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Abstract

Background The World Society for Emergency Surgery determined that for appendicitis managed with appendectomy, there
is a paucity of evidence evaluating costs with respect to disease severity. The American Association for the Surgery of Trauma
(AAST) disease severity grading system is valid and generalizable for appendicitis. We aimed to evaluate hospitalization
costs incurred by patients with increasing disease severity as defined by the AAST. We hypothesized that increasing disease
severity would be associated with greater cost.

Methods Single-institution review of adults (> 18 years old) undergoing appendectomy for acute appendicitis during 2010-
2016. Demographics, comorbidities, operative details, hospital stay, complications, and institutional cost data were collected.
AAST grades were assigned by two independent reviewers based on operative findings. Total cost was ascertained from
billing data and normalized to median grade I cost. Non-parametric linear regression was utilized to assess the association
of several covariates and cost.

Results Evaluated patients (n=1187) had a median [interquartile range] age of 37 [26-55] and 45% (n=542) were female.
There were 747 (63%) patients with Grade I disease, 219 (19%) with Grade 11, 126 (11%) with Grade I1I, 50 (4%) with Grade
1V, and 45 (4%) with Grade V. The median normalized cost of hospitalization was 1 [0.9-1.2]. Increasing AAST grade was
associated with increasing cost (p =0.39; p <0.0001). Length of stay exhibited the strongest association with cost (p =0.5;
p <0.0001), followed by AAST grade (p=0.39), Clavien—Dindo Index (p=0.37; p <0.0001), age-adjusted Charlson score
(p=0.31; p<0.0001), and surgical wound classification (p =0.3; p <0.0001).

Conclusions Increasing anatomic severity, as defined by AAST grade, is associated with increasing cost of hospitalization
and clinical outcomes. The AAST grade compares favorably to other predictors of cost. Future analyses evaluating appen-
dicitis reimbursement stand to benefit from utilization of the AAST grade.
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(EGS) hospitalizations in the US [2, 3]. Additionally, appen-
dectomy has been highlighted as a procedure with one of the
most disproportionate clinical burdens in EGS [4]. Recent
estimates suggest that EGS costs account for a significant
proportion of healthcare cost in the US [5]. Moreover, the
costs associated with EGS diseases vary widely throughout
the country and have increased with time due to an aging
population [3]. Among these EGS diseases, appendicitis
ranked among the top seven most costly with annual nation-
wide costs estimated to be in the billions of US dollars [3].
Recently, the World Society for Emergency Surgery (WSES)
defined guidelines for the rational management of appen-
dicitis globally [6]. Therein, the WSES determined that a
sufficient cost analysis based on patient disease severity and
comorbidity does not exist.

Anatomic severity in appendicitis has historically been clas-
sified as either simple or complex. This binary approach to dis-
ease severity neglects the individual nuances and variation of
disease across patient populations thereby limiting comparison
of patient outcomes. In response, the American Association
for the Surgery of Trauma (AAST) established new clinical,
imaging, operative, and pathologic criteria for the assessment
of disease severity in appendicitis, as well as other EGS dis-
eases [7-9]. This AAST EGS grade is a five-level Grade (I-V)
that corresponds to increasing degrees of inflammation. Sub-
sequent study demonstrated that important clinical outcomes,
including duration of stay and morbidity, are associated with
increasing anatomic severity of appendicitis as defined by the
AAST EGS grade [10]. This work in an adult population, as
well as a follow-up study in a pediatric population, reported
substantial (Cohen’s k=0.79) to near perfect two-reviewer
agreement when grades for appendicitis were assigned based
on operative findings [10, 11].

EGS diseases vary significantly depending on patient
factors, such as the involved injured organ(s)/tissue(s), pre-
senting physiology, and extent of patient comorbidity. As a
result, wide variation exists in the management of these dis-
eases. In order to provide a granular and equitable compari-
son of outcomes, including cost analyses for appendicitis,
utilization of a standardized disease severity classification
system is necessary. The aim of this study was to perform
a cost analysis in patients with acute appendicitis managed
with appendectomy. We hypothesized that patients with
increased anatomic severity, as defined by the AAST EGS
grade, would demonstrate incremental increases in the cost
of care from admission to dismissal.

Methods

This was a single-institution, retrospective review under-
taken by the authors. Institutional review board approval was
obtained prior to the start of the investigation.

Patient cohort

Patients were identified from a previously collected retro-
spective database of adults (> 18 years of age) that under-
went appendectomy for acute appendicitis from January
2010 to July 2016. This cohort did not include patients
that did not receive a post-procedure diagnosis of acute
appendicitis, underwent interval appendectomy and non-
operative management, were pregnant, or demonstrated
malignant disease (appendiceal tumor).

Patient characteristics, procedure, and clinical
outcomes

From the aforementioned database, data on baseline demo-
graphics, preexisting comorbidities, presenting physiol-
ogy, leukocyte count (10° cells/L), duration of prehospital
symptoms (abdominal pain, fever, and emesis), appen-
dectomy procedure type (laparotomy, McBurney’s inci-
sion, laparoscopy, laparoscopy converted to laparotomy),
and surgical wound classification as defined by CDC
guidelines were utilized [12]. An age-adjusted Charlson
comorbidity index was calculated using assigned diagnos-
tic ICD-9-CM and ICD-10-CM coding [13-15]. Clinical
outcomes retrieved from the database included surgical
complications classified using the Clavien—Dindo classi-
fication system and duration of hospital stay [16].

AAST EGS grade assignment

The AAST EGS grade is a five-level Grade (I-V) that can be
generated from clinical, imaging, operative, and pathologic
criteria. It is used to describe disease severity for several
EGS conditions. In appendicitis for example, Grade I repre-
sents acute inflammatory appendicitis, Grade II suppurative
inflammatory appendicitis, Grade III perforated appendicitis,
Grade IV perforated appendicitis with formation of abscess,
and Grade V perforated appendicitis with feculent perito-
nitis. Previously, two reviewers utilized operative report
findings to assign an AAST EGS grade for appendicitis to
each patient in the database, as has been done in earlier ret-
rospective work [7, 10, 17, 18]. Only operative report find-
ings were utilized as not all patients underwent preoperative
imaging (cross-sectional or ultrasonography) and procedure
specimens are not routinely sent for pathological evaluation
at our institution. There was substantial agreement between
the two reviewers (Cohen’s k=0.72). Grading disagreements
were adjudicated by a third reviewer and the final assigned
AAST EGS grade was utilized for all outcome analyses in
the present study.
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Cost of hospitalization

The primary outcome was the total cost of a patient’s hos-
pitalization calculated as the sum of all direct and indirect
costs incurred as a result of each resource utilized from
admission to discharge. We elected to use the total cost of
care, as opposed to the total charged or billed for care, since
cost is considered a more accurate measure of expenses
incurred. The total hospital cost incurred by each patient
was divided by the median cost of AAST Grade I disease to
produce a “normalized” cost that complies with institutional
policies that restrict the reporting of cost. The association of
cost with predictors such as Clavien—Dindo Index, Charlson
Comorbidity Index, and length of hospital stay was evalu-
ated secondarily.

Statistical analyses

Patients were stratified by AAST disease severity grade. All
normally distributed continuous variables were described
using means with standard deviation (SD). Continuous vari-
ables with gross skewness were reported using a median
with interquartile range (IQR). Nominal variables were for-
matted as frequencies with actual variable count (). Study
of the relationship between AAST EGS grade and covari-
ates was accomplished using the Cochran Armitage test
for trend and linear regression. The relationship between
cost and predictors was evaluated using linear regression or
one-way analysis of variance where appropriate. When the
assumptions of linear regression were not met, Spearman’s
Rho and Theil-Sen estimator of fit were used. Similarly, a
Kruskal-Wallis test was utilized when the assumptions of
one-way analysis of variance were unmet. Individual pair
analyses were performed using two-sample hypothesis test-
ing and alpha was adjusted for multiple comparisons using
a Bonferroni correction. All data analyses were performed
using JMP Pro 13 (SAS Institute Inc.) with alpha set at 0.05.
Figures were generated using GraphPad Prism 7 (©2017
GraphPad Software, Inc.).

Results

Patient characteristics, procedure, and clinical
outcomes

There were 1187 patients that underwent appendectomy
for acute appendicitis from January 2010 to July 2016. The
distribution of AAST anatomic severity grades consisted of
Grade I (n=747, 63%), Grade Il (n=219, 19%), Grade III
(n=126, 11%), Grade IV (n=50, 4%), and Grade V (n=45,
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4%). Baseline patient characteristics, procedural parameters,
and clinical outcomes are stratified by AAST anatomic
severity grade in Table 1.

Cost of hospitalization

The median [IQR] normalized cost of hospitalization
was 1 [0.9-1.1] for Grade I, 1 [0.9-1.2] for Grade II, 1.4
[1.1-2] for Grade III, 1.6 [1.2-2.2] for Grade IV, and 2.2
[1.4-3.4] for Grade V. The cost of hospitalization differed
significantly between AAST EGS grades for appendicitis
(»<0.0001; Fig. 1). Between Grades I and II, the difference
in cost was not significant (adjusted p=0.8). The costs of
Grade III disease were significantly higher than those of
Grades I and II (adjusted p <0.0001), but similar to those
of Grade IV (adjusted p=0.7). Grade V disease costs were
significantly higher than those of Grades III and IV (adjusted
p<0.0001, p=0.04). Normalized cost was estimated to have
increased, on average, by 0.12 per increase in AAST EGS
grade (Spearman’s p=0.39; p <0.0001; Fig. 1). Patients
with Grade I disease, the most numerous grade with the
lowest variation in cost, incurred 49% of the total normal-
ized cost for the cohort, Grade II 18%, Grade III 15%, Grade
1V 7%, and Grade V 11%.

Cost was associated with age-adjusted Charlson comor-
bidity index (estimated 0.04 increase per index score
increase; Spearman’s p =0.31; p <0.0001), complica-
tion severity as defined by Clavien and Dindo (estimated
0.15 increase per grade increase; Spearman’s p =0.37;
p <0.0001), length of hospital stay (estimated 0.13 increase
per additional day of stay; Spearman’s p=0.5; p <0.0001),
and operative duration (estimated 0.003 increase per addi-
tional minute of operative time; Spearman’s p =0.28;
p <0.0001). Additionally, there was an association between
cost and wound classification (estimated 0.11 increase per
class increase; Spearman’s p =0.3; p <0.0001). Cost was not
associated with operative approach (p =0.3). Length of stay
exhibited the strongest association with cost, followed by the
AAST EGS grade, Clavien—Dindo index, and age-adjusted
Charlson score (Fig. 1).

Discussion

EGS disease hospitalizations have the greatest cost burden
of all emergency hospitalizations in the United States each
year. This financial strain on the healthcare system and soci-
ety is only expected to increase as the US population ages
[5]. Appendicitis is a common EGS disease with a broad
range of clinical presentations and disease severity [1].
Severe disease can necessitate extensive stay in intensive
care settings and lead to death [10, 19]. In this study, we
utilized the AAST EGS disease severity grading system to



Surgical Endoscopy (2018) 32:4798-4804 4801
Table 1 Cohort characteristics by AAST Grade
AAST grade D
I 1I 1 v A%
(n=1747) (n=219) (n=126) (n=50) (n=45)
Age, years, median (IQR) 33 (25-47) 42 (27-55) 55.5 (37-67) 55 (39-65) 59 (38-73) 0.002
Charlson Index, n (%)
0 358 (48) 94 (43) 30 (24) 16 (32) 8 (18) <0.0001
1 190 (25) 52 (24) 24 (19) 7(14) 6 (13)
>2 199 (27) 73 (33) 72 (57) 27 (54) 31 (69)
Clavien—Dindo Index, n (%)
No complications 628 (84) 186 (85) 66 (52) 23 (46) 9 (20) <0.0001
| 69 (9) 11 (5) 23 (18) 7(14) 9 (20)
I 29 (4) 94 7 (6) 3(6) 7 (16)
I 19 (2.5) 11(5) 21 (17) 8 (16) 12 (27)
v 2(0.3) 2 (0.9) 8 (6) 7 (14) 6 (13)
v 0 (0) 0(0) 1(0.8) 24) 2(4)
Length of hospital stay, days, median (IQR) 1(0-1) 1(0-2) 2 (1-5) 3(2-5) 539 <0.0001
Operative approach, n (%)
Laparoscopy 735 (98) 200 (91) 101 (80) 31 (62) 19 (42) 1
Laparoscopy converted to laparotomy 4(<1) 94) 12 (10) 8 (16) 11 (24)
Midline laparotomy 2(<1) 1(1) 2(D) 3 (6) 8 (18)
McBurney’s incision 6(<1) 94) 11 (9) 8 (16) 7 (16)
Operative time, min, median (IQR) 61 (50-76) 69 (55-87) 80 (61-103) 84 (68-115) 74 (57-104) <0.0001
Presentation
Symptom duration, days, median (IQR) 1(1-2) 1(1-2) 2 (1-3) 3(2-3) 2 (1-4) 0.001
Heart rate, bpm, mean +SD 83+16 85+17 90+ 17 90+ 18 90+ 15 0.001
Leukocytes, 10° cells/L, median (IQR) 13 (10-16) 13 (10-15) 14 (11-17) 13 (10-17) 15 (10-18) 0.006
Temperature, °C, median (IQR) 37 (37) 37 (37) 37 (37) 37 (37) 37 (37) 0.01
Sex, female, n (%) 371 (49.7) 88 (40.1) 45 (35.7) 23 (46) 15 (33) 0.3

Patient characteristics, procedural parameters, and clinical outcomes are stratified by AAST EGS grade in the table

AAST American Association for the Surgery of Trauma, /QR interquartile range, SD standard deviation

enable an equitable comparison of outcomes in appendicitis.
We demonstrated that for increasing AAST EGS grade, there
was an association with increasing cost. We also determined
that, compared with other potential covariates, the AAST
EGS grade was a strong candidate to predict patient cost.
This has several implications for future reimbursement anal-
ysis considering appendicitis and, potentially, other common
EGS diseases when disease severity is stratified using the
AAST EGS grade.

First, our data highlight that increasing AAST EGS grade
is associated with increasing cost of care for appendicitis.
Moreover, the strength of this association was comparable
to that of other predictors of cost such as length of stay,
complications defined by Clavien—Dindo Index, and age-
adjusted Charlson Index. This finding confirms that patients
with greater severity of disease incur greater costs than those
with less severe disease—Ilikely due to greater rates of com-
plications, re-interventions, and increased duration of stay.

Pair-wise analysis demonstrated significant differences in
cost between AAST Grades II and III as well as Grades [V
and V. These findings may suggest that patients with exten-
sion of their disease beyond the appendix (perforation) and
involvement of the entire abdomen (diffuse peritonitis) are
more likely to necessitate higher levels of care. Although
patients with Grade IV and V disease comprised 8% (n=95)
of the cohort, they disproportionately accounted for 17% of
the total cost. This supports reports that estimates of increas-
ing healthcare costs in the US are, at least in part, due to
patients with the most severe disease [3].

Operative duration exhibited a weak relationship with
cost while operative approach had no association. Further-
more, the choice of operative approach did not differ sig-
nificantly between severity grades in this study. The lack of
association between procedure and cost suggests that a wider
spectrum of appendicitis might be managed with less inva-
sive techniques [20]. In addition to the ability to perform less
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Fig.1 Linear regression of normalized cost and covariates. Non-
parametric, linear regression of normalized cost by AAST anatomic
severity grade (p=0.39), age-adjusted Charlson Index (p=0.31),

invasive procedures for increasingly more severe disease, the
role of laparoscopy has been demonstrated to reduce a vari-
ety of patient, disease, and procedure-specific costs. Future
analyses evaluating common EGS disease conditions should
consider improving cohort stratification using AAST EGS
grading in order to appraise cost in a more granular manner
and extrapolate findings to other populations.

Patient comorbidity at presentation, as measured by age-
adjusted Charlson score, was also associated with cost of
care. This is an intuitive finding since we expect patients
with additional comorbidities to utilize more care resources
and require longer hospital stays, incurring greater costs.
Surgical wound classification was another predictor of mor-
bidity associated with cost. Wound class is a well-estab-
lished risk factor for the development of surgical site infec-
tions and has been previously associated with the disease
severity of surgically managed appendicitis [21, 22]. In our
study, increasing anatomic severity, defined by the AAST
EGS grade, was also associated with wound class. However,
the AAST EGS grade had a stronger relationship with the
cost of hospitalization than wound type.

Historically, retrospective study of appendicitis has
yielded important findings that have later upended estab-
lished clinical paradigms. The widely utilized Alvarado
scoring system for the diagnosis of appendicitis is one such
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Clavien—Dindo Index (p=0.37), and length of hospital stay (p=0.5).
The shaded region surrounding each fitted line represents the 95%
confidence interval

example [23]. In the present study, retrospectively assigned
AAST EGS grades using operative findings enabled granu-
lar appraisal of the relationship between disease severity
and outcomes, such as cost. We submit that the ability to
retrospectively evaluate disease severity using the AAST
EGS grade makes it a promising disease benchmarking tool.
Moreover, we see potential for application of the grade to
existing quality reporting and clinical resource application
practices. Study of appendicitis using large national datasets
such as the National Surgical Quality Improvement Program,
have reported rates of comorbidity and mortality similar to
those in this cohort [24, 25]. Thus, we believe that the retro-
spective application of the AAST EGS grade may generalize
well to such secondary data sources. Prospective applica-
tion of this score in clinical practice may provide additional
benefit, but further study is needed to determine appropriate
application and how it might be used to decrease costs. One
potential avenue for cost reduction may be through improved
early identification of patients with high severity appendi-
citis, prompting earlier intervention where attempted medi-
cal management with a subsequent delayed, more difficult
intervention would otherwise occur.

We consider several important and inherent limitations
to this study. Foremost is the retrospective nature of the
work, specifically the assignment of AAST EGS grades
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based on operative documentation. This may have resulted
in failure to account for the true severity of disease since
preoperative severity was not uniformly assessed for this
cohort. It is also important to consider that the study find-
ings are limited by the single-institution design, which
may not translate well to other institutions of varying size,
focus, and location. This is increasingly true given that the
setting of the study is a tertiary center that overwhelm-
ingly cares for patients with high comorbidity and acute
physiologic impairment. Additionally, the study excluded
patients that underwent non-operative management. This
may have biased the analyses of cost since Grade IV
appendicitis is often initially managed with percutaneous
drain placement at our institution. Further study is nec-
essary to better understand the role of grading anatomic
severity in the overall cost of care for appendicitis and
we are addressing this in a prospective manner currently.
Finally, this study did not explore additional confounders
and the interaction between the reported and unreported
predictors of cost. Caution should be exercised when mak-
ing assertions regarding the univariate effects and relation-
ships of the studied predictors with cost.

Conclusions

Increasing anatomic severity, as defined by AAST anatomic
severity grade, is associated with increasing cost of hos-
pitalization in acute appendicitis managed surgically. The
AAST EGS grade compares favorably with other predictors
of cost including length of stay, the Clavien—Dindo Index,
and the Charlson comorbidity index. Higher severity disease
incurs disproportionate costs. Stratification of disease sever-
ity using the AAST EGS grade is trivial and has potential to
improve reimbursement practices.
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