
International Journal of Advanced Pharmaceutical Sciences and Research (IJAPSR) 

ISSN: 2582-7618 (Online), Volume-5 Issue-5, August 2025 

 21 

 

Published By: 

Lattice Science Publication (LSP) 
© Copyright: All rights reserved. 

Retrieval Number: 100.1/ijapsr.E408305050825 

DOI:10.54105/ijapsr.E4083.05050825 
 Journal Website: www.ijapsr.latticescipub.com 

Awareness and Attitudes Toward Implantable 

Electrical Medical Technologies Among Syrian 

Medical Students: A Cross-Sectional Survey 

Aya Kourkmaz, Aya Kazan, Zein Al-Abideen Douba, Mohammad Haroun 

Abstract: Background:  Implantable electrical medical 

technologies (IEMTs) such as pacemakers, cochlear implants, 

deep brain stimulators, and insulin pumps are transforming 

modern healthcare by providing innovative diagnostic and 

therapeutic options. Their successful adoption in clinical settings 

depends not only on technical availability but also on the 

readiness, awareness, and attitudes of future healthcare 

professionals. In Syria, a country facing significant educational 

and infrastructural challenges, little is known about how medical 

students perceive and engage with these emerging technologies. 

Objective:  This study aimed to evaluate the awareness, attitudes, 

and perceived readiness of Syrian medical and health sciences 

students toward IEMTs, and to explore their primary sources of 

information, perceived benefits, and concerns. Methods:  A 

descriptive cross-sectional online survey was conducted in April 

2025. A total of 506 undergraduate students and interns from 

medicine, pharmacy, dentistry, nursing, and biomedical 

engineering at both public and private universities across Syria 

participated in the study. The validated Arabic questionnaire 

comprised 27 items, covering demographic data, knowledge and 

exposure to IEMTs, attitudes toward their integration into 

education and clinical practice, and willingness to pursue 

specialisation in the field. Data were analysed using descriptive 

statistics and visualised through tables and charts. Results: 
Approximately 66% of respondents reported prior awareness of 

IEMTs, with cardiac pacemakers and insulin pumps being the 

most familiar devices among them. Online platforms accounted 

for 42% of information sources, while only 12% of students had 

direct interaction with patients using such devices. More than 85% 

believed that IEMTs are beneficial for healthcare advancement, 

and 73% supported incorporating them into university curricula. 

Despite these positive attitudes, students highlighted significant 

concerns regarding long-term safety, affordability, limited local 

training facilities, and regulatory gaps. Over 60% expressed 

interest in pursuing further education or specialization in IEMTs. 

Conclusion:  Syrian medical students demonstrate strong 

enthusiasm and favourable perceptions toward IEMTs,  
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despite limited academic exposure and clinical experience. These 

findings underscore the urgent need for curriculum reform, 

enhanced practical training, and policy development to better 

prepare future healthcare professionals for integrating advanced 

medical technologies into clinical practice. 

Keywords: Implantable devices, electrical medical technologies, 

medical education, student attitudes, Syria, and biomedical 

innovation. 
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IEMTs: Implantable Electrical Medical Technologies 

I. INTRODUCTION

Over the past few decades, there has been significant

growth in medical technology, which has transformed 

modern healthcare systems by introducing new methods for 

diagnosis, monitoring, and treatment [1]. One of the most 

notable changes within healthcare systems is the increasing 

availability of implantable electrical medical devices, which 

have evolved from experimental devices to clinically proven, 

life-saving implants. These implantable devices, including 

cardiac pacemakers, neurostimulators, cochlear implants, and 

continuous glucose monitors, have become vital surgically 

invasive devices that significantly enhance the quality of life 

for millions worldwide [2]. They are instrumental in the 

treatment of chronic and neurologically complicated 

disorders such as cardiac arrhythmias, epilepsy, Parkinson's 

disease, and diabetes mellitus. Unlike traditional medication 

regimens, these devices, through automation and precision, 

deliver specific therapeutic actions, making them noteworthy 

substitutes or additions to medication [3]. 

The efficient healthcare system does not function due to the 

presence of advanced devices or scientific innovations. 

Alongside scientific innovation, there exists a prerequisite for 

healthcare systems integration: an ecosystem that is trained, 

informed, and receptive. Implantable technologies are a 

fundamental aspect that medical students must thoroughly 

study during their formative educational years, as they will be 

the future caregivers and decision-makers of our society [4]. 

Technologically advanced nations have conducted studies 

focusing on the integration of medical technology in 

preclinical and clinical training, which has enhanced 

preparedness, reduced patient care hesitance, and improved 

the healthcare system [5]. 

The case of Syria is emblematic of a developing country 

confronted with multifaceted challenges. While the world 

increasingly depends on 

sophisticated healthcare 

systems, the integration of 

modern biomedical 

technologies into Syrian 
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medical education and practice is profoundly lacking [6]. The 

healthcare system is hindered by severe economic sanctions, 

infrastructural damage, ongoing political turmoil, and limited 

opportunities for technological development. Additionally, 

many Syrian medical universities do not offer classes in 

bioelectronics, biomedical engineering, or therapeutic 

devices, and lack formal educational pathways in these 

crucial fields [7]. 

Social media is helping promote global innovations, 

including new online courses and academic materials, 

especially for younger people. Syrian medical students are 

not disconnected from these global issues. Several of them 

exhibit curiosity, self-motivation, and a readiness to adopt 

new technologies—despite having scant access to 

extracurricular training or institutional backing [8]. 

It also seeks to determine important socio-educational and 

political issues that could limit the integration and safe use of 

these innovations within the Syrian framework. The study’s 

main objective is to evaluate the scope of impressions, 

attitudes, and readiness responsible for implantable electrical 

medical technology systems among medical and health 

sciences students in Syria [9]. Additionally, it seeks to 

explore students' knowledge and their sources of information, 

their perceptions of unprecedented benefits and risks, and 

their overall interest in pursuing specialization in the subject 

matter [10]. 

By investigating these dimensions, this research contributes 

to a growing body of regional literature that seeks to align 

medical education in the Middle East with global standards. 

It also provides valuable insights for policy makers, 

curriculum designers, and academic leaders who aim to build 

a future-ready generation of clinicians capable of integrating 

emerging technologies into patient care [11]. 

II. STUDY OVERVIEW 

The focus of this research is to explore the perceptions that 

Syrian students studying medicine, pharmacy, dentistry, 

nursing, and biomedical engineering hold regarding 

implantable electrical medical technologies (IEMTs), which 

are a cornerstone of contemporary innovation in the 

healthcare sector and hold the promise to alter the global 

medical practice landscape. Examples of IEMTs include 

cardiac pacemakers, neurostimulators, and insulin pumps, 

which embody a vital link between medicine, engineering, 

and digital health. 

This study aims to measure prior exposure, awareness, 

attitudes towards, and perceptions of the benefits, risks, and 

acceptability of such technologies among students. It also 

assesses how students intellectually gauge their readiness to 

engage with the technologies in patient care, research, or 

through public health work. 

In addition to individual awareness and personal attitudes, 

the study explores demographic and institutional variables—

including academic discipline, year of study, type of 

university (public vs. private), and geographic distribution 

across Syrian regions. These variables were analysed to 

identify patterns that may reflect more profound disparities in 

access to quality education or exposure to biomedical 

innovation. 

A significant focus of this research is to evaluate students’ 

expectations from the healthcare system, particularly about: 

▪ Access and availability of implantable technologies. 

▪ Affordability and socioeconomic equity in their 

implementation. 

▪ Perceived safety and biocompatibility. 

▪ The readiness of regulatory and clinical 

infrastructure to adopt these technologies 

responsibly. 

Fulfilling these distinct components of the study reveals not 

only the contemporary educational and systemic flaws, but 

also offers solutions concerning the curriculum development 

and national capacity building. It is designed for 

interdisciplinary curriculum development, enhancing 

academic and industrial connections, and discussions on 

policy changes that aim to transform the medical education 

framework in Syria. 

Firstly, the study situates itself within a broader 

international scope, envisioning physicians, pharmacists, and 

health professionals as trained specialists capable of 

functioning in an environment heavily influenced by 

technology in all aspects of healthcare. 

III.  MATERIALS AND METHODS 

A. Study Design 

This study was developed as a descriptive, cross-sectional 

survey with the specific objective of assessing the awareness, 

attitudes, and self-assessed preparedness of Syrian medical 

students concerning the use of implantable electrical medical 

technologies (IEMTs). An online, structured questionnaire 

was created and disseminated through Google Forms, 

enabling a broad reach and ease of access to diverse academic 

institutions.  

B. Survey Instrument 

The survey instrument comprised 27 items, meticulously 

organized into three key sections:  

▪ Demographic data - age, gender, university name, 

university type (public or private), academic 

discipline, and study year.  

▪ Knowledge and exposure: This section examined 

previous knowledge of IEMTs such as pacemakers, 

insulin pumps, cochlear implants, and 

neurostimulators, and their primary information 

sources (academic curricula, social media, peers).  

▪ Attitudes and professional outlooks – assessing 

essential questions about the perceived usefulness and 

safety of the technologies, anticipated future roles, 

ethical implications, and willingness to specialize or 

endorse the technologies in future practice. 

The questionnaire was developed in Arabic and validated 

by a panel of two academic researchers in pharmacy and 

biomedical sciences for content relevance and clarity. A 

sample of 10 students reviewed a pilot version to ensure 

comprehension, resulting in minor linguistic adjustments 

before its full deployment. 
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C. Participants and Sampling 

Five hundred six respondents completed the survey. All 

participants were enrolled in an undergraduate or internship 

program in a medical-related field, such as medicine, 

pharmacy, dentistry, nursing, or biomedical engineering, at 

both public and private universities across Syria. The 

sampling method was non-probabilistic convenience 

sampling based on self-selection. Nonetheless, the sample 

achieved a reasonable level of geographic and institutional 

diversity, albeit with some substantial concentrations from 

universities in Latakia (Tishreen University), Damascus, 

Aleppo, Homs, and several private schools. 

Pharmacy students comprised the majority of respondents, 

and a sizable proportion attended public universities. The 

respondents spanned from first-year to intern, which allowed 

the study to gather insights at various levels of academic and 

developmental engagement. 

D. Data Collection Procedures 

Information was gathered over two weeks in April 2025. 

The survey link was shared through social media associated 

with academics, online discussion boards tied to the 

university, as well as WhatsApp and Telegram. No 

identifiable information was collected, as participation was 

anonymous and voluntary. Respondents were provided with 

an informed consent statement detailing the study's purpose, 

confidentiality, and publication plans prior to participating in 

the survey. Participants were only those who clicked “I 

consent.” Thus, only those who accepted the consent terms 

were permitted to complete the questionnaire. 

E. Data Analysis 

The gathered responses were analyzed and cleaned in 

Microsoft Excel 365. All categorical variables were 

summarized using absolute frequencies and descriptive 

statistics. If relevant, some insights were compared by 

gender, field of study, year of study, and type of university. 

To highlight significant findings related to prior knowledge, 

attitudes, and perceived challenges, relevant dimensions were 

visually represented using bar and pie charts.  

Globally, trends in medical education and technological 

literacy were compared to the baseline infrastructures in Syria 

to inform the interpretations. The academic committee of the 

authors’ affiliated institution provided approval for the study 

design and ensured compliance with ethical research 

standards for the anonymised surveys, which posed minimal 

risk. 

IV. RESULTS 

A. Demographics 

Of the total 506 participants, approximately 65% were 

pharmacy students, 19% were studying medicine, and smaller 

percentages came from dentistry, nursing, and biomedical 

engineering. Public university attendance was significantly 

higher, at 72%, compared to 28% from private institutions. 

Tishreen University and Damascus University had the highest 

representation, while Qalamoun, Al-Andalus, and Al-

Hawash Universities, along with some private universities 

from Aleppo and Homs, contributed to the representation.  

The majority of the respondents were female, comprising 

approximately 68% of the total, and they were primarily 

between 20 and 24 years old.  

Demographic information of the participants is presented in 

Table 1. Responses from other participants at the remaining 

universities are not included in the table, as they did not meet 

the minimum representation criteria.  

Additionally, the distribution of participants by field of 

study and type of university attended is illustrated in Figure 

1. 

Table 1: Demographic Characteristics of the Study 

Participants 

Variable Category Count (%) 

Age 25 75 14.8 
 24 66 13.0 
 26 58 11.5 
 27 53 10.5 
 22 48 9.5 
 23 41 8.1 
 28 39 7.7 
 29 26 5.1 
 21 22 4.3 
 30 16 3.2 
 20 14 2.8 
 31 10 2.0 
 33 7 1.4 
 Missing 6 1.2 
 35 5 1.0 

Specialty Pharmacy 332 65.6 
 Medicine 95 18.8 
 Dentistry 29 5.7 
 Biomedical Engineering 23 4.5 
 Nursing 17 3.4 
 Other 10 2.0 

University Type Public University 366 72.3 
 Private University 140 27.7 

University Name Tishreen University 131 25.9 
 Damascus University 97 19.2 
 Qalamoun University 39 7.7 
 Al-Andalus University 35 6.9 
 Al-Hawash University 27 5.3 
 Aleppo University 21 4.2 
 Yarmouk Private University 20 4.0 
 Arab International University 17 3.4 
 AL-Furat University 13 2.6 
 Hama University 10 2.0 

 

 
[Fig.1 : Distribution of Respondents by University Type 

and Speciality] 

B. Knowledge and Exposure 

Approximately 66% of 

students reported being 

aware of implantable 

electrical medical 
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technologies. More frequently identified devices included 

cardiac pacemakers (85%), insulin pumps (72%), cochlear 

implants (49%), and deep brain stimulators (39%). The 

primary sources of information were online platforms (42%), 

academic lectures (31%), and healthcare professionals among 

peers or relatives (27%). Only 12% had firsthand interaction 

with a patient or family member using these devices. 

Interestingly, approximately 34% of students were unaware 

of newer devices, such as vagus nerve stimulators and brain-

computer interfaces. 

As shown in Figure 2, the participants’ prior knowledge of 

the technologies and their primary information sources are 

illustrated along with levels of awareness. 

 

 
 [Fig.2: Prior Knowledge and Sources of Information 

about Implantable Medical Technologies] 

C. Perceptions and Attitudes 

A large majority (85.4%) considered implantable 

technologies as transformative for the future of medicine. 

Approximately 73% supported incorporating these 

technologies into university curricula, and 60.5% expressed 

interest in future specialisation or career paths involving 

them. When asked about personal acceptance—either as a 

physician recommending them or as a patient receiving 

them—48.2% were fully accepting while 36.7% had 

reservations. Moreover, 78.9% of students believed that their 

academic institutions provide insufficient exposure to these 

technologies. 

Figure 3 presents an overview of students’ attitudes 

regarding the integration of implantable medical technologies 

into academic curricula and their interest in future 

specialization. 

 
[Fig.3: Students’ Attitudes Toward Educational 

Integration and Future Specialization] 

D. Concerns and Challenges 

The following reflects the most commonly cited reasons for 

hesitancy towards the use of implantable technologies (Figure 

4).  

▪ Long-term safety and biocompatibility – 52%  

▪ Affordability and availability of funding – 46%  

▪ Limited local training facilities – 39%  

▪ Cybersecurity vulnerabilities (hacking or 

malfunction) – 17%  

▪ Religious or ethical objections – 8%  

Furthermore, an overwhelming majority, 70.2% of 

respondents, opined that these technologies would likely 

supplant some traditional medicine in the future, particularly 

in cardiology and endocrinology. At the same time, 63.8% 

voiced scepticism about safety and approval regulations in 

the Syrian context. 

 

 
[Fig.4: Perceived Challenges in Adopting Implantable 

Technologies] 

V. DISCUSSION 

The results of this study confirm the generally positive 

attitudes of Syrian medical students toward the integration of 

implantable electrical medical technologies (IEMTs), 

viewing them as a core component of future healthcare 

systems [12]. A significant portion of the respondents 

possessed both foundational knowledge and a substantial 

interest in these technologies, especially in well-known and 

clinically established devices such as cardiac pacemakers and 

insulin pumps. This suggests  

that even within a resource-constrained setting, students are 

actively engaging with global medical developments, 

primarily through self-education and online platforms [13]. 

A strong parallel can be drawn with the study conducted in 

India by Singh et al. (2022), which also reported an 

overwhelming curiosity and perceived value of implantable 

devices among undergraduate medical students, regardless of 

scant curricular exposure. In a similar vein, a cross-sectional 

study conducted in Jordan by Al-Shudifat et al. (2020) noted 

a moderate level of awareness of cardiac devices, coupled 

with a strong willingness among students to advocate for 

enhanced curricular content related to these devices [14]. 

Nonetheless, this excitement is not matched by institutional 

preparedness. Approximately 80 per cent of students from our 

sample reported insufficient academic exposure to IEMTs, 

which underscores a critical curricular shortcoming. A recent 

study in Nigeria corroborates this disconnect (Ibrahim et al., 

2021), where student interest in  

certain medical technologies 

was not matched with the 

academic coverage given to 

those technologies. These 
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gaps, prevalent in numerous developing nations, highlight a 

persistent struggle to tailor medical education to the rapidly 

evolving biomedical engineering landscape [15].  

The acute dependence on online resources as the primary, 

and often the only, source of information far exceeds that of 

traditional academic lectures, pointing to an immediate need 

to formalise education in biomedical engineering. While this 

independent initiative showcases student resilience and 

flexibility, it simultaneously poses challenges to the rigour of 

the information being used and the understanding that 

learners have. Similar observations were recorded in studies 

from Egypt (Hassan et al., 2021) and Malaysia (Chong et al., 

2020), as both countries stressed the absence of formal 

structure as a significant risk of unregulated technological 

learning [16]. 

Perhaps the most significant finding in our research is that 

more than 60% of participants showed interest in furthering 

their education or specializing in implantable technologies.4 

This indicates a broad shift toward interdisciplinary, 

technology-oriented healthcare, in which future practitioners 

will not be mere operators of instruments but will focus on 

innovation, evaluation, and developmental activities. The 

findings are consistent with a survey from Turkey (Demirci 

et al., 2021) that highlighted student enthusiasm when 

exposed to biotechnology-based clinical modules [17]. 

However, the data also underscore challenges and ethical 

concerns. Students cited safety, biocompatibility, cost, and 

cybersecurity risks as concerns, all of which are well-

documented in the global literature. A systematic review 

conducted by Mishra & Patel (2021) highlighted that even 

among high-income countries, healthcare workers are highly 

sceptical about the invasiveness and long-term consequences 

of bioelectronic implants. It is noteworthy that while Syrian 

students raised concern regarding ethical and religious 

aspects, in comparison to studies from Saudi Arabia and 

Pakistan, where cultural and spiritual elements were more 

dominant in providing resistance to implantable technologies, 

this was much less pronounced [18]. 

Moreover, students raised doubts about whether national 

policies or any form of oversight existed regarding Syria’s 

regulatory framework, citing its lack of infrastructure. This 

concern aligns with observations made in other conflict-

affected or economically challenged regions, including Iraq 

and Lebanon, where the implementation of health 

technologies is often burdened by weak governance and 

policy fragmentation [19].  

The lack of clinical exposure among students is a significant 

area that warrants attention. Reflection on clinical learning 

revealed that few participants had the opportunity to engage 

with patients who used these devices, indicating a gap in 

clinical knowledge and experience. Almost all South Asian 

students, as noted by Sharma et al. (2020), express similar 

concerns, and the authors propose integrating simulation, 

interdisciplinary workshops, and case-based learning to 

bridge the theory-practice gap (Sharma et al., 2020) [20]. 

Most importantly, the considerable enthusiasm for change 

expressed by respondents presents a unique chance. With 

synergistic relationships established with industrial and 

academic stakeholders, Syrian institutions can overcome 

systemic challenges by developing curricula that incorporate 

technology-specific modules, supporting faculty training, and 

preparing a healthcare workforce for the future [21].  

As discussed, the balance between encouraging interest and 

awareness, alongside the need for medical educational 

reform, revealed in the study is particularly salient for regions 

that are politically or economically restricted. The 

relationship, or lack thereof, with other countries underscores 

the need for tailored approaches to ensure that medical 

graduates from Syria are well-versed in modern healthcare 

and can adapt to emerging technologies with confidence, 

ethics, and competence [22]. 

VI. CONCLUSION 

This study highlights the generally positive attitudes of 

Syrian medical students toward the integration of implantable 

electrical medical technologies (IEMTs) into future 

healthcare systems. The findings emphasize the importance 

of developing educational strategies and policies that 

facilitate the adoption of advanced biomedical technologies 

in medical curricula. By addressing the socio-educational and 

infrastructural challenges identified, stakeholders can better 

prepare future physicians for a rapidly evolving medical 

landscape. Further research is recommended to explore 

specific training modules, long-term implementation 

outcomes, and cross-regional comparisons, thereby 

strengthening these preliminary findings. 

LIMITATIONS 

Although it provides essential information regarding the 

awareness and attitudes of Syrian medical students toward 

implantable electrical medical technologies, this study has 

certain limitations: 

▪ The implementation of an online survey employing 

a self-reporting mechanism poses risks, including 

response bias, particularly social desirability bias, in 

which respondents tailor their answers based on 

what they believe to be more favourable, instead of 

reflecting their genuine viewpoints or actual 

knowledge. 

▪ The sample included an unusually high proportion 

of pharmacy students, which may affect the extent 

to which the findings apply to students from other 

fields such as medicine, biomedical engineering, or 

surgery. Their perspectives—especially those 

related to implantation or technical integration—

may be underrepresented. 

▪ The lack of employment  of validated scales as 

measuring tools for the student's level of clinical 

exposure or practical competence about implantable 

technologies may limit accuracy in interpreting the 

student's actual level of information or skill. 

▪ Because of the cross-sectional design, the study 

offers a snapshot in time, so academic exposure and 

attitudes cannot be causally linked. To evaluate the 

impact of education and clinical training on students' 

perceptions over time, 

longitudinal studies 

would be 

necessary. 
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▪ The geographical representation of participants was 

skewed as the majority of them came from the 

coastal and central regions of Syria. Students from 

the northern, eastern, or more rural areas of the 

country may have differing levels of access to 

educational, infrastructural, and clinical resources, 

which were not captured by this survey. 

RECOMMENDATIONS 

▪ Integrate optional elective courses and certifications 

within curricula of health sciences on implantable 

medical technologies. 

▪ Organise multidisciplinary workshops that include 

the faculties of medicine, pharmacy, and 

engineering. 

▪ Set up innovation and research hubs in medical 

technology led by students. 

▪ Partner with foreign universities to provide webinars 

and virtual laboratory sessions on electrical 

biomedical systems. 

▪ Foster discussions at the national level on the 

adoption of such technologies into the Syrian 

healthcare system. 

▪ Engage practising clinicians and engineers as co-

lecturers in some modules to provide practical 

perspectives. 

▪ Conduct public awareness campaigns on the 

advantages and safety of medical implants. 
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