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Abstract

Introduction—Erectile function recovery (EFR) rates after radical prostatectomy (RP) vary

greatly based on a number of factors, such as erectile dysfunction (ED) definition, data acquisition

means, time-point postsurgery, and population studied.

Aim—To conduct a meta-analysis of carefully selected reports from the available literature to

define the EFR rate post-RP.
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Main Outcome Measures—EFR rate after RP.

Methods—An EMBASE and MEDLINE search was conducted for the time range 1985–2007.

Articles were assessed blindly by strict inclusion criteria: report of EFR data post-RP, study

population ≥50 patients, ≥1 year follow-up, nerve-sparing status declared, no presurgery ED, and

no other prostate cancer therapy. Meta-analysis was conducted to determine the EFR rate and

relative risks (RR) for dichotomous subgroups.

Results—A total of 212 relevant studies were identified; only 22 (10%) met the inclusion criteria

and were analyzed (9,965 RPs, EFR data: 4,983 subjects). Mean study population size: 226.5,

standard deviation = 384.1 (range: 17–1,834). Overall EFR rate was 58%. Single center series

publications (k = 19) reported a higher EFR rate compared with multicenter series publications (k

= 3): 60% vs. 33%, RR = 1.82, P = 0.001. Studies reporting ≥18-month follow-up (k = 10)

reported higher EFR rate vs. studies with <18-month follow-up (k = 12), 60% vs. 56%, RR = 1.07,

P = 0.02. Open RP (k = 16) and laparoscopic RP (k = 4) had similar EFR (57% vs. 58%), while

robot-assisted RP resulted in a higher EFR rate (k = 2), 73% compared with these other

approaches, P = 0.001. Patients <60 years old had a higher EFR rate vs. patients ≥60 years, 77%

vs. 61%, RR = 1.26, P = 0.001.

Conclusions—These data indicate that most of the published literature does not meet strict

criteria for reporting post-RP EFR. Single and multiple surgeon series have comparable EFR rates,

but single center studies have a higher EFR. Younger men have higher EFR and no significant

difference in EFR between ORP and LRP is evident.
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Introduction

Prostate cancer is the second most common cancer and the third most common cause of

cancer-related death among men. According to the American Cancer Society data, it was

estimated that in 2008, 186,320 new cases would be diagnosed (25% of all new cancer

cases) and 28,660 deaths (10% of cancer-related deaths) would be attributed to prostate

cancer [1]. Radical prostatectomy (RP) is a curative treatment for early prostate cancer, with

a proven long-term survival benefit [2]. Optimal outcomes of RP are not limited to cancer

control, but also include urinary continence and preservation of erectile function (EF) [3].

Preservation of EF has become a goal in prostate cancer surgery with advances in our

understanding of the prostate and cavernous nerve anatomy and with the introduction of

nerve-sparing RP by Walsh and Donker in 1982 [4]. Currently, with prevalent early

prostate-specific antigen (PSA) testing, the significance of EF preservation has grown:

prostate cancer is diagnosed at an earlier age, at a lower disease stage with excellent long-

term cure rates, thus men have many years of potential sexual activity ahead.

Erectile dysfunction (ED) has a negative effect on the quality of life of men and their sexual

partners, and not uncommonly, the burden of ED persists long after cancer cure concerns

have subsided [5]. The reported incidence of long-term ED after RP ranges from
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approximately 14–90%, a too wide a range to permit proper patient counseling and

treatment selection decision-making [6]. In recent years, new treatment options have

emerged, such as laparoscopic and robotic-assisted RP techniques, which have established

their role in prostate cancer surgery, with a comparable or even lower reported ED

incidences of only 7–33% [7–9]. Interpretation and comparison of EF outcomes data are

hindered by publication of studies of diverse methodological quality, use of non-unified EF

assessment methods, inconsistent definitions of ED, different surgical techniques, selective

favorable subgroup analysis, reporting on heterogeneous and ill-defined patient populations,

and other methodological differences [6].

With advances in clinical research, methods and assessment tools for evaluation of ED have

evolved; however, randomized-controlled studies are not feasible, as curative treatment

cannot be withheld, and active surveillance is an option only for highly selected patients

with minimal disease. Thus, an ideal study to define the incidence of ED after RP will

probably never be designed.

The present study employs meta-analytic methodology to analyze highly selected quality

publications and addresses the question of the actual incidence of ED after RP for prostate

cancer.

Methods

Publication Selection

To retrieve publications addressing ED after RP, we conducted a literature search of the

PubMED/MEDLINE and EMBASE databases, looking for publications in the English

language, published between the years 1985 and present (accessed April 2008). Publications

prior to 1985 were not considered, so as to include only contemporary publications

describing surgical prostate cancer treatment after the introduction of PSA testing for early

diagnosis of prostate cancer and after the introduction of cavernous nerve sparing surgery.

Search keywords used were: erectile dysfunction OR sexual function OR impotence AND

radical prostatectomy. Initial screening process excluded publications reporting on a study

group of less than 50 subjects and/or presenting EF outcomes after less than a year of

postoperative follow-up. To further select high-quality publications, we established selection

criteria (inclusion and exclusion) to assess studies’ design and methodology (Table 1). Each

article had authors removed and was assigned a code, so that application of the inclusion and

exclusion criteria and publication selection was performed in a blinded fashion by two

independent investigators. In case of repeated analysis of the same database, we selected a

single report with the best methodological quality, after carefully assessing publication year,

population study size, accuracy of nerve-sparing status report, quality of pre- and

postsurgery EF assessment, and quality of statistical methods.

Erectile function recovery (EFR)-related and study design-related data were retrieved from

the selected publications and were analyzed to identify patterns in assessment and reporting

of EF outcome after RP. Specifically, we recorded EFR rate, whether the study was a single

center or multicenter report; the instruments used to assess EF, whether EF was surgeon- or
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patient-reported; time interval from surgery to EF assessment; and definition of successful

outcome after RP.

Effect Size Determination

The proportion of patients recovering EF, EFR rate, was the main effect size outcome.

Effect sizes and standard errors were calculated directly from the EFR rate and sample size

reported in each study [10]. This technique produces reliable estimates of effect size and

standard error when most proportions fall between 0.2 and 0.8, as was the case for all the

included studies. Each obtained effect size was weighted by its inverse variance weight prior

to combination.

Variance Modeling

We employed a fixed effects variance model because this model assumes the existence of

only study-level variance and thus increases statistical power for detecting moderators.

Variability of the fixed effects variance component was tested with the Q test for

homogeneity, as defined by Lispey and Wilson [10]. A significant Q test (interpreted as a

chi-square using k-1 degrees of freedom where k equals the number of studies) indicates that

additional variance beyond that expected for the given sample size exists in the scores and

implies the existence of moderators.

Moderator Analysis

Moderators were examined using Q test, a statistical test appropriate for meta-analysis that

employs weighted data and compares within and between groups heterogeneity, similar to

that of the analysis of variance. This produces a between and within groups Q statistic that is

distributed and tested as a chi-square. The following hypotheses were examined: (i) single

center series would result in higher EFR than multicenter series; (ii) EFR rates reported ≥18

months from surgery would be higher than those <18 months from surgery; (iii) robot-

assisted RP (RARP), laparoscopic RP (LRP), and open RP (ORP) would result in the same

EFR; (iv) bilateral nerve-sparing surgery would result in a higher EFR than unilateral; and

(v) older patients (≥60) would have lower reported EFR than those <60 years.

Sources of Bias

Mean effects were assessed for degree of publication bias using two techniques:

Examination of the funnel plot and “trim and fill”. Trim and fill is a technique developed by

Duval and Tweedie and assesses the symmetry of the funnel plot [11]. It assumes that small-

N studies with negative effects are not likely to get published and would fall on the lower

left of the funnel plot. When publication bias exists, a disproportionate number of studies

will fall to the lower right of the plot. This technique determines the number of

asymmetrical studies, imputes their counterparts to the left, and calculates a new mean effect

size. All analyses were performed using Comprehensive Meta-Analysis Version 2 (2005)

software package (Biostat, Engle-wood, NJ).
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Results

Initial search of the PubMED/MEDLINE and EMBASE databases retrieved 1,326

publications, 796 from the PubMED/MEDLINE database and 1,156 from the EMBASE

database. Initial exclusion of publications reporting on a study group of less than 50 subjects

and/or presenting EF data collected after less than 12-month follow-up after RP yielded 212

publications, eligible for further full review and 22 studies (10%) met full inclusion criteria

(Figures 1 and 2) [12–33]. Of the 9,965 total subjects, appropriate ED data were available

for 4,983. Mean patient age was 61 years (range = 55–67). The average study sample size

was 226.5, standard deviation = 384.1 (range = 17–1,834). Sixteen studies reported on ORP,

four LRP, and two RARP. The definition of a favorable EF outcome varied considerably, as

we found 22 different definitions (Table 2).

The overall fixed effects EFR rate was 58% (95% confidence interval = 56–60%), with

significant heterogeneity among effect sizes where Q(21) = 164.5, P = 0.001 (Figure 2).

Trim and fill imputed no values and examination of the funnel plot suggested appropriate

variation in reported EFR rates among the present sample of studies (Figure 3).

In terms of moderators (Table 3), single center series publications EFR rates (60%, k = 19)

were higher compared with multicenter series publications EFR rates (33%, k = 3), relative

risks (RR) = 1.82, P = 0.001. Studies reporting ≥18-month follow-up post-RP reported

somewhat higher EFR (60%, k = 10) rates than studies with <18-month follow-up (56%, k =

12), RR = 1.07, P = 0.02. Differences were found in EFR among ORP (57%, k = 16), LRP

(58%, k = 4), and RARP (73%, k = 2), P = 0.001. Bilateral nerve-sparing surgery (60%, k =

21) was associated with higher EFR than unilateral (47%, k = 12), RR = 1.28, P = 0.001.

Eight studies reported specific outcomes for identified age ranges, and patients <60 years of

age reported a higher rate of EFR than those ≥60 years of age (77% vs. 61%, RR = 1.26, P =

0.001).

Discussion

ED is a concern for patients undergoing RP for localized prostate cancer, an important

consideration in treatment selection, and a significant determinant of treatment satisfaction

[34]. Despite the abundance of literature reporting RP outcomes, EFR rates vary greatly,

ranging approximately 20–90%, too great a variation to provide patients with proper

preoperative counseling [6]. With the introduction of LRP and RARP, treatment options

have expanded, making treatment selection process even more complex. The variability in

reported EF outcomes originates in the discrepancy in subjects’ age, presurgery EF level,

comorbidity profiles, surgical techniques, definition of a favorable EF outcome, data

collection methods, duration of postsurgery follow-up, utilization of additional prostate

cancer treatments, and use of erectogenic therapies [6]. A recent publication by Mulhall

reviewed the medical literature in 2000–2008 and identified patterns in defining and

reporting EF outcomes after RP. Mulhall found that the incidence of reported ED after RP is

extremely discrepant, ranging from 12% to 96%, with a higher incidence in multi-center,

multi-surgeon series compared with single center, single surgeon studies. There was great

variation in study population, data acquisition, and EF definitions. Mulhall summarized the
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minimal requirements for adequate reporting to include comorbidity profile, patient

selection process, data acquisition methods, questionnaires used, baseline EF data, long-term

EF data (>24 months), definition of adequate EF, proportions of men returning to normal,

proportion of men returning to preoperative EF level, erectogenic medications use, and

extent to which rehabilitation strategy was used [35]. However, this comprehensive review

of the current literature did not employ a meta-analysis methodology.

In the present study, we conducted a meta-analysis to analyze the present literature and

applied rigorous inclusion criteria to select for the highest quality publications available in

the literature. Of the 212 publications reporting on EF outcomes after RP available after

initial selection (≥1-year follow-up and ≥50 subjects), only 22 publications (in the time

period selected, 1985 and later) eventually fulfilled the inclusion criteria and passed the

blinded review process by two of the authors. Worthy of mention is that all selected

publications were published in 2000 and thereafter. Indeed, recent advances in clinical

research including patient-reported outcomes, development of validated questionnaires, risk

stratification, and other methodologies have improved the quality of EF outcomes research.

Despite these methodological improvements, there is still considerable heterogeneity among

studies and therefore there is a need for a meta-analysis. To ascertain a high quality meta-

analysis methodology, we used the proposal for reporting of meta-analyses studies published

in 2000 by the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group, as

the basis for the present study design and results reporting [36].

A key point in meta-analysis studies is a potential selection bias in the publication selection

process, possibly leading to skewed results. To assess our selection process, we employed a

funnel plot analysis of the selected publications, which revealed appropriate variation,

confirming that the selection was based on quality (narrow standard error) rather than biased

selection based on the reported EFR. Interestingly, while the 22 selected publications

reported on 9,965 subjects, information on EFR was available for only 4,983. This finding

highlights the difficulty involved in clinical research of EFR but also raises the possibility of

a potential bias of reporting on selected groups of patients, thus potentially enriching the

results. The overall EFR rate was 58%, however, and this incidence of favorable EF

outcome should be viewed in the light of the definitions used in the individual studies and

the effect of erectogenic therapy use should also be considered. In 13 of the publications

included in the present analysis, it was stated clearly that subjects used erectogenic therapy

but none of these publications presented a detailed report on the extent of erectogenic

therapy use and its impact on their results. As we hypothesized, single center studies,

younger age at surgery, bilateral nerve sparing, and having ≥18-month follow-up were

associated with statistically significant higher EFR rates. Comparing EFR after surgery

using different approaches, ORP, LRP and RARP, as expected we found no significant

difference between open and laparoscopic techniques. However, the robot-assisted studies

reported remarkably higher EFR rate. This difference in EFR rate after RARP should be

interpreted with caution for the following reasons: only two robotic surgery studies were

included in this meta-analysis, neither of which included an open or laparoscopic surgery

comparison groups; and a total of only 343 patients was analyzed. At this point, we cannot

explain this difference in EFR.
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In recent years we, have witnessed the emergence of LRP, followed by the RARP. These

innovative surgical approaches attracted much attention from patients exploring treatment

options for prostate cancer. The superiority of a certain surgical approach is a pivotal

question, faced not only by prostate cancer patients, but also by prostate cancer surgeons.

Comparative radical prostatectomy outcomes review articles of unselected publications

failed to find any significant differences between ORP, LRP, and RARP in EFR. A recent

review article by Ficarra et al. looked at studies comparing outcomes of different surgical

approaches and found only two articles that used a validated questionnaire to assess EF

outcomes. Of six articles with EFR data, three studies compared open and laparoscopic

surgery, none of which showed any advantage of specific approach: one study compared

open and laparoscopic surgery reporting on shorter median time for EFR with laparoscopic

surgery, one study compared open and robotic-assisted surgery showing no significant

difference, and one study compared laparoscopic and robotic–assisted surgery, showing no

significant difference [37]. Another review article by Berryhill et al. compared outcomes of

robotic RP with laparoscopic and open surgery and reported EFR rates of 14–61% for

unilateral nerve sparing and 24–97% for bilateral nerve-sparing robotic surgery, 35–64% for

unilateral nerve sparing and 43–79% for bilateral nerve-sparing laparoscopic surgery at 12

months, and 17–53% for unilateral nerve sparing and 37–86% for bilateral nerve-sparing

open surgery at 12–24 months [38]. These review articles, however, were not focused

entirely on EF outcomes and included other outcomes; the publication selection process was

not detailed and most importantly, meta-analytic statistical methods were not employed to

integrate the weighted contribution of each individual study or to verify non-biased

publication selection. In essence, the Ficarra et al. and the Berryhill et al. articles were both

typical review articles. In both articles, the authors concluded that the available literature

comparing EF outcomes of the different surgical approaches is scarce and insufficient to

demonstrate any clear advantage of a certain approach.

A meta-analysis study design is a valuable, yet controversial, tool to integrate medical

publications, in this era of medical information wealth. According to evidence-based

medicine principles, randomized controlled studies provide the highest level of evidence. A

meta-analysis of randomized controlled studies is a widely used methodology to identify,

appraise, and combine the results of individual studies. However, not uncommonly

randomized controlled studies are not feasible and only data from observational studies are

available, as is the case for EFR after RP, and a meta-analysis must rely exclusively on

observational studies. Despite limitations of a meta-analysis approach to synthesize results

of observational studies, it has clear advantages over an individual observational study and

therefore a meta-analysis methodology for observational studies is increasingly used in the

current medical literature to assess intervention effect [36]. Walker et al. summarized the

critical issues to address in a meta-analysis study to include: (i) identification and selection

of studies; (ii) heterogeneity of results; (iii) availability of information; and (iv) analysis of

the data [39]. An inherent limitation of the meta-analysis methodology and any meta-

analysis study is the dependency on the quality of the individual available studies. In

addition, an important limitation of the present study is the relatively small number of

publications reporting on laparoscopic and robotic surgery, which is a result of the rigorous

selection process to allow the inclusion of publications of only the highest methodological
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quality, to reduce heterogeneity, and to improve availability of information. Despite our

efforts, there is a considerable heterogeneity among the selected studies in study design,

erectile function definition, duration of follow-up, population selection, and other factors

among the individual selected studies. This heterogeneity may have had an impact on our

results; however, this is inherent to the present medical literature and stems from the lack of

standardization in post-RP EFR outcomes reporting. A carefully designed meta-analysis

study is a powerful tool to critically select publication and facilitate integration of the

available knowledge, aiding clinicians and patients in decision-making. The present study

has a number of strengths, mainly its thorough search process, the employment of strict

selection criteria to identify the highest methodological quality studies available in the

contemporary medical literature, and the use of an advanced meta-analytic methodology,

based on the MOOSE group proposal [36].

Despite the high prevalence of RP utilization for localized prostate cancer, improved studies

are needed. The ideal study to describe EFR rate after RP should be designed prospectively,

with an age-, comorbidity profile-, and baseline EF-matched control group, using an

accurate measurement tool to assess EF pre- and post-RP, and adjusted for variability in

other factors, such as variation in surgical technique and use of erectogenic therapies after

surgery. With the well-established place of ORP in the management of localized prostate

cancer and the attractiveness of the newer laparoscopic and robot-assisted approach to

patients, such a well-designed comparative study would be necessary to draw conclusions

regarding the impact of a particular surgical approach on EFR.

Conclusions

Numerous publications have analyzed RP outcomes and specifically, EFR outcomes. This

wealth of literature does not essentially facilitate treatment decision-making, as despite the

abundance of literature on EFR after RP, the present analysis demonstrates that most of the

published literature does not meet strict criteria for EFR reporting. We found that single

center studies reported a higher EFR rate. Patient age at surgery <60 years, nerve-sparing

status, and study follow-up ≥18 months were associated with higher EFR rates. The

superiority of a certain surgical approach, open, laparoscopic, or robotic-assisted surgery is

not established and yet to be defined.
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Figure 1.
Publication selection algorithm.
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Figure 2.
Erectile function recovery (EFR) rates (95% confidence interval [CI]), study time-point, and

sample size by study. On the right: a forest plot, a graphic representation of the mean

erectile function recovery and 95% CI.
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Figure 3.
Funnel plot of standard error by logit event rate: a funnel plot is a scatter plot of treatment

effect by a measure of sample size. In an unbiased study, there should be greater variability

among effect sizes based on small samples than those based on large samples, and therefore,

the plot should take the shape of a funnel. An asymmetric funnel with more positive effects

than negative, especially for small sample sizes, usually indicates publication bias.
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Table 1

Publication selection criteria

Inclusion criteria

• Publications in the English language describing EF data following RP for prostate cancer

• ORP, LRP, or RARP with curative intent as a primary and only treatment for clinically localized disease

• Years of publication: 1985–2008

• Clear report of EFR rate or EF scores

• Clear determination of favorable of successful EF outcome

• Description of presurgery EF

• Report of subject’s age (mean, median or range, of the whole study population or age subgroups)

• Report of study group size

• Description of nerve-sparing status

• Separated outcome report by nerve-sparing status

• Report of evaluation time-point (time interval from RP to EF evaluation)

• Description of data acquisition method, either patient interview or questionnaire

Exclusion criteria

a. Publications reporting on RP outcomes before the employment of PSA testing

b. Publications reporting on RP outcomes before the introduction of nerve-sparing surgery

c. Limited study population (RP series of <50 subjects)

d. EF data obtained <1 year after surgery

e. EF data with the use of erectogenic therapies other than on-demand PDE5i

f. Any presurgery prostate cancer treatment

g. Any postsurgery prostate cancer treatment given prior to EF evaluation

h. Inclusion of subjects with presurgery ED

i. ED rate report does not include absolute patient-population numbers (e.g., percentages only)

j. A publication presenting repeated data on a previously described study group

EF = erectile function; RP = radical prostatectomy; ORP = open radical prostatectomy; LRP = laparoscopic radical prostatectomy; RARP = robot-
assisted radical prostatectomy; EFR = erectile function recovery; PSA prostate-specific antigen; PDE5i = phosphodiesterase type 5 inhibitors; ED =
erectile dysfunction.

J Sex Med. Author manuscript; available in PMC 2014 July 15.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Tal et al. Page 15

Table 2

Variation in definition of favorable erectile function outcome

• Frequency of obtaining natural erections adequate for intercourse (few times/sometimes/most times/almost always)

• Reported intercourse

• Ability to achieve successful sexual intercourse

• Erections firm enough for intercourse

• Ability to regularly achieve and maintain erection sufficient for vaginal penetration

• Score > 2 (“sometimes/most times/almost always or always”) on SHIM question 2 (“When you had erections with sexual
stimulation, how often were your erections hard enough for penetration?”)

• SHIM score > 21

• Erections sufficient for intercourse

• Erection rigid enough for vaginal penetration

• IIEF5 score > 15 or score of 4 or 5 (“most times/almost always/always”) on IIEF question: “When you attempted sexual
intercourse, how often was it satisfactory for you?”

• Any sexual intercourse in the last 4 weeks (score > 1, “less than once a week/about once a week/several times a week/daily”, on
EPIC question: “During the last 4 weeks, how often did you have sexual intercourse?”)

• Erections sufficient for penetration

• Return to 75% of baseline UCLA-PCI score

• Normal full erection or full diminished from normal

• Presurgery: IIEF score > 18, postsurgery: able to perform intercourse

• Potent

• Erections satisfactory for sexual intercourse

• Ability to autonomously reach valid erection capable of completing intercourse in a satisfying way

• IIEF5 score > 17

• Achieve sexual intercourse with penetration

• Ability to achieve and maintain an erection suitable for sexual intercourse

• Erections firm enough for penetration “occasionally/usually/always”

SHIM = Sexual Health Inventory for Men; IIEF = International Index of Erectile Function; EPIC = Expanded Prostate Cancer Index Composite;
UCLA-PCI = University of California, Los Angeles, prostate cancer index.
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Table 3

Erectile function recovery rate, 95% CIs, and Q test results by predictor

Comparison No. of studies (k) Erectile function recovery (%; 95% CI) Q (df)* P value

Center

 Single 19 60 (58–62) 43.45 (1) 0.001

 Multiple 3 33 (26–40)

Follow-up

 <18 months 12 56 (53–59) 5.29 (1) 0.02

 ≥18 months 10 60 (58–62)

Surgical approach

 Open 16 57 (54–59) 30.54 (2) 0.001

 Laparoscopic 4 58 (52–64)

 Robotic 2 73 (68–78)

Nerve sparing

 Bilateral 21 60 (58–62) 16.96 (1) 0.001

 Unilateral 12 47 (42–53)

Age group

 <60 years old 8 77 (74–79) 68.11 (1) 0.001

 ≥60 years old 8 61 (58–64)

*
The Q test is a statistical test appropriate for meta-analysis that employs weighted data and compares within and between groups heterogeneity,

similar to that of the analysis of variance.

CI = confidence interval; df = degrees of freedom.
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