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Abstract 

 
Administrative inefficiency remains a critical challenge in hospital back offices, contributing to 
rising operational costs, clinician burnout, and delays in care delivery. Conventional 
automation and isolated AI solutions have failed to address the interconnected complexity of 
workflows such as referrals, billing, and prior authorizations. This paper delves into the 
technical principles, system architecture, and real-world implementation of composable, multi-
agent AI systems designed to automate and orchestrate back-office hospital processes. The 
approach centres on specialized AI agents capable of document understanding, system 
querying, intelligent form filling, and API-driven, cloud-native action orchestration. Key 
aspects explored include the evolution of composable agent frameworks, orchestration 
patterns, integration with legacy and modern healthcare IT environments, compliance with 
regulatory demands, and empirical evaluation metrics. Challenges and limitations—such as 
interoperability, transparency, error propagation, and the need for human oversight—are 
analysed. Case studies from leading healthcare technology providers demonstrate measurable 
gains in efficiency, cost reduction, and staff satisfaction. The paper highlights the ongoing need 
for robust evaluation frameworks, compliance strategies, and a collaborative approach to 
integrating composable AI agents into the hospital back-office ecosystem 
 
Keywords: Hospital automation, Multi-agent systems, Composable AI agents, Workflow 
orchestration, Document understanding, API orchestration, Billing automation, Prior 
authorization, Referral management, Compliance, Cloud-native healthcare IT 
 

 
I. INTRODUCTION  

Hospital back offices play a vital yet often underappreciated role in healthcare delivery, 
handling complex administrative operations such as referrals, billing, pre-authorizations, and 
compliance verification. These tasks, while non-clinical, constitute a significant portion of a 
hospital’s operational expenditure, with inefficiencies driving resource wastage and hampering 
clinical workflows. Recent studies estimate that administrative activities account for up to 35% 
of clinical staff time and nearly 25% of total healthcare spending in the United States alone, with 
annual administrative costs exceeding $800 billion[17][11][32]. 
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Traditional approaches—including business process automation (BPA) and robotic process 
automation (RPA)—have succeeded in reducing effort for highly structured, repetitive tasks. 
However, they often operate in isolated silos, failing to coordinate data and actions across 
interconnected systems. Single-agent AI systems enhance atomized processes but seldom 
enable the autonomous, context-aware coordination required for complete workflow 
automation. 
 
With advances in artificial intelligence, particularly in natural language processing (NLP), large 
language models (LLMs), and multi-agent architectures, a new paradigm has emerged: 
composable AI agents. These agents, designed as modular, interoperable building blocks, 
individually specialize in tasks such as document understanding or insurance verification but 
collaborate to complete complex, non-linear workflows[13][15][51]. Orchestration 
mechanisms—ranging from sequential pipelines to group-chat and delegation patterns—allow 
agents to interact flexibly with each other and external healthcare IT systems, including 
Electronic Health Records (EHRs) and payer platforms, via standards-based APIs and cloud-
native services[13][14][48]. 
 
This paper examines the design, deployment, and practical impact of composable AI agent 
systems in automating hospital back-office workflows. The scope includes technical 
considerations for system architecture, implementation strategies, compliance, and human 
factors. Evaluation metrics for measuring automation success are detailed, supported by 
contemporary case studies from leading hospital systems and technology providers. The work 
aims to provide a comprehensive, technical, and actionable resource for health informatics 
professionals, IT architects, and hospital administrators considering the adoption of composable 
AI agent frameworks for administrative workflow automation. 
 
All manuscripts must be in English. These guidelines include complete descriptions of the fonts, 
spacing, and related information for producing your proceedings manuscripts. Please follow 
them and if you have any questions, direct them to the production editor in charge of your 
proceedings (see author-kit message for contact info). This template provides authors with most 
of the formatting specifications needed for preparing electronic versions of their papers. All 
standard paper components have been specified for three reasons: (1) ease of use when 
formatting individual papers, (2) automatic compliance to electronic requirements that facilitate 
the concurrent or later production of electronic products, and (3) conformity of style throughout 
a conference proceedings. Margins, column widths, line spacing, and type styles are built-in; 
examples of the type styles are provided throughout this document and are identified in italic 
type, within parentheses, following the example. PLEASE DO NOT RE-ADJUST THESE 
MARGINS. Some components, such as multi-levelled equations, graphics, and tables are not 
prescribed, although the various table text styles are provided. The formatter will need to create 
these components, incorporating the applicable criteria that follow. 
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II. PURPOSE AND SCOPE 

A. Purpose 
The primary purpose of this paper is to provide a technical, in-depth analysis of how 
composable, multi-agent AI systems can transform administrative workflows in hospital back 
offices. The paper focuses on inefficiencies in tasks such as patient referrals, billing, and pre-
authorizations, and presents an architectural framework whereby specialized AI agents 
autonomously collaborate to streamline and automate these tasks. 
 
B. Scope 
The scope of this study includes: 

 Exploring the state-of-the-art in composable AI agent design, including agent specialization, 
communication, and orchestration patterns 

 Detailing system architecture strategies, including integration with EHRs, cloud-native 
infrastructure, and secure API orchestration 

 Reviewing implementation considerations, such as agent deployment, handling of 
unstructured documents, and error recovery 

 Describing an evaluation methodology and metrics for assessing improvements in 
efficiency, error rates, and user satisfaction 

 Discussing technical and regulatory challenges, including compliance with HIPAA, 
interoperability, data privacy, and human-in-the-loop considerations 

 Showcasing real-world implementations and case studies from healthcare institutions and 
vendors leading in this space 

 
 
III. RELATED WORK 
The core of a composable agentic automation system in the hospital back office is a layered, 
modular architecture that enables individual AI agents, each with a distinct specialization, to 
collaborate via well-defined orchestration protocols. These systems are designed for 
interoperability, scalability, security, and auditability.  Recent research and industry efforts 
have focused on multi-agent systems for healthcare, which introduce decentralized, specialized 
agents collaborating to complete end-to-end workflows [49][50][51]. Notable contributions 
include: 

 IBM Reference Architecture for Healthcare AI outlines high-performance, multi-tiered data 
integration and orchestrated workflow management using AI for genomics and clinical 
analytics [35] 

 Microsoft Healthcare Agent Orchestrator offers a modular, interpretable framework for 
agent-centric workflow orchestration, enabling collaborative processing of multimodal 
patient data and structured outputs in clinical and operational settings[22][23][48] 

 Oracle Clinical AI Agent demonstrates the potential for agentic technology to reduce clinical 
documentation time, using voice recognition, EHR integration, and action triggers for 
administrative simplification[52][54][53] 
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Academic literature reinforces the transformative impact of multi-agent AI, highlighting 
measurable gains in diagnostic accuracy, personalized decision-making, and administrative 
efficiency, while drawing attention to the risks posed by interoperability gaps and data privacy 
concerns [49][50][51]. Large-scale evaluation studies underscore the importance of adopting 
comprehensive frameworks—such as TEHAI (Translational Evaluation of Healthcare AI)—to 
systematically assess both technical and ethical aspects of AI systems across development, 
deployment, and monitoring stages [42][5]. These frameworks recommend multi-dimensional 
scoring for capability, utility, adoption readiness, and transparency, which are critical for real-
world hospital back-office automation.  
 
Despite these advancements, persistent challenges around data integrity, model drift, 
regulatory transparency, and user trust necessitate rigorous evaluation and the continual 
evolution of risk monitoring strategies [20][35][36][34]. 
 
 
IV. SYSTEM ARCHITECTURE 
The core of a composable agentic automation system in the hospital back office is a layered, 
modular architecture that enables individual AI agents, each with a distinct specialization, to 
collaborate via well-defined orchestration protocols. These systems are designed for 
interoperability, scalability, security, and auditability. The high level flow is visualized in 
Figure. 1. 

 
Fig. 1. High Level Architecture for Composable AI Agent Workflow Automation in Hospital 

Back Office 
 

A. Document Ingestion Layer 
The Document Ingestion Layer serves as the entry point for unstructured clinical inputs such as 
referral PDFs, scanned forms, and handwritten notes. It leverages cloud-based OCR engines like 
AWS Textract or Azure Form Recognizer to extract raw text, which is then processed through 
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an NLP pipeline built on spaCy or transformer-based models. This pipeline performs entity 
recognition to identify patient demographics, diagnoses, procedures, and provider details. A 
referral classifier then categorizes the document into actionable types (e.g., imaging, specialist 
consult, surgery). The output is a structured JSON or FHIR bundle, which is forwarded to the 
orchestrator agent for downstream processing. This layer is benchmarked for OCR accuracy, 
entity extraction precision, and classification latency. Data ingestion is visualized in Figure. 2. 

 

Fig. 2. Document Ingestion Layer 
 

B. Cloud-Native Orchestration Layer 
The orchestration layer acts as the central coordinator of the multi-agent system. It receives 
incoming tasks—whether referral documents, API calls, or form submissions—and classifies 
them to determine the appropriate agent workflow. Using a planner engine such as Semantic 
Kernel or AWS Step Functions, the orchestrator selects agents based on task type, availability, 
and dependency resolution. It dispatches tasks asynchronously via a communication bus (e.g., 
EventBridge, Azure Service Bus) and monitors execution status, retries failed tasks, and triggers 
subsequent agents as needed. This layer also interfaces with an API gateway to normalize 
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external inputs and expose agent endpoints. Key metrics include routing latency, fault 
tolerance, and agent selection accuracy. 
 
C. Composable AI Agents 
Each AI agent is a modular, cloud-hosted microservice responsible for a specific domain task. 
The Document Understanding Agent parses referrals using OCR and NLP to extract structured 
data. The Eligibility Verification Agent queries EHRs and payer APIs to validate insurance 
coverage. The Form Filling Agent uses LangChain and rule-based logic to auto-populate payer-
specific forms. The Billing Automation Agent generates and submits claims to RCM systems, 
while the Pre-Authorization Agent handles prior auth workflows via payer portals. The 
Compliance & Audit Agent monitors agent actions, checks against regulatory rules, and logs 
anomalies. These agents are deployed using serverless runtimes (e.g., AWS Lambda, Azure 
Functions) or container orchestration platforms (e.g., ECS, AKS), and are benchmarked for 
latency, output correctness, and SLA adherence. It is visualized in Figure. 3 and Figure. 4. 

 

Fig. 3. Document Understanding, Eligibility Verification, Form Filling Agents 
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Fig. 4. Billing Automation, Pre-Authorization, Compliance & Audit Agents 

 
D. Central Data Store / Audit Log / Message Queue 
This component provides persistent storage and traceability across the system. Structured 
outputs from agents are stored in cloud databases such as Azure Cosmos DB, DynamoDB or 
Firestore, while execution logs are captured in audit trails using CloudWatch Logs or Azure 
Monitor. A message queue (e.g., SQS, Kafka, Pub/Sub) enables asynchronous communication 
between agents, decoupling execution and improving fault tolerance. This layer supports 
reproducibility by maintaining complete workflow traces and agent state histories. 
Benchmarking focuses on message delivery latency, log integrity, and data consistency. 
 
E. External Systems Integration  
Agents interact with external hospital systems including EHRs, billing platforms, payer APIs, 
and scheduling tools. Integration is facilitated through an API gateway or adapter layer that 
normalizes requests and responses. For example, the Eligibility Agent may query FHIR 
endpoints, while the Billing Agent submits claims to RCM systems like Waystar. The 
Scheduling Agent can interface with EHR calendars or third-party tools like Google Calendar. 
This layer is evaluated for API latency, schema compatibility, and error handling robustness. 
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F. Cloud Infrastructure Layer 
The cloud infrastructure layer underpins the entire system, providing compute, storage, 
messaging, security, and observability. Agents are executed in server less environments (e.g., 
Lambda, Azure Functions) or containerized runtimes (e.g., ECS, AKS). Data is stored in scalable 
cloud storage solutions like S3 or Blob Storage. Messaging services such as Event Bridge or 
Pub/Sub coordinate agent workflows. Security is enforced through IAM roles, KMS encryption, 
and HIPAA-compliant configurations. Monitoring tools like Cloud Watch and Azure Monitor 
track agent health, latency, and error rates. This layer ensures scalability, resilience, and 
compliance across the system. This layer is evaluated for API latency, schema compatibility, 
and error handling robustness. This is visualized in Figure. 1 

 
 

V. IMPLEMENTATION 
A. Technologies and Tools 
The implementation of the system relies on a stack of open-source and cloud-native 
technologies for data streaming, AI modeling, orchestration, and system monitoring [15][13]: 

 Data Streaming and Ingestion: Scalable, event-driven data transport is handled with tools 
such as Apache Kafka, AWS Kinesis, Azure Event Hub, and Google Pub/Sub. 

 DevOps and Monitoring: Automated pipelines for CI/CD, orchestrated auto-scaling with 
Kubernetes or native cloud solutions, comprehensive observability dashboards (Azure 
Monitor, AWS CloudWatch, Prometheus), and robust security through IAM and encryption 
protocols. 

 AI Model: Sentiment analysis with NLP models like BERT and GPT, deep learning and 
reinforcement learning for risk analytics; explainable AI frameworks (e.g., SHAP) to ensure 
transparency. 

 Data Storage: Data is managed in NoSQL and time-series databases like MongoDB Atlas, 
Cosmos DB, BigQuery, and Snowflake, while vector databases support semantic search 
using embeddings. 

 Agent Frameworks: Agent lifecycle management and workflow orchestration are 
implemented using frameworks such as LangChain, LangGraph, Semantic Kernel, AWS 
Bedrock AgentCore, and Azure AI Foundry. 

 Alerting and Notification: Compliance and audit-aligned notifications leverage cloud 
services (SNS, Twilio, email, push notifications), including mass notification solutions. 

 
B. Orchestration Patterns 
Agent orchestration leverages a mix of patterns, including: 

 Group Chat or Handoff: For collaborative reasoning or dynamic delegation when cross-
domain tasks (e.g., linking risk analysis with compliance) emerge. 

 Sequential: For deterministic, multistage analysis (e.g., preprocess ‚Üí analyze ‚Üí 
recommend). 

 Concurrent: For parallelized analyses (fundamental, technical, sentiment) speeding up 
detection and reducing decision latency. 
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The orchestration layer is coded so that each agent maintains role and memory context, logs 
actions, and can be audited for explainability and compliance—a critical requirement. 
 
C. Deployment Approaches 
Depending on requirements for latency, control, and vendor lock-in, implementations support: 

 Fully Serverless: Event-driven compute (e.g., Azure Functions, AWS Lambda, Google Cloud 
Functions) for high scalability/lower cost, with managed scaling and security. 

 Containerized: Kubernetes clusters for more complex, long-running agents requiring 
granular resource tuning and persistent connections. 

 Hybrid: Combining both for workflows with mixed execution profiles. 
 
 

VI. EVALUATION STRATEGY 
Assessing the success of composable agent systems for hospital back-office automation 
necessitates a rigorous multi-dimensional evaluation strategy, encompassing both quantitative 
and qualitative metrics. Table I provides an overview of the key evaluation metrics 

TABLE I.  EVALUATION METRICS 
Metric 
 

Description 

Task Completion Rate  
Percentage of tasks (e.g., claims, referrals) completed 
autonomously 

Processing Time Reduction 
Reduction in average time per workflow vs. baseline 
(manual or legacy) 

Error Rate 
Frequency of errors (e.g., data entry, claim denials, 
incomplete forms) 

First-Pass Yield 
Percentage of work items completed without need for 
rework/re-submission 

User Satisfaction 
Feedback from administrative staff, clinicians, and 
patients (surveys) 

Financial Impact 
Quantitative cost savings, revenue acceleration, 
claims approved/payments received. 

Compliance Rate 
Degree to which workflows adhere to regulatory, 
privacy, and audit requirements 

System Reliability 
Agent uptime, recovery time, successful escalation 
upon failure 

 
Each metric is continuously monitored using cloud-native observability dashboards (e.g., Azure 
Monitor, Amazon CloudWatch, Grafana, Prometheus), ensuring performance tracking and real-
time system health reporting. 
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VII. TECHNICAL CONSIDERATIONS 
A. Interoperability and Integration 

 Standards Adoption: Use of HL7 FHIR and SMART on FHIR for consistent data access, 
record queries, and integration with diverse EHR platforms is now industry best practice 
[23][24].  

 API-Oriented Design: Orchestration layers should use open API contracts to invoke agent 
capabilities and external resources, reducing vendor lock-in and future-proofing as models 
evolve [13][14][36]. 

 Error Propagation Control: Each agent must validate its state before handing off to 
downstream agents to prevent cascades of errors. Intermediate checkpoints enhance 
traceability and facilitate recovery or escalation [48][51]. 

 
B. Security and Compliance 

 Data Security: Encryption (in transit/at rest), access controls, identity verification, and audit 
trails for all agent interactions are essential for HIPAA, GDPR, and regional 
compliance[44][45]. 

 Vendor and Third-Party BAA: Hospitals should establish Business Associate Agreements 
with all AI vendors handling Protected Health Information (PHI), with regular audits and 
penetration testing. 

 Explainability: Agent actions-especially those related to prior auth or insurance denials-
must generate rationales and logs suitable for both explanatory review and regulatory 
scrutiny[31][33]. 

 
C. Observability and Tracing 

 Logging and Monitoring: High-resolution agent operation monitoring, performance 
dashboards, and automated anomaly detection are critical for operational reliability and 
incident response[15]. 

 Version Control: All agent codebases, workflows definitions, and prompt templates (for 
LLM-based agents) should be under strict version control for auditability and 
reproducibility. 

 
 

VIII. CHALLENGES AND LIMITATIONS 
Despite their promise, composable AI agent systems for hospital workflow automation face 
substantial challenges[17][47][50][51]. 
 
A. System Integration and Legacy Environments 

 Heterogeneous IT Landscapes: Many hospitals rely on legacy systems that lack standard 
APIs, complicating agent integration. Custom adapters, phased deployments, and 
transitional hybrid integrations are often required[23][24][17]. 
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 Data Silos: Fragmented data sources increase effort for data harmonization, error 
reconciliation, and may result in incomplete workflow automation. 

 
B. Transparency, Trust, and “Black Box” AI 

 Explainability Gaps: LLM-based agents and complex orchestrations risk producing opaque 
outcomes, hindering error analysis, appeals, and regulatory validation. Explainable AI and 
robust audit logging are imperative[31][33]. 

 Bias and Unintended Consequences: Training data bias, model drift, and automated 
decision-making in prior authorizations can perpetuate inequities or systematically deny 
valid claims if not regularly reviewed and updated. 

 
C. Human Factors and Staff Adoption 

 Change Management: Staff resistance-due to job security concerns or workflow disruption-
is a major barrier. Early engagement, effective training, phased rollouts, and transparent 
success metrics aid in improving adoption and acceptance[6][17]. 

 Cognitive Load and Burnout: Poorly designed workflows that require staff to interact with 
multiple agent UIs or interpret ambiguous outputs can increase, rather than decrease, 
cognitive load. 

 
D. Regulatory and Compliance Risk 

 Privacy and Security: Agents must be rigorously validated for security, particularly in 
handling PHI. Breach or non-compliance risks are significant, both legally and 
reputationally[44][45]. 

 Audit and Oversight: Regulators and payers require clear documentation of decisions and 
justifications for automated actions, necessitating robust audit trails and documentation 
practices. 

 
E. Technical Limitations 

 Error Propagation: Mistakes in upstream agent actions (e.g., document misclassification) can 
propagate downstream, leading to systemic errors that are hard to detect except during 
periodic audits or via negative business outcomes[51]. 

 System Reliability and Maintenance: Real-time operation requirements, updates to 
standards, and regular patching require dedicated technical teams and strong change 
management processes. 

 
 
IX. CONCLUSION 

Composable AI agent systems present a transformative approach for automating and 
optimizing hospital back-office workflows. By breaking complex administrative processes into 
modular, agent-driven components, and orchestrating their collaboration via secure, standards-
based infrastructure, hospitals can realize significant gains in efficiency, error reduction, staff 
satisfaction, and regulatory compliance. 
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Case studies and industry benchmarks demonstrate impressive time and cost savings, with AI 
agents reducing documentation, billing, and prior authorization times by 30–50% or more, 
significantly relieving the administrative burden on clinical and administrative staff. However, 
achieving these benefits sustainably requires overcoming core challenges: integration with 
legacy IT environments, ensuring transparency and regulatory compliance, managing error 
propagation, and investing in staff engagement and change management. 
 
Adopting robust evaluation frameworks—such as TEHAI—and continuous monitoring, 
transparency, and iterative improvement will be critical to ensuring the safety, efficacy, and 
acceptance of composable agent systems in real hospital workflows. Realizing the potential of 
composable AI agents will demand not only cutting-edge technology, but strategic vision and 
collaboration between IT leadership, clinicians, operations teams, and regulatory partners. 
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