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Abstract
BACKGROUND 
Acute appendicitis (AA) is the most common cause of acute abdomen in children. 
Anesthesia significantly influences the surgical treatment of AA in children, 
making the scientific and effective selection of anesthetics crucial.

AIM 
To assess the clinical effect of atropine (ATR) in combination with remifentanil 
(REMI) in children undergoing surgery for AA.

METHODS 
In total, 108 cases of pediatric AA treated between May 2020 and May 2023 were 
selected, 58 of which received ATR + REMI [research group (RG)] and 50 who 
received REMI [control group (CG)]. Comparative analyses were conducted on 
the time to loss of eyelash reflex, pain resolution time, recovery time from anes-
thesia, incidence of adverse events (AEs; respiratory depression, hypoxemia, 
bradycardia, nausea and vomiting, and hypotension), intraoperative responses 
(head shaking, limb activity, orientation recovery, safe departure time from the 
operating room), hemodynamic parameters [oxygen saturation (SPO2), mean arte-
rial pressure, heart rate, and respiratory rate], postoperative sedation score (Ram-
say score), and pain level [the Face, Legs, Activity, Cry, Consolability (FLACC) 
Behavioral Scale].

RESULTS 
Compared with the CG, the RG showed significantly shorter time to loss of 
eyelash reflex, pain resolution, recovery from anesthesia, and safe departure from 
the operating room. Furthermore, the incidence rates of overall AEs (head 
shaking, limb activity, etc.) were lower, and influences on intraoperative hemody-
namic parameters and stress response indexes were fewer. The Ramsay score at 30 
min after extubation and the FLACC score at 60 min after extubation were 
significantly lower in the RG than in the CG.
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CONCLUSION 
ATR + REMI is superior to REMI alone in children undergoing AA surgery, with a lower incidence of AEs, fewer 
influences on hemodynamics and stress responses, and better post-anesthesia recovery.
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Core Tip: Pediatric acute appendicitis (AA) is usually treated surgically (appendectomy), and anesthesia has a significant 
impact intraoperatively. Scientific and effective selection of anesthetics is crucial in preventing postoperative adverse events 
(AEs) and improving surgical outcomes for pediatric AA. This study compared and analyzed the clinical effects of atropine 
(ATR) combined with remifentanil (REMI) and REMI monotherapy in children undergoing surgery for AA. ATR combined 
with REMI exhibited a better anesthetic effect than REMI alone, with a lower incidence of AEs, relatively fewer influences 
on hemodynamics, milder stress responses, and faster recovery from anesthesia.
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INTRODUCTION
Acute appendicitis (AA) is the most common cause of acute abdomen, especially in children[1,2]. Women have a statist-
ically lower lifetime risk of AA than men but a higher risk of appendectomy[3]. AA may present atypical symptoms, 
especially in preschoolers, and the typical symptoms include anorexia, fever, periumbilical pain that moves to the right 
iliac fossa, and tenderness of the right iliac fossa[4]. Pediatric AA is generally treated surgically (appendectomy), and the 
use of anesthetic greatly influences the operation[5,6]. Thus, the scientific and effective selection of anesthetics aids 
significantly in preventing adverse events (AEs) in children after AA surgery and improving surgical outcomes[7].

Remifentanil (REMI), a fast-acting (1–2 min) opioid with an elimination half-life of 3–10 minutes, exerts analgesic and 
sedative effects and can significantly enhance clinical anesthesia when used in combination with propofol[8,9]. The use of 
REMI in general anesthesia for pediatric patients undergoing dental surgery and transthoracic device closure of 
ventricular septal defects has demonstrated clinical efficacy and safety and positive contributions to higher recovery 
quality[10,11]. Atropine (ATR), an anticholinergic agent, can work synergistically with REMI in providing optimal 
intubation conditions for neonates and reducing potential negative hemodynamic effects of anesthesia induction[12,13]. 
This study analyzed the clinical effect of ATR + REMI in children undergoing AA surgery to address the research gap on 
the subject and help optimize the selection of anesthesia schemes in pediatric AA surgery.

MATERIALS AND METHODS
Patient information
One hundred and eight pediatric patients with AA treated at Shanxi Provincial Children’s Hospital between May 2020 
and May 2023 were enrolled. The research group (RG; n = 58) received ATR + REMI, whereas the control group (CG; n = 
50) received REMI alone. No significant differences were noted in general data between the RG and CG (P > 0.05).

Criteria for patient enrollment and exclusion
Inclusion criteria: All children that met the diagnostic criteria for pediatric appendicitis and the indications of laparo-
scopic surgery, with intact medical records, with normal communication and cognitive abilities, and ability to cooperate 
with the study were enrolled.

Exclusion criteria: Children with complications of congenital heart disease, malignant hyperthermia, autoimmune 
deficiency, or blood coagulation dysfunction were excluded, as well as those with allergic constitution or allergies to the 
study medication.

Methods
The RG received total intravenous anesthesia with ATR and REMI: 0.02 mg/kg of ATR was administered intravenously 
30 min before the operation. Then, routine anesthesia induction was performed, with intravenous administration of 
midazolam (0.1 mg/kg), sufentanil (2 μg/kg), propofol (2 mg/kg), and cisatracurium (0.1 mg/kg), administered sequen-
tially. An endotracheal tube was inserted with a video laryngoscope 3 min later, and mechanical ventilation was initiated 
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using an anesthesia machine after confirmation by auscultation of normal respiratory sounds in both lungs. Respiration 
was controlled with a tidal volume of 8–10 mL/kg, frequency of 14–20 times/min, airway pressure of 15–20 cmH2O, and 
end-tidal carbon dioxide of 35–40 mmHg. For anesthesia maintenance, propofol was administered at 3–5 mg/(kg·h) and 
REMI at 0.2–0.3 μg/(kg·min) using intravenous infusion pumps.

The CG was given REMI: The children were given an intravenous injection of normal saline at the same dose as ATR 30 
min before surgery. Other procedures, such as anesthesia induction, tracheal intubation, mechanical ventilation, and 
anesthesia maintenance, were the same as those performed in the RG.

Both groups of patients fasted for 12 h, and water was withdrawn 8 h before surgery. In both groups, mask oxygen was 
given continuously during the operation with an oxygen flow rate of 1 L/min. The anesthesia recovery time was 
recorded after natural recovery.

Outcome measures
The time to loss of eyelash reflex, pain resolution, and recovery from anesthesia were observed and recorded.

Incidence of AEs: The incidence of postoperative adverse reactions such as respiratory depression, hypoxemia, 
bradycardia, nausea and vomiting, and hypotension were monitored and recorded.

Intraoperative responses: The occurrence of head shaking and limb activity during the operation was observed and 
recorded, and the orientation recovery time and safe departure time from the operating room were measured.

Hemodynamic parameters: The mean blood oxygen saturation (SPO2), mean arterial pressure (MAP), heart rate (HR), 
and respiratory rate (RR) before, during, and after the operation were measured by color Doppler ultrasound.

Postoperative sedation score: Patients were assessed using the Ramsay score for sedation: 1 point, restless and agitated; 2 
points, tranquil and cooperative; 3 points, sleepiness and response to commands; 4 points, sleeping but easily aroused; 5 
points: sluggish response to verbal stimulus; 6 points: deep sleep and no response to verbal stimulus. We employed the 
Face, Legs, Activity, Cry, Consolability (FLACC) Behavioral Scale to evaluate the degree of pain: 0, painless; 1–3, mild 
pain that can be tolerated; 4–6, pain that affects sleep but is still tolerable; 7–10: severe and unbearable pain.

Statistical analysis
All calculations were performed using SPSS 21.0 software under a significance threshold of P < 0.05. Age, body mass, and 
other measurement data were expressed as mean ± SD and compared between groups using the independent sample t-
test. Sex, American Society of Anesthesiologists (ASA) physical status classification, incidence of AEs, and other count 
data were expressed as n (%) and analyzed using the χ2 test.

RESULTS
General patient characteristics
RG and CG did not differ significantly in age, sex, body weight, disease course, ASA classification, and other general data 
(P > 0.05; Table 1).

Time to loss of eyelash reflex, pain resolution, and recovery from anesthesia
The time to loss of eyelash reflex, pain resolution, and recovery from anesthesia were recorded to evaluate the anesthetic 
efficacy of the two anesthesia protocols. The data showed significantly lower values of the three indexes in the RG than in 
the CG (P < 0.05; Figure 1).

Incidence rate of AEs
The overall incidence of AEs, such as respiratory depression, hypoxemia, bradycardia, nausea and vomiting, and 
hypotension, were significantly lower in the RG than in the CG (P < 0.05; Table 2).

Intraoperative responses
Head shaking, limb activity, orientation recovery, and safe departure time from the operating room were monitored in 
the patients to evaluate the influence of the two anesthetic interventions on the responses of the pediatric patients during 
AA surgery. The incidence rates of head shaking and limb activity and shorter orientation recovery and safe departure 
time from the operating room were significantly lower in the RG than in the CG (P < 0.05; Table 3).

Hemodynamic parameters of two groups
Hemodynamic parameters, such as SPO2, MAP, HR, and RR, of both groups were measured to evaluate the influence of 
the two anesthetic interventions on the intraoperative hemodynamics in children undergoing AA surgery. SPO2 changed 
little before, during, or after surgery in the RG (P > 0.05), whereas it decreased intraoperatively in the CG (P < 0.05). 
Moreover, the postoperative SPO2 was higher in the RG than in the CG (P < 0.05). In the RG, the intraoperative MAP, HR, 
and RR increased significantly (P < 0.05), whereas the postoperative levels did not differ significantly from the baseline (P 
> 0.05). In the CG, the intraoperative MAP, HR, and RR decreased significantly (P < 0.05), and the postoperative levels 
remained significantly lower than the baseline (P < 0.05). Furthermore, the RG had higher intra- and postoperative MAP 
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Table 1 General patient data

Factors Research group (n = 58) Control group (n = 50) χ2/t value P value

Age (yr) 8.71 ± 2.15 8.58 ± 2.09 0.317 0.752

Sex (male/female) 33/25 30/20 0.106 0.744

Body mass (kg) 23.20 ± 4.90 23.05 ± 4.77 0.161 0.873

Disease course (d) 2.97 ± 1.01 2.72 ± 0.90 1.348 0.180

ASA classification (I/II) 43/15 40/10 0.519 0.471

Table 2 Incidence rate of adverse events, n (%)

Factors Research group (n = 58) Control group (n = 50) χ2 P value

Respiratory depression 0 (0.00) 1 (2.00)

Hypoxemia 0 (0.00) 2 (4.00)

Bradycardia 2 (3.45) 2 (4.00)

Nausea and vomiting 1 (1.72) 4 (8.00)

Hypotension 1 (1.72) 4 (8.00)

Total 4 (6.90) 13 (26.00) 7.388 0.007

Table 3 Intraoperative responses

Factors Research group (n = 58) Control group (n = 50) χ2/t value P value

Head shaking, n (%) 2 (3.45) 7 (14.00) 3.914 0.048

Limb activity, n (%) 1 (1.72) 6 (12.00) 4.678 0.031

Orientation recovery time (min) 10.21 ± 2.11 14.88 ± 3.37 8.753 < 0.001

Safe departure time from the operating room (min) 32.40 ± 4.02 41.36 ± 5.38 9.883 < 0.001

Figure 1 Comparison of anesthetic effects between the research and control groups. A: The time to loss of eyelash reflex was significantly shorter in 
the research group (RG) than in the control group (CG); B: The RG had markedly shorter pain resolution time than the CG; C: The RG showed less recovery time 
from anesthesia than the CG. aP < 0.01; bP < 0.05.

and HR and higher intraoperative RR than the CG (P < 0.05; Figure 2).

Postoperative sedation scores and pain levels
The Ramsay and FLACC scores were measured at 5, 30, and 60 min after extubation to evaluate the effects of the two 
anesthetic regimens on postoperative sedation and pain levels in children undergoing AA surgery. The two groups 
exhibited similar scores for the two scales at 5 min after extubation (P > 0.05). After extubation, the Ramsay scores of the 
two groups gradually decreased over time, whereas the FLACC scores gradually increased. The Ramsay score was lower 
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Figure 2 Comparison of hemodynamic parameters between the research and control groups. A: Changes in oxygen saturation before, during, and 
after surgery in the research group (RG); B: Changes in mean arterial pressure before, during, and after surgery in the RG; C: Changes in heart rate before, during, 
and after surgery in the RG; D: Changes in respiratory rate before, during, and after surgery in the RG. aP < 0.05 vs control group; bP < 0.05 vs before surgery; cP < 
0.01 vs before surgery. SPO2: Oxygen saturation; MAP: Mean arterial pressure; HR: Heart rate; RR: Respiratory rate.

in the RG than in the CG at 30 min after extubation (P < 0.05), but the post-extubation FLACC scores were similar (P > 
0.05). At 60 min after extubation, the two groups showed similar Ramsay scores (P > 0.05), but the RG showed a lower 
FLACC score than the CG (P < 0.05; Figure 3).

DISCUSSION
AA is a common abdominal surgical emergency in pediatrics and may be associated with the interaction of many factors, 
such as heredity, environment, eating habits, bacterial infection, and secondary inflammatory reaction[14,15]. 
Appropriate anesthesia selection must be ensured to prevent complications associated with surgery for pediatric AA[16].

Many studies have analyzed anesthesia selection for pediatric AA surgery and have provided many useful references 
and insights for the optimization of anesthesia management. For example, Kaszyński et al[17] pointed out that 
intravenous lidocaine can effectively relieve pain while reducing opioid use in children undergoing laparoscopic 
appendectomy. Ergün et al[18] reported that intraperitoneal injection of bupivacaine in children undergoing laparoscopic 
appendectomy can effectively reduce postoperative shoulder pain and postoperative analgesia demand. Elnabtity et al[19] 
found that the addition of dexmedetomidine and intraperitoneal bupivacaine in children undergoing laparoscopic 
appendectomy can further promote the postoperative analgesic effect, prolong the first rescue analgesia time, reduce the 
rescue analgesia dose, shorten the hospitalization time, and improve parental satisfaction. The present study compar-
atively analyzed the clinical advantages of ATR + REMI vs REMI alone in pediatric AA surgery. The results showed that 
the RG had evidently shorter time to loss of eyelash reflex, pain resolution, and recovery from anesthesia than the CG, 
suggesting that ATR + REMI can establish a good anesthetic effect in pediatric AA surgery. The major AEs observed after 
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Figure 3 Postoperative sedation and pain scores of the research and control groups. A: Ramsay scores at 5, 30, and 60 min after extubation; B: 
Face, Legs, Activity, Cry, Consolability Behavioral Scale FLAC scores at 5, 30, and 60 min after extubation. aP < 0.05 vs control group; bP < 0.05 vs before surgery; 
cP < 0.01 vs before surgery.

AA surgery in children were respiratory depression, hypoxemia, bradycardia, nausea and vomiting, and hypotension, 
similar to the results reported by Kaszyński et al[20]. RG had a lower overall incidence of AEs than CG, indicating the 
increased benefit conferred by ATR + REMI, thereby preventing postoperative AEs in pediatric patients undergoing 
surgery for AA. Furthermore, ATR helps prevent bradycardia events during routine anesthesia in critically ill children 
and is also effective in mitigating bradycardia and hypotension in critically ill patients with fingolimod overdose[21,22]. 
This may be related to the ability of ATR to prophylactically ameliorate cardiac output reduction and alleviate 
vasodilation responses[23,24].

The incidence of head shaking and limb activity was markedly lower in the RG than in the CG, and the orientation 
recovery time and safe departure time from the operating room were significantly shorter. A meta-analysis by Shi et al[25] 
showed that ATR for pediatric sedation reduced saliva secretion in children and was comparable to ketamine in reducing 
agitation symptoms. The present results confirm that the use of ATR + REMI for anesthetic intervention in pediatric AA 
surgery can significantly alleviate intraoperative responses. In the RG, the hemodynamic evaluation showed that the 
SPO2 showed no significant changes before, during, or after surgery, whereas the intraoperative MAP, HR, and RR 
increased significantly but recovered to preoperative levels postoperatively. In the CG, the intraoperative SPO2, MAP, 
HR, and RR all decreased significantly, with only SPO2 and RR returning to preoperative levels postoperatively. Thus, 
ATR + REMI has a lesser effect on hemodynamics than REMI. In addition, the Ramsay score of the RG was significantly 
lower than that of the CG at 30 min after extubation, whereas the FLACC score was significantly lower at 60 min after 
extubation, indicating that ATR + REMI provides better sedation and pain relief than REMI alone. This benefit may be 
attributed to the ability of ATR to inhibit parasympathetic nerves, relieve smooth muscle spasms, inhibit glandular 
secretions, and reduce respiratory secretions[26,27].

This study has some limitations. First, the single-center study design and relatively small sample size may have 
reduced the universality of the study results. Second, the factors affecting the safety of pediatric patients with AA 
undergoing surgery were not analyzed. A safety evaluation is required to avoid related AEs and optimize surgical 
management in a more targeted manner. Finally, the underlying anesthetic mechanisms of ATR and REMI were not 
evaluated. This assessment is needed to further deepen our understanding of the efficacy of these two anesthetics. A 
more in-depth analysis should be conducted in the future based on the above points to confirm and even improve on the 
current findings.

CONCLUSION
Taken together, ATR + REMI is superior to REMI in pediatric AA surgery. It contributes to shorter time to loss of eyelash 
reflex, pain resolution and recovery from anesthesia, lower risk of postoperative AEs, milder intraoperative responses, 
and less impact on hemodynamics, with better sedative and analgesic effects, which deserves clinical popularization.
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