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Abstract

Background This study aimed to develop a minimum dataset and an electronic registry system for hemodialysis
patients to evaluate hemodialysis patients’treatment procedures and outcomes, conduct related research, and design
therapeutic interventions.

Methods This developmental research was performed in multiple phases, including content determination using
the Delphi technique; database designing using MySQL; building a user interface using PHP; usability evaluation using
the think-aloud method by 10 evaluators through a scenario consisting of 7 tasks; and finally, the system was piloted
by entering the 160 patients’ paper records into the system.

Results Following the CVR and CVI content validity assessment, 108 of the 118 extracted data elements (DEs) were
validated. Then, using the Delphi technique, nephrologists chose 57 DEs and divided them into 4 information catego-
ries, including the patient’s clinical history, hemodialysis episodes, laboratory findings, and the outcomes of hemodi-
alysis. The three tabs that made up the user interface were the homepage, information recording, reports, and defi-
nitions. The problems with appearance and performance were discovered using the think-aloud method, and they
were then resolved. Finally, users had the opportunity to identify issues, improve the system’s capabilities, and express
their satisfaction throughout the system’s three-month test period.

Conclusions The E-hemodialysis registry was created based on knowledge gained from industrialized nations, opin-
ions and suggestions from medical specialists, and the facilities that were accessible. Information from this system
can be utilized as a starting point for evaluating the hemodialysis patients’status, identifying problems, and making
sensible decisions for the best possible planning and management of end-stage renal disease.
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or relapse. This data is also used to evaluate the perfor-
mance of healthcare organizations, compare them with
each other, and determine the utilization of resources
and treatment outcomes [2, 3].

End-stage renal disease (ESRD) is a critical health issue
worldwide [4], and its treatments, including dialysis and
transplantation, are costly both socially and economically
[5]. Given the annual growth of 5-6% of ESRD patients
compared to the world population growth (1.1%), control
of this disease is one of the major healthcare concerns in
all countries and deserves special attention from health-
care policy-makers. However, for any decision-making
and planning, it is essential to have access to accurate,
comprehensive, and up-to-date statistical data and infor-
mation sources [6, 7]. A system with longitudinal data
storage can provide an accurate image of renal care, dis-
ease outcomes, and the effectiveness of treatments over
time.

Multiple studies have evaluated the effect of renal reg-
istries on the care of patients with ESRD. For example,
Valent et al. showed in a study that the renal registry
has been effective in providing incidence and prevalence
rates of ESRD, mortality, and comorbidities and in con-
ducting studies related to ESRD patients in northeast
Italy [8].

Couchoud et al. reported that the new ESRD registry in
France (REIN) can provide the right data on monitoring
ESRD patients’ improvement and enhance the decision-
making processes [9].

Liu et al. also indicated that determining treatment cost
data in the United States by the US Renal Data System
(USRDS) has changed healthcare policies through the
ESRD prospective payment system, which is designed to
better manage the treatment costs for ESRD patients [2].

Therefore, it was decided to create such a register for
hemodialysis patients at the dialysis center of the study
site, where dialysis patients’ information has often been
in the paper-pencil records. In this study, we illustrate the
developmental steps of the Iranian electronic hemodialy-
sis registry (IEHR) in detail.

Methods

Study context

This study was performed in the dialysis center of Kashan
University of Medical Sciences. At this center, dialysis
services are provided to an average of 300 patients per
month with at least two nephrologists and 10 nurses.

Analysis of the status quo

In the feasibility study period for starting this regis-
try, the clinical data of dialysis patients was recorded by
paper-pencil forms. We observed that a large amount
of data was dispersed in the paper-pencil forms and
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hospital information system (HIS) without any coherence
between them for aggregation and analysis.

Also, the medical professionals’ primary concern was
that this type of registry has no efficiency in recording,
accessing, and reporting data for these patients, given
that access to prior clinical data is critical for their future
referrals. Therefore, an electronic recording of clinical
data was proposed.

Subsequently, a meeting was convened with the clinical
director and staff to ascertain the information needs and
priorities. The current state of patient clinical informa-
tion registration was reviewed, and based on feedback,
recommendations, and information requirements, a
decision was made to create an electronic registry system
that would reliably collect, store, and disseminate clinical
data from hemodialysis patients while also tracking their
health status over time.

Study design

In this developmental research, a multi-method
approach, including observation, interview, and ques-
tionnaire, was employed in four phases, as follows:

Phase 1: content selection
This phase included four parts:

+ A comparative study of the registers of selected coun-
tries

First, literature was searched in the electronic data-
bases of PubMed, Scopus, Science Direct, and Cochrane,
using the keywords “registry, registration, chronic renal
failure, chronic kidney disease, ESRD, renal replacement
therapy, dialysis, hemodialysis, peritoneal dialysis” and
a combination of these keywords to get acquainted with
“renal and dialysis registries” in different countries.

The inclusion criteria for the identified registries were
being in the English language, accessibility of the website,
and public access to the information resources of the reg-
istries. After selecting the eligible registries, we reviewed
the main dialysis data set and documents related to each
of them. Based on the results of this step and the previous
step, a set of essential data elements (DEs) is extracted

(Fig. 1).
+ Questionnaire design

The extracted DEs were structured in the form of a
questionnaire composed of five main sections, includ-
ing new dialysis patients, hemodialysis treatment, an
annual assessment of dialysis patients, infectious epi-
sodes of hemodialysis, and treatment outcomes of dialy-
sis. The importance of each DE was evaluated in terms of
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Fig. 1 Flow diagram of literature search and select study

“necessity, relevancy, simplicity, and clarity” by a panel of
experts using the snowball sampling method, consisting
of six nephrologists who have cooperated with the dialy-
sis centers, two physicians, and nine nurses working in
the study site with at least 3 years of experience who have
been responsible for or supervised the process of record-
ing clinical information of patients. They were selected in
a targeted and accessible way and confirmed the content
and final selection of the data elements of the system.

The content validity using the standard CVR and CVI
formulas was calculated. The CVR measures the essen-
tiality of an item and varies between 1 and —1, with a
higher score indicating greater agreement among panel
members. The CVR formula is CVR=(Ne — N/2)/(N/2),
where Ne is the number of panelists who believe an
item is “essential” and N is the total number of panelists.
Experts have determined the degree of validity of the
instrument, which is represented by a numerical value
called the CVR. One rule of thumb suggests that a CVR
of at least 0.78 indicates the validity of an item or scale
[10]. Then, the results were compared with the values in
Lawshe’s table for a sample of six. After the process, some
elements are removed.

We developed a questionnaire to determine and
structure the final DEs of the system into four primary

tabs, including the homepage, information recording,
reports, and definitions. In the questionnaire, the scale
of importance was based on a 5-point Likert scale from
“strongly agree” to “strongly disagree,” with the option
of “more details (if necessary)” and “other suggestions”
at the end of each section. Nine nurses and two neph-
rologists with at least five years of experience working
at the research site reviewed the questions once more.

+ Conducting the Delphi technique

After the questionnaire was designed, the clas-
sic Delphi technique was used to reach a consensus
about confirming or rejecting each data element. The
questionnaire was submitted to a Delphi expert panel
comprising ten nephrologists with over five years of
professional experience in dialysis centers. The one-
round Delphi technique was used to determine whether
an item was necessary. The results were analyzed on the
following basis: confirmation of DEs with an agreement
of more than 75%; revision of DEs with an agreement
of between 50% and 75% in the next Delphi round; and
rejection of DEs with less than 50% agreement.
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Phase 2: designing and developing the system
In this phase, after selecting the MDs, the main tasks
were determining:

1. The data input and output, data sources, and how to
do data entry and security control.

2. The data dictionary was created to provide detailed
definitions of DEs, their attributes, and allowed value
ranges.

3. Designing report formats.

Then, the entities and their relation tables were deter-
mined, and the system database was developed using
MySQL software, which is fully compatible with the PHP
programming language.

Finally, the web-based registry software was developed
in the PhpStorm 2016 programming environment using
Laravel, one of the PHP language frameworks. In addi-
tion, HTML5, CSS3, Jquery, and Vue.js are used in the
design of registry software.

Phase 3: evaluating the usability of the system
«+ Evaluators

Based on the 10”2 rule for the minimum number of
participants needed to complete the usability assess-
ment [11], ten end users took part in the system usability
evaluation process after being chosen using the available
sampling process.

« Data collection method

Seven scenarios were defined for end users to perform
specific tasks. These scenarios are given below:

1) Admitting a new patient

2) Retrieving a patient with a previous history

3) Recording hemodialysis information

4) Recording laboratory tests

5) Recording paraclinical tests

6) Recording treatment outcomes

7) Reporting all information in table and graph formats

In doing so, a three-hour workshop was used to
acquaint the participants with the registry features. After
ten days, these evaluators independently used the system
in the given situation to avoid any biases.

The think-aloud method requires participants to think
aloud while completing a series of predetermined activi-
ties. As they finish the tasks, participants are invited to
say whatever comes to mind. This may encompass their
looking at, thinking, doing, and feeling. Making thought
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processes as explicit as possible throughout task perfor-
mance allows observers to gain insight into the partici-
pant’s cognitive processes rather than just their results.
All verbalizations follow a formal study methodology that
involves transcription and analysis. During a usability
test, participants are asked to say and do things. Observ-
ers are required to record participant behavior without
trying to understand what they are saying or doing. They
are specifically asked to record challenging areas. Test
sessions may be performed on participants’ computers or
in a more controlled setting. Sessions are often audio and
video-recorded so that developers can go back and refer
to what participants did and how they reacted.

Phase 4: pilot implementation of the system

A pilot implementation allows a developer to validate
the solution with a small test group to get feedback
before full application deployment. The 160 hemodialy-
sis patients’ paper-pencil dialysis records (from February
28th, 2017, to December 1st, 2020) were imported into
e-registry by the two staff who worked at the study site.
Through the imported data, all the objectives that were
followed in developing this registry and the system func-
tions were checked.

To ensure the correct operation of the system, the
researcher asked the users to report any problems while
recording and reporting the data. Also, the accuracy of
the calculations and reports was validated in two ways:
manually and automatically, using the system. Then the
results were compared with each other.

Results
The following are the overall findings based on the work
phases:

In phase 1, content selection

In the step of comparative study, a literature review, 262
articles were found by searching four databases. After
removing duplicates, 206 articles were screened by
reviewing the titles and abstracts. Accordingly, 172 unre-
lated articles were excluded. The full texts of the remain-
ing articles (34 in total) were then examined for eligibility,
and we approved them all.

By reviewing these articles [2, 12-44], 49 registries
were identified. Based on the inclusion criteria, five reg-
istries, including the Australia and New Zealand Dialysis
and Transplant Registry (ANZDATA) [45], Malaysian
Dialysis and Transplant Registry (MDTR) [46], Singapore
Renal Registry (SRR) [47], UK Renal Registry (UKRR)
[48] and the United States Renal Data System (USRDS)
[49], were selected and studied. The results of the com-
parative study of selected registry reviews are shown in
Tables 1, 2, 3, 4 and 5.
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Table 1 Main dialysis dataset in each of the studied registries and the study site (Section 1)

Row Data Elements Name of Registry Study
Section 1: Identification, demographic ANZDATA NRR SRR UKRR USRDS fil;:aset
and medical history

1 Full name v v v v v v

2 Date of birth v v v v v v

3 Place of birth v v v v v v

4 Gender v v v v v v

5 Marital status v v

6 Education v v

7 Occupation v v v

8 Address and contact number v v v v

9 Name of ward v v v v v

10 Name of physician v v v v

11 Date of admission v v v

12 Unit No v v v v v

13 Insurance No v v

14 General status v

15 Mental status v

16 Smoking/Addiction status v v v v v

17 Height v v v v v

18 Weight v v v v v

19 Blood type v v

20 Blood pressure v

21 Biopsy v v

22 Medical history v

23 Comorbidities v v v v v v

24 Viral markers v v v v v v

25 Primary Renal Disease/ Cause of ESRD v v v v v

26 Dialysis modality v v v v v

Table 2 Main dialysis dataset in each of the studied registries and the study site (Section 2)

Row Data Elements Name of Registry Study
Section 2: Hemodialysis treatment ANZDATA NRR SRR UKRR USRDS fil;:aset

1 Diagnosis v v

2 Kind of vascular access v v v v

3 Vital signs pre and post dialysis v v

4 Dialysis machine (type/no) v v

5 Type of dialysate v v v

6 Type of dialyzer v

7 Type of buffer v

8 Dry Weight v v

9 Blood Flow Rate v v v

10 Arterial/ Venous Pressure v

11 Ultrafiltration v v v

12 Nursing Evaluation v

13 Medications v v
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Table 3 Main dialysis dataset in each of the studied registries and the study site (Section 3)

Row Data Elements Name of Registry Study
Section 3: Annual assessment of dialysis patients ANZDATA NRR SRR UKRR USRDS fil;:aset

1 Latest biopsy status (done/not done) v v

2 Comorbidities (during the treatment) v v

3 Current status of patient (living/deceased) v v

4 Eligibility for transplant waitlist (yes/no) v v

5 Type of machine, dialyzer and dialysate (which have been used the most forHD) v/ v

6 Access details in HD v v v v v v

7 Frequency of HD sessions per week v v v v

8 Duration of each HD session v v v v

9 URR during HD (monthly) v v v v v v

10 Adequacy of HD (Kt/V) (monthly) v v v v v v

1 Type of PD connection system and solutions v v

12 Catheter details in PD v

13 Weight (pre drain/post drain) (monthly) v v

14 Blood pressure (pre drain/post drain) (monthly) v v

15 Total number of PD exchanges per week v

16 Total volume of PD solutions per week v

17 Urea Clearance during PD (weekly/ monthly) v v v

18 Creatinine Clearance during PD (weekly/ monthly) v v v

19 Adequacy of PD (Kt/V) (weekly/monthly) v v v v v

20 PET test v v v v

21 Total number of episodes of peritonitis per year v v

22 Total number of ES infections per year v

23 Patient yearly height v v

24 Laboratory findings for both groups of HD and PD patients (monthly/ quarterly/ v/ v v v v v

six-month/ annual)

25 Medications for both groups of HD and PD patients v v v v

Abbreviations: HD Hemodialysis, URR Urea reduction ratio, PD Peritoneal dialysis, ES Exit site

Table 4 Main dialysis dataset in each of the studied registries and the study site (Section 4)

Row Data Elements Name of Registry Study
Section 4: Infectious episodes of ANZDATA NRR SRR UKRR USRDS Zl:zfaset
peritoneal dialysis patients

1 Date of infection v v

2 Type of infection (peritonitis/exit site) v v

3 Clinical findings v

4 Culture results/ Type of Organisms v v

5 Antibiotic regimen v v

6 Date of antibiotic administration v v

7 Other treatments v v

In the step of questionnaire design, the results of the In the final step, according to results obtained from

CVR and CVI assessments can be seen in Tables 6,7,8,9  Delphi (Tables 11, 12, 13 and 14), 57 DEs were selected
and 10. As shown in these tables, we extracted a total of as MDs for system content.

118 data elements, which were reduced to 108 elements

after the content validity process.
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Table 5 Main dialysis dataset in each of the studied registries and the study site (Section 5)
Row Data Elements Name of Registry Study

Section 5: Treatment outcomes of dialysis patients

site
ANZDATA NRR SRR UKRR USRDS (ataset

1 Death (date, place, causes of death) v v v
2 Change of dialysis modality (date, reasons for change, new modality of treatment) v v
3 Discontinue dialysis (date of last dialysis, reasons for discontinuation) v v
4 Transplantation (date, place, type of transplant) v v v
5 Transfer to another center (date, reasons for transfer, new center name) v v v
6 Recover of kidney function (date of last dialysis) v v
Table 6 Proposed data elements in the content validity evaluation process (Section 1)
Row Section 7: New dialysis patient form Necessity (CVR) Content (CVI) Confirmation/
Rejection
Relevancy Simplicity Clarity
1 Full name 1 1 1 1 Confirmed
2 Date of birth 1 1 1 1 Confirmed
3 Place of birth 1 1 1 1 Confirmed
4 Gender 1 1 1 1 Confirmed
5 Marital status 1 1 1 1 Confirmed
6 Education 1 1 1 1 Confirmed
7 Occupation 1 1 1 1 Confirmed
8 Address and contact number 1 1 1 1 Confirmed
9 Name of ward 1 1 1 1 Confirmed
10 Name of physician 1 1 1 1 Confirmed
11 Date of admission 1 1 1 1 Confirmed
12 Unit No 1 1 1 1 Confirmed
13 Insurance No 1 1 1 1 Confirmed
14 General status 033 1 1 1 Rejected
15 Mental status 0 1 0.83 0.83 Rejected
16 Smoking/Addiction status 033 1 1 1 Rejected
17 Height 1 1 1 1 Confirmed
18 Weight 1 1 1 1 Confirmed
19 Blood type 1 1 1 1 Confirmed
20 Blood pressure 1 1 1 1 Confirmed
21 Biopsy 1 1 1 1 Confirmed
22 Medical history 1 1 1 1 Confirmed
23 Comorbidities 1 1 1 1 Confirmed
24 Viral markers 1 1 1 1 Confirmed
25 Primary Renal Disease/ Cause of ESRD 1 1 1 1 Confirmed
26 Dialysis modality 1 1 1 1 Confirmed

In phase 2, designing and developing the system

The data dictionaries were created. Two examples of
them are presented in Tables 15 and 16.

The requested reports are provided in Table 17.

The database and web-based software were designed
and developed for the electronic registry of hemodialy-
sis patients’ data (Figs. 2, 3, 4, 5, 6 and 7).

The registry software has the following capabilities:
(1) displaying a metric dashboard on a daily, weekly,
monthly, and annual basis; (2) searching for and manipu-
lating patient data across all sections; (3) displaying error
messages while entering data; (4) reporting data in table
and graph formats; and (5) the ability to delete or add
basic definitions in the definitions tab.
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Table 7 Proposed data elements in the content validity evaluation process (Section 2)

Row Section 2: Hemodialysis treatment form Necessity (CVR) Content (CVI) Confirmation
/ Rejection
Relevancy Simplicity Clarity
1 Diagnosis 1 1 1 1 Confirmed
2 Kind of vascular access 1 1 1 1 Confirmed
3 Vital signs pre and post dialysis 1 1 1 1 Confirmed
4 Dialysis machine (type/no) 1 1 1 1 Confirmed
5 Type of dialysate 1 1 1 1 Confirmed
6 Type of dialyzer 1 1 1 1 Confirmed
7 Type of buffer 1 1 1 1 Confirmed
8 Dry Weight 1 1 1 1 Confirmed
9 Blood Flow Rate 1 1 1 1 Confirmed
10 Arterial/ Venous Pressure 1 1 1 1 Confirmed
11 Ultrafiltration 1 1 1 1 Confirmed
12 Nursing Evaluation 1 1 1 1 Confirmed
13 Medications 1 1 1 1 Confirmed

In phase 3, the usability evaluation

During this evaluation, based on the observations and
cases documented by the researcher, issues and barriers
that users faced when interacting with the system were
identified and classified into two categories: appearance
and function, as shown in Table 18.

In phase 4, pilot implementation
The identified problems were related to the following:

+ How to enhance the slow speed

+ How to get a report graphically for laboratory param-
eters in the laboratory tests tab

+ How to automatically calculate the iron saturation
percentage formula in the quarterly test tape

+ How to record more than one outcome in the treat-
ment outcomes tab

These problems are fixed by removing bugs, review-
ing and configuring the browsers, and listening to the
users’ suggestions. Metrics calculations performed
manually and automatically using e-registry revealed no
differences, confirming the accuracy of the system cal-
culations. Also, the users reported that they could easily
and quickly access patient histories and track patient sta-
tus and trends over time, compared to paper-based medi-
cal records.

Discussion

Nephrologists manage dialysis patients based on clini-
cal knowledge in the area of renal care. The demands
for quick and easy access to comprehensive clinical

data to evaluate the patient’s health status, optimize
care, and handle comorbidities are not met by paper-
based medical records. Therefore, an information sys-
tem is required to manage heterogeneous data [50, 51].
To accomplish these objectives, RD registries have been
intensively used to collect, store, and analyze data, as
well as produce periodic reports for administrative,
therapeutic, or scientific purposes [3].

For example, Mendu et al. have described the devel-
opment of an EHR-based chronic kidney disease
(CKD) registry in Massachusetts to obtain strategies to
improve the standard of renal care. They believed that
the development of registries is a crucial public health
strategy that identifies and addresses gaps in the wide
spectrum of clinical care for CKD [52]. Venuthurupalli
et al. have discussed the production of a CKD registry
in Queensland to deploy and administer a database of
CKD patients’ data to achieve long-term outcomes,
highlighting clinical care patterns and educating clini-
cians, researchers, and patients with CKD [53].

Heaf et al. have described the Danish Nephrology
Registry (DNR), which provides progs and therapeutic
information on patients with ESRD, as well as epidemi-
ological data for several international organizations and
data required for clinical research [54]. Jin et al. have
explained that the goals of the Korean dialysis registry
include estimating the number and regional distribu-
tion of patients; analyzing patients’ progression of ill-
ness and dialysis treatment outcomes; enhancing the
standard of care; and providing socio-economic data
for long-term health plans [55]. In a study, Ho et al.
evaluated the Hong Kong Renal Registry (HKRR). It is
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Table 8 Proposed data elements in the content validity evaluation process (Section 3)

Row Section 3: Annual assessment of dialysis patients form Necessity Content (CVI) Confirmation /
(CVR) Rejection
Relevancy Simplicity Clarity
1 Latest biopsy status (done/not done) -1 0.83 1 0.66 Rejected
2 Comorbidities (during the treatment) 033 1 1 1 Rejected
3 Current status of patient(living/deceased) 033 1 1 0.66 Rejected
4 Eligibility for transplant waitlist (yes/no) 1 1 1 1 Confirmed
5 Type of machine, dialyzer and dialysate (which have been used the most 1 1 1 1 Confirmed
for HD)
6 Access details in HD 1 1 1 1 Confirmed
7 Frequency of HD sessions per week 1 1 1 1 Confirmed
8 Duration of each HD session 1 1 1 1 Confirmed
9 URR during HD (monthly) 1 1 1 1 Confirmed
10 Adequacy of HD (Kt/V) (monthly) 1 1 1 1 Confirmed
1 Type of PD system and solutions 1 1 1 1 Confirmed
12 Catheter details in PD 1 1 1 1 Confirmed
13 Weight (pre/post drain) (monthly) 1 1 1 1 Confirmed
14 Blood pressure (pre/post drain) (monthly) 1 1 1 0.66 Confirmed
15 Total number of PD exchanges per week -0.33 1 1 1 Rejected
16 Total volume of PD solutions per week 1 1 1 1 Confirmed
17 Urea Clearance during PD (weekly/ monthly) 1 1 1 1 Confirmed
18 Creatinine Clearance during PD (weekly/ monthly) 1 1 1 1 Confirmed
19 Adequacy of PD (Kt/V) (weekly/monthly) 1 1 1 1 Confirmed
20 PET test 1 1 0.83 1 Confirmed
21 Total number of peritonitis episodes 1 1 1 1 Confirmed
22 Total number of ES infections 1 1 1 1 Confirmed
23 Patient yearly height 0.66 1 1 1 Rejected
24 Laboratory findings monthly Hgb 1 1 1 1 Confirmed
25 for !ooth groups of HD and PD PLt 1 1 1 1 Confirmed
26 patients FBS 1 1 1 1 Confirmed
27 BUN 1 1 1 1 Confirmed
28 Na 1 1 1 1 Confirmed
29 K 1 1 1 1 Confirmed
30 Ca 1 1 1 1 Confirmed
31 p 1 1 1 1 Confirmed
32 ALP 1 1 1 1 Confirmed
33 Het 1 1 1 1 Confirmed
34 WBC 1 1 1 1 Confirmed
35 PMN 1 1 1 1 Confirmed
36 Lymph 1 1 1 1 Confirmed
37 RBC 1 1 1 1 Confirmed
38 ESR 1 1 1 1 Confirmed
39 UA. 1 1 1 1 Confirmed
40 HCO3 1 1 1 0.83 Confirmed
41 HDL 1 083 1 1 Confirmed
42 LDL 1 0.83 1 1 Confirmed
43 Protein 1 1 1 1 Confirmed
44 CRP 1 1 1 1 Confirmed
45 CA125 -0.66 1 1 1 Rejected
46 ALP 1 1 1 1 Confirmed

47 Cr 1 1 1 1 Confirmed
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Row Section 3: Annual assessment of dialysis patients form Necessity Content (CVI) Confirmation /

(CVR) Rejection
Relevancy Simplicity Clarity

48 Laboratory findings quarterly iPTH 1 1 1 1 Confirmed

49 for _bOth groups of HD and PD Ferritin 1 1 1 1 Confirmed

50 patients Iron 1 1 1 1 Confirmed

51 TIBC 1 1 1 1 Confirmed

52 Alb 1 1 1 0.66 Confirmed

53 Chol 1 1 1 1 Confirmed

54 TG 1 1 1 1 Confirmed

55 Bicarbonate 1 1 1 1 Confirmed

56 six-month AST 1 1 1 1 Confirmed

57 ALT 1 1 1 1 Confirmed

58 HBS Ag 1 1 1 1 Confirmed

59 annual HBS Ab 1 1 1 1 Confirmed

60 HCV Ab 1 1 1 1 Confirmed

61 Vitamin D 1 1 1 1 Confirmed

62 Medications Anti-Hypertensive 1 1 0.83 0.83 Confirmed

63 Lipid Lowering 1 1 0.83 0.83 Confirmed

64 Anemia 1 1 0.83 0.83 Confirmed

65 Anti-Coagulants 1 1 0.83 0.83 Confirmed

66 Renal Bone 033 1 0.66 0.16 Rejected

Table 9 Proposed data elements in the content validity evaluation process (Section 4)

Row Section 4: Infectious episodes of Necessity (CVR) Content (CVI) Confirmation

peritoneal dialysis patients form / Rejection
Relevancy Simplicity Clarity

1 Date of infection 1 1 1 1 Confirmed

2 Type of infection (peritonitis/exit site) 1 1 1 1 Confirmed

3 Clinical findings 1 1 1 1 Confirmed

4 Culture results/ Type of Organisms 1 1 1 1 Confirmed

5 Antibiotic regimen 1 1 1 1 Confirmed

6 Date of antibiotic administration 1 1 1 1 Confirmed

7 Other treatments 1 1 1 1 Confirmed

Table 10 Proposed data elements in the content validity evaluation process (Section 5)

Row Section 5: Treatment outcomes of dialysis patients form Necessity Content (CVI) Confirmation

(CVR) / Rejection
Relevancy Simplicity Clarity
1 Death (date, place, causes of death) 1 1 1 1 Confirmed
2 Change of dialysis modality (date, reasons for change, new modality of treat- 1 1 0.83 0.83 Confirmed
ment)

3 Discontinue dialysis (date of last dialysis, reasons for discontinuation) 1 1 1 1 Confirmed

4 Transplantation (date, place, type of transplant) 1 1 1 1 Confirmed

5 Transfer to another center (date, reasons for transfer, new center name) 1 1 0.83 0.83 Confirmed

6 Recover of kidney function (date of last dialysis) 1 1 083 083 Confirmed
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Table 11 Proposed data elements of the selected content for the system design (Section 1)

Row Section 1: Information

Strongly disagree Disagree Neither agree Agree

Strongly agree Total answers Confirmation/

and clinical history of nor disagree Revision/
hemodialysis patients NO. (%) NO.(%) NO. (%) NO. (%) NO. (%) NO. (%) Rejection
1 Full name 0 (0) 0 (0) 0(0) 0 (0) 11 (100) 11 (100) Confirmed
2 Date of birth 0(0) 0(0) 0(0) 0(0) 11 (100) 11(100) Confirmed
3 Place of birth 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
4 Gender 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
5 Marital status 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
6 Education 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
7 Occupation 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
8 Address and contact number 0 (0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
9 Name of physician 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
10 Date of admission 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
1 Medical insurance 0 (0) 0 (0) 0(0) 0 (0) 11 (100) 11 (100) Confirmed
12 Height 0(0) 0(0) 0(0) 4((364) 7(63.6) 11 (100) Confirmed
13 Blood type 0(0) 0(0) 0(0) 4(364) 7(63.6) 11 (100) Confirmed
14 Primary Renal Disease/ Cause 0 (0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
of ESRD
15 Frequency of HD sessions 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
per week
16 Medical history 0(0) 0(0) 0(0) 10.1) 0(90.9) 11 (100) Confirmed

Table 12 Proposed data elements of the selected content for the system design (Section 2)

Row Section 2: Hemodialysis

Strongly disagree Disagree Neither agree Agree

Strongly agree Total answers Confirmation

information nor disagree /Revision/

NO. (%) NO.(%)  NO. (%) NO. (%) NO. (%) NO. (%) Rejection

1 Dry Weight 0 (0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed

2 Blood pressure pre dialysis 0 (0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed

3 Dialysis machine (type/no) 0(0) 0(0) 2(18.2) 2(182) 7(63.6) 11 (100) Confirmed

4 Type of dialysate 0(0) 0(0) 2(18.2) 19.1) 8(72.7) 11 (100) Confirmed

5 Type of dialyzer 0(0) 0(0) 2(182) 109.1) 8(72.7) 11 (100) Confirmed

6 Type of buffer 0(0) 0(0) 2(18.2) 19.1) 8(72.7) 11 (100) Confirmed

7 Access details in HD 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed

8 Adequacy of HD (Kt/V) 0(0) 0(0) 0(0) 0(0) 11 (100) 11 (100) Confirmed
(monthly)

9 Medications 0(0) 0(0) 0(0) 2(182) 9(81.8) 11 (100) Confirmed

a clinical and administrative database that is utilized for
research and quality assurance programs [56].
According to Ajami et al., the RD registries used in
various nations are notable systems for modeling renal
registries because they have described the goals and fea-
tures of such registries [57, 58]. In this study, we reviewed
the data content of renal and dialysis registries in chosen
countries as a comparative study. The content of regis-
tries can be divided into five categories associated with
subcategories. Accordingly, a patient’s demographics,
clinical history, dialysis treatments, laboratory findings,

and treatment outcomes were the heading categories.
After that, DEs were divided into appropriate sections
for recording in each of the reviewed registries, following
how to do data recording. Here, the most important issue
was creating a data dictionary and defining rules for data
collection and monthly reports after the data collection,
recording, and storage processes.

To achieve a good e-registry, developing databases,
managing data, and building a proper UI is critical.
The poor and complex Ul design makes it difficult to
understand and utilize and leads to user dissatisfaction.
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Table 13 Proposed data elements of the selected content for the system design (Section 3)

Row Section 3:Laboratory  Strongly disagree Disagree Neitheragree Agree  Strongly agree Total answers Confirmation

findings of nor disagree /Revision/
hemodialysis patients o (%) NO.(%)  NO. (%) NO. (%) NO. (%) NO. (%) Rejection

1 monthly Hgb 0 (0) 0(0) 0(0) 1(9.1) 0(90.9) 11 (100) Confirmed

2 PLt 0(0) 0(0) 109.1) 0(0) 0(90.9) 11 (100) Confirmed

3 FBS 0(0) 0(0) 0(0) 1(9.1) 0(90.9) 11 (100) Confirmed

4 BUN 0(0) 0(0) 0(0) 109.1) 0(90.9) 11 (100) Confirmed

5 Na 0(0) 0(0) 1(9.1) 0(0) 0(90.9) 11 (100) Confirmed

6 K 0(0) 0(0) 0(0) 109.1) 0(90.9) 11 (100) Confirmed

7 Ca 0(0) 0(0) 0(0) 109.1) 0(90.9) 11(100) Confirmed

8 p 0(0) 0(0) 0(0) 1(9.1) 0(90.9) 11 (100) Confirmed

9 Hct 0(0) 0(0) 1(9.1) 0(0) 0(90.9) 11 (100) Confirmed

10 quarterly  ALP 0(0) 0(0) 1(9.1) 0(0) 0(90.9) 11 (100) Confirmed

11 Cr 0(0) 0(0) 0(0) 109.1) 0(90.9) 11 (100) Confirmed

12 iPTH 0(0) 0(0) 0(0) 10.0) 0(90.9) 11 (100) Confirmed

13 Ferritin 0(0) 0(0) 1(9.1) 0(0) 0(90.9) 11 (100) Confirmed

14 Iron 0(0) 0(0) 1.1 0(0) 0(90.9) 11 (100) Confirmed

15 TIBC 0(0) 0(0) 109.7) 0(0) 0(90.9) 11 (100) Confirmed

16 Alb 0(0) 0(0) 109.1) 0(0) 0(90.9) 11 (100) Confirmed

17 Chol 0(0) 0(0) 10.0) 0(0) 0(90.9) 11 (100) Confirmed

18 TG 0(0) 0(0) 1(9.1) 0(0) 0(90.9) 11 (100) Confirmed

19 Bicarbonate 0 (0) 0(0) 109.1) 0(0) 01(90.9) 11 (100) Confirmed

20 six-month  AST 0(0) 0(0) 19.1) 0(0) 10 (90.9) 11 (100) Confirmed

21 ALT 0(0) 0(0) 109.1) 0(0) 10 (90.9) 11 (100) Confirmed

22 HBS Ag 0(0) 0(0) 10.0) 0(0) 10 (90.9) 11 (100) Confirmed

23 HIV Ab 0(0) 0(0) 1(9.1) 0(0) 10 (90.9) 11 (100) Confirmed

24 HCV Ab 0(0) 0(0) 19.1) 0(0) 10 (90.9) 11 (100) Confirmed

25 annual Al 0(0) 0(0) 0(0) 2(182) 9(81.8) 11 (100) Confirmed

26 Vitamin D 0(0) 0(0) 2(18.2) 109.1) 8(72.7) 11 (100) Confirmed

Table 14 Proposed data elements of the selected content for the system design (Section 4)

Row Section 4: Treatment Strongly disagree Disagree Neither agree Agree  Strongly agree Total answers Confirmation
outcomes of hemodialysis nor disagree /Revision/
patients NO. (%) NO.(%)  NO. (%) NO. (%) NO. (%) NO. (%) Rejection

1 Death (date, place, causes 0 (0) 0(0) 2(18.2) 1(9.1) 8(72.7) 11 (100) Confirmed
of death)

2 Change of dialysis modality 0 (0) 0(0) 1(9.1) 2(182) 8(72.7) 11 (100) Confirmed

(date, reasons for change, new
modality of treatment)
3 Discontinue dialysis (date 0(0) 0(0) 0(0) 2(182) 9(81.8) 11 (100) Confirmed
of last dialysis, reasons for dis-
continuation)

4 Transplantation (date, place, 0(0) 0(0) 0 (0) 2(182) 9(81.8) 11 (100) Confirmed
type of transplant)
5 Transfer to another center 0(0) 0(0) 1(9.1) 2(182) 8(72.7) 11 (100) Confirmed

(date, reasons for transfer, new
center name)

6 Recover of kidney function 0(0) 0(0) 1(9.1) 3(273) 7(63.6) 11 (100) Confirmed
(date of last dialysis)
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Number of Item 1
[tem label on the form Cause of renal failure
Definition

Main information group Clinical information
[tem hierarchy in the form
Type of data entry Manually by user

Necessity of registration Necessary

Disease or condition that has led to (acute/ chronic) kidney failure.

Register > New patient > Clinical information > Cause of renal failure

Input type Selection of options from combo box
Selectable options 1 Diabetes 4 Nephrotic syndrome
2 Hypertension 5 Polycystic kidney disease
3 Glomerulonephritis 6 Urological and obstructive disorders

Table 16 "Hgb"data element in the data dictionary

Number of Item

[tem label on the form
Definition

Main information group

[tem hierarchy in the form

Type of data entry

Necessity of registration

Input type

Unit of measurement

The number of integers allowed
The number of non-integers allowed
Normal range

More Information

15

Hgb

Level of hemoglobin in red blood cells.

Monthly laboratory tests

Register > Search patient > Laboratory tests > Monthly tests >Hgb
Manually by user

Necessary

Decimal numbers

gram per deciliter

2

2

11.7-15.5 g per deciliter

This item must be registered and reported on a monthly basis.

In addition, usability testing is also an inevitable step
[59-62]. Expert-based approaches often fail to provide
precise explanations of the root causes of problems or
recommendations for enhancing the user interface. The
use of user-based evaluation techniques, such as the
think-aloud method, offers a deeper understanding of
system usability issues [63, 64].

Regarding usability testing, Peute and Alhadreti com-
pared the effectiveness of both concurrent and ret-
rospective think-aloud methods. They explained that
the concurrent method is noticeably more effective in
identifying usability issues and also advised using this
approach for the formative assessment of health infor-
mation systems [65, 66]. Zakaria et al. evaluated the
usability of the registry of maternity and newborns
using concurrent think-aloud and focus group ses-
sions and found the key flaws in the system architecture
needed to be rectified by user feedback [67]. Shahraki
et al. also found that the evaluation of user experiences
is the most important component in system develop-
ment to address problems, reduce high costs, and boost
user acceptance because designers can make use of

these to improve the usability and effectiveness of the
system [68].

In this study, the concurrent think-aloud method was
employed in the usability testing to involve the users with
the system’s operation, enhance the U, and identify the
parts that needed improvement.

Before generally implementing health information
systems, conducting a pilot system test can help dis-
cover any faults or problems because the users connect
to the system in their routine [69]. In a study, Solomon
et al. explained that the pilot deployment of a registry
must take place at an acceptable period and quantity of
samples to identify the gaps, remove the problems, and
plan an efficient training program for users [70]. Also,
Mehmood et al. suggested that a plan for pilot testing
that lasted three months was necessary to assess the sys-
tem’s effectiveness [71].

This study analyzed data from all 160 patients’ medical
records at a dialysis center, entered into the IEHR. Users
interacted with the system during a pilot phase, provid-
ing valuable feedback to improve its capabilities. They
reported that accessing patient histories and tracking
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Table 17 Type of registry reports
Row Type of report Description

1 Frequency of new patients
2 Frequency of new patients according to age

Frequency of new patients by gender
4 Frequency of guest patients

5 Frequency of kidney transplant
6 Frequency of kidney transplant according to the type of transplant

7 Frequency of kidney transplant according to age

8 Frequency of Kidney transplant by gender
9 Frequency of death

10 Frequency of causes of kidney failure

11 Frequency of types of vascular accesses

12 Frequency of types of devices used

13 Frequency of the types of filters used

14 Frequency of changing the dialysis method

15 Frequency of discontinuation of hemodialysis treatment
16 Frequency of transfer of patients to other medical centers
17 Frequency of return of renal function

18 Dialysis adequacy status (Kt/V) in patients

19 Iron status in patients

20 TIBC status in patients

21 Ferritin status in patients

22 Hgb status in patients

23 iPTH status in patients

24 Albstatus in patients

The number of patients whose information is recorded in the system
on a certain date or time period.

The number of new patients in certain age groups (18-29, 30-49, 50-69
and 70 years and older)

The number of new patients in two gender groups, male and female

The number of patients registered as guest patients on a certain date
or time period in the system.

The number of kidney transplants on a given date or time period

The number of kidney transplants according to the type of transplant
received (Living / Cadaveric)

The number of kidney transplants in certain age groups (18-29, 30-49,
50-69 and 70 years and older)

The number of kidney transplants in two gender groups, male and female
The number of deaths on a specific date or time period

The number of registered cases for each cause of kidney failure on a specific
date or time period

The number of registered cases for each type of vascular access on a given
date or time period

The number of registered cases for each type of device used on a specific
date or time period

The number of registered cases for each of the types of filters used on a spe-
cific date or time period

The number of registered cases for the result of changing the dialysis
method on a specific date or time period

The number of registered cases for the outcome of hemodialysis treatment
discontinuation on a specific date or time period

The number of registered cases resulting in the transfer of patients to other
medical centers on a specific date or time frame

The number of registered cases for the outcome of the return of kidney
function on a specified date or time period

The number of patients in certain groups for values related to dialysis
adequacy parameter (Kt/V)

The number of patients in certain groupings for the values related

to the laboratory parameters of Iron

The number of patients in certain groupings for the values related
to the TIBC laboratory parameter

The number of patients in certain groups for values related to the laboratory
parameter Ferritin

The number of patients in certain groupings for the values related

to the Hgb laboratory parameter

The number of patients in certain groupings for the values associated
with the iPTH laboratory parameter

The number of patients in certain groupings for the values associated
with the laboratory parameter Alb

patient status and trends over time was significantly
faster and easier compared to paper-based records.

The study’s findings and methods can be applied to
develop similar registries in other countries, as they uti-
lize the results of comparable studies to identify com-
prehensive data elements. While the study did not have
significant limitations, it's important to note that the

system was implemented as a pilot to retrospectively reg-
ister cases. Future research should focus on evaluating
the system’s performance for new cases and measuring
its impact on staff performance and patient care.

The study’s strengths include the use of multiple data-
gathering methods (questionnaires, observations, and
interviews) and the involvement of nurses and other key
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Chronic Dialysis Center of Shahid Beheshti Medical Complex Account ~

@& Main Panel
© Register I Current month statistics
& New Patient

Q Search Patient
|2 Reports

O Definitions

0|
New Patients Guest Patients Transplantations Deaths

Fig. 2 The reports from the IEHR

Chronic Dialysis Center of Shahid Beheshti Medical Complex Account ~

& Main Panel
Register > Search patient >
© Register

| Reports & Patient Info % Hemodialysis Info ® |aboratory Tests @ Paraclinical Tests ® Treatment Outcomes

® Definitions

Hemodialysis Information

v Type of Machine
v Type of Dialyzer
v Type of Buffer

v Type of Dialysate

<

Dry Weight

v Blood Pressure

<

Dialysis Adequacy (Kt/V)

v Medications

v Vascular Access

Fig. 3 The patient information in the IEHR
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Chronic Dialysis Center of Shahid Beheshti Medical Complex Account ~

& Main Panel
Register > Search patient >
® Register

| Reports & Patient Info % Hemodialysis Info ® [aboratory Tests @ Paraclinical Tests @ Treatment Outcomes

© Definitions

Laboratory Tests

v Monthly Tests
v Quarterly Tests
v Six-month Tests
v Annual Tests

v Miscellaneous Tests

Fig. 4 The hemodialysis information in the IEHR

Chronic Dialysis Center of Shahid Beheshti Medical Complex Account ~

& Main Panel
Register > Search patient >
© Register

X Reports & Patient Info % Hemodialysis Info @ |aboratory Tests ® Paraclinical Tests ® Treatment Outcomes

© Definitions

Paraclinical Tests

Type of Test Date of Test Summary of Findings Delete

Neck MRI 28/08/2020 4-5 small lymph nodes were seen at bilateral of the neck. i

Add New Record

Fig. 5 The laboratory testin the IEHR

stakeholders in the design phase. However, the study articles, potentially excluding similar registries without
had several limitations. First, the initial phase focused such documentation. Second, the usability assessment
solely on registries with published design and creation relied exclusively on a user-based approach, which, while
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Account ~

& Main Panel
Register > Search patient >
© Register

| Reports & Patient Info ¥ Hemodialysis Info

© Definitions

Treatment Outcomes

Typecf Outcome Occurrence
Outcome
Death ®No O Yes
Change of
Dialysis ONo @ Yes
Modality
Discontinue
Hemodialysis @No O Yes

Transplantation @No O Yes

Transfer to
Another Center @No O Yes

Recover Kidney
Function @No O Yes

Fig. 6 The preclinical test in the IEHR

® Laboratory Tests ® Paraclinical Tests ® Treatment Outcomes

Outcome Occurrence Details

- Dateofdeath | pay/monthyvear
Place of death
4
Cause of death
4
¥ bate 97/00/2020
Reasons for | patient needs to peritoneal dialysis due to impaired
change of - yageylar access.
modality

New modality of

Peritoneal Dialysis
treatment

* Date of last Day/Month/Year
hemodialysis
Reasons for
discontinuation

* Date of transplant Day/Month/Year

Place of
transplant

*
Type of transplant Select... e

o Date of transfer Day/Month/Year

Reasons for
transfer

New center name

% Date of last

Day/Month/Year
hemodialysis
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onic Dialysis Center of Beheshti Medical Complex
& Main Panel
Register > Search patient >
© Register
A Reports & Patient Info % Hemodialysis Info @ Laboratory Tests

© Definitions

Personal Information

Name *
Father Name *

Place of Birth

Tehran, Iran

Education *

Bachelor's Degree v

Province of Residence

Esfahan, Iran Y.

Landline

Clinical Information

Medical Insurance *

Iran Insurance v

Height (cm) *

168

Frequency of HD Sessions Per Week *

3
Medical Histories *

Biopsy
Peritoneal Dialysis

Fig. 7 The clinical outcomes in the [EHR

valuable, could have been complemented by expert-based

Family Name *

National Code *

Gender *

O Male @ Female

Occupation *

Employee

City of Residence

Kashan, Iran

Phone Number *

Physician *

Dr. Rostami

Blood Type *

B+

Conclusions

«® Paraclinical Tests ® Treatment Outcomes

Image

No file chosen

Date of Birth *

Marital Status *

O Single @ Married

Address *

Guest Patient

@ NoO Yes

Date of Admission *

Cause of Renal Failure *

Diabetes

techniques. Nonetheless, the user-centered approach was
crucial for identifying real-world usability issues.

Due to the absence of a national kidney disease registry
in Iran, we developed e-registry to record and analyze
clinical data of hemodialysis patients. This registry aims
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Appearance

Function

> Date entry format:

- For date, the format was originally designed as a calendar for ease of use,
which was changed to the input format of day/month/year (-/-/-) due

to the user’s lack of convenience in using it.

- For some medical terms in English, Persian equivalents were also considered.

> Interruptions or disturbances in the recording and reporting:

- the need to refresh the page to select each of the graphical reporting
items for laboratory parameters in the tests tab

- the lack of automatic calculation of the iron saturation percentage
formula in the quarterly tests bar

- the need to refresh the page for recording more than one outcome
in the treatment

to provide insights into the health status of hemodialy-
sis patients over time, evaluate treatment effectiveness
and outcomes, identify care challenges, generate timely
reports, provide alerts for potential risks, and ultimately
support informed decision-making for better manage-
ment of hemodialysis patients.

By comparing registries from selected countries, we
created a comprehensive registry design. Pilot testing
identified functional deficiencies, which were addressed.
This design is not static but will continue to evolve based
on user feedback and needs.

As this was primarily a design and development study,
specific outcome measurement was not the primary
focus. The system’s performance was evaluated by its
ability to accurately record clinical data from existing
paper-based medical records.

The successful registration of 160 patient records by
users during the pilot phase suggests the system’s poten-
tial for practical application.
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