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Day surgery is rapidly developing worldwide, with
the types of procedures expanding from traditional
outpatient minor surgeries to gynecological, urological,

and certain laparoscopic minimally invasive operations [1].

Thus, patients often need to complete admission, surgery,
and discharge on the same day, shifting the focus of
anesthesia from intraoperative safety to comprehensive
management for rapid recovery [1-2]. Influenced by the
concept of enhanced recovery after surgery (ERAS), the
quality evaluation of day surgery anesthesia is receiving
increasing attention [1-2].

Inhalation anesthesia is more likely to induce
postoperative nausea and vomiting (PONV) compared to
intravenous anesthesia in some particular type of surgery
[3]. The incidence of PONV in surgical patients ranges

from 20% to 80%, making it a common issue affecting
recovery quality in the perioperative period. Adopting total
intravenous anesthesia (TIVA) or reducing opioid usage
can help lower the risk of PONV [4]. In day surgery
pathways emphasizing rapid awakening and turnover,
TIVA, represented by propofol, is widely regarded as a
preferred option due to its controllable emergence, lower
incidence of PONV, and higher subjective patient comfort
[5-6]. This article is a narrative review. By searching
relevant domestic and international databases, it primarily
includes randomized controlled trials, systematic
reviews/meta-analyses, guidelines, and expert consensus
from the past decade, in order to provide a comprehensive
overview of the current evidence base and key points for
standardized pathway practices.
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1 Advantages of Intravenous Anesthesia and
Progress in Key Drugs

1.1 Advantages of TIVA

The advantages of TIVA lie in its ease of control and
rapid emergence. Multiple randomized controlled studies
showed that TIVA, represented by propofol, could reduce
the incidence of PONV within 24 hours postoperatively,
decrease the need for antiemetics, and shorten the stay in
the post-anesthesia care unit (PACU) in common day
surgeries [5]. This advantage is particularly evident in
gynecological, breast, and laparoscopic surgeries, which
carry a high risk of PONV [4].

For elderly, obese patients, and those with obstructive
sleep apnea-hypopnea syndrome (OSAS), intravenous
anesthesia causes less airway irritation. Reducing opioid
usage can decrease the incidence of hypoventilation and
hypoxic events [7-8]. Therefore, in models pursuing rapid
recovery, lower readmission rates, and improved patient
experience, TIVA is often prioritized. Key pharmacology
and safety points of intravenous anesthetics are shown in
Table 1.

1.2 Ciprofol

Ciprofol is an intravenous anesthetic improved on the
basis of propofol. By increasing the affinity for the
gamma-aminobutyric acid subtype A (GABAA) receptor,
it requires a lower dose [9-10]. Its induction time and
quality of emergence are not inferior to propofol.
Compared to propofol combined with oxycodone, ciprofol
combined with oxycodone showed reduced changes in
mean arterial pressure and heart rate during induced
abortion surgery, indicating more stable intraoperative
hemodynamics with ciprofol [11]. In short procedures
(such as digestive endoscopy, hysteroscopy) and in non-
operating room anesthesia settings, ciprofol offers rapid
onset, stable metabolism, and generally good respiratory
and circulatory safety [12]. In day surgeries requiring both
hemodynamic stability and sedation quality, ciprofol is

expected to become another primary agent choice for TIVA.

1.3 Remimazolam

Remimazolam, an ultra-short-acting benzodiazepine,
can be metabolized by tissue esterase. It’s independent of
hepatic and renal metabolism, can be cleared rapidly and
reversed by flumazenil specifically [13-14]. Remimazolam
holds significant advantages in elderly patients, those with
multiple comorbidities, and those with reduced organ
reserve. Compared to propofol, remimazolam achieves
satisfactory sedation success rates while causing fewer
hypotension and respiratory depression events, with a
smoother emergence process in upper gastrointestinal
endoscopy, short-duration sedation for the elderly, and
some day surgeries [15-16]. For patients at higher
respiratory risk, remimazolam is expected to be an
important alternative option for day surgery sedation.

2 Opioid-Sparse Anesthesia:
Recovery Quality and Safety

Balancing

Opioids have been used for thousands of years,
offering cardiovascular stability, potent analgesic effects,
and the ability to eliminate emotional responses caused by
pain, with no current alternatives that can fully replace
them. However, traditional opioid analgesia is often
accompanied by a series of side effects (such as PONV,
excessive sedation, respiratory depression, urinary
retention), which frequently affect discharge assessments
and increase risks [17-18].

Surveys indicate that sedation for daytime
gastrointestinal endoscopy in China still primarily relies on
propofol combined with opioids, and incidents of hypoxia
and respiratory depression are not uncommon [19]. Recent
prospective studies suggest that even when titrating
alfentanil doses based on weight and sedation depth, close
monitoring of respiration and hemodynamics remains
necessary [20]. Correspondingly, in some gynecological,
urological, breast endoscopic, and small-incision surgeries,
combining peripheral nerve blocks or local infiltration
analgesia can significantly reduce opioid consumption and
improve functional recovery quality [21]. Therefore,
reducing opioid dosage, or even achieving a "near opioid-
free" approach in certain scenarios, is gradually becoming
an important concept in day surgery anesthesia [17-18].

Opioid-sparing anesthesia involves the combined
application of different analgesic techniques or non-opioid
antinociceptive drugs with different mechanisms of
action—such as dexmedetomidine (DEX), non-steroidal
anti-inflammatory drugs (NSAIDs), lidocaine, magnesium,
ketamine, etc.—acting on different targets in the pain
transmission pathway to produce additive or synergistic
analgesic effects. The aim is to reduce patients' exposure
to opioids and lower the risks of delayed awakening and
PONV, among others. Its core revolves around the time
window and risk controllability of the day surgery pathway,
enabling a more refined weighing and adjustment of opioid
usage. Key pharmacology and safety points of opioids are
shown in Table 1.

2.1 DEX

DEX is a highly selective oz-adrenergic receptor
agonist with sedative-hypnotic and antinociceptive
properties, causing minimal respiratory depression. When
used in general anesthesia, DEX can attenuate stress and
inflammatory responses during gastric cancer surgery
while  maintaining hemodynamic  stability [22].
Appropriate use of DEX in day surgery or short-duration
anesthesia can improve emergence quality, reduce
agitation and early discomfort, and lower the incidence of
PONYV [23-24]. However, rapid loading doses can easily
induce bradycardia and transient hypotension; thus, low-
dose continuous infusion or effect-site titration is generally
more suitable for day cases [23]. Therefore, DEX is more
appropriate as an adjunct for sedation and opioid-sparing,
rather than as the sole primary agent for deep sedation.
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2.2 Esketamine

Esketamine, as an N-methyl-D-aspartate (NMDA)
receptor antagonist, exerts effects of anti-hyperalgesia and
analgesia even at low doses, demonstrating an opioid-
sparing effect [25]. When used within the recommended
dose range, current evidence does not suggest a significant
increase in postoperative psychiatric symptoms [25-26].
From the perspective of recovery quality, the combination
of esketamine with intravenous anesthetics such as
propofol or remifentanil can achieve a similar depth of
sedation while reducing opioid usage. This approach helps
to decrease the risks of respiratory depression and PONV,
as well as shorten the functional recovery time. [27]. This
combination is particularly attractive for patients with pre-
existing chronic pain, opioid tolerance, or those anticipated
to have severe postoperative pain.

Common dosage ranges and precautions for DEX and
esketamine are listed in Table 2.

2.3 Oliceridine

Oliceridine, as a selective G-protein biased agonist,
provides therapeutic analgesic effects while reducing the
adverse reactions associated with traditional opioids.
Reports indicate that analgesic effects at equivalent doses

are non-inferior to conventional opioids, with lower
incidences of respiratory events and gastrointestinal
adverse reactions [28-29]. Subgroup analyses suggest that
oliceridine can reduce complications such as respiratory
depression while ensuring analgesia [30], and systematic
reviews also show its advantages in terms of nausea,
dizziness, and respiratory depression [31]. Oliceridine has
been used in short minimally invasive surgeries such as
hysteroscopy, where it ensures analgesic efficacy, reduces
the dosage of traditional opioids, and decreases
postoperative discomfort like nausea and dizziness [32].
Overall, considering oliceridine as a potential supplement
to opioid-sparing anesthesia strategies aligns with current
clinical practice, though its future application in day
surgery still requires substantial clinical evidence.

3 Day Surgery Anesthesia Strategies for
Special Populations: Risk Management
and Precise Selection

The proportion of elderly, obese, OSAS patients, and
those with varying degrees of hepatic or renal impairment
among day surgery patients is continuously increasing.
Anesthesia plans for these populations require emphasis on
individualization and safety margins.

Tab.1 Intravenous anesthetics and opioids: pharmacology and adverse reaction comparisons

Onset/ Recovery/ Respiratory . Common Adverse . .
Drug . I . o . Hemodynamics . Practical Tips
Elimination Predictability Depression Reactions
Rapid onset; Fast Fast, predictable Dose-dependent ypotensiof Injection pain,  Titrate with small divided doses or to effect-
Propofol e . prone (dose- . . . . .
distribution/clearance recovery (moderate—high) hypotension site; Avoid rapid bolus loading
dependent)
. Consider as an alternative for patients
! . Comparable to or Hypotension, ] . e
. Rapid onset; Fast, predictable . . . ¥ requiring greater hemodynamic stability and
Ciprofol slightly lower ~ Relatively stable dizziness (usually s .
Fast clearance recovery . more comfortable injection; Evidence across
than propofol mild) . r .
surgical types is still accumulating
Rapid onset; Reversible Lower Drowsiness, Have flumazenil available;
Remimazolam Metabolized by (flumazenil); (compared to ~ Relatively stable occasional Consider for elderly/comorbid patients or
tissue esterase Controllable recovery propofol) hypotension those with labile hemodynamics
No residual
. . Ultra—shon—actigg; Rapid, predictable Present Generally postopera'tive Suita‘tfle for short Procedures/high turn'over;
Remifentanil Extremely rapid .. . analgesia; Requires  planning  for  multimodal
recovery (dose-dependent) minimal impact . . .
onset/clearance Opioid-related  postoperative analgesia
PONV
PONV, i L L
Relatively rapid . . Hypotension/bra e)'(cesswe Minimize opioids in ambulatory pathways;
. May be delayed High (opioid . sedation, . X . ..
Sufentanil onset; .. dycardia . Combine with regional blockade/non-opioid
(dose-dependent) characteristic) respiratory .
Slower clearance (dose-dependent) . analgesia
depression
Short analgesi Suitable for short dures;

. Rapid onset; Relatively fast Present . . © an'a gesie uta .e or's or proc'e 'ures .
Alfentanil . . Minimal impact duration, Combine with non-opioid analgesia to cover
Short half-life recovery (transient) . . .

may require rescue early postoperative period
Potentially 1 Limited outpatient evidence;

. Rapid onset; Generally, does not oten ?a yless Limited data L. m 'e O,U p.a ?en éVI ence .

Oliceridine . respiratory Nausea, dizziness Requires individualized assessment for high-
Short duration prolong recovery . (overall stable) . .
depression risk patients
Tab.2 Position and dose window of dexmedetomidine and esketamine in the daytime pathway

Drug/S i I ton R /

e Suggested Dose Range (Example) Main Benefits Main Risks L .0  REsEy Practical Key Points

Discharge

DEX (adjunct Load: optional or small slow bolus;  Sedation, analgesia, =~ Bradycardia/  Large load or overdose may Avoid rapid bolus; Stop
sedation/anti-PONV) Maintenance: 0.2-0.7 pg-kg'-h! reduces PONV hypotension delay discharge infusion before end of surgery
Esketamine (analgesic ~ Slow infusion post-induction: 0.1— Opioid-sparing, Delirium/ Generally, does not delay; Use low-dose micro-infusion;

adjunct)

0.3 mg/kg

analgesia nausea

High doses may have impact

Combine with antiemetic
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Note: Dose ranges are summarized from literature and common practice, not prescribing recommendations. Must be individualized
based on weight, concomitant medications, and real-time monitoring. DEX should be primarily titrated to effect; avoid rapid bolus and

stop infusion before end of surgery.

3.1 Elderly Patients

Elderly patients have high sensitivity to anesthetic
drugs. Propofol is prone to cause hypotension and delayed
emergence; therefore, induction doses should be
appropriately reduced, and maintenance depth controlled
through slow titration. Remimazolam, due to its
metabolism independent of liver and kidney function,
rapid clearance, and reversibility, is an important option
for sedation in elderly day surgery patients [15]. Opioids
are more likely to cause respiratory depression, delirium,
and urinary retention in elderly patients. Intraoperative
doses should be minimized as much as possible, avoiding
significant fluctuations in sedation depth. Reducing the use
of anticholinergic drugs also helps lower the risk of
postoperative cognitive dysfunction.

3.2 Obese and OSAS Populations

Obese and OSAS patients are more susceptible to
upper airway collapse and hypoventilation during
induction and emergence. Traditional opioid-centric pain
management often leads to respiratory function
suppression in obese patients, increasing the incidence and
mortality of sleep-disordered breathing. Regarding
anesthesia method selection, using propofol or ciprofol-
based TIVA combined with an opioid-sparing strategy can
reduce airway-related complications to some extent [7-8].
Remimazolam holds potential advantages in this
population due to its milder respiratory depression and
good reversibility [33]. The postoperative phase should
involve enhanced oxygenation and ventilation monitoring.
Observation time may need to be appropriately extended
based on OSAS severity to prevent delayed respiratory
adverse events [34-35].

3.3 Patients with Hepatic or Renal Impairment

In patients with hepatic or renal impairment, the risks
of drug accumulation and delayed emergence are increased.
Remimazolam is primarily metabolized by tissue esterase,
making it relatively independent of hepatic and renal
function and safer for day surgery sedation [13]. In contrast,
DEX, which has a longer half-life, should be used
cautiously in such patients, with recommendations for dose
reduction and intensified circulatory monitoring.

4 PONV Risk Stratification and Prevention
Strategies

PONV is a complication that most affects patient
comfort, delays discharge, and may lead to unplanned
visits in day surgery. In the day surgery model
emphasizing rapid recovery and high turnover,
systematically reducing PONV has become an important
component of the anesthesia pathway. The Apfel
simplified risk score for predicting PONV, due to its
simplicity and relatively high predictive accuracy, is
widely used to identify high-risk PONV patients [36].
Relevant guidelines suggest [4,37]: low-risk patients
generally require only a single antiemetic; medium-risk
patients benefit from a combination of a glucocorticoid and
a 5-hydroxytryptamine-3 (5-HT5) receptor antagonist; for
patients with a history of severe PONV or multiple
overlapping high-risk factors, consider adding a
neurokinin-1 (NK-1) receptor antagonist on top of the
above regimen, and prioritize propofol-based TIVA,
opioid-sparing techniques, and multimodal analgesia. The
anesthesia team can perform risk stratification
preoperatively based on the Apfel score and preemptively
match an antiemetic plan, making PONV management
more effective. Specific protocols are shown in Table 3.
Besides pharmacological prophylaxis, reducing volatile
anesthetic and opioid use, maintaining adequate volume
status, and ensuring hemodynamic stability are also
considered fundamental measures to reduce PONV.

Tab.3 Pathway anesthesia strategy by Apfel stratification for ambulatory surgery

l;tl::tiﬂca tion Anel:tehc:slil;n}eell(liligque 1;‘::;%:;;" Opioid Strategy PONY Prophylaxis Discharge Criteria
0 points TIVA or low-flow Acetaminophen Minimal Optional or single-agent Aldrete score > 9; Pain and nausea
(Low) inhalation, avoid NO2 + NSAIDs necessary opioids prophylaxis controlled
1-2 points VA pretened ar?;sgzlslinae o Skt Dual: dexamethasone + No significant PONV within 1 h; Able
(Moderate) . 5-HT5 antagonist to ambulate and tolerate oral intake

regional block
3 points Reglongl s .. Triple: dexamethas'one * PADSS score > 10; Stable observation
(High) TIVA mandatory ar'lal'ge':sm Minimize opioids 5-HTs + dopamme >1h

prioritized antagonist

4 points TIVA + strict opioid- Regional block Alternative Quadruple (add NK-1 Continuous monitoring > 2 h
(Very High) sparing prioritized strategies primary antagonist) (especially in OSAS)

5 Integration of the Day Surgery Anesthesia
Path: From Preoperative Assessment to
Discharge

Focusing on the core objectives of recovery quality

and predictable discharge, daytime anesthesia
management needs to integrate drug selection, process
design, monitoring protocols, and multidisciplinary
collaboration into a continuous pathway. During the
preoperative assessment phase, consideration should be
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given in advance to the indicators of the Post-Anesthesia
Discharge Scoring System (PADSS). Beyond routine
history and physical examination, attention should be paid
to PONV risk scores, previous sedation or anesthesia
experiences, cardiopulmonary reserve, and comorbidities
[11,15]. Regarding intraoperative strategies, multimodal
analgesia and the concept of opioid-sparing anesthesia are
key [17]. In some cases, appropriate use of DEX and
esketamine is warranted. For procedures with limited pain
stimuli, local anesthesia and nerve blocks can even serve
as the primary analgesic methods. During the emergence
and discharge assessment phase, commonly used PADSS
incorporates comprehensive scoring across dimensions
such as stable respiration and circulation, mental status,
pain control, mobility, and PONV to determine if the
patient meets discharge criteria [38]. See Figure 1.

Patient Screening and
Risk Stratification

Apfel Score

Selection of
Anesthesia Methods

Analgesia and Opioid-
Sparing Strategies

Stratified
/ / Assessment \
0-1 points: 2 points: 3 points: 4 points:
Single-agent Dual-agent Triple-agent Quadruple-agent
prophylaxis prophylaxis prophylaxis prophylaxis
Presence of PONV Recovery/Discharge
symptoms? Assessment
Dedicated

Management/Treatment

Fig.1 Outpatient anesthesia decision roadmap(execution path)

6 Future Directions: Environmentally
Considerate Anesthesia and Intelligent
Decision-Making

The application of ciprofol and remimazolam
enriches the individualized selection of intravenous
anesthesia across different populations [9,14]. The biased
p-opioid receptor agonist oliceridine offers a new potential
pathway to improve the safety profile of opioid analgesia
[32,39]. In the future, more real-world day surgery studies
are needed to evaluate the efficacy and safety of these new
agents across different surgical types and patient risk levels,
in order to establish a more robust evidence base.

Environmentally considerate anesthesia is also a
significant driver for transforming anesthesia practice.
Reducing volatile anesthetic agent use, promoting TIVA,
and optimizing the sustainability of pharmaceuticals and
medical supplies are gradually being incorporated into
hospital management and departmental quality control
objectives [40-41]. In the day surgery setting, it is
necessary to focus not only on the rapid recovery of

individual patients but also on the long-term
environmental impact of anesthesia practices. The
application of artificial intelligence in perioperative
management is under exploration. Studies have already
attempted to use machine learning models to predict
PACU recovery progress and discharge readiness, thereby
guiding anesthesia plan optimization and recovery room
resource allocation [42]. In the future, integrating real-time
physiological monitoring data, pharmacokinetic models,
and risk scoring tools into clinical decision support
systems holds the potential to gradually shift day surgery
anesthesia management from an experience-driven
approach toward a data-driven, refined model.

7 Conclusion

The rapid development of day surgery has expanded
the focus of anesthesia management from purely
"intraoperative safety" to multiple levels including
recovery quality, patient experience, and efficiency. TIVA,
based on propofol, ciprofol, and remimazolam, provides a
more controllable and environmentally friendly anesthesia
mode for day surgery. Opioid-sparing anesthesia strategies
combined with multimodal analgesia help reduce adverse
reactions such as respiratory depression and PONV,
enhancing discharge predictability. New or repurposed
agents like DEX, esketamine, and oliceridine provide
clinicians with more options for balancing sedation and
analgesia.

There remains a need to develop more reliable
technologies and indicators for the objective monitoring
and evaluation of abnormal pain sensations (e.g.,
hyperalgesia/allodynia) under opioid-sparing anesthesia
conditions, thereby improving the safety and effectiveness
of perioperative analgesia. On one hand, it is necessary to
leverage large databases to objectively document short-
term and long-term benefits to implement personalized
protocols. On the other hand, driven by the concepts of
environmentally considerate anesthesia and intelligent
tools, there is still significant room for improvement in day
surgery anesthesia regarding pathway standardization,
individualized adjustment, and real-world effectiveness.
For different surgical types and special populations, more
high-quality research is needed to further validate the
external validity of opioid-sparing anesthesia and related
pharmacological strategies, providing stronger evidence
for daily clinical practice.
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