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Purpose: This study aims to investigate how the type of anesthesia used during major orthopedic surgery may impact adverse short-
term postoperative outcomes depending on frailty.

Methods: To conduct this investigation, we recruited individuals aged 65 years and older who underwent major orthopedic surgery
between March 2022 and April 2023 at a single institution. We utilized the FRAIL scale to evaluate frailty. The primary focus was on
occurrences of death or the inability to walk 60 days after the surgery. Secondary measures included death within 60 days; inability to
walk without human assistance at 60 days; death or the inability to walk without human assistance at 30 days after surgery, the first
time out of bed after surgery, postoperative blood transfusion, length of hospital stay, hospital costs, and the occurrence of surgical
complications such as dislocation, periprosthetic fracture, infection, reoperation, wound complications/hematoma.

Results: In a study of 387 old adult patients who had undergone major orthopedic surgery, 41.3% were found to be in a frail state.
Among these patients, 262 had general anesthesia and 125 had neuraxial anesthesia. Multifactorial logistic regression analyses showed
that anesthesia type was not linked to complications. Instead, frailty (OR 4.04, 95% CI 1.04 to 8.57, P< 0.001), age (OR 1.05, 95% CI
1.00-1.10, P=0.017), and aCCI scores, age-adjusted Charlson Comorbidity Index, (OR 1.36, 95% CI 1.12 to 1.66, P= 0.002) were
identified as independent risk factors for death or new walking disorders in these patients 60 days after surgery. After adjusting for
frailty, anesthesia methods was not associated with the development of death or new walking disorders in these patients (P > 0.05).
Conclusion: In different frail populations, neuraxial anesthesia is likely to be comparable to general anesthesia in terms of the
incidence of short-term postoperative adverse outcomes.
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Introduction
Major orthopedic surgery is defined as total hip replacement (THR), total knee replacement (TKR), and hip fractures
surgery (HFS)."! With the advancement of medical technology and aging population, the number of old adult patients
undergoing major orthopedic surgeries is increasing, and the risk of postoperative adverse outcomes and mortality rate is
increased in older patients compared to younger patients.” Therefore, accurate preoperative risk assessment is essential.
Patients undergoing major orthopedic surgery may be advised to receive either general anesthesia or neuraxial
anesthesia (such as spinal or epidural anesthesia) during their surgical procedure. Cement placement syndrome* is
a frequent complication in patients undergoing total hip replacement surgery. Anesthesia-related complications include
tourniquet reaction,” spinal cord injury,® and commonly, postoperative nausea, vomiting,” and urinary retention.® There
remains debate on the most suitable anesthesia type for major orthopedic surgery patients.

In many past studies” '? it was concluded that neuraxial anesthesia is superior to general anesthesia for major
orthopedic surgery, neuraxial anesthesia is associated with lower mortality and shorter hospital stays. A comprehensive

study'? has determined that frailty is a crucial indicator for negative consequences subsequent to THA and TKA, and the
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utilization of neuraxial anesthesia in the case of vulnerable patients is linked with increased survival rates and reduced
instances of wound complications. The assessment of recovery from surgery for orthopedic patients should not be solely
based on mortality rates. Patients and their families are primarily concerned with the recovery of ambulation after
surgery. Therefore, it is imperative to delve deeper into the risk factors associated with postoperative ambulation
disorders. A randomized controlled study'® has advocated for there was no significant difference in the survival and
ambulation recovery at 60 days between older adults undergoing hip-fracture surgery under neuraxial anesthesia and
general anesthesia. Recent studies'> have also found that neuraxial anesthesia neither reduces mortality nor decreases
delirium or increases the percentage of people who can walk at 60 days.

Old adult patients frequently experience the coexistence of multiple systemic diseases in their daily lives, including
cardiovascular, respiratory, and digestive conditions. Consequently, this subgroup of old adult patients often finds
themselves in a frail state. Frailty is a state marked by the depletion of biological reserves in various organ systems,
breakdown of homoeostatic mechanisms, and susceptibility to physiological decompensation following minor stressor
occurrences.'® The prevalence of frailty among older adults living in the community varies from 3.6% to 42.7%.'"'®
Several systematic reviews and meta-analyses'® ' have advocated for frailty in the older population predicts may be
associated with adverse outcomes such as higher risk of mortality, complications, prolonged length of stay and the loss of
independence after surgery. In patients undergoing elective surgical procedures, frailty might provide a more precise
portrayal of genuine biological age and perioperative vulnerability. The relationship between frailty and the recovery of
the ability to walk after surgery is not clearly understood. It is also unclear whether the use of different anesthesia
modalities for different frail individuals has any impact on their ability to walk after surgery.

The objective of this study was to investigate if the correlation between the level of preoperative frailty and the
primary outcome of death or inability to walk without human assistance at 60 days after major orthopedic surgery differs
based on the type of anesthesia used.

Accordingly, we predicted that the utilization of neuraxial anesthesia would lead to a lower occurrence of death or
inability to walk without human assistance at 60 days after the surgery and that the impact of the anesthesia type on the
outcome would differ depending on the level of frailty.

Methods

Study Design, Setting and Participants
This study followed the Declaration of Helsinki during the research process. Ethical approval for this study (202 1KT082)
was provided by the Ethical Committee of Nantong First Hospital on 30 June 2021.

It was registered with the Chinese Clinical Trials Registry (ChiCTR2100052088, https://www.chictr.org.cn/showproj.
html?proj=134678)before any patient enrollment. All participants provided written informed consent before enrollment.

This prospective cohort study encompassed individuals who underwent surgical procedures including total hip arthro-
plasty (THA), total knee arthroplasty (TKA) (primary or revision), or hip fracture (HF) repair. The study population
consisted of patients who underwent initial surgery for total hip and total knee replacements. Specific types of hip
fractures included internal fixation of femoral neck, intertrochanteric, and subtrochanteric fractures.

The study enlisted patients aged 65 years or above who could stroll independently for about 10 ft (3m) or throughout
a room without reliance on external assistance before the surgery. Patients were excluded from the study if they had
contraindications to neuraxial anesthesia, such as coagulation disorders, use of anticoagulant or antiplatelet agents,
critical or severe aortic stenosis, high risk of infection at the site of insertion of the spinal needle, or increased intracranial
pressure. Additionally, patients with a combination of spinal, craniofacial, and multiple rib fractures, multiple injuries of
the internal organs, or sepsis and surgical site infection were also excluded. Those who had previously participated in the
trial or refused to participate were not eligible.

Variables, Data Sources and Measurements
Characteristics of patients such as included age, sex, body mass index (BMI), hypertension, diabetes, current smoker,
days of hospitalization before surgery and hospital length of stay were obtained from the e-case on the day of admission.
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Blood indices were routinely collected from venous blood samples taken by orthopedic nurses on the day of admission
and analyzed in the laboratory. Surgery-related variables were consistently recorded by anesthesia specialists. To
document the postoperative period, two physicians, who were unaware of the anesthesia and frailty subgroups, primarily
followed up with patients by telephone to record their recovery.

All included patients were required to complete preoperative frailty assessment based on the FRAIL scale was
conducted by a specially trained anesthesiologist on the admission day. Based on a comprehensive review of numerous

literature sources and clinical practice experiences,”> >

additional common confounders were identified and gathered for
analysis. These include: (1) patients’ underlying disease conditions, as measured by the age-adjusted Charlson comor-
bidity index (aCCI) score;*® (2) blood indices such as hemoglobin and albumin; and (3) surgery-related variables
including ASA classification, duration of surgery, type of surgery, mode of anesthesia, and intraoperative blood
transfusion. The aCCI score was assessed on the day of admission by an anesthesiologist specializing in evaluating
debility.

The FRAIL Scale,?” a widely used assessment tool for clinical frailty, was proposed by the International Society for
Geriatric Nutrition. It comprises 5 components: (1) Fatigue: experiencing fatigue and weakness persistently over the past
4 weeks; (2) Reduced endurance/increased resistance: facing difficulty in ascending a single flight of stairs without any
breaks or external support; (3) Restricted mobility: encountering challenges while walking a distance of 1 block
(equivalent to 100m) unaccompanied and without any aid; (4) Disease burden: affected by 5 or more of the following
diseases — malignant tumors, hypertension, heart failure, kidney disease, diabetes mellitus, angina pectoris, stroke,
arthritis, asthma, and chronic lung disease, among others; (5) Weight loss: experiencing a weight reduction of beyond
5% of the previous year’s body weight within a span of 1 year. A diagnosis of “Frail” is given when 3 or more of these 5
items are present, while “Vulnerable” applies to individuals with 1 to 2 items, and “Non-frail” for those scoring 0 on the
scale.

Anesthesia Procedures

In the decision-making process for anesthesia, multiple parties, including the anesthesiologist, treating clinicians, and the
patient, play significant roles. When it comes to neuraxial anesthesia, the anesthesiologist conducts a standard puncture in
the intrathecal area, adjusts sedation levels appropriately, and administers a specific dosage of sedative to alleviate the
patient’s nervousness and anxiety. This approach guarantees that the patient maintains an intraoperative sedation score
within the range of 5 to 2, as evaluated by the RASS scale.”® In circumstances where patients undergo general anesthesia,
adherence to the established protocol is essential for choosing the appropriate anesthetic drugs and managing the airway
effectively.

Outcomes

The primary measure was the occurrence of death or inability to walk 60 days after surgery. Gait impairment was defined
as the inability to walk 10 feet without the assistance of a walker or cane, or to walk across a room without assistance.
Secondary measures included death within 60 days; inability to walk without human assistance at 60 days; death or
inability to walk without human assistance at 30 days after surgery, first time out of bed after surgery, postoperative blood
transfusion, days of hospitalization, hospital fees, and the occurrence of surgical complications within 60 days after
surgery. Surgical complications'? such as dislocation, periprosthetic fracture, infection, reoperation, wound complica-
tions/hematoma, and mortality were also documented. Surgical complications were diagnosed and documented by the
orthopedic surgeon. Other relevant indicators were determined by analyzing medical records and prescription systems.

Sample Size Calculation

Based on previous studies,”’ the occurrence of impaired ambulation and mortality combined was found to be around
34.2% after 60 days of surgery in hip fracture patients who received general anesthesia. A significant reduction of 50% in
the occurrence of this combined outcome was considered statistically meaningful. With a significance level of 0.05,
a confidence level of 80%, and a dropout rate of 10%, the initial calculations determined that a sample size of 152
patients in the general anesthesia group and 76 patients in the neuraxial anesthesia group would be required.
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Statistical Analysis

SPSS version 26.0 (IBM Corporation, Armonk, NY, USA) was used for statistical analysis. Normality of data was
assessed. Means (SD) or medians (25th percentile, 75th percentile) and proportions (n/%) were calculated for baseline
characteristics according to the frailty groups and the anesthesia groups. Kolmogorov—Smirnov test was used for
determining whether variables were normally distributed. A comparison of the variables between groups was performed
by using the independent samples z-test, group f~test or Mann—Whitney U-test with regard to the normality of distribu-
tion. The chi-square test (Fisher’s exact test) for categorical variables were applied to compare the characteristics of the
study subjects among the frailty groups and the anesthesia groups. Indicators with statistically significant differences in
the univariate analysis were included in a multifactor logistic regression model to screen for independent risk factors for
the occurrence of adverse outcomes. The predictive value was analyzed by receiver operating characteristic (ROC) curve,
and the area under the curve (AUC) was calculated. P<0.05was considered as statistically significant difference. To
analyze the interaction between FRAIL and anesthesia type on outcomes, one multivariable model was fit for each
outcome. Each model included FRAIL and anesthesia type. A two- sided overall P < (0./0 was determined to be
significant for the interactions. To better illustrate the effects of the interaction, we presented ORs for neuraxial block
relative to general anesthesia in subsets for the non-frail, vulnerable, and frail patients.

Flow Chart

Between March 1, 2022, and April 30, 2023, a total of 502 patients were treated for major orthopedic surgery. Of these, 74
were excluded because they did not meet the age limit of 65 years, 8 were unable to walk independently for 3 meters or across
a room before hospitalization, 8 had a combination of other traumatic injuries, and 2 refused to participate. Thus, there were
a total of 410 participants. When telephone follow-up was performed 60 days after surgery, 23 patients were excluded because
they were out of contact or refused follow-up, and 387 were ultimately included in the initial analysis (Figure 1).

Results

Analysis of General Information

When comparing different types of anesthesia (Table 1,P < 0.05), it was observed that patients undergoing neural
anesthesia were generally older, had lower BMI, lower levels of albumin and hemoglobin, and had ASA physical fitness
status IIT or I'V. These patients also underwent shorter procedures. Frail and vulnerable patients, who are typically older
with an ASA physical status of III or IV, required longer surgical procedures compared to non-frail patients. Furthermore,
patients classified as frail and vulnerable showed an increased use of neuraxial anesthesia with increasing frailty, as
shown in Table 2 (P<0.05).

Analysis of the Correlation Between Frailty/Anesthesia Modalities and

Adverse Outcomes
1. Impact of choice of anesthesia methods on outcomes within the overall population

Among old adult patients undergoing major orthopedic surgery, those receiving neuraxial anesthesia had a higher
incidence of death or new inability to ambulate within 60 days after surgery compared with those receiving general
anesthesia (Table 3,P=0.011).

The incidence of new inability to ambulate within 60 days after surgery was higher in patients who received neuraxial
anesthesia, while death at 60 days postoperatively was higher in patients who received general anesthesia (Table 3,
P<0.05). There were no significant differences in other secondary outcomes between the two groups (Table 3,P>0.05).

(2) Impact of frailty on outcomes within the overall population

Seventy patients in the frail group experienced death or ambulation disorders 60d postoperatively, which was
significantly higher than the remaining two groups. Additionally, death rates were found to be higher in vulnerable
patients compared to non-frail and frail patients, with frail patients showing poorer recovery of postoperative ambulation
(Table 4, P<0.05). The rates of death or ambulation disorder at 30d postoperatively, postoperative blood transfusion rate,
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Assessed for eligibility(n=867

Excluded(n=457)

Were <65 yr of age(n=439)
Unable to walk independently
prior to hospitalization(n=8)
Combined multiple injuries(n=8)
Were declined participation(n=2)

Observed(n=410)

| l

Non-frail (n=119) \Vulnerable(n=121) Frail(n=170)
Excluded(n=6) Excluded(n=7) Excluded(n=10)
Refused to follow up(n=1) Refused to follow up(n=0) Refused to follow up(n=0)
Were unable to be contacted Were unable to be contacted Were unable to be contacted
within 60-day(n=5) within 60-day(n=7) within 60-day(n=10)
GA(n=91) NA(n=22) GA(n=77) NA(n=37) GA(n=94) NA(n=66)

Were included in the primary analysis(n=387)

Figure | Flow chart of the selection process.
Abbreviations: GA, general anesthesia; NA, Neuraxial anesthesia.

number of days in hospital, hospitalization cost, rate of surgical site infection, reoperation, and wound oozing and

hematoma in the debilitated group were all higher than those in the remaining two groups (Table 4,P<0.05).

Screening for Risk Factors for Primary Outcomes
1. Single-factor and multifactor logistic regression models

Indicators with correlation with the occurrence of death or ambulation disorder at 60d postoperatively were screened by
univariate logistic regression analysis, and after incorporating multivariate logistic regression analysis, the results showed
that preoperative debilitating state was associated with the occurrence of death or ambulation disorder at 60d post-
operatively (OR 4.04, 95% CI 1.04~8.57,P<0.001). It was also found that increasing age (OR 1.05, 95% CI 1.00-1.10,
P=0.017) and increasing preoperative aCCI score (OR 1.36, 95% CI 1.12~1.66, P=0.002) were risk factors for the
occurrence of death or impaired walking at 60d postoperatively (Table 5).

(2) ROC curve

The area under the ROC curve for preoperative debilitation status predicting the occurrence of death or ambulation
impairment at 60 d postoperatively was 0.691, with a sensitivity of 65.4% and a specificity of 67.9% (Table 6, Figure 2).
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Table | Patient Demographics and Clinical Characteristics by Anesthesia Type

Characteristic General Neuraxial P value
Anesthesia (n = 262) Anesthesia (n = 125)

Age (meanSD) 75.1 £ 64 795+74 < 0.001%#¢
Sex (n%) 0.072%

Male 33.6 432

Female 66.4 56.8
BMI (kg/m?) 235+ 3.6 225+ 38 0.005%%
Smoking (n%) 16.4 152 0.76%
Drinking (n%) 16.0 19.2 0.438%
ASA Score (n%) 0.001%¥

I 56.5 435

Il and IV 36.8 63.2
aCCl (IQR) 3.0 (2.0, 4.0) 4.0 (3.0, 5.0) < 0.00 %t
Hemoglobin (mean+SD) 114.1£ 18.9 112.0 + 20.4 0.001%*¢
Albumin (meanSD) 364 + 4.1 364+ 45 < 0.001%#¢
Hypoproteinemia(n%) 36.6 39.2 0.627%
Type of surgery(n%) 0.184%

Total Hip Replacement 53.8 46.4

Total knee replacement 11.8 9.6

Hip fracture surgery 344 44.0
FRAIL (n%) 0.00 | %

Non- frail 347 17.6

Vulnerable 29.4 9.6

Frail 35.9 52.8
Days of hospitalization before surgery (meantSD) 4.78+ 3.1 45 %25 0.084%
Intraoperative blood transfusion (n%) 39.3 41.6 0.78%
Surgical time (mean*SD) 76.7+ 27.7 63.6 £24.4 < 0.001%#¢

Note:*P<0.05; ** P<0.001 $Two independent samples t-test TMann-Whitney U ¥X?/Fisher.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; FRAIL, Frailty predictive phenotypes; aCCl, age-adjusted

Charlson Comorbidity Index.

Table 2 Patient Demographics and Clinical Characteristics by Categorized Frailty

Characteristic Non- frail (n = 113) | Vulnerable (n = 114) | Frail (n = 160) P value
Age (IQR) 73 (6977) , 73 (7177) , 79 (7485) < 0.00 %8
Sex(n%) 0.399%
Male 319 40.4 375
Female 68.1 59.6 525
BMI (meanSD) 235 +38 235 £35 227 £37 0.1507
Smoking (n%) 14.2 132 19.4 0.313%
Drinking (n%) 14.2 132 21.9 0.104%
ASA Score (n%) < 0.00 ¥
Il 64.6 , 64.0, 319,
Il and IV 354° 359, 68.1 ,
aCCl (IQR) 3(34) ., 4(35), 5 (4,6) < 0.00 %8
Hemoglobin (meanSD) 1150 + 186 , 117.6 £19.2 , 1093 £19.3 , | <0.001%
Albumin (mean+SD) 370+ 38, 372+ 4.1, 353+ 44, | <000/*0
Hypoproteinemia (n%) 336, 263 48.1 , 0.00+*
(Continued)
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Table 2 (Continued).

Characteristic Non- frail (n = 113) | Vulnerable (n = 114) | Frail (n = 160) P value
Type of surgery (n%) 0.008%
Total Hip replacement 513, 63.2 43.1 ,
Total knee replacement 10.6 , 12.3 , 10.6 ,
Hip fracture surgery 381 . b 24.7 ,, 462 ,
Type of anesthetic (n%) 0.001**
General anesthesia 80.5 , 675, 58.8
Neuraxial anesthesia 17.7 , 325, 41.2
Days of hospitalization before surgery (mean+SD) 43 26, 43 3.1, 52+3.1, 0.01 %
Intraoperative blood transfusion (n%) 38.1 35.9 438 0.39%
Surgical time (meanSD) 753 +27.1° 76.1 + 268, 68.0 %274, 0.024* 10

Note: When comparing three sets of data, variables a and b are used to indicate comparability between the two groups (eg, a vs b, a vs ¢, b vs c), whereas
variables with the same letter indicate lack of comparability between the two groups (eg, a vs a); *P<0.05; ** P<0.001 ¥X?*/Fisher IHOne-Way analysis of Variance

SK ruskal-Wallis.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; FRAIL, Frailty predictive phenotypes; aCCl, age-adjusted Charlson

Comorbidity Index;

Table 3 Primary Outcome and Prespecified Secondary Outcomes by Categorized Anesthesia Type

Outcome General anesthesia Neuraxial anesthesia | P value
(n = 262) (n = 125)
Primary outcome
Death or inability to walk without human assistance at 60 days (n%/) 24.0 36.0 0.01 I+
Secondary outcomes
Death at 60 days (n%/) 42 24 0.642%
Walk without human assistance at 60 days (n%/) 19.4 33.6 0.008**
Death or inability to walk without human assistance at 30 days (n%/) 27.9 35.2 0.142%
First time out of bed after surgery (day) 2 (1,4 3 (1,5) 0.4148
Postoperative blood transfusion (n%) 35 (134) 19 (15.2) 0.625%
Days of hospitalization (day) 9.5 (8,13) 10 (8,12) 0.327%
Hospital fees (RMB) 35,168 (31,064,40,564) 34,765 (30,915,39,176) 0.509%
Surgery-related complications at 60 days
Dislocation (n%/) 0 0.8 0.327%
Periprosthetic fracture (n%) 0.8 0 0.452%
Infection (n%) 0.8 24 0.199%
Reoperation (n%) 2.3 4 0.271%
Wound complications/hematoma, and mortality (n%) 2.3 1.6 0.483%

Note: *P<0.05; **P<0.001¥X2/Fisher SKruskal-Wallis.

(3) Multivariate stratified regression models predicting death or impaired ambulation within 60 days after surgery

Results indicated that patients with hip fractures exhibited higher frailty levels and increased risk of death or impaired
ambulation 60 days post-surgery compared to those undergoing hip replacement surgery (Table 7, P=0.02). However,
upon integrating frailty into the model, no significant correlation was found between surgery type and the occurrence of
death or impaired mobility at the 60 days mark postoperatively (Table 8, P>0.05).

(4) Impact of choice of anesthesia methods on adverse outcomes depending on frailty

The choice of anesthesia method does not seem to independently increase the risk of death or impaired ambulation 60
days after surgery, as shown in Table 5. Upon analyzing the baseline data, it was observed that the type of anesthesia used
was associated with the frailty. An interaction analysis was conducted between the anesthesia method and frailty
(Figure 3).
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Table 4 Primary Outcome and Prespecified Secondary Outcomes by Categorized Frailty
Outcome Non-frail (n=113) Vulnerable (n=114) Frail (n=160) P value
Primary outcome
Death or inability to walk without human assistance at 60 days (n%/) 10.6 , 219, 438 < 0.001%F
Secondary outcomes
Death at 60 days (n%/) 08, 70, 30, 0.045%F
Walk without human assistance at 60 days (n%/) 9.7 ., 149 4 40.6 . < 0.00 |k
Death or inability to walk without human assistance at 30 days(n%/) 1.5, 219, 46.9 < 0.00 | ¥
First time out of bed after surgery (day) 2 (1,4) 2 (1,4 3 (1,5 0.263 8
Postoperative blood transfusion (n%/) 88, 114, 194, 0.03* ¥
Days of hospitalization (day) 9@8I11), 9(812) , 10 (9,14) , < 0.001%8
Hospital fees (RMB) 33,536 (30,054,38,071) , 33,756 (30,716,39,163) , 36,715 (32,267,42,842) ,, 0.002* §
Surgery-related complications
Dislocation (n%/) 0 0 1.3 0342 %
Periprosthetic fracture (n%/) 0 0 0.6 | ¥
Infection (n%/) 0 1.8 1.9 0395 *
Reoperation (n%/) 0. 18, 5.6 0.012% ¥
Wound complications/hematoma, and mortality (n%/) 09, 0, 44, 0.038* ¥

Notes: When comparing three sets of data, variables a and b are used to indicate comparability between the two groups (eg, a vs b, a vs ¢, b vs c), whereas variables with the
same letter indicate lack of comparability between the two groups (eg, a vs a). *P<0.05; *#P<0.001 ¥X**/Fisher SKruskal-Wallis.

Table 5 Binary Logistic Regression Analysis of Outcome Risk Factors for Death or a New
Inability to Walk 60 Days Postoperatively

Variables Univariate analysis Multivariate analysis
OR (95% CI) P value OR (95% CI) P value

Age 1.04(1.01-1.07) 0.016* 1.05(1.00-1.10) 0.017%

Sex 0.73(0.46—1.15) 0.177

BMI 1.02(0.96—1.08) 0.538

Smoking 1.19(0.66-2.15) 0.565

Drinking 1.78(1.02-3.10) 0.043%* 1.62(0.85-3.07) 0.141

FRAIL Scale

Non- frail* < 0.00 | ** 0.001*

Vulnerable 2.36(1.12-4.98) 0.024* 2.17(1.0-4.74) 0.050%

Frail 6.54(3.33-12.86) | < 0.001** | 4.04(1.04-8.57) | < 0.00]**
ASA

1% < 0.00**

Il and IV 2.67(1.68—4.25) | <0.001** | 1.59(0.90-2.78) 0.108
aCcCl 1.51(1.30-1.76) | < 0.001%=* | 1.36(1.12—-1.66) 0.002*
Hemoglobin 0.99(0.94-0.99) 0.01 1% 0.99(0.98-1.01) 0.351
Albumin 0.95(0.90-1.00) 0.083
Hypoproteinemia 1.54(0.98-2.42) 0.064
Type of surgery

Total Hip Replacement 0.017%* 0.533

Total knee replacement 0.74(0.32-1.70) 0.478 0.75(0.30-1.87) 0.543

Hip fracture surgery 1.81(1.13-2.90) 0.014* 1.30(0.70-2.40) 0.409
Type of anesthetic

General anesthesia*

Neuraxial anesthesia 1.82(1.14-2.88) 0.012% 1.42(0.83-2.42) 0.199
Days of hospitalization 1.11(1.02-1.19) 0.006* 1.04(0.96-1.13) 0.338
Intraoperative blood transfusion | 1.20(0.76—1.88) 0.427
Surgical time 0.99(0.98-1.0) 0.356

Note:*P<0.05; **P<0.001.
Abbreviations: ASA, American Society of Anesthesiologists; aCCl, age-corrected Charlson comorbidity index.
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Table 6 Preoperative Debilitating Status, Age, and aCCl Score Predicted Death
or Impaired Ambulation at 60d Postoperatively

Characteristic | AUC | Sensitivity | Specificity | Youden Optimal
index thresholds
Year 0.581 0.579 0.564 0.144 76.0
aCCl 0.684 0.617 0.639 0.256 5.0
FRAIL Scale 0.691 0.654 0.679 0.333 3.0

Abbreviation: ASA, American Society of Anesthesiologists; aCCl age-corrected Charlson -comorbidity
index.

Approximately 28.4% of patients experienced death or impaired ambulation within 60 days after major orthopedic
surgery. The interaction between the FRAIL and anesthesia was significant (Table 3, P<0.001). When categorized
according to FRAIL group, it was observed that both intralesional anesthesia and general anesthesia were not correlated
with the occurrence of death or impaired ambulation within 60 days post-surgery among non-frail, vulnerable, and frail
patients (Figure 3).

The incidence of the composite outcome of death or impaired ambulation at 30 days postoperatively for major
orthopedic surgery was 30.2% (Table 3), which was high compared with the incidence of death or impaired ambulation at
60 days postoperatively. There was significant evidence of an interaction between FRAIL and anesthesia methods for the
outcome of death or impaired ambulation at 30 days postoperatively (P=0.007), whereas further stratification according
to FRAIL revealed a broadly similar incidence in the intrathecal anesthesia versus general anesthesia groups (Figure 3).

The incidence of postoperative blood transfusion in major orthopedic surgery was approximately 14.0% (Table 3). It
was noted that there was a potential interaction between FRAIL and anesthesia methods on postoperative blood
transfusion (P=0.063). However, the incidence of transfusion was similar between the neuraxial and general anesthesia
groups in patients who were non-frail, vulnerable, and frail patients (Figure 3).
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Figure 2 ROC curves for age, preoperative frailty and aCCl predicting death or a new inability to walk 60 days.
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Table 7 Patient Stratification of Debilitation and Anesthesia Methods by Type of Surgery

Characteristic Total Hip Total knee Hip fracture P value
replacement replacement surgery
(n=199) (n=43) (n = 145)
FRAIL 0.008%*
Non-frail 29.1 279 29.7
Vulnerable 36.2 32,6 19.3
Frailty 347 395 51.0
Type of anesthetic (n%) 0.184*
General anesthesia 70.9 72.1 62.1
Neuraxial anesthesia 29.1 29.9 399

Note:*P<0.05; *%P<0.001 ¥X**/Fisher SKruskal-Wallis.
Abbreviation: FRAIL, Frailty predictive phenotypes.

Table 8 Multivariate stratified regression models predicting death or impaired ambulation
within 60 days after surgery

Variables B SE p t R R? AR?
Block | 0.187 | 0.035 | 0.018*
F (2,383) =3.604*

General anesthesia 0.111 | 0048 | 0.6 2.310%

Neuraxial anesthesia (Ref.)

Total knee replacement -0.049 | 0.074 | -0.034 | -0.656

Hip fracture surgery 0.113 | 0048 | 0.122 | 2.327*

Total Hip Replacement (Ref.)

Block 2 0.344 | 0.118 | 0.083%**
F (4,381) =17.980%*

General anesthesia 0.061 | 0.047 | 0.064 1.293

Neuraxial anesthesia (Ref.)

Total knee replacement -0.060 | 0.071 | -0.042 | -0.846

Hip fracture surgery 0.086 | 0.047 | 0.093 1.824

Total Hip Replacement (Ref.)

Vulnerable 0.118 | 0.057 | 0.120 | 2.070*

Frailty 0311 | 0.053 | 0.342 | 5.857%*

Non-frail (Ref.)

Notes: Dependent variable was Y. ¥P<0.05; *¥P<0.001.

Discussion

In this study, we investigated the impact of the choice of anesthesia (neuraxial anesthesia vs general anesthesia) on
patients undergoing major orthopedic surgery. Our findings suggest that patients classified as debilitated prior to surgery
were more likely to receive neuraxial anesthesia. However, we did not observe a significant reduction in the occurrence
of death or impaired ambulation 60 days after surgery among patients in different frail states who received neuraxial
anesthesia compared to those who received general anesthesia.

In recent years, there has been a shift in focus within orthopedic patient prognosis studies. While previous studies
primarily focused on mortality rates, there is now increased attention on the recovery of postoperative ambulation. This
shift is driven by the recognition that postoperative ambulation is of significant concern to patients and their families.
However, when using walking impairment as the sole observation index, the outcomes of patients who died during the
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Outcome Odds Ratio OR (95% Cl) Interaction..p.value
Death or inability to walk without human assis-tance at 60 days i <0.001
Non-frail —#———— 231(0.63t08.49)
Vulnerable *f— 0.97 (0.381t0 2.52)
Frail e— 1.54 (0.82t0 2.91)
Death or inability to walk without human assis-tance at 30 days : 0.007
Non-frail - 0.87 (0.23t0 3.33)
Vulnerable ':— 0.97 (0.38t0 2.52)
Frail T— 1.24 (0.66 to 2.33)
Postoperative blood transfusion i 0.063
Non-frail - 1.04 (0.20 t0 5.27)
Vulnerable - 1.35 (0.41to 4.45)
Frail ‘— 0.88 (0.39t0 1.96)

FMrrrrirrr.
012345678

Favors General Anesthesia Favors Neuraxial Anesthesia

Figure 3 OR regression model for neuraxial anesthesia versus general anesthesia based on categorical frailty index using multivariate proportional hazards regression model.

observation period may be overlooked, leading to potential bias in the results. Therefore, considering death or walking
impairment as a composite outcome indicator provides a novel approach to address this limitation.*

Frailty is a nonspecific clinical syndrome of decreased physiologic reserve in the old adult that results in increased
vulnerability and decreased stress resistance in the body.>' Performing a preoperative frailty assessment is critical for old
adult patients at risk for poor prognosis.FRAIL scale,”” a commonly used clinical frailty assessment scale proposed by
the International Society for Geriatric Nutrition, is one of several validated measures of frailty. Several previous clinical
studies and meta-analyses®>*

have found that frailty predicts one-year postoperative mortality in old adult orthopedic patients, but there are
limitations in determining surgical regression based on mortality alone in old adult patients due to their limited life
expectancy and the patients may place more importance on the recovery of independent ambulation after surgery.
Therefore, in this study, the composite outcome of death or a new inability to walk 60 days was used as the primary
outcome indicator, and debility was found to be an independent risk factor for death or a new inability to walk 60 days
postoperatively (OR 4.04, 95% CI 1.04 to 8.57, P<0.001). ASA grading is a common method of preoperative assessment
in the preoperative clinic, but it does not accurately assess the preoperative status of older adults. However, after the
inclusion of multiple confounders in this study, the correlation between ASA grading and the incidence of death or
ambulation impairment occurring at 60d of surgery was not significant. This suggests that frailty assessment is more
suitable than ASA grading for preoperative assessment of old adult patients undergoing major orthopedic surgery, and is
an effective complement to ASA grading. aCCI scores are often used to reflect the complexity and severity of a patient’s
preoperative co-morbidities, with higher scores representing more preoperative comorbidities and a poorer overall state
of the patient’s organism. The multifactorial logistic regression analysis showed that higher aCCI score (OR1.36, 95% CI
1.12t01.66, P=0.002) was also a risk factor for death or ambulation disorders at 60d after surgery, suggesting that debility
and multimorbidity are closely related and interact with each other, and that active treatment and effective control of co-
morbidities in old adult patients before surgery may be able to slow down or even reverse the process of debility, which
may help the patients’ regression.

Our study conducted a univariate analysis of the primary outcome and found that the choice of anesthesia modality
had an effect on death or walking impairment at 60 days postoperatively (OR 1.82 95% CI 1.14 to 2.88, P=0.012).
whereas in, after including multifactorial analysis, the effect of anesthesia modality was not significant (OR 1.42 95% CI
0.83 to 2.42, P=0.199). The further found that in frail patients, the choice of anesthesia was not associated with the
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incidence of adverse outcomes at 60d postoperatively, which is consistent with what Feng et al’™ concluded in

a randomized controlled trial of 1600 patients with hip fractures. In a study conducted by Ting Li et al** it was observed
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that regional block anesthesia did not show superiority over general anesthesia in terms of all-cause mortality at 30 days
postoperatively and postoperative complications. This study specifically focused on 950 patients aged 65 years and older
with fragility hip fractures who required surgical repair. These findings are consistent with the results of the current study.

The difference between our study and other similar studies® >’

is that most of the populations they studied were part
of major orthopedic surgeries and the surgeries occurred several years ago. These studies did not analyze the impact of
frailty on the patient’s postoperative period. Considering that the choice of anesthesia is influenced by multiple factors, it
is important to recognize frailty as a confounding factor when investigating the incidence of poor prognosis in old adult
patients. This suggests that the mode of anesthesia is affected by confounding factors that can contribute to death or
ambulation impairment at 60 days postoperatively. The patient’s frailty status can also significantly influence the choice
of anesthesia. It is worth noting that in this study, the number of patients opting for neuraxial anesthesia increased with
the degree of frailty, which may indicate selection bias.

Ziyad et al®® designed a paired cohort analysis with a sample of 48,440 total hip arthroplasty patients, it was
concluded that patients who received neuraxial anesthesia had a lower incidence of 30-day postoperative death or
impaired walking, a result that differs from the present study. However,Gao et ai’>® concluded that the choice of
anesthesia does not appear to affect 30-day postoperative mortality. Consistent conclusions after we adjusted for
debilitation. Interestingly, the choice of anesthesia method also appeared to have no impact on surgical complications,

4041 oecurred 90

consistent with previous studies.'**> However, since 50% of postoperative hip arthroplasty dislocations
days after the operation, it would be advisable to further explore this relationship by extending the duration of our follow-
up assessments.

We also found that neuraxial anesthesia did not offer any advantages over general anesthesia in frail patients in terms
of first postoperative discharges, length of hospital-stay, and hospitalization costs. This lack of difference could be
attributed to advancements in general anesthesia medication development, improvements in intraoperative monitoring
tools, and the widespread availability of national health insurance policies. Additionally, the use of laryngeal masks has
made airway management safer and more comfortable compared to previous methods. Overall, it appears that general
anesthesia is a safer option compared to intrathecal anesthesia, which has seen minimal changes in intraoperative
management over the past decade. In many surgeries, sedative drugs are commonly used alongside neuraxial anesthesia
to alleviate fear and anxiety in patients.** These drugs are administered after the patient is positioned, and as the sedation
score reaches a certain level, the distinction between intrathecal anesthesia and general anesthesia becomes less clear.

Several limitations of this study should be acknowledged. Firstly, it is important to note that this study was conducted
at a single center and involved a small sample size of old adult patients undergoing major orthopedic surgery. Therefore,
the generalizability of the findings may be limited. Secondly, it is possible that the results of the study were somewhat
influenced by the anesthesiologist’s selection preference and the exclusion of debilitated patients who were unable to
walk before the surgery. Thirdly, the follow-up period of this study was relatively short, lasting only 60 days, due to
energy and time constraints. Lastly, it is worth mentioning that we solely assessed the debilitated state of old adult
patients prior to hospitalization. However, it is important to recognize that the debilitated state of patients can
significantly change after sustaining injuries, particularly fractures. Therefore, close monitoring of such patients is
essential. In future research, it would be beneficial to conduct multicenter, large-sample randomized controlled studies
with extended follow-up periods in order to gather more comprehensive data on the long-term prognosis of patients
undergoing major orthopedic surgery and experiencing debilitation.

Conclusion

The choice of anesthesia method is influenced by the state of frailty. The selection of neuraxial anesthesia or general
anesthesia did not show a significant correlation with death or inability to walk without human assistance at 60 days after
surgery in patients depending on frailty.

Preoperative frailty was identified as an independent risk factor for death or impaired ambulation 60 days after
surgery in elderly adult patients undergoing major orthopedic procedures. Frail patients exhibited poorer surgical
recovery compared to non-frail patients. The integration of frailty assessment into preoperative evaluations enables the
timely implementation of perioperative interventions for frail patients, leading to improved patient outcomes.
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