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Abstract
Introduction Acute appendicitis is a common surgical emergency, and the standard approach to diagnosis and management 
has been codified in several practice guidelines. Adherence to these guidelines provides insight into independent surgical 
practice patterns and institutional resource constraints as impediments to best practice. We explored data from the recent 
ESTES SnapAppy observational cohort study to determine guideline compliance in contemporary practice to identify 
opportunities to close evidence-to-practice gaps.
Methods We undertook a preplanned analysis of the ESTES SnapAppy observational cohort study, identifying, at a patient 
level, congruence with, or deviation from WSES Jerusalem guidelines for the diagnosis and management of acute appendi-
citis and the Surviving Sepsis Campaign in our cohort. Compliance was then correlated with the incidence of postoperative 
complications.
Results Four thousand six hundred and thirteen (4613) consecutive adult and adolescent patients with acute appendicitis 
were followed from date of admission (November 1, 2020, and May 28, 2021) for 90 days. Patient-level compliance with 
guideline elements allowed patients to be grouped into those with full compliance (all 5 elements: 13%), partial compliance 
(1–4 elements: 87%) or noncompliance (0 elements: 0.2%). We identified an excess postoperative complication rate in patients 
who received noncompliant and partially compliant care, compared with those who received fully guideline-compliant care 
(36% and 16%, versus 7.3%, p < 0.001).
Conclusions The observed diagnostic and treatment practices of the participating institutions displayed variability in com-
pliance with key recommendations from existing guidelines. In general, practice was congruent with recommendations for 
preoperative antibiotic surgical site infection prophylaxis administration, time to surgery, and operative approach. How-
ever, there remains opportunities for improvement in the choice of diagnostic imaging modality, postoperative antibiotic 
stewardship to timely discontinue prophylactic antibiotics, and the implementation of ambulatory treatment pathways for 
uncomplicated appendicitis in the healthy young adult.
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Introduction

Acute appendicitis is one of the most prevalent general 
surgical emergencies worldwide [1–4]. The combina-
tion of resectional source control (appendectomy) and 

perioperative antimicrobial pharmacotherapy have served 
as the ‘gold standard’ treatment strategy for most with 
acute appendicitis [5]. However, decision-making for those 
with acute appendicitis has recently become more nuanced 
around treatment approach and timing, especially related 
to acute SARS-CoV-2 infection. Acknowledging this, the 
World Society of Emergency Surgery (WSES) identifies 
acute appendicitis as a global research priority in acute 
care surgery [6, 7].

Discouragement of the use of laparoscopy by guide-
lines from learned societies early in the COVID-19 pan-
demic accentuated a drift in ‘usual practice’ away from 
operative management for a variety of surgical conditions, 
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including appendicitis [8, 9]. Unrelatedly, the observa-
tion that early appendicitis may be treated with antibiot-
ics alone in selected patients had already prompted ran-
domized controlled trial investigation [10–12]. However, 
the maturation of these trial results suggested poorer 
outcomes in nonoperative versus operative treatment of 
appendicitis [12–17]. Furthermore, as the pandemic pro-
gressed, and the virus mutated, it became apparent that 
the perioperative morbidity and mortality associated with 
acute SARS-CoV-2 infection appeared overstated [18–21]. 
Nonetheless, the influence of rapidly articulated profes-
sional organization guidance—ahead of evidence—and the 
rise of nonoperative management supported the growth of 
heterogenous patterns of practice for patients with acute 
appendicitis, arose that diverged from [22–26]

Consensus guidelines are often developed use the modi-
fied Delphi method, an iterative approach which originated 
in business management decision-making theory [22]. This 
approach leverages aggregated expert opinion anchored in 
data from previous scientific inquiry to harmonize clini-
cal practice across healthcare settings [23]. The resulting 
guidelines, which exist for the diagnosis and treatment of 
many surgical diseases, are often sponsored by medical 
professional organizations, such as the European Society 
of Trauma and Emergency Surgery (ESTES), the Eastern 
Association for the Surgery of Trauma (EAST), the Soci-
ety for Critical Care Medicine (SCCM), and the World 
Society of Emergency Surgery (WSES). Prompt initia-
tion of empiric antimicrobial therapy and early definitive 
source control reduce the risk of infection-related com-
plications including organ failure and mortality [24–26]. 
Antimicrobial stewardship, informed by the STOP-IT trial 
[27, 28], advocates for the discontinuation of antibiotics 
in a truncated time frame after achieving adequate source 
control [29]. These findings have been codified in several 
medical professional organization guidelines, such as the 
joint SCCM/European Society for Intensive Care Medicine 
(ESICM)-sponsored Surviving Sepsis Campaign (revised 
2021) [30] and the WSES Jerusalem Consensus Guide-
lines for the Diagnosis and Management of Acute Appen-
dicitis (revised 2020) [31].

In the SnapAppy study of usual care in appendicitis, we 
accrued a simultaneous multi-national observational sample 
of adult patients undergoing operation for acute appendicitis 
to determine current practice patterns. This non-interven-
tional approach provides granular insights into current prac-
tice and how it embraces or deviates from published guid-
ance. Since guideline adoption is generally nonuniform and 
may require decades to demonstrate widespread adoption, 
deviation is reasonably anticipatable [32, 33]. Furthermore, 
recognizing that individual clinicians direct bedside care 
within the context of institutional expertise and resources, 
we hypothesized that there would be broad divergence from 

established guidelines regarding antibiotic agent selection, 
antibiotic cessation timing, diagnostic modality selection, 
and operative approach in managing acute appendicitis.

Methods

Protocol

Using the ‘snapshot audit methodology,’ a validated pro-
spective observational approach to studying epidemiol-
ogy, treatment effectiveness and inter-institutional vari-
ations in practice patterns and guideline adherence [34], 
we constructed a defined dataset, in line with a pre-spec-
ified protocol registered with ClinicalTrials.gov (Trial # 
NCT04365491), which captures the contemporary epide-
miology of appendicitis across 71 centers in 14 European, 
Middle Eastern, and North American countries (Bahrain, 
Estonia, Finland, Iran, Ireland, Israel, Italy, Portugal, Roma-
nia, Spain, Sweden, Switzerland, UK, and USA. We enrolled 
all consecutive adult patients (over 15 years of age) admit-
ted with acute appendicitis in a 90-day window between 
November 1, 2020, and May 28, 2021, and followed those 
patients for 90 days post-admission (up to August 31, 2021). 
The study complied with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines [35] and the Declaration of Helsinki [36].

Center eligibility

To capture as broad a practice base as possible, any unit 
undertaking adult emergency general surgery was eligible 
to register patients in the study, unrestricted by minimum 
case volume, or center-specific limitations. The study pro-
tocol, and an invitation to participate, was disseminated to 
registered members of the European Society of Trauma and 
Emergency Surgery (ESTES), and through national surgical 
societies using societal email lists, social media announce-
ments, announcement on the ESTES website, and through 
peer-to-peer word of mouth.

Patient eligibility

All adult and adolescent patients (over 15 years of age) 
admitted for acute appendicitis were included in the cur-
rent study. Acknowledging that there are several appendicitis 
grading systems, for simplicity and convenience, we used the 
AAST Anatomic Disease Severity grading system, which 
uses clinical, radiographic, operative, and pathologic criteria 
to assign an incrementing ordinal severity score of 1 (mild 
disease limited to the organ) to 5 (widespread severe dis-
ease) [37–40]. The American Society of Anesthesiologists 
(ASA) risk-stratification classification was reported. Patients 
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who demonstrated mesenteric adenitis, or ovarian or colonic 
pathology were specifically excluded.

Data capture

Data were recorded contemporaneously and stored on a 
secure, user-encrypted online platform  (SMARTTrial®) 
without patient-identifiable information. Centers were asked 
to validate that all eligible patients during the study period 
had been entered and to attain > 95% completeness of data 
field entry prior to final submission. The database was closed 
for analysis on November 1, 2021. The SnapAppy protocol 
was designed so that usual patient follow-up pathways could 
be utilized to obtain outcomes data. No additional visits or 
changes to routine follow-up were made. However, local 
investigators were encouraged to be proactive in identify-
ing post-diagnosis events (or lack thereof), within the limits 
of usual follow-up. These included reviewing the patient 
notes (paper and electronic) during admission and before 
discharge to note in-hospital complications, reviewing hos-
pital systems to check for re-attendances or re-admissions, 
and reviewing postoperative radiology reports.

Outcome measures

The primary outcome measures were documented adher-
ence to practices recommended in the Surviving Sepsis 
Campaign 2021, and the WSES Jerusalem Guidelines 2020 
for the diagnosis and management of acute appendicitis [30, 
31]. Specifically, we focused on the following diagnostic 
and treatment guidelines that embrace antimicrobial stew-
ardship: diagnosis by ultrasound or clinical examination in 
patients under the age of 40 years, and by CT in those over 
40, the administration of first dose of preoperative antibiotics 
within 3 h of diagnosis, operative source control within 24 h 
of diagnosis, the omission of postoperative antibiotics in 
uncomplicated appendicitis, and the discontinuation of anti-
biotics within 3–5 days following adequate source control 
(Table 1). We tallied the five guideline elements described 
(Table 1), allowing patients to be grouped into those with 
full compliance (all 5 elements), partial compliance (1–4 
elements), or noncompliance (0 elements). Secondary out-
comes were inpatient length of stay and the incidence of 
postoperative complications (overall, and specific compli-
cations including surgical site infection [superficial, deep, 
organ space], superficial wound dehiscence, and postopera-
tive ileus).

Statistical analysis

All descriptive analyses were conducted with the statistical 
software the jamovi project (2022). jamovi. (version 2.3), 
[Computer Software, Retrieved from https:// www. jamovi. 

org.] running the gtsummary, ClinicoPath and ggstatsplot 
packages. Normally distributed variables were presented as 
means and standard deviations (SDs), while the median and 
interquartile range (IQR) were used for non-normally dis-
tributed variables. Categorical variables were summarized 
as counts and percentages.

Ethical considerations.
All participating centers secured IRB approval or equiva-

lent. No patient consent was sought since the current study 
was purely observational. All data were de-identified when 
uploaded to the secure study database  (SMARTTrial®), in 
compliance with HIPAA and EU GDPR legislation.

Results

Patient demographics

Four thousand six hundred and thirteen (4613) consecutive 
adult patients with acute appendicitis were followed from 
date of admission (November 1, 2020, and May 28, 2021) 
for 90 days. Their median age was 36 years (IQR 25–51), 
and there was a slight male preponderance (55.2%). Patients 
had a mean body mass index of 26.5 (± 12.1). Most patients 
were risk stratified as low risk to undergo general anesthesia 
by the American Society of Anesthesiologists (ASA) clas-
sification (ASA ≤ 2: 90.4%). Approximately 2% of patients 
had an active COVID-19 infection on admission, with a fur-
ther 2.6% reporting prior infection.

Diagnostic modality

The diagnosis of acute appendicitis was made on clinical 
findings in 512 (11.1%) patients, combining clinical findings 
and transabdominal ultrasound (either at point of care or in 
the radiology department) in 1436 (31.3%) and with axial 
imaging (CT) in 2644 (57.6%). Ninety percent of patients 
over the age of 40 underwent diagnostic CT.

Source control

Of the 4,613 patients diagnosed with acute appendici-
tis who underwent a source control intervention, 4,391 
(95.2%) underwent appendectomy, with the vast majority 
being operated upon within 24 h (87.4%). Interventional 
radiological drainage without operation was undertaken 
in 1.2% of cases. Most appendectomies were performed 
laparoscopically (85.8%). The conversion rate was approx-
imately 3%, and the incidence of primary open surgery 
was 9.9%. Frank pus was observed in 16.8% of cases at 
operation. Most appendix specimens were submitted for 
histopathological evaluation (97.4%); 1.4% of patients had 

https://www.jamovi.org
https://www.jamovi.org
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some form of appendiceal neoplasm upon histopathologi-
cal evaluation.

Perioperative antimicrobial stewardship

While almost all patients appropriately received preopera-
tive antibiotic therapy (96.6%), the SSC target of a first dose 
within 3 h for those with confirmed or highly suspected sep-
sis was achieved in just 42.3% of patients. The most com-
monly prescribed antimicrobials were amoxicillin/clavulanic 

acid, or a cephalosporin with or without metronidazole 
(77.5%); other local variations were noted.

While data on postoperative antibiotic prescription are 
missing for 366 (8.3%) patients who underwent appendec-
tomy, 62.5% of patients received postoperative antibiotics. 
Postoperative antibiotics were continued in 1,589 (49.7%) 
patients with Grade I (uncomplicated) appendicitis and 
578 (71.4%) of patients with Grade II (gangrenous, non-
perforated) appendicitis (see Table 2). The mean (SD; range) 
duration of postoperative antibiotics in Grade I and Grade 

Table 1  Guideline compliance elements from the WSES Jerusalem Consensus Guidelines (2020) for the Diagnosis and Treatment of Acute 
Appendicitis, and the Surviving Sepsis Campaign Guidelines (2021) [30, 31]

Guideline domain Recommendation/suggestion Quality of evidence Strength of 
recommen-
dation

Diagnosis
 Clinical and Ultrasound WSES 1.7 We recommend the routine use of a combination of 

clinical parameters and US to improve diagnostic sensitivity and 
specificity and reduce the need for CT scan in the diagnosis of 
acute appendicitis

Moderate Strong; 1B

 Point-of-care Ultrasound WSES 1.10 We recommend POCUS as the most appropriate first-
line diagnostic tool in both adults and children, if an imaging 
investigation is indicated based on clinical assessment

Moderate Strong; 1B

 CT WSES 1.9 We suggest that in high-risk patients younger than 
40 years old (with AIR score 9–12 and Alvarado score 9–10 and 
AAS ≥ 16), CT may be avoided before proceeding to diagnos-
tic + / − therapeutic laparoscopy

Moderate Weak; 2B

 CT WSES 1.12 We recommend cross-sectional imaging before surgery 
for patients with normal investigations but non-resolving right 
iliac fossa pain, and those over the age of 40 years. After negative 
imaging, initial nonoperative treatment is appropriate. How-
ever, in patients with progressive or persistent pain, explorative 
laparoscopy is recommended to establish/exclude the diagnosis of 
acute appendicitis or alternative diagnoses

High Strong; 1A

Surgical treatment
 Source control time to OR WSES 3.1 We recommend planning laparoscopic appendec-

tomy for the next available operating list within 24 h in case of 
uncomplicated acute appendicitis, minimizing the delay wherever 
possible

Moderate Strong; 1B

 Source control time to OR WSES 3.2 We recommend against delaying appendectomy for 
acute appendicitis of any grade needing surgery beyond 24 h 
from the admission

Moderate Strong; 1B

Antimicrobial stewardship
 Time to first-dose antibiotics SSC 14 For adults with possible sepsis without shock, we suggest 

a time-limited course of rapid investigation and if concern for 
infection persists, the administration of antimicrobials within 3 h 
from the time when sepsis was first recognized

Weak Very low

 Preoperative antibiotics WSES 7.1 We recommend a single preoperative dose of broad-
spectrum antibiotics in patients with acute appendicitis undergo-
ing appendectomy

High Strong; 1A

 Duration of postoperative antibiotics WSES 7.1 We recommend against postoperative antibiotics for 
patients with uncomplicated appendicitis

High Strong; 1A

 Duration of postoperative antibiotics WSES 7.2 We recommend against prolonging antibiotics longer 
than 3–5 days postoperatively in case of complicated appendicitis 
with adequate source-control

High Strong; 1A
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II appendicitis was found to be 3.7 (4.1; 0–50) days and 4.3 
(3.7; 0–21) days, respectively.

Composite measure of compliance 
and postoperative complications

We tallied patient-level compliance with the five guide-
line elements described above (Table 1) allowing patients 
to be grouped into those with full compliance (all 5 ele-
ments: 13%), partial compliance (1–4 elements: 87%) or 
noncompliance (0 elements: 0.2%). We identified an excess 
postoperative complication rate in patients who received 
noncompliant and partially compliant care, compared with 

those who received fully guideline-compliant care (36% 
and 16%, versus 7.3%, p < 0.001). While the Clavien–Dindo 
30-day complication classification and the absolute num-
bers for individual infective complications (wound infection, 
postoperative ileus, etc.) are tabulated in Table 3, the small 
event rate means that statistically significant differences 
are unlikely to have clinical significance. Country-level 
comparisons in compliance rates are tabulated in Table 4, 
with full compliance ranging from 0 to 45% (mean = 13%, 
SD = 14%). Greatest rates of full compliance were seen in 
patients treated in Romania, USA, and Estonia. Partial com-
pliance was more common, ranging between 55 and 100%.

Table 2  Select guideline compliance metrics—grouped by AAST disease severity grade and overall patients

a Time from diagnosis (hours); ~mean days (SD; range)
b Pearson's Chi-squared test
c Linear model ANOVA
d Includes 222 patients who did not undergo surgery; thus the true missing figure is 366

Characteristic Grade I 
(N = 3203)

Grade II 
(N = 809)

Grade III 
(N = 277)

Grade IV 
(N = 288)

Grade V (N = 36) All Patients 
(N = 4613)

p value

Method of diag-
nosis

 < 0.001b

 CT 1929 (60.5%) 157 (19.4%) 253 (92%) 275 (95.8%) 30 (83.3%) 2644 (57.6%)
  Over 40 929 (88.3%) 105 (84.0%) 186 (94.4%) 204 (97.6%) 20 (90.9%) 1444 (90.0%)

 Ultrasound 951 (29.8%) 453 (56.1%) 19 (6.9%) 9 (3.1%) 4 (11.1%) 1436 (31.3%)
 Clinical 306 (9.6%) 198 (24.5%) 3 (1.1%) 3 (1%) 2 (5.6%) 512 (11.1%)
 Missing 17 1 2 1 0 21

Time to first-dose 
 antibioticsa

 < 1 h 359 (11.8%) 102 (13%) 33 (12%) 43 (15.9%) 8 (22.9%) 545 (12.4%)
 1–3 h 817 (26.9%) 229 (29.2%) 91 (33.1%) 83 (30.6%) 13 (37.1%) 1233 (28%)
 3–6 h 796 (26.2%) 248 (31.7%) 80 (29.1%) 77 (28.4%) 8 (22.9%) 1209 (27.5%)
 > 6 h 1061 (35%) 204 (26.1%) 71 (25.8%) 68 (25.1%) 6 (17.1%) 1410 (32.1%)

Missing 170 26 2 17 1 216
First-dose antibi-

otics within 3 h
1346 (42%) 357 (44.1%) 126 (45.5%) 143 (49.7%) 22 (61.1%) 1994 (43.2%) 0.015b

Time to  ORa

 < 6 h 555 (17.9%) 132 (16.8%) 58 (21.7%) 39 (18.5%) 12 (34.3%) 796 (18.1%)
 6–12 h 1109 (35.8%) 285 (36.3%) 102 (38.2%) 49 (23.2%) 11 (31.4%) 1556 (35.4%)
 12–24 h 1062 (34.3%) 279 (35.5%) 80 (30%) 72 (34.1%) 7 (20%) 1500 (34.1%)
 > 24 h 369 (11.9%) 89 (11.3%) 27 (10.1%) 51 (24.2%) 5 (14.3%) 541 (12.3%)
 Missing 108 24 10 77 1 220

Preoperative 
antibiotics

3092 (96.6%) 787 (97.3%) 271 (97.8%) 268 (93.4%) 36 (100%) 4454 (96.6%) 0.013b

 Missing 1 0 0 1 0 2
Postoperative 

antibiotics
1589 (49.7%) 578 (71.4%) 263 (94.9%) 279 (97.6%) 36 (100%) 2745 (59.6%)  < 0.001b

 Missing 4 0 0 2 0 6
Postoperative 

antibiotic 
 duration~

3.7 (4.1; 0–50) 4.3 (3.7; 0—21) 8.5 (4.2; 0–21) 10.5 (5.3; 0–33) 11 (5; 1–21) 4.6 (4.6; 0–50)  < 0.001c

 Missing 474 83 13 15 3 588d
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Outcomes for appendicitis patients

Appendicitis patients had a median length of hospital stay of 
2 days. Fewer than 1% of patients required ICU care. A post-
operative complication was suffered by 17.3% of patients 
within 30 days of surgery, with the most common being 
the development of a pelvic abscess (3.2%), ileus (2.6%), 
or a surgical site infection (1.9%). However, only 2.8% of 
all patients suffered a severe complication (Clavien–Dindo 
classification ≥ 3a), while 1.6% required reoperation. A 
total of 7 patients (0.2%) died within the first month after 
surgery. Median (IQR) length of hospital stay in days was 
significantly shorter in patients who received fully compliant 
care (1.2, 0.8–1.7 days), compared with those who received 
partially compliant (2.0, 1.4–3.6 days) or noncompliant care 
(4.3, 3.2–8.1 days) [p < 0.001].

Discussion

The SnapAppy analysis of the current state of acute appendi-
citis management offers valuable insights regarding practice 
patterns and outcomes across widely disparate health sys-
tems and settings. Besides affording comparisons between 
different countries, these data allow us to explore how cur-
rent practice interfaces with existing evidence regarding that 
care. To that end, we have compared observational data with 

two major guidelines—that of the World Society of Emer-
gency Surgery for the management of patients with acute 
appendicitis and that of the Surviving Sepsis Campaign 
for the management of patients with sepsis or septic shock 
(Table 1) [30, 31]. While the SSC guidelines may be viewed 
as primarily appropriate for medical disease, or postopera-
tive infection such as pneumonia, recent iterations of the 
guidelines also highlight the importance of source control 
for patients with a source controllable lesion [30]. There-
fore, appendectomy for acute appendicitis provides an ideal 
opportunity to achieve rapid and effective source control in 
the absence of perforation.

Guidelines provide an evidence base upon which clini-
cians may rely to inform care decisions [41]. Often, guide-
lines are generated using a modified Delphi consensus 
approach that yields recommendations, suggestions, best 
practices, and the recognition that data are sufficiently lack-
ing for some topics to preclude guidance [22, 23]. Some 
guidelines, but not all, are accompanied by a ‘bundle’ that 
provides an implementation strategy that translates to the 
bedside [41]. When there is no offered implementation strat-
egy, the individual clinician, group, or facility must devise 
how best to incorporate the evidence base into their practice. 
Unsurprisingly, the completeness with which evidence is 
embraced within practice is often less than uniform, creating 
what has been termed an ‘evidence-to-practice’ gap [42]. 
The abrogation of such gaps across all disciplines is a key 

Table 3  Crude complication 
rate, grouped by full 
(5/5), partial (1–4/5) or 
noncompliance (0/5) with 
selected guidelines

Selected guidelines were: preoperative antibiotic administration, first-dose antibiotics within 3 h of diag-
nosis (Surviving Sepsis Campaign 2021), time to OR less than 24 h, omission of postoperative antibiot-
ics in uncomplicated appendicitis, and diagnosis using clinical examination or ultrasound in patients under 
40 years of age, or using CT in patients over 40 years

Characteristic N Fully compliant
N = 588 (13%)

Partially compliant
N = 4014 (87%)

Noncompliant
N = 11 (0.2%)

p-value

Any complication 4,610 43 (7.3%) 624 (16%) 4 (36%)  < 0.001
Wound infection 4,604 4 (0.7%) 81 (2%) 2 (18%) 0.002
Wound dehiscence 4,604 4 (0.7%) 26 (0.6%) 0 (0%) 0.80
Pelvic abscess 4,604 3 (0.5%) 143 (3.6%) 0 (0%)  < 0.001
Subphrenic abscess 4,604 0 (0%) 8 (0.2%) 0 (0%) 0.61
Postoperative sepsis 4,604 0 (0%) 33 (0.8%) 0 (0%) 0.050
Postoperative ileus 4,604 3 (0.5%) 117 (2.9%) 0 (0%)  < 0.001
Clavien–Dindo
30-day complications

4,415  < 0.001

 1 11 (1.9%) 156 (4.1%) 1 (10%)
 2 8 (1.4%) 170 (4.4%) 2 (20%)
 3a 1 (0.2%) 68 (1.8%) 0 (0%)
 3b 1 (0.2%) 48 (1.3%) 0 (0%)
 4a 0 (0%) 2 (< 0.1%) 0 (0%)
 4b 0 (0%) 1 (< 0.1%) 0 (0%)
 5 0 (0%) 7 (0.2%) 0 (0%)

None 545 (96%) 3,387 (88%) 7 (70%)
Missing 22 175 1
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priority of the expanding field of implementation science. 
The evidence-to-practice gap bears important implications 
for care quality, safety, and cost, rendering it imperative to 
understand what supports the creation of the gap.

Established drivers of the evidence-to-practice gap 
include individual, environment, and system factors. Estab-
lished practice is generally comfortable for the clinician, and 
inertia may impede change. The notion that trial patients 
from whom the data are derived are different from those 
the clinician treats has some validity, especially when the 
data flow from Randomized Clinical Trials with restric-
tive entry criteria. However, a host of other assessments, 
like this study, is not restricted and provides evidence that 
may be broadly applied. Other clinician factors include a 
lack of awareness of newly published evidence, especially 
if the data are published behind a pay wall. Guidelines, on 
the other hand, are often freely accessible, even if only as 
an executive summary. Additional impediments are those 
related to the environment of care and the healthcare sys-
tem. The lack of an electronic health record (EHR), as is 
the case in many of our contributing centers, may confound 
obtaining longitudinal data for assessment. Practice within 
a resource limited space, including those within low- and 
middle-income countries (LMIC), may constrain diagnostic 
modality availability, as well as therapeutic agent selection. 
Patients operated after 24 h may reflect lack of OR avail-
ability in resource constrained settings, a constraint that 
would not be remedied by an Emergency General Surgery 
service—an initiative that durably decreased time to OR 

for time sensitive conditions [43, 44]. Clinician availability 
may reduce the oversight required for timely termination of 
perioperative antibiotics, in the absence of an established 
pathway, or advanced practice provider (APP) to help guide 
care. These aspects likely contributed to the low frequency 
of an enhanced recovery after surgery (ERAS) approach that 
includes same day discharge for uncomplicated appendicitis 
in otherwise healthy adults [45, 46].

Nonetheless, our data demonstrate that practice can 
conform to guideline-based recommendations—which 
suggests the lack of an evidence-to-practice gap—across 
very different healthcare systems (USA, Estonia, Roma-
nia), at least in participating centers. Despite the ability 
to embrace guideline recommendations in select sites, 
most centers demonstrated failures in guideline adoption. 
These failures were most notable in antibiotic cessation 
timing and inpatient care (time to operation, and the lack 
of outpatient care for uncomplicated appendicitis). While 
not readily apparent on an individual patient basis, col-
lectively, these choices exert major impacts on cost and 
serve as a driving force for the genesis of multidrug-resist-
ant organisms [47–49]. Individual clinician management 
approaches influence microbial ecology within the hos-
pital and the community, including chronic care facili-
ties. Accordingly, antimicrobial stewardship programs 
(ASPs) have arisen to help guide appropriate antibiotic 
selection and cessation. ASPs bring additional clinicians 
onto the team to support embracing new evidence and 

Table 4  Full (5/5), partial 
(1–4/5) or noncompliance 
(0/5) with selected guidelines, 
divided by country

Selected guidelines were: preoperative antibiotic administration, first-dose antibiotics within 3 h of diag-
nosis (Surviving Sepsis Campaign 2021), time to OR less than 24 h, omission of postoperative antibiot-
ics in uncomplicated appendicitis, and diagnosis using clinical examination or ultrasound in patients under 
40 years of age, or using CT in patients over 40 years

Fully compliant Partially compliant Noncompliant Total

Country n % n % n % n

Bahrain 10 5% 211 95% 1 0% 222
Estonia 54 27% 147 73% 0 0% 201
Finland 47 7% 594 93% 0 0% 641
Iran 0 0% 88 100% 0 0% 88
Ireland 27 6% 418 94% 1 0% 446
Israel 0 0% 28 100% 0 0% 28
Italy 7 6% 113 94% 0 0% 120
Portugal 8 5% 161 95% 0 0% 169
Romania 9 45% 11 55% 0 0% 20
Spain 197 17% 962 83% 0 0% 1159
Sweden 112 11% 947 89% 0 0% 1059
Switzerland 2 7% 26 93% 0 0% 28
UK 10 6% 139 88% 9 6% 158
USA 105 38% 169 62% 0 0% 274
Overall 588 13% 4014 87% 11 0% 4613
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incorporating it into practice but are insufficient in iso-
lation. Other approaches are warranted to systematically 
close the gap.

A variety of methods may help close the evidence-to-
practice gap and are presented below in order of increasing 
difficulty but also increasing anticipated efficacy. Clini-
cian education is straightforward and may use a variety of 
platforms from traditional didactics to ‘just-in-time’ digi-
tal platform-based training. Despite the ease of providing 
education, it is challenging to demonstrate robust prac-
tice change in its wake [50–52]. Providing an incentive to 
change practice is more appealing, especially when finan-
cially based, but requires institutional resources or insurer 
resources to realize; incentives may be especially prob-
lematic in resource limited spaces. Exacting a penalty for 
compliance failure may be effective but then requires data 
reporting, analysis, and a larger system to ensure accurate 
attribution and penalty application. This is especially true 
when the penalty is related to finances that flow to an indi-
vidual clinician as opposed to an established institution. 
Public reporting of compliance and outcomes may be built 
as an outgrowth of data acquisition and works best when it 
is mandated by a state or national agency. Such is the case 
for the New York State Department of Health’s mandatory 
reporting around sepsis care. There is substantial pres-
sure for institutional performance when it is documented 
as lagging behind that of other institutions or practition-
ers. Finally, establishing a local champion who can access 
clinician specific data, review it with them, and provide 
peer-to-peer education and feedback holds the potential to 
be quite effective [53–55]. However, that individual must 
be credible, have sufficient time to do so, be compensated 
for time and effort, and work within a medical staff that is 
willing to have their practice examined by a peer. In the 
private sector, that peer may also compete for the same 
patients, relegating such ‘counselling’ to teaching insti-
tutions where such competition is less applicable. When 
such a system is feasible, the peer reviewer functions as a 
team member for the clinician, a post that may be particu-
larly important for those in solitary practice.

Our observational study of acute appendicitis manage-
ment offers a view of current practice while also demonstrat-
ing important limitations. First, due to time-bound simul-
taneous patient accrual, our data do not capture outcomes 
beyond 90 days after admission. Second, the original inten-
tion of the 90-day follow-up informed by anecdotal experi-
ence during the early phase of the COVID-19 pandemic was 
to capture early readmission with recrudescent appendicitis 
due to failure of nonoperative antibiotic therapy. However, 
very few patients undergoing nonoperative therapy were 
captured in our dataset. This is at least in part be explained 
using operating room logs to identify enrollable patients at 
centers without an EHR. Third, granular elements of patient 

care were not captured including, but not limited to, anes-
thetic technique, culture data, and specific antibiotic pre-
scription. However, those elements were not the focus of the 
study. Furthermore, due to the heterogeneity on a national 
level, socioeconomic status, race/ethnicity, and insurance 
status were not recorded. Fourth, the correlations presented 
are merely associative and should not be construed as indi-
cating causation, especially regarding complications that 
were quite infrequent. Prospective correlative analysis of 
outcomes would require a population-level epidemiologic 
study. Fifth, we did not assess all the bundle elements from 
the SSC as that inquiry would require a granularity that 
exceeded the scope of this investigation. Finally, as these 
data were limited to adult patients admitted for appendicitis, 
they should not be extrapolated to the pediatric population.

Conclusions

The observed diagnostic and treatment practices of the par-
ticipating institutions displayed variability in compliance 
with key recommendations from existing guidelines (2020 
WSES Jerusalem and the 2021 Surviving Sepsis Campaign) 
[30, 31]. In general, practice was congruent with recom-
mendations pertaining to preoperative antibiotic surgical 
site infection prophylaxis administration, time to surgery, 
and operative approach. However, there remains opportuni-
ties for improvement in the choice of diagnostic imaging 
modality, postoperative antibiotic stewardship to timely dis-
continue prophylactic antibiotics, and the implementation of 
ambulatory treatment pathways for uncomplicated appendi-
citis in the healthy young adult. Data from the SnapAppy are 
hypothesis generating and should optimally inform future 
investigations and implementation science initiatives specifi-
cally designed to close the evidence-to-practice gap.
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