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Background: Gallbladders (GBs) with severe inflammation have longer operative times and an increased
risk for complications. We propose a grading system using intraoperative images to better stratify GB
inflammation.

Methods: After reviewing the intraoperative images of GBs obtained during several hundred laparo-
scopic cholecystectomies, we developed a five-tiered grading system based on anatomy and inflam-
matory changes. Fifty intraoperative photographs were taken prior to dissection and then distributed to
11 surgeons who rated each GB's severity per the grading system. The two-way random effects Intraclass
Correlation Coefficient (ICC) was used to assess the reliability among the raters.

Results: The ICC among the raters of GB severity was 0.804 (95% CI: 0.733 to 0.867; p = 0.0001). Nineteen
GB images had greater than 82% agreement and 16 were clustered around GBs with severe inflammation
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(grades 3-5).

Conclusion: This study proposes a simple, reliable grading system that characterizes GB complexity
based on inflammation and anatomy.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Gallbladder (GB) disease affects over 20 million people in the
United States,' making laparoscopic cholecystectomy (LC) one of
the most common operations performed by general surgeons.” Yet,
not all cholecystitis is created equal. Differences in anatomy and
inflammation can wreak havoc on an otherwise straightforward
operation. Increased degrees of GB inflammation have been shown
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to lead to more open conversion and iatrogenic injuries.> However,
outcome comparisons, surgeon compensation, and resident case
log entry all consider LC at the lowest common denominator of a
straightforward “robin’s egg blue” GB, which is a rare find for acute
care surgeons.

Accurate and reliable stratification of the severity of GB disease
requires a grading system that can be widely deployed and easily
implemented. Multiple grading scales have been developed in the
past to try to predict the level of difficulty for LC. Most of these
scores are based on preoperative clinical findings, with few that
utilize intraoperative factors.* These scoring systems are also
complex, with multiple inputs and grades, limiting the practicality
of using these scores in the operative setting. We propose that
while preoperative indicators may hold some predictive value, it is
not until the GB is visualized during surgery that a true determi-
nation can be made as to the severity of inflammation. To date,
there are no widespread, validated grading systems utilized to
stratify the intraoperative severity of GB inflammation. We believe
that this is due, in part, to the inability to routinely capture high-
resolution images that can be reviewed and graded by multiple
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surgeons. Recent improvements in technology that allow for image
capture into the patient's electronic medical record provide the
opportunity for more than one surgeon to view and evaluate the
severity of disease.

We hypothesize that a novel grading system, based solely on
intraoperative images, can stratify GB inflammation. Our first spe-
cific aim was to develop a cholecystitis stratification system with a
limited number of grades based on intraoperative images. Our
second specific aim was to evaluate the reliability of cholecystitis
severity grade assignment among a group of acute care surgeons.

2. Methods
2.1. Study setting and procedures

This study was approved by the institutional review board at the
University of Texas Southwestern Medical Center. All patients at
Parkland Memorial Hospital, a large, urban, tertiary referral hos-
pital, who underwent LC by the Trauma and Acute Care Surgery
service over an 8-month period between 10/2015 and 5/2016 were
included in the study. Since October 2015, the standard operating
procedure for LC at Parkland Memorial Hospital is to take intra-
operative pictures of the GB using the laparoscope once the GB is
initially visualized. These pictures were stored on the Parkland
Black Diamond Video server. Intraoperative photographs were
taken of the right upper abdominal structures after placement of all
four laparoscopic ports. If the GB was visualized easily, it was
grasped and retracted cephalad prior to taking the photograph. If
severe inflammation was present which limited mobilization or the
ability to visualize the GB, the picture was taken of the inflamed
area. These images were referred to as the “initial view” of the GB.

Development of the grading scale was based on the concept that
it should have 1) a limited number of grades, 2) be easy to
remember, 3) and have consistent assignment among users. The
grading scale was developed by reviewing downloaded initial view
images of the GBs. We aimed for an odd-numbered grading system
but felt three grades of severity (ie: none, moderate, severe) would
be too broad of distinctions. Additionally, a seven-tiered grading
system was thought to offer too much specificity, would be difficult
to remember, and would be cumbersome to use in clinical practice.
Our hypothesis was that a five-tiered grading system would give an
appropriate, stepwise range for surgeons to differentiate one gall-
bladder from another in terms of severity.

2.2. Statistical analysis

We first determined the number of photographs and raters
needed to achieve at least 80% statistical power, with a significance
level of 0.05 (2-tailed), so as to detect a conservative intraclass
correlation coefficient (ICC) < 0.20. Thus, an a priori power analysis
determined that 11 raters grading 45 GB images achieves 81% po-
wer to detect ICC as small as 0.20 with a significance level of 0.05.
To err on the side of improved power, an independent reviewer
selected 50 images equally representative of all five grades and
placed them in random order. Afterwards, these 50 intraoperative
photographs were distributed (in random order) to 11 acute care
surgeons who, in turn, rated each GB's severity per the grading
system. The two-way random effects ICC was used to assess the
reliability (or magnitude of absolute agreement) among the 11
raters based upon the 50 GB images.” Demographic and clinical
characteristics of the 50 patients associated with the 50 respective
intraoperative photographs across the 5 image grades were
described using the sample median and interquartile range (IQR)
for continuous variables and the frequency and percentage for
categorical variables. Statistical analysis was carried out using SAS

software, version 9.4 (SAS Institute, Cary, NC). The level of signifi-
cance was set at o = 0.05 (two-tailed).

3. Results

Over 200 “initial view” images of GBs were available for analysis.
A five-tiered grading scale was developed by a team of acute care
surgeons that described increasing levels of GB inflammation and
commonly encountered anatomic abnormalities. Once developed,
an independent evaluator reviewed the 200 images and selected a
cohort of approximately 30 images to test the scale among a group
of acute care surgeons. None of these images were used in the final
grading scale analysis. After review and discussion of these images,
a final grading scale based on the initial view was developed and
the results are in Table 1, with examples of each grade noted in
Fig. 1.

After the 50 initial view images were randomly ordered, then
each of the 11 raters graded all 50 images, for a total of 550 ob-
servations. The ICC among the 11 raters of GB severity was 0.804
(95% CI: 0.733 to 0.867; p = 0.0001; Fig. 2). The high reliability of
the grading system is also demonstrated by the near-identical trend
for all 11 raters, as shown in Fig. 2. Nineteen GB images had greater
than 82% agreement, and 16 of those were clustered around those
GBs with severe inflammation (grades 3—5). Only 3 images had less
than 50% agreement and those were assigned grades 1 through 4.

We then grouped the GB images by their pathologic diagnosis of
1) cholelithiasis only, 2) acute cholecystitis, 3) chronic cholecystitis,
4) acute on chronic cholecystitis, or 5) gangrenous cholecystitis.
There was a complete pathologic agreement between grade 5 and a
pathologic diagnosis of gangrene, as no other grade of GB had a
diagnosis of gangrene. Acute and acute on chronic cholecystitis
were found in grades 3—5, while chronic cholecystitis covered the
spread with at least one of each grade (Fig. 3). The complete de-
mographic and clinical characteristics of the 50 patients associated
with the 50 respective intraoperative photographs across the 5
image grades are shown in Tables 2—4.

4. Discussion

The need for a surgical scoring system to aid in the prediction of
operative difficulty is imperative. Pragmatically, to be able to pre-
dict with accuracy and reliability the elevated difficulty of a LC may
assist a surgeon in the decision to convert to an open operation
sooner, or call for more experienced hands. Studies have demon-
strated that the removal of an acutely inflamed GB can be extremely
difficult and should be considered an advanced laparoscopic pro-
cedure that may require additional expertise.® However, the defi-
nition and stratification of inflammation remains elusive.

When caring for a patient with acute cholecystitis, there is
currently a lack of a uniform grading system of disease severity.’ In
an effort to standardize disease severity, the American Association
for the Surgery of Trauma has developed a grading system that
grades the anatomic severity of inflammation in multiple emer-
gency general surgery conditions. This scale ranges from 1 to 5,
each grade representing an escalation from mild to severe, wide-
spread disease.® While this scale has been validated in certain
diseases such as colonic diverticulitis,® no current validation study
for acute cholecystitis has been performed. In addition, the impact
of each grade of each disease on surgical difficulty and patient
outcomes has yet to be verified.

A number of predictive factors of LC difficulty have been verified
in previous studies.'’ Preoperative factors such as male sex, dia-
betes mellitus, previous surgery, history of cholecystitis, white
blood cell count, GB wall thickness, pericholecystic fluid, and an
elevated C reactive protein have all been demonstrated to be
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Table 1
Parkland grading scale for cholecystitis.

Cholecystitis Severity Grade

Description of Severity

1 Normal appearing gallbladder (“robin's egg blue”)
e No adhesions present
e Completely normal gallbladder

2 Minor adhesions at neck, otherwise normal gallbladder

o Adhesions restricted to the neck or lower of the gallbladder
3 Presence of ANY of the following:

e Hyperemia, pericholecystic fluid, adhesions to the body, distended gallbladder
4 Presence of ANY of the following:

o Adhesions obscuring majority of gallbladder

e Grade I-1Il with abnormal liver anatomy, intrahepatic gallbladder, or impacted stone (Mirrizi)
5 Presence of ANY of the following:

e Perforation, necrosis, inability to visualize the gallbladder due to adhesions

predictive factors for surgical difficulty and open conversion."' ™3

Multiple grading scales of LC difficulty have thus been developed
in the past based on such risk factors. Most of these scoring sys-
tems, however, only utilize preoperative findings, and are derived
from single institutions with limited power.!4~°

A recent risk score was developed by Soltes et al. (2014) to
predict the difficulty of LC. Based on history, physical examination,
and abdominal ultrasonography measures, this risk score utilizes
five levels of difficulty with significant differences in operative
time, difficulty, and open conversion rates.!” Their study, however,
only assessed elective cases and did not take into consideration any
intraoperative findings. Another group, Hiroto et al. (2006), pro-
posed using the Tokyo Guidelines to stratify levels of GB inflam-
mation, but this time it was used for acute cholecystitis.'® Again,
however, the authors used preoperative findings to grade each

4

rade 1

Grade 3

class.

While the previous scoring methods were based on preopera-
tive data, the Surgical Apgar Score was developed to aid in the
prediction of morbidity and mortality after a general or vascular
surgery utilizing intraoperative data.'” Using the variables of esti-
mated blood loss, lowest mean arterial pressure, and lowest heart
rate, this scale has been useful as a postoperative predictor of
morbidity?®; however, these measures compiled postoperatively
are not useful for intraoperative decision-making. In an effort to
predict LC difficulty, Sugure et al. (2015) developed a new grading
system based on intraoperative findings. With 10 different grades,
this scale has been found to be complex, as it includes multiple
factors such as patient body mass index, adhesion presence, GB
distention, and time to dissect out the critical view.* In addition to
complexity, the scale has not been validated, and the quality of

Grade 4

Grade 5

Fig. 1. Grade examples.
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Fig. 2. Intraclass Correlation Amongst Raters. Intraoperative images of 50 gallbladders were arranged randomly. Each rater graded each image. The high reliability of the grading

system is demonstrated by the near-identical trend for all 11 raters.

adhesions is not specified.

Most grading scales which have been developed are used to
predict the risk of conversion to an open cholecystectomy.” There is
a paucity in the literature of scoring systems to predict other
metrics such as hospital length of stay, iatrogenic injury, and total
operative time. As acute care surgery is currently the most expen-
sive cause of emergency hospitalization in the US, with an annual
cost of over $28 billion,?' the avoidance of additional cost is of
utmost importance. Additional experience and training in lapa-
roscopy in other surgical operations has demonstrated significant
differences in length of stay, intensive care unit admission, and
complication rates,”> which can both improve both patient out-
comes and lower cost. To be able to better predict the degree of
difficulty of an operation, a surgeon may be able to make a more
informed decision, knowing when to convert to an open operation
or call for more experienced aid.

Number of Patients

[§)

Cholelithiasis

u Grade 1 Grade 2 ®Grade 3

Acute Cholecystitis Chronic Cholecystitis

We created a grading scale of GB inflammation with an ICC of
0.804, demonstrating strong agreement amongst raters utilizing
this scale. While this study was not powered to demonstrate sig-
nificant differences between grades, trends are appreciated
amongst the grades in Tables 3 and 4. Preoperative findings such as
a thickened GB wall and pericholecystic fluid are both highest in
grade 5 of disease. Operating room time, bile leak rate, length of
stay, and conversion rate are all highest at grade 5 as well. In
addition, Fig. 3 shows a trend in pathologic findings between
grades. No grade 1 or 2 GBs were found to be acute or acute on
chronic cholecystitis. Gangrenous cholecystitis was only found in
GBs labeled as grade 5. We hypothesize that a such a grade-five
gallbladder should have a longer operative time, increased opera-
tive difficulty, and increased post-operative complication rate
compared to lower grades; however, this study was not powered to
demonstrate such a significant difference. Future work will require

Acute on Chronic Gangrenous

i Grade 4 mGrade5

Fig. 3. Pathology diagnosis per grade.
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Table 2
Demographic characteristics of the 50 patients across grades.

629

Demographic characteristics Grade 1 (n=38)

Grade 2 (n = 12)

Grade 3 (n = 12)

Grade 4 (n=9)

Grade 5(n=9)

Age*® 39 (28-43) 33 (29—45)
Female (%) 87.5 100
Hispanic (%) 62.5 833

34 (30—41) 38 (31-43) 48 (41-51)
91.7 66.7 55.6
833 778 77.8

2 Median (Interquartile range).

Table 3
Preoperative clinical characteristics of the 50 patients across grades.

Preoperative measures Grade 1 (n = 8) Grade 2 (n = 12)

Grade 3 (n = 12)

Grade 4 (n =9)

Grade 5 (n=9)

% GBW (US) 125 0

% PCF (US) 0 0

WBC? 8.7 (7-9) 9.4 (8-11)
AST? 85 (20—757) 23.5 (20—36)
ALT® 59.5 (20—659) 24 (17-33)
ALP? 114.5 (108—149) 84.5 (80—120)
TB® 0.5 (0.3—1.8) 0.4 (0.2—0.7)

16.7 11.1 444
8.33 0 222

93 (7-11) 8.8 (8-11) 11.8 (9-14)
49 (23-77) 37 (26—190) 23 (20—44)
46 (25-75) 52 (26—172) 26 (14—66)
81.5 (101—104) 99 (96—122) 87 (78—94)
0.5 (0.2—0.8) 0.5 (0.4—1.1) 0.5 (0.4—1)

% GBW, percent with thickened gallbladder wall; US, ultrasound; % PCF, percent with pericholecystic fluid; WBC, white blood cell count;, AST, aspartate aminotransferase; ALT,

alanine aminotransferase; ALP, alkaline phosphatase; TB, total bilirubin.
2 Median (Interquartile range).

Table 4
Perioperative clinical characteristics of the 50 patients across grades.

Perioperative measures Grade 1 (n=38) Grade 2 (n = 12)

Grade 3 (n = 12) Grade4 (n=9) Grade 5(n=9)

OR Time (min)® 64.5 (52—82) 62.5 (55—74)
% OC 0 0

LOS (days)® 1.8 (1-2) 1.8 (1-3)
Bile Leak % 0 0

73.5 (52—92) 73.0 (72—77) 93.0 (72—100)
0 0 11.1

1.5 (1-2) 2(2-5) 2.5 (1-3)

0 0 11.1

OR, operating room; min, minutes; OC, open conversion, LOS, length of stay.
2 Median (Interquartile range).

additional patients to appropriately power a study that can eval-
uate potential differences in postoperative complications and out-
comes between grades.

In addition to the prediction of the difficulty of an LC, our
grading system may also help change the billing practices for sur-
geons. Current procedural terminology codes are used to commu-
nicate uniform information about procedures among different
medical providers.”> Although a “22” modifier can be added to
represent increased procedural time or technical difficulty, there is
no reliable metric that can corroborate that effort. Other operations,
such as a skin grafting, have one code for a certain area covered, and
then additional codes can be added as the wound covered increases
in size. These extra codes are meant to acknowledge the additional
work put forth for the given operation, thus justifying increased
compensation. A system with additional codes could also pertain to
GBs. ALC is also one of the few laparoscopic cases that is designated
as “basic” for resident case logs that are needed to graduate from
residency. However, some of the more difficult, acutely inflamed
GBs are often extremely difficult and should be considered an
“advanced” case.® Our grading scale could be utilized to standardize
the description of GB inflammation and would help to delineate
difficult from straightforward cases. If complexity of case could be
documented, then difficult GBs may be logged as “advanced”
laparoscopic cases. Another justification for a standardized scale is
that operating room time utilization is often based on the average
time needed to complete the index case. Correlating grades of
cholecystitis on outpatient and inpatients in an institution could
allow for a more accurate representation of operating room time
needs.

A few limitations exist within our study. First, the ICC analysis
was based on a retrospective review of still, initial view,

intraoperative GB images. A live, intraoperative image may
demonstrate different qualities and thus could affect the overall
grade. Second, this study was derived from a single institution.
While 11 different surgeons graded each image, they are all part of
the same burn, trauma, and critical care division, which could have
affected responses that would have been different at a separate
institution.

Future work will focus on further reliability assessment and
validation of our grading scale and evaluate its relationship with
such outcomes as operative time, complication rates, and length of
stay. We aim to see if differences in such outcomes can be seen
between grades or groups of grades with a larger number of pa-
tients. In this sense, our five-tiered grading system is our starting
point, and we aim to refine this scale if needed over time with
additional data. Finally, a multicenter study is required to further
evaluate the interrater reliability amongst reviewers from different
centers and regions.

5. Conclusion

This study proposes a simple, reliable grading system that
characterizes GB complexity based on inflammation and anatomy.
The classification system meets the a priori requirements of being
simple and easily reproducible among surgeons with the highest
level of agreement in those with severe inflammation. This study
lays the groundwork to determine if it can be used for risk strati-
fication and to predict patient outcomes, increase resident complex
laparoscopic case entry, and improve changes in surgeon
reimbursement.
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