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Abstract

Background Patient-centered, measurable, and transparent care is essential for improving healthcare outcomes,
particularly for patients undergoing percutaneous coronary intervention (PCl) procedures. Electronic follow-up
questionnaires offer the potential for efficient and accurate data collection, enhancing the monitoring of patient
experiences and outcomes. This study aimed to design and evaluate an electronic follow-up questionnaire tailored for
post-PCl patients, focusing on real-time symptom monitoring and data collection.

Methods This developmental study was conducted in 2020 in three phases. In the first phase, a follow-up
questionnaire was developed through a needs assessment and expert consultations. Each item’s content validity ratio
(CVR) and content validity index (CVI) were evaluated to ensure content validity. The finalized questionnaire elements
were then reviewed and refined by a panel of ten cardiologists using the Delphi technique. In the second phase, an
electronic platform was designed to host the follow-up questionnaire. The tool’s effectiveness for post-PCl follow-up
was evaluated in the third phase.

Results Cardiologists confirmed all items in the Delphi technique’s first round, validating the follow-up
questionnaire’s content. A total of 41 patients undergoing PCl were enrolled in the study. The most frequently
reported symptoms included issues at the catheter insertion site, chest discomfort, digestive complications, and
shortness of breath. Of these patients, 21 (51.2%) utilized the electronic follow-up tool. The primary reasons for
non-participation were busy schedules, forgetfulness, and perceived recovery. Among the participants, 16 (76.2%)
expressed high or very high satisfaction with the tool.

Conclusion The findings suggest that this electronic follow-up questionnaire has the potential to effectively collect
clinical data, support academic research, and improve the quality of post-PCl care. However, addressing barriers

to patient participation and involving patients in the tool’s iterative development will be critical for enhancing its
adoption and impact.
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Introduction

Coronary artery disease (CAD) is a major health con-
cern caused by the formation of atherosclerotic plaques
in coronary arteries. It is associated with significant mor-
bidity, mortality, and economic burden [1, 2]. There are
various diagnostic methods for coronary artery diseases,
including angiography, exercise tests, echocardiography,
and heart scans. Definitive diagnosis of cardiovascular
diseases is made by angiography. Based on the anatomi-
cal conditions of the coronary arteries, drug treatment,
coronary artery bypass graft (CABG), or percutaneous
coronary intervention (PCI) are selected for treatment
[1]. PCI is widely recognized as an effective treatment
for obstructive coronary artery disease, offering fewer
side effects compared to CABG [3]. In the United States
(US), it is estimated that more than 600,000 PCIs are
performed each year [4]. Despite its benefits, PCI pres-
ents challenges in managing both short- and long-term
side effects. Key complications include contrast-induced
nephropathy (CIN), myocardial infarction, emergency
revascularization, and bleeding [5, 6]. Effective post-PCI
care is critical to mitigate these risks and improve patient
outcomes. In recent years, electronic follow-up ques-
tionnaires have emerged as valuable tools to enhance
patient participation in disease management processes.
These tools enable patients to record and report symp-
toms, facilitating better communication between patients
and healthcare providers [7, 8]. Unlike traditional paper-
based methods, electronic questionnaires allow for
real-time data collection and processing, reducing the
likelihood of ambiguous responses and ensuring data
accuracy [9-13]. The widespread adoption of smart-
phones and tablets has further simplified the use of these
tools, making them accessible across diverse populations
[10]. Research highlights the preference of healthcare
teams for electronic tools over paper questionnaires due
to their efficiency and improved data quality [14]. How-
ever, there remains a gap in the availability of suitable
electronic tools specifically designed for post-angioplasty
follow-up. Addressing this need, the present study aimed
to develop and evaluate an electronic follow-up question-
naire tailored for patients undergoing PCI. The objectives
included assessing the validity and reliability of the tool,
its usability, and its impact on patient engagement and
satisfaction during post-PCI care.

Methods

The present study was a developmental, single-center,
prospective study conducted in a university hospital
in 2020. The Ethics Committee of Kashan University
of Medical Sciences approved the study (IR.KAUMS.
REC.1398.051). The study consisted of three distinct
phases:
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1. Development of follow-up questionnaires.

2. Design of an electronic platform for reporting
outcomes.

3. Evaluation of the tool’s effectiveness for patient
follow-up.

Phase I: Development of the follow-up questionnaires

This phase was carried out in two stages: (1) designing
questionnaires and (2) determining the items of the ques-
tionnaires by surveying experts (Fig. 1).

First stage - Designing questionnaires

In the first stage, a comprehensive needs assessment
was conducted to identify the necessary items for effec-
tive follow-up. The needs assessment process included
an extensive review of existing post-discharge question-
naires and consultations with a multidisciplinary panel
of experts, including cardiologists, epidemiologists, and
medical informatics specialists. These questionnaires fol-
lowed the guidelines stipulated by the Ministry of Health
of Iran. This thorough approach ensured that all relevant
information elements required for patient self-care and
monitoring were captured in the designed question-
naires. The initial draft of the questionnaire included 35
questions: 10 related to follow-up in the first two weeks
after angioplasty and 25 questions between 2 weeks to 3
months after the angioplasty procedures.

Additionally, an open-ended question was included
for specialists’ comments. The questionnaire was given
to three cardiologists and a Cardiac intervention sub-
specialist with at least three years of work experience to
assess face validity. The participants were asked to com-
ment on the questions’ difficulty level, relevancy, and
ambiguity. The participants’ opinions about the items
were carefully recorded, and they were asked to explain
more where necessary. Finally, with the advice of the
experts, changes were applied to the questionnaire,
and face validity was approved. The content validity of
the questionnaires was assessed by a 10-member panel
consisting of faculty members of Kashan University of
Medical Sciences (cardiologists=6, epidemiologist=2,
and health information management=2). The valid-
ity of each item (i.e., relevance, clarity, and simplicity)
plus the validity index of the entire tool was determined
based on a four-point Likert scale from “unfavorable”
(score of 1) to “totally favorable” (score of 4). The content
validity of each item was assessed based on the content
validity index (CVI), and if less than 0.75, the item was
eliminated. The content validity ratio (CVR) was also
determined based on Lawshe’s Table [15], and the items
with values less than 0.62 were eliminated. The Content
Validity Ratio (CVR) for all items in the questionnaire
exceeded 0.7, indicating that no items were eliminated
based on this metric. Additionally, the Content Validity
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Phase |

First stage Second stage

Preparation of initial
questionnaires based on
available follow-up
questionnaires

Using the Delphi
technique and consensus
on all data elements

Confirmation of face
validity of the
questionnaire

Development of the final
questionnaires

Measuring Content
Validity Ratio (CVR) and
Content Validity Index
(cvI)

Preparation of the final
questionnaire

Calculation and
confirmation of the
reliability of the
questionnaire

Fig. 1 Phase | of research to identification of data elements and development of standardized questionnaires to gather PRO
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Index (CVI) for relevance, clarity, and simplicity of all
questionnaire items was above 0.8, ensuring that no items
were removed based on this criterion. After summa-
rizing the opinions, the final questionnaires included
demographic and clinical information, follow-up-related
questions, and an open-ended question for specialists
to deliver their commentaries (Additional file 1, 2). To
ensure the reliability of the questionnaire, expert valida-
tion and the Delphi technique were employed, focusing
on content consistency and clinical relevance.

Second stage - Determining the items of the
questionnaires using the Delphi technique

After determining the validity and reliability, the final
questionnaires were provided to 10 cardiologists by
email. The Delphi technique was employed to reach a
consensus on the necessity of each item. After providing
a complete explanation of the study objectives, they were
asked to comment on the necessity of each item identi-
fied in the questionnaire using a 5-point Likert scale from
‘strongly agree’ to ‘strongly disagree’ A score of 1 meant
‘strongly disagree, 2 meant ‘disagree, 3 meant ‘neutral, 4
meant ‘agree, and 5 meant ‘strongly agree’ Then, the aver-
age final score for each item was calculated. Items with an
average score of 3.75 and above were finally confirmed,
and items with an average final score of less than 2.5 were
discarded. Items scoring between 2.5 and 3.75 underwent
an additional round of review to reach an agreement on
their confirmation or exclusion.

Phase lI: Designing the electronic follow-up tool

Before coronary angioplasty, the cardiology department
created comprehensive demographic profiles for the
21 patients scheduled for the procedure. After explain-
ing the project and introducing the electronic follow-up
system to the patients, demographic information, phone
number, address, caregiver’s details, internet access sta-
tus, history of underlying diseases, family medical his-
tory, and patient habits were collected. Detailed verbal
instructions on using the system and the dates when the
questionnaires would be available were provided. A user
account was created for the patient, and the username
and password were given to the patient or their compan-
ion. A detailed instruction sheet on how to log in to the
website, use it, access the questionnaires, and contact the
research team if needed was provided to the patient. This
information was also sent via a website link in a text mes-
sage to the patients or their caregivers. Subsequently, the
patient’s information was fully registered in the system,
and the availability dates of the questionnaires were set.
After determining items and preparing follow-up ques-
tionnaires, the electronic follow-up tool was designed as
a website. The website was implemented and provided
by the Sarafraz Rayan Ghasedak Company. This website
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has two access levels for doctors and patients. By using
this website, doctors could create user accounts, record
patients’ basic information (demographic characteristics
and clinical history), design electronic questionnaires,
and schedule the completion of each questionnaire based
on the time of the patient’s angioplasty. The electronic
follow-up tool was designed to be accessed on various
devices, including computers, tablets, and smartphones.
This multi-device compatibility ensures that patients
can report their outcomes and use the most convenient
device to engage with the follow-up process.

Phase lll: Determining the effectiveness of the
electronic follow-up tool

During patient recruitment for phase III, subjects sched-
uled for coronary angioplasty were screened for eligibil-
ity. Inclusion criteria included internet access and the
ability to use it. After explaining the study’s objectives
and obtaining informed consent, demographic and clini-
cal characteristics were collected through interviews and
the hospital information system (HIS). After explaining
the study’s objectives and obtaining informed consent,
demographic and clinical characteristics were collected
through interviews and the hospital information system
(HIS). Participants were informed that they could with-
draw from the research and that their answers would
remain private. Detailed explanations about using the
system and completing the questionnaires were given
orally to the patients. Following these explanations, a
structured follow-up process was implemented to ensure
adherence to the advice and monitor patient outcomes.
This involved daily website monitoring for patient
responses. In cases where complications arose, our team
took necessary measures based on the severity of the
complications. For mild complications, we promptly pro-
vided recommendations to the patient via SMS. These
recommendations were derived from established clinical
protocols and guidelines for post-percutaneous coronary
intervention (PCI) care, ensuring accuracy and appro-
priateness. Furthermore, in cases where danger signs
were identified, the patients and their caregivers were
promptly advised to seek immediate medical attention at
the hospital’s clinic or emergency department. Patients
were required to complete the follow-up questionnaires
twice according to the plan. The questionnaires were
scheduled to be completed in the first two weeks and
between two weeks to three months after the percutane-
ous coronary intervention (PCI). This schedule ensured
continuous monitoring and timely intervention if needed.

Statistical analysis

We report frequencies (n) and percentages (%) for cate-
gorical data and means (M) and standard deviations (SD)
for continuous data.
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Results

Identification of items and development of questionnaires
During the Delphi technique stage in the first phase of
this study, seven experts participated, all of whom were
cardiologists. The average age of the participants was 45
years, ranging from 37 to 60 years old. The cardiologists
confirmed all data elements in the first round of the Del-
phi technique.

Patient characteristics

A total of 49 patients undergoing PCI were identified.
Eight (16.32%) were excluded due to lack of internet

Table 1 Baseline characteristics of patients (n=41)
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access. Among the remaining 41 patients, 21 (51.2%)
were women and 20 (48.8%) were men. The average age
of the patients was 61.8 years. Only one patient (2.4%)
was single. Ten patients (24.4%) were illiterate, while
seven (17.1%) held at least a diploma. In contrast, none of
the patients’ caregivers were illiterate, with 29 caregivers
(70.7%) having higher education. Among the 41 included
patients, 21 (51.2%) were admitted as emergencies, and
20 (48.8%) were admitted electively. The most common
diagnoses requiring PCI were two-vessel disease (2VD)
(46.3%) and three-vessel disease (3VD) (31.7%) (see
Table 1).

Variables N (%)
Demographic information
Gender Female 21(51.2)
Male 20 (48.8)
Marital status Single 1(2.4)
Married 40(97.6)
Age >64 27 (65.9)
<64 14 (34.1)
Education level Diploma and higher 7017.0)
High school 24 (58.5)
[lliterate 10 (24.4)
Education level of patient caregiver Higher Education 29(70.7)
Diploma 11(26.8)
High school 124
Medical History
Hypertension 30(73.2)
Diabetes Mellitus 17 (41.5)
Hyperlipidemia 25 (61.0)
Current smoker 8(19.5)
Previous angiography history 18(43.9)
Previous angioplasty history 10 (24.4)
Ischemic heart disease history 20 (48.8)
admission type Elective 20 (48.8)
Emergency 21(51.2)
Angiography and angioplasty findings
Dosisiagn SVD 9(22.0)
2VD 19 (46.3)
3VD 13(31.7)
LAD disease 21(51.2)
RCA disease 10 (24.4)
LCx disease 7(17.1)
OM disease 2(4.9)
PDA disease 1(2.4)
PCl for 1 vessel 33(80.5)
PCl for 2 vessel 8(19.5)
Internet access status
Patient access to the Internet 6 (14.6)
Patient caregiver access to the Internet 40(97.6)

SVD: Single vessel disease; 2VD: Two-vessel disease; 3VD: Three-vessel disease; LAD: Left anterior descending artery; RCA: Right coronary artery; LCx: Left circumflex

artery

PDA disease: Patent ductus arteriosus
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Table 2 Findings related to the symptoms reported by patients

after PCl
Variables first two weeks Between 2
(n=21) weeks to
3 months
(n=21)
Common symptoms 20 (48.8) 11(26.8)
Skin lesions 1(2.4) -
Angioplasty site pain 12 (29.3) -
Angioplasty site swelling 2(4.9) -
Angioplasty site bruising 11(26.8) -
Digestive complications 9(22.0) 7(17.1)
Chest discomfort 10 (24.4) 9(22.0)
Shortness of breath 3(7.3) 6 (14.6)
Dizziness 5(12.2) 4(9.8)

Only 20 patients (48.8%) reported common symptoms
during the first two weeks after PCIL. The most frequently
recorded complaints were related to the catheter inser-
tion site (pain, swelling, and bruising) (61.0%), chest dis-
comfort (24.4%), and digestive complications (22.0%).
After informing patients about their conditions, neces-
sary instructions were provided. During outpatient visits,
none of the patient’s symptoms were identified as severe
problems, and none required repeat PCI. From 2 weeks
to 3 months after PCI, only 11 patients reported common
symptoms. The most frequent complaint was chest dis-
comfort, reported by nine patients (22.0%). The second
most common complaint was shortness of breath, affect-
ing six patients (14.6%) during this period (see Table 2).

Table 3 Findings related to the activity status of patients after PCl
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During the first two weeks after PCI, 36 patients
(87.8%) returned to their usual status. Four patients
could only care for themselves, and one patient was inac-
tive. Thirty-four patients left home during this period,
with 20 of them resuming work activities. Within three
months after PCI, 38 patients (92.7%) returned to their
usual activities at home, and 29 (70.7%) engaged in heavy
activities outside the home, including work. One patient
(2.4%) participated in vigorous sports activities, while 17
patients (41.5%) engaged in light sports activities such as
walking (see Table 3).

Evaluation of effectiveness

In total, 21 patients (51.2%) completed at least one of
their electronic follow-up questionnaires, while follow-
up for other patients was conducted via telephone. The
highest participation rate was observed in the first week’s
questionnaire, with 20 patients (48.8%), while the lowest
was three months after PCI, with 9.8%. We compiled the
most common patient queries throughout the follow-up
period, totaling 16 questions. Fourteen questions were
addressed through the electronic system, and two were
handled via phone calls or text messages. The most fre-
quently asked question pertained to medication usage. Of
those with inquiries, six individuals (37.5%) were advised
to consult a doctor promptly, with three (18.8%) being
urged to visit the hospital immediately (see Table 4).
Patient satisfaction with the electronic follow-up tool was
notably high, with 76.2% of participants reporting high
satisfaction levels (see Table 5). The primary reasons for

Variables

First two weeks (n=21)

Between two weeks to three months (n=21)

Indoor activity No activity only Usual 1(24) 1(24)
Only personal activities 4(9.8) 2 (4.9)
Usual activities 36 (87.8) 38(92.7)

Outdoor activity No activity 7(17.1) 4(9.8)
Light activity such as shopping 14 (34.7) 8(19.5)
Job activity 20 (48.8) 29 (70.7)

Sports activities No sports activity - 23 (56.1)
Light exercise such as walking - 17 (41.5)
Heavy sports - 124)

Table 4 Findings related to patient questions after PCl

Variables N %
Questions asked via the system 14 87.5
Questions asked via phone call or SMS 2 12.5
Type of patient question Medication use 6 375
Minor side effects 3 18.8
Severe complications 5 313
Activities 1 6.3
Other 1 6.3
Advice to patient to see a doctor 6 375
Recommendation for patient referral to the emergency department immediately 3 18.8
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Table 5 Findings related to patients’satisfaction with the
electronic patient-reported outcomes tool

Variable N %

Satisfaction level low 0 0
Medium 5 238
Alot 16 76.2

Total 21 100

non-participation were busy work schedules and forget-
fulness (see Table 6).

Discussion

In this study, we developed an electronic follow-up tool
based on expert opinions to report outcomes. Previ-
ous research has demonstrated that compared to rou-
tine surveillance, electronic follow-up tools can improve
survival and quality of life in various patient popula-
tions [9, 15]. To our knowledge, this study is the first
prospective investigation of electronic follow-up tools
for the follow-up of patients who have undergone PCI.
However, more research is needed to fully understand
the impact of these tools on patients with cardiovascu-
lar problems. We used two questionnaires in this study
to monitor the long-term symptoms of patients who
underwent PCIL. Cardiovascular specialists identified
the data elements for these questionnaires, whereas,
in some studies, the needs assessment was conducted
solely by patients. Recent studies have highlighted the
lack of specialist involvement in designing and creating
such tools, raising concerns about the medical content’s
uncertainty and endangering patient health and safety.
Therefore, medical applications for important deci-
sions must be developed with input from clinical experts
[16]. Analysis of the needs assessment data revealed
that all information elements were necessary. The most
important parameters for the self-care of patients were
monitoring complications, checking the patient’s activ-
ity status, and following the treatment regimen. In the
study by Barker et al. (2021), the most important symp-
toms identified in patients after PCI were chest discom-
fort, shortness of breath during various activities, lack of
confidence in performing usual activities, sleep distur-
bances, feelings of unhappiness, and problems related
to sleep [17]. The differences between the information
requirements determined in this study and other stud-
ies can be attributed to our focus on patients who have
undergone PCI. Previous studies investigating electronic
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follow-up tools in cardiovascular patients likely involved
individuals with a broader range of cardiovascular con-
ditions. Alternatively, they may have focused on general
disease management. However, our study aimed to iden-
tify post-procedural complications as quickly as pos-
sible. This focus on early detection of issues might have
led to a different set of information needs compared to
studies primarily concerned with long-term cardiovascu-
lar health management. In most of the reviewed studies
related to the follow-up of cardiovascular patients, vari-
ous tools such as email and telephone methods have been
used for patient follow-up. A systematic review showed
the positive effect of telephone follow-up on the qual-
ity of life, pain, physical activity, mental state, patient
information, medication compliance, and even the lipid
profile of patients [18]. Another review examining email
as a communication method between patients/caregiv-
ers and healthcare professionals found that email was
not significantly superior to traditional follow-up meth-
ods. While telephone follow-up promotes more patient
lifestyle changes, email does not exhibit this effect [19].
Additionally, a recent meta-analysis [20] regarding the
use of mobile phone technology in managing ischemic
heart disease, heart failure, and blood pressure showed
that mobile phone technology significantly reduces the
re-hospitalization rate of patients. Moreover, a recent
meta-analysis on the use of mobile phone technology in
managing ischemic heart disease, heart failure, and blood
pressure highlighted that such technology significantly
reduces the re-hospitalization rate of patients [21].

Despite the promising results, the present study faced
a significant limitation concerning the participation rate.
The participation rate of patients was 51.2%. Only 20 of
the 41 participants completed the first week’s question-
naire. This rate gradually decreased in subsequent ques-
tionnaires. Our findings indicated that demographic and
clinical characteristics did not significantly influence par-
ticipation. The most common reasons for non-participa-
tion included busy work schedules, forgetfulness, and a
sense of recovery. Additionally, the usability and layout of
the website may have hindered patient engagement. Also,
patients may have difficulty navigating or interacting
with the website, leading to reduced participation rates.
Future studies should consider conducting usability test-
ing to identify and address potential barriers to patient
engagement with electronic follow-up tools.

Table 6 Findings related to the reason for not participating in electronic patient-reported outcomes tool

Variables

Reason for not participating in the project

N %
No problem 5 238
Forgetfulness and busyness 8 38.1
Failure to pay attention to the process of participation in the project 4 19.0
Lack of knowledge of the disease condition 4 19.0
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Moreover, the patient and their caregivers cited other
reasons for not participating in the plan, such as not pay-
ing attention to the participation process and lacking
awareness of the importance of managing the disease
condition. In 2019, Zhu et al. developed internet software
aimed at monitoring patients post-heart surgery [22].
The participation rate in their study was notably higher at
90.2% compared to our current. Also, the telephone inter-
view results of the 123 patients who did not participate in
the follow-up assessment were as follows: 34 patients did
not pay attention to postoperative follow-up; 18 patients
had mobile phone problems (the primary contact num-
ber was a relative’s phone number, not in service, no
longer listed, or incorrect) and did not receive reminder
text messages; 32 elderly patients did not know how to
use the Internet, the app, or text messaging; 21 patients
directly contacted the doctor in charge, and 15 patients
were hospitalized at a local hospital or during the follow-
up of the local hospital. In addition, three patients had
not been examined for INR after discharge [22]. Several
strategies can enhance engagement to address the issue
of missing patients. Educating patients about the impor-
tance of follow-up and the benefits of electronic follow-
up tools, sending regular reminders via SMS, email, or
calls, and offering incentives for completing follow-up
questionnaires can boost participation. Also, simplify-
ing access to these tools with a mobile app version and
user-friendly interface, establishing a support team for
technical issues, personalizing follow-up schedules, and
ensuring robust data security with clear privacy policies
are essential. Collaborating with healthcare providers to
integrate these tools into routine care and implement-
ing a feedback system to include patient feedback are
crucial steps in fostering a sense of involvement among
patients in the improvement process. The level of patient
satisfaction reported in the study was notably high, which
reflects positively on the acceptability and effectiveness
of the electronic follow-up tool. In a study conducted at
a heart failure clinic on the implementation of real-time
assessment of patient-reported outcomes, the question-
naire completion rate was reported as 58% [23]. Simi-
larly, a mobile application study for heart surgery patients
reported high user satisfaction (94% recommended the
program, 98% found it useful) and highlighted the poten-
tial for reduced healthcare visits [24].

Limitation

This study has several limitations. First, the questionnaire
was developed primarily based on expert opinions, with-
out direct involvement of patients in the item selection
and validation process. Lack of patient participation in
the initial phases of questionnaire development may have
limited the tool’s ability to fully capture patient priorities
and concerns. Future studies should incorporate direct
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patient feedback in content validation to enhance the
questionnaire’s relevance and usability. Second, the study
was conducted in a single-center setting, which may limit
the generalizability of the findings. Differences in patient
demographics, healthcare infrastructure, and follow-up
practices across different institutions may influence the
effectiveness of the electronic follow-up questionnaire.
Multi-center studies are needed to validate and refine
the tool in diverse clinical settings. Third, the participa-
tion rate in the electronic follow-up was moderate, with
only 51.2% of patients completing at least one question-
naire. The most common reasons for non-participation
included busy schedules, forgetfulness, and a perceived
sense of recovery. Additionally, usability barriers such as
difficulty navigating the platform may have contributed
to lower engagement. Future studies should explore strat-
egies to improve patient adherence, such as user-friendly
mobile applications, reminder systems, and enhanced
patient education on the benefits of electronic follow-up.
Lastly, the study did not assess psychometric properties
such as internal consistency and construct validity, as
the tool was designed for structured symptom report-
ing rather than for measuring a latent construct. Future
research should consider alternative validation methods,
such as test-retest reliability or usability testing, to fur-
ther evaluate the tool’s robustness and effectiveness.

Conclusion

This new follow-up platform demonstrates potential in
effectively collecting clinical data and providing technical
support for academic research. However, patient adher-
ence was moderate, with only 51.2% of patients complet-
ing the electronic follow-up tool. The primary reasons
for non-participation were busy work schedules, forget-
fulness, and a sense of recovery. Future efforts should
address these barriers to improve patient engagement
and adherence.

Abbreviations

pCl Percutaneous coronary intervention
CIN Contrast-induced nephropathy

(@Y Content Validity Index

CVR  Content validity ratio

HIS Hospital information system

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512911-025-02931-x.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors would like to express their gratitude to the esteemed Vice-
Chancellor of the Kashan University of Medical Sciences.


https://doi.org/10.1186/s12911-025-02931-x
https://doi.org/10.1186/s12911-025-02931-x

Rajabi Moghadam et al. BMC Medlical Informatics and Decision Making

Author contributions

Conception and design: HRM, PR, MM, HA, EN; Analysis and interpretation: HA;
Data collection: PR, SR; Writing the article: PBT, PR, SR, Critical revision: HRM,
MM, PBT; Final approval: HRM, MM.

Funding

The present research was part of a MD thesis, which was supported by the
research deputy of the Kashan University of Medical Sciences [Number: 98071]
and did not receive any funding from non-profit institutions.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The Research Council and the Ethics Committee of Kashan University of
Medical Sciences approved the research. The study was performed in
compliance with the World Medical Association Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human Subjects, and Ethical
approval was elicited from the Ethical Committee at the Kashan University

of Medical Sciences (IRKAUMS.REC.1398.051). All participants were invited
verbally to take part in the study. A signed written informed consent form was
obtained for those who agreed to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Cardiology, School of Medicine, Kashan University of
Medical Sciences, Kashan, Iran

2School of Medical Science, Kashan University of Medical Sciences,
Kashan, Iran

3Social Determinants of Health (SDH) Research Center, Department of
Biostatistics and Epidemiology, School of Public Health, Kashan University
of Medical Sciences, Kashan, Iran

“Health Information Management Research Center, Kashan University of
Medical Sciences, Kashan, Iran

°Department of Health Information Management & Technology, Kashan
University of Medical Sciences, Kashan, Iran

5Burn and Regenerative Medicine Research Center, Guilan University of
Medical Sciences, Rasht, Iran

"Medical Education Research Center, Education Development Center,
Guilan University of Medical Sciences, Rasht, Iran

Received: 23 October 2023 / Accepted: 11 February 2025
Published online: 26 February 2025

References

1. Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J. Harrison's prin-
ciples of internal medicine, 19e. Volume 1. New York, NY, USA: Mcgraw-hill;
2015.

2. Shahjehan RD, Bhutta BS. Coronary artery disease. StatPearls [Internet].
StatPearls Publishing; 2022.

3. Ayton DR, Barker AL, Peeters GMEE, Berkovic DE, Lefkovits J, Brennan A, et
al. Exploring patient-reported outcomes following percutaneous coronary
intervention: a qualitative study. Heal Expect Int J Public Particip Heal Care
Heal Policy. 2018;21:457-65. https://doi.org/10.1111/hex.12636.

4. Kim M, Muntner P, Sharma S, Choi JW, Stoler RC, Woodward M, et al. Assess-
ing patient-reported outcomes and preferences for same-day discharge
after percutaneous coronary intervention. Circ Cardiovasc Qual Outcomes.
2013,6:186-92. https://doi.org/10.1161/CIRCOUTCOMES.111.000069.

(2025) 25:103 Page 9 of 9

5. Kwok CS, Hulme W, Olier |, Holroyd E, Mamas MA. Review of early hospitalisa-
tion after percutaneous coronary intervention. Int J Cardiol. 2017,227:370-7.

6. Cook S, Togni M, Walpoth N, Maier W, Muehlberger V, Legrand V et al. Percu-
taneous coronary intervention in Europe 1992-2003. Eurolntervention J Eur
Collab Work Gr Interv Cardiol Eur Soc Cardiol 2006;1.

7. Slade A, Isa F, Kyte D, Pankhurst T, Kerecuk L, Ferguson J, et al. Patient reported
outcome measures in rare diseases: a narrative review. Orphanet J Rare Dis.
2018;13:61. https://doi.org/10.1186/513023-018-0810-x.

8. Pourasghar F, Partovi Y. Designing of Intelligent Multilingual Patient reported
Outcome System (IMPROS). Acta Inf Med. 2015;23:311.

9. livanainen S, Alanko T, Vihinen P, Konkola T, Ekstrom J, Virtanen H, et al.
Follow-up of cancer patients receiving anti-PD-(L) 1 therapy using an elec-
tronic patient-reported outcomes tool (KISS): prospective feasibility cohort
study. JMIR Form Res. 2020;4:e17898.

10. Yu JY, Goldberg T, Lao N, Feldman BM, Goh YI. Electronic forms for patient
reported outcome measures (PROMs) are an effective, time-efficient, and
cost-minimizing alternative to paper forms. Pediatr Rheumatol. 2021;19:1-9.

11. Royston G, Hagar C, Long L-A, McMahon D, Pakenham-Walsh N, Wadhwani N.
Mobile health-care information for all: a global challenge. Lancet Glob Heal.
2015;3:356-7.

Kim H, Goldsmith JV, Sengupta S, Mahmood A, Powell MP, Bhatt J, et al.
Mobile health application and e-health literacy: opportunities and concerns
for cancer patients and caregivers. J Cancer Educ. 2019;34:3-8.

13.  Real FJ, DeBlasio D, Rounce C, Henize AW, Beck AF, Klein MD. Opportunities
for and barriers to using smartphones for health education among families at
an urban primary care clinic. Clin Pediatr (Phila). 2018;57:1281-5.

14. Le Jeannic A, Quelen C, Alberti C, Durand-Zaleski I. Comparison of two data
collection processes in clinical studies: electronic and paper case report
forms. BMC Med Res Methodol. 2014;14:1-10.

15. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival
results of a trial assessing patient-reported outcomes for symptom monitor-
ing during routine cancer treatment. JAMA. 2017;318:197-8.

16.  Buijink AWG, Visser BJ, Marshall L. Medical apps for smartphones: lack of
evidence undermines quality and safety. Evid Based Med. 2013;18:90-2. https
;//doi.org/10.1136/eb-2012-100885.

17. Soh S-E, Barker AL, Ayton DR, Ahern S, Morello R, Lefkovits J, et al. What mat-
ters most to patients following percutaneous coronary interventions? A new
patient-reported outcome measure developed using Rasch analysis. PLoS
ONE. 2019;14:20222185.

18.  Furuya RK, Mata LRF, Veras VS, Appoloni AH, Dantas RAS, Silveira RCCP, et al.
Telephone follow-up for patients after myocardial revascularization: a system-
atic review. AJN Am J Nurs. 2013;113:28-31.

19.  Atherton H, Sawmynaden P, Sheikh A, Majeed A, Car J. Email for clinical
communication between patients/caregivers and healthcare professionals.
Cochrane Database Syst Rev. 2012;11:.CD007978. https://doi.org/10.1002/146
51858.CD007978.pub2.

20. Indraratna P, Tardo D, Yu J, Delbaere K, Brodie M, Lovell N, et al. Mobile Phone
Technologies in the management of Ischemic Heart Disease, Heart failure,
and hypertension: systematic review and Meta-analysis. JMIR MHealth
UHealth. 2020;8:e16695. https://doi.org/10.2196/16695.

21, LyuK-X, Zhao J,Wang B, Xiong G-X, Yang W-Q, Liu Q-H, et al. Smartphone
application WeChat for Clinical follow-up of discharged patients with
Head and Neck tumors: a Randomized Controlled Trial. Chin Med J (Engl).
2016;129:2816-23. https://doi.org/10.4103/0366-6999.194635.

22. ZhuZ, Zhang H, LiY,Meng X, Jiao Y, QinY, et al. Establishment of a new plat-
form for the management of patients after cardiac surgery: descriptive study.
JMIR Med Inf. 2019;7:e13123. https://doi.org/10.2196/13123.

23. Stehlik J, Rodriguez-Correa C, Spertus JA, Biber J, Nativi-Nicolau J, Zickmund
S, et al. Implementation of Real-Time Assessment of patient-reported out-
comes in a heart failure clinic: a feasibility study. J Card Fail. 2017;23:813-6. htt
ps://doi.org/10.1016/j.cardfail.2017.09.009.

24.  Ben-AliW, LamarcheY, Carrier M, Demers P, Bouchard D, El-Hamamsy |, et al.
Use of Mobile-based application for Collection of patient-reported outcomes
in cardiac surgery. Innovations. 2021;16:536-44.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/hex.12636
https://doi.org/10.1161/CIRCOUTCOMES.111.000069
https://doi.org/10.1186/s13023-018-0810-x
https://doi.org/10.1136/eb-2012-100885
https://doi.org/10.1136/eb-2012-100885
https://doi.org/10.1002/14651858.CD007978.pub2
https://doi.org/10.1002/14651858.CD007978.pub2
https://doi.org/10.2196/16695
https://doi.org/10.4103/0366-6999.194635
https://doi.org/10.2196/13123
https://doi.org/10.1016/j.cardfail.2017.09.009
https://doi.org/10.1016/j.cardfail.2017.09.009

	﻿Design and evaluation of an electronic follow-up questionnaire for patients after percutaneous coronary intervention
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Phase I: Development of the follow-up questionnaires

	﻿First stage - Designing questionnaires
	﻿Second stage - Determining the items of the questionnaires using the Delphi technique
	﻿Phase II: Designing the electronic follow-up tool
	﻿Phase III: Determining the effectiveness of the electronic follow-up tool
	﻿Statistical analysis

	﻿Results
	﻿Identification of items and development of questionnaires
	﻿Patient characteristics
	﻿Evaluation of effectiveness

	﻿Discussion
	﻿Limitation

	﻿Conclusion
	﻿References


