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Introduction: Medication administration through enteral feeding tubes is a practice that is commonly
encountered in hospital settings, particularly in critically ill patients. This study aims to evaluate the
knowledge of intensive care unit nurses regarding enteral medication administration and evaluate the
effect of an educational intervention led by a clinical pharmacist that would improve nurses’ knowledge
regarding the subject.
Methods: A pre/post interventional study was conducted. Improvement in nurses’ knowledge regarding
medication administration through an enteral feeding tube was assessed using a validated questionnaire.
Results: Data were coded, entered, and analyzed using the Statistical Package for Social Sciences (IBM
SPSS statistics 22). Independent samples t-test and paired t-test were used to detect any statistically sig-
nificant differences in the mean total knowledge scores both between and within each group respec-
tively. A P-value of <0.05 was considered statistically significant. The mean total knowledge score for
nurses in the intervention and control group at the pre-interventional phase of the study was inadequate.
There was a statistically significant improvement in the mean total knowledge score for the interven-
tional group at the post-interventional phase of the study, while that of the control group remained inad-
equate (Intervention group total mean knowledge score at baseline 12.11 ± 3.75, post-intervention 21.
50 ± 2.36, p-value <0.001; Control group total mean knowledge score at baseline 12.05 ± 3.12, post-
intervention 12.60 ± 3.76, p-value 0.96).
Conclusion: Incorrect drug preparation and administration for patients with feeding tubes can affect
patients. The knowledge of nurses regarding the subject can be improved significantly via an educational
intervention. The activation of clinical pharmacists’ role and collaboration between pharmacists, physi-
cians, and nurses is highly recommended in this clinical setting.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Clinical nutrition is considered a part of medical treatment (The
National Board of Health and Welfare, 2000; Kreymann et al.,
2006). Enteral Nutrition is usually favored over parenteral nutri-
tion for various reasons. Some of its advantages are fewer infec-
tious complications, reduced cost, earlier gut function, and
reduced length of hospital stay (Williams, 2008; Seres et al.,
2013). However, in some clinical scenarios such as short bowel
syndrome, bowel obstruction, and patients who may be at
increased risk of morbidity and mortality, parenteral nutrition
would be favored (Gramlich et al., 2004).

Enteral feeding tubes (EFTs) can be used for medication admin-
istration (Naysmith and Nicholson, 1998; Williams and Leslie,
2004; Gramlich et al., 2004; Sari et al., 2018), whether it was a
nasogastric tube, orogastric tube, or an ostomy option, an effect
of the exit site of the tube on the pharmacokinetic or side effect
profile of the administered medication(s) should be addressed
(White and Bradnam, 2015). Although it is feasible to administer
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medications through EFTs, this process is getting more complex
with time as a result of developments that have been made on
dosage forms and EFTs (Hossaini Alhashemi et al., 2019). This com-
plexity resulted in an increasing gap between clinical practice and
best practice (Dickerson, 2004; Magnuson et al., 2005; Bankhead
et al., 2009; Sari et al., 2018; Hossaini Alhashemi et al., 2019).

Usually, nurses are the health care professionals who adminis-
ter medications to patients and generally care for patients with
EFTs (Phillips and Nay, 2007; Dashti-khavidaki et al., 2012). The
nurse has to have the information and skills that would enable
him/her to: prepare the medication, verify tube location, flush
the tube, and monitor for complications. (Phillips and Nay, 2007;
Hossaini Alhashemi et al., 2019).

This complexity regarding medication administration through
EFT may be questionable since it is an oral medication that is
administered into the gastrointestinal tract (GIT). However, we
do not know how these oral medications perform after bypassing
several natural levels of the GIT. Moreover, the use of medications
through an EFT is an off-label use of these medications. This would
burden the health care providers with the entire responsibility of
what would happen as a result of this use (Matysiak-Luśnia and
Łysenko, 2014; White and Bradnam, 2015).

Nurses tend to disregard the dosage form of the medication to
be administered through an EFT (Mota et al., 2010). Many of the
sophisticated dosage forms are used for patients, such as
sustained-release (SR, XR) formulations, modified-release (MR)
formulations, and enteric-coated (EC) dosage forms. These dosage
forms may be unsuitable for administration through an EFT
(Williams, 2008; Bankhead et al., 2009; Mota et al., 2010;
Hossaini Alhashemi et al., 2019). These formulations are designed
to simplify patients’ dosage regimens and improve adherence,
but they cannot be crushed for various reasons (Matysiak-Luśnia
and Łysenko, 2014; Demirkan et al., 2017). For example, crushing
SR formulations may destruct the coating structure or technology
that permit the slow release of the active substance over time,
which may lead to exposing the patient to a high dose of the drug
at one time, increasing the risk of an adverse drug reaction
(Beckwith et al., 2004; Hanssens et al., 2006; Matysiak-Luśnia
and Łysenko, 2014). Detrimental consequences have been reported
in the literature regarding this specific issue. A case report from the
United States linked the death of a patient to hemodynamic insta-
bility resulting from the improper use of labetalol and crushed XR
nifedipine through an EFT (Schier et al., 2003; Seifert and Johnston,
2005).

Several surveys were conducted to study the nursing adminis-
tration of enteral medications (Mateo, 1996; Belknap et al., 1997;
Seifert and Johnston, 2005; Boullata et al., 2007; Sari et al.,
2018). These surveys suggest that nurses’ practice regarding ent-
eral medication administration significantly differs from the guide-
lines and that some of these common practices actually may affect
drug delivery (Bankhead et al., 2009; Demirkan et al., 2017)

The following are examples of poor practices that have been
reported in these surveys (Mateo, 1996; Belknap et al., 1997;
Seifert and Johnston, 2005; Boullata et al., 2007): 5–43% of practi-
tioners flush tubes before or between medications, 32–51% admin-
ister drugs separately from one another, 44–64% dilute liquid
medication, 75–85% avoid crushing modified-release dosage forms.

Incorrect administration techniques could lead to measurable
poor patient outcomes namely: Enteral tube obstruction, reduced
drug efficacy, and increased drug toxicity (Bankhead et al., 2009;
Sari et al., 2018). Tube obstruction was found to occur most com-
monly due to medication administration (Seifert et al., 1995;
Bandy et al., 2019).

Interprofessional collaboration between nurses and pharma-
cists and educational interventions delivered by pharmacists have
proved to be effective in improving nurses’ knowledge regarding
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medication administration through EFTs, reducing medication
errors that could happen during medication preparation and
administration through EFTs, and reduce the incidence of negative
health consequences resulting from improper medication adminis-
tration through EFTs such as tube occlusion (Hanssens et al., 2006;
Idzinga et al., 2009; Dashti-khavidaki et al., 2012; Hossaini
Alhashemi et al., 2019)

Looking at previous literature, this is the first study in Jordan
that addresses and specifies accurately the level of knowledge of
ICU nurses regarding enteral medication administration and uti-
lizes an educational intervention based on interprofessional collab-
oration between pharmacists and nurses to improve their
knowledge.

This study aims to evaluate nurses’ knowledge regarding oral
medication administration through enteral feeding tubes at Jordan
University Hospital. Also, the study aims to evaluate the effective-
ness of a clinical pharmacist-led educational program on improv-
ing nurses’ knowledge regarding the subject.
2. Methods

2.1. Study design

This study is a pre-/post- test interventional study. It has been
conducted at intensive care units (ICUs) at Jordan University
Hospital (JUH) during October 2016 and January 2017. Seven ICUs
are available at JUH including: medical, surgical, neurological,
coronary, pediatric, neonatal, and post interventional units. The
main reason to choose the ICU setting is that enteral feeding is
the preferred route of feeding for ICU patients (Heyland et al.,
2003; Stroud et al., 2003; Kreymann et al., 2006).

2.2. Participants

All Staff nurses working in ICUs at JUH were considered eligible
for participating in the study. Nurses who were assigned to work in
the surgical, medical, neurological, coronary, pediatric, and post-
interventional unit ICUs during the time of the study, were
included. No sample size calculation was conducted since the
entire population was targeted. The total number of nurses who
worked in these six ICUs during the time of the study was 106 reg-
istered nurses (after excluding the 6 pilot study nurses who repre-
sent 5% of the population).

Since the study evaluates the knowledge of ICU nurses regard-
ing oral medication administration through EFT, the research team
decided to exclude the Neonatal ICU nurses from the study popu-
lation for two reasons:

1. Neonates do not take oral medications frequently. This can be
justified by the need for precise doses in this age group, and this
can be achieved more easily with intravenous medication
administration.

2. Neonatal ICU at JUH has already well-established clinical phar-
macy services which can be a confounding factor in this study.

2.3. Outcomes and data collection

This study was conducted in three stages (Fig. 1). The main
objective of the first stage was assessing the nurses’ knowledge
regarding medication administration through EFTs. The objective
of the second stage of the study was to provide a clinical
pharmacist-led educational intervention to the intervention group.
The third stage was conducted three months after the baseline
assessment, to re-assess the nurses’ knowledge about the subject
in both the intervention and control groups and to measure the



Fig. 1. Description of the different stages of the study.
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effectiveness of the educational intervention. The three-month
waiting period was chosen to avoid recall bias in both groups
and to replicate at least an interval that is equal or longer than
what was used in similar research (Idzinga et al., 2009; Dashti-
khavidaki et al., 2012; Hossaini Alhashemi et al., 2019).

Before recruitment, a list with all the nurses’ names and work-
ing units was provided by the head of the nursing department.
These nurses were numbered consecutively from 1 to 106. Using
www.randomization.com, these nurses were randomized into
two groups.

During the pre-interventional stage, the researcher approached
the staff nurses in the six included ICUs and asked them to take
part in the study. Both the intervention and the control groups
were approached to voluntarily participate in the study by com-
pleting the self-administered anonymous questionnaire. Nurses
who were assigned for working in the A (7:00 am–3:00 pm) or B
(3:00 pm–11:00 pm) shifts were approached and given a brief
description of the questionnaire. The questionnaires were labeled
with a number that indicates whether it belongs to the interven-
tion or control group.

2.4. Study tool

A self-administered questionnaire adopted from Dashti-
Khavidaki et al. (2012) was used after the acquisition of the corre-
sponding author’s approval. The questionnaire was translated from
Persian to the Arabic language by a certified translator then back-
translated by another translator from Arabic to Persian. The back-
translated form was then compared to the original Persian version
by an independent native Persian speaker to assure adequacy and
quality of translation, finalizing the validation of the translation
process.

The Arabic version of the questionnaire was then reviewed by
two Ph.D. holders from the School of Pharmacy at the University
of Jordan to assure face validity. An extensive review of the litera-
ture was used to assure content validity. The questionnaire was
piloted on six nurses as mentioned before (5% of the target sam-
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ple). This data was excluded from the final analysis. Pilot testing
was used to ensure applicability, objectivity, and reliability of the
questionnaire. Reliability testing was confirmed via Cronbach
alpha measurement of internal consistency, and a result of 0.8
was obtained.

The final version of the questionnaire consisted of three parts:
Part A contained nurse’s demographic details (gender, age group,
the total number of years of experience, the total number of years
of experience at JUH, academic qualifications, and the ICU in which
the nurse currently work).

Part B contained knowledge, attitude, and self-reported prac-
tice questions. It consisted of twenty-seven questions about four
main domains of the process of oral medication administration
through EFTs:

� Recognizing dosage forms
� Medication preparation
� Tube flushing before, between, and after medications’
administration

� Recognizing drug-drug and drug-feed interactions

Part C contained a question that evaluated nurses’ self-
assessment of their knowledge regarding the subject, and nurses’
willingness to participate in a workshop about enteral medication
administration. The same validation process was undertaken for
this part as the other parts of the questionnaire.

The intervene stage, the second stage, then took place. In this
stage, the clinical pharmacist prepared a lecture about oral medica-
tion administration through EFT after a thorough literature review
and emphasized the international guidelines and critical steps that
would ensure best practice.

As a result of different working shifts and the relatively large
number of nurses in the intervention group, they were divided into
three subgroups who were given the same lecture as the other sub-
groups. The settings and content were kept as consistent as possi-
ble, any questions or notes that were not discussed in a prior
lecture were written and communicated. The lecture was in the

http://www.randomization.com
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form of an educational workshop; where both a theoretical and a
practical part regarding preparation and administration techniques
were included.

The clinical pharmacist’s intervention delivered at this stage of
the study required that the researcher spend one month with the
intervention group nurses from different wards. The clinical phar-
macist reviewed the medication records for patients who were
cared for by an intervention group nurse. The available dosage
form of the oral medications in the record, suitability for EFT
administration, and reviewing the preparation and administration
steps were done as part of the intervention. Working days were
from Saturday to Thursday of each week in that month. Regarding
the working hours, it was from 9:00 am until 4:00 pm. This way,
both Shift A and Shift B nurses were seen and had the chance to
benefit from the intervention.

The third stage took place three months later; it can be consid-
ered a replicate of the first stage. The nurses were approached
again to complete the same questionnaire to assess any improve-
ments in knowledge regarding medication administration through
EFTs.

The total knowledge score for each nurse represents the num-
ber of questions that were answered correctly by the nurse. The
knowledge score for each domain represents the number of correct
answers to questions that follow each of these domains.

To assess nurses’ knowledge regarding the subject, the mean
total knowledge score for the intervention group nurses and the
control group nurses were calculated, both at baseline and at the
post-interventional phase. The mean knowledge score for each
domain was calculated also, for both groups at baseline and the
post-interventional phase.

The nurses’ self-reported practice regarding enteral medication
administration was also assessed by the questionnaire. One
branched question in the questionnaire asked the nurses about
how frequently they perform certain practices during the prepara-
tion and administration of oral medications through EFTs. Each
answer was given a score that ranged from 1 to 5, with higher
scores representing favorable practices that follow guideline rec-
ommendations (Bankhead et al., 2009). An average score was then
calculated for each nurse. Then, to assess the self-reported practice
score for each group (intervention and control groups), the mean
self-reported practice score was computed for each group.

2.5. Statistical analysis

Data was coded, entered, and analyzed using the Statistical
Package for Social Sciences (IBM SPSS statistics 22). Only nurses
who completed the questionnaire both at baseline and at the
post-interventional period were included in the final analysis.

Independent samples t-test was used to detect any statistically
significant differences between the intervention and control
groups’ nurses with regards to the following: mean total knowl-
edge scores, mean knowledge scores for each domain, and mean
self-reported practice score both at baseline and post-
interventional phase. The paired sample t-test was utilized to
detect any statistically significant intra-group difference in the
total mean knowledge score pre and post the intervention.

Independent samples t-test was utilized to compare the means
of any other continuous data between the intervention and control
groups. A Chi-square test was utilized to compare the frequencies
of different categorical data for any statistically significant
differences.

3. Ethicalll approval

The study was approved by The Postgraduate Studies Commit-
tee at The School of Pharmacy/The University of Jordan, The Insti-
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tutional Review Board (IRB) at JUH, and two Scientific Research
Committees: at the School of Pharmacy and Deanship of Academic
Research at the University of Jordan. Both verbal and written con-
sent was obtained from the nurses before their enrollment.
4. Results

The total number of nurses who completed the questionnaire
both at baseline and post-interventional stage of the study was
86 (response rate = 81%), out of which 44 in the intervention group
and 42 in the control group. Fig. 2 illustrates the number of nurses
at the different stages of the study.
4.1. Demographics and characteristics of enrolled nurses

Data regarding nurses’ gender, academic qualification, age
group, years of experience, years of experience at JUH, and any for-
mal training regarding enteral medication administration were
collected. Nearly 50% of the respondents were females. All respon-
dents except one nurse were in the age group of 18–39 years of
age, 44% of them having 5–10 years of experience as registered
nurses and almost 5 years of their experience wherein JUH. Table 1
represents the demographic data for the enrolled nurses for both
the intervention and control groups.

In the first stage (baseline), nurses were asked to specify the
training they have received, including lectures about medication
administration in general during their orientation before and dur-
ing their work at JUH. There was no statistical difference in the
number of nurses who responded (yes) with regards to receiving
formal training about medication administration through EFTs in
both the intervention and control groups. None of the nurses spec-
ified any form of specialized training regarding medication admin-
istration through EFTs.

None of the demographic and clinical characteristics was signif-
icantly different between the two groups (P-values > 0.05).
4.2. Total knowledge scores and knowledge scores for each domain

The assessment of enrolled nurses’ knowledge regarding the
administration of oral medications through EFTs is represented
as the mean total knowledge score for the nurses in each group
at baseline (before any intervention), and the mean total knowl-
edge score at the post-interventional stage (Table 2). The mean
knowledge scores for each domain were also calculated both at
baseline and post-interventional stage for the intervention and
control groups (Table 2). The effect of the clinical pharmacist’s
intervention on the intervention group nurses’ knowledge in each
of the studied knowledge domains was satisfactory, with at least
48% improvement in the domains’ mean scores observed after
the intervention.
4.3. Self-reported practice scores

The average scores for the self-reported practice of nurses in
both the intervention and control groups were re-assessed at the
post-interventional phase. Table 2 summarizes the average score
for self-reported practice for the enrolled nurses. The average
self-reported practice score for nurses in the intervention group
was significantly higher than that for nurses in the control group
at the post-interventional phase. Independent samples t-test was
used to test the equality of means between the two groups.



Fig. 2. Process of study sample recruitment.

Table 1
Demographic data and characteristics for the enrolled nurses (Total N = 86).

Intervention
group
(N = 44)

Control
group
(N = 42)

P-
value1

Gender (Number and percentage of
females)

28 (63.6) 18 (42.9) 0.053

Age (Number and percentage) 0.066
18–28 28 (63.6) 19 (45.2)
29–39 16 (36.4) 22 (52.4)
40–50 0 1 (2.4)

Years of experience (Number and
percentage)

0.724

1–3 11 (25.0) 5 (11.9)
3–5 13 (29.5) 11 (26.2)
5–10 15 (34.1) 23 (54.8)
More than 10 years 5 (11.4) 3 (7.1)

Years of experience at JUH
(Mean ± SD)

5.46 ± 3.87 5.68 ± 3.03 0.7742

Academic qualification (Number and
percentage)

0.193

Bachelor degree 37 (84.1) 35 (83.3)
Master degree 7 (15.9) 6 (14.3)
Doctoral degree 0 1 (2.4)

Formal training regarding enteral
medication administration
(Number and percentage)

0.685

No 39 (88.6) 36 (85.7)
Yes 5 (11.4) 6 (14.3)

JUH: Jordan university hospital.
1P-value was estimated using the Chi-square test.
2The P-value for years of experience at JUH was estimated using independent
samples t-test.
P: Probability, SD: Standard Deviation.
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4.4. Nurses’ attitudes regarding their knowledge about medication
administration through EFTs

After the completion of parts A and B of the questionnaire at
baseline, enrolled nurses were asked in part C to self-assess their
knowledge regarding medication administration through EFTs,
and whether they would like to participate in an educational pro-
gram regarding the subject. All of the 86 enrolled nurses answered
these questions. The majority of enrolled nurses assessed them-
selves as having inadequate knowledge regarding the subject at
baseline (76.74%), also the majority of nurses were willing to par-
ticipate in an educational program regarding this subject at base-
line (91.86%).
4.5. Clinical pharmacist effect on improving nurses’ knowledge
regarding administering medications through EFTs

The effect of the clinical pharmacist intervention on the nurses’
knowledge regarding enteral medication administration was rep-
resented by calculating the improvement of the mean total knowl-
edge scores for nurses in both groups, which is the difference
between the mean scores at the post-interventional phase and
baseline (Table 3). Also, a statistically significant difference was
detected when we compared the mean total knowledge score
before and after the clinical pharmacist-led educational program
for the intervention group nurses, contrary to the same measure
in the control group nurses. The mean score for each knowledge
domain and the average self-reported practice score improved sig-
nificantly in the intervention group nurses, but remained relatively
unchanged or even decreased in the control group nurses.



Table 2
Mean total knowledge score, Mean knowledge score for each separate domain, and Mean self-reported practice score for the intervention and control groups (At baseline and
post-intervention stage).

At Baseline At follow-up (post-intervention)

Intervention group Control group P-value1 Intervention group Control group P-value1

Total Knowledge Score
(Mean ± SD)2

12.11 ± 3.75 12.05 ± 3.12 0.93 21.50 ± 2.36 12.60 ± 3.76 <0.001

Mean scores for each separate knowledge domain
(Mean ± SD)
Medication Preparation3 3.14 ± 1.41 3.07 ± 1.31 0.83 6.32 ± 0.93 3.21 ± 1.46 <0.001
Tube Flushing4 1.64 ± 0.97 1.64 ± 0.73 0.97 2.66 ± 0.53 1.60 ± 0.77 <0.001
Recognizing dosage forms5 4.60 ± 1.98 4.71 ± 1.74 0.76 7.84 ± 1.60 5.00 ± 2.36 <0.001
Recognizing drug-drug and drug-feed interactions6 2.75 ± 1.35 2.62 ± 1.13 0.63 4.68 ± 1.47 2.79 ± 1.30 <0.001

Self-reported practice score (Mean ± SD)7 3.24 ± 0.55 3.22 ± 0.56 0.92 3.88 ± 0.36 3.14 ± 0.51 <0.001

P: Probability, SD: Standard Deviation.
1 P-value was estimated using an independent sample t-test.
2 The minimum score was 6 in both groups, the maximum score was 22 in the intervention group and 19 in the control group
3 The maximum score in this domain was 6 in both groups at baseline, and the maximum score was 8 in the intervention group and 7 in the control group at the post-

interventional stage
4 The maximum score in this domain was 3 in both groups at baseline and post-interventional stage
5 The maximum score in this domain was 10 in the intervention group and 9 in the control group at baseline, and the Maximum score was 11 in the intervention group and

15 in the control group at the post-intervention stage
6 The maximum score in this domain was 5 in both groups at baseline, and the maximum score was 7 in the intervention group and 6 in the control group
7 For the Intervention group, the minimum score was 1.89, and the maximum score was 4.33. And for the control group, the minimum score was 1.78, and the maximum

score was 4.11.

Table 3
Overall improvement of the mean total knowledge score as a measure of clinical pharmacist-led educational intervention.

At Baseline At Follow-up P-value1 Improvement (mean difference)2 in the mean total knowledge score

Intervention group 12.11 ± 3.75 21.50 ± 2.36 <0.001 9.39 ± 3.47
Control group 12.05 ± 3.12 12.60 ± 3.76 0.96 0.55 ± 2.05

Data presented as Mean ± SD.
1P-values were estimated using paired t-test.
2Mean difference is calculated by the following equation (Post-interventional phase mean score – baseline mean score).
P: Probability, SD: Standard Deviation.
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5. Discussion

This is the first study in Jordan to investigate the knowledge and
the adequacy of the self-reported practice of nurses regarding oral
medication administration through EFTs and to assess the impact
of clinical pharmacist intervention on improving the nurses’
knowledge regarding the subject. The study showed an unsatisfac-
tory baseline level of knowledge and self-reported practice among
nurses regarding enteral medication administration. All of the
studied knowledge domains were positively and significantly
improved by a clinical pharmacist intervention.

Medication administration through EFTs is a nurse’s responsi-
bility in many healthcare institutions (Phillips and Nay, 2007;
Demirkan et al., 2017; Sari et al., 2018; Hossaini Alhashemi et al.,
2019), but with inadequate knowledge and skills, patient outcomes
can be affected (Hanssens et al., 2006). Guidelines and educational
materials regarding medication administration through EFTs are
available (Beckwith et al., 2004; Bankhead et al., 2009). However,
nurses may be inadequately trained or alerted about the subject.
The high percentage of nurses enrolled in this study who wanted
to be engaged in an educational program can reflect the desire of
the nurses to improve their knowledge and skills about adminis-
tering medications through EFTs. This lack of knowledge that
was evident in many publications (Mota et al., 2010; Phillips and
Endacott, 2011; Sari et al., 2018); is alarming and the need to
improve the quality of enteral medication administration is consid-
ered urgent.

The enrolled nurses’ in this study were found to have inade-
quate knowledge regarding appropriate oral medication adminis-
tration through EFTs. The average total knowledge scores for the
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intervention and control groups at baseline were less than 50% of
the maximum score that could be obtained. This inadequate
knowledge regarding the subject was not surprising even to the
enrolled nurses since the majority of nurses (around 75%) assessed
themselves as having inadequate knowledge regarding enteral
medication administration upon completing the questionnaire at
baseline. The same observation was described in the study con-
ducted by Abdullah et al. (2014), where they reported that all the
studied samples had an unsatisfactory level of knowledge regard-
ing enteral medication administration, and nearly half of the
nurses answered knowledge questions incorrectly.

Besides, such finding is consistent with the findings of other
studies that evaluated nurses’ knowledge about proper medication
administration via EFTs in different countries and settings (Mota
et al., 2010; Dashti-Khavidaki et al., 2012; Khani et al., 2016; Sari
et al., 2018). Educational workshops and collaboration between
pharmacists and nurses to encourage best practices are necessary
to overcome these repeated findings of inadequate knowledge
regarding the subject.

The analysis of nurses’ knowledge in all studied domains of the
process of enteral medication administration, also revealed some
undesirable findings. The nurses’ knowledge was unsatisfactory
for all the four domains of characterizing medication administra-
tion through EFTs at baseline: Recognizing dosage forms, medica-
tion preparation, tube flushing before, between, and after
medications’ administration, recognizing drug-drug and drug-
feed interactions. Again, this was observed in previous studies that
examined the same domains of nurses’ knowledge regarding ent-
eral medication administration (Dashti-Khavidaki et al., 2012;
Khani et al., 2016).
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The poor knowledge of nurses regarding special drug formula-
tions can threaten patients’ safety since the incorrect crushing of
such preparation can lead to undesirable patients’ outcomes and
even death (Schier et al., 2003; Matysiak-Luśnia and Łysenko,
2014; Bandy et al., 2019). This can be attributed to possibly defi-
cient academic education, specifically with regards to medications
and dosage form characteristics, but this should be addressed uni-
versally to protect patients from potential harm. Physicians and
pharmacists also have to collaborate with nurses to reduce the
number of these medication errors and reduce the potential for
patient harm.

Nurses’ self-reported practice regarding medication administra-
tion through enteral tubes was found to be unsatisfactory for both
groups at baseline (the average was less than 75% of the total
score). This was consistent with the results of other surveys that
were interested in nurses’ practices during medication administra-
tion through EFTs. These surveys showed the inconsistency in
nurses’ practices, the low percentages of nurses who flush the tube
before medication administration, after medication administra-
tion, and between different medications administration. Moreover,
nurses have reported crushing solid dosage forms routinely
(Phillips and Endacott, 2011; Guenter and Boullata, 2013). The
self-reported practice is an important way to evaluate a process,
but the fact that it could not be able to reflect real practice deficien-
cies cannot be eliminated. Although, this unsatisfactory average
score can make our judgment about the inadequate knowledge
of nurses regarding the subject more certain, it was expected that
nurses would answer according to what they believed would be
the ‘‘correct” answer.

The intervention has significantly improved knowledge and
self-reported practice. These favorable results can be expected as
a result of an educational program, especially after blaming the
lack of nurses’ knowledge regarding enteral medication adminis-
tration for the undesirable results at baseline. This kind of educa-
tional intervention that aimed at increasing the awareness and
knowledge of nurses regarding the subject was also evaluated in
previous studies (Hanssens et al., 2006; Van den Bemt et al.,
2006; Idzinga et al., 2009; Dashti-Khavidaki et al., 2012; Hossaini
Alhashemi et al., 2019). The positive impact of these educational
interventions seen in these studies differed from one study to
another. The knowledge and practice domains were affected by
each educational or pharmaceutical intervention to variable
extents, while others were not affected significantly, such as med-
ication preparation errors (Idzinga et al., 2009; Dashti-Khavidaki
et al., 2012). In our study, statistically significant improvements
in all the knowledge domains, and self-reported practice suggest
that the close contact and collaboration between pharmacists
and nurses on an individual basis can help in filling knowledge
gaps and resolving technical or theoretical issues.

The main differences between the intervention and control
groups for the outcomes measured at the post-interventional
phase can be attributed to the education provided by the clinical
pharmacist. The mean total knowledge score, the mean knowledge
score for each domain, and the mean self-reported practice score
were all significantly higher in the intervention group when com-
pared to the nurses in the control group. Moreover, all can be cat-
egorized as adequate after the intervention (Knowledge
score > 50% maximum score, practice score > 75% of the maximum
score). Hanssens et al. (2006) reported earlier improvement in
nurses’ knowledge and self-reported practice as a result of an edu-
cational intervention. A finding that is limited by the absence of
clinical outcomes that directly affect the patients. The argument
of why this is considered as a limitation is that the lack of knowl-
edge can be a cause of why nurses’ deviate from the ‘‘recom-
mended” practice and result in patient harm. However, ‘‘how and
to what extent they deviate?” are questions that cannot be
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answered by such research. Sometimes, other factors would make
a nurse deviate from what he or she knows, and thus observation
of what a nurse does leads to a stronger argument. This limitation
of lacking a relevant clinical outcome in Hanssens et al. (2006)
study was overcome by measuring tube obstruction and the num-
ber of administration errors per nurse as outcomes to assess the
intervention in Van den Bemt et al. (2006) study. The latter study
aimed to improve the quality of oral medication administration
to patients with EFTs, the difference in the number of tube obstruc-
tions was not statistically significant after the intervention, but a
trend toward improvement was seen. On the other hand, the inter-
vention reduced the number of administration errors significantly
(OR 0.003, 95% CI 0.0005 to 0.02) (Van den Bemt et al., 2006)

This study found that the mean knowledge score for each
domain, improved significantly in the intervention group nurses,
in all the studied domains. This is contrary to the results found
in Dashti-Khavidaki et al. (2012), where a similar intervention
did not significantly affect the tube flushing and recognizing
dosage form domains. This can be attributed to the design of the
intervention to include and highlight the importance of all the
aspects of medication administration through EFTs process, not
only the medication preparation and administration steps. More-
over, the close contact between the clinical pharmacist and the
intervention group nurses as part of the intervention allowed us
to repeat and comment on their practices on an individual level
to overcome any insufficient knowledge or misunderstanding
regarding the subject, similar to the findings of Hossaini
Alhashemi et al. (2019), where a similar educational intervention
resulted in a statistically significant improvement in all the studied
domains.

The mean differences in the total knowledge score and the
mean scores for each knowledge domain in our study suggest that
the greatest improvements were seen in the tube flushing, medica-
tion preparation, and recognizing dosage forms domains. These
findings can be justified by the nurses’ acceptance of the impor-
tance of their role in these domains, but their role in recognizing
drug-drug or drug-feed interactions seemed less convincing to
the nurses or needed more pharmacological, pharmacokinetic,
and drug-specific information that needed to be fully compre-
hended by the nurses in the intervention group. Moreover, this
poor pharmacological knowledge is a finding and a justification
that is regularly encountered in similar research (Mota et al.,
2010, Bandy et al., 2019). Also, the lack of interprofessional collab-
oration and regular guidance from pharmacists, nutritionists, and
physicians regarding possible interactions might contribute to
inadequate knowledge.
6. Study strengths and limitations

This study is the first one of its kind to characterize the process
of oral medication administration through EFTs in Jordan. This
would aid in sizing the problem especially that multiple variables
were measured, namely: nurses’ knowledge, nurses’ self-reported
practice, and nurses’ attitudes toward educational intervention to
enhance their knowledge regarding enteral medication
administration.

Several limitations could be stated to make it easier to over-
come them in future research, these include:

1. The study was conducted at six ICU departments at JUH, it was
done in one hospital and generalization to other sites will
depend on further research.

2. Self-report is always controversial in quantitative research.
However, it does sound as if the nurses were being honest in
their statements of knowledge deficits.
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7. Conclusion and recommendations

Oral medication administration through EFTs is a complex pro-
cess with many aspects to consider, multiple steps to perform, and
multiple error-prone opportunities. Intensive care units’ nurses’
baseline knowledge and practice regarding enteral medication
administration were found to be unsatisfactory, especially that
they are dealing with critical patients. Nurses’ knowledge and
practice improved after the implementation of a clinical pharma-
cist intervention that was designed to help the nurses’ to acquire
the required information and skills to prepare and administer oral
medications through EFTs. Nurses’ willingness to become engaged
in such educational programs accompanied by their self-
assessment as having inadequate knowledge regarding the subject
prompt actions toward offering and implementing similar educa-
tional sessions repetitively for intensivist nurses.

Some of the authors’ recommendations for better practice:

� Clinical pharmacists along with a multidisciplinary healthcare
team can aid in generating a protocol or institution-specific
guideline that standardizes the process of medication adminis-
tration through EFTs in the institution. This would ensure a
longer-term effect on nurses’ knowledge and practice that
would not be affected by workflow changes.

� The repeated observation of the lack of satisfactory knowledge
regarding oral medication administration through EFTs among
nurses may suggest the need to introduce key points regarding
enteral medication administration to the academic courses for
nurses, orientation topics, and the continuous education and
professional development requirements.

� An educational program could be offered to physicians during
their undergraduate courses and in-hospital training. This could
reduce the number of prescribed medications that are unsuit-
able for administration through EFTs.

� Proper training about the correct use, handling, and cleaning of
the instruments used in the process of administering medica-
tions through an EFT should be offered to ICU nurses to opti-
mize patient outcomes.

� A database of the medications available in the hospital that
couldn’t be crushed and considered unsuitable for administra-
tion through EFTs can be made. This would activate the role
of both clinical and dispensing pharmacists in reducing the
number of medication errors.

� A follow-up study to see how well the changes in practice
endured over time and in the face of increased patient loads
in ICU.
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