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ABSTRACT
Background: Acute appendicitis is the most common surgical emergency and appendectomy is a standard surgical procedure. In local clinical setting, anesthetic selection for appendectomy remains clinician-driven without local evidence. Spinal anesthesia may offer advantages over general anesthesia, but comparative data are lacking.
Objective: To assess surgical outcomes of spinal versus general anesthesia in patients undergoing appendectomy for acute appendicitis at Wallaga University Comprehensive Specialized Hospital, 2021-2025 G.C.
Methods: This Institutional-based retrospective comparative cross-sectional study reviewed 222 patient records. Data were analyzed using SPSS version 27. Bivariable logistic regression analysis done and identified candidate variables with p<0.25, entered into multivariable logistic regression to determine independent predictors of surgical outcome. Adjusted odds ratios with 95% CIs were reported. Model fit and multicollinearity were assessed. Statistical significance was set at p<0.05.
Results: Mean age was 26.99±9.1 years; 71.2% were male. Poor outcomes were lower with spinal vs. general anesthesia (11.7% vs. 33.3%, p=0.001), with fewer complications and shorter hospital stay (2.6±1.4 vs. 3.8±2.1 days, p<0.001). Postoperative pain was also lower in the spinal group (p<0.01). Independent predictors of poor outcome were general anesthesia (AOR 7.64), complicated appendicitis (AOR 6.98), ASA II/III (AOR 6.8), and surgery duration >1 hour (AOR 10.4) (all p<0.001).
Conclusion and recommendation: Spinal anesthesia for open appendectomy is associated with superior surgical outcomes compared to general anesthesia. These findings support to recommend Spinal anesthesia use in eligible patients within resource-limited settings.

Keywords: Appendectomy, spinal anesthesia, general anesthesia, surgical outcome



[bookmark: _Toc230108210]1. INTRODUCTION
[bookmark: _Toc230108211]1.1. Background
Acute appendicitis is the most common surgical emergency worldwide with life time incidence of 7-8%; demanding prompt surgical intervention to avoid life-threatening complications like: - perforation, peritonitis, and sepsis (1). It constitutes a substantial proportion of emergency surgical procedures globally and the definitive surgical intervention is appendectomy (2). So, selection of anesthetic technique, specifically the balance between SA and GA remains a critical determinant of perioperative outcomes, yet the optimal choice is often nuanced by procedure-specific risk profiles and patient comorbidity (2), (3). GA constituted the predominant anesthetic approach for appendectomy historically, by offering distinct advantages including reliable airway control, optimal muscle relaxation, and the capacity to manage complex or prolonged pprocedures (2). In contrast to this, GA is resource-intensive, necessitating sophisticated monitoring equipment, volatile anesthetic agents, mechanical ventilation capabilities, and extended post-anesthesia care. In addition, GA carries inherent risks including: - postoperative nausea and vomiting (PONV), airway instrumentation complications, delayed return of gastrointestinal function, and potential cognitive dysfunction, particularly among elderly populations (2, 4). SA is a neuraxial blockade technique involving injection of local anesthetic into the subarachnoid space. In recent years, SA has emerged as a viable alternative choice for open appendectomy procedures. SA offers superior early postoperative analgesia and a potentially favourable stress response but is limited by duration of early wear off before procedure completion in complex cases and hemodynamic variability (4). 
From a health systems perspective, SA offers potential economic advantages through reduced equipment requirements, decreased volatile agent consumption, and potentially shorter hospital stays. These makes SA attractive particularly in resource-constrained settings e.g. in many of healthcare facilities in low- and middle-income countries (5).
In Ethiopia, the clinical context differs substantially from high-income settings because of frequent delayed presentations driven by geographic barriers, economic constraints, and health-seeking behaviours, leading to elevated proportions of complicated appendicitis, including perforation and abscess formation(6). Despite extensive literature on individual outcomes, there remains a need for comparative analysis of pain evolution and composite surgical recovery in specific operative cases (6, 7). This study was therefore designed primarily to rigorously assess surgical outcome between SA and GA groups as well as delineating the independent predictors of poor surgical outcome within this population.
[bookmark: _Toc230108212]1.2. Statement of the Problem
[bookmark: _Toc225527958]Appendectomy is one of the most common emergency surgical procedures worldwide and remains a high-volume intervention at WUCSH and across Ethiopia (6). Acute appendicitis mainly affects young, productive individuals, and delayed treatment may result in severe complications such as perforation, peritonitis, and sepsis (1, 6). In resource-limited settings, perioperative anesthetic choice is therefore a key determinant of surgical outcomes, making the selection between SA and GA clinically important for both patient safety and resource use(3).
Poor postoperative outcomes, including: -complications, prolonged hospital stay, and delayed recovery remain a concern. GA is associated with Postoperative nausea and vomiting (PONV), respiratory complications, airway trauma, and delayed gastrointestinal recovery (8, 9), which may increase morbidity and resource utilization (10, 11). In contrast to this, SA offers better early analgesia and reduced PONV, carries risks such as hypotension, block failure, and post-dural puncture headache (8, 12). These opposing profiles create uncertainty regarding the optimal anesthetic technique in low-resource settings.
Surgical outcomes are further affected by delayed patients presentation, which is common in Ethiopia due to geographic and financial barriers, leading to more complicated appendicitis (6, 10). Factors such as ASA status, prolonged surgery, and perioperative variability also contribute to poor outcomes (11, 13). However, the interaction between these factors and anesthetic type remains insufficiently studied locally.
At the national level, the WHO Surgical Safety Checklist and promotion of regional anesthesia aim to improve surgical safety and reduce reliance on GA (12, 14). However, these initiatives are not supported by procedure-specific evidence for appendectomy. Consequently, anesthetic practice at WUCSH remains non-standardized and largely based on clinician preference rather than evidence (6, 15).
Despite this, there is a lack of local comparative evidence on SA versus GA outcomes for appendectomy. Most available studies come from high-income settings, limiting their applicability to Ethiopia (11, 16). This evidence gap may contribute to inconsistent practice and avoidable complications.
Therefore, a comparative evaluation of SA and GA is essential to generate context-specific evidence on surgical outcomes, including complications, hospital stay, pain, and predictors of adverse events. This evidence is necessary to guide standardized practice, improve patient outcomes, and optimize resource utilization at WUCSH and similar settings.


[bookmark: _Toc230108213]1.3. Significance of the Study
This study provides urgently needed, context-specific evidence to guide anesthetic selection for appendectomy at WUCSH, where choice is currently driven by clinician preference rather than locally generated data.
Clinical Decision Making 
By directly comparing complications, pain control, recovery, and length of stay between spinal and general anesthesia, the findings will identify which technique yields superior outcomes in the local patient population. This evidence will enable surgeons and anesthetists to select anesthesia based on institution-specific results rather than external assumptions, reducing unwarranted practice variation and improving patient safety for one of the hospital’s most frequently performed emergency operations.
Health System Efficiency
GA demands advanced equipment, volatile agents, airway expertise, and prolonged monitoring resources that are intermittently constrained. If SA proves equally effective or superior, its wider adoption could reduce operational costs, shorten hospitalization, improve operating room turnover, and conserve scarce infrastructure, directly supporting sustainable surgical care in a high-demand, low-resource setting.
Academic Contribution
The study generates original comparative data from a sub-Saharan African context where such evidence is limited, thereby strengthening the global literature and offering a model for similar resource-limited environments.
Standardization of Care
At local context, the results will support development of standardized anesthetic protocols for appendectomy at WUCSH which helps promoting uniform, evidence-based perioperative care and measurable quality improvement.
[bookmark: _Toc230108214]2. LITERATURE REVIEW
[bookmark: _Toc230108215]2.1. Acute Appendicitis: Surgical Burden
Acute appendicitis is the leading cause of acute abdomen worldwide, and appendectomy remains its definitive treatment. Bhangu et al.,in a landmark Lancet review, describe that the lifetime risk of appendicitis is stable at 7–8%, yet the diagnostic and therapeutic landscape differs vastly between high- and low-resource settings (1). In high-income countries, computed tomography and standardized scoring systems have driven down perforation rates, and laparoscopic surgery has become routine (16). Conversely, in sub‑Saharan Africa, patients frequently present more than 48 hours after symptom onset, and complicated appendicitis (like: -gangrene, perforation, abscess) is disproportionately common (6, 17). Ethiopian studies consistently show that appendicitis is the most frequent indication for emergency laparotomy, with delayed presentation being the norm rather than the exception (6, 15). This epidemiological divergence means that the anesthetic technique chosen must perform safely in a milieu of advanced disease, limited imaging, and constrained perioperative resources.
[bookmark: _Toc230108216]2.2. General Anesthesia for Appendectomy
GA entails inducing unconsciousness, securing the airway with an endotracheal tube, and maintaining anesthesia with volatile agents and opioids (18, 19). For open appendectomy, GA is the traditional reference standard, providing guaranteed airway protection and the ability to extend the surgical field if pathology is more extensive than anticipated (11, 18). Its reliable muscle relaxation is particularly valued when the peritoneum is contaminated and thorough lavage is required (18).
Despite its technical versatility, the impact of GA on recovery outcomes has been scrutinized. Studies comparing GA with regional techniques report that PONV affects 20–30 % of patients receiving volatile anesthesia, and this is a primary driver of delayed discharge (20, 21). Airway manipulation contributes to sore throat, laryngeal injury, and, rarely, aspiration pneumonitis (22). In a systematic review of anesthetic‑related morbidity, Domino et al.,highlighted that airway events are among the most common and costly complications in emergency GA (22). Furthermore, GA is resource‑intensive; it demands functioning ventilators, a steady supply of volatile agents, and continuous monitoring, prerequisites that are not always met in Ethiopian district and referral hospitals (6, 23).
[bookmark: _Toc230108217]2.3. Spinal Anesthesia for Appendectomy
SA is a neuraxial block in which local anesthetic is injected into the subarachnoid space, creating a dense sensory and motor blockade that typically reaches the T6–T8 dermatomes which is adequate for lower abdominal surgery (8, 24). While SA was originally reserved for infraumbilical operations, an increasing number of centres are employing it for open appendectomy, particularly in low‑resource environments where its simplicity is advantageous (3, 24, 25).
Unlike GA, SA does not involve airway instrumentation or volatile agents, and it provides a period of profound postoperative analgesia that persists until the block regresses (21, 26). However, concerns have been raised about the block’s finite duration and the risk of intraoperative conversion to GA if surgery proves unexpectedly complicated. Fettes et al.,reported a 1–5 % conversion rate, which, while infrequent, carries additional risk (27). Post‑dural puncture headache, while rare with pencil‑point needles, can prolong hospital stay and reduce patient satisfaction (28, 29). These contrasting characteristics have generated a vigorous international debate regarding whether the outcomes achieved with SA are equivalent or even superior to those with GA.
[bookmark: _Toc230108218]2.4. Comparative Outcomes: General versus Spinal Anesthesia for Appendectomy
A growing body of international literature directly compares SA and GA for open appendectomy, yet the balance of evidence remains contested, and critical questions persist regarding the translation of these findings to resource‑limited settings.
[bookmark: _Toc230108219]2.4.1. Operative Duration and Anesthetic Time
Taborsky et al.,(2024), in a meta‑analysis done in comparison of anesthesia choice regarding surgical timing, found that anesthesia preparation time is consistently shorter with SA because induction and emergence steps are eliminated (11). But, total operative time is influenced largely by surgical complexity, rather than anesthetic technique. El Moheb et al.,(2021), in a large multicentre observational study, reported that total operative time did not differ meaningfully between SA and GA when disease severity was accounted for, though unadjusted comparisons sometimes showed shorter times in SA groups (13). Erdem et al.,(2018) conducted a randomized trial comparing SA and GA for laparoscopic appendectomy and found no significant difference in operating time, suggesting that any observed advantage is confounded by case selection (26). The debate therefore centres on whether the time saved during preparation and reverse of anesthesia materially improves institutional throughput or is offset by the greater surgeon‑dependent variability in operative duration.
[bookmark: _Toc230108220]2.4.2. Postoperative Pain and Analgesic Consumption
Superior early pain control is one of the most frequently cited benefits of SA. Koutp et al.,(2024) demonstrated that patients undergoing lower extremity surgery under SA had significantly lower pain scores in the first 12 hours compared with those receiving GA (14). In the context of appendectomy, Erdem et al.,(2018) showed that SA provided better analgesia and reduced opioid requirements in the immediate postoperative period (26). El Moheb et al.,(2021) corroborated this finding, reporting that SA patients required fewer rescue analgesics during the first 24 hours (13). The analgesic advantage is attributed to ongoing afferent blockade from the intrathecal local anesthetic, which suppresses nociceptive input at the spinal level and diminishes central sensitization (21, 30). Nevertheless, some authors argue that the benefit is time‑limited and that, with rigorous multimodal analgesia, the difference may not translate into longer‑term functional gains (7). This lack of consensus highlights the need for pain outcomes to be measured at standardized time points and integrated into a composite recovery endpoint.
[bookmark: _Toc230108221]2.4.3. Postoperative Nausea and Vomiting
Sansonnens et al.,(2015), in an observational study of lower extremity surgery, found that the incidence of PONV was roughly halved when spinal anesthesia was used instead of GA (31). The meta‑analysis by Apfel et al.,(2012) confirmed that volatile anesthetics and perioperative opioids are the two strongest risk factors for PONV, providing a pharmacological explanation for the advantage of neuraxial techniques (32). For appendectomy, Erdem et al.,(2018) reported significantly lower PONV in the SA group, and El Moheb et al.,(2021) observed a similar trend across multiple international centres (13, 26). Consequently, in settings where PONV prolongs recovery unit stay and delays oral intake, SA may offer a meaningful systems‑level benefit. However, some investigators caution that this advantage can be largely neutralized by strict adherence to antiemetic prophylaxis protocols in GA patients, leaving the independent effect of the anesthetic technique uncertain (32).
[bookmark: _Toc230108222]2.4.4. Postoperative Complications
The pattern of complications differs between techniques rather than one being unequivocally safer. GA is more strongly associated with airway‑related events: laryngospasm, desaturation, and aspiration, as documented in the closed‑claims analysis by Domino et al.,(33). SA, on the other hand, is linked to hypotension from sympathetic blockade and to post‑dural puncture headache, which Arevalo‑Rodriguez et al.,(2013) found to be clinically significant in a subset of patients (31). Surgical site infection (SSI) remains the most consequential complication of open appendectomy, particularly in contaminated fields. El Moheb et al.,(2021) reported lower surgical site infection (SSI) rates in the SA group of their international cohort, though the difference was attenuated after adjustment for perforation and abscess (13). In contrast, Bhangu et al.,(2015) did not identify anesthetic technique as a significant modifier of infectious risk in their global review of appendicitis outcomes (1). This inconsistency likely reflects heterogeneity in patient populations, perioperative antibiotic practices, and wound management protocols, underscoring the importance of local data when translating such findings to Ethiopian hospitals where complicated appendicitis predominates.
[bookmark: _Toc230108223]2.4.5. Length of Hospital Stay and Recovery
Length of stay (LOS) after appendectomy is a composite measure influenced by pain, complications, and institutional discharge criteria. El Moheb et al.,(2021) reported that the proportion of patients with prolonged hospitalization (>3 days) was substantially lower in the SA group (29.7%) compared with the GA group (47.7%), a finding that persisted in multi‑variable analysis (13). Taborsky (2024), however, noted that many studies reporting shorter LOS with SA were observational and unable to fully adjust for selection bias patients chosen for SA tend to be healthier and have less complicated disease (11). In contrast, Koutp et al.,(2024) did not find a significant difference in LOS between SA and GA in elective orthopaedic surgery when standardized early‑discharge protocols were applied (14). The heterogeneity in these findings points to the strong influence of local discharge practices and patient selection, making it unclear whether SA intrinsically shortens hospitalization in emergency appendectomy or whether the effect is confounded by pre‑operative differences in disease severity. This debate is particularly pertinent for Ethiopian hospitals, where bed shortages are acute and any intervention that reliably reduces LOS would have major operational implications.
[bookmark: _Toc230108224]2.4.6. Composite Outcome and the Need for Context‑Specific Evidence
Most existing comparisons have analyzed pain, PONV, and LOS as isolated endpoints, which can obscure the overall patient trajectory. A composite outcome that combines the presence of any postoperative complication, prolonged hospital stay, and significant early pain into a single metric is argued to provide a more holistic and patient‑centred assessment (7, 34). El Moheb et al.,used a variable‑by‑variable approach and did not construct such a composite; moreover, their multi-centre study excluded sites from sub Saharan Africa, where the burden of perforated appendicitis is markedly higher (13). Therefore, while international data suggest that SA may be a safe and potentially advantageous alternative to GA for open appendectomy, the evidence does not directly inform practice in Ethiopian referral hospitals. The absence of comparative studies from this setting constitutes the gap that motivated the present investigation.
[bookmark: _Toc230108225]2.5. The Ethiopian Context and Rationale for a Local Study
In Ethiopia, the convergence of late presentation, high rates of complicated appendicitis, and resource limitations magnifies the potential impact of anesthetic choice (6, 7). National policies encourage the expansion of regional anesthesia to reduce ventilator dependency and improve surgical throughput (12), but institution‑specific data comparing SA and GA for emergency appendectomy have not been available. As a result, anaesthesia selection at WUCSH and similar facilities has historically been driven by provider preference and drug availability rather than by evidence‑based protocols (6, 15). Generating comparative outcome data for this high‑volume emergency procedure was therefore judged essential to standardize care, enhance patient safety, and guide resource allocation.
[bookmark: _Toc230108226]
2.6. Conceptual Frame Work (2, 11, 13, 26)
The conceptual framework guiding this study, illustrates hypothesized relationships between anaesthetic modality, patient and clinical factors, and surgical outcomes of SA versus GA in patients under go appendectomy for acute appendicitis, 2021-2025 G.C.
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[bookmark: _Toc230108319]Figure 1: Conceptual framework for surgical outcome of SA vs. GA in patients undergoing Appendectomy for Acute Appendicitis (2, 11, 13, 26) 
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3. OBJECTIVES
[bookmark: _Toc225527974][bookmark: _Toc230108228]3.1. General Objective
1. To assess the surgical outcome of spinal versus general anaesthesia in patients undergoing Appendectomy for Acute Appendicitis at WUCSH, 2021-2025 G.C.
[bookmark: _Toc2314][bookmark: _Toc13552][bookmark: _Toc17771][bookmark: _Toc3965][bookmark: _Toc9255][bookmark: _Toc3814][bookmark: _Toc9108][bookmark: _Toc27238][bookmark: _Toc16802][bookmark: _Toc4467][bookmark: _Toc225527975][bookmark: _Toc230108229]3.2. Specific Objectives
1. To assess surgical outcome of spinal versus general anaesthesia in patients undergoing Appendectomy for Acute Appendicitis at WUCSH.
1. To identify predictors of surgical outcomes in patients undergoing Appendectomy for Acute Appendicitis at WUCSH.
[bookmark: _Toc230108230][bookmark: _Toc5372][bookmark: _Toc20500][bookmark: _Toc191509596]
4. METHODS AND MATERIALS
[bookmark: _Toc12250][bookmark: _Toc25906][bookmark: _Toc29776][bookmark: _Toc20164][bookmark: _Toc22504][bookmark: _Toc21252][bookmark: _Toc19335][bookmark: _Toc14618][bookmark: _Toc20175][bookmark: _Toc230108231]4.1. Study Area and Period
Study Area
The study was conducted at Wallaga University Comprehensive Specialized Hospital (WUCSH), located in Nekemte town, the capital of East Wallaga Zone, Oromia Regional State, Ethiopia. Nekemte is situated approximately 331 km west of Addis Ababa, the national capital. WUCSH serves as a major tertiary referral center for western Ethiopia, providing comprehensive medical, surgical, obstetric, paediatrics, and emergency services to a catchment population exceeding 5 million people across multiple zones of Oromia and neighboring regions (30).
The hospital has dedicated surgical wards, intensive care unit, and operating theater complex comprising seven (7) operating rooms. The Department of Surgery provides both elective and emergency surgical services; with emergency appendectomy representing one of the most frequently performed procedures. Anesthesia services are provided by a combination of physician anesthesiologists and non-physician anesthetists (MSc and BSc level). Both spinal and general anesthesia techniques are routinely employed for open appendectomy procedures (30).
Study Period: -The study period included a five-year retrospective record review from January 1, 2021 (G.C.) to December 31, 2025 (G.C.). Data collection was conducted during April1-15, 2026 G.C.
[bookmark: _Toc230108232]4.2. Study Design
An institutional-based retrospective comparative cross-sectional record review design was employed. Comparative design was chosen because both spinal and general anesthesia are accepted standard-of-care techniques at the study site, and randomization was not possible since the data were collected from existing patient records.
[bookmark: _Toc230108233]4.3. Population
[bookmark: _Toc230108234]4.3.1. Source Population
The source population comprised all patients who underwent emergency appendectomy for acute appendicitis at Wallaga University Comprehensive Specialized Hospital during the study period (January 2021 – December 2025).
[bookmark: _Toc230108235]4.3.2. Study Population
The study population included all patients from the source population who met eligibility criteria and had complete medical records available for review.
[bookmark: _Toc230108236]4.3.3. Study Unit
The study unit was the individual patient medical record (chart) for patients who underwent appendectomy for acute appendicitis during the study period.
[bookmark: _Toc230108237]4.4. Inclusion and Exclusion Criteria
Inclusion Criteria: -
Patients were included in the study if they met all of the following criteria:
1. Underwent emergency open appendectomy for acute appendicitis at WUCSH during the study period
2. Received either spinal anesthesia or general anesthesia as the primary anesthetic technique
3. Age 15 years or older (rationale: younger children almost exclusively receive GA due to cooperation challenges and technical SA considerations)
4. Medical record completeness ≥90% for key variables including anesthesia type, intraoperative findings, and postoperative outcomes



Exclusion Criteria: -
Patients were excluded from the study if any of the following criteria applied: -
1. Received combined anesthetic techniques (e.g., spinal with sedation, GA supplemented with epidural),
2. Presented with generalized peritonitis preoperatively (diffuse peritoneal inflammation affecting ≥2 quadrants),
3. Medical record missing anesthesia type or key outcome data,
4. Pregnancy (documented),
5. Known bleeding disorders or coagulopathy contraindicating neuraxial anesthesia,
6. Underwent interval appendectomy (delayed procedure following non-operative management),
[bookmark: _Toc25402][bookmark: _Toc225527984][bookmark: _Toc230108238][bookmark: _Toc191509606]4.5. Sample Size Determination and Sampling Technique
[bookmark: _Toc5531][bookmark: _Toc21133][bookmark: _Toc25257][bookmark: _Toc5621][bookmark: _Toc2247][bookmark: _Toc19798][bookmark: _Toc8444][bookmark: _Toc4008][bookmark: _Toc20288][bookmark: _Toc23822][bookmark: _Toc225527985][bookmark: _Toc230108239]4.5.1. Sample Size Determination
The sample size was calculated using the double population proportion formula: based on data from a multi-center international study by El Moheb et al. (2021), which compared SA versus GA for appendectomy. For the primary outcome of postoperative complications, the reported complication rates were 5.4% in the SA group and 13.6% in the GA group. (13)
Formula:
n= (Zα/2+Zβ)2×[p1(1−p1) +p2(1−p2)]/(p1−p2)2
Where; 
· n= Sample size per group 
· p₁=0.054 (Complication rate in GA group (5.4%)
· p₂=0.136 (Complication rate in SA group (13.6%)
· Zα/₂= Zα/2 = 1.96 (95% CI) … α (Type I error =5% significance level)
· Zβ=0.84 (z-value for 80% power…. β (Type II error =20%)). 
So, n= (1.96+0.84)2× [0.054(1−0.054) +0.136(1−0.136)]/ (0.054−0.136)2
n= (2.80)2×0.1686/0.006724, n= 196
The calculated sample size for each participant is 196 and total sample is 196x2= 392
Since the total population is approximately around 464, correction formula should be used as follows: -n=N0*N/N+N0-1; -Where: -
· N0​=is the sample size calculated for finite population (392 in this case).
· N=is the total population (464).
· n​=is the corrected sample size.
n= 392*464/392+464-1; -So, the corrected sample size is approximately 212 participants.
After adding for a 5% non-response rate or missing records, the adjusted sample size is approximately 222 participants (111 participants per group)
The sample size for the secondary outcome of length of hospital stay (>3 days) was also calculated using proportions of 29.7% (SA) and 47.7% (GA) from the same source (13), which yielded a smaller required sample size (75 per group). Therefore, the sample size (111 per group) determined for postoperative complications was deemed adequate for all study objectives.
[bookmark: _Toc230108240]4.5.2. Sampling Technique
A stratified systematic random sampling technique was used to select medical records of patients who underwent appendectomy under SA or GA at WUCSH during the study period. The study population (N = 464) was first stratified by anesthesia type (SA and GA) to ensure balanced representation. Because the two groups were equal in size, the total sample of 222 was equally allocated (111 per group). Medical record numbers of 464 patients were compiled for each group, sorted chronologically by surgery date. A sampling interval (k) of 2 was calculated, and the first record in each stratum was chosen by lottery. Then, every second record was systematically selected until the required 111 records per group were obtained. Any record that was incomplete or missing key data was replaced by the next eligible record in the sampling frame to preserve the intended sample size.
[bookmark: _Toc230108241]4.6. Operational Definitions
Appendicitis Severity:
· Simple (Uncomplicated) Appendicitis: Inflammation of the appendix without evidence of perforation, gangrene, or abscess formation, as documented in operative notes and pathology reports (1, 12).
· Complicated Appendicitis: Appendicitis with documented perforation, gangrenous change, abscess formation, or generalized peritonitis identified intraoperatively or on pathology examination (1, 12).
Delayed Presentation: -Patient presentation to the hospital more than 48 hours after onset of symptoms, as documented in the admission history (13).
Vital Sign Derangement: -Presence of one or more abnormal physiological parameters recorded preoperatively, defined as "Yes" if any of the following criteria are met: (1, 9)
1. Temperature: ≥38.0°C or <36.0°C
1. Heart Rate: >100 beats/min or <60 beats/min
1. Blood Pressure: Hypotension (SBP <90 mmHg or DBP <60 mmHg) OR Hypertension (SBP ≥140 mmHg or DBP ≥90 mmHg)
1. Respiratory Rate: >20 breaths/min or <14 breaths/min
1. Oxygen Saturation: <90% on room air. 
Postoperative Complication: -Occurrence of any documented adverse event within the postoperative hospital stay period, as recorded in physician and nursing notes, including but not limited to: surgical site infection, intra-abdominal abscess, postoperative ileus, nausea/vomiting, post-dural puncture headache, urinary retention, respiratory complications, cardiovascular instability, or reoperation within 30 days. 
Classification of surgical complications (Clavien-Dindo classification) (35)
Grade I: - Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and radiological interventions,
Grade II: -Requiring pharmacological treatment with drugs other than such allowed for grade I complications Blood transfusions and total parenteral nutrition are also included 
Grade III: - Requiring surgical, endoscopic or radiological intervention, 
Grade IV: -Life-threatening complication (including CNS complications) a requiring IC/ ICU management, 
Grade V: - Death of a patient. 
Surgical Site Infection (SSI): -Infection occurring at the surgical incision site within 30 days postoperatively, characterized by purulent drainage, positive culture, or surgeon diagnosis, as documented in the medical record.
Spinal Anesthesia: -Injection of local anesthetic (with or without adjuvants) into the subarachnoid space causing sensory and motor blockade below the level of injection, without loss of consciousness, as documented in the anesthesia record.
General Anesthesia: -Administration of intravenous and/or inhalational anesthetic agents resulting in loss of consciousness and requiring airway support (endotracheal intubation or supraglottic airway), as documented in the anesthesia record.
Postoperative Pain Intensity: -Pain measured using Visual Analog Scale (VAS) of 0-10, where 0 = no pain and 10 = worst imaginable pain, assessed at 2, 6, 12, and 24 hours postoperatively and at discharge (14, 30). Categorized as:
· 0: No pain
· 1-3: Mild pain
· 4-6: Moderate pain
· 7-10: Severe pain 
Length of Hospital Stay (LOS): -Number of calendar days from date of operation to date of discharge. Categorized as: ≤3 days: Normal/standard stay and >3 days stay categorized as Prolonged hospital stay (13, 36)
Surgical Outcome: -is a result or effect of a surgical intervention on a patient’s health status measured over a period of time. In our study it measured as a composite binary measure based on three domains: postoperative complication, length of hospital stay, and early postoperative pain. The sum of outcomes of presence of complication (by Clavien dindo category>=1 ->Poor outcome) + Prolonged LOS=Poor Outcome + moderate to severe pain Intensity (Average pain2h+pain6hr+pain12hr) =Poor Outcome (7, 34). So, those with 0 % through 66.665 percentile (below 2/3rd) categorized as Good Outcome and those above 66.666 percentile (2/3rd and above) categorized as Unfavourable (poor) outcome (13).
ASA Physical Status: -Classification system of the American Society of Anesthesiologists assessing preoperative physical status:
· ASA I: Normal healthy patient
· ASA II: Patient with mild systemic disease
· ASA III: Patient with severe systemic disease
· ASA IV-VI: Patient with severe systemic disease that is a constant threat to life, moribund patient, or brain-dead organ donor (19, 37)
[bookmark: _Toc230108242]4.7. Data Collection Tool and Techniques
[bookmark: _Toc230108243]4.7.1. Data Collection Tool
A structured data extraction checklist was developed based on a comprehensive literature review and adapted to local context. The checklist comprised four sections:
· Section A: Socio-demographic and baseline characteristics (age, sex, ASA status, BMI, Comorbidities,)
· Section B: Preoperative clinical data (symptom duration, severity of appendicitis, vital signs)
· Section C: Intraoperative details (anesthesia type, surgical approach and findings, operative duration, complications)
· Section D: Postoperative outcome data (length of stay, complications, pain scores)
[bookmark: _Toc230108244]4.7.2. Data Collection Techniques
Data were collected retrospectively from individual patient medical records (charts) by six trained clinical nurses working in the surgical ward. The training covers: -Medical record navigation and data extraction procedures, accurate completion of the data extraction checklist, maintenance of data confidentiality and how to handle incomplete or ambiguous records.
Data collection was supervised by the principal investigator, who conducted regular quality checks and provided on-going support to data collectors.
[bookmark: _Toc230108245]4.8. Data Quality Assurance
Multiple measures were employed to ensure data quality and integrity. The data extraction tool was evaluated by advisors and pre-tested on 5% of the sample to ensure clarity and completeness. To maintain data quality, data collectors were received training on data collection techniques and study protocols and the principal investigator provided continuous supervision with daily checks for accuracy. Random audits of 10% of records were conducted against source documents, and double data entry was used to minimize errors. Finally, the dataset was thoroughly cleaned to address missing values, outliers, and inconsistencies before analysis.
[bookmark: _Toc230108246]4.9. Data Analysis
[bookmark: _Toc227092314]The collected data were reviewed for completeness, coded, and entered into EpiData (v 4.6), then exported to IBM SPSS version 27 for cleaning and analysis. Descriptive statistics summarized demographic and clinical characteristics for SA and GA groups: categorical variables as frequencies and percentages. Group comparisons used chi-square test for categorical variables and independent t-test used for normally distributed continuous variables, whereas Mann-Whitney U test used for non-normally distributed continuous variables(duration of illness, LOS, duration of surgery), and repeated measures ANOVA for pain scores. To identify factors associated with poor surgical outcome, bi-variable binary logistic regression was performed, and variables with p<0.25 entered multivariable binary logistic regression, with results expressed as adjusted odds ratios and 95% confidence intervals. Multi-collinearity was assessed via variance inflation factor (VIF>10 indicating significant collinearity), and model fit evaluated with the Hosmer-Lemeshow test (p>0.05 indicating acceptable fit).
[bookmark: _Toc230108247]4.10. Ethical Consideration
The study was started after obtaining ethical approval and clearance from the Institute of health Sciences ethical review committee (Ref. No:-IHSREC/21/176/2026). Then permission to access patients’ record was secured from the administration of WUCSH.
To ensure confidentiality, all patient data were anonymized by removing personal identifiers and assigning unique codes. Data were stored securely in password-protected electronic formats, while hard copies were kept in a locked location.
[bookmark: _Toc227092315]Patient charts were accessed solely for research purposes, and no personal identification was included in the dataset. All information was handled with care to prevent unauthorized access. These protocols safeguarded the privacy and medical information of all participants throughout the study. 
[bookmark: _Toc230108248]4.11. Dissemination Plan
[bookmark: _Toc227092316]The final results of the study will be presented to the Department of Surgery at the Institute of Health Sciences, Wallaga University. This research would be submitted to WUCSH, the Institute of Health Sciences, Department of Public Health, as partial fulfilment of the requirements for a specialty certificate in General Surgery. A copy of the results was archived in the library of the Wallaga University Institute of Health Sciences. In addition, efforts will be made to publish the findings in international peer‑reviewed journals.
[bookmark: _Toc230108249]
5. RESULT
[bookmark: _Toc222680236][bookmark: _Toc230108250]5.1. Socio-demographic and base line characteristics
A total of 222 patient medical records meeting eligibility criteria were included in the final analysis, with each group (who received SA or GA) comprising 111 patients (50.0%), for open appendectomy. There were no excluded records due to incomplete data after replacement.
The study population had a mean age of 27 ± 9.1 years (range 15 to 60 years). More than half were aged 15 to 24 years (55.9%, n=124), with equal proportions in the 25 to 34 and 35 to 44 year groups (each 20.3%, n=45), and only 3.6% (n=8) were 45 years or older. The SA group was slightly younger on average (26.12 ± 9.12 years) than the GA group (27.86 ± 9.18 years), but the distribution across age categories also showed no significant difference between groups. 
Male patients comprised 71.2% of the total sample (67.6% in the spinal group and 74.8% in the general anaesthesia group), while females accounted for 28.8% (32.4% spinal versus 25.2% general anaesthesia). 
ASA Classification and Comorbidities: Most patients (80.2%) were ASA class I. The proportion of ASA II/III patients was higher in the GA group (26.1%) compared to the SA group (13.5%) (p < 0.001). Similarly, comorbidities were more prevalent in the GA group (26.1%) than in the SA group (13.5%), statistically significant (P < 0.001).
[bookmark: _Toc230108265]Table 1: - Summary of socio demographic and base line characteristics of patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
	Variable
	Category
	
	SA(n=111)
	GA(n=111)
	Total 
	p- value

	Age Category
	15–24 years
	
	68 (61.3%)
	56 (50.5%)
	124(55.9%)
	0.276

	
	25–34 years
	
	17 (15.3%)
	28 (25.2%)
	45(20.27%)
	

	
	35–44 years
	
	22 (19.8%)
	23 (20.7%)
	45(20.27%)
	

	
	≥45 years
	
	4 (3.6%)
	4 (3.6%)
	8(3.6)
	

	Sex
	Male
	
	75 (67.6%)
	83 (74.8%)
	158(71.1%)
	0.236

	
	Female
	
	36 (32.4%)
	28 (25.2%)
	64(28.9%)
	

	ASA Classification
	ASA I
	
	96 (86.5%)
	82 (73.9%)
	178(79.28%)
	<0.001

	
	ASA II/III
	
	15 (13.5%)
	29 (26.1%)
	44(20.72%)
	

	Comorbidity (Detailed)
	None
	
	96 (86.5%)
	82 (73.9%)
	178(79.28%)
	

	
	DM
	2 (1.8%)
	3 (2.7%)
	5(2.25%)
	

	
	HTN
	
	12 (10.8%)
	20 (18.0%)
	32(14.4%)
	

	
	RVI
	
	0 (0.0%)
	2 (1.8%)
	2(0.9%)
	

	
	Cardiac Disease
	
	0 (0.0%)
	2 (1.8%)
	2(0.9%)
	

	
	Respiratory Disease
	
	1 (0.9%)
	2 (1.8%)
	3(1.35)
	

	Comorbidity (Dichotomized)
	No
	
	96 (86.5%)
	82 (73.9%)
	178(79.28%)
	<0.001

	
	Yes 
	
	15 (13.5%)
	29 (26.1%)
	44(20.72%)
	




[bookmark: _Toc230108320]Figure 2: Comorbidity comparisons of patients undergo Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
[bookmark: _Toc230108251]5.2. Preoperative Clinical Characteristics
The mean duration of symptoms before hospital presentation was 28.4 ± 21.6 hours, with a range of 4 to 84 hours. A delayed presentation, defined as arrival more than 48 hours after symptom onset, was occurred in 49 patients (22.5%). This rate was nearly identical in the GA group (22.5%, n=25) and the SA group (21.6%, n=24), a difference that was not statistically significant (p=0.87). 
Simple acute appendicitis, without perforation or abscess, accounted for 171 cases (77%), while complicated appendicitis (perforated or abscess forming) was documented in 51 patients (23%). Complicated appendicitis was significantly more frequent in the GA group (30.6%, n=34) than in the SA group (15.3%, n=17, p<0.001). 
Preoperatively, among patients who received GA, a single vital sign derangement was documented in 27 patients (34.3%) and two or more derangements were recorded in 33 patients (29.7%). In the SA group, there were 26 patients (23.4%) with a single derangement and 24 patients (21.6%) with two or more derangements (p<0.001). Considering the entire patients, 112 patients (50.5%) had normal vital sign records.
[bookmark: _Toc230108266]Table 2 : -Preoperative Clinical Characteristics of patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
	Variable
	SA (n=111)
	GA (n=111)
	p-value

	Symptom duration
	

	· <48 hours
	87 (78.4%)
	86 (77.5%)
	0.87

	· ≥48 hours (delayed)
	24 (21.6%)
	25 (22.5%)
	

	Appendicitis Severity
	

	· Simple acute appendicitis
	94 (84.7%)
	77 (69.4%)
	<0.001

	· Complicated appendicitis*
	17 (11.7%)
	34 (30.6%)
	

	Vital sign derangement
	

	 None
	61 (54.5%)
	51 (45.9%)
	<0.001

	 Single derangement
	26 (23.4%)
	27 (24.3.7%)
	

	Two or more derangements
	24 (21.6%)
	33 (29.7%)
	


[bookmark: _Toc230108252]5.3. Intraoperative Characteristics
The majority of patients (n=171, 77%) underwent appendectomy only, while 51 patients (23%) required appendectomy with abscess drainage or peritoneal lavage, reflecting more extensive disease. Complex procedures (appendectomy with drainage/lavage) were significantly more frequent in the GA group (30.6.0%, n=30) compared to the SA group (15.3%, n=7) (p=0.007).
The overall mean operative time was 48.7 ± 18.3 minutes (range 28–95 minutes). Surgery lasted significantly longer under GA (54.2 ± 19.1 minutes) than under SA (43.1 ± 15.4 minutes; p<0.001); likewise, procedures lasting more than one hour were more common in the GA group (27.9% vs. 9.0% in SA; p<0.001). 
Intraoperative complications were recorded in 9 patients overall (4.1%), and rates did not differ significantly between groups (SA 4.5%, n=5 vs. GA 3.6%, n=4; p=0.29). Specific events included one episode of hypotension requiring intervention in the SA group, two conversions from SA to GA, and six respiratory complications (desaturation or laryngospasm) distributed across the groups (four GA, two SA). No difficult intubations, aspirations, or other complications beyond those documented were found on case record review.

[bookmark: _Toc230108321]Figure 3: -Intraoperative Complications of patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C
[bookmark: _Toc230108267]Table 3: - Intraoperative Characteristics of patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
	Variable
	Category
	SA(n=111)
	GA(n=111)
	p-value

	Surgery Type
	Appendectomy only
	94 (84.7%)
	77 (69.4%)
	0.007

	
	Appendectomy with abscess drainage/lavage
	17 (15.3%)
	34 (30.6%)
	

	Surgical Site
	RLQ
	111 (100%)
	111 (100%)
	

	
	Low midline
	0 
	0 
	

	
	Converted
	0 
	0 
	

	Duration of Surgery
	<30 min
	18 (16.2%)
	18 (16.2%)
	<0.001

	
	30–60 min
	76 (68.5%)
	74 (66.7%)
	

	
	>1 hour
	17 (15.3%)
	19 (17.1%)
	

	Intraoperative Complication
	No complication
	106 (95.5%)
	107 (96.4%)
	0.299

	
	Hypotension requiring treatment
	1 (0.9%)
	0 (0.0%)
	

	
	Respiratory complications
	2 (1.8%)
	4 (3.6%)
	

	
	Conversion to GA
	2 (1.8%)
	0 (0.0%)
	


[bookmark: _Toc230108253]5.4. Postoperative Outcomes
Postoperative complications were documented in exactly these 17.1% (10.8%, in SA and 23.4% in GA). The most frequent complication was surgical site infection (11.7%, n=26), followed by respiratory complications (2.3%, n=5), PONV (1.4%, n=3), PDPH (0.9%, n=2), and single cases of urinary retention and postoperative ileus (0.5% each). The mean postoperative hospital stay was 3.09 ± 1.45 days (range 2–9 days).
 Length of stay was significantly shorter in the SA group (2.6 ± 1.4 days) than in the GA group (3.8 ± 2.1 days; p<0.001). A prolonged stay (>3 days) occurred in 53 patients (23.9%) overall and was less frequent after SA (14.4%, n=16) than after GA (33.3%, n=37; p<0.001).

[bookmark: _Toc230108322]Figure 4: - Postoperative complications by Anesthesia group in patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
[bookmark: _Toc230108254]5.5. Postoperative Pain Scores
Postoperative pain scores measured by Visual Analog Scale (VAS, 0-10) were documented at multiple time points. Complete pain score data were available for all 222 patients (100%) at 2 hours, 208 patients (93.7%) at 6 hours, 201 patients (90.5%) at 12 hours, 194 patients (87.4%) at 24 hours, and 188 patients (84.7%) at discharge. The first 12hrs missing data was below 10% and it is missing at random (MAR) and listwise deletion applied.
[bookmark: _Toc230108268]Table 4: Postoperative pain scores data completeness for patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C
	Time Point
	Complete Data (n)
	Completeness (%)
	Missing (n)
	Missing (%)

	2 hours
	222
	100%
	0
	0%

	6 hours
	201
	93.7%
	14
	6.3%

	12 hours
	208
	90.5%
	21
	9.5%

	24 hours
	194
	87.4%
	28
	12.6%

	Discharge
	188
	84.7%
	34
	15.3%


Pain Intensity Categories:
Pain intensity was categorized as mild (VAS 1-3) in 79.3% of patients and moderate-to-severe (VAS >4) in 20.7% patients. The proportion of patients with moderate-to-severe pain average in early post-operative period over first 12 hour was significantly lower in the SA group (2.7%, n=3) compared to the GA group (38.7%, n=43), statistical significance (p<0.001).
[bookmark: _Toc227737459][image: ]
[bookmark: _Toc230108323]Figure 5: Mean of pain intensity over first 12hr of patients undergoes Appendectomy for acute appendicitis under SA and GA
[bookmark: _Toc230108255]5.6. Surgical Outcome by Type of Anesthesia
Among patients who received SA, 98 (88.3%) had good outcomes and 13 (11.7%) had poor outcomes. In contrast, among those who underwent GA, 74 (66.7%) had good outcomes and 37 (33.3%) experienced poor outcomes.
There was a statistically significant association between type of anesthesia and overall surgical outcome (p = 0.001), indicating that patients who received GA had a higher proportion of poor outcomes compared to those who received SA.

[bookmark: _Toc230108324]Figure 6: Surgical Outcome by Type of Anesthesia in patients undergoes Appendectomy for acute appendicitis under SA and GA at WUCSH, 2021- 2025 G.C.
[bookmark: _Toc230108256]5.7. Predictors of overall Surgical Outcome
Factors associated with surgical outcome of patient under-goes appendectomy were examined using bivariate and multivariable logistic regression analyses. In bivariate analysis, variables with p-values <0.25, such as ASA physical status, appendicitis severity, type of anesthesia and duration of surgery were included in the multivariable analysis after multi collinearity test done and collinear variables.
The analysis was conducted on a total sample of 222 cases with no missing data. The baseline distribution of the dependent variable indicated that 172 cases (77.5%) experienced a good overall outcome, while 50 cases (22.5%) experienced a poor overall outcome.
Model fitness was evaluated using the Hosmer–Lemeshow goodness-of-fit test, which yielded a p-value of 0.658 (P>0.05) suggesting that the model fits the data well. Multi-collinearity was assessed using variance inflation factors (VIFs), all of which were less than 5 (range: 1.058 to 1.841), and tolerance values, all of which were greater than 0.1 (range:  0.543 to 0.946). Thus, these findings indicate that there is no problematic multi-collinearity among the independent variables (ASA classification, appendicitis severity, type of anesthesia, and surgical duration category) in this analysis.
Multivariable binary logistic regression confirmed that ASA classification, severity of appendicitis, type of anesthesia, and duration of surgery were each independent and statistically significant predictors of a poor overall outcome. 
After adjusting for the other variables, the odds of a poor outcome rose almost sevenfold with every stepwise increase in ASA class (AOR = 6.80, 95% CI 2.34–19.70, p < 0.001). Increasing appendicitis severity independently elevated the odds by a similar magnitude (AOR = 6.98, 95% CI 2.27–21.48, p = 0.001). 
The choice of anesthetic carried a substantial impact: patients who underwent general anesthesia had more than seven times the odds of a poor outcome compared with those receiving spinal anesthesia (AOR = 7.64, 95% CI 2.20–26.56, p = 0.001). The strongest predictor was a prolonged surgical duration, which was associated with a tenfold increase in the odds of an adverse outcome (AOR = 10.39, 95% CI 2.56–42.21, p = 0.001).






[bookmark: _Toc230108269]Table 5: - Predictors of Poor Surgical Outcome in patients undergoes appendectomy for acute appendicitis under GA and SA at WUCSH, 2021-2025 G.C.
	[bookmark: _Toc227092317]
Variables
	Overall outcome (count/%)
	
COR (95% CI) 
	
AOR (95% CI) 
	
p-value

	
	Good 
	Poor 
	
	
	

	ASA classification	

	ASA I
	159(92.4)
	19(38)
	19.96(8.934,44.571)
	6.8(2.34,19.7)
	P< 0.001

	ASA II/III
	13(7.6)
	31(62)
	1
	
	

	Appendicitis severity

	Simple
	159(92.4)
	12(24)
	38.73(16.38,91.6)
	6.98(2.27, 21.48)
	P< 0.001

	complicated
	13(7.6)
	38(76)
	1
	
	

	Type of Anesthesia

	Spinal Anesthesia
	98(57)
	13(26)
	3.769(1.87,7.59)
	7.64(2.2,26.56)
	P=0.001

	General Anesthesia
	74(43)
	37(74)
	1
	
	

	Duration of surgery in category

	< 1hr
	164(88.2)
	8(22.2)
	26.09(10.58,64.37)
	10.4(2.56,42.21)
	P=0.001

	>1hr
	22(11.8)
	28(77.8)
	1
	
	










[bookmark: _Toc230108257]6. DISCUSSION
This institutional-based comparative cross-sectional study evaluated surgical outcomes of SA versus GA in patients undergoing open appendectomy for acute appendicitis at WUCSH, directly addressing the absence of locally derived data to guide anesthetic selection. The findings provide the first empirical evidence from this setting that SA is associated with significantly fewer postoperative complications, shorter hospital stays, superior early analgesia, and markedly reduced adjusted odds of poor overall surgical outcome.
The demographic profile of the study population (mean age 27 ± 9.1 years with male predominance) is consistent with the known epidemiology of acute appendicitis (1, 6). Although age and sex were comparable between groups, important clinical differences were observed. Patients in the GA group had higher ASA class, more comorbidities, a greater proportion of complicated appendicitis, and more frequent preoperative vital sign derangements. This reflects routine clinical practice, where GA is preferentially used for patients with greater physiological compromise and more advanced disease (1, 22). While these baseline differences are recognized predictors of poor outcomes, their effects were controlled through multivariable analysis.
Disease severity and operative factors played a major role in determining outcomes. Complicated appendicitis was significantly more frequent in the GA group and independently increased the odds of poor outcome nearly sevenfold, consistent with evidence linking advanced disease to increased postoperative morbidity (6, 37). Operative duration emerged as the strongest predictor, with procedures lasting more than one hour increasing the odds of poor outcome more than tenfold. This likely reflects increased surgical complexity and intra-abdominal pathology, both of which contribute to adverse outcomes (24, 38). In addition, surgeries under GA were longer and more likely to involve complex procedures, further supporting the relationship between operative complexity and anesthesia selection.
Postoperative outcomes differed significantly by anesthesia type. The incidence of poor surgical outcome was markedly lower in the SA group, in line with evidence demonstrating reduced morbidity with neuraxial techniques (31, 33, 38). Complications such as surgical site infections, respiratory events, and PONV were more frequent in the GA group. The lower complication rate observed with SA may be attributed to avoidance of airway manipulation, reduced exposure to systemic anesthetic agents, and improved physiological stability (22, 38). The reduction in PONV is likely related to the absence of volatile anesthetics and decreased opioid use (25, 39). Notably, even after adjusting for confounding factors, GA remained an independent predictor of poor outcome, increasing the odds more than sevenfold, indicating that anesthesia type itself significantly influences outcomes.
Length of hospital stay was also significantly shorter in patients who received SA, with fewer cases of prolonged hospitalization. This finding is particularly relevant in resource-limited settings, where optimizing bed utilization and reducing healthcare costs are essential. Shorter hospital stays improve patient flow and align with evidence suggesting that regional anesthesia enhances recovery and efficiency (32, 38).
Postoperative pain control was superior in the SA group, particularly within the first 12 hours. This is consistent with the pharmacological effects of SA, which provides dense sensory blockade and reduces early opioid requirements (21, 23, 30). Improved early pain control likely contributes to faster recovery, earlier mobilization, and reduced complication rates.
Multivariable analysis identified higher ASA class, complicated appendicitis, use of GA, and prolonged surgical duration as independent predictors of poor outcome, consistent with existing evidence emphasizing the importance of physiological status, disease severity, and operative factors (24, 37, 38). Among these, prolonged surgical duration was the strongest predictor, followed by anesthesia type and disease severity. In contrast, variables such as age, sex, symptom duration, and vital sign derangement were not significant in the final model, likely due to collinearity with stronger predictors such as ASA classification and disease severity.
Overall, the findings indicate that while patient condition and disease severity are key determinants of outcome, anesthesia type independently and significantly influences surgical results. SA demonstrated clear advantages in reducing postoperative complications, improving early pain control, shortening hospital stay, and lowering the risk of poor outcomes. These results provide strong local evidence supporting the preferential use of SA in eligible patients undergoing appendectomy, particularly in resource-limited settings where optimizing outcomes and resource utilization is critical.
[bookmark: _Toc230108258]STRENGTHS AND LIMITATIONS 
[bookmark: _Toc230108259]STRENGTHS
This study is the first comprehensive comparison of SA versus GA for patients under go appendectomy in a Western Ethiopian tertiary hospital, addressing an important local evidence gap. The sample size was determined using an a priori power calculation and this ensuring adequate power to detect meaningful differences. Use of multivariable logistic regression allowed adjustment for key confounders, while assessment of multicollinearity and model fitness strengthened the validity of the findings.
LIMITATIONS
The study was retrospective design, so it limits causal inference and is prone to documentation bias. Important variables such as BMI, intraoperative management, postoperative analgesia, and reasons for anesthesia choice were not consistently recorded. Being it’s a single-center study, generalizability is limited and the absence of laparoscopic cases further restricts applicability. Patient-reported outcomes like:- satisfaction rate, time to ambulation and time to first meal after surgery as well as cost data were also not assessed.
Despite these limitations, the consistency of findings with existing literature and robust adjusted analysis support the reliability of the results and highlight the need for future prospective studies.
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This institutional-based comparative study provides definitive local evidence that SA for open appendectomy results significantly better surgical outcomes than GA at WUCSH. It is associated with fewer complications like: -PONV, respiratory events, a shorter hospital stay, and superior in early postoperative pain control. After adjusting for disease severity and patient status, GA independently increased the odds of a poor outcome 7.6-fold, alongside high ASA classification, complicated appendicitis, and prolonged surgical duration as independent predictors. 
These findings fill a critical evidence gap and provide the empirical foundation to move from care guided by tradition to a standardized, evidence-based protocol designed specifically for resource-limited Ethiopian hospitals. This approach enhances patient safety, speeds recovery, and makes better use of limited resources, confirming that spinal anesthesia is a safe, effective, and practical option for carefully selected patients.
[bookmark: _Toc230108262]7.2. Recommendations
Based on the study findings, SA was associated with markedly lower postoperative complications (11.7% vs. 33.3%), reduced poor outcomes (11.7% vs. 33.3%), shorter hospital stay (2.6 vs. 3.8 days), and better early postoperative pain control. There were also predictors like: -GA, higher ASA class, complicated appendicitis, and prolonged surgery independently increased the risk of poor outcomes. Therefore, the following recommendations are made based on study results:
For Clinical Practice
SA should be adopted as the preferred anesthetic technique for open appendectomy in hemodynamically stable patients with uncomplicated appendicitis, particularly when shorter operative duration (<1 hour) is anticipated and no contraindications exist. This is justified by its clear advantages in reducing complications, improving pain control, and shortening hospital stay.
GA should be reserved for higher-risk patients, including those with complicated appendicitis, ASA II/III status, hemodynamic instability, anticipated prolonged surgery (>1 hour), contraindications to spinal anesthesia, or patient preference, as these factors were shown to significantly increase the likelihood of poor outcomes.
For Hospital Administration
WUCSH should develop and implement a standardized, evidence-based protocol for anesthetic selection that incorporates key predictors identified in this study namely ASA classification, appendicitis severity, and expected surgical duration. Ensuring consistent availability of spinal anesthesia supplies, including kits, local anesthetics, and vasopressors, is essential to support safe implementation. Regular monitoring and quarterly audits of postoperative complications and length of stay should be conducted to track outcomes and guide continuous quality improvement.
For Policy and Training
Health authorities should incorporate these locally generated findings into regional and national surgical and anesthesia guidelines to promote safer and more efficient care. Training programs should focus on strengthening provider competence in spinal anesthesia techniques and the management of associated complications, particularly hypotension and high spinal block. The protocol developed at WUCSH can serve as a practical model for similar resource-limited settings.
For Future Research
Prospective studies, particularly randomized controlled trials, are recommended to confirm these findings and reduce potential bias. Future research should also include cost-effectiveness analysis, evaluate the applicability of SA in laparoscopic appendectomy, and assess patient-centered outcomes such as satisfaction, time to first ambulation, and time to first oral intake, to further inform clinical and policy decisions.
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APPENDIX
Appendix A: Data Extraction Checklist
Study Title: Assessment of Surgical Outcomes under Spinal versus General Anesthesia in Patients undergoing Appendectomy for Acute Appendicitis at Wallaga University Specialized Hospital, Nekemte, Oromia, Ethiopia (2021–2025)
Retrospective Chart Abstraction Form
	S. No
	Question
	Response
	Remark

	PART I: Socio-demographics and Baseline

	101
	Age (years)
	______ years
	

	101B
	Age Category
	1. 15-24yr, 2. 25-34yr, 3. 35-44yr, 4. ≥45yr
	

	102
	Sex
	1. Male, 2. Female
	

	103
	Residence
	1. Urban 2. Rural 
	

	104
	ASA status
	I / II / III / IV / V
	

	106
	Comorbidities
	1. None, 2. DM, 3. HTN, 4. RVI, 5. Cardiac, 6. Respiratory, 7. Other: ______
	

	SECTION B: Preoperative Clinical Data

	201
	Duration of Symptoms Before Admission
	______ hours
	

	201B
	Symptom Duration Category
	1. <12hr, 2. 12-24hr, 3. 24-48hr, 4. >48hr
	

	202
	Preoperative Diagnosis(Appendicitis severity)
	1. Acute Appendicitis, 2. Perforated Appendicitis, 3. Appendicular Abscess, 4. Other: ______
	

	203
	Vital Signs on Admission
	Temp deranged: YES/NO; HR deranged: YES/NO; Hypotension: YES/NO; Hypertension: YES/NO; RR deranged: YES/NO; SaO2 deranged: YES/NO
	

	SECTION C: Intraoperative Details

	301
	Type of Anesthesia Used
	1. Spinal, 2. General
	

	302
	Indication for Anesthesia Choice
	1. Documented, if yes,specify_______ 
2. Not documented
	

	304
	Type of Surgical Approach
	1. Open Appendectomy only, 2. Appendectomy with abscess drainage
	

	305
	Surgical Site
	1. RLQ incision, 2. Low midline, 3. Converted
	

	306
	Intraoperative Findings
	1. Normal Appendix, 2. Simple Appendicitis, 3. Complicated Appendicitis
	

	307
	Duration of Surgery
	______ minutes
	

	307B
	Surgery Duration Category
	1. <30 min, 2. 30 min-1 hour, 3. >1 hour
	

	308
	Intraoperative Complications
	0. No, 
1. Yes (specify): A. Hypotension requiring Rx, B. Difficult intubation, C. Desaturation 
D. Conversion to GA, E. Aspiration,  F. other______
	

	SECTION D: Postoperative Outcome Data

	401
	Length of Postoperative Hospital Stay
	______ days
	

	401B
	LOS Category
	1. ≤3 days, 2. >3 days
	

	402
	Postoperative Complications
	0. No, 1. SSI, 2. Intra-abdominal abscess, 3. Postop ileus, 4. Nausea/Vomiting, 5. Headache (PDPH if SA), 6. Urinary retention, 7. Respiratory complications, 8. Cardiovascular instability, 9. Reoperation within 30 days, 10. Mortality, 11.Other: ______
	

	403
	Postoperative Pain Score (VAS 0-10)
	2hr: ___/10; 6hr: ___/10; 12hr: ___/10; 24hr: ___/10; Discharge: ___/10
	






comorbidity	Spinal Anesthesia	General Anesthesia	none	Spinal Anesthesia	General Anesthesia	96	82	DM	Spinal Anesthesia	General Anesthesia	2	3	HTN	Spinal Anesthesia	General Anesthesia	12	20	RVI	Spinal Anesthesia	General Anesthesia	2	Cardiac disease	Spinal Anesthesia	General Anesthesia	2	Resp. disease	Spinal Anesthesia	General Anesthesia	1	2	type of Anesthesia

Count



Bar Chart
intraop complication	Spinal Anesthesia	General Anesthesia	NO	Spinal Anesthesia	General Anesthesia	106	107	Hypotension requiring rx	Spinal Anesthesia	General Anesthesia	1	respiratory complications	Spinal Anesthesia	General Anesthesia	2	4	conversion to GA	Spinal Anesthesia	General Anesthesia	2	type of Anesthesia

Count



Bar Chart
type of Anesthesia	No	Surgical site infection	PDPH	urinary retention	post op ileus	Nausea/Vomiting	resp.complications	Spinal Anesthesia	No	Surgical site infection	post op ileus	Nausea/Vomiting	PDPH	urinary retention	resp.complications	101	7	2	1	General Anesthesia	No	Surgical site infection	post op ileus	Nausea/Vomiting	PDPH	urinary retention	resp.complications	85	17	1	3	5	Post op complication

Count



type of Anesthesia	Good overall outcome	poor overall outcome	Spinal Anesthesia	Good overall outcome	poor overall outcome	98	13	General Anesthesia	Good overall outcome	poor overall outcome	74	37	Overall outcome

Count
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