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Objective: The dose selection of ropivacaine for spinal anesthesia in clinical work mainly depends on the experience of the
anesthesiologist. In this study, a prospective and modified up-down sequential allocation design was used to provide the optimal
dose selection of ropivacaine for spinal anesthesia.

Patients and methods: This study was divided into two stages, and a total of 164 elderly patients with elective hip fractures were
included. In stage I, the dose of ropivacaine was selected using the up-down sequential method of height correction, and the 50%
effective dose (ED50) and 95% effective dose (ED95) were obtained. A nomogram for predicting satisfactory anesthesia and a formula
for predicting the optimal dose was also given in this stage. In stage II, the dose of ropivacaine was calculated by using the optimal
dose prediction formula, so as to evaluate the efficacy and safety of the model.

Results: The ED50 and ED95 of the stage I were 7.036 mg (95%CI 6.549-7.585 mg) and 8.709 mg (95%CI 7.902-14.275 myg),
respectively. And provided a nomogram predicting satisfactory anesthesia with a C-index of 0.847 (95%CI 0.774-0.92). The optimal
dose prediction formula of ropivacaine was calculated, including variables for age, gender, height, and weight. This formula was found
to be 90% efficient. It is worth mentioning that the incidence of direct transfer to the ward in the two stages was as high as 86.84% and
93.33%, respectively, and no patients were transferred to the ICU in stage II.

Conclusion: The ED50 and ED95 of ropivacaine were 7.036 mg and 8.709 mg, respectively, and the nomograms are sufficiently
accurate to predict satisfactory anesthesia. Beyond that, the dose prediction equation provided in this study has high efficacy and
safety, and can guide the dose selection of spinal anesthesia in elderly patients with hip fracture in clinical practice.

Clinical trials registration: ChiCTR2100046982
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Introduction

According to data from China’s seventh census in 2020, the 60-year-old population has reached 264 million, accounting
for 18.7% of the total population; of which 190 million are 65-year-old, accounting for 13.5% of the total population, and
have begun to enter the “aging society”. Concomitantly, the periarticular fragility fracture of the hip, a common serious
injury, has significantly increased in incidence.' Hip fractures are recognized as a major threat to older adults, with nearly
one-third of patients dying within a year of a hip fracture, and about 50% of survivors unable to return to their pre-
fracture functional status.'* Patients with hip fractures experience a variety of complications, including frailty.’ And
frailty is a predisposing factor for falls and other adverse events, including organ decline, emergency hospitalization,
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nursing home admission, and death.* Moreover, frail patients who are already in poor health will become even frailer due
to pain, mobility problems and inability to take care of themselves.’ This creates a bad vicious circle.

Regaining mobility after surgery is a top priority in the treatment of hip fractures in elderly patients. However, the
choice of anesthesia for elderly hip fracture surgery remains controversial.® Previous studies have shown that spinal
anesthesia does not provide better outcomes after surgery for elderly patients with hip fractures.”® Whereas, there are
also many studies support spinal anesthesia as the advantages of shortened hospital stay, higher patient satisfaction,
shorter anesthesia recovery time, and reduced postoperative opioid consumption.” ' In addition, spinal anesthesia has
the advantages of fast onset, complete block, and no impact on respiratory function,'* which can be widely used in
elderly hip fracture surgery. In fact, with the development of ultrasound-guided intraspinal puncture technology, the
success rate of intraspinal puncture including spinal anesthesia has significantly increased,'® which may further improve
the satisfaction of spinal anesthesia.

At present, the medication and dosage of spinal anesthesia for elderly patients are basically determined by anesthe-
siologists based on experience, and the dosage of the medication directly affects the patient’s anesthesia effect,
hemodynamics, and further affects the prognosis. In this study, 50% and 95% effective doses of ropivacaine in spinal
anesthesia (ED50 and ED95) in elderly patients with hip fracture surgery were determined by a modified sequential
design. At the same time, the prediction formula of the individual optimal dose is provided to guide the dose selection of
ropivacaine in elderly patients with hip surgery and spinal anesthesia in clinical work.

Materials and Methods

Study Design

This is a prospective, modified up-down sequential allocation study, which was conducted in the Department of
Anesthesiology of the First Affiliated Hospital of the University of Science and Technology of China from June 2021
to March 2022, and passed the ethics review of the hospital ethics committee (2021KY113), and completed the
registration in the China Clinical Trial Registration Center (ChiCTR2100046982). All study participants read and signed
informed consent forms. This trial was conducted in accordance with the Declaration of Helsinki.

Eligibility Criteria

The inclusion criteria included (1) ASA classification II-1V; (2) Age > 65 years old; (3) Elective hip fracture surgery
(included femoral neck, femoral head, intertrochanteric or subtrochanteric fractures); (4) Sign the informed consent.
Exclusion criteria included (1) Administered sedative and analgesic drugs within 3 hours before surgery; (2) Severe
dementia; (3) Have uncontrolled neurological or psychiatric diseases; (4) Severe multiple injuries; (5) Contraindications
to spinal anesthesia; (6) Participated in other drug trials within three months.

Anesthesia Procedures

Patients fasted for 8 hours before surgery. After entering the room, a “Venturi” mask with an oxygen flow of 2 L/min was
used to inhale oxygen, open the venous access, connect the monitor, and continuously monitor the electrocardiogram
(ECQG), invasive blood pressure (IBP), pulse oxygen saturation (SpO2) and heart rate (HR). The anesthesia method is
combined spinal-epidural anesthesia, the puncture is performed after ultrasound-guided positioning,'* the puncture point
is L2-3, 2% lidocaine is selected as the local infiltration anesthesia, and 0.5% ropivacaine diluted with 10% glucose
solution was used for spinal anesthesia. The patient is placed in a lateral recumbent position (the affected side is down),
and spinal anesthesia is performed first. After the cerebrospinal fluid is confirmed to be smooth, 0.5% ropivacaine is
given in about 30 seconds. Then an epidural catheter of 3—5 cm is indwelled in the epidural space. After ropivacaine
injection, the lateral decubitus position was maintained for 15min to achieve unilateral block.'” Intraoperatively,
additional 1% lidocaine should be added to the epidural space as needed, at the discretion of the anesthesiologist. The
epidural catheter was removed after surgery.
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Study Interventions
The dose of ropivacaine received by each patient in stage I was determined by a sequential method. Specifically, the
initial dose was set at 7.5 mg. When the anesthesia effect of the previous patient was satisfactory, the dose of the next
patient was reduced by 0.5 mg; when the anesthesia effect of the previous patient was unsatisfactory, the dose of the next
patient was increased by 0.5 mg. In addition, considering the clear effect of height on the dose of spinal anesthesia, the
dose should be further corrected by reference to height: for every 10cm increase or decrease in height, the dose should be
increased or decreased by 0.5mg.

Definition of Satisfactory Anesthesia: (1) Anesthesia plane (assessed by acupuncture): higher than T10, lower than
T6; (2) Pain-free operation within the first hour of surgery.

After the establishment of the optimal dose formula, the validation cohort was included in stage II. Spinal anesthesia
was performed using the ropivacaine dose provided by the formula to evaluate the effectiveness of the formula to guide
clinical ropivacaine dose selection and the success rate of meeting surgical needs.

Sample Size Calculation

The logistic regression model of this study plans to screen independent variables such as age, gender, height, weight,
ASA classification, hemoglobin, white blood cells, red blood cells, and C-reactive protein. The calculation is based on
the Events Per Variable principle,'® that is, the sample size is the independent Variable expected to be included multiplied
by 10. Furthermore, considering the 20% dropout rate, 114 cases were finally included in the stage I of this study. In stage
II, another 30 cases were included to verify the formula. A total of 144 patients.

Statistical Analysis

For numeric variables, the Shapiro-Wilk test was used to verify normality. Normally distributed variables are expressed
as the mean (standard deviation), and abnormally distributed variables are expressed using the median (interquartile
range). Categorical variables are expressed as numbers (percentages). Independent two-sample t-tests were used to
compare normally distributed variables. Abnormally distributed variables were compared using the Mann-Whitney
U test. Categorical variables were analyzed using the y* test or Fisher’s exact test. Probit regression was used to
calculate ED50, ED95 and their 95% confidence interval (CI). Logistic regression was used to screen variables, and odds
ratio (OR) was used to describe the variables included in univariate and multivariate regression models. Meanwhile,
nomogram is established, and C-index evaluates its predictive ability. For patients who meet satisfactory anesthesia,
a multiple linear regression model is used to establish a dose prediction equation. Data were analyzed using SPSS
(version 24.0; SPSS Inc., IBM, Chicago, IL, USA). All statistical tests were two-tailed, and a P-value less than 0.05 was
defined as statistically significant.

Results

Overall, a total of 180 patients were screened in this study between June 2021 and April 2022. Among them, in stage I, 15
patients refused to participate, 14 patients did not meet the criteria for admission, and 2 patients were unsuccessful in spinal
anesthesia; In stage II, 1 patient refused to participate, and 4 patients did not meet the criteria for admission. A total of 144
patients completed the study, 114 in stage I and 30 in stage II. The complete selection flow chart of subjects in this study is
shown in Figure 1. Baseline characteristics such as demographics and surgical information are shown in Table 1.

ED50 (Cl) and ED95 (Cl)

According to the calculation results of Probit regression, the ED50 and ED95 of ropivacaine for spinal anesthesia of elderly
hip fracture were 7.036 mg (95%CI 6.549—7.585 mg) and 8.709 mg (95%CI 7.902—-14.275 mg), respectively. Goodness-of-fit
test of the model P=0.108 > 0.05. The specific dose and the corresponding number of cases are shown in Table 2.

Variable Filtering and Nomogram
Nine independent variables were included in this study and entered into logistic regression, including age, gender, height,
weight, ASA classification, hemoglobin, white blood cells, red blood cells, and C-reactive protein. Group comparisons
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| A total of 180 people were screened |

l

j/ Enrollment

Assessed for eligibility (n=145) ‘ ‘ Assessed for eligibility (n=35)

! l

Excluded (n=5)
» Not meeting inclusion criteria (n=4)
* Declined to participate (n=1)

Excluded (n=31)

* Not meeting inclusion criteria (n=14)

* Declined to participate (n=15)

* Spinal anesthesia was unsuccessful (n=2)

Allocation
Allocated to stage I (n=114) Allocated to stage II (n=30)
* Received allocated intervention (n=114) * Received allocated intervention (n=30)
* Did not receive allocated intervention (n=0) « Did not receive allocated intervention (n=0)
Analysis l
Analysis (n=114) Analysis (n=30)
* Excluded from analysis (n=0) * Excluded from analysis (n=0)

Figure | Flow chart of the study.

are made according to whether satisfactory anesthesia is achieved. Comprehensive consideration of univariate analysis
results and clinical practice, and finally screen out age, gender, height, and weight into the model. Crude and adjusted OR
are shown in Table 3. It should be explained that the OR value failed to reflect the correlation between height and
anesthesia effect because the sequential plan was modified by using height in this study.

Additionally to that, we visualized the logistic regression model using the nomogram constructed by the factors
described above (Figure 2). Using C-index to evaluate the discrimination of the nomogram, C-index=0.847 (95%CI
0.774-0.92), suggesting good prediction accuracy. The nomogram model was internally verified by Bootstrap repeated
1000 times sampling method, and the calibration curve of the prediction model was obtained (Figure 3), which showed

that the prediction model was in good consistency with the actual observed results.

Formula for Predicting the Optimal Dose
According to the definition of satisfactory anesthesia in this study, there were 58 patients with appropriate anesthesia
plane and satisfactory analgesic effect within the first hour of surgery. Based on this, the multiple linear regression model

Table | Baseline Characteristics

Variable Stage | (n =114) Stage Il (n =30)
Age, median (IQR) 80(12) 80.5(14)
Male/female 41/73 10/20
Height, median (IQR) 162.46(13) 161(9)
Weight, median (IQR) 60(15.5) 55(11.3)
ASA classification (llI/IV) 70/44 21/9
The duration of surgery (min), median (IQR) 80(36) 80(31)
Types of hip fracture surgery, number (%):
Hip Arthroplasty 54(47.37) 19(63.33)
Intramedullary nail 60(52.63) 11(36.67)

Abbreviation: ASA, American Society of Anesthesiologists.
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Table 2 Dose and Corresponding Number of
Cases
Dose (mg) Total Number | The Number
of Cases of Cases with
Satisfactory
Anesthesia
5.5 | 0
6.0 9 0
6.5 26 7
7.0 44 22
7.5 20 16
8.0 7
85 5 3
9.0 | |

Table 3 Multivariate Logistic Regression Model

Crude Odds Ratio (95%Cl)

Adjusted Odds Ratio (95%CIl)

Age

Gender
Height
Weight

0.921(0.874-0.97)
1.549(0.717-3.345)
1.03(0.982-1.079)
1.015(0.981-1.05)

0.92(0.872-0.971)
1.681(0.412-6.855)
0.992(0.896-1.098)
0.997(0.951-1.045)

was used to incorporate age, gender, height and weight into the model as independent variables, and the following

formula can be calculated:

Dose(mg) = -1.39 + age(vear) 0.011 - gender(male = 1; female = 0)0.249 + height(cm)"0.047 + weight(kg)"0.005

This calculation equation has statistical significance, F=5.691, P=0.001<0.05, indicating that there is a linear correlation

between the dependent variable and the independent variable. Correlation coefficient R=0.548, determination coefficient

R?=0.3.

Verification of Efficacy and Safety of the Formula
The stage II of this study included 30 patients, and the same anesthesia protocol was implemented as the stage 1. The

ropivacaine dose was provided by the prediction equation established in stage I. Finally, the anesthesia plane of 1 patient was

below T}, 1 patient felt pain during skin incision, and the other 1 patient were satisfied with analgesia at the beginning of the

Points
Age
Gender
Height
Weight
Dosage

Total Points

Prob of satisfactory anesthesia

160

0 10 20 30 40 50 60 70 80 90 100
r T T T T T T 1
65 70 75 80 8 90 95 100
—
male female
— T
180 170 160 150
T
85 70 55 40
6 7 8 9
55 6.5 75 85
r T T T T T T T
0 20 40 60 80 100 120 140
0.1 0.3 0.6 0.9

Figure 2 Nomogram to predict probability of satisfactory anesthesia.
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Figure 3 Calibration curve for nomogram.

operation, but the duration was less than 1 hour. The anesthesia plane of the 27 patients was suitable and could provide
a completely satisfactory anesthesia effect within the first hour of surgery, indicating that the formula had an effective rate of
90%. Namely, this predictive formula can guide clinical ropivacaine dose selection to a considerable extent.

Perioperative Events
The perioperative-related adverse events in this study were mainly hemodynamic changes, including hypertension and
hypotension after spinal anesthesia. In stage I, 20 patients had hypotension and 11 patients had hypertension. The cases
of hypotension and hypertension in stage II were both 3. It should be noted that there was no significant and
uncorrectable hypotension during the trial. The occurrence of hypertension may be related to the nervousness of patients
during the operation. The number of patients with inappropriate anesthesia plane or insufficient analgesia within the
first hour of surgery according to the definition of satisfactory anesthesia is shown in Table 4.

In stage I, after surgery, 99 patients (86.84%) were directly transferred to the ward, 9 (7.89%) were transferred to
PACU, and 6 (5.26%) were transferred to ICU. In the stage II, after surgery, 28 patients (93.33%) were directly
transferred to the ward, 2 (6.67%) were transferred to PACU, and none were transferred to the ICU.

Discussion

In this prospective, modified up-down sequential allocation study, we first calculated the ED50 and ED95 of ropivacaine
for spinal anesthesia in the elderly with hip fractures, with specific values of 7.036 mg and 8.709 mg, respectively. After
that, by screening the factors affecting the anesthetic effect, a more intuitive nomogram for predicting satisfactory

Table 4 Perioperative Events

Stage | Stage Il
(n=114) | (n=50)
Hypotension 20(17.54) 5(10)
Hypertension 11(9.65) 5(10)
Anesthesia plane
Below T\ 13(11.4) 2(4)
Over T¢ 1(0.88) 0(0)
Unsatisfactory analgesia in the first hour of surgery | 42(36.84) 4(8)
Pain when cutting the skin 30(26.32) 2(4)
Postoperative destination
Ward 99(86.84) | 46(92)
PACU 9(7.89) 4(8)
ICU 6(5.26) 0(0)

Notes: Hypotension: more than 20% lower than the preoperative basic blood pressure;
Hypertension: more than 20% higher than the preoperative basic blood pressure. Data are
presented as number (%).

Abbreviations: PACU, post anesthesia care unit; ICU, intensive care unit.
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anesthesia was established. The calculation formula for predicting the optimal dose of ropivacaine is then provided
directly through the multiple linear regression model, and the factors included in the regression model included age,
gender, height, and weight. After that, in stage II, the ropivacaine dose provided by the formula was used for spinal
anesthesia, and the success rate was 90%. To our knowledge, this study is the first to provide a formula for calculating the
optimal dose of ropivacaine for elderly hip fracture surgery.

Mei et al showed that the ED50 and ED95 of hyperbaric ropivacaine for cesarean section were 11mg and 15mg,"’
and the sequential study of Lv et al showed that the ED50 of hyperbaric ropivacaine for cesarean section was
8.29mg.'® Practically, due to high abdominal pressure and distended intraspinal veins, the drug dose required for
spinal anesthesia for puerperae is lower than that of non-puerperaec women. However, the dose in the above study was
still significantly higher than the ED50 and ED95 of 7.036 mg and 8.709 mg in this study. We believe that the main
reason for the difference is that, in this study, after ropivacaine was injected into the subarachnoid space, the lateral
decubitus position was maintained for 15 minutes, which enabled the realization of Unilateral spinal anesthesia.
Secondly, the puncture point of L, ; can also reduce the dosage of anesthetic drugs. Advanced age may be another
reason.

There are many factors influencing the effect of spinal anesthesia. Age, height, weight, body position, drug specific
gravity, liquid volume, concentration, injection speed, puncture point, patient position, abdominal circumference, and
even lumbosacral cerebrospinal fluid volume can all affect the anesthesia block plane.'®* In this trial, we controlled the
controllable factors as much as possible, and the patient’s body position, puncture point, drug specific gravity,
concentration, and injection speed were all kept consistent. On this basis, statistical analysis first found that age was
a statistically significant influencing factor. Moreover, height, as part of the modified sequential protocol, also indis-
putably influenced the trial results. Furthermore, considering that elderly patients have large differences in body weight,
and gender may affect patients’ perception of pain. Finally, four factors of age, gender, height, and weight are included in
the statistical model. Then, we used these four factors to build a nomogram in order to more intuitively discover the
impact of the inclusion factors on the probability of satisfactory anesthesia.

The dose of spinal anesthesia drugs significantly affect the anesthesia effect, including the analgesia plane, hemody-
namics, and even long-term prognosis.>> The physiological homeostasis of the elderly is significantly more likely to be
affected due to their weak vascular elasticity and poor nutritional status. At present, there is no unified plan for dose
selection for elderly hip fracture surgery. Our study provides a formula for the dose selection of ropivacaine for spinal
anesthesia, and the effective rate is 90%, which has high practical value. It is worth mentioning that the definition of
satisfactory anesthesia in this study is that there is no pain within the first hour of the operation. Although the duration is
not long, it can fully ensure that the dose is not excessive and the hemodynamics is stable. Furthermore, considering that
surgically destructive stimulation, including skin incision and reamed intramedullary, occurs mainly within the first hour,
the dose provided by the formula can be considered the lowest and optimal option.

Previous literature has suggested that appropriate spinal anesthesia has better perioperative hemodynamic stability
than general anesthesia, and the need for intraoperative vasopressors is also significantly reduced.”® In elderly patients,
the incidence of blood pressure drop after spinal anesthesia can be as high as 75%.2" In contrast, in this study, the
incidence of hypotension after spinal anesthesia was only 20% in stage I and 10% in stage II. The main reason for this
advantage is that unilateral anesthesia was well implemented in this trial, and only unilateral sympathetic nerves were
blocked as much as possible. Moreover, the definition of satisfactory anesthesia in this study is relatively loose, and it is
not mandatory that a single dose can meet the needs of the entire operation, resulting in a significant reduction in drug
dosage. In addition to hemodynamics, the postoperative destination is also worthy of attention. In this study, the
proportion of patients directly transferred to the general ward after surgery was as high as 86.84% and 93.33%
respectively in the two trial stages, which may bring significant improvement in patient satisfaction and also help
alleviate the shortage of anesthesia medical resources in China. It is worth noting that in stage II, when dose selection
was guided by the calculation formula, the number of patients admitted to the ICU was 0, while the literature reported
that the ICU transfer rate was about 7% in the elderly after surgery for hip fracture under general anesthesia.”® Given that
the median age of patients in this study was as high as 80 years, the prognostic advantage of reducing the rate of ICU
admission may have been greater than expected.
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In addition to the above, there are some peculiarities in this study in terms of the trial protocol. First, the puncture site
for spinal anesthesia was L, 3, considering that previous studies have provided some dosage options for L;4.2>%* And
due to factors such as hyperosteogenesis and ligament calcification in elderly patients,”® there are always some cases of
failed puncture in the L;_4 space. At that time, L, 5 is a safe additional choice. Moreover, ultrasound-guided positioning
can ensure the accuracy of puncture point. Second, we chose hyperbaric liquid in this trial, based on the fact that

3132 and is more popular

hyperbaric liquid can achieve anesthesia block effect more quickly than hypobaric and isobaric,
among surgeons.

There are also some limitations worth discussing in this study. First, this study did not set up a control group, but only
a dose-finding test of ropivacaine in a single group. It is still necessary to compare with other commonly used drugs for
spinal anesthesia such as bupivacaine in the future to determine the best choice of drug types. Second, this study paid
relatively little attention to the prognosis of patients, mainly because we focused on the evaluation of intraoperative
anesthesia effect, and the comparison of prognosis also needed to set up a control group. Last but not least, the
calculation of the sample size of this study is based on the minimum sample size of logistic regression, which does
not mean that the sample size is sufficient. In particular, the efficacy and safety of the calculation formula need to be
confirmed by clinical trials with larger samples, or even randomized controlled trials.

At present, the debate on the pros and cons of different anesthesia options for elderly hip fractures is still ongoing.
This study starts with spinal anesthesia, focuses on the dose selection of ropivacaine, and gives a specific calculation
formula, which meets the requirements of precise anesthesia. Subsequent research can further compare the different
densities of drugs and different types of drugs in spinal anesthesia, and screen the optimal general anesthesia scheme at
the same time. Finally, comparing the optimal spinal anesthesia scheme with the optimal general anesthesia scheme is the
future direction to explore the choice of anesthesia for elderly hip fracture surgery.

Conclusion

In conclusion, this study explored the optimal dose of ropivacaine for spinal anesthesia in elderly hip surgery. The ED50
and ED95 were 7.036 mg and 8.709 mg respectively. A nomogram for predicting satisfactory anesthesia was established
with high accuracy. In addition, this study also provides a dose prediction equation of ropivacaine, which has high
efficacy and safety, and can guide anesthesiologists in the choice of dose in clinical practice.

Data Sharing Statement

Six months after the main results are published, the individual participant data of this research report can be accessed
with the permission of the corresponding authors. The study protocol, statistical analysis plan, and clinical study report
will also be available.
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