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Abstract
Background

Nurses' clinical education is critical in their empowerment process. Due to the extraordinary sensitivity of
special wards, nurse training, especially for novices, appears to be more necessary and critical. The
present study aimed at determining how triple-lumen �ushing training based on the guideline affected the
capacity of nurses in Namazi Hospital's pediatric intensive care unit.

Methods

The current study was a quasi-experimental pre-test-post-test study conducted in December 2020 until
April 2021 on 60 nurses working in the pediatric intensive care units of Namazi Hospital in Shiraz. The
samples were counted and divided into two groups of 25 people using the census method. At the
beginning of the study, all participants took a pre-test, and then one of the groups was chosen randomly
and trained for 10 one-hour sessions based on the revised guidelines of Shiraz University of Medical
Sciences professors of Nursing and Cardiology. The training was both theoretical and practical in nature.
A four-choice test, a performance checklist, and a valid and reliable attitude questionnaire were used to
evaluate the effect of empowerment training in changing the behavior of both intervention and control
groups after two weeks. Data were analyzed by SPSS software version 23 using descriptive and
inferential statistical methods.

Results

Data analysis revealed a statistically signi�cant difference in knowledge, skills, and attitudes between the
intervention and control groups, with a statistically signi�cant coe�cient (p 0.000). There is a positive
and signi�cant correlation between nurses' clinical knowledge and their clinical skills (r = 0.290, p =
0.041). In other words, nurses' clinical skills have improved in parallel with their clinical knowledge.
Furthermore, there is no signi�cant correlation between nurses' attitudes and their level of clinical
knowledge (r=0.066, p = 0.650). After the intervention, there is no signi�cant correlation between nurses'
attitudes and their level of clinical skills (r=0.030, p= 0.836).

Conclusion

The current study's �ndings revealed that the educational intervention of triple-lumen �ushing based on
the designed guideline has signi�cantly contributed to the excellence and promotion of knowledge, and
as a result, the ability of nurses. Developing and implementing guidelines can improve nurses' abilities in
specialized areas, particularly in special care.

Background
Clinical education is one of the most important and decisive components of nursing education, and it
plays an important role in shaping nurses' professional identities. Success on this path necessitates the
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adoption of effective approaches that, following current knowledge and in response to new patient needs,
provide the necessary preparations in learners [1-3]. Nurses are key members of the health team. Today,
along with the development of other sciences, the �eld of nursing is also developing and evolving. The
intensive care unit for children and infants is one of the wards in which nurses play an important
role [4]. Nurses spend more time with patients than other caregivers, and their decisions play a very
important role in patients' clinical destiny. In this regard, activity in intensive care units is more important
than activity in other departments; because nurses must make quick decisions in a short period of time
due to the complexity of patients' clinical situations [5].Therefore, one of the most important
characteristics of the staff of special wards is strong knowledge and scienti�c support, and nurses who
are not quali�ed should not be employed [6]. Nurses provide a variety of care to patients admitted to the
intensive care unit based on their needs and problems, including respiratory and blood circulation care[7].
One of the most important responsibilities of nurses on special wards is the care of central venous
pathways. Improving the quality of central venous catheter care as part of the cardiovascular system
requires nurses to perform better by adhering to standard catheter care guidelines. As blood infection is
one of the most common causes of nosocomial infections and one of the complications mentioned in
venous catheters [8]. Nurses' role in preventing therapeutic complications and achieving the desired
therapeutic result is undeniable [9]. In pediatric intensive care units, however, how to teach central venous
catheter care is more important. Because of physiological differences in children (high metabolism,
increased �uid volume, inability to metabolize drugs, and increased risk of drug side effects), intravenous
therapy necessitates more skill and care [10].  Moniz[1] and colleagues in a study entitled "the Incidence
rate and use of �ushing in preventing peripheral venous catheter occlusion" showed that care time, the
complexity of the care process, workload, and the number of nurses are effective in providing care for
vascular health and preventing incontinence and infection in patients [11].  Various studies, however,
show that nurse training is insu�cient to improve their specialized �ushing skills, and there is a need to
develop guidelines to ensure that these training interventions are based on the best evidence and most
up-to-date guidelines [12-14]. 

Various studies indicate guidelines for central venous catheter care in neonatal intensive care units have
been developed [14]. What is certain is that the need to train nursing staff, particularly novice nurses, in all
�elds, areas of work, and departments are unavoidable and critical. However, given the extreme sensitivity
of special departments, training their personnel appears to be more important and vital [15-17]. Because
some special skills of special wards such as the triple-lumen �ushing guideline are specialized and there
is little opportunity for learning during student life, training of central catheter �ushing or triple-lumen in
graduate nurses is of particular importance. As a result, it can eventually lead to professional
performance in graduates and be part of in-service training. Because there was no study on the proper
training of triple lumen �ushing according to the most recent updated guideline among Iranian nurses,
and considering the importance of this skill, Namazi Hospital's pediatricians compiled a guideline which
nursing specialists revised according to nursing principles. The present study aimed to determine the
effect of triple lumen-�ushing training based on the revised guideline on the knowledge, skills, and
attitudes of nurses in the pediatric intensive care unit of Namazi Hospital.

https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-021-00644-w#ref-CR1
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-021-00644-w#ref-CR1
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-021-00644-w#ref-CR1
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-021-00644-w#ref-CR1
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Methods

Study design, sample, and procedures
The current study was a quasi-experimental pre-test post-test study with two control and experimental
groups that was conducted in the neonatal and pediatric intensive care units of Namazi Hospital in
Shiraz in the in December 2020 until April 2021 in. Namazi Hospital is the largest educational medical
hospital of Shiraz University of Medical Sciences which has hospital beds and intensive care beds.

Participants
The study population consisted of all nurses working full-time in the pediatric intensive care unit who
entered into the study through a census of 60 nurses from the two pediatric intensive care units.
Considering that all the nurses working in the pediatric intensive care unit of Namazi Hospital were
women, gender was excluded from the underlying variables leaving only the nurse's age as the underlying
variable. The inclusion criteria included being an intensive care nurse (with at least one year of experience
in this �eld) and having an interest and willingness to participate in the study, whereas refusing to
continue attending training sessions considered to be an exclusion criterion.

Initially, the purpose of the study was explained to all nurses who met the inclusion criteria and were
included in the census, either individually or in groups. Then, a knowledge questionnaire on how to �ush
triple-lumen was distributed to them, followed by a pre-test. Then all participants were randomly divided
into two groups of 25 people.

Instrument
The triple-lumen �ushing guideline is divided into three sections: practical explanation, �ushing
procedures, and aftercare, which will be brie�y explained. Flushing central venous catheters in children
result in serious complications and injuries, such as an increased risk of obstruction, embolism, infection,
and a reduction in the life of central catheters. Here, in the internal wards of the �rst and second
departments of the Namazi hospital, employing a new technique, a controlled trial is used to perform
�ushing, blood sampling, and replacement of central venous catheter dressing, which is not performed in
any of the hospital wards in the south of the country. This technique increases the central venous
catheter's durability, controls infection, and increases the venous catheter's potency.

Guideline teaching and protocol 
Making a standard heparin �ushing solution at a rate of 10 units per cc of 0.9% normal saline solution
begins hand washing with the aseptic method. For �ushing, a 10 cc syringe is always used because,
contrary to popular belief, a 10 cc syringe creates less pressure. More pressure causes the central venous
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catheter to be damaged and ruptured, causing serious damage. The push-pause method is used with a
10 cc syringe and standard solution. Hands are washed �rst, followed by sterile gloves and a catheter
impregnated with a disinfectant solution (chlorhexidine 0.2 percent + alcohol 70%). First, one cc of the
solution is pushed, followed by a pause, and then another cc pauses and continues. The solution's
volume is determined by the size of the central venous catheter. It should be at least twice the volume of
the catheter or equal to it. The positive pressure in the push-pause method �ushes the particles in the
catheter and keeps it from becoming clogged (this method has a signi�cant impact on increasing the life
of central catheters, as rapid drug push or �ushing reduces the life of the catheter and damages the
arteries) the catheter is then clamped. 

This checklist was made by the researcher to ensure that the triple-lumen �ushing steps are followed
correctly. This checklist, which has 10 items and a yes or no answer, was completed by the researcher
while observing the work of the studied samples. This checklist also has a score range of 0 to10, with
higher scores indicating that the steps were completed correctly. The checklist was created using the
most recent triple-lumen �ushing guide. After making changes, the validity and reliability of this
questionnaire were con�rmed by face-to-face validity and content validity by nursing education and
medical education specialists. To con�rm the reliability, a questionnaire was completed by the
administrators for ten nurses. Cronbach's alpha coe�cient for questionnaires completed by students was
equal to 0.85, which was approved.

The 10-item, multiple choice questionnaire (MCQ) created by the researcher was reviewed. This
questionnaire presents the correct basis for performing the triple-lumen �ushing technique in the form of
four-choice questions and compares them in the form of a pre-test and post-test. The questionnaire's
scoring method is as follows: scores 0-3 indicate poor knowledge, scores 4-6 indicate moderate
knowledge, and scores 7-10 indicate high knowledge of nurses concerning the triple-lumen technique.
After making changes, the validity and reliability of this questionnaire were con�rmed by face-to-face
validity and content validity by nursing and medical education specialists. A test-retest procedure was
used to con�rm the reliability of completing the questionnaire. Pearson correlation coe�cient of 0.79 and
reliability were con�rmed for the test in two stages of Baber. The intervention group received 10 sessions
of theory training, as well as the presentation of a video and an explanation of the triple-lumen �ushing
guide in the clinical skills hall of Shiraz School of Nursing, Midwifery, and Medical Sciences. These
sessions lasted between 60 and 90 minutes and were held twice a week. One person provided all training
based on the guideline, which was reviewed and compiled by professors from the Departments of
Nursing and Cardiology (university ICU specialist who is well-versed in all concepts and the triple-lumen
guideline). A knowledge post-test was administered to both the intervention and control groups after the
theory sessions. 

Three questionnaires from different studies were used in this study as the instrument 18-20. Researcher-
made attitude questionnaire with 5 questions: This questionnaire is classi�ed as a 5-point Likert from
completely disagree (1) to strongly agree (5) score. This questionnaire has a minimum score of 5 and a
maximum score of 25 points. The higher the results of this questionnaire, the more positive the attitude
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toward education. After making some changes, nursing education and medical education specialists
con�rmed the validity and reliability of this questionnaire using face validity and content validity. To
con�rm the reliability, ten nursing students were asked to complete a questionnaire. Cronbach's alpha
coe�cient for questionnaires completed by students was equal to 0.81, and it was approved.

Each nurse in the control group then practiced and repeated the triple-lumen �ushing skill on the patient's
bed, and this repetition continued until the procedure was correctly performed. This clinical session lasted
up to two hours for each nurse and included face-to-face and practical training, supervision, and
researcher feedback. A post-test was given to all participants two weeks after each nurse received face-to-
face training. In addition, the attitude questionnaire was completed by the studied samples, while the
performance checklist was completed by the researcher. Nurses' evaluation scores were calculated on a
scale of zero to ten to determine their level of clinical knowledge before and after the triple-lumen �ushing
training course; which means that the minimum and maximum scores that each nurse could obtain from
the triple-lumen �ushing scale are within this range. The preceding variable is described in light of this. As
a result, the results from zero to three indicate that nurses have low levels of clinical knowledge, the
results from four to six indicate that nurses have moderate levels of clinical knowledge, and the results
from seven to ten indicate that nurses have a high level of knowledge. As a result, the total score of
nurses' clinical knowledge prior to and after the training course was calculated on three scales: low,
medium, and high. Then, according to the scores obtained from the response of the participants in the
range of each of the above three scales, their frequency distribution, and frequency percentage were
determined.

Data analysis
The data were analyzed using descriptive and inferential statistics as well as SPSS version 22 software.
The main variables of the study were analyzed using descriptive statistics (mean and standard deviation)
and inferential statistics (paired t-test, chi-square). Due to the non-normality of the data after the
Kolmogorov-Smirnov test, non-parametric Wilcoxon and Spearman correlation tests were used for
analyzing them.

The signi�cance levels in the tests are 0.05 and 0.01, and the con�dence percentages are 95 and 99%,
respectively.

Ethics in research
Participants in this study signed written informed consent and were reminded that they could withdraw
from the study at any time, in addition to adhering to the principle of con�dentiality. This study has been
approved by the University Ethics Committee with the code IR.SUMS.REC.1399.947.

Results
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According to the �ndings, 60 female nurses working in the pediatric ward of Shiraz Namazi Hospital
between the ages of 23 and 39, with an average of 26.72(4.24), took part in this study. The Wilcoxon test
results also revealed that there is a signi�cant difference in the level of knowledge of nurses in the
intervention or experimental group before and after the training course. (Table 1)

Table 1
Comparison of nurses' knowledge in both the experimental and control groups

  Experimental (n = 30) Control (n = 30)

  Before After Before After

Scope of
knowledge

Number
(percentage)

Number
(percentage)

Number
(percentage)

Number
(percentage)

Weak 42(84) 0 45(93.8) 48(96)

Average 6(12) 0 14(6.2) 4(2)

Good 2(4) 50(100) 0(0) 0(0)

Signi�cance   P = 0/001   P = 0/400

According to the study's second hypothesis, the triple-lumen �ushing educational intervention
signi�cantly improves nurses' clinical knowledge, attitude and skills. The non-parametric Mann–Whitney
U test results indicate that the average clinical knowledge, attitude and skill of nurses has signi�cantly
improved following the educational intervention. (Table 2).

Table 2
The comparison clinical knowledge, attitude and skills mean

score of nurses in two groups
group Variables Number Mean sig

Control

Intervention

Knowledge 30

30

25.50

75.50

0.0001

Control

Intervention

Attitude 30

30

43.68

57.32

0.014

Control

Intervention

skills 30

30

27.48

73.52

0.0001

Test from mann-whitney U test Level of signi�cance = 0.05

Discussion
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The purpose of this study was to investigate the effect of triple-lumen �ushing training based on the
revised guideline on the ability of nurses working in Shiraz Namazi Hospital's pediatric wards, the
�ndings of which indicate the need for nurses to participate in triple lumen �ushing training programs.
The �ndings indicated the need for nurses to receive the triple-lumen �ushing training, and it
demonstrated that the implementation of this training program increased nurses' knowledge and skills,
resulting in nurses' empowerment. According to the authors' research, there has been no study on the
effect of triple-lumen �ushing training on empowerment; however, in the case of catheter care in special
wards, David et al. (2004) implemented a training program for nurses to reduce catheter site infection,
and the results were consistent with our study. According to the �ndings of their study, an intervention
aimed at educating health care providers on the prevention of catheter-associated bloodstream infections
may result in a signi�cant reduction in the incidence of primary circulatory infections. Training programs
may result in a signi�cant reduction in medical care costs and patient complications, which is attributed
to central venous catheterization as part of mandatory training [21]. The results of another study by Bakr
et al. (2020) revealed that implementing a training program for nurses would improve their knowledge
and practice of caring for patients with head injuries. The study recommended that a regular training
program for nurses caring for patients with head injuries be implemented in hospitals, emphasizing the
importance of implementing a training program for nurses to reduce the incidence of complications of
head injuries[22]. Aloush et al.(2018) conducted another study that found that providing periodic training
to nurses working in intensive care units to improve their competence and progress in the workplace is
very useful and e�cient [23]. One of the most important differences between ICU nurses and other nurses
is that intensive care unit nurses are expected to have a wide range of knowledge and understanding of
scienti�c and practical principles. This issue is rarely addressed in nursing education, and as a result,
graduates have only a partial and incomplete understanding of their profession. This issue is rarely
addressed in nursing education, and as a result, nurses graduate with only a partial and incomplete
understanding of their profession. In a way, it is necessary to renew nurses' knowledge and skills every
few years. Nursing knowledge should be reviewed every two years, according to nurses, to renew their
knowledge and skills at work. Furthermore, the current study's �ndings are completely aligned with the
interprofessional collaboration of physicians in developing guidelines for empowering nurses undergoing
intensive care [24–26]. There was a signi�cant association between expertise and clinical skills in this
research, as well, and the more knowledge people had, the more clinical skills they had. According to the
�ndings of this study, nurses in intensive care units lack adequate expertise and information about the
triple-lumen �ushing procedure, and it appears that employing nurses without undergoing intensive care
decreases nurses' skills. As a result, even experienced and quali�ed nurses may need continuing
education courses. Continuing education is a method for improving the quality of health care services all
over the world, and continuing education programs for doctors and nurses are being implemented in this
�eld [27].

Limitations and future research
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Considering that the �ndings of this study con�rm that clinical nursing education has resulted in
increased knowledge and enhanced clinical practice among nurses in special wards; hospitals and
centers with special wards could be required to have annual standard training programs in place to
design training to improve the level of knowledge, attitude, and practice of nurses working in special
wards. In this way, an effective step toward providing standard and correct nursing services and, of
course, improving the treatment process can be taken. The �ndings of this study may be useful to other
researchers working in this �eld. The main limitation of this study was the small statistical population,
which was restricted to Shiraz Namazi Hospital's two pediatric wards. Therefore, it is suggested that the
�ndings would be re-studied in a larger volume and at different hospitals to improve the generalizability
of the �ndings and to locate casual data.

Conclusion
According to the �ndings of this study, the triple-lumen �ushing training course based on the designed
guidelines has substantially contributed to the excellence and promotion of knowledge, and as a result,
the ability of nurses. Using the �ndings of this project, it is possible to design a guide for nurses in other
specialized intensive care units. And because nurses working in intensive care units are the primary
caregivers of venous lines and airway maintenance for patients, their specialized training with the
cooperation of physicians and nurses is bene�cial. Inadequate information and an inappropriate attitude
cause nurses to perform poorly, limiting their capacity to effectively and appropriately care for the patient
and her intravenous access. As a result, training nurses to be aware of standard practice guidelines in the
�eld of proper tool use to avoid complications and injuries caused by them is necessary and vital
training.
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