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1. Abstract

Background:

Laparoscopic cholecystectomy is the preferred treatment for symptomatic gallstones. Standard
pneumoperitoneum pressure (12—-15 mmHg) ensures adequate visualization but may increase postoperative pain
and cardiopulmonary stress. Low-pressure pneumoperitoneum (LPP; 7-10 mmHg) has been proposed to reduce
these complications, though its safety and efficacy remain debated.
Aim:

To compare low- and standard-pressure pneumoperitoneum
complications, and operative time in laparoscopic cholecystectomy.
Methods:

Databases including PubMed, Scopus, Cochrane Library, Web of Science, and Google Scholar were searched
through July 2025 for randomized controlled trials comparing LPP with standard pressure. Two reviewers
independently extracted data. A random-effects model was applied, with heterogeneity assessed using the 12
statistic. Publication bias was evaluated by Egger’s test and funnel plots.

Results:

Fifteen RCTs involving 2,304 patients were included. LPP significantly reduced postoperative pain at 6 hours
(MD =-1.24; 95% CI = -1.76 to —0.71; 12 = 44%) and 24 hours (MD = -0.98; 95% CI = -1.46 to -0.50; 12 =
68%). Conversion rates (OR = 1.03; 95% CI = 0.67-1.58; 12 = 0%) and operative times (MD = +2.1 min; 95%
Cl =-0.9 to +5.1; 12 = 28%) were comparable. Hospital stay was slightly shorter with LPP (MD = -0.4 days;
95% CI =-0.7 to -0.1; 12 = 59%). Minor publication bias was detected for 24-hour pain (p = 0.04).

Conclusion:

Low-pressure pneumoperitoneum is a safe and effective alternative to the standard technique, offering reduced
postoperative pain and faster recovery without increased surgical risk.

Recommendations:

Further multicenter RCTs should explore long-term outcomes, cost-effectiveness, and patient satisfaction to
support routine clinical use.

regarding postoperative pain, recovery,
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The standard intra-abdominal pressure used to establish
pneumoperitoneum is typically between 12 and 15
mmHg. However, insufflation at this pressure may have
physiological consequences, such as increased systemic

2. Introduction

The gold standard for treating benign gallbladder
problems and symptomatic gallstone disease is
laparoscopic  cholecystectomy. Compared to open

surgery, it has a number of benefits, such as less pain
following surgery, a shorter hospital stay, quicker
healing, and better cosmetic results. To create a clean
working space and visual field, the treatment depends on
insufflating (CO2) to create a pneumoperitoneum.

vascular resistance, reduced venous return, decreased
renal blood flow, and respiratory changes due to
diaphragmatic elevation. These effects are especially
concerning in elderly patients or those with
cardiorespiratory comorbidities.
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2.1 Concept of LPP

A safer substitute has been suggested: low-pressure
pneumoperitoneum  (LPP), which is commonly
characterized as an intra-abdominal pressure of 7-10
mmHg. The rationale behind its use is to minimize the
adverse hemodynamic and pulmonary changes
associated with higher pressure, while still maintaining
adequate exposure for safe surgical manipulation.
Advocates of low-pressure laparoscopic surgery argue
that it reduces postoperative pain, improves recovery,
and minimizes anesthesia-related complications. Critics,
however, caution that it may impair visualization and
working space, leading to increased operative time,
higher conversion rates, or surgical complications. Thus,
the debate between using low vs. standard pressure in
laparoscopic cholecystectomy remains ongoing.

2.2 Existing Literature and Rationale for
Review

A number of observational studies and randomized
controlled trials (RCTs) have tried to compare the results
of standard and LPP  during laparoscopic
cholecystectomy. Parameters like operational time,
intraoperative problems, conversion to open surgery,
postoperative discomfort, length of hospital stay, and
return to normal activity have all been studied in this
research. While some studies demonstrate significant
advantages of low-pressure techniques—particularly in
terms of pain and recovery—others report no substantial
differences or even highlight surgical difficulties.

Given the growing interest in minimally invasive
techniques with enhanced recovery protocols, a
systematic synthesis of the available evidence is
warranted. Previous meta-analyses have been published,
but many are outdated or limited in the number of
included trials. Furthermore, a thorough and current
meta-analysis is warranted given the recent availability
of additional, high-quality RCTs.

2.3 Objectives of the Review
This systematic review and meta-analysis aim to:

e Assess and contrast the low-pressure and
standard-pressure pneumoperitoneum's
perioperative and postoperative results in adult
patients having laparoscopic cholecystectomy.

e Provide pooled estimates of key clinical

outcomes, including postoperative  pain,
operative time, complications, and hospital
stay.

e Assess the safety, feasibility, and potential
benefits of low-pressure techniques.
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e  Offer evidence-based guidance for surgeons
and anesthetists in tailoring intraoperative
pneumoperitoneum settings for optimal patient

care.
3. Methods

3.1 Protocol and Registration

In order to ensure methodological rigor and

transparency, the PRISMA 2020 principles were closely
followed in the planning and execution of this systematic
review and meta-analysis. Following the guidelines
suggested by the Cochrane Handbook for Systematic
Reviews of Interventions, the review protocol was
prospectively filed with PROSPERO, the international
prospective register of systematic reviews, under the
registration ID. The protocol described the search
strategy, data synthesis techniques, risk of bias
evaluation, and eligibility criteria.

3.2 Eligibility Criteria
A strict set of eligibility criteria was applied to identify
high-quality studies for inclusion:

3.2.1 Study Design
e Only RCTs were included due to their high
level of evidence.
e Quasi-randomized trials, observational studies,
case series, reviews, letters to editors,
editorials, and animal studies were excluded.

3.2.2 Participants

e  Adult patients (aged >18 years) undergoing
elective laparoscopic cholecystectomy for
benign gallbladder pathology (e.g.,
cholelithiasis, chronic cholecystitis).

e Studies involving  patients  undergoing
emergency cholecystectomy, pediatric patients,
or patients with coexisting abdominal
pathology requiring conversion were excluded.

3.2.3 Interventions and Comparators
e Intervention group: LPP, which is produced by
CO: insufflation and is defined as intra-
abdominal pressure <10 mmHg.
e Comparison group: Pneumoperitoneum with
standard pressure, which is defined as intra-
abdominal pressure of 12-15 mmHg.

3.2.4 Outcome Measures
Primary Outcomes:
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e Postoperative pain, measured at predetermined
intervals (6, 12, 24 hours) using a validated
Visual Analogue Scale (VAS) or Numerical
Rating Scale (NRS).

e  Operative time, which is the interval between
the initial skin incision and skin closure.

Secondary Outcomes:
e Intraoperative complications (e.g., bile duct
injury, vascular injury).
e Conversion rate to open cholecystectomy.
e Hemodynamic instability (significant
intraoperative hypotension or bradycardia).
e Intraoperative ventilation changes (e.g., peak
airway pressure, end-tidal CO.).
Postoperative nausea and vomiting (PONV).
Time to oral intake resumption.
The number of days spent in the hospital.
It's time to resume work or regular activities.

3.3 Information Sources

A thorough and methodical search of the literature was
conducted using the five electronic databases listed
below: MEDLINE and PubMed, Scopus.

The Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science, and Google Scholar (for
unpublished and gray literature studies)

In order to find any more qualifying trials that were
missed by the database search, the reference lists of all
included articles and pertinent review papers were
manually screened as part of the search.

No restrictions on language, publication year, or
geographic region were applied initially. Non-English
articles were translated using professional translation
tools if deemed eligible.

3.4 Search Strategy

Relevant studies from a variety of databases, including
PubMed, Scopus, Web of Science, Cochrane
CENTRAL, and Google Scholar, were found using the
following search criteria. Medical Subject Headings
(MeSH) and free-text phrases that were tailored for each
database were used in the search.

3.5 Study Selection
e A reference management program (such as
EndNote or Rayyan) was used to import all of
the recovered information.
e Duplicate records were
automatically and by hand.
To determine relevance, two reviewers independently
screened abstracts and titles.

eliminated both
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A third reviewer was consulted or discussed in order to
resolve disagreements after the full texts of possibly
eligible articles were independently evaluated against the
inclusion/exclusion criteria.

e A PRISMA flowchart was used to document
the entire selection process, including the
number of records that were found, vetted,
eliminated, and included.

3.6 Data Extraction
A structured data extraction form was used to collect
and compile relevant data:

e Study characteristics: authors, year, country,
setting, funding, and ethics approval.

e Sample characteristics: sample size, age,
gender distribution, BMI, and comorbidities.

e  Surgical and anesthetic details:
pneumoperitoneum  pressure,  type  of
insufflator, surgical technique (3-port or 4-
port), anesthesia protocols.

e Outcome data: means and standard deviations
for continuous outcomes; event counts for
binary outcomes.

e Time points of outcome assessments (e.g., pain
at 6, 12, 24 hours post-op).

Data extraction was done separately by two reviewers. In
order to address missing data, corresponding authors
were contacted. Means and SDs were estimated using
normal procedures if the data were displayed as medians
and interquartile ranges.

3.7 Risk of Bias Assessment

The Cochrane Risk of Bias Tool (RoB 2.0) was
employed to assess each included study across five
domains: randomization process, deviations from
intended interventions, incomplete outcome data,
outcome measurement, and selective outcome reporting.
Each domain was rated as low risk, some concerns, or
high risk. Overall risk of bias was determined, and any
disagreements were resolved by a third reviewer.

3.8 Data Synthesis and Statistical Analysis
e All statistical analyses were conducted using
RevMan 5.4.1 and STATA 17.0.

Effect Measures:

Continuous outcomes were analyzed using Mean
Differences (MD), and dichotomous outcomes using
Risk Ratios (RR) or Odds Ratios (OR), all with 95%
Confidence Intervals (Cl). Standardized Mean
Differences (SMD) were used when outcome scales



varied. Heterogeneity was assessed using the Chi? test
and 12 statistic, with thresholds of <25% (low), 25-50%
(moderate),  >50%  (substantial), and  >75%
(considerable). A random-effects model (DerSimonian
and Laird method) was applied if heterogeneity was
present; otherwise, a fixed-effects model was used.
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Subgroup Analyses (pre-specified):
e Basedon:
e BMI groups (normal Vs.

overweight/obese)

e  Geographic location (Asia vs. Europe
vs. Americas)

e Risk of bias (low vs. high)

e Type of anesthetic protocol (volatile
vs. TIVA)

Sensitivity Analyses:
e Exclusion of high-risk-of-bias studies.
e  Exclusion of outlier studies.
e Analysis using alternate statistical models.

Publication Bias:
e Funnel plots were employed for
involving all studies.

results
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e Begg's test and Egger's regression test were
used to look for small-study effects.

4, Results
4.1 Study Selection
875 entries were found after a thorough search of several
databases, including PubMed, Scopus, Web of Science,
and the Cochrane Library:
e 842 from electronic databases
e 33 from other sources (reference lists, grey
literature, manual search)
After removing duplicates (n = 155), 720 articles
remained for screening. Following title and abstract
screening, 655 records were excluded due to irrelevant
outcomes, inappropriate comparisons, or study type
(non-RCTs).
65 full-text articles were assessed for eligibility. After
detailed evaluation:
e 45 articles were excluded due to:
e Non-comparative design
e  Lack of primary outcomes
e  Pediatric population
e Non-standardized pressure definitions
e In the end, the qualitative and quantitative
synthesis (meta-analysis) comprised 15 RCTs.
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PRISMA Flow Diagram

Records Identified through database searching (n = 842)
Additional records identified through other sources (n 313)
»

Records after duplicates removed (n = 720]

+
Records screened (n = 720)

»

Records excluded (n = 655)

4
Full-text articles assessed for aligibility {n = 65)
4+
Full-text articles excluded, with reasons (n = 45)

4

Studies included in qualitative synthesis (n = 20)

Studies

4.2 Characteristics of Included Studies

The included studies were published between 2021 and
2025, with study populations ranging from 60 to 240
participants each. All studies compared LPP (7-10
mmHg) with standard-pressure pneumoperitoneum (12—
15 mmHg) in elective laparoscopic cholecystectomy.
Most studies:

e Used (VAS) to assess postoperative pain at 6,
12, and 24 hours.

e Reported operative time, conversion to open
surgery, intraoperative complications, hospital
stay, and recovery time.

Outcomes consistently favored low-pressure in terms of
reduced postoperative pain and faster recovery, with a
trade-off of slightly longer operative times.

4.3 Risk of Bias Assessment

nciuded in quantitative sy

»

nthesis (meta-analyss) (n = 15)

Using the Cochrane RoB 2.0 Tool, the overall quality of
included RCTs was rated as:

e Low risk in 10 studies

e Some concerns in 4 studies (mainly due to

unclear blinding)

e High risk in 1 study (due to selective reporting)
Blinding of the surgical team was inherently difficult due
to pressure visibility on monitors, but outcome
assessment was blinded in most cases.

4.4 Meta-Analysis of Key Outcomes

A. Postoperative Pain (VAS Score)

14 studies reported on VAS scores at 24 hours. Meta-
analysis showed that LPP significantly reduced
postoperative pain, with a mean difference (MD) of
approximately -1.1 VAS units (95% CI: -1.4 t0 -0.8, p <
0.001).
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Forest Plot: Postoperative Pain (VAS) - LP vs SP

Kumar et al, (2021)

Zhao et al, (2022)

Alietal. (2023)f

Femandez et al, (2024)

Singh et al. (2025)

A
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Mean Difference (VAS Score)

Interpretation:

All studies favored LPP

Heterogeneity was low (12 = 18%), indicating a
consistent effect across studies

Clinical  implication:  Lower insufflation
pressure reduces peritoneal stretch and
shoulder-tip pain

B. Operative Time

12 studies reported operative duration. Meta-analysis
found a mean increase of +3.8 minutes in the low-
pressure group (95% CI: +1.5 to +6.1 minutes, p =
0.002).
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Forest Plot: Operative Time - LP vs 5P

Kumar et al. {2021)

Zhao et 8l

{2022)

Al et al

(2023)

Fernandez et al. {

Singh et al. {2025)

Interpretation:
e Most studies showed a slightly prolonged
duration in the low-pressure group
e Likely due to decreased exposure and working
space
e [2=142% suggests moderate heterogeneity

C. Conversion to Open Surgery
e Only 3 studies reported this outcome

e No significant difference was found (RR =
1.12, 95% ClI: 0.75-1.67, p = 0.58)

e  Very low incidence in both groups (*1-2%)

D. Intraoperative Complications
e  Complications like bleeding, bile duct injury,
or visceral injury were rare
No significant differences between the groups

Low pressure was not associated with increased
surgical risk

E. Length of Hospital Stay

a b 8

Mean Difference (Minutes)

e Mean difference: -0.4 days favoring the low-
pressure group

e  Better pain control led to early ambulation and
discharge

F. Recovery Time / Return to Work
e Low-pressure patients resumed daily activities
1.2-1.5 days earlier on average
e  Attributed to reduced shoulder pain and fatigue

4.5 Publication Bias and Heterogeneity
4.5.1 Assessment of Statistical
Heterogeneity

Heterogeneity among included studies was evaluated
using the 12 (I-squared) statistic, which quantifies the
proportion of total variation in study estimates
attributable to heterogeneity rather than chance. The
Cochran’s Q (Chi?) test was also used as a preliminary
indicator, with a p-value <0.10 suggesting the presence
of significant heterogeneity.

The following I? values were observed in the meta-analyses of the key outcomes:

Outcome Number of Studies | 12 (%) | Interpretation
Postoperative Pain (6 hours) 12 44% Moderate heterogeneity
Postoperative Pain (24 hours) 11 68% Substantial heterogeneity
Operative Time 15 28% Low heterogeneity
Conversion to Open Surgery 10 0% No heterogeneity
Intraoperative Complications 9 35% Moderate heterogeneity
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Length of Hospital Stay 13

59% Moderate to substantial

Recovery Time / Return to Work | 8

41% Moderate heterogeneity

Random-effects models were used for all
analyses due to expected clinical and
methodological variability across studies (e.g.,
pressure  definitions, surgeon experience,
patient comorbidities).

Subgroup analyses and sensitivity analyses
were performed where 12 exceeded 50% to
explore the sources of heterogeneity. For
example, postoperative pain at 24 hours
showed substantial heterogeneity; a subgroup
analysis based on analgesic protocols reduced
the 12 to 36%.

e Egger's regression test and funnel plots were
used to evaluate publication bias for results
involving ten or more included papers.

e Funnel plots were constructed by plotting the
standard error (SE) of the effect estimate
against the effect size (e.g., mean difference or
odds ratio).

o A symmetrical inverted funnel shape
suggests low risk of publication bias.

o Asymmetry may indicate selective
publication of positive  results
(publication bias), small-study effects,
or methodological heterogeneity.

4.5.2 Funnel Plots and Publication Bias

Findings from Funnel Plot Analysis:

Outcome No. of | Funnel Plot | Egger’s Test (p- | Interpretation
Studies Symmetry value)

Postoperative Pain (6 | 12 Mild asymmetry 0.06 Possible publication bias

hrs)

Postoperative Pain (24 | 11 Noticeable 0.04 Likely publication bias

hrs) asymmetry

Operative Time 15 Symmetrical 0.27 No significant
publication bias

Hospital Stay 13 Mild asymmetry 0.08 Possible small-study
effect

The funnel plot for postoperative pain at 24
hours revealed left-side asymmetry, suggesting
that tiny studies with null or negative results
can go unreported.

Possible publication bias was validated by
Egger's test (p = 0.04).

The Duval and Tweedie trim-and-fill approach
was used to estimate two possibly missing
studies on the left side to address this. The
overall pooled impact size remained
statistically significant after accounting for this,
confirming the finding's robustness.

Summary

e Heterogeneity ranged from low to substantial
across outcomes.

e Random-effects models were justified due to
clinical variability and moderate 12 values.

e Funnel plots and Egger’s test suggested
potential publication bias in pain outcomes,
particularly at 24 hours.

e  Trim-and-fill adjustment showed minimal
change in effect sizes, indicating that the meta-
analytic results were stable and reliable despite
possible reporting bias.
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Summary of Meta-Analysis Results

Outcome No. of | Mean Difference /| 95% CI p- 12 Favored Group
Studies RR value (%)
Postoperative Pain | 14 -1.1 -1.4t0-0.8 | <0.001 | 18 Low-pressure
(VAS)
Operative Time (min) 12 +3.8 +15 to | 0.002 42 Standard-
+6.1 pressure
Hospital Stay (days) 8 -0.4 -0.7t0-0.1 | 0.01 35 Low-pressure
Conversion Rate (RR) 3 1.12 0.75 to | 0.58 0 No difference
1.67

Q Interpretation:

e LPPsignificantly reduced postoperative pain and hospital stay.
e |t was associated with a slight increase in operative time.
o No significant difference in conversion to open surgery, indicating comparable safety.

4.6. GRADE Approach

A GRADE-based summary of the confidence in the evidence is presented below:

Qutcome No. of Studies | Certainty (GRADE) | Main Limitation
Postoperative pain | 14 Moderate Heterogeneity, small-study bias
Operative time 12 High Minor inconsistency

Hospital stay 8 Moderate Publication bias

Conversion rate 3 High Small sample size

5. Discussion

5.1 Summary of Key Findings

This systematic review and meta-analysis compiled data
from several randomized controlled trials comparing
low-pressure (7-10 mmHg) and standard-pressure (12—
15 mmHg) pneumoperitoneum in  laparoscopic
cholecystectomy. The main findings included:

e Postoperative pain, especially at 6 and 24 hours
after surgery, was significantly reduced in the
low-pressure group, likely due to decreased
peritoneal distension and less diaphragmatic
irritation.

e  Operative time was slightly longer in the low-
pressure group, though the difference was not
statistically significant in most studies, possibly
due to limited visibility in the surgical field.

e Conversion to open surgery and intraoperative
complication rates were similar in both groups,
suggesting that LPP maintains surgical safety.

e Hospital stay and recovery duration were
slightly shorter in the low-pressure group,
contributing to higher patient satisfaction and a
quicker return to normal activities.

5.2 Clinical Implications

The results suggest that LPP is a clinically viable and
safer alternative, especially in patients at risk of
postoperative pain or those with cardiopulmonary
comorbidities. With proper visualization tools (e.g.,
high-definition laparoscopes, smoke evacuation), the
slightly limited view at lower pressures can be
effectively managed.

Low-pressure techniques may offer enhanced patient
comfort, reduced opioid usage, and potentially lower
healthcare costs due to faster recovery and shorter
hospitalization.

5.3 Comparison with Previous Literature

The current meta-analysis demonstrates that LPP
significantly reduces postoperative pain and shortens
hospital stay compared with standard pressure. This
aligns with the findings of Sinha et al. (2011) and Tan et
al. (2021), who also reported reduced shoulder-tip pain
and quicker recovery under lower insufflation pressures.
The minor increase in operative duration observed in our
pooled analysis is consistent with Bindu et al. (2018),
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who attributed longer surgery times to restricted
visualization. Nevertheless, our data indicate that such
differences are clinically insignificant. No rise in
intraoperative complications or conversion rates was
noted, echoing conclusions by Gurusamy et al. (2014)
and Sandhu et al. (2020) that LPP is safe and technically
feasible when performed by experienced surgeons.

5.4 Strengths of the Study

e Inclusion of recent and high-quality RCTs.

e  Comprehensive search strategy across multiple
databases.

e Use of standardized methods for risk of bias
assessment (RoB 2.0).

e Robust statistical analysis using random-
effects models, subgroups, and sensitivity

analyses.

e Evaluation of publication bias with funnel
plots, Egger’s test, and trim-and-fill
correction.

5.5 Limitations

e Heterogeneity in definitions of “low pressure”
(7 vs. 8 vs. 10 mmHg) and analgesic protocols.

e Limited data on long-term outcomes, such as
chronic pain or incisional hernia rates.

e Some studies had small sample sizes or
inadequate blinding, introducing potential bias.

e The geographic concentration of studies in
Asia and Europe limits generalizability to other
regions.

5.6 Generalizability

Most included trials originated from Asia and Europe;
thus, the results are primarily generalizable to adult
patients undergoing elective laparoscopic
cholecystectomy in tertiary-care or well-equipped
hospitals. Caution should be exercised in extrapolating
these results to emergency or low-resource settings.

5.7 Recommendations for Future Research

e Larger, multicentric RCTs with standardized
definitions and protocols.

e Long-term follow-up studies to assess chronic
pain, recurrence, and quality of life.

e Evaluation of cost-effectiveness and resource
utilization with low-pressure techniques.

e  More data on high-risk populations (e.g., obese,
elderly, or those with respiratory compromise).
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6. Conclusion

This systematic review and meta-analysis present robust
evidence supporting LPP as a safe and effective
alternative to standard-pressure in  laparoscopic
cholecystectomy. It demonstrates notable advantages,
including reduced postoperative pain, quicker recovery,
and similar intraoperative safety outcomes. Although
low-pressure techniques may slightly prolong operative
time, this drawback is outweighed by improved
postoperative outcomes. With proper surgical expertise
and visualization tools, low-pressure laparoscopy can be
incorporated into routine clinical practice to enhance
patient outcomes and satisfaction. Overall, the findings
support the growing shift toward patient-centered and
minimally invasive surgical approaches. Further
research is encouraged to expand the evidence base,
especially in  underrepresented  populations and
healthcare systems.
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