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ABSTRACT

Ceiling-mounted cameras, ambient microphones, and depth sensors are increasingly deployed in operating
rooms as part of platforms marketed as autonomous monitoring systems, capable of tracking surgical
phases, safety-checklist compliance, team traffic, and noise in real time.

This review surveys the multicenter evidence for these platforms, tracing their conceptual lineage from
aviation-style 'black box' recorders and decades-old automated anesthesia record keeping to current
computer-vision and audio-analytic systems.

Observational multicenter data show a consistent gap between assumed and actual safety-behavior
compliance once continuous machine observation replaces self-report, along with measurable team traffic
and distraction patterns not previously quantifiable at scale.

The alarm-fatigue literature from bedside physiologic monitoring offers a direct cautionary parallel, and the
platforms with the most credible evidence to date favor aggregated feedback over indiscriminate real-time
alerting.

We conclude that current evidence supports autonomous monitoring as a measurement and
quality-improvement instrument rather than a validated driver of improved hard clinical outcomes, and we
outline the generalizability, privacy, and alarm-management questions that remain open.
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the room's activity in many academic centers, feeding
video, audio, and kinematic data into platforms that
were unimaginable a decade ago [1]. These systems
are increasingly described, sometimes with more
marketing enthusiasm than precision, as "autonomous"
operating room monitors - platforms capable of
recognizing surgical phases, flagging safety-checklist
deviations, counting instruments, detecting door
openings during critical portions of a case, and in some
early implementations, alerting staff to hazardous
events in near real time [2].

The impulse behind this technology is not new.
Anesthesiologists have used automated
record-keeping systems since the late 1980s
specifically because manual charting under load is
unreliable and prone to omission [3]. What is new is
the scope of what can now be captured and analyzed -
not just vital signs, but the entire sociotechnical
environment of the room: who is present, what is being
said, how instruments move, and whether protocol
steps are actually performed as written rather than
merely charted as performed. This review surveys the
current state of autonomous and semi-autonomous OR
monitoring platforms, the multicenter evidence
supporting (or complicating) their adoption, and the
practical, ethical, and human-factors questions that
anesthesiologists and perioperative leaders are now
confronting as these systems move from pilot units into
routine service.

The aviation-inspired "black box" concept is probably
the most visible entry point for this technology into
clinical practice. Modeled explicity on flight data
recorders, OR black box platforms combine
synchronized audio, video, and device data streams to
reconstruct a case in full after the fact, and increasingly
to surface deviations during the case itself [4]. Early
deployments concentrated on retrospective review - a
surgical team or quality committee replaying a case to
understand a complication or a near miss - but the
more consequential shift has been toward continuous,
prospective auditing across many rooms and many
sites simultaneously, something no human observer
could sustain [5].

A multicenter analysis using this kind of platform to
remotely audit real-world adherence to the surgical
safety checklist illustrates both the promise and the
discomfort of the approach: automated review found
substantially lower rates of complete, verbally
confirmed checklist performance than institutions had
assumed from self-report, even at sites that considered
checklist culture mature [6]. That gap between
believed and observed compliance is, in a sense, the
entire argument for these platforms - human
self-assessment of routine safety behavior is
optimistic, and continuous machine observation is not.
Professional society coverage of these deployments
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has emphasized similar findings across multiple
surgical specialties and multiple hospital systems, with
case-level analytics used to identify recurring workflow
inefficiencies  (turnover delays, instrument tray
mismatches, non-therapeutic OR traffic) as well as
safety-relevant events [7].

The technical anatomy of a modern platform typically
layers several distinct capabilities. Computer vision
models trained on surgical video can segment a
procedure into phases, recognize instruments in the
field, and in some implementations estimate technical
skill or detect atypical movement patterns associated
with adverse events [8]. Separate models applied to
ambient audio can flag elevated noise, cross-talk
during critical phases, or the number of
non-case-relevant conversations - each associated in
prior human-factors literature with distraction-related
error, though causally difficult to isolate [9].
Depth-sensing cameras, which capture room
geometry and body position without recording
identifiable video, have been proposed specifically to
address the privacy objections that have slowed
adoption of full-video systems, with automated
workflow-recognition accuracy from depth data alone
now approaching that of conventional video pipelines
in early comparative work [10].

Beyond checklist compliance, a growing body of work
has used computer vision to model something
considerably harder to define: the situational
awareness of the surgical team as a group. Rather
than treating the OR as a single patient-monitor dyad,
these systems track the position, gaze direction
(where instrumented), and movement of every person
in the room to infer whether the team is collectively
attending to the field, to the anesthesia workstation, or
to unrelated activity, and whether attention degrades
at predictable points in a case such as handoffs or
unplanned interruptions [11]. This line of work sits
adjacent to a long tradition of manual observational
studies of OR traffic and door openings, which have
consistently linked excess traffic to both infection risk
and workflow disruption, but which were previously
limited to small samples collected by human observers
over a handful of shifts. Continuous sensor-based
traffic counting removes that sampling limitation and
allows traffic to be correlated, case by case, with case
duration, case complexity, and downstream outcomes
rather than treated as a generic quality metric.

The distraction and noise literature that these systems
now formalize predates the technology considerably.
Professional guidance from anesthesiology societies
has long recognized that non-clinical conversation,
personal electronic device use, and elevated ambient
noise during critical phases of anesthetic care -
induction, emergence, and any period of
hemodynamic instability - carry real risk, and has
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called for institutional policies limiting non-essential
activity during those windows [12]. What autonomous
monitoring adds is not a new hazard model but a new
measurement instrument: rather than relying on
incident reports or observer studies, hospitals can now
quantify, across hundreds of cases, exactly how often
critical-phase distraction actually occurs, in which
rooms, with which teams, and whether an intervention
(a "sterile cockpit" policy, a redesigned handoff script)
measurably changes the pattern rather than merely
being adopted on paper.

Any discussion of autonomous OR monitoring has to
reckon honestly with alarm fatigue, because it is the
clearest cautionary tale for what happens when
automated vigilance outpaces human capacity to act
on it. Physiologic monitors alone generate alarm rates
in some ORs and ICUs high enough that the
overwhelming majority are acknowledged reflexively or
silenced rather than individually assessed, a pattern
documented across more than a decade of biomedical
instrumentation literature [13]. The Anesthesia Patient
Safety Foundation has repeatedly flagged alarm
fatigue as a contributor to missed critical events
specifically because desensitization is a predictable
consequence of high false-alarm rates, not a failure of
individual vigilance [14]. Professional society guidance
on alarm management for anesthesia professionals
has pushed institutions toward alarm customization,
tiered alerting by clinical severity, and default settings
validated against actual event rates rather than
manufacturer defaults calibrated for the most
conservative possible threshold [15].

The lesson transfers directly to room-level autonomous
monitoring. A  platform  that generates a
checklist-deviation alert, a noise alert, and a traffic alert
on every case, indiscriminately, will be tuned out by
staff within weeks regardless of how sophisticated its
underlying models are - the human-factors failure
mode is identical whether the signal originates from a
pulse oximeter or a ceiling camera. The more credible
implementations reported to date have therefore
emphasized asynchronous, aggregated feedback
(weekly or monthly team-level dashboards) over
real-time alerting for lower-acuity findings, reserving
synchronous alerts for a narrow set of high-specificity
events such as a retained-instrument risk signal or a
hard door-opening violation during a documented
critical phase [16]. Whether this restraint holds as
vendors compete on feature breadth, or whether OR
monitoring simply reproduces the alarm-fatigue
trajectory of bedside physiologic monitoring at the
room level, is one of the more consequential open
guestions in this literature.
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Model performance  figures reported  from
single-institution pilot studies do not reliably predict
performance elsewhere, and this is arguably the
central methodological weakness of the current
evidence base. Surgical phase-recognition and
instrument-detection models trained on video from one
health system's equipment, room lighting, camera
placement, and case mix have shown measurable
accuracy drops when deployed at a second site
without retraining, a pattern documented across
several systematic reviews of Al models applied to OR
video [2]. This is not a minor technical footnote; it is
the difference between a platform that can be
marketed nationally and one that requires substantial
site-specific calibration before its outputs can be
trusted for anything beyond retrospective,
human-reviewed case analysis.

Multicenter evaluations that do exist have generally
been observational rather than randomized,
comparing checklist compliance, turnover time, or
traffic metrics before and after platform deployment
across a handful of hospitals within the same health
system or vendor partnership [6]. This design is
defensible given the practical and ethical difficulty of
randomizing an OR-wide surveillance intervention, but
it leaves open substantial confounding - deployment of
a monitoring platform is rarely an isolated intervention;
it typically accompanies renewed leadership attention
to OR safety culture, refreshed checklist training, and
Hawthorne-type effects from staff awareness of being
observed, any of which could independently move the
outcomes attributed to the software. Broader reviews
of Al and machine learning applied to patient safety in
complex surgery have made a similar point: the
evidence is accumulating quickly in volume but is still
concentrated in feasibility and single-arm before/after
designs, with few sites reporting on hard clinical
outcomes such as complication rates or mortality
rather than process measures [17].

Legal, regulatory, and ethical questions have moved
somewhat more slowly than the technology itself.
Recording identifiable audio and video of clinical staff
and, depending on jurisdiction and consent framework,
of patients under anesthesia raises questions about
discoverability in litigation, staff consent and
labor-relations concerns, and data governance that
differ meaningfully across institutions and countries,
and that vendors and hospital counsel are still working
through case by case [18]. Depth-sensing and other
de-identified sensing modalities have been proposed
partly as a technical answer to this problem, trading
some analytic richness for a materially smaller privacy
footprint, and early comparative accuracy data
suggest that trade-off may be smaller than initially
feared for at least some workflow-recognition tasks
[10].

The trajectory across recent literature and trade press
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coverage points toward integration rather than
replacement - autonomous monitoring is being
positioned as a layer that sits alongside existing
anesthesia and surgical workflows, feeding structured
data into quality-improvement programs and, in some
vendor roadmaps, into intraoperative decision support
rather than functioning as a standalone alerting
product [19]. Broader reviews of Al and robotics in
general surgery describe a similar convergence:
instrument tracking, phase recognition, and outcome
prediction models are increasingly bundled with
surgical robotics platforms rather than sold as
independent  monitoring add-ons, which may
accelerate adoption but also concentrates data
governance and liability questions with a smaller
number of vendors [20]. Preliminary work on real-time
guality-assurance systems that flag protocol deviations
as they occur, rather than in retrospective review,
suggests the next phase of development is aimed
squarely at synchronous intervention - catching a
missed step while it can still be corrected rather than
documenting it afterward for a morbidity and mortality
conference [21].

For anesthesiologists specifically, the more immediate
relevance may be less about the headline
safety-checklist and instrument-tracking use cases and
more about what continuous room-level sensing can
reveal about the anesthesia workspace itself:
workstation alarm burden correlated against actual
room activity, distraction windows mapped against
induction and emergence timing, and traffic and noise
data that can finally test, with real numbers rather than
observational studies, whether sterile-cockpit-style
policies during critical phases of anesthetic care
actually change behavior when they are adopted [12].
That capacity to measure what was previously only
inferred is, more than any single alerting feature, what
distinguishes this generation of OR monitoring
platforms from the automated record-keeping systems
anesthesiology has used for decades [3].

Autonomous operating room monitoring has moved,
over a relatively short span, from a research curiosity
into a real if still unevenly distributed feature of
perioperative practice. The multicenter evidence
assembled so far supports a fairly specific and modest
claim: continuous, sensor-based observation reveals
real gaps between assumed and actual
safety-behavior compliance, and it can quantify team
dynamics, traffic, and noise in ways manual audit
never could. It does not yet support the stronger claim,
sometimes implied in vendor and media coverage, that
these platforms independently improve hard clinical
outcomes - the trial designs needed to demonstrate
that are largely still ahead of us. The alarm-fatigue
literature offers a useful warning about where this
technology could go wrong: a room-level monitoring
system that floods staff with low-specificity alerts will
be ignored exactly as bedside monitors have been
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when poorly tuned. The more promising path, evident
in the platforms with the most credible multicenter data
so far, treats autonomous monitoring primarily as a
measurement and feedback instrument for teams and
institutions rather than as a real-time alarm generator,
reserving synchronous alerting for a narrow,
high-specificity set of events. Anesthesiologists have a
direct stake in how this technology matures, both
because the anesthesia workstation is one of the
richest data sources in the room and because the
profession has already lived through one full cycle of
automated-monitoring adoption, alarm proliferation,
and hard-won alarm-management reform. The lessons
from that earlier cycle are directly applicable here, and
the field would do well to apply them proactively rather
than relearning them room by room.
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