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Abstract

Background—Inguinal hernia repair is the most common general surgery operation in the 

United States. Nearly 80% of inguinal hernia operations are performed under general anesthesia 

versus 15%–20% using local anesthesia, despite the absence of evidence for superiority of the 

former. Although patients aged 65 years and older are expected to benefit from avoiding general 

anesthesia, this presumed benefit has not been adequately studied. We hypothesized that the 

benefits of local over general anesthesia for inguinal hernia repair would increase with age.

Materials and Methods—We analyzed 87,794 patients in the American College of Surgeons 

National Surgical Quality Improvement Project who had elective inguinal hernia repair under local 

or general anesthesia from 2014–2018, and we used propensity scores to adjust for known 

confounding. We compared postoperative complications, 30-day readmissions, and operative time 

for patients aged <55 years, 55–64 years, 65–74 years, and ≥75 years.
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Results—Using local rather than general anesthesia was associated with a 0.6% reduction in 

postoperative complications in patients aged 75+ years (95% CI −0.11 to −1.13) but not in 

younger patients. Local anesthesia was associated with faster operative time (2.5 minutes – 4.7 

minutes) in patients <75 years but not in patients aged 75+ years. Readmissions did not differ by 

anesthesia modality in any age group. Projected national cost savings for greater use of local 

anesthesia ranged from $9 million to $45 million annually.

Conclusions—Surgeons should strongly consider using local anesthesia for inguinal hernia 

repair in older patients and in younger patients because it is associated with significantly reduced 

complications and substantial cost savings.
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INTRODUCTION

Inguinal hernia repair is the most common general surgery operation in the United States 

and provides a unique opportunity for surgeons and anesthesiologists to improve outcomes 

for older adults.1 Inguinal hernias lead to 4 million clinic visits and 800,000 operations 

annually, and individuals ≥65 years old are 40%-90% more likely to develop hernias than 

younger adults.1–4

Nearly 80% of inguinal hernia operations are performed under general anesthesia versus 

15%-20% under local anesthesia, despite the absence of evidence for improved perioperative 

outcomes with the former.5,6 Several small randomized trials and observational studies 

suggested that local anesthesia for hernia repair reduces morbidity by up to 30%, unplanned 

admissions by 20%, and operative time and costs by 15%, while other studies showed no 

significant differences.5,7–9 These studies focused on younger patients (<65 years old) with 

limited comorbidities, largely ignoring elderly patients. However, patients aged 65 years and 

older are more likely to benefit from avoiding exposure to general anesthesia, which may 

increase risk of cognitive dysfunction and metabolic derangements.10 Consequently, the 

American College of Surgeons and the American Geriatrics Society recommendations for 

the care of older adults urged surgeons to conduct research to determine which operations 

are associated with improved outcomes when general anesthesia is avoided in older adults.11 

However, despite the frequency of inguinal hernia repair, no nationally representative studies 

have evaluated postoperative outcomes following exposure to general or local anesthesia for 

older adults having inguinal hernia surgery. Additionally, no studies have assessed whether 

the potential benefits of local anesthesia vary as a function of age.

The purpose of this study was to compare the effects of local and general anesthesia on 

postoperative recovery for adults aged 65 years and older. We also sought to determine 

whether potential benefits of local anesthesia differed according to patient age. We 

hypothesized that using local anesthesia for inguinal hernia repair would significantly reduce 

complications and that the benefit would be more pronounced in adults aged 65 years and 

above.
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MATERIAL AND METHODS

Setting and patient selection

We identified 87,794 patients in the American College of Surgeons National Surgical 

Quality Improvement Program (NSQIP) database from 2014–2018 who had elective, 

unilateral, open inguinal hernia repair based on Common Procedure Terminology code 

49505 (Figure 1). We excluded patients who had concurrent procedures or other procedures 

not consistent with hernia repair, bilateral hernias, primary diagnosis other than unilateral 

inguinal hernia, preoperative ventilator dependence, or if the primary surgeon specialty was 

not general surgery in order to minimize confounding between the groups. We also excluded 

patients if anesthesia was coded as epidural, spinal, regional, other, or unknown. In order to 

determine the difference between anesthesia modality based on patient age, we categorized 

patients into those less than 55 years, 55–64 years, 65–74 years, and those aged 75 years and 

older.

Primary outcome

The primary outcome was occurrence of any postoperative NSQIP complication within 30 

days of surgery. Complications which factored into this outcome variable included wound 

infection, dehiscence, pneumonia, re-intubation, pulmonary embolus, failure to wean from 

the ventilator, renal insufficiency/failure, urinary tract infection, stroke, cardiac arrest, 

myocardial infarction, postoperative bleeding that requires transfusion, deep vein 

thrombosis, sepsis/septic shock, reoperation, and readmission.

Secondary outcomes

Secondary outcomes included: (1) total operative time (patient entry to exit from the 

operating room), (2) 30-day readmissions, and (3) potential cost savings.

Independent variable

The primary variable/exposure of interest was use of local or general anesthesia.

Propensity scores

To adjust for known confounding, we generated a propensity score using factors shown in 

Table 1. The propensity score was developed using an iterative process where different 

functional forms of the variables in Table 1 were entered into a binary logistic regression 

with the dependent variable of local or general anesthesia. Predicted probability from the 

model was then log transformed, and we verified that a sufficient number of cases and 

controls were contained within the common support region of the estimated propensity score 

prior to conducting any analysis.12

We used three methods (propensity matching, inverse probability weighting, and regression 

adjustment) to incorporate the propensity score into our analysis.13 Similar results from all 

three methods yield increased confidence that systematic differences between treated and 

control groups have been effectively balanced.13
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First, we used nearest neighbor matching with replacement within calipers of 0.25 × the 

estimated propensity score. We also tested caliper distances of 0.2, 0.15, and 0.10, which 

yielded essentially identical results to the 0.25 caliper, so only data from the 0.25 caliper 

scheme are presented. Second, we used inverse probability weighting where patients 

receiving general anesthesia were weighted according to the formula 1/(1-[log transformed 

propensity score]) and patients who received local anesthesia were weighted according to 

the formula 1/(log transformed propensity score). Finally, we employed regression 

adjustment where the outcome of interest was regressed on a binary indicator for local 

versus general anesthesia and the estimated propensity score. For each of these methods, we 

used the propensity score to calculate the average treatment effect, which represents the 

mean difference in the outcome between patients who had hernia surgery under local versus 

general anesthesia. To assess adequate balance of confounders on the propensity matching 

and weighting, we calculated the standardized difference and variance for populations before 

and after propensity scores until the standardized difference was <10% and the variance was 

close to 1.14 Differences were expressed in terms of average treatment effect.

Estimating costs

To estimate potential cost savings with increased use of local anesthesia among NSQIP-

participating hospitals, we calculated the product of: (1) percent change in operations 

performed under local anesthesia, (2) number of patients in each age group, (3) average 

change in operative time, and (4) average cost of 1 minute of operating room time.15 To 

estimate national savings, we assumed that the 800,000 operations performed annually in the 

US contained a similar proportion of patients in each age group as our study. We then 

calculated a product using the same equation as described above. We also calculated the 

potential reduction in postoperative complications with increased use of local anesthesia.

Statistical analysis

All analyses were performed with Stata version 15.1. We used the Stata commands teffects 

psmatch, teffects ipw, and teffects ra for propensity matching, inverse probability weighting, 

and regression adjustment, respectively. Differences were considered significant at α<0.05. 

As findings from each of the three propensity score methods were used to confirm results 

from the other methods, we did not employ a correction for multiple comparisons.

RESULTS

Patient characteristics

From 2014–2018, open inguinal hernia repair was performed in 13,723 patients using local 

anesthesia and in 58,107 patients using general anesthesia (Table 1). As shown in Table 1, 

patients who had inguinal hernia surgery under local anesthesia were significantly older than 

those who received general anesthesia (median age 66 years versus 60 years). Patients who 

were partially or totally dependent in activities of daily living, those with a higher American 

Society of Anesthesiology score, and those with higher predicted morbidity were also more 

likely to have hernia repair using local anesthesia. Hispanics and African Americans were 

10% less likely to undergo surgery with local compared to non-Hispanic whites. 
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Additionally, the overall use of local anesthesia for inguinal hernia repair declined over time, 

from 21% in 2014 to 18% in 2018.

Local anesthesia was associated with fewer postoperative complications in patients aged 
75 years and older

The unadjusted complication rate for all patients having inguinal hernia repair under general 

anesthesia was 1.2% compared to 1.1% for local anesthesia (p=0.2).

Table 2 shows that the complication rate increased with age and that using local anesthesia 

was associated with a 0.1%-0.3% decrease in complications for the three youngest age 

groups, though this difference was not significant. For the oldest patients (75+ years), there 

was a reduction in complications from 2.1% with general anesthesia to 1.6% with local 

anesthesia (p=0.04). For information on specific complications see Supplemental Table 1.

After propensity score adjustment, using local rather than general anesthesia was associated 

with fewer postoperative complications. After propensity matching, there was a 0.24% lower 

complication rate (95% CI -0.008% to -0.05%, p<0.05) for all patients having hernia surgery 

under local (Figure 2A). Inverse probability weighting (Figure 2B) showed a 0.20% 

reduction (0.012% to -0.40%, p=0.06)and regression adjustment (Figure 2C) demonstrated a 

0.30% decrease (-0.04% to 0.005%, p=0.06) in postoperative complications, however these 

were not significant.

When patients were analyzed by age, the only age group that showed a significant difference 

in complication rates were patients ≥75 years older. Propensity matching (Figure 2A) 

demonstrated that local anesthesia was associated with 0.6% fewer (95% CI -0.0003% to 

-1.20%, p<0.005) postoperative complications, inverse probability weighting (Figure 2B) 

showed a 0.6% reduction (95% CI -0.1% to -1.14%, p<0.05), and regression adjustment 

(Figure 2C) showed no difference in complications (-0.5% 95% CI -1.0% to 0.03%, p=0.06) 

in patients ≥75 years old. For other age groups, there were no significant differences in 

postoperative complications. However, Figure 2 demonstrates that the overall complication 

rate remained lower for local compared to general anesthesia for all age groups.

Local anesthesia was associated with shorter operative time for patients <75 years old

Prior to propensity adjustment, inguinal hernia repair under local anesthesia was associated 

with a 2-minute decrease in total operative time (p<0.001). Table 2 shows that the benefits of 

decreased operative time were largely confined to younger age groups and that there were no 

significant differences in operative time for patients aged 75 and older. These results were 

confirmed by our propensity score analysis.

Propensity matching (Figure 3A) showed that the average decrease in operative time for all 

patients was 3.2 minutes (95% CI −3.9 to −2.6 minutes, p<0.001), inverse probability 

weighting (Figure 3B) also showed a decrease of 3.2 minutes (95% CI −3.9 to −2.6 minutes, 

p<0.001), and regression adjustment (Figure 3C) showed a 3.4-minute decrease (95% CI 

−3.9 to −2.8, p<0.001). As shown in Figure 3, patients ≤64 years derived the most benefit 

from having their operations performed under local anesthesia (~4 minutes faster). Patients 

in the 65–74 age group also benefited from faster operative times with local anesthesia (2.5- 
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to 2.9-minute decrease). There were no significant differences in operative time for the 

oldest age group (75+ years).

We also analyzed specific complications between local and general anesthesia, as shown in 

Table 2. We found that there were very few differences between the anesthesia types, 

however there was a 0.5% reduction in the occurrence of postoperative urinary tract 

infection among patients ≥75 years (p=0.001).

Local anesthesia did not affect readmission rates in any age group

The unadjusted rate of readmissions was low for both anesthesia groups, and actually 

suggested that local anesthesia may be associated with increased readmission rates (1.6% vs 

1.4%, p=0.03). Readmission rates were lowest in the youngest patients (<1% for those <55 

years old) but increased steadily with age. Patients aged 75 years and older experienced the 

highest readmission rates but there was no difference between the anesthesia groups (3.2 vs 

3.2, p=0.9). Although the unadjusted rate of readmission was significantly higher in the local 

anesthesia group, after adjustment with propensity scores, there were no significant 

differences in readmission rates between local and general anesthesia. There were no 

differences in readmission rates between local and general anesthesia at different age groups.

Increasing use of local could significantly reduce costs and complications

Based on our estimates of faster operative time in nearly all patients, we estimated the 

impact that greater use of local anesthesia could have on US healthcare spending. Using a 

published cost of $36 per minute of operating room time, Figure 4 shows that a 10% 

increase in the use of local anesthesia for hernia repair would save NSQIP hospitals 

$495,754 annually and a 50% increase would save nearly $1.2 million annually.15 Similarly, 

the entire US healthcare system could save over $9 million annually if 10% more hernia 

operations were performed under local anesthesia, and over $47 million if there were a 50% 

increase. With respect to postoperative complications, a 10% increase in the use of local 

anesthesia among patients 75 years and older nationally would lead to 124 fewer patients 

experiencing complications and a 50% increase would lead to 624 fewer complications each 

year.

DISCUSSION

Our study demonstrated that local anesthesia offered significant benefits in patients having 

inguinal hernia surgery. Patients aged 75 years and older were significantly less likely to 

have postoperative complications when the surgery was performed under local anesthesia. In 

particular, there was a reduction in urinary tract infections, which may be a reflection of a 

lower rate of postoperative urinary retention when local as opposed to general anesthesia is 

utilized. The reduced complication rate in the oldest patients (≥75 years) did not come at the 

expense of increased procedure time, as there was no significant difference in total operative 

time for surgeries performed under local compared to general anesthesia in these patients. In 

contrast, local anesthesia was not associated with a reduction in complications for patients 

under 75 years old, however, there was a significant reduction in operative time. The 

magnitude of the observed effects may appear to be small (less than a 1% reduction in 
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complications and a difference of about 3 minutes in operative time) but the effects on our 

healthcare system overall are substantial because inguinal hernia repair is an extremely 

common operation. Using only the difference in operative time, we found that greater use of 

local anesthesia for hernia repair could save upwards of $47 million each year in the United 

States. Our estimate of cost savings is likely to be conservative, as we only included the 

decrease in operative time. Our results were overall robust to the choice of analytic approach 

however, we did note that for patients ≥75 years, there was no difference in complication 

rate was regression adjustment was employed. We also did not see any significant 

differences from the main findings when comparing patients with and without various 

comorbidities including heart failure, chronic obstructive pulmonary disease, diabetes, and 

dependence in activities of daily living (not shown).

Our projection for the potential benefits from greater use of local anesthesia likely represents 

a significant underestimate, especially for older adults. Exposure to general anesthesia may 

cause significant short- and medium-term cognitive dysfunction, in older adults.16,17 There 

is also some evidence, though far from conclusive, that general anesthesia increases risk of 

developing Alzheimer’s dementia.18,19 NSQIP does not capture changes in cognitive 

function or capacity for self-care, and these effects of general anesthesia are likely to 

increase the overall costs of hernia surgery. Further, we noted a disparity in use of local 

anesthesia among Non-Hispanic Whites (Table 1), which would be predicted to result in 

higher complications rates in African-American and Hispanic hernia surgery patients. 

Although racial and ethnic disparities were not the focus of our study, future work should 

examine the disparate economic impact of local vs general anesthesia use among these 

minority groups.

Our results are consistent with most studies that compare local versus general anesthesia for 

inguinal hernia surgery, though this is the first study to explicitly examine whether the 

effects of local anesthesia vary by age. Nordin etal. conducted a randomized study 

comparing local, regional, and general anesthesia for inguinal hernia repair. Mean age of 

participants in their study was 57 years for the local group and 56 years for the general 

group. Similar to the current study, the authors found that local anesthesia was associated 

with a 5-minute decrease in operative time compared to general anesthesia. They also noted 

a 19% reduction in unplanned admissions, which was not present in our NSQIP analysis.8 

The authors found that using local anesthesia saved £316 ($413) in healthcare costs 

compared to general anesthesia, which was primarily attributable to a reduction in operative 

and recovery time.7 In contrast, O’Dwyer et al. randomly assigned 276 patients to local or 

general anesthesia for inguinal hernia surgery, with a mean age of 55 years for each group.9 

The authors did not find a significant difference in operative time or complication rates, but 

did note cost savings of £30.5 ($40) per case. Neither of these randomized trials specifically 

examined outcomes among older adults compared to younger ones, and neither study was 

adequately powered to detect small differences in complication rates.

Bhattacharya et al. conducted a study of 25,213 patients using NSQIP data from 2005–2009 

comparing general to local/regional (combined local, spinal, or other regional) anesthesia for 

inguinal hernia repair.5 The local/regional group demonstrated a 10-minute decrease in total 

operative time, and a 0.4% reduction in morbidity, which is similar to the current study, 
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although they noted a much more substantial reduction in operative time. Another study 

used the International Hernia Mesh Registry to track quality of life for 1 year after inguinal 

hernia repair under local and general anesthesia in 1,128 patients, and found improved 

quality of life at up to 1 year after surgery when the operation was performed under local 

anesthesia.20 These studies focused on the overall population, without analyzing differences 

in older patients. Finally, Bay-Nielsen et al. used the Danish Hernia Database to identify 

29,033 elective inguinal hernia operations and found a lower complication rate among 

patients 65 years and older having surgery under local anesthesia (2.1%, 95% CI 1.5%–

2.9%) compared to general (2.8%, 95% CI 2.5%–3.1%).21 The complication rate of our 

study was much lower across all age groups, although the change in complication rate was 

similar. Unfortunately, their analysis did not risk-adjust for comorbidities or other 

confounders.

Our study is distinguished from prior work by exploring outcome differences based on age. 

We also divided the older population into distinct groups (65–74 and 75+ years) for analysis, 

which allowed us to examine finer trends as patient age increases. Additionally, we 

employed a more robust methodology than prior studies by using several propensity score-

based methods. This approach increases confidence in the results because even though each 

method estimates the average treatment effect differently, they all yielded similar findings. 

Finally, the large sample size enabled us to detect smaller differences in outcomes than the 

relatively underpowered randomized trials.

Our findings provide novel information for surgeons to consider when deciding on their 

approach to open inguinal hernia repair, but there are several limitations to acknowledge. 

First, use of propensity scores can only adjust for known confounders within the data set. It 

is possible that unknown confounders could account for observed differences. NSQIP does 

not capture postoperative urinary retention or need for catheterization, which are common 

complications of general but not local anesthesia, so our projections likely underestimate the 

true benefit of local anesthesia in the oldest patients. Finally, NSQIP does not contain 

information on outcomes beyond the 30-day postoperative period, so we cannot comment on 

the effects of local versus general anesthesia on longer-term outcomes.

CONCLUSIONS

Our findings suggest that surgeons who perform open inguinal hernia repair should strongly 

consider using local rather than general anesthesia regardless of patient age. Greater use of 

local can enhance postoperative recovery by reducing complications in patients aged 75 

years and older, which would improve patient outcomes and may produce substantial 

savings for health systems. While there did not appear to be a reduction in morbidity for 

patients younger than 75 years, the reduced operative time in this group contributes to 

significant cost savings and improved operating room efficiency. Given the observational 

nature of this study, our findings should ultimately be confirmed by a randomized trial 

focusing on older adults.
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Figure 1. 
Patients having open inguinal hernia repair under local and general anesthesia were selected 

from the 2014–2018 American College of Surgeons National Surgical Quality Improvement 

Program database.
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Figure 2. 
Patients aged 75 years and older experience fewer postoperative complications when their 

hernias are repaired using local anesthesia. The decrease in complications is similar when 

estimated using propensity matching (A), inverse probability weighting (B) and regression 

adjustment, although this was not significant (C).
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Figure 3. 
Total operative time was decreased for all patients except those 75 years and older when 

inguinal hernias are repaired under local anesthesia. The reduction in operative time was 

similar when estimated using propensity matching (A), inverse probability weighting (B) 

and regression adjustment (C).
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Figure 4. 
Increasing the utilization of local anesthesia for inguinal hernia repair will lead to significant 

cost savings for hospitals participating in the National Surgical Quality Improvement 

Program (NSQIP) and for all hospitals performing inguinal hernia surgery (All US Patients).
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Table 1.

Patient characteristics (unadjusted and using the propensity score for inverse probability weighting and 

matching).

Variable

General 
Anesthesia Local Anesthesia

P value

Standardized 
Difference 

(Unadjusted)

Standardized 
Difference After 

Inverse 
Probability 
Weighting

Standardized 
Difference after 

Propensity 
Matching

Total = 58,107 N 
(%)

Total = 13,723 N 
(%)

Age, Median (IQR) 60 (23) 66 (21) <0.001 37.4 1.3 2.2

*Age (years) <0.001

<55 22,432 (38.6) 3,469 (25.3)

55–64 13,715 (23.6) 3,013 (22.0) 3.9 0.2 0.4

65–74 12,816 (22.1) 3,617 (26.4) 10.1 0.22 0.06

75+ 9,144 (15.7) 3,624 (26.4) 26.4 0.08 0.02

*Male gender 53,012 (91.2) 12,304 (89.7) <0.001 5.4 0.1 7.2

*Race/Ethnicity <0.001

Non-Hispanic 
Caucasian 37,776 (65.0) 10,341 (75.4)

Hispanic 3,801 (6.5) 543 (4.0) 8.7 0.02 5.3

African American 5,753 (9.9) 762 (5.6) 16.2 0.4 1.3

Other 1,763 (3.0) 448 (3.3) 1.3 0.2 4.1

Unknown 9,014 (15.5) 1,629 (11.9) 10.6 0.3 1.3

*Year of Surgery <0.001

2014 9,844 (16.9) 2,680 (19.5)

2015 11,129 (19.2) 2,868 (20.9) 4.2 0.04 1.4

2016 12,429 (21.4) 3,050 (22.2) 3.9 0.3 0.8

2017 12,148 (20.9) 2,718 (19.8) 2.7 0.4 1.2

2018 12,557 (21.6) 2,407 (17.5) 14.7 0.7 1.1

Preoperative 
Functional Status <0.001

Independent 57,359 (98.7) 13,358 (97.3)

Partially or Totally 
Dependent 317 (0.6) 115 (26.6) 1.8 0.3 0.8

American Society of 
Anesthesiology Score <0.001

1 9,943 (17.1) 2,027 (14.8)

2 31,477 (54.2) 6,977 (50.8) 7.7 0.2 0.8

3–5 16,645 (28.7) 4,612 (33.6) 5.4 0.2 0.4
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Variable

General 
Anesthesia Local Anesthesia

P value

Standardized 
Difference 

(Unadjusted)

Standardized 
Difference After 

Inverse 
Probability 
Weighting

Standardized 
Difference after 

Propensity 
Matching

Total = 58,107 N 
(%)

Total = 13,723 N 
(%)

Predicted Morbidity 
Quintiles <0.001

1 11,928 (20.5) 2,436 (17.8)

2 11,692 (20.1) 2,672 (19.5) 0.4 0.2 1.7

3 11,778 (20.3) 2,585 (18.8) 10.8 02 1.2

4 11,562 (19.9) 2,802 (20.4) 10.2 0.01 2.9

5 11,135 (19.2) 3,228 (23.5) 3.5 0.09 0.4

Number of 
comorbidities 0.1

0 25,932 (44.6) 6,095 (44.4)

1 21,906 (37.7) 5,105 (37.2) 10.5 0.1 1.5

2+ 10,269 (17.7) 2,523 (18.4) 8.3 0.2 3.0

*
Indicates that the variable was included in the propensity analysis.
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Table 2.

In the unadjusted cohort, local anesthesia was associated with fewer postoperative complications in patients 

≥75 years and shorter operative time in younger patients. Readmissions rates were not affected by using local 

anesthesia.

Age <55 Age 55–64 Age 65–74 Age 75+

General 
N (%)

Local 
N (%) P General 

N (%)
Local 
N (%)

p General 
N (%)

Local 
N (%) P General 

N (%)
Local 
N (%)

p

Any 
complication

194 (0.9) 24 
(0.7) 0.3 127 (0.9) 24 

(0.8) 0.5 187 (15) 42 
(12) 0.2 193 (2.1) 57 

(16) 0.04

Readmission 169 (0.8) 21 
(0.6) 0.3 132 (1.0) 31 

(1.0) 0.7 199 (1.6) 54 
(1.5) 0.8 290 (3.2) 114 

(3.2) 0.9

Operative 
time in 
minutes

60 (35) 50 
(28) 0.001 53 (34) 50 

(27) 0.001 51 (33) 51 
(29) 0.02 50 (30) 50 

(28) 0.08
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