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Abstract

Healthcare Al infrastructure presents unique technical challenges that distingui

from general enterprise Al deployment. This essay examines the critical bottlene



in scaling clinical AI systems, focusing on inference cost optimization, multimoc
evaluation frameworks, synthetic data generation for rare diseases, and the com;
tradeoffs between on-premises and cloud deployment models. Through analysis
real-world case studies and emerging technical approaches, we explore why heal
Al requires fundamentally different infrastructure decisions than consumer or

enterprise Al applications. Key findings include the disproportionate impact of
inference costs on clinical workflows, the inadequacy of standard NLP evaluatio
metrics for healthcare applications, and the emerging role of synthetic data in

addressing rare disease modeling challenges.

Introduction: The Healthcare Al
Infrastructure Paradox

The healthcare Al infrastructure landscape presents a fascinating paradox that |
profound implications for how we architect clinical Al systems. While consumei
applications can tolerate occasional hallucinations or processing delays, healthc:
applications operate under constraints that fundamentally alter the optimizatior
landscape. The intersection of Al scaling challenges with healthcare's unique

requirements creates technical bottlenecks that are invisible in other domains b

become critical failure points in clinical settings.

Consider the seemingly simple task of implementing clinical note summarizatio
across a health system. In the consumer world, a delay of several seconds in gene
a summary might be barely noticeable. In a clinical setting, however, that same d
occurs within the context of a physician who sees thirty patients per day and spe
already overwhelming amounts of time on documentation. The infrastructure

decisions that enable sub-second response times suddenly become the difference

between adoption and abandonment of the Al system entirely.

This infrastructure challenge extends far beyond latency optimization. Healthca
systems must navigate a complex web of regulatory requirements, privacy constr
data heterogeneity, and safety considerations that create unique technical

requirements. The result is an optimization landscape where traditional Al



infrastructure approaches often fall short, requiring novel solutions that balance

performance, compliance, cost, and clinical utility.

The stakes of getting healthcare Al infrastructure right extend beyond technical
elegance or cost optimization. Poor infrastructure decisions can directly impact
patient care, physician burnout, and the broader adoption of Al technologies th:
have the potential to transform healthcare delivery. Understanding these

infrastructure bottlenecks is therefore not merely a technical exercise but a criti

component of successful healthcare AI deployment.

The Economics of Clinical LLM Inferenc
Why Every Token Matters

The economics of large language model inference in healthcare settings reveal c:
structures that are fundamentally different from other Al applications. While
consumer applications can amortize inference costs across millions of users witt
relatively standardized interaction patterns, clinical applications face unique

economic pressures that make traditional scaling approaches inadequate.

The primary driver of these economic differences lies in the nature of clinical de
and workflows. Clinical prompts often require extensive context windows to
incorporate relevant patient history, laboratory results, medication lists, and pre
clinical notes. A typical clinical decision support query might require a context
window of 32,000 to 128,000 tokens, compared to the few hundred tokens commr
consumer applications. This dramatic increase in context size has profound
implications for inference costs, as the computational requirements scale roughl

quadratically with context length in transformer architectures.

The batch processing efficiencies that drive down per-query costs in consumer
applications are largely unavailable in clinical settings. Healthcare workflows ar
inherently real-time and patient-specific, requiring immediate responses that
preclude the batching strategies used to optimize inference costs in other domai

physician reviewing a patient chart needs decision support recommendations



immediately, not after the system has accumulated enough similar queries to fill

optimal batch size.

Hardware selection for clinical LLM deployment presents complex tradeoffs bet
cost, performance, and compliance requirements. While cloud-based GPU clust:
offer superior cost efficiency for most Al applications, healthcare systems often

require on-premises deployment to meet regulatory and privacy requirements. T
constraint forces healthcare organizations to make suboptimal hardware choices
a pure cost perspective, often settling for smaller A100 clusters or even CPU-ba:

inference when the ideal solution would involve large-scale H100 deployments.

The comparison between fine-tuning strategies and prompt engineering approac
healthcare reveals another layer of economic complexity. Parameter-efficient fin
tuning methods like Low-Rank Adaptation (LoRA) and Quantized LoRA (QLoR:
significantly improve model performance on healthcare-specific tasks while redt
inference costs through smaller model sizes. However, the regulatory pathway fc
deploying fine-tuned models in clinical settings is significantly more complex th
using general-purpose models with careful prompt engineering. This regulatory
overhead creates a hidden cost that often makes prompt engineering approaches

attractive despite their higher per-query inference costs.

Latency requirements in healthcare applications create additional economic pre
that are often underestimated in infrastructure planning. Interactive clinical
applications such as real-time decision support or chart summarization require
response times measured in hundreds of milliseconds, not seconds. Achieving tt
latency targets often requires maintaining idle GPU capacity and implementing
sophisticated caching strategies that increase infrastructure costs but are essent

clinical adoption.

Model distillation presents a particularly promising approach for managing

healthcare Al inference costs while meeting latency requirements. By training si
specialized models to mimic the behavior of larger general-purpose LLMs on sp:
clinical tasks, healthcare organizations can achieve significant cost reductions w

maintaining clinical performance. However, the validation requirements for dist



models in healthcare settings are more stringent than in other domains, requirir
extensive testing to ensure that the distillation process has not introduced clinic

significant errors.

Quantization strategies offer another path to cost optimization, but healthcare
applications present unique considerations. While INT8 quantization can reduc
inference costs by 50 percent or more, the potential for quantization to introduc
subtle errors in clinical reasoning creates risk profiles that are unacceptable in r
healthcare applications. The development of healthcare-specific quantization
approaches that preserve clinical accuracy while achieving cost benefits represer

active area of research and development.

The emergence of speculative decoding techniques offers promise for reducing

inference costs in healthcare applications while maintaining response quality. B’
using smaller, faster models to generate candidate tokens that are then validated
larger models, speculative decoding can significantly reduce the computational

requirements for generating high-quality clinical text. However, the implementa
of speculative decoding in healthcare settings requires careful consideration of 1
error propagation characteristics and the potential for the smaller model to intr:

clinically problematic suggestions.

Multimodal Evaluation in Healthcare:
Beyond Standard NLP Metrics

Healthcare Al systems increasingly operate across multiple data modalities,

combining structured electronic health record data, unstructured clinical notes,
medical imaging, physiological waveforms, and genomic information. This multi
nature creates evaluation challenges that extend far beyond the metrics common

used in natural language processing applications.

Traditional NLP evaluation metrics such as BLEU, ROUGE, and perplexity scor:
provide limited insight into the clinical utility of healthcare AI systems. A clinic
note summarization system might achieve excellent ROUGE scores while introd

subtle clinical inaccuracies that could impact patient care. The development of



healthcare-specific evaluation frameworks requires metrics that capture clinical
factuality, decision impact, and the complex interactions between different data

modalities.

Clinical factuality scoring represents one of the most significant challenges in

healthcare Al evaluation. Unlike general domain text generation where factual e
might be inconsequential, clinical applications require near-perfect accuracy in
medical facts, dosage information, and diagnostic reasoning. Current approache
clinical factuality evaluation often rely on expert physician review, which is expe
and difficult to scale. Automated approaches using medical knowledge graphs ai
clinical ontologies show promise but struggle with the nuanced reasoning requis

for complex clinical scenarios.

The propagation of errors across modalities presents another evaluation challen,
unique to healthcare Al systems. A radiology report generation system that
misinterprets an imaging finding can propagate that error to downstream clinic:
decision support systems, potentially amplifying the impact of the initial error.
Evaluation frameworks must therefore consider not only the accuracy of individ

modalities but also the robustness of the system to cross-modal error propagatic

Emerging benchmark datasets such as MedMCQA, MedQA-USMLE, and PubM;
provide standardized evaluation targets for healthcare Al systems, but these
benchmarks have significant limitations when compared to real-world clinical
deployment scenarios. Medical board examination questions, while challenging,
not capture the messiness and ambiguity of real clinical data. Patient records co
incomplete information, conflicting data sources, and temporal dependencies th

poorly represented in current benchmark datasets.

The development of robust evaluation frameworks for multimodal healthcare Al
requires adversarial testing approaches that are specifically designed for clinical
applications. Clinical data contains numerous potential sources of noise and err:
including misspellings in clinical notes, non-standard abbreviations, OCR error;

scanned documents, and artifacts in medical imaging. Evaluation frameworks m



assess system performance under these realistic conditions rather than relying s

on clean, curated datasets.

Cross-modal robustness testing presents particular challenges in healthcare Al

evaluation. Medical imaging systems must be evaluated not only for their ability
accurately interpret images but also for their robustness to variations in imaging
protocols, equipment differences, and patient positioning. Similarly, clinical texi
processing systems must handle the wide variation in clinical documentation pr:

across different institutions and specialties.

The temporal dimension of healthcare data creates additional evaluation comple
that are often overlooked in standard AI evaluation approaches. Clinical decisio:
support systems must reason about longitudinal patient data, understanding hos
patient conditions evolve over time and how previous interventions have affectec
current status. Evaluation frameworks must therefore assess not only point-in-ti
accuracy but also the system's ability to maintain coherent reasoning across tem

sequences.

The integration of genomic data into multimodal healthcare Al systems presents
unique evaluation challenges that are still being developed. Genomic informatio
interacts with clinical data in complex ways, and the interpretation of genomic
variants requires specialized knowledge that differs significantly from other
healthcare data modalities. Evaluation frameworks must assess the system's abil
appropriately integrate genomic information with clinical data while avoiding

oversimplification of complex gene-environment interactions.

Privacy-preserving evaluation techniques are becoming increasingly important a
healthcare Al systems handle sensitive patient data. Federated evaluation appro:
allow for the assessment of system performance across multiple institutions witl
requiring the sharing of patient data. However, these approaches introduce theii
technical challenges, including ensuring consistent evaluation protocols across s

and managing the communication overhead of distributed evaluation.



Synthetic Data Generation for Rare
Disease Modeling

Rare disease modeling presents one of the most significant challenges in healthc
Al where traditional data-driven approaches fail due to insufficient sample size
With over seven thousand known rare diseases affecting more than four hundrec
million people worldwide, the development of Al systems for rare disease diagnc

and treatment requires innovative approaches to data scarcity.

The fundamental challenge in rare disease Al stems from the statistical requirer
of deep learning models, which typically require thousands or tens of thousands
examples to achieve robust performance. For diseases that affect fewer than one
thousand individuals, assembling sufficient training data from any single institu
is often impossible. Even large academic medical centers may see only a handful
cases of specific rare diseases over many years, making traditional supervised lec

approaches impractical.

Synthetic data generation has emerged as a promising approach to address these
scarcity challenges, but the application of synthetic data techniques to healthcar
requires careful consideration of domain-specific requirements. Unlike syntheti
for computer vision applications, which primarily needs to capture visual realisr
healthcare synthetic data must preserve complex statistical relationships betwee
clinical variables while maintaining plausible temporal dynamics and causal

structures.

Generative adversarial networks (GANs) have shown promise for generating syn
medical imaging data, particularly for rare conditions where imaging findings ar
distinctive but uncommon. In ophthalmology, GANs have been successfully usec
generate synthetic retinal images for rare retinal dystrophies, enabling the train
diagnostic models that would otherwise be impossible to develop. Similarly, diff
models have demonstrated the ability to generate high-quality synthetic MRI im
for rare neurological conditions, preserving the subtle imaging features that are

critical for accurate diagnosis.



The generation of synthetic electronic health record data presents more comple:
challenges than imaging applications. EHR data contains intricate relationships
between demographics, laboratory values, medications, procedures, and outcom
must be preserved in synthetic data to maintain clinical utility. Variational
autoencoders have shown promise for generating synthetic longitudinal EHR
trajectories that preserve these complex relationships while providing sufficient

diversity for model training.

Large language models fine-tuned on clinical notes have demonstrated the abilit
generate synthetic clinical documentation for rare diseases. These approaches c:
produce clinically plausible narratives that capture the presentation patterns an
clinical reasoning associated with rare conditions. However, the validation of
synthetic clinical notes requires expert review to ensure that the generated text
maintains clinical accuracy and does not introduce potentially harmful

misinformation.

The validation of synthetic healthcare data requires specialized frameworks that
beyond traditional distributional similarity metrics. While synthetic data shoulc
match the statistical properties of real data, it must also preserve the clinical

meaningfulness of the relationships between variables. This requirement has lec
the development of clinical utility metrics that assess whether models trained or
synthetic data can achieve comparable performance to those trained on real data

evaluated on held-out real datasets.

Privacy considerations in synthetic data generation for healthcare are particular
complex due to the sensitive nature of medical information and the potential for
membership inference attacks. Even synthetic data that appears to protect indiv
privacy may inadvertently encode information that could be used to infer the pr«
of specific patients in the training dataset. This risk is particularly acute for rare

diseases, where the small number of cases may make individual patients more

identifiable.

The regulatory pathway for Al systems trained on synthetic data presents additi

challenges in healthcare applications. While synthetic data can enable model



development in data-scarce scenarios, regulatory agencies require evidence that
synthetic data-trained models perform safely and effectively on real patient
populations. This requirement creates a validation burden that must be carefull

managed to realize the benefits of synthetic data approaches.

Federated learning approaches combined with synthetic data generation offer
promising solutions for rare disease modeling across multiple institutions. By tr
synthetic data generation models on distributed datasets without requiring data
sharing, federated approaches can leverage larger effective sample sizes while
maintaining privacy constraints. However, the technical complexity of implemen
federated synthetic data generation systems presents significant infrastructure

challenges.

The quality assessment of synthetic data for rare diseases requires domain exper
that is often limited. Rare disease specialists who can validate the clinical accure
synthetic data are themselves rare, creating bottlenecks in the development and
validation of synthetic data approaches. This scarcity of validation expertise

necessitates the development of automated quality assessment techniques that ¢

flag potentially problematic synthetic examples for expert review.

On-Premises versus Cloud Deployment
The Compliance-Performance Tension

The deployment architecture decision for healthcare Al systems involves comple
tradeoffs between performance, cost, compliance, and operational complexity th
unique to the healthcare domain. Unlike other industries where cloud deployme
often the clear choice for Al applications, healthcare organizations must navigat
regulatory requirements and privacy constraints that significantly complicate

infrastructure decisions.

HIPAA compliance requirements create the most immediate constraint on deplo
architecture choices for healthcare Al systems. While cloud providers offer HIP;
compliant services, many healthcare organizations remain cautious about proces

patient data in cloud environments due to concerns about data residency, access



controls, and potential security breaches. These concerns often drive organizatic
toward on-premises deployment despite the significant performance and cost

disadvantages compared to cloud alternatives.

The FDA's Software as Medical Device (SaMD) regulatory pathway adds another
of complexity to deployment decisions. Al systems that provide clinical decision
support or diagnostic recommendations may require FDA approval, and the

regulatory submission must specify the deployment environment and infrastruci
requirements. Changes to the deployment architecture after regulatory approval
require additional submissions, creating lock-in effects that reduce deployment

flexibility.

Cloud deployment offers significant advantages for healthcare Al applications,
particularly in terms of scalability and access to specialized hardware. Major clo
providers offer managed GPU services that can automatically scale based on den
enabling healthcare organizations to access high-performance computing resour
without the capital expenditure and operational overhead of maintaining their o
GPU clusters. These managed services also provide access to the latest GPU
architectures and optimization software that would be difficult for individual

healthcare organizations to maintain independently.

The economic advantages of cloud deployment are particularly pronounced for
healthcare AT applications with variable demand patterns. Many clinical Al use
experience significant temporal variation in usage, with higher demand during
business hours and lower demand during nights and weekends. Cloud deployme
enables healthcare organizations to pay only for the computing resources they a

use, rather than maintaining sufficient on-premises capacity for peak demand pe

However, on-premises deployment offers advantages that are particularly valuab
healthcare settings. The lower latency of on-premises systems can be critical for
time clinical applications, where response times measured in milliseconds can ir
clinical workflow adoption. Integration with existing electronic health record sy
is often simpler with on-premises deployment, as it eliminates the need to mana,

secure connections between cloud services and on-premises clinical systems.



The emergence of confidential computing technologies offers a potential middle
ground between cloud and on-premises deployment. Secure enclaves and trustec
execution environments enable healthcare organizations to process sensitive dat
cloud environments while maintaining strong isolation guarantees. However, the
performance overhead of confidential computing can be significant for AI workl
and the technology is still evolving rapidly with limited production experience i

healthcare applications.

Hybrid deployment models are becoming increasingly common as healthcare
organizations seek to balance the advantages of cloud and on-premises infrastru
These approaches typically involve processing non-sensitive data or performing
Al processing steps in cloud environments while maintaining sensitive data and
decision logic on-premises. However, hybrid approaches introduce additional

complexity in data flow management and security boundary enforcement.

The vendor-hosted private cloud model represents another emerging approach t
healthcare Al deployment. In this model, Al vendors host dedicated infrastructu
healthcare customers, providing the performance and scalability advantages of ¢
deployment while maintaining stronger data isolation and compliance guarantee
public cloud environments. This approach can be particularly attractive for sma
healthcare organizations that lack the resources to manage on-premises Al

infrastructure but have concerns about public cloud deployment.

Edge computing deployment is gaining attention for specific healthcare Al use ¢
particularly those involving medical imaging or physiological monitoring. By
deploying AI models on edge devices located close to data sources, healthcare
organizations can achieve the lowest possible latency while minimizing the
transmission of sensitive data. However, edge deployment introduces challenges
model management, version control, and performance monitoring that can be di

to manage at scale.

The operational complexity of managing Al infrastructure varies significantly be
deployment models. Cloud deployment typically reduces operational overhead b

leveraging managed services and automated scaling, but requires expertise in clc



security and compliance management. On-premises deployment provides greate
control over the infrastructure but requires significant internal expertise in GPT

cluster management, model serving, and performance optimization.

Cost modeling for healthcare Al deployment must account for both direct
infrastructure costs and indirect operational expenses. While cloud deployment
appear more expensive on a per-computation basis, the reduced operational over
and improved resource utilization often result in lower total cost of ownership.
However, healthcare organizations must also consider the potential costs of data
egress, compliance auditing, and regulatory submission modifications when eval

deployment options.

Case Studies in Production Healthcare
Infrastructure

Examining real-world implementations of healthcare Al infrastructure provides
valuable insights into the practical challenges and solutions that emerge when
theoretical approaches meet clinical reality. Several high-profile deployments
illustrate the diverse approaches organizations have taken to address the unique

infrastructure requirements of healthcare Al

Epic Systems' integration with Microsoft's Azure OpenAl service represents one
the most significant deployments of large language models in healthcare
infrastructure. This integration enables clinical note summarization and decisio
support across Epic's vast network of healthcare customers, potentially impactir
millions of patient encounters. The technical architecture involves careful
orchestration between Epic's on-premises EHR systems and Azure's cloud-basec
services, requiring sophisticated data flow management to maintain HIPAA

compliance while achieving the performance required for real-time clinical use.

The infrastructure challenges in the Epic-Microsoft integration highlight the
complexity of hybrid deployment models in healthcare. Patient data must be sec
transmitted from on-premises EHR systems to cloud-based Al services, processe

compliance with healthcare privacy requirements, and returned with response ti



that support clinical workflows. The solution involves multiple layers of encrypt
secure API gateways, and careful audit logging to ensure compliance with healt}
regulations while maintaining the performance characteristics required for clini

adoption.

PathAI's approach to multimodal Al infrastructure demonstrates the challenges
combining different data types in production healthcare systems. The company':
platform processes both pathology images and genomic data to provide diagnost
insights, requiring infrastructure that can handle the dramatically different
computational and storage requirements of these modalities. Pathology whole-s]
images can exceed several gigabytes per specimen, while genomic data involves
different computational patterns focused on sequence analysis and variant

interpretation.

The PathAl infrastructure illustrates the importance of data pipeline optimizati
healthcare Al systems. The company has developed sophisticated preprocessing
pipelines that can efficiently extract relevant features from whole-slide images w
maintaining the image quality required for accurate diagnosis. The integration ¢
genomic data requires different optimization strategies, focusing on efficient stc
and retrieval of variant information and the integration of external knowledge b

containing gene annotation and clinical significance data.

Tempus has built one of the most comprehensive multimodal healthcare AI plat
combining clinical, imaging, and genomic data to provide precision medicine ins
The company's infrastructure approach involves a combination of cloud and on-
premises deployment, with sensitive patient data processed in highly secure

environments while leveraging cloud resources for computationally intensive mc

training and development activities.

The Tempus architecture demonstrates the value of platform thinking in health
Al infrastructure. Rather than optimizing for individual AI models or use cases,
company has built a comprehensive data platform that can support multiple Al

applications while maintaining consistent security, compliance, and performanc



characteristics. This platform approach enables more efficient resource utilizati

and reduces the operational overhead of managing multiple disparate Al system

Several large health systems have experimented with deploying sovereign AI mo«
within hospital firewalls, maintaining complete control over patient data while
leveraging advanced Al capabilities. These implementations typically involve sm
language models that have been fine-tuned for specific clinical tasks, trading sot
the general capabilities of large cloud-based models for enhanced privacy and

compliance guarantees.

The sovereign model approach presents unique infrastructure challenges, partic
around model updating and performance monitoring. Healthcare organizations
develop capabilities for monitoring model performance over time, detecting pot:
drift in clinical accuracy, and managing model updates without disrupting clinic
workflows. These requirements often necessitate the development of internal Al
operations capabilities that can be challenging for healthcare organizations to

maintain.

Google's Med-PaLM deployment in select healthcare settings provides insights i
the challenges of deploying large language models in clinical environments. The
implementation involves careful prompt engineering to ensure clinically approp
responses while maintaining the general reasoning capabilities that make large
language models valuable for healthcare applications. The infrastructure must
support the large context windows required for comprehensive clinical reasonin

while meeting the latency requirements of interactive clinical use.

The Med-PaLM deployment illustrates the importance of evaluation and monito
infrastructure in healthcare Al systems. Google has developed comprehensive

evaluation frameworks that assess not only the accuracy of model responses but
their clinical appropriateness and potential for harm. This evaluation infrastruc
must operate continuously in production environments, providing real-time feec

about model performance and alerting administrators to potential issues.



Several regional health information exchanges have begun experimenting with

federated learning approaches for Al model development, enabling the training
models across multiple healthcare organizations without requiring data sharing.
These implementations demonstrate the potential for collaborative AI developm
healthcare while maintaining strict privacy controls, but they also highlight the
significant technical challenges involved in coordinating model training across ¢

infrastructure environments.

The federated learning implementations in healthcare reveal the importance of
standardization in healthcare Al infrastructure. Successful federated learning
requires consistent data preprocessing, model architectures, and evaluation prot
across participating organizations. Achieving this standardization while
accommodating the diverse technical environments and workflows of different
healthcare organizations presents ongoing challenges that require careful

coordination and governance.

Conclusion: The Path Forward for
Healthcare Al Infrastructure

The analysis of healthcare Al infrastructure reveals a landscape of technical
challenges that require specialized solutions distinct from general enterprise Al
deployment. The unique constraints of healthcare applications create optimizati
problems that cannot be solved by simply adapting consumer Al infrastructure
approaches. Instead, the healthcare domain requires purpose-built infrastructur
solutions that can navigate the complex tradeoffs between performance, complia

cost, and clinical utility.

The economics of clinical Al inference present perhaps the most immediate chal
for widespread deployment of Al systems in healthcare. The combination of larg
context requirements, real-time processing needs, and compliance constraints ci
cost structures that make traditional cloud AI approaches economically challeng
for many healthcare applications. The development of healthcare-specific

optimization techniques, including specialized quantization approaches, model



distillation strategies, and efficient prompt engineering methods, will be critical

making clinical Al economically viable at scale.

Multimodal evaluation frameworks represent another critical infrastructure nee
requires significant development effort. The current reliance on physician exper
review for evaluation is neither scalable nor sustainable as healthcare Al system:
become more widespread. The development of automated evaluation approaches
can assess clinical factuality, decision impact, and cross-modal robustness will b

essential for enabling rapid iteration and improvement of healthcare AI systems

Synthetic data generation shows promise as a solution to the data scarcity challe
that limit AT development in rare disease applications. However, the current stat
synthetic data validation and regulatory acceptance remains immature. Investme
robust validation frameworks and regulatory pathway development for synthetic

enabled Al systems will be necessary to realize the full potential of these approa

The deployment architecture landscape for healthcare Al is likely to continue

evolving as cloud providers develop healthcare-specific offerings and confidenti:
computing technologies mature. The current tension between on-premises conti
and cloud scalability may be resolved through new hybrid approaches that provi

benefits of both deployment models while minimizing their respective disadvant

The case studies examined reveal the importance of platform thinking in healthq
Al infrastructure development. Organizations that have built comprehensive
platforms capable of supporting multiple Al use cases have achieved better reso
utilization and operational efficiency than those pursuing point solutions. This
suggests that healthcare organizations should consider platform strategies when
making infrastructure investments, even if their initial Al applications are narrc

focused.

Looking forward, several technical trends are likely to shape the future of healtt
Al infrastructure. The continued improvement in model efficiency and the
development of specialized healthcare Al accelerators may reduce the current

performance and cost challenges. The maturation of federated learning and priv



preserving machine learning techniques may enable new forms of collaborative .

development that can leverage larger datasets while maintaining privacy constra

The regulatory landscape for healthcare AI will continue to evolve, potentially
creating new constraints and opportunities for infrastructure design. The
development of more sophisticated regulatory frameworks that can accommodat
rapid pace of Al technological development while maintaining patient safety wil

critical for enabling continued innovation in healthcare Al infrastructure.

The successful deployment of healthcare AT at scale will require continued inves
in specialized infrastructure solutions that address the unique requirements of
clinical applications. Organizations that recognize the fundamental differences
between healthcare and general enterprise Al infrastructure and invest accordin
will be best positioned to realize the transformative potential of Al in healthcar¢
delivery. The technical challenges are significant, but the potential benefits for |
care and healthcare efficiency make continued investment in healthcare Al

infrastructure both necessary and promising.
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