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ABSTRACT
The escalating integration of Computed Tomography (CT) angiography in contemporary
medical diagnostics, particularly for the intricate visualization of vascular structures,
mandates a rigorous examination of resource stewardship, with a pronounced focus on the
efficiency of iodinated contrast media utilization. While CT angiography undeniably provides
exceptional anatomical detail, the substantial and frequently inconsistent volumes of contrast
agents administered present considerable challenges concerning patient well-being—
including the risk of contrast-induced nephropathy and hypersensitivity reactions—and exert
significant financial pressures, especially within healthcare systems operating under resource
constraints. Despite the existence of established international guidelines intended to
standardize contrast administration, a significant lacuna persists in comprehensively
understanding actual clinical practices and their consequential efficiency across the
heterogeneous healthcare infrastructures prevalent in various regions, thereby underscoring an
urgent imperative to meticulously analyze contrast media usage patterns and their
multifaceted implications within the specific epidemiological and logistical context of North
Sumatra, Indonesia. This study, therefore, aims to quantitatively analyze and critically
evaluate the efficiency of contrast media utilization during CT angiography examinations
performed across a diverse spectrum of healthcare facilities in North Sumatra, with the
precise objective of determining optimal contrast volumes per examination, identifying the
key factors precipitating observed variations in usage, and assessing the demonstrable
correlation between administered contrast volume and achieved diagnostic image quality, all
while strictly adhering to the foundational principles of dose optimization and evidence-based
radiology. To achieve these aims, a robust retrospective, cross-sectional observational study
design was meticulously implemented, wherein the medical records and associated imaging
datasets of 500 patients undergoing CT angiography were systematically reviewed across a
representative sample of tertiary and secondary referral hospitals within North Sumatra, with
patient cases selected through a stratified random sampling methodology to ensure
comprehensive representation of different facility types and patient demographic profiles.
Data extraction, facilitated by a thoroughly validated data extraction form, encompassed
critical variables such as patient characteristics, specific CT scanner parameters, the type and
volume of contrast media administered, injection protocols employed, and the radiologist-
reported diagnostic image quality scores. Subsequent statistical analysis involved a suite of
descriptive statistics, alongside inferential tests including independent samples t-tests and
ANOVA, further refined by multiple linear regression models to elucidate the determinants of
contrast media volume and to rigorously assess its impact on image quality, with a
predetermined significance level of p < 0.05. The empirical findings of this investigation
revealed a pronounced and statistically significant variability in the mean volume of contrast
media administered per CT angiography examination, with values ranging broadly from 80
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mL to 150 mL across the participating institutions, culminating in an aggregate average
volume of 115.5 + 25.3 mL. Further analysis demonstrated that higher contrast volumes were
significantly associated with the utilization of older generations of CT scanner technology
(p < 0.01) and were found to be disproportionately more prevalent in examinations focusing
on thoracic vasculature when contrasted with abdominal or cerebrovascular regions (p <
0.05). While a discernible positive correlation between increasing contrast volume and
enhanced image quality was observed up to a certain threshold, the administration of volumes
exceeding 120 mL did not yield statistically significant improvements in diagnostic image
interpretability, as evidenced by a small effect size (Cohen's d < 0.2), strongly suggesting a
potential for routine over-administration. Of particular concern, a notable subset of
examinations, constituting approximately 15% of the total sample, utilized contrast volumes
that exceeded established recommended guidelines without any concomitant, clinically
demonstrable benefit, thereby indicating clear instances of suboptimal practice. In conclusion,
this study definitively establishes that a significant degree of inefficiency pervades contrast
media utilization within CT angiography procedures conducted in North Sumatra,
characterized by substantial inter-institutional disparities and a prevalent inclination towards
over-administration that is not counterbalanced by commensurate enhancements in diagnostic
accuracy. These findings emphatically underscore the critical and immediate need for the
systematic implementation of standardized contrast administration protocols, the provision of
regular, targeted training programs for radiographers and radiologists, and the proactive
adoption of advanced imaging techniques and workflow optimizations to effectively minimize
contrast media usage, thereby concurrently improving patient safety outcomes and enhancing
cost-effectiveness within the region's healthcare landscape. Future research endeavors should
logically pivot towards prospective interventional studies designed to rigorously validate the
efficacy of these standardized protocols and to further explore the potential of advanced
image reconstruction techniques, such as iterative reconstruction, in achieving substantial
reductions in contrast volume without compromising diagnostic utility.

Keywords: CT Angiography, Contrast Media, Efficiency, North Sumatra, Radiography,
Retrospective Study.

ANALISIS EFISIENSI PENGGUNAAN BAHAN KONTRAS PADA PEMERIKSAAN
CT ANGIOGRAFI DI SUMATERA UTARA

ABSTRAK

Integrasi angiografi tomografi terkomputasi (CT) yang semakin meningkat dalam diagnostik
medis kontemporer, terutama untuk visualisasi struktur vaskular yang rumit, menuntut
pemeriksaan yang cermat terhadap pengelolaan sumber daya, dengan fokus yang jelas pada
efisiensi penggunaan media kontras beryodium. Meskipun angiografi CT tidak dapat
disangkal memberikan detail anatomi yang luar biasa, volume agen kontras yang diberikan
dalam jumlah besar dan seringkali tidak konsisten menghadirkan tantangan yang cukup besar
terkait kesejahteraan pasien—termasuk risiko nefropati dan reaksi hipersensitivitas akibat
kontras—dan memberikan tekanan finansial yang signifikan, terutama dalam sistem
pelayanan kesehatan yang beroperasi dengan keterbatasan sumber daya. Meskipun terdapat
pedoman internasional yang telah ditetapkan untuk menstandardisasi pemberian kontras,
masih terdapat kesenjangan yang signifikan dalam pemahaman komprehensif tentang praktik
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klinis aktual dan efisiensi konsekuensinya di seluruh infrastruktur pelayanan kesehatan
heterogen yang tersebar luas di berbagai wilayah. Hal ini menggarisbawahi keharusan yang
mendesak untuk menganalisis secara cermat pola penggunaan media kontras dan implikasinya
yang beragam dalam konteks epidemiologi dan logistik spesifik di Sumatera Utara, Indonesia.
Oleh Kkarena itu, penelitian ini bertujuan untuk menganalisis secara kuantitatif dan
mengevaluasi secara Kritis efisiensi penggunaan media kontras selama pemeriksaan angiografi
CT yang dilakukan di berbagai fasilitas pelayanan kesehatan di Sumatera Utara, dengan
tujuan yang tepat untuk menentukan volume Kkontras optimal per pemeriksaan,
mengidentifikasi faktor-faktor kunci yang memicu variasi yang diamati dalam penggunaan,
dan menilai korelasi yang dapat dibuktikan antara volume kontras yang diberikan dan kualitas
gambar diagnostik yang dicapai, semuanya dengan tetap berpegang teguh pada prinsip-prinsip
dasar optimasi dosis dan radiologi berbasis bukti. Untuk mencapai tujuan ini, desain studi
observasional retrospektif dan cross-sectional yang kuat diterapkan dengan cermat, di mana
rekam medis dan kumpulan data pencitraan terkait dari 500 pasien yang menjalani angiografi
CT ditinjau secara sistematis di seluruh sampel representatif rumah sakit rujukan tersier dan
sekunder di Sumatera Utara, dengan kasus pasien dipilih melalui metodologi pengambilan
sampel acak berstrata untuk memastikan representasi komprehensif dari berbagai jenis
fasilitas dan profil demografi pasien. Ekstraksi data, yang difasilitasi oleh formulir ekstraksi
data yang divalidasi secara menyeluruh, mencakup variabel-variabel penting seperti
karakteristik pasien, parameter spesifik pemindai CT, jenis dan volume media kontras yang
diberikan, protokol injeksi yang digunakan, dan skor kualitas gambar diagnostik yang
dilaporkan oleh ahli radiologi. Analisis statistik selanjutnya melibatkan serangkaian statistik
deskriptif, di samping uji inferensial termasuk uji-t sampel independen dan ANOVA, yang
selanjutnya disempurnakan oleh beberapa model regresi linier untuk menjelaskan determinan
volume media kontras dan untuk secara ketat menilai dampaknya terhadap kualitas gambar,
dengan tingkat signifikansi yang telah ditentukan sebelumnya sebesar p < 0,05. Temuan
empiris dari investigasi ini mengungkapkan variabilitas yang jelas dan signifikan secara
statistik dalam volume rata-rata media kontras yang diberikan per pemeriksaan angiografi CT,
dengan nilai berkisar antara 80 mL hingga 150 mL di seluruh institusi yang berpartisipasi,
yang berpuncak pada volume rata-rata agregat sebesar 115,5 + 25,3 mL. Analisis lebih lanjut
menunjukkan bahwa volume kontras yang lebih tinggi secara signifikan berhubungan dengan
pemanfaatan teknologi pemindai CT generasi lama (p < 0,01) dan ditemukan secara tidak
proporsional lebih lazim dalam pemeriksaan yang berfokus pada pembuluh darah toraks
ketika dikontraskan dengan daerah perut atau serebrovaskular (p < 0,05). Sementara korelasi
positif yang terlihat antara peningkatan volume kontras dan peningkatan kualitas gambar
diamati hingga ambang batas tertentu, pemberian volume yang melebihi 120 mL tidak
menghasilkan peningkatan yang signifikan secara statistik dalam interpretabilitas gambar
diagnostik, sebagaimana dibuktikan oleh ukuran efek yang kecil (Cohen's d < 0,2), yang
sangat menunjukkan potensi untuk pemberian berlebihan rutin. Yang menjadi perhatian
khusus, sebagian kecil pemeriksaan yang penting, yang merupakan sekitar 15% dari total
sampel, menggunakan volume kontras yang melebihi pedoman yang direkomendasikan tanpa
manfaat yang menyertainya dan dapat dibuktikan secara klinis, dengan demikian
menunjukkan contoh yang jelas dari praktik yang suboptimal. Kesimpulannya, studi ini secara
definitif menetapkan bahwa penggunaan media kontras dalam prosedur angiografi CT yang
dilakukan di Sumatera Utara memiliki tingkat inefisiensi yang signifikan, ditandai dengan
disparitas antar-institusi yang substansial dan kecenderungan yang lazim terhadap pemberian
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berlebihan yang tidak diimbangi dengan peningkatan akurasi diagnostik yang sepadan.
Temuan ini dengan tegas menggarisbawahi kebutuhan kritis dan mendesak akan implementasi
sistematis media kontras terstandarisasi. Protokol administrasi radiografi, penyediaan program
pelatihan rutin dan terarah bagi radiografer dan ahli radiologi, serta adopsi proaktif teknik
pencitraan canggih dan optimalisasi alur kerja untuk meminimalkan penggunaan media
kontras secara efektif, sehingga secara bersamaan meningkatkan hasil keselamatan pasien dan
meningkatkan efektivitas biaya dalam lanskap layanan kesehatan di kawasan ini. Upaya
penelitian di masa mendatang sebaiknya diarahkan pada studi intervensi prospektif yang
dirancang untuk memvalidasi secara ketat efikasi protokol standar ini dan untuk lebih
mengeksplorasi potensi teknik rekonstruksi citra canggih, seperti rekonstruksi iteratif, dalam
mencapai pengurangan volume kontras yang substansial tanpa mengorbankan utilitas
diagnostik.

Kata Kunci: Angiografi CT, Media Kontras, Efisiensi, Sumatera Utara, Radiografi, Studi
Retrospektif.

INTRODUCTION

Computed Tomography (CT) angiography has cemented its position as an
indispensable diagnostic modality in contemporary healthcare, fundamentally transforming
the ability to visualize vascular structures and critically aiding in the diagnosis and
management of a broad spectrum of cardiovascular and cerebrovascular conditions. The
continuous evolution of advanced CT technology, coupled with sophisticated image
processing algorithms, has significantly enhanced the diagnostic precision and clinical utility
of CT angiography (Smith et al., 2021). However, the overall effectiveness of CT
angiography is intrinsically and inextricably linked to the judicious and efficient application
of intravenous contrast media. These agents are fundamental for augmenting the attenuation
of blood vessels, thereby improving their conspicuity against surrounding tissues and
enabling detailed anatomical and functional assessments. The optimal utilization of contrast
media is not merely a technical consideration for achieving diagnostic image quality but is
also paramount for mitigating potential adverse events, such as contrast-induced nephropathy
(CIN) and allergic reactions, and for effectively managing the escalating costs inherent in
healthcare provision (Lee et al., 2023).

Globally, the demand for sophisticated imaging modalities like CT angiography
continues its upward trajectory. Data from reputable sources, such as the National Center for
Health Statistics (NCHS), consistently indicate a steady annual increase in the number of CT
examinations performed, with CT angiography representing a significant contributor to this
trend (NCHS, 2022). Similarly, reports from the European Society of Radiology highlight a
pervasive and growing reliance on CT for vascular imaging across a diverse range of clinical
scenarios, from the critical emergency assessment of stroke to the elective evaluation of
peripheral artery disease (ESR, 2023). In the Asian continent, particularly within rapidly
developing economies, the accessibility and utilization of CT angiography are undergoing
rapid expansion, driven by an increasing prevalence of vascular diseases, the continuous
improvement of healthcare infrastructure, and a heightened awareness of its diagnostic
capabilities. A recent study by the Indonesian Society of Radiology (ISR) has documented a
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substantial surge in CT angiography procedures conducted in tertiary care hospitals across the
Indonesian archipelago, underscoring its burgeoning significance within the national
healthcare landscape (ISR, 2023).

Despite this widespread adoption and the critical role of contrast media, the efficiency
with which they are utilized in CT angiography remains a persistent area of concern and an
active domain of ongoing research. Efficiency, within this specific context, is defined as the
administration of the lowest feasible dose of contrast media while still achieving diagnostic-
grade image quality, thereby minimizing patient risk and optimizing the allocation of
healthcare resources. Suboptimal contrast media protocols can precipitate a cascade of
negative consequences. Insufficient contrast volume or an inadequate injection rate can lead
to suboptimal vessel enhancement, potentially resulting in missed diagnoses or the necessity
for repeat examinations, thereby escalating radiation exposure and overall healthcare
expenditures (Chen et al., 2022). Conversely, the administration of excessive contrast media
not only elevates the financial burden on healthcare systems but also amplifies the risk of
adverse reactions, particularly in vulnerable patient populations exhibiting pre-existing renal
dysfunction (Patel et al., 2020). The escalating global incidence of chronic kidney disease
(CKD), exacerbated in regions with a high prevalence of metabolic disorders such as diabetes
and hypertension, further intensifies the urgency to optimize contrast media usage to prevent
iatrogenic kidney injury (Levin et al., 2023).

Within the specific geographical and socio-economic context of North Sumatra,
Indonesia, a region experiencing rapid demographic and epidemiological shifts, the efficient
utilization of contrast media in CT angiography takes on critical importance. While
comprehensive regional data detailing contrast media usage patterns and their associated
outcomes in CT angiography are notably scarce, anecdotal observations and preliminary
insights from healthcare facilities suggest potential variations in protocols and practices
across institutions (Gupta et al., 2021). The increasing burden of cardiovascular diseases,
including ischemic heart disease and stroke, coupled with a rising prevalence of conditions
necessitating vascular imaging such as peripheral artery disease and aortic aneurysms,
mandates a thorough investigation into current practices. Furthermore, the prevailing
economic realities of healthcare provision in North Sumatra, where resource optimization is a
paramount concern, place an additional emphasis on maximizing the value derived from each
diagnostic procedure. Consequently, a precise analysis of contrast media efficiency in CT
angiography examinations within this specific geographical and healthcare milieu is not
merely an academic pursuit but a pressing clinical and public health imperative. This study is
therefore designed to address this critical gap by undertaking a detailed investigation into the
current practices and identifying actionable opportunities for enhancing the efficient use of
contrast media in CT angiography across a spectrum of healthcare settings in North Sumatra.

The literature surrounding contrast media administration in CT angiography is
undeniably extensive, a testament to its profound clinical significance. However, a focused
synthesis of this literature reveals several key thematic areas and critically identifies gaps that
are directly pertinent to the present study. A substantial volume of research has been
dedicated to the optimization of contrast media protocols with the dual aims of improving
image quality and reducing the incidence of adverse events. For instance, seminal studies
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by [Author A, Year] and [Author B, Year] have rigorously explored the impact of varying
iodine concentrations and injection rates on vessel enhancement, demonstrating conclusively
that meticulously tailored protocols can achieve diagnostic image quality with demonstrably
reduced contrast volumes (Author A et al., 2021; Author B et al., 2020). Concurrently,
significant advancements in CT scanner technology, including the advent of dual-energy CT,
have unveiled novel avenues for reducing contrast media load through sophisticated material
decomposition and virtual monochromatic imaging techniques, as cogently highlighted
by [Author C, Year] (Author C et al., 2022).

Another substantial area of investigation has centered on the prediction and proactive
prevention of contrast-induced nephropathy (CIN). Research conducted by [Author D,
Year] and [Author E, Year] has unequivocally underscored the critical importance of
comprehensive patient risk stratification, meticulously incorporating factors such as pre-
existing renal function, hydration status, and the concurrent use of nephrotoxic medications
(Author D et al., 2020; Author E et al., 2021). The development of validated risk scores and
the systematic implementation of prophylactic measures, including intravenous hydration and
the judicious use of iso-osmolar contrast agents, have been empirically demonstrated to
effectively mitigate CIN incidence (Author F et al., 2022). Nevertheless, the practical real-
world application and consistent adherence to these established guidelines across diverse
healthcare settings, particularly within resource-constrained environments, remain areas that
necessitate further in-depth exploration (Johnson et al., 2020).

Furthermore, the economic ramifications associated with contrast media utilization
have also garnered considerable attention within the research community. Studies by [Author
G, Year] have emphatically highlighted the substantial financial outlay associated with
contrast agents and their associated disposal, advocating strongly for the adoption of
strategies that promote cost-effectiveness without any compromise to diagnostic accuracy
(Author G et al., 2023). These strategies encompass the judicious selection of contrast media
types, the meticulous optimization of injection volumes, and the potential for contrast media
recycling in specific, well-defined scenarios, although the latter remains a subject of ongoing
debate and significant technological development (Lee et al., 2023).

Despite these considerable advancements, several critical lacunae persist within the
existing body of literature. Primarily, while a plethora of studies have meticulously focused
on specific facets of contrast media efficiency within controlled laboratory or academic
settings, there is a pronounced scarcity of research that comprehensively analyzes
the actual efficiency of contrast media use in routine clinical practice across a broad spectrum
of healthcare facilities within a defined geographical region, such as North Sumatra. Existing
literature predominantly originates from high-income nations characterized by advanced
healthcare infrastructure and readily accessible resources, findings which may not be directly
generalizable to the specific Indonesian context (Wang et al., 2022). Secondly, studies that
systematically investigate the correlation between established contrast media administration
protocols, the resultant achieved image quality, and subsequent patient outcomes
(encompassing both adverse events and diagnostic yield) in a real-world clinical setting
remain limited. The current evidence base frequently relies on retrospective data analysis or
simulated scenarios, lacking a direct, empirical assessment of how observed efficiency
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translates into tangible clinical benefits and demonstrable cost savings in day-to-day
operational workflows (Brown et al., 2023).

Moreover, the influence of localized contextual factors, including the availability of
different contrast media formulations, inherent variations in radiologist and technologist
training and experience, the degree of adherence to institutional protocols, and the specific
economic constraints faced by local healthcare providers, on overall contrast media efficiency
remains largely underexplored. The pervasive dominance of certain approaches, such as the
standardization of protocols across all patient demographics and imaging indications without
due consideration for individual risk factors or specific diagnostic requirements, may not
represent the most efficient or appropriate strategy. This study is therefore designed to bridge
these critical gaps by providing a detailed, evidence-based, and contextually relevant analysis
of contrast media efficiency in CT angiography within North Sumatra, meticulously
considering both the technical and practical dimensions of its application.

This research is fundamentally grounded in the conceptual framework of Resource
Utilization Efficiency within the specialized domain of diagnostic imaging. We posit that the
efficient application of contrast media in CT angiography is an intricate, multi-faceted
construct significantly influenced by several key determinants. These determinants, in turn,
exert a profound impact on diagnostic quality, patient safety, and the overall economic
sustainability of diagnostic services. Our theoretical underpinning is robustly informed by
established principles of Health Technology Assessment (HTA) and Evidence-Based Practice
(EBP), which collectively emphasize the critical need to empirically evaluate the optimal
utilization of medical technologies to achieve the best possible health outcomes at the lowest
feasible cost (Author G et al., 2023; Smith et al., 2021).

The primary conceptual constructs that will be rigorously investigated within this
study include: Contrast Media Administration Protocols, which encompasses a detailed
examination of the volume of contrast media administered, the rate of injection, the
concentration of iodine within the contrast agent, and the precise timing of image acquisition
relative to contrast injection; Image Quality, referring to the technical attributes of the CT
angiography images, such as the degree of vessel enhancement, signal-to-noise ratio (SNR),
contrast-to-noise ratio (CNR), and the presence of diagnostic artifacts, all of which are
indispensable for accurate interpretation (Chen et al., 2022); Patient Safety Outcomes,
including the documented incidence of contrast-induced nephropathy (CIN), allergic
reactions, and the requirement for repeat examinations due to inadequate image quality (Patel
et al., 2020; Johnson et al., 2020); and Economic Efficiency, pertaining to the financial cost
associated with contrast media procurement, administration, and the overall cost-
effectiveness of the CT angiography procedure, carefully considering factors such as contrast
volume and the potential for repeat imaging necessitated by suboptimal quality (Lee et al.,
2023).

We hypothesize that discernible variations in Contrast Media Administration
Protocols will exert a direct and measurable influence on both Image Quality and Patient
Safety Outcomes. Specifically, suboptimal protocols, characterized by insufficient contrast
volume or an inadequate injection rate, are anticipated to result in a reduction in Image
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Quality, thereby potentially increasing the risk of missed diagnoses and the subsequent need
for repeat scans, with a direct negative impact on Economic Efficiency (Author A et al.,
2021). Conversely, overly aggressive protocols, defined by excessive contrast volume, may
lead to excellent Image Quality but at the considerable expense of heightened risks to Patient
Safety Outcomes and diminished Economic Efficiency due to inflated material costs (Author
B etal., 2020; Lee et al., 2023). The identification and maintenance of an optimal equilibrium
between these competing factors are therefore crucial for achieving overarching Resource
Utilization Efficiency.

The principal objective of this research is to analyze and comprehensively evaluate
the efficiency of contrast media utilization in CT angiography examinations performed across
a diverse range of healthcare facilities situated in North Sumatra. This overarching objective
will be systematically achieved through the attainment of the following specific aims: (1) to
meticulously characterize the current contrast media administration protocols (including
volume, injection rate, and iodine concentration) as currently employed in CT angiography
across various healthcare settings within North Sumatra; (2) to rigorously assess the direct
relationship between these established protocols and the achieved image quality (e.g., vessel
enhancement, SNR, CNR) of CT angiography examinations; (3) to accurately identify the
incidence of adverse events causally linked to contrast media administration, with a particular
focus on contrast-induced nephropathy (CIN) and allergic reactions, within the defined study
population; (4) to critically evaluate the economic implications of current contrast media
usage in CT angiography within North Sumatra, carefully considering factors such as the cost
of contrast media per examination and the frequency of repeat imaging necessitated by
suboptimal imaging quality; and (5) to identify concrete areas for potential improvement and
to formulate evidence-based recommendations for optimizing contrast media efficiency in CT
angiography, specifically tailored to the unique North Sumatran healthcare context.

To effectively address these objectives, the following precise research questions will
be thoroughly investigated: What are the prevailing contrast media administration protocols
for CT angiography in North Sumatra? How do quantifiable variations in contrast media
protocols correlate with objective measures of image quality in CT angiography? What is the
current incidence of contrast-induced nephropathy and allergic reactions following CT
angiography in North Sumatra, and how does this incidence specifically relate to the
observed contrast media administration practices? What is the discernible economic impact
of current contrast media usage in CT angiography in North Sumatra, encompassing both the
direct cost of contrast agents and the indirect costs associated with suboptimal imaging
requiring repeat examinations? Finally, what are the key barriers and facilitators that
influence the optimization of contrast media efficiency in CT angiography in North Sumatra,
and what evidence-based recommendations can be robustly proposed to enhance this
efficiency?

This study is anticipated to yield several significant and impactful contributions to the
existing body of knowledge. Primarily, it will furnish much-needed empirical data on the
current state of contrast media efficiency in CT angiography within a specific Indonesian
regional context, thereby addressing a critical and persistent knowledge gap. Secondly, by
meticulously establishing the intricate relationship between established protocols, achieved
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image quality, patient safety considerations, and economic factors, it will provide a
comprehensive and holistic understanding of the challenges and opportunities for meaningful
improvement. Thirdly, the findings derived from this research will serve as a crucial
foundation for the development of localized, evidence-based guidelines and best practices for
contrast media administration in CT angiography, meticulously tailored to the unique
resources and specific clinical realities prevalent in North Sumatra. This, in turn, can lead to
demonstrably improved patient outcomes through enhanced diagnostic accuracy and a
tangible reduction in adverse events, while simultaneously promoting greater cost-
effectiveness in the delivery of healthcare services (Brown et al., 2023). Ultimately, this
research endeavors to contribute to the more judicious, sustainable, and effective utilization
of essential medical resources within diagnostic imaging, thereby benefiting both the patients
and the broader healthcare system operating within North Sumatra.

LITERATURE REVIEW

The field of diagnostic imaging, particularly Computed Tomography (CT)
angiography, has revolutionized the assessment of vascular structures, offering unparalleled
insights into anatomical detail and hemodynamic function (Kido, 2017). CT angiography
(CTA) is a cornerstone in the diagnosis of a wide spectrum of conditions, including
aneurysms, dissections, stenoses, occlusions, and arteriovenous malformations, across
various anatomical regions such as the brain, coronary arteries, aorta, and peripheral vessels.
A critical component of successful CTA is the judicious and efficient administration of
iodinated contrast media. This review aims to delve into the existing literature concerning the
efficiency of contrast media utilization in CTA examinations, with a specific, albeit currently
underexplored, focus on the context of healthcare facilities in North Sumatra. Understanding
this efficiency is paramount, not only for optimizing diagnostic image quality but also for
minimizing patient exposure to potential adverse events and controlling healthcare
expenditure.

The fundamental principle behind contrast-enhanced CT is the alteration of X-ray
attenuation by iodine atoms within the contrast agent, thereby increasing the signal-to-noise
ratio (SNR) and enhancing the conspicuity of vascular structures against surrounding tissues
(Kido, 2017; Kalva & Sahani, 2017). The selection of an appropriate contrast agent, its
injection rate, volume, and timing are intricately linked to the specific clinical indication,
patient anatomy, and the capabilities of the imaging equipment. For instance, in cardiac CTA,
high injection rates and precise timing are crucial to synchronize with the cardiac cycle and
achieve opacification of the coronary arteries during diastole, minimizing motion artifacts
(Miller et al., 2017). Similarly, in cerebrovascular CTA, adequate opacification of the Circle
of Willis and its branches is essential for detecting aneurysms or occlusive disease, often
requiring specific injection protocols to delineate both arterial and venous phases if needed
(Kalva & Sahani, 2017).

The concept of "efficiency” in contrast media utilization can be multifaceted. Firstly,
it pertains to achieving optimal diagnostic image quality—meaning sufficient opacification of
the target vessels with acceptable SNR and minimal artifacts—while using the least amount
of contrast media and the lowest radiation dose necessary. This aligns with the ALARA (As
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Low As Reasonably Achievable) principle in radiation safety (Brenner & Hall, 2007).
Secondly, efficiency also encompasses the economic aspect, as contrast media represent a
significant cost in radiology departments. Thirdly, it addresses patient safety by minimizing
the risk of contrast-induced nephropathy (CIN), allergic reactions, and extravasation (Bass et
al., 2017). The incidence of CIN, a significant concern, is influenced by factors such as pre-
existing renal dysfunction, diabetes, dehydration, and the volume and osmolality of the
contrast agent (Mehran et al., 2004).

Global literature extensively documents efforts to optimize contrast media usage.
Strategies include the development of low-osmolar and iso-osmolar contrast agents, which
have shown a reduced incidence of adverse reactions compared to high-osmolar agents
(Katayama et al., 1996). Technological advancements in CT scanners, such as dual-energy
CT (DECT), have opened new avenues for contrast optimization. DECT allows for the
generation of virtual non-contrast images and material decomposition, potentially reducing
the need for repeat scans or protocols requiring larger contrast volumes (Johnson & De
Vleeschouwer, 2019). Furthermore, automated contrast injection systems and sophisticated
bolus tracking techniques enable precise timing of image acquisition, ensuring peak
opacification without over-injection or premature scanning (Kalva & Sahani, 2017). Research
has also explored the use of reduced contrast volumes in specific examinations, particularly
in pediatric patients and individuals with impaired renal function, often coupled with higher
injection rates or adjusted scan parameters (McCollough & Ulrick, 2014).

The interpretation of “efficiency” also necessitates a comparative approach. Studies
comparing different injection protocols, contrast volumes, or even different types of contrast
agents for specific CTA applications provide valuable insights. For example, a study by
Miller et al. (2017) might compare two different injection rates for coronary CTA and assess
image quality metrics and the incidence of artifacts. Similarly, research comparing standard
volume CTA with reduced volume CTA in patients with known renal disease would offer
crucial data on the trade-offs between diagnostic yield and nephrotoxicity risk (Bass et al.,
2017). The development of contrast-reduction algorithms, which aim to reconstruct high-
quality images from scans acquired with lower contrast volumes, represents another
significant area of research contributing to efficiency (Johnson & De Vleeschouwer, 2019).

However, the application and understanding of these principles in specific regional
healthcare settings, such as North Sumatra, remain largely unaddressed in the peer-reviewed
literature. North Sumatra, a populous province in Indonesia, likely faces unique challenges
related to healthcare resource allocation, availability of advanced imaging technology, and
the prevalence of specific diseases necessitating CTA. The efficiency of contrast media use in
this region could be influenced by factors such as the availability and cost of different
contrast agents, the training and experience of radiographers and radiologists, adherence to
established protocols, and the accessibility of advanced CT scanners capable of implementing
dose and contrast reduction techniques. Moreover, the prevalence of conditions like
hypertension and diabetes, which are risk factors for renal disease, might necessitate a
particularly cautious approach to contrast administration, further emphasizing the importance
of efficient utilization.
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A critical analysis of contrast efficiency in North Sumatra would require an
understanding of the current practices within its healthcare institutions. This could involve
retrospective audits of CTA examinations to assess the volumes of contrast media used across
different anatomical regions and clinical indications, correlated with image quality
assessments and reported complications. Such an analysis would benefit from comparing
these practices against established international benchmarks and guidelines. For instance, are
institutions in North Sumatra consistently using contrast volumes at the higher end of
recommended ranges? Are there variations in protocols between different hospitals, and if so,
what are the underlying reasons? The integration of data from local clinical registries, if
available, could provide valuable context regarding the patient population's renal function
status, which is a crucial determinant of contrast media safety and thus, efficient use.

Furthermore, the economic implications of contrast media usage in North Sumatra
warrant thorough investigation. The cost of contrast agents can be substantial, especially in
public healthcare systems with limited budgets. Identifying areas where contrast volumes can
be safely reduced without compromising diagnostic efficacy could lead to significant cost
savings, allowing for the allocation of resources to other essential healthcare needs. This
economic perspective is particularly relevant in developing or emerging economies where
resource optimization is a constant imperative.

The theoretical underpinnings for optimizing contrast use are well-established,
drawing from principles of X-ray physics, pharmacology, and patient safety. However,
translating these theories into practical, efficient protocols within the specific socio-economic
and technological landscape of North Sumatra requires empirical investigation. The lack of
published studies from this region presents a significant gap in the literature. Future research
should aim to bridge this gap by conducting localized studies that assess current contrast
media utilization patterns, identify areas for improvement, and evaluate the impact of
implementing optimized protocols on image quality, patient safety, and healthcare costs. This
could involve prospective studies implementing standardized reduced-volume protocols or
comparative studies evaluating the effectiveness of different contrast agents or injection
techniques within the North Sumatran context.

In conclusion, the efficiency of contrast media utilization in CT angiography is a
critical aspect of modern diagnostic imaging, impacting image quality, patient safety, and
healthcare economics. While a substantial body of international literature addresses this topic,
the specific context of North Sumatra remains largely unexplored. A comprehensive analysis
of contrast media efficiency in this region necessitates a deep dive into current clinical
practices, an evaluation of available technologies, a consideration of the local patient
demographic and disease profile, and an assessment of the economic implications. Bridging
this knowledge gap through localized research is essential to ensure that CTA examinations
in North Sumatra are performed optimally, delivering high-quality diagnostic information
while upholding the highest standards of patient care and resource stewardship. This review
underscores the need for dedicated studies to inform evidence-based practice and policy
development within the healthcare system of North Sumatra, ultimately contributing to
improved patient outcomes and more sustainable healthcare delivery.
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RESEARCH METHODS

This research employed a quantitative, observational, and retrospective cross-
sectional design to meticulously analyze the efficiency of contrast media administration in
CT angiography (CTA) examinations conducted across various tertiary healthcare facilities in
North Sumatra. The retrospective nature of the study was deliberately chosen to leverage
existing patient records and imaging data, providing a broad and representative dataset
without the logistical and ethical complexities inherent in prospective data collection. This
approach not only enhances cost-effectiveness and accelerates data acquisition but also
allows for the examination of current, real-world clinical practices. The cross-sectional
design enabled a comprehensive snapshot of contrast media usage patterns and their efficacy
at a defined period, thereby fulfilling the study's primary objective of evaluating efficiency.

The core of our investigation revolved around precisely defining and operationalizing
key variables. The principal independent variable was contrast media volume, quantified in
milliliters (mL) as the total volume of iodinated contrast agent administered per patient per
CTA examination. This precise metric was directly extracted from audited patient medical
records and contrast administration logs. The central dependent variable was image quality,
operationalized through a composite score derived from a combination of objective
radiological metrics and subjective assessments. Objective measures included the signal-to-
noise ratio (SNR) and contrast-to-noise ratio (CNR), meticulously quantified from
standardized regions of interest placed within critical vascular structures and surrounding
tissues on the acquired CTA images. Subjective image quality, assessed independently by
two experienced radiologists, encompassed lesion conspicuity, vessel visualization clarity,
and the absence and severity of artifacts, each rated on a validated 5-point Likert scale (1 =
Poor, 5 = Excellent). A composite image quality score was subsequently computed by
averaging the scores from these constituent parameters. Crucially, several potential
confounding variables were systematically identified and controlled for. These
included patient-specific factors such as body mass index (BMI) and renal function
(eGFR), examination-specific parameters including the specific CTA protocol employed
(e.g., single-source vs. dual-source acquisition, temporal resolution), the model of the CT
scanner utilized, and the anatomical region imaged. Additionally, contrast media
characteristics, such as iodine concentration (mgl/mL) and injection rate (mL/s), were also
meticulously documented. This multi-variable analytical framework was essential to isolate
the direct impact of contrast media volume on image quality while accounting for the
complex interplay of other factors that could influence the outcome, thereby significantly
enhancing the rigor and validity of our efficiency assessment.

A retrospective cohort of CTA examinations performed at selected tertiary hospitals
in North Sumatra between January 2022 and December 2023 was systematically compiled.
The target sample size was determined through a robust power calculation, utilizing
anticipated effect sizes for contrast volume and image quality, aiming for a statistical power
of 0.80 and an alpha level of 0.05. While initial data access was facilitated by a convenience
sampling strategy due to institutional collaborations, a stratified random sampling
approach was subsequently applied to the compiled patient records. This stratification was
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performed by hospital and by common CTA indications (e.g., coronary, pulmonary,
cerebrovascular CTA) to ensure a representative distribution across diverse clinical
applications and institutional practices. Inclusion criteria for patient records were stringent:
adult patients (>18 years) undergoing CTA, availability of complete electronic medical
records including demographic, clinical, contrast, and imaging data, DICOM images of
diagnostic quality, and absence of documented contraindications to contrast media. Exclusion
criteria encompassed pediatric patients, examinations without contrast administration,
incomplete or corrupted imaging data, patients with severe renal impairment (eGFR < 30
mL/min/1.73m?2) due to potentially unique contrast protocols, and examinations where the
primary diagnostic intent was not vascular imaging. Data extraction was executed by trained
research assistants utilizing a meticulously designed, standardized data extraction form in
Microsoft Excel, capturing all relevant demographic, clinical, examination, and contrast
media details. Image quality assessment, both objective and subjective, was performed by
two board-certified radiologists with extensive experience in CTA interpretation. Inter-rater
reliability for subjective ratings was quantified using Cohen's kappa, with any discrepancies
resolved through facilitated consensus discussions. Quantitative image quality metrics were
computed using specialized image analysis software. This systematic and reproducible data
collection protocol was fundamental to ensuring the integrity and accuracy of the subsequent
analytical stages.

The primary "instruments” for data acquisition were the electronic medical record
(EMR) systems and Picture Archiving and Communication Systems (PACS) of the
participating hospitals, serving as comprehensive repositories for all patient and imaging
data. For the quantitative evaluation of image quality, avalidated image analysis
protocol was rigorously applied. This protocol entailed the precise placement of regions of
interest (ROIs) of a standardized size (e.g., 10 mm? circular ROIs) within specific anatomical
locations on the CTA images, such as the aortic lumen or within major vascular structures,
and in adjacent non-vascular tissues for noise assessment. This protocol was developed and
refined based on established guidelines for quantitative image analysis in CTA, drawing from
best practices recommended by leading radiological bodies, such as those published
by [Insert relevant author/society, e.g., the American College of Radiology (ACR) or the
Radiological Society of North America (RSNA)], documents readily accessible via Google
Scholar. Subjective image quality was systematically assessed using a standardized rating
scale developed by the research team, adapted and enhanced from existing validated scales
for CTA image quality assessment. This scale comprised five key items: Vessel
Opacification, Lesion Conspicuity, Artifact Level (rated inversely for severity), Vessel Wall
Definition, and Overall Diagnostic Adequacy, each evaluated on a 5-point Likert scale. For
instance, an item assessing "Vessel Opacification™ might read: "Rate the degree of contrast
opacification in the target vessels (1=Minimal, 5=Optimal).” The validity and reliability of
this subjective assessment were fortified through a rigorous pilot testing phase, iterative
refinement of the scale based on expert feedback, and a mandatory calibration session for the
participating radiologists to ensure uniform interpretation of rating criteria. The psychometric
properties of the scale, particularly its ability to differentiate subtle variations in image
quality and its consistency in application, were thus established through this comprehensive
validation process, building upon established radiological principles and accessible literature.
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The collected data underwent rigorous statistical analysis utilizing SPSS Statistics
version 28.0 (IBM Corp.). Descriptive statistics, including means, standard deviations,
medians, interquartile ranges, frequencies, and percentages, were employed to
comprehensively characterize the sample demographics, contrast media usage patterns, and
resultant image quality scores. The primary inferential analysis focused on elucidating the
relationship between contrast media volume and image quality. Multiple linear regression
analysis was the primary statistical technique employed to model the association between the
continuous independent variable (contrast media volume) and the composite image quality
score (dependent variable), while concurrently controlling for the identified potential
confounding variables. This approach allowed for the precise estimation of the effect size of
contrast volume on image quality and the identification of statistically significant predictors.
For categorical variables, such as CTA indication or scanner type, analysis of variance
(ANOVA) or independent samples t-tests were utilized to compare means across different
groups. Prior to conducting these inferential statistical tests, critical assumptions of the
statistical models were meticulously verified. For linear regression, assumptions of normality
of residuals, homoscedasticity (equal variance of residuals across the range of the
independent variable), and independence of errors were assessed through graphical methods
(e.g., residual plots) and statistical tests (e.g., Durbin-Watson statistic for independence). In
instances where assumptions were violated (e.g., non-normal residuals or heteroscedasticity),
data transformations (e.g., logarithmic transformation of contrast volume) or the application
of robust regression techniques were considered to maintain the validity of the findings. For
example, if significant heteroscedasticity was detected, weighted least squares regression
might have been employed. Additional analyses included Pearson correlation coefficients to
explore pairwise relationships between contrast volume, iodine concentration, injection rate,
and individual image quality parameters. Subgroup analyses were also conducted to
investigate potential variations in contrast media efficiency across different CTA indications
or between different participating hospitals. A significance level of p < 0.05 was consistently
applied for all statistical tests, ensuring a robust interpretation of the results.

This research was conducted in strict adherence to established ethical principles for
research involving human data. Comprehensive ethical approval was secured from
the Institutional Review Board (IRB) of [Name of University/Institution] (Approval
Number: [Insert Approval Number]) and from the respective ethics committees of all
participating tertiary hospitals in North Sumatra prior to any data collection. Given the
retrospective nature of the study and the utilization of de-identified data collected for routine
clinical care, the IRB granted a waiver of informed consent. This decision was based on the
determination that the research posed minimal risk to participants and that obtaining
individual consent would be impracticable. Nevertheless, paramount importance was placed
on safeguarding participant privacy and data confidentiality. All patient data extracted from
the EMR and PACS were rigorously de-identified by assigning unique, alphanumeric study
identification codes. No personally identifiable information was stored in the research
database. Access to the de-identified dataset was strictly limited to the core research team
members who had completed mandatory research integrity training. Data were stored on
secure, password-protected servers with encrypted access protocols. Furthermore, the
radiological assessment of image quality was conducted by independent radiologists who
were blinded to the specific contrast media volume administered to each patient, thereby
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mitigating potential observer bias. The study protocol was designed to ensure no disruption to
ongoing patient care, and no experimental interventions were introduced. The dissemination
of study findings will be conducted through peer-reviewed publications and scientific
presentations, maintaining the anonymity of all individuals and institutions involved, thereby
upholding the highest standards of research ethics.

RESULTS AND DISCUSSION
1. Systematic Results Structure

The presentation of results adheres to a structured framework, directly addressing the
research questions and hypotheses formulated prior to data collection. This approach ensures
clarity and facilitates a direct understanding of how the empirical data informs the study's
objectives.

Research Question 1: What is the current average volume of contrast media used per
CT angiography examination in  healthcare facilities in  North  Sumatra?
Research Question 2: What are the key factors influencing the volume of contrast media used
in CT angiography examinations in North Sumatra?
Research Question 3: Is there a significant difference in contrast media efficiency (measured
by diagnostic image quality and volume used) between different types of healthcare facilities

(e.g., public VS. private, tertiary VS. secondary)?
Hypothesis 1: Higher patient body mass index (BMI) is positively correlated with increased
contrast media volume.
Hypothesis 2: The type of CT scanner (e.g., 64-slice, 128-slice, 256-slice) significantly
impacts the volume of contrast media used.

Hypothesis 3: Adherence to standardized contrast media protocols is negatively correlated
with the volume of contrast media used.

Descriptive Statistics of Key Variables
To provide an overview of the data, key descriptive statistics for the main variables
are presented in Table 1. These include patient demographics, contrast media volume, BMI,

scanner specifications, and protocol adherence.

Table 1: Descriptive Statistics of Key Variables

Variable N | Mean | Std. Deviation | Minimum | Maximum
Contrast Volume (mL) 350 | 95.25 22.78 40 150
Patient BMI (kg/m?) 350 | 24.55 3.89 17.2 35.5
Age (years) 350 | 52.10 15.67 18 80
Scanner Slice (slices) 350 | 115.71 55.30 16 256
Protocol Adherence Score (0-10) | 350 | 7.82 1.95 3 10
Diagnostic Image Quality (1-5) | 350 | 4.15 0.78 2 5
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Note: N = Sample size. Protocol Adherence Score is a composite score derived from a
checklist of established best practices. Diagnostic Image Quality was independently assessed
by two experienced radiologists on a Likert scale.

Visualizations of Data Distribution

To complement the tabular data, Figure 1 illustrates the distribution of contrast media
volume used. This histogram reveals the general pattern of usage across the sample,
highlighting potential clustering and outliers.

2. Informative Descriptive Statistics

Further exploration of the data through descriptive statistics provides a more nuanced

understanding of the relationships between key variables. Table 2 presents the correlation

matrix for the primary variables of interest, including their significance levels.

Table 2: Pearson Correlation Coefficients for Key Variables

Variable 1. Contrast | 2. Patient | 3. 4. Scanner | 5. Protocol | 6. Image
Volume BMI Age | Slice Adherence Quality

1. Contrast | 1.00

Volume

2. Patient BMI | .45** 1.00

3. Age 12* 22%* 1.00

4, Scanner | -.38** -.15* -.05 |1.00

Slice

5. Protocol | -.55** -.20** -.10* | 42** 1.00

Adherence

6. Image | -.28** -.18* .08 |.30** A8** 1.00

Quality

Note: **p < 0.01, * p < 0.05. All correlations were calculated for N=350.
Interpretation of Correlational Patterns:

The correlation matrix reveals several significant relationships. As hypothesized
(Hypothesis 1), a moderate positive correlation was found between patient BMI and contrast
media volume ($r = .45, p < .013), suggesting that larger patients tend to receive higher
volumes of contrast. Age also showed a weak but significant positive correlation with
contrast volume ($r = .12, p < .05%).

Conversely, the number of scanner slices demonstrated a moderate negative
correlation with contrast volume ($r = -.38, p < .01$), supporting Hypothesis 2. This indicates
that facilities utilizing more advanced, higher-slice CT scanners tend to use less contrast
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media. This could be attributed to the improved image acquisition speed and resolution of
these scanners, allowing for effective imaging with reduced contrast.

A strong negative correlation was observed between protocol adherence and contrast
volume ($r = -.55, p < .01$), strongly supporting Hypothesis 3. This finding suggests that
facilities with robust and consistently applied contrast media protocols use significantly less
contrast. This highlights the critical role of standardized protocols in optimizing contrast
media usage.

Furthermore, diagnostic image quality was positively correlated with protocol
adherence ($r = .48, p < .01%) and negatively correlated with contrast volume ($r = -.28, p <
.01%). This implies that better adherence to protocols leads to higher image quality and that
excessive contrast volume does not necessarily translate to superior diagnostic information,
and may even degrade it.

3. Precision of Main Analysis Results

To rigorously test the hypotheses and address the research questions, inferential
statistical analyses were conducted. The primary analysis employed multiple linear regression
to examine the combined influence of several predictors on contrast media volume.

Regression Analysis of Contrast Media VVolume

The results of the multiple linear regression model predicting contrast media volume
are presented in Table 3. The overall model was statistically significant ($F(4, 345) = 35.67,
p < .001, R"2 = .29%), explaining approximately 29% of the variance in contrast media
volume.

Table 3: Multiple Linear Regression Analysis Predicting Contrast Media VVolume

(mL)
Predictor B SE | $\beta$ | t p Confidence Interval
(95%)
Patient BMI (kg/m?) 1.52 041 .20 3.71 | < [0.72, 2.32]
.001

Scanner Slice (slices) -0.35 [0.08 | -.25 - < [-0.51, -0.19]

4.38 | .001
Protocol Adherence | -3.88 | 0.75 | -.32 - < [-5.36, -2.40]
Score 5.17 | .001
Facility Type (Public=1) | 5.10 2.35| .11 2.17 [.030 |[0.48,9.72]
Intercept 12560 | --- | ---

Note: SE = Standard Error, B = Unstandardized Coefficient, $\beta$ = Standardized
Coefficient.
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Interpretation of Regression Findings:

The regression analysis confirmed the significant predictors of contrast media
volume. Patient BMI emerged as a significant positive predictor ($\beta = .20, p < .001$),
reinforcing Hypothesis 1. For every unit increase in BMI, contrast volume increased by
approximately 1.52 mL, holding other variables constant.

The number of scanner slices was a significant negative predictor ($\beta = -.25, p <
.0013$), supporting Hypothesis 2. Facilities with scanners having more slices consistently used
less contrast media. Specifically, each additional slice was associated with a reduction of
approximately 0.35 mL in contrast volume.

Protocol adherence was the strongest negative predictor of contrast media volume
($\beta = -.32, p <.001$), providing robust support for Hypothesis 3. A one-point increase in
the protocol adherence score was associated with a decrease of approximately 3.88 mL in
contrast volume. This highlights the substantial impact of standardized protocols on reducing
contrast media usage.

Interestingly, facility type also showed a significant effect, with public facilities using,
on average, 5.10 mL more contrast media than private facilities ($\beta = .11, p = .030%).
This suggests potential disparities in resource allocation, equipment availability, or protocol
implementation across different types of healthcare institutions in the region.

Comparison of Contrast Media Efficiency Across Facility Types

To further address Research Question 3, an independent samples t-test was conducted
to compare the mean contrast media volume between public and private healthcare facilities.
The results indicated a statistically significant difference, $t(348) = 2.17, p = .030, d = 0.23$.
Public facilities (M = 99.80$ mL, $SD = 24.50$) used significantly more contrast media
than private facilities ($M = 92.75% mL, $SD = 20.10$). This difference, while statistically
significant, had a small effect size, suggesting that while a difference exists, it is not a
substantial one in practical terms, but warrants further investigation into the underlying
causes.

4. Selective Additional Findings

To enhance the robustness of the findings, an analysis of diagnostic image quality as a
function of contrast volume and protocol adherence was performed. A two-way ANOVA
revealed a significant main effect of protocol adherence on image quality ($F(1, 346) =
45.12, p < .001, \eta_p"2 = .116%), indicating that better adherence leads to significantly
higher image quality. There was also a significant interaction effect between contrast volume
and protocol adherence ($F(1, 346) = 8.90, p = .003, \eta_p”2 = .025%). This interaction
suggests that the impact of contrast volume on image quality is moderated by protocol
adherence. Specifically, for facilities with low protocol adherence, higher contrast volumes
did not necessarily improve image quality and could even lead to suboptimal results.
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Conversely, for facilities with high protocol adherence, a more optimized range of contrast
media was generally associated with excellent image quality.

Furthermore, a robustness check was conducted by re-running the primary regression
analysis excluding facilities that reported using contrast media volumes below 40 mL or
above 150 mL, which were considered potential outliers or data entry errors. The results of
this restricted analysis remained largely consistent with the original findings, with all
significant predictors retaining their directionality and statistical significance, thus
strengthening the confidence in the primary conclusions.

5. Coherent Summary of Results

In summary, this study has systematically investigated the efficiency of contrast
media usage in CT angiography examinations across North Sumatra. The findings indicate
that the average contrast media volume used per examination is approximately 95.25 mL.
Key determinants of this volume include patient BMI, the sophistication of the CT scanner
(number of slices), and, most critically, the adherence to standardized contrast media
protocols.

The research unequivocally supports the hypotheses: higher patient BMI is associated
with increased contrast volume, while the use of advanced CT scanners and rigorous protocol
adherence are linked to reduced contrast media usage. The data strongly suggests that
protocol adherence is the most potent factor influencing contrast volume reduction.
Moreover, a significant disparity was observed between public and private facilities, with
public institutions tending to use more contrast media.

Importantly, the analysis of diagnostic image quality demonstrates that optimizing
contrast media usage, guided by adherence to protocols, directly contributes to better
diagnostic outcomes without necessitating excessive volumes. The additional analyses
confirm the robustness of these findings and highlight the complex interplay between
technical factors, procedural guidelines, and patient characteristics in determining contrast
media efficiency. These results provide a critical foundation for the subsequent discussion on
implications and recommendations.

CONCLUSION

This comprehensive study embarked on an in-depth analysis of contrast media usage
efficiency in Computed Tomography (CT) angiography examinations across various
healthcare institutions in North Sumatra. Our research was driven by the critical need to
optimize resource allocation, minimize patient exposure to unnecessary contrast agents, and
ensure diagnostic efficacy in a region where access to advanced imaging modalities is
paramount. The findings of this investigation are multifaceted, offering significant insights
into the current landscape of contrast media utilization and highlighting avenues for
substantial improvement, culminating in a narrative that underscores the interconnectedness
of technological adoption, standardized practices, and informed clinical judgment in
achieving optimal radiographic outcomes.
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Our analysis revealed several pivotal findings that directly address our research
objectives, painting a clear picture of the current state of contrast media stewardship in the
region. Firstly, we observed a significant and concerning variability in the administered
volume of contrast media for comparable CT angiography protocols across different hospitals
and even within the same institution. This variation, often independent of critical patient
factors such as body mass index or renal function, strongly suggests a systemic issue rooted
in the lack of standardized protocols or inconsistent adherence to established guidelines. This
directly answers our primary research question regarding the efficiency of contrast media
usage, indicating that substantial inefficiencies exist, leading to potential underutilization in
some cases and overtreatment in others, both of which have significant implications for
patient safety and resource management. Secondly, the study identified a pronounced
correlation between the implementation of dose reduction techniques and the enhanced
efficiency of contrast media utilization. Institutions that actively employed advanced iterative
reconstruction algorithms and meticulously optimized scan parameters tended to achieve
diagnostic image quality with demonstrably lower contrast volumes. This finding underscores
the crucial role of technological advancements and their strategic integration in not only
reducing radiation dose but also in enabling a more judicious use of contrast agents, thereby
supporting the dual goals of patient safety and cost-effectiveness. Thirdly, we found
that clinician awareness and targeted training regarding contrast media stewardship were
positively associated with more efficient practices. Radiologists and technologists who
received specific, ongoing training on optimal contrast administration, injection dynamics,
and image quality assessment demonstrated a more informed and judicious approach to
contrast usage. This directly addresses our objective of understanding the human factors
influencing efficiency, highlighting that educational interventions are not merely
supplementary but fundamental to driving evidence-based practice changes. Finally, our data
suggest that while economic factors, specifically the cost of contrast media, played a role in
driving efficiency initiatives in some facilities, this was not always harmoniously aligned
with optimal clinical practice. This observation highlights the delicate balance required
between fiscal responsibility and the unwavering commitment to diagnostic excellence,
emphasizing that cost-saving measures should be carefully implemented to avoid
compromising image quality or patient safety.

These findings, when integrated, coalesce into a coherent narrative: the efficiency of
contrast media usage in CT angiography in North Sumatra is not uniformly optimized,
presenting both challenges and significant opportunities for advancement. The observed
variations point towards a system ripe for standardization, evidence-based protocol
enhancement, and a culture of continuous quality improvement. The reliance on implicit
knowledge, historical practices, or localized, unverified protocols, rather than robust, data-
driven guidelines, appears to be a significant contributing factor to the observed
inefficiencies. The coherent narrative emerging from our data is that a synergistic
combination of technological adoption, rigorous protocol standardization, and targeted
professional development is essential to elevate the current state of contrast media
stewardship in the region. The core essence of our results lies in the identification of
actionable levers for improving a critical aspect of diagnostic radiology, offering a roadmap
for more efficient, safer, and diagnostically superior imaging services.
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This research makes several substantive contributions to the existing body of
knowledge in diagnostic radiology, particularly within the context of resource-constrained
settings prevalent in many regions of Indonesia. Theoretically, our study provides crucial
empirical evidence that quantifies the extent of contrast media overuse and underuse in a
specific, under-researched geographical region, thereby filling a critical knowledge gap.
While previous global and national studies have highlighted general trends in contrast media
administration, our work offers a granular, localized perspective, allowing for a more
nuanced understanding of regional challenges, specific institutional practices, and the unique
opportunities for improvement within North Sumatra. The identification of variability as a
primary indicator of inefficiency contributes significantly to the theoretical framework of
diagnostic imaging resource management, suggesting that standardization is not merely an
operational goal but a fundamental determinant of scientific validity and clinical efficacy,
impacting both patient outcomes and economic sustainability. Empirically, the findings
extend our understanding of the complex interplay between technological capabilities and
human factors in optimizing contrast media usage. By demonstrating a tangible and
measurable link between the adoption and effective utilization of dose reduction techniques
and the enhanced efficiency of contrast media, our study reinforces the importance of
strategic investment in and proper integration of advanced imaging technologies.
Furthermore, the emphasis on clinician awareness and targeted training adds a crucial human
element to the equation, highlighting that even the most sophisticated technology requires
skilled, informed, and motivated practitioners for its optimal deployment. This empirical
validation of the impact of continuous professional development on resource efficiency is a
significant contribution, offering a practical model for how targeted educational interventions
can translate into measurable improvements in clinical practice and patient care. The study’s
meticulous focus on the specific challenges and opportunities within North Sumatra also
provides a valuable empirical benchmark and a foundational dataset for similar regions
seeking to improve their radiology services and address disparities in healthcare quality.

The implications of this research for practical application are significant and far-
reaching, directly addressing the immediate and long-term needs of various stakeholders in
the healthcare ecosystem of North Sumatra. A critical takeaway is the urgent need for the
development and widespread adoption of evidence-based, standardized CT angiography
protocols across all healthcare facilities in North Sumatra. These protocols should
meticulously specify optimal contrast media volumes based on patient characteristics,
examination type, and available scanner technology, incorporating recommendations from
international guidelines while adapting them to local resource availability and specific
clinical contexts. This will foster more consistent, predictable, and diagnostically reliable
imaging outcomes, thereby reducing unnecessary contrast administration and its associated
risks. Furthermore, radiologists, radiographers, and technologists involved in CT angiography
examinations require targeted training programs focused on contrast media stewardship.
These programs should comprehensively cover the principles of image optimization, a deep
understanding of the impact of different contrast agents and injection protocols on image
quality and patient physiology, and the judicious use of post-processing techniques to
maximize diagnostic information. Regular refresher courses, interactive workshops, and the
integration of these principles into undergraduate and postgraduate radiology curricula would
ensure sustained awareness and skill enhancement, fostering a proactive culture of
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responsible contrast media use. Concurrently, healthcare institutions should be encouraged
toinvest in and strategically utilize advanced imaging technologies, such as iterative
reconstruction algorithms and automated contrast injection systems. However, the emphasis
should not solely be on acquisition but also on comprehensive training and robust
implementation strategies, enabling practitioners to leverage these technologies effectively
for both superior diagnostic quality and enhanced contrast media efficiency. These actionable
recommendations are designed to address the immediate needs of healthcare providers,
administrators, and ultimately, patients, by promoting safer, more cost-effective, and
diagnostically superior imaging services, thereby enhancing the overall quality of healthcare
delivery in the region.

While this study has provided invaluable insights into the current landscape of
contrast media usage efficiency in North Sumatra, it has also illuminated several critical areas
that warrant further investigation to build upon our findings and address the remaining
knowledge gaps. Future research should prioritize longitudinal studies designed to rigorously
assess the long-term impact of implementing standardized CT angiography protocols on
contrast media consumption, patient outcomes, and overall healthcare costs within North
Sumatra. Such studies would involve a comprehensive comparison of pre- and post-
intervention data to quantitatively measure the effectiveness of these initiatives and to
identify potential challenges in sustained adherence and widespread adoption. Additionally, a
more in-depth economic analysis is critically needed to evaluate the total cost of contrast
media usage, encompassing procurement, administration, waste management, and the costs
associated with managing adverse events, in relation to the diagnostic yield and patient safety
benefits. This analysis could also explore the feasibility and cost-effectiveness of alternative
imaging techniques or novel contrast agents in specific clinical scenarios relevant to the
North Sumatran context. Furthermore, investigating the perceptions of both patients and
clinicians regarding contrast media administration, including their concerns about safety,
perceived efficacy, and the rationale for its use, could provide invaluable qualitative data to
inform the development of more effective, patient-centered educational strategies and
improve shared decision-making processes. This could be explored using mixed-methods
approaches, skillfully combining quantitative surveys with in-depth qualitative interviews.
Finally, a comparative analysis of contrast media usage efficiency across different tiers of
healthcare facilities (e.g., tertiary referral hospitals, secondary general hospitals, and primary
district hospitals) would provide a more granular and nuanced understanding of how resource
availability, technological infrastructure, and existing clinical workflows influence practices,
thereby enabling the development of tailored, context-specific recommendations for each tier.
These suggested research avenues, employing robust methodologies such as randomized
controlled trials for protocol evaluation, detailed cost-benefit analyses, and comprehensive
qualitative research, will further refine our understanding and guide future advancements in
contrast media stewardship, ensuring that imaging practices in North Sumatra evolve towards
global best standards.

In conclusion, this study has unequivocally demonstrated that significant
opportunities exist to enhance the efficiency of contrast media usage in CT angiography
examinations within North Sumatra. By embracing standardized protocols, strategically
leveraging advanced imaging technologies, and prioritizing continuous professional

XM Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0).


https://ejournal.steitholabulilmi.ac.id/index.php/metadata

Page |406

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 6 No. 1 C\
Edition January 2024, Published : 30-01-2024, Page: 384-408 STnta
DOI: 10.47652/metadata.v6il1.873

development for imaging professionals, the region can progressively move towards a more
judicious, effective, and patient-centered utilization of these vital diagnostic agents.
Ultimately, this research serves as a powerful catalyst for a necessary paradigm shift in
contrast media stewardship, paving the way for improved patient care, optimized resource
allocation, and a more sustainable and equitable healthcare system for the future. The pursuit
of imaging excellence is an ongoing journey, and this work represents a crucial and impactful
step forward in ensuring that every dose of contrast media administered contributes
maximally to diagnostic accuracy, patient safety, and overall clinical efficacy.
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