Drug Design, Development and Therapy Dlovepress
Taylor & Francis Group

CLINICAL TRIAL REPORT

Opioid-Free Anesthesia with Esketamine
Combined with lliac Fascia Block in Elderly
Patients Undergoing Hip Surgery

Lai-Lin Luo', Rui Xiao (@', Jin-Peng Zhang', Wen-Feng Xi', Guang-Hong Xu?, Hao Yuan'

'Department of Anesthesiology, Fuyang Hospital of Anhui Medical University, Fuyang, Anhui, 236000, People’s Republic of China; 2Department of
Anesthesiology, The First Affiliated Hospital of Anhui Medical University, Hefei, Anhui, 230022, People’s Republic of China

Correspondence: Guang-Hong Xu, Department of Anesthesiology, The First Affiliated Hospital of Anhui Medical University, Hefei, Anhui,
230022, People’s Republic of China, Tel +86-551-62922344, Fax +86 55| 62923704, Email xuguanghong2004@ | 63.com; Hao Yuan, Department
of Anesthesiology, Fuyang Hospital of Anhui Medical University, Fuyang, Anhui, 236000, People’s Republic of China, Tel +86-558-2200702,

Fax +86 558 2200639, Email yuan5378@163.com

Background: Most patients with hip fractures are elderly people with relatively high risks of cardiovascular and cerebrovascular
accidents. Esketamine has little effect on haemodynamics and has an exact analgesic effect, which is beneficial for patients with
intolerance to surgery and anaesthesia. Therefore, we conducted this study to compare the efficacy and safety of esketamine with those
of opioids in elderly patients who underwent surgery for hip fractures.

Methods: Seventy-two patients were included in the study, but data from only 68 were analysed. Patients were randomly assigned to
either the EKT group (esketamine combined with iliac fascia block) or the OP group (opioids combined with iliac fascia block).
Esketamine was used for anaesthesia induction and maintenance in the EKT group, and sufentanil and remifentanil were used in the
OP group. The primary endpoint was the area under the curve umeric rating scale (AUCnrs)-

Results: The AUCygs in the EKT group was significantly lower than that in the OP group (6.6+3.6 vs 9.5+3.0, P =0.001). The
postoperative numeric rating scale (NRS) scores for pain and the number of rescue analgesia were significantly lower in the EKT
group than in the OP group (all P <0.05). The mean blood pressure in the EKT group was significantly greater than those in the OP
group after anaesthesia induction (all P <0.05). The incidence of postoperative nausea and vomiting (PONV) in the OP group was
significantly higher than that in the EKT group (P =0.033).

Conclusion: Elderly patients receiving esketamine-based opioid-free anaesthesia had more stable hemodynamics, better postoperative
analgesia, and reduced PONV incidence compared to those undergoing opioid-balanced anaesthesia.

Clinical Trial Registration: The trial was registered at the Chinese Clinical Trial Registry on September 1, 2023 (identifier:
ChiCTR2300075324).
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Introduction

Hip fracture, known as terminal fracture, remains one of the most significant injuries worldwide.! Moreover, hip fractures
are more common in elderly and debilitated populations with underlying diseases of varying degrees and poor pain
thresholds.” As their incidence increases with age,®> more than 30% of individuals with hip fractures are older than 85
years.” Therefore, the risk of mortality in patients with hip fractures ranges between 10% and 25% at 30 days and 1 year
respectively.'

Owing to advancements in modern medicine including anaesthesia and surgery, almost all patients can be treated with
surgery,” which is performed under spinal anaesthesia or general anaesthesia.® Age and preoperative frailty are associated
with postoperative complications of noncardiac surgery in elderly patients.” European guidelines emphasize the impor-
tance of thorough preoperative assessment in high-risk elderly patients to optimize perioperative outcomes.® Therefore,
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suitable anaesthesia methods and effective perioperative anaesthesia management are important. A meta-analysis
revealed that the optimal anaesthesia technique (spinal anaesthesia vs general anaesthesia) for hip fracture surgery
remains unclear because of little robust evidence advocating one method over others.' Spinal anaesthesia rarely causes
pulmonary complications and may positively influence patient prognosis. However, elderly patients have calcified bones,
which increases the risks of difficult punctures and puncture-related complications. As one of three common general
anaesthetics, opioids are associated with a series of side effects, such as constipation, respiratory depression, and
postoperative nausea and vomiting (PONV), that affect patient prognosis.” Therefore, opioid-free anaesthesia (OFA)
protocols were introduced and have been increasingly used to reduce the short-term and long-term side effects of
opioids.'” A meta-analysis revealed that OFA regimens provide a level of postoperative analgesia similar to that of
opioid-balanced anaesthesia.''

OFA is multimodal in that it involves nonopioid agents, including N-methyl-d-aspartate antagonists, anti-
inflammatory medications, local anaesthetics, and alpha-2 agonists.'® As a part of OFA, esketamine induces sedative,
analgesic, and antidepressant effects and relaxes the bronchial muscles.'? Moreover, esketamine stimulates the
sympathetic nervous system, making it an ideal drug for inducing anaesthesia in patients with unstable
circulation.'? Previous studies revealed that esketamine, as a part of OFA regimens,'> lowers the risk of PONV,'?
and reduces the incidence of postoperative mild chronic pain.'* Min et al® reported that esketamine used as
a substitute for opioids in intravenous analgesia pumps can relieve postoperative pain, reduce perioperative stress
responses, and encourage postoperative recovery. To our knowledge, there is minimal evidence advocating the
intraoperative administration of esketamine as a potential alternative to opioids for analgesia in elderly patients
undergoing hip fracture surgery, particularly in rigorous clinical investigations evaluating its standalone efficacy and
safety profile.

Therefore, in this study, we compared the effects of esketamine on analgesia, circulation, respiratory function, and
prognoses in elderly patients who underwent surgery for hip fractures with those of opioids with the aim of determining
whether intraoperative esketamine would benefit patient prognoses more than opioids would.

Methods

This randomized controlled trial (RCT) was approved by the clinical medical research ethics committee of Fuyang
Hospital of Anhui Medical University (KY2023055) and registered with the Chinese Clinical Trials Registry on
September 1, 2023 (identifier: ChiCTR2300075324). Patients were informed about the study during the preoperative
screening visit and signed informed consent form once enrolled. Patients were recruited from September 2023 to
September 2024.

Inclusion and Exclusion Criteria

Elderly patients who were aged 65 years or older and were classified as having an American Society of
Anaesthesiologists (ASA) physical status II-III were recruited and underwent surgery for hip fractures the
following day. All patients were able to communicate and learn normally. The exclusion criteria were as follows:
allergy to any of the medicines used in the research or contraindications for peripheral nerve block; history of central
nervous system injury or mental disorders (ie, cerebral infarction associated with sequelae or dementia); severe
hepatic and renal insufficiency and coagulation dysfunction; myocardial infarction, congestive heart failure, or
malignant arrhythmias affecting haemodynamic stability within the past six months; history of chronic analgesic
drug use or alcohol abuse; diseases associated with glaucoma or elevated intracranial pressure; diabetes and
diabetes-related complications (ie, diabetic ketoacidosis, hyperosmolar coma, and diabetic nephropathy); preopera-
tive delirium or severe cognitive impairment (more than 8 errors on the Simple Mental State Questionnaire,
SPMSQ); respiratory failure (arterial partial oxygen pressure less than 60 mmHg) or pulse oxygen saturation
(SpO,) less than 90% before surgery; and revision surgery for prosthesis fracture or hip fracture with severe trauma
elsewhere. Participants whose iliac fascial block was ineffective, who violated the protocol, experienced massive
perioperative bleeding (>800 mL), underwent emergency surgery postoperatively, or had incomplete data were
removed from the study.
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Randomization and Blinding

Patients were randomly assigned to one of the two treatment groups using a computer-generated randomization sequence.
Random sequences are generated by specific researchers, numbered sequentially, and placed in opaque and sealed
envelopes.

Before anaesthesia induction, a specific nurse opened one of the consecutively numbered envelopes and prepared the
drug solution aseptically (2.5 ug/mL of sufentanil or 2.5 mg/mL esketamine for anaesthesia induction, and 50 pg/mL
remifentanil or 2.5 mg/mL esketamine for anaesthesia maintenance). The anaesthesiologists, surgeons, and other nurses
were unaware of the grouping, and the patients and the researchers who assessed postoperative outcomes were unaware
of that.

In the OP group, sufentanil (which was diluted to 2.5 pg/mL) was used for anaesthesia induction and remifentanil
(which was diluted to 50 pg/mL) was used for anaesthesia maintenance.

In the EKT group, esketamine (which was diluted to 2.5 mg/mL) was used for anaesthesia induction and
maintenance.

Anesthesia Protocol

After the patients were enrolled and signed the informed consent form, their general information was recorded, and the
SPMSQ score and the Frail Screening Scale score were calculated. Patient preparation involved fasting for 8 hours and
clear fluids prohibition for 2 hours before the operation.

Once in the operating room, the patients’ electrocardiogram (ECG), pulse, SpO,, and invasive blood pressure were
routinely monitored. Peripheral venous access was subsequently established for the delivery of 5 mL/kg/h sodium lactate
Ringer’s solution, and basal arterial blood gas analysis was performed before the operation. A bispectral index (BIS)
monitor was also used to monitor the depth of anaesthesia.

All patients received mask oxygen, and then ultrasound-guided iliac fascia block was performed over the inguinal
ligament (0.3% ropivacaine 30 mL). The high-frequency probe was placed vertically at the middle third of the inguinal
ligament towards the navel. The ultrasound image showed a bow-tie pattern of sartorius and abdominal muscles above
the iliac muscle and a pulsating deep iliac circumflex artery below the abdominal muscle. The nerve stimulation needle
was inserted from the tail side to the head, and 3 mL of normal saline was given after the iliac fascia was punctured and
no blood was withdrawn. We observed that the normal saline had diffused cephalically under the deep iliac circumflex
artery. At this time, the syringe was withdrawn again, there was no blood or gas, and 30 mL of 0.3% ropivacaine was
given. After confirming that no complications (such as local anaesthetic poisoning or nerve injury) has occurred, the
degree of pain in the anterior and lateral thigh skin before block were compared with that after block to evaluate the
effectiveness of the block.

Before the induction of anaesthesia, all patients received mask preoxygenation for 5 minutes. For anaesthesia induction
in the OP group, 1.5-2.0 mg/kg of propofol, 0.3-0.5 pg/kg of sufentanil, and 0.15-0.2 of mg/kg cis-atracurium were
injected, and then a laryngeal mask airway was inserted for mechanical ventilation. In the EKT group, 0.3-0.5 mg/kg of
esketamine was used instead of sufentanil for general anaesthesia induction. Mechanical ventilation parameters are set to
maintain the end-tidal carbon dioxide (PgrCO»,) pressure at 35—45 mmHg and SpO, at 99-100%. Propofol (3—5 mg/kg/h)
combined with remifentanil (6-10 pg/kg/h) was infused intravenously for anaesthesia maintenance in the OP group,
whereas propofol (3—5 mg/kg/h) combined with esketamine (0.3—-0.5 mg/kg/h) was infused intravenously for anaesthesia
maintenance in the EKT group to maintain the BIS value within a reasonable range. According to the multimodal analgesia
protocol, 50 mg of flurbiprofen was administered intravenously for preventive analgesia during incision closure.

Intraoperative hypertension was defined as an increase in systolic blood pressure (SBP) >20% from the preoperative
value and/or an SBP>180 mmHg, and intraoperative hypotension was defined as a decrease in SBP>20% from the
preoperative value and/or an SBP<90 mmHg. In patients with intraoperative hypertension, the dosages of propofol and
analgesics should be adjusted to improve analgesia and balance the depth of anaesthesia, and 5—10 mg urapidil should be
injected intravenously if necessary. Patients with intraoperative hypotension were treated with rapid fluid infusion,
followed by an infusion of ephedrine or phenylephrine. When the patient’s heart rate (HR) was <50 bpm, 0.2-0.5 mg of
atropine was given by intravenous bolus and repeated if necessary.
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Surgical Procedure

Total or half hip replacement and closed reduction internal fixation are surgical methods used to treat hip fractures. All surgeries
were performed by the same surgeons using the same surgical procedure. Low-molecular-weight heparin was injected
subcutaneously after admission to prevent thrombosis of the lower extremities and then stopped 12 hours before surgery.

Analgesia Scheme

The postoperative multimodal analgesia regimen included an intravenous infusion of flurbiprofen at the time of
incision closure, iliac fascia block over the inguinal ligament before surgery, and intravenous patient-controlled
analgesia (IPCA). The formula for IPCA was as follows: 100 pg of sufentanil + 8 mg of ondansetron + normal saline
=200 mL. The analgesic pump parameters were set as follows: a continuous infusion volume of 2 mL per hour, a self-
controlled dose of 4 mL per press, and a self-controlled interval of 10 minutes. In the postanaesthesia care unit (PACU)
and ward, the IPCA pump was pressed to provide rescue analgesia when the numeric rating scale (NRS) pain score
was > 3, with the highest score being 10. The nurse in the PACU provided the patient and family members with
instructions on how to evaluate pain and use the IPCA pump. Nurses in the ward assess the intensity of pain every
6 hours.

Primary and Secondary Outcomes

The primary outcome was the area under the curve pumeric rating scale (AUCnrs). Intraoperative systolic/diastolic blood
pressure (mean blood pressure) (SBP/DBP (MAP)), heart rate (HR) and haemodynamic parameters at T1 (before the
induction of anaesthesia), T2 (after the induction of anaesthesia), T3 (5 minutes after incision), and T4 (1 minute before
the end of surgery); changes in arterial oxygen partial pressure (PaO,) and arterial oxygen saturation (SaO,); NRS pain
score and the number of remedial analgesia at T5 (in the PACU), T6 (6 hours after surgery), T7 (12 hours after surgery),
T8 (24 hours after surgery), and T9 (48 hours after surgery); perioperative adverse events; Ramsay sedation score after
surgery; the time to extubation; the length of stay in the PACU; and the length of hospital stay (LOHS) were the

secondary outcomes.

Statistical Analysis

Statistical analysis of the data was performed using the Statistical Package for the Social Sciences (SPSS) version
25.0. The Shapiro—Wilk test was used for normality analysis of all quantitative data. Levene’s test was used for
homogeneity of variances. Quantitative data are expressed as the mean + standard deviation (SD) or median
(interquartile range, IQR) according to their distribution. Normally distributed data were assessed using #-test and
repeated-measures ANOVA, whereas skewed quantitative data were analysed using the Mann—Whitney U-test.
Qualitative data were analysed via Chi-square (y2) tests. P <0.05 indicated a statistically significant difference.
Multiple comparisons via repeated-measures ANOVA were corrected using Bonferroni method.

Sample Size Calculation

In the preliminary trial, eight patients were randomly assigned to each group, and all sixteen patients who were included in
the preliminary trial were excluded from the final trial. The sample size was calculated as the difference between two
independent means using G*Power 3.1.9.4 software. The mean + SD of the AUCygrgs was 7.4+2.8 in the EKT group and 9.3
+2.2 in the OP group. When o was 0.05 and 1-B was 0.8 (two-tails), a sample size of 60 was calculated on the basis of the
AUC\gs in the pre-experiment. Considering the 20% drop-out rate, a total of 72 participants were ultimately enrolled.

Results
Of the 96 patients who were initially evaluated, 72 patients were enrolled in the study (Figure 1). Three patients violated
the study protocol and one patient was lost to follow-up. Finally, data from 68 patients were analysed.
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Enrollment Assessed for eligibility (n=96)

Excluded (n=24)

Not meeting inclusion criteria (n=16)
Declined to participate (n=8)

Randomized (n=72)

'

Allocation
v
Allocated tothe EKT group(n=36) Allocated to the OP group (n=36)
- Received allocated intervention (n=34) -Received allocated intervention (n=35)
- Conversion to spinal anesthesia (n=2) - Conversion tospinal anesthesia (n=1)
Follow-Up
4 A
Lost to follow-up (n=0) Lost to follow-up (n=1)
Analysis
v v
Analysed (n=34) Analysed (n=34)
- Excluded from analysis (n=0) " Excluded from analysis (n=0)

Figure | Flowchart.
Abbreviations: EKT, esketamine combined with iliac fascia block; OP, opioids combined with iliac fascia block.

Demographic Data

The preoperative NRS pain score and preoperative frailty grade were similar between the two groups (Table 1). The
average age of the patients was 77.7+6.5 years in the EKT group and 74.3+9.1 years in the OP group (P =0.086). The sex
distribution was comparable between the two groups (P =0.787), with a female predominance observed in both groups.
The distribution of surgical procedures was similar between the two groups (P =0.715), with the proportion of patients
who underwent closed reduction and internal fixation being significantly greater than that of patients who underwent the
other two surgical methods. The comparative analysis revealed no statistically significant disparities in ASA

Table | Demographic Characteristics and Operation Details

OP Group EKT Group P value
n=34 n=34
Age (years) 74.3%9.1 77.7+6.5 0.086
Sex (male/female) 9125 10/24 0.787
BMI (kg.m 2) 20.2 (19.7-23.1) 20.5 (18.5-24.6) 0.922
ASA (lI/1) 12/22 8/26 0.287
Preoperative NRS pain score (mild/moderate) 11723 8/26 0417
Preoperative frailty score (Y/N) 15/19 14/20 0.806
(Continued)
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Table 1 (Continued).

OP Group EKT Group P value
n=34 n=34
Surgery procedure 0.715
Total hip replacement, n(%) 11 (32.4) 8(23.5)
Half-hip replacement, n(%) 5(14.7) 6(17.6)
Closed reduction internal fixation, n(%) 18 (52.9) 20 (58.8)
Anesthesia duration (min) 119.0 (98.0-139.8) | 102.0 (91.0-128.0) 0.138
Operation duration (min) 79.5 (61.0-112.0) 68.5 (58.8-81.8) 0.136

Notes: Values are expressed as mean + SD, median (IQR), or number.

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; OP group, opioid combined with
iliac fascia block group; EKT group, esketamine combined with iliac fascia block group; NRS pain score, Numeric Rating
Scale (mild, 0-3; moderate, 4-6).

classification and body mass index (BMI) between the two groups at baseline (all P >0.05). Moreover, there was no
significant difference in the duration of anaesthesia or surgery (all P >0.05).

Primary Outcome
As shown in Figure 2, the AUC\gs in the EKT group was significantly lower than that in the OP group (6.6£3.6 vs 9.5£3.0,
P =0.001).

Secondary Outcomes
Haemodynamic Parameters
As shown in Figure 3, the SBP/DBP (MAP) in both groups decreased after induction of anaesthesia (all P <0.05), and the
decrease in SBP in the OP group was significantly greater than that in the EKT group (all P <0.05). At T2, T3, and T4,
the MAP in the EKT group was significantly higher than that in the OP group (93.2+17.1 vs 72.7£12.6, P <0.001; 93.8
+14.3 vs 80.2+£12.0, P <0.001; 102.6+14.4 vs 84.0+11.2, P <0.001) (Table 2). In the EKT group, the HR at T2 was higher
than that at T1, but the difference was not significant (P =0.101). Moreover, in the OP group, the HR at T2 was lower
than that at T1 (P <0.001). The HR of patients in the EKT group was significantly higher than that of patients in the OP
group at T2 and T3 (82.6+12.6 vs 70.9+12.0, P <0.001; 74.9£13.9 vs 66.7+9.5, P =0.006), but the difference in HR at T4
was not significant.

As shown in Figure 4, significant differences in the cardiac output and cardiac index were observed between the two
groups at T2, T3, and T4 (all P <0.05, Mann—Whitney U-test). The cardiac output and cardiac index in the EKT group
were greater than those in the OP group after anaesthesia induction. Peripheral vascular resistance was similar between

the two groups at all time points (all P >0.05).

15+ ™ 4 EKT
— — group
— OP group
w37
104 o
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Figure 2 The area under the curve (AUC) of the NRS score between the two groups (P =0.001). **Indicates a statistical difference between the two groups.
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Figure 3 Changes in systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and heart rate (HR) from T| to T4 in the two groups.
*Indicates a statistical difference between the two groups.

Changes in Arterial Oxygenation
The postoperative SaO, were lower than those before surgery in both groups (all P < 0.05). However, both the PaO, and

Sa0, before and after surgery were comparable between the two groups (Table 3).

Postoperative NRS Pain Score and Remedial Analgesia
There were significant differences in postoperative NRS pain scores at TS, T6, T7, T8, and T9 between the two groups
(all P <0.05, Mann—Whitney U-test). Patients in the EKT group had lower NRS pain scores after surgery (Figure 5). As
shown in Table 4, there was a significant difference in the number of postoperative rescue analgesia between the two

Table 2 The Intraoperative Vital Signs

SBP (mmHg) DBP (mmHg) MAP (mmHg) HR (beat/min)
OP group EKT group P OP group EKT group P OP group EKT group P OP group EKT group P

Tl 156.7+25.1 159.2+16.8 0.644 77.1£12.0 76.7£10.1 0.887 103.8+14.8 104.2+9.0 0.875 784%14.1 78.5%12.0 0.963
T2 104.9£17.8 137.4£26.5 <0.001 54.8+9.6 67.2x11.9 <0.001 72.7%12.6 93.2%17.1 <0.001 70.9+12.0 82.6x12.6 <0.001
T3 117.7+18.1 139.1£19.9 <0.001 61.9£9.5 67.3£10.8 0.032 80.2+12.0 93.8+14.3 <0.001 66.7£9.5 74.9%13.9 0.006
T4 123.0+19.4 153.5+22.3 <0.001 64.249.5 72.4%10.2 0.001 84.0x11.2 102.6+14.4 <0.001 66.7£10.2 724%13.8 0.055
F value 87.989 11.721 44.871 11.550 67.343 8.260 30.303 17.337
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Group F=32.519 P <0.001 F=11.139 P =0.001 F=31.921 P <0.00! F=5.671 P =0.020
Time F=66.514 P <0.00! F=49.864 P <0.00! F=50.906 P <0.001 F=35.694 P <0.00I
Group*Time F=12.373 P <0.001 F=7.74 P <0.001 F=12.339 P <0.00! F=11.153 P <0.00I

Note: Values are expressed as mean + SD.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean blood pressure; HR, heart rate.
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Figure 4 Changes of haemodynamic parameters from T| to T4 between two groups.

BB EKT group
mm OP group

groups (all P <0.05), and patients in the OP group received more rescue analgesia after surgery than patients in the EKT
group.

Ramsay Sedation Score After Surgery

After laryngeal mask removal, four patients in the EKT group and two patients in the OP group experienced drowsiness
(Ramsay sedation score of 3), and two patients in the EKT group and two patients in the OP group experienced dysphoria
(Ramsay sedation score of 1). At 6 hours after surgery, one patient in each group still had a sedation score of 3.

Adverse Events

As shown in Table 5, patients in the EKT group were more likely to have intraoperative hypertension (20.6% vs 0%,
P =0.011), whereas patients in the OP group were more likely to have intraoperative hypotension (94.1% vs 41.2%,

Table 3 The Related Details of Respiratory Function

OP Group | EKT Group | P value
n=34 n=34
PaO, (mmHg)
Preoperatively 76.4£9.0 73.949.9 0.278
Postoperatively 73.2+10.6 70.5%9.3 0.265
P value 0.035% 0.070
Arterial oxygen saturation (%)
Preoperatively 95.2%1.6 94.612.3 0.219
Postoperatively 93.9+2.3 93.3%+23 0.308
P value 0.001% 0.003"

Notes: Values are expressed as mean % SD. Indicates a statistical difference between

preoperative and postoperative data.

Abbreviation: PaO,, arterial partial pressure of oxygen.
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Figure 5 Numeric rating scale (NRS) pain scores from T5-T9 in the two groups.

P <0.001). Moreover, almost all patients in the OP group developed hypotension, and 4 patients were treated with

continuous pumping of vasoactive drugs to maintain circulation.

One patient in each group developed postoperative delirium (POD). Three patients in the OP group developed
cutaneous pruritus after surgery, whereas none did in the EKT group (P =0.239). However, the incidence of PONV in the
OP group was significantly higher than that in the EKT group: 41.2% in the OP group vs 17.6% in the EKT group

(P =0.033).

Details of Recovery

The time to extubation and the length of stay in the PACU after anesthesia were similar between the two groups (all
P >0.05) (Table 4). Similarly, there was no significant difference in the LOHS between the two groups after surgery (8.3
+3.7 in the OP group vs 7.6£3.1 in the EKT group, P =0.356).

Table 4 The Details of Anesthesia Recovery,

Rehabilitation

Rescue Analgesia, and

OP Group EKT Group P value
n=34 n=34
Time to extubate (min) 16.0 (12.0-34.0) | 27.5 (17.5-42.5) 0.073
Length of stay in the PACU (min) 67.5 (57.8-73.5) | 72.0 (56.5-93.0) 0.267
The number of rescue analgesia (n)
In PACU I (0-1) 0 (0-0.3) 0.019*
6 hours after surgery 1 (0-2) 0 (0-1) 0.006*
12 hours after surgery 2 (14) 1 (0-2) 0.021*
24 hours after surgery 4 (2-5.3) 2 (1-4) 0.025*
48 hours after surgery 4.5 (2-8) 3 (1-5.3) 0.035*
LOHS (days) 8.3+3.7 7.63.1 0.356

Notes: Values are expressed as mean + SD, or median (IQR). *Indicates a statistical difference between

the two groups.

Abbreviations: PACU, post-anesthesia care unit; LOHS, the length of hospital stay.
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Table 5 Incidence of Adverse Events

OP Group | EKT Group | P value
n=34 n=34
Intraoperatively
Hypertension, n(%) 0(0.0) 7(20.6) 0.011*
Hypotension, n(%) 32(%94.1) 14(41.2) <0.001*
Bradycardia, n(%) 1(2.9) 2(5.9) 1.000
Tachycardia, n(%) 0(0.0) 0(0.0) 1.000
Postoperatively
POD, n(%) 1(2.9) 1(2.9) 1.000
PONY, n(%) 14(41.2) 6(17.6) 0.033*
Cutaneous pruritus, n(%) 3(8.8) 0 (0.0) 0.239

Notes: Values are expressed as frequency (%). *Indicates a statistical difference
between the two groups.

Abbreviations: POD, postoperative delirium; PONYV, postoperative nausea, and
vomiting.

Discussion

The purpose of our study was to investigate the safety and efficacy of opioid-free anaesthesia with esketamine combined
with iliac fascia block in patients over 65 years of age who were undergoing hip fracture repair surgery. Our results
suggest that, compared with traditional opioids, esketamine can provide more stable intraoperative haemodynamics and
better postoperative analgesia in elderly patients without increasing the incidence of postoperative complications. These
results are supported by the findings of previous studies that revealed the analgesic effect of esketamine.'> ' However,
the intraoperative administration of esketamine alone has not been compared with that of opioids in previous studies. The
OFA regimens in previous studies were mostly the combination of dexmedetomidine, esketamine, lidocaine and other

17.18 and our study provided more accurate data for the analgesic effects of esketamine. Second, owing to its

drugs,
established efficacy and safety in elderly patients undergoing hip fracture surgery, esketamine can be considered an
additional option for anaesthesia regime.

OFA is multimodal in that a combination of drugs (such as dexmedetomidine, magnesium sulfate, ketamine,
lidocaine, and nonsteroidal analgesics) and regional block techniques are used to induce anaesthesia without
opioids.'”?® Previous clinical studies involving volunteers and related anatomic studies have confirmed that iliac fascia
block on the inguinal ligament can block the sensation of the anterior, medial, and external thighs.?'** Thus, all patients
enrolled in our study underwent iliac fascia block on the inguinal ligament as a part of multimodal analgesia. The results
of our study suggest that patients in the OFA group have less severe postoperative pain and are less likely to need
remedial analgesia. We speculated that the analgesic effect was better in the EKT group than in the OP group because of
the following reasons: a) Opioid-induced hyperalgesia, meaning that patients who are treated with opioids have an
increased sensitivity to pain.” In the OP group, anaesthesia was maintained via remifentanil infusion, which has been
strongly correlated with opioid-induced hyperalgesia.'® Moreover, the use of esketamine can prevent hyperalgesia® and
reduce the dose of perioperative opioids.'> b) Rebound pain may occur with iliac fascia block, which is temporary but
acute and often occurs after the regression of regional anaesthesia.”® Relevant data show that the incidence of rebound
pain after the resolution of peripheral nerve block is approximately 30%-45%.>* A previous triple-blind randomized
controlled clinical trial revealed that esketamine can improve pain-sensitive areas and improve the quality of
rehabilitation.”> Zeng et al** suggested that intraoperative small-dose intravenous administration of esketamine can
reduce postoperative pain scores, the incidence of rebound pain after a thoracic paravertebral block has stopped, and
opioid consumption. ¢) Existing evidence has shown that perioperative pain, anxiety, and depression are interactional risk
factors.” Pain promotes depression and anxiety, and depression and anxiety enhance subjective pain perception. During
the perioperative period, more than 50% of hip fracture patients suffer from depression due to pain, surgery, anesthesia,

126

and restricted activity.> Singh et al*® reported that 0.2 or 0.4 mg/kg of esketamine had a rapid antidepressant effect. The

induction dose of esketamine in our study was 0.3-0.5 mg/kg, which could have an antidepressant effect. Even though
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patients experienced the same level of pain, the overall NRS pain scores were lower in the EKT group because of the
antidepressant effects of esketamine, which relieved depression-related or anxiety-related pain.

In our study, patients who were treated with esketamine rather than opioids during surgery exhibited more stable
changes in haemodynamic. This finding is similar to that of a previous study,?” which suggested that esketamine-induced
anaesthesia can reduce intraoperative haemodynamic fluctuations. The incidence of hypotension was significantly lower in
the EKT group, but the incidence of hypertension was higher. This result may be due to the circulation stimulating effect of
esketamine,'? which leads to increases in blood pressure and HR. Propofol combined with esketamine rather than opioids
can alleviate circulatory inhibition induced by propofol. Therefore, esketamine is an excellent option for analgesia,
sedation, and anaesthesia induction in all patients with impaired haemodynamics.'? However, propofol does not fully
mitigate the effect of esketamine on increasing HR. As shown in Figure 3, in the EKT group, the HR at T2 was higher than
that before the induction of anaesthesia. However, the difference was not significant, which may be due to the small sample
size. The increased HR caused by esketamine leads to an increase in cardiac oxygen consumption,”® which increases the
risk of ischemic heart disease. The initial goal of opioids in anesthesia is to control hemodynamic changes,'® which are the
increases in blood pressure and HR that result from surgical stress. From this point of view, opioids have an advantage over
esketamine. However, intraoperative hypotension is a well-known side effect of anaesthesia that affects patient outcomes.
Moreover, it is also a risk factor for postoperative cardiovascular and renal complications and is associated with 30-day
mortality.> A recent meta-analysis highlighted that hypotensive events are a significant concern in elderly patients
undergoing hip fracture surgery, particularly under spinal anesthesia.®® It seems that because the patients in the EKT
group had better haemodynamics, they had more favourable prognoses. In addition, the cardiac output and cardiac index
after anaesthesia induction in the EKT group were greater than those in the OP group. Kamp et al*® reported that esketamine
has little effect on haemodynamics and increases cardiac output in a dose-dependent manner, which is similar to our results.
None of the patients in the EKT group required conversion to the opioid-balanced regimen, indicating that esketamine can
be safely used instead of opioids for general anaesthesia in hip surgery.

In addition, we compared the effects of esketamine with that of traditional opioids on the oxygenation of respiratory
function and the time to extubation in elderly patients who underwent hip surgery under general anaesthesia, and no
significant differences were observed. Current studies exploring the effects of opioids on the incidence of hypoxemia and
the time to extubation have revealed controversial conclusions.>' Some studies revealed that OFA delayed extubation and
reduced postoperative oxygen saturation, whereas others revealed that OFA reduced the time to extubation. We believe
that opioid use is not solely responsible for decreases in oxygen saturation and delayed extubation. For example,
dexmedetomidine, a drug commonly used in OFA, can affect extubation times and oxygen saturation by affecting
sedation levels, and the degree of impact varies with the dose.

Notably, despite the prophylactic use of antiemetic drugs during the perioperative period, PONV still occurs in 20%-60%
of surgical patients.>? In our study, the incidence of PONV was 41.2% in the OP group, and the incidence of PONV in the EKT
group was significantly lower than that in the OP group. We believe that intraoperative exposure to opioids resulted in a higher
incidence of PONV in the OP group, which is consistent with previous studies’ revealing that intraoperative opioid
administration was a risk factor for PONV and that OFA was associated with a 20% reduction in the incidence of PONV.
Esketamine use can reduce the dose of perioperative opioids and the incidence of related postoperative complications.

Massoth et al'® reported that the incidence of postoperative sedation was approximately four times higher in patients
who received OFA than in patients who received opioid-balanced anaesthesia, resulting in a significantly longer stay in
the PACU. However, this did not occur in our study. We hypothesized that this may be because dexmedetomidine was not
used in the OFA regimen of our study. Ketamine use easily causes hallucinations, nightmares, cognitive confusion, and
other adverse mental symptoms.” However, esketamine, as the pure dextrorotatory enantiomer of ketamine, was
associated with a significantly reduced incidence of adverse psychiatric symptoms.” In particular, there were no adverse
mental effects in our study, which indicates that the dose of esketamine used in our study is safe.

There are several limitations to this study. First, the observational indicators in the study were limited to short-term
results only, and the lack of long-term outcomes limits its clinical relevance. This is a key limitation of this study. In
subsequent studies, long-term follow-up evaluations to assess long-term survival, the incidence of chronic pain, and long-
term quality of life will improve the clinical relevance and reliability of the findings. Second, patients classified as ASA
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IV and above were excluded from this study, and this selection bias may indicate that the results may not be applicable to
these high-risk patients. In future studies, we will further explore the efficacy of esketamine in patients classified as ASA
IV and above. Furthermore, as this was a single-center study, data from multiple centers with a larger sample will be
more convincing. Owing to the small sample size, a grouping analysis on the basis of age and comorbidities was not
possible. Overall, more and further studies are needed to address these issues.

Conclusions

In conclusion, the OFA protocol integrating esketamine combined with iliac fascia block is feasible and safe for geriatric
hip fracture surgery. Esketamine use rather than opioid use could improve haemodynamic stability, reduce the incidence
of PONV, and improve postoperative analgesia without increasing the incidence of postoperative complications.
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