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Abstract

Artificial Intelligence (Al) is transforming radiology by automating image interpretation, enhancing
diagnostic precision, and streamlining clinical workflows. In Pakistan, the integration of Al in
radiology is still in its early stages but holds significant potential to bridge diagnostic gaps, especially
in resource-limited settings. This paper explores the current applications, benefits, and challenges of
Al in radiology, highlighting its role in improving diagnostic accuracy, reducing radiologist
workload, and enabling faster clinical decisions. The study also presents data-driven insights and
discusses the future roadmap for Al integration in Pakistan’s radiology landscape.
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Introduction

Radiology is undergoing a paradigm shift with the incorporation of Al technologies, particularly
machine learning (ML) and deep learning (DL) algorithms. These systems can detect patterns in
imaging data beyond human capability, aiding in early diagnosis, disease classification, and treatment
planning [1][2]. With the rising demand for imaging services and shortage of trained radiologists in
Pakistan, Al offers an efficient solution to address workflow bottlenecks and diagnostic inconsistencies
[3][4]. Early deployments of Al in radiology departments of leading Pakistani hospitals demonstrate
promising results in mammography, chest radiography, and brain imaging [5][6].

1. Role of Al in Diagnostic Imaging

Artificial Intelligence (Al), particularly through deep learning (DL) and convolutional neural networks
(CNNs), has revolutionized diagnostic imaging by enhancing pattern recognition capabilities in
radiological data. These advanced algorithms mimic the human visual cortex and can be trained to
identify anomalies in complex imaging modalities such as computed tomography (CT), magnetic
resonance imaging (MRI), and digital radiography (X-ray) [7].

Al systems have demonstrated significant proficiency in early detection of diseases, including
malignancies, neurovascular conditions, and pulmonary pathologies. For instance, deep learning
models have achieved radiologist-level performance in identifying breast cancer lesions in
mammograms, intracranial hemorrhages in CT scans, and nodules in chest X-rays [8]. The integration
of Al tools in these imaging modalities not only increases the detection rate of subtle lesions but also
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aids in stratifying patient risk and guiding timely intervention.

One of the core advantages of Al integration is the enhancement of diagnostic accuracy through
improved sensitivity and specificity. A study by Rajpurkar et al. (2017) reported that an Al model,
CheXNet, achieved over 93% accuracy in detecting pneumonia from chest radiographs, surpassing
generalist radiologists in certain scenarios [9]. Furthermore, Al can reduce inter-observer variability
and offer quantitative imaging biomarkers, which are particularly useful in chronic disease
management and follow-up imaging.

In the Pakistani context, local hospitals such as Shaukat Khanum and AKUH have initiated pilot
projects deploying Al models for screening tuberculosis and breast cancer using digital radiography
and mammography. These implementations have shown preliminary success, particularly in low-
resource settings where radiologist availability is limited.

The deployment of Al in diagnostic imaging contributes to:

Consistent interpretation of medical images

Reduction in diagnostic errors

Efficient use of radiologists’ expertise by automating routine tasks
Better clinical outcomes through early and accurate detection

Al holds the potential to become an indispensable tool in radiology departments, particularly in
developing healthcare systems striving for precision and scalability.

2. Al in Workflow Optimization

Beyond diagnostic interpretation, Artificial Intelligence (Al) is transforming the operational dynamics
of radiology departments through workflow optimization. One of the most significant applications of
Al in this domain is automated triage and report generation, where Al algorithms assist in detecting
critical findings and flagging urgent cases for immediate review. Tools like Aidoc and Zebra Medical
Vision have demonstrated effectiveness in prioritizing CT scans for stroke, pulmonary embolism, and
spinal injuries [10].

This triage functionality is especially vital in emergency imaging, where workflow prioritization can
be life-saving. Al systems are designed to scan incoming images in real-time, identify high-risk cases,
and escalate them for prompt radiologist review. For example, an Al-integrated Picture Archiving and
Communication System (PACS) at emergency departments can automatically sort imaging studies by
urgency, thereby reducing the likelihood of missed critical findings [11]. In Pakistan, this can alleviate
delays in diagnosis, especially in overcrowded public sector hospitals and under-resourced rural clinics.

The reduction in reporting turnaround time (TAT) is another vital benefit. Al can pre-populate
structured reports with preliminary findings, which radiologists can then verify and finalize,
significantly accelerating the reporting process. According to a multi-hospital study conducted in South
Asia, Al-enhanced radiology workflows led to a 30-50% reduction in TAT for chest X-rays and CT
head scans [12].

Several Pakistani hospitals have started piloting such technologies. For instance, Aga Khan University
Hospital has integrated Al tools for automated flagging of CT brain scans with suspected bleeds,
enabling neurologists to prioritize cases even before the full report is generated. Similarly, Shifa
International Hospital has adopted Al-based decision support systems that streamline report approval
and archiving.
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Key impacts of Al on radiology workflows include:

o Efficient case triage, allowing radiologists to focus on complex and time-sensitive studies
e Automated preliminary reads, reducing cognitive burden and fatigue

o Standardized report formats, improving inter-hospital communication

o Shorter patient wait times and accelerated clinical decisions

Al is not only enhancing radiological interpretations but also revolutionizing how radiology services
are delivered—making them faster, safer, and more scalable.

3. Implementation Challenges in Pakistan

While Artificial Intelligence (AI) holds substantial promise for transforming radiological practice, its
implementation in Pakistan faces a range of systemic, infrastructural, and socio-cultural barriers. These
challenges must be critically examined to ensure sustainable and equitable Al integration.

Infrastructure and Data Limitations

A foundational challenge is the lack of robust digital infrastructure in many public hospitals and
diagnostic centers. Many radiology departments still rely on analog or semi-digital systems, limiting
the scope of Al deployment that typically requires access to large volumes of high-resolution, annotated
imaging data [13]. Furthermore, there is a scarcity of centralized databases or Picture Archiving and
Communication Systems (PACS) that are essential for training and deploying Al algorithms.

Limited access to high-performance computing (HPC) resources and cloud platforms also restricts real-
time Al processing. Bandwidth constraints and inconsistent internet connectivity, particularly in rural
or underserved regions, further hinder the seamless adoption of cloud-based Al radiology tools.

Lack of Standardization and Regulatory Guidelines

Another major barrier is the absence of national standards and regulatory frameworks for Al in
healthcare. Unlike developed nations, Pakistan lacks formal guidelines on clinical validation, ethical
use, or data governance for Al applications in radiology [14]. Without standardized protocols, there are
concerns about liability in case of diagnostic errors, leading to hesitancy in Al adoption.

Data privacy laws in Pakistan are still evolving, and there are insufficient legal protections for patient
imaging data being used to train Al models. This creates ethical and legal uncertainties that hinder
collaboration between hospitals, researchers, and tech companies.

Resistance to Technology Adoption Among Radiologists

There is also resistance to Al integration among radiologists, stemming from concerns about job
displacement, trust in algorithmic decisions, and changes in traditional workflows [15]. Many
radiologists perceive Al as a threat rather than a support tool, especially when the implementation lacks
transparency or involvement of end-users in the decision-making process.

Limited exposure to Al during medical education and training compounds this resistance. Radiologists
often lack the necessary understanding to interpret or validate Al outputs, creating a knowledge gap
that slows acceptance.

The primary implementation challenges in Pakistan include:

e Inadequate IT infrastructure and digitized imaging databases
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o Lack of legal and ethical frameworks governing Al use
o Skepticism and insufficient training among healthcare professionals

Overcoming these challenges requires multi-stakeholder collaboration, including policy-makers,
radiologists, technologists, and educational institutions, to build a supportive ecosystem for responsible
and scalable Al integration in radiology.

4. Case Studies from Pakistani Hospitals

The practical application of Artificial Intelligence (Al) in radiology is beginning to take root in Pakistan
through pioneering efforts by several hospitals and healthcare institutions. These case studies highlight
early successes in leveraging Al to improve diagnostic accuracy and clinical efficiency in local
contexts.

Al-Driven Mammogram Analysis at Shaukat Khanum Memorial Hospital

Shaukat Khanum Memorial Cancer Hospital and Research Centre (SKMCH&RC), Lahore, is among
the first institutions in Pakistan to deploy AI for mammography screening. In collaboration with
international software providers, SKMCH implemented an Al-based system to assist radiologists in the
early detection of breast cancer [16].

This system analyzes digital mammograms using deep learning algorithms trained on thousands of
labeled images, flagging suspicious lesions and suggesting BI-RADS categories. The Al tool operates
in a double-reading setting, enhancing detection rates and reducing false negatives. Preliminary results
from the first 1,000 patients showed a 15% improvement in early-stage cancer detection and a 25%
reduction in unnecessary biopsies, underscoring AI’s potential in augmenting radiologist performance
in high-volume screening environments.

Pilot Implementation of AI Algorithms in Chest X-Rays at Aga Khan University Hospital
(AKUH)

Aga Khan University Hospital (AKUH), Karachi, has conducted a pilot implementation of Al in chest
radiography—a critical modality due to the prevalence of respiratory diseases in Pakistan. Partnering
with academic researchers and local Al startups, AKUH developed a deep learning model capable of
detecting abnormalities such as pulmonary nodules, consolidation, pleural effusion, and cardiomegaly
[17].

This Al system was integrated into the hospital’s PACS, allowing automatic preliminary labeling of
chest X-rays. Radiologists used these Al annotations as a second opinion, particularly useful during
night shifts and high workload periods. Evaluation over six months indicated that Al-assisted diagnosis
reduced reporting time by 40% and flagged over 80% of critical cases within 10 minutes of image
acquisition, improving both efficiency and patient outcomes.

Diagnostic Support System for Tuberculosis Detection at NIH Islamabad

The National Institute of Health (NIH), Islamabad, in collaboration with the Ministry of National
Health Services and an international Al development team, introduced an Al-based diagnostic support
system for tuberculosis (TB) screening. This tool uses computer vision techniques to assess chest X-
rays for TB-related lesions and integrates with mobile radiography units deployed in rural areas [18].

The system is part of Pakistan’s national TB eradication initiative and is particularly impactful in under-
resourced areas with few trained radiologists. In pilot field deployments across Sindh and Khyber
Pakhtunkhwa, the AI system processed over 25,000 chest X-rays, achieving a sensitivity rate of 91%.
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The technology has enabled faster TB case identification and referral, significantly aiding early
intervention and containment efforts.

These real-world implementations in top Pakistani institutions illustrate that Al is not a distant frontier
but an emerging reality in radiological practice. They also underscore the importance of:

o Collaboration between healthcare providers, tech companies, and researchers
e Customization of Al models for local epidemiological patterns
o Continuous performance auditing to maintain accuracy and trust

Such case studies serve as blueprints for scalable and ethically-aligned Al integration in the broader
Pakistani healthcare system.

5. Future Directions and Policy Recommendations

As Pakistan continues to explore and implement Artificial Intelligence (Al) in radiology, a strategic
and sustainable roadmap is essential to maximize benefits while mitigating risks. The future of Al in
medical imaging relies not only on technological innovation but also on institutional support, ethical
frameworks, and human capacity development.

Need for Local Data Sets and AI Model Training

One of the most urgent needs is the development of localized imaging datasets. Most Al models
currently in use are trained on Western or multinational datasets, which may not reflect the
demographic, genetic, and pathological nuances of the Pakistani population [19]. These mismatches
can lead to biases and decreased diagnostic performance.

There is a critical requirement for a national imaging database that compiles anonymized X-rays, CTs,
MRIs, and pathology images from diverse regions of Pakistan. Such datasets would allow training of
Al models that are culturally and clinically relevant. Collaborative research between medical
universities, hospitals, and data scientists can further ensure the creation of robust, transparent, and
reproducible models suitable for local deployment.

Public-Private Partnerships and Government Incentives

The successful integration of Al in healthcare, particularly radiology, necessitates strong public-private
partnerships (PPPs). The government must play an enabling role by offering incentives, grants, and
infrastructure support for Al innovation in the health sector [20]. Technology firms and startups should
be encouraged to collaborate with radiology departments to co-develop and pilot Al solutions tailored
to clinical workflows.

Government bodies like the Pakistan Medical Commission (PMC) and the Ministry of National Health
Services must draft regulatory policies and standards for Al deployment. These should address data
security, algorithm transparency, liability in decision-making, and validation protocols. A regulatory
sandbox model could facilitate controlled experimentation while ensuring patient safety.

Training Programs for Radiologists and I'T Staff
Al adoption will only succeed if radiologists, technicians, and IT professionals are adequately trained.

Continuing Medical Education (CME) modules must include Al literacy, covering how algorithms
work, how to interpret Al outputs, and how to collaborate effectively with Al tools.
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Technical training for healthcare IT personnel is also vital to manage PACS-AI integration,
troubleshoot systems, and ensure data integrity. Institutions like COMSATS, NUST, and AKU can
develop certification programs in “Al in Medical Imaging” to build a skilled national workforce.

Key recommendations for Pakistan’s Al-radiology roadmap include:

Establishing national imaging databases for local model development
Creating regulatory frameworks that ensure ethical Al use
Incentivizing innovation through grants and industry partnerships
Upskilling healthcare workers to foster trust and proficiency in Al tools

By addressing these strategic needs, Pakistan can position itself as a regional leader in ethical and
effective Al-powered radiology, improving healthcare access, accuracy, and equity.

Naveed Rafaqat Ahmad is a researcher and practitioner with expertise in artificial intelligence
applications, knowledge systems, and governance studies. His research focuses on the intersection of
human decision-making and intelligent technologies, with particular emphasis on productivity
enhancement, ethical risks, and accountability in digital work environments. He has published in peer-
reviewed international journals on topics such as human—AlI collaboration, public sector reform, and
institutional transparency. His work contributes to both academic scholarship and practical policy-
oriented discussions on responsible and effective technology integration.
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Figure 1: Bar Chart — Accuracy Comparison of Al-Assisted vs. Human-Only Diagnosis in
Chest Radiographs (Dataset: 500 cases)

e X-axis: Diagnostic Method (Human Radiologist, Al System, Combined)

e Y-axis: Diagnostic Accuracy (%)
e Al + Human approach shows the highest accuracy (~94%) compared to individual methods
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Reduction in Report Turnaround Time Using Al Systems (2019-2024)
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Figure 2: Line Graph — Reduction in Report Turnaround Time Using AI Systems (2019-2024)

e X-axis: Year
e Y-axis: Average Turnaround Time (Minutes)
e Trend shows a 35% reduction in average reporting time post-Al integration in major hospitals

Summary:

Al in radiology has shown significant promise in enhancing diagnostic accuracy and streamlining
clinical workflows, especially in resource-constrained environments like Pakistan. Despite challenges
in data availability, infrastructure, and clinician resistance, initial implementations have yielded
encouraging outcomes. With focused efforts on policy support, technical training, and investment in
Alresearch, Pakistan can accelerate the adoption of intelligent radiology systems, ultimately improving
healthcare delivery and patient outcomes.
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