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1 INTRODUCTION

Emergency surgery is often performed under extreme time 
pressure and marked physiological uncertainty, making it a 
high-stakes environment for anesthesiologists. Patients fre-

quently present with hemodynamic instability, limited preop-
erative data, and multiple comorbidities, all of which require 
anesthesiologists to make rapid yet accurate decisions. While 
airway predictors such as Modified Mallampati Grading and 
ultrasound-based measurements (e.g., skin-to-hyoid and skin-
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to-thyroid distances) are commonly used in elective surger-
ies, their routine application in emergency settings is often 
impractical due to time constraints and the urgency of the situ-
ation [1].

In these high-pressure conditions, effective anesthesia manage-
ment depends not only on individual expertise but also on 
strong interdisciplinary coordination. However, communica-
tion barriers, cognitive conflicts, hierarchical structures, and 
resource constraints frequently undermine team performance. 
Delays or failures in anesthesia induction, airway control, or 
circulatory stabilization can lead to catastrophic outcomes, 
underscoring the critical need for efficient and precise manage-
ment in emergency scenarios. Consequently, emergency anes-
thesia assessment must prioritize speed, accuracy, adaptability, 
and continuous reassessment, which are essential for support-
ing safe perioperative decision-making.

A key component of emergency anesthesia assessment is the 
rapid identification of high-risk conditions, including airway 
compromise, circulatory failure, and the loss of respiratory or 
metabolic reserve. A persistent imbalance between oxygen 
delivery and consumption may lead to oxygen debt, a condition 
strongly associated with adverse perioperative outcomes [2]. 
Early recognition of these risks allows anesthesiologists to tai-
lor anesthesia plans to the individual patient’s needs and ensure 
timely intervention.

Recent advances in monitoring technologies have significantly 
enhanced the scope of emergency anesthesia assessment. For 
instance, quantitative electroencephalography can be used to 
estimate anesthetic depth in neonates, and burst suppression 
patterns can indicate global cerebral dysfunction [3]. Addi- 
tionally, bedside ultrasound provides a rapid, noninvasive 
means of evaluating cardiopulmonary function. When com-
bined with artificial intelligence (AI)-assisted decision-sup-
port systems that integrate dynamic physiological data and 
risk stratification, these technologies improve real-time clinical 
judgment, further enhancing the safety and efficacy of emer-
gency anesthesia management.

2 EMERGENCY SURGERY ANESTHESIA 
ASSESSMENT

2.1 Rapid assessment models and tools

Conventional assessment methods are often insufficient in 
emergency surgery due to rapidly evolving clinical condi-
tions. Integrated rapid assessment models combine multimod-
al monitoring to support timely decision-making. The X-Porte 
ultrasound system enables multi-angle lung ultrasound to 
assess pulmonary status and detect atelectasis or pulmonary 
edema at the bedside. Portable gastric ultrasound using the 
Perlas method estimates gastric volume and aspiration risk 
through measurement of gastric cross-sectional area.

Cardiac function and volume status can be evaluated using 
phased-array and convex probes, while vascular access and 
vessel patency are assessed with high-frequency linear probes. 
The DoCare Anesthesia Clinical Information System (Ver5.0) 
integrates hemodynamic and hemorheological data from posi-
tive-pressure blood flow systems, allowing continuous moni-
toring and trend analysis [4]. Collectively, these tools improve 
perioperative safety.

2.2 Heart function and respiratory status assessment 
strategies

Rapid assessment of cardiopulmonary function is critical for 
determining anesthetic safety. Continuous monitoring of sys-
tolic blood pressure, diastolic blood pressure, mean arterial 
pressure, heart rate, and oxygenation provides an initial evalu-
ation of circulatory and respiratory status. Airway risk assess-
ment can be refined by integrating anatomical features, airway 
scores, and medical history.

Ventilation effectiveness is evaluated using tidal volume mea-
surements during initial mask ventilation attempts, followed by 
continuous monitoring of CO₂ waveforms after airway device 
placement. Classification of waveform patterns (V1-V3) assists 
in validating ventilation quality and detecting airway obstruc-
tion [5]. This structured approach reduces perioperative risk 
and supports evidence-based anesthesia management.

2.3 Innovations in assessment for special populations (e.g., 
elderly, children)

Elderly patients exhibit reduced physiological reserve and 
altered pharmacokinetics, necessitating careful assessment of 
cardiovascular, respiratory, and renal function. Cognitive and 
psychological status can be evaluated using tools such as the 
3-Minute Diagnostic Interview for Confusion Assessment 
Method, the Mini-Mental State Examination, and the Hospital 
Anxiety and Depression Scale, combined with hemodynamic 
monitoring to optimize perioperative management [6].

Pediatric emergency anesthesia is complicated by higher heart 
rates, lower blood pressure, and immature autonomic regula-
tion. Novel anesthetic depth monitors enable continuous assess-
ment of oxygenation and peripheral perfusion, contributing to 
safer and more precise anesthesia control in time-limited 
settings.

3 CLINICAL EMERGENCY MANAGEMENT 
STRATEGIES AND TECHNIQUES 

3.1 Application of rapid decision support systems

Clinical decision support systems (CDSS) integrate patient 
history and real-time physiological data to enhance anesthesia 
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assessment. Models incorporating age, Mallampati score, and 
respiratory indices can predict difficult mask ventilation. 
Continuous monitoring of vital signs enables early detection of 
instability and timely intervention. 

Advanced CDSS platforms further employ end-tidal carbon 
dioxide–based algorithms to estimate arterial carbon dioxide 
levels, improving ventilation management [7]. Closed-loop 
systems integrate data acquisition, risk prediction, and feed-
back mechanisms, enabling dynamic adjustment of anesthesia 
strategies. These technologies enhance interdisciplinary col-
laboration and support complex decision-making in emergency 
settings (see Figure 1).

3.2 The rapid application and adjustment of novel 
anesthetic drugs

In emergency surgery, rapid titration and hemodynamic stabil-
ity are essential. Newer anesthetic agents such as ciprofol dem-
onstrate reduced cardiovascular variability and allow precise 
control of sedation depth. The use of intranasal or intravenous 

dexmedetomidine in combination regimens offers stable hemo-
dynamics and improved recovery profiles in short or high-risk 
procedures [8]. These agents represent important advances in 
emergency anesthesia pharmacology. Supplementary Table 1 
provides a comprehensive comparative analysis of various 
anesthetic drugs.

3.3 Optimization of team collaboration and 
communication in emergency situations

Effective teamwork is fundamental to emergency anesthesia 
management. Closed-loop communication improves task exe-
cution and reduces errors, particularly in high-stress environ-
ments. Standardized communication tools such as Situation–
Background–Assessment–Recommendation provide a struc-
tured framework for information exchange among anesthe- 
siologists, surgeons, and nursing staff. Situation–Background–
Assessment–Recommendation enhances clarity, reduces mis-
communication, and supports rapid decision-making. Inter- 
disciplinary simulation training further strengthens team coor-
dination and protocol adherence [9]. 

Figure 1. Human-machine interaction–clinical decision making feedback loop. This interface incorporates basic patient information (age, 
sex, weight, ASA grade), airway risk score (Mallampati classification and disease anatomic profile comprising the AHI, mandibular length, and 
neck circumference measurements), and physiological data: ETCO₂, arterial blood gas parameters including PaCO₂ and PaO₂. Once data have 
been entered into the CDSS integration database and risk prediction template, recommendations (risk category and recommended action) are pro-
duced. Feedback updates are realized through the ETCO₂–PaCO₂ prediction model and clinical presenting interface, constituting an intelligent 
clinical decision-making feedback cycle. Note: ASA, American Society of Anesthesiologists; AHI, Apnea-Hypopnea Index; ETCO₂, end-tidal 
carbon dioxide; PaCO₂, partial pressure of arterial carbon dioxide; PaO₂, partial pressure of arterial oxygen; CDSS, clinical decision support 
system.
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4 ETHICAL AND LEGAL CONSIDERATIONS IN 
PRACTICE 

4.1 Informed consent and patient rights in emergency 
situations

Emergency anesthesia frequently involves patients without 
decision-making capacity, particularly during airway emergen-
cies. When immediate intervention is required to prevent harm, 
presumed consent may be ethically justified. In such cases, cli-
nicians should document clinical urgency and decision ratio-
nale while involving proxy decision-makers whenever feasible 
[10]. 

4.2 Legal responsibility and protection of healthcare 
workers

During emergency airway management, anesthesiologists must 
balance rapid action with respect for patient autonomy. Practical 
strategies include brief verbal explanations, proxy consent 
from family members, and post-event disclosure once the 
patient stabilizes. Hospitals should establish clear protocols 
for presumed consent and proxy decision-making to enhance 
transparency and legal protection [11]. 

4.3 Ethical conflicts and solutions in emergency decision-
making 

Ethical decision-making should emphasize beneficence, pro-
portionality, and team-based judgment. Structured documen-
tation and institutional support systems are essential to protect 
both patient rights and healthcare providers in high-risk sce-
narios [12].

5 DISCUSSION

This perspective article synthesizes current evidence on rapid 
anesthesia assessment and clinical emergency management, 
emphasizing the integration of bedside ultrasound, AI-assisted 
monitoring, and CDSS-based decision support. These technol-
ogies collectively address the limitations of fragmented tradi-
tional assessments and enable real-time, patient-specific risk 
stratification.

Despite promising advances, several limitations remain. Most 
integrated assessment models lack large-scale clinical valida-
tion, and evidence is often derived from single-center or obser-
vational studies. Interoperability between monitoring systems 
and CDSS platforms also remains a technical challenge. 
Furthermore, the implementation of AI-driven tools requires 
clinician training and institutional support to avoid overreli-
ance on automated recommendations.

Future research should prioritize multicenter prospective stud-
ies to evaluate clinical outcomes, cost-effectiveness, and work-
flow integration. Standardized protocols combining technolo-

gy, pharmacological innovation, and team communication are 
needed to ensure reproducibility and scalability.

In conclusion, rapid anesthesia assessment supported by tech-
nological integration, interdisciplinary collaboration, and ethi-
cal safeguards represents a transformative approach to emer-
gency surgery. With continued validation and refinement, intel-
ligent anesthesia decision-making systems may become a cor-
nerstone of safe and effective emergency perioperative care.
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