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Randomized Pilot Test of a Decision Support Tool
for Acute Appendicitis

Decisional Conflict and Acceptability in a Healthy Population
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Obijective: To test the effect of a new decision support tool for acute appendicitis and assess its efficacy and acceptability. \
Background: Mounting evidence from randomized controlled trials have shown that antibiotics can be a safe and effective treat-
ment for appendicitis. Patients and surgeons must work together to choose the optimal treatment approach for each patient based
on their own preferences and values. We developed a decision support tool to facilitate shared decision-making for appendicitis and
its effect on decisional outcomes remains unknown.

Methods: \We conducted an online randomized field test in at-risk individuals comparing the decision support tool to a standard info-
graphic. Individuals were randomized 3:1 to view the decision support tool or infographic. The primary outcome was the total deci-
sional conflict scale (DCS) score measured before and after exposure to the decision support tool. Secondary outcomes included
between-group DCS scores, and between-group comparisons of the acceptability.

Results: One hundred eighty individuals were included in the study. Total DCS scores decreased significantly after viewing the deci-
sion support tool (59 [95% confidence interval (Cl): 55-63] to 15 [95% ClI: 12-17], P < 0.001) representing movement from a state
of high to low decisional conflict. Individuals exposed to the decision support tool reported higher acceptability ratings (3.7 [95% Cl:
3.6-38.8] vs 3.3 [95% Cl: 3.2-3.5] out of 4) and demonstrated increased willingness to consider both treatment options.
Conclusions: These data support the further use and testing of this novel decision support tool in patients with acute appendicitis.
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INTRODUCTION

Appendicitis has traditionally been treated with appendectomy,
but randomized controlled trials have demonstrated the safety
and efficacy of antibiotics.'” In particular, the Comparison of
Outcomes of Antibiotic Drugs and Appendectomy (CODA)
trial found that surgery and antibiotics had similar impacts
on patient-reported quality of life and time to symptom reso-
lution.! However, the 2 treatments can differ with respect to
other outcomes that patients and clinicians may prioritize dif-
ferently.® Given that multiple competing outcomes must be con-
sidered—and the reality that appendicitis treatment decisions
occur in acute settings between patients and clinicians without
long-standing relationships—materials and interventions that
support informed shared decision-making are needed.”

We used the results from CODA to develop a novel appen-
dicitis decision support tool (DST, Fig. 1, www.appyornot.org),
which has been described previously.® DSTs or decision aids
are a class of tools that can support decision-making between
patients and healthcare providers by providing evidence-based
information, exploring patient preferences and values, and facil-
itating value-concordant decisions.” They may be particularly
helpful for decisions where no clear “best choice” exists, such as
for the many patients with acute appendicitis. Our appendicitis
DST consists of an informational video and interactive decision
aid to help patients understand differences in outcomes between
surgery and antibiotics and select the treatment that best aligns
with their preferences and values. In this article, we present the
results of a pilot study that assesses (1) the impact of the DST
on decisional conflict, a measure of uncertainty and (2) whether
the DST is acceptable to patients and promotes informed con-
sideration of multiple treatment options. The goal of this study
was to ensure that the DST decreases decisional conflict after
viewing it, and to assess participants opinions of its use in deci-
sion-making to justify further clinical testing and deployment.
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A Number of days of work that people like you will miss in the next 3 months:
Surgery
8.7 days
Antibiotics
5.3 days
——— N TN W

C What Matters Most to You?
Both treatments have the same chance of:

« Feel better as soon as possible
You ranked this: Somewhat Important

Surgery is better for:

* Reduce chance of being readmitted to the hospital

* You ranked this: Extremely Important

* Reduce chance of needing a drain put into your belly to remove infection
* You ranked this: Somewhat Important

* Reduce chance of having appendicitis again

* You ranked this: Somewhat Important

Antibiotics are better for:

« Reduce chance of missing more days of work

* You ranked this: Not Important

« Reduce chance of having your caregiver {someone who heips care for you) miss more
days of work

* You ranked this: Extremely Important

* Reduce chance of having surgery

* You ranked this: Somewhat Important

B What matters most to you?
Some things that people think about when deciding on which treatment for appendicitis
are listed below. Please indicate how important each one is to you.

Not Important Somewhat Important Extremely Important
Feeling better as soon
as possible O O] O
Reducing chance of
being readmitted to (@] o O

the hospital

Reducing chance of

needing a drain put

into your beily to o o o
remove infection

Reducing chance of
having appendicitis (@] (@) (@]
again

FIGURE 1. Screenshots from DST (A) graphical comparison of an outcome using point estimates and confidence intervals.B, Preference elicitation screen
where users rank which outcomes are most important to them. C, Screen showing which outcomes are most likely to be favored by surgical or antibiotic

treatment.

METHODS demographic and health history questions as well as a 3-item
. f objecti o

Study Population test of objective numeracy.

We used Amazon’s Mechanical Turk (MTurk) to test the DST
in US adults without a history of appendicitis. MTurk workers
with an approval rating of at least 95% and at least 50 prior
completed tasks were invited to participate until the maximum
specified number of participants was reached. Participants are
an at-risk population since appendicitis is a common acute
surgical condition in US adults in the typical age range of
MTurk users.®!® The University of Washington institutional
review board exempted this study. Individuals were paid $5 for
participation.

Survey Quality Control

We implemented a Completely Automated Public Turing Test
to Tell Computers and Humans Apart (CAPTCHA) test, an
attention-check question at the end of the survey, and manual
review of survey responses for duplicate MTurk IDs. To ensure
that participants viewed the entire DST, we required those in the
DST arm to enter a passcode displayed at the end of the DST.

Description of Survey

Participants were randomized in a 3:1 ratio to the view the DST
(www.appyornot.org) or a standardized infographic (http://bec-
ertain.org/coda-infographic). The infographic provided basic
information about appendicitis and treatment options without
the detailed discussions, comparisons, and value-clarification
activities present in the DST. The infographic is an appropriate
comparator in this online setting since it provides information
but does not incorporate many of the hallmarks of a true deci-
sion aid such as values clarification exercises, clarification of the
decision to be made, or multiple formats (eg, graphical, numer-
ical) for representing the outcomes. Participants also answered

Outcomes

The primary outcome was the change in the decisional conflict
scale (DCS) score in the DST arm before and after viewing
the DST. Decisional conflict is a “state of uncertainty about
a course of action”!? and the DCS is a validated instrument
used in multiple studies to measure it.”!* The DCS has been
used as the primary outcome in many studies evaluating deci-
sion support interventions,” has well-characterized psycho-
metric properties,'> and is highly relevant to the proximate
experience of conflict and confusion while making a deci-
sion in the emergency department—aspects that we hope the
DST will address. The DCS has subscales, including feeling
informed, values clarity, feeling uncertain, feeling supported,
and making an effective decision, scored out of 100. Lower
scores represent less decisional conflict with scores >37.5 con-
sidered to reflect very high decisional conflict.'>!'* We used a
modified version of the DCS excluding the Support subscale
and a question about “sticking with my decision” from the
Effective Decision subscale, as these were not relevant to our
scenario. Scores were re-scaled per instructions in the DCS
User Manual.'?

Secondary/exploratory analyses included between-arm com-
parisons of the DCS, decision aid acceptability (4-point scale),
and perceptions of trust and accuracy in the information
(5-point scale). Acceptability of a DST refers to “ratings regard-
ing the comprehensibility of components of a decision aid, its
length, ... balance in presentation of information about options,
and overall suitability for decision making.”'®

Parameters are reported with 95% confidence intervals (ClIs).
We calculated P values using t-tests for the main outcomes spec-
ified above. An alpha of 0.05 was used for statistical signifi-
cance. This study followed the American Association for Public
Opinion Research reporting guidelines for survey studies (see
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Table S1, for checklist, http:/links.lww.com/AOSO/A175).
This study was retrospectively registered on ClinicalTrials.gov
(NCT05219786).

RESULTS

Two hundred ten individuals opened the survey. Ten were
screened out after indicating that they were an employee of the
University of Washington and 6 were removed due to duplicate
responses leaving 194 participants who passed quality control
and completed the survey. Fourteen reported or were unsure
about a prior diagnosis of appendicitis and were excluded from

TABLE 1.

Participant Characteristics.

Infographic ~ DST

Variable Level n=48 n=132
Age, mean (SD) 38.5(10.4) 40.4 (11.8)
Sex
Female 17 (35.4) 54 (40.9)
Male 30(62.5 78(59.1)
Prefer not to say 1.1 0(0.0)
Gender identity
Female 17 (35.4) 54 (40.9)
Male 30625 78(59.1)
Other 1(.1) 0(0.0)
Racial identity
Black/African American 3.2 10(7.6)
East Asian 3(6.2 8(6.1)
Multiple identities 2(4.2) 5(3.8)
Other 0(0.0) 3(2.3)
South Asian 1(2.1) 2(1.5)
Unknown 1@2.1) 0(0.0)
White 38(79.2) 104 (78.8)
Ethnicity
Hispanic/Latino/Latinx 3(6.2) 5(3.8)
Non-Hispanic/Latino/Latinx 44.(91.7) 126 (95.5)
Prefer not to say 1(@2.1) 1(0.8)
Education level
2-year college degree 483 13(9.9
4-year college degree 21(43.8) 57 (43.2)
Graduate degree 7(146) 9(6.8)
High school/ GED 6(12.5) 23(17.4)
Some college 9(18.8) 28(21.2)
Some high school 0(0.0) 2(1.5)
Unknown 1(2.1) 0(0.0)
Insurance
Employer-provided insurance 25(52.1) 56 (42.4)
Government 2(4.2) 3(2.3
MediCAID 5(10.4) 17(12.9)
MediCARE 242 10(7.6)
Not insured 8(16.7) 18(13.6)
Other 2(4.2) 4(3.0)
Private insurance 483 24(18.2)
Employment status
Employed full-time 32(66.7) 84 (63.6)
Employed part-time 6(12.5) 17(12.9)
Prefer not to say 1@2.1) 0(0.0)
Retired 0(0.0) 5(3.8)
Self-employed 6(12.5) 21(15.9)
Student 24.2) 0(0.0)
Unemployed (looking for work) 1@.1) 4(3.0)
Unemployed (not looking for work) 0 (0.0) 1(0.8)
Annual household income
<$25,000 8(16.7) 20(15.2)
>$100,000 9(18.8) 12(9.1)
$25,000-$50,000 12 (25.0) 43(32.6)
$50,001-$75,000 13(27.1) 33(25.0)
$75,001-$100,000 5(10.4) 23(17.4)
Prefer not to say 1(@2.1) 1(0.8)
Objective numeracy, mean Max score = 3 2409 23(0.8

(SD)

www.annalsofsurgery.com

the analysis (one in the infographic arm, 13 in the DST arm).
Among 180 participants in the final analysis, demographics were
well-balanced between study arms (Table 1). At the start of the
study, most individuals in both arms knew that appendicitis was
commonly treated with surgery (88% [95% CI = 74%-95%]
infographic, 90% [95% CI = 83%-94%] DST), while a few were
aware that antibiotics were a treatment option (12% [95% CI =
5%-26%] infographic, 6% [95% CI = 3%-12%] DST).

Primary Analysis: Pre- Versus Postcomparison of
Decisional Conflict

The mean total DCS score decreased from 59 (95% CI=55-63)
to 15 (95% CI=12-17) (p<0.001) after viewing the DST, moving
from a very high to a low state of decisional conflict.”> DCS
scores decreased across all subscales (Table 2). Participant’s
knowledge of appendicitis improved after viewing the DST (3.4
[95% CI = 3.3-3.5] vs 2.0 [95% CI = 1.8-2.2] out of 4).

Exploratory Analysis: Between-Arm Comparisons

Baseline DCS were similar between DST (59, SD = 22.6) and
infographic (53, SD = 26.4) arms. Compared to the infographic,
the DST had higher acceptability ratings (3.7 [95% CI = 3.6—
3.8] vs 3.3 [95% CI = 3.2-3.5] out of 4), and was associated
with greater perceived trust in (4.5 [95% CI = 4.4-4.7] vs 4.3
[95% CI = 4.1-4.5] out of 5, P = 0.02) and accuracy of (4.7
[95% CI=4.6-4.8] vs 4.4 [95% CI=4.2-4.6] out of 5, P = 0.005)
information. Knowledge scores were similar between groups
(Table 2). The mean total DCS score was 15 (95% CI = 12-17)
for the DST and 18 (95% CI = 13-23) for the infographic
(P =0.14). The effect size (defined as the mean difference divided
by the pooled standard deviation) for the total DCS score was
0.25(95% CI = -0.08 to 0.58).

Participants were asked their opinions about treating appen-
dicitis with antibiotics and surgery (Table 3). More partici-
pants who viewed the DST thought that it is a good idea to
treat appendicitis with antibiotics compared to those viewing
the infographic (71% [95% CI = 63%-79%] vs 48% [95%
CI = 34%-63%]). When grouping those who agreed or com-
pletely agreed, 98% [95% CI = 93%-99%] of those viewing the
DST felt it was safe to treat appendicitis with antibiotics com-
pared to 79% [95% CI = 65%—-89%] viewing the infographic.
Additionally, 77% [95% CI = 68%-83%] of those viewing the
DST felt antibiotics would work for them if they had appendi-
citis compared to 65% [95% CI = 49%-77%| of those viewing
the infographic. When asked which treatment they would choose
if they developed appendicitis 51% [95% CI = 42%-60%] of
those viewing the DST chose antibiotics compared to 38%
[95% CI = 24%-54%] of those viewing the infographic.

DISCUSSION

In this pilot study, a novel DST for acute appendicitis decreased
decisional conflict among those viewing it by a clinically

TABLE 2.

Pre- Versus Postexposure Comparisons in the Group Who
Viewed the DST

Preexposure to DST Postexposure to DST

(Mean (95% Cl)) (Mean (95% Cl)) P
Knowledge 2.0(1.8,2.2) 3.4(3.3,3.5
DCS total 59 (65, 63) 15(12,17) <0.001
DCS informed subscale 52 (49, 55) 119,13
DCS values clarity subscale 60 (55, 65) 13(11,16)
DCS uncertainty subscale 67 (62, 72) 20 (16, 23)
DCS effective decision 57 (652, 61) 14 (11,16)

subscale
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TABLE 3.

Between-Arm Comparisons of Postexposure Outcomes

Infographic DST
Outcome Levels n=1438 n=132
Proportion who would choose antibiotics (n (% [95% CI])) 18 (38% [24%, 53%]) 67 (51% [42%, 60%))
Do you think the presentation of data was slanted?
Antibiotics 2 (4% [0.7%, 15%)]) 13 (10% [6%, 17%)])

Knowledge, mean [95% CI]

DCS total, mean [95% Cl]

DCS informed subscale, mean [95% Cl]

DCS values clarity subscale, mean [95% Cl]

DCS uncertainty subscale, mean [95% Cl]

DCS effective decision subscale, mean [95% Cl]

Do you think it is a good idea to treat appendicitis with antibiotics?

It is safe to treat appendicitis with antibiotics

It is safe to treat appendicitis with surgery

If I had appendicitis, antibiotics would work to treat it

If I had appendicitis, | would be willing to try antibiotics

Balanced (no slant)
Surgery (appendectomy)

No
Not sure
Yes

Completely disagree
Moderately disagree
Neither agree nor disagree
Moderately agree
Completely agree

Completely disagree
Moderately disagree
Neither agree nor disagree
Moderately agree
Completely agree

Completely disagree
Moderately disagree
Neither agree nor disagree
Moderately agree
Completely agree

Completely disagree
Moderately disagree
Neither agree nor disagree
Moderately agree
Completely agree

43 (90% [77%, 96%))
3 (6% [2%, 18%))
33[3.1,3.5]
18.1 [13, 23]
12.519,16]
16.3 11, 21]
23.3[17, 29]
20.1 [14, 26]

9 (19% [9%, 33%))
16 (33% [21%, 49%))
23 (48% [34%, 63%))

1(2% [0.11%, 12%))
3(6.2% [1.6%, 18%))
6 (12% [5.2%, 26%))
26 (54% [39%, 68%))
12 (25% [14%, 40%))

1(2.1% [0.11%, 12%
0 (0% [0.00%, 9.2%]
3(6.2% [1.6%, 18%]
16 (33% [21%, 49%]
28 (58% [43%, 72%]

)

1(2.1% [0.11%, 12%))
7 (15% [6.5%, 28%))
9 (19% [9.4%, 33%))
26 (54% [39%, 68%))
5 (10% [3.9%, 23%))

3(6.2% [1.6%, 18%))
9 (19% [9.4%, 33%))
1(2.1% [0.11%, 12%))
25 (52% [37%, 66%))
10 (21% [11%, 35%))

115 (87% [80%, 92%))
4 (3% [1%, 8%))
3.4[3.3,3.5]
14.6 [12,17]
11.419,13]

13.3 111, 16]
19.8[16, 23]
13.8[11, 16]

17 (13% [8%, 20%])
21 (16% [10%, 25%])
94 (71% [63%, 79%))

0 (0% [0.00%, 3.5%])

2 (1.5% [0.26%, 5.9%))
1(0.8% [0.04%, 4.8%))
69 (52% [43%, 61%))
60 (45% [37%, 54%))

0 (0% [0.00%, 3.5%])
1(0.8% [0.04%, 4.8%))
3(2.3% [0.59%, 7.0%))

60 (45% [37%, 54%))

68 (52% [43%, 60%))

1(0.8% [0.04%, 4.8%])
4(3.0% [1.0%, 8.1%])
26 (20% [13%, 28%))
74 (56% [47%, 65%))
27 (20% [14%, 29%))

4(3.0% [1.0%, 8.1%])
16 (12% [7.3%, 19%))
11 (8.3% [4.4%, 15%])
41 (31% [23%, 40%))
60 (45% [37%, 54%))

Values are reported as (%, [95% Cl]) unless otherwise specified.

meaningful amount. Compared to a publicly available info-
graphic summarizing recent study results, the DST achieved
higher acceptability, trust, and accuracy ratings. Pilot studies such
as this are important to ensure that a new DST has the intended
effect on decisional outcomes, is acceptable to the intended users,
and adequately informs users about novel treatments.

The DST moved DCS scores by a large magnitude from high to
low decisional conflict across all subscales, indicating that the DST
addressed multiple domains of decisional conflict. It is notable that
this occurred in a testing environment where most participants
were unaware of one of the treatment options before using the
DST, and where no other information sources (eg, conversations
with a surgeon) were available. When compared with the info-
graphic, the effect size of 0.25 [95% CI -0.08 to 0.58] is like those
seen in other studies of DSTs.”!2 A formal trial to test for a differ-
ence of this magnitude would require approximately 500 partici-
pants. Irrespective of the effect size, the practical implications of a
difference between already low DCS scores may not be clinically
meaningful. We interpret these results to indicate that a more com-
plex tool (DST) achieved very low DCS scores while being rated as
more acceptable, useable, and trustworthy by participants. This is
a promising signal that patients may find the DST usable in clinical
environments and supports future clinical testing.

The DST informed patients about antibiotics and was asso-
ciated with increased perceptions of the safety and efficacy of

antibiotics without being perceived as biased. Since few patients
knew that antibiotics are a treatment for appendicitis at the
start of the survey, increased willingness to consider them indi-
cates that the DST encouraged informed consideration of both
treatment options. The DST achieved this without concomitant
perceptions that the tool biased decisions toward either surgery
or antibiotics. It is possible that increased trust and accuracy
ratings among participants viewing the DST contributed to their
willingness to consider an alternative treatment option.

These results are in line with evidence for a wide array of
other DSTs which have been broadly found to increase knowl-
edge and decrease decisional conflict in participants using
them.>!'®!” Notably, most existing decision aids or DSTs have
focused on decisions made in elective settings such as perina-
tal testing, cancer screening, or breast reconstruction options
after mastectomy and not in acute surgical conditions.”'” One
potential limitation of applying these technologies in acute sur-
gical conditions is that while DSTs can be somewhat tailored
to pre-specified patient characteristics (eg, appendicolith vs no
appendicolith in the present case) they cannot capture all of the
nuance and complexity of each unique patients (eg, comorbidi-
ties, prior surgeries, disease characteristics, etc) that may affect
surgical risk and treatment decision-making. Thus, it is crucial
that they be used as a complement to thorough discussions with
a surgeon, and a single tool will not be appropriate for use in
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all patients. Additionally, the acute care setting may introduce
logistical barriers to the implementation of a DST—such as time
pressures, resource and workflow constraints, and patient fac-
tors such as acute pain that may interfere with the desire or abil-
ity to engage in shared decision-making with or without a DST.”
While the present study provides pilot data for applying this
intervention to an acute surgical condition, further testing will
be required in patients with acute appendicitis to assess the effi-
cacy and feasibility of delivering this intervention to individuals
with an acute surgical condition in the emergency department.

Study limitations include insufficient power to detect between-
arm differences and the use of an at-risk versus actively ill popu-
lation. MTurk users differ from the general population in terms
of demographic and health status, which may affect the general-
izability of results.'® However, we believe that this is an appro-
priate venue for initial pilot testing of a DST, particularly since
the tool must act on its own (ie, without additional healthcare
provider interaction) demonstrating its independent marginal
benefit. Furthermore, given the randomized design for assessing
between-arm differences in acceptability and perceptions of the
DST, we believe the marginal differences between groups still
provide valid and inference for justifying the further develop-
ment and use of this tool in clinical populations. Finally, we used
a publicly available infographic as a comparator, which elimi-
nates the variability inherent in real clinical discussions. Based
on our typical experiences, the infographic contains more infor-
mation than is typically provided by clinicians, which if anything
may have biased between-arm comparisons toward the null.

In conclusion, in a randomized pilot test, a novel DST for
acute appendicitis decreased decisional conflict, was highly
acceptable to users, and encouraged consideration of antibiotics
as a treatment approach. These results are promising and sup-
port the implementation and testing of this DST and its effect on
clinical decision-making among patients with acute appendicitis.
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