
D
ow

nloaded
from

http://journals.lw
w
.com

/jtraum
a
by

V1R
9qAgW

99o5j886m
oFdAquIeS7+XidaIrqw

gLXgds5Bvm
R
C
xO

V/Q
iq3G

xt2sW
tpZKU

PU
ztBQ

sLJd3yG
spH

9yBU
bT2O

bx3slE88jR
hW

N
8m

2w
S32D

a0AtSH
nk/jgU

lsgJ
on

03/24/2022

Downloadedfromhttp://journals.lww.com/jtraumabyV1R9qAgW99o5j886moFdAquIeS7+XidaIrqwgLXgds5BvmRCxOV/Qiq3Gxt2sWtpZKUPUztBQsLJd3yGspH9yBUbT2Obx3slE88jRhWN8m2wS32Da0AtSHnk/jgUlsgJon03/24/2022

Revision of the AAST grading scale for acute cholecystitis with
comparison to physiologic measures of severity
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BACKGROUND: Grading systems for acute cholecystitis are essential to compare outcomes, improve quality, and advance research. The American
Association for the Surgery of Trauma (AAST) grading system for acute cholecystitis was only moderately discriminant when
predicting multiple outcomes and underperformed the Tokyo guidelines and Parkland grade. We hypothesized that through addi-
tional expert consensus, the predictive capacity of the AAST anatomic grading system could be improved.

METHODS: Amodified Delphi approach was used to revise the AAST grading system. Changes were made to improve distribution of patients
across grades, and additional key clinical variableswere introduced. The revised versionwas assessed using prospectively collected
data from an AAST multicenter study. Patient distribution across grades was assessed, and the revised grading system was evalu-
ated based on predictive capacity using area under receiver operating characteristic curves for conversion from laparoscopic to an
open procedure, use of a surgical “bail-out” procedure, bile leak, major complications, and discharge home. A preoperative AAST
gradewas defined based on preoperative, clinical, and radiologic data, and the Parkland gradewas also substituted for the operative
component of the AAST grade.

RESULTS: Using prospectively collected data on 861 patients with acute cholecystitis the revised version of the AAST grade has an improved
distribution across all grades, both the overall grade and across each subscale. A higher AAST grade predicted each of the out-
comes assessed (all p ≤ 0.01). The revised AAST grade outperformed the original AAST grade for predicting operative outcomes
and discharge disposition. Despite this improvement, the AAST grade did not outperform the Parkland grade or the Emergency
Surgery Score.

CONCLUSION: The revised AAST grade and the preoperative AAST grade demonstrated improved discrimination; however, a purely anatomic
grade based on chart review is unlikely to predict outcomes without addition of physiologic variables. Follow-up validation will
be necessary. (J Trauma Acute Care Surg. 2022;92: 664–674. Copyright © 2021 American Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Diagnostic Test or Criteria, Level IV.
KEYWORDS: Cholecystitis; grading scales; outcomes.

A cute cholecystitis is one of the most common acute surgical
conditions in the United States representing over 215,000

annual hospital admissions and over $3 billion in charges.1

Notwithstanding the generally younger age range associated
with cholecystitis, it continues to carry a mortality risk that may
be as high as 3.6%.2 Acute cholecystitis is generally treated with
laparoscopic cholecystectomy during the index hospitalization
with an overall low risk of complications.3 That risk, however,
may be as high as 9% for major complications despite being
one of the most common operations performed in the United
States.4 To optimize the care of these patients, surgeons need to

be able to determine their degree of illness on presentation to
the hospital. Unfortunately, models developed to date are not able
to predict cholecystitis outcomes from preoperative datawith high
degree of certainty, unless patients present with a high degree of
illness.5 The poor predictive accuracy for the models may limit
risk adjustment for nonrandomized studies comparing treatment
strategies. There are only two prospective randomized studies that
compare cholecystectomy with either nonoperative management
of acute cholecystitis or percutaneous cholecystostomy.6,7 Both
trials were at moderate to high risk for bias and would have
benefited from the ability to support the findings through highly
accurate risk adjustment.5 Accurate risk assessment would also
allow future trials to be stratified based on risk and thereby reduce
necessary sample size.

Understanding the severity of the cholecystitis is also
valuable for informing patients, benchmarking hospital and sur-
geon performance and potentially determining reimbursement.
We have previously compared the American Association for
the Surgery of Trauma (AAST) grading scale for acute cholecys-
titis with the Tokyo guidelines and the Parkland grade.8 The
AAST grade performed less well than the Parkland grade but
similar to the Tokyo guidelines. This was at least partially driven
by a lack of dispersion of patients across grades. The widely
used available grading scales also have important design limita-
tions. Much of the Tokyo guidelines, especially Grade III relies
on physiologic variables to grade disease severity, which are ex-
clude from the AAST scale by design.9 Similar to the AASTor-
gan injury scales, the AAST emergency general surgery grades
were designed to be pure anatomic descriptions of the diseases
graded.10 The Parkland grade is highly predictive of outcomes;
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however, it can only be applied to patients undergoing cholecys-
tectomy. Given that the central decision in managing patients
with cholecystitis is often the choice between nonoperative man-
agement and operative management, preoperative grading will
be essential.

The goal of disease grading should be development of the
most predictive system possible. The grade should predict patient
outcomes irrespective of treatment strategy, thereby informing
decision making for patients presenting with acute cholecystitis.
Development of the grading system is an iterative process using
available data to create the next version of the system. We
hypothesized that using the data from the recent cholecystitis

grading validation, an expert consensus evaluation of the data
would result in an improved grading system.

MATERIALS AND METHODS

Grading System Modification
Data obtained from the recent AAST cholecystitis valida-

tion study were used to identify potential predictors of outcome
in acute cholecystitis.8 All of the granular data from imaging
findings, laboratory values, and clinical assessments that had
any potential to be associated with outcomes were assessed. An-
atomic and some physiologic factors associated with various

TABLE 1. Comparison of Imaging Findings With Outcomes

Any Complication Surgical Bail-Out Conversion to Open Bile Leak

US thick wall (>3 mm)

Yes 34 (8.7) 12 (3.3) 19 (6.1) 6 (1.6)

No 32 (8.7) 10 (2.6) 12 (3.2) 9 (2.3)

US CBD diameter

<5 mm 36 (7.9) 10 (2.2) 15 (3.5) 7 (1.5)

6–7 mm 11 (8.3) 5 (3.8) 6 (5.2) 2 (1.5)

8–9 mm 8 (12.9) 0 (0.0) 2 (4.1) 2 (3.2)

>9 mm 6 (15.0) 1 (2.5) 3 (8.6) 1 (2.5)

US pericholecystic fluid

Yes 19 (9.2) 8 (4.5) 11 (6.3) 5 (2.4)

No 47 (8.5) 14 (2.7) 20 (3.9) 10 (1.8)

US GB wall air

Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

No 66 (8.8) 22 (3.2) 31 (4.6) 15 (2.0)

US CBD stone

Yes 5 (25.0) 0 (0.0) 0 (0.0) 0 (0.0)

No 61 (8.3) 22 (3.2) 31 (4.7) 15 (0.0)

CT scan performed

Yes 44 (12.5) 10 (3.4) 28 (9.8) 8 (2.3)

No 35 (6.9) 16 (3.3) 14 (2.9) 10 (2.0)

CT scan pericholecystic fluid

Yes 4 (36.4) 1 (1.1) 10 (11.4) 3 (2.6)

No 40 (11.7) 9 (4.4) 18 (9.1) 5 (2.1)

CT scan perforation

Yes 5 (26.3) 3 (20.0) 3 (25.0) 2 (10.5)

No 39 (11.7) 7 (2.5) 25 (9.2) 6 (1.8)

CT scan inflammation

Yes 13 (9.0) 7 (6.3) 11 (10.4) 3 (2.1)

No 31 (14.9) 3 (1.6) 17 (9.5) 5 (2.4)

CT scan wall air

Yes 0 (0.0) 1 (20.0) 0 (0.0) 0 (0.0)

No 44 (12.6) 9 (3.1) 28 (9.9) 8 (2.3)

CT lumen air

Yes 0 (0.0) 0 (0.0) 1 (25.0) 0 (0.0)

No 44 (12.6) 10 (3.4) 27 (9.6) 8 (2.3)

CT common bile duct diameter

<5 mm 8 (17.0) 2 (4.7) 2 (4.7) 0 (0.0)

6–7 mm 1 (10.0) 2 (25.0) 2 (25.0) 0 (0.0)

8–9 mm 2 (12.5) 4 (30.8) 4 (30.8) 0 (0.0)

>9 mm 4 (13.3) 1 (4.3) 1 (4.3) 0 (0.0)

US, ultrasound; CT, computed tomography.
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complications and mortality were measured for their strength of
association and applicability across multiple outcomes. Dichot-
omous and ordinal variables were compared at each of their
levels to each outcome considered. Continuous variables were
assessed for any potential inflection points as predictors of out-
come. Surgical outcomes included operative time, use of fenes-
trated cholecystectomy or use of subtotal cholecystectomy com-
bined as a “bail-out” procedure, conversion from laparoscopic to
open, and bile leak. Major biliary injury was too infrequent to
assess as an outcome in this small data set. Other outcome vari-
ables were according to the National Surgical Quality Improve-
ment Project and based on the definitions of this program. A
group of experts was drawn from the AAST Patient Assessment
Committee, and the group met by video conference call to re-
view these data. Additional information was provided to the
group in the form of variables in other grading systems for cho-
lecystitis including those predicting operative difficulty. An ex-
ample of the patient data compared with the assessed outcomes,
as provided to the group is presented in Table 1. These are the
imaging data while clinical, operative, and pathologic findings
were also presented in comparison to the same outcomes. The
group continued to work through a modified Delphi approach
over several subsequent emails. Using the data and the original
AAST grading scale a revised AAST grade was constructed.
Using the data, uncommon imaging, operative and pathologic
findings were either eliminated or moved to secondary factors
in determining the various subscale grade. All factors used as
part of the original grade, and after careful consideration, several
additional anatomic and physiologic variables directly related to
biliary disease were included in the clinical, radiologic and sur-
gical subscales of the gradewhere appropriate. The included fac-
tors were chosen based on both apparent importance and degree
to which these variables would be universally available to a
grader retrospectively reviewing a medical record. The revised
grade is depicted in Figure 1.

Data Collection
Collection of the patient data was thoroughly described in

our prior article.8 Briefly eight institutions prospectively collected

data for all patients admitted with acute cholecystitis. Each insti-
tution was asked to collect data on 100 patients although the final
contribution of each institution varied. This number of patients
was felt to be adequate based on prior acute cholecystitis scoring
validation studies.11 Patients were at least 18 years old and had the
diagnosis of acute cholecystitis assigned by the admitting or con-
sulting surgeon. This method of diagnosis was chosen due to the
known inability of clinical and imaging findings to reliably make
the diagnosis.3 All of the data including clinical, laboratory, and
imaging findings were collected on a granular level, for example,
if available, gallbladder wall thickness was collected from each
imaging study performed, and if multiple sources were present,
the ultrasound measurement was used. This approach was taken
for the purpose of avoiding the bias potentially introduced when
a physician enters a grade based on a summation of the data. Be-
cause of the nature of the Parkland grade, this potential bias was
accepted to avoid having to acquire an intraoperative photo or
video for later independent grading. Approximately two-thirds
of the patients had the Parkland grade captured prospectively with
the remaining third abstracted retrospectively from the medical re-
cord. Concomitant pancreatitis was the only specific exclusion
criteria.Major medical complications, e.g., pneumonia, acute kidney
injury, and so on, were grouped as “any complication” if a com-
plication was present, these were also summed as “total compli-
cations.” These data were all entered by each participating center
into the AAST data entry websitemaintained byWorld Advance-
ment of Technology for EMS and Rescue, Inc.; San Diego, CA.
These data were then downloaded from the website by the pri-
mary center, Yale School of Medicine, for analysis.

Data Analysis and Reporting
We applied the revised grading scale, as displayed in

Figure 2, to the existing patient data to create revised AAST
grades for each of the patients. We examined the spread of the
AAST grade and the revised AAST grade for distribution across
grades and across the various subscales of the grade. For each of
the scoring systems, a receiver operating characteristic curve was
constructed for each of the outcomes, including any major com-
plication, bile leak, need for open conversion, and utilization of a

Figure 1. Revised AAST grading schema.
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bail-out procedure. Area under the curve (AUC) was calculated
for each receiver operating characteristic curve (ROC), and these
were compared across scoring systems. Our prior evaluation of
the AAST grade demonstrated better performance for the Park-
land grade when this grade was acquired prospectively. There-
fore, in addition to the revised AAST grade, we also examined
the effect of substituting the Parkland grade for the operative sub-
scale of the AAST grade.

The design of the AAST grades as purely anatomic may
impair the predictive power with respect to patient outcomes
due to the lack of clinically identifiable differences between
more severely and less severely ill patients. We, therefore, also
compared the revised AAST grades with the emergency surgery
score (ESS) as this is a physiologic score, has only a single point
of overlap with AAST grade and has been shown to predict out-
comes in cholecystitis, as well as other emergency general sur-
gery diseases.12 Models were therefore constructed to measure
the predictive power of the ESS as well as combining the ESS
in models with the AAST grade and Parkland grade to deter-
mine the impact of adding more extensive physiologic and co-
morbidity measurements to the grading scales assessed. The pre-
operative AAST grade was created as the maximum of the clin-
ical and radiologic subscales of the AAST grade. This grade
would be expected to be useful to the surgeon weighing the de-
cision to proceed with surgery or manage a patient with chole-
cystitis nonoperatively.

The grading scales were compared to each of the outcomes
and tests for trend were conducted. We also created logistic re-
gression models for each outcome with a single predictor of each
grading scale. A complete case analysis was performed because
there were no missing data. We also combined the preoperative
AAST grading scales with the ESS in separate models as these
data could be applied preoperatively and in patients planned for
nonoperative management. For each of these models, discrimina-
tory power was assessed by generating ROCs and calculating
AUC for each of these models. The AUCs were then compared
using the methods of Delong.13 All statistical analyses were

performed with R: a language and environment for statistical
computing v. 4.0.0 (R Foundation for Statistical Computing; Vi-
enna, Austria) installed packages included: lmtest, pROC,
ggplot2, arsenal, DescTools, dplyr. The Yale School of Medicine
Institutional Review Board and all local institutional review
boards approved this study. This article was prepared in accor-
dance with the STROBE guidelines and the completed STROBE
checklist is available as a Supplemental digital content, http://
links.lww.com/TA/C260.

RESULTS

Score Revision
After three rounds of modification, the grading system

was completed based on anatomic variables but alsowith the ad-
dition of laboratory values specific to acute biliary tract disease
used to adjust the clinical subscale. After modifications the
AAST grading scale (Fig. 2) and the revised AAST grading
scale (Fig. 1) differed in several ways. The most significant
changewas the movement of gallbladder perforation fromGrade
III to Grade IV or V. A patient was able to have a grade of IV
assigned without perforation. Other differences included addi-
tion of several laboratory values to the clinical grade but rather
than being associated with specific grades these are used to in-
crement the grading scale. The presence of gallstones alone is
no longer adequate for an imaging or operative Grade I. How-
ever, given the assignment of Grade I to patients with upper ab-
dominal pain this had no impact on the number of patients that
could not be graded.

Patients and Distribution Across Grades
The patient population is unchanged from the prior study.

Therewere 861 total patients with a mean age of 51.1 and 62.7%
were female. Most patients were admitted from home (94.8%)
and 90%were functionally independent. The only comorbidities
afflicting more than 10% of the cohort were hypertension
(36.4%) and diabetes (21.3%) and 781 (90.7%) were managed

Figure 2. Original AAST grading schema.
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with cholecystectomy. Distributions of patients across AAST
grades, the revised AAST grading scale, the Parkland grading
scale, and the Tokyo guidelines are displayed in Figure 3. The re-
vised AAST grade more closely mirrors the Tokyo guidelines
and Parkland gradewith a peak at Grade III and a more even dis-
tribution across grades when compared with AAST grade. The
distributions of subgrades are displayed in Figure 4. The imag-
ing subscale displays a compact distribution like the original
AAST subscale, this is a result of the fact that Grade I by defini-
tion rolls up into Grade II. Imaging Grade III no longer requires
perforation; however, abscesses outside of the gallbladder are
rare leading to no Grade IV cases and Grade V does require im-
aging evidence of perforation.

Association of Grades With Outcomes and
Predictive Capacity

When assessing outcomes compared against the various
grading scales (Table 2), most of the grading scales demon-
strated worse outcomes at the higher grades and demonstrated
statistically significant trends toward worse outcomes at the
higher grades. The revised AAST grade had improved distribu-
tion of complications across all grades, and this remained statis-
tically significant. The small number of deaths resulted in highly
variable predictive capacity for the various grading systems. The
preoperative AAST grade or the grade with the operative and
pathologic characteristics removed did not demonstrate a trend
of higher grades being associated with increased risk of leak.
Conversely, a near linear trend toward an increased risk of
bail-out procedures and conversion to open was identified with

increasing grade in both the revised AAST grade and the revised
AAST preoperative grade. These trends were also more linear
than the Tokyo guidelines and more spread across all grades
when compared with the Parkland grade. Areas under the ROCs
are presented in Table 3. Despite the spread across the grading
scale, none of the scoring systems performed optimally for
predicting complications. The revised AAST, however, did im-
prove the AUC of the ESS, slightly suggesting a small benefit
to adding the anatomic values. The revised AAST grade and
the revised AAST preoperative grade had reasonable predictive
capacity and were improved compared with the AAST grade
with respect to predicting a bail-out procedure, conversion to
open, and discharge home. Ability to predict complications
was the same, and prediction of mortality was lower, although
not statistically different. The ESS performed as good or better
than the revised AAST grade suggesting the importance of
physiologic parameters and chronic health conditions in deter-
mining outcomes. Adding the physiologic ESS and the ana-
tomic revised AASToverall resulted in improved predictive ca-
pacity of the scores that approached the capacity of the Park-
land grade. Substituting the Parkland grade for the operative
grade within the AAST grade did not improve the predictive
capacity of the AAST grade.

DISCUSSION

After a thorough revision of the AAST cholecystitis grad-
ing scale, there are many improved attributes to the revised scale.
The revised AAST grade demonstrated both a more uniform and

Figure 3. Grading scale distributions.
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normal distribution across grades when compared with the orig-
inal AAST grade. This more normal distribution was notable for
both the overall score and the subscales within the AAST grade.
This spread across grades translated into a near linear increase in
risk of multiple negative outcomes as the grade increased. This
was a primary goal of the revision effort and is an essential fea-
ture of any grading scale that would be expected to have predic-
tive power. We further demonstrated that this translated into a
small improvement in the predictive capacity of the score across
multiple outcomes, including discharge home, conversion from
laparoscopic cholecystectomy to open, need for a bail-out proce-
dure. The predictive improvements were statistically significant
for bail-out procedures, conversion to open and discharge home.
Furthermore, these characteristics of the grading system carried
over to the preoperatively available components of the grade,
namely, a grading system composed of the clinical and imaging
characteristics. Despite these improvements the revised AAST
grade did not reach the performance characteristics of the Park-
land grade. The Parkland grade remains as the overall best grad-
ing system across multiple outcomes. This likely reflects the
prospective data collection of operative characteristics, a signif-
icant downside to this scoring system as surgeons would need to
prospectively document a data point with each case. This grad-
ing approach also suffers from its partially subjective nature,
and this may contribute to its improved performance. The
strength of the Parkland grade relative to all other scoring sys-
tems suggests two things, first direct visual inspection of the
gallbladder is more predictive than other combined measures

of cholecystitis and secondarily degree of surgical difficulty
has a significant impact on patient outcomes. It is uncertain if
this degree of difficulty leads to increased operative trauma lead-
ing to poorer patient outcomes or if these patients would have a
similar outcome distribution without surgical intervention. Re-
gardless of the underlying mechanism the correlation between
clinical and radiographic findings with those findings that in-
crease the Parkland grade is poor. This is similarly true for the
ESS where much of the score is composed of underlying medical
comorbidity which, not surprisingly, does not correlate with gall
bladder specific clinical and radiographic findings. Therefore,
these clinical and radiographic findings are less predictive than
the Parkland grade or the underlying health status of the patient.

The ideal grading system for cholecystitis will have several
characteristics. Most importantly, it will predict overall patient
outcome including mortality, complications, length of illness,
length of hospitalization, and discharge disposition. Secondarily,
it will provide surgeons with a tool to predict the need to convert
to an open operation or use a bail-out surgical technique. The abil-
ity to predict this outcome is useful to both patients and surgeons
as they choose cholecystectomy, percutaneous cholecystostomy,
or noninterventional management of their cholecystitis. Once an
ideal grading scale is implemented, it will be necessary to study
it in a prospective fashion to determine if patient outcomes can
be improved by using it in decision making. To date, no grading
scale has been demonstrated to improve outcomes when used to
guide care. This is despite the publication of at least 19 scoring
systems to predict outcomes in acute cholecystitis.14 The two

Figure 4. Revised AAST grading subscale distributions.
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TABLE 2. Patient Outcomes Relative to Each of the Grading Scales

AAST
Revised

Revised AAST
Preoperative AAST

Tokyo
Guidelines

Parkland
Retrospective

Parkland
Prospective

Complication, n (%) 1–7 (6.4) 1–10 (6.8) 0–1 (0) 0–21 (8.2) 1–1 (14.3) 1–0

2–8 (6.9) 2–9 (7.9) 1–10 (0) 1–9 (5.6) 2–8 (12.5)) 2–3 (3.2)

3–34 (8.3) 3–43 (9.0) 2–61 (8.0) 2–29 (9.2) 3–12 (8.2) 3–4 (2.6)

4–19 (11.9) 4–11 (13.1) 3–12 (23.1) 3–20 (15.3) 4–5 (12.8) 4–12 (13.5)

5–11 (16.9) 5–6 (16.2) 4–6 (22.2) 5–4 (7.1) 5–12 (13.2)

5–5 (0)

p = 0.010 p = 0.044 p < 0.001 p = 0.035 p = 0.458 p < 0.001

Death, n (%) 1–1 (0.9) 1–1 (0.7) 0–0 0–0 1–0 1–0

2–0 2–0 1–0 1–1 (0.6) 2–1 (1.6) 2–0

3–4 (1.0) 3–4 (0.8) 2–4 (0.5) 2–1 (0.3) 3–1 (0.7) 3–1 (0.6)

4–1 (0.6) 4–1 (1.2) 3–0 3–4 (3.1) 4–0 4–0

5–0 5–0 4–2 (7.4) 5–0 5–0

5–0

p = 0.791 p = 0.757 p = 0.003 p = 0.007 p = 0.824 p = 0.733

Bile leak, n (%) 1–0 1–0 0–0 0–7 (2.9) 1–1 (1.4) 1–0

2–2 (1.7) 2–5 (4.4) 1–0 1–1 (0.7) 2–0 2–0

3–6 (1.5) 3–10 (2.1) 2–12 (1.7) 2 = 9 (3.1) 3–2 (1.4) 3–1 (0.6)

4–5 (3.1) 4–1 (1.2) 3–5 (11.6) 3–1 (1.0) 4–2 (5.1) 4–5 (5.6)

5–5 (7.7) 5–2 (5.4) 4–1 (4.3) 5–2 (3.6) 5–5 (5.5)

5–0

p = 0.007 p = 0.210 p = 0.007 p = 0.660 p = 0.192 p = 0.007

Mean operating room time (min) 1–101 1 = 111 0–40 0–103 1–115 1–90.9

2–119 2–110 1–86 1–123 2–88.2 2–78.3

3–111 3–114 2–113 2–117 3–109 3–108

4–126 4–134 3–146 3–127 4–144 4–165

5–138 5–135 4–141 5–126 5–137

5–121

Bail-out procedure, n (%) 1–0 1–0 0–0 0–4 (1.6) 1–0 1–0

2–2 (1.7) 2–2 (1.8) 1–0 1–3 (1.9) 2–0 2–0

3–10 (2.4) 3–17 (3.6) 2–18 (2.3) 2–14 (4.5) 3–1 (0.7) 3–4 (2.6)

4–6 (3.8) 4–3 (3.6) 3–4 (7.7) 3–5 (3.8) 4–1 (2.6) 4–8 (9.0)

5–8 (12.3) 5–4 (10.8) 4–3 (11.1) 5–1 (1.8) 5–11 (12.1)

5–1 (20.0)

p < 0.001 p < 0.001 p < 0.001 p = 0.027 p = 0.028 p < 0.001

Laparoscopic procedure
converted to open, n (%)

1–1 (1.0) 1–2 (1.4) 0–0 0–8 (3.3) 1–0 1–0

2–4 (3.5) 2–3 (2.7) 1–0 1–4 (2.7) 2–0 2–0

3–17 (4.7) 3–27 (6.3) 2–31 (4.5) 2–20 (7.1) 3–5 (3.5) 3–0

4–9 (6.5)
5–11 (22.9)

4–7 (10.6)
5–3 (13.6)

3–7 (18.4)
4–3 (14.3)

3–10 (10.4) 4–6 (16.7)
5–8 (16.0)

4–9 (10.1)
5–14 (15.6)

5–1 (50.0)

p < 0.001 p < 0.001 p < 0.001 p = 0.002 p < 0.001 p < 0.001

All data reported as n (%) unless otherwise noted. p Values based on Cochran-Armitage test for trend (one-sided, increasing).

TABLE 3. AUC Values of the Logistic Regression Models for Each of the Listed Outcomes

AAST
Revised
AAST

Revised AAST
Preoperative ESS

Revised AAST
Preoperative/ ESS

Revised
AAST/ESS

Revised
AAST/Parkland Parkland Tokyo

AAST vs.
Revised AAST (p)

Complications 0.599 0.582 0.561 0.670 0.670 0.675 0.601 0.720 0.568 0.986

Mortality 0.679 0.517 0.554 0.910 0.926 0.938 0.547 0.835 0.794 0.260

Bail-out procedure 0.579 0.705 0.668 0.583 0.678 0.721 0.768 0.769 0.524 0.018

Conversion to open 0.603 0.676 0.645 0.707 0.729 0.724 0.721 0.844 0.628 0.020

Bile leak 0.632 0.643 0.508 0.506 0.558 0.668 0.776 0.781 0.524 0.691

Discharge home 0.573 0.644 0.680 0.902 0.904 0.903 0.552 0.675 0.657 0.031
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grading scales based on intraoperative findings have demon-
strated excellent predictive capacity.15–17 These scoring system
suffer from the requirement for surgery to be applied and the
above discussed need for surgeon documentation and subjectiv-
ity. Scoring systems that can be applied preoperatively have the
advantage of potentially predicting outcomes and therefore can
influence patient management decisions to achieve the best out-
comes. Many of the grading systems, including the original and
revised AAST grade, have demonstrated good capacity for
predicting outcomes. These grading scales range from simple
to complex however most include both anatomic, physiologic
and comorbidity variables.8,9,18 The advantage of the AAST
grade is its predictive capacity while relying on only minimal
physiologic criteria and no comorbidity data. It also uses only
objective data points that can be easily abstracted from an elec-
tronic record with respect to the clinical and imaging domains.
We have further demonstrated the potential for the AAST grade
to be combined with a system focused on physiology, the ESS,
to augment the predictive capacity.

All scoring systems have weaknesses, including the diag-
nosis of cholecystitis. The Tokyo guidelines require patients to
have at least Grade I disease to be diagnosed with cholecystitis;
however, the World Society of Emergency Surgery guidelines
recommended against using any specific criteria and some au-
thors have demonstrated cholecystitis to be present without
achieving criteria based on the Tokyo guidelines.3,19,20 For our
study, we, therefore, chose to use surgeon diagnosis as the entry
criteria. Outcomeswill also be related tovarious patient manage-
ment decisions, further complicating the validation of scoring
systems. The revised Tokyo guideline is less restrictive; how-
ever, both the original and revised guideline recommended
against surgery for many high-grade patients. Despite these rec-
ommendations, successful surgical treatment of high-grade pa-
tients has been demonstrated.20,21 Other studies have demon-
strated compliance with the Tokyo guidelines leads to the most
cost-effective care.22 Future studies validating grading systems
should, therefore, stratify groups by treatment strategy. Given
the high degree of success demonstrated by surgical manage-
ment this will require focused effort to recruit patients at high
risk for surgical intervention and managed without intervention
or with percutaneous cholecystostomy. A single grading system
or combination of systems that includes anatomic, physiologic,
and comorbidity variables, as identified in our data, will likely
provide the best predictive capacity. Further validation of this re-
vised AAST grading system will be important to optimize this
anatomic grading scale. Future studies should also use the re-
vised AAST grade in a prospective fashion to dictate care deci-
sions and determine impact on outcomes. Potential future addi-
tions to grading scale continue to be investigated and developed,
including procalcitonin, leukocyte ratios, and leukocyte to albu-
min ratio among others.23,24 These have all shown promise as
markers for higher degrees of illness in cholecystitis; however,
they have mostly been compared with existing grading scales
rather than outcomes.

Limitations
Our study is a necessary step forward in the development

of grading scales for acute cholecystitis. It examines several po-
tential additions to the AAST grade and further examines pre-

dictive capacity. There are, however, important limitations that
require discussion. Most importantly, we used the available data
as an adjunct to revision of the AAST grade. Although the grade
was modified mostly through expert input and a modified Del-
phi approach, the experts were provided with data that contained
associations of some potential grade components with patient
outcomes. Other limitations included potential missing factors
included in other grading systems and potentially should be
added going forward including prior abdominal surgery or pos-
sibly inflammatory markers other than leukocytosis. Patients
were identified prospectively; however, the mechanism of iden-
tification varied across centers based on locally effective proce-
dures, which had the potential to create a less than representa-
tive sample. The data were also collected retrospectively except
for the Parkland grade. This creates all the potential inaccura-
cies associated with retrospective data collection. We reduced
the risk associated with retrospective data capture by collecting
very granular data, where applicable, that would be both avail-
able and quantitative. Operative grading for all scoring systems
will have some inherent inaccuracy due to human failures to re-
port or biases.

CONCLUSIONS

The revised AAST grading system as we developed is an
improvement over the original system. Persistent downsides re-
main mostly related to the fact that the AAST grade is primarily
an anatomic grading scale. These limitations can be strongly mit-
igated with the addition of physiologic data to the grading scale.
The revised grade will require a new validation study if imple-
mentation is to be considered. Impact studies that use the revised
AAST grade for clinical decision making should also be per-
formed to demonstrate its value.
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DISCUSSION
NICOLE A. STASSEN, M.D. (Rochester, New York):

Drs. Savage, Bulger, members and guests. Dr. Schuster and his
colleagues should be lauded for their continued efforts in help-
ing us refine the AAST cholecystectomy grading scale. The
work is elegantly done. But I do have some questions.

So in your manuscript you stated that the AAST revised
grading scale didn’t reach the performance characteristics of
the Parkland Grade. Why do you think that is?

Also, why do you think a reliable and reproducible
grading scale to guide our care in cholecystitis is so difficult
to produce?

The other thing you mentioned in your manuscript was
that in order for patients to be included in your data set this grad-
ing criteria was surgeon diagnosis. Why utilize that rather than a
more objective criteria?

And then what are your next steps? What should we all
take home from this? As Dr. Richardson used to tell me, “So
what?” So what do I do with this?

So I’d like to thank the AAST for the privilege of discuss
this work and really, again, commend Dr. Schuster and his coau-
thors in continuing to deal with this vexing problem.

KEVINM. SCHUSTER,M.D., M.P.H., F.A.C.S. (New
Haven, Connecticut): Thank you, Dr. Stassen for the discus-
sion. In terms of why the Parkland Grade works better, I think
there are two issues with the Parkland Grade. One is you get a
lot more information when you are in the operating room and
you actually get to see the gallbladder.

The other contributing factor I believe is that the prospec-
tive grade is assigned by the surgeon and I think it’s impossible
to separate our biases when we see the gallbladder. Even if it
doesn’t quite make the criteria for a particular Parkland grade
we have the tendency to say, “Oh, that’s a really terrible gallblad-
der” and err on the side of a higher grade.

Similarly this is the reason we chose to look at granular
data across the whole study because it takes out that subjective
part, an investigator could not think, “I think this is a Grade
1”, once they read the whole chart and see everything about
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the patient. Assigning a Grade of 1 but really it’s a Grade 2. And
so I think that’s partly why the Parkland works well, it allows for
some subjectivity and biased adjustment by the surgeon.

I think the other part of it, the downside of the Parkland, is
that you have to operate to get a Parkland Grade. So I think that
extra subjectivity works well but, there are issues with using a
grading system that requires an operation for application.

Why is it hard to grade acute cholecystitis? I think the re-
ality is the vast majority of patients do well. Almost everybody
survives, there are very few complications relative to other dis-
eases so that’s probably the biggest challenge is that despite even
some of the so-called “sicker” gallbladders, if you will, every-
body still does relatively well. A grading scale must be able to
pick out those very few patients that do not do well, which is
challenging.

Why did we choose to use a surgeon diagnosis? I think,
we all know this from experience in that we see the patients that
don’t meet criteria based on their imaging or their clinical
criteria, necessarily, but you have a suspicion that they have cho-
lecystitis and you go to the operating room and they have a gall-
bladder that grades 2 or 3 on the Parkland Scale. And so I think

we all see those patients and so that’s why we chose surgeon di-
agnosis. I know the Tokyo Guidelines do have a diagnostic
criteria but we felt that they were too narrow in terms of the pa-
tients that would get enrolled and wewould miss a lot of patients
with cholecystitis. Conversely, if patients did not have cholecys-
titis they would be graded in the study with a grade of zero and
not impact the findings.

And finally, where do we go from here? Well, I think we
have to keep working and keep making sure we make it better,
to make it as best we can. I think that marrying the grading sys-
tem with a physiologic scoring system is important and it will
be necessary because I think that provides a lot of the predic-
tive capacity.

We do need to be able to grade these patients and under-
stand who is likely to do well and who is likely to not do as well
for multiple reasons, one, because we have to treat the patients
that we are seeing in the emergency department or on the floor
but, also, because we have to answer to insurers and others that
are grading our quality and they have to understand whether it
was a difficult case and how to risk-adjust for these issues.

With that I will close. Thank you for your time.

Schuster et al.
J Trauma Acute Care Surg

Volume 92, Number 4

674 © 2021 American Association for the Surgery of Trauma.

Copyright © 2022 American Association for the Surgery of Trauma.


