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The primary objective of clinical engineering department
(CED) in hospitals is to provide a broad-based engineering
program that addresses all aspects of healthcare
technology. However, accreditation of this department
is rarely considered in the literature. In this study, we
attempted to identify systematic differences in quality
management between the Joint Commission International
(JCI)Yaccredited and nonYJCI-accredited CED by designing
a specific automated evaluation system depending on
the technology of cloud computing. Understanding the
similarities, dissimilarities, and factors that sustain
accreditation within hospitals is the main aim of this work.
Another goal is to investigate, describe, and prioritize the
measurements and requirements demanded to achieve
a minimum accepted level that qualifies nonaccredited
ones to be JCI accredited. A questionnaire that targeted
the clinical engineering department was developed. It
comprises CED roles and the corresponding JCI standards
to differentiate accredited from nonaccredited CEDs. A
score index has been developed using answering rates of
questionnaire to assess CED roles and overall performance
of the department. Based on the score index, the CED is
classified into 4 classes. System verification was carried
out using a data set of 9 Egyptian hospitals. The results
revealed the minimum benchmark level of acceptance
for JCI accreditation. The system proves its consistency
and correctly separated JCI-accredited from
nonaccredited CEDs.

Hospital accreditation has been widely used to promote
accountability for patient safety and quality in health-
care delivery systems. It has been defined as ‘‘A self-
assessment and external peer assessment process used by

healthcare organizations to accurately assess their level of
performance in relation to established standards and to
implement ways to continuously improve.’’1 Indeed, one
of the most important worldwide healthcare accreditation
authorities is the Joint Commission International (JCI).

In any hospital, the primary objective of clinical en-
gineering department (CED) is to present a broad-based
engineering program that addresses all aspects of med-
ical instrumentation and systems support.2 For a fact-
based management, performance is regularly measured
and assessed.3 One form of assessment process is the
accreditation; thus, accreditation of CED like other de-
partments in hospitals reflects the department performance,
effectiveness, and competitive position.

In literature, different modalities were presented. In
the study of Braithwaite et al,4 a comparison between
the health service accreditation programs in low- and
middle-income countries (LMICs) with those in higher-
income countries was introduced. The authors classi-
fied the strategies used to facilitate effective accreditation
programs in LMICs into external and internal factors.
Moreover, a questionnaire survey has been conducted to
compare between the accreditation programs in LMICs
and higher-income countries and identify similarities and
dissimilarities between both programs. The questionnaire
comprised 10 categories covering the following: policy
settings, program governance, development, funding, train-
ing and facilitation, report management, scope of services,
and activities in hospital and primary care.

An evaluation system for CED depending on a set of
indicators to improve the evaluation accuracy is pro-
vided in Yousry and colleagues’5 study. A set of indicators
was developed that included technical/maintenance in-
dicators, economic indicators, intrinsic criticality indi-
cators, basic hospital indicators, equipment acquisition,
and safety indicators. A threshold was established for
every indicator, and then the indicators are compared
with threshold values to give overall score for each CED.
Based on the generated score, the department identifies
the opportunities for improvement.

A different approach is discussed by Abayazeed and
Hamza.3 A new assessment system was presented to mea-
sure the performance of CED, taking into consideration
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12 categories of criteria with addressing the issues that are
concerning the developing countries. The categories in-
clude leadership, planning, operation and maintenance,
human resources, quality management, equipment acquisi-
tion, inventory management, equipment retirement, vendor
management, risk management, information management,
and internship. For the quantification of the department’s
performance, a new mathematical formula has been de-
veloped to calculate the target score for each criterion.

As discussed in literature review, the elements that lead
to accreditation of CED as a separate department is rarely
considered. In general, the accreditation process is im-
plemented through 3 stages; documentation, feedback,
and performance verification.1 By practice, the most dif-
ficult stage is the first stage because it requires all docu-
ments and archives be completed and updated.

For paper-based management systems, the documen-
tation process usually produces many troubles such as
long turnaround time, complicated information man-
agement, and high probability of error. Thus, automated
management systems become faster, easier, and more ac-
curate, which guarantee effectiveness in performance.

The aim of this study was to build an automated eval-
uation system that measures CED qualification to be JCI
accredited as well as the overall performance of the de-
partment. Further, through comparing the JCI-accredited
CEDs with nonaccredited ones, a benchmark level is pro-
posed for CED roles to fulfill accreditation. In other words,
the application is considered self-assessment tool that acts
as a mediator between the CED and the JCI representa-
tive to find out the points of weakness and strength of
performance.

The rest of the article is organized as follows. Mate-
rials and Methods present system development includes
roles and standards selection, score index in addition to
web design. The Results and Discussion introduce the
system implementation. Final section states the conclu-
sion of this study.

Materials and Methods

The purpose of this study was to introduce a self-assessment
tool for CED accreditation that measures the performance
against a set of JCI standards. Thus, first we need to develop
a system that maps the main roles of CEDs to their pertinent
JCI standards. Second, a score index is required to be created
to judge the department qualification. Finally, a web appli-
cation is developed to present an automated management
system.

System Development
According to literature,2,6,7 a bundle of duties and func-
tions of CED is considered to be measured. The major
roles (categories) of CED, including but not limited to,
risk management (RM), technology management (TM),

technology assessment (TA), facilities design and project
management, quality assurance (QA), and training (T).
On the other side, a set of JCI standards relevant to CED
responsibilities is selected. In essence, the area of focus
comprises the following standards:

1. Facility Safety (FSE): this chapter focuses on
providing a safe environment for patients, fam-
ilies, staff, and visitors. Concerning the roles of
CED, this standard involves RM, TM, TA, fa-
cility design and project management, and T.

2. Leadership: this chapter concerns on the concept
of leadership in hospital management. Effective
leadership begins with understanding the various
responsibilities of individuals and how these in-
dividuals work together. Considering the roles of
CED, the standard covers TM, QA, and T.

3. Patient Safety and Quality Improvement: this
chapter describes a comprehensive approach to
quality improvement and patient safety. By con-
sidering the roles of CED, the main concern of the
standard belongings to TM, QA, and T.

4. High Risk Care Process: this chapter focuses on
the high risk processes of care. This standard is
related to QA.

5. Communications: this chapter focuses on the
importance of communication in hospitals. The
standard is directed to facility design and project
management.

Of the previous roles of CED and JCI standards, a
questionnaire survey has been developed to measure the
readiness of CED for accreditation. The questionnaire
comprised 6 categories that are covering the main 6 roles
of CED.

In application, the relationships between CED roles
and relevant JCI standards require a comprehensive grasp.
Therefore, brainstorming sessions were held to find out
the appropriate relationships. For instance, in Facility
DesignYMedical Equipment section (FSE.12), the stan-
dard states that ‘‘The hospital plans and implements a
program for inspecting, testing, and maintaining medical
equipment and documenting the results,’’ which follows
the TA role of CED.7 In addition, the authors referred to
chapter divisions of the selected JCI standards to interpret
those fuzzy standards as discussed in the Joint Commis-
sion International Standards for Hospitals.8 Thus, by in-
tegrating the roles and the selected standards together, a
core matrix that maps CED roles with their relevant JCI
standards is developed as shown in Table 1.

Scoring Approach
In order to simplify the usage of standards, each standard
is measured through a set of questions, each question mea-
sures an item that belongs to a standard, so these questions
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are considered measurable elements. Accordingly, by regard-
ing the selected standards, the proposed questionnaire
comprised 138 questions (measurable elements) covering
31 standards. Table 2 presents an example of RM role and
its pertinent measurable elements of FSE7.

In this study, the authors suggested that each ques-
tion (measurable element) is answered by checking 1 of
6 boxes A, B, C, D, E, and F to rate the healthcare fa-
cility. Moreover, each answer is given a score ranging
from 5 points for A to zero for F as shown in Table 3.
Hence, the maximum total points of roles are 690 points
(138 � 5).

The number of questions varied for each standard; it
ranges from 2 to 13 questions along within 31 stan-
dards. In summary, the number of questions is distributed
for each role across the selected standards as follows: RM

is 41, TM is 24, TA is 16, facilities design and project
management is 17, QA is 17, and finally T is 32.

By considering the sound reason for this study, we
need to assess the roles of CED quantitatively. Regarding
the questionnaire scoring system, a mathematical formula
(1) was developed to calculate a score for every CED role.

RS ¼ PRð Þ= N � 5ð Þ½ � � 100 ð1Þ

where RS is role score, PR is points of role, and N is
the number of role questions. Hence, by considering the
total points of the department, the overall performance
of CED is determined as shown in (2), where FS is final
score, and TPR is the total points of 6 roles.

TABLE 1. Clinical Engineering Department Roles With Its Relevant JCI Standards (Codes)
Role JCI Standards

Risk management FSE2, FSE3,FSE4,FSE6,FSE7,FSE8,FSE9, FSE10, FSE11

Technology management LDS6, LDS11, LDS29, FSE1, PCQ7, PCQ13

Technology assessment FSE12, FSE13

Facilities design and project management FSE14, FSE15, CCC26

Quality assurance LDS 27, HRC 56, HRC 58

Training FSE16, LDS10, LDS7, PCQ11, LDS9, LDS16, LDS14, LDS15

Abbreviations: CCC, Communications; FSE, Facility Safety; HRC, High Risk Care Process; JCI, Joint Commission International; LDS, Leadership; PCQ, Patient
Safety and Quality Improvement.

TABLE 2. Example of Risk Management Role With Its Measurable Elements (Questions) Related to FSE 7
Role Code Questions

Risk
management

fse. 7 Q1: Does the hospital identify hazardous materials and wastes?

Q2: Does the hospital have a plan list of such materials?

Q3: Does this plan include safe handling, storage, and use of hazardous materials?

Q4: Does this plan include reporting and investigations of spills, exposures, and other incidents?

Q5: Does this plan include the proper handling of waste within the hospital and disposal of haz-
ardous wastes in a safe and legal manner?

Q6: Does this plan include access to material safety data sheets, the proper personnel equipment,
and procedures during spills, exposure, or exposure?

Q7: Does this plan include labeling hazardous materials and wastes?

Q8: Does this plan include proper disposal of medical waste?

Q9: Does this plan identify documentation requirements including any licenses or other regulatory

requirements?
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FS ¼ TPR=690ð Þ � 100 ð2Þ

Web Application
The cloud computing paradigm is by now a well-established
concept enabling the flexible provisioning of information
technology resources, including computing power, storage,
and networking capabilities.9 However, a small portion of
cloud computing applications has addressed performance
issues.10 In this study, an automated management system is
developed through a web application using the principles
of cloud computing.

In application, a database management system is re-
quired for user interface. Microsoft SQL Server 2012 is
adopted for this purpose because it is an open-source
system. The database system that was built relied on 6
tables: CED role table, standards table, questions table,
category (hospital) table, user table, and user answer table.

A web development framework is a software frame-
work that is designed to support the development of dy-
namic websites, web applications, and web services.11

Regarding an online survey, ASP.NET MVC (Model-View-
Controller) is one of the most popular frameworks to
develop web applications that is developed and marketed
by Microsoft. The MVC architectural pattern separates
an application into 3 main components: the model, the
view, and the controller. This separation gives more con-
trollability over the individual parts of the application,
which produce easier development, modification, and highly
testable presentation.12

According to the advantages of ASP.NET MCV, the
authors have decided to adopt it for web application,

taking into consideration Microsoft Visual Studio plat-
form used for this framework. Across networking capa-
bilities, the web application is ready for use.

Results and Discussion
The system verification is carried out using a data set of
9 Egyptian hospitals, which cover various types of health-
care facilities. The investigated hospitals are classified into
3 classes: JCI-accredited hospitals, ISO-accredited hospi-
tals, and nonaccredited hospitals. In implementation, every
CED interfaces for data collection through the developed
web application. First, every department is required to
register, and then the survey is started by answering the
questions and uploading supporting files.

Along answering the list of questions, points are collected

for each role as presented in Figure 1. For instance, regarding

Dar Elfoad hospital, through 41 questions for RM role, PR

records of 186, so by substituting PR in (1), we get RS per-

centage, which is 90.7%. Consequently, in case of resultant

TPR of 600, final score percentage using (2) is 87%. The

same is performed for other roles, as well as other hospitals.
Table 4 depicts a summary screen of CED roles within

investigated hospitals. Obviously, hospitals can prioritize
the roles that require improvement depending on role score
results. Note that the roles with the lowest scores are given
in bold. The screen clarifies that RM, TA, and QA are
highly concerned from hospitals especially JCI-accredited
ones.

Moreover, regarding the results presented in Figure 2,
the authors suppose a benchmark value for every role in
JCI-accredited hospital. The value is considered a min-
imum acceptance level for JCI accreditation as long as
the value is not less than 70%. For instance, in case of
RM role, the department is required to reach 87% to be
JCI accredited. The benchmark values for CED roles range
from 75% to 87% as illustrated in Figure 2.

By using the results of performance of investigated
hospitals, the authors propose to classify the CEDs with

TABLE 3. The Rating Values and Their Evaluation Points
A B C D E F

Excellent Very Good Good Accepted Bad Very Bad

5 4 3 2 1 0

FIGURE 1. Overall PRs results of clinical engineering department roles for investigated hospitals. Abbreviation: PRs, points of role.
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respect to their tendency for accreditation into 4 classes
as shown in Figure 3. In the first class, in case where per-
formance percentage is equal to or greater than 85%, the
department is ready for JCI accreditation or renewal. In
second class, the department requires a review for JCI
accreditation or renewal if the percentage is within the range
of 75% to 85%. The third class contains departments that
are ready for ISO accreditation, not JCI accreditation,
if scores range from 65% to 75%. In the final class, the

department is not ready for accreditation, and it should be
under surveillance to be accredited in case its performance
percentage is less than 65%.

The system is designed as a self-assessment tool, that
is, the department can evaluate its status. Through a sum-
mary page, the CED roles scores are displayed. In addition,
a color code is allowed to give an indicator for fulfillment
level of role. The red color means failure to meet standards,
whereas green ones point to success to reach minimum

TABLE 4. Results of CED Roles and Overall Performance Scores of Investigated Hospitals

JCI-Accredited Hospitals
ISO-Accredited

Hospitals
Nonaccredited

Hospitals

Role 1a 2b 3c 4d 5e 6f 7g 8h 9i

RM 90.7 94.6 91.7 94.1 87.3 82.4 78 40.5 42

TM 87.5 76.5 76.6 78.3 87.5 78.3 98.3 75 61.6

TA 95 100 96.6 98.5 86.2 68.6 97.5 87.5 58.7

FD and PM 84.7 75.3 88.2 94.1 84.7 84.7 83.5 91.7 64.7

QA 95 95 92.5 95 87.5 95 75 65 52.5

T 76.9 87 66.2 91.8 90.6 73.7 66.2 66.2 48.1

Perform % 87 83 83 91 88 79 82 66 52

aDar Elfoad Hospital.
bInternational Ophthalmology Hospital.
cEl Salam International Hospital.
d57357 Hospital.
eMaghraby Ophthalmology Hospital.
fEgyptian IVF hospital.
gAdam International Hospital.
hAgouza Police Hospital.
iEl Kateb Hospital.

FIGURE 2. Minimum levels of clinical engineering department roles to be accepted for JCI accreditation.

Feature Article

Journal of Clinical Engineering www.jcejournal.com 51

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.



acceptance levels. In other words, points of weakness and
strength can be easily discovered.

Conclusions

In this study, an automated system for the accreditation
of CED was developed. Along this system, the user can
understand the similarities, dissimilarities, and factors
that sustain accreditation within different hospitals. In
addition, a core matrix that maps the roles of the CED
against a set of JCI standards was established. Through
this map, a scoring index was developed to give a score
for every role, as well as the overall performance of CED.
Moreover, 1 aspect of quality management is introduced
by classification of the CED according to the overall
performance.

In deduction, the system is developed as a self-assessment
tool that concludes the points of weakness and strength
of the CED. The system highlights the roles of CED that
must be considered for JCI accreditation. In addition,
the system is characterized by simplicity of interface and
operation. Consequently, the hospital can use it without
need of external agency to assist in the consultancy works.

It is worth to be mentioned that CED is one depart-
ment of all departments within a hospital, that is, a piece
of a mosaic that demonstrates the overall picture of per-
formance. Thus, if the other departments take the same
approach toward accreditation, gates of accreditation
become more reachable, and the way to achieve the JCI
standards, which leads to the road of accreditation, becomes
clearer.
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