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ABSTRACT

Background: Medication management is a complex process with multiple stages that involves different health care
teams. Based on the evidence, an electronic medication management system offers significant benefits, such as reduced
medication errors, improved conformity, enhanced time and cost efficiency, and increased patient safety. This study
aimed to design and implement an electronic medication management system and measure the nurse’s satisfaction
regarding the application of this system.

Methods: In this technical action research, the nurses' satisfaction with the use of the designed system was evaluated.
The electronic medication system development and data collection were conducted in two phases. The first phase
included the design and development of an electronic nursing medication management system to be used in the
neonatal intensive care unit. The second phase involved the evaluation of the nurses’ satisfaction with the use of the
electronic system by applying a five-point Likert scale questionnaire.

Results: The findings were divided into two categories, including results related to the design of the electronic systems and
those regarding the evaluation of nurses’ satisfaction with the use of the electronic systems. The design of the electronic
system was successful as the nurse's satisfaction evaluation revealed a high level of satisfaction with the use of the system.
Conclusion: Electronic medication management system has more practical advantages than other similar systems.
This system helps the nurses to identify and prevent many medication errors and save time in drug care

documentation. Therefore, this system is a big step towards satisfaction with nursing medication care.

Keywords: Electronic medication management systems, Medication care, Neonatal, Nursing satisfaction

Introduction

Medication management is a complex process
with multiple stages that involves different health
care teams (1). However, it seems that nurses
are the major responsible staffs in drug
administration. Medication care consumes more
than 40% of the nurses’ time. Inadequate human
resources and long working hours, leave the
nurses prone to medication errors (2). Since the
1960s, there has been a dramatic increase in drug
information.

Therefore, the clinical staff, especially nurses,
face with significant growth of drug types and
their related issues, such as safety, efficiency, and
side effects (3). Today, medication errors are the
second most common type of clinical errors (4).
Medication care management is defined as the
responsibility to deliver medication with the aim
of improving the quality of patients’ life (3).

Neonates, as a high-risk group of patients in the
hospital, are exposed to more medication errors and
unintended side effects (1). The unique features and
complexity of the Neonatal Intensive Care Unit
(NICU) environment, along with the excessive
vulnerability of this group of patients, increase the
risk of medication errors (5). These issues have
forced the nurses to look for better methods for
providing safe care, improving care quality, and
minimizing the length of hospital stay with
minimum damage caused by medication errors (4).

Furthermore, medication safety can be
enhanced by technology (6). Health information
technology is not only a necessary foundation for
improving health care delivery (7), but also offers an
opportunity to transform healthcare to a safer
practice (8). In addition, clinical information systems
in the hospitals have led to the enhancement of care
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quality and reduction of medical errors (9).

Electronic medication management systems
offer significant benefits, such as reduced medical
errors, improved conformity, enhanced time and
cost efficiency, and increased drug safety (6).
According to the literature, clinical decision
support systems integrated with electronic
medical record system have a high potential to
reduce medication errors (10). It is widely
recognized that the features of an electronic
medication administration system must be
accepted by nurses in order to support them in
their daily processes (11).

In addition, some studies have emphasized the
importance of contextual design of such systems.
Contextual design is a structured methodology for
investigating the user's workplace for the purpose
of designing a software, which addresses the
needs of the user (12). Care satisfaction can
affect patient safety and nurses' productivity,
performance, and quality of care (13). If nurses
are satisfied with the functions provided by a
system of this nature, they are much more likely to
make their efforts to focus on the professional
aspects of medication administration (11).

With this background in mind, the present
study aimed to design and develop an electronic
nursing medication management system to be
used in the NICU, and then evaluate the impact
of this system on nursing satisfaction with
medication care and documentation.

Methods

The main method of this study was technical
action research, which facilitates the integration of
research and practice (14). Action research is
known as a partnership approach for researching
in the healthcare environment that improves the
services and the people involved in the healthcare,
including care recipients and caregivers (15).
Furthermore, technical action research is a kind
of action research that starts with a special
intervention and continues by monitoring the
results of the given intervention (16).

This study was conducted in two phases. First,
we designed and developed an electronic nursing
medication management system to be used in the
NICU (including three steps). In the second phase,
the nurses’ satisfaction with the electronic system
was evaluated by applying a five-point Likert scale
questionnaire. Each phase included some steps
that are described below.

First phase: Step 1
The drug decision support system was
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designed and developed with the preparation of a
list of common medication errors based on the
previous studies conducted in the NICUs. Then, a
list of the commonly used drugs in the NICU and
the related drug information was prepared. The
classified drug information was entered into an
Excel file in Persian and English to prepare the
software. Finally, a web-based drug decision
support system was developed in collaboration
with a software development team.

Additionally, the related literature was
investigated, and the most common causes of
medication errors by made by the nurses in the
NICU were identified and classified. These
medication errors included dose calculation
errors, zero and decimal point errors (17, 18),
time frequency of drug use (19), similarity
between the names of the drugs (20), wrong
setting of the infusion rate and devices (21), use of
an incompatible solution during the drug dilution
(4), incorrect route of drug administration (22),
and inattention to the nursing precautions and
drug considerations (23).

At this phase, depending on the type of the
required information, the drug information was
extracted from the neonatal pharmacology
reference and the pharmaceutical information sheet
in the drug packages. The data were classified in an
Excel file as a bilingual source (i.e., Persian and
English). The information about the drug was
divided into eight categories, including the
calculation of drug dose based on neonate’s weight,
gestational and postnatal age, administration route,
monitoring, drug preparation, nursing attention,
compatibility/incompatibility of the solution, and
stability of the solution. Then, the Excel file was
converted to a web-based drug decision support
system by the software development team.

First phase: Step 2

In the second step, the drug care documentation
system was designed and developed. The nurses
entered all drug orders in the nursing-drug-care-
plan section of the system. They also recorded the
drugs administered in their shift in the drug-care-
documentation section, which finally resulted in a
nursing drug care paper as a report. Drug care E-
forms were designed in a way to achieve a user-
friendly and context-based system similar to
paper forms that are currently used in the NICU.

The difference here was that the docume-
ntation was performed only by clicking the
existing options with no need to type in the E-
form. Furthermore, the electronic form was
designed to be a smart one. In this regard, the
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system alarms the user automatically to recheck
the information if the user wants to record any
drug information that does not match with the
information in the drug decision support system.

First phase: Step 3

The third step involved the integration of
the two mentioned systems. Accordingly, at
this phase, an electronic nursing medication
management system was designed and developed
to be used in the NICU.

Second phase
In this phase, we started to use the electronic
system in a 10-bed NICU with 18 nurses. To this
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aim, the nurses were informed about the
objectives of the study, and their written informed
consent was obtained. At this phase, one of the
researchers trained the nurses to use the system.
The training sessions were held in the hospital in
a practical and individualized manner. After the
training phase, the nurses started to use the
electronic system for real patients. Subsequently,
a satisfaction questionnaire was designed in
cooperation with the nurses using the principles of
an action research study. This questionnaire
included two sections and 26 items rated on a five-
point Likert scale. At the end, the satisfaction rate
(in percent) of each item and the overall rate of
nurses’ satisfaction were calculated (tables 1 and 2).

Table 1. Nurses' satisfaction with the drug decision support system

Nurses' satisfaction with drug decision support system Too much Much Normal Little Too little

1. Satisfaction with the impact of system on the reduction of medication errors 66.7% 33.3% 0 0 0

2. Satlsfactlon.x/\./1.th th.e impact of system on the reduction of errors related to 66.7% 33.3% 0 0 0

serum compatibility with drugs

3. Satlslfactlon V\.Ilt.hl the .1mpact of system on the reduction of errors related to 66.7% 33.3% 0 0 0

serum incompatibility with drugs

4. Satlsfa(.:tl.on W.lth the impact of systgm on the rgduct}on of errors related to 77.8% 22.2% 0 0 0

drug administration route, such as slow intravenous infusion

5. SatlsfaFtlon Wlt}.l th.e impact of system on the r.eductlon of errors related to the 66.7% 22.2% 111% 0 0

preparation and dilution of drugs for administration

6. Satlsfa(.:tl.on Wllth Fhe impact of system on the reduction of errors related to 66.7% 22.2% 11.1% 0 0

drug administration interval, for example every 12 h

7. Sa.tlsfactlgn Yv1th the impact of syste.m on the reduction of errors related to 61.1% 38.9% 0 0 0

special medication care, such as controlling the pulse

8. Sa.tlsfactlo.n leth the 1mpacF of system on the reduction of errors related to 66.7% 33.3% 0 0 0

special monitoring, such as weight control, etc.

9. Sat.lsfactlonl with the impact of system on the reduction of the time to access 77.8% 22.2% 0 0 0

drug information

10. Satl§factlon with the impact of system on the overall enhancement of 66.7% 22.2% 11.1% 0 0

medication use among nurses

11. Satisfaction with the impact of system on the overall reduction of medication 66.7% 33.3% 0 0 0

care errors

12. Overall satisfaction with electronic drug decision support system 66.7% 33.3% 0 0 0
Table 2. Nurses' Satisfaction with the electronic medication documentation system

Nurses' satisfaction with the electronic medication documentation system Too much Much  Normal  Little Too little

.1. Sa}tlsfactlon. with th.e 1n{1pact qf system on th? reduction of errors related to 55.6% 44.4% 0 0 0

illegible drug information in nursing documentation

2. Sgtlsfactlon with the impact of system on increasing the accuracy of the 55.6% 44.4% 0 0 0

medication needed

3. Satisfaction with the impact of system on rapid decision-making in medication care 55.6% 22.2%  22.2% 0 0

4. Saltlsflalctlon with the impact of system on the accuracy of decision making in 55.6% 33.3% 11.1% 0 0

medication care

5. Satisfaction with the impact of system on the ease of medication care records 33.3% 444% 11.1% 11.1% 0

fécsoitéstf;:telon with the impact of system on the reduction of medication care 22.2% 55.6% 11.1% 111% 0

7. Satisfaction with the impact of system on the ease of medication care report 22.2% 444%  33.3% 0 0

8. Sgtls.factlon with the m}pact of system on the required access time to 11.1% 556%  33.3% 0 0

medication care documentation

&osra:(tllsgzctlon with the impact of systems on the reduction of nurses’ medication 50% 38.9% 11.1% 0 0

10. Satlsfacthn V\.llth the impact of system on the facilitation of the follow-up of 22.2% 556%  22.2% 0 0

previous medication care

_11. S?t.lsfa_ctlon with the impact of system on the disease and recovery course 22.2% 222%  55.6% 0 0

identification

f102r.r§':t1sfactlon with the similarity of the electronic drug forms with paper drug 50% 38.9% 11.1% 0 0

13. Overall satisfaction with electronic medication documentation 38.9% 50% 11.1% 0 0
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The face validity of the questionnaire was
determined by the participating nurses who were
supposed to use the system. In addition, the
content validity was confirmed by 10 nursing
faculty members. The reliability of this
instrument was also calculated, rendering a
Cronbach's alpha of 0.86.

After using the system by the nurses for the
documentation of nursing drug care for real
patients, the nurses filled out the satisfaction
questionnaire. Satisfaction about each submenu of
the system was measured with different items. In
addition, the questionnaire included one general
item about the overall satisfaction with drug
decision support system, medication document-
tation system, and integrated system.

Results

The results of this study led to the design
and development of an electronic nursing
medication management system for the NICU
that allowed the nurses to carry out medication
care and documentation with minimal error and
resulted in high level of nursing satisfaction. The
results were presented in two parts. In the first
part, we described the components of the
designed program, and in the second part, the
results of the satisfaction questionnaire were
presented.

Part 1 - System description
This system includes a login page and four
main menus that are as follows:

e Login page: On this page, the users are required
to enter their own username and password to
log in. It should be noted that three levels of
user access are defined in the system by using a
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special username and password. These three
levels include highest level of access for the
system administrator, mid-level access for the
supervisor who can edit, add, or remove
information, and low-level access for general
users (i.e., nurses) who can only read, register,
and document the patient drug information in
the system (Figure 1).
The four main menus:

1.Home: This page provides general information
about the system for the users. The information
includes system information, source of drugs,
guidelines for using the system, and guidelines
to get access to the support team and system
designers (Figure 2).

2.Individuals information: This menu consists of
six sub-menus (Figure 3), including patient
add/edit (Figure 4), patient discharge (Figure
5), physician add/edit (Figure 6), user add/edit
(Figure 7), working shift table (Figure 8), and
change password (Figure 9). This menu generally
includes adding and editing information about
the people in the system.

3. Drug decision support: This page contains four
sub-menus (Figure 10), namely drug information
table, drug add/edit, serum add/edit, and blood
product add/edit.

e In the drug information table, eight cells are
displayed to the user by selecting the drug name.
The three items necessary for the calculation of
drug dose in the NICU, namely “birth weight”,
“gestational age”, and “postnatal age, were also
considered in this part. In the first cell of the
drug information table, the system shows
calculated drug dose and frequency of
administration. In addition, other necessary
information, such as solution compatibility/

System

Username: user

Password: eeses

O Drug Decision Support System

O Nursing Process Decision Support
System

O Drug Care Documentation System

O Nursing Process Documentation
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Figure 1. Login page
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Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report

Medication is one of the most common nursing care in hospitals that plays an important role in
health and healing. Medication errors in the NICUs are 8 times higher than adult wards in
hospitals. Considering the importance of medication errors in the NICUs, detection and prevention
of these errors are important. Nowadays the use of electronic information system is recommended
to reduce medication errors, improvement of evidence based practice and Increase the accuracy of
clinical decisions in all groups of patients, especially in intensive care units. The drug Care
Management is a complex process and involves various steps and a large number of personnel. However, it seems that
nurses play the most important role in drug administration and care. And medication allocated to more than 40 percent of the
time of nursing care. In addition, accurate nursing care without accurate documentation does not make sense. Also, studies
show that the cause of computerized nursing documentation are Reduce the workload of nurses , saving time, Improve the
quality of documentation and thus improve the quality and continuity of care , increase credit documentation , easier
communication between nurses and doctors, And increase the quality of care and emphasizes the importance of nursing
care. So in this project, it was decided that a drug information and documentation system is designed for use in the neonatal
intensive care unit. It is worth noting that this system is part of a more comprehensive electronic system called the Electronic
nursing information System. That this part of the system, can be used both individually and in combination in comprehensive
system. Notably, in the design and implementation of this system is ease of use by the nurses, because designing of this
system is based on drug decision support system and the current drug documentation in nursing. It is hoped that this system
could be take a step , however small, in the way of improving the quality of nursing care, reducing nurses Workload and

Figure 2. Home page

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report

Patient Add/Edit

Medication is one of
health and healing.

hospitals. Consideri
of these errors are il
to reduce medicatioi
clinical decisions in

Management is a cc
nurses play the mos
time of nursing care
show that the cause

Patient Discharge
Physician Add/Edit
Working Shift Table
User Add / Edit

Change Password

sing care in hospitals that plays an important role in
2 NICUs are 8 times higher than adult wards in
edication errors in the NICUs, detection and prevention
e use of electronic information system is recommended
of evidence based practice and Increase the accuracy off
sspecially in intensive care units. The drug Care
‘olves various steps and a large number of personnel. However, it seems that
administration and care. And medication allocated to more than 40 percent of the
wrsing care without accurate documentation does not make sense. Also, studies
ng documentation are Reduce the workload of nurses , saving time, Improve the

quality of documentation and thus improve the quality and continuity of care , increase credit documentation , easier
communication between nurses and doctors, And increase the quality of care and emphasizes the importance of nursing
care. So in this project, it was decided that a drug information and documentation system is designed for use in the neonatal
intensive care unit. It is worth noting that this system is part of a more comprehensive electronic system called the Electronic
nursing information System. That this part of the system, can be used both individually and in combination in comprehensive
system. Notably, in the design and implementation of this system is ease of use by the nurses, because designing of this
system is based on drug decision support system and the current drug documentation in nursing. It is hoped that this system
could be take a step , however small, in the way of improving the quality of nursing care, reducing nurses Workload and

Figure 3. Pe>o>plAe information page

Home

People info. -

Select | New Patient = lect Doctor - *Birth Weight Mother Condition: Nothing Selected =
Patient: (ar):
First Name: *Last Name: *Head C (cm): Necnate Blood Group: N/A~
Father Name: *File Chest C (cm): Mother Blood Group:  N/A~
number:
+Birth Date: = ® Insurance: Please Select~ *Length (cm): *Neconate Sex: Male ~
+Admit Date: =2 ®© Bed No: Please Select ~ +G.Age (Week): Child Birth Type: NVD -
Apgar 1: Apgar 2: *Admit Weight Diagnosis:

Drug DSS -~ Drug Care Doc. ~ Drug Register Report

Patient Add/Edit

(gr):

Clear Save

Figure 4. Patient add/edit page

incompatibility,

(figures 10 and 11).

administration route,
toring, precautions, preparations, and special
nursing considerations, is shown in other cells

moni- Drug/serum and blood product add/edit
information: This part is accessible only to those
who are allowed to edit this information.

Compared to other similar systems, it is the
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Home

Select Please Select hd
Patient:

People info. ~

Drug DSS ~ Drug Care Doc. ~ Drug Register Report

Patient Discharge

Nursing PHD Project - 2015-2016

Figure 5. Patient discharge page

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report
Physician Add/Edit
Select Physician: Sel=ct Doctor - *Physician Name:

[ Physician Inactive

Save

Nursing PHD Project - 2015-2016

Figure 6. Physician add/edit page

Home

= Select User: | Add New User

*Password:

First Name:

Shift Sort:

People info. ~ Drug DSS ~ Drug Care Doc. -~ Drug Register|

User Add / Edit
Administrator -

+User Name: +Access Level:

+Password Repeat: +Nursing Code:

+Full Name:

Last Name:

[JUse In Shift Table [ Active

MNursing PHD Project - 2015-2016

Figure 7. User add/edit page

Home

People info. - Drug DSS - Drug Care Doc. - Drug Register|

Change Password

+0ld Password: sses
+New Password Repeat:

*Password Repeat:

Nursing PHD Project - 2015-2016

Figure 8. Chang password page
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Home People info. ~ Drug DSS ~ Drug Care Doc. -~ Drug Register
Drug Table
Medication is one of the most common nursing care in 1 important role in health and healing.
Medication errors in the NICUs are 8 times higher than  pryg Add / Edit als. Considering the importance of
medication errors in the NICUs, detection and preventic important. Nowadays the use of
electronic information system is recommended to reduc¢ Serum Add / Edit mprovement of evidence based
practice and Increase the accuracy of clinical decisions its, especially in intensive care units.

The drug Care Management is a complex process and Product Add/ Edit 5 and a large number of personnel.
However, it seems that nurses play the most important ruic nr uruyg aunmusuation and care. And medication allocated to more than 40
percent of the time of nursing care. In addition, accurate nursing care without accurate documentation does not make sense. Also, studif
show that the cause of computerized nursing documentation are Reduce the workload of nurses , saving time, Improve the quality of
documentation and thus improve the quality and continuity of care , increase credit documentation , easier communication between nurs
and doctors, And increase the quality of care and emphasizes the importance of nursing care. So in this project, it was decided that a dr)
information and documentation system is designed for use in the neonatal intensive care unit. It is worth noting that this system is part o]
more comprehensive electronic system called the Electronic nursing information System. That this part of the system, can be used both
individually and in combination in comprehensive system. Notably, in the design and implementation of this system is ease of use by the
nurses, because designing of this system is based on drug decision support system and the current drug documentation in nursing. Itis
hoped that this system could be take a step , however small, in the way of improving the quality of nursing care, reducing nurses Worklo

Figure 9. Drug table page

e S ———————————————————————————————————————————————————————————————————————

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report
Drug Table
Select Patient: Please Scelect - Drug Name: Plzzse Select - G.Age (Week): Age (Day): Weight (gr):

Drug Name Is Empty Between 20 and 46 Between 0 and 1000 Between 400 and 3000

Nursing PHD Project - 2015-2016

Figure 10. Drug table page

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report
Drug Table
Select Patient: oL - <. x Drug Name: Acyclovir-Amp x G.Age (Week): 29 Age (Day): 42 Weight (gr): 1260

Acyclovir-Amp (orug )
Proper Dose 252mgQ8h Administration PO, IV Infusion via syring pump
Solutions ’ Solutions Not Lactat Ringer, Fat Emulsion, D/W
N | Salin, D/W 5%, D/S ' ’

Compatible Sl SR, ’ Compatible 10%, No Need For Solution

Prepare powder for solution by Reconstituted solution is stable at
Preparation dissolving contents of 500 mg vial in Solution Stability | room temperature for 12 hours. Do not

10 ml sterile water for injection. refrigerate.

Nursing Attention Monitor IV site for phlebitis_ Monitoring Periodic CBC.

Figure 11. Drug table page

most important advantage of this system. By plan, drug care report, dose change reason,
entering this page, the user can change, add, and reason to change the administration route,
edit all drug/serum and blood product reason to change the compatible solution,
information. This option was predicted and reason to change the frequency of drug
added in the system because of the significant administration, drug care plan if condition, drug
changes required in drug/serum and blood care report if condition, reason to change
product information over time (figures 12, 13, administration time, and reason for non-
and 14). administration.

1.Drug care documentation: This page contains 10 e Drug care plan: Physician's drug order is
sub-menus (Figure 15) that include drug care displayed with a table in this menu (Figure 16).
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Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report
Drug Add / Edit
Drug Name: Amikacin-Amp x New: Amikacin-Amp *Administration: 2 Selected ~ Sol. 3 Selected ~
Comp.:
Preparaticn: For IV use dilute with a compatible solution fo a concentration of 5 mg/ml Menitoring:  Measure serum concentration when treating for more than 48 hours
L1 Notice |, + o) a) o oot e [ Notice: ., |\ et 4B am e 5 s Sl
Sol. Stability: Refer to drug manufacturer Nursing Daily weight control for dosage adjustment
Attn.:
[0 Notice | i iis € s iyamal e I e e gos J
Notice
Dosing Interval Table
G.Age (Week) Age (Day) Dosage Interval IAction
24 To 29 0To7 18 mg Q2day xE
24To 29 8To28 15 mg Q36h xXG
24To 29 29 To 1000 15 mg Q1day xG
30To 34 0To7 18 mg Q36h xXG
30To 34 8 To 1000 15 mg Q1day xG
35 To 46 Al 15 mg Q 1day xXG
20 To 46 Alll 0 To 1000 All| 15 To 15 m.. On Order ~ &+
i Risk
Figure 12. Drug add/edit page
Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report
Serum Add / Edit
Serum Name: Please Selsct - New: Administration: Nothing Selecte... Sol. Comp.: Nothing Selecle...
Preparation: Monitering:
O Notice [ Notice
Sol. Stability: Nursing
[ Notice Atto
[1 Motice
:
Inactive

Nursing PHD Project - 2015-2016

Figure 13. Serum add/edit page

Home People info. ~ Drug DSS ~
Product Add / Edit
Product Pack Cell x New: Pack Cell
Name:
Injection Indh- Volume: 200 To | 300 ({2

Duration:

Preparation: Blood bag is ready for injection Menitoring:

[ otice .., .. Gt e e Notice

Prod. .Blood bag containing the red blood cell storage time for 35 days at a Nursing

Stability: Attn.:

o216 gler 2 3y 35 e dr a8 sl JE (a8 e g 100 e e
[] Notice [ Motice
:
Inactive

Nursing PHD Project - 2015-2016

Drug Care Doc. ~ Drug Register Report

Administratior 1 Selected ~

Sol. Comp.: 1 Selected ~

Precise control of vital signs before, during and after injection

om0 o om0l
Blood transfusions must be matched for ABO and Rh

GHlat 5 s o8 Ul i 3 s

Figure 14. Product add/edit page
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Home People info. ~ Drug DSS ~ Drug Care Doc. -~ } Drug Register Report

. o . . Drug Care Plan
Medication is one of the most common nursing care in hospitals that plays a

health and healing. Medication errors in the NICUs are 8 times higher than z pgse change Reasons
hospitals. Considering the importance of medication errors in the NICUs, de

of these errors are important. Nowadays the use of electronic information sy Administration Change Reasons
to reduce medication errors, improvement of evidence based practice and Ir

clinical decisions in all groups of patients, especially in intensive care units. ' Slelution Change Reasons
Management is a complex process and involves various steps and a large n
nurses play the most important role in drug administration and care. And me
time of nursing care. In addition, accurate nursing care without accurate doc

rems that
percent of the
Also, studies

Interval Change Reasons

Drug Cardex If Conditions

show that the cause of computerized nursing documentation are Reduce the Improve the
quality of documentation and thus improve the quality and continuity of care  prug Register If Conditions rasier
communication between nurses and doctors, And increase the quality of car of nursing

care. So in this project, it was decided that a drug information and documeni
intensive care unit. It is worth noting that this system is part of a more compi
nursing information System. That this part of the system, can be used both i

Time Change Reasons

Ignore Reasons

1 the neonatal
the Electronic
mprehensive

system. Notably, in the design and implementation of this system is ease of use by ine nurses, pecause aesigning of this
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Figure 15. Drug care documentation page

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report

Drug Care Plan

Select Patient: ;- o, %  Type: Drug~ Drug Name: - Weight (gr): 2600 Add

Drug Name Not Selected

Neonate Sex :Female |Age (Day): 17 |G.Age (Week): 36 Doctor: s ia 5 Admit Date : 2016-09-28 |Fi|e number: 310372

Row| Date & Time Drug Name Dose Administration Solution(s) Interval If Condition Status Action

1 | 2016-09-28 2256 Cefotaxime - Vial 130 mg 2 '"f“S'l;”n;”: synng DAW 5% Q12h RPO ~

2 | 2016-09-28 22:55 Amikacin-Amp 26 mg IV Infusion Q12h RPO ~

3 | 2016-09-28 22:54 Ampicilin - Vial 130 mg IV slow push Qsh RPO ~
Row| Date & Time Serum Name Electrolit Electrolit Vol. 6 Hr. Vol. Administration Status Action

1 | 2016-09-28 22:53 S.DMW 10% No Electrolit 525 IV Infusion via syring pump - Continuse IV infusion RPO ~

Nursing PHD Project - 2015-2016
Figure 16. Drug care plan page

Home People info. ~ Drug DSS ~ Drug Care Doc. ~ Drug Register Report

Drug Register Report

Select Patient: ' » 25 x
Neonate Sex: Female [Age (Day): 17 [cAgeWeeky:36 — ooctor: e £ [AdmitDate:2016:00-28 _ [File number: 310372 |
. Ao as ‘ e N Serum S A
Row Time Drug Name Dose (s) Vol If Condition Not Apply Action
2016-10-14 | IV Infusion via syring
1 i Cefotaxime - Vial 130 mg \ i D/W 5% 4
-10- |
2 201‘% 1505 A4 1 Amikacin-Amp %mg | IV Infusion +
Row Time Serum Name 6 Hr. Vol. In Shift gLt Admini i El i Elo;:‘olll Not Apply Action
v IV Infusion via syring
1 2012620593'28 S.DIW 10% 525 2 pump - Continuse IV No Electrolit +
infusion

Nursing PHD Project - 2015-2016

Figure 17. Drug register report page

e Drug care report: Nurse’s drug care and
documentation are also displayed in this part

(Figure 17).
e Another part of this menu is just accessible by
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Home People info. ~

Select: Anaphylaxis Response »
Text (EN): Anaphylaxis Response

Text (FA): _<aai pe,

Drug DSS -

Dose Change Reasons

[item Inactive

Add/Update

Nursing PHD Project - 2015-2016

Drug Care Doc. ~ Drug Register Report

Figure 18. Dose change reasons page

Home People info. ~

Select: In case of difficulty breathing «
Text (EN): | In case of difficulty breathing

Text (FA): | can J8ae g5 cysee

Drug DSS ~

Drug Cardex If Conditions

O item Inactive

Add/Update

Nursing PHD Project - 2015-2016

Drug Care Doc. ~ Drug Register Report

Figure 19. Drug care plan if condition

the supervisor and administrator of the system,
and they can add/edit drug information to keep
the system up to date (figures 18 and 19).

Part 2- Satisfaction evaluation

In this part, we evaluated the satisfaction of the
nurses who used the system. Satisfaction
evaluation forms were administered to the nurses
after they used the system for the real patients for
several times. The nurses were asked about their
satisfaction with each item and submenu through
separate items. Reduced medication errors and
overall satisfaction with the system were the
issues enquired about with two general items in
the questionnaire.

The satisfaction questionnaire consisted of
three parts. Part one included items related to
electronic drug decision support system (12
items), part two entailed items concerning
electronic medication documentation system (13
items), and part three involved one item about the
overall satisfaction with the electronic medication
management system (i.e., the integrated system).

In the first part of the questionnaire, the first

eight items were about the information presented
in the eight cells of the drug table. The next four
items in this section were related to the decrease
in the access time to drug information,
enhancement of medication, reduction of overall
medication error, and overall satisfaction with the
drug decision support system. Data analysis
showed that 66.7% of the nurses chose “Too
Much” option regarding the overall satisfaction
with the drug decision support system. Therefore,
we concluded that the use of the system was
associated with a high satisfaction rate. Therefore,
this electronic system can be used as a guide to
make the best decisions in clinical nursing
practices.

In addition, the highest satisfaction level
among different parts of the drug decision support
system was related to the impact of the system
on the reduction of errors related to drug
administration route (77.8%) and the time
required to access the drug information (77.8%).
Accordingly, the results revealed that this system
could help the nurses save time and improve
direct nursing care.
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Table 3. Overall satisfaction with the electronic medication management system
Overall satisfaction with electronic medication management system Too much Much Normal Little Too little
1. Overall satisfaction with the electronic medication management
8 50% 50% 0 0 0

system (Drug decision support system + Drug documentation)

In the second part of the questionnaire, the
nurses were asked about the electronic medication
documentation system (13 items). The impact of
system on different aspects of nursing medication
care documentation was evaluated through 12
items. The last item was about the overall
satisfaction with the electronic medication
documentation system. Among the different parts
of the drug care documentation system, the
greatest satisfaction was related to the impact of
the system on the reduction of errors related
to illegible drug information in nursing document-
tation, accuracy of the required medication, rapid
decision-making, and accuracy of nursing
decisions. The 13t item of this part showed that
50% of the nurses selected “Much” option to show
their overall satisfaction with the system (Table 3).

At the end, 100% of the nurses selected “Much”
and “Too much" option in response to the ending
question about the overall satisfaction with using
the system.

Discussion

In this study, we tried to design an electronic
medication management system that can reduce
all types of medication errors. In this regard, Jani
et al. (2008) conducted a study to assess the effect
of an electronic prescribing system on the
incidence and types of medication errors (18). The
mentioned system is similar to our system due to
the coverage of medication errors associated with
dose calculation and route of administration.
However, it seems that our system is more
comprehensive due to its focus on all kinds of
medication errors and the incorporation of
medication care documentation forms.

In the present study, all factors affecting the
neonatal drug calculations, including birth weight,
gestational age, and postnatal age, were
considered in designing the system. In a study
conducted by Kadmon et al. (2009), a
computerized order entry system integrated with
clinical decision support system was designed for
the physicians as the target group. The findings of
the mentioned study demonstrated that the
implementation of the computerized physician
order entry system resulted in a slight reduction
in the medication errors. However, the integration
of the clinical decision support system led to a
significant reduction in this regard (24). The

results of the mentioned study highlighted the
major effect of weight-based drug calculation
errors in pediatric and neonatal patients.
Therefore, it is necessary to use a drug
information system to reduce the medication
errors not only for drug care, but also for drug
care documentation.

In our study, the medication management
system was designed in a way to display the
compatibility and incompatibility of the solutions
to dilute and inject drugs. Similarly, Bertche et al.
(2010) focused on preventing adverse drug
interactions and their side effects in the intensive
care units by means of an electronic clinical
decision support system. Their results showed
that the number of the patients with at least one
case of drug interaction decreased by 18% at the
end of the study (23). Therefore, it can be
concluded that the present system can effectively
prevent this type of medication errors by
considering the compatible and incompatible
solutions for drug injection and dilution.

The management of the large number of drugs
entered into the system and the ability to add and
edit the drug information are among the
important issues in the present study (ability to
keep the system up to date). In this regard, Kazemi
et al. (2011) conducted a study for assessing the
effect of a computerized physician order entry
integrated with decision support system on
medication errors in the neonatal ward. Their
designed system included only anticonvulsants
and antibiotics while other drugs were not
considered. However, the present system covered
all types of drugs. The findings of the mentioned
study showed that the application of
computerized physician order entry system
without using decision support system made no
significant change. However, the integration of the
two systems resulted in a significant decrease in
the errors (19).

In a study conducted in Germany, Pruszydlo et
al. (2012) focused on the development and
evaluation of a computerized clinical decision
support system for switching the drugs if
necessary (25). This system was similar to our
web-based system and that of Kazemi et al. in
terms of integration with physician order entry
system. The findings of the mentioned study
revealed a reduction in medication errors after
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implementing the system.

The studies by Pruszydlo and Kazemi showed
that the integration of decision support systems
with other electronic systems were more effective.
Therefore, in the present study, the integration of
the drug decision support system with the drug
care documentation system led to the
development of a comprehensive system of
nursing medication management, which reduced
not only the medication errors, but also the
medication care and documentation time.

In designing the electronic medication
management system in the current study, a special
attention was given to the frequency of drug
administration based on the neonatal age and
weight as sources of medication errors. Similarly,
You et al. (2012) designed and implemented an
administration decision support system in
Switzerland. Their purpose was to only determine
the exact dosage and frequency of drug
administration based on the determination of
drug concentration in the patient’s blood (26).
Nonetheless, this system could not be widely used
due to the structural and application complexity of
certain drugs. Therefore, efforts were made to
consider the easy and fast application of the
designed system as important features.

Based on the overall comparison of the present
designed system with other drug information
systems, it can be concluded that the advantages
of the this system include:

e Being designed and developed based on the
common causes of medication errors in the
NICU

o Integration of two systems with a potential to
cover medication care and documentation

e Use of the reliable sources of pharmaceutical
information

e A web-based design of application (an
independent platform that does not require any
further installation)

o Fast accessibility to the information

¢ Simultaneous access by multiple users

o Use of short and rational phrases for quick and
easy access to the information in decision
support system

e Reduction of care decision making time

Reduction of nurses’ stress during decision

making

Evidence-based decision making

Reduction of documentation time

Bilingual system (i.e., Persian-English)

Possibility of being used in different countries

Potential for long-term storage of medication

Neonatal Electronic Medication Management Systems

care documentation

e Potential to conduct research and statistical
studies for hospital policy making and future
planning

e Similarity of the electronic forms with paper
forms regarding simplicity of application

o Possibility of keeping the system updated by
users free with no necessity for the presence of
the system designer (one of the most important
advantages of the present system, which is not
present in any other systems)

e Potential of enhancing the pharmaceutical
information among the nurses

e Potential for to be used in the in-service
trainings and education of nursing students

o Ability to use each system separately or use the
hybrid system

e Three user access levels to prevent any possible
abuse or errors

e Intelligent design based on the work shift of the
nurses in order to prevent possible errors

e Easy documentation design by one click, which
reduces the documentation time

Three factors that should be considered in
designing and developing a useful and successful
electronic system include the context-based and
user-friendly design as well as incorporation of
user needs in designing and monitoring the
system.

The limitations of this study included the need
for making structural changes in some routine
structural nursing work and training the staff for
using the system. Making any change, although
positive, is wusually associated with some
challenges. However, given the unique advantages
of the system, researchers hope to overcome the
limitations by the correct implementation of the
system.

Due to the nature of this study (i.e., action
research), the following steps were taken with the
active participation of all nurses in the study:
1.When designing the system, nurses’ suggestions

were considered, based on which changes were
incorporated.

2.The titles and information of the eight cells of
the drug table were determined using a
checklist that was filled out by the participation
of all nurses in the study.

3.A total of 120 nursing diagnoses related to the
NICU were selected and entered into the system
by the participation of all nurses in the study.

4.Medication satisfaction questionnaires were
prepared in collaboration with three volunteer
nurses.
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5.Results of the study were analyzed in
collaboration with three volunteer nurses
participant in the study.

Conclusion

This study led to the design and implement-
tation of a medication management system with
unique and beneficial features. This system has
advantages over other similar systems that made
it more functional. This system allows the nurses
to identify and prevent medication errors, save
care and documentation time, and take major
steps towards promoting neonatal safety. Another
important advantage of this system is the high
levels of nurse's satisfaction (i.e., user) regarding
its application. We believe that if nurses (i.e,
users) are satisfied with the new system, it will be
more useful and effective.
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