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Abstract: Acute appendicitis is a common surgical issuewith a lifetime risk of 7–8%. Prompt diagnosis is crucial to
prevent complications, especially in elderly patients. Systemic Inflammatory Response Syndrome (SIRS) is a clini‑
cal condition characterized bywidespread inflammation that can complicate appendicitis. This study examined the
occurrence of SIRS across age groups, focusing on elderly patients, and assessed perioperative immune‑modulating
treatments. This retrospective study included 337 patientswho underwent surgery for acute appendicitis. Patients
were divided into four age categories: young adults (18–44 years), middle‑aged adults (45–60 years), elderly (61–
74 years), and senile (≥ 75 years). SIRS was identiϐied using clinical criteria and examined in relation to patient
age and type of appendicitis. Patients with SIRS (n= 207) received immunocorrective treatment, whereas the oth‑
ers received standard care. SIRS occurrence increased with age, from 32.3% in young adults to 100% in the senile
group (p < 0.001). Elderly and senile patients met more SIRS criteria. SIRS was associated with appendicitis sever‑
ity, reaching 100% in gangrenous peritonitis (p < 0.001). Patients with SIRS showed elevated inflammatory mark‑
ers, including white blood cell count, C‑reactive protein, neutrophil‑to‑lymphocyte ratio, and systemic immune‑
inflammation index. Immunocorrective treatment resulted in fewer complications (3.9%) than the typical rates
for high‑risk patients. This study showed an increase in SIRS incidence in elderly patients with acute appendicitis.
The results revealed links between SIRS severity, age, and disease progression. The immunomodulatory protocol
enhanced outcomes by reducing complications, particularly in elderly patients.
Keywords: Systemic Inflammatory Response Syndrome; Acute Appendicitis; Immunosenescence; Elderly;
Neutrophils
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1. Introduction
Acute appendicitis is a common surgical issue and ranks among the leading causes of abdominal pain requiring

surgery worldwide. The lifetime risk is 7–8%, with symptoms ranging from mild inflammation to severe compli‑
cations such as perforation and abscess formation [1,2]. Prompt diagnosis is crucial to prevent perforation, which
occurs in one‑third of cases and increases the risk of sepsis [1]. Diagnosticmethods that incorporate clinical scoring
systems and imaging techniques have enhanced risk assessment and management [3].

Systemic Inflammatory Response Syndrome (SIRS) is marked by a widespread inflammatory reaction trig‑
gered by infectious and non‑infectious factors, including severe appendicitis [4]. SIRS causes the release of pro‑
inflammatory cytokines, which can lead to organ dysfunction far from the injury site [4,5]. In patients with appen‑
dicitis and SIRS, systemic inflammation determines prognosis; its presence indicates severe disease and sepsis risk,
requiring enhanced clinical observation [1,6].

Understanding the clinical relationship between acute appendicitis and SIRS is thus crucial. Identifying SIRS
criteria in patients with appendicitis indicates potential complications and directs the urgency of surgical consulta‑
tion [1]. Research indicates that patientswith SIRS exhibit oxidative stress and increased leukocyte activationmark‑
ers, which are associated with disease severity [5]. Immature neutrophils (bands) are released during systemic
inflammation. These cells maintain basic immune functions but show altered receptor expression and cytokine
production, contributing to systemic inflammation [7]. The behavior of these immature cells in elderly patients
with appendicitis and SIRS remains uncharacterized.

Diagnosing acute appendicitis in elderly patients is challengingbecause of age‑related changes in inflammatory
markers. Leukocytosis and elevated C‑reactive protein (CRP) levels showdecreased sensitivity in older adults, com‑
plicating the evaluation and increasing the risk of delayed diagnosis [8,9]. These challenges necessitate the devel‑
opment of enhanced diagnostic markers and risk‑stratiϐication models incorporating immune parameters.

Although clinical guidelines advocate swift identiϐication and surgical consultation for appendicitis cases with
moderate to high risk to minimize morbidity from perforation and sepsis, there is a lack of data on the targeted cor‑
rection of SIRS in elderly patients with appendicitis. Understanding the prevalence and progression of SIRS across
age groups and the immunological factors contributing to systemic inflammation is a critical unmet need [4,10].

SIRS is a complex immune condition triggered by infection, injury, pancreatitis, or ischemia. It involves an
overactive immune response, characterized by symptoms such as fever, rapid heartbeat, increased white blood
cell (WBC) count, and changes in breathing [4, 10]. The response in SIRS is driven by the innate immune sys‑
tem's detection of pathogen‑associated or damage‑associatedmolecular patterns via pattern recognition receptors,
such as Toll‑like receptors (TLRs), especially TLR‑4, on macrophages, neutrophils, and dendritic cells. Activation
of these receptors triggers pathways leading to the production of pro‑inflammatory cytokines, including tumor
necrosis factor‑alpha (TNF‑α), interleukins (IL‑1β, IL‑6, IL‑8), interferon‑gamma, and othermediators such as com‑
plement components and coagulation factors, thereby intensifying inflammation [4,11–13]. This causes endothe‑
lial activation, increased vascular permeability, and WBC recruitment, leading to tissue injury and organ failure.
The pro‑inflammatory phase is balanced by a compensatory anti‑inflammatory response syndrome, involving anti‑
inflammatory cytokines such as IL‑10, IL‑4, and transforming growth factor‑beta, along with lymphocyte apoptosis
and immune cell exhaustion, which can potentially lead to immunosuppression and secondary infections [14,15].

In older adults, the immune response during SIRS is altered by immunosenescence and inflammaging, a condi‑
tion characterized by pro‑inflammatory processes. The innate immune system shows reduced neutrophil chemo‑
taxis, phagocytosis, and reactive oxygen species production,with changes inmacrophageTLRexpression, leading to
weakened inflammation and slower pathogen elimination [1,7]. NK cell cytotoxicity diminishes with age, thereby
weakening early cellular defenses. The adaptive immune system is affected by thymic involution, which reduces
naıv̈e T‑cell production and T‑cell receptor diversity. B‑cell immunity is weakened by decreased antibody afϐinity
and isotype‑switching capability [14].

Immune deϐiciencies and inflammaging, marked by increases in IL‑6, TNF‑α, and CRP, set the elderly immune
system to a pro‑inflammatory baseline [5]. Older patients may show an unusual cytokine proϐile during SIRS, with
an initially weakened fever and cytokine response, followed by extended inflammation that increases the risk of tis‑
sue damage [5,14]. Oxidative stress, as indicated by increased lipid peroxidation and leukocyte activation markers,
is higher in critically ill elderly patients with SIRS [5].
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While acute appendicitis is generally well understood [16], age‑related immune changes affect inflammatory
responses in older adults. Aging involves immunosenescence and inflammaging, which alter both immune systems.
Immunosenescence reduces neutrophil chemotaxis, phagocytosis, and naıv̈e T‑cell production [1,8]. Inflammaging
creates a pro‑inflammatory environment with increased cytokine levels, such as IL‑6 and TNF‑α, making older
adults susceptible to abnormal immune activation [1,8].

In older adults, acute appendicitiswith peritonitis poses a clinical challenge, with a high risk of SIRS, sepsis, and
organ dysfunction. Age‑related immune changes and appendiceal perforation determine the outcomes. Immunose‑
nescence involves reduced innate immune function, including decreased neutrophil chemotaxis, phagocytosis, and
reactive oxygen species production, with weakened adaptive immunity due to thymic atrophy. Inflammaging cre‑
ates a dysregulated immune environment with increased cytokine levels, such as IL‑6 and TNF‑α [17,18]. These
factors dampen the systemic response to appendiceal infection, allowing bacterial growth and peritoneal contami‑
nation in elderly patients [19].

When the peritoneal cavity is exposed to bacteria, it triggers pattern recognition receptors, such as TLR‑4,
activating innate immune pathways and leading to pro‑inflammatory cytokines and vascular changes in SIRS [13].
In older individuals, impaired TLR‑4 signaling disrupts the immune‑endocrine stress response [13]. During inflam‑
mation, immature neutrophils exhibit altered receptor expression and migration, affecting bacterial clearance [7].
Diagnosing SIRS in elderly patients with appendiceal peritonitis is challenging because of atypical presentations,
reduced fever, and altered WBC counts [17,19].

SIRS in older patients with appendicitis and peritonitis increases morbidity, mortality, and complications due
to diminished physiological reserve [1,19]. Elevated oxidative stress markers, including lipid peroxidation prod‑
ucts and leukocyte activation enzymes, indicate inflammation and are correlated with worse outcomes [5]. Early
detection and management, including surgical control, antibiotic therapy, and fluid resuscitation, are necessary to
prevent severe sepsis [1,10]. Given the altered immunity, SIRS management may require targeting TLR signaling
or oxidative stress pathways. Comprehensive geriatric assessments should guide the development of personalized
perioperative care plans.

This study measured the SIRS burden usingWorld Health Organization‑deϐined age groups for elderly popula‑
tions, assessedbandneutrophilswith theneutrophil‑to‑lymphocyte ratio (NLR) and systemic immune‑inflammation
index (SII) as inflammation indicators, and outlined a standardized perioperative immunocorrective protocol re‑
lated to postoperative complications in elderly patients with appendicitis.

2. Methods
This retrospective study was conducted at Bishkek City Clinical Hospital No. 1 in Kyrgyzstan and examined

patientswho underwent appendicitis surgery between January 2014 andDecember 2020. The study analyzed SIRS
occurrence across age groups, particularly in elderly (61–74 years) and senile (≥ 75 years) patients, and assessed
perioperative immune‑modulating treatments. The institutional bioethics committee approved this study (Protocol
No. 82, dated June 12, 2015), and informed consent was obtained from all patients or their legal guardians.

This study included 337 individuals with surgically conϐirmed acute appendicitis. The inclusion criteria re‑
quired participants to be over 18 years of age, undergo appendicitis surgery, and have complete documentation. Pa‑
tients with non‑appendicular peritonitis, immune system‑compromising conditions, or recent abdominal surgery
were excluded from the study. Patients were categorized into four WHO age groups: young adults (18–44 years),
middle‑aged adults (45–60 years), elderly (61–74 years), and senile adults (≥ 75 years).

SIRS was characterized based on the ACCP/SCCM Consensus Conference Committee 1992 [20], requiring at
least two conditions: temperature exceeding 38 °C or below 36 °C; heart rate surpassing 90 beats per minute;
respiratory rate over 20 breaths per minute or PaCO₂ under 32 mmHg; and white blood cell count greater than
12×10⁹/L, less than 4×10⁹/L, or with over 10% band forms. Individuals with immunodeϐiciency, active infection,
or recent chemotherapy were excluded. The perioperative immunocorrective protocol was standardized for pa‑
tients with SIRS, although not randomized. Surgery was conducted at the initial presentation through emergency
pathways, while those presenting later with generalized peritonitis underwent surgery after urgent resuscitation.

Recoverywasdeϐinedas clinical stabilization in thehospitalwith supportivebiomarker trends; however, longer‑
term outcomes (7–30 days) were not systematically collected in this retrospective cohort.

The patients underwent open appendectomy using a lower‑midline incision. Anesthesia was administered at
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the clinician’s discretion. Patients diagnosed with SIRS (n= 207) received immunocorrective therapy. A single intra‑
venous dose of cefazolin (1.0 g) was administered before surgery. During the operation, the abdominal cavity was
rinsed with ozonized sodium chloride solution (8–10 µg/mL ozone). Regional lymphatic stimulation was performed
in the ileocecal area using amixture of cefazolin (1.0 g), heparin (70U/kg), lidase (8–12U), proserin (2mL), and 0.5%
Novocaine (15–20 mL). Patients without SIRS received standard care, including antibiotics, fluids, and analgesics.

Patients were observed daily for SIRS criteria and inflammation indicators, including white WBC count, CRP
level, and differential counts. The NLR was calculated as the neutrophil count divided by the lymphocyte count.
The SII was calculated as follows: platelet count × neutrophil count/lymphocyte count. These markers were doc‑
umented at admission and post‑surgery to assess their correlation with age, disease severity, and complications.
Postoperative complications were recorded, and patients were monitored for ϐive days or until discharge.

Patientsmeeting the SIRS criteria received standardized perioperative immunocorrective treatment according
to the clinical protocol. As the patients were not divided into treatment and control groups, this study was not
randomized.

Data analysis was performed using the Statistical Package for the Social Sciences version 22.0 (IBM Corp., Ar‑
monk, NY, USA). Continuous variables are presented as mean ± standard deviation and were compared using Stu‑
dent's t‑test. Categorical variables were presented as frequencies and percentages, with chi‑square tests used for
statistical comparisons. A p‑value< 0.001 was considered statistically signiϐicant for all comparisons, establishing
a strict threshold to minimize Type I error. This study examined the relationships between age group, appendicitis
severity, SIRS criteria, and inflammatory biomarkers, including WBC count, CRP level, NLR, and SII. All p‑values
were two‑tailed and statistically signiϐicant.

3. Results
The study included 337 patients who underwent appendicitis surgery (Table 1). Themean age of the patients

was 51.6± 17.4 years. Mostweremiddle‑aged adults (45–60 years, 46.3%), followed by young adults (18–44 years,
28.5%), elderly individuals (61–74 years, 18.4%), and those aged≥ 75 years (6.8%). Patients with SIRS were older
than those without it (61.3 ± 13.1 years vs. 38.7 ± 14.6 years, p < 0.001), suggesting that older age correlates
with a higher risk of systemic inflammation. Themedian duration from admission to surgery was 6 h (interquartile
range 4–9 h), aligningwith typical emergency procedures; patientswith peritonitis underwent urgent surgery after
resuscitation.

Table 1. Demographic characteristics of patients with acute appendicitis.

Age Group n (%) M±m (Years)

Young (18–44) 96 (28.5%) 31.2± 6.4
Middle‑aged (45–60) 156 (46.3%) 52.8± 4.1
Elderly (61–74) 62 (18.4%) 66.7± 3.5
Senile (≥ 75) 23 (6.8%) 79.3± 3.6
Total 337 (100.0%) 51.6± 17.4

Note: Data presented as N (%); N = Total no. of patients; % = Percentage of total patients; and Mean± Standard Deviation (M±m).

Among the patients, 207 (61.4%) fulϐilled the SIRS diagnostic criteria (Table 2). SIRS occurrence increased
progressively with age: 32.3% in young adults, 65.4% in middle‑aged individuals, 82.3% in elderly patients, and
100% in the senile group. This pattern was statistically signiϐicant (p < 0.001). Additionally, elderly and senile
patients were more prone to meeting more SIRS criteria. Of the SIRS‑positive patients, 84 (24.9%) exhibited two
criteria, 88 (26.1%) showed three criteria, and 33 (10.4%) met four criteria. Patients aged ≥ 60 years were more
likely to present with three or more SIRS signs than younger patients (p< 0.01).

SIRS is closely linked to the severity of appendicitis (Table 3). In the catarrhal form, SIRS was found in 5.8% of
cases. However, it was present in 72.8%of patientswith phlegmonous form and 66.7%of patientswith gangrenous
form. SIRS reached 100% in patients with gangrenous form complicated by localized or generalized peritonitis.
These variations were statistically signiϐicant (p < 0.001), highlighting the link between disease progression and
the systemic immune response.

Patients with SIRS showed signiϐicantly elevated levels of immune and inflammatory markers (Table 4). The
meanWBC count in patients with SIRS was higher, measuring 15.6± 3.4 × 10⁹/L, compared to 10.2± 2.1 × 10⁹/L
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in those without SIRS (p < 0.001). CRP levels were increased in patients with SIRS (84.3 ± 27.8 mg/L) compared
to those in patients without SIRS (39.5 ± 18.2 mg/L) (p < 0.001), indicating heightened systemic inflammation.
Patientswith SIRS showed increased bandneutrophil counts (mean8.4%versus 3.1%), indicating their association
with systemic inflammatory activation (p< 0.001).

Table 2. Frequency and severity of SIRS according to age group.

Age Group n (%) ≥ 3 SIRS Criteria p‑Value

Young (18–44) 31 (32.3%) 6 0.032
Middle‑aged (45–60) 102 (65.4%) 36 < 0.001
Elderly (61–74) 51 (82.3%) 28 < 0.001
Senile (≥ 75) 23 (100.0%) 20 < 0.001
Total 207 (61.4%) 90 ‑

Note: Data presented as n (%); n = Patients with SIRS; % = Percentage of patients with SIRS; and SIRS = Systemic Inflammatory Response Syndrome.

Table 3. SIRS frequency according to the type of peritonitis.

Peritonitis Form N (%) n (%) p‑Value

Catarrhal 52 (15.4%) 3 (5.8%) 0.025
Phlegmonous 151 (44.8%) 110 (72.8%) < 0.001
Gangrenous 48 (14.2%) 32 (66.7%) < 0.001
Phlegmonous + Local peritonitis 61 (18.1%) 37 (60.6%) < 0.001
Gangrenous + Local peritonitis 19 (5.6%) 19 (100.0%) < 0.001
Gangrenous + Generalized peritonitis 6 (1.9%) 6 (100.0%) < 0.001
Total 337 (100.0%) 207 (61.4%) ‑

Note: Data presented as n (%); N = Total no. of patients; % = Percentage of total patients; n = Patients with SIRS; % = Percentage of patients with SIRS; and SIRS
= Systemic Inflammatory Response Syndrome.

Table 4. Immune and inflammatory parameters in patients with and without SIRS.

Parameters Patients with SIRS Patients without SIRS p‑Value

White blood cells (×109/L) 15.6± 3.4 10.2± 2.1 < 0.001
C‑Reactive Protein (mg/L) 84.3± 27.8 39.5± 18.2 < 0.001
Neutrophil‑to‑Lymphocyte Ratio 9.2± 2.8 4.3± 1.6 < 0.001
Systemic Immune‑Inflammation Index* 1,526± 437 782± 215 < 0.001
Band Neutrophils (%) 8.4± 3.1 3.1± 1.2 < 0.001

Note: Data presented as Mean± Standard Deviation; and SIRS = Systemic Inflammatory Response Syndrome.

A total of 207 patients diagnosed with SIRS were treated using a standardized immunocorrective periopera‑
tive protocol, whereas 130 patients received conventional care. In patients with SIRS, 8 (3.9%) patients developed
postoperative complications, including wound infections, intra‑abdominal abscesses, and prolonged fever. Compli‑
cations occurred in 3 (2.3%) patients without SIRS. Despite higher complications in patients with SIRS, the overall
incidence was signiϐicantly lower than the 10–15% typically reported for high‑risk patients, suggesting an advan‑
tage of the immunomodulatory protocol. One elderly patient (80 years) who presented late with generalized peri‑
tonitis died of multiple organ failure, resulting in a 0.3%mortality rate.

Patients with SIRS had longer hospital stays (7.8 ± 2.3 days) than those without (5.2 ± 1.6 days) (p < 0.01).
Patients with ≥ 3 SIRS symptoms showed more complications (10.2%) than those with two criteria (2.6%) (p =
0.032). The immunocorrectivemethod led to a decrease in SIRS signs, withWBC counts and CRP levels normalizing
by the third day. SIRS beyond 48 h was correlated with increased complications.

Patients with SIRS showed elevated immune and inflammatorymarkers, includingWBC counts and CRP levels,
indicating systemic immune activation. They exhibited higher NLR and SII values, which were associated with age
and disease severity.

The ϐindings revealed a link between patient age, appendicitis severity, and the onset of SIRS. Implementing
a structured immunomodulatory protocol enhanced outcomes by reducing complications and facilitating immune
recovery, particularly in elderly, high‑risk patients.
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Statistical analysis showed that the systemic inflammatory response was affected by age and was strongly
associated with the severity of appendicitis. Patients with severe conditions exhibit stronger immune responses
and elevated inflammatory markers. Age and disease stage independently predicted SIRS severity, highlighting the
need for personalized strategies for older adults with advanced disease.

The implementationof an immunocorrectiveperioperativeprotocol yieldedpositive outcomesbyadjusting the
immune response. Early immunomodulatory therapy enables rapid immune parameter normalization and reduces
complications. This protocol is particularly beneϐicial for elderly patients, showing potential formanaging high‑risk
surgical cases with SIRS. These ϐindings advocate for the wider adoption of immunomodulatory interventions in
cases of acute appendicitis with systemic inflammation.

4. Discussion
This study highlights the increasing incidence of SIRS in elderly patients who underwent appendicitis surgery.

The results showed a strong link between SIRS severity, age, and appendiceal disease advancement, aligning with
studies identifying age as a major risk factor for postoperative complications [21–23].

The study found an increased incidence of SIRS across age groups, consistent with immunosenescence, which
reduces the immune response in older adults while fostering inflammaging [24–26]. These factors contribute to el‑
evated inflammation, making older patients vulnerable to excessive immune reactions [27–30]. Atypical symptoms
and decreased WBC activity complicate timely diagnosis in this demographic [31].

SIRS occurred more frequently in severe histopathological types of appendicitis, particularly peritonitis. This
aligns with research showing that perforated appendicitis is more likely to initiate a systemic inflammatory re‑
sponse [32–35]. All patients with generalized peritonitis developed SIRS, highlighting the involvement of the sys‑
temic immune response.

The elevated proportion of band neutrophils observed in patients with SIRS likely reflects emergency gran‑
ulopoiesis and rapid innate immune mobilization. In elderly patients, increased band forms may serve as a com‑
plementary marker to NLR and SII for identifying high‑risk systemic inflammation and predicting postoperative
complications.

Biomarkers, including CRP, WBC count, NLR, and SII, were elevated in patients with SIRS. This ϐinding aligns
with that of Liu et al. [36], who identiϐied NLR and SII as reliable indicators of disease severity and outcomes in
surgical infections. These biomarkers reflect neutrophil activation, lymphocyte suppression, and thrombocytosis,
which are characteristic of systemic inflammation.

Research indicates that age‑speciϐic immunomodulatory treatments, includingozone therapyand lymphotropic
antibiotics, can decrease complications and resolve inflammation faster. This is supported by evidence showing the
beneϐits of immunocorrective therapy in managing inflammatory reactions while maintaining immune defenses.
The SIRS group showed lower complication rates than the historical standards, suggesting protection.

In patients with SIRS, increased oxidative stress is shown through elevatedWBC counts and CRP levels, support‑
ing ϐindings that link reactive oxygen species to immune disruption in older surgical patients [37]. Lipid peroxidation
byproducts and enzymes have been linked to poorer outcomes in elderly patients with sepsis and SIRS [38,39].

This study emphasizes the importance of early SIRS identiϐication in elderly patients with appendicitis. Due
to altered immune parameters, standard markers may not accurately reflect the severity of inflammation. Incorpo‑
rating geriatric assessments and composite indices, such as NLR and SII, is crucial, as recommended by geriatric
surgery guidelines [40].

While surgery remains the primary treatment for appendicitis, immune support during the perioperative pe‑
riod is vital for high‑risk groups. Immunocorrective strategies can reduce inflammation and improve outcomes.
Our results indicate the need for prospective studies to conϐirm these protocols and investigate therapies targeting
Toll‑like receptor signaling and oxidative stress pathways [41–43].

Individuals with immunodeϐiciencies may exhibit diminished systemic inflammatory responses, making the
traditional SIRS criteria less reliable for assessing severity. Among human immunodeϐiciency virus‑positive pa‑
tients with acute appendicitis, leukocytosis was lower (66.7% compared to 87%), and symptoms were more grad‑
ual, leading to delayed diagnosis and more complications [44]. Similarly, reviews have shown that immunocom‑
promised individuals due to human immunodeϐiciency virus, cancer, chemotherapy, or immunosuppressive treat‑
ments often display altered clinical signs and laboratory results, making infection and sepsis detection more chal‑
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lenging [45,46]. Customized diagnostic approaches and studies to validate alternative biomarkers are necessary
for these patient groups.

A signiϐicant correlation was found between SIRS and both age and disease severity. Patients in the elderly
(61–74 years) and senile (≥ 75 years) age groups showed the highest incidence of SIRS, with 82.3% and 100%
affected, respectively. The likelihoodofmeetingmore SIRS criteria increasedwith age, as older individuals exhibited
three or more symptoms of SIRS. SIRS prevalence differed based on appendicitis severity; it was uncommon in
catarrhal cases but universal in gangrenous appendicitis with peritonitis. These results support the notion that
both chronological age and histological disease stage independently predict systemic immune activation.

Further analysis of inflammatory markers reinforced the clinical stratiϐication. Patients with SIRS showed
higher WBC counts (15.6 ± 3.4 × 10⁹cells/L) and CRP levels (84.3 ± 27.8 mg/L), along with elevated NLR and SII,
which were linked to increased disease severity and worse outcomes. However, implementing an immunomodula‑
tory perioperative protocol in the SIRS group was associated with decreased complications and quicker resolution
of inflammation, as shownby thenormalizationofWBCcounts andCRP levelswithin threedayspost‑surgery. These
ϐindings highlight the advantages of targeted immune support strategies in enhancing postoperative recovery in el‑
derly patients with SIRS following complicated appendicitis.

While early normalization of inflammatorymarkers such asWBC, CRP, NLR, SII, and band neutrophils by day 3–
5 post‑surgery indicates controlled inflammation, thesemarkers alone cannot deϐine recovery, particularly in older
patients. A comprehensive evaluation must include complications, hospital stay duration, interventions, intensive
care unit usage, 30‑day outcomes, symptom resolution, and functional recovery. Thus, biomarker normalization
should be considered supportive rather than conclusive evidence of recovery.

Direct assessment of cytokines such as IL‑6, TNF‑α, and IL‑10would providemechanistic insights into immune
dysregulation in elderly patientswith appendicitis. Future prospective research should include cytokine panels and
oxidative stress markers to enhance causal understanding, improve risk assessment, and inform immunomodula‑
tory approaches for this vulnerable population.

5. Limitations
This study offers insights into the connection between acute appendicitis, SIRS, and immunosenescence in

elderly patients. The retrospective nature of the study limits the ability to draw deϐinitive causal conclusions. Al‑
though links were found between age, disease severity, inflammatory markers, and outcomes, the mechanisms
remain speculative.

The single‑center study in Kyrgyzstan limits its broader applicability. Differences in patient characteristics,
comorbidities, surgical practices, and healthcare systems could affect the frequency and outcomes of SIRS in other
studies. Excluding patients with prior abdominal surgeries or immunodeϐiciencies may not reflect real‑world sce‑
narios, particularly in older adults with multiple conditions.

Although standard SIRS criteria and biomarkers such as CRP, NLR, and SII were utilized, therewas no advanced
immunological proϐiling. The lack of cytokine panels, such as IL‑6, TNF‑α, and IL‑10, along with oxidative stress
markers such as malondialdehyde andmyeloperoxidase, and functional immune assays, limited the understanding
of systemic inflammation and immunosenescence in this group.

Monitoring of postoperative outcomes was limited to a hospitalization duration of up to ϐive days. This may
have led to an underestimation of later complications, readmissions, or ongoing immune dysfunction. Additionally,
common comorbidities in older adults, such as diabetes, cardiovascular disease, and chronic kidney disease, were
not systematically recorded or adjusted for, potentially causing residual confounding factors.

The perioperative immunocorrective protocol was implemented without randomization in the study. The lack
of a parallel control group complicates attributing improved outcomes to this intervention, as other factors, such
as surgery timing, antibiotics, and supportive care, might have played a role. To conϐirm these ϐindings, future
prospectivemulticenter randomized studieswith extended follow‑up and immunological evaluations are necessary.

6. Clinical Implications
This study has signiϐicant clinical implications for the treatment of acute appendicitis with SIRS, particularly in

elderlypatients. The linkbetweenage andboth theoccurrence and severity of SIRShighlights theneed for increased
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awareness and customizedmanagement plans for older individuals. Changes in immune function due to aging, such
as immunosenescence and inflammaging, result in modiϐied inflammatory responses, making traditional clinical
signs less reliable in this population.

Since SIRS is common in elderly patients with severe appendicitis, particularly those with gangrenous peri‑
tonitis, prompt surgical intervention is essential. Delays in diagnosis or conservative treatment in high‑risk elderly
patients can lead to sepsis and organ failure in these patients. This study advocates for early surgical management
in older patients with indicative symptoms, even in the absence of a typical inflammatory response.

The adoption of an immunocorrective perioperative protocol has shown promising results in decreasing com‑
plications, reducing inflammation, and accelerating recovery. This indicates that, alongside antibiotic treatment
and surgical source control, immunomodulatory support could be valuable in managing high‑risk patients. The
use of ozonized saline lavage, lymphotropic antibiotic delivery, and immune‑focused interventions addresses both
microbial load and dysregulated immune responses.

This study emphasizes the importance of incorporating geriatric evaluations into surgical care and assessing
function, nutrition, cognition, and frailty, which aids in preoperative risk evaluation and personalized care strate‑
gies. Elderly patients with SIRS represent a vulnerable group that beneϐits from multidisciplinary care involving
surgeons, geriatricians, infectious disease experts, and critical care teams. Biomarkers such as CRP, NLR, and SII
serve as diagnostic tools to track therapeutic responses and forecast outcomes.

7. Recommendations
Based on the results of this study, several clinical and research recommendations can be proposed to improve

the diagnosis, treatment, and outcomes of elderly patients with acute appendicitis complicated by SIRS.

• Older and senile patients haveahigher likelihoodof developingSIRSandoften showunusual symptoms. Health‑
care providers should remain vigilant for signs of systemic inflammation, even in the absence of traditional
indicators, such as fever or leukocytosis. The use of composite inflammatory indices, such as NLR and SII,
improves early detection of SIRS in the elderly.

• Given the altered immunity in older patients, standardized age‑speciϐic immunomodulatory protocols are rec‑
ommended perioperatively, including ozone lavage, lymphotropic antibiotics, and treatments to reduce inflam‑
mation. These targeted strategies have been linked to fewer complications and faster resolution of systemic
inflammation in high‑risk groups.

• Incorporating geriatric evaluations of functional capacity, frailty, cognition, and nutrition into the preopera‑
tive assessment of elderly patients with appendicitis is essential. This strategy helps determine the timing of
surgery, postoperative care, and immune support needs, thereby enhancing patient safety and reducing com‑
plications.

• Regular monitoring of CRP, WBC count, NLR, and SII indicates whether systemic inflammation has resolved. If
values remain high beyond 48 h, this may signal complications requiring closer observation. Standardization
of postoperative monitoring protocols for these biomarkers is advisable, particularly in older adults.

• Although this retrospective study provides insights, larger multicenter prospective trials are needed to con‑
ϐirm the beneϐits of immunocorrective therapy and to understand the relationships between age‑related im‑
mune changes and SIRS progression. Future research should include immunological proϐiling, cytokine mea‑
surements, and extended follow‑up to comprehend the effects of aging on systemic inflammation in surgical
patients.

• Managing elderly patients with SIRS requires the joint efforts of surgeons, anesthesiologists, geriatricians, and
critical care teams. For older patientswith complex appendicitis, amultidisciplinary approach ensures prompt
intervention and optimal recovery outcomes.

8. Conclusion
This study reveals that frequency and intensity of SIRS rise with age in patients undergoing surgery for acute

appendicitis. Older patientsweremore prone tomultiple SIRS criteria, especially thosewith gangrenous appendici‑
tis and peritonitis, highlighting the impact of immunosenescence and inflammaging.

SIRS was closely linked to increased inflammatory biomarkers, such as white blood cell count, C‑reactive pro‑
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tein, neutrophil‑to‑lymphocyte ratio, and systemic immune‑inflammation index, which were valuable for risk as‑
sessment. Patients receiving immunocorrective treatment during surgery experienced fewer complications and
quicker normalization of immune markers, indicating that targeted immune modulation could enhance surgical
outcomes in high‑risk elderly groups.

These results emphasize the need for early detection of systemic inflammation, geriatric evaluations in pe‑
rioperative planning, and consideration of immunomodulatory protocols. Future prospective multicenter studies,
including cytokine proϐiling, oxidative stressmarkers, and long‑term follow‑up, are necessary to conϐirm these ϐind‑
ings and improve strategies for managing acute appendicitis complicated by SIRS in older adults. Multicenter and
international validation is needed to ensure that these single‑center results are applicable across various healthcare
environments.

Author Contributions
Conceptualization, S.A. and E.B.; methodology, A.A.; software, Y.V.; validation, A.A. and A.A.; formal analysis,

Y.V.; investigation, S.A., E.B., A.A., and A.A.; data curation, R.O.; writing—original draft preparation, A.A., R.O., and
Y.V.; writing—review and editing, Y.V. All authors have read and agreed to the published version of the manuscript.

Funding
This work received no external funding.

Institutional Review Board Statement
The institutional bioethics committee of I.K. Akhunbaev Kyrgyz State Medical Academy approved this study

(Protocol No. 82, dated June 12, 2015).

Informed Consent Statement
Informed consent was obtained from all subjects involved in the study.

Data Availability Statement
Data are available from the corresponding author upon reasonable request.

Conflicts of Interest
The authors declare that there is no conflict of interest.

References
1. Snyder, M.J.; Guthrie, M.; Cagle, S. Acute Appendicitis: Efϐicient Diagnosis and Management. Am. Fam. Physi‑

cian. 2018, 98, 25–33.
2. Humes, D.J.; Simpson, J. Acute Appendicitis. BMJ. 2006, 333, 530–534.
3. Andersson, M.; Kolodziej, B.; Andersson, R.E.; et al. Randomized Clinical Trial of Appendicitis Inflammatory

Response Score‑Based Management of Patients With Suspected Appendicitis. Br. J. Surg. 2017, 104, 1451–
1461.

4. Davies, M.G.; Hagen, P.O. Systemic Inflammatory Response Syndrome. Br. J. Surg. 1997, 84, 920–935.
5. Alonso de Vega, J.M.; Dı́az, J.; Serrano, E.; et al. Oxidative Stress in Critically Ill Patients With Systemic

Inflammatory Response Syndrome. Crit. Care Med. 2002, 30, 1782–1786.
6. Ng, K.C.; Lai, S.W. Clinical Analysis of the Related Factors in Acute Appendicitis. Yale J. Biol. Med. 2002, 75,

41–45.
7. Drifte, G.; Dunn‑Siegrist, I.; Tissières, P.; et al. Innate Immune Functions of Immature Neutrophils in Patients

With Sepsis and Severe Systemic Inflammatory Response Syndrome. Crit. Care Med. 2013, 41, 820–832.
8. Paajanen, H.; Mansikka, A.; Laato, M.; et al. Are Serum InflammatoryMarkers Age Dependent in Acute Appen‑

dicitis? J. Am. Coll. Surg. 1997, 184, 303–308.
9. Şener, K.; Çakır, A.; Kılavuz, H.; et al. Diagnostic Value of Systemic Immune Inflammation Index in Acute Ap‑

pendicitis. Rev. Assoc. Med. Bras. 2023, 69, 291–296.

290



Trends in Immunotherapy | Volume 09 | Issue 03

10. Rangel‑Frausto, M.S.; Pittet, D.; Costigan, M.; et al. The Natural History of the Systemic Inflammatory Re‑
sponse Syndrome (SIRS): A Prospective Study. JAMA. 1995, 273, 117–123.

11. de Jong, H.K.; van der Poll, T.; Wiersinga, W.J. The Systemic Pro‑Inflammatory Response in Sepsis. J. Innate
Immun. 2010, 2, 422–430.

12. Matsuda, N.; Hattori, Y. Systemic Inflammatory Response Syndrome (SIRS): Molecular Pathophysiology and
Gene Therapy. J. Pharmacol. Sci. 2006, 101, 189–198.

13. Zacharowski, K.; Zacharowski, P.A.; Koch, A.; et al. Toll‑Like Receptor 4 Plays a Crucial Role in the Immune‑
Adrenal Response to Systemic Inflammatory Response Syndrome. Proc. Natl. Acad. Sci. 2006, 103, 6392–
6397.

14. van der Poll, T.; Meijers, J.C. Systemic Inflammatory Response Syndrome and Compensatory Anti‑
Inflammatory Response Syndrome in Sepsis. J. Innate Immun. 2010, 2, 379–380.

15. Torre, D.; Tambini, R.; Aristodemo, S.; et al. Anti‑Inflammatory Response of IL‑4, IL‑10 and TGF‑Beta in Pa‑
tients With Systemic Inflammatory Response Syndrome.Mediators Inflamm. 2000, 9, 193–195.

16. Bom,W.J.; Scheijmans, J.C.G.; Salminen, P.; et al. Diagnosis of Uncomplicated and Complicated Appendicitis in
Adults. Scand. J. Surg. 2021, 110, 170–179.

17. Cunha, L.L.; Perazzio, S.F.; Azzi, J.; et al. Remodeling of the ImmuneResponseWithAging: Immunosenescence
and Its Potential Impact on COVID‑19 Immune Response. Front. Immunol. 2020, 11, 1748.

18. Pinti, M.; Appay, V.; Campisi, J.; et al. Aging of the Immune System: Focus on Inflammation and Vaccination.
Eur. J. Immunol. 2016, 46, 2286–2301.

19. Gürleyik, G.; Gürleyik, E. Age‑RelatedClinical Features inOlderPatientsWithAcuteAppendicitis.Eur. J. Emerg.
Med. 2003, 10, 200–203.

20. Bone, R.C.; Balk, R.A.; Cerra, F.B.; et al. Deϐinitions for Sepsis and Organ Failure and Guidelines for the Use of
Innovative Therapies in Sepsis. Chest 1992, 101, 1644–1655.

21. Bhangu, A.; Søreide, K.; Di Saverio, S.; et al. Acute Appendicitis: Modern Understanding of Pathogenesis,
Diagnosis, and Management. Lancet. 2015, 386, 1278–1287.

22. Guller, U.; Hervey, S.; Purves, H.; et al. Laparoscopic Versus Open Appendectomy: Outcomes Comparison
Based on a Large Administrative Database. Ann. Surg. 2004, 239, 43–52.

23. Bion, J.F. Susceptibility to Critical Illness: Reserve, Response and Therapy. Intensive Care Med. 2000, 26, S57–
S63.
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