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Abstract

Traditionally, children presenting with appendicitis are referred for urgent appendectomy. Recent 

improvements in the quality and availability of diagnostic imaging allow for better pre-operative 

characterization of appendicitis, including severity of inflammation; size of the appendix; and 

presence of extra-luminal inflammation, phlegmon, or abscess. These imaging advances, in 

conjunction with the availability of broad spectrum oral antibiotics, allow for the identification of a 

subset of patients with uncomplicated appendicitis that can be successfully treated with antibiotics 

alone. Recent studies demonstrated that antibiotics alone are a safe and efficacious treatment 

alternative for patents with uncomplicated appendicitis.

The objective of this study is to perform a multi-institutional trial to examine the effectiveness of 

non-operative management of uncomplicated pediatric appendicitis across a group of large 

children’s hospitals. A prospective patient choice design was chosen to compare non-operative 

management to surgery in order to assess effectiveness in a broad population representative of 

clinical practice in which non-operative management is offered as an alternative to surgery. The 

risks and benefits of each treatment are very different and a “successful” treatment depends on 

which risks and benefits are most important to each patient and his/her family. The patient-choice 

design allows for alignment of preferences with treatment.

Patients meeting eligibility criteria are offered a choice of non-operative management or 

appendectomy. Primary outcomes include determining the success rate of non-operative 

management and comparing differences in disability days, and secondarily, complication rates, 

quality of life, and healthcare satisfaction, between patients choosing non-operative management 

and those choosing appendectomy.
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1 Introduction

Appendicitis is the most common indication for emergent abdominal surgery in both adults 

and children [1]. In the United States, over 180,000 adults and 70,000 children undergo 

appendectomy annually [2–4]. Although curative, appendectomy is a major intra-abdominal 

procedure requiring general anesthesia with associated peri-operative risks and post-

operative pain and disability. Reported rates of peri-operative complications after 

appendectomy for uncomplicated appendicitis range between 5 and 15%, with serious 

complications (including need for readmission or reoperation) occurring in 1–7% of patients 

[5–13]. Recovery from an uncomplicated appendectomy is associated with a period of 

disability for both the child and caregiver [5,6,14,15].
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Non-operative management has been shown to be safe and efficacious in several randomized 

controlled trials and meta-analyses comparing appendectomy to antibiotics alone in adults 

[5,6,15–24]. Data in children is more limited but multiple studies support that initial non-

operative management is safe and efficacious [4,14,25–29]. In these studies, non-operative 

management has been associated with a 1 year success rate > 70%, decreased disability 

days, and lower costs.

With growing evidence for efficacy and safety, the effectiveness of offering non-operative 

management as a first-line treatment strategy for uncomplicated appendicitis across a larger 

population needs to be established to allow for widespread acceptance and adoption into 

clinical practice. This study will primarily establish the success rate of non-operative 

management and compare differences in treatment-related disability and secondly will 

compare health-related quality of life (HRQO)L, healthcare satisfaction, and treatment-

associated complications between non-operative management and surgery in children with 

uncomplicated appendicitis across 10 children’s hospitals.

This trial employs a patient choice design that places an essential emphasis on incorporating 

the child-family perspective, shared decision making, and treatment preferences into trial 

design. Families engaged in shared decision making in clinical care experience improved 

medical outcomes [8,30–32]. In a trial evaluating an invasive intervention, such as surgery, 

patient and family preferences and beliefs can affect recruitment, the degree of engagement 

in the treatment course, attrition from the study, and outcomes [33–35]. To incorporate the 

child-family perspective, this trial was designed with significant input from a 44 member 

multi-disciplinary stakeholder group. Our stakeholder group reported that they considered 

appendectomy to be a major surgical procedure with surgical risks and a period of disability. 

This group was used to evaluate the potential impact of family preferences on treatment 

effects, recruitment, and reported outcomes in order to select the optimal trial design that 

respected the child-family perspective. Consensus confirmed that a patient choice trial that 

allowed for families to choose the most suitable intervention for their child would 

acknowledge the impact of family preferences, facilitate enrollment of a diverse patient 

population, and generate results that can be rapidly adopted by healthcare providers and 

systems into clinical practice [35–37].

2. Methods

2.1. Overview of study design and objectives

This is a prospective, non-randomized multi-institutional trial investigating a non-operative 

management strategy for children (7–17 years old) with uncomplicated appendicitis across 

10 children’s hospitals. Patients and their families choose between two treatment options: 

non-operative management (non-operative group) with antibiotics alone or urgent 

appendectomy (surgery group).

We elected to perform a patient choice trial rather than a randomized clinical trial because 

we believe that the success of each treatment option depends on the circumstances of the 

patient and their family [38–42]. For example, although initial non-operative management of 

uncomplicated appendicitis may be safe for most patients, appendectomy may be a better 
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treatment option for patients who live in remote areas or for families who are so fearful of a 

recurrence that they are likely to return to the ED every time their child develops abdominal 

pain. For these patients, the risk of post-operative complications may be perceived as minor 

compared to the benefit of a curative appendectomy. In contrast, for families who are averse 

to surgery, initial non-operative therapy may be the least stressful and most appealing choice 

because it may eliminate the need for an operation and its inherent risks while expediting 

return to activities.

Further, patient and family preferences can affect study recruitment, attrition from the study, 

and outcomes [33–35]. Recently published reports recognized that in surgical trials: 1) 

random assignment of interventions with different risk-benefit ratios may impede trial 

recruitment due to patient or surgeon preferences for one intervention over the other; 2) 

outcomes, especially patient reported outcomes, are susceptible to recall and reporting biases 

when treatment preferences exist; and 3) research evaluating surgical treatments in 

emergency and pediatric settings is particularly susceptible to preferences that preclude 

randomization [43–45]. This may be particularly relevant in our study of non-operative 

management of pediatric appendicitis in which patients and families may have strong 

preconceived biases towards needing an appendectomy. Patients with strong preferences 

may decline to participate in a RCT, thereby limiting external validity [46]. Moreover, 

patients who receive their preferred treatment may report better outcomes [46–49]. For these 

reasons, we opted to allow eligible patients and their families to choose between surgery and 

non-operative management rather than randomize patients to one of the two treatment 

groups.

This study is being performed across 10 institutions participating in the Midwest Pediatric 

Surgery Consortium (MWPSC; www.mwpsc.org). The MWPSC is a research collaborative 

with the mission of advancing the practice of pediatric surgery through high-quality multi-

institutional clinical studies. The member institutions represent freestanding and non-

freestanding children’s hospitals of varying sizes (75 to 598 beds) and patient demography 

in 7 different states. Most of the hospitals are located within large urban areas and provide 

care for larger local minority populations. Each institution serves as both a local hospital for 

their immediate surrounding area and as a referral center for more remote and rural areas. 

The diversity of these institutions allows for enrollment of a diverse group of patients and for 

examination of variations in treatment choice and treatment effects by site and by various 

patient demographic, clinical and socioeconomic characteristics. IRB approval was obtained 

at each site participating in the study.

In addition, this trial was designed and is being performed with significant input from a 

multi-disciplinary stakeholder group that includes patients, caregivers, community-based 

pediatricians, emergency medicine physicians, surgeons, and nurses from across all 10 

participating sites. Further, we have included patient educators, payers, and leaders of the 

American Academy of Pediatrics Section on Surgery (AAP) and the American Pediatric 

Surgical Association (APSA). We engaged our stakeholders to identify the most important 

outcomes and the necessary next steps to have non-operative management become a 

treatment option offered as part of routine clinical care for children with appendicitis. We 

engaged our stakeholder partners throughout the process of identifying the research 
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question, the trial design, and outcomes to be assessed. The stakeholders were engaged 

through in-person individual interviews and stakeholder group meetings. Engagement has 

continued throughout the duration of the trial to focus on issues of recruitment and retention 

and currently on preparing for result interpretation and dissemination. The stakeholders 

identified treatment associated disability, the success rate of non-operative management, the 

risk of complicated appendicitis, and health related quality of life as the most important 

outcomes to assess in order to generate the information necessary to allow patients and 

families to make informed treatment decisions in clinical practice.

2.2 Study duration and enrollment

This study was initiated in 2015 and follow-up will be completed at the end of 2019. Study 

participants were recruited after surgical consultation was performed in the ED and were 

consented either in the ED or surgical inpatient units of each institution. Study enrollment is 

complete with continuing follow-up ongoing.

Children between the ages of 7–17 who were diagnosed with uncomplicated appendicitis 

were screened for eligibility. Patients were eligible if they had imaging confirmed 

uncomplicated appendicitis with the following criteria on ultrasound: hyperemia, ≤ 1.1 cm in 

diameter, compressible or non-compressible, no abscess, no fecalith, no phlegmon; or the 

following criteria on CT or MRI: hyperemia, fat stranding, ≤ 1.1 cm in diameter, no abscess, 

no fecalith, no phlegmon. Based on routine laboratory testing, patients with a WBC count > 

5000/μL and ≤ 18,000/μL were eligible for inclusion. Lastly, patients were only eligible if 

they reported that their abdominal pain started less than or equal to 48 h prior to the start of 

antibiotics.

Patients were excluded from the study if they reported a history of chronic intermittent 

abdominal pain, were found to have diffuse peritonitis on physical exam by the surgical 

team, or had a positive urine pregnancy test at time of diagnosis. Additionally, patients were 

excluded if they were found to have a fecalith on imaging or evidence on imaging studies of 

evolving perforated appendicitis, including abscess or phlegmon. Due to the importance of 

patient reliability on reporting progression or resolution of symptoms, patients were also 

excluded if they were known to have communication difficulties (e.g. severe developmental 

delay).

3. Study procedures

3.1. Screening and enrollment

During initial contact with a potential subject, a physician-member of the surgical consult 

team assessed patient eligibility. If all eligibility criteria were met, a physician-member of 

the research team invited the child and legal guardian to enroll. A standardized script and 

one-page decision aid were used to perform recruitment and enrollment. The physician-

member of the research team reviewed the written information about the study and answered 

any questions. Finally, the patient and family chose between non-operative management 

with antibiotics alone (non-operative group) and urgent appendectomy (surgery group).
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3.2. Study procedures

3.2.1. Surgery group—Surgical management consists of hospital admission with 

initiation of intravenous (IV) antibiotics (piperacillin-tazobactam or ciprofloxacin/

metronidazole if penicillin allergic) and urgent appendectomy performed within 12 h of 

admission. All appendectomies were expected to be performed laparoscopically. 

Postoperatively, antibiotics are discontinued; diet is advanced and patients are discharged 

when tolerating a liquid diet and their pain is controlled with oral pain medicines, usually 

within 24 h. Standardized discharge instructions include allowing for resumption of 

activities as tolerated with the exception of heavy lifting or contact sports which were 

allowed to be resumed at 2 weeks postoperatively.

3.2.2. Non-operative group—Non-operative management consists of hospital 

admission for observation with a minimum of 24 h of IV antibiotics (piperacillin-tazo-

bactam or ciprofloxacin/metronidazole if penicillin allergic). Pain medication are 

administered as needed. Diet is advanced after a minimum of 12 h nil per os (NPO) and only 

when clinical improvement (decreased pain or tenderness) is recognized. Patients are 

switched to oral antibiotics (amoxicillin-clavulanate or ciprofloxacin/ metronidazole if 

penicillin allergic) when they tolerate a regular diet. At least one dose of oral antibiotics is 

administered in the hospital to ensure tolerance. Patients are discharged home with a 

prescription for oral antibiotics to complete a total antibiotic course of 7 days (inclusive of 

the IV antibiotics received) when tolerating a regular diet and oral antibiotics with minimal 

pain. Phone follow-up by a member of the research team is conducted at 2–5 days and 10–

14 days to ensure resolution of symptoms and completion of antibiotic course. Standardized 

discharge instructions allow for resumption of activities as tolerated.

Failure of non-operative management and cross-over to appendectomy occurs in two 

situations during the initial admission: 1) Failure to improve after 24 h of IV antibiotics: 
Patients who do not exhibit clinical improvement (decreased tenderness, improvement in 

fever curve) or do not report symptomatic relief (decreased pain, resolution of nausea/ 

vomiting, advancement of diet) after receiving 24 h of intravenous antibiotics are 

recommended for appendectomy. If there is either objective or subjective improvement, then 

the child continues on IV antibiotics for up to another 24 h; 2) If clinical status worsens: If a 

patient’s symptoms worsen (increased abdominal pain) or there is evolving objective 

evidence of systemic signs of infection (increasing tachycardia, hypotension, persistent 

fever, or decreased mental status), then he/she undergoes appendectomy.

Any patient managed non-operatively who returns after discharge with abdominal pain and 

had a clinical evaluation consistent with appendicitis, is considered a failure. These patients 

undergo urgent appendectomy. Failure of non-operative management is defined in this way 

because our patient and family stakeholders reported that in order to make an informed 

decision between these two treatments, they needed to know the likelihood that a child 

treated non-operatively will eventually end up undergoing an appendectomy.

3.2.3. Surveys and follow-ups—Before discharge, the patient and caregiver complete 

a QOL survey (PEDSQL Quality of Life Inventory: Child and Parent Report) that asks about 

Minneci et al. Page 6

Contemp Clin Trials. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the child’s health, feelings, and social functioning in and out of school. As well, they answer 

questions about the reasons for their treatment choice. Phone, email/web-based, or in person 

follow-up is conducted at 30 days, 6 months and 1 year after discharge (see Table 1). Patient 

incentives are used to encourage continued study participation, and include a $25 VISA® 

gift card after completion of their 30 day and 6 month follow-ups and a $50 VISA® gift 

card after completion of the 1-year follow-up.

3.3. Outcomes

The outcomes and time points at which they are assessed are listed in Table 1. Our 

stakeholder team identified disability days associated with the child’s treatment and the 

success rate of non-operative management as the most important outcomes to assess to allow 

for informed treatment decisions. Other endpoints that they believed to be important for 

informed treatment decisions included: the risk for developing worse appendicitis 

(complicated appendicitis), treatment associated complications, and HRQOL.

3.4. Primary outcomes

3.4.1. Disability days of the child (assessable in both groups and 
comparable)—Disability days are defined as the total number of days in which the child is 

not able to participate in all of his/her normal activities secondary to appendicitis-related 

care within one year of enrollment including: school, gym, recess, sports, and other after 

school activities. This comparison allows families to understand the expected disability of 

their child from each treatment option. The definition of disability days was developed to 

reflect all components of disability the stakeholders felt were important; these measures are 

reported by the patients and their caregivers during the 30 day, 6 month, and 1 year follow-

ups.

3.4.2. Success rate of non-operative management at one year (assessable 
only in the non-operative group)—The success rate is defined as the percent of patients 

treated non-operatively who do not undergo an appendectomy within one year of enrollment.

3.5. Secondary outcomes

Secondary outcomes were chosen following review of previous study results and from 

feedback received from our stakeholders. The two treatment groups will be compared on:

3.5.1. Disability days of the caregiver—Disability days of the caregiver are reported 

as the total number of days without normal schedule for the caregiver, defined as the days 

the caregiver had not been able to perform his/her normal full schedule at work (including 

days off work) and/or home. This comparison will allow families to understand the expected 

disability of the caregiver from each treatment option. This definition was developed with 

the stakeholders to reflect all components of disability they felt were important to their daily 

lives. These measures will be directly reported by the caregivers. These measures are 

reported by the patients and their caregivers during the 30 day, 6 month, and 1 year follow-

ups.
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3.5.2. Healthcare related quality of life, healthcare satisfaction and 
satisfaction with decision making measures—These outcomes represent the patient 

reported outcomes (PROs) that patient, parent and physician stakeholders believed were 

necessary for informed decision making. We have identified specific validated tools that are 

appropriate to administer to study participants to assess these PROs in our study population 

including:

3.5.3. Health Related Quality of Life (HRQOL) [50–56]—HRQOL is assessed 

through the Pediatric Quality of Life Inventory™ (PedsQL™) scales. We chose the PedsQL 

Quality of Life Inventory™ because it is a group of questionnaires used to assess pediatric 

HRQOL in healthy and ill (acute or chronic) subjects that has been validated, is available in 

multiple languages and has been used to study pediatric patients with appendicitis [57,58]. 

Specifically, we will use PedsQL™4.0 Generic Core Scales - Child and Parent Report. The 

generic core scales module measures four dimensions (physical, emotional, social and 

school functioning) using 23 items and is designed to measure the HRQOL of healthy or ill 

(acute or chronic) children through self-reports and parent proxy reports. The generic core 

scales have been found to be valid and reliable with internal consistency values (Cronbach’s 

a) of 0.88 for the child report and 0.90 for the parent proxy report [52,55,59]. It has also 

been reported that these scales are interpreted similarly across pediatric race/ethnic groups, 

socioeconomic groups, and in various modes of administration [53,60,61]. This will be 

measured at discharge and at the 30-day and 1 year follow-up appointments.

3.5.4. Healthcare satisfaction [50,52–54,56,62]—Healthcare satisfaction is 

measured using the PedsQL™ 3.0 Healthcare Satisfaction Generic Module- Parent Report. 
This survey measures the caregiver’s satisfaction with the care his/her child received and 

measures six dimensions (information, inclusion of family, communication, technical skills, 

emotional needs, and overall satisfaction) using 24 items. Higher scores indicate higher 

satisfaction. The generic module was modified from the Healthcare Satisfaction Module-

Parent Survey and the Pediatric Hematology/Oncology Parent Satisfaction survey whose 

Cronbach’s α = 0.92 and 0.96 respectively [62,63]. This is measured at the 30 day follow-up 

appointment.

3.5.5. Satisfaction with decision [64,65]—The parent’s satisfaction with the initial 

treatment decision is assessed using the Satisfaction with Decision Scale. This survey 

measures satisfaction with a health care decision and contains 6 items measured on a Likert 

scale from 1 (strongly agree) to 5 (strongly disagree). The internal consistency of the scale is 

good with a Cronbach’s α of 0.86. This will be measured at the 30 day and 1 year follow-up 

appointments.

3.5.6. Rates of complicated appendicitis—The proportion of patients with 

complicated appendicitis, as identified during appendectomy with either visualization of a 

hole in the appendix, extramural appendicolith, frank pus in the abdomen, or pathologic 

findings of transmural inflammation with perforation through the wall of the appendix, will 

be compared between the non-operative group (identified during appendectomy in those that 

fail non-operative management) and in the surgery group. This outcome compares the risk of 
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a patient having more severe or worse appendicitis if they choose non-operative management 

vs. surgery.

3.5.7. Rates of post-treatment related complications—Post-treatment related 

complications includes: episodes of symptoms (e.g. pain, nausea/emesis) requiring 

unplanned physician or Emergency Department visits or hospital admission and additional 

surgical or interventional procedures. The proportion of these complications will be 

compared between treatment groups. This outcome assesses differences in medical 

morbidity between the treatment groups which is necessary to provide patients and families 

with a complete risk-benefit assessment of each treatment option.

3.5.8 Other outcomes—Other secondary outcomes include hospital length of stay, 

antibiotic associated side effects (e.g. nausea) and complications (e.g. Clostridium difficile 
infection), and rates of imaging (both CT and ultrasound together and separately) and total 

appendicitis-related radiation exposure (effective dose) before enrollment and at 1 year 

follow-up.

Consistent with the previous trials of non-operative management of appendicitis, the primary 

and secondary outcomes for this study are based on 1 year follow-up. In these trials, the 

median time to recurrence was 6 months with almost no recurrences and minimal post-

surgical morbidity reported after 1 year.

3.6. Statistical methods

3.6.1 Sample size and power—The sample size needed to assess the primary outcome 

of the 1-year success rate of non-operative management is based on preliminary data, which 

expected the success rate to be between 76 and 78%. Based on previous studies and input 

from our stakeholders and participating surgeons, the lowest acceptable success rate of non-

operative management required for it to be considered as part of routine clinical practice was 

determined to be 70% (p0) at 1 year follow-up. It was expected that the study success rate 

(p1) would be higher, ranging from 76 to 78%. Under a group sequential design, with one 

interim and one final analysis, overall type I error (two-sided) of 5% (adjusted for the 2 

primary endpoints), the required sample sizes required to achieve 80% power are listed in 

Table 2 [66,67].

Given these estimates, the expected rates of patient choice of non-operative management 

(40%) or surgery (60%), and an approximately 10% expected rate of loss to follow up, we 

aimed initially to enroll 908 patients in order to obtain the minimum number of non-

operative participants (n = 364). Throughout the study period, the rate of patients choosing 

non-operative management was lower than expected (approximately 35%). The total 

enrollment of the trial was increased to allow enrollment of the target non-operative sample 

size of 364 patients. Enrollment closed on 11/½018. A total of 1076 patients were enrolled 

across all sites, 373 (35%) patients choose non-operative management.

The sample size required to have adequate power for the first primary outcome, the success 

rate, provided more than adequate power to assess the other primary endpoint of disability 

days. Based on previous data, we expected children who underwent non-operative 
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management to have at least five fewer disability days in the year following treatment 

(assuming 10 days (sd = 9.8) on average) than children who had initial surgery (assuming 15 

(sd = 7.7) on average). With the proposed sample sizes in each group, we expected over 90% 

power to detect these mean differences, assuming an adjusted overall type I error of 5% 

(adjusted to account for the two primary endpoints).

3.6.2. Analysis plan—Analysis of the primary endpoints, disability days of the child 

and the success rate, will employ propensity score methods as a means to quantify 

differences in baseline characteristic between groups and to balance them in final analysis 

[68–70]. Balance in all pre-treatment characteristics between groups will be measured 

through the standardized difference of each covariate. All of these covariates (including 

demographics, race, ethnicity, socioeconomic variables, clinical and imaging characteristics, 

laboratory values and patient recruitment site) will be collected from the patient, caregiver 

and medical record at the time of enrollment; this will allow robust data capture with 

minimal missing data. All measured pre-treatment covariates considered to potentially 

confound the relationship between treatment and outcome or those considered to be highly 

associated with outcome were included in the development of the propensity score/

probability of treatment model. We utilize inverse probability of treatment weighting 

(IPTW) by the estimated propensity score. The distribution of the propensity scores (and 

inverse probability weights) will be described and graphically displayed. Stabilized inverse 

probability weights will be considered to mitigate the influence of very small estimated 

probabilities from the propensity score model [71]. Regression models were utilized to make 

inference, taking into account the estimated inverse probability of treatment weight and 

imbalanced covariates, and will estimate standard errors either as robust standard errors or 

through bootstrap procedures [72]. Inverse probability weighting was chosen instead of 

propensity score matching because it enables us to estimate the average treatment effect 

(ATE), rather than the average treatment effect in the treated (ATT), on all outcomes, 

including success of non-operative management. Where possible, we will estimate effects 

stratified by institution and will examine the sensitivity of results to varying methods of 

analysis. Heterogeneity of effects due to three main factors of interest: age group (≤ 10 vs. > 

10 yrs), household income (< $50,000, ≥$50,000), transfer status, will be explored by 

evaluating these factors as potential effect modifiers by including each in regression models. 

Treatment effects will be estimated for each level of factor and compared across these 

groups.

Analysis of the success rate of non-operative management will be estimated and reported 

along with the 95% confidence interval. This rate will be examined overall and by treatment 

institution. The standardized success rate (to the overall population) will also be estimated 

and reported (along with the associated 95% CI). Success rate of non-operative management 

at 30 days and the rate of complicated appendicitis at 1 year (both secondary endpoints) will 

be estimated along with their 95% CI. Secondary outcomes that involve the comparison of 

treatment groups will employ propensity score methods, as a means to quantify differences 

in baseline characteristic between groups and to balance them in final analysis [68–70]. 

Analysis will mimic that of the primary endpoint comparison above for disability days, 

including inverse probability weighting by the estimated propensity score and will consider 
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further adjustment in regression models for any covariate that does not appear to be 

adequately balanced following estimation of the propensity score. Stratification by 

institution will be pursued to examine both primary and secondary endpoints and will be 

detailed descriptively (Fig. 1: Conceptual Model).

3.7. Interim analyses

An interim analysis was planned when a quarter of the expected total number of non-

operative patients had been accrued and followed for 1 year. The interim analyses were 

interested in assessing futility of the primary endpoints. The trial monitored the primary 

outcomes of disability days and the success rate of therapy (proportion estimate), and 

utilized the error spending function approach described by Lan and Demets [67]. 

Throughout the trial, these endpoints were monitored for safety and regularly reported to the 

Data and Safety Monitoring Committee (DSMC). The interim analyses were completed and 

reviewed by the DSMC. No safety concerns were identified and no stopping rules were met; 

therefore, the trial was allowed to enroll to completion.

4. Discussion

Meta-analyses and systematic reviews have demonstrated the efficacy and safety of non-

operative management across multiple studies. These reviews have identified the need for 

large multi-institutional studies to determine the effectiveness of non-operative management 

across diverse institutions and in specific patient populations including extremes of age 

[5,6,21,73–75]. These types of studies will help define specific criteria for selecting patients 

for non-operative management that can be used in clinical practice [ 6,74,76]. The results 

from previous studies indicate that non-operative management is a reasonable first-line 

treatment strategy for uncomplicated appendicitis [4–6,14–29]. Additional studies are 

needed to focus on outcomes important to informing treatment choice for patients and 

families Furthermore, additional studies are necessary which resemble, as closely as 

possible, usual clinical care and which are inclusive of the vast majority of patients and 

families who are treated for uncomplicated acute appendicitis. The current study addresses 

the evidence gaps by determining the effectiveness of non-operative management and 

surgery across a broad pediatric patient population using a pragmatic approach with a patient 

choice design.

Published panel reports suggest that high-quality parallel observational patient choice 

studies are a valuable alternative when randomized trials are not feasible due to strong 

preferences by the participants and when only a small proportion will accept randomization 

[34,44,45,77]. As compared to a RCT, potential benefits of a patient choice design include 

allowing for broad enrollment with greater representation of minority groups (both race and 

ethnicity), minimizing the effects of patient/parent preferences on outcomes by aligning their 

preferences with the treatment, and allowing for rapid adoption of the results [78–80]. 

Although this design will need to account for treatment selection bias, we took several steps 

to minimize this including: a standardized enrollment script and decision aid, clearly 

specified inclusion and exclusion criteria, standardized treatment protocols and algorithms, 

and by achieving buy-in from all participating surgeons prior to beginning the trial. 
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Furthermore, treatment decision making in clinical practice occurs within the biases of 

patients, families, and surgeons. Therefore, results from this trial should be reflective of the 

effectiveness of treatments in clinical practice. The patient choice design allowed for 

enrollment of a diverse patient population and will generate results that can be rapidly 

adopted by healthcare providers and systems into clinical practice.

This multi-institutional trial is the first study to determine the effectiveness of non-operative 

management as an alternative first line therapy for children with uncomplicated appendicitis. 

Regardless of their choice of therapy, patient and family stakeholders on our research team 

identified the ability to avoid surgery as an important and meaningful improvement in care. 

In addition, these stakeholders ranked post-treatment disability and health-related quality of 

life as two of the most meaningful outcomes to them as patients and families. This study is 

focused on helping children and their families choose which treatment for appendicitis is 

best for them. Specifically, it is designed to allow patients and their families to make an 

informed treatment choice based on characteristics of their child and family and their 

preferences for one of two treatment options with different risks and benefits, and evaluate 

two acceptable treatment options for uncomplicated appendicitis with clear delineation of 

the specific risk-benefit profiles associated with each.

Furthermore, the size of the study will allow us to investigate the effectiveness of non-

operative management across subgroups based on age, race, ethnicity, socioeconomic status, 

and rural and urban demography. If the effectiveness of non-operative management in the 

proposed trial is consistent with previous results, then over 75% of patients treated non-

operatively can successfully avoid surgery and its associated disability and risks for 

complications. [4–6,14–29] By performing this trial in 10 children’s hospitals across 7 

states, we will be able to provide generalizable estimates of the effects of non-operative 

management on disability, health-related quality of life, medical/surgical complications, and 

healthcare satisfaction. Furthermore, the patient choice design incorporates inherent biases 

and preferences of the patient and family that occur as part of clinical care. The risks and 

benefits of non-operative management with antibiotics alone and surgery are very different; 

therefore, a “successful” treatment depends on which risks and benefits are most important 

to each patient and their family. Using an informed shared decision making process.to 

determine the appendicitis treatment should allow for results that are reflective of 

effectiveness in broad clinical practice.
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Fig. 1. 
Conceptual model.
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Table 1

Outcomes and time points at which data is collected.

Outcome Time points

In all patients

 Disability Days of the child (Primary 30 days, 1 year

 Outcome) 30 days, 1 year

 Disability days of the caregiver Index hospitalization

 Length of Stay 30 days, 1 year

 Emergency Department Visits 30 days, 1 year

 Readmissions 30 days, 1 year

 Complicated Appendicitis 30 days, 1 year

 Post-treatment Related Complications 30 days

 Satisfaction with Health Care Index hospitalization, 30 days,

 Health Related Quality of Life 1 year

 Satisfaction with Decision 30 days, 1 year

 Additional surgical or interventional 30 days, 1 year

 procedures 30 days, 1 year

 Rate of imaging (CT, ultrasound) and total radiation exposure

In Surgery group and non-operative patients

 that fail or recur 30 days

 Postoperative Infections 30 days, 1 year

 Re-operation

In Non-operative group only

 Success rate (Primary Outcome) 30 days,1 year

 Need for appendectomy during initial Index hospitalization

 admission 30 days,1 year

 Recurrence 30 days

 Antibiotic complications
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Table 2

Estimated required sample sizes of the non-operative group.

Success rate Power Sample size Non-operative group
a

0.78 80% 250

0.77 80% 330

a
Accounts for 1 interim analysis to determine futility with overall two-sided type I error rate of 5%. Calculated in EAST 6.0 Base.
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