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Abstract. Background. Acute appendicitis is increasingly recognized as a heterogeneous disease in which severity is not solely determined
by symptom duration or inflammatory burden. The hybrid model integrates time-dependent progression with divergent inflammatory
pathways influenced by anatomic and host factors. The role of appendiceal diverticular disease within this framework remains incompletely
defined. Case presentation. We report a hypothesis-generating paired case contrast of two female patients with histologically confirmed
appendiceal diverticular disease and divergent inflammatory trajectories. One patient developed localized phlegmonous appendicitis with
normal serum bilirubin levels despite prolonged symptoms. The second patient exhibited rapid progression to gangrenous diverticulitis
with fibrinopurulent peritonitis within 12 hours, accompanied by early bilirubin elevation, marked neutrophil predominance, and elevated
procalcitonin. Both cases lacked hepatic or hematologic confounders. Discussion. Despite similar anatomic substrates, the clinical courses
differed markedly, challenging a purely time-dependent continuum model. The dissociation between C-reactive protein and bilirubin
behavior suggests that bilirubin reflects systemic inflammatory response rather than localized inflammation or symptom duration alone.
Conclusion. This paired case contrast supports the hybrid model of acute appendicitis and suggests that appendiceal diverticulum may
function as a conditional modifier of inflammatory trajectory. Serum bilirubin appears to reflect systemic response patterns rather than
local pathology.
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Introduction

Acute appendicitis remains one of the most common surgical emergencies worldwide, yet its underlying
pathophysiology is increasingly recognized as heterogeneous. Traditionally, appendicitis has been conceptu-
alized as a single disease entity progressing along a temporal continuum from uncomplicated inflammation
to gangrene or perforation [1, 2]. While this model accounts for many clinical presentations, it does not
fully explain the frequent discordance between symptom duration, local tissue pathology, and systemic
inflammatory response observed in clinical practice.

To address these limitations, alternative conceptual frameworks have emerged. The dual-entity model
proposes that uncomplicated and complicated appendicitis represent biologically distinct processes [3, 4],
whereas the hybrid model integrates elements of both progression and divergence. Within the hybrid mo-
del, appendicitis may evolve either through gradual inflammatory escalation or through distinct pathways
characterized by rapid tissue necrosis and early systemic involvement, driven by interactions among local
anatomic factors, microbial characteristics, and host immune response [5, 6]. This framework has gained
increasing attention as a means of reconciling heterogeneous clinical and pathological observations.

Appendiceal diverticular disease represents a potentially important but underexplored anatomic subs-
trate within this context. Although uncommon, appendiceal diverticula have been consistently associated
with higher rates of gangrene, perforation, and periappendiceal inflammation when complicated by diver-
ticulitis [7-9]. However, diverticula are also frequently identified incidentally, and their mere presence does
not uniformly translate into severe disease. This raises the question of whether appendiceal diverticulum
functions as a deterministic risk factor or, alternatively, as a conditional modifier capable of facilitating
divergent inflammatory trajectories under specific circumstances.

Serum bilirubin has emerged as a potential marker of disease severity in acute appendicitis. Unlike con-
ventional inflammatory markers such as white blood cell count or C-reactive protein, bilirubin elevation
appears to reflect systemic inflammatory signaling and endotoxemia rather than localized inflammatory
burden or symptom duration alone [10-12]. This characteristic makes bilirubin a useful lens through
which divergent inflammatory trajectories may be examined within hybrid pathophysiologic models.

In this report, we present a paired contrast of two patients with acute appendicitis and histologically
confirmed appendiceal diverticular disease who followed markedly different inflammatory trajectories.
Rather than aiming to establish epidemiologic associations, this analysis is intended to refine conceptual
understanding by illustrating how appendiceal diverticulum may act as a conditional modifier within
the hybrid model and how systemic biomarkers, particularly bilirubin, reflect the systemic expression of
disease severity.

Methods
Case selection and study context

The presented cases were identified within the framework of a larger observational study investigating
inflammatory and biochemical markers in patients undergoing appendectomy for acute appendicitis.
Within this cohort, these two cases were selected for detailed analysis because they represent illustrative
extremes of inflammatory trajectory in the presence of histologically confirmed appendiceal diverticular
disease. This selection was intentional and hypothesis-driven rather than representative, and the cases are
not presented as reflective of cohort-level prevalence or risk.
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Clinical data, laboratory parameters, microbiological findings, and histopathological assessments were
collected according to a standardized institutional protocol. The present report is intended as a clinicopat-
hological illustration designed to explore conceptual implications within the hybrid model, rather than as
an analysis of cohort-level associations.

Ethics approval and consent to participate

The study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval
was obtained from the appropriate institutional ethics committee as part of the larger observational study.
Written informed consent for participation and publication of anonymized clinical data was obtained
from both patients.

Case presentation
Case A. Phlegmonous appendicitis with appendiceal diverticulum

A 47-year-old female presented with a four-day history of progressively worsening right lower quadrant
abdominal pain. She had no relevant past medical history and was hemodynamically stable on admission,
without clinical signs of systemic inflammatory response. Laboratory evaluation revealed a white blood
cell count of 6x10°/L and a neutrophil-to-lymphocyte ratio of 1.29. C-reactive protein was elevated at
35.58 mg/L. Serum albumin was 32.53 g/L, corresponding to a CRP-to-albumin ratio of 1.09. Total se-
rum bilirubin was within normal limits at 14.1 pmol/L (direct 3.36 pmol/L; indirect 10.74 pmol/L). An
isolated elevation of alanine aminotransferase (170 U/L) was noted, while aspartate aminotransferase and
lactate dehydrogenase were within reference ranges. Viral hepatitis serology was negative, and peripheral
blood smear showed no evidence of hemolysis.

Contrast-enhanced computed tomography demonstrated inflammatory changes in the ileocecal region
without abscess formation or generalized peritonitis. Appendectomy was performed.

Figure 1. Appendiceal diverticulum. Hema-
toxylin and eosin—stained section (x40) de-
monstrates a diverticular outpouching of the
appendiceal wall characterized by herniation
of mucosa and submucosa through the mus-
cular layer, with surrounding inflammatory
changes in the adjacent wall and periappen-
diceal tissue.
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Histopathological examination revealed acute phlegmonous appendicitis with transmural neutrophilic
infiltration. An appendiceal diverticulum was identified, characterized by mucosal and submucosal hernia-
tion through the muscular layer, without transmural necrosis, perforation, or fibrinopurulent peritonitis
(Figure 1). Microbiological culture yielded Escherichia coli, Bacillus subtilis, and Candida albicans. The

postoperative course was uncomplicated.

Case B. Gangrenous diverticulitis of the appendix with early systemic inflammatory response

A 26-year-old female presented with acute right lower quadrant abdominal pain of 12 hours” duration.
Laboratory evaluation demonstrated leukocytosis (15x10°/L) with marked neutrophil predominance
(NLR 23.5). C-reactive protein was 11.6 mg/L, while serum albumin was 40.0 g/L (CRP-to-albumin ratio
0.29). Procalcitonin was elevated at 1.18 ng/mL. Total serum bilirubin was mildly elevated at 18.1 pmol/L
(direct 3.5 pmol/L). Aspartate aminotransferase and lactate dehydrogenase were within reference ranges.
Viral hepatitis serology and peripheral blood smear were unremarkable.

Appendectomy was performed due to clinical suspicion of complicated appendicitis. Histopathological
examination demonstrated diverticulosis of the appendix complicated by acute gangrenous diverticulitis,
with extensive transmural necrosis, fibrinopurulent peritonitis, and inflammatory involvement of pe-
riappendiceal adipose tissue (Figure 2—3). Concurrent acute phlegmonous appendicitis was also present.
Microbiological cultures yielded Enterobacter species and Bacillus subtilis.

Figure 2. Diverticulitis of the appendix. H&E,
x40. Low-power view demonstrates a diverticular
outpouching with marked inflammatory infiltra-
te involving the appendiceal wall and adjacent
tissues, consistent with active diverticulitis.
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Figure 3. Gangrenous diverticulitis of the ap-
pendix. Hematoxylin and eosin—stained section
(x100) demonstrates a diverticular outpouching
with extensive transmural inflammatory infilcrate,
areas of tissue necrosis, and disruption of the ap-
pendiceal wall. The serosal surface is covered by
fibrinopurulent exudate, consistent with associa-
ted peritonitis.

Discussion

This paired case contrast illustrates the heterogeneity of inflammatory trajectories in acute appendicitis and
underscores the conceptual limitations of a purely time-dependent continuum model [1, 2]. Although ap-
pendiceal diverticular disease has been associated with higher rates of complicated appendicitis, the present
cases demonstrate that the presence of a diverticulum alone does not predetermine disease severity [7-9].
Instead, the findings support a more nuanced interpretation consistent with hybrid models of appendicitis
pathophysiology, in which disease evolution may follow divergent pathways [5, 6].

Both patients had histologically confirmed appendiceal diverticular disease, yet their clinical courses
differed markedly. Case A followed a localized phlegmonous inflammatory trajectory despite a longer
symptom duration, whereas Case B progressed rapidly to gangrenous diverticulitis with fibrinopurulent
peritonitis within 12 hours. This dissociation between symptom duration and severity challenges the
traditional continuum concept and aligns with observations supporting biologically distinct or partially
divergent disease processes in acute appendicitis [3—6]. Within the hybrid framework, appendiceal diver-
ticulum may act as a conditional modifier, facilitating alternative inflammatory pathways under specific
anatomic, microbial, or host-response conditions rather than serving as a deterministic risk factor.

The behavior of serum bilirubin in these cases provides additional insight into the systemic expression
of disease severity. In Case B, bilirubin elevation was mild in absolute terms but directionally distinct,
occurring early in association with gangrenous inflammation, marked neutrophil predominance, elevated
procalcitonin, and peritoneal involvement. In contrast, bilirubin levels remained within normal limits in
Case A despite higher C-reactive protein values and longer symptom duration. This pattern is consistent
with evidence suggesting that bilirubin reflects systemic inflammatory response and endotoxemia rather
than localized inflammatory burden or disease duration alone [10-12]. Differences in biomarker kinetics
likely contribute to this dissociation, as CRP tends to correlate with cumulative inflammatory burden over
time, whereas bilirubin elevation may signal early systemic involvement.

Microbiological findings in the present cases are reported primarily for completeness and contextual
interpretation. Although Gram-negative organisms were identified in the gangrenous case, culture results
do not quantify bacterial virulence or burden and may be influenced by sampling conditions and periope-
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rative factors. Accordingly, microbiological data are not interpreted mechanistically but are consistent with
the observed pattern of systemic inflammatory response in the more severe case.

Taken together, these observations refine the hybrid model of acute appendicitis by illustrating how
similar anatomic substrates may be associated with divergent inflammatory trajectories. Rather than
functioning as a deterministic cause of severe disease, appendiceal diverticulum may modify the course
of appendicitis by interacting with microbial factors and host response patterns. Within this framework,
serum bilirubin appears to serve as a marker of systemic inflammatory expression rather than local pat-
hology or inflammatory burden alone. Although limited by its case-based design, this analysis provides a
clinicopathological illustration that supports contemporary conceptual models of appendicitis heteroge-
neity and highlights the value of integrative biomarker interpretation.

Conclusion

This hypothesis-generating paired case contrast demonstrates that appendiceal diverticular disease may
modify the inflammatory trajectory of acute appendicitis without acting as a deterministic driver of disease
severity. Divergent clinical courses in the presence of similar anatomic substrates support the hybrid model,
in which severity may arise through distinct inflammatory pathways rather than solely through time-de-
pendent progression. Within this framework, serum bilirubin appears to reflect systemic inflammatory
response patterns rather than local pathology or inflammatory burden alone. These findings underscore
the value of integrative clinicopathological analysis in refining conceptual models of acute appendicitis.
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