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Abstract

BACKGROUND

General anesthesia is commonly used in the surgical management of gastroin-
testinal tumors; however, it can lead to emergence agitation (EA). EA is a common
complication associated with general anesthesia, often characterized by behaviors,
such as crying, struggling, and involuntary limb movements in patients. If treat-
ment is delayed, there is a risk of incision cracking and bleeding, which can
significantly affect surgical outcomes. Therefore, having a proper understanding
of the factors influencing the occurrence of EA and implementing early preventive
measures may reduce the incidence of agitation during the recovery phase from
general anesthesia, which is beneficial for improving patient prognosis.

AIM
To analyze influencing factors and develop a risk prediction model for EA
occurrence following general anesthesia for primary liver cancer.

METHODS

Retrospective analysis of clinical data from 200 patients who underwent
hepatoma resection under general anesthesia at Wenzhou Central Hospital
(January 2020 to December 2023) was conducted. Post-surgery, the Richmond
Agitation-Sedation Scale was used to evaluate EA presence, noting EA incidence
after general anesthesia. Patients were categorized by EA presence postoper-
atively, and the influencing factors were analyzed using logistic regression. A
nomogram-based risk prediction model was constructed and evaluated for differ-
entiation and fit using receiver operating characteristics and calibration curves.

RESULTS

EA occurred in 51 (25.5%) patients. Multivariate analysis identified advanced age,
American Society of Anesthesiologists (ASA) grade III, indwelling catheter use,
and postoperative pain as risk factors for EA (P < 0.05). Conversely, postoperative
analgesia was a protective factor against EA (P < 0.05). The area under the curve
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of the nomogram was 0.972 [95% confidence interval (CI): 0.947-0.997] for the training set and 0.979 (95%ClI: 0.951-
1.000) for the test set. Hosmer-Lemeshow test showed a good fit (y* = 5.483, P = 0.705), and calibration curves
showed agreement between predicted and actual EA incidence.

CONCLUSION
Age, ASA grade, catheter use, postoperative pain, and analgesia significantly influence EA occurrence. A
nomogram constructed using these factors demonstrates strong predictive accuracy.

Key Words: Primary hepatocellular carcinoma resection; General anesthesia; Emergence agitation; Risk factors; Forecast;
Nomograph

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we retrospectively analyzed clinical data from 200 patients with primary liver cancer undergoing
general anesthesia. The aim was to identify key factors influencing postoperative emergence agitation (EA) occurrence and
to construct a risk prediction model. The findings revealed advanced age, American Society of Anesthesiologists grade III,
indwelling catheter, and postoperative pain as risk factors for EA, whereas postoperative analgesia emerged as a protective
factor. Successful construction of a nomogram risk prediction model demonstrated good predictive efficacy, offering a
practical tool for the clinical evaluation and prevention of EA.

Citation: Song SS, Lin L, Li L, Han XD. Influencing factors and risk prediction model for emergence agitation after general anesthesia
for primary liver cancer. World J Gastrointest Surg 2024; 16(7): 2194-2201

URL: https://www.wjgnet.com/1948-9366/full/v16/i7/2194.htm
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INTRODUCTION

General anesthesia involves the administration of narcotic drugs to temporarily suppress the central nervous system,
leading to reversible loss of consciousness, sensation, and reflexes[1]. Emergence agitation (EA) refers to a transient state
of consciousness and behavior separation during the transition from anesthesia to full consciousness. It is a common
postoperative complication in patients undergoing general anesthesia[2], with an incidence of 17.09%-24.80%[3]. The
symptoms of EA mainly manifest as emotional agitation, restlessness, and disorientation[4]. Prolonged agitation may
result in hazardous behaviors, such as self-removal of masks and catheters, resulting in hypoxia, falls, bleeding from
surgical incisions, and limb injuries, which compromises surgical outcomes and patient safety. Primary liver cancer ranks
fifth globally and third in Asia-Pacific cancer-related deaths[5], with surgery being the foremost treatment option[6].
Hepatocellular carcinoma resection, characterized by prolonged operation time, extensive drug use, and large wound
area, predisposes patients to higher EA risk. Thus, early identification of EA risk factors in patients with primary liver
cancer after surgery is crucial for timely intervention. Currently, clinical factors influencing EA remain unclear and may
be related to factors such as catheter irritation, pain, or drugs[7]. In view of this, our study aimed to analyze factors
influencing the occurrence of EA in patients with primary liver cancer after surgery and construct a risk prediction model
to aid the prevention of EA in this population.

MATERIALS AND METHODS

Research object

Two hundred patients who underwent hepatic cancer resection under general anesthesia and were admitted to Wenzhou
Central Hospital between January 2020 and December 2023 were selected for the study. Inclusion criteria were as follows:
(1) Mentally normal and able to cooperate before anesthesia; (2) No contraindications to anesthesia and no history of
allergy to anesthetic drugs; and (3) Age > 18 years old. Exclusion criteria were: (1) Incomplete medical records; (2)
Transfer to the intensive care unit after surgery; and (3) Renal failure. The study was approved by the Institutional
Review Board of Wenzhou Central Hospital, and the need for informed consent was waived.

Diagnostic criteria

The occurrence of EA was evaluated using the Richmond Agitation-Sedation Scale[8]. The scale is divided into 10
sedation levels, with a score of 4 to -5 indicating the patient’s level of consciousness from “aggressive” to “unconscious”.
Coma was -5 points; severe sedation -4 points; moderate sedation -3 points; light sedation -2 points; drowsy -1 point;
awake and calm 0 points; restless and anxious 1 point; agitated anxiety 2 points, very agitated 3 points; and aggressive 4
points. A score of =1 was considered indicative of EA.
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Research method

Demographic information including, sex, age, duration of surgery, duration of anesthesia, American Society of Anesthesi-
ologists (ASA)[9] classification, indwelling catheter use, postoperative analgesia, time to recovery, and postoperative
pain, were collected. Postoperative pain was assessed using the Digital Pain Rating Scale[10], ranging from 0 to 10 points,
where a higher score indicated stronger pain sensation.

Statistical analysis

Statistical analysis was performed using SPSS 23.0 and R software. Measurement information, such as age, was expressed
as mean * SD, and a f-test was used for group comparison. Count data, such as sex, were expressed as cases (%), and
comparisons were made using the chi-square test. Logistic regression analysis was used to analyze influencing factors,
with P < 0.05 considered statistically significant. Column line graphs were constructed using R software, and their
performance was assessed using the area under the curve (AUC) of the receiver operating characteristic (ROC) curves
and calibration curves of the subjects” work characteristics.

RESULTS

Clinical characteristics

A total of 200 patients were included in this study, 51 of whom developed EA postoperatively, resulting in an incidence
rate of 25.5%. The EA group comprised 51 patients who experienced EA after surgery, whereas the remaining patients
were categorized into the group without EA. As shown in Table 1, significant differences were observed between the two
groups in terms of age, operation time, anesthesia duration, ASA grade, indwelling catheter use, postoperative analgesia,
and postoperative pain (P < 0.05).

Multi-factor analysis of EA occurrence

Variables showing statistical significance in the univariate analysis were considered independent variables, with the
occurrence of restlessness during the recovery period after general anesthesia deemed the dependent variable (yes =1, no
= 0). Table 2 displays the variable assignment tables. Results revealed that old age, ASA class III status, indwelling
catheter use, and postoperative pain were independent risk factors for EA. Additionally, postoperative analgesia was
found to provide protection against EA, as shown in Table 3.

Construction of EA nomogram after operation

Using a sample of 140 patients from the training set, the five factors influencing EA were incorporated into a risk
assessment model for EA after general anesthesia for primary liver cancer, represented as a column graph (Figure 1). To
further verify the predictive efficiency of the model, ROC curves were plotted for both the training and test sets
(Figure 2A and B). The model demonstrated high predictive accuracy in both sets, with an AUC of 0.972 [95% confidence
interval (CI): 0.947-0.997] for the training set and 0.979 (95%CI: 0.951-1.000) for the test set. The Hosmer-Lemeshow test
showed an excellent fit (y? = 5.483, P = 0.705), and the calibration curve (Figure 2C and D) revealed good agreement
between the predicted probability and the actual incidence of EA in both the training and test sets.

DISCUSSION

Patients undergoing general anesthesia pass through three stages: Light anesthesia, non-anesthesia, and awakening
during the recovery of normal physiological functions after surgery. During this process, protective physiological reflexes
gradually return. However, some abnormal changes may occur, with the most significant neurological manifestation
being EA[11]. Patients with EA often exhibit ambiguous consciousness, drowsiness, failure to follow instructions,
involuntary movements, extreme disorientation, restlessness, and other agitations. If left untreated, EA can lead to
complications such as increased internal bleeding, cerebrovascular disease, myocardial infarction, endangerment of
suture lines, and in severe cases, surgical failure, pipeline dislodgement, falls, and other accidental injuries[12]. These
consequences not only pose a serious threat to medical safety but also endanger patients’ lives and health, leading to
potential disputes between doctors and patients. Currently, the clinical factors contributing to EA are not fully
understood. General anesthetic drugs are believed to exert varying degrees of inhibition on the central nervous system,
leading to the emergence of reflex confrontation and an abnormal state of consciousness[13,14]. The results of this study
indicate a postoperative EA incidence of 25.5%. A study by Kang et al[15] reported a postoperative EA incidence of 14.1%
among 1950 adult patients operated under general anesthesia, while Abitagaoglu et al[16] observed a 15.4% incidence
among 102 postoperative patients. The relatively high incidence observed in our study suggests that EA remains a
significant concern in postoperative patients recovering from general anesthesia. Discrepancies with other studies may
stem from differences in population inclusion criteria, age demographics, and geographical variations. This study
identified potential influencing factors, revealing postoperative analgesia as a protective factor against EA, while old age,
indurating catheter use, ASA grade III, and postoperative pain emerged as risk factors. The incidence of EA increased
with age, possibly due to abnormal melatonin secretion. Melatonin, an amine hormone secreted by the pineal glands of
both mammals and humans, decreases with age, leading to dysfunctions that hinder postoperative recovery and increase
EA incidence[17]. Some scholars also believe[18] that older people may have poorer physical fitness and lower pain
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Table 1 Comparison of general information between the two groups, n (%)

Factor EA group (n =51) Non-EA group (n = 149) XAt P value
Gender

Female 22 (43.14) 67 (44.97) 0.051 0.821
Male 29 (56.86) 82 (55.03)

Age (years) 55.67 £7.46 50.23 £ 6.15 -5.145 <0.001
Smoking history

No 24 (47.06) 76 (51.01) 0.237 0.626
Yes 27 (52.94) 73 (48.99)

Drinking history

No 25 (49.02) 85 (57.05) 0.989 0.320
Yes 26 (50.98) 64 (42.95)

Hypertension

No 32 (62.75) 106 (71.14) 1.252 0.263
Yes 19 (37.25) 43 (28.86)

Diabetes

No 34 (66.67) 109 (73.15) 0.785 0.376
Yes 17 (33.33) 40 (26.85)

ASA grade

I 11 (21.57) 70 (46.98) 21.096 <0.001
II 18 (35.29) 58 (38.93)

il 22 (43.14) 21 (14.09)

Indwelling catheter
No 18 (35.29) 104 (69.80) 19.014 <0.001

Yes 33 (64.71) 45 (30.20)

Postoperative analgesia

No 33 (64.71) 55 (36.91) 11.911 0.001
Yes 18 (35.29) 94 (63.09)

Operation time (minute) 302.76 + 65.51 264.38 + 61.81 -3.770 <0.001
Anesthesia time (minute) 348.14 + 65.09 313.48 £ 62.24 -3.392 <0.001
Awakening time (minute) 42.62 +3.58 41.91+£3.87 -1.129 0.260
Postoperative pain (scores) 443 +1.20 2.60 +0.76 -10.201 <0.001

EA: Emergence agitation; ASA: American Society of Anesthesiologists.

tolerance than younger people. Similarly, due to reduced physical function, these patient populations often lack
confidence in treatment and are prone to anxiety, thereby contributing to an increased occurrence of EA. Indwelling
catheter use was associated with an elevated EA risk, potentially due to unconscious urethral mucosal injury during
surgery and subsequent pain and discomfort during recovery[19]. The ASA grade is also a risk factor for EA. Patients
with higher ASA grades are more susceptible to fluctuations in respiration, circulation, and the internal environment
during anesthesia and surgery[20]. In addition, patients with higher ASA grades often require larger doses of anesthesia,
which can lead to excessive anesthetic drug levels in the body. This can inhibit the cardiovascular system, resulting in an
increased risk of EA for various reasons[21]. The incidence of EA notably rises in patients experiencing intense
postoperative pain. This is primarily because pain, discomfort, and other stimuli can trigger defensive reflexes, resulting
in an increased incidence of EA[22-24]. Healthcare professionals can alleviate patients’ fear of pain through psychological
support, effective communication, and other methods. Additionally, they can provide personalized analgesic intervention
based on patients” individual conditions. The results of this study showed that postoperative analgesia serves as a
protective factor against EA. A study by Yang et al[25] further supports this, indicating that postoperative analgesia
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Table 2 Assignment table of factors affecting emergence agitation in patients after general anesthesia

Factor Assign

Age Original input
Operation time Original input
Anesthesia time Original input

ASA grade 0=11=1IL2=1II
Indwelling catheter 0=No, 1= Yes
Postoperative analgesia 0=No, 1=Yes
Postoperative pain Original input

ASA: American Society of Anesthesiologists.

Table 3 Logistic regression analysis of emergence agitation-related factors

Factor B SE Wald P value OR value (95%Cl)
Age 0.202 0.065 9.693 0.002 1.224 (1.078-1.391)
Operation time (minute) 0.010 0.006 3.065 0.080 1.011 (0.999-1.022)
Anesthesia time (minute) -0.003 0.005 0.259 0.611 0.997 (0.987-1.008)
ASA grade (Class I as reference) - - 6.180 0.045 -
II 0.076 0.813 0.009 0.925 1.079 (0.219-5.309)
111 2.165 0.937 5.338 0.021 8.713 (1.389-54.671)
Indwelling catheter 1.529 0.730 4.388 0.036 4.613 (1.103-19.290)
Postoperative analgesia -3.516 1.009 12.145 <0.001 0.030 (0.004-0.215)
Postoperative pain 4.144 0.989 17.543 <0.001 63.079 (9.070-438.679)
SE: Standard error; OR: Odds ratio; CI: Confidence interval; ASA: American Society of Anesthesiologists.
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Figure 1 Nomogram prediction model. This is a column graph illustrating the integration of five factors influencing emergence agitation (EA) into a risk
assessment model for EA following general anesthesia for primary liver cancer. The graph was constructed using data from a sample of 140 patients from the training

set. ASA: American Society of Anesthesiologists.
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Predicted probability

Figure 2 Receiver operating characteristic and calibration curve analysis. A and B: It displays receiver operating characteristic curves plotted to further
validate the predictive efficiency of the model. The curves represent both the training and test sets; C and D: The calibration curve illustrates the agreement between
the predicted probability and the actual incidence of emergence agitation in both the training and test sets. A and C are training set, B and D are test set. AUC: Area
under the curve.

significantly reduces the incidence of postoperative EA among patients undergoing general anesthesia. This underscores
the importance of postoperative analgesia as a protective measure against EA occurrence. The study has some limitations
worth noting. Firstly, its focus solely on patients undergoing general anesthesia may overlook factors relevant to other
anesthesia types. Secondly, as a retrospective analysis conducted in a single center, the findings may not be fully general-
izable to broader patient populations. Additionally, although the sample size was adequate, larger multicenter studies
could offer more robust insights. The complexity of risk factors and reliance on retrospective data pose further
limitations, alongside the study’s primary reliance on EA as the outcome measure, potentially neglecting other clinical
endpoints. Furthermore, limited follow-up post-discharge restricts understanding of long-term complications.
Addressing these limitations in future research could advance our understanding and improve preventive strategies for
EA.

CONCLUSION

In conclusion, age, indwelling catheter use, ASA grade, and postoperative pain significantly affect the occurrence of EA.
Therefore, clinical attention should be directed towards these factors, and appropriate prevention and control measures
should be implemented. In addition, postoperative analgesia serves as a protective factor against EA. Hence, tailored
analgesia programs can be offered based on the individual clinical circumstances of the patients. Future studies should
explore the comprehensive understanding of EA in patients undergoing general anesthesia, focusing on refining
preventive strategies and improving patient outcomes. Investigations into additional influencing factors, long-term
complications, and the efficacy of personalized analgesic interventions could further enhance EA management and
patient care.
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