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Abstract
Background Appendicitis is the most frequent global abdominal surgical emergency. An ageing population, who often exhibit 
atypical symptoms and delayed presentations, challenge conventional diagnostic and treatment paradigms.
Objectives This study aims to delineate disparities in presentation, management, and outcomes between elderly patients and 
younger adults suffering from acute appendicitis.
Methods This subgroup analysis forms part of ESTES SnapAppy, a time-bound multi-center prospective, observational 
cohort study. It includes patients aged 15 years and above who underwent laparoscopic appendectomy during a defined 
90-day observational period across multiple centers. Statistical comparisons were performed using appropriate tests with 
significance set at p < 0.05.
Results The study cohort comprised 521 elderly patients (≥65 years) and 4,092 younger adults (18–64 years). Elderly patients 
presented later (mean duration of symptoms: 7.88 vs. 3.56 days; p < 0.001) and frequently required computed tomography 
(CT) scans for diagnosis (86.1% vs. 54.0%; p < 0.001). The incidence of complicated appendicitis was higher in the elderly 
(46.7% vs. 20.7%; p < 0.001). Delays in surgical intervention were notable in the elderly (85.0% operated within 24 h vs. 
88.7%; p = 0.018), with longer operative times (71.1 vs. 60.3 min; p < 0.001). Postoperative complications were significantly 
higher in the elderly (27.9% vs. 12.9%; p < 0.001), including severe complications (6.9% vs. 2.4%; p < 0.001) and prolonged 
hospital stays (7.9 vs. 3.6 days; p < 0.001).
Conclusions Our findings highlight significant differences in the clinical course and outcomes of acute appendicitis in the 
elderly compared to younger patients, suggesting a need for age-adapted diagnostic pathways and treatment strategies to 
improve outcomes in this vulnerable population.
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Introduction

Appendicitis remains the most frequently encountered 
abdominal surgical emergency worldwide, exhibiting an 
estimated lifetime prevalence of 6.7% to 8.6% [1–3]. Tradi-
tionally, the combination of antimicrobial therapy and sur-
gical source control, specifically appendectomy, constitutes 
the cornerstone of treatment for most afflicted with acute 
appendicitis [4]. This approach is underpinned by literature 
suggesting that recovery from uncomplicated appendici-
tis typically occurs swiftly, allowing patients to promptly 
resume their pre-illness activities. However, delayed pres-
entation or interactions with comorbidity may increase the 
likelihood of complicated appendicitis, the sequelae of 
which may include diminished autonomy, quality of life, and 
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economic productivity, alongside societal impacts through 
both direct and indirect healthcare expenditures.

Acute appendicitis displays a predominantly bimodal 
age distribution, frequently occurring in children and young 
adults with a second peak in the elderly. The incidence in 
individuals over 65 years is increasing due to demographic 
shifts towards an aging population who often present unique 
diagnostic and treatment challenges; for example, only a 
quarter exhibit classical symptoms, about one-third seek 
medical help after considerable delays, and approximately 
half are accurately diagnosed upon initial hospital admission 
[5]. Such delays are frequently associated with a greater 
risk of developing severe complications like abscesses or 
peritonitis. Consequently, the optimal treatment strategy for 
acute appendicitis in the elderly remains elusive, and few 
studies specifically address this concern.

We hypothesize that the postoperative incidence of 
complications, mortality, and extended hospital stay would 
be greater in patients aged over 65 following appendectomy, 
when compared with a younger cohort. This hypothesis was 
tested through post hoc analysis of the ESTES SnapAppy 
snapshot audit dataset, a time-constrained, prospective, 
multicenter observational cohort study which took place in 
2020 and 2021. We aim to provide a clearer understanding 
of the differential impacts and needs dictated by age in the 
diagnosis and management of acute appendicitis, thereby 
guiding more tailored and effective treatment modalities.

Methods

We conducted a prospective, observational, non-randomized 
multicenter cohort study, using standardized published 
methodology [6], in line with a pre-specified protocol 
which was registered with ClinicalTrials.gov (Trial # 
NCT04365491). The SnapAppy study [7–9] enrolled all 
consecutive patients admitted 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 both the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines and the Declaration 
of Helsinki.

Center eligibility

Centers undertaking adult emergency general surgery 
were eligible to register to enter patients into the study. No 
minimum case volume, or center-specific limitations were 
applied. The study protocol was disseminated to registered 
members of the European Society of Trauma and Emergency 
Surgery (ESTES) and through national surgical societies.

Patient eligibility

All adult patients (over 15 years of age) admitted for acute 
appendicitis who underwent laparoscopic appendectomy 
during index admission were included in the current 
study. While the intention of the study was to capture all 
patients admitted with acute appendicitis, the uploaded 
cohort was predominantly patients who had undergone 
operative intervention (appendectomy), likely due to 
center-level patient identification through operating room 
registries. Thus, we decided to exclude patients managed 
non-operatively from this analysis. Appendicitis was graded 
using the AAST Anatomic Disease Severity grading system 
for emergency general surgery that provides a uniform 
method to assess disease severity for a variety of conditions, 
including acute appendicitis [10–12]. The grading system 
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 
disease).

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 October 1, 2021. Quality assurance 
guidance to ensure data fidelity was provided by at least one 
consultant/attending-level surgeon at each site.

Outcome measures

The primary outcome measure was any postoperative 
complication within 30  days. Secondary outcomes 
were severe complications within 30  days defined as 
Clavien–Dindo classification grade 3 to 5 (reoperation, 
reintervention, unplanned admission to intensive care unit, 
organ support requirement, or death) and length of stay 
(LOS).

Statistical analysis

Patients who underwent a laparoscopic appendectomy 
were included for analysis. Patients were grouped based 
on age < 65 years vs. ≧65 years. Descriptive results are 
presented as means and standard deviations (SDs) for 
continuous, normally distributed variables, medians and 
interquartile ranges (IQRs) for non-normally distributed 
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continuous variables, as well as counts and percentages 
for categorical variables. Continuous, normally distributed 
variables were compared using a Student’s t test, while 
non-normally distributed variables were compared using 
the Mann–Whitney U-test. A Chi Square test or Fisher’s 
exact test was used for categorical variables, as appropriate. 
In all analyses, a two-tailed p value of less than 0.05 was 
considered statistically significant. Analyses were conducted 
with the statistical software R 4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria) using the jamovi 
package. Due to the observational nature of the data, and 
the associative rather than correlative conclusions drawn, 
propensity score matching was not employed as part of the 
statistical analysis strategy.

Ethical considerations

All participating centers had Institutional Review Board 
approval or equivalent. No patient consent was sought 
since the current study was purely observational and did 
not impact patient care. All data were de-identified when 
uploaded to the secure study database.

Results

Our multicenter prospective observational study encom-
passed a diverse cohort, capturing outcomes for 4,613 
patients diagnosed with acute appendicitis, stratified by age 
(4,092 aged 18–64 vs. 521 aged over 65). The analysis illu-
minated significant distinctions in the clinical trajectory and 
outcomes between elderly patients (aged over 65) and the 
younger demographic (aged 18–64) (Fig. 1). Elderly patients 
presented later and with less typical symptoms compared to 
their younger counterparts (Tables 1, 2). The mean duration 
of symptoms prior to hospital presentation was significantly 
longer for elderly patients (7.88 days) than for those aged 
18–64 (3.56 days), (p < 0.001) (Tables 1, 2; Fig. 1). Diag-
nostic modalities also varied significantly with age; com-
puted tomography (CT) was employed in 86.1% of elderly 
patients compared to 54.0% of younger patients (p < 0.001), 
reflecting perhaps a need for more definitive imaging given 
atypical presentations and diagnostic uncertainty in the older 
group. Serum values of the inflammatory marker C-reactive 
protein (CRP) were higher in the elderly population than 
in younger patients, but this was found to be colinear with 
significantly increasing mean CRP values by AAST severity 

Fig. 1  Statistically-significant 
differences (p < 0.005) in 
presenting symptoms, diagnosis 
metrics, AAST severity grade 
and operative metrics between 
elderly patients and those under 
the age of 65 years
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grade, and thus likely represents the effect of a higher pro-
portion of high-grade disease in the elderly patients.  

The severity of appendicitis, as graded by the Ameri-
can Association for the Surgery of Trauma (AAST), was 
higher among the elderly. The proportion of compli-
cated appendicitis (AAST Grade 2 +) was 46.7% in the 

elderly group compared to 20.7% in the younger cohort 
(p < 0.001). A significant delay in time to the operating 
room was observed for elderly patients, with a smaller 
percentage (85.0% compared to 88.7%, p = 0.018) being 
operated on within 24 h of diagnosis. Further, elderly 
patients underwent laparoscopic procedures less often, 
with longer median operative times (71.1  min vs. 
60.3 min, p < 0.001) (Table 3). Surgical drains were sig-
nificantly more likely to be placed intraoperatively in 
elderly patients versus those under 65 (136, 30.1% vs. 
383, 9.9%. OR = 3.90 (3.08–4.90); p < 0.001). Post-oper-
ative complications were markedly higher in the elderly, 
with 27.9% experiencing some form of complication com-
pared to 12.9% of younger patients (p < 0.001). Specifi-
cally, severe complications classified as Clavien-Dindo 
Grade 3 + occurred in 6.9% of the elderly compared to 
2.4% of younger patients. Post-operative ileus was par-
ticularly notable, affecting 8.7% of elderly patients, which 
starkly contrasts with the 1.8% incidence in the younger 
population (p < 0.001). Post-operative ICU admission, 
while an infrequent occurrence, was significantly more 
frequent in the elderly cohort (15, 2.9%) compared 

Table 1  Patient demographics, 
comparison of duration 
symptoms

18–64 years
n = 4092 (88.7%)

Over 65 years
n = 521 (11.3%)

All patients
n = 4613

p

Sex
 Male 2275 (55.7) 272 (52.2) 2547 (55.3) 0.144
 Female 1810 (44.3) 249 (47.8) 2059 (44.7)

Body Mass Index (BMI)
 Mean (SD) 26.3 (12.3) 28.1 (9.8) 26.5 (12.1) 0.005

Method of diagnosis
 CT 2198 (54.0) 446 (86.1) 2644 (57.6) <0.001
 Ultrasound 1371 (33.7) 65 (12.5) 1436 (31.3)
 Clinical examination 505 (12.4) 7 (1.4) 512 (11.1)

Duration of symptoms; n (%)
 <12 h 664 (16.4) 36 (7.0) 700 (15.3) <0.001
 12–24 h 1329 (32.8) 115 (22.2) 1444 (31.6)
 24–48 h 1031 (25.4) 141 (27.3) 1172 (25.6)
 48–72 h 455 (11.2) 75 (14.5) 530 (11.6)
 72–96 h 236 (5.8) 49 (9.5) 285 (6.2)
 >96 h 341 (8.4) 101 (19.5) 442 (9.7)

ASA risk classification; n (%)
 1 2711 (66.6) 52 (10.1) 2763 (60.3) <0.001
 2 1162 (28.6) 239 (46.3) 1401 (30.6)
 3 188 (4.6) 199 (38.6) 387 (8.4)
 4 8 (0.2) 26 (5.0) 34 (0.7)

Revised Cardiac Risk Index (RCRI); n (%)
 1 3989 (97.5) 381 (73.1) 4370 (94.7) <0.001
 2 99 (2.4) 114 (21.9) 213 (4.6)
 3 4 (0.1) 21 (4.0) 25 (0.5)
 4 0 (0.0) 5 (1.0) 5 (0.1)

Table 2  Presenting symptoms

18–64 years
(n = 4092)

Over 65 years
(n = 521)

p value

Pain in RLQ 3462.0 (84.6%) 428.0 (82.1%) 0.147
Migration of pain to RLQ 2010.0 (49.1%) 175.0 (33.6%) <0.001
Recurrent pain 609.0 (14.9%) 104.0 (20.0%) 0.003
Anorexia 1096.0 (26.8%) 113.0 (21.7%) 0.013
Nausea 1832.0 (44.8%) 189.0 (36.3%) <0.001
Emesis 1251.0 (30.6%) 113.0 (21.7%) <0.001
Fevers 789.0 (19.3%) 142.0 (27.3%) <0.001
Rigors 148.0 (3.6%) 18.0 (3.5%) 0.852
Diarrhea 396.0 (9.7%) 55.0 (10.6%) 0.525
Constipation 183.0 (4.5%) 37.0 (7.1%) 0.008
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with patients under 65 (21, 0.5%); (p < 0.001). Hospital 
stay was also significantly longer in the elderly, with a 
mean (SD) duration of 7.9 (19) days compared to 3.6 
(12.4) days in the younger group (p < 0.001) (Table 4). 
This extended stay was associated with an increased 

complication rate (p < 0.001). Bold values represent those 
which have achieved statistically-significant differences 
between groups. 

Table 3  Time to operating 
room, operative findings, 
experience level of operating 
surgeon

18–64 years
n = 4092 (88.7%)

Over 65 years
n = 521 (11.3%)

p

Operated within 24 h of diagnosis; n (%) 3629 (88.7) 443 (85.0) 0.018
Complicated appendicitis (AAST > 2); n (%) 572 (20.7) 225 (46.7) <0.001
AAST
 Grade 1: Acutely inflamed appendix 2190 (79.3) 257 (53.3) <0.001
 Grade 2: Gangrenous appendix 153 (5.5) 43 (8.9)
 Grade 3: Perforated appendix with local contamination 193 (7.0) 84 (17.4)
 Grade 4: Perforated appendix with phlegmon/abscess 195 (7.1) 93 (19.3)
 Grade 5: Perforated appendix with Generalised peritonitis 31 (1.1) 5 (1.0)

Surgical technique
 Laparoscopic 3401 (87.8) 367 (80.5) <0.001
 Laparoscopic converted to ope 91 (2.4) 36 (7.9)
 Open 380 (9.8) 53 (11.6)

Procedure duration (minutes); mean (SD) 60.3 (32.7) 71.1 (36.7) <0.001
Operating surgeon
 Consultant/attending 1231 (31.7) 212 (46.1) <0.001
 Resident/fellow 2861 (69.3) 309 (54.9)

Table 4  Post-operative 
complications

18–64 years
n = 4092 (88.7%)

Over 65 years
n = 521 (11.3%)

p

Length of hospital stay (days); mean (SD) 3.6 (12.4) 7.9 (19.0) <0.001
Severe complication (Clavien-Dindo 3+ 94 (2.4) 34 (6.9) <0.001
Clavien-Dindo complication (grade)
 1 125 (3.2) 43 (8.7) <0.001
 2 137 (3.5) 43 (8.7)
 3a 54 (1.4) 15 (3.0)
 3b 37 (0.9) 12 (2.4)
 4a 0 (0.0) 2 (0.4)
 4b 1 (0.0) 0 (0.0)
 5 2 (0.1) 5 (1.0)
 None 3564 (90.9) 375 (75.8)
 Any 356 (8.7) 120 (23)

Missing 172 (4.2) 26 (4.9) NS
Re-operation for complications 54 (1.3) 18 (3.6) <0.001
Incisional hernia 11 (0.3) 3 (0.6) 0.425
Wound infection 71 (1.7) 16 (3.1) 0.052
Wound dehiscence 25 (0.6) 5 (1.0) 0.520
Post-operative abscess
 Pelvic 122 (3.0) 24 (4.6) 0.063
 Interloop 7 (0.2) 1 (0.2) 1.000

Hemorrhage 9 (0.2) 8 (1.5) <0.001
Post-operative ileus 75 (1.8) 45 (8.7) <0.001



2160 M. M. Cimino et al.

Discussion

Outcomes following appendectomy differ significantly 
between elderly patients and younger adults [13]. This 
is evident not only in the postoperative complication 
burden, but also in the incidence of mortality and 
morbidity reported by several studies, even after negative 
appendectomy [14–16]. Despite the challenges posed by 
acute appendicitis in the elderly, treatment approaches 
tailored to patient factors can improve outcomes. Our 
study supports the hypothesis that there is pronounced 
variability in presenting symptoms, diagnostic imaging 
modalities used, and time to the operating room between 
elderly patients and adults under the age of 65 years. 
While similar observations have been reported previously, 
this work is the first and largest to validate this disparity in 
an observational multicenter, time-bound non-randomized 
patient series through the snapshot methodology. This 
approach, which proactively configures and assesses the 
relevance of included variables prior to data accumulation, 
guides accurate mapping of knowledge gaps to the 
granular patient-level data needed to close those gaps [6].

Differential outcomes between elderly patients 
and younger adults underscore the necessity for 
adapted treatment strategies throughout all surgical 
phases. Preoperatively, older patients may benefit 
from an expedited and assertive diagnostic pathway to 
counterbalance the reduced diagnostic precision in this 
group [17]. Our findings align with existing literature, 
which indicate atypical presenting symptoms and an 
extended duration from hospital admission to surgery in 
older patients [18], necessitating heightened diagnostic 
vigilance and assertive decision-making to mitigate 
operative delays.

Our data revealed disparities in pre-operative 
multimorbidity burden between elderly and younger 
patients. Significantly longer times under general anesthesia, 
more unplanned post-operative ICU admissions, and a 
higher likelihood of conversion to open surgery were 
also seen in the elderly patients. These differences may 
be influenced by the interaction between pre-existing 
multimorbidity and appendicitis severity but may also be 
affected by the upstaging effects of delays in diagnosis (due 
to atypical symptomatology) and delay to surgical treatment 
[18, 19]. This tendency towards higher-stage disease can 
affect surgical decision-making, may necessitate strategies 
such as the use of staplers and energy devices in practice 
locations where they are not the default standard [8]. The 
intraoperative placement of intraabdominal drains, which 
have been associated with a greater complication burden and 
lengthier hospital stays in other studies, were also seen with 
greater frequency in the older cohort.

To our knowledge, this study is the most comprehensive 
snapshot series comparing elderly and non-elderly patients 
with acute appendicitis. Our study is limited by constraints 
in design, center-level approach, and site participation. 
First, this an observational multicenter nonrandomized 
study that implies a possible selection bias. The multicenter 
nature of the study may introduce data imbalance related 
to center or surgeon-level practice pattern variability. 
Heterogeneity in diagnostic modalities and practice patterns 
reflect the real-life non-randomized and broadly inclusive 
nature of the snapshot study method. The efficacy of 
non-operative management (NOM) in patients with acute 
appendicitis could not be assessed due to the low number 
of patients treated by NOM, likely due to center-level 
patient identification through operating room registries; 
thus, the numbers are very small and would be subject to 
Type I error. While the sample size for NOM in the elderly 
in our study was insufficient for us to draw conclusions, 
future study evaluating the effectiveness of NOM in the 
elderly population may be beneficial. At present, consensus 
guidance would suggest this approach should be considered 
only for selected patients because due to the higher incidence 
of complicated appendicitis increased morbidity in this 
demographic surgery remains the gold standard treatment 
[20].

Our study revealed a significantly higher use of CT 
scanning for diagnosis in the elderly cohort, with the 
diagnosis frequently established in younger patients 
through a combination of clinical examination and 
surgeon-performed point-of-care ultrasound (POCUS). 
This result may reflect a difference in practice pattern 
between Europe, where our study was performed, and may 
not be generalizable to other healthcare systems around 
the world. While the practice of performing CT scans on 
most suspected appendicitis cases is standard in the US, it 
is not always feasible in Europe due to resource constraints 
and differing clinical practices. In many European centers, 
particularly those with limited access to out-of-hours CT 
scan technicians or radiologists, there is a reliance on 
surgeon-performed point-of-care ultrasound (POCUS) as 
promoted by the ESTES MUSEC course [21, 22].

Multimorbidity, defined as the presence of combinations 
of multiple chronic conditions, significantly impacts surgical 
outcomes, particularly in elderly patients [19]. However, 
young patients with chronic illnesses, such as those who 
have survived congenital abnormalities, may also face 
similar challenges. Our current study primarily focused 
on age-related differences, but it is plausible that some 
observations, such as the increased risk of complications 
and prolonged recovery, apply to younger patients with 
significant multimorbidity.

Frailty, characterized by decreased physiological reserves 
and increased vulnerability to stressors, is a critical factor 
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that can influence surgical outcomes independently of 
multimorbidity. Although our study did not specifically 
evaluate frailty, it is a recognized confounder in surgical 
research [23]. Frailty assessments, such as the modified 
Frailty Index, could provide valuable insights into patient 
risk profiles and aid in tailoring perioperative care to 
enhance outcomes. Incorporating frailty evaluations in 
future studies would help clarify its impact alongside 
multimorbidity. The reduced inflammatory response in 
elderly patients, due to immunosenescence, can lead to 
atypical presentations and delays in seeking medical 
attention for appendicitis [24, 25].This physiological basis 
may result in more advanced disease at the time of diagnosis, 
as observed in our study. Less localization of pain, relapsing 
remitting symptoms and variability in fever response may 
contribute to diagnostic challenges and subsequent delays in 
treatment, which in turn increase the risk of complications. 
Frailty, immunosenescence, and inflammaging interact 
synergistically to exacerbate delays in presentation and 
increase disease severity in elderly appendicitis patients. 
Frailty decreases physiological reserves, impairing the 
ability to cope with acute stressors like infections, while 
immunosenescence reduces the efficiency of the immune 
response, leading to atypical and less pronounced symptoms. 
Inflammaging, which refers to the chronic, low-grade 
inflammation associated with aging, contributes to increased 
susceptibility to diseases and complications in geriatric 
patients. In geriatric emergency surgery, this heightened 
inflammatory state can exacerbate surgical risks, delay 
recovery, and complicate perioperative management [26].

It is important that we leverage the learnings from this 
time-bound multi-center prospective observational study 
in guideline construction to improve treatment strategies, 
reduce complications, and enhance recovery processes 
for the elderly. Our study underscores the unique clinical 
challenges posed by acute appendicitis in the elderly, as 
evidenced by a non-randomized prospective multicenter 
study. This evidence underscores the importance of 
developing age-specific guidelines to enhance outcomes in 
this patient population. However, variables such as frailty 
index, rate of relapse, performance status, and cognitive 
status should be carefully considered before surgical 
intervention [27–29].Validated preoperative scoring systems 
may aid clinicians in assessing individual patient risk and 
facilitating shared decision-making in complex cases 
[30–32].

Conclusions

Elderly patients undergoing appendectomy are at greater risk 
of post-operative complications. We investigated difference 
in presenting symptoms, pre-hospital duration of symptoms, 

appendicitis severity grading, prior multimorbidity and post-
operative outcomes between elderly patients and adults 
under 65 in the SnapAppy dataset, which represents the 
largest available non-randomized, multi-center time-bound 
prospective observational study of acute appendicitis. 
Observed delays in presentation, diagnosis and in obtaining 
surgical source control invite further research to explore 
the underpinnings of these differences and to formulate 
effective strategies for their mitigation. The development of 
age-specific guidelines for the diagnostic and management 
pathways for suspected acute appendicitis could significantly 
enhance patient outcomes, particularly in older adults who 
present unique clinical challenges.
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