechanical complications 5 0 <0.001
Less infectious complications 5 0 <0.001
Fewer placement failures 5 1 <0.001
Beneficial for patients lacking anatomical landmark 5 0 <0.001
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Figure 1. The frequency of the participant’s answers to the questions about the advantages of using a MC

over CVC.

Table 3. The respondents’ level of comfort in placing ultrasound-guided MC before and after training (n = 51).

Before training

Factor

Median

After training
Median IQR

p-value*

IQR

Level of comfort in placing ultrasound-guided MCs 0

<0.001

*Related-samples Wilcoxon Signed Rank test at a 0.05 level of significance.

Table 4. Effectiveness of a MC insertion course in improving procedural skills (n = 51).

Before training

After training

Procedural skills p-value*
Median IQR Median IQR
Anatomical landmark 3 3 5 0 <0.001
Ultrasound skills 4 3 5 0 <0.001
Sterile field preparation 5 1 5 0 <0.001
Introducing the guidewire 2 1 5 0 <0.001
Introducing the catheter 2 1 5 0 <0.001
Applying the catheter caps 3 1 5 0 <0.001
Applying the dressing 3 2 5 0 <0.001
Total score 21 9 35 0 <0.001
*Related-samples Wilcoxon Signed Rank test at a 0.05 level of significance.
[23] revealed that emergency physicians could safely
place MCs with few complications. — Mildly unz?yronfortable,

Furthermore, most participants strongly agreed that
MCs are casy to use, faster, have fewer mechanical
complications, infectious complications, and placement
failure rates, and are helpful for patients lacking
anatomical landmarks. This opinion is supported by a
previous review which stated that newer MCs produced
from hydrophilic biomaterials could limit the foreign
body response as they mimic the body’s chemistry. In
addition, these MCs have the potential to limit frequent
complications, lowering costs across healthcare facilities
and positively impacting patients [24].

This study assessed the effectiveness of the MC insertion
course in improving procedural skills through subjective
tools without examination of the practical skills on the
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Figure 2. The frequency of the answers to the level of comfort
in placing ultrasound-guided MC after training.




Table 5. Total score after the training compared over the participants’ characteristics (n = 51).

Score Median IQR p-value
Physician 35 0

Job title <0.001*
Nurse 32 6
Male 35 0

Gender 0.252*
Female 85| 1
Governmental 35 0

Type of hospital 0.480*
Private 85} 0
11-15 shifts 35 3

Number of clinical shifts (average per month) 0.374*
>15 shifts 35 0

*Independent-Samples Mann-Whitney U test at a 0.05 level.

ground. Further studies should include subjective tools
with practical analysis in evaluating the effectiveness of
the training courses.

Conclusion

According to our results, the total scores of the trained
participants regarding the comfort level in placing
ultrasound-guided MCs and improving procedural skills
of MC insertion after the training were significantly
higher than their scores before the training. Furthermore,
physicians had considerably better scores than nurses.
Medical staff in the ED, including physicians and
nurses, play a significant role in managing critically
ill patients and patient education on how to deal safely
with such devices. Therefore, medical staff must possess
expert knowledge of MC replacement, management,
and potential complications. Thus, applying training
programs is an efficient way to develop their skills. It
is also recommended that decision-makers implement
continuous training programs in the hospitals, which can
lead to improving medical care and patient outcomes.

Acknowledgment

The authors would like to thank Maha Abulfetoh for her
support in statistical analysis and manuscript editing.

The authors would like to thank Dr. Hani Hariri for his support
in conducting the course

List of Abbreviations

CcVvC Central venous catheters
ED Emergency department
MC Midline catheters

PICC Peripherally inserted central catheters

Conflict of interests
The authors declare there is no conflict of interest regarding
the publication of this article.

Funding
None.

Consent to participate
Written informed consent was obtained from all the
participants.

Ethical approval

Ethical approval was granted by the Ethics Committee/
Institutional Review Board/Research Committee at King
Faisal Specialist Hospital and Research Center in Riyadh,

171

Saudi Arabia via reference/letter number RAC# 2221032
dated: 28 February 2022.

Author details

Abeer O. Ghawanni', Afnan H. Elahi?, Hani Hariri, Sultan

Alfaifi*

1. Emergency Medicine Consultant, Program Director of
Emergency Medicine Residency Program, King Faisal
Specialist Hospital and Research Center, Riyadh, Kingdom
of Saudi Arabia

2.Emergency Medicine Specialist Physician, King Faisal
Specialist Hospital and Research Center, Riyadh, Kingdom
of Saudi Arabia

3. Emergency Medicine Consultant, King Faisal Specialist
Hospital and Research Center, Riyadh, Kingdom of Saudi
Arabia

4. Emergency Medicine Resident PGY-4, King Faisal Specialist
Hospital and Research Center, Riyadh, Kingdom of Saudi
Arabia

References

1. AlexandrouE,Ramjan LM, SpencerT, Frost SA, Salamonson
Y, Davidson PM, et al. The use of midline catheters in
the adult acute care setting-clinical implications and
recommendations for practice. J Assoc Vasc Access.
2011;16(1):35-41. https://doi.org/10.2309/java.16-1-5

2.  Griffiths V. Midline catheters: indications, complications
and maintenance. Nurs Stand. 2007;22(11):48-57.
https://doi.org/10.7748/ns2007.11.22.11.48.c6241

3. Cheung E, Baerlocher MO, Asch M, Myers A. Venous
access: a practical review for 2009. Can Fam Physician.
2009;55(5):494—6.

4. Chopra V, Kaatz S, Swaminathan L, Boldenow T, Snyder
A, Burris R, et al. Variation in use and outcomes related
to midline catheters: results from a multicentre pilot
study. BMJ Qual Saf. 2019;28(9):714-20. https://doi.
org/10.1136/bmjqgs-2018-008554

5. Bahl A, Johnson S, Mielke N, Chen NW. Risk factors for
midline catheter failure: a secondary analysis of an
existing trial. Ther Clin Risk Manag. 2022;18:999-1007.
https://doi.org/10.2147/TCRM.S383502

6. Adams Dz, Little A, Vinsant C, Khandelwal S. The midline
catheter: a clinical review. J Emerg Med. 2016;51(3):252—
8. https://doi.org/10.1016/j.jemermed.2016.05.029

7.  Moureau N, Sigl G, Hill M. How to establish an effective
midline program: a case study of 2 hospitals. J Assoc Vasc
Access. 2015;20(3):179-88. https://doi.org/10.1016/].
java.2015.05.001


https://doi.org/10.2309/java.16-1-5
https://doi.org/10.7748/ns2007.11.22.11.48.c6241
https://doi.org/10.1136/bmjqs-2018-008554
https://doi.org/10.1136/bmjqs-2018-008554
https://doi.org/10.2147/TCRM.S383502
https://doi.org/10.1016/j.jemermed.2016.05.029
https://doi.org/10.1016/j.java.2015.05.001
https://doi.org/10.1016/j.java.2015.05.001

10.

11.

12.

13.

14.

15.

16.

17.

Moureau N, Chopra V. Indications for peripheral,
midline and central catheters: summary of the MAGIC
recommendations. BrJ Nurs. 2016;25(8):515-24. https://
doi.org/10.12968/bjon.2016.25.8.515

Gorski LA, Czaplewski LM. Peripherally inserted central
catheters and midline catheters for the homecare
nurse. J Infus Nurs. 2004;27(6):399-409. https://doi.
org/10.1097/00129804-200411000-00005

Mills CN, Liebmann O, Stone MB, Frazee BW.
Ultrasonographically guided insertion of a 15-cm
catheter into the deep brachial or basilic vein in
patients with difficult intravenous access. Ann Emerg
Med. 2007;50(1):68-72.  https://doi.org/10.1016/j.
annemergmed.2007.02.003

Scoppettuolo G, Pittiruti M, Pitoni S, Dolcetti L, Emoli
A, Mitidieri A, et al. Ultrasound-guided "short" midline
catheters for difficult venous access in the emergency
department: a retrospective analysis. Int J Emerg Med.
2016;9(1):3. https://doi.org/10.1186/s12245-016-0100-0

Ruesseler M, Weinlich M, Miller MP, Byhahn C, Marzi |,
Walcher F. Simulation training improves ability to manage
medical emergencies. Emerg Med J. 2010;27(10):734-8.
https://doi.org/10.1136/emj.2009.074518

Davis D, Warrington SJ. Simulation training and skill
assessment in emergency medicine. St. Petersburg, FL:
StatPearls Publishing; 2022.

Zamanian K, Collins S. New appropriate use guidelines
and their impact on the US vascular access device market.
Medical Devices Online (Bergh). 2016.

Ortega R, Sekhar P, Song M, Hansen CJ, Peterson L. Videos
in clinical medicine. Peripheral intravenous cannulation. N
Engl J Med. 2008;359(21):e26. https://doi.org/10.1056/
NEJMvcm0706789

Elia F, Ferrari G, Molino P, Converso M, De Filippi G, Milan
A, et al. Standard-length catheters vs long catheters
in ultrasound-guided peripheral vein cannulation.
Am J Emerg Med. 2012;30(5):712-6. https://doi.
org/10.1016/j.ajem.2011.04.019

El-Shafey EM, Tammam TF. Ultrasonography-guided
peripheral intravenous access: traditional versus

172

18.

19.

20.

21.

22.

23.

24,

Seldinger technique in patients with difficult vascular
access. Eur J Gen Med. 2012;9(4):216-22. https://doi.
org/10.29333/ejgm/82434

Meyer P, Cronier P, Rousseau H, Vicaut E, Choukroun
G, Chergui K, et al. Difficult peripheral venous access:
clinical evaluation of a catheter inserted with the
Seldinger method under ultrasound guidance. J Crit
Care.  2014;29(5):823-7.  https://doi.org/10.1016/j.
jerc.2014.04.022

Keyes LE, Frazee BW, Snoey ER, Simon BC, Christy D.
Ultrasound-guided brachial and basilic vein cannulation
in emergency department patients with difficult
intravenous access. Ann Emerg Med. 1999;34(6):711-4.
https://doi.org/10.1016/50196-0644(99)70095-8

Blaivas M, Brannam L, Fernandez E. Short-axis versus
long-axis approaches for teaching ultrasound-guided
vascular access on a new inanimate model. Acad Emerg
Med. 2003;10(12):1307-11. https://doi.org/10.1197/
$1069-6563(03)00534-7

Dawson RB. PICC Zone Insertion Method™(ZIM™): a
systematic approach to determine the ideal insertion
site for the upper arm PICC. J Assoc Vasc Access.
2011;16(3):156—65. https://doi.org/10.2309/java.16-3-5

Elli S, Pittiruti M, Pigozzo V, Cannizzo L, Giannini L,
Siligato A, et al. Ultrasound-guided tip location of midline
catheters. J Vasc Access. 2020;21(5):764-8. https://doi.
org/10.1177/1129729820907250

Eraso D, Morley E, Leibner E, Speigel R, Weingart S.
381 prospective observational study of the placement
of midline catheters in the emergency department
by emergency department physicians. Ann Emerg
Med. 2018;72(4):5149-50. https://doi.org/10.1016/].
annemergmed.2018.08.386

Moureau NL. Integrative review: complications of
peripherally inserted central catheters (PICC) and midline
catheters with economic analysis of potential impact of
hydrophilic catheter material. Int J Nurs Health Care Res
(Lisle). 2022;5:1347. https://doi.org/10.29011/2688-
9501.101347


https://doi.org/10.12968/bjon.2016.25.8.S15
https://doi.org/10.12968/bjon.2016.25.8.S15
https://doi.org/10.1097/00129804-200411000-00005
https://doi.org/10.1097/00129804-200411000-00005
https://doi.org/10.1016/j.annemergmed.2007.02.003
https://doi.org/10.1016/j.annemergmed.2007.02.003
https://doi.org/10.1186/s12245-016-0100-0
https://doi.org/10.1136/emj.2009.074518
https://doi.org/10.1056/NEJMvcm0706789
https://doi.org/10.1056/NEJMvcm0706789
https://doi.org/10.1016/j.ajem.2011.04.019
https://doi.org/10.1016/j.ajem.2011.04.019
https://doi.org/10.29333/ejgm/82434
https://doi.org/10.29333/ejgm/82434
https://doi.org/10.1016/j.jcrc.2014.04.022
https://doi.org/10.1016/j.jcrc.2014.04.022
https://doi.org/10.1016/S0196-0644(99)70095-8
https://doi.org/10.1197/S1069-6563(03)00534-7
https://doi.org/10.1197/S1069-6563(03)00534-7
https://doi.org/10.2309/java.16-3-5
https://doi.org/10.1177/1129729820907250
https://doi.org/10.1177/1129729820907250
https://doi.org/10.1016/j.annemergmed.2018.08.386
https://doi.org/10.1016/j.annemergmed.2018.08.386
https://doi.org/10.29011/2688-9501.101347
https://doi.org/10.29011/2688-9501.101347

