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Purpose: To determine the optimal spinal anesthesia concentration for interlaminar endoscopic lumbar discectomy (IELD), in order to
deliver precise and individualized anesthesia for this procedure.

Methods: Fifty-four patients scheduled for IELD were randomized via a biased coin design to receive spinal anesthesia with different
ropivacaine doses. The initial dose was 7.5 mg/3 mL. If the patient reported a negative outcome, the subsequent dose was increased by
0.75 mg. If a positive outcome was reported, subsequent dose remained unchanged (89% probability) or was decreased by 0.75 mg
(11% probability). At least 45 positive outcomes were needed to estimate the MECy. Outcome measures: onset and duration of
surgical analgesia, postoperative pain scores, urinary retention incidence, end-of-surgery modified Bromage score, and patient
satisfaction.

Results: The isotonic regression estimated the MECy, of ropivacaine for spinal anesthesia in IELD at 9.474 mg/3 mL (95% CI:
8.242-10.088); Probit regression yielded MECqy = 9.480 mg/3 mL (95% CI: 8.806-10.154), MECos = 9.932 mg/3 mL (95% CI:
8.957-10.907), and MECy9 = 10.779 mg/3 mL (95% CI: 9.122-12.436). Analgesia onset was 5.0 min (IQR: 5.0-7.0), lasting
100.0 min (IQR: 90.0-110.0). Postoperative pain scores (VAS, cm) at 2, 6, 12, and 24 hours were 2.0 (1.0-3.0), 2.0 (2.0-2.0), 2.0
(2.0-3.0), and 2.0 (2.0-2.0), respectively. Bromage score at surgery end was 4.5 (IQR: 3.0-5.0). Mild urinary retention occurred in 4
patients (7.4%); no other complications were observed. Patient satisfaction: excellent (53.7%), good (20.4%), fair (13.0%), poor
(5.6%), very poor (7.4%). Ropivacaine concentration was negatively correlated with analgesia onset time (+ = —0.228, P = 0.049) and
Bromage score (r = —0.235, P = 0.044), but not associated with analgesia duration (» = 0.105, P = 0.224).

Conclusion: The MECy, of ropivacaine for spinal anesthesia in IELD was 9.474 mg/3 mL, the clinically recommended dose was 9.5
to 10.5 mg/3 mL.

Plain Language Summary: Interlaminar Endoscopic Lumbar Discectomy (IELD) is a minimally invasive procedure for lumbar disc
herniation; however, the optimal dosing of spinal anesthesia remains unclear. Using a biased-coin up-and-down sequential design, this
study determined the effective intrathecal ropivacaine concentrations for IELD. The MECqy was 9.47 mg/3 mL. Sensory blockade
onset occurred at approximately 5 minutes (range: 5—7 min); duration was approximately 100 minutes (90-110 min). Postoperative
VAS scores remained stable at approximately 2 cm over 24 hours. At the end of surgery, the median Bromage score was 4.5 (range:
3-5), indicating moderate motor blockade. Four patients (7%) experienced mild urinary retention; no other adverse events occurred.
Patient satisfaction was as follows: 54% rated the anesthesia “excellent”, 20% “good”, 13% “fair”, and 13% “poor” or “very poor”.

Higher ropivacaine concentrations shortened the onset time and increased the degree of motor blockade (reflected by higher Bromage
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scores) but did not prolong the duration of sensory blockade. These findings support evidence-based ropivacaine dosing for spinal
anesthesia in IELD, thereby improving safety, efficacy, and clinical decision-making.

Keywords: spinal anesthesia, interlaminar endoscopic lumbar discectomy, biased coin design, optimal effective concentration,
anesthesia success rate

Introduction

Interlaminar endoscopic lumbar discectomy (IELD) serves as a crucial procedure for the treatment of lumbar disc
herniation, owing to its minimally invasive characteristics, rapid recovery, minimal blood loss, and shorter hospital
stay.l’2

Current empirical evidence indicates that spinal anesthesia confers substantial advantages over other methods in
IELD, encompassing superior intraoperative efficacy, heightened patient comfort, fewer postoperative cardiopulmonary
complications, and reduced healthcare expenditures.* > Compared with local anesthesia, spinal anesthesia can provide
more perfect analgesic effect, avoid the surgical stimulation and discomfort that patients may feel in the awake state, and
also create more stable surgical conditions for the surgeon. ® Compared with general anesthesia, spinal anesthesia can
significantly reduce the risk associated with airway management and minimize the interference of anesthetics on the
physiological functions of patients, particularly for elderly patients with underlying diseases or individuals with a higher
ASA grade.®’

However, the determination of the optimal local anesthetic dose for spinal anesthesia in IELD still remains a critical
clinical challenge.® These multifaceted challenges underscore the critical necessity of developing a comprehensive
anesthetic strategy that effectively balances the precise demands of the surgical procedure with the imperative for
swift and complete functional recovery in patients. Inadequate dosing may lead to insufficient analgesia, which in turn
can cause intraoperative pain, patient discomfort, and potential surgical complications. On the other hand, excessive
dosing can eclevate the risk of adverse events such as prolonged motor blockade, urinary retention, and delayed
recovery.>”’

The utilization of low-concentration spinal anesthesia has been increasingly recognized as a superior approach, as it is
associated with a significant reduction in both intraoperative and postoperative complications. More importantly, this
method actively promotes and accelerates the overall process of postoperative recovery, enabling patients to regain
functionality more rapidly and comfortably.®'°

Ropivacaine, a long-acting amide local anesthetic with a favorable safety profile and less motor blockade than
bupivacaine, has gained widespread use in spinal anesthesia.'' ' Nevertheless, high-quality evidence on the minimum
effective concentration (MEC) of ropivacaine—particularly the MECy, (ie, the concentration producing effective
anesthesia in 90% of patients)—remains scarce, especially for patients with IELD. This knowledge gap hinders
anesthesiologists’ ability to select optimal doses that balance efficacy and safety in this specific surgical population.

Biased coin design up-and-down sequential method is a valuable tool in this context. It allows for a systematic and
efficient way to determine the optimal concentration of local anesthetics.'*'> By using this method, we can precisely
titrate the ropivacaine concentration based on the patient’s response.

Therefore, the present study was designed to determine the MECy, of intrathecal ropivacaine for spinal anesthesia in
patients undergoing IELD by using a biased coin up-and-down sequential design, with the aim of providing evidence-
based guidance for clinical practice.

Materials and Methods

This study utilized a biased coin design up-and-down method to determine the optimal effective concentration of
ropivacaine for spinal anesthesia in patients undergoing IELD. Ethical approval was obtained from the Ethics
Committee of Ningbo No. 6 Hospital on March 11, 2024, with the reference number 2024—02 (K). Subsequently, the
study was registered on April 9, 2024, in the Chinese Clinical Trial Registry (www.chictr.org.cn) under the registration
number ChiCTR2400082845.
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Patient Enrollment

Eligible patients were adult individuals who were scheduled for IELD due to lumbar disc herniation from May 1, 2024,
to August 31, 2025. The inclusion criteria were that patients required IELD surgery for lumbar disc herniation at the L4/5
and/or L5/S1 segments, American Society of Anesthesiologists (ASA) physical status classification of grade I-III, an age
range of 18 to 65 years, and a body mass index (BMI) ranging from 18.5 to 30 kg/m?. Each participating patient was
required to comprehensively understand the content, purpose, and risks of the trial and voluntarily sign the informed
consent form.

The exclusion criteria included patients with allergies to local anesthetic agents or contraindications to spinal
anesthesia, individuals with intellectual disabilities or communication impairments, those with a history of psychiatric
disorders, and participants who had been enrolled in other clinical trials. In the event that a patient voluntarily requests
withdrawal from the study during the trial, is lost to follow-up, or experiences severe complications, they was excluded
from the study.

Outcomes
The primary outcome measure was the analgesic response after spinal anesthesia, assessed using the visual analog scale
(VAS,4in) score. The positive outcome was VAS,,,;i, = 0, and the negative outcome was VAS,,;, > 1. Secondary outcomes
included the onset time of pain block (defined as the time interval from the end of drug injection to the absence of pain
during needle puncture in the surgical area, measured every two minutes after drug administration) and its duration
(defined as the absence of pain during needle puncture in the surgical area until the patient starts to feel pain at the
puncture site), postoperative pain scores, the incidence of urinary retention (defined as postoperative functional inability
to urinate or difficulty in urination, excluding organic changes), and patient satisfaction. In addition, record the patient’s
baseline information, such as gender, age, BMI, ASA classification, operation time, and lumbar segment.

At the conclusion of the surgery, the motor block status was assessed in accordance with the modified Bromage scale:
a score of | signified complete motor block; a score of 2 denoted that only the joints below the ankle were capable of
movement; a score of 3 indicated that only the knee joint could be moved; a score of 4 meant that the leg could be lifted
but not held in that position; a score of 5 signified that the leg could be lifted and maintained for over 10 seconds; and
a score of 6 indicated no motor block whatsoever.'®!’

Patient satisfaction scores were gathered 24 hours post-surgery using a 5-point scale, where 1 represented very poor, 2
represented poor, 3 represented fair, 4 represented good, and 5 represented excellent.

Sequential Method for Biased Coins

Based on clinical experience and previous literature, the first patient was given a dose of 7.5 mg ropivacaine, and the
volume was maintained at 3 mL.'® When the patient had a negative outcome (VAS > 1), the dose of ropivacaine for the
subsequent patient was increased by 0.75 mg until the first patient with a positive outcome was identified. Starting from
the first patient with a positive outcome (VAS = 0), if the previous patient had a negative outcome, the dose of
ropivacaine for this patient was increased by 0.75 mg. Conversely, if the previous patient had a positive outcome, the
concentration of ropivacaine for this patient was randomly adjusted through a biased coin toss. There was an 11%
probability of a 0.75 mg decrease and an 89% probability of remaining unchanged. A minimum of 45 positive outcome

was necessary to estimate the MECq. ' 1518

Randomization and Blinding

A computer generated a random sequence of 44 numbers marked with —1 or 0, with probabilities of 11% and 89%
respectively. Here, —1 denoted a reduction of one unit in the dose of ropivacaine, while O signified that the dose of
ropivacaine for the subsequent patient remained unchanged. The sequence was concealed via the envelope method. When
a positive result is encountered, open the envelope to determine whether the dose for the next patient should be
maintained or reduced. In the event that a patient withdrew from the study, the data of this patient was removed, and
the dose of the drug for the next patient remained unchanged. All ropivacaine solutions utilized were prepared by an
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individual not involved in the study, and the labels were hidden. Neither the anesthesiologists nor the observers were
aware of the concentration of the drug employed.

Spinal Anesthesia

The patient was placed in a lateral flexed position with the operating table level. After routine disinfection and draping,
the L3/4 intervertebral space was identified as the puncture site, and a small amount of 1% lidocaine was injected at the
puncture site for local infiltration anesthesia. The puncture needle was slowly inserted into the subarachnoid space via
a median approach. After confirming cerebrospinal fluid outflow, needle advancement was halted, and 3 mL of isotonic
ropivacaine hydrochloride solution (Naropin®, Sweden, AstraZeneca AB) prepared with normal saline was slowly
injected into the head end at a rate of 1 mL/10s. Following injection completion, the patient remained in a supine
position for 15 minutes until the anesthesia level stabilized and ensure that the sensory block plane covers the surgical
area, after which the position was adjusted to a surgical-ready position.

|IELD

The patient was placed on the operating table and positioned in the prone position. Before the operation, precise imaging
localization was performed using a C-arm X-ray machine to determine the needle insertion point. Under X-ray
fluoroscopy guidance, a 23-gauge guide needle was inserted near the lateral boundary of the intervertebral foramen.
Subsequently, a 0.8 mm diameter guide wire was used to replace the guide needle, and a dilator was used to open the
paraspinal muscles to establish a working channel. Fluoroscopy was used to confirm that the working channel was
accurately located at the lateral edge of the interlaminar opening. A spinal endoscopy system (Joimax Inc., Irvine,
California, USA) was used to perform an incision at the junction of the ligamentum flavum and the facet joint, exposing
the lateral edge of the nerve root, and directly observing and removing the protruding part of the intervertebral disc. After
nerve root decompression and hemostasis were completed, the endoscope and working channel were safely removed.

Rescue Analgesia

For any moment during the operation when the patient experiences moderate to severe pain (VAS > 3), local injection of
lidocaine for rescue analgesia was administered first. The pain degree was assessed every 5 minutes. If the VAS remains
above 3, sufentanil 5 pg was added. If the pain is still not relieved after five minutes, another 5 png of sufentanil was
given. If the analgesic effect is still unsatisfactory, general anesthesia was changed to after obtaining the patient’s
consent.

Statistics

Statistical analysis was performed using SPSS software (version 26.0), GraphPad Prism software (version 8.0.1), and
R for Windows software (version 4.3.2). The Shapiro—Wilk test was initially applied to assess the normality of
continuous data. For normally distributed measurement data, results were described as mean + standard deviation
(Mean £ SD); for non-normally distributed measurement data, median (M) and interquartile range (IQR) were used
for representation. Count data were presented as frequencies and percentages (%). The MECy, and 95% confidence
interval (CI) of the drug were calculated using isotonic regression and validated with Probit regression.'* Spearman’s
rank correlation analysis was adopted to explore the relationship between variables, and a one-tailed test was conducted.

Results

Fifty-nine patients were assessed for eligibility. Three patients were excluded due to contraindications to spinal
anesthesia, and one patient was excluded due to communication impairments. Then, fifty-five patients were enrolled in
this study, and one patient was lost to follow-up due to a second surgery. Finally, fifty-four patients, aged 47.5 + 11.3
years, were analyzed in this study (Figure 1). The patients’ height was 1.66 = 0.08 m, their weight was 66.54 + 11.35 kg,
and their BMI was 24.06 + 2.98 kg/m”. There were 32 males (59.3%) and 22 females (40.7%). Twenty-one patients
(38.9%) were classified as ASA grade I, 20 patients (37.0%) as grade II, and 13 patients (24.1%) as grade III. The
distribution of ropivacaine doses used for patients at various ASA grades is shown in Figure 2. The operation time was
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Assessed in eligibility
(n=59)

Excluded:

- Contraindications to spinal
anesthesia (n=3)

Allocation - Communication impairment (n=1)

Sequential method for
biased coins (n=55)

- Negative: Concentration was
increased 0.75 mg/3 mL.
-¢—— - Positive: Concentration was
decrease 0.75 mg/3 mL (11%) or
remaining unchanged (89%).

Lost to follow-up due to
a second surgery (n=1)

The study was terminated when the
number of positive cases reached 45.

l

Analysed (n=54)

Figure | Research flowchart.

61.6 (45.0, 81.3) min. There were 14 cases (25.9%) where the surgical segment was at L4/L5, 23 cases (42.6%) at L5/S1,
and 17 cases (31.5%) involving both segments (Table 1).

The isotonic regression results indicated that the MECy, of ropivacaine for spinal anesthesia in IELD was 9.474 mg/
3 mL (0.318%), and the 95% CI was 8.242 mg/3 mL (0.275%) to 10.088 mg/3 mL (0.336%) (Figure 3). The Probit
regression results indicated that the MECo was 9.480 mg/3 mL (95% CI: 8.806—10.154), the MECys was 9.932 mg/3 mL
(95% CI: 8.957-10. 907), and the MECqg was 10.779 mg/3 mL (95% CI: 9.122-12.436) (Figure 4).

The onset time of pain block was 5.0 (5.0, 7.0) min, and its duration was 100.0 (90.0, 110.0) min. The postoperative
pain scores at 2 hours, 6 hours, 12 hours, and 24 hours were 2.0 (1.0, 3.0) cm, 2.0 (2.0, 2.0) cm, 2.0 (2.0, 3.0) cm, and 2.0
(2.0, 2.0) cm, respectively. The Bromage score at the end of the surgery was 4.5 (3.0, 5.0). Four patients (7.4%)
experienced mild urinary retention, and no other discomfort or complications were found in any of the patients. Twenty-
nine patients (53.7%) were very satisfied, 11 patients (20.4%) were satisfied, 7 patients (13.0%) thought the anesthetic
effect was average, 3 patients (5.6%) considered the anesthetic effect poor, and 4 patients (7.4%) expressed extreme
dissatisfaction with the anesthetic effect (Table 2). All nine negative cases underwent further management and success-
fully completed the surgery. Among these cases, three patients required only one additional local anesthesia, five patients
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Figure 2 The distribution of ropivacaine doses used for patients at various ASA grades.
Abbreviation: ASA, American Society of Anesthesiologists.

received a combination of local anesthesia and intravenous analgesics, and one patient was ultimately converted to
general anesthesia.

The results of the correlation analysis demonstrated that the concentration of ropivacaine was significantly negatively
correlated with the onset time of analgesia (» = —0.228, P = 0.049), and positively correlated with the duration of the
analgesic effect; however, this correlation was not significant (» = 0.105, P = 0.224). Moreover, it was also significantly
negatively correlated with the Bromage score at the end of the surgery (» = —0.235, P = 0.044) (Figure 5).

Discussion

This study investigates a clinical trial utilizing a biased coin design to determine the optimal concentration of ropivacaine
for spinal anesthesia in patients undergoing IELD. This study finally showed that the MECy, of ropivacaine for spinal
anesthesia in IELD was 9.474 mg/3 mL (0.318%), and the 95% CI was 8.242 mg/3 mL (0.275%) to 10.088 mg/3 mL
(0.336%). This study also utilized Probit regression to validate the experimental results. The outcomes indicated that the
MECy, was 9.480 mg/3 mL (95% CI: 8.806-10.154), the MECy5 was 9.932 mg/3 mL (95% CI: 8.957-10. 907), and the
MECyo was 10.779 mg/3 mL (95% CI: 9.122—-12.436). The similarity between the two sets of results further corroborated
the reliability of the research findings.

Table | Demographic Characteristics

Patient Characteristics Value (n = 54)
Age (years), Mean * SD 475+ 113
Gender (male/female), n 32/22
Height (m), Mean * SD 1.66 * 0.08
Weight (kg), Mean + SD 66.54 + 11.35
BMI (kg/m?), Mean % SD 24.06 + 2.98
ASA grade (I/II/1l), n 21/20/13

Operation time (min), median (IQR) | 61.6 (45.0, 81.3)
Lumbar segment, n (%)

L4/L5 14 (25.9)
L5/S1 23 (42.6)
L4/L5 combined with L5/SI 17 (31.5)

Abbreviations: SD, Standard Deviation; BMI, Body Mass Index;
ASA, American Society of Anesthesiologists; IQR, interquartile
range; L, Lumbar; S, Sacrum.
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Concentration (mg/3 mL)
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Figure 3 Sequential data for the complete BCD are presented to the right of the ordinate. Negative cases are indicated by green dots (®), positive cases by blue dots (e),
and an estimate of MECyo and 95% Cl is represented by a red line (=). The bar chart on the left depicts the number of usage cases and their distribution at each
concentration.

Abbreviations: MEC, minimal effective concentration; Cl, confidence interval.
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Figure 4 Dose-response curve based on Probit regression results. The red dashed lines correspond to MECgo, MECss, and MECgs, respectively.
Abbreviations: MEC, minimal effective concentration; Cl, confidence interval.

The choice of ropivacaine, a long-acting amino amide local anesthetic, was deliberate, given its favorable safety
profile and lower potential for cardiotoxicity compared to other agents.“’12 Its use in spinal anesthesia has been shown to
produce reliable sensory and motor blockade with a predictable duration, making it an ideal candidate for dose-response
studies in the context of IELD procedures.'' '

In this study, the positive indicator was set as a VAS score of 0, which is a relatively strict criterion and differs from
other studies.'* By adopting this strict standard, the application effect of ropivacaine in spinal anesthesia can be evaluated
more precisely, reducing the error caused by individual subjective pain perception differences. Compared with other
studies that use relatively loose standards, the results of this study have higher reliability and persuasiveness. More
importantly, the primary advantage of spinal anesthesia compared to local anesthesia lies in its distinct and powerful
analgesic effect.” Weakening this effect would strip it of its crucial clinical value.

The clinical implications of the findings are significant. From a clinical application perspective, the determined MEC
offer clear reference benchmarks for clinicians when selecting ropivacaine for IELD spinal anesthesia. In actual clinical
practice, physicians can flexibly adjust the drug concentration within this reference range according to the patient’s
specific circumstances, such as age, physical state, and surgical complexity, to attain the optimal anesthetic effect.'® For
instance, in the case of patients with good physical tolerance and high complexity surgeries, the drug concentration can
be appropriately increased to approach MECys or even MECyo. This ensures that the patient experiences no pain and has
good muscle relaxation during the surgery. On the other hand, for patients who are physically frail and have poor drug

tolerance, a concentration close to MECy, can be selected to guarantee the anesthetic effect while minimizing the risk of
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Table 2 Clinical Outcomes

Value (n = 54)

The onset time of pain block (min), median (IQR) 5.0 (5.0, 7.0)
The duration of pain block (min), median (IQR) 100.0 (90.0, 110.0)
The Bromage score at the end of the surgery, median (IQR) | 4.5 (3.0, 5.0)
Urinary retention, n (%) 4 (7.4)
Patient satisfaction, n (%)

Excellent 29 (53.7)

Good 11 (20.4)

Fair 7 (13.0)

Poor 3 (5.6)

Very poor 4 (7.4)
VAS,..in after surgery (cm), median (IQR)

2h 2.0 (1.0, 3.0)

6h 2.0 (2.0, 2.0)

12 h 2.0 (2.0, 3.0)

24 h 2.0 (2.0, 2.0)

Abbreviations: IQR, interquartile range; VAS, visual analog scale.

adverse drug reactions.® Therefore, considering pharmacological principles, clinical practice, and the convenience of
drug formulation, the recommended clinical dose of ropivacaine in this study is 9.5 to 10.5 mg/3 mL.

It is noteworthy that, in addition to the type and dosage of local anesthetic agents, the specific gravity (density) of the
drug and the injection speed are also critical factors influencing the diffusion range of the drug in interstitial tissues,
distribution uniformity, and the stability of final anesthetic efficacy.”*' During the experimental design phase, this study
deliberately adopted standardized drug concentration ratio protocols and implemented strictly uniform slow injection
speeds throughout all procedural steps, aiming to minimize systematic biases introduced by these variables and ensure
the intrinsic comparability of research data and the reliability of conclusions. However, in the complex and dynamic
clinical practice environment, due to individual anatomical variations among patients, differences in operator techniques,
and site-specific characteristics, healthcare professionals must exercise heightened attention and meticulous consideration
toward these factors—namely, the specific gravity properties of the drug and injection push rates—during clinical
application. These factors directly and significantly impact the onset time of anesthesia, the completeness of block
formation, and potential complication risks, ultimately determining the safety and efficacy of clinical anesthesia.

In addition, certain factors may also influence the research results regarding drug dosage. Apart from the well-known
factors like age and obesity, the specification of the puncture needle is also an influencing factor. Research indicates that
for spinal anesthesia during cesarean section, the minimum effective dose of ropivacaine required when using a real-time
UG 26 spinal needle is significantly higher than that of a 24-gauge needle. This might be because the diameter of the

A z ;==-g.§‘2£ B - r= 0.105 C r=-0.235
E20 : € 140 P=0.224 4 P=0044
= 1 fd
$ % 120 o 8 6-
o ] S J = O
215 o 3 100 g3
g S 804 g8
%5 104 a ] 8Z
o S 60+ £e
- ] S
= 5 S 40 Q5 2 A A
3 € ] g2
g 3 204 Fs .
h ©
2 0 T T T T T 2 0 T T T T T 0 T T T T T
~ 675 750 825 9.00 9.75 10.50 = 6.75 7.50 8.25 9.00 9.75 10.50 6.75 7.50 825 9.00 9.75 10.50
The concentration of ropivacaine (mg / 3mL) The concentration of ropivacaine (mg / 3mL) The concentration of ropivacaine (mg / 3mL)

Figure 5 Correlations between ropivacaine concentration and analgesic block characteristics. Scatter plots showing the relationship of ropivacaine concentration (mg/3 mL)
with (A) the onset time of pain block, (B) the duration of pain block, and (C) the Bromage score at the end of surgery. A linear regression line with a 95% confidence
interval (gray shading) is displayed in each panel.
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spinal needle significantly impacts the diffusion rate of ropivacaine in the spinal canal.”> Meanwhile, despite the absence
of direct evidence, it remains challenging to exclude the possibility that the puncture approach (eg, the midline approach
or the paramedian approach) exerts an influence on the research results. Moreover, height could also serve as an
independent influencing factor. Research findings have demonstrated that, in the context of spinal anesthesia for cesarean
section, the EDsq of ropivacaine rises in tandem with the increase in the subjects’ height, suggesting that height may
partially determine the dosage.”® Finally, the combined use of intravenous analgesics (eg, opioid analgesics) may also
influence the dosage of ropivacaine in spinal anesthesia, and this effect is generally advantageous.”**

Compared with other studies, the effective concentration of ropivacaine for IELD spinal anesthesia determined in this
study falls within a reasonable and reference-worthy range.'®*® The effective concentrations obtained in previous studies
might have fluctuated because of differences in surgical methods, sample sizes, research methods, or patient groups.

Previous related studies have demonstrated that 10 mg of ropivacaine for spinal anesthesia can attain satisfactory
anesthetic effects during hemorrhoidectomy and exerts a relatively minor influence on postoperative urinary retention.?®
Another study determined that when ropivacaine spinal anesthesia was applied in anorectal surgery, its MECq, was only
0.248% (3.732 mg, 95% CI: 0.150%-0.300%), and the MECqq was 0.293% (4.439 mg, 95% CI: 0.250%-0.300%).*” The
dosage of ropivacaine in that study (rather than the concentration) was significantly lower than the results of this study.
This clearly demonstrates that different surgeries have distinct requirements for the block effect. The required block
range for anorectal surgery is relatively narrow, and only local anesthesia is necessary. In contrast, IELD surgery may
involve a broader range of tissues and nerves and has more rigorous requirements for the range and depth of anesthesia.
Therefore, a higher concentration of ropivacaine is required to achieve the ideal anesthetic effect. Additionally, the
duration of the surgery is also a crucial factor. Anorectal surgery typically takes less time, whereas IELD surgery may
necessitate longer-term maintenance of anesthesia, and a higher drug concentration facilitates maintaining a stable
anesthetic state over a longer period.

Studies have demonstrated that when low-density ropivacaine is employed for unilateral spinal anesthesia in elderly
patients undergoing hip replacement surgery, the median effective dose (EDsg) and 95% effective dose (EDgs) are
11.13 mg (95% CI: 10.85-11.42 mg) and 13.30 mg (95% CI: 12.04-13.65 mg), respectively. Unilateral spinal anesthesia
can confine the block level to the surgical side, induce less physiological disturbance to the patient, maintain more stable
perioperative hemodynamics, and lead to relatively fewer complications.'® This research result is consistent with the
findings of this study. However, it is necessary to emphasize the influence of drug concentration and administration
method on the research result.”®

This study also concentrated on the onset and duration of pain block, postoperative pain scores, lower-extremity
movement at the end of surgery, the incidence of urinary retention, and patient satisfaction. These indicators compre-
hensively mirror the influence of the anesthesia effect on the postoperative recovery of patients. The correlation analysis
results further explained the relationship between the ropivacaine concentration and important indicators. The significant
negative correlation between the ropivacaine concentration and the onset time of analgesia suggests that a higher
concentration of ropivacaine can lead to a faster onset of pain relief. The non-significant positive correlation with the
duration of the analgesic effect implies that while there may be a tendency for a longer-lasting effect with higher
concentrations, other factors may also play important roles. This is basically consistent with the previous research
viewpoints.*’

This study also discovered that there was a negative correlation between the concentration of ropivacaine used in
spinal anesthesia and the Bromage score at the end of the surgery. This finding suggests that the lower the concentration
of ropivacaine, the less influence it exerts on motor function.'® This is also fundamentally consistent with previous
research viewpoints. Reducing motor blockage is conducive to the early recovery of limb movement in patients after
surgery and reduces the incidence of complications.'? More importantly, the risk of accidental nerve contact is relatively
high during IELD surgery. Maximally preserving motor function is conducive to the timely detection of nerve damage.
Once the patient perceives abnormal motor responses during the surgery, it can promptly alert the surgeon to adjust the
surgery, thereby preventing further nerve damage. This is crucial for ensuring the patient’s surgical safety and the post-
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operative recovery of nerve function.
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In addition, this study analyzed the incidence of urinary retention and patient satisfaction. The incidence of urinary
retention in this study was relatively low, which could be attributed to the relatively minor impact of the lower
concentration of ropivacaine on bladder function. A higher drug concentration may increase the risk of urinary retention,
possibly because of the excessive inhibition of the nerves controlling the bladder.*® Meanwhile, it was also found that the
occurrence of urinary retention was dependent on population characteristics, with elderly men still facing a higher risk.
Urinary retention not only causes discomfort to patients but also increases the risk of complications such as urinary tract
infections.”® Therefore, this group of individuals still merits more attention.

In terms of patient satisfaction, although more than half of the patients were very satisfied or satisfied with the
anesthetic effect, there was still a proportion of patients who were not satisfied. This may be related to individual
differences in pain perception, the anesthetic effect, and other factors.*>' Future research could focus on ways to further
improve patient satisfaction, such as optimizing the anesthetic protocol, better preoperative communication, and
individualized anesthetic plans.

In addition, no other severe anesthesia-related complications were observed during the study. Despite the relatively
higher ropivacaine concentration distribution in ASA III patients, the procedure still demonstrated good safety. Overall,
this study contributes to the growing body of evidence supporting the use of enhanced recovery after surgery (ERAS)
pathways in neurosurgical practice. By refining anesthesia protocols specifically for endoscopic spinal surgery, we pave
the way for the development of standardized ERAS protocols that can be widely adopted and implemented, ultimately
leading to better patient experiences and outcomes.”

This study also presents certain limitations. The sample size is relatively small, and the source population is limited,
which might impact the generalizability of the research findings. Future studies ought to conduct large-scale multi-center
clinical trials to further validate the outcomes of this study. Moreover, this study solely concentrated on the concentration
of ropivacaine and did not carry out in-depth investigations into other factors that could influence the anesthetic effect,
such as drug compatibility and injection techniques. Future research can further enlarge the sample size and incorporate
more patients of diverse ages and physical states to enhance the universality of the research results. It is also feasible to
compare the application effects of different anesthetic drugs or approaches in ILDE surgery to offer more choices and
references for clinical practice. Simultaneously, in-depth research on the relationship between ropivacaine concentration
and individual patient factors (such as genes and metabolism) to formulate personalized anesthetic plans were a crucial
direction for improving anesthetic quality and patient prognosis.

Conclusion
The MECy, of ropivacaine for spinal anesthesia in IELD was 9.474 mg/3 mL. The clinically recommended dose was 9.5
to 10.5 mg/3 mL.
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