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Abstract: Anesthesiology has evolved from a discipline focused on intraoperative analgesia and safety into a core perioperative clinical
specialty. This article systematically reviews significant clinical advances in anesthesiology practice in recent years, primarily covering
individualized strategies for preoperative risk assessment and prehabilitation, goal-directed precision management based on multi-modal
monitoring during surgery, and a rapid recovery system centered on Enhanced Recovery After Surgery (ERAS) and multimodal analgesia
in the postoperative period, along with the expansion of interventional therapies for chronic pain. Concurrently, it explores the profound
impact of emerging fields such as artificial intelligence, visualization technologies, and organ protection on anesthesia practice. These
advances collectively outline the transformation of the anesthesiologist’s role into that of a “perioperative physician,” emphasizing their
core value in coordinating management and improving patients’ long-term outcomes throughout the entire surgical journey.
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1. Introduction

Traditionally, the core domain of anesthesia practice was
confined to the operating room, with its primary goals defined
as ensuring stable vital signs, providing unconsciousness, and
effectively blocking noxious stimuli during surgery. However,
the evolution of contemporary surgical techniques towards
minimally invasive approaches and rapid recovery, coupled
with rising patient expectations for treatment outcomes, is
driving a profound paradigm shift within the anesthesiology
specialty [1]. Against this backdrop, “perioperative medicine”
has rapidly emerged as an integrative concept. This idea
redefines the scope of the anesthesiologist’s responsibilities,
extending beyond purely intraoperative intervention to
encompass the role of a comprehensive care provider
throughout the entire patient journey—from surgical
decision-making and preoperative  optimization to
intraoperative precision management, and onward to
postoperative rehabilitation and pain control [2]. This
transformation is driven partly by deep reflection on the
current state of high postoperative complication and mortality
rates [3], and partly by the tangible need to improve patient
outcomes through pathways such as Enhanced Recovery
After Surgery. Consequently, modern anesthesiology has
evolved into a comprehensive clinical discipline integrating
risk assessment, physiological homeostasis regulation, pain
medicine, and rehabilitation science. Its role is undergoing a
fundamental metamorphosis from a “supporting navigator”
for surgical procedures to a “leading navigator” who oversees
the patient’s entire surgical journey with the goal of
improving long-term outcomes. This article aims to
systematically review the key clinical advances in this
transformative process.

2. Preoperative Phase: From Risk Assessment
to Active Optimization

Preoperative assessment is no longer merely about
determining a patient’s fitness for anesthesia but serves as the
starting point for identifying risks and formulating
individualized intervention strategies.

2.1 Intelligent and Precision Risk Assessment Tools

The traditional American Society of Anesthesiologists (ASA)
physical status classification and simple cardiopulmonary
assessments are no longer sufficient for accurate prediction in
complex surgeries. Current advances are mainly reflected in:
Widespread application of multivariable prediction models:
Models developed based on large-scale clinical data, such as
the Revised Cardiac Risk Index for predicting cardiac risk and
the ARISCAT risk score for predicting postoperative
pulmonary complications, enable more refined quantification
of individual risk. Exploration of artificial intelligence and
machine learning: AI can build models predicting
complications like postoperative acute kidney injury, delirium,
and severe infections by mining vast amounts of data from
electronic health records (including laboratory tests, imaging
features, vital sign trends, etc.). These models possess the
potential for dynamic learning and self-optimization,
providing risk warnings that are difficult to identify with
traditional methods, thereby buying time for targeted
interventions in high-risk patients [4].

2.2 Prehabilitation: From “Waiting for Surgery” to
“Preparing for Battle”

Prehabilitation refers to multimodal interventions conducted
over several weeks before surgery to enhance a patient’s
physiological functional reserve and increase resistance to
surgical stress. Anesthesiologists are key advocates and
coordinators within this multidisciplinary team. Its core
pillars  include:  Nutritional  optimization:  Protein
supplementation and correction of vitamin deficiencies for
malnourished patients (especially the elderly), and the
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implementation of “Patient Blood Management” for anemic
patients, including the use of iron supplements and
erythropoietin to reduce the need for allogeneic blood
transfusion. Physical exercise: Customized aerobic and
resistance training, combined with targeted respiratory
function training (e.g., using incentive spirometry), can
significantly improve cardiopulmonary endurance and lung
ventilation. Psychological intervention: Reducing anxiety and
depressive symptoms can improve patient compliance and
postoperative recovery quality. Studies show that systematic
prehabilitation ~ programs can reduce postoperative
complication rates by up to 30-50% and shorten hospital
length of stay, representing a crucial practice that embodies
the value of perioperative medicine.

3. Intraoperative Phase: Goal-Directed
Precision = Management and Organ
Protection

Intraoperative management has evolved from empirical drug
administration and maintaining stable vital signs to fine-tuned
regulation guided by real-time monitoring data and
physiological targets.

3.1 Precise Dissociation and Control of Anesthesia and
Analgesia

Optimization of anesthesia depth monitoring: Monitoring
with tools like the bispectral index (BIS) or entropy index
helps prevent intraoperative awareness and guides the titration
of anesthetic agents, reducing hemodynamic fluctuations and
delayed emergence caused by drug overdose [5]. The latest
trend involves combining this with nociception monitoring
(e.g., Surgical Pleth Index, Analgesia Nociception Index).
This “dual monitoring” mode can distinguish between
insufficient anesthesia depth and inadequate analgesia,
enabling independent, precise control of hypnotics and
opioids, thereby minimizing the side effects of both drug
classes. Renaissance and innovation of regional anesthesia:
The widespread adoption of ultrasound visualization
technology has revolutionized regional anesthesia. Moving
from traditional blind  techniques to  real-time
ultrasound-guided nerve blocks has not only increased
success rates and reduced complications (e.g., nerve injury,
local anesthetic systemic toxicity) but also spurred numerous
new block techniques. For example, the erector spinae plane
block for thoracic/abdominal surgery and the adductor canal
block for knee surgery provide excellent analgesia while
maximizing preservation of motor function, serving as a
cornerstone for promoting early postoperative ambulation.

3.2 Individualized Physiological Goals for Circulatory
Management

The “one-size-fits-all” approach to blood pressure and central
venous pressure targets has been abandoned in favor of

goal-directed fluid therapy and individualized vasopressor use.

Advancement in hemodynamic monitoring: Utilizing
advanced methods such as transesophageal echocardiography
and pulse contour analysis cardiac output monitoring allows
for dynamic assessment of cardiac preload, afterload,
contractility, and tissue perfusion indicators (e.g., stroke
volume variation). Individualized strategy: Based on dynamic

indicators, individualized fluid infusion protocols and
vasopressor strategies are formulated for different patients,
aiming to optimize tissue oxygen delivery and avoid
complications like bowel/pulmonary edema from fluid
overload or acute kidney injury from hypovolemia [6].

3.3 Omnipresent Penetration of Visualization Technology

Ultrasound has become the “third eye” of the anesthesiologist,
with applications spanning the entire perioperative period:
Difficult airway management: Ultrasound can predict difficult
airways, locate the cricothyroid membrane, and guide awake
fiberoptic intubation. Circulatory monitoring: Focused
cardiac ultrasound allows rapid assessment of cardiac
function and diagnosis of critical conditions like
intraoperative acute cardiac tamponade. Vascular access:
Significantly improves the safety and success rate of central
venous and arterial cannulation [7].

4. Postoperative Phase: Accelerated Recovery
and Focus on Long-Term Outcomes

The goal of postoperative management is not only smooth
emergence from anesthesia but also the promotion of rapid,
high-quality functional recovery, with attention to long-term
outcomes.

4.1 Anesthesia Practice within the Enhanced Recovery
After Surgery (ERAS) Framework

Anesthesia is a core component for the successful
implementation of ERAS. Specific contributions include:
Multimodal analgesia: The combined use of acetaminophen,
non-steroidal anti-inflammatory drugs, gabapentinoids,
regional blocks, and local wound infiltration forms an
“opioid-sparing” regimen, reducing opioid-related side
effects (nausea/vomiting, ileus, respiratory depression,
addiction risk) at the source. Prophylaxis of postoperative
nausea and vomiting: Combination pharmacologic
prophylaxis based on risk scores (e.g., Apfel score). Early
resumption of oral intake and ambulation: The use of
short-acting anesthetic agents, avoidance of excessive
sedation, and effective regional analgesia create the
conditions for early postoperative feeding and mobilization

[8].

4.2 Proactive Prevention
Postoperative Complications

and Management of

In-depth research on postoperative cognitive dysfunction:
POCD, particularly postoperative delirium, is a major
challenge for elderly patients. Studies have found that, in
addition to patient factors like age and comorbidities,
anesthesia management aspects such as avoiding excessively
deep anesthesia (BIS values <40), maintaining cerebral
oxygen supply-demand balance [9], and judicious use of
anticholinergic drugs can have protective effects.
Pharmacologically, dexmedetomidine, due to its sedative,
anxiolytic, and minimal respiratory depressant properties, has
been shown in multiple studies to reduce the incidence of
delirtum in high-risk patients. Non-pharmacological
interventions such as reorientation exercises and ensuring
sleep-wake cycles are also important. Standardized
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management of acute postoperative pain: Establishing acute
pain service teams, promoting patient-controlled analgesia
techniques, and implementing systems for dynamic pain
assessment and follow-up [10].

5. Pain Medicine: From Symptom Control to
Mechanism-Based Treatment

The scope of practice in anesthesia-led pain clinics has
expanded significantly, establishing them as important centers
for the diagnosis and treatment of chronic pain disorders.

5.1 Flourishing Development of Minimally Invasive
Interventional Therapies

For chronic pain poorly controlled by medication, especially
neuropathic pain and cancer pain [11], interventional

therapies offer crucial solutions: Neuromodulation techniques:

Spinal cord stimulation for conditions like Failed Back
Surgery Syndrome (FBSS) and complex regional pain
syndrome [12]; Pulsed radiofrequency for selective
modulation of pain-conducting fibers, used in treating
radicular pain, joint pain, etc. Targeted drug delivery:
Implantation of intrathecal drug delivery systems to
administer micro-doses of opioids or combination drugs (e.g.,
ziconotide, clonidine) directly into the cerebrospinal fluid for
severe cancer pain or non-cancer refractory pain, achieving
potent analgesia while drastically reducing systemic side
effects.

5.2 Mechanism-Based Individualized Diagnosis and
Treatment

Pain management is shifting from a “site-based” to a
“mechanism-based” approach. Through detailed history,
physical examination, and diagnostic nerve blocks, pain is
differentiated as nociceptive, neuropathic, or mixed, thereby
enabling the selection of more targeted medications (e.g.,
pregabalin, duloxetine for neuropathic pain) and
combinations of physical, psychological, and interventional
therapies.

6. Future Directions and Challenges

The future development of anesthesiology practice will focus
on: Perioperative organ protection: Exploring specific
protective strategies for organs such as the heart, brain,
kidneys, and gut, e.g., remote ischemic preconditioning,
specific ~ pharmacological  agents (e.g.,  potential
cardioprotection from dexmedetomidine, colchicine), and
optimized ventilation strategies to prevent lung injury. Deep
integration of artificial intelligence and big data: Developing
more intelligent clinical decision support systems to achieve
closed-loop management from risk prediction and real-time
monitoring alerts to automated drug dosing adjustments.
Research on anesthesia mechanisms and long-term outcomes:
In-depth exploration of the effects of anesthetic agents on
neurodevelopment (pediatrics), tumor immunology, and
long-term cognitive function to provide evidence for safer
anesthesia practice. Consolidation of the perioperative
physician role: Anesthesiologists need to further strengthen
their medical (internal medicine) mindset, leadership, and
multidisciplinary collaboration skills to truly become

“perioperative physicians” safeguarding patients throughout
the entire process from surgical decision-making to full
recovery.

7. Conclusion

In summary, modern anesthesiology practice has established a
patient-centered,  evidence-based clinical = framework
characterized by precision and individualization, spanning the
entire perioperative period. From active preoperative
optimization, through precise intraoperative navigation, to
postoperative rapid recovery and pain management,
anesthesiology is profoundly influencing the outcomes and
prognosis of surgical patients through its unique technologies.
This evolution from “behind the scenes” to “front and center,”
from a “technique” to a “discipline,” not only demonstrates
the professional value of anesthesiology but also vividly
exemplifies the development of modern medicine towards an
integrated, collaborative, and patient-centered model.
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