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Objective: Postoperative delirium is common after general anesthesia in older patients. However, there are currently no effective
preventive measures. This study investigated the effect of repeated intranasal administration of different insulin doses before surgery
on postoperative delirium in older patients with esophageal cancer, and the possible mechanism for its efficacy.

Methods: In this randomized, placebo-controlled, double-blind, parallel-group study, 90 older patients were randomly assigned to
either a Control (normal saline), Insulin 1 (20 U/0.5 mL intranasal insulin), or Insulin 2 (30 U/0.75 mL intranasal insulin) group.
Delirium was assessed on postoperative days 1 (T2), 2 (T3), and 3 (T4) using the Confusion Assessment Method for the Intensive Care
Unit. Serum t and A protein levels were measured at TO (before insulin/saline administration), T1 (end of surgery), T2, T3 and T4.
Results: The Insulin 2 group had a significantly lower prevalence of delirium compared to the Control and Insulin 1 groups three days
after surgery. Compared to baseline, T and AP protein levels increased significantly at T1-T4. Compared to the Control group, the
Insulin 1 and 2 groups had significantly lower T and AP protein levels at T1-T4, and the Insulin 2 group had significantly lower levels
than the Insulin 1 group at T1-T2.

Conclusion: The administration of 30 U of intranasal insulin twice daily, from 2 days preoperatively until 10 minutes preanesthesia
on the day of surgery, can significantly reduce postoperative delirium in older patients undergoing radical esophagectomy. It can also
decrease postoperative T and AP protein expression without causing hypoglycemia.

Clinical Trial Registration: This study was registered at the Chinese Clinical Trial Registry (www.chictr.org.cn, with the unique
identifier: ChiCTR2100054245; December 11, 2021).
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Introduction

Postoperative delirium (POD) is a common postoperative complication in older patients undergoing surgery, and its
prevalence can reach 50% after esophageal cancer surgery.' Its main manifestations are disordered thinking, disorienta-
tion, inattention, day and night reversal, and altered consciousness. POD can lead to increased postoperative complica-
tions and perioperative mortality.> Currently, the pathogenesis of POD is unclear and there is no safe and effective
method for its prevention and treatment. Intranasal insulin administration is an important treatment for the cognitive
impairment associated with abnormal brain energy metabolism, and has received extensive attention recently.”>”
Following its intranasal administration, insulin can quickly reach the central cerebrospinal fluid through the cerebral
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ventricular system around the olfactory nerve in the nasal cavity. This method allows insulin to bypass the blood—brain
barrier, leading to higher levels in the brain. Thus, intranasal administration can effectively prevent the adverse effects of
peripheral administration, such as hypoglycemia.® Shpakov et al’ showed that insulin has a unique effect after binding to
different insulin receptors in the brain, and could be used for treatment of cerebral ischemia, traumatic brain injuries, and
postoperative delirium (after anesthesia), as well as diabetes mellitus and its complications such as dysfunctions in the
gonadal and thyroid axes.

Our previous study indicated that repeated administration of intranasal insulin could reduce the prevalence of POD
and tumor necrosis factor-a, interleukin-1B, and interleukin-6 levels in elderly patients after laparoscopic radical
gastrointestinal tumor resection.® Meanwhile, existing studies suggest that total T protein and A protein may be potential
biomarkers for postoperative delirium.’'® However, there are no studies on the effect of repeated intranasal administra-
tion of different insulin doses on POD. This study investigated the effect of repeated intranasal administration of different
insulin doses on POD, serum t protein, and serum Af protein in older patients undergoing a radical esophagectomy. We
proposed the hypothesis that repeated intranasal administration of different insulin doses can reduce postoperative
delirium in older patients and decrease postoperative T and AP protein expression. Present trial was performed to verify
this hypothesis.

Patients and Methods

Study Population

This study was approved by the ethics committee of the General Hospital of Western Theater Command (Ethics
Approval No. 2019ky64) before beginning and was conducted in accordance with the principles in the Helsinki
Declaration, the chairperson of the ethics committee, Haiwei Yang. The date of approval by the ethics committee was
July 30, 2019. Written informed consent was obtained from all participants. The study was registered with the Chinese
Clinical Trial Registry, at www.chictr.org.cn with the unique identifier, ChiCTR2100054245 on December 11, 2021. The
study was conducted and reported using CONSORT reporting guidelines (Supplementary CONSORT 2010)."" On this
prospective, double-blind, single-center, randomized, parallel-group study we enrolled 90 patients (age >65 years,

American Society of Anesthesiologists (ASA) physical status I to III, body mass index (BMI) <28 kg/m?) who were
undergoing radical resection for esophageal cancer with a combined thoracoscopy and laparoscopy under general
anesthesia between January 2022 and May 2022 at the General Hospital of Western Theater Command. The primary
exclusion criteria were, (1) contraindications to the nasal administration of therapeutics (such as nasal defects or lesions)
(2) history of hypertension or diabetes (3) history of insulin allergy (4) history of alcoholism (5) inability to communicate
preoperatively (eg, coma, severe dementia, speech impairment, or severe visual or hearing impairments) (6) low
preoperative Mini-Mental Status Examination score pre-elementary school <17 points, elementary school <20 points,
and middle school (including technical secondary) <24 points (7) severe heart, liver, or kidney disease and (8) history of
neurological or psychiatric disease. Primary withdrawal criteria included (1) insulin use via a non-nasal route during the
trial (2) operation time of <3 hours or >6 hours (3) reoperation within 3 days after the initial operation (4) unpredicted
adverse events (eg, drug allergies, anesthesia-related adverse events, or surgical accidents), and (5) loss to follow-up
(patient discharge within 3 days postoperatively).

Sample Size Calculation and Randomization
A literature review found that the prevalence of POD was up to 50% in older patients undergoing radical resection for
esophageal cancer.' After the intranasal administration of 20 U insulin,® the prevalence of POD was 13.5%. In the pre-
experiment, there was a 10% prevalence of POD after intranasal 30 U insulin administration. We set 0=0.05 (two-tailed),
1-$=0.9, effect size (W) =0.4206, and we used Power Analysis and Sample Size (PASS), version 11.0 (NCSS Statistical
Software, Kaysville, UT, USA) to calculate the sample size of 74. We have used a sample size of 90 cases to account for
a loss to follow-up rate of 20%.

Participants were randomly classified into the Control, Insulin 1, and Insulin 2 groups in a 1:1:1 ratio (30 patients in
each group). Ninety sealed envelopes with test solutions (normal saline, 20 U/0.5 mL of insulin and 30 U/0.75 mL of
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insulin; 30 each) were prepared. We used SPSS version 25.0 (IBM Corp., Armonk, NY, USA) to generate a random
number list to number the sealed envelopes. The envelopes were arranged in ascending order by a researcher who did not
participate in the trial. When a patient was enrolled in the study, the researcher opened the envelope and prepared the
specified dosage on the nasal mucosal atomization device with a syringe (Wuxi Nice Life Technology Co., Ltd., Jiangsu,
China), wrote the random number in the patient’s file and discarded the envelope. Anesthesiologists, patients, and
surgeons were blinded to the assignment of the patient groups. Jiangsu Wanbang Biochemical Pharmaceutical Co. Ltd.
(Jiangsu, China) supplied rapid-acting insulin (10 mL: 400 U).

Administration Method

Patients in the Control, Insulin 1, and Insulin 2 groups received 0.5 mL of intranasal saline, 20 U (0.5 mL) insulin, and 30
U (0.75 mL) insulin, respectively, using the nasal mucosal atomization device with a syringe starting 2 days preopera-
tively, twice daily at 0900 and 1900 hours. The final dose was administered 10 minutes before induction of anesthesia on
the operative day, for five administrations. Detailed operation of nasal administration: put the patient in the supine
position, tilt the head back, clean the nasal secretions with a cotton swab, and then drop the solvent that has been
configured in the nasal mucosal physicochemical device into the nose. Alternatively administered on both sides of the
nasal passage. Gently pinch the nose to make sufficient contact with the nasal mucosa and reduce the entry into the
throat. The patients were instructed to restore his position after 5-10 minutes. This procedure was performed by
a researcher who was not involved in the postoperative evaluation.

Anesthetic Management

Patients received an ECG, oxygen saturation, bispectral index (BIS), and invasive blood pressure monitoring. They also
had oxygen therapy and were cannulated with a central venous pressure infusion device (CVP) and an arterial blood gas-
sampling device (ABG) under local anesthesia. Etomidate (0.3 mg/kg), sufentanil (0.4 pg/kg), and atracurium (0.2 mg/
kg) were used to induce general anesthesia. Following muscle relaxation, tracheal intubation was performed under
laryngoscopic guidance, and mechanical ventilation was performed. Intraoperatively, the tidal volume was maintained at
8-10 mL / kg, the respiratory rate at 12 times / min, the inspiratory ratio at 1: 1 and the end tidal CO2 at 35-45 mmHg.
Remifentanil and propofol were continuously infused at 0.2 to 0.4 ug / kg / min and 4 to 8 mg / kg / h, respectively, and
sevoflurane was inhaled to maintain a BIS value of 40 to 60. Sevoflurane, propofol, and remifentanil were stopped 5
minutes before the end of surgery. Intraoperative vasoactive drugs were administered to stabilize blood pressure and heart
rate if necessary. A heating blanket was applied to keep the body warm and the body temperature was monitored. All
patients received postoperative analgesia. During the first 48 hours after surgery, they received 100 mL of normal saline
solution containing butorphanol (5 mg), tropisetron (10 mg), and sufentanil (100 ug) via patient-controlled intravenous
analgesia at an infusion rate of 2 mL / h and a lockout time of 15 min with doses of 0.5 mL of bolus.

Data Collection

The demographics and medical histories of the patients were recorded, including age, sex, BMI, MMSE score, operation
time, ASA classification, hemoglobin concentration, total intraoperative infusion, blood transfusion volume, blood loss
and the numerical rating scale (NRS) score during the first 3 postoperative days.

Primary Endpoint

The patients were followed twice daily from 0800 to 1000 and 1800 to 2000 hours during the first 3 days after surgery, days
using the Confusion Assessment Method for the intensive care unit (CAM-ICU) by an investigator (Jingzheng ZENG), who
was not involved in anaesthesia and perioperative care, and was not allowed to exchange patients’information with
anaesthesiologists who take care of patients in the operating room. The feasibility of the Chinese version of CAM-ICU has
been established in studies reported by our group and others.®'> The CAM-ICU was carried out in two steps.'*'* Patient
sedation/agitation levels were first evaluated using the Richmond Agitation Sedation Scale (RASS).' If the patient was not
responsive to verbal stimuli (ie, RASS score < —4), we stopped assessing delirium and the patient was considered comatose.
When the RASS score was > —3, a delirium assessment was performed using CAM-ICU. Diagnostic criteria for a positive
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outcome in the CAM ICU included: (1) acute delirium attack and fluctuating disease status; (2) inattention; (3) disorganized
thinking; and (4) change in consciousness.'® Delirium was diagnosed when the patient showed the first and second features,
plus the third or fourth feature. POD was defined as a positive CAM-ICU in the first 3 days after the operation.

Secondary Endpoints

Biochemical Tests

Venous blood (3 mL) was collected in procoagulant tubes at five time points, before insulin/saline administration (T0), at the end
of surgery (T1), and on postoperative days 1, 2, and 3 (T2, T3, and T4, respectively). After centrifugation at 3000 xg for 15
minutes, the supernatant was removed, placed in a cryopreservation tube, and stored in a freezer at —80 °C until further assay.
Enzyme-linked immunosorbent assay kits determined the t protein and A protein concentrations according to the manufacturer’s
instructions (Thermo Fisher, United States). The trained research personnel performing the assays were blinded to group
assignment.

Adverse Events

The main predicted adverse event related to using insulin was hypoglycemia. Hypoglycemia was defined as a blood glucose
concentration <2.77 mmol/L."” A continuous glucose monitoring system (Shenzhen Silicon-based Sensing Technology Co.,
Ltd., Shenzhen, China) was used to dynamically track the patient’s blood glucose levels during the trial. Serum insulin
concentration at TO and T1 was determined using enzyme-linked immunosorbent assay kits according to the manufacturer’s
instructions (Thermo Fisher, United States). A total nasal symptom score (TNSS) was performed by an investigator (Lu LIN),
who was blinded to the group assignment after dosing, which included assessing nasal congestion, runny nose, nasal itching,
and sneezing. Each symptom was scored on a four-point scale: 0=no symptoms, 1=mild symptoms, 2 = moderate symptoms
and 3=severe symptoms for a total score of 12 points. The higher the score, the more severe the nasal irritation symptoms.'®

Statistical Analysis

The collected data were entered into EpiData version 3.1 (The EpiData Association, Odense, Denmark), exported to
Microsoft Excel 2016 (Redmond, WA, USA), and analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).
Outcome analyzes were based on intent-to-treat; that is, all patients were analyzed in the group to which they were
randomized.'®?° Continuous data were first tested using the Shapiro-Wilk test to verify a normal distribution.
Continuous data with normal distributions are expressed as mean + SD. A one-way analysis of variance was used to
analyze the data, and the Tukey’s test was applied to post hoc pairwise comparisons. P<0.05 was considered statistically
significant. Continuous data with nonnormal distributions are expressed as median (interquartile range) and were
analyzed with the Kruskal-Wallis test. If the results were statistically significant, comparisons between groups were
made using the Mann—Whitney U-test. Categorical variables are expressed as frequencies or percentages and analyzed
with the Pearson chi-square or Fisher exact test. Repeated-measures analysis of variance was used to compare T protein
and AP protein levels between groups at each time point. If the results were statistically significant, comparisons between
groups were made using the Mann—Whitney U-test. The Bonferroni method was used to control for type I error for
multiple comparisons between the Control, Insulin 1, and Insulin 2 groups.

Quality Control
Data were monitored by the Quality Control Division of the Clinical Research Ethics Committee of the General Hospital
of the Western Theater Command.

Results

Patient Inclusion

There were 90 patients were included in the final intention-to-treat analysis (Figure 1). The three groups had similar
demographic characteristics. There were no significant differences in age, sex, BMI, MMSE score, operation time, ASA
classification, hemoglobin concentration, total intraoperative infusion, blood transfusion volume, blood loss and NRS
score during the first 3 postoperative days (Table 1).
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Figure | Flow diagram of the study.

RASS Scores and the Prevalence of POD

None of the patients was comatose (as measured by the RASS) throughout the trial. Compared to the Control group, the
Insulin 1 (63.3% vs 30%, P=0.019) and Insulin 2 (63.3% vs 3.3%, P<0.001) groups demonstrated a decreased prevalence
of POD within 3 days postoperatively. Compared to the Insulin 1 group, the Insulin 2 group (30% vs 3.3%, P=0.012)
demonstrated a decreased POD prevalence within 3 days postoperatively (Table 2).
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Table | Patient Demographics and Clinical Data

Characteristics Control Group Insulin I Group | Insulin 2 Group | P-value
(n =30) (n =30) (n=30)

Age (years) 68.5 (67-70) 68 (66—70.25) 68 (66-71) 0.917%

Sex (male) 16 (53.3%) 20 (66.7%) 14 (46.7%) 0.284*

Body mass index (kg/m?) 23.5612.69 22.40+2.09 22.82+2.23 0.159°

MMSE score 19 (18.25-20) 19.5 (18-20) 19 (18-20) 0.341%

ASA grade 0.779*

| 11 (36.7%) 10 (33.3%) 12 (40.0%)

Il 16 (53.3%) 19 (63.3%) 17 (56.7%)

1 3 (10.0%) 1 (3.3%) I (3.3%)

Operation time (min) 247.57+42.66 264.63+50.04 255.87+44.43 0.358°

Preoperative hemoglobin concentration (g/L) | 129.73+16.75 137.87x16.10 134.37+19.47 0.202°

Total intraoperative infusion (mL) 1700 (1600-1900) | 1700 (1600-1925) | 1800 (1700-1900) | 0.638%

Blood transfusion (yes) 4 (13.3%) 3 (10.0%) 4 (13.3%) 1.00*

Blood loss (mL) 225 (200-375) 235 (100-387.5) 300 (200—400) 0.565%

NRS score

T2 3(2-3) 3(2-3) 3 (2-3) 0.749%

T3 2 (1-2) 2(1-2) 2 (1-2.25) 0.902%

T4 1.5 (1-2) 1(1-2) I (1-2) 0.195%

Notes: Data are presented as the mean * SD, median (interquartile range), or percentage (proportion). *Kruskal-Wallis test; *Pearson chi-

square test; $

one-way analysis of variance; *Fisher’s exact test. T2: postoperative day |; T3: postoperative day 2; T4: postoperative day 3.
Abbreviations: ASA, American Society of Anesthesiologists; MMSE, Mini-Mental Status Examination; NRS, Numeric Rating Scale.

Table 2 RASS Scores and Incidence of Postoperative Delirium During the First Three

Postoperative Days

Variable Postoperative Days Control Group | Insulin I Group | Insulin 2 Group
(n =30) (n =30) (n=30)
RASS score | [-AM 0.5 (0-I) [-3-3] | 0 (0-0.25) [-2-3] | O (0-0) [0-2]*
I-PM 0.5 (0-1) [-2-3] | 0 (0-0) [-1-2] 0 (0-0) [0-1T*
2-AM 0 (0-1) [-1-3] 0 (0-0) [-I-1] 0 (0-0) [0-0]
2-PM 0 (0-0.25) [-1-2] | 0 (0-0) [-I-1] 0 (0-0) [0-0]*
3-AM 0 (0-0) [0-1] 0 (0-0) [-1-0] 0 (0-0) [0-0]*
3-PM 0 (0-0) [0-1] 0 (0-0) [0-0] 0 (0-0) [0-0]
POD I-AM 18 (60%) 8(26.7%)" I (3.3%)®
I-PM 18 (60%) 8(26.7%)" I (3.3%)®
2-AM 10 (33.3%) 4 (13.3%) 0 (0%)*
2-PM 8 (26.7%) 3 (10.0%) 0 (0%)*
3-AM 4 (13.3%) | (3.3%) 0 (0%)*
3-PM 1 (3.3%) 0 (0%) 0 (0%)
Within 3 days of surgery | 19 (63.3%) 9(30%)* I (3.3%)%

Notes: Data are presented as the median (interquartile range) [minimum, maximum] or percentage (proportion). *P < 0.05
compared with the Control group; °P < 0.05 compared with the Insulin | group. Comparisons were performed using
Kruskal-Wallis test, Mann—Whitney U-test, Pearson chi-square or Fisher exact test where appropriate. Within 3 days of
surgery, refers to patients who were ever positive for delirium at | AM, | PM, 2 AM, 2 PM, 3 AM or 3 PM.

Abbreviations: RASS, Richmond Agitation Sedation Scale; POD, postoperative delirium.

T Protein and AP Protein

Compared to the baseline value at TO, serum 1 protein and AP protein concentrations increased significantly at T1-T4
(P<0.05). Compared to the Control group, the t and A protein levels in the Insulin 1 and Insulin 2 groups at T1-T4 were
significantly reduced (P<0.05). Compared to the Insulin 1 group at the same time, the t and AP protein levels in the

Insulin 2 group at T1-T2 were significantly reduced (P<0.05) (Table 3).
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Table 3 Comparison of TAU Protein and Af Protein Expression in Three Groups of Patients at Different Time Points

Time Control Group Insulin | Group | Insulin 2 Group | F(Group)/ F(Time)/ F(Group*Time)/

Point (n=30) (n =30) (n =30) P-value P-value P-value
T protein TO 49.88+ 2.96 51.05+2.91 50.46+3.80 F=157.24 F=940.882 F=13.853
(pg/mL) Tl 93.3046.90" 80.25%4.12* 70.36+7.09° P<0.001 P<0.001 P<0.001

T2 103.14+£10.23* 97.531+8.29* 86.70+7.19°

T3 87.62+4.29" 79.14£7.97° 76.38+7.06™

T4 65.44£4.01° 61.74+2.83% 59.74+3.93%
AP protein TO 183.03+£20.69 184.85+12.90 184.62+22.78 F=26.667 F=259.930 F=6.708
(ng/mL) Tl 301.35+39.01° 274.67+39.40°° 239.88+32.76™° P<0.001 P<0.001 P<0.001

T2 282.89+18.66° 267.61£16.90° 246.7616.75%¢

T3 256.45+40.40° 247.19+41.93° 229.69+35.09°°

T4 228.82+19.12° 219.79+13.91° 210.0613.46°°

Notes: Data are expressed as mean # SD. *P < 0.05 vs T0; ®P < 0.05 vs the Control group; °P < 0.05 vs the Insulin | group. Comparisons were performed using repeated-
measures analysis of variance or Mann—-Whitney U-test where appropriate. TO: before the administration of insulin or saline for the first time; T1: at the end of surgery;
T2: postoperative day |; T3: postoperative day 2; T4: postoperative day 3.

Table 4 Comparison of Insulin Level in Serum (pmol/L) at TO and T1 Among the

Three Groups

Time Point | Control Group | Insulin | Group | Insulin 2 Group | P-value
(n =30) (n=230) (n =30)

T0 50.30+2.95 49.42+2.51 49.1612.46 0.227

TI 49.16+2.78 48.75+2.33 48.91+2.26 0.810

Notes: Data are expressed as mean + SD. Comparisons were performed using repeated-measures analysis
of variance where appropriate. TO: before administration of insulin or saline for the first time; T1: at the end
of surgery.

Adverse Events

None of the participants experienced defined hypoglycemic reactions, as assessed by continuous glucose monitoring.
Furthermore, all patients had a TNSS of 0. There were no significant differences in serum insulin concentrations between
the three groups in TO and T1 (Table 4).

Discussion

POD is a mental illness syndrome with confusion as the primary clinical manifestation that often appears as attention,
memory, psychomotor, and sleep-wake cycle disorders.”’ Currently, the exact mechanism of POD is unclear. However,
most studies have indicated it is related to various promoting factors, such as primary nervous system diseases, drugs,
history of organic encephalopathy (eg, dementia, Parkinson disease, preoperative cognitive impairment, and other
cerebrovascular diseases), metabolic disorders, surgical procedures, anesthesia, and the environment.?! At present,
studies have shown that delirium is associated with amyloid-tau-neurodegeneration pathophysiology.>> AP protein is
the main component of senile plaques, consisting of a short peptide of 39—42 amino acids produced and released by 3 and
y secretases during the formation of the amyloid precursor protein.> The T protein is an axonal microtubule-associated
protein whose main function is to bind and stabilize microtubules and promote microtubule polymerization. Existing
studies have shown that general anesthetics (such as isoflurane and propofol) can enhance A protein oligomerization
and synthesis and T protein phosphorylation.** Extracellular aggregation of AP into oligomers can increase its neuro-
toxicity and induce neuronal degeneration and even apoptosis.”> Multiple kinases hyperphosphorylate the t protein.
Hyperphosphorylated t protein forms oligomeric aggregates and neurofibrillary tangles, losing its function to maintain
insulin signaling in the brain, which leads to insulin resistance. This process not only impairs hippocampal plasticity and
enhances cognitive deficits, but also leads to the accumulation of AB.?® Furthermore, phosphorylated t protein has
reduced microtubule binding affinity and axonal localization ability. It is induced to be released into dendrites by AP,
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leading to early synaptic toxicity and progressive dendritic spine damage.?’ Ultimately, A and t proteins synergistically
block neuronal function, damage the brain, affect cognitive function, and lead to POD. t and A proteins are released into
the extracellular fluid only after cranial nerve injury. This release changes the permeability of the blood-brain barrier, and
the t and A proteins enter the bloodstream. The results of the present study support this pattern, as the three groups had
different POD rates at 1-3 days postoperatively, and t and AP protein levels increased significantly compared to
preoperative levels.

Xie et al*® and Cunningham et al*® found that the Ap-42, phosphorylated T protein, and total T protein levels; t/Ap-40
ratio; and ©/AB-42 ratio in preoperative cerebrospinal fluid can be used as predictors of POD during joint replacement
surgery. Moreover, Ballweg et al** evaluated the association between the biomarkers glial fibrillary acidic protein and t
protein, and the prevalence and severity of delirium in 114 surgical patients. They found that changes in plasma t protein
were associated with prevalence and severity of delirium. When insulin is administered intranasally, the nonamyloido-
genic processing of the amyloid precursor protein is enhanced, while amyloidogenic processing is compromised.
Furthermore, the involvement of apolipoprotein E in Ap metabolism is reduced, which improves cognitive deficits and
brain insulin signaling disorders. This greatly reduces AP production and plaque formation,®' thereby treating and
preventing AD.

Regarding intranasal insulin as a non-invasive strategy, Guo et al*? found its long-term administration improved
cognitive impairment, t protein hyperphosphorylation, and microglia activation in a streptozotocin-induced AD rat
model. In cases of POD with pathogenesis similar to AD, studies™ indicate that intranasal insulin attenuates propofol-
induced hyperphosphorylation of T protein, promotes insulin signaling in the brain, and leads to upregulation of protein
phosphatase 2A (the major T phosphatase in the brain). Zhang et al** pretreated mice with daily intranasal insulin (1.75
U/day) for 1 week, and then induced anesthesia by injecting intraperitoneal propofol, which was maintained by
sevoflurane inhalation for 1 hour. Intranasal insulin was found to treat anesthesia-induced spatial learning and memory
deficits using the Morris water maze test 1 to 5 days after anesthesia, in addition to attenuating anesthesia-induced t
protein hyperphosphorylation and promoting synaptic protein expression in the brain. In this study, the prevalence of
POD and the expression of T and AP proteins in the serum of the patients in the Insulin 1 and 2 groups were significantly
lower than in the Control group 1 to 3 days postoperatively. This finding suggests that insulin intranasal administration
can reduce 1 protein hyperphosphorylation and Ap, thus reducing the prevalence of POD. Additionally, the prevalence of
POD and the expression of t protein and A protein in the serum of the patients were significantly lower in the Insulin 2
group than in the Insulin 1 group on days 1 to 3 postoperatively. These results suggest that insulin 30 U/time
(administered 2 days preoperatively, twice daily, until 10 min before anesthesia on the day of surgery) can significantly
reduce the prevalence of POD in elderly patients scheduled for radical esophagectomy, as well as reduce the expression
of serum 1 protein and AP protein postoperatively. In this study, the preventive effect of different doses of intranasal
insulin on POD was explored to find a suitable dose and provide a reliable basis for widespread clinical use.

The present study had some limitations. First, we did not collect data on motor subtypes of delirium, the number of
delirium episodes, or the duration of delirium. Second, according to preliminary experiments, a single nasal administra-
tion of 40 U insulin caused hypoglycemia in some patients. We did not evaluate whether the benefits of the dose
outweighed the adverse effects. Third, different types of insulin were not studied.

Conclusion

Our trial results suggest that in elderly patients who undergo radical resection for esophageal cancer under combined
thoracoscopy and laparoscopy, repeated intranasal injections of 30 U insulin may significantly reduce the prevalence of
POD and the expression of t and A proteins at 3 days postoperatively. It should be emphasized that these results should
be further confirmed in large multicenter trials, and intranasal insulin should be tested at more time points during the
perioperative period.

Data Sharing Statement

The raw data for this study have been uploaded to www.medresman.org.cn and are also available from the corresponding

author on reasonable request.
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