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for deployment in already-built healthcare facilities without
structural renovation. Modules install at or near existing bedside
wall locations, including outlet positions and wall plates, using
existing wall boxes or surface enclosures and building services.
Device-interface modules couple to heterogeneous medical
devices to acquire outputs at the point of care. Wall-mounted
distribution components and edge processing units establish a
hospital-owned clinical integration plane isolated from a general
facility IT network. Outputs are normalized into standardized
data objects including device identity, location association, and
time information, and routed through authorized communication
paths to downstream systems. Coexistence with incumbent
vendor monitoring is supported by acquiring parallel copies
without disrupting primary workflows. Optional buffering and
alternate uplinks provide resilience during connectivity
disruption.
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SYSTEM AND METHOD FOR RETROFIT
DEPLOYMENT OF A VENDOR-AGNOSTIC
MEDICAL DEVICE INTEGRATION
INFRASTRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under
35 U.S.C. § 119(e) to: (i) U.S. Provisional Patent Applica-
tion No. 63/748,623, filed January 23, 2025, titled “System
and Methods for Medical Device Integration and Scalable
Deployment™; and (ii) U.S. Provisional Patent Application
No. 63/786,132, filed April 9, 2025, titled “Infrastructure-
Embedded Vendor-Agnostic Medical Device Integration
System for Hospital-Owned Al Ready Data Governance,”
the entire contents of each of which are incorporated herein
by reference.

[0002] This application is related to other U.S. patents and
applications owned by the Applicant that describe compon-
ents and embodiments usable with the disclosed retrofit
device-integration architecture, including, by way of
example: U.S. Provisional Application No. 62/804,838
(filed Feb. 13, 2019); U.S. Patent No. 11,309,665 Bl
(issued Apr. 19, 2022) titled “Active Cable Arrangement
for Connecting Medical Devices to a Display”; U.S. Patent
No. 11,693,990 B1 (issued Jul. 4, 2023) titled “Medical
Data Governance”; and U.S. Patent No. 12,001,464 Bl
(issued Jun. 4, 2024) titled “System and Method for Med-
ical Data Governance Using Large Language Models,” the
entire disclosures of which are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0003] The present invention relates to the field of medical
device integration infrastructure within healthcare facilities.
More particularly, the invention relates to physical and
logical integration architectures that enable medical devices
to be connected, managed, and governed within existing
healthcare environments through retrofit deployment. The
invention is directed to vendor-agnostic integration systems
that can be installed in already-built rooms, wards, and care
areas using attach-on components and existing building ser-
vices, including existing electrical outlets and existing
wired network connections, without requiring structural
renovation or replacement of incumbent medical devices.
[0004] The invention further relates to infrastructure-level
mechanisms for acquiring medical device outputs at or near
the point of care, normalizing heterogeneous device data,
and producing standardized, governance-ready data objects
suitable for secure transport to downstream monitoring,
documentation, analytics, and artificial intelligence sys-
tems. The disclosed architectures are applicable to fixed
inpatient rooms as well as mobile, temporary, and surge
care environments, and are designed to preserve coexist-
ence with existing vendor monitoring pathways while
enabling hospital-owned, scalable deployment of governed
medical device integration capabilities.
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BACKGROUND OF THE INVENTION

[0005] Healthcare facilities increasingly operate under con-
ditions that require rapid expansion, reconfiguration, or
redistribution of monitored care capacity. Such conditions
arise during patient surges, disasters, public health emer-
gencies, or routine operational constraints that require con-
version of non-critical-care spaces into monitored environ-
ments. In these scenarios, medical devices must be
deployed quickly and reliably at the point of care, often in
locations not originally designed to support advanced mon-
itoring or data integration. Existing rooms, overflow wards,
temporary structures, and repurposed spaces may lack the
cabling, network infrastructure, or embedded systems typ-
ically associated with modern intensive care units, yet still
require equivalent levels of device connectivity, monitoring
continuity, and data availability.

[0006] Conventional approaches to medical device integra-
tion have been developed primarily for static, vendor-con-
trolled environments and typically rely on specialized
vendor-specific intermediary devices, proprietary protocols,
dedicated cabling, and per-room engineering. Such
approaches are poorly suited to rapid or incremental
deployment, particularly in already-built facilities where
structural renovation, installation of new conduit, or exten-
ded downtime is impractical or prohibited. Moreover, these
approaches often assume exclusive control over device
connectivity, making it difficult to preserve incumbent
monitoring pathways while simultaneously introducing
additional data feeds for documentation, analytics, ot emer-
ging computational systems.

[0007] Hospitals have historically treated critical clinical
utilities—such as electrical power and medical gases—as
standardized, room-agnostic services that can be brought
reliably to the bedside regardless of device manufacturer or
clinical workflow. In contrast, medical device data con-
nectivity has evolved in a fragmented and vendor-specific
manner, resulting in bespoke integration architectures that
vary from room to room and from vendor to vendor. As a
consequence, there has been no widely deployable equival-
ent of a standardized clinical “data utility” that can be retro-
fitted into existing environments with the same predictabil-
ity, reliability, and neutrality as other bedside utilities.
[0008] Traditional medical device integration solutions
have also been shaped by regulatory and operational incent-
ives that prioritize low-frequency data capture for elec-
tronic medical record population rather than continuous,
high-fidelity data availability. Many such systems were
designed to meet minimum documentation requirements,
often capturing data at coarse time intervals, and do not
support the timing precision, buffering, or contextual attri-
bution required for real-time monitoring, advanced analyt-
ics, or high-frequency event detection. As a result, these
solutions are ill-suited to emerging clinical workflows that
depend on continuous telemetry, precise temporal align-
ment, and reliable attribution of data to devices, locations,
and patients.

[0009] Vendor-controlled intermediary devices and propri-
etary middleware further constrain interoperability by
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anchoring integration to single-vendor ecosystems. Hospit-
als are frequently required to deploy multiple parallel integ-
ration systems to accommodate devices from different
manufacturers, increasing complexity, cost, and mainten-
ance burden. These systems often require ongoing config-
uration, specialized expertise, and third-party support, and
may lack consistent cybersecurity controls or network-level
enforcement of regulatory requirements. In addition,
vendor-centric architectures create incentives to replace
intermediary devices rather than to integrate heterogeneous
equipment under a neutral, hospital-owned framework.
[0010] Implementing a neutral integration layer across het-
erogeneous medical devices presents additional technical
challenges in safety-critical environments. These chal-
lenges include accommodating diverse physical interfaces
and communication protocols, preserving coexistence with
incumbent vendor central stations, maintaining continuity
during network disruptions, enforcing cybersecurity and
access controls at the point of acquisition, and ensuring
accurate association between device outputs, physical loca-
tion, and patient identity as equipment is moved or shared.
Conventional solutions often rely on manual processes for
patient and device association, increasing the risk of misat-
tribution, delayed interventions, and compromised patient
safety.

[0011] The limitations of legacy integration architectures
have become increasingly apparent with the emergence of
artificial intelligence and advanced computational systems
in healthcare. These systems require continuous, high-res-
olution, context-aligned data streams that exceed the capab-
ilities of traditional integration methods. At the same time,
healthcare environments are incorporating a growing
diversity of data sources, including patient-worn devices,
auxiliary sensors, infusion systems, and wireless measure-
ment technologies. Existing integration approaches lack a
unified framework for validating, governing, and securely
transporting such data without imposing vendor lock-in or
requiring invasive infrastructure changes.

[0012] Many hospitals and clinics were constructed long
before the availability of modern, Al-ready medical device
integration architectures. Retrofitting these facilities with
infrastructure-embedded solutions—such as fixed wall pan-
els, built-in ports, or integrated device mounts—often
requires invasive construction, regulatory approvals, exten-
ded downtime, and substantial capital expenditure. As a
result, healthcare providers remain dependent on legacy
vendor-specific intermediary devices and cabling layouts
that are difficult to modernize and that do not provide
standardized, governed data outputs suitable for contem-
porary clinical and computational workflows.

[0013] Accordingly, there exists a need for a medical
device integration infrastructure that can be deployed as a
retrofit into existing healthcare environments using attach-
on components and existing building services, without
structural renovation and without disruption of incumbent
clinical workflows. Such an infrastructure should support
vendor-agnostic device connectivity, preserve coexistence
with existing monitoring systems, maintain accurate
device-location-patient association, and provide standard-
ized, governance-ready data streams capable of supporting
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modern monitoring, documentation, analytics, and artificial
intelligence systems. The present invention is directed to
addressing these needs by establishing a retrofit-deploy-
able, hospital-owned integration infrastructure that func-
tions as a durable clinical utility rather than as a vendor-
specific integration product.

SUMMARY OF THE INVENTION

[0014] The invention is directed primarily to retrofit
deployment of a medical device integration infrastructure
in existing healthcare facilities without structural renova-
tion. In disclosed embodiments, the infrastructure is
installed at or proximate to existing bedside wall loca-
tions—such as electrical outlet positions, switch plates, or
low-voltage terminations—using standard wall boxes, sur-
face-mounted enclosures, or equivalent mounting structures
already present in the facility. Installation does not require
wall demolition, new conduit installation, ceiling modifica-
tion, or per-room network engineering, and may be per-
formed by facilities personnel or other non-specialist
installers with minimal disruption to ongoing clinical oper-
ations.

[0015] In this disclosure, retrofit deployment without struc-
tural renovation is treated as a primary embodiment. Wall-
embedded, behind-wall, and other concealed installations
are described as optional packaging or installation variants,
and do not limit the scope of the invention.

[0016] The invention addresses a technical and operational
problem inherent in legacy healthcare environments, in
which hospitals contain large inventories of heterogeneous
medical devices acquired over extended periods from mul-
tiple manufacturers. These devices are frequently coupled
to proprietary vendor-specific intermediary devices,
vendor-specific central stations, and tightly integrated
workflows that cannot be removed, replaced, or recon-
figured without disrupting patient care. Existing facilities
further impose constraints distinct from new construction,
including limited ability to modify walls or cabling infra-
structure, requirements to preserve incumbent monitoring
pathways, and the need to avoid downtime during deploy-
ment.

[0017] To address these constraints, the disclosed invention
provides a hospital-owned, vendor-agnostic integration
infrastructure that can be deployed using existing building
services and attach-on components, without requiring
replacement or modification of existing medical devices.
Unlike conventional vendor-specific intermediary devices,
middleware software platforms, or infrastructure embedded
during new construction, the invention is specifically
designed for retrofit deployment in already-built rooms,
wards, and mobile clinical environments using existing
electrical outlets, existing network drops, and standardized
cabling practices.

[0018] In disclosed embodiments, the infrastructure estab-
lishes a controlled clinical integration plane formed by
cooperating physical components. Individual medical
devices are coupled to corresponding device-interface mod-
ules that acquire device output data using device-specific
physical interfaces and protocol handling, without altering
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device operation. The device-interface modules normalize
heterogeneous device outputs into standardized internal
representations suitable for governed downstream use.
Power and data connectivity for the device-interface mod-
ules is provided by wall-mounted or wall-adjacent distribu-
tion components installed at or near existing electrical out-
let locations. An edge processing component operates as
the network authority for the clinical integration plane,
enforcing authentication, authorization, isolation from the
general hospital information technology network, time
alignment, buffering, logging, and secure routing of stand-
ardized data objects to downstream destinations.

[0019] A defining characteristic of the invention is its
explicit support for coexistence with incumbent vendor
monitoring systems. In retrofit deployments, medical
devices may continue to communicate with existing
vendor-specific intermediary devices or central stations
over their primary communication pathways, while the dis-
closed device-interface modules obtain a parallel copy of
device outputs using non-intrusive capture mechanisms.
Primary clinical workflows remain unchanged, and the dis-
closed infrastructure operates independently to produce
standardized, governance-ready data objects under hospital
control. This coexistence capability enables incremental
deployment without disrupting patient care and avoids for-
cing hospitals into single-vendor ecosystems.

[0020] The standardized outputs produced by the infra-
structure include device identity information, physical loca-
tion context derived from controlled connection points or
predefined templates, time information used to preserve
ordering and support buffering and replay, and provenance
fields supporting auditability and policy enforcement. By
emitting governed, context-aligned data objects rather than
raw vendor-specific signals, the infrastructure decouples
bedside device heterogeneity from downstream monitoring,
documentation, analytics, and artificial intelligence sys-
tems. Downstream systems therefore operate on trusted,
standardized inputs without requiring direct coupling to
device-specific protocols or vendor-specific intermediary
devices.

[0021] The infrastructure is designed to function as a retro-
fit-deployable hospital utility, analogous in operational
necessity to power, medical gases, and network access.
Configuration may be derived automatically from pre-
defined templates or centralized configuration services,
allowing large numbers of legacy rooms to be upgraded
without bespoke per-room engineering. Devices may be
added, replaced, moved, or swapped during routine clinical
operations, with the infrastructure automatically maintain-
ing correct device-location association and auditability.
[0022] In some embodiments, the infrastructure provides
resilient transport mechanisms to maintain continuity of
governed data capture when conventional networking is
unavailable or degraded. Such mechanisms may include
local buffering and store-and-forward operation, wired and
wireless failover, secure self-configuring mesh networking,
and controlled use of existing facility electrical wiring as a
backhaul path. These embodiments enable deployment in
temporary, mobile, or surge environments, including trans-
port settings, pop-up wards, and repurposed clinical spaces,
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while preserving a consistent data model and governance
framework.

[0023] The invention is not limited to any specific down-
stream application, analytics engine, or artificial intelli-
gence system. Its technical contribution lies in the creation
of a concrete, physical integration infrastructure that
acquires medical device outputs at the point of care, nor-
malizes and attributes those outputs under hospital-defined
governance, and delivers standardized data objects through
secure, controlled transport paths. By converting legacy
clinical environments into governed, Al-ready data sources
without structural renovation or device replacement, the
invention provides a scalable foundation for modern monit-
oring, documentation, analytics, and artificial intelligence
workflows while preserving incumbent vendor operation
and clinical safety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are incorpor-
ated herein and form a part of this specification, illustrate
embodiments of the disclosed subject matter and, together
with the description, serve to explain the principles of the
invention.

[0025] FIG. 1 is a schematic diagram illustrating an
example medical device integration system comprising a
device-interface module coupled to a medical device, a
wall-mounted, wall-adjacent, or wall-associated power-
and-data distribution component, an edge processing unit,
and a remote management system.

[0026] FIG. 2 is a system-level architectural diagram illus-
trating an integrated clinical [oT environment in which
multiple medical devices, device-interface modules, wall-
mounted power-and-data distribution components, edge
processing units, legacy device interfaces, and remote sys-
tems cooperate to provide governed medical data integra-
tion.

[0027] FIG. 3 is a perspective and exploded view illustrat-
ing an example device-interface module configured for
attachment to a medical device, including representative
ports, connectors, and attachment features.

[0028] FIG. 4 is a perspective and sectional view illustrat-
ing an example wall-mounted or wall-embedded power-
and-data distribution component showing externally
accessible ports and concealed infrastructure connections.
[0029] FIG. 5 is a perspective and sectional view illustrat-
ing an example wall-mounted or wall-embedded edge pro-
cessing unit with representative external interfaces and con-
cealed infrastructure connections.

[0030] FIG. 6 is a conceptual diagram illustrating a patient-
centric clinical integration topology in which multiple bed-
side medical devices, wearable or personal sensors, distri-
bution components, edge processing units, and remote sys-
tems are communicatively coupled through wired and
optional wireless communication paths.

[0031] FIG. 7 shows a non-limiting example of retrofit
deployment using existing bedside wall locations within a
healthcare facility, illustrating installation of clinical integ-
ration nodes at locations associated with electrical outlets,
switches, or low-voltage terminations, as well as surface-
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mounted and pole-mounted installations that do not require
structural renovation.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The invention disclosed herein relates to a physical
and logical medical device integration infrastructure
designed first and foremost for retrofit deployment in
already-built healthcare facilities without structural renova-
tion. In the disclosed embodiments, integration components
are installed at existing bedside locations, including elec-
trical outlet positions, switch plates, and low-voltage wall
plate locations, using standard wall boxes, surface-mounted
enclosures, or equivalent mounting structures already
present in the facility. No wall demolition, ceiling modific-
ation, new conduit installation, or structural alteration is
required to practice the invention.

[0033] Installation may be performed by facilities person-
nel or other non-specialist installers using conventional
electrical and low-voltage mounting practices, without per-
room software engineering or bespoke network configura-
tion. The infrastructure is therefore suitable for rapid
deployment, incremental rollout, and minimal downtime in
active clinical environments, including legacy patient
rooms, wards, and temporary or surge care areas.

[0034] Although some embodiments may package compon-
ents partially or fully within an existing wall cavity, such
in-wall packaging represents an optional physical form
factor and is not required to practice the invention. Surface-
mounted, wall-adjacent, behind-wall, cart-mounted, rail-
mounted, or pole-mounted deployments provide equivalent
functional behavior and are expressly within the scope of
the disclosure.

[0035] Existing healthcare facilities typically include het-
erogeneous bedside equipment acquired over extended
periods from multiple manufacturers and accompanied by
vendor-specific intermediary devices, proprietary central
stations, and tightly coupled workflows that cannot be
removed or reconfigured without disrupting patient care.
Such environments impose constraints fundamentally dif-
ferent from new construction, including limited ability to
open walls, limited availability of new network cabling,
restrictions on downtime, and requirements to preserve
incumbent monitoring and documentation pathways. The
disclosed invention addresses these constraints by provid-
ing a hospital-owned integration infrastructure that uses
existing building services and attach-on components to
unify device outputs into a consistent, governed data fabric
without redesigning rooms, replacing devices, or perform-
ing per-room network engineering.

[0036] In the disclosed embodiments, the infrastructure
establishes a controlled clinical integration plane formed by
cooperating physical components. A device-interface mod-
ule is coupled to a medical device and acquires device out-
put data using device-specific physical interfaces and pro-
tocol handling, without altering device operation. A wall-
mounted or wall-adjacent power-and-data distribution com-
ponent provides power delivery and data transport to one or
more device-interface modules using standardized cabling
while maintaining a defined isolation boundary for clinical
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device traffic. A wall-mounted or wall-adjacent edge pro-
cessing component acts as the local network authority for
the clinical integration plane, enforcing authentication,
authorization, time alignment, buffering, logging, and
secure routing of standardized data objects to downstream
destinations under hospital control.

[0037] A defining characteristic of the invention is its
explicit support for coexistence with incumbent vendor
monitoring pathways that remain necessary for patient care.
In retrofit deployments, medical devices may continue to
communicate with existing vendor-specific intermediary
devices or central stations over their primary communica-
tion paths, while the disclosed device-interface modules
obtain a parallel copy of device outputs using pass-through
connectors, mirrored ports, inline adapters, or other non-
intrusive capture mechanisms selected to avoid interference
with the primary pathway. In such embodiments, the
incumbent workflows remain unchanged, while the dis-
closed infrastructure independently produces standardized,
governance-ready data objects.

[0038] The standardized outputs produced by the infra-
structure are structured to support integrity, attribution, and
downstream governance. In some embodiments, standard-
ized data objects include device identity information, phys-
ical location context derived from installation points or
assigned room templates, time information used to preserve
ordering and support buffering and replay, and provenance
fields supporting auditability and policy enforcement. By
emitting governed, context-aligned data objects rather than
raw vendor signals, the infrastructure decouples bedside
device heterogeneity from downstream monitoring, docu-
mentation, analytics, and artificial intelligence systems.
[0039] The disclosed infrastructure is intended to function
as a deployable hospital utility, analogous in operational
role to power, medical gases, or network access. Installa-
tion may be performed using existing electrical and net-
work services, and configuration may be derived from pre-
defined room templates or centralized configuration ser-
vices, allowing large numbers of legacy rooms to be
rendered Al-ready without bespoke per-room engineering.
Devices may be added, replaced, moved, or swapped dur-
ing routine clinical operations, with the infrastructure auto-
matically maintaining correct device-location association
and auditability.

[0040] In addition to routine inpatient rooms, the infra-
structure may be deployed in mobile and temporary clinical
environments, including transport settings, surge units, and
pop-up care areas. In such deployments, the same core
components may be mounted on carts, rails, poles, or tem-
porary structures and coupled to available power and back-
haul resources. Where conventional facility networking is
unavailable or degraded, certain embodiments provide
optional resilient transport mechanisms, including buffering
and store-and-forward behavior, wireless fallback, secure
mesh routing, and controlled use of communication over
existing electrical wiring.

[0041] The embodiments described herein are directed
primarily to the infrastructure for device data acquisition,
normalization, attribution, secure transport, and governance
in retrofit environments. Downstream functions such as
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visualization, analytics, artificial intelligence, alerting, or
control may be supported using the standardized outputs
produced by the infrastructure, but such downstream func-
tions are not required to practice the invention. The prac-
tical effect of the disclosed architecture is to convert leg-
acy, heterogeneous clinical environments into governed,
standardized data sources suitable for modern clinical and
computational workflows while preserving incumbent
device operation and avoiding structural renovation.

Definitions and Terminology

[0042] As used herein, the term “Al-ready” refers to a
property of data outputs produced by the infrastructure, in
which medical device data is captured, time-aligned, loca-
tion-bound, and delivered in a standardized, machine-con-
sumable form with sufficient provenance fields, including
at least device identity, physical location, and time informa-
tion. The term “Al-ready” does not imply that the infra-
structure performs artificial intelligence, clinical inference,
diagnosis, or treatment selection, but rather that the stand-
ardized outputs are suitable for consumption by down-
stream computational systems, including analytics or artifi-
cial intelligence systems, operating outside the infrastruc-
ture.

[0043] As used herein, the term “governance-ready” refers
to standardized data objects that include fields enabling
downstream policy enforcement, auditability, and access
control, such as identifiers, timestamps, and contextual
tags, without requiring modification of underlying legacy
devices.

[0044] In some embodiments, a “governance-ready data
object” comprises, by way of example, a structured record
including a device identifier, a location identifier, time
information such as a timestamp and/or time source, one or
more measurement values and associated units, and proven-
ance fields indicating an acquisition interface or protocol,
optional quality flags, and/or contextual tags. In some
embodiments, the object further includes an optional integ-
rity field such as a hash or signature over at least a portion
of the object.

[0045] As used herein, the term “existing network drop”
refers to a pre-existing network access point of a facility,
such as a wired Ethernet port, bedside network connection,
or facility-provided wireless access, available without
structural renovation or new conduit installation.

[0046] As used herein, the term “configuration service”
refers to one or more software components, which may be
executed on an edge processing unit, a local server, or a
cloud service, configured to enroll modules, apply tem-
plates, assign location identifiers and device roles, and
manage routing rules for standardized data objects.

[0047] As used herein, the term “coexistence mode” refers
to an operating mode in which a legacy medical device
continues to communicate with a vendor-specific interme-
diary devices over an existing primary communication path
while an integration module obtains a copy of correspond-
ing device outputs via a secondary interface, duplicated
output, non-intrusive tap, or parallel data connection, such
that vendor workflows remain unchanged.
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[0048] As used herein, the term “zero-configuration
deployment” refers to installation and activation of retrofit
components without requiring a skilled integrator to manu-
ally configure device drivers, network routes, or room-spe-
cific settings, wherein device enrollment, room assignment,
and data routing are performed automatically based on tem-
plates, discovery events, and governance policies.

[0049] As used herein, the term “device-patient associ-
ation” refers to a governed mapping that links a specific
medical device or sensor stream to a patient identifier and a
physical location or care area, including temporal validity,
such that downstream systems can attribute telemetry cor-
rectly even when equipment is moved or swapped.

[0050] As used herein, the term “non-display interface”
refers to an interaction modality that does not require a ded-
icated screen at the point of care, including voice-based
interaction via microphone and/or speaker arrays, gesture
or presence detection, and other ambient interfaces coupled
to the retrofit infrastructure.

[0051] As used herein, the term “augmented clinical real-
ity” refers to a fused, governed representation of patient
state and clinical context derived from multiple sensing
sources, including bedside devices, environmental sensors,
and wearables, and made available to clinical workflow
systems and Al services for context-aware monitoring,
guidance, and/or control actions.

[0052] As used herein, the term “secure mesh network”
refers to a self-configuring network formed between mul-
tiple retrofit modules that provides encrypted communica-
tion paths independent of, or redundant to, facility IT net-
works. In some embodiments, the mesh includes powerline
communication over existing electrical wiring and/or wire-
less links for failover connectivity.

[0053] As used herein, the term “closed-loop control”
refers to a workflow in which sensed physiologic or con-
textual measurements are used to trigger governed actions
including alarms, notifications, workflow tasks, and/or
device control commands and wherein the actions are val-
idated against safety and policy constraints prior to execu-
tion.

[0054] As used herein, the term “template” refers to a
stored configuration profile for a legacy room type that spe-
cifies expected device roles, location identifiers, security
and network policies, and associated routing rules for
standardized data objects, such that deployment can be per-
formed without per-room engineering.

[0055] As used herein, the term “routing rule” refers to a
machine-executable policy or mapping that directs stand-
ardized data objects to one or more destinations based on
device role, patient context, location, data type, time, prior-
ity, and/or compliance constraints.

[0056] As used herein, the term “clinical integration plane”
refers to a controlled physical and logical network environ-
ment that exists between medical devices at the point of
care and downstream systems, and that is distinct from a
general hospital information technology network. The clin-
ical integration plane includes device-interface modules,
controlled power-and-data distribution components, and
one or more edge processing units that collectively enforce
authorization, isolation, and governance at the point of data
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acquisition. Medical devices and device-interface modules
within the clinical integration plane are prevented from
obtaining direct connectivity to the general hospital inform-
ation technology network, and all ingress and egress of
device data is mediated by an edge processing unit that
enforces authentication, authorization, and routing policies.
In some embodiments, enforcement of the clinical integra-
tion plane includes one or more of network segmentation,
port-level control, authenticated enrollment, device whitel-
isting, and controlled uplink routing, such that systems and
networks outside the clinical integration plane do not obtain
direct access to devices within the plane.

[0057] As used herein, the term “non-interference” refers to
a technical condition in which acquisition of a parallel copy
of medical device output data does not interrupt, delay,
modify, inject, or otherwise affect a primary communica-
tion pathway between the medical device and an incumbent
vendor monitoring system. In non-interfering configura-
tions, failure or unavailability of the parallel acquisition
path does not impair operation of the primary vendor path-
way, which continues uninterrupted.

[0058] As used herein, the term “standardized data object”
refers to a structured, machine-consumable data record gen-
erated within the clinical integration plane from normalized
device output data. In some embodiments, a standardized
data object includes, at minimum, device identity informa-
tion identifying the originating medical device or device-
interface module, a location identifier derived from phys-
ical installation context, time information including a
timestamp and/or ordering information sufficient to pre-
serve sequence and time integrity, one or more measure-
ment values with associated units, and provenance or qual-
ity fields indicating acquisition source, interface type, or
validation status. In some embodiments, standardized data
objects may be encoded using structured representations
such as JSON, CBOR, or Protocol Buffers, although no
specific encoding format is required.

[0059] As used herein, the term “existing bedside outlet
location” refers to a physical location within a patient care
area that includes an existing electrical outlet, switch plate,
or low-voltage wall plate installed as part of a facility’s ori-
ginal or prior construction. Such a location includes the
associated wall box, enclosure, or conduit zone serving the
outlet or plate. Installation “at or proximate to” an existing
bedside outlet location refers to installation within the same
patient bay or care area and functionally associated with the
same wall location, without requiring new conduit, struc-
tural modification, or relocation of existing building ser-
vices.

[0060] As used herein, the term “standard wall box” refers
to a conventional electrical or low-voltage enclosure used
for outlets, switches, or terminations, and the term “sur-
face-mounted enclosure” refers to an enclosure mounted on
a wall surface without opening or modifying the wall struc-
ture. Use of a wall cavity is optional and not required to
practice the invention.

[0061] As used herein, the term “port identity” refers to a
persistent identifier associated with a physical powered
connection port of a power-and-data distribution compon-
ent. In some embodiments, the port identity includes one or
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more of a physical port number, a network interface identi-
fier, and a unique identifier of the hosting distribution com-
ponent. The port identity persists across power cycles and
is used by an edge processing unit to associate a physical
connection event with a corresponding location identifier.
Movement of a device-interface module between ports res-
ults in reassignment of the location identifier based on the
port identity.

[0062] As used herein, the term “configuration drift” refers
to a deviation between an actual deployment state of
devices, ports, or associations and an expected state defined
by a template. In some embodiments, validation rules
defined by the template are applied to detect missing,
duplicated, misassigned, or unauthorized device roles, port
associations, or routing behaviors.

[0063] As used herein, the term “Structural renovation”
refers to physical modification of a building’s fixed infra-
structure that alters or penetrates permanent structural or
utility elements, including but not limited to cutting or
opening walls, ceilings, or floors; installing or rerouting in-
wall or in-ceiling electrical wiring, conduits, plumbing, or
network cabling; modifying load-bearing components; or
performing construction activities requiring building per-
mits or room decommissioning. Structural renovation does
not include surface-mounted installation, attachment, or
replacement of devices using existing outlets, ports, mount-
ing points, wall plates, raceways, or externally accessible
interfaces, nor does it include plug-and-play deployment,
bedside attachment, pole-mounted attachment, or other ret-
rofit installation techniques that preserve existing room
infrastructure.

[0064] As used herein, the term “secured communication
path” refers to a communication channel configured to pro-
tect data against unauthorized access, interception, or tam-
pering through one or more security mechanisms.

Automatic Operations Upon Installation and Enrollment

[0065] In some embodiments, upon installation and enroll-
ment of retrofit components, the system automatically dis-
covers a management endpoint and establishes a secure ses-
sion, identifies an attached device type and selects a corres-
ponding protocol driver, assigns or validates a location
identifier based on a room template, labeled network drop,
or enrollment scan, and generates standardized data objects
that include at least a device identifier, a location identifier,
and time information. In some embodiments, the system
time-synchronizes standardized data objects across multiple
modules, buffers standardized data objects locally during
network disruption and replays buffered data when con-
nectivity resumes, dynamically routes standardized data
objects over wired and/or wireless backhaul links based on
link health, and applies policy tags or routing rules to direct
standardized data objects to monitoring, documentation,
governance, and Al services.

Avoidance of Abstract Clinical Determinations

[0066] The embodiments described herein are directed to a
physical and logical retrofit infrastructure for acquiring
medical device outputs at the point of care, normalizing
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heterogeneous device data, associating such outputs with
device identity, physical location, and time information,
and securely routing standardized data objects under hos-
pital-defined governance policies. The disclosed infrastruc-
ture does not perform clinical interpretation, diagnosis,
treatment selection, or therapeutic decision-making. Its
technical contribution resides in controlled physical deploy-
ment, authorized data acquisition, normalization, attribu-
tion, isolation, and governed transport of device outputs
within a clinical integration plane. Any clinical interpreta-
tion, alerting, analytics, or artificial intelligence processing
based on the standardized data objects is performed, if at
all, by downstream systems external to the infrastructure
and is not required to practice the invention.

Retrofit Deployment Without Structural Renovation

[0067] The invention is primarily directed to retrofit
deployment in existing healthcare facilities, enabling leg-
acy patient rooms, wards, and mobile clinical environments
to be upgraded to a governed, Al-ready state without
requiring structural renovation. Retrofit deployment is
achieved using attach-on and wall-mounted infrastructure
components that leverage existing building services,
including electrical power and wired network connections
already present at the point of care.

[0068] In retrofit embodiments, installation does not
require demolition of walls, installation of new conduit, or
reconfiguration of existing room layouts. Instead, core
infrastructure components are mounted on, within, or adja-
cent to existing wall locations commonly used for electrical
outlets or low-voltage network terminations. By anchoring
deployment to these ubiquitous bedside locations, the sys-
tem enables consistent placement across heterogeneous
rooms while preserving existing clinical workflows and
room construction.

[0069] Installation of the wall-mounted or in-wall infra-
structure components may be performed using standard
electrical and low-voltage wiring practices applicable to
healthcare facilities. The power and data distribution com-
ponent and the edge processing unit are designed to fit
within, or adjacent to, standard electrical wall boxes or
low-voltage enclosures commonly used for power recept-
acles and structured cabling. As a result, installation may
be performed by electricians or facilities personnel familiar
with conventional power and wired network installation,
without requiring specialized information technology or
medical device integration expertise.

[0070] Medical devices present in the room are integrated
independently by attaching a corresponding device-inter-
face module to each device. This per-device attachment
model avoids the need for room-level protocol configura-
tion, device aggregation, or custom network engineering.
Each device-interface module is physically connected to its
associated medical device and to the wall-mounted infra-
structure using standardized cabling, allowing device integ-
ration to be performed incrementally as devices are intro-
duced, replaced, or reassigned.

[0071] Once physically installed, the infrastructure com-
ponents automatically enroll and coordinate under control
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of the edge processing unit, applying predefined templates
and governance policies without manual configuration at
the bedside. The retrofit deployment model therefore
allows existing care environments to be upgraded using
standardized installation practices and non-specialist labor,
while producing a secure, governed medical device integra-
tion plane suitable for downstream monitoring, documenta-
tion, analytics, and artificial intelligence systems.

[0072] FIG. 7 illustrates exemplary retrofit arrangements in
which wall-mounted clinical integration nodes are installed
at locations previously occupied by standard wall plates,
thereby leveraging existing wall cavities and electrical
infrastructure without structural renovation.

Template-Based Configuration

[0073] A room or area template may include one or more
of expected device roles and device types for a legacy room
type, allowable interfaces and protocols for each role, map-
pings between labeled network drops, physical mount
points, QR or barcode identifiers, and location identifiers,
default routing rules indicating destinations for standard-
ized data objects, default security policies including enroll-
ment authentication requirements and transport encryption
settings, and validation rules for detecting configuration
anomalies, such as a missing required device role or a
duplicated role assignment within a room.

Worked Example: Retrofit of a Legacy ICU Wing

[0074] As an illustrative example, a hospital may retrofit a
legacy intensive care unit wing comprising a plurality of
rooms by deploying pre-assembled retrofit packages. For
each room, a technician mounts device-interface modules
to existing IV poles or equipment rails, connects modules
to legacy devices using vendor-specific cables, and installs
wall-mounted or in-wall infrastructure components using
existing power outlets and existing network drops. The
technician applies an ICU room template to a set of rooms,
causing enrolled modules to receive location identifiers,
default device roles, and routing rules. During operation, if
network connectivity is disrupted for a period of time,
standardized data objects are buffered at the edge and
replayed when connectivity returns. If two monitors are
swapped between beds, the system updates device-to-loca-
tion associations based on enrollment and template rules to
reduce mis-assignment of data. In coexistence mode, leg-
acy devices continue to communicate with vendor-specific
intermediary devices over existing primary paths while the
system obtains a parallel copy of device outputs for down-
stream governance and Al systems.

System Architecture

[0075] The retrofit medical device integration infrastructure
disclosed herein is implemented as a coordinated physical
and logical system comprising three primary components
that together establish a controlled clinical integration plane
within an existing healthcare facility. These components
are: a device-interface module configured to couple directly
to an individual medical device; a wall-mounted or in-wall
power and data distribution component configured to serve
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as a local utility hub; and a wall-mounted or in-wall edge
processing component configured to act as the network
authority for the integration plane. The architecture is
expressly designed so that these components may be
installed using existing building services and operate inde-
pendently of the hospital’s general IT network while
remaining interoperable with downstream clinical systems.
[0076] At the edge of the system, a device-interface module
is physically and logically coupled to a medical device at or
near the point of care. The device-interface module is con-
figured to receive device output data using a device-spe-
cific physical connector and protocol processing logic
appropriate to the particular device model and software
configuration. The module operates as an acquisition point
for device data, obtaining outputs in a manner that does not
require modification of the medical device and does not
interfere with any incumbent primary communication path-
way used by the device. In embodiments supporting coex-
istence, the device-interface module may include a pass-
through or parallel connection that allows the medical
device to continue communicating with an existing vendor-
specific intermediary device or central station while simul-
taneously providing a copy of device outputs to the dis-
closed infrastructure.

[0077] One or more device-interface modules are coupled
via standardized cabling to a wall-mounted or in-wall
power-over-ethernet distribution component. This distribu-
tion component provides electrical power and data con-
nectivity to the device-interface modules using a controlled
and isolated network segment dedicated to medical device
integration. Unlike general-purpose network switches, the
distribution component is configured to operate under
exclusive control of the edge processing component and
does not provide unrestricted access to the hospital’s wired
network. By physically locating the distribution component
at or near an existing electrical outlet location, the architec-
ture leverages ubiquitous bedside anchor points while min-
imizing exposed cabling and reducing risk of accidental
disconnection or interference in patient care areas.

[0078] The edge processing component is coupled to one or
more distribution components and serves as the central
authority for the clinical integration plane. The edge pro-
cessing component performs device discovery, authentica-
tion, and authorization, and establishes the logical isolation
boundary that separates the integration plane from the hos-
pital’s general IT infrastructure. All data entering or leaving
the integration plane passes through the edge processing
component, which applies security policies, time align-
ment, buffering, logging, and routing functions. In this
manner, the edge processing component enforces hospital-
defined governance controls at the network layer, rather
than relying on device vendors or downstream systems to
impose such controls.

[0079] In operation, when a device-interface module is
connected to a distribution component, the edge processing
component automatically detects the connection and valid-
ates the identity and authorization status of the module.
Upon successful authorization, the edge processing com-
ponent associates the module with a physical location
derived from the connection point, room template, or
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installation context, and may further associate the module
with a patient identifier obtained through integration with
admission, discharge, and transfer systems. Device output
data acquired by the module is then normalized into a
standardized format and encapsulated into governance-
ready data objects that include identity, location, and time
information. These data objects are buffered and routed by
the edge processing component to designated downstream
destinations using secure and controlled transport mechan-
isms.

[0080] The architecture is modular and scalable. Multiple
distribution components may be deployed within a room,
bay, or clinical area and may be managed by a single edge
processing component. Additional device-interface mod-
ules may be added incrementally as new devices are intro-
duced, without reconfiguration of existing modules or
changes to the physical infrastructure. Similarly, additional
edge processing components may be deployed to increase
capacity or to serve additional rooms or units, while main-
taining consistent governance and security policies across
the integration plane.

[0081] Importantly, the system architecture does not
require that downstream systems be aware of the specific
devices or protocols present at the bedside. By presenting
standardized, context-aligned data objects at the output of
the integration plane, the architecture decouples bedside
device heterogeneity from downstream monitoring, docu-
mentation, analytics, and artificial intelligence systems.
This decoupling allows hospitals to evolve device inventor-
ies and downstream software independently, while main-
taining consistent integration behavior at the infrastructure
level.

[0082] As used herein, delivery of power “over Ethernet”
or “power-over-Ethernet” refers to the functional concept
of supplying electrical power to connected devices over a
wired data communication cable, such as Ethernet cabling,
and is not limited to any specific commercial product
implementation, vendor, or formal power delivery standard.
The disclosed infrastructure may employ standardized, pro-
prietary, or hybrid power delivery techniques over data
cabling, provided that such techniques enable combined
power and data connectivity suitable for the described ret-
rofit deployment.

[0083] The described architecture therefore establishes a
durable, repeatable foundation for retrofit medical device
integration. By fixing the roles of the device-interface mod-
ule, the wall-mounted distribution component, and the edge
processing component, the system defines a concrete infra-
structure that can be installed, audited, licensed, and
enforced as a unit, while supporting incremental expansion
and future functional extensions through downstream sys-
tems or subsequent patent continuations.

Connection Event Detection, Authorization, and
Enrollment Workflow

[0084] Upon physical connection of a device-interface
module to a powered connection port of a distribution com-
ponent, the edge processing unit detects a connection event
corresponding to that specific port identity. Detection may
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occur based on electrical presence, link-layer signaling, or
other physical-layer indicators associated with the powered
connection port. In response to the connection event, the
edge processing unit initiates an authentication process to
determine whether the connected device-interface module
is authorized to participate in the clinical integration plane.
[0085] Authentication includes verification of one or more
identifiers associated with the device-interface module,
including a module identifier, firmware signature, or cryp-
tographic credential. In some embodiments, mutual authen-
tication is performed between the device-interface module
and the edge processing unit prior to acceptance of any
device output data. If authentication succeeds, the edge pro-
cessing unit applies applicable governance and routing
policies and authorizes the device-interface module for
operation within the clinical integration plane.

[0086] Upon authorization, the edge processing unit assigns
a physical location identifier to the device-interface module
based at least in part on the identity of the powered connec-
tion port to which the module is connected. The edge pro-
cessing unit then enables data ingress from the module and
generates standardized data objects from normalized device
output data, each standardized data object including device
identity information, assigned location information, and
time information. The connection event, authorization res-
ult, assigned location, and time of activation are recorded in
an audit log.

[0087] If authentication fails, the edge processing unit
places the device-interface module into a quarantine state in
which power delivery and/or data ingress is disabled or
restricted. If a device-interface module is unknown or unre-
cognized, the edge processing unit may permit limited
operation in a safe mode that prevents routing of device
data to downstream systems until explicit authorization is
obtained. In all cases, unauthorized or quarantined modules
are prevented from introducing data into the clinical integ-
ration plane.

Structural Enforcement of Security and Isolation
Boundaries

[0088] Security within the disclosed infrastructure is
enforced as a structural property of the clinical integration
plane. In some embodiments, device-interface modules and
edge processing units implement secure boot mechanisms
and execute signed firmware or driver bundles. Mutual
authentication is performed between device-interface mod-
ules, distribution components, and edge processing units
prior to acceptance of device data.

[0089] Cryptographic keys are managed using a centralized
or distributed key management model appropriate to the
deployment. Unauthorized modules are placed into quar-
antine states in which power delivery and data ingress are
restricted. All authorization, association, and routing events
are recorded in audit logs, which may be stored in a
tamper-evident form.

[0090] Medical devices and device-interface modules are
prevented from obtaining direct connectivity to the general
hospital information technology network. All communica-
tion with downstream systems occurs through controlled,

Jul. 23, 2026

authenticated, and authorized pathways mediated by the
edge processing unit, thereby enforcing isolation and gov-
ernance at the point of acquisition rather than relying on
downstream controls.

Security and Integrity at Acqusition

[0091] In some embodiments, an integration module
authenticates to a configuration service or management
endpoint using one or more of device certificates, crypto-
graphic keys, or credentialed enrollment procedures. Stand-
ardized data objects may be encrypted in transit from the
point of acquisition. In addition, the system may bind a
device identifier to an enrolled module identifier and a loc-
ation identifier to reduce spoofing or unauthorized substitu-
tion. In some embodiments, a standardized data object
includes a cryptographic hash or signature over at least a
portion of the object to support downstream integrity
checking, without requiring modification of the legacy
medical device.

Device-Interface Module 110: Device Interface and
Coexsistence

[0092] The Device-Interface Module (110) functions as a
device-interface module configured to couple directly to an
individual medical device at or near the point of care and to
acquire device output data for entry into the retrofit integra-
tion infrastructure. Each Device-Interface Module is phys-
ically and logically adapted for use with a specific medical
device model and configuration and is designed to operate
without requiring modification of the medical device or
alteration of its certified operating state. The Device-Inter-
face Module therefore serves as a controlled acquisition
point for device data, rather than as a replacement for, or
controller of, the medical device itself.

[0093] In some embodiments, the Device-Interface Module
includes a device-specific physical connector that interfaces
with a data export port of the medical device. Although
such connectors may resemble standardized connectors
such as RJ-type connectors, USB connectors, or Ethernet
connectors, the internal wiring, signaling, and protocol
handling are configured to match the specific electrical and
logical characteristics of the target medical device. This
device-specific adaptation allows the Device-Interface
Module to receive device outputs accurately and reliably
across a wide range of legacy and newly released medical
equipment, including devices that do not natively support
standardized data export formats.

[0094] The Device-Interface Module includes protocol pro-
cessing logic configured to interpret device-specific output
signals and to normalize those signals into a standardized
internal representation suitable for further processing by the
integration infrastructure. The Device-Interface Module
does not perform clinical interpretation or diagnostic infer-
ence; rather, it performs deterministic translation and
encapsulation of device outputs so that downstream com-
ponents receive consistent, machine-consumable data struc-
tures regardless of device vendor or protocol. By perform-
ing this normalization at the point of acquisition, the infra-
structure reduces downstream dependency on proprietary
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device formats and enables consistent governance and rout-
ing behavior across heterogeneous devices.

[0095] A practical requirement in retrofit environments is
coexistence with incumbent vendor-specific intermediary
devices and central monitoring systems that remain in clin-
ical use. Accordingly, in some embodiments the Device-
Interface Module is configured to support parallel data cap-
ture without interrupting the primary communication path-
way used by the medical device. To this end, the Device-
Interface Module may include a pass-through connector,
inline adapter, or equivalent interface that allows the med-
ical device to continue communicating with an existing
vendor-specific intermediary device or central station while
simultaneously providing a copy of the device output data
to the disclosed infrastructure. The pass-through pathway
preserves signal continuity and timing characteristics
required by the incumbent system, while the parallel path-
way supplies data to the hospital-owned integration plane.
[0096] In coexistence embodiments, the Device-Interface
Module is configured so that the parallel capture function
does not inject data into, alter, or delay the primary com-
munication pathway. Electrical isolation, protocol isolation,
and rate control mechanisms may be employed to ensure
that operation of the Device-Interface Module does not
interfere with incumbent monitoring workflows or violate
device operating constraints. The selection of a particular
capture mechanism—such as a pass-through connector,
splitter, mirrored output, or protocol-level secondary
export—is dependent on the characteristics of the medical
device and is chosen to preserve safe and compliant opera-
tion.

[0097] The Device-Interface Module may be powered in
multiple ways, including via power-over-ethernet supplied
by the wall-mounted distribution component or via a low-
voltage power interface provided by the medical device
itself. When connected to the integration infrastructure via
a controlled power-over-ethernet connection, the Device-
Interface Module becomes part of the isolated clinical
integration plane and is subject to authorization and control
by the edge processing component. In such configurations,
the physical connection point may be used as an input to
location association logic, enabling the infrastructure to
determine the bed, room, or care area with which the
Device-Interface Module is associated.

[0098] In operation, when an Device-Interface Module is
connected to the integration infrastructure, it is automatic-
ally discovered by the edge processing component, authen-
ticated, and authorized before any device data is accepted.
The Device-Interface Module may present identifying
information corresponding to its device-specific configura-
tion, firmware version, and compatibility profile, allowing
the edge processing component to verify that the Device-
Interface Module is approved for use with the connected
medical device. If authorization fails, the edge processing
component may block data ingress from the Device-Inter-
face Module, thereby preventing unauthorized or miscon-
figured devices from introducing data into the integration
plane.

[0099] The Device-Interface Module is designed for rapid
installation and removal in retrofit environments. In some
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embodiments, the Device-Interface Module is physically
secured to the medical device using removable mounting
mechanisms that do not interfere with routine clinical use,
cleaning, or device servicing. This allows Device-Interface
Modules to be deployed incrementally as devices are intro-
duced or reassigned, and to be replaced or upgraded
without altering the surrounding infrastructure.

[0100] By confining the responsibilities of the Device-
Interface Module to device-specific data acquisition, nor-
malization, and coexistence support, the disclosed architec-
ture maintains a clear separation of concerns between bed-
side device interaction and downstream data governance.
This separation allows the infrastructure to scale across
large numbers of heterogeneous devices while preserving
incumbent clinical workflows and avoiding tight coupling
between device vendors and hospital-owned integration
systems.

Wall-Mounted or In-Wall IoT Power-Over-Ethernet Switch
120

[0101] The IoT Power-over-Ethernet Switch (120) func-
tions as a dedicated power and data distribution component
within the retrofit medical device integration infrastructure.
The switch is configured to deliver electrical power and
network connectivity to one or more device-interface mod-
ules using standardized Ethernet cabling, while maintaining
a defined isolation boundary between medical device com-
munications and the hospital’s general information techno-
logy network. Unlike general-purpose enterprise switches,
the IoT Power-over-Ethernet Switch is designed and
deployed as a fixed clinical utility component rather than as
a shared IT networking resource.

[0102] In retrofit embodiments, the IoT Power-over-Ether-
net Switch is mounted on, within, or directly behind a wall
at or near an existing electrical outlet location or low-
voltage network termination point in a patient room, bay, or
care area. The physical form factor and wiring interfaces of
the switch are compatible with standard electrical wall
boxes and low-voltage enclosures commonly used in
healthcare facilities. This design allows installation to be
performed using conventional electrical and structured-
cabling practices by electricians or facilities personnel,
without requiring specialized hospital IT or medical device
integration expertise.

[0103] The IoT Power-over-Ethernet Switch provides mul-
tiple controlled ports, each port being configured to supply
power and data connectivity to a corresponding device-
interface module associated with an individual medical
device. Power-over-Ethernet delivery enables both elec-
trical power and network connectivity to be provided over a
single cable, reducing cabling complexity and enabling
clean, standardized bedside installation. Each port may be
individually monitored and controlled by the edge pro-
cessing unit, allowing device-level authorization, power
management, and connectivity enforcement.

[0104] A defining characteristic of the IoT Power-over-
Ethernet Switch is that it operates under the exclusive con-
trol of the IoT Edge Processing Unit and does not provide
unrestricted network access. The switch is not configured
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to accept arbitrary network devices and does not function
as a general access switch for hospital IT infrastructure. All
communications through the switch are mediated by the
edge processing unit, which authenticates connected
device-interface modules, authorizes data ingress, and
enforces isolation policies at the port level.

[0105] In some embodiments, the IoT Power-over-Ethernet
Switch is electrically and logically isolated from other hos-
pital networking equipment. Data traffic originating from
connected device-interface modules is confined to the clin-
ical integration plane and forwarded only through secure
communication paths established and managed by the edge
processing unit. This isolation prevents direct exposure of
medical devices to the hospital’s general network and
reduces cybersecurity risk at the bedside.

[0106] The switch may further report operational status
information, including port connectivity, power draw, and
fault conditions, to the edge processing unit. In response to
detected anomalies or unauthorized connections, the edge
processing unit may disable a corresponding port, thereby
suspending both power delivery and data flow until the
condition is resolved. These controls support safe operation
while enabling centralized oversight without bedside inter-
vention.

[0107] Multiple IoT Power-over-Ethernet Switches may be
deployed within a room, ward, or clinical area and man-
aged by a single edge processing unit. Such switches may
be interconnected through controlled uplinks that remain
within the integration plane, allowing the infrastructure to
scale to support additional medical devices without requir-
ing changes to existing installations. Expansion is achieved
by adding additional wall-mounted switches and device-
interface modules using the same standardized installation
practices.

[0108] By combining wall-mounted deployment, compatib-
ility with standard electrical enclosures, controlled port
behavior, and exclusive edge processing unit control, the
IoT Power-over-Ethernet Switch establishes a durable and
repeatable physical layer for retrofit medical device integ-
ration. This design enables hospitals to deploy governed,
vendor-agnostic device connectivity using existing building
infrastructure and non-specialist installation labor, while
preserving clinical safety, security, and scalability.

IoT Edge Processing Unit 130

[0109] The IoT Edge Processing Unit (130) functions as
the central authority for the retrofit medical device integra-
tion infrastructure. It is a physically deployed computing
component configured to manage authentication, authoriza-
tion, isolation, governance, and routing within a clinical
integration plane that is separate from the hospital’s general
information technology network. The IoT Edge Processing
Unit enforces control at the network boundary and serves
as the point through which all standardized medical device
data entering or leaving the integration infrastructure is
mediated.

[0110] In retrofit embodiments, the IoT Edge Processing
Unit is mounted on, within, or directly behind a wall at or
near existing electrical outlet locations or low-voltage net-
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work termination points within a patient room, ward, or
care area. The physical form factor and power interfaces of
the edge processing unit are compatible with standard elec-
trical wall boxes or low-voltage enclosures commonly used
in healthcare facilities. As a result, installation may be per-
formed using conventional electrical and structured-cabling
practices by electricians or facilities personnel, without
requiring rack-mounted servers, dedicated data center
space, or specialized hospital IT expertise.

[0111] The IoT Edge Processing Unit is electrically and
logically coupled to one or more IoT Power-over-Ethernet
Switches and operates as the exclusive controller of those
switches. Upon physical connection of a device-interface
module to a controlled switch port, the [oT Edge Pro-
cessing Unit automatically detects the connection event and
evaluates identifying information associated with the mod-
ule. The edge processing unit authenticates and authorizes
the module before permitting data ingress or power deliv-
ery, thereby preventing unauthorized or misconfigured
devices from participating in the integration plane.

[0112] A core function of the IoT Edge Processing Unit is
to enforce isolation and governance at the network layer.
Medical devices connected through the infrastructure are
not granted direct access to the hospital’s general informa-
tion technology network. Instead, all device data is routed
through the edge processing unit using controlled, secure
communication paths. Encryption, segmentation, and
access control policies are applied at this boundary, ensur-
ing that security and compliance controls are enforced at
the point of acquisition rather than being deferred to down-
stream systems.

[0113] The IoT Edge Processing Unit further provides time
alignment, buffering, and logging services for standardized
data objects received from device-interface modules. In
some embodiments, the unit maintains a synchronized time
reference used to apply time information and sequence
identifiers to incoming data. Local buffering allows contin-
ued acquisition of device outputs during upstream network
interruptions, with ordered forwarding or replay once con-
nectivity is restored. These functions support data integrity
and auditability without requiring continuous availability of
external systems.

[0114] In addition to routing and buffering, the [oT Edge
Processing Unit maintains associations between device-
interface modules, physical locations, and patient identifi-
ers. Location association may be derived from the physical
connection point or from applied room templates, while
patient association may be obtained through integration
with admission, discharge, and transfer systems. When
devices are moved, swapped, or disconnected, the edge
processing unit detects the change and updates the associ-
ated mappings, recording transition events with time
information to prevent misattribution of device data.

[0115] The IoT Edge Processing Unit also serves as a cent-
ralized management and monitoring point for the retrofit
infrastructure. It records authorization events, connectivity
status, fault conditions, and anomalies associated with con-
nected switches and device-interface modules. These
records support troubleshooting, compliance auditing, and
forensic analysis, while allowing day-to-day operation to
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proceed without manual configuration at the bedside.

[0116] Although the IoT Edge Processing Unit may include
local computational resources capable of supporting
optional downstream functions, such as data conditioning
or aggregation, these capabilities are subordinate to its
primary role as a network authority and governance
enforcement point. The invention does not require execu-
tion of diagnostic inference, clinical decision-making, or
therapeutic control at the edge processing unit, and such
functions, if present, are performed by downstream systems
outside the scope of the infrastructure itself.

[0117] By providing a wall-mounted, electrician-installable
network authority that enforces isolation, governance, attri-
bution, and secure routing, the [oT Edge Processing Unit
enables scalable retrofit deployment of medical device
integration infrastructure using existing building services.
This design allows hospitals to establish a governed, stand-
ardized integration plane without reliance on specialized IT
installations or device-specific configuration at the point of
care.

Time Synchronization, Buffering, and Ordered Replay

[0118] To maintain continuity of governed data capture
during network disruptions, the edge processing unit
includes local buffering capability. Standardized data
objects received from authorized device-interface modules
are stored in a buffer structure, such as a queue or ring buf-
fer, together with time information and sequence identifi-
ers. Time information may be derived from a synchronized
time source and includes sufficient resolution to preserve
ordering of clinical events.

[0119] If upstream connectivity to a downstream system is
interrupted, standardized data objects continue to be buf-
fered locally. Upon restoration of connectivity, buffered
data objects are forwarded in time order based on sequence
identifiers and timestamps. In some embodiments, dedu-
plication logic is applied to prevent retransmission of data
objects that were successfully delivered prior to interrup-
tion.

[0120] In some embodiments, freshness policies are applied
to buffered data. Data objects exceeding a defined age
threshold may be marked as stale or excluded from replay,
while still being retained for audit purposes. Time syn-
chronization is maintained using one or more time sources,
and drift is detected and corrected by the edge processing
unit to preserve ordering integrity.

Autodiscovery, Location, and Patient Aassociation

[0121] Accurate association between medical devices,
physical location, and patient identity is a fundamental
requirement for safe and reliable medical device integra-
tion, particularly in retrofit environments where devices are
frequently moved, swapped, or shared across beds and
rooms. The disclosed infrastructure addresses this require-
ment by implementing automated discovery and association
mechanisms that operate at the time of physical connection
and that are enforced by the edge processing component,
rather than relying on manual configuration or downstream
reconciliation.
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[0122] In the disclosed architecture, device-interface mod-
ules are automatically detected by the [oT Edge Processing
Unit when they are physically connected to a controlled
port of an [oT Power-over-Ethernet Switch. The connection
event itself serves as a trigger for discovery and enrollment,
allowing the infrastructure to determine that a specific,
authorized device-interface module has been introduced
into the integration plane. This discovery process does not
require manual entry of device identifiers or network con-
figuration parameters at the bedside.

[0123] Location association is derived from the physical
connection context of the device-interface module. In some
embodiments, each controlled switch port is pre-associated
with a room, bed, bay, or care area identifier using a pre-
defined template or configuration service. When a device-
interface module is connected to a particular port, the [oT
Edge Processing Unit assigns the corresponding location
identifier to the module and to the standardized data objects
produced from its acquired device outputs. Because loca-
tion is inferred from the physical infrastructure rather than
from device-reported metadata, the association remains
consistent even when devices are swapped, replaced, or
temporarily disconnected.

[0124] Patient association may be established by correlat-
ing the assigned location identifier with patient occupancy
information obtained from admission, discharge, and trans-
fer systems. In such embodiments, the IoT Edge Processing
Unit determines which patient is currently assigned to the
associated bed or care area and links the standardized
device data objects to the corresponding patient identifier.
This association may be updated dynamically as patient
assignments change, without requiring reconfiguration of
the device-interface module or modification of the medical
device itself.

[0125] The infrastructure is configured to detect and
respond to changes in device placement or connectivity.
When a device-interface module is disconnected from one
controlled port and later connected to a different port, the
IoT Edge Processing Unit treats the event as a relocation
and updates the associated location and patient mappings
accordingly. Transition events are logged with time inform-
ation, enabling reconstruction of device movement history
and supporting auditability of downstream data usage. By
updating associations at the time of physical reconnection,
the system reduces the risk of false patient-device attribu-
tion that can occur when devices are moved between beds
during routine clinical operations.

[0126] In some embodiments, the IoT Edge Processing
Unit applies validation logic to detect unexpected or incon-
sistent configurations, such as a device appearing in a loca-
tion where it is not expected based on the applied room
template or a device type being connected to an incompat-
ible care area. Such conditions may be logged, flagged for
review, or temporarily blocked from data ingress until
resolved, thereby preventing erroneous data associations
from propagating to downstream systems.

[0127] The automated association mechanisms described
herein operate independently of downstream monitoring,
documentation, or analytics systems. Standardized data
objects emitted by the integration plane include the
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assigned device, location, and patient identifiers, allowing
downstream systems to consume correctly attributed data
without performing their own reconciliation. This separa-
tion of concerns simplifies downstream system design and
places responsibility for attribution correctness within the
infrastructure itself, where physical context is directly
observable.

[0128] By grounding discovery and association in physical
connection events and controlled infrastructure ports, the
disclosed system provides a repeatable and verifiable
method for maintaining correct device-location-patient
mappings in retrofit environments. This approach reduces
reliance on manual labeling, barcode scanning, or user
intervention at the bedside, and supports scalable deploy-
ment across large numbers of heterogeneous rooms while
preserving auditability and governance.

Port-Based Location Binding and Device Movement
Handling

[0129] Location association within the clinical integration
plane is anchored to physical port identity rather than to
device-reported metadata. Each powered connection port of
a distribution component is associated with a location iden-
tifier corresponding to a bed, bay, room, or care area. When
a device-interface module is connected to a port, the
assigned location identifier is derived from that port iden-
tity and persists for the duration of the connection.

[0130] If a device-interface module is disconnected from a
first powered connection port and subsequently connected
to a second powered connection port, the edge processing
unit detects the disconnection and reconnection events and
treats the change as a physical relocation. The assigned loc-
ation identifier is updated based on the second port identity,
and a transition event including the prior location, new loc-
ation, and time information is recorded. Standardized data
objects generated after reconnection include the updated
location information.

[0131] In a representative example, if two bedside monitors
are swapped between beds, the device-interface modules
are disconnected and reconnected to different ports. The
edge processing unit updates location associations automat-
ically based on port identity, without requiring manual rela-
beling or reconfiguration, thereby preventing misattribution
of device data to the wrong patient. If ambiguity arises,
such as simultaneous connection events or conflicting iden-
tifiers, the edge processing unit may temporarily hold data
in a pending state and issue an alert until the association is
resolved.

[0132] In some embodiments, additional signals such as
admission-discharge-transfer events, enrollment scans, or
contextual confirmation inputs may be used to validate or
refine associations. All association changes are logged with
time information to support auditability and reconstruction
of device movement history.

Coexsistence with Legacy Vendor-Specific Intermediary
Devices

[0133] Healthcare facilities commonly rely on vendor-spe-
cific intermediary devices, bedside networks, and central

Jul. 23, 2026

monitoring stations that are tightly integrated into existing
clinical workflows and contractual service arrangements. In
many cases, these incumbent systems cannot be removed,
replaced, or substantially reconfigured without disrupting
patient care, invalidating warranties, or requiring extensive
regulatory and operational approvals. The disclosed retrofit
medical device integration infrastructure is therefore
designed to operate alongside such incumbent systems
rather than in place of them.

[0134] In coexistence embodiments, the disclosed infra-
structure acquires device output data without interrupting
or altering the primary communication pathway used by a
medical device to communicate with an existing vendor-
specific intermediary device or central station. A device-
interface module may be coupled to the medical device in a
manner that allows the device to continue transmitting data
to the incumbent system while simultaneously providing a
parallel copy of the same outputs to the hospital-owned
integration plane. The incumbent pathway remains func-
tionally unchanged, and the disclosed infrastructure does
not assume responsibility for primary patient monitoring or
alarm delivery performed by the vendor system.

[0135] Parallel data capture may be implemented using a
variety of non-intrusive mechanisms selected based on the
characteristics of the medical device and the incumbent
system. In some embodiments, the device-interface module
includes a pass-through connector or inline adapter that
relays device signals to the vendor-specific intermediary
devices while exposing a secondary output for capture. In
other embodiments, signal duplication may be achieved
using a splitter, mirrored port, or protocol-level secondary
export stream, where such mechanisms are supported by
the device or vendor-specific intermediary device. Regard-
less of the capture mechanism, the disclosed infrastructure
is configured to preserve the timing, electrical characterist-
ics, and protocol behavior of the primary pathway.
Examples include inline pass-through connectors, Y-splitter
cables, relay-based splitters, port mirroring at a distribution
component, network taps, or equivalent arrangements that
preserve the timing, electrical characteristics, and protocol
behavior of the primary communication pathway.

[0136] To ensure safe coexistence, the disclosed infrastruc-
ture enforces isolation between the parallel capture path-
way and the incumbent vendor pathway. Electrical isola-
tion, protocol isolation, and rate control mechanisms may
be employed to prevent backflow, signal injection, or inter-
ference with the primary communication channel. The
device-interface module and downstream components oper-
ate in a receive-only or observation mode with respect to
the captured device outputs, such that no commands, con-
figuration changes, or control signals are transmitted to the
medical device via the parallel pathway.

[0137] The standardized data objects produced from the
parallel capture stream are routed exclusively through the
hospital-owned integration plane and are subject to gov-
ernance controls imposed by the IoT Edge Processing Unit.
These outputs may be delivered to downstream monitoring,
documentation, analytics, or artificial intelligence systems
independently of the incumbent vendor system. By decoup-
ling parallel data capture from incumbent monitoring work-
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flows, the disclosed infrastructure enables hospitals to
introduce governed, standardized data flows incrementally,
without destabilizing existing clinical operations.

[0138] In some embodiments, the IoT Edge Processing
Unit monitors the health of the parallel capture pathway
and the status of the device-interface module. If a fault, dis-
connection, or anomaly is detected, the infrastructure may
log the event and suspend ingestion from the affected mod-
ule without affecting the primary communication pathway.
This behavior ensures that failures within the retrofit infra-
structure do not propagate to incumbent systems relied
upon for patient safety.

[0139] The coexistence capability further supports phased
deployment across a facility. Hospitals may selectively ret-
rofit rooms, beds, or device types while leaving other areas
unchanged, allowing gradual adoption and validation.
Because the disclosed infrastructure does not require
exclusive access to medical devices or replacement of
vendor-specific intermediary devices, coexistence embodi-
ments provide a practical path for hospital-wide deploy-
ment in environments characterized by heterogeneous
equipment and long equipment lifecycles.

[0140] By explicitly supporting parallel operation with
incumbent vendor-specific intermediary devices and central
stations, the disclosed architecture addresses one of the
principal barriers to retrofit medical device integration. The
coexistence design enables hospitals to preserve existing
investments and workflows while establishing a governed,
standardized integration plane that can expand over time
and support downstream innovation without forcing dis-
ruptive system replacement.

Parallel Data Capture Mechanisms and Non-Interference
Guarantees

[0141] In coexistence embodiments, the disclosed infra-
structure acquires a parallel copy of medical device output
data while allowing the medical device to continue commu-
nicating with an incumbent vendor-specific intermediary
device or monitoring system over its primary communica-
tion pathway. Parallel acquisition is implemented using
non-intrusive mechanisms selected to preserve electrical
safety, signal integrity, and protocol behavior of the
primary pathway.

[0142] In some embodiments, a device-interface module
includes a pass-through interface in which the primary
device output is relayed unchanged to the incumbent
vendor-specific intermediary device while a secondary
copy is provided to the clinical integration plane. In other
embodiments, parallel acquisition is achieved using a
mirrored output, protocol-level export feed, or monitoring
interface supported by the medical device or vendor monit-
oring system. In still other embodiments, signal duplication
is performed using a tap or splitter that maintains electrical
isolation between the primary and secondary paths.

[0143] In all coexistence configurations, failure or unavail-
ability of the parallel acquisition path does not interrupt the
primary communication pathway. If the parallel capture
path fails, the device-interface module ceases data trans-
mission to the clinical integration plane without affecting
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incumbent monitoring workflows. The edge processing unit
may log the failure and suspend ingestion from the affected
module while maintaining normal operation of the vendor
system.

Template-Based Retrofit Configuration

[0144] Retrofitting existing healthcare facilities at scale
requires a deployment model that minimizes reliance on
per-room engineering, bespoke network configuration, or
specialized technical expertise at the bedside. The disclosed
infrastructure addresses this requirement through a tem-
plate-based configuration approach that allows standard-
ized deployment across heterogeneous rooms while pre-
serving correct device attribution and governance.

[0145] In some embodiments, the system maintains one or
more predefined configuration templates that describe
expected characteristics of a room, bay, or care area. A
template may specify, for example, a room identifier,
expected device types or classes, logical bed positions,
port-to-location mappings, and default governance or rout-
ing policies. Templates are created and managed centrally
and are designed to be reused across multiple rooms with
similar layouts or clinical functions, such as intensive care
rooms, step-down units, or post-anesthesia bays.

[0146] During retrofit deployment, a technician or installer
may associate a selected template with a physical room or
care area. This association may be established prior to
installation or at the time of installation using installation
context, a configuration service, or a simple selection pro-
cess. Once a template is applied, integration components
installed in the room inherit the location identifiers, device
role expectations, and policy parameters defined by the
template, without requiring manual configuration of indi-
vidual devices or network settings.

[0147] When a device-interface module is physically con-
nected to a controlled port of an IoT Power-over-Ethernet
Switch, the IoT Edge Processing Unit applies the active
template to determine the module’s location and role within
the room. The module is then enrolled automatically, sub-
ject to authorization, and begins producing standardized
data objects tagged with the appropriate contextual inform-
ation. Because configuration is driven by the template
rather than by manual input at the bedside, deployment can
be performed by non-expert personnel using standardized
installation practices, without requiring device-level pro-
tocol knowledge or specialized medical device integration
expertise.

[0148] Template-based configuration further supports
scalability and change management in retrofit environ-
ments. If a room layout or clinical function changes, a dif-
ferent template may be applied without modifying the
physical infrastructure or reconfiguring individual devices.
Similarly, if governance policies or routing rules are
updated, the changes may be propagated centrally through
the template mechanism, ensuring consistent behavior
across all rooms to which the template applies.

[0149] The template approach also reduces the risk of con-
figuration errors that can arise from ad hoc deployment or
manual device labeling. By deriving location and role
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information from controlled infrastructure ports and pre-
defined templates, the system avoids reliance on device-
reported metadata or user-entered identifiers that may be
inconsistent or incomplete. This improves reliability of
downstream data attribution and supports auditability.
[0150] Importantly, the template-based configuration
mechanism operates in conjunction with the physical retro-
fit infrastructure and does not require that downstream sys-
tems be aware of template details. Downstream consumers
receive standardized, context-aligned data objects that
already incorporate the appropriate identifiers and policies,
allowing them to operate without knowledge of the specific
room layouts or deployment variations present within the
facility.

[0151] By enabling consistent, repeatable deployment
without per-room customization, the template-based con-
figuration mechanism allows medical device integration to
be treated as a facilities-led infrastructure project rather
than as a bespoke information technology integration effort.
This distinction supports rapid retrofit deployment using
existing building services and non-specialist installation
labor, while maintaining a governed and scalable integra-
tion plane across the facility.

Resilient Transport and Optional Backhaul

[0152] The Device-Interface Module (110) functions as a
device-interface module configured to be physically
coupled to an individual medical device at or near the point
of care. Each Device-Interface Module is dedicated to a
single medical device and is designed to acquire output
data directly from that device without requiring modifica-
tion of the device’s certified hardware, firmware, or clinical
operation. This one-to-one pairing between a medical
device and a corresponding Device-Interface Module
allows devices to be integrated independently, without
requiring room-level aggregation, protocol configuration,
or specialized integration expertise.

[0153] In typical deployments, each medical device present
in a care area is paired with its own dedicated Device-Inter-
face Module. Integration is performed by physically attach-
ing the appropriate Device-Interface Module to the medical
device using a device-specific connector and connecting
the Device-Interface Module to the wall-mounted infra-
structure using standardized cabling. Because device-spe-
cific protocol handling is encapsulated within the Device-
Interface Module itself, no device configuration, network
configuration, or protocol mapping is required at the room
or facility level. As a result, attachment of Device-Interface
Modules to medical devices may be performed by clinical
engineering or facilities personnel without requiring hos-
pital IT staff or medical device integration specialists.
[0154] Each Device-Interface Module includes a device-
specific physical connector configured to interface with a
data export port of a corresponding medical device.
Although such connectors may resemble standardized con-
nectors, including RJ-type connectors, USB connectors, or
Ethernet connectors, the internal wiring and signaling are
adapted to match the electrical and logical characteristics of
the target device. This device-specific adaptation enables
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accurate acquisition of device outputs across a wide range
of legacy and newly released medical devices that may not
share common communication standards.

[0155] The Device-Interface Module includes protocol pro-
cessing logic configured to translate device-specific output
signals into a standardized internal representation suitable
for entry into the integration infrastructure. The Device-
Interface Module performs deterministic acquisition and
normalization of device outputs and does not perform dia-
gnostic interpretation, clinical decision-making, or thera-
peutic control. By localizing device-specific protocol hand-
ling within the Device-Interface Module, the infrastructure
avoids dependence on centralized middleware or per-room
configuration and supports incremental deployment as
devices are added or replaced.

[0156] In coexistence embodiments, the Device-Interface
Module supports parallel data capture while preserving
incumbent vendor communication pathways. The Device-
Interface Module may include a pass-through connector or
inline interface that allows the medical device to continue
communicating with an existing vendor-specific intermedi-
ary device or central monitoring system while simultan-
cously providing a parallel copy of the device output data
to the hospital-owned integration plane. The primary com-
munication pathway remains unchanged, and the Device-
Interface Module operates in a non-intrusive observation
mode with respect to the medical device.

[0157] To ensure safe coexistence, the Device-Interface
Module may implement electrical and protocol isolation
between the primary communication pathway and the par-
allel capture pathway. Rate limiting, signal integrity preser-
vation, and isolation mechanisms may be employed to pre-
vent interference with incumbent systems. The Device-
Interface Module does not inject commands or configura-
tion changes into the medical device via the parallel path-
way.

[0158] The Device-Interface Module may be powered
cither by a low-voltage power interface provided by the
medical device or by power-over-ethernet supplied by the
wall-mounted infrastructure. When powered via power-
over-cthernet, the Device-Interface Module becomes part
of the controlled clinical integration plane and is automatic-
ally discovered and authorized by the IoT Edge Processing
Unit upon physical connection. The physical connection
point is used as an input to location association, allowing
the infrastructure to determine the bed, room, or care area
with which the medical device is associated.

[0159] The Device-Interface Module is designed for rapid
installation, removal, and replacement in retrofit environ-
ments. Secure but removable mounting mechanisms allow
the Device-Interface Module to be attached to the medical
device without interfering with routine clinical use, clean-
ing, or servicing. If a medical device is replaced or reas-
signed, the corresponding Device-Interface Module may be
detached and a different device-specific Device-Interface
Module attached without requiring changes to the wall-
mounted infrastructure or downstream systems.

[0160] By enforcing a one-Device-Interface-Module-per-
device integration model and encapsulating device-specific
complexity within removable interface modules, the dis-
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closed infrastructure enables medical devices to be connec-
ted using standardized installation practices and non-spe-
cialist labor. This approach supports scalable retrofit
deployment, preserves incumbent vendor workflows, and
establishes a consistent, governed data acquisition layer
across heterogeneous device environments.

Backhaul Over Existing Electrical Wiring

[0161] In some embodiments, the clinical integration infra-
structure includes an alternate backhaul path that utilizes
existing facility electrical wiring to transport standardized
data objects when conventional network connectivity is
unavailable or insufficient. A receptacle module coupled to
an electrical outlet communicates with a corresponding
receiver or bridge module located at an aggregation point.
Discovery and pairing between the modules are authentic-
ated prior to data transport.

[0162] A secured communication path is established
between the paired modules, the path being configured to
protect data against unauthorized access, interception, or
tampering. Link quality metrics including one or more of
latency, throughput, error rate, or signal stability are con-
tinuously measured and compared against predefined trans-
port criteria. The alternate backhaul is invoked as a fallback
when a primary uplink is unavailable or degraded. Band-
width prioritization rules are applied to ensure delivery of
higher-priority clinical data classes.

[0163] If measured link quality metrics fall below a defined
threshold, the system automatically transitions to an altern-
ate uplink when available. Buffered data objects retain
sequence and time integrity across the transition, and
ordered replay behavior is preserved.

Mobile, Temporary, and Surge Deployments

[0164] In addition to deployment within fixed inpatient
rooms, the disclosed retrofit medical device integration
infrastructure is configured to support mobile, temporary,
and surge care environments in which permanent installa-
tion is impractical or unavailable. Such environments may
include transport settings, temporary wards, pop-up care
areas, overflow units, or repurposed clinical spaces estab-
lished in response to capacity surges or emergency condi-
tions. The ability to extend the same integration plane to
these settings further illustrates the infrastructure-centric
nature of the invention.

[0165] In mobile and temporary deployments, the same
device-interface modules, power and data distribution com-
ponents, and edge processing components described herein
may be mounted on carts, poles, rails, or other portable
supports rather than being embedded in walls. These com-
ponents may be coupled to available power sources and
backhaul connections appropriate to the deployment con-
text, including temporary electrical feeds, portable power
supplies, or provisional network connections. Because the
infrastructure relies on attach-on components and standard-
ized interfaces, deployment does not require modification
of the underlying building structure or installation of per-
manent fixtures.
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[0166] The functional behavior of the integration infra-
structure remains consistent across fixed and mobile
deployments. Device-interface modules acquire device out-
put data at the point of care, the edge processing compon-
ent enforces authorization, isolation, and governance, and
standardized data objects are produced and routed to desig-
nated downstream destinations. Location association in
mobile deployments may be derived from the mounting
context, assigned identifiers, or temporary templates rather
than from fixed wall ports, but the association mechanism
remains grounded in the physical deployment context
rather than in manual data entry.

[0167] Mobile and temporary deployments may benefit
from the resilient transport mechanisms described herein,
including buffering, store-and-forward operation, wireless
fallback, or optional mesh routing. These mechanisms
allow the integration plane to remain operational even
when conventional facility networking is unavailable, inter-
mittent, or constrained. For example, a temporary surge
unit may be instrumented with heterogeneous bedside
devices connected through the integration infrastructure,
with standardized data objects buffered locally and forwar-
ded to a central processing location when connectivity per-
mits.

[0168] In some embodiments, one or more device-inter-
face modules may be deployed without a fixed wired con-
nection to a bedside medical device and may instead oper-
ate as wireless-only integration nodes. As represented by
reference numeral 116 in FIG. 6, such a module may be
mounted to, integrated with, or otherwise associated with a
patient bed, stretcher, chair, rail, or similar physical struc-
ture located within the care area, and may communicate
with the integration infrastructure using a wireless commu-
nication link, including Wi-Fi and/or Bluetooth.

[0169] In these configurations, the device-interface module
may acquire data that provides physical or environmental
context relevant to interpretation of clinical measurements,
without itself constituting a primary clinical measurement
device. By way of example and not limitation, such contex-
tual data may include bed position, inclination angle, pos-
ture state, movement, occupancy status, or other character-
istics of the patient’s immediate physical environment at
the time clinical device data is generated.

[0170] Data acquired by such wireless-operating modules
is treated as first-class input to the integration plane and is
normalized, time-stamped, and encapsulated into standard-
ized, governance-ready data objects under control of the
IoT Edge Processing Unit. These data objects may be asso-
ciated with a location identifier and, where applicable, with
a patient identifier, and are subject to the same buffering,
routing, authorization, and policy enforcement mechanisms
as data acquired from primary medical devices.

[0171] Because the presence and connectivity of such mod-
ules are managed through the same discovery and enroll-
ment processes as other infrastructure components, their
operation may additionally support inference of asset pres-
ence or movement over time. Any such asset-related infer-
ence is secondary to, and incidental to, the infrastructure’s
primary function of governed data acquisition and does not
require a separate tracking system or modification of clin-



US 2026/0213995 Al

17

ical workflows.

[0172] Importantly, mobile and temporary deployments do
not introduce new functional requirements beyond those of
the core retrofit infrastructure. The same governance,
security, and attribution controls apply, and downstream
systems receive standardized, context-aligned data objects
regardless of whether the data originated from a permanent
room or a temporary care area. This consistency allows
hospitals to extend existing monitoring, documentation, and
analytics workflows to surge environments without introdu-
cing special-case integration logic.

[0173] When temporary deployments are no longer
required, the integration components may be removed,
relocated, or reassigned without leaving permanent altera-
tions to the environment. This reversibility supports rapid
response to changing clinical demands while preserving the
integrity of the underlying facility. By enabling governed
medical device integration in both permanent and tempor-
ary settings using the same architectural components, the
disclosed invention provides a flexible yet unified approach
to retrofit deployment across diverse care scenarios.

Core Retrofit Architecture and Clinical Integration Spine

[0174] The disclosed system is organized around a core
clinical integration spine that distinguishes it from conven-
tional intermediary devices, middleware platforms, or
vendor-specific monitoring systems. This spine defines a
physical and logical infrastructure that operates as a hos-
pital utility layer rather than as a device-dependent inter-
face.

[0175] First, the infrastructure is deployed as a retrofit
installation at existing bedside wall locations, including
electrical outlet positions and low-voltage wall plates, using
standard wall boxes or surface-mounted enclosures already
present in the facility. This deployment model enables
installation without structural renovation and without
removal or replacement of incumbent medical devices.
[0176] Second, the infrastructure establishes a controlled
clinical integration plane that is structurally and logically
isolated from the hospital’s general information technology
network. Medical devices and device-interface modules do
not obtain unrestricted network access; instead, all ingress
and egress of device data is mediated by an edge processing
unit that enforces authorization, isolation, and governance
at the network boundary.

[0177] Third, the architecture explicitly supports coexist-
ence with incumbent vendor monitoring pathways. Medical
devices may continue to communicate with third-party or
incumbent vendor monitoring system or central stations
over their existing primary communication paths, while the
disclosed infrastructure obtains a parallel copy of device
outputs through non-intrusive interfaces. This coexistence
capability preserves clinical workflows, warranties, and
regulatory status while enabling hospital-owned data
acquisition.

[0178] Fourth, device outputs acquired within the clinical
integration plane are normalized into standardized data
objects that include, at minimum, device identity, physical
location association derived from the infrastructure connec-
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tion point, and time information. Location binding is
anchored to controlled ports and physical installation con-
text rather than to device-reported metadata, enabling reli-
able attribution during device moves, swaps, or reassign-
ment events.

[0179] Together, these elements define a retrofit-deploy-
able clinical utility plane that is distinct from conventional
intermediary devices or middleware solutions. The infra-
structure provides governed, location-aware, and time-
aligned medical device data as a foundational service upon
which downstream monitoring, documentation, analytics,
and artificial intelligence systems may operate.

[0180] The clinical integration spine operates as a physical
and logical infrastructure layer and does not itself perform
clinical reasoning or medical decision-making, but instead
supplies standardized, attributed, and governed data inputs
to downstream systems that may perform such functions
independently.

Technical Effects and Implementation Quicomes

[0181] The retrofit architecture described herein produces
technical effects that are not achieved by conventional
medical device intermediary devices or by generic enter-
prise networking practices applied at the bedside. By
anchoring deployment to existing bedside wall locations
and standard enclosures already present in the facility, the
infrastructure reduces installation complexity and enables
deployment on a facilities-led timeline, including rapid
upgrade of legacy rooms without wall demolition, new con-
duit installation, or per-room network engineering. In prac-
tical deployment scenarios, the same room-agnostic install-
ation pattern can be repeated across many rooms using
standardized mounting and cabling practices, thereby redu-
cing reliance on specialist integrators and minimizing clin-
ical downtime.

[0182] The controlled clinical integration plane further pro-
duces a cybersecurity and safety effect by preventing bed-
side devices and device-interface modules from obtaining
direct connectivity to the hospital’s general information
technology network. Instead of extending unmanaged net-
work access to heterogeneous devices, all ingress and
egress of device data is mediated by the edge processing
unit, which enforces authorization and routing at the
boundary of the plane. This structural isolation reduces the
attack surface associated with exposing legacy devices to
enterprise networks and provides a consistent enforcement
point for governance and transport controls independent of
device vendor capabilities.

[0183] A further technical effect of the disclosed architec-
ture is improved attribution correctness during routine clin-
ical operations in which devices are moved, swapped, or
temporarily disconnected. Because location association is
derived from controlled infrastructure connection context
and port identity rather than device-reported metadata, the
system reduces misattribution risk when two devices are
exchanged between beds or when a device-interface mod-
ule is reconnected at a different location. The infrastructure
further supports continuity of governed data acquisition
during upstream network interruptions by buffering stand-
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ardized data objects locally. In some embodiments, buf-
fered standardized data objects may be forwarded in an
ordering-consistent manner based on one or more ordering
indicators, such as timestamps and/or sequence markers, to
preserve ordering continuity across intermittent connectiv-
ity conditions.

[0184] In coexistence embodiments, an additional technical
effect is achieved by obtaining a parallel copy of device
outputs while allowing incumbent vendor monitoring path-
ways to remain primary and uninterrupted. This permits
incremental retrofit deployment without destabilizing
established clinical workflows, without requiring replace-
ment of incumbent vendor systems, and without requiring
downstream systems to implement device-specific protocol
handling. The practical result is a retrofit-deployable hos-
pital utility plane that provides governed, location-aware,
and time-aligned device data objects as a foundational ser-
vice for downstream monitoring, documentation, analytics,
and computational systems.

[0185] The designation of the infrastructure as “Al-ready”
reflects the quality and governance of the standardized out-
puts produced by the clinical integration plane, rather than
the execution of artificial intelligence within the infrastruc-
ture itself.

Implementation Constraints in Clinical Environments and
Rationale for the Architecture

[0186] Clinical environments impose constraints that
materially differ from ordinary enterprise networking and
general-purpose IoT deployments. Bedside areas com-
monly contain heterogeneous and long-lived devices whose
network behavior, patch cadence, and security capabilities
are not controlled by the facility, and hospitals typically
restrict unmanaged network media and ad hoc switching at
the bedside due to safety, availability, and cybersecurity
concerns. As a result, approaches that merely connect
devices to the hospital’s general information technology
network, or that rely on per-room bespoke integration
work, are operationally disfavored and can introduce unac-
ceptable risk of downtime, misconfiguration, or device
exposure.

[0187] In addition, incumbent vendor monitoring pathways
and vendor-specific intermediary devices are frequently
treated as primary clinical infrastructure and may be tightly
coupled to established workflows, service agreements, and
regulatory validation practices. These realities create fric-
tion against overlay systems that require replacing, recon-
figuring, or interrupting vendor pathways, even when addi-
tional downstream data feeds are desired. A naive attempt
to add an auxiliary data feed by inserting uncontrolled
adapters, unmanaged Wi-Fi bridges, or generic middleware
may fail to preserve non-interference with incumbent sys-
tems, may not maintain correct device-location association
during routine moves, and may not provide continuity
when network conditions degrade.

[0188] The disclosed architecture addresses these con-
straints by establishing a controlled clinical integration
plane that is physically deployable in retrofit form and that
enforces authorization, isolation, and governed routing at
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the point of acquisition. Coexistence mechanisms allow the
incumbent vendor pathway to remain primary while the
hospital-owned plane acquires a parallel copy of device
outputs without affecting primary operation. Port-identity-
based location binding anchors attribution to the facility-
controlled infrastructure connection context rather than to
device-reported metadata, thereby improving correctness
under swaps and moves. Time alignment, buffering, and
ordered forwarding further provide continuity properties
that are not inherent to generic network attachments. In this
way, the disclosed system implements a practical and tech-
nically constrained solution tailored to the realities of bed-
side deployment in legacy facilities.

Medical Device Information Exchange MDIX Concept

[0189] The retrofit medical device integration infrastructure
described herein may be understood, at a conceptual level,
as providing a medical device information exchange within
a healthcare facility. This exchange operates at the level of
medical device data acquisition and normalization, and is
distinct from vendor-specific intermediary devices, central
monitoring stations, or downstream clinical applications. Its
primary role is to provide a neutral, hospital-owned layer
through which heterogeneous medical device outputs can
be acquired, standardized, attributed, and governed before
being consumed by downstream systems.

[0190] In conventional clinical environments, medical
device data flows are typically constrained within vendor-
specific ecosystems, with each manufacturer providing its
own vendor-specific intermediary devices, proprietary
formats, and central systems. As a result, data exchange
across devices from different vendors often requires
bespoke interfaces, middleware layers, or manual reconcili-
ation. In contrast, the disclosed infrastructure establishes a
common integration plane in which device outputs are
acquired at the point of care, normalized into standardized
data objects, and made available for downstream use under
hospital-defined governance controls. This allows down-
stream systems to consume device data without requiring
direct coupling to device-specific protocols or vendor-
defined communication paths.

[0191] The medical device information exchange provided
by the disclosed infrastructure is analogous, in function, to
health information exchanges used for electronic medical
records, but operates at the level of real-time and near-real-
time medical device data rather than at the level of clinical
documentation. The exchange does not store or curate med-
ical records, nor does it replace downstream monitoring,
documentation, or analytics systems. Instead, it provides a
standardized and governed interface through which device
data may be accessed by such systems in a consistent and
auditable manner.

[0192] Importantly, the medical device information

exchange is implemented as part of the physical retrofit
infrastructure rather than as a purely software-based ser-
vice. Device-interface modules, controlled power and data
distribution components, and edge processing units cooper-
ate to enforce isolation, authorization, attribution, and
transport policies at the network layer. This architectural
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choice allows the exchange to be deployed incrementally
using existing building services and attach-on components,
and ensures that governance controls are applied at the
point of acquisition rather than being deferred to down-
stream systems.

[0193] The exchange is neutral with respect to device man-
ufacturers and downstream consumers. It does not require
that devices conform to a single vendor ecosystem, nor
does it impose assumptions about how downstream systems
visualize, analyze, or act upon the standardized data objects
it produces. By decoupling device heterogeneity from
downstream system design, the medical device information
exchange enables hospitals to evolve both device inventor-
ies and software platforms over time while preserving a
stable integration foundation.

[0194] The medical device information exchange described
herein is enabled by the retrofit integration infrastructure
and is not dependent on any particular downstream applica-
tion, analytics engine, or artificial intelligence system. Its
function is to provide governed, standardized access to
medical device data as an infrastructure capability, upon
which diverse clinical and operational workflows may be
built without requiring changes to the underlying physical
deployment.

Vendor Compatibility and Downstream Interoperability

[0195] The retrofit medical device integration infrastructure
described herein is configured to support downstream inter-
operability by producing standardized, governance-ready
data objects that are decoupled from device-specific com-
munication protocols and vendor-defined data formats.
This design allows medical device data acquired at the
point of care to be consumed by heterogeneous downstream
systems without requiring such systems to establish direct
connectivity to the originating medical devices or to imple-
ment device-specific protocol handling.

[0196] In some embodiments, standardized data objects
generated by the infrastructure may be adapted for delivery
to electronic medical record systems, clinical documenta-
tion platforms, monitoring systems, analytics services, or
other downstream applications that rely on structured
healthcare data exchange. Such adaptation may include
transformation of standardized data objects into representa-
tions compatible with healthcare data exchange frameworks
commonly employed by electronic medical record systems,
including message-based or resource-based interfaces,
while preserving device identity, location context, time
information, and provenance metadata. These adaptations
occur downstream of the device-interface modules and do
not require modification of the physical deployment,
device-specific acquisition logic, or bedside installation.
[0197] The infrastructure is configured to support concur-
rent delivery of standardized data objects to multiple down-
stream systems operating independently of one another. In
some embodiments, one downstream system may apply
data governance, validation, and policy enforcement func-
tions, while another downstream system may perform
remote monitoring or visualization functions. Each down-
stream system operates within its own logical execution
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environment and receives data through an isolated commu-
nication path, such that operation of one downstream sys-
tem does not interfere with, constrain, or depend upon
operation of another. The retrofit integration infrastructure
does not assume responsibility for the internal behavior of
downstream systems and does not require that such systems
share a common execution environment.

[0198] Importantly, the disclosed infrastructure does not
require replacement of incumbent vendor-specific interme-
diary devices, central monitoring stations, or proprietary
vendor workflows. In coexistence embodiments, vendor-
specific systems may continue to operate using their exist-
ing primary communication pathways, while standardized
data objects produced by the hospital-owned integration
plane are delivered independently to other downstream
consumers. The infrastructure therefore enables interoper-
ability across vendor ecosystems without asserting func-
tional equivalence to, or behavioral emulation of, vendor-
specific central stations.

[0199] The role of the infrastructure with respect to down-
stream interoperability is limited to acquisition, normaliza-
tion, attribution, and governed transport of medical device
data. The infrastructure does not perform clinical interpret-
ation, diagnostic inference, alarm management, visualiza-
tion, or therapeutic decision-making. Any such functions
are performed exclusively by downstream systems operat-
ing outside the scope of the retrofit integration infrastruc-
ture.

[0200] By separating device acquisition and normalization
from downstream consumption and by enforcing gov-
ernance controls at the network boundary, the disclosed
architecture establishes a stable and extensible integration
foundation. This foundation allows downstream systems to
evolve, be replaced, or be introduced incrementally over
time without requiring changes to the physical deployment,
device-interface modules, or installation practices, thereby
supporting long equipment lifecycles and heterogeneous
vendor environments common in healthcare facilities.

Infrastructure as Extension Interface

[0201] In some embodiments, the retrofit medical device
integration infrastructure may function as a standardized
extension interface through which additional data sources
can be associated with an existing medical device or care
context. This extension capability is implemented at the
infrastructure level and operates by aggregating and con-
textualizing multiple data streams, rather than by modify-
ing, controlling, or extending the certified functionality of
any individual medical device.

[0202] In such embodiments, one or more additional data
sources may be coupled to the infrastructure through
device-interface modules or other authorized attachment
points. These data sources may include, for example, auxil-
iary physiologic sensors, environmental sensors, wearable
devices, or third-party measurement instruments that are
not natively integrated into a primary bedside device. The
infrastructure acquires outputs from these sources using
device-appropriate interfaces and normalizes the outputs
into standardized data objects in the same manner as for
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primary medical devices.

[0203] The standardized data objects produced from addi-
tional data sources may be associated, by the IoT Edge Pro-
cessing Unit, with a corresponding medical device, phys-
ical location, or patient identifier based on deployment con-
text and configuration. This association allows downstream
systems to receive a coherent and time-aligned view of
multiple related data streams without requiring that the
primary medical device be modified or that its certified
software or hardware be altered. The infrastructure there-
fore operates as an aggregation and association layer rather
than as a functional extension of the medical device itself.
[0204] Importantly, the extension interface provided by the
infrastructure does not assert control over the originating
medical devices or additional data sources. The infrastruc-
ture does not inject commands, alter device behavior, or
modify device configuration. Its role is limited to acquisi-
tion, normalization, attribution, and governed transport of
data outputs. Any interpretation, analysis, or action based
on the aggregated data streams is performed by down-
stream systems operating outside the scope of the infra-
structure.

[0205] By enabling association of additional data sources at
the infrastructure level, the disclosed system allows hospit-
als to introduce new measurement capabilities increment-
ally, without redesigning existing device installations or
repeating device-level integration efforts. This approach
supports heterogeneous device environments and long
equipment lifecycles, while preserving a consistent data
model and governance framework across both primary
devices and auxiliary sources.

[0206] The extension interface capability described herein
is an optional embodiment enabled by the retrofit integra-
tion infrastructure. It is not required to practice the core
invention of retrofit medical device integration, but illus-
trates how the standardized, governed integration plane
may serve as a foundation for future expansion of data
acquisition and contextualization within a healthcare facil-
ity.

Detailed Description of the Figures

FIGURE 1 — Medical Device Integration System with
Wall-Mounted, Wall-Adjacent, or Wall-Associated
Infrastructure and Device-Specific Interface Modules

[0207] FIG. 1 illustrates a non-limiting example of a med-
ical device integration (MDI) system comprising wall-
mounted, wall-adjacent, or wall-associated infrastructure
components and device-specific interface modules
deployed at a point of care. FIG. 1 further illustrates an
example of a core retrofit architecture and clinical integra-
tion spine, including bedside retrofit installation, enforce-
ment of an isolated clinical integration plane, coexistence
with incumbent vendor systems, and generation of stand-
ardized data objects.

[0208] A device-interface module, referred to herein as a
Device-Interface Module (110), is shown as a component
configured to acquire output data from a medical device
and to normalize device-specific signals into a standardized

Jul. 23, 2026

internal representation suitable for governed transport
within a clinical integration plane. The Device-Interface
Module (110) may include one or more device communica-
tion interfaces (111) configured to exchange data with a
connected medical device using a supported protocol. In
some embodiments, the Device-Interface Module (110) fur-
ther includes a combined power-and-data interface (112)
configured to receive electrical power and data over a
single physical connection. In some embodiments, the
Device-Interface Module (110) includes a pass-through or
parallel communication interface (113) configured to allow
continued communication between a medical device and a
third-party or incumbent vendor monitoring system while
enabling acquisition of a parallel copy of device output
data. In some embodiments, the Device-Interface Module
(110) includes an auxiliary power or data interface (114)
configured to provide supplemental connectivity or power.
In some embodiments, the Device-Interface Module (110)
includes a wireless communication module (115) con-
figured to exchange data using one or more short-range or
local wireless communication protocols.

[0209] The Device-Interface Module (110) is communicat-
ively coupled via a wired data communication cable (125)
to a power-and-data distribution component (120). In some
embodiments, an additional patch cable (126) may be used
to interconnect nearby components within the installation
footprint. The power-and-data distribution component
(120) is configured to provide controlled power delivery
and network connectivity to one or more device-interface
modules operating within the clinical integration plane.
[0210] The power-and-data distribution component (120)
includes one or more front-facing distribution ports (121),
each configured to connect to a respective device-interface
module. The distribution component (120) further includes
one or more rear-facing distribution ports (122) configured
to provide power or data connectivity to upstream or down-
stream infrastructure components. In some embodiments,
the distribution component (120) includes an expansion or
interconnection port (123) configured to couple the distri-
bution component to another distribution component or net-
work element. The distribution component (120) may
include an embedded portion (124) configured to be located
within a wall cavity or enclosure and an exposed portion
(127) accessible from the room environment.

[0211] The power-and-data distribution component (120) is
communicatively coupled to an edge processing unit (130)
via an interconnection cable (137). The edge processing
unit (130) operates as a network authority for the clinical
integration plane and is configured to manage discovery,
authentication, authorization, buffering, logging, and rout-
ing of standardized data objects.

[0212] The edge processing unit (130) may include an
infrastructure network interface (132) configured to con-
nect to a facility network infrastructure (180). In some
embodiments, the edge processing unit (130) includes a
power-and-data interface (133) configured to receive elec-
trical power and data. The edge processing unit (130) may
include an embedded portion (134) configured to be located
within a wall cavity or enclosure.
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[0213] In some embodiments, the system includes a wire-
less access component (135) configured to support wireless
communication with device-interface modules or auxiliary
infrastructure components. In some embodiments, the sys-
tem further includes an alternate wireless communication
path (136) configured to provide continuity of connectivity
when another communication path is unavailable or
degraded.

[0214] The clinical integration plane illustrated in FIG. 1 is
structurally segregated from the general hospital informa-
tion technology network. All ingress and egress of device
data is mediated by the edge processing unit (130), which
enforces authorization, isolation, and routing policies
before standardized data objects are transmitted to down-
stream systems via the facility network infrastructure (180).
[0215] FIG. 1 illustrates architectural relationships among
components and data paths for explanatory purposes only
and does not limit the number, arrangement, power sources,
communication paths, physical packaging, or internal
implementation of the disclosed system elements.

Figure 2 — Integrated Clinical Device Integration
Architecture with Wall-Mounted, Wall-Adjacent or Wall-
Associated Infrastructure

[0216] FIG. 2 illustrates a non-limiting example of an
integrated clinical device integration architecture in which
medical devices are connected to a wall-mounted, wall-
adjacent, or wall-associated infrastructure that provides
governed data acquisition, edge processing, and secure
routing to downstream systems within an existing health-
care facility.

[0217] At a point of care, one or more medical devices
(100) are positioned in association with a patient (500) and
a corresponding bed or care location (501). Each medical
device (100) may generate physiologic or operational data
and may present information locally via a medical device
display (107). Device output data may be made available
via a medical device data interface (101). In some embodi-
ments, the medical device (100) may optionally provide
accessory power via an optional power interface (102).
[0218] Each medical device (100) is coupled to a dedicated
device-interface module, referred to herein as a Device-
Interface Module (110), via a device-specific connection
assembly (106). In some embodiments, the Device-Inter-
face Module (110) may further receive power or data via a
device-interface module power or data connector (105).
The Device-Interface Module (110) is configured to
acquire device output data and to normalize device-specific
signals into a standardized internal representation suitable
for governed transport within a clinical integration plane.
[0219] The Device-Interface Module (110) may include a
device communication interface (111) configured to
exchange data with the connected medical device. In some
embodiments, the Device-Interface Module (110) includes
a combined power and data interface (112) configured to
receive electrical power and data over a single physical
connection. In some embodiments, the Device-Interface
Module (110) includes a pass-through or parallel commu-
nication interface (113) configured to allow continued com-
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munication between the medical device and a third-party or
incumbent vendor monitoring system while enabling
acquisition of a parallel copy of device output data. In some
embodiments, the Device-Interface Module (110) includes
an auxiliary power or data interface (114). In some embodi-
ments, the Device-Interface Module (110) includes a wire-
less communication module (115) configured to exchange
data using one or more wireless communication protocols.
[0220] One or more Device-Interface Modules (110) are
communicatively coupled via a data communication cable
(125) or a patch cable (126) to a power-and-data distribu-
tion component (120). The power-and-data distribution
component (120) may be mounted on, within, or behind a
wall or structural surface (250). The distribution component
(120) includes one or more front-facing distribution ports
(121) configured to connect to device-interface modules. In
some embodiments, the distribution component (120)
includes one or more rear-facing distribution ports (122). In
some embodiments, the distribution component (120)
includes an expansion or interconnection port (123). The
distribution component (120) may further include an
embedded portion (124) configured to be located within a
wall cavity or enclosure.

[0221] The power-and-data distribution component (120)
operates as part of a controlled clinical integration plane
and is communicatively coupled to an edge processing unit
(130) via an interconnection cable (137). The edge pro-
cessing unit (130) functions as a network authority for the
clinical integration plane and is configured to manage dis-
covery, authentication, authorization, buffering, logging,
and routing of standardized data objects.

[0222] The edge processing unit (130) may include an
infrastructure network interface (132) configured to con-
nect to a facility network infrastructure (180). In some
embodiments, the edge processing unit (130) includes a
power and data interface (133). In some embodiments, the
edge processing unit (130) includes an embedded portion
(134) configured to be located within a wall or enclosure.
[0223] In some embodiments, the architecture supports
optional wireless communication paths. A wireless access
component (135) may provide wireless connectivity
between infrastructure components. In some embodiments,
an alternate wireless communication path (136) may be
used to maintain continuity of data transport when a
primary communication path is unavailable or degraded.
[0224] In some embodiments, standardized data objects
generated within the clinical integration plane are routed to
a remote management system (140) via the facility network
infrastructure (180). In some embodiments, standardized
data objects may be streamed in real time or retrieved from
buffered storage using a data streaming capability (143).
The nature and functionality of downstream systems are
implementation-dependent and are not limiting.

[0225] In some embodiments, legacy medical devices
(100)) are integrated into the architecture using third-party
connectivity hardware (160). Such hardware may include a
third-party device interface (161) configured to couple to a
legacy medical device. In some embodiments, a third-party
connection cable (162) is used to connect the legacy med-
ical device to the third-party connectivity hardware (160).
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The third-party connectivity hardware (160) may be
coupled to the power-and-data distribution component
(120) using a legacy medical device interface (700). In
some embodiments, an interface connection cable (701)
couples the legacy medical device interface (700) to the
distribution component (120). In some embodiments, a leg-
acy device connection cable (702) couples the legacy med-
ical device to the legacy medical device interface (700).
[0226] The clinical integration plane illustrated in FIG. 2 is
structurally segregated from the general hospital informa-
tion technology network. Medical devices and device-inter-
face modules do not obtain direct connectivity to the hos-
pital IT network. All ingress and egress of device data is
mediated by the edge processing unit (130), which enforces
authorization, isolation, and routing policies before stand-
ardized data objects are transmitted to downstream systems.
[0227] FIG. 2 illustrates functional relationships among
components and data paths for explanatory purposes only
and does not limit the number, arrangement, connectivity,
power sources, physical packaging, processing allocation,
or internal implementation of the illustrated components.

Figure 3 — Device-Interface Module

[0228] FIG. 3 illustrates a non-limiting example of a
device-interface module, referred to herein as an Device-
Interface Module (110), configured to provide a physical
and logical interface between a medical device and a clin-
ical integration infrastructure.

[0229] The Device-Interface Module (110) is configured to
be coupled to an external enclosure of a medical device
(100c). In some embodiments, coupling is achieved using a
device-specific connection assembly (106) selected to
match the physical and electrical characteristics of the med-
ical device. The device-interface module is configured to
receive device output data from the medical device and to
normalize device-specific signals into a standardized
internal representation suitable for governed transport
within a clinical integration plane.

[0230] In some embodiments, the Device-Interface Module
(110) includes a device-interface module connector (101«)
configured to mechanically and electrically mate with a
corresponding medical device data interface. In some
embodiments, the Device-Interface Module (110) may
receive electrical power from the medical device via an
optional power interface (102), when such power is made
available by the medical device or an associated structure.
[0231] The Device-Interface Module (110) includes a
device communication interface (111) configured to
exchange data with the connected medical device. In some
embodiments, the Device-Interface Module (110) includes
a combined power and data interface (112) configured to
receive electrical power and data over a single physical
connection. In some embodiments, the Device-Interface
Module (110) includes a pass-through or parallel commu-
nication interface (113) configured to allow continued com-
munication between the medical device and a third-party
system while enabling acquisition of a parallel copy of
device output data. In some embodiments, the Device-
Interface Module (110) includes an auxiliary power or data
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interface (114).

[0232] In some embodiments, the Device-Interface Module
(110) includes a wireless communication module (115)
configured to exchange data using one or more wireless
communication protocols under selected operating condi-
tions. The availability and use of wireless communication
paths are optional and are not required in all embodiments.
[0233] The Device-Interface Module (110) may be commu-
nicatively coupled to downstream infrastructure using a
data communication cable (125). In some embodiments, the
Device-Interface Module (110) is configured to mate with a
corresponding connector of a power-and-data distribution
component using a mating connector (119). In some
embodiments, the mating connection is configured to
engage with a mating connector for a distribution port
(121a).

[0234] In some embodiments, the Device-Interface Module
(110) is configured to interface with third-party connectiv-
ity hardware using a matching interface on the device-inter-
face module (161a). In such embodiments, a third-party
connection cable (162) may be used to couple the Device-
Interface Module (110) to the third-party connectivity hard-
ware.

[0235] The Device-Interface Module (110) may further
include one or more attachment elements configured to
facilitate temporary physical attachment to the medical
device enclosure. In some embodiments, the Device-Inter-
face Module includes a device-interface module attachment
element (1094). In some embodiments, the Device-Inter-
face Module cooperates with a complementary attachment
element (109b) affixed to the medical device enclosure. In
some embodiments, coupling between the attachment ele-
ments is achieved along an attachment motion or alignment
path (109¢). The attachment mechanism may be removable
and selected to accommodate clinical workflow, cleaning
practices, and device servicing requirements.

[0236] In some embodiments, the Device-Interface Module
(110) implements one or more security, buffering, integ-
rity-checking, or status-reporting functions to support reli-
able data acquisition and transmission within the clinical
integration infrastructure. The extent and allocation of such
functions are implementation-dependent and are not limit-
ing.

[0237] FIG. 3 is illustrative only and does not limit the size,
shape, materials, internal circuitry, number of interfaces,
signaling modes, power arrangements, attachment mechan-
isms, or functional partitioning of the device-interface mod-
ule.

Figure 4 — Wall-Mounted Powe-and-Data Distribution
Component

[0238] FIG. 4 illustrates a non-limiting example of a wall-
mounted power-and-data distribution component (120)
configured for use as part of a retrofit clinical integration
infrastructure.

[0239] The power-and-data distribution component (120)
is mounted at, within, or behind a wall or structural surface
(250). In some embodiments, the distribution component
(120) is installed within an existing wall cavity or enclosure
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without requiring structural modification. The distribution
component (120) includes an externally accessible portion
(127) that is exposed to the clinical environment and per-
mits connection of downstream components.

[0240] The externally accessible portion (127) includes
one or more front-facing distribution ports (121). Each
front-facing distribution port (121) is configured to provide
power and data connectivity to a downstream device-inter-
face module or other authorized component within a con-
trolled clinical integration plane. In some embodiments, a
front-facing distribution port (121) is configured to mate
with a corresponding connector using a mating connector
(121a). In some embodiments, a mating connector (119) is
used to mechanically and electrically engage a downstream
cable or device with the front-facing distribution port (121).
[0241] The distribution component (120) further includes a
wall-embedded portion (124) that houses infrastructure-
side connections. In some embodiments, the wall-embed-
ded portion (124) includes a rear-facing distribution port
(122) configured to provide power and data connectivity to
another infrastructure component. In some embodiments,
the wall-embedded portion (124) includes an expansion or
interconnection port (123) configured to interconnect the
distribution component (120) with another distribution
component or a network element within the clinical integra-
tion plane.

[0242] The distribution component (120) is configured to
exchange data using one or more data communication
cables (125). In some embodiments, a patch cable (126) is
used to interconnect nearby infrastructure components. In
some embodiments, an interconnection cable (137) is used
to couple the distribution component (120) to an edge pro-
cessing unit or another infrastructure element.

[0243] The distribution component (120) includes a power
input interface (128) configured to receive electrical power
from a facility power source. In some embodiments, a
power supply cable (129) is coupled to the power input
interface (128) to deliver electrical power to the distribution
component (120). Electrical power received at the distribu-
tion component (120) may be selectively delivered to
downstream devices over power-and-data connections.
[0244] In some embodiments, the distribution component
(120) includes one or more infrastructure network inter-
faces (132) configured to support controlled communica-
tion with an edge processing unit or other authorized infra-
structure components. The distribution component (120)
operates under coordination with an edge processing unit
and does not provide unrestricted access to a general hos-
pital information technology network.

[0245] The separation between the externally accessible
portion (127) and the wall-embedded portion (124) allows
clinical-side access to downstream connections while main-
taining organization, protection, and concealment of back-
bone cabling within the wall. This arrangement supports
retrofit deployment using existing wall structures and min-
imizes exposed cabling within patient care environments.
[0246] FIG. 4 is illustrative only and does not limit the
number, arrangement, port roles, power delivery tech-
niques, physical dimensions, mounting mechanisms,
internal circuitry, or interconnection topology of the power-
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and-data distribution component.

Figure 5 — Wall-Mounted Edge Processing Unit

[0247] FIG. 5 illustrates a non-limiting example of a wall-
mounted edge processing unit (130) configured for use as
part of a retrofit clinical integration infrastructure.

[0248] The edge processing unit (130) is installed at,
within, or behind a wall or structural surface (250). In some
embodiments, the edge processing unit (130) includes a
wall-embedded portion (134) positioned within an existing
wall cavity or enclosure. The wall-embedded portion (134)
houses processing, networking, and power-related compon-
ents while remaining concealed from the clinical environ-
ment.

[0249] The edge processing unit (130) further includes a
visible portion (131) that is accessible from the clinical
environment. The visible portion (131) may include one or
more externally perceptible indicators or interfaces provid-
ing status or operational visibility. In some embodiments,
the visible portion (131) is designed to minimize exposed
controls or connectors while preserving accessibility for
inspection or maintenance.

[0250] The wall-embedded portion (134) includes one or
more infrastructure network interfaces (132). Each infra-
structure network interface (132) is configured to support
wired communication with another infrastructure compon-
ent operating within a controlled clinical integration plane.
The wall-embedded portion (134) further includes one or
more power-and-data interfaces (133). Each power-and-
data interface (133) is configured to receive electrical
power and data over a wired connection from an upstream
distribution component or other authorized infrastructure
element.

[0251] In some embodiments, the edge processing unit
(130) is communicatively coupled to an infrastructure net-
work (180). Communication with the infrastructure net-
work (180) permits controlled exchange of standardized
data objects with authorized downstream systems or man-
agement services while maintaining isolation of the clinical
integration plane from a general hospital information tech-
nology network.

[0252] The edge processing unit (130) may be coupled to
other infrastructure components using an interconnection
cable (137). The interconnection cable (137) provides a
controlled physical link between the edge processing unit
(130) and one or more distribution components or upstream
aggregation elements.

[0253] In some embodiments, the edge processing unit
(130) includes a wireless access component (135). The
wireless access component (135) is configured to support
wireless communication with authorized device-interface
modules or auxiliary infrastructure components under
selected operating conditions. The presence and use of
wireless communication are optional and are not required
in all embodiments.

[0254] The edge processing unit (130) is configured to
receive standardized data objects originating from device-
interface modules through the controlled clinical integra-
tion plane. The edge processing unit (130) enforces author-
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ization, isolation, buffering, time alignment, and routing of
standardized data objects prior to delivery to authorized
downstream destinations.

[0255] The wall-mounted configuration of the edge pro-
cessing unit (130) enables retrofit deployment using exist-
ing wall structures while minimizing visible equipment in
patient care areas. The separation between the visible por-
tion (131) and the wall-embedded portion (134) supports
clean installation, controlled access, and protection of infra-
structure-side cabling.

[0256] FIG. 5 is illustrative only and does not limit the
physical dimensions, mounting arrangement, number or
type of interfaces, internal processing allocation, wireless
capabilities, power delivery techniques, or operational roles
of the edge processing unit.

Figure 6 — Patient-Centric Clinical Integration Topology

[0257] FIG. 6 illustrates a non-limiting example of a
patient-centric clinical integration topology in which mul-
tiple medical devices and auxiliary sensing components
associated with a patient are coupled to a retrofit clinical
integration infrastructure.

[0258] As shown, a patient (500) is associated with a bed
or physical care location (501). One or more medical
devices (100) are positioned at or near the bed or care loca-
tion (501). Each medical device (100) may generate
physiologic or operational data and may present informa-
tion locally via a display (107). The medical device (100)
may provide output data through a medical device data
interface (101). In some embodiments, the medical device
(100) may optionally provide accessory power through an
optional power interface (102).

[0259] A device-interface module (110) is coupled to the
medical device (100) by a device-specific connection
assembly (106). The device-interface module (110) is con-
figured to receive device output data and to normalize
device-specific signals into a standardized internal repres-
entation suitable for governed transport within a clinical
integration plane. In some embodiments, the device-inter-
face module (110) includes a device communication inter-
face (111) configured to exchange data with the medical
device (100). In some embodiments, the device-interface
module (110) includes a combined power and data interface
(112) configured to receive electrical power and data over a
single physical connection. In some embodiments, the
device-interface module (110) includes a pass-through or
parallel communication interface (113) configured to allow
continued communication between the medical device
(100) and a third-party or incumbent vendor monitoring
system (108). In some embodiments, the device-interface
module (110) includes an auxiliary power or data interface
(114). In some embodiments, the device-interface module
(110) includes a wireless communication module (115).
[0260] In some embodiments, the device-interface module
(110) receives power from a bed-integrated interface (511).
In some embodiments, the device-interface module (110) is
coupled to the bed-integrated interface (511) by a bed-to-
module connection cable (512). In some embodiments, the
bed or associated structure supports a bed wireless commu-
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nication protocol (513) for exchange of bed-related or con-
textual information.

[0261] In addition to fixed medical devices, one or more
personal monitoring devices (503) associated with the
patient (500) may generate additional patient-related or
contextual data. In some embodiments, the personal monit-
oring device (503) communicates using a personal wireless
network (249). Data from the personal monitoring device
(503) may be received by a device-interface module (110)
or by an edge processing unit (130) and incorporated into
the clinical integration plane.

[0262] In some embodiments, an auxiliary device-interface
module (116) is associated with a physical asset such as the
bed or care-area structure. The auxiliary device-interface
module (116) is configured to communicate wirelessly with
the clinical integration infrastructure and to acquire contex-
tual or environmental data associated with the bed, care
location, or patient environment.

[0263] One or more device-interface modules (110) are
communicatively coupled by a data communication cable
(125) to a power and data distribution component (120). In
some embodiments, a patch cable (126) is used for inter-
connection between nearby components. The power and
data distribution component (120) includes one or more
front-facing distribution ports (121) configured to connect
to device-interface modules. The power and data distribu-
tion component (120) further includes one or more rear-
facing distribution ports (122). In some embodiments, the
power and data distribution component (120) includes an
expansion or interconnection port (123). In some embodi-
ments, the power and data distribution component (120)
includes an embedded portion (124) positioned within a
wall or enclosure (250).

[0264] The power and data distribution component (120)
operates under control of an edge processing unit (130).
The edge processing unit (130) includes an infrastructure
network interface (132) configured to communicate with an
infrastructure network (180). The edge processing unit
(130) further includes a power and data interface (133). In
some embodiments, the edge processing unit (130) includes
an embedded portion (134) positioned within a wall or
enclosure (250).

[0265] In some embodiments, the edge processing unit
(130) includes a wireless access component (135). In some
embodiments, the system supports an alternate wireless
communication path (136). In some embodiments, commu-
nication between infrastructure components is supported by
one or more interconnection cables (137).

[0266] In some embodiments, standardized data objects
generated within the clinical integration plane are routed
through the infrastructure network (180) to a remote man-
agement system (140). In some embodiments, the remote
management system (140) supports a data streaming capab-
ility (143) for real-time access or retrieval of stored data.
[0267] In some embodiments, a wireless-to-wired bridge
(601) provides connectivity between wireless components
and wired infrastructure. In some embodiments, an inde-
pendent wireless access point (602) provides wireless com-
munication capability independent of a facility information
technology network.
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[0268] FIG. 6 illustrates relationships among medical
devices, device-interface modules, auxiliary sensing com-
ponents, and infrastructure elements in a patient-centric
topology. The figure is provided for explanatory purposes
only and does not limit the number, arrangement, commu-
nication paths, power sources, processing locations, or
deployment configurations of the disclosed system.

Figure 7 — Retrofit Deployment Using Existing Wall Plate
Locations and Alternative Mounting Structures

[0269] FIG. 7 illustrates a non-limiting example of retrofit
deployment of the disclosed medical device integration
infrastructure using existing facility mounting locations
within a healthcare environment. FIG. 7 is presented as a
set of related views, including FIGS. 7A-7G, which
together illustrate representative conditions before, during,
and after installation, as well as alternative mounting con-
figurations. The illustrated arrangements are exemplary and
are provided for explanatory clarity only, and do not define
a required order, method, or installation procedure.

[0270] FIG. 7A illustrates an existing wall location includ-
ing one or more conventional wall plates mounted to a wall
surface and associated with an internal wall cavity or
enclosure. Such wall plates may include, by way of
example, blank cover plates, electrical outlet plates, switch
plates, or low-voltage termination plates commonly present
in patient rooms or care areas. These wall plate locations
represent pre-existing facility infrastructure available for
retrofit installation.

[0271] FIG. 7B illustrates a representative retrofit condition
in which at least one existing wall plate has been removed,
displaced, overlaid, or otherwise made available for install-
ation of a clinical integration node. In this condition, the
existing wall cavity and enclosure may be reused as an
installation anchor, without requiring structural modifica-
tion of the wall, installation of new conduit, or alteration of
the surrounding room layout.

[0272] FIG. 7C illustrates a representative post-installation
condition in which a clinical integration node occupies sub-
stantially the same wall footprint as the prior wall plate and
may utilize the same internal wall cavity. In some embodi-
ments, the clinical integration node replaces a blank plate;
in other embodiments, it replaces or is positioned adjacent
to an electrical outlet or other wall-mounted fixture. Mul-
tiple wall plate positions along a wall may be selectively
converted to clinical integration nodes, while other wall
plates remain unchanged, thereby supporting incremental
and flexible retrofit deployment.

[0273] FIG. 7D illustrates an embodiment in which the
clinical integration node is housed within a surface-moun-
ted enclosure affixed to a wall surface and positioned over
or adjacent to an existing wall opening. In this configura-
tion, the enclosure provides a wall-adjacent mounting
arrangement that does not require full in-wall installation
and accommodates facilities where wall depth, obstruc-
tions, or policies limit in-wall mounting.

[0274] FIG. 7E illustrates a hybrid mounting embodiment
in which the clinical integration node is partially received
within an existing wall cavity while extending outward in a
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surface-mounted enclosure. This configuration enables
reuse of existing wall cavities while providing flexibility in
enclosure depth, interface accessibility, and installation
constraints.

[0275] FIG. 7F illustrates a fully surface-mounted embodi-
ment in which the clinical integration node is mounted
externally to a wall without occupying a wall cavity. Such
embodiments may be employed where wall penetration is
restricted, where rapid or temporary deployment is desired,
or where existing wall infrastructure cannot be modified.
[0276] FIG. 7G illustrates a non-wall-mounted embodiment
in which the clinical integration node is mounted to a pole,
IV pole, column, rail, or other structural support within a
care environment. In this configuration, the clinical integra-
tion node provides equivalent functional behavior to wall-
mounted embodiments while enabling deployment in
mobile, temporary, or reconfigurable care settings, includ-
ing bedside poles and transport environments.

[0277] Across all embodiments illustrated in FIG. 7, the
clinical integration node may include one or more powered
network interfaces, internal control circuitry, and pro-
cessing components, as described elsewhere herein.
However, the internal composition, number of interfaces,
physical dimensions, external appearance, enclosure geo-
metry, mounting mechanism, and functional allocation of
the node are implementation-dependent and not limited by
the illustrated representations.

[0278] FIG. 7 does not depict internal electronics, wiring,
fastening hardware, tools, or installer actions, and is not
intended to constrain the disclosed infrastructure to any
particular installation technique, enclosure form factor, or
mounting orientation. Collectively, FIG. 7 demonstrates
that the disclosed infrastructure supports retrofit deploy-
ment using existing facility infrastructure as well as altern-
ative mounting structures, without requiring structural
renovation and without limiting the invention to in-wall
installations.

LIST OF REFERENCE NUMERALS

[0279] 100 — Medical Device A clinical device configured
to generate patient-related or device-related data and hav-
ing at least one physical interface through which such data
may be made available to an external component.

[0280] 100a — Medical Device External Enclosure An outer
housing of the medical device (100), which may include
one or more surfaces suitable for temporary or removable
attachment of an accessory component.

[0281] 1005 — Legacy Medical Device A medical device
configured to communicate using an interface or protocol
that differs from those used by other devices in the system,
and which may be coupled to the integration infrastructure
through an intermediary interface.

[0282] 101 — Medical Device Data Interface A physical
connector or port provided on a medical device and con-
figured to make device output data available to an external
component.

[0283] 101a — Device-Interface Module Connector A con-
nector provided on a device-interface module and con-
figured to mechanically and electrically mate with the med-
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ical device data interface (101).

[0284] 102 — Optional Power Interface A power interface
provided by a medical device or associated structure and
configured to supply electrical power to an attached access-
ory.

[0285] 105 — Device-Interface Module Power or Data Con-
nector A connector and associated cable configured to sup-
ply power and, in some embodiments, data to a device-
interface module.

[0286] 106 — Device-Specific Connection Assembly A
cable or connector assembly configured to couple a device-
interface module to a corresponding medical device using a
device-appropriate interface.

[0287] 107 — Medical Device Display A visual output ele-
ment of the medical device (100) configured to present
information to clinical personnel.

[0288] 108 — Third-Party or Incumbent Vendor Monitoring
System An external system configured to receive data from
one or more medical devices using an incumbent commu-
nication pathway.

[0289] 1094 — Device-Interface Module Attachment Ele-
ment A removable attachment element coupled to a device-
interface module and configured to facilitate temporary
physical attachment.

[0290] 1095/ — Complementary Attachment Element A
complementary attachment element affixed to a medical
device enclosure and configured to engage with the attach-
ment element (1094a).

[0291] 109c — Attachment Motion or Alignment Path A rel-
ative motion or alignment used when coupling the device-
interface module to the medical device enclosure.

[0292] 110 — Device-Interface Module A module con-
figured to couple to a medical device and acquire device
output data for entry into the integration infrastructure. The
module may include one or more interfaces for data acquis-
ition, power reception, and communication with other
infrastructure components.

[0293] 111 — Device Communication Interface A commu-
nication interface provided on the device-interface module
and configured to exchange data with a medical device
using a supported protocol.

[0294] 112 — Combined Power and Data Interface An inter-
face configured to receive both electrical power and data
over a single physical connection.

[0295] 113 — Pass-Through or Parallel Communication
Interface An interface configured to allow continued com-
munication between a medical device and a third-party sys-
tem while also enabling acquisition of a copy of device out-
put data.

[0296] 114 — Auxiliary Power or Data Interface An inter-
face configured to provide electrical power to, or exchange
data with, the device-interface module.

[0297] 115 — Wireless Communication Module A wireless
communication component configured to exchange data
using one or more short-range or local wireless protocols.
[0298] 116 — Wireless Device-Interface Module Associ-
ated with a Physical Asset A device-interface module con-
figured to communicate wirelessly with the integration
infrastructure and to be associated with a bed, stretcher,
chair, or other physical structure, and to acquire contextual
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or environmental data.

[0299] 119 - Mating Connector A connector configured to
mechanically and electrically mate with one or more cor-
responding interfaces.

[0300] 120 — Power and Data Distribution Component A
distribution component configured to provide power and
data connectivity to one or more device-interface modules
and to operate under control of an edge processing com-
ponent.

[0301] 121 - Front-Facing Distribution Port A port
provided on the power and data distribution component and
configured to connect to a device-interface module.

[0302] 121a — Mating Connector for Distribution Port A
connector configured to mate with the distribution port
(121).

[0303] 122 — Rear-Facing Distribution Port A port con-
figured to provide power and/or data connectivity to
another infrastructure component.

[0304] 123 — Expansion or Interconnection Port A port
configured to interconnect the distribution component with
another distribution component or network element.

[0305] 124 — Embedded Portion of Distribution Component
A portion of the distribution component configured to be
located within a wall cavity or enclosure.

[0306] 125 — Data Communication Cable A wired commu-
nication cable configured to transmit data and, in some
embodiments, electrical power.

[0307] 126 — Patch Cable A short communication cable
configured to interconnect nearby components.

[0308] 127 — Exposed Portion of Distribution Component
A portion of the distribution component accessible from the
room environment.

[0309] 128 — Power Input Interface An interface configured
to receive electrical power from a facility power source.
[0310] 129 — Power Supply Cable A cable configured to
supply electrical power to the distribution component.
[0311] 130 — Edge Processing Unit A processing compon-
ent configured to manage discovery, authorization, data
normalization, buffering, and routing within a clinical
integration plane.

[0312] 131 - Edge Processing Unit Front Panel An extern-
ally visible portion of the edge processing unit.

[0313] 132 — Infrastructure Network Cable A network
wired cable connect the edge processing unit (131) to a
facility network.

[0314] 133 — Power and Data Interface for Edge Processing
Unit An interface configured to supply power and data to
the edge processing unit.

[0315] 134 — Embedded Portion of Edge Processing Unit A
portion of the edge processing unit configured to be located
within a wall or enclosure.

[0316] 135 — Wireless Access Component A wireless com-
ponent configured to support communication with one or
more wireless device-interface modules.

[0317] 136 — Alternate Wireless Communication Path A
wireless communication path configured to provide con-
nectivity when another path is unavailable.

[0318] 137 — Interconnection Cable A cable configured to
interconnect the distribution component and the edge pro-
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cessing unit.

[0319] 138 — Exposed Portion of Edge Processing Unit A
visible portion of the edge processing unit accessible from
the room environment.

[0320] 140 — Remote Management System A system con-
figured to monitor, manage, or update one or more infra-
structure components.

[0321] 143 - Data Streaming Capability A capability to
provide access to data in real time or from stored records.
[0322] 160 — Third-Party Connectivity Hardware Hardware
configured to interface between a medical device and the
integration infrastructure.

[0323] 161 — Third-Party Device Interface An interface
provided on third-party connectivity hardware and con-
figured to couple to a medical device.

[0324] 161a — Matching Interface on Device-Interface
Module An interface on the device-interface module con-
figured to mate with the third-party device interface (161).
[0325] 162 — Third-Party Connection Cable A cable con-
figured to connect a medical device to third-party con-
nectivity hardware.

[0326] 180 — Facility Network Infrastructure A wired net-
work infrastructure provided by a facility.

[0327] 249 — Personal Wireless Network A wireless net-
work configured for short-range communication with per-
sonal or wearable devices.

[0328] 250 — Wall or Structural Surface A wall or structural
element of a facility used as a mounting or embedding sur-
face.

[0329] 500 — Patient An individual receiving care within
the facility.

[0330] 501 — Bed or Care Location A physical location
associated with a patient.

[0331] 503 — Personal Monitoring Device A device con-
figured to acquire patient-related data and communicate
wirelessly.

[0332] 511 — Bed-Integrated Interface An interface integ-
rated into a bed or similar structure and configured to
provide power or data.

[0333] 512 — Bed-to-Module Connection Cable A cable
configured to connect a device-interface module to a bed-
integrated interface.

[0334] 513 — Bed Wireless Communication Protocol A
wireless protocol configured to transmit data associated
with bed state or condition.

[0335] 601 — Wireless-to-Wired Bridge A device con-
figured to bridge wireless communication to a wired net-
work.

[0336] 602 — Independent Wireless Access Point A wire-
less access component configured to operate independently
of a facility IT network.

[0337] 700 — Legacy Medical Device Interface An interface
component configured to couple legacy medical devices to
the integration infrastructure.

[0338] 701 — Interface Connection Cable A cable con-
figured to connect the legacy medical device interface to
the distribution component.

[0339] 702 — Legacy Device Connection Cable A cable
configured to connect a legacy medical device to the legacy
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medical device interface.

1. A retrofit medical device integration infrastructure for
deployment in an already-built healthcare facility without
structural renovation, comprising:

(a) a plurality of device-interface modules, each
device-interface module being configured to be
physically coupled to a respective medical device at
a point of care and comprising

(i) a device-specific connector configured to receive
output data from the respective medical device; and
(ii) protocol translation circuitry configured to nor-
malize device-specific output signals into a stand-
ardized internal representation;

(b) a power-and-data distribution component installed
at an existing bedside wall location corresponding
to an electrical outlet position or low-voltage wall
box, the power-and-data distribution component
comprising a plurality of powered connection ports
configured to provide controlled power and data
connectivity to the plurality of device-interface
modules, and the powered connection ports forming
fixed physical attachment points within a clinical
integration plane; and

(c) an edge processing unit mounted on, within, or
adjacent to the wall and coupled to the power-and-
data distribution component, the edge processing
unit comprising one or more processors and
memory and being configured to establish and
enforce a controlled clinical integration plane that is
structurally and logically isolated from a general
hospital information technology network,

wherein the edge processing unit is configured to:

(i) automatically detect a physical connection event
corresponding to a device-interface module
being connected to a powered connection port,
(ii) authenticate and authorize the device-inter-
face module in response to the connection event
before accepting output data, (iii) assign a phys-
ical location to the device-interface module
based at least in part on an identity of the
powered connection port, and (iv) generate
standardized data objects from the normalized
output data, the standardized data objects includ-
ing device identity information, location inform-
ation, and time information;

wherein the edge processing unit is further con-
figured to route the standardized data objects to
at least one downstream system through a secure
communication path while preventing the med-
ical devices and device-interface modules from
obtaining direct connectivity to the general hos-
pital information technology network; and

wherein the infrastructure is configured to operate
in coexistence with an incumbent vendor monit-
oring pathway by acquiring a parallel copy of the
medical device output data for entry into the
clinical integration plane, while allowing the
respective medical device to continue commu-
nicating over an existing primary communication
pathway with an incumbent vendor monitoring
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or central station system.

2. The system of claim 1, wherein the power-and-data
distribution component is dimensioned to fit within or
behind a wall footprint corresponding to a standard elec-
trical outlet box or standard low-voltage enclosure.

3. The system of claim 1, wherein the powered connec-
tion ports comprise power-over-ethernet ports, and wherein
the edge processing unit is configured to selectively disable
power delivery on an individual powered connection port in
response to a failure of authentication or authorization of a
connected device-interface module.

4. The system of claim 1, wherein each device-interface
module comprises a pass-through interface configured to
maintain the primary communication pathway between the
respective medical device and an incumbent vendor monit-
oring system, while providing the parallel copy of the out-
put data to the clinical integration plane.

5. The system of claim 1, wherein the edge processing
unit is configured to maintain time synchronization for the
standardized data objects using at least one of network time
protocol, precision time protocol, or a hardware time syn-
chronization signal.

6. The system of claim 1, wherein the edge processing
unit is configured to buffer standardized data objects in
local storage during an interruption of upstream connectiv-
ity and to forward buffered standardized data objects in
time order based on the time information.

7. The system of claim 1, wherein the secure commu-
nication path comprises at least one alternate uplink selec-
ted from a wireless uplink or a secondary wired uplink, that
is used when a primary uplink is unavailable.

8. The system of claim 1, wherein the edge processing
unit is configured to apply a room template comprising a
mapping between powered connection ports and location
identifiers, and to assign the physical location based on the
mapping.

9. The system of claim 1, wherein the edge processing
unit is configured to detect movement of a medical device
by detecting a disconnection of a device-interface module
from a first powered connection port and a subsequent con-
nection of the device-interface module to a second powered
connection port, and to update the assigned physical loca-
tion and log the movement with time information.

10. The system of claim 1, further comprising an elec-
trical-backhaul path including a receptacle module coupled
to existing facility electrical wiring and a receiver/bridge
module, wherein the receiver/bridge module is configured
to transport the standardized data objects to an aggregation
point or uplink without requiring installation of new net-
work cabling at the point of care.

11. A retrofit medical device integration infrastructure
for deployment in an already-built healthcare facility
without structural renovation, comprising:

(a) a wall-mountable clinical integration node con-
figured to be installed at or near an existing bedside
electrical outlet location, the clinical integration
node comprising

(1) a plurality of powered connection ports configured
to provide power and data connectivity to device-
interface modules, and (ii) an embedded edge con-
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troller comprising one or more processors and
memory, the embedded edge controller being con-
figured to control the powered connection ports and
to establish and enforce a clinical integration plane
isolated from a general hospital information techno-
logy network; and

(b) a plurality of device-interface modules, each con-
figured to be physically coupled to a respective
medical device and to provide normalized device
output data to the wall-mountable clinical integra-
tion node,

wherein the embedded edge controller is configured to
authenticate and authorize each device-interface
module based on a physical connection event at a
powered connection port, to assign a location iden-
tifier based at least in part on an identity of the
powered connection port, and to output standard-
ized data objects including device identity informa-
tion, location information, and time information for
routing to at least one downstream system; and

wherein the wall-mountable clinical integration node
is configured to be installed within or adjacent to a
standard electrical wall box or low-voltage enclos-
ure using existing facility power and existing wired
network infrastructure, without requiring structural
renovation or per-room network engineering.

12. The system of claim 11, wherein the wall-mountable
clinical integration node comprises, within a single hous-
ing, both (i) a power-over-ethernet switching circuit provid-
ing the powered connection ports and (ii) the embedded
edge controller controlling the powered connection ports.

13. The system of claim 11, wherein the wall-mountable
clinical integration node is configured to be installed by
electrical or facilities personnel using standard electrical
and structured-cabling practices applicable to existing wall
boxes and low-voltage enclosures, without requiring bed-
side configuration by hospital information technology staff.

14. The system of claim 11, wherein the embedded edge
controller is configured to route the standardized data
objects through a secured communication path across an
unsecured network segment, while maintaining the isola-
tion of the clinical integration plane from the general hos-
pital information technology network.

15. The system of claim 11, wherein the wall-mountable
clinical integration node is configured to support expansion
by coupling to at least one additional powered connection
distribution component under control of the embedded edge
controller to increase a number of supported device-inter-
face modules.

16. A method of retrofitting an existing healthcare facil-
ity to provide governed medical device integration without
structural renovation, comprising:

installing, at or near a bedside electrical outlet loca-
tion, a wall-mounted or in-wall power-and-data dis-
tribution component comprising a plurality of
powered connection ports;

installing a wall-mounted or in-wall edge processing
unit coupled to the power-and-data distribution
component and configured to enforce a clinical
integration plane isolated from a general hospital
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information technology network;

for each of a plurality of medical devices in a care
area, physically coupling a dedicated device-inter-
face module to the medical device, the device-inter-
face module being configured to receive device out-
put data and to normalize the device output data
into a standardized internal representation;

connecting each device-interface module to a respect-
ive powered connection port;

at the edge processing unit, detecting a connection
event corresponding to a device-interface module
being connected to a powered connection port,
authenticating and authorizing the device-interface
module, and assigning a physical location based at
least in part on an identity of the powered connec-
tion port;

generating standardized data objects from the normal-
ized output data, the standardized data objects
including device identity information, location
information, and time information; and

routing the standardized data objects to at least one
downstream system through a secure communica-
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tion path, while preventing the medical devices
from obtaining direct connectivity to the general
hospital information technology network.

17. The method of claim 16, wherein installing the
power-and-data distribution component and the edge pro-
cessing unit comprises wiring within a wall cavity or within
a standard electrical wall box or low-voltage enclosure at
the bedside electrical outlet location.

18. The method of claim 16, wherein physically coup-
ling a dedicated device-interface module comprises select-
ing a device-interface module validated for a specific med-
ical device model and coupling the selected device-inter-
face module to the medical device without requiring
device-level protocol configuration by hospital information
technology personnel.

19. The method of claim 16, further comprising main-
taining coexistence with an incumbent vendor monitoring
pathway by coupling the device-interface module to obtain
a parallel copy of the device output data, while allowing the
medical device to continue communicating with an incum-
bent vendor monitoring system over a primary communica-
tion pathway.

20. The method of claim 16, further comprising apply-
ing a predefined room template to assign location identifi-
ers to the powered connection ports, and assigning the
physical location based on the room template.
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