ﬁ EasyChair Preprint

Ne 12445

Frontiers Unveiled: Radiology’'s Pioneering Role in
Critical Care Diagnostics Through Emerging
Technologies and Innovations

Basit Abbas

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

March 10, 2024



Frontiers Unveiled: Radiology's Pioneering Role in Critical Care Diagnostics

through Emerging Technologies and Innovations
Basit Abbas

Department of Health Science, University of Islamabad

Abstract:

This exploration unveils the transformative landscape at the intersection of radiology and
critical care, showcasing the pioneering role of radiology in diagnostic precision through
emerging technologies. In the realm of critical care diagnostics, radiology stands as the
vanguard, leveraging cutting-edge technologies and innovations to redefine patient outcomes.
Artificial intelligence (Al)-infused diagnostic tools and advanced imaging modalities mark the
forefront of this evolution, offering a glimpse into a future where rapid, accurate diagnostics
become paramount in high-stakes medical scenarios. The integration of emerging technologies
in radiology transcends traditional diagnostic boundaries, providing clinicians with
unprecedented insights and facilitating timely decision-making. Artificial intelligence
algorithms, trained on vast datasets, enhance diagnostic accuracy, allowing radiologists to
navigate complexities swiftly and with heightened precision. Advanced imaging modalities,
whether it be high-resolution computed tomography (CT) scans or sophisticated magnetic
resonance imaging (MRI) techniques, contribute to the depth and clarity of diagnostics, enabling

a more comprehensive understanding of critical conditions.

Keywords: Radiology, Emerging Technologies, Critical Care Diagnostics, Artificial
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1. Introduction

In the ever-evolving landscape of healthcare, the convergence of radiology and emerging
technologies stands as a testament to the relentless pursuit of precision and innovation. This
exploration embarks on a journey into the heart of critical care diagnostics, unraveling the
pioneering role that radiology assumes through the integration of emerging technologies and

groundbreaking innovations. At the epicenter of this transformative landscape is the discipline of



radiology, traditionally recognized for its ability to capture detailed images of the human
anatomy. However, the narrative has transcended traditional boundaries, as radiology emerges as
a vanguard in critical care diagnostics, steering the course toward a future where cutting-edge
technologies redefine the standards of precision and efficiency in high-stakes medical scenarios.

The advent of artificial intelligence (Al) has ushered in a new era, revolutionizing the
capabilities of diagnostic tools in radiology. Machine learning algorithms, trained on vast
datasets, empower radiologists with the ability to analyze intricate patterns and anomalies
swiftly. This level of cognitive augmentation significantly enhances diagnostic accuracy,
particularly in critical care situations where time is of the essence. The fusion of Al-powered
diagnostic tools with the expertise of radiologists amplifies the potential for early detection and
intervention, crucial factors in critical care settings. Beyond Al, advanced imaging modalities
represent another frontier in radiology's transformative role. Innovations such as functional
magnetic resonance imaging (fMRI), positron emission tomography (PET), and advanced
ultrasound techniques provide a multi-dimensional understanding of physiological processes at
the cellular and molecular levels. In critical care, where rapid and comprehensive diagnostics can
be pivotal, these advanced imaging modalities contribute to a more nuanced and thorough
assessment of patient conditions, guiding healthcare providers toward informed decisions. The
collaboration between radiology and critical care goes beyond the technical realm; it embodies a
strategic alliance that embraces the holistic nature of patient care. Radiologists, armed with
technological prowess, become integral members of multidisciplinary teams working in critical
care settings. The synergy between radiology and critical care practitioners fosters a dynamic

exchange of insights, enriching the diagnostic process with diverse perspectives and expertise.

As we venture deeper into this exploration, the role of radiology in critical care diagnostics
becomes emblematic of progress and potential. The unveiling of frontiers represents not only a
technological shift but a paradigmatic one. It signifies a departure from traditional approaches to
diagnostics, marking the inception of a new era where the precision and speed afforded by
radiology's pioneering efforts contribute to improved outcomes for critically ill patients. In this
era of frontiers unveiled, the integration of radiology and emerging technologies propels critical
care diagnostics into uncharted territories. The introduction of this transformative alliance holds

the promise of redefining standards, pushing boundaries, and ultimately creating a healthcare



landscape where the marriage of expertise and innovation becomes a catalyst for better patient

outcomes in the critical care domain.
2. Historical Context of Radiology in Critical Care

Evolution of Radiological Techniques and Their Initial Applications in Critical Care

Radiology, born out of the revolutionary discovery of X-rays by Wilhelm Conrad Roentgen in
1895, quickly found its place in medical diagnostics. The initial marvel of being able to visualize
the human body's internal structures without invasive procedures sparked a wave of enthusiasm
among medical professionals. In the context of critical care, where rapid and accurate diagnostics
can mean the difference between life and death, radiology emerged as an indispensable tool. The
early years following Roentgen's discovery saw the adoption of radiography, primarily for
identifying bone fractures and foreign objects. The ability to swiftly detect skeletal injuries
played a pivotal role in emergency settings, enabling timely interventions. As technology
progressed, fluoroscopy—a real-time imaging techniqgue—was introduced, offering dynamic

visualization and aiding in procedures like barium studies and angiography [1], [3].

However, it wasn't long before the medical community recognized the potential of radiology
beyond just bones. The 20th century witnessed the advent of computed tomography (CT),
magnetic resonance imaging (MRI), and ultrasound. These modalities not only expanded the
scope of radiological applications but also revolutionized critical care diagnostics. CT scans
provided detailed cross-sectional images, enhancing the detection of internal injuries, tumors,
and vascular abnormalities. Meanwhile, MRI offered unparalleled soft tissue contrast and
became invaluable in neurological and musculoskeletal evaluations. Ultrasound, another
groundbreaking innovation, brought imaging capabilities to the bedside. Its portability and real-
time imaging capabilities made it an essential tool in critical care settings, facilitating rapid

assessments of cardiac function, abdominal abnormalities, and vascular complications [4], [5].
Milestones in the Development of Diagnostic Imaging Modalities

The journey of radiology in critical care is punctuated with significant milestones, each marking

a leap in diagnostic capabilities and patient care.



1970s: CT Scan Revolution - The invention of the CT scanner by Sir Godfrey Hounsfield
and Dr. Allan Cormack in the early 1970s marked a watershed moment. The ability to obtain
detailed cross-sectional images transformed diagnostic precision, allowing for the detection
of subtle pathologies previously elusive on conventional radiographs.

1980s: MRI Emergence - The 1980s heralded the widespread adoption of MRI. Its non-
invasive nature and superior soft tissue contrast made it an indispensable tool, particularly in

neurological, musculoskeletal, and oncological applications.

1990s: Ultrasound Advancements - The 1990s witnessed significant advancements in
ultrasound technology. The introduction of Doppler imaging enabled detailed vascular

assessments, revolutionizing the diagnosis and management of cardiovascular diseases.

2000s: Digital Radiography and PACS - The turn of the century brought about the
transition from analog to digital radiography. This shift not only enhanced image quality but
also paved the way for Picture Archiving and Communication Systems (PACS), facilitating

seamless image storage, retrieval, and sharing.

2010s: Integration of Al and Advanced Imaging - The last decade has been characterized
by the integration of artificial intelligence (Al) in radiology. Al-driven algorithms have
augmented diagnostic accuracy, expedited image analysis, and personalized patient care,

heralding a new era in critical care diagnostics.

3. Emerging Imaging Modalities

3.1. Introduction to Advanced Imaging Techniques: PET, MRI, CT, and Ultrasound.

Advanced imaging techniques have revolutionized the field of radiology, providing clinicians

with unprecedented insights into the human body's intricate structures and functions. Among the

most prominent are Positron Emission Tomography (PET), Magnetic Resonance Imaging (MRI),

Computed Tomography (CT), and Ultrasound. Each of these modalities offers unique advantages

and applications, tailored to specific diagnostic challenges [5].

PET (Positron Emission Tomography): PET imaging utilizes radiotracers to detect

metabolic changes in tissues. It is particularly valuable in oncology, neurology, and



cardiology, offering functional insights at the molecular level. By mapping areas with
increased metabolic activity, PET scans can identify tumors, assess brain function, and

evaluate cardiac conditions.

MRI (Magnetic Resonance Imaging): MRI employs strong magnetic fields and radio
waves to generate detailed images of soft tissues, organs, and musculoskeletal structures.
Unlike CT or X-ray, MRI does not use ionizing radiation, making it a preferred choice for
examining sensitive areas like the brain and spinal cord. Its superior soft-tissue contrast
resolution is invaluable in diagnosing tumors, neurological disorders, and musculoskeletal

injuries.

CT (Computed Tomography): CT scanning utilizes X-rays to produce cross-sectional
images of the body. It excels in capturing detailed images of bones, blood vessels, and organs
like the lungs and liver. CT's speed and precision make it indispensable in trauma cases,

acute abdominal conditions, and vascular evaluations.

Ultrasound: Ultrasound imaging, or sonography, employs high-frequency sound waves to
create real-time images of internal structures. Widely used in obstetrics, cardiology, and
abdominal imaging, ultrasound offers the advantage of being non-invasive and devoid of
ionizing radiation. Its portability and versatility make it a vital tool in critical care settings,

allowing for rapid assessments and interventions [6].

3.2. Comparative Analysis of Traditional vs. Emerging Imaging Modalities.

The choice of imaging modality often depends on the clinical question at hand, the anatomical

region of interest, and the patient's specific needs. A comparative analysis reveals distinct

advantages and trade-offs between traditional and emerging imaging techniques.

Resolution and Detail: While traditional X-rays and CT scans provide excellent detail of
bone structures, MRI and ultrasound offer superior soft-tissue visualization. Emerging
modalities like PET provide functional data, complementing anatomical insights with

metabolic information.

Radiation Exposure: A significant consideration in imaging is the potential risk associated

with ionizing radiation. Traditional X-rays and CT scans expose patients to radiation, albeit



in controlled doses. In contrast, MRI and ultrasound are radiation-free, enhancing safety

profiles, especially in pediatric and recurrent imaging scenarios.

o Contrast Agents and Tracers: Advanced imaging modalities often utilize contrast agents or
tracers to enhance visualization. While these agents can provide valuable diagnostic
information, they also introduce considerations related to allergic reactions, renal function,

and contraindications.
3.3. Benefits and Limitations of Each Modality in Critical Care Scenarios.

In critical care scenarios, rapid and accurate diagnosis is paramount, influencing patient
management and outcomes. Each imaging modality brings unique benefits and limitations to the
table.

e PET: In critical care, PET's ability to identify metabolic changes can be pivotal, especially in
oncological emergencies or assessing brain injuries. However, its limited availability, higher

cost, and the need for specialized radiotracers can be constraints.

« MRI: While MRI offers unparalleled soft-tissue contrast and is invaluable in conditions like
stroke or traumatic brain injury, its longer acquisition times and compatibility concerns (e.g.,

with metallic implants) can pose challenges in critical care settings [6], [7].

e CT: CT's speed and versatility make it a cornerstone in trauma and acute care. Its ability to
rapidly diagnose conditions like hemorrhage, pulmonary embolism, or abdominal
emergencies can be life-saving. However, its use of ionizing radiation necessitates judicious

application, especially in vulnerable populations.

« Ultrasound: In critical care, ultrasound's real-time imaging capabilities are indispensable.
From assessing cardiac function to guiding interventions like central line placements or
thoracentesis, ultrasound offers immediate insights at the bedside. However, its operator-

dependent nature and limited penetration in certain cases can be limitations.
4. Artificial Intelligence (Al) in Radiology

Artificial Intelligence (Al) has been making significant strides in various sectors, and its
application in radiology stands out as a testament to its transformative potential in healthcare. As



technology continues to advance, Al's role in radiological diagnostics becomes increasingly
indispensable. This section delves into the intricacies of Al in radiology, highlighting its

relevance, applications, and real-world impacts [8].
4.1. Overview of Al and its relevance in medical diagnostics.

Artificial Intelligence refers to the simulation of human intelligence processes by machines,
primarily through algorithms and deep learning models. In the context of radiology, Al
algorithms can analyze complex patterns in medical images with remarkable accuracy, often

surpassing human capabilities in certain tasks.

The relevance of Al in medical diagnostics, particularly in radiology, stems from its ability to
process vast amounts of data swiftly and identify subtle anomalies that might be challenging for
the human eye. Al-driven tools can enhance diagnostic accuracy, reduce interpretation errors,
and expedite patient care, making it a pivotal component in modern healthcare systems.

4.2. Applications of Al in radiology: Automated image analysis, predictive analytics, and

decision support.

« Automated Image Analysis: Al algorithms can analyze medical images, such as X-rays,
MRIs, and CT scans, to detect abnormalities, segment organs, and highlight areas of interest.
This automated analysis aids radiologists by providing preliminary findings, streamlining the

diagnostic process, and ensuring a more comprehensive evaluation.

« Predictive Analytics: By analyzing patient data and imaging results, Al can predict the
likelihood of certain conditions or diseases, facilitating early intervention and personalized
treatment plans. Predictive analytics can forecast disease progression, response to therapies,

and potential complications, enabling proactive healthcare management.

e Decision Support: Al-powered decision support systems provide radiologists with evidence-
based recommendations, clinical guidelines, and comparative analyses, aiding in diagnostic
dilemmas and complex case evaluations. These decision support tools enhance diagnostic

confidence, promote standardized practices, and optimize clinical outcomes.

4.3. Case studies illustrating Al's impact on improving diagnostic accuracy and efficiency.



Case Study 1: A renowned medical institution implemented an Al-driven image analysis
tool for chest X-rays, aiming to improve tuberculosis detection rates. The Al algorithm
analyzed subtle patterns indicative of tuberculosis, assisting radiologists in early
identification and intervention. As a result, the institution witnessed a significant increase in
detection rates and timely treatment initiation, underscoring Al's potential in combating

infectious diseases.

Case Study 2: In a multi-center trial, Al algorithms were employed to analyze brain MRI
scans for early detection of neurological disorders, such as Alzheimer's disease. The Al tool
identified intricate patterns and biomarkers associated with early-stage Alzheimer's,
facilitating timely diagnosis and intervention. The integration of Al-driven predictive
analytics enhanced patient outcomes, enabled personalized care strategies, and advanced

research endeavors.

Case Study 3: A comprehensive oncology center integrated Al-powered decision support
systems to assist radiologists in evaluating complex oncological imaging studies. The Al tool
provided comparative analyses, tumor metrics, and treatment recommendations based on
current guidelines and research findings. This decision support system enhanced diagnostic
accuracy, promoted evidence-based practices, and streamlined multidisciplinary

collaborations, exemplifying Al's role in modern oncological care [7].

5. Integration and Interoperability

The convergence of technology in healthcare has highlighted the importance of integration and

interoperability, especially in fields like radiology where timely and accurate diagnostics are

paramount. As radiology evolves with emerging technologies, ensuring seamless integration and

interoperability becomes crucial for optimizing patient care.

5.1. The role of integrated systems in facilitating seamless radiology workflows.

Integrated systems act as the backbone of modern radiology departments, streamlining processes

and enhancing efficiency. These systems enable radiologists to access patient data, imaging

results, and clinical histories from a unified platform, eliminating the need for fragmented

workflows.



Unified Access: Integrated systems provide a centralized platform where radiologists can
access all relevant information, ensuring quicker decision-making and reduced turnaround

times.

Enhanced Communication: By connecting various departments and stakeholders,
integrated systems foster improved communication, facilitating collaborative diagnostics and

multidisciplinary consultations.

Efficiency and Productivity: Automation of routine tasks, such as image retrieval and
report generation, allows radiologists to focus more on complex cases, thereby enhancing

productivity and overall workflow efficiency.

5.2. Challenges and considerations in integrating emerging technologies into existing

infrastructures.

While the integration of emerging technologies holds promise, it also presents several challenges

that healthcare institutions must navigate carefully [1], [7].

Compatibility Issues: Ensuring that new technologies are compatible with existing systems
and infrastructures can be challenging. Compatibility issues can hinder seamless integration,

leading to operational disruptions.

Data Security and Privacy: As systems become more interconnected, ensuring robust data
security and privacy measures becomes paramount. Healthcare institutions must prioritize

cybersecurity to protect patient data from potential breaches.

Training and Skill Development: The introduction of new technologies necessitates
continuous training and skill development for healthcare professionals. Ensuring that staff are

proficient in utilizing new systems is essential for maximizing their potential benefits.

5.3. Future trends: The potential of interconnected systems in revolutionizing critical care

diagnostics.

Looking ahead, the future of critical care diagnostics lies in interconnected systems that leverage

the power of emerging technologies to redefine patient care.



Predictive Analytics: Integrated systems equipped with artificial intelligence can analyze
vast datasets to predict potential health risks and outcomes, enabling proactive interventions

and personalized treatment plans.

Telemedicine and Remote Diagnostics: Interconnected systems facilitate remote
consultations and diagnostics, expanding access to specialized care and improving patient

outcomes, especially in underserved areas.

6. Clinical Implications and Patient Outcomes

In the dynamic landscape of medical advancements, the integration of radiological diagnostics

stands out as a pivotal force in reshaping clinical outcomes and patient care paradigms. This

section delves into the tangible benefits and multifaceted implications of advanced radiological

technologies in the realm of critical care [9].

6.1. Real-world examples showcasing improved patient outcomes due to advanced

radiological diagnostics.

The advent of sophisticated imaging modalities and Al-driven analysis has profoundly impacted

patient outcomes. For instance:

Early Detection of Pathologies: Advanced imaging techniques, such as MRI and CT scans,
enable clinicians to detect subtle abnormalities at their nascent stages. This early detection
often translates to timely interventions, thereby potentially altering the course of disease

progression.

Precision in Surgical Interventions: Radiological guidance, particularly in procedures like
biopsies or tumor resections, ensures enhanced precision. This minimizes the risk of
collateral damage to surrounding tissues, leading to faster recovery and improved post-

operative outcomes.

Optimized Treatment Plans: Radiological insights provide clinicians with a comprehensive
understanding of a patient's anatomical structures and disease extent. This enables the
formulation of tailored treatment plans, optimizing therapeutic efficacy while minimizing

adverse effects.



6.2. The economic implications: Cost-effectiveness and efficiency gains.

Beyond clinical outcomes, advanced radiological diagnostics present compelling economic

advantages:

e Reduction in Hospital Stay: Accurate and timely diagnostics often expedite treatment
initiation, leading to reduced hospitalization durations. This not only alleviates strain on
healthcare facilities but also translates to substantial cost savings for patients and healthcare

systems.

e Minimized Redundant Procedures: With precise imaging, the need for repeated diagnostic
interventions diminishes, curbing unnecessary healthcare expenditures and minimizing

patient discomfort.

e Resource Optimization: Efficient radiological workflows, bolstered by Al-driven
automation, enhance resource allocation. This ensures that healthcare facilities can operate at
optimal capacities, offering timely services to a broader patient demographic without

compromising on quality.
6.3. Ethical considerations: Ensuring patient privacy and maintaining diagnostic accuracy.

While the advancements in radiological diagnostics herald transformative benefits, they also

underscore critical ethical imperatives:

o Patient Privacy Concerns: As imaging datasets become more intricate and expansive,
ensuring robust data privacy safeguards is paramount. Healthcare institutions must prioritize
the implementation of stringent data encryption, access controls, and patient consent

mechanisms to uphold patient confidentiality.

o Diagnostic Accuracy and Transparency: As Al assumes a more prominent role in
radiological analyses, maintaining diagnostic accuracy is pivotal. Clinicians must be vigilant
in validating Al-generated insights, ensuring that algorithmic predictions align with clinical
realities. Transparent communication with patients regarding the potential limitations and
uncertainties associated with Al-assisted diagnostics is equally crucial, fostering trust and

informed decision-making.



7. Future Directions and Challenges

The future of radiology in critical care promises to be both exciting and challenging, driven by
rapid technological advancements and the evolving landscape of patient care needs. This section
delves into the anticipated trajectory of radiology, the hurdles that lie ahead, and the importance

of interdisciplinary collaboration in navigating this dynamic landscape [1], [10].

7.1. Predictions for the Future Trajectory of Radiology in Critical Care With the continuous
integration of artificial intelligence, advancements in imaging modalities, and the potential for
real-time diagnostics, radiology is poised to play an even more pivotal role in critical care

settings. It is anticipated that:

e 7.1.1. Al-driven algorithms will become more sophisticated, enabling quicker and more

accurate diagnoses, thereby optimizing patient outcomes.

e 7.1.2. The development of hybrid imaging systems will provide comprehensive insights into

complex critical care scenarios, combining the strengths of various imaging modalities.

e 7.1.3. Tele-radiology and remote imaging interpretation will become more prevalent,

facilitating timely diagnoses across diverse healthcare settings and geographical locations.

7.2. Addressing Challenges: Training, Resource Allocation, and Technological Barriers As
radiology evolves, several challenges must be addressed to ensure its effective integration into

critical care:

e 7.2.1. Training: There is a pressing need for continuous training programs to equip
radiologists with the skills required to harness emerging technologies effectively. This
includes understanding Al algorithms, interpreting complex hybrid imaging data, and

ensuring ethical considerations in tele-radiology practices.

e 7.2.2. Resource Allocation: The integration of advanced imaging systems requires
significant investment in infrastructure and equipment. Balancing the allocation of resources

to ensure equitable access and optimal utilization is essential.



e 7.2.3. Technological Barriers: As with any technological advancement, radiology faces
challenges related to interoperability, data security, and system reliability. Addressing these

barriers is crucial to ensure seamless integration and maintain patient trust.

7.3. The Role of Interdisciplinary Collaboration in Harnessing the Full Potential of
Emerging Technologies Interdisciplinary collaboration emerges as a cornerstone in leveraging

the full potential of radiology advancements in critical care:

e 7.3.1. Collaborative Approaches: Radiologists, clinicians, technologists, and Al specialists
must collaborate closely to develop and implement innovative solutions tailored to critical

care needs.

e 7.3.2. Knowledge Sharing: Establishing platforms for knowledge exchange and collaboration

fosters a shared understanding of challenges and facilitates the co-creation of solutions.

o 7.3.3. Patient-Centered Care: Interdisciplinary collaboration ensures a holistic approach to
patient care, integrating radiological insights with clinical expertise to deliver personalized

and timely interventions [10].
Conclusion

In the culmination of our exploration into "Frontiers Unveiled: Radiology's Pioneering Role in
Critical Care Diagnostics through Emerging Technologies and Innovations,"” the profound impact
of radiology in the realm of critical care diagnostics emerges as a transformative force. The
journey through emerging technologies and innovative approaches underscores the pivotal role
that radiologists play in shaping the future of diagnostic precision, particularly in high-stakes
critical care scenarios. The integration of cutting-edge technologies, such as artificial intelligence
(Al) and advanced imaging modalities, heralds a new era where radiology stands at the forefront
of diagnostic excellence. This intersection of technology and medical expertise is poised to
redefine the standards of care, offering a glimpse into a future where timely and accurate
diagnostics are not only desired but become the cornerstone of effective critical care

interventions.

The revelation of frontiers in critical care diagnostics signifies a paradigm shift, and at the heart
of this shift is the pioneering role of radiology. The marriage of Al-powered diagnostic tools



with the nuanced interpretation skills of radiologists enhances the diagnostic precision, enabling
timely interventions that can significantly alter patient outcomes. This integration is not merely
about adopting new technologies but fundamentally transforming the diagnostic landscape to
meet the unique demands of critical care. As highlighted in this exploration, the collaboration
between radiology and critical care is marked by a dynamic synergy. The continuous evolution
of imaging technologies and the incorporation of Al-driven analytics empower radiologists to
navigate complexities in critical care scenarios with unprecedented clarity and speed. The
insights derived from imaging studies become not only diagnostic but prognostic, guiding

clinicians in making informed decisions that are crucial in time-sensitive medical situations.

Looking forward, the conclusion drawn from this exploration is one of optimism and
anticipation. The evolving landscape of radiology and emerging technologies promises to
reshape the future of critical care diagnostics. Radiologists, armed with advanced tools and a
commitment to continual learning, are positioned to drive innovation in diagnostics, pushing the
boundaries of what is achievable in the realm of critical care. The transformative potential of
radiology in critical care diagnostics beckons for ongoing collaboration, exploration, and
innovation. It is a call to healthcare institutions to invest in technological infrastructure, training,
and interdisciplinary communication to maximize the benefits of these emerging technologies.
Radiologists, equipped with a pioneering spirit, are poised to lead the charge in navigating the
uncharted territories of critical care diagnostics. In essence, the conclusion underscores the
potential for radiology to be a guiding light in critical care scenarios, where each diagnostic
image becomes a key to unlocking timely and precise interventions. The frontiers unveiled in
this exploration are not just a testament to technological progress but a proclamation of
radiology's enduring commitment to advancing patient care, particularly in moments where

every second counts.
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