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Abstract

Background: The Parkland Grading System (PGS) grades gallbladder inflammation and
anatomic difficulty at initial laparoscopic visualization. This study assessed its
relationship with operative and postoperative outcomes. Aim: To assess the validity of
the PGS in predicting difficult laparoscopic cholecystectomy. Methods: A prospective
observational study included 105 consecutive patients aged 18-70 years undergoing
laparoscopic cholecystectomy at ESIC Medical College and Hospital, Chennai. The surgeon
recorded PGS grade before dissection. Grade-wise operative duration and hospital stay
were compared using one-way ANOVA. Higher (Grades 4-5) versus lower (Grades 1-3)
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INTRODUCTION

Laparoscopic cholecystectomy is the standard surgical treatment for symptomatic gallstone disease and acute calculous
cholecystitis. Although most procedures are completed safely, inflammation, fibrosis, adhesions, a contracted or distended
gallbladder, and distorted biliary anatomy can make dissection difficult. These features may lengthen operating time, impair
achievement of the critical view of safety, necessitate a bailout procedure or conversion to open surgery, and increase the
risk of bile duct injury or postoperative bile leakage. Anticipating complexity helps the surgical team plan operating time,
ensure appropriate senior support, counsel patients, and adopt a safe alternative when anatomy cannot be defined.*2

Difficulty is not a single outcome. Research has used operative duration, surgeon-rated difficulty, blood loss, failure to
obtain the critical view of safety, subtotal cholecystectomy, conversion, and complications as indicators. Preoperative
scores may aid scheduling and preparation, but they estimate the disease before direct visualization and can be limited by
incomplete history or imaging. The Parkland Grading System (PGS) was developed as a five-grade intraoperative scale
based on the initial appearance of the gallbladder, surrounding adhesions, inflammation, and anatomic distortion. Its
practical advantage is that it can be applied after initial exposure and before dissection, creating a structured description of
operative severity.®4

Published validation studies have reported associations between increasing PGS grade and longer operations, more difficult
dissection, higher conversion or subtotal cholecystectomy rates, and postoperative morbidity. The scale may therefore
support real-time communication, operative planning, training, and audit. However, a significant association does not by
itself establish diagnostic accuracy. A validation study also requires a clearly specified independent reference definition of
difficult surgery, adequate numbers of outcome events, and preferably assessment of interobserver agreement and
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discrimination. Rare events such as bile duct injury require particular caution because estimates from small cohorts are
imprecise.B!

This study evaluated intraoperative Parkland grades in patients undergoing laparoscopic cholecystectomy and examined
their relationship with operative time, length of hospital stay, conversion to open surgery, bile duct injury, and bile leak.
These outcomes provide complementary evidence about technical and postoperative complexity. The results are interpreted
as associations with observable difficulty-related outcomes; the source dataset did not provide a separately adjudicated
binary difficulty endpoint from which sensitivity, specificity, or an area under the receiver-operating-characteristic curve
could be calculated. A transparent appraisal of this distinction is necessary when judging the validity of the system.

AIM
To assess the validity of the Parkland Grading System in predicting difficult laparoscopic cholecystectomy and its
association with intraoperative and postoperative outcomes.

OBJECTIVES

e To describe the distribution of Parkland grades and the demographic profile of patients undergoing laparoscopic
cholecystectomy.

e To assess the association of Parkland grades with conversion to open surgery, common bile duct injury, and
postoperative bile leak.

e To compare operative duration and postoperative length of hospital stay across Parkland grades.

MATERIALS AND METHODS

Source of data

Data were obtained from consecutive eligible patients undergoing laparoscopic cholecystectomy in the Department of
General Surgery at ESIC Medical College and Hospital. The manuscript was prepared fromthe supplied dissertation dataset
and reported analyses.

Study design

The study was described in the dissertation as a prospective longitudinal observational study. Parkland grade was recorded
intraoperatively, and operative and in-hospital postoperative outcomes were followed and documented without altering
routine clinical care.

Study location
The study was conducted in the Department of General Surgery, ESIC Medical College and PGIMSR, K.K. Nagar,
Chennai, India.

Study duration
The study was conducted over 18 months. Exact start and end dates were not specified in the dissertation text available for
manuscript preparation.

Sample size

A total of 105 patients were included in the completed cohort. The dissertation did not provide the assumptions used for
its sample-size calculation. For a transparent manuscript-format estimate, the single-proportion formula is shown below
using an assumed prevalence of 50%, 95% confidence, and 9.6% absolute precision:

n=27%-0a/xpxq/d=(1.96)x 0.50 x 0.50 / (0.096)> = 104.2 = 105 patients

The prevalence and precision values above are reconstructed assumptions to display the calculation and were not reported
in the source dissertation. They must be checked against the approved protocol before submission.

Inclusion criteria

e Patients of either sex aged 18-70 years.

e Patients diagnosed with acute cholecystitis of less than 72 hours’ duration or chronic calculous cholecystitis.
e Patients scheduled for elective or emergency laparoscopic cholecystectomy.

Exclusion criteria

o Patients with ongoing cholangitis or gallstone pancreatitis.

o Patients with suspected or confirmed gallbladder malignancy.

e  Cases converted to open surgery for instrumental or technical problems unrelated to operative difficulty.
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Procedure and methodology

Eligible patients were enrolled consecutively after informed consent. Standard laparoscopic cholecystectomy was
performed by the surgical team according to institutional practice. Following port placement and initial exposure, the
gallbladder was assessed before dissection. The operating surgeon assigned a Parkland grade from 1 to 5 on the basis of
the visible gallbladder appearance, inflammation, adhesions, and distortion of anatomy, and recorded the grade on the study
proforma. Operative difficulty-related events were then recorded, including operative duration, conversion to open surgery,
and intraoperative bile duct injury. Postoperative bile leak and length of hospital stay were abstracted from clinical records
and monitored during admission. The dissertation did not document a separate blinded or independently adjudicated binary
definition of difficult surgery.

Sample processing

No biological specimens were collected or processed for this study. The study material consisted of operative observations,
surgical records, and postoperative clinical data. Patient identifiers were removed from the analytic dataset; data were
checked for completeness and consistency before analysis.

Statistical methods

Categorical variables were summarized as frequency and percentage, with 95% confidence intervals for proportions where
relevant. Continuous variables were summarized as mean and standard deviation. Grade-wise operative time and length of
stay were compared using one-way analysis of variance (ANOVA); the F statistics were recalculated from the grade-
specific sample sizes, means, and standard deviations reported in the dissertation. For rare binary outcomes, comparisons
between lower grades (Parkland 1-3) and higher grades (Parkland 4-5) used two-sided Fisher exact tests rather than relying
on asymptotic chi-square tests. The association between sex and Parkland grade was assessed by the Pearson chi-square
test. A two-sided p value <0.05 was considered statistically significant. Because the source data lacked an independent
binary reference standard for difficulty, sensitivity, specificity, predictive values, and ROC/AUC were not calculated.
Statistical software version was not specified in the source.

Data collection

Data were collected prospectively on a standardized proforma and included age and sex, clinical diagnosis, Parkland grade,
operative details, conversion, complications, operative time, and postoperative hospital stay. Operative and discharge
records were used to verify duration and length of stay. Data were entered into a spreadsheet, anonymized, and analyzed
as described above.

RESULTS

The cohort included 105 patients. Results below reproduce the reported cohort counts and grade-specific summary
statistics, with confidence intervals and sparse-outcome tests recalculated from the available data. Values are descriptive
of this cohort and should be checked against the original master chart before journal submission.

Table 1: Demographic profile and Parkland grade distribution (N=105)

Characteristic n (%) 95% CI (%) | Test statistic | p value
Female sex 80 (76.19) | 67.21-83.32

Male sex 25(23.81) | 16.68-32.79

Parkland grade 1 18 (17.14) | 11.13-25.48 2(4)=8.74* 0.068
Parkland grade 2 25(23.81) | 16.68-32.79

Parkland grade 3 35(33.33) | 25.05-42.80

Parkland grade 4 13 (12.38) | 7.38-20.04

Parkland grade 5 14 (13.33) | 8.11-21.14

Sex by Parkland grade 1(4)=8.74 0.068

Women accounted for 80 of 105 participants (76.19%; 95% CI 67.21-83.32). Grade 3 was the most common Parkland
category (35/105, 33.33%; 95% CI 25.05-42.80), while Grade 4 was least common (13/105, 12.38%). The distribution of
grades did not differ significantly by sex (Pearson y?>=8.74, df=4, p=0.068). The age summary was not available in the
dissertation results table and is therefore not supplied here.

Table 2: Bile duct injury, bile leak, and conversion by lower versus higher Parkland grade

Grades 1-3 n/N | Grades4-5n/N (%) | Overall n/N (%)

Outcome (%) (95% CI) (95% Cl) (95%C1)

Test p value

Common bile duct injury | 0/78 (0.0; 0.0-4.7) | 2/27 (7.4; 2.1-23.4) | 2105 (1.9 05-

6.7) Fisher exact | 0.064
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Postoperative bile leak 0/78 (0.0; 0.0-4.7) %2;) (222, 10.6- ?/118)5 (570 26 | Fisher exact | 0.0002
Conversion to  open . 6/27 (22.2; 10.6- | 6/105 (5.7; 2.6-| ..
surgery 0/78 (0.0; 0.0-4.7) 40.8) 11.9) Fisher exact | 0.0002

Bile duct injury occurred in two patients, both in Grades 4-5; the high-grade rate was 7.41% (2/27), compared with 0% in
Grades 1-3. This difference was not statistically significant by the two-sided Fisher exact test (p=0.064), reflecting the very
small number of events. Bile leak and open conversion each occurred in six patients (5.71% overall; 95% CI 2.64-11.91),
all in Grades 4-5, with significant associations with higher grades (Fisher exact p=0.0002 for each). The dissertation had
reported much smaller p values for duct injury; those were not supported by the two-by-two counts and were not retained.

Table 3: Operative duration by Parkland grade

Parkland grade | n Operative time, min, mean (SD) | 95% CI of mean (min)
Grade 1 18 43.22 (6.60) 39.94-46.50

Grade 2 25 59.04 (4.25) 57.29-60.79

Grade 3 35 72.80 (5.14) 71.03-74.57

Grade 4 13 88.46 (5.13) 85.36-91.56

Grade 5 14 85.79 (26.42) 70.54-101.04

Overall 105 68.12 (18.40) 64.57-71.67

Mean operative duration was 68.12+18.40 minutes overall. The grade-specific mean increased from43.22 minutes in Grade
1 to 88.46 minutes in Grade 4; Grade 5 had a mean of 85.79 minutes with wider variability. ANOV A showed a difference
in mean operative time across grades (F[4,100]=51.77, p<0.001). The Grade 5 confidence interval was wide because the
standard deviation was high relative to its sample size.

Table 4: Postoperative length of hospital stay by Parkland grade

Parkland grade | n Hospital stay, days, mean (SD) 95% CI of mean (days)
Grade 1 18 3.83(0.99) 3.34-4.32
Grade 2 25 3.92 (1.12) 3.46-4.38
Grade 3 35 3.97 (0.95) 3.64-4.30
Grade 4 13 7.69 (1.25) 6.93-8.45
Grade 5 14 5.86 (2.51) 4.41-7.31
Overall 105 4.65 (1.86) 4.29-5.01

Mean hospital stay was 4.65+1.86 days overall. Mean stay was approximately four days in Grades 1-3, increased to 7.69
days in Grade 4, and was 5.86 days in Grade 5. The difference across the five groups was statistically significant
(F[4,100]=25.58, p<0.001). The non-monotonic Grade 4 and Grade 5 pattern indicates that the association should not be
described as a strictly linear increase.

DISCUSSION

This cohort showed a clear relationship between higher Parkland grades and several indicators of operative complexity.
The grade distribution covered all five categories, with Grade 3 most frequent. Higher grades (4-5) contained all recorded
bile leaks and conversions, and operative duration and length of stay differed significantly across grades. The evidence
supports an association between intraoperative gallbladder severity and difficult outcomes in this cohort. It does not
establish diagnostic accuracy against a prespecified independent reference definition of “difficult laparoscopic
cholecystectomy.”

The original Parkland scale was developed to standardize intraoperative description of gallbladder inflammation and
anatomy. Madni et al. reported good agreement among raters in the scale’s development work, and their prospective
validation found increasing grade associated with operative difficulty, longer operation, bile leak, and open or partial
cholecystectomy 71, Lee et al. also found that higher grades were associated with more severe acute cholecystitis and
greater operative difficulty 8], Those findings are directionally consistent with the longer operative times observed as grades
increased in this series. Liu et al. later evaluated the scale against an operative difficulty score in 261 cases and reported a
positive correlation between PGS and difficulty scores (Spearman r=0.681, p<0.001) (9,

The present grade-wise operative-time pattern was largely increasing through Grade 4, while Grade 5 had a similar mean
and substantially greater variability. The prospective Nepal validation by Shrestha et al. likewise reported associations
between increasing Parkland grade, operative difficulty, conversion, operative duration, and postoperative stay (8. A
separate 105-patient report by Arguello et al. described conversion and subtotal procedures as grade-related indicators,
while acknowledging the need for larger studies and consideration of surgeon experience 71, These studies support
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reporting operative time and conversion alongside the grade, but differences in case mix, grade distribution, and definitions
of difficulty limit direct comparison of absolute rates.

All six bile leaks and all six conversions in the current cohort occurred among Grades 4-5. This concentration is clinically
plausible because severe inflammation, adhesions, and distorted anatomy can complicate safe dissection and secure closure.
The prospective Parkland validation also observed higher bile-leak and open/partial cholecystectomy rates at higher grades
71, The 2023 Nepal study documented a 5.8% conversion rate and similar grade-outcome relationships (8. In this dataset,
however, six events per outcome provide imprecise risk estimates, and an association does not show that assigning the
grade itself prevents a complication. Safety decisions must continue to follow the critical-view-of-safety principles and use
bailout approaches when anatomy remains unclear (46221,

Bile duct injury was uncommon, with two events. Although both occurred in Grades 4-5, Fisher’s exact test did not show
a statistically significant association (p=0.064). This is a correction of the dissertation’s reported p<0.0001, which is
incompatible with the available cell counts and is likely an artifact of applying an asymptotic test to sparse data. No
conclusion that the PGS predicts bile duct injury should be drawn from two cases. Larger prospective cohorts and pooled
data are needed to estimate this rare outcome reliably.

The length-of-stay results differed significantly across grades, particularly because Grade 4 had a longer mean stay than
Grades 1-3. This is consistent with broader work showing that operative difficulty grades correlate with postoperative
outcomes. Griffiths et al. found that a validated Nassar difficulty scale was associated with conversion, length of stay,
complications, and reintervention in large cohorts 1%, This is a related but distinct intraoperative grading framework,
illustrating the wider value of standardized operative descriptions. At the same time, length of stay is affected by discharge
practice, comorbidity, and postoperative events; it should not be treated as a pure measure of technical difficulty.

Evidence about interobserver reliability requires consideration. Madni et al. reported strong reliability in their prospective
validation [/, whereas Maldonado-Calderdn et al. found low concordance among observers using the Parkland scale,
underscoring the potential influence of interpretation and experience 1. The source cohort did not retain independent
second ratings or report a kappa/ICC statistic, so reproducibility could not be examined. Training, calibration with reference
images, and recording the grade before dissection may improve consistency in routine use.

The Parkland system is an intraoperative grading tool, whereas preoperative scores are intended to support planning before
surgery. Nassar et al. developed and externally validated a preoperative risk score using a large multicenter operative
difficulty dataset ™. Di Buono et al. and Tufo et al. reviewed clinical, laboratory, and imaging predictors, noting that
preoperative prediction remains challenging and that factors beyond operative appearance influence risk 23, Ucaner et
al. examined the relationship between preoperative ultrasonography and Parkland grade, while Liu et al. and Shrestha et
al. assessed intraoperative validity using surgical difficulty outcomes [81°21 Thus PGS is best viewed as a real-time
adjunct that complements preoperative assessment, not as a substitute for it.

A key methodological issue is the absence of an explicit reference standard for the primary construct. Operative time,
conversion, bile leak, duct injury, and length of stay are important but are not interchangeable definitions of difficulty.
Reliable diagnostic validity requires an independently recorded endpoint such as a validated operative difficulty score or
blinded surgeon rating, with a prespecified threshold. Because that endpoint was unavailable in the source dataset, this
manuscript reports associations and cannot provide sensitivity, specificity, predictive values, or ROC area. Future
multicenter studies should prospectively define the endpoint, measure interobserver agreement, adjust for acute versus
chronic disease and surgeon experience, and include enough patients to evaluate uncommon complications.

CONCLUSION

In this 105-patient cohort, higher Parkland grades were associated with longer operative duration and longer postoperative
hospital stay. Bile leaks and conversions occurred only in Grades 4-5. The two bile duct injuries were also confined to
higher grades, but the difference was not statistically significant with an exact test. These findings support the use of
Parkland grading to describe intraoperative severity and identify cases that may require additional planning. Because an
independent reference standard for difficult surgery was not recorded, diagnostic accuracy of the system could not be
established from this dataset.

LIMITATIONS

e Thestudy was conducted at a single center and included 105 patients, limiting generalizability and precision, especially
for rare outcomes such as bile duct injury.

e The source dissertation did not report the assumptions for sample-size calculation; the calculation shown in this
manuscript is a reconstructed illustrative estimate and must be checked against the approved protocol.
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Difficult laparoscopic cholecystectomy was not defined using a separate, prespecified, independently adjudicated
reference standard. Sensitivity, specificity, predictive values, and ROC/AUC therefore could not be estimated.
Parkland grading was assigned by the operating surgeon, and the study did not report blinded duplicate grading,
interobserver agreement, or formal calibration.

Potential confounding by surgeon experience, acute versus chronic disease, comorbidities, and other patient factors
was not adjusted for in the reported analyses.

The thesis contains inconsistencies in some percentages and sparse-event p values. Counts were prioritized,
percentages were recalculated, and exact tests were used for rare binary outcomes; the original master chart should be
checked before submission.

Postoperative outcomes were captured during the hospital stay; a defined 30-day follow-up and late complication
ascertainment were not documented.
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