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ABSTRACT

Introduction: Specialized registry in the NICU (neonatal
intensive care unit) is necessary to gather process and report
data in an accurate and timely manner. An electronic registry
could enable the mother and infant to be monitored and traced
through complete and comprehensive data.

Aim: Registry has been developed on the basis of a literature
study and view point of participants about effectiveness and
efficiency was evaluated.

Materials and Methods: A situational analysis was performed to
achieve a clear view from current status of NICU data collecting
and reporting, then a customized three tier architecture was
proposed to design and implement a specialized registry. User
satisfaction was evaluated by system usability scale among 30

INTRODUCTION

The maintenance and improvement of the health of newborns,
categorized as vulnerable groups, has a special position in the
healthcare system of most developing countries [1]. Neonatal
Mortality Rate (NMR) is a valuable indicator of socio-economic
development [2]. To reduce infant mortality, neonatal and perinatal
factors in the first 28 days after birth should be considered. Each of
these factors, depending on the circumstances of time and place
has different effects on health and mortality [3]. Therefore, for a good
patient care, these data should be collected, stored and analysed at
all levels of patient’s management [4].

According to the importance of the documentation of medical
records and its educational imperativeness, treatment, research and
the corresponding statistical information, the correct, complete and
timely registration of data can play a key role in satisfying health care
system requirements [5]. Medical records of patients are the main
source of care in the healthcare organizations [6]. In order to ensure
data quality, documentation process should be modified because
a good documentation requires an efficient information system.
Studies have shown a significant improvement in the quality and
safety of this domain which have been achieved by means of Health
Information Technology (HIT) [7]. Computer information systems
are more capable than paper-based systems by which more data
can be stored and retrieved faster. The methods of storing are
more reliable in these systems allowing us to have an efficient data
management system [5].

In the past, patient’s information system was often paper-based,
but now the trend is changing [8]. Although data entry in the paper
chart is easy, it is difficult to retrieve, as they are often illegible [9].
Transferring experiences based on the paper records will face
numerous problems, including illegibility, lack of concentration and
time consumption or even loss of some events [10]. Data quality
does not improve unless we replace the existing paper system by

participants to assess user’s attitude about system.

Results: A comprehensive data model with seven categories
was defined by 65 entities, which actually retains part of the
infants information. System usability scale was in a high range
about 70%. The highest agreement is on reduced registration
error. The advantages of system were perceived by users and
they had positive attitude about it.

Conclusion: The use of a suitable architecture and standard
templates lead to enhanced acceptability, effectiveness,
performance and functionality. Quality of data and health
promotion has a direct relationship with system usability. These
systems have a great potential to increase safety of patients by
providing fast and easy access to information, monitoring and
decision support operations.

Keywords: Critical care, Dataset, Design, Infants, Software

an appropriate electronic system [11]. Therefore, the development
of information systems can enhance the quality of performance [12].
Despite the dramatic growth of clinical knowledge and information
technology, many health care facilities are lacking computer systems
to provide clinical data [4]. Regarding the main goals of electronic
medical records (EMR) defined by the Institute of Medicine (IOM),
such as supporting and improving the quality of patient care and
clinical researches, it is necessary to apply electronic registry system
and adopt this technology for neonates by increasing its utilization in
the health care services [13].

Specialized registry system for managing clinical data have several
advantages in comparison with paper records such as fast access
to a patient information, legibility and accuracy of the information,
retrieving the information easily, saving nurses’ time, avoiding
repetitive procedures, possibility of quick reporting, reducing input
errors and finally improving patient safety [14]. Complete and timely
information is essential to inform public health decision makers for
child health which is lacking in resource limited countries. In this
situation, electronic registries are increasingly adopted to support
maternal and child healthcare and surveillance. An electronic registry
could enable the mother and infant to be monitored and traced
through complete and comprehensive data. A number of problems
including data management and patient confidentiality must be
considered in designing and implementing such systems [15].

A study in 2006 by in New York City hospital showed that the use of a
centralized registry system in the Neonatal Intensive Care Unit (NICU)
improves the quality of care greatly, increase safety of infants and
improves the efficiency of health services [16] and facilitate readability,
availability and data quality [11]. Specialized registries store data on
a particular type of disease. Maintaining a registry guarantees health
authorities to have accurate and timely information, with ensuring the
accessibility of data for care, research, and educational purposes
[17]. To sum up, design and implementation of specialized registry
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system in the hospitals NICU is necessary to gather and present
accurate and timely data. Data collected from analysis will be useful
to the effectiveness of interventions in the NICU hospitals. In the
present study, NICU registry system for hospitals with neonatal unit
was designed, implemented and evaluated in Tabriz University of
Medical Sciences in Iran.

MATERIALS AND METHODS

Design and Development

This research was an applied study and conducted in the first six-
month period of 2014 and registry software has been designed
and executed on the central server of Tabriz University of Medical
Sciences in winter 2014. All authorized users (members of pediatrics
research center) have access to defined functions based on their
access level. This system helps neonatal units of Alzahra, Koodakan
and Taleghani hospitals to store and retrieve records through the
university communication network.

At first, current status of recording data (hardware, software and
process) was assessed by visiting NICU unit and weak points
were discussed through consultation with neonatologists. In
this assessment, the drawbacks of paper-based process were
investigated and discussed comprehensively, i.e. unnecessary
and redundant procedures in recording data were removed. The
following steps were taken in the developing system.

System Properties and Tools used for Development
Three-tier architecture is the most widely used client-server archi-
tecture which is composed of three distinct components namely
presentation layer or user interface which is viewed by an Internet
browser, middle or business layer that includes a set of classes and
operations and data access or database layer which consists of a
multitude of data [18].

The databases operations and connections were defined in the
data access layer. So, the components such as minimum data set
and data model were defined for storing necessary data within the
architecture.

Minimum demographic, diagnosis and treatment data were extracted
by assessing requirements of system owners and stakeholders. Two
60-minute focus groups were conducted with four health information
management experts and six neonatologists, separately. We also
used the approved Minimum Data Set (MDS) of Canadian neonatal
network to satisfy data interoperability requirments across multiple
systems and softwares [19].

The final MDSs were accomplished after interviewing with some
neonatologists and NICU nurses, then observing their task flows
and also studying other registries. The database of electronic registry
system was designed based on results of these focus groups and
final MDSs. Data diagrams and related tables were designed in
the SQL Server 2008, according to the user access control level
and flexibility. All the processes will become operational codes by
using C** language. This processes formed system used cases.
Selectable controls were used such as combo box or checkbox to
prevent errors and improve data quality.

The appropriate and user-friendly user interface with multiple levels
of authentication was designed. The interface was designed and
implemented in web-based and shared forms between several
hospitals using Asp.net and Hypertext Markup Language (HTML).
User authentication and security protocols were developed. Also,
the system user access levels were defined to protect data from
unauthorized access. Some common standards were used to
satisfy exchange and report requirements. International Statistical
Classification of Diseases and Related Health Problems (ICD-
10) codes were used for searching and selecting diagnosis.
Health level-7 (HL7) standards were used to exchange data with
generating XML (Extensible Markup Language) messages using
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NHapi toolbox. This toolbox was used to apply the HL7’s Version
2.x object model [20].

Evaluation of System

Study population consisted of all authorized staffs in three selected
hospitals (Koodakan, Al-Zahra, and Taleghani hospitals) that have
completed paper forms. Authorized staffs were nurses, medical
record technicians and neonatologists. All staffs were included in
study and there were no exclusion criteria. Samples consisted of
30 adults; 20 females, 10 males, median 34 years, out of which
13 nurses, 11 medical record staff and six were neonatologists.
The respondents answered to System Usability Scale (SUS)
questionnaire after using the system. SUS includes ten questions
with a five point Likert scale from strongly disagree to strongly agree
[21]. Finally, another checklist was presented to the users of registry
to assess the impact of system on health promotion. This validated
checklist consisted of 12 fields including cost reductions, reduced
registration errors, increased information storage and retrieval
speed, avoiding duplicate data recording, increased information
recording, increased accuracy and privacy of information, enhanced
information sharing, reduced physical space, facilitated reporting
and ease of access [22]. Checklist was presented to participant
users and was analysed using descriptive statistics.

RESULTS

Implementation of NICU Registry was performed in the main data
center of Tabriz University of medical sciences and was shared
across three hospitals which are members of the university network.
External systems did not have access to this network. All three
layers were placed in a primary server and a direct domain name
was defined as system URL. This system was approved by hospital
managers for admission, registration and reporting of patients
data. Data entry was performed in point of care and physicians,
nurses and educated medical records staff was accessed to
registry software. They were the main stakeholders and will enter
data in next years. Nearly 3,000 infant records have been collected
in accordance with the proposed minimum dataset and this set
of records were available online to research centers of university
with access levels and security considerations. This system also
enables the creation and execution of customized query [23]. The
designed registry covers retrospective and prospective methods.
Present records were stored and the new ones were filled based
on MDS that was very detailed. In first step, records of the past
were entered retrospectively. Some fields were specified that “is not
required”. According to FDA audit trial guidelines, where systems do
not provide the facility to change data, also where the data is stored
securely, in that case an audit trail should not be necessary [24].
Validation checks were provided in user interface and database
layers. It was ensured that only authorized users had access to the
system. Access controls between operations were separated and
that only authorized persons got access to the registry. All changes
were logged to database. In the various layers of this architecture
several functions were performed which were discussed as
follows:

The minimum data elements after reviews and the opinions of NICU
physicians were defined in seven categories given in [Table/Fig-1]. A
detailed list of data elements was attached as [Appendix 1].

A comprehensive and detailed documentation of system design,
architecture and implementation challenges was provided in a
previous study [23]. In this paper data model, used cases and other
software analysis and design axis were discussed. The emphasis
during software development had been on accessibility and user
friendliness. Where possible, check boxes and radio buttons were
used and free text fields were avoided. Usability evaluation showed
that the usability score is above average and is in high range. The
results of evaluation of user satisfaction using SUS are described in
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[Table/Fig-2]. The range of SUS is between 0 and 100. [Table/Fig-2]
shows that the total mean of system usability is 70.16.

As shown in [Table/Fig-3]: User interface of NICU registry system
which was consisted of seven tabs in multilingual labels as follow:
Admission, Risk factors, Diagnostic assessment, Actions, Diseases,
Tests, and Discharge data elements. The image shows the tests
section and its sub-sections including blood test results, urine test,
and susceptibility tests.

[Table/Fig-4], the average value of agree and totally agree columns
was 51.66% and the highest agreement was on reduced registration
error, which was 73.33%. These values were calculated by averaging
each column. Increased information communication between
the users and employees at different levels, Reduced time and
cost, Increased information storage speed, Increased information
retrieval and Facilitated reporting to different health levels have an
agreement less than 50%. Totally, the number of agreement results
(Count of (agree OR totally agree greater than 50%)/ number of
items = 7/12 = 58%) show that relatively, the advantages of system
were percepted by users and they have positive attitude about
specialized registry. At the login form, access control policies were
seen. Only authenticated users could add new records and only
admins can generate reports due to privacy concerns.

DISCUSSION

The use of electronic system for recording and storing information
in the form of web-based system leads to promotion of data quality,
quality improvement and accurate evaluation which consequently
can improve documentation and analysis of data in the NICU. The
setting-up process in clinical information systems as a process of
development has many advantages [25]. To achieve this, we have
created an approachable and accessible registry. We will discuss
some properties of registry.

Data management is one of the main goals of the department of
health. Cook-Moine C and Cramer L described the advantages
of a successfully implemented centralized Electronic Medical
Record (EMR). They reported that the EMR provides instant
access to updated patient information with no wastage of time
[26]. Another study described that the performance of specialized
registry system was better than standard and general systems
[27]. The present study focussed on implementing a specialized
electronic registry system of information in newborn patients.
It provides a way to access the full scope of information and
information management. Older processes, especially paper-
based process could not generate cumulative reports and also
storing and retrieving functions was very cumbersome and time
consuming. Furthermore, the quality of paper records was very
poor due to missed data and lack of precision. For these reasons,

www.jcdr.net

validation checks and required fields was used to improve quality
of data entry in NICU system. Fakhrzad M et al., considered the
capabilities of electronic systems for improving quality of life, easy
access to information and clinical records and ultimately improving
the health of populations [28]. In our study, data were shared
among related hospitals and access to records was performed in
real time. Nearly, all data entry process is coded using combo box,
checkbox, radio buttons etc. Mamlin BW et al., mentioned that

Data Elements (Main Categories)

Demographics

Hospitalization info (Admission)

Risk factors
(Foetal, Maternal, Placental, Others)

Diagnostic assessment and Actions
(Reason, Severity, Action)

Disease
(Short-term, Hypothyroid, Other)

Diagnosis
(Diagnosis, Associated anomalies, Others)

Final data (Discharge)

[Table/Fig-1]: Existing data elements at NICU registry.

Variable Frequency L2z ?Of_?:)JOS) il
Gender

Male 10 68.5

Female 20 71
Education

Nurses 13 71

Medical record staff iR 69.27
Neonatologist 6 70

Total mean of SUS value 70.16

[Table/Fig-3]: Shows the user interface of designed registry system.

No Evaluation fields Dis;rg::g}’% ") Disagree%(n) No comment% (n) Agree% (n) Totally agree% (n)
1 Reduced registration errors 3.33(1) 6.6(2) 16.6(5) 13.3(4) 60(18)
2 Increased information recording speed 20(6) 3.33(1) 16.6(5) 33.3(10) 26.6(8)
3 Increased information recording accuracy 13.3(4) 20(6) 0(0) 43.3(13) 23.3(7)
4 Increased information security and privacy 10(3) 10(3) 6.6(2) 23.3(7) 50(15)
5 Increased information communication between 26.6(8) 16.6(5) 33.3(10) 13.3(4) 10(3)
the users and employees at different levels
6 Avoiding duplicate data recording 0(0) 10(3) 33.3(10) 26.6(8) 30(9)
7 Reduced time and cost 20(6) 10(3) 36.6(11) 16.6(5) 16.6(5)
8 Reduced storage space 0(0) 3009) 6.6(2) 20(6) 43.3(13)
9 Increased information storage speed 10(3) 43.3(13) 20(6) 16.6(5) 10(3)
10 Increased information retrieval 16.6(5) 0(0) 36.6(11) 16.6(5) 30(9)
11 Facilitated reporting to different health levels 26.6(8) 16.6(5) 23.3(7) 23.3(7) 10(3)
12 Easy access to the health care units’ 10(3) 13.3(4) 13.3(4) 30(9) 33.3(10)
documents

[Table/Fig-4]: Evaluation of user’s attitudes around specialized NICU registry.
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the use of unstructured data (narrative reports, diagnosis, etc.,)
converts ambiguous paper fields into non-ambiguous concepts.
They believed that the best chance of pleasing everyone was
through the collection of highly coded data [31].

Advances in applying information technology to reach the goal of
high-quality health care, are prevented by the lack of coordinated
data standards. To sharpen quality improvement in neonatal care,
healthcare experts must collaborate actively in the compilation of
health care data standards. Data standards such as minimum data
set leads to efficiency, timeliness, effectiveness, equity, patient-
centeredness and some additional benefits [30]. When creating
electronic platforms for medical settings it is important to understand
and include data items which is deemed fit to be the most clinically
useful [31]. Minimum Data Set (MDS) is a conceptual framework
which consists of information related to healthcare effectiveness
and is considered as a factor to achieve effectiveness indicators.
Using standard data elements and determining the criteria for
the management of patient care leads to a specific framework
[32]. An essential data element which must be collected consists
of demographic and clinical data sets about an infant admitted
to NICU. In the present study, MDS was designed based on the
needs and viewpoints of physicians since, there is no complete and
standard minimum data set in the neonatal intensive care. Variables
in different MDS are usually the same and only some variables will
be given priority in clinical assessment according to needs and
importance. Also, the neonatal variables must be updated annually
according to the needs. The designed MDS in comparison with
database existing in Vermont Oxford networks; Canadian Neonate
Network and Schulman have no particular superiority [33], but must
have been designed in accordance with experts views and the
needs of the NICU hospital in Iran.

Data model was the core of NICU system. Providing scalability and
flexibility of systems are the strong points of designing data model
[34]. In our study, registered data on the database have semantic
relationships with each other. Tables are accessed through a
semantic model to maintain data integrity and prevent loss of data.

Researchers have demonstrated that usability challenges are
among the significant problems to use and the acceptance of
health information systems, and they can negatively affect user’s
decisions, time management, and productivity. This can lead to
user harassment and weakness and subsequently to abandon
or denial of the softwares and systems [35]. Hence, evaluation of
such systems was very essential in order to make human computer
interaction more efficient. In current study, NICU registry system was
evaluated by experts and users to achieve a quantitative outcome
from system. The most complex and important aspect in usability
testing is user interface evaluation [36]. We used SUS questionnaire
to evaluate user interface and results showed that designed Ul has
appropriate quality in user computer interaction. In the next step,
a validated check list was used to evaluate user perception and
attitude about system.

Several studies demonstrated that implementing a specialized
system can yield real advantages in terms of promotion of care
delivery, enhanced monitoring activities, reduction of data entry
errors, and decreased rates of utilization for redundant care [37].
Moreover, electronic information systems have a great potential
to increase safety of patients by improving communications
between healthcare providers, providing fast and easy access to
information, monitoring and decision support operations [38]. Al
those mentioned above, about quality of data and health promotion,
have a direct relationship with system usability. System usability is
becoming accepted as a necessary component of design to ensure
that new systems are used effectively [39]. In current study, we
examined both discussed aspects to achieve a detailed viewpoint
of the neonatal specialized registry system. Results emphasized
that usability of system has a high range and users have a positive

Journal of Clinical and Diagnostic Research. 2017 Nov, Vol-11(11): SC10-SC15

Kayvan Mirnia et al., Implementation and Evaluation of NICU Registry (Data management) in IRAN

attitude about NICU registry system. An important reason for these
results was the observance of the software architecture unified
modelling language and interoperability standards in design and
implementation phases [40,41].

LIMITATION

The main limitation of study was the lack of appropriate university
network infrastructure that prevents pervasive coverage of province
hospitals. Other challenges were the immaturity of Iranian National
Electronic Health Record System (INEHRS). Another issue is
the increased demands on data entry staffs which promoted
incomplete data capture over the time. To handle this challenge,
regional offices of health information technology in Iran planned an
educational program to provide registry technicians at the point
of care. These specialized trained personnel handled work load in
clinical environment.

CONCLUSION

Designing specialized registry systems allows healthcare providers
manage information effectively, access toinformationin high demand,
improve costs and reduce errors, and increase communication
between healthcare providers. The positive attitudes of the users
towards these systems can lead to many clinical, research and
educational benefits. The developed system currently supports
research activities in a variety of areas including pattern of care,
SEPAS (It's in Persian and denotes national electronic health record
system) linked database, and knowledge discovery projects. When
needed, the raw data can be passed to national data warehouse.
It needs the collaboration of Ministry of Health and Medical
Education (MOHME) IT center to develop accessibility of web
services. Designing a standardized information system in all levels of
healthcare system will make an integrated infrastructure to facilitate
data access. Furthermore, we can assume that by implementing
the registry clinicians attitude towards IT capabilities, it has changed
positively, that can contribute to an actual patient safety increase.
We recommend applying business intelligence and dashboards to
monitor trends in these specialized registries.
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Data elements

The final data |Diagnosis Disease Diagnostic Hospitalization | Demographic
assessment and Risk factors Information
Actions
i i o] w i byl i il i
Discharge Rgspnratory g Pulmgnary g R‘esplratory g Multifoetal B Premature birth § Turn .of‘ ‘ National Code
Distress ! bleeding S |distress 8 o 3 hospitalization of mother
Syndrome(RDS) | § & E = 3
Palliative Mild asphyxia ? | Convulsion 3 |Feeding % Disturbed %, |Fast delivery % |Hospital code | National Code
Treatment § intolerance 3 | Biophysical profile 3 g of infant
k) o
Transfer of Neonatal Aspiration T |Sepsis 5 |Intra Uterine » |Maternal 8* Record number
children Respiratory & N | Growth Restriction hypertension @
Distress g 5 |[(UGR) First name
Syndrome o >
(NRDS)
Reverse Average asphyxia Vascular events Low Apgar Impaired Color Prolonged Hospitalization
) Last name
Transfer Doppler delivery date
Personal Severe asphyxia Skin necrosis Convulsion Meconium Preeclampsia Referral hospital | .
. . o Birthdate
satisfaction contamination
Death Sepsis Septic shock Immaturity Polyhydramnios History of Length of stay
previous infant Gender
death
Discharge Apnea of Gastrointestinal Potassium Oligohydramnios Maternal Birth location Provi
) ) . ) . rovince
Weight prematurity bleeding cyanide diabetes
Discharge Meconium Hypoglycaemia Jaundice The name of the Q |Lack of prenatal Type of delivery
Height Aspiration parent drug g care City
Syndrome (MAS) @
Discharge Jaundice Hyperglycaemia Apnea Other maternal History of Presentation
Head diseases infertility Tel
circumference
Type of feeding | Transient Osteopenia Heart disease Prenatal steroids Drug abuse Maternal age
at discharge Tachypnea of the maturity Risk level
Newborn(TTN)
Date of Congenital Electrolyte Surgery Cord clamping Artificial Gestational age
discharge anomalies abnormalities time contraception
Support at Infant Diabetic Anaemia of Bleeding Restoration Magnesium Age of infant
discharge Mother(IDM) prematurity required sulfate
Clinical Other diagnoses | Q | Thyroid Z | Score for @ | Maximum oxygen Inducing labor Birth weight
practice cip’ Stimulating 8 |Neonatal Acute cj resuscitation for missed
Hormone(TSH1) §' Physiology ZF abortion/IUFD
3. |(SNAP ) Q. history
Q =
Treatment after [ICD10 Code TSH2 Score for 32 |Premature Smoking Head
discharge Neonatal Acute | & |Rupture Of the circumference
Physiology Membranes of Birth
with Perinatal (PROM)
Extension-Il
(SNAPPE-II)
Other support | Other associated TSH3 Days of Z | Apgar score of Thyroid Height of birth
anomalies receiving 5 |Birth disorders
mechanical ?
ventilation
Death Cardiovascular Z | TSH4 Days of Drug use Maternal blood
1923 o
Date of death | The digestive o] receiving group
system =8 oxygen by
g hood
QO
8
Skeletal system 3 |[Sepsis Days of Marriage and Infant blood
% receiving family group
@ NCPAP
Urinary tract Bacteria Days of Other maternal Weight type
receiving diseases
HHFNC
Nervous system Intraventricular Days of Vaginal el
L . D
haemorrhage receiving Total bleeding ]
Parenteral %
Nutrition (TPN) iy
[%2]
Cleft lip Hypotension Q |Umbilical Placenta Previa | Z
g |catheter days g
Syndrome Steroid ¢ Days IV Detachment S
Other anomalies Surgery Surfactant Cord around
administration the neck
Intestinal The surfactant
perforation
Treatment of Ductus
osteoporosis in
adults
Treatment Prophylactic
of anemia of measures
prematurity
Pneumothorax
Other Actions

[Appendix-1]: The detailed list of minimum data elements.
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