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Abstract 
Enhanced Recovery After Surgery (ERAS) has become a widely recognized 
perioperative management strategy aimed at minimizing physiological and 
psychological stress induced by disease, surgery, and anesthesia. It seeks to 
reduce postoperative complications, accelerate early recovery, and improve 
long-term outcomes. While ERAS protocols have been extensively imple-
mented across the preoperative, intraoperative, and postoperative phases, 
their application in the post-anesthesia care unit (PACU) remains limited. 
Given the PACU’s pivotal role in early postoperative management, extending 
ERAS principles into this phase has garnered increasing attention as a means 
to enhance patient safety and recovery efficiency. This review summarizes the 
current clinical practices and recent advances in applying ERAS strategies 
within the PACU. Key areas include the prevention and management of pain, 
postoperative nausea and vomiting (PONV), and the early identification and 
treatment of postoperative delirium (POD) and delayed emergence. Addition-
ally, the potential role of non-pharmacological interventions—such as acu-
puncture, transcutaneous electrical nerve stimulation (TENS), and traditional 
Chinese medicine therapies—in supporting pharmacologic management is 
discussed. Technological advancements in PACU monitoring, including con-
tinuous end-tidal CO₂ monitoring, bedside ultrasonography, and wearable 
physiological sensors, have significantly improved the early detection of res-
piratory and hemodynamic instability and enhanced extubation safety. The 
review also highlights often-overlooked aspects such as proactive temperature 
management to prevent perioperative hypothermia and the importance of ad-
dressing postoperative thirst to improve patient comfort. Beyond clinical in-
terventions, optimizing PACU workflows is emphasized, including standard-
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ized handovers, environmental noise control, proper patient positioning, and 
structured staff training to enhance care quality and operational efficiency. 
Establishing dedicated PACU quality management systems and fostering mul-
tidisciplinary collaboration are essential for ensuring consistent implementa-
tion of ERAS principles. In conclusion, integrating ERAS protocols into 
PACU management holds significant potential to promote early postoperative 
recovery and improve patient-centered outcomes. Further research and struc-
tured implementation are needed to define best practices and optimize re-
source utilization for continuous improvement in this critical phase of peri-
operative care. 
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1. Introduction 

Enhanced Recovery After Surgery (ERAS) is a modern, evidence-based approach 
to surgical care that focuses on helping patients recover faster and with fewer com-
plications. By combining a set of best practices during the perioperative period—
such as improved pain management, early mobilization, and better nutrition—
ERAS aims to reduce the physical and emotional stress of surgery. These strategies 
not only lower the risk of postoperative complications but also shorten hospital 
stays and improve patients’ overall satisfaction with their care [1]. The recovery 
phase after anesthesia is a particularly vulnerable time for patients, with a high 
risk of complications—some of which can be life-threatening. To help patients 
wake up safely and return to a stable, pre-anesthesia condition as quickly as pos-
sible, it is important to reduce complications in the post-anesthesia care unit 
(PACU), shorten recovery time, and ensure comfort. This highlights the need for 
ongoing improvements in PACU care and management practices. Since the in-
troduction of ERAS in China in 2007 [2], although ERAS strategies have been 
widely implemented in the preoperative, intraoperative, and postoperative phases, 
their application in the post-anesthesia care unit (PACU) remains limited due to 
the relatively short duration of stay. Therefore, this review focuses on recent ad-
vances in the clinical application of ERAS principles in the PACU. 

2. Reducing PACU Complications to Enhance Postoperative 
Recovery 

2.1 Acute Postoperative Pain: Prevention and Management 

Effective pain control after surgery is a key part of ERAS programs, helping pa-
tients recover more comfortably and quickly. However, pain remains a common 
issue in the post-anesthesia care unit (PACU), with studies reporting that 7.3% to 
26.9% of patients experience pain during this period. Notably, about 1.42% of pa-
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tients suffer from moderate to severe pain, which can negatively impact recovery 
and patient satisfaction [3]. If not properly managed, acute pain in the PACU can 
raise the likelihood of patients experiencing long-term or chronic postoperative 
pain [4]. In the PACU, tools like the Visual Analog Scale (VAS), Numeric Rating 
Scale (NRS), and the Wong-Baker Facial Pain Scale are often used to evaluate pain, 
but these methods rely heavily on patient self-report and are subjective. More ob-
jective alternatives include measuring the pupillary light reflex latency just before 
extubation [5], as well as using the APA5 acute pain scale within 15 minutes post-
extubation, which assesses indicators such as facial expressions, body movements, 
verbal reactions, heart rate, and blood pressure [6]. 

Effective postoperative pain control relies on perioperative multimodal analge-
sia, with individualized pain management strategies playing a critical role in re-
ducing postoperative inflammatory responses, alleviating anxiety, improving sleep 
quality, and minimizing complications. Although opioids remain the cornerstone 
of postoperative analgesia, concerns about their adverse effects have accelerated 
the shift toward opioid-sparing and even opioid-free analgesic regimens, along 
with the integration of nonpharmacological interventions as complementary ap-
proaches. 

Central sensitization and peripheral sensitization are two principal mechanisms 
underlying postoperative pain. Opioids are primarily effective in preventing cen-
tral sensitization. In contrast, nonsteroidal anti-inflammatory drugs (NSAIDs) 
and COX-2 selective inhibitors mitigate peripheral sensitization by inhibiting 
prostaglandin synthesis and reducing local inflammation. Regional anesthesia 
also contributes by blocking the activation of peripheral C and A-delta fibers. To-
gether, these strategies help prevent peripheral pain amplification. 

A recent study demonstrated that the use of regional anesthesia significantly 
reduces the risk of developing chronic postoperative pain (odds ratio 0.46; 95% 
confidence interval: 0.28 - 0.78; p = 0.004) [7]. Therefore, evidence-based non-
opioid analgesic techniques—such as NSAIDs, epidural analgesia, ultrasound-
guided regional nerve blocks, and local anesthetic infiltration—are strongly rec-
ommended components of postoperative pain protocols. 

In addition, emerging complementary therapies from traditional Chinese med-
icine have shown promise in enhancing postoperative pain relief. Techniques such 
as local cold application, cheek acupuncture, and transcutaneous electrical nerve 
stimulation (TENS) have been identified as effective adjuncts within multimodal 
analgesia frameworks [8] [9]. Furthermore, preliminary studies suggest that aro-
matherapy [10] and music therapy [11] may provide additional benefits in opti-
mizing postoperative pain control. 

2.2. Prevention of Postoperative Nausea and Vomiting 

Managing postoperative nausea and vomiting (PONV) is a key component of 
ERAS protocols. As early as 2016, the American Society for Enhanced Recovery 
recommended that all surgical patients receive PONV prevention measures dur-
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ing the perioperative period [12]. While the overall incidence of PONV ranges 
from 20% to 40%, it occurs in about 9.6% of patients in the PACU [13]. Effective 
prevention not only shortens PACU stay but also helps reduce medical supply 
costs and eases the burden on healthcare staff [14]. Several factors increase a pa-
tient’s risk of developing PONV, including being female, younger in age, a non-
smoker, undergoing procedures such as cholecystectomy, laparoscopic, gyneco-
logical, or bariatric surgery, having a history of PONV or motion sickness, receiv-
ing inhaled anesthetics, and using opioids after surgery. Screening for PONV risk 
before surgery and creating individualized anesthesia plans and backup strategies 
for high-risk patients can help reduce the likelihood of PONV in the PACU. 

For patients who develop PONV in the PACU, several rescue strategies are 
available: 

1) Preoperative assessment of postoperative nausea and vomiting (PONV) risk 
is essential. For patients identified as low risk, prophylactic antiemetic therapy is 
generally not required during surgery. If intervention is deemed necessary, dexa-
methasone or a 5-hydroxytryptamine (5-HT3) receptor antagonist is recom-
mended as the first-line agent. 

2) In high-risk patients, if prophylaxis with dexamethasone or a 5-HT3 receptor 
antagonist has already been administered intraoperatively, and PONV still occurs, 
a rescue antiemetic with a different mechanism of action should be used. Recom-
mended options include droperidol, diphenhydramine, promethazine, or meto-
clopramide. In addition, complementary therapies such as acupuncture and acu-
pressure may be employed to enhance antiemetic efficacy [15]. 

3) If antiemetics have already been administered intraoperatively and in the 
PACU, but the patient continues to experience PONV, low-dose propofol or pep-
permint aromatherapy may be considered. Studies have shown that sub-hypnotic 
doses of propofol exert a brief antiemetic effect, with a median effective plasma 
concentration of approximately 0.343 mg/L [16]. 

4) If neuromuscular blockade reversal is required, sugammadex is the recom-
mended agent [17]. 

2.3. Prevention and Management of Postoperative Delirium 

Delirium is a sudden-onset mental disturbance marked by shifting levels of aware-
ness and attention, confusion about time and place, memory loss, sensory misper-
ceptions, and disordered thought processes [18]. It typically arises when the brain 
is unable to cope with physiological stressors or underlying triggers [19]. Research 
on patients undergoing non-cardiac surgery reported a 38% overall rate of delir-
ium in the PACU, rising to 62% in elderly patients. Older age and cancer were 
recognized as significant risk factors for developing delirium [20]. Postoperative 
delirium has been linked to longer hospital stays, impaired functional recovery, 
cognitive deterioration, an increased risk of long-term dementia, and higher mor-
tality rates. Timely recognition of patients at risk can greatly reduce the occur-
rence of delirium after surgery. It is estimated that around 40% of postoperative 
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delirium cases are both reversible and preventable in clinical practice [21]. 
Strategies to prevent postoperative delirium include: 
1) Keeping the PACU environment calm and quiet; 
2) Patiently communicating with patients and placing a clock where they can 

easily see it to help with orientation; 
3) Playing recordings of a mother’s voice for children in the PACU [22]; when 

feasible, allowing family members to visit early can support bedside care; 
4) Encouraging early activity and oral intake while in the PACU; 
5) Removing invasive or non-invasive monitoring as soon as respiratory and 

circulatory stability is ensured; 
6) Training PACU nurses to be more aware of delirium, aiding in its early de-

tection and management [23]; 
7) The European Society of Anaesthesiology and Intensive Care Medicine 

(ESAIC) does not recommend the use of dexmedetomidine or other pharmaco-
logic agents for the prevention of postoperative delirium (POD). However, dex-
medetomidine may be used for the treatment of POD, particularly in patients un-
dergoing cardiac surgery [24]. Although dexmedetomidine shows therapeutic po-
tential in managing postoperative delirium, its use requires caution due to associ-
ated adverse effects, such as sinus bradycardia and hypotension. In ICU patients 
requiring mechanical ventilation for more than 24 hours, early intravenous seda-
tion with dexmedetomidine at a dose of 1 µg/kg/h (without a loading dose, and 
with maintenance titrated based on clinical response) may be associated with an 
increased 90-day mortality risk in patients aged ≤ 65 years, although the underly-
ing mechanisms remain unclear [25]. 

2.4. Prevention of Delayed Emergence from Anesthesia 

Delayed emergence from general anesthesia is defined as the failure to regain con-
sciousness within 60 minutes after anesthetic discontinuation, during which the 
patient remains unresponsive to verbal cues or physical stimulation [26]. Thanks 
to advances in anesthetic drugs, improved monitoring technologies, and the 
growing emphasis on low-opioid anesthesia, the rate of delayed emergence has 
significantly declined. Effective prevention hinges on identifying high-risk pa-
tients early and taking proactive measures. Common risk factors include ad-
vanced age, young age, male sex, obesity, preexisting cognitive impairment, ex-
cessive intraoperative opioid use, history of alcohol use, respiratory dysfunction, 
hypothermia, prolonged anesthesia duration, and excessive fluid administration 
[27]. 

When multiple risk factors are present, anesthesiologists should tailor an opti-
mized anesthetic strategy, employ appropriate monitoring tools, and maintain 
physiological homeostasis to reduce the risk of delayed recovery. In addition, 
studies in traditional Chinese medicine suggest that applying transcutaneous elec-
trical stimulation to specific acupoints starting 20 minutes before anesthesia in-
duction and continuing until the end of surgery [28], or administering higena-
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mine—an extract from Aconitum—via intravenous infusion prior to induction 
[29], may help lower the risk of delayed emergence following surgery. 

3. Application of Monitoring Technologies in the PACU 

Recent advances in perioperative monitoring have enhanced anesthesiologists’ fo-
cus on patient safety and contributed to improved quality of perioperative nursing 
care. In the PACU, non-intubated patients are particularly susceptible to respira-
tory complications, most commonly due to hypoventilation-induced hypoxemia. 
Oxygen saturation (SpO₂) may decline only after a significant delay following in-
adequate ventilation, whereas end-tidal carbon dioxide (PETCO₂) provides a 
more immediate and accurate reflection of ventilatory status. Continuous PETCO₂ 
or transcutaneous CO₂ monitoring is especially valuable for identifying early signs 
of hypoxemia in high-risk patients and has been associated with a reduced length 
of stay in the PACU [30] [31]. 

Bedside ultrasound has emerged as a portable and precise tool for both moni-
toring and intervention in the PACU. For instance, point-of-care cardiac ultra-
sound enables anesthesiologists to promptly detect pericardial effusion following 
transcatheter aortic valve replacement (TAVR), a potential cause of refractory hy-
potension in the PACU [32]. Timely extubation is essential for optimal recovery—
extubating too early may result in complications such as CO₂ retention and hy-
poxemia, while prolonged intubation raises the risk of ventilator-associated pneu-
monia and diaphragmatic atrophy due to mechanical ventilation [33]. The dia-
phragm is crucial for spontaneous breathing, contributing to 60% - 80% of tidal 
volume [34]. Ultrasound measurements of diaphragmatic excursion (DE) and di-
aphragm thickening fraction (DTF) are reliable indicators for predicting extuba-
tion success [35]. Additionally, lung ultrasound allows early detection of postop-
erative atelectasis and impaired ventilation, and its diagnostic performance is 
comparable to chest CT in identifying pulmonary complications [36]. Mohamed 
and colleagues have developed a lightweight wearable patch sensor capable of col-
lecting cardiac sounds, lung sounds, and ECG signals, which are then translated 
into real-time cardiopulmonary parameters. The device, weighing only 50 g with 
a compact size of 61 × 63 mm2, offers a promising solution for continuous moni-
toring in the PACU [37]. 

4. Fast-Track Recovery Strategies in the PACU 
4.1. Perioperative Temperature Control in the PACU 

Perioperative hypothermia occurs in 4% to 70% of patients, with rates as high as 
20% to 28% in the post-anesthesia care unit (PACU) [38] [39]. This condition is 
associated with a higher risk of surgical site infections, cardiac ischemic events, 
coagulation abnormalities, and delayed recovery.  

Evidence from a prospective clinical study suggests that preoperative warming 
for just 15 minutes can significantly improve intraoperative core temperature and 
reduce the likelihood of unintended hypothermia [40]. In the PACU, active warm-
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ing techniques—such as forced-air warming systems, fluid warmers, and adjust-
ing room temperature—can be employed to maintain normothermia.  

Complementary methods, including moxibustion, herbal plasters, and acu-
point transcutaneous electrical stimulation, may also help regulate circulation and 
energy flow, thereby supporting temperature recovery [41]. 

4.2. Strategies for Relieving Postoperative Thirst in the PACU 

Postoperative thirst is one of the most intense, common, and often overlooked 
subjective discomforts experienced by patients in the perioperative period [42]. 
Lee et al. reported that the incidence of postoperative thirst can reach up to 79.6%, 
with moderate to severe thirst affecting 53.2% to 69.8% of patients [43]. Compared 
to men, women tend to experience more persistent thirst discomfort over time 
following fluid restriction [44]. Notably, thirst has been shown to increase pain 
sensitivity [45], which may exacerbate anxiety and hinder recovery after surgery. 

In PACU patients, postoperative thirst can be relieved by moistening the lips 
with cotton swabs, setting drinking intervals (e.g., every 15 minutes), and using 
oropharyngeal moisturizing sprays. Early oral hydration may be initiated as 
needed once patients are fully awake, stable, and have regained muscle strength 
and protective reflexes [46]. To reduce risks like reflux and aspiration, total fluid 
intake during the PACU stay should not exceed 0.5 ml/kg [47]. Small-volume 
early hydration also helps shorten postoperative ileus and promotes faster gastro-
intestinal recovery [48]. Therefore, PACU staff should actively address postoper-
ative thirst rather than overlook this discomfort. 

5. Optimizing Nursing Workflows in the PACU 

Workflow optimization in the post-anesthesia care unit (PACU) is a key strategy for 
enhancing patient safety and care quality, and it also plays a critical role in address-
ing the increasing surgical volume and the growing diversity of patient needs. 

Evidence suggests that streamlined nursing processes significantly promote safe 
and efficient postoperative recovery. The implementation of standardized handoff 
protocols effectively minimizes communication gaps and information loss, 
thereby improving the continuity and quality of perioperative care [49]. In the 
PACU, such structured handovers have been associated with higher nursing staff 
satisfaction, improved workflow efficiency, and reduced perioperative risks [50]. 

Equally important is the establishment of a strong culture of patient safety. 
Practical interventions—such as prioritizing the transfer of patients with shorter 
transport times during PACU congestion, reducing environmental noise, and 
adopting a 30-degree semi-Fowler’s position for patients undergoing upper ab-
dominal surgery—have been shown to lower the incidence of post-anesthetic 
complications, shorten recovery duration, and increase PACU throughput [51]-
[53]. Clear procedural planning and enhanced interdisciplinary communication 
are essential components for improving the overall quality of perioperative care 
delivery. 
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Despite the implementation of standardized protocols, nursing errors remain 
prevalent—particularly within the high-stress, fast-paced environment of the 
post-anesthesia care unit (PACU). Evidence suggests that the incidence of missed 
nursing care can reach up to 78.1% [54], underscoring the need for thoughtful 
reflection on workforce training and staffing strategies. Amid rising patient vol-
umes and resource constraints, it is essential to equip nurses with the skills neces-
sary to manage acute conditions and complex clinical scenarios—an effort that is 
critical to maintaining high standards of care. Complementary to this, ongoing 
professional development and regular training initiatives empower nursing staff 
to adapt to evolving clinical demands and enhance their clinical proficiency. 

6. Outlook 

With the continuous development and widespread adoption of Enhanced Recov-
ery After Surgery (ERAS) protocols, ERAS has been validated across multiple spe-
cialties as a feasible and effective perioperative management strategy with signifi-
cant clinical benefits. As a critical component of perioperative anesthetic care, the 
Post-Anesthesia Care Unit (PACU) should fully integrate existing evidence-based 
ERAS practices and clinical research findings. This integration not only facilitates 
faster postoperative recovery and improves patient comfort, but also helps reduce 
the incidence of perioperative complications. However, the implementation of 
ERAS principles in the PACU remains challenging. First, the limited duration of 
patient stay in the PACU restricts the window for intervention, making it difficult 
to fully implement multiple ERAS measures. Second, an insufficient nurse-to-pa-
tient ratio and high workload hinder the delivery of individualized care and the 
execution of multidisciplinary collaboration. Furthermore, in some institutions, 
deficiencies in policy development, staff training, and financial investment under-
mine the effective implementation of clinical pathways, resulting in poor adher-
ence. Collectively, these issues constitute major barriers to the widespread appli-
cation of ERAS in the PACU setting. 

To promote the clinical application of ERAS in the PACU, it is essential to es-
tablish a dedicated PACU quality management team, along with a scientific and 
standardized quality evaluation system, and to provide financial support to 
strengthen institutional quality control and reduce anesthesia recovery-related 
complications. In addition, healthcare providers should be encouraged to enhance 
their professional knowledge and actively participate in perioperative multidisci-
plinary collaboration, ultimately aiming to optimize resource utilization in the 
PACU and improve overall patient outcomes. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Chen, S., Zou, Z., Chen, F., Huang, Z. and Li, G. (2015) A Meta-Analysis of Fast Track 

https://doi.org/10.4236/jbm.2025.139005


L. Mu et al. 
 

 

DOI: 10.4236/jbm.2025.139005 58 Journal of Biosciences and Medicines 
 

Surgery for Patients with Gastric Cancer Undergoing Gastrectomy. The Annals of 
The Royal College of Surgeons of England, 97, 3-10.  
https://doi.org/10.1308/rcsann.2015.97.1.3 

[2] Liang, T.B. and Li, G.G. (2020) History and Current Status of Enhanced Recovery 
after Surgery. Journal of Enhanced Recovery after Surgery, 3, 1-4. 

[3] Zhang, Y., Dai, Q., Xu, K., Fu, H., Zhang, A. and Du, W. (2024) Predictors and Influ-
ence of Postoperative Moderate-To-Severe Pain of PACU in the Patients with Malig-
nancy. BMC Anesthesiology, 24, Article No. 81.  
https://doi.org/10.1186/s12871-024-02464-2 

[4] Kim, K., Choi, S., Park, M., Kim, J., Kim, K., Song, E., et al. (2024) Development of 
an Acute Pain Assessment Tool for Patients in Post-Anesthesia Care Units. Pain 
Management Nursing, 25, e93-e98. https://doi.org/10.1016/j.pmn.2023.11.007 

[5] Fang, P., Wu, J., Tang, L., Gao, S. and Liu, X. (2021) The Association between Peri-
operative Pupillary Parameters and Postoperative Acute Pain: A Pilot Cross-Sectional 
Study. Pain Practice, 22, 322-328. https://doi.org/10.1111/papr.13084 

[6] Dodsworth, B.T., Reeve, K., Falco, L., Hueting, T., Sadeghirad, B., Mbuagbaw, L., et 
al. (2023) Development and Validation of an International Preoperative Risk Assess-
ment Model for Postoperative Delirium. Age and Ageing, 52, afad086.  
https://doi.org/10.1093/ageing/afad086 

[7] Chen, Y.K., Boden, K.A. and Schreiber, K.L. (2021) The Role of Regional Anaesthesia 
and Multimodal Analgesia in the Prevention of Chronic Postoperative Pain: A Nar-
rative Review. Anaesthesia, 76, 8-17. https://doi.org/10.1111/anae.15256 

[8] Zhu, Z., Chen, C., Zheng, Y., Gong, W., Chen, Z., Fang, S., et al. (2025) Buccal Acu-
puncture Alleviates Postoperative Pain in Patients Undergoing Radical Resection of 
Gastrointestinal Cancers: A Randomized Controlled Pilot Study. Chinese Journal of 
Integrative Medicine, 31, 558-565. https://doi.org/10.1007/s11655-025-4128-y 

[9] Angelini, E., Josefsson, C., Ögren, C., Andréll, P., Wolf, A. and Ringdal, M. (2025) 
Patients’ Experiences of TENS as a Postoperative Pain Relief Method in the Post-
Anesthesia Care Unit after Laparoscopic Cholecystectomy: A Qualitative Study. BMC 
Anesthesiology, 25, Article No. 18. https://doi.org/10.1186/s12871-024-02872-4 

[10] Biachi, F.B., de Oliveira Faria, M.F., Oliveira, R.A., et al. (2025) Effect of Aromather-
apy for Postoperative Pain Management in the Postanesthesia Recovery Room: A Sys-
tematic Review. Journal of Perianesthesia Nursing, 40, 1016-1023.e2. 

[11] Foraker, A.B. and Love, P. (2025) Implementing Music Medicine to Improve Pain 
Outcomes after Abdominal or Pelvic Surgery: A Quality Improvement Project. Jour-
nal of PeriAnesthesia Nursing, 40, 492-499.e3.  
https://doi.org/10.1016/j.jopan.2024.06.113 

[12] Gupta, R. and Soto, R. (2016) Prophylaxis and Management of Postoperative Nausea 
and Vomiting in Enhanced Recovery Protocols: Expert Opinion Statement from the 
American Society for Enhanced Recovery (ASER). Perioperative Medicine, 5, Article 
No. 4. https://doi.org/10.1186/s13741-016-0029-0 

[13] Johansson, E., Hultin, M., Myrberg, T. and Walldén, J. (2021) Early Post-Operative 
Nausea and Vomiting: A Retrospective Observational Study of 2030 Patients. Acta 
Anaesthesiologica Scandinavica, 65, 1229-1239. https://doi.org/10.1111/aas.13936 

[14] Gress, K., Urits, I., Viswanath, O. and Urman, R.D. (2020) Clinical and Economic 
Burden of Postoperative Nausea and Vomiting: Analysis of Existing Cost Data. Best 
Practice & Research Clinical Anaesthesiology, 34, 681-686.  
https://doi.org/10.1016/j.bpa.2020.07.003 

https://doi.org/10.4236/jbm.2025.139005
https://doi.org/10.1308/rcsann.2015.97.1.3
https://doi.org/10.1186/s12871-024-02464-2
https://doi.org/10.1016/j.pmn.2023.11.007
https://doi.org/10.1111/papr.13084
https://doi.org/10.1093/ageing/afad086
https://doi.org/10.1111/anae.15256
https://doi.org/10.1007/s11655-025-4128-y
https://doi.org/10.1186/s12871-024-02872-4
https://doi.org/10.1016/j.jopan.2024.06.113
https://doi.org/10.1186/s13741-016-0029-0
https://doi.org/10.1111/aas.13936
https://doi.org/10.1016/j.bpa.2020.07.003


L. Mu et al. 
 

 

DOI: 10.4236/jbm.2025.139005 59 Journal of Biosciences and Medicines 
 

[15] Gan, T.J., Jin, Z. and Meyer, T.A. (2022) Rescue Treatment of Postoperative Nausea 
and Vomiting: A Systematic Review of Current Clinical Evidence. Anesthesia & An-
algesia, 135, 986-1000. https://doi.org/10.1213/ane.0000000000006126 

[16] Gan, T.J., Glass, P.S.A., Howell, S.T., Canada, A.T., Grant, A.P. and Ginsberg, B. 
(1997) Determination of Plasma Concentrations of Propofol Associated with 50% 
Reduction in Postoperative Nausea. Anesthesiology, 87, 779-784.  
https://doi.org/10.1097/00000542-199710000-00010 

[17] Hsieh, Y., Lin, C., Liu, Y., Wang, C. and Weng, W. (2023) The Effect of Sugammadex 
versus Neostigmine on Postoperative Nausea and Vomiting: A Meta-Analysis of Ran-
domized Controlled Trials with Trial Sequential Analysis. Minerva Anestesiologica, 
89, 434-444. https://doi.org/10.23736/s0375-9393.22.16972-5 

[18] Dong, J., Sui, W. and Zhuang, Y. (2025) Patients’ and Family Members’ Dyadic Ex-
perience of Post‐operative Delirium in the Intensive Care Unit: A Qualitative Study. 
Nursing in Critical Care, 30, e13297. https://doi.org/10.1111/nicc.13297 

[19] Chen, Z., Zuo, Z., Zhang, Y., Shan, G., Zhang, L., Gong, M., et al. (2025) Bibliometric 
Analysis of Neuroinflammation and Postoperative Cognitive Dysfunction. Brain and 
Behavior, 15, e70271. https://doi.org/10.1002/brb3.70271 

[20] Ke, Y., Chew, S., Seet, E., Wong, W.Y., Lim, V., Chua, N., et al. (2021) Risk Factors 
of Post-Anaesthesia Care Unit Delirium in Patients Undergoing Non-Cardiac Sur-
gery in Singapore. Singapore Medical Journal, 64, 728-731.  
https://doi.org/10.11622/smedj.2021129 

[21] Fenta, E., Teshome, D., Kibret, S., Hunie, M., Tiruneh, A., Belete, A., et al. (2025) 
Incidence and Risk Factors of Postoperative Delirium in Elderly Surgical Patients 
2023. Scientific Reports, 15, Article No. 1400.  
https://doi.org/10.1038/s41598-024-84554-2 

[22] Cao, X., Wang, B., Liu, M. and Li, J. (2024) Effect of Recorded Mother’s Voice on 
Emergence Delirium in Pediatric Patients: A Systematic Review with Meta-Analysis. 
Jornal de Pediatria, 100, 231-241. https://doi.org/10.1016/j.jped.2023.08.008 

[23] Bowden, A., Wilson, V., Bresolin, J., Nealon, J. and Traynor, V. (2025) Exploring 
Post-Anaesthesia Care Unit Nurses’ Experiences Post Participation in a Delirium 
Care for Older People Education Intervention: A Qualitative Study. International 
Journal of Older People Nursing, 20, e70022. https://doi.org/10.1111/opn.70022 

[24] Söhle, M. and Coburn, M. (2024) Aktualisierte ESAIC-Leitlinie zum postoperativen 
Delir beim Erwachsenen. Die Anaesthesiologie, 73, 376-378.  
https://doi.org/10.1007/s00101-024-01404-6 

[25] Shehabi, Y., Serpa Neto, A., Howe, B.D., Bellomo, R., Arabi, Y.M., Bailey, M., et al. 
(2021) Early Sedation with Dexmedetomidine in Ventilated Critically Ill Patients and 
Heterogeneity of Treatment Effect in the SPICE III Randomised Controlled Trial. 
Intensive Care Medicine, 47, 455-466. https://doi.org/10.1007/s00134-021-06356-8 

[26] Cascella, M., Bimonte, S. and Di Napoli, R. (2020) Delayed Emergence from Anes-
thesia: What We Know and How We Act. Local and Regional Anesthesia, 13, 195-
206. https://doi.org/10.2147/lra.s230728 

[27] Misal, U., Joshi, S. and Shaikh, M. (2016) Delayed Recovery from Anesthesia: A Post-
graduate Educational Review. Anesthesia: Essays and Researches, 10, 164-172.  
https://doi.org/10.4103/0259-1162.165506 

[28] Xiao, H., Wu, D.Q., Zhang, F.X., et al. (2018) Myocardial Protective Effect of Electro-
acupuncture in Patients Undergoing Cardiac Surgery with Cardiopulmonary Bypass. 
Chinese Journal of Anesthesiology, 38, 146-149. 

https://doi.org/10.4236/jbm.2025.139005
https://doi.org/10.1213/ane.0000000000006126
https://doi.org/10.1097/00000542-199710000-00010
https://doi.org/10.23736/s0375-9393.22.16972-5
https://doi.org/10.1111/nicc.13297
https://doi.org/10.1002/brb3.70271
https://doi.org/10.11622/smedj.2021129
https://doi.org/10.1038/s41598-024-84554-2
https://doi.org/10.1016/j.jped.2023.08.008
https://doi.org/10.1111/opn.70022
https://doi.org/10.1007/s00101-024-01404-6
https://doi.org/10.1007/s00134-021-06356-8
https://doi.org/10.2147/lra.s230728
https://doi.org/10.4103/0259-1162.165506


L. Mu et al. 
 

 

DOI: 10.4236/jbm.2025.139005 60 Journal of Biosciences and Medicines 
 

[29] Si, S.K., Zhao, Q.D., Zhang, D.B., et al. (2022) Research Progress on Prevention and 
Treatment of Delayed Awakening After General Anesthesia with Integrated Tradi-
tional Chinese and Western Medicine. Journal of Clinical Anesthesiology, 38, 1092-
1096. 

[30] Deng, J., Balouch, M., Mooney, A., Ducoin, C.G. and Camporesi, E.M. (2021) A Cap-
nography and Transcutaneous CO2 Profile of Bariatric Patients during Early Postop-
erative Period after Opioid-Sparing Anesthesia. Surgery for Obesity and Related Dis-
eases, 17, 963-967. https://doi.org/10.1016/j.soard.2021.01.013 

[31] Gavitt, L.N., Tola, D.H., Funk, E., Hooge, N.B., Pinero, S. and De Gagne, J.C. (2025) 
Implementation of Continuous Capnography Protocol in a Postanesthesia Care Unit 
for Adult Patients at High-Risk of Postoperative Respiratory Depression. Journal of 
PeriAnesthesia Nursing, 40, 13-17. https://doi.org/10.1016/j.jopan.2024.02.011 

[32] John, K.N., Cradeur, M., Hayward, G., et al. (2013) Caught by POCUS: Post-TAVR 
Pericardial Effusion. Rhode Island Medical Journal, 107, 29-31. 

[33] Esteban, A. (2002) Characteristics and Outcomes in Adult Patients Receiving Me-
chanical Ventilationa 28-Day International Study. JAMA, 287, 345-355.  
https://doi.org/10.1001/jama.287.3.345 

[34] Blumhof, S., Wheeler, D., Thomas, K., McCool, F.D. and Mora, J. (2016) Change in 
Diaphragmatic Thickness during the Respiratory Cycle Predicts Extubation Success 
at Various Levels of Pressure Support Ventilation. Lung, 194, 519-525.  
https://doi.org/10.1007/s00408-016-9911-2 

[35] Ma, L., Zhou, N., Yuan, K., Xue, Z., Lv, K. and Huang, J. (2025) Predictive Value of 
Bedside Diaphragmatic Ultrasonography for Extubation Success in Critically Ill Pa-
tients after General Anaesthesia: A Meta-Analysis with Trial Sequential Analysis 
(TSA). Indian Journal of Anaesthesia, 69, 38-53.  
https://doi.org/10.4103/ija.ija_881_24 

[36] Xie, C., Sun, K., You, Y., Ming, Y., Yu, X., Yu, L., et al. (2020) Correction To: Feasi-
bility and Efficacy of Lung Ultrasound to Investigate Pulmonary Complications in 
Patients Who Developed Postoperative Hypoxaemia—A Prospective Study. BMC 
Anesthesiology, 20, Article No. 281. https://doi.org/10.1186/s12871-020-01196-3 

[37] Mohamed, N., Kim, H., Mohamed, M., Kang, K., Kim, S. and Kim, J. (2023) Tablet-
based Wearable Patch Sensor Design for Continuous Cardiovascular System Moni-
toring in Postoperative Settings. Biosensors, 13, Article 615.  
https://doi.org/10.3390/bios13060615 

[38] Rauch, S., Miller, C., Bräuer, A., Wallner, B., Bock, M. and Paal, P. (2021) Periopera-
tive Hypothermia—A Narrative Review. International Journal of Environmental Re-
search and Public Health, 18, Article 8749. https://doi.org/10.3390/ijerph18168749 

[39] Ashoobi, M.T., Shakiba, M., Keshavarzmotamed, A. and Ashraf, A. (2023) Prevalence 
of Postoperative Hypothermia in the Post-Anesthesia Care Unit. Anesthesiology and 
Pain Medicine, 13, e136730. https://doi.org/10.5812/aapm-136730 

[40] Wan, J., Jin, Y., Zhu, L., et al. (2025) Effects of Short Preoperative Warming Time on 
Transurethral Lithotripsy Surgery: A Randomized Controlled Trial. Journal of Peri-
Anesthesia Nursing, 40, 961-966. 

[41] Zhang, B., Zhou, H., Wang, X., Zheng, Y. and Hu, L. (2024) Advances in the Multi-
modal Management of Perioperative Hypothermia: Approaches from Traditional 
Chinese and Western Medicine. Perioperative Medicine, 13, Article No. 107.  
https://doi.org/10.1186/s13741-024-00465-w 

[42] Wang, R., Wang, L., Liu, T. and Peng, C. (2023) Effects of Menthol on Thirst during 
Surgery Patients Fasting: A Systematic Review and Meta‐analysis of Randomized 

https://doi.org/10.4236/jbm.2025.139005
https://doi.org/10.1016/j.soard.2021.01.013
https://doi.org/10.1016/j.jopan.2024.02.011
https://doi.org/10.1001/jama.287.3.345
https://doi.org/10.1007/s00408-016-9911-2
https://doi.org/10.4103/ija.ija_881_24
https://doi.org/10.1186/s12871-020-01196-3
https://doi.org/10.3390/bios13060615
https://doi.org/10.3390/ijerph18168749
https://doi.org/10.5812/aapm-136730
https://doi.org/10.1186/s13741-024-00465-w


L. Mu et al. 
 

 

DOI: 10.4236/jbm.2025.139005 61 Journal of Biosciences and Medicines 
 

Controlled Studies. International Journal of Nursing Practice, 30, e13191.  
https://doi.org/10.1111/ijn.13191 

[43] Lee, C., Liu, S., Cheng, Y., Chiu, C., Hsu, Y. and Chao, A. (2020) Prevalence, Risk 
Factors, and Optimized Management of Moderate-To-Severe Thirst in the Post-An-
esthesia Care Unit. Scientific Reports, 10, Article No. 16183.  
https://doi.org/10.1038/s41598-020-73235-5 

[44] Waldréus, N., Chung, M., van der Wal, M. and Jaarsma, T. (2018) Trajectory of Thirst 
Intensity and Distress from Admission to 4-Weeks Follow up at Home in Patients 
with Heart Failure. Patient Preference and Adherence, 12, 2223-2231.  
https://doi.org/10.2147/ppa.s167724 

[45] Tan, B., Philipp, M.C., Che Muhamed, A.M. and Mündel, T. (2022) Hypohydration 
but Not Menstrual Phase Influences Pain Perception in Healthy Women. Journal of 
Applied Physiology, 132, 611-621. https://doi.org/10.1152/japplphysiol.00402.2021 

[46] Qin, M., Tian, W., Liu, W., Liao, C., Luo, J. and Song, J. (2024) Early Oral Hydration 
on Demand in Postanesthesia Care Unit Effectively Relieves Postoperative Thirst in 
Patients after Gynecological Laparoscopy: A Prospective Randomized Controlled 
Trial. BMC Anesthesiology, 24, Article No. 297.  
https://doi.org/10.1186/s12871-024-02686-4 

[47] Yin, X., Ye, L., Zhao, L., et al. (2014) Early versus Delayed Postoperative Oral Hydra-
tion after General Anesthesia: A Prospective Randomized Trial. International Journal 
of Clinical and Experimental Medicine, 7, 3491-3496. 

[48] Xue, Y., Wang, Q., Zhao, H., Pan, R., Xia, Y., Wang, H., et al. (2024) The Efficacy and 
Safety of Modified Ultraearly Oral Hydration for Alleviating Thirst in Patients after 
Thoracoscopic Surgery: A Prospective Randomized Controlled Trial. BMC Anesthe-
siology, 24, Article No. 105. https://doi.org/10.1186/s12871-024-02497-7 

[49] Heyba, M., Qasem, F., Ibrahim, A.S., Habib, T., Akl, H. and Al-Matouq, S.M. (2024) 
Improving Postanesthesia Care Unit (PACU) Delays: A Quality Improvement Pro-
ject. Journal of PeriAnesthesia Nursing, 39, 716-721.  
https://doi.org/10.1016/j.jopan.2023.12.001 

[50] Arriaga, A.F. (2021) The PATH to Patient Safety. British Journal of Anaesthesia, 127, 
830-833. https://doi.org/10.1016/j.bja.2021.09.006 

[51] Xu, L., Zhang, Z. and Du, P. (2025) Enhancing Postanesthesia Care Unit Manage-
ment Based on Noise Reduction Strategies Grounded in Comfort Theory. Journal of 
PeriAnesthesia Nursing, 40, 100-106. https://doi.org/10.1016/j.jopan.2024.03.020 

[52] Weynants, A., Wyffels, P., De Poortere, N. and Keppler, H. (2025) Noise in the 
Postanesthesia Care Unit: Identifying Potential Causes for Increased Noise Levels. 
Journal of PeriAnesthesia Nursing, 40, 653-657.  
https://doi.org/10.1016/j.jopan.2024.08.006 

[53] Wang, X., Guo, K., Sun, J., Yang, Y., Wu, Y., Tang, X., et al. (2024) Semirecumbent 
Positioning during Anesthesia Recovery and Postoperative Hypoxemia: A Random-
ized Clinical Trial. JAMA Network Open, 7, e2416797.  
https://doi.org/10.1001/jamanetworkopen.2024.16797 

[54] Kiekkas, P., Tsekoura, V., Fligou, F., Tzenalis, A., Michalopoulos, E. and Voyagis, G. 
(2021) Missed Nursing Care in the Postanesthesia Care Unit: A Cross-Sectional 
Study. Journal of PeriAnesthesia Nursing, 36, 232-237.  
https://doi.org/10.1016/j.jopan.2020.10.009 

https://doi.org/10.4236/jbm.2025.139005
https://doi.org/10.1111/ijn.13191
https://doi.org/10.1038/s41598-020-73235-5
https://doi.org/10.2147/ppa.s167724
https://doi.org/10.1152/japplphysiol.00402.2021
https://doi.org/10.1186/s12871-024-02686-4
https://doi.org/10.1186/s12871-024-02497-7
https://doi.org/10.1016/j.jopan.2023.12.001
https://doi.org/10.1016/j.bja.2021.09.006
https://doi.org/10.1016/j.jopan.2024.03.020
https://doi.org/10.1016/j.jopan.2024.08.006
https://doi.org/10.1001/jamanetworkopen.2024.16797
https://doi.org/10.1016/j.jopan.2020.10.009

	Advances in the Clinical Application of Enhanced Recovery after Surgery (ERAS) Protocols in the Post-Anesthesia Care Unit (PACU)
	Abstract
	Keywords
	1. Introduction
	2. Reducing PACU Complications to Enhance Postoperative Recovery
	2.1 Acute Postoperative Pain: Prevention and Management
	2.2. Prevention of Postoperative Nausea and Vomiting
	2.3. Prevention and Management of Postoperative Delirium
	2.4. Prevention of Delayed Emergence from Anesthesia

	3. Application of Monitoring Technologies in the PACU
	4. Fast-Track Recovery Strategies in the PACU
	4.1. Perioperative Temperature Control in the PACU
	4.2. Strategies for Relieving Postoperative Thirst in the PACU

	5. Optimizing Nursing Workflows in the PACU
	6. Outlook
	Conflicts of Interest
	References

