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Abstract
Objective: To observe the efficacy and safety of magnesium sulfate for emergence
agitation during the recovery period of general anesthesia in patients undergo-
ing radical esophagectomy. Methods: A randomized, double-blind, controlled
design was adopted. Patients scheduled for elective radical esophagectomy un-
der general anesthesia from October 2015 to March 2016 were randomly divided
into a magnesium sulfate group (experimental group) and a normal saline group
(control group). All patients received total intravenous anesthesia. After induc-
tion, the magnesium sulfate group received a continuous infusion of magnesium
sulfate at 0.1 mL/(kg・h) (2.5 g magnesium sulfate added to 50 mL normal
saline, infusion rate 5 mg/(kg・h)), while the control group received an equiv-
alent infusion of normal saline at the same rate until the end of surgery. The
following parameters were recorded: patient agitation, pain, muscle tension
scores, extubation time, post-anesthesia care unit (PACU) stay time, postop-
erative adverse reactions, and postoperative Mg²�, Ca²�, and K� concentrations.
Statistical analysis was performed using SPSS 17.0 software. Results: A total of
108 patients were enrolled, including 57 in the magnesium sulfate group and 51
in the control group. The magnesium sulfate group demonstrated significantly
lower agitation, pain, and muscle tension scores in the PACU compared to the
control group, while extubation time after drug discontinuation was significantly
prolonged (P<0.05). Preoperative Ca²� concentrations were significantly higher
than postoperative levels in both groups, and preoperative Mg²� concentrations
in the control group were significantly higher than postoperative values; postop-
erative Mg²� concentrations in the magnesium sulfate group were significantly
higher than those in the control group postoperatively (P<0.05). No signifi-
cant difference in Mg²� concentrations was observed between preoperative and
postoperative values within the magnesium sulfate group (P>0.05). No statis-
tically significant differences were found between the two groups in PACU stay
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time, immediate emergence agitation score upon PACU admission, or preopera-
tive and postoperative K� concentrations (P>0.05). Conclusion: Intraoperative
infusion of magnesium sulfate at 5 mg/(kg・h) during radical esophagectomy sig-
nificantly reduces the incidence of emergence agitation without causing delayed
muscle strength recovery, electrolyte disturbances, or other complications.

Full Text
Preamble
Effect of Magnesium Sulphate Infusion on Emergence Agitation in
Patients Undergoing Esophageal Carcinoma Surgery with General
Anesthesia: A Randomized, Double-Blind, Controlled Trial

XIE Min¹, LI Xiangkui¹, CHEN Jie²
¹Department of Anesthesiology, ²Central Laboratory, Sichuan Academy of Med-
ical Sciences/Sichuan Provincial People’s Hospital, Chengdu 610072, China

Abstract
Objective: To evaluate the safety and effectiveness of magnesium sulphate for
reducing the incidence of emergence agitation in patients undergoing surgery
for esophageal carcinoma with general anesthesia.

Methods: This randomized, double-blind, controlled clinical trial was con-
ducted in patients undergoing elective radical resection of esophageal carcinoma
at Sichuan Provincial People’s Hospital between October 2015 and March 2016.
All patients underwent surgery under total intravenous anesthesia. After anes-
thesia induction, patients were infused with magnesium sulphate at a rate of 0.1
mL/(kg・h) (2.5 g magnesium sulphate in 50 mL saline, pumped at 5 mg/(kg・h))
or saline (control group) at the same speed until the end of surgery. The Riker’
s sedation-agitation scale, pain score, muscle tension score, extubation time, res-
idence time in the postanesthesia care unit (PACU), and adverse reactions were
recorded.

Results: A total of 108 patients were enrolled, including 57 in the magnesium
sulphate group and 51 in the control group. The Riker’s sedation-agitation
scale in the PACU, pain score, and muscle tension score were all significantly
lower in the magnesium sulphate group compared to the control group, but
the extubation time was significantly longer (P<0.05). In all patients, blood
Ca²� level was reduced significantly after the operation; blood Mg²� level was
significantly lowered postoperatively in the control group, and the postoperative
Mg²� level was significantly higher in the magnesium sulphate group than in the
control group (P<0.05). Mg²� level underwent no significant variations in the
magnesium sulphate group after the operation (P>0.05). The residence time in
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the PACU, postoperative Riker’s sedation-agitation scale score, and blood K�
level were all similar between the two groups (P>0.05).

Conclusion: Infusion of magnesium sulphate at 5 mg/(kg・h) can significantly
reduce the incidence of emergence agitation in patients undergoing esophageal
carcinoma surgery under general anesthesia without causing complications such
as muscle recovery delay or electrolyte disorder.

Key words: magnesium sulphate; general anesthesia; emergence agitation;
esophageal carcinoma; electrolyte

Introduction
Emergence agitation (EA) is an inappropriate behavior during the recovery
period, characterized by excitement, restlessness, and consciousness disturbance
[1]. In severe cases, EA can significantly compromise surgical outcomes and lead
to respiratory and circulatory instability, causing substantial interference for
medical staff. Currently, drugs used to alleviate EA are primarily sedatives and
analgesics, such as dexmedetomidine, sufentanil, and parecoxib sodium [2-3].
Magnesium sulphate, commonly used for anticonvulsant purposes, has recently
been found to possess adjunctive analgesic effects and to improve postoperative
neurological function. Some scholars have applied magnesium sulphate for EA
in children and found that it significantly reduces the incidence of agitation
without obvious side effects [4]. However, there are no literature reports on
the use of magnesium sulphate for EA in adults, and whether its use causes
delayed muscle recovery, electrolyte disturbances, or other side effects requires
further experimental investigation [5-6]. This study aims to explore the effect
of magnesium sulphate on EA in patients undergoing thoracotomy.

1. Materials and Methods
1.1 Study Subjects

This study enrolled patients undergoing radical esophagectomy in the general
thoracic surgery department of Sichuan Provincial People’s Hospital between
October 2015 and March 2016. The trial was approved by the Ethics Committee
of Sichuan Academy of Medical Sciences//Sichuan Provincial People’s Hospital,
and all patients provided informed consent before enrollment.

Inclusion criteria: Patients admitted for radical esophagectomy, ASA grade
I-II, BMI 18-30.

Exclusion criteria: Cardiovascular or cerebrovascular disease; abnormal men-
tal behavior; use of opioids, sedatives, or anticonvulsants within 3 months; ab-
normal renal function (BUN>7.5 mmol/L; Scr>110 �mol/L); abnormal liver
function; myocardial damage, cardiac conduction block, or QT prolongation;
abnormal preoperative magnesium, calcium, or potassium concentrations; use of
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antibiotics including polymyxin B sulphate, streptomycin sulphate, calcium glu-
conate, dobutamine hydrochloride, procaine hydrochloride, tetracycline, peni-
cillin, and nafcillin; refusal to sign informed consent.

Elimination criteria: Patients incorrectly enrolled who did not meet inclusion
criteria; persistent intraoperative hypotension or hemorrhagic shock; intraoper-
ative urine output <25-30 mL/h; surgery duration >10 h; total magnesium
sulphate infusion >10 g.

1.2 Experimental Design

A randomized, double-blind, controlled trial design was employed. Random
sequences were computer-generated and stored in sequentially numbered sealed
envelopes. According to the order of enrollment, patients sequentially drew
random numbers from the envelopes to determine group allocation. Sample size
calculation using Ssize software determined that at least 46 patients per group
were required.

1.3 Intervention Measures

All patients received total intravenous anesthesia without preoperative med-
ication. Lidocaine cream was used to lubricate the urinary catheter to re-
duce postoperative irritation and restlessness. Anesthesia was induced with
sufentanil 0.4 �g/kg (sufentanil citrate injection, Yichang Renfu Pharmaceuti-
cal, batch 1150308 A1), midazolam 0.04 mg/kg (midazolam injection, Jiangsu
Enhua Pharmaceutical, batch 20150208), propofol 1-1.5 mg/kg (propofol injec-
tion, AstraZeneca, batch MF165), and cisatracurium 0.2 mg/kg (cisatracurium
besylate for injection, Shanghai Pharmaceutical Dongying, batch A11150801).
After induction, a double-lumen endotracheal tube was inserted and mechanical
ventilation was initiated (parameters: tidal volume 8-10 mL/kg, respiratory rate
12-14 breaths/min, I:E ratio = 1:2). Anesthesia was maintained with continuous
intravenous infusion of remifentanil 0.1-0.2 �g/(kg・min) (remifentanil hydrochlo-
ride for injection, Yichang Renfu Pharmaceutical, batch 6150209), propofol 4-10
mg/(kg・h), and intermittent intravenous injection of cisatracurium as needed.
After induction, the magnesium sulphate group received magnesium sulphate
2.5 g diluted in 50 mL (magnesium sulphate injection, Sinopharm Rongsheng
Pharmaceutical, batch 1503305-D42), while the control group received 50 mL
saline, both infused at 0.1 mL/(kg・h) [7-9] until the end of surgery. Intraoper-
ative blood pressure was maintained within 20% of baseline, and cerebral state
index (CSI) was maintained at 40-60. Before the end of surgery, 5-10 �g sufen-
tanil was administered and a patient-controlled analgesia pump was connected
(sufentanil 2 �g/kg, tropisetron hydrochloride 5 mg (tropisetron hydrochloride
injection, Southwest Pharmaceutical, batch 140707 215) in 100 mL total vol-
ume).
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1.4 Observation Indicators

After enrollment, patient demographics including sex, age, weight, and height
were collected to calculate body mass index (BMI) and ASA score. Preoper-
ative venous blood samples were sent for biochemical and electrolyte analysis.
During surgery, ECG, SpO�, HR, ETCO�, BP, cerebral state index (CSI), body
temperature, and arterial blood gas analysis were monitored. Anesthesia du-
ration, surgery duration, and extubation time were recorded. Upon arrival in
the postanesthesia care unit (PACU), nurses assessed patients using the Riker
sedation-agitation scale (SAS). At discharge from PACU, postoperative pain
was evaluated using the Prince-Henry pain scale for thoracoabdominal surgery
(which assesses pain during coughing, deep breathing, and rest states, particu-
larly relevant for thoracic surgery where intercostal incisions affect respiration
but postoperative coughing is required to promote respiratory recovery). Muscle
tension was also scored.

Prince-Henry scoring: 0 = no pain with coughing; 1 = pain only with cough-
ing; 2 = no pain at rest but pain with deep breathing; 3 = mild pain at rest
that is tolerable; 4 = severe pain at rest that is intolerable.

Muscle tension was assessed using the Ashworth scale: Grade 0 =
normal muscle tone; Grade 1 = slight increase in muscle tone with minimal
resistance at the end of range of motion or sudden catch/release; Grade 2 =
more marked increase in muscle tone through most of range of motion but limb
can still be moved relatively easily; Grade 3 = severe increase in muscle tone
with difficult passive movement; Grade 4 = rigidity with inability to move the
limb during passive flexion/extension. Within 48 hours after surgery, venous
blood samples were sent for biochemical analysis and electrolyte measurement
(Mg²�, Ca²�, K�).

1.5 Statistical Analysis

SPSS 17.0 software was used for statistical analysis. Measurement data were
expressed as mean ± standard deviation. Within-group comparisons used one-
way ANOVA, while between-group comparisons used t-tests. Count data were
analyzed using �² tests, and various scores were analyzed using rank-sum tests.
P<0.05 was considered statistically significant.

A total of 111 patients diagnosed with esophageal carcinoma requiring thora-
cotomy for radical esophagectomy were initially enrolled. One patient in each
group was eliminated due to hemorrhagic shock during surgery, and one patient
in the magnesium sulphate group was eliminated because surgery duration ex-
ceeded 10 hours. Ultimately, 108 patients were included in the analysis.
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2. Results
2.1 Comparison of Baseline Characteristics

There were no statistically significant differences between groups in sex, age,
weight, ASA grade, BMI, or surgery duration, indicating comparable baseline
characteristics (Table 1 ).

2.2 Comparison of Postoperative Extubation Time, PACU Stay,
Emergence Agitation Scores, and Pain Scores

Extubation was performed when patients had recovered spontaneous breathing
with stable circulation, normal tidal volume, minute ventilation, and pulse oxy-
gen saturation, normal cough and swallowing reflexes, responsive to calling with
eye opening, and able to follow commands. The time from PACU admission to
tracheal extubation was recorded as extubation time. There were no statisti-
cally significant differences between groups in PACU residence time or immedi-
ate postoperative agitation scores upon PACU admission (P>0.05). However,
agitation scores, pain scores, and muscle tension scores at PACU discharge were
significantly lower in the magnesium sulphate group (P<0.05), while extubation
time was significantly longer in the magnesium sulphate group (P<0.05, Table
2 ).

2.3 Comparison of Postoperative Adverse Reactions

The incidence of adverse reactions in the PACU is shown in Table 3 . No severe
adverse reactions were observed in either group.

2.4 Changes in Mg²�, Ca²�, and K� Concentrations

Preoperative Ca²� concentrations were significantly higher than postoperative
values in both groups. Preoperative Mg²� concentrations were significantly
higher than postoperative values in the control group, while postoperative Mg²�
concentrations were significantly higher in the magnesium sulphate group com-
pared to the control group (P<0.05). There was no significant difference be-
tween preoperative and postoperative Mg²� concentrations within the magne-
sium sulphate group. K� concentrations showed no significant differences pre-
and postoperatively between groups (P>0.05, Table 4 ).

3. Discussion
Current clinical factors considered to contribute to EA include: (1) Patient-
related factors: preoperative anxiety, history of alcohol or opioid addiction; EA
is more common in children, young adults, and males, with an incidence of
5.3% in adults and approximately 12-13% in children; patients carrying the
ApoE�4 gene are more susceptible [10]. (2) Surgery-related factors: thoracic and
ENT surgeries, prolonged procedures, and noxious stimuli such as postoperative
pain and indwelling catheters. (3) Anesthesia-related factors: anesthetic agents
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such as sevoflurane, postoperative awakening drugs like doxapram, as well as
suctioning, tracheal tube stimulation, and carbon dioxide retention may also
cause emergence agitation.

Some scholars propose that the physiological mechanism of EA involves anes-
thetic drugs inhibiting the central nervous system, leading to imbalance of neu-
rotransmitters (serotonin, dopamine, acetylcholine, etc.) [11], resulting in pa-
tients whose sensations have recovered but consciousness has not, manifesting
as unconscious behavioral disturbances.

Thoracic surgery patients have a high incidence of EA, possibly due to extensive
surgical fields, multiple intercostal muscle fiber transections, prolonged special
positioning, postoperative closed thoracic drainage tubes stimulating intercostal
nerves, and incomplete postoperative analgesia.

The results of this study demonstrate that patients receiving magnesium sul-
phate infusion had significantly reduced agitation scores in the PACU. Magne-
sium ion serves as a cofactor for over 300 enzymatic activities in metabolism
[12-13], maintaining nucleic acid structural stability and participating in various
physiological processes including protein and nucleic acid synthesis and muscle
contraction. Mg²� can also reduce the release of acetylcholine and calcium from
presynaptic membranes. Therefore, magnesium sulphate may reduce EA in-
cidence by decreasing acetylcholine release, thereby maintaining M-cholinergic
receptor excitation, which is crucial for maintaining normal human conscious-
ness [14]. Magnesium sulphate may maintain this balance and consequently
reduce EA occurrence.

Mg²� is also a non-anesthetic N-methyl-D-aspartate (NMDA) receptor antago-
nist. Wu et al. [15] demonstrated that NMDA receptor antagonists can reduce
postoperative pain intensity and improve patient satisfaction, consistent with
our experimental results.

Additionally, this study found that electrolytes Mg²�, Ca²�, and K�, which partic-
ipate in numerous intracellular physiological reactions, showed different changes
during thoracic surgery. Although pre- and postoperative changes in Mg²�, Ca²�,
and K� concentrations remained within normal ranges in both groups, Mg²� con-
centrations showed no statistically significant difference between pre- and post-
operative values in the magnesium sulphate group, whereas the control group
showed significantly decreased Mg²� concentrations. Postoperative pain scores
were also significantly lower in the magnesium sulphate group, suggesting a po-
tential analgesic effect of Mg²�, consistent with findings from Gupta et al. [16-19].
Therefore, maintaining stable Mg²� concentrations before and after surgery may
not only reduce emergence agitation but also decrease postoperative pain.

We also observed that PACU residence time was not prolonged in the magne-
sium sulphate group, but extubation time was extended. This may be because
patients in the magnesium sulphate group remained quiet, cooperative, and
tolerant of the tracheal tube in the PACU, leading nursing staff to delay extuba-
tion [20-21]. Postoperative Ca²� concentrations decreased significantly in both
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groups; the cause of this Ca²� reduction requires further investigation, but it
is clear that although magnesium sulphate is a calcium channel blocker, Ca²�
concentrations were not affected by the 5 mg/(kg・h) magnesium sulphate infu-
sion. K� concentrations showed no significant changes pre- and postoperatively
and were not influenced by this infusion rate of magnesium sulphate or surgi-
cal/anesthetic factors.

Regarding postoperative adverse reactions, the magnesium sulphate group
showed significantly reduced muscle rigidity and lower incidence of hypertension
[22-23], possibly due to magnesium sulphate directly dilating peripheral vascu-
lar smooth muscle, causing vasodilation and blood pressure reduction [24-25].
Additionally, Mg²� directly reduces blood catecholamine concentrations, which
may also contribute to reduced blood pressure elevation [26].

In conclusion, infusion of magnesium sulphate at 5 mg/(kg・h) during thoracic
esophagectomy can significantly reduce the incidence of emergence agitation
without causing delayed muscle recovery or electrolyte disturbances. However,
whether postoperative pain relief is sustained requires further investigation.
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