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Number of Diverticulitis Episodes Before Resection
and Factors Associated With Earlier Interventions
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IMPORTANCE Despite professional recommendations to delay elective colon resection for
patients with uncomplicated diverticulitis, early surgery (after <3 preceding episodes)
appears to be common. Several factors have been suggested to contribute to early surgery,
including increasing numbers of younger patients, a lower threshold to operate
laparoscopically, and growing recognition of “smoldering” (or nonrecovering) diverticulitis
episodes. However, the relevance of these factors in early surgery has not been well tested,
and most prior studies have focused on hospitalizations, missing outpatient events and
making it difficult to assess guideline adherence in earlier interventions.

OBJECTIVE To describe patterns of episodes of diverticulitis before surgery and factors
associated with earlier interventions using inpatient, outpatient, and antibiotic prescription
claims.

DESIGN, SETTING, AND PARTICIPANTS This investigation was a nationwide retrospective
cohort study from January 1, 2009, to December 31, 2012. The dates of the analysis were July
2014 to May 2015. Participants were immunocompetent adult patients (age range, 18-64
years) with incident, uncomplicated diverticulitis.

EXPOSURE Elective colectomy for diverticulitis.

MAIN OUTCOMES AND MEASURES Inpatient, outpatient, and antibiotic prescription claims for
diverticulitis captured in the MarketScan (Truven Health Analytics) databases.

RESULTS Of 87 461 immunocompetent patients having at least 1 claim for diverticulitis, 6.4%
(n = 5604) underwent a resection. The final study cohort comprised 3054 nonimmunocom-
promised patients who underwent elective resection for uncomplicated diverticulitis, of
whom 55.6% (n = 1699) were male. Before elective surgery, they had a mean (SD) of 1.0 (0.9)
inpatient claims, 1.5 (1.5) outpatient claims, and 0.5 (1.2) antibiotic prescription claims related
to diverticulitis. Resection occurred after fewer than 3 episodes in 94.9% (2897 of 3054) of
patients if counting inpatient claims only, in 80.5% (2459 of 3054) if counting inpatient and
outpatient claims only, and in 56.3% (1720 of 3054) if counting all types of claims. Based on
all types of claims, patients having surgery after fewer than 3 episodes were of similar mean
age compared with patients having delayed surgery (both 47.7 years, P = .91), were less likely
to undergo laparoscopy (65.1% [1120 of 1720] vs 70.8% [944 of 1334], P = .001), and had
more time between the last 2 episodes preceding surgery (157 vs 96 days, P < .001). Patients
with health maintenance organization or capitated insurance plans had lower rates of early
surgery (50.1% [247 of 493] vs 57.4% [1429 of 2490], P = .01) than those with other
insurance plan types.

CONCLUSIONS AND RELEVANCE After considering all types of diverticulitis claims, 56.3%
(1720 of 3054) of elective resections for uncomplicated diverticulitis occurred after fewer
than 3 episodes. Earlier surgery was not explained by younger age, laparoscopy, time
between the last 2 episodes preceding surgery, or financial risk-bearing for patients. In
delivering value-added surgical care, factors driving early, elective resection for diverticulitis
need to be determined.
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A cute diverticulitis is one of the most common indica-
tions for hospitalization related to the gastrointesti-
nal tract, resulting in an estimated 300 000 admis-

sions and 1.5 million days per year of inpatient care.1,2 In recent
years, diverticulitis has also become one of the leading rea-
sons for outpatient visits,3 and outpatient management is be-
lieved to be 3 times more common than inpatient care.4 In car-
ing for patients with diverticulitis, surgeons have
conventionally offered elective colectomy for patients who re-
cover from a few initial episodes of diverticulitis to prevent re-
currence or progression of disease requiring an emergency
operation.5,6 However, in the last decade, professional surgi-
cal organizations have shifted their recommendations to de-
laying elective surgery until 3 or more episodes7-9 or, as of 2014,
to not using episode number to determine if resection should
be offered.1 In seeming disconnect with these guidelines, the
incidence of elective resection for diverticulitis more than
doubled.10-12 In addition, almost 1 in 3 contemporary opera-
tions occurs after only 1 or 2 uncomplicated episodes,13 rais-
ing questions about guideline adherence in these patients.

However, an important limitation of almost all prior
studies10-14 on practice patterns for elective surgery for diver-
ticulitis has been the focus on only hospitalized episodes of
care, most often because of available national and large-scale
data. This approach misses commonly occurring outpatient vis-
its for diverticulitis (emergency department or clinic care)3,4

or home care when patients refill prescriptions for oral anti-
biotics. Because of this limitation, it is not clear if recommen-
dations about delaying surgery1,7 are being adhered to or in
which groups earlier resection is more common.

Several factors have been suggested as drivers of early elec-
tive surgery for diverticulitis. Younger patients (often de-
scribed as ≤50 years) have historically undergone resection for
diverticulitis more often than older patients.10,15 While more re-
cent guidelines1,7 no longer recommended earlier resection in
younger patients, diverticulitis in the young has risen
significantly,10,11,15,16 and continued reliance on older guide-
lines may be an explanation. In addition, early elective resec-
tion may be attributable to increasingly offered laparoscopic col-
ectomyfordiverticulardisease,12 recommendedincontemporary
guidelines1 because of lower morbidity, shorter hospitaliza-
tion, and higher patient satisfaction.17 As seen with the intro-
duction of laparoscopic approaches to cholecystectomy, the
availability of less invasive technology can change the thresh-
old for recommending or accepting the recommendation to un-
dergo an operation.18,19 Still other explanations for early sur-
gery may relate to increasing recognition of patients with
“smoldering” (or nonrecovering) diverticulitis, who have per-
sistent or recurrent symptoms within short periods of stopping
antibiotictherapy.20,21 Finally,financialrisktothepatient’shealth
care delivery system (as with capitated insurance plans) or to the
patients themselves because of high deductibles and copay-
ments may influence health care decision making22 but has not
been evaluated in the context of early surgery for diverticulitis.

Given the apparent discordance between recommenda-
tions and trends in elective surgery, the objective of this study
was to describe nationwide practices related to earlier or later
surgery for uncomplicated diverticulitis using the Market-

Scan (Truven Health Analytics) databases, which include in-
patient, outpatient, and antibiotic prescription claims spe-
cific to the treatment of diverticulitis events. We hypothesized
that patients commonly undergo elective resection after fewer
than 3 preceding diverticulitis episodes and that this early sur-
gery is more common in younger patients, those having lapa-
roscopic procedures, those manifesting more frequent epi-
sodes, and those bearing more financial risk for their care.

Methods
This study was exempted from human participants review by
the University of Washington Institutional Review Board. Par-
ticipant informed consent was not required.

Data Sources, Study Design, and Patient Population
The MarketScan Commercial Claims and Encounters Databases
capture person-specific clinical use and expenditures across in-
patient and outpatient settings, including prescription data for
antibiotics. These data originate from a selection of large em-
ployers, health plans, and government and public organizations
and include data from 100 different payers, with more than 500
million claim records. Claims are linked longitudinally during
an individual’s enrollment in a given plan. Current Procedural
Terminology; International Classification of Diseases, Ninth Re-
vision; and Healthcare Common Procedure Coding System codes
found in these claim records are verified by Thomson Reuters
(New York, New York) and were used in definitions, as with prior
MarketScan studies.23,24 All codes are listed in the eAppendix
in the Supplement in the order that they were applied.

A retrospective cohort of adult patients (age range, 18-64
years) with a confirmed diagnosis of diverticulitis using Inter-
nationalClassificationofDiseases,NinthRevisiondiagnosticcodes
(562.11 and 562.13) and a prescription for antibiotics used to treat
diverticulitis was created using MarketScan claims from Janu-
ary 1, 2009, to December 31, 2012 (n = 403 996). To identify only
patients with an incident diagnosis of diverticulitis, patients who
were not continuously enrolled for at least 2 years or who had a
diverticulitis-related diagnosis or colorectal resection in the 2
years before the index claim for diverticulitis were excluded
(n = 300 603). This exclusion eliminated patients with Medi-
care supplemental insurance, whose primary Medicare claims
were not recorded. Because these data are administrative, im-
portant details are unavailable to inform why certain patients did
or did not undergo operations after recurrent episodes. To avoid
misinterpretation when comparing operative patients with non-
operative patients, the scope of this study was to evaluate only
those patients who had operations and to describe factors as-
sociated with earlier interventions. Accordingly, patients were
sequentially excluded for the following reasons: absence of col-
ectomy performed during the years of the study (n = 81 857);
presence of a diagnostic code associated with immunocompro-
mise at the time of the index diagnosis of diverticulitis
(n = 15 932); performance of emergency surgery, defined as op-
eration at the first episode or during subsequent emergency ad-
mission (n = 1325); and operations performed for complicated
diverticulitis, defined by fistula, gastrointestinal bleeding, peri-

Diverticulitis Episodes Before Resection and Earlier Interventions Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery July 2016 Volume 151, Number 7 605

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2015.5478&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5478
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2015.5478


Copyright 2016 American Medical Association. All rights reserved.

tonitis, stricture, or abscess requiring percutaneous drainage
(n = 1225). The final cohort included only 3054 nonimmuno-
compromised patients who underwent elective surgery after in-
cident, uncomplicated diverticulitis over the 4 years after the ini-
tial washout period (January 1, 2009, to December 31, 2012). The
dates of the analysis were July 2014 to May 2015.

Outcomes and Definitions
The primary outcome was early surgery, defined by fewer than
3 episodes of diverticulitis preceding surgical resection. Epi-
sodes of diverticulitis were characterized as inpatient, outpa-
tient, or antibiotic prescription only, according to claims de-
rived from inpatient admissions and services, facility fees,
outpatient services, and outpatient pharmaceutical claims. To
ensure the specificity for diverticulitis, episodes were defined
by both a diagnostic code for diverticulitis and a claim for diver-
ticulitis-specific antibiotics within 7 days (eAppendix in the
Supplement) as follows: (1) inpatient episode (≥1 diagnostic code
and ≥1 typical antibiotic prescription from claims related to in-
patient services), or (2) outpatient episode (≥1 diagnostic code
and ≥1 typical antibiotic prescription from claims related to out-
patient services), or (3) antibiotic prescription only (claims for
ciprofloxacin-metronidazole combination without another in-
patient, outpatient, or emergency department claim within 7
days in patients who had already had ≥1 inpatient or outpatient

index episode of diverticulitis). Multiple claims within a 6-week
period were considered part of the same episode. Emergency de-
partment visits that resulted in admission were categorized as
inpatient episodes or otherwise were considered outpatient care.

Demographic characteristics included age, sex, and geo-
graphic region of the policyholder (categorized as Northeast,
North Central, South, West, or unknown). To explore the ef-
fect of financial risk on early surgery, available insurance plans
were categorized into the following 3 groups with increasing
financial burden placed on the patient: (1) none or the lowest
patient burden, including health maintenance organization
(HMO) or capitated point-of service (POS) plans; (2) some
patient burden, including comprehensive plans, exclusive
provider organizations, noncapitated POS plans, and pre-
ferred provider organizations; and (3) highest patient burden,
including consumer-driven or high-deductible health plans.
Specific definitions for plans are available through a secure
site (http://marketscan.truvenhealth.com).25 To describe
comorbidities, the Charlson Comorbidity Index based on 12
months of claims before the index episode was calculated for
each patient according to the method by Quan et al.26

Statistical Analysis
Patient demographics and clinical characteristics were com-
pared between those having early surgery (<3 preceding epi-

Table 1. Characteristics of Patients Who Underwent Elective Colectomy for Diverticulitis From 2009 to 2012,
Stratified by Early Surgery, Late Surgery, and Total Cohorta

Variable

Surgery After
≥3 Episodes
(n = 1334)

Surgery After
<3 Episodes
(n = 1720)

Total
(N = 3054) P Valueb

Age, mean (SD), y 47.7 (8.2) 47.7 (8.4) 47.7 (8.3) .91c

Age ≥51 y, No. (%) 556 (41.7) 706 (41.0) 1262 (41.3) .73

Male sex, No. (%) 692 (51.9) 1007 (58.5) 1699 (55.6) <.001

Charlson Comorbidity
Index, No. (%)

0 846 (63.4) 1079 (62.7) 1925 (63.0)

.21
1 321 (24.1) 449 (26.1) 770 (25.2)

2 113 (8.5) 116 (6.7) 229 (7.5)

≥3 54 (4.0) 76 (4.4) 130 (4.3)

Insurance plan type,
No./row total No. (%)

HMO 228/456 (50.0) 228/456 (50.0) 456/456 (100)

.11

Capitated POS 18/37 (48.6) 19/37 (51.4) 37/37 (100)

Comprehensive 30/79 (38.0) 49/79 (62.0) 79/79 (100)

Exclusive provider
organization

11/25 (44.0) 14/25 (56.0) 25/25 (100)

Noncapitated POS 126/288 (43.8) 162/288 (56.3) 288/288 (100)

Preferred provider
organization

834/1965 (42.4) 1131/1965 (57.6) 1965/1965 (100)

Consumer-driven
health plan

49/102 (48.0) 53/102 (52.0) 102/102 (100)

High-deductible
health plan

11/31 (35.5) 20/31 (64.5) 31/31 (100)

Geographic region,
No./row total No. (%)

Northeast 280/583 (48.0) 303/583 (52.0) 583/583 (100)

<.001

North Central 338/755 (44.8) 417/755 (55.2) 755/755 (100)

South 454/1148 (39.5) 694/1148 (60.5) 1148/1148 (100)

West 219/444 (49.3) 225/444 (50.7) 444/444 (100)

Unknown 43/124 (34.7) 81/124 (65.3) 124/124 (100)

Abbreviations: HMO, health
maintenance organization;
POS, point of service.
a Early surgery is defined as fewer

than 3 diverticulitis episodes before
resection based on inpatient,
outpatient, and antibiotic
prescription claims.

b Unless otherwise stated, P values
are calculated using the Pearson χ2

test for difference in frequency
between early and delayed surgery.

c P value is calculated using the
2-sample Wilcoxon rank sum
(Mann-Whitney) test for difference.
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sodes) and delayed surgery (≥3 preceding episodes). We an-
ticipated that the sensitivity for capturing additional episodes
of diverticulitis would increase with additional claims catego-
ries and made an a priori consideration that a counting tech-
nique using all available episode types would serve for the pri-
mary analysis of factors associated with earlier surgery. The
number of days between the last 2 episodes was calculated for
patients with 2 or more episodes preceding surgery. Age, lapa-
roscopy, insurance plan types, and days between the last 2 epi-
sodes preceding surgery were compared between those pa-
tients having early and delayed surgery in a univariable fashion
using inpatient, outpatient, and antibiotic prescription claims
to define episodes.

Categorical variables were summarized using frequency dis-
tributions and were compared using the Pearson χ2 test. Con-
tinuous variables were summarized using means (SDs) and were
compared using the Wilcoxon rank sum (Mann-Whitney) test.
Because the expected outcome (early surgery) prevalence was
high (>10%) and because odds ratios can overstate the effect in
studies with nonrare outcomes,27 factors associated with early
surgery on multivariable regression were reported as relative risk
(RR). The RR estimates were derived with Poisson regression
models using robust, sandwich-style variance estimators un-
der the generalized linear model framework using logarithms
as the natural link function. Sandwich-style variance estima-
tors provide consistent estimates of the covariance matrix even
when a parametric model fails to hold. These model estimates
are believed to be more appropriate for common outcomes and
less susceptible to the influence of outlier data.27,28 Factors in-
cluded in the multivariable model were selected because they
were a priori hypotheses for earlier surgery (younger age, co-
morbidity, laparoscopy, and financial burden) or because they
were significant in univariable analysis (sex and geographic re-
gion). Age 51 years was the cutoff for the cohort, selected be-

cause 50 years or younger had been the prior definition of
younger patients with diverticulitis.1 P < .05 was considered sta-
tistically significant. All analyses were performed using statis-
tical software (Stata, version 13; StataCorp LP).

Results
Of 87 461 immunocompetent patients having incident diver-
ticulitis between January 1, 2009, and December 31, 2012, a
total of 5604 (6.4%) underwent a resection. The characteris-
tics of 3054 nonimmunocompromised patients (mean [SD] age,
47.7 [8.3] years; 55.6% [n = 1699] male) who underwent elec-
tive resection for uncomplicated diverticulitis are listed in
Table 1. All patients in the cohort had at least 2 years of con-
tinuous insurance plan enrollment, with a mean enrollment
of 2.8 years, and 60.4% (n = 1845) of patients having 3 or more
years of continuous enrollment. While rates of early surgery
did not differ across all health insurance plans (P = .11), the 2
insurance plans with capitated services had the lowest fre-
quencies of early surgery (50.0% [228 of 456] for HMO and
51.4% [19 of 37] for capitated POS). Rates of early surgery also
differed by geographic region (P < .001), with policyholders in
the South having early surgery 60.5% (694 of 1148) of the time.

Before elective surgery, patients had a mean (SD) of 1.0 (0.9)
inpatient claims, 1.5 (1.5) outpatient claims, and 0.5 (1.2) anti-
biotic prescription claims (Figure). Using more claim types in-
creased the apparent number of episodes before surgery, so that
the mean (SD) number of any episode (inpatient, outpatient, or
antibiotic prescription claim only) was 3.8 (2.0). Early resec-
tion occurred in 56.3% (1720 of 3054) of patients based on all
types of claims (Table 2) but occurred in 94.9% (2897 of 3054)
if inpatient claims only were considered and occurred in 80.5%
(2459 of 3054) if inpatient and outpatient claims only were con-
sidered. Patients having early surgery were similar in age to those
having delayed surgery (P = .73) and had laparoscopy less fre-
quently (65.1% [1120 of 1720] vs 70.8% [944 of 1334] in de-
layed surgery, P = .001). The mean (SD) time between the last
2 episodes of diverticulitis preceding surgery for all patients was
119 (116) days. The time between the last 2 episodes was longer
in patients having early surgery compared with patients hav-
ing delayed surgery (mean [SD], 157 [176] vs 96 [135] days;
P < .001). Patients with HMO or capitated insurance plans had
lower rates of early surgery (50.1% [247 of 493] vs 57.4% [1429
of 2490] than those with other insurance plan types, P = .01).

The independent factors associated with early surgery are
listed in Table 3. Male sex (RR, 1.07; 95% CI, 1.02-1.13; P = .004)
and Charlson Comorbidity Index of 1 (RR, 1.06; 95% CI, 1.02-1.11;
P = .003) were independent predictors of early surgery. Geo-
graphic region remained a predictor of early surgery regardless
of how episodes were counted (P < .001 for all). Age 51 years or
older (P = .10), laparoscopy (P = .11), and HMO or capitated insur-
ance plans (P = .07) were no longer significant after adjustment.

Discussion
The incidence of elective colectomy more than doubled,10-12

despite professional guidelines recommending delaying or,

Figure. Number of Diverticulitis Episodes Before Resection Based
on Types of Claims
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Data are given as means (SDs). Before elective diverticulitis surgery, patients
had 1.0 (0.9) inpatient claims, 1.5 (1.5) outpatient claims, and 0.5 (1.2) antibiotic
prescription claims on average. If considering both inpatient and outpatient
claims, patients had 2.4 (1.6) episodes before surgery. If considering all 3 claim
types, they had 3.8 (2.0) episodes before surgery.
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more recently, avoiding elective surgery for uncomplicated
diverticulitis.1,7 However, by focusing only on hospitalized epi-
sodes of diverticulitis, this prior research has been limited in
answering fundamental questions about proportions of opera-
tions that are guideline adherent and factors that might moti-
vate earlier resection. In this study, after considering inpa-
tient, outpatient, and antibiotic prescription claims, 56.3% (1720
of 3054) of elective surgery for diverticulitis occurred in pa-
tients with fewer than 3 episodes. Although professional soci-
ety guidelines for elective resection have been in flux over the
last 20 years,1,5-7 the data included in this study reflect a steady-
state period for guidelines related to elective resection and ren-
der the study of early surgery during this time window appro-
priate in assessing guideline adherence. Within this context,
the suspected drivers of early elective surgery (younger age,
laparoscopy, more frequent episodes, and personal financial
risk) were not found to be associated with earlier operations
for diverticulitis.

Despite contemporary guidelines no longer recommend-
ing earlier operation in patients 50 years or younger with
diverticulitis,1,7 debate persists about whether younger pa-
tients have more severe diverticulitis,14-16,29,30 whether the ef-
fect of the disease on their lives and quality of life is greater,17

and whether physicians are making decisions about surgical
treatments based on these patients’ comparatively good health
or longer life expectancy. This debate is particularly relevant be-
cause most elderly patients with newly diagnosed diverticuli-
tis do not have recurrences and do not undergo operations for
their disease.31 The rate of operations in that cohort of Medi-
care patients was more than double the rate we report (14.0%
in that study vs our rate of 6.4% [5604 of 87 461 before inclu-
sion and exclusion criteria were fully applied]), likely because
the recommendations during that time were for early elective
surgery. While our study excluded patients 65 years or older be-
cause Medicare claims were not captured using this data set, the
age distributions of included patients (age range, 18-64 years)
did not differ between those who had early vs delayed surgery.
Although our findings cannot be extrapolated to the older popu-
lation, the mean age of patients hospitalized with diverticulitis

in national inpatient sample analyses is 59 to 61 years,10,11 im-
plying that this study’s population is similar to other national
samples and is particularly relevant to understanding the sur-
gical treatment patterns in the growing young population with
diverticulitis. In this context, our findings challenge the notion
that younger age is the reason for earlier elective surgery.

In addition, we postulated that the threshold to recom-
mend and undergo surgical resection for diverticulitis might be
lowered by the availability of laparoscopy. This hypothesis origi-
nated from evidence that (in the United States32,33 and in other
countries34) greater use of laparoscopic resection has been as-
sociated with higher rates of elective surgery for diverticulitis.
However, this association was not borne out in our study when
outpatient and antibiotic prescription–only episodes were
added. These findings corroborate the results of a recent large
cohort by our group35 suggesting that episode number should
not drive the decision to approach diverticulitis resection lapa-
roscopically. Alternatively, the findings in this study may re-
flect a steady state in laparoscopic colectomy for diverticulitis
because the data are from years during which the incidence of
elective surgery for diverticulitis seems to have leveled off.12 The
years in which elective surgery had the greatest rise (the early
2000s) predated the availability in 2008 of laparoscopic colec-
tomy procedure codes to investigate this question.12,33

Given the substantial discrepancies in how episodes are
counted, a better approach to determining the actual clinical bur-
den of diverticulitis on patients may be evaluation of the healthy
time between episodes. A normal interval between episodes has
not been described, to our knowledge. Similarly, a time-based
interval definition of smoldering diverticulitis has not been
proposed.21 Rather, this recognized entity is defined by rebound
symptoms when the treatment is withdrawn or more rapid re-
currence of diverticulitis than occurs in typical patients. We ex-
amined this phenomenon by studying the time between the last
2 episodes of diverticulitis preceding surgery but did not find
shorter intervals in patients having earlier resection.

Finally, this study explored the burden of financial risk to
patients and their health care delivery systems associated with
the use of earlier surgery. It has previously been suggested that

Table 2. Characteristics of Patients Who Underwent Delayed vs Early Elective Colectomy for Diverticulitis From 2009 to 2012 Based on Inpatient,
Outpatient, and Antibiotic Prescription Claimsa

Variable
Surgery After ≥3 Episodes
(n = 1334)

Surgery After <3 Episodes
(n = 1720) P Valueb

Age ≥51 y, No. (%) 556 (41.7) 706 (41.0) .73

Laparoscopy, No. (%) 944 (70.8) 1120 (65.1) .001

Time between the last 2 episodes preceding surgery, mean (SD), d 96 (135) 157 (176) <.001c

Insurance plan type, No./row total No. (%)

HMO or capitated POS 246/493 (49.9) 247/493 (50.1)

.01Low out-of-pocket expensesd 1001/2357 (42.5) 1356/2357 (57.5)

High out-of-pocket expensese 60/133 (45.1) 73/133 (54.9)

Abbreviations: HMO, health maintenance organization; POS, point of service.
a Early surgery is defined as fewer than 3 diverticulitis episodes before resection

based on specific claim types.
b Unless otherwise stated, P values are calculated using the Pearson χ2 test for

difference in frequency between early and delayed surgery.
c P value is calculated using the 2-sample Wilcoxon rank sum (Mann-Whitney)

test for difference. For inpatient, outpatient, and antibiotic prescription

claims, 1298 patients had 3 or more diverticulitis episodes before resection,
and 727 patients had fewer than 3 diverticulitis episodes before resection.

d Noncapitated plans with low out-of-pocket expenses include comprehensive
plans, noncapitated POS plans, preferred provider organizations, and
exclusive provider organizations.

e Noncapitated plans with high out-of-pocket expenses include
consumer-driven health plans and high-deductible health plans.
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patients who have insurance plan types with high out-of-
pocket expenses choose care differently from those who do not
bear risk22,36,37 (in particular, choosing less appropriate and in-
appropriate care than those with less direct financial risk). We
theorized that patients who had greater financial risk would
be less likely to undergo early resection, gambling that the less
expensive outpatient visits would be less risky than choosing
a certain, larger cost for inpatient surgery. We found no asso-
ciation of high-deductible and high-copayment insurance plan
types with early surgery for diverticulitis. Furthermore, we
found that patients covered by plans with capitated features,
such as HMOs, had the lowest rates of early surgery. It might
follow that these patients were exposed to decision making that
prevented unnecessary costs to the delivery system, such as
earlier surgery.38 Independent of the interpretation, these find-
ings highlight the persistent evidence gap that exists in iden-
tifying which aspects of disease burden are most influential
in determining patients’ and surgeons’ willingness to pro-
ceed with early elective surgery. Recently, a diverticulitis-
specific quality-of-life instrument was developed, but it has
yet to be formally applied to surgical patients.39 This type of
assessment, rather than counts of episodes, may better relate
patient decision making about elective surgery.

Several limitations of this study should be considered. First,
the MarketScan databases are drawn from a large conve-

nience sample, predisposing the data to biases and limiting the
generalizability. For instance, because the data mostly origi-
nate from insurance plans related to large employers, patients
receiving health insurance through medium and small firms,
as well as the self-insured, are underrepresented. Second, a
2-year washout period may still be insufficient to avoid mis-
classifying index and recurrent episodes. While the ideal wash-
out period required to establish a true inception cohort is not
clear, 2.8% (84 of 3054) of recurrences in this cohort occurred
after more than 2 years, so this washout definition was se-
lected. Third, while we used diagnostic codes to eliminate pa-
tients with complicated diverticulitis, these patients are not re-
liably coded in administrative databases. The misclassification
of recurrent episodes of diverticulitis as incident cases or the
misclassification of complicated episodes as uncomplicated
ones may falsely elevate the number of patients having early
surgery but would not be expected to differ across the vari-
ables of interest (eg, laparoscopic surgery). Fourth, broaden-
ing the definition of a diverticulitis episode beyond inpatient
claims may increase the sensitivity of the counting method, but
it is unclear how specific that approach may be. To address this
limitation, we included antibiotic prescriptions to help define
outpatient episodes. Furthermore, we included antibiotic pre-
scription–only episodes—perhaps the least specific of all—but
only after an index inpatient or outpatient episode because this
factor is reported as a common scenario in clinical care. Over-
all, this group remains one of the largest cohorts of patients un-
dergoing elective resection for diverticulitis, allowing longitu-
dinal assessment of episode count, and we believe that these
limitations are balanced by the strengths of the study.

Conclusions
After considering inpatient, outpatient, and antibiotic pre-
scription–specific episodes, 56.3% (1720 of 3054) of all elec-
tive surgery for uncomplicated diverticulitis in privately in-
sured patients still occurred after fewer than 3 episodes. The
use of laparoscopy does not appear to be a driver of earlier sur-
gery, nor does younger age, more frequent episodes, or per-
sonal financial risk. Patient factors that were not tested in this
study, including the burden to the patient’s quality of life or
anxiety about future episodes, may be important in decision
making related to early surgery. Similarly, surgeon training, lo-
cal practice and referral patterns, strongly held beliefs, and
other clinical factors not assessable by this study may also drive
these patterns and explain some of the regional variation we
found. In our nation’s quest to deliver higher-value health care,
understanding what constitutes appropriate care for a grow-
ing population of patients with diverticulitis and encourag-
ing adherence to appropriateness criteria are critical. These data
suggest that there is a strong need for fundamental research
in this setting.
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