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Abstract

Background: The resuscitation room is a high-stakes, time-sensitive environment where clinical decisions need to be swift and
accurate. Traditional, disconnected monitoring systems and manual interventions result in cognitive overload and delay
recognition and suboptimal care.

Aim: To synthesize the current evidence and conceptual frameworks for the "resuscitation room of the future," focusing on the
role of noninvasive hemodynamic monitoring, continuous capnography, automated CPR devices, and smart intravenous pumps
with electronic medical record integration.

Methods: Literature searches were performed in PubMed, Scopus, Web of Science, IEEE Xplore, and CINAHL for peer-
reviewed articles, conference proceedings, and white papers from 2013 through 2025.

Results: The integration of these technologies demonstrates significant benefits. The non-invasive hemodynamic monitors can
provide continuous, real-time data on cardiac output and fluid responsiveness to guide more precise resuscitation. Universal
continuous capnography enhances the safety of procedural sedation and confirms endotracheal tube placement while serving as
a prognostic marker in cardiac arrest. The automated CPR devices provide consistent, high-quality chest compressions and
facilitate procedures during transport.

Conclusion: The resuscitation room is a rapidly evolving environment that will be highly integrated and dependent on data.
Smart technologies and integrated monitoring systems hold great promise for decreasing human error, optimizing workflow,
and enhancing the precision of resuscitative care. Future utilization will have to overcome the challenges of cost,
interoperability, data security, and requirements for robust training if the full potential of this technological transformation is to
be completely realized.
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Introduction

The resuscitation bay of a modern emergency
department or critical care unit is the real frontline in
the medical response to critically ill and injured
patients. It is an environment marked by extreme time

We now stand at the edge of a technological
revolution that has the potential to transform this high-
stakes environment. The "resuscitation room of the
future™ is conceptualized as a smart, integrated
ecosystem where information flows effortlessly from

pressures, diagnostic uncertainties, and high error
risks. For decades, its fundamental setup has remained
rather unchanged, characterized by a set of standalone
monitors, manual charting, and discreet, often
sequential, clinical acts (Coffey et al., 2015). This
fragmented approach can lead to the cognitive
overload of clinicians, delayed recognition of clinical
deterioration, and inefficiencies that compromise
patient safety and outcomes (Levitt et al. 2023). This
key report from the Institute of Medicine, "To Err Is
Human," identified that most medical errors are
products of faulty systems, not faulty people; thus, the
complex nature of the resuscitation room is really an
example of a system begging for redesign (Lt, 2000).

patient to clinician, routine and repetitive tasks are
fully automated, and clinical decision-making is
informed by real-time analytics. Driving this
transformation are several key technological
advances: sophisticated, non-invasive hemodynamic
monitors that move beyond simple blood pressure and
heart rate; the push for continuous capnography as a
standard of care for all critically ill patients; automated
devices that ensure the consistent delivery of high-
quality cardiopulmonary resuscitation (CPR); and
smart intravenous pumps that not only safely deliver
medications but also interface directly with the
Electronic Medical Record (EMR) (Kao et al., 2023).
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These gains could be profound: a common
data environment might reduce the documentation
burden, shifting clinician focus to patient care and
away from data entry; automated systems might
minimize the possibility of human error in tasks such
as medication dosing or the delivery of CPR. In
addition, the aggregation of high-fidelity continuous
data enables opportunities for Al and machine learning
in the prediction of clinical trajectories, such as the
likelihood of ROSC in cardiac arrest or the onset of
septic shock (Carra et al., 2020). At the same time,
implementation of such technology is associated with
significant investment, issues of interoperability
between different vendor systems, the possibility of
new types of technology-facilitated errors, and
comprehensive training and cultural adaptation among
staff (Fernandes et al., 2022; Walker et al., 2023).

Consequently, the purpose of this systematic
review is to critically summarize and identify
emerging trends in the literature regarding the core
technological components of the future resuscitation
room. This review will specifically address four areas:
(1) non-invasive hemodynamic monitoring; (2)
continuous capnography; (3) automated CPR devices;
and (4) smart IV pumps with EMR integration. By
reviewing evidence on their effectiveness,
implementation challenges, and impact on clinical
workflows and patient outcomes, this review hopes to
give a comprehensive overview of the present and
future state of resuscitation science and to identify key
directions for future research and development.
Methodology
Search Strategy

A literature search was conducted in January
2025 to identify relevant publications from the period
of January 2013 to December 2024. The search has
been designed in order to capture rapid technological
developments in the field over the past decade.
Electronic databases searched include PubMed,
Scopus, Web of Science, IEEE Xplore (engineering
and technology perspectives), and CINAHL. The
search strategy included various combinations of
keywords and MeSH terms using the core concepts.
The main search string was: ("resuscitation" OR
"critical care" OR "emergency medicine" OR "cardiac
arrest™) AND ("smart technology" OR "digital health™
OR "monitoring™” OR "hemodynamic monitoring” OR
"capnography” OR "end-tidal CO2" OR "mechanical
CPR" OR "automated CPR" OR "LUCAS" OR
"AutoPulse” OR "smart pump" OR "infusion pump"
OR "EMR integration"” OR "EHR integration™) AND
("future” OR "innovation" OR "efficiency" OR
"outcomes"). Terms were combined using Boolean
operators (AND, OR), with filters applied to limit
results to English language and human studies where
appropriate.

Inclusion and Exclusion Criteria

Studies were included if they: (a) were
original research (randomized controlled trials,
observational studies, simulation studies), systematic
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reviews, meta-analyses, or authoritative white
papers/consensus statements from major professional
societies; (b) explicitly investigated or discussed one
or more of the four core technologies (non-invasive
hemodynamic monitors, continuous capnography,
automated CPR devices, smart IV pumps) in the
context of adult resuscitation or critical care; (c)
reported on outcomes related to clinical efficacy,
workflow integration, patient safety, or cost-
effectiveness; and (d) were published between 2013-
2024. Studies were excluded if they: (a) focused
exclusively on pediatric or neonatal populations; (b)
were editorials, commentaries, or letters without
original data or analysis; (c) described technologies
not yet evaluated in a clinical or high-fidelity
simulation setting; or (d) were not available in full text.
Data Synthesis

Given the heterogeneity of the study designs,
technologies, and outcome measures, a meta-analysis
was not possible. A narrative synthesis approach was
used to organize findings according to the four pre-
specified technological domains. The results are
synthesized in a structured approach: describing the
technology and proposed mechanisms; summarizing
evidence on its impact on processes of care and
clinical outcomes; and discussing implementation
considerations and future directions.
The Core Components of the Smart Resuscitation
Room
Advanced
Monitoring

Whereas other traditional vital signs of blood
pressure, heart rate, and oxygen saturation are
important, they often are late indicators of the
development of shock states. The future resuscitation
room overcomes this limitation by embedding
advanced technologies that can dynamically and
preemptively evaluate a patient's cardiovascular
status. These include non-invasive cardiac output
monitors using bioreactance or radial artery
tonometry, which have been associated with
continuous,  real-time  monitoring of critical
parameters such as stroke volume, cardiac output, and
systemic vascular resistance (Gupta & Alam, 2021).
This enables functional hemodynamic monitoring
wherein fluid responsiveness can be evaluated through
passive leg raise tests or analysis of pulse pressure
variation without the need for invasive arterial or
central venous access, allowing clinicians a crucial
shift away from pressure-based to flow-based
resuscitation strategies (Jalil & Cavallazzi, 2018).
Evidence shows that goal-directed therapy guided by
this technology produces more appropriate fluid and
vasopressor administration in patients with sepsis and
trauma and may lead to fewer complications of fluid
overload and acute respiratory distress syndrome.
Moreover, in the undifferentiated hypotensive, these
monitors rapidly distinguish between the etiology of
shock  states-hypovolemic,  distributive,  and

Non-Invasive Hemodynamic
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cardiogenic-thereby guiding time-critical therapeutic
intervention (Best & Jabaley, 2019).
Continuous Capnography for All Critical Patients

Capnography has come a long way from an
endotracheal tube placement confirmation tool to
becoming an essential vital sign for monitoring
ventilation and perfusion. This technology, which
measures the concentration of carbon dioxide at the
end of expiration (EtCOZ2), provides immediate
feedback through its waveform and numerical value
on airway patency, ventilation adequacy, and
pulmonary blood flow (Cereceda-Sanchez & Molina-
Mula, 2021). Evidence for universal capnography
within the resuscitation environment is very strong; it
provides a significant reduction in the risk of
unrecognized hypoventilation and adverse respiratory
events associated with procedural sedation (Long et
al., 2017). During cardiac arrest cases, capnography
plays a role in prognosis and monitoring, where a
persistently low EtCO2 (<10 mmHg) after 20 minutes
of advanced cardiac life support can strongly predict a
low probability of return of spontaneous circulation.
This allows the consideration of termination-of-
resuscitation decisions, while a rising EtCO2 during
CPR is generally one of the most reliable indicators of
effective chest compressions and impending ROSC
(Abutalib, 2025; Benoit et al., 2023). Its integration as
a standard monitor makes this critical data point
always there and never missed.
Automated CPR Devices

Manual chest compressions are of variable
quality and deteriorate rapidly as a result of provider
fatigue, even in highly trained resuscitation teams.
Automated CPR devices address this basic challenge
by ensuring consistent,  high-quality  chest
compressions according to established guidelines.
Technologies like the LUCAS® (Lund University
Cardiopulmonary Assist System) and AutoPulse®
utilize either a piston mechanism or load-distributing
band to maintain optimal depth and rate of
compression without interruption (Li et al., 2016;
Szarpak et al., 2017). While large, randomized trials
have vyielded mixed results regarding long-term
survival with good neurological outcome, the
consistent benefits of these devices become more
pronounced at the level of process improvement. They
free up clinical staff to perform other critical tasks,
including the establishment of vascular access and the

administration of medications; ensure continuity of
compressions during transport of patients to settings
such as catheterization laboratories; and allow
procedures like pericardiocentesis or thoracostomy to
be performed during ongoing resuscitation efforts
(Zaloznik Djordjevic et al., 2023; Pal et al., 2020).
This integration thus creates a more controlled and
efficient environment for resuscitation.
Smart IV Pumps and EMR Integration

The high-acuity, fast-paced resuscitation
setting fosters a persistent threat of medication errors.
Smart intravenous pumps with electronic medical
record integration embody a core advancement in
medication safety and workflow efficiency. Advanced
infusion systems boast comprehensive drug libraries
featuring pre-programmed dosing limits and clinical
advisories with both soft and hard stops. When
appropriately configured for bidirectional integration
with the EMR, they automatically receive
programmed infusion orders, thus totally eliminating
manual programming errors at the point of care
(Fallatah et al., 2024; Waterson et al., 2020). Besides,
these systems automatically document infusion rates
and volumes directly into the patient's electronic
record, further eliminating transcription errors, while
significantly reducing nursing documentation burden.
Smart pump implementation integrated with drug
libraries has shown large reductions in potential
adverse drug events (Skog et al., 2022; Sutherland et
al., 2022). In this context, EMR integration results in
a closed-loop medication administration process
whereby resuscitation vasopressor drips ordered
within the EMR are instantly transmitted to the pump,
thus assuring rapid and accurate initiation of therapy.
Moreover, the automated documentation produces a
very precise temporal record of interventions-a finding
particularly valuable for post-resuscitation debriefing
and quality improvement initiatives (Sharifi, 2025).
Synthesis of Evidence and Impact on Resuscitation
Outcomes

The integration of these technologies has a
synergistic effect on transforming the resuscitation
bay from a reactive to a proactive environment
(Munagandla et al., 2024). The collective evidence,
summarized in Table 1 and Figure 1, points toward
significant improvements in key resuscitation
domains.

Table 1: Impact of Smart Technologies on Key Resuscitation Domains

Technology Impact on Process Impact on Patient Impacton Clinical Key
Efficiency Safety Outcomes Supporting
Evidence
Non-Invasive Faster diagnosis of shock Reduces risk of fluid Trend towards Douglas et al.,
Hemodynamic type; more precise titration overload and reduced ICU length  2024; Nguyen
Monitors of fluids/vasopressors. iatrogenic organ of stay; improved etal., 2024
injury. shock reversal.
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Continuous Immediate feedback on Reduces  adverse May inform Long et al,
Capnography airway and ventilation events during termination 2017; Benoit
status aids in sedation; prevents decisions; etal., 2023
prognostication during unrecognized associated with
CPR. esophageal improved safety in
intubation. procedural
sedation.
Automated CPR  Frees wup clinical staff; Eliminates Mixed effects on Szarpak et al.,
Devices enables procedures during variability and long-term survival; 2017; Pal et
CPR; ensures consistent fatigue associated consistently al., 2020
compressions during  with manual improves process
transport. compressions. metrics (e.0.,

perfusion pressure).

Smart IV Pumps
& EMR
Integration

infusions;
documentation.

Reduces time to initiate Significantly
automates reduces medication adverse drug al., 2020;
programming  and
transcription errors.

Reduced rates of Waterson et

events; more Sutherland et
reliable data for al., 2022
post-event analysis.

Integrated Smart Monitoring in Emergency Resuscitation

hemodynamic
monitoring

Smart IV pump

Automated CPR

Figure 1. Integrated smart monitoring in
emergency resuscitation.
Unifying Data for a Single Ecosystem

The most transformative aspect of the future
resuscitation room is the integration of disparate
streams of data into a single, coherent picture of the
patient. When data from the hemodynamic monitor,
capnograph, defibrillator, and smart pumps feed
directly into the EMR, that creates a "resuscitation
dashboard." This can display trends, calculate scores-
e.g., the Shock Index-and even trigger alerts based on
pre-set parameters-e.g., a falling EtCO2 during CPR
or a sustained period of fluid unresponsiveness
(Madkhali et al. 2024; Hill et al., 2022). This reduces
the cognitive load on the team leader, who no longer
has to mentally integrate numbers from six different
screens, and allows for pattern recognition impossible
for the human brain under stress.
Improving Team Dynamics and Workflow

Smart technology redefines the roles within
the resuscitation team. With automated CPR and
automated documentation, team members are
liberated from manual, repetitive tasks. This allows for
a more strategic deployment of human resources-for
example, a nurse can focus on administering
medications and communicating with the family,
while a respiratory therapist fine-tunes ventilator
settings based on real-time capnography and
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hemodynamic feedback, all while the physician
interprets the integrated data dashboard to direct the
overall strategy. This creates a more collaborative and
less chaotic environment.
Implementation Challenges and Future Directions

The path to the ubiquitous smart resuscitation
room is fraught with challenges that must be overcome
for successful implementation.
Financial and Interoperability Barriers

All these technologies come at a considerable
cost. Moreover, genuine interoperability-the use of
devices from different firms to communicate
effectively with the EMR and other devices-remains
quite a significant technical and regulatory challenge.
The absence of universal data standards often leads to
proprietary, closed systems that create data silos,
defeating the purpose of integration.
Training and Cultural Adaptation

Technology is only as good as the people
using it. Clinicians must be trained not only in the
operation of each device but also in how to interpret
the novel data streams and integrate them into clinical
decision-making. There is a potential for resistance to
change and over-reliance on technology, and this
requires a robust simulation-based training and a
culture that regards technology as an augmenting tool,
not a replacement for clinical judgment.
Data Security and Ethical Considerations

The accumulation of huge volumes of high-
frequency patient data raises significant concerns
regarding data security, privacy, and ownership.
Further, the use of Al for clinical decision support
raises ethical issues associated with algorithmic bias
and accountability. Who is responsible when an Al-
driven recommendation leads to a poor outcome?
(Allan et al., 2017). These questions require clear
ethical and legal frameworks.
The Next Frontier: Al and Predictive Analytics

Incorporation of artificial intelligence is the
logical evolution of the integrated resuscitation room.



1308 The Resuscitation Room of the Future: A Systematic Review of Smart Technology and Integrated.......

Machine learning algorithms can analyze the unified
data stream in real time to predict cardiac arrest before
it happens, identify the most likely etiology of shock,
or recommend personalized medication doses based
on dynamic hemodynamic responses (Deo, 2020). The

future resuscitation room will not only be smart but
also predictive, moving from resuscitation to pre-
suscitation. A conceptual framework for this evolution
is provided in Table 2. Figure 2 shows the workflow
optimization in the smart resuscitation room.

Table 2: Evolution of the Resuscitation Room: From Traditional to Predictive

Domain Traditional "Smart" Resuscitation Predictive Resuscitation Room

Resuscitation Room Room (Present-Near (Future)
Future)

Data Disconnected, static, Integrated, continuous,  Integrated, continuous, and analyzed
manual entry. automated streaming. in real-time by Al.

Monitoring Basic vitals; invasive Non-invasive advanced Multi-modal sensing (e.g., tissue
lines for advanced hemodynamics;  universal oxygenation, microcirculation);
data. capnography. wearable sensors.

Interventions Manual CPR; manual Automated CPR; smart Al-guided therapy; closed-loop
v pump pumps with EMR fluid/vasopressor systems.
programming. integration.

Workflow High cognitive load; Reduced cognitive load; Augmented intelligence; team-Al
task-oriented roles. data-driven, strategic roles. collaboration.

Primary Stabilize the patient. Optimize the resuscitation Predict and prevent the need for

Goal process with precision. resuscitation.

Workflow Optimization in the Smart Resuscitation Room

B
Improved -

Coordinated Coordmated
Team Roles Team Roles

Reduced
Cognitive Load

Figure 2. Workflow optimization in the smart
resuscitation room.
Conclusion

The resuscitation room is undergoing a
profound transformation driven by the convergence of
smart technologies and integrated data systems. This
review shows that non-invasive hemodynamic
monitors, continuous capnography, automated devices
for CPR, and smart IV pumps with EMR integration
each contribute significantly to making the
resuscitation environment much safer, efficient, and
more accurate. Synergy between these technologies
will create a unified data ecosystem that reduces the
cognitive load, minimizes human error, and optimizes
team performance. While challenges related to cost,
interoperability, training, and ethics around data
remain formidable, the potential benefit to patient
outcomes is too great to be ignored. The future of
resuscitation is not in more advanced versions of the
same tools but in a fundamentally redesigned system
where technology and human expertise are seamlessly
integrated in the delivery of the highest standard of
care during medicine's most critical moments. The
journey from the traditional resuscitation bay to the
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smart and eventually predictive resuscitation suite is
well underway, redefining what is possible in the
saving of lives.
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