Usefulness of Karaman Score in Treatment Guidance and Prognosis for Acute Appendicitis – a prospective single centre study

Abstract
Objective:
Acute appendicitis (AA) is one of the most common causes of surgical abdominal pain in emergency departments. While most scoring systems focus on diagnosis, their role in guiding treatment and predicting prognosis remains limited. This prospective single-centre cohort study aimed to evaluate whether the Karaman Score (KS) is predictive of treatment selection and disease severity in AA.

Methods:
Between January and December 2023, 69 adult patients prospectively diagnosed with AA in a tertiary emergency department were included. The KS was calculated at initial evaluation by emergency physicians, while treatment decisions were made independently by surgeons. Patients were classified according to treatment modality (surgical vs non-operative management) and disease severity (uncomplicated vs complicated AA). Diagnostic and prognostic performance of KS and laboratory parameters was assessed using chi-square analysis, binary logistic regression, and receiver operating characteristic (ROC) analysis.

Results:
Fifty-one patients (73.9%) underwent appendectomy. A KS ≥9 predicted surgical treatment with a sensitivity of 70.6% and specificity of 77.8% and was identified as an independent predictor of surgery (OR 7.93, 95% CI 1.55–40.74; p<0.05). A KS ≥10 was significantly associated with complicated appendicitis (p<0.05). ROC analysis demonstrated moderate discriminatory ability of KS for predicting both surgical treatment (AUC 0.693) and complicated appendicitis (AUC 0.695). Among laboratory parameters, the neutrophil-to-lymphocyte ratio showed the highest discriminatory performance for predicting complicated appendicitis (AUC 0.737).

Conclusion:
The KS appears to be a practical and easily applicable tool that may assist clinicians not only in diagnosis but also as an adjunct in treatment selection and risk stratification for disease severity in acute appendicitis. Larger multicentre prospective studies are warranted to validate its prognostic utility.

Keywords: Acute Appendicitis, Abdominal pain, Emergency, Infection

Introduction:

Acute appendicitis (AA) is among the most widespread etiologies of acute abdominal pain in emergency departments (EDs), often requiring appendectomy. The lifetime risk for males and females is 8.6% and 6.9%, respectively [1]. Peak occurrence is in patients aged 15 to 25 years, and less than 25% of cases occur in patients older than 45 years [2].
AA cases are traditionally divided into two categories according to the extant literature: simple suppurative appendicitis without gangrene, perforation, intra-abdominal abscess, phlegmon and complicated appendicitis with at least one of these [3].
Prognosis for most otherwise healthy patients with uncomplicated appendicitis is good. Patients with perforation are at much higher risk for postoperative complications (20%-30%) [4]. It is hypothesised that a biofilm containing bacteria-bacteriophage complexes found in the appendix can re-inoculate the terminal ileum and proximal colon with gut flora when the gut microbiome becomes imbalanced due to life stressors, dietary choices or antibiotics [5]. Despite its benefits, appendectomy puts patients at risk for intraoperative and postoperative complications. The overall complication rate of appendectomy ranges from 3% to 8%, with one study reporting serious complications (infections (organ space infection, deep incisional infection, pneumonia, urinary tract infection) wound disruption, unplanned intubation, venous thromboembolism, acute renal failure, septic shock, myocardial infarction, or cardiac arrest) in 2.2% of patients [6-8]. For these reasons, the feasibility of antibiotic stewardship in hospitalized or outpatient settings is being investigated [9]. 
Whilst non-operative management (NOM) protects patients from surgical complications, it should be noted that there are other risks associated with this treatment. The most significant of these risks, which ultimately necessitate surgical intervention, are treatment failure and recurrent appendicitis. Treatment failure is observed in 2% to 6% of patients undergoing a trial of NOM. The most important elucidated risk factor for treatment failure is the presence of faecalitis or appendicolitis [10,11]. Approximately 25% of NOM patients require an appendectomy during the first year after presentation, and approximately 40% receive an appendectomy during the first five years [7,8,12].
A number of studies have examined the diagnostic process for AA, with a smaller number concentrating on differentiating between uncomplicated and complicated disease. The diagnosis of uncomplicated and complicated acute appendicitis is a critical decision point, as it has a significant impact on prognosis [13].
The Karaman score (KS) is easy to apply and does not require expertise. It is based on the patient's symptoms (right iliac fossa pain, loss of appetite), findings (rebound or tenderness in the right iliac fossa, peritoneal irritation in the right iliac fossa with severe cough), and laboratory tests (white blood cell count >10,000/mm³, polymorphonuclear leukocytes >70%). Two points get added for each positive parameter and one point deducted for each negative parameter. The maximum number of points for diagnosis is 12, and the minimum is -6 points (Table-1). The objective of this new diagnostic instrument is to differentiate AA from negative appendectomy [14].
KS is considered a reliable method for distinguishing negative appendectomy. This study aims to contribute to the literature by determining whether KS is useful in NOM decision-making and distinguishing complicated AA.
Materials and Methods:
This prospective study was conducted in accordance with the Declaration of Helsinki after obtaining the approval of Firat University Clinical Research Ethics Committee (2023/04-07, 09.03.2023). We planned this study in the emergency department of a tertiary research and training hospital, to which approximately 500.000 patients applied annually.
The sample size was estimated using the G*Power software (version 3.1). The primary outcome variable for the calculation was the presence of complicated appendicitis, which is a categorical outcome. Due to the limited availability of prior prospective data evaluating the prognostic performance of the KS for complicated appendicitis, a large effect size was assumed based on clinically meaningful differences reported in previous appendicitis-related prognostic studies. Using a power of 90% and a two-sided alpha level of 0.05, the minimum required sample size was calculated as 62 patients. Considering potential dropouts, a total of 69 patients were ultimately included in the study. This approach and its limitations have been acknowledged in the interpretation of the results.
According to the Oxford Centre for Evidence-Based Medicine Levels of Evidence, this prospective cohort study provides Level 2b evidence.
Participants were excluded from the study if they were pregnant, undergoing immunotherapy, steroid or hormone therapy, admitted due to trauma, had active cancer, were under 18 years of age, or had recurrent appendicitis; however, patients with atypically located appendices (e.g., subhepatic appendicitis) were included in the study.
Emergency department physicians were informed about the KS. Subsequently, 69 patients who agreed to participate in the study and met the inclusion criteria were enrolled. Informed consent was obtained from each patient. The KS value for each patient was calculated by the emergency department physician who first evaluated the patient. The surgeons were not informed about the study. Consequently, the selection of treatment was exclusively determined by the surgeons' recommendations and the patient's ultimate decision.
The demographic data collected included only age and gender. 
The patients hospitalised due to a diagnosis of AA were initially divided into two categories: surgical and NOM. The research commenced with a comprehensive statistical analysis of the criteria that constitute the KS in predicting surgical treatment. 
In instances where surgical intervention was not undertaken or pathological examination did not reveal the presence of phlegmonous perforation, gangrene, or an abscess, the diagnosis was deemed to be uncomplicated AA. 
Surgical management consisted of appendectomy performed using either laparoscopic or open techniques, based on the surgeon’s discretion and clinical conditions. NOM intravenous antibiotic therapy, close clinical monitoring, and reassessment during hospitalisation.

Computed tomography and ultrasonography were interpreted by experienced radiologists. Radiological findings suggestive of acute appendicitis included appendiceal diameter enlargement, wall thickening, periappendiceal fat stranding, and the presence of free fluid or abscess formation. Imaging findings were used as part of the overall clinical assessment.
Platelet distribution width (PDW), mean platelet volume (MPV), C-reactive protein (CRP) values, neutrophil count, lymphocyte count, neutrophil to lymphocyte ratio, length of hospital stay and KS values of surgical and NOM cases, simple and complicated cases were statistically compared. 
Statistical Analysis:
Datas were analyzed using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). Continuous variables are expressed as median (min-max). Categorical data were expressed as number and percentages. The chi-square test was used to compare categorical variables and the Mann Whitney U test was used to compare continuous variables that were non-normally disturbed variables. The success of the KS in predicting surgical treatment was analysed using chi-square, Logistic Regression Analysis (LRA), Receiver Operating Characteristics (ROC) Analysis and Area Under the Curve (AUC).
Statistical significance was set at p<0.05.
Results:
After examination, investigation, and consultation, 51 patients (73.9%) diagnosed with acute appendicitis underwent surgery. Only one patient (2%) did not have appendicitis, while the remaining 50 patients (98%) had appendicitis or its complications (Table 2).

Based on histopathological findings, 38 cases (58.8%) without perforation, gangrene, phlegmon, or abscess and without the need for surgical intervention were classified as uncomplicated appendicitis (Table 2).

Two patients (11.1%) initially managed non-operatively underwent surgery due to recurrence within one year; both cases were classified as uncomplicated appendicitis (Table 2).

The sensitivity of CT was 100%, whereas the sensitivity of ultrasonography was 67.9%; this difference was statistically significant for CT but not for ultrasonography (Table 2).

No statistically significant differences were observed between age or sex distribution with respect to treatment modality or the presence of complications. Length of hospital stay did not differ significantly between surgical and non-operative management groups; however, patients with complicated appendicitis had a significantly longer hospital stay compared with uncomplicated cases. KS values were significantly higher in patients with complicated appendicitis compared with uncomplicated cases. CRP levels were higher in patients undergoing surgery, although this difference did not reach statistical significance. In contrast, CRP levels were significantly higher in patients with complicated appendicitis than in those with uncomplicated disease. Neutrophil counts and NLR were significantly higher in patients who underwent surgery compared with those managed non-operatively, as well as in patients with complicated appendicitis compared with uncomplicated cases. PDW, MPV, and lymphocyte counts did not demonstrate statistically significant differences with respect to treatment modality or disease severity (Table 3).

A KS ≥9 predicted the need for surgical treatment with a sensitivity of 70.6% and a specificity of 77.8% and was identified as a significant predictor of surgical intervention. This threshold did not demonstrate a statistically significant association with complicated appendicitis. A KS ≥10, however, was significantly associated with the presence of complicated appendicitis. LRA demonstrated that a KS ≥9 was an independent predictor of surgical intervention (OR: 7.93, 95% CI 1.55–40.74) (Table-4).
ROC analysis showed that the KS had moderate discriminatory ability for predicting surgical treatment (AUC 0.693, 95% CI 0.549–0.837) and complicated appendicitis (AUC 0.695, 95% CI 0.552–0.838) (Table-5, Figures 1 and 2).
Among laboratory parameters, neutrophil count demonstrated the highest AUC for predicting surgical intervention (AUC 0.736, 95% CI 0.596–0.876), while the neutrophil-to-lymphocyte ratio showed the highest discriminatory performance for predicting complicated appendicitis (AUC 0.737, 95% CI 0.612–0.861) (Table-5).

Discussion
AA is among the most prevalent etiologies of surgical abdominal pain [15]. Notwithstanding the recent proliferation of imaging methods and their easy accessibility, the differential diagnosis of surgical abdominal pain, treatment selection, and prognosis predictability remain serious challenges.
The risk stratification of patients with suspected AA using clinical scoring systems has been demonstrated to guide decision-making processes with the aim of reducing hospital admissions, optimising the benefits of diagnostic imaging, and preventing adverse surgical interventions. The clinical scores in question have been shown to possess sufficient sensitivity in identifying low-risk patients, thereby reducing the necessity for imaging procedures and adverse surgical explorations (e.g. diagnostic laparoscopy) in patients with suspected AA [15]. 
As demonstrated in the extant literature, the perforation rate is subject to variation, ranging from 16% to 40% [16]. In the study conducted by Karaman et al., the rate of complicated appendicitis was found to be 15% [14]. In the present study, the rate of perforated AA was 21.6%, and the rate of complicated AA was 39.2%.
A recent series of systematic reviews and meta-analyses of randomised controlled trials has concluded that the majority of patients with uncomplicated AA can be treated with an antibiotic-first approach [8,17]. 
In addition, the Comparison of Outcomes of Antibiotic Drugs and Appendectomy (CODA) trial, a large pragmatic randomized controlled study, demonstrated that antibiotic therapy was non-inferior to appendectomy for uncomplicated appendicitis in the short term. However, approximately 30% of patients in the antibiotic group required appendectomy within 90 days, and nearly 50% underwent surgery during long-term follow-up. These findings emphasize the importance of appropriate patient selection for non-operative management and highlight the need for reliable clinical scoring systems to guide treatment decisions [18].
In the recent meta-analysis conducted by Harnoss et al., it was reported that the recurrence rate of symptoms within a 1-year period following antibiotic-first treatment was 27.4% [8].  Of these patients, only two (11.1%) experienced a recurrence of AA within 1 year. Neither of these cases was complicated. 
A study encompassing 3,066 patients posited that NLR is a significant indicator for complicated acute appendicitis cases (AUC: 0.664, p < 0.001) [19]. A meta-analysis of 17 studies and 8,914 patients demonstrated that an NLR value greater than 8.8 serves as a robust predictor of complicated AA diagnosis [20]. In this prospective study, more elevated NLR values were observed in complicated cases, and the data align with existing literature on the subject.
Berhuni et al. reported that elevated CRP levels showed a statistically significant association with complicated AA and that these cases had longer hospital duration time [21]. In the present study, CRP levels were found to be elevated in complicated cases (p<0.05) and hospital duration time was found to be prolonged (p<0.05). 
In a meta-analysis, the sensitivity and specificity values of CT in AA diagnosis were found to be 95% and 94%, respectively, while those for US were 86% and 94%, respectively [22]. In the present study, the sensitivity of CT was found to be 100%, while that of US was 67.6%. CT was found to demonstrate a statistically stronger performance according to pathology results (p<0.05, p>0.05, Table-2). 
The novel scoring system has been employed in the extant literature to differentiate between negative appendectomy. Despite extensive research, no publications related to KS for prognosis were found [14,23,24].
In the present study, KS ≥9 level was identified as a clinically and statistically significant indicator for surgical treatment, while KS ≥10 level was identified as a clinically and statistically significant indicator for complicated AA.
Conclusion
Consequently, we contend that reliance on radiological examinations alone is inadequate for identifying patients with complicated AA, and that methods to enhance sensitivity should be investigated. The rationale behind this is that these methodologies have the potential to enhance risk prediction with regard to treatment failure with NOM, thereby facilitating shared decision-making processes between patients and physicians concerning treatment options. 
The results of our study suggest that the KS may assist clinicians in both treatment selection and distinguishing between complicated and uncomplicated AA.
It is the contention of the present study that such scoring systems, for which there exists extant validation of their diagnostic performance, should be the subject of more detailed research in the form of multicentre, prospective studies involving a larger number of patients in terms of their treatment guidance and prognosis predictability.
Limitations:
This study has several limitations. It was conducted at a single centre with a relatively small sample size, which may limit generalisability. The sample size estimation was based on limited prior data, and this should be considered when interpreting the results. In addition, radiological findings contributed to clinical decision-making, which may have influenced the diagnostic performance estimates of imaging modalities. Larger multicentre studies with standardised management protocols are needed to confirm these findings.
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26. Figure.1- Receiver operating characteristic (ROC) analysis of the Karaman Score, Neutrophile count, NL ratio and CRP level for the selection of treatment
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29. Figure.2- ROC analysis of the Karaman Score, Neutrophile count, NL ratio and CRP level for the complicated cases


Table-1 Karaman Score components
	Karaman Score
	Positive
	Negative

	Symptoms
	
	

	Anorexia
	+2
	-1

	Migratory right iliac fossa pain
	+2
	-1

	Signs 
	
	

	Rebound tenderness in right iliac fossa
	+2
	-1

	Peritoneal irritation in right iliac fossa with heavy coughing
	+2
	-1

	Laboratory findings 
	
	

	WBC>10.000/mm3 
	+2
	-1

	PMNL >70% 
	+2
	-1

	Total points
	+12
	-6


PMNL: Polymorphonuclear leukocyte WBC: White blood cell



Table-2 Distribution of treatment options, histopathology and radiology results
	Surgery Intervention, n (%)
	51 (73.9)

	Histopathological signs, n (%)

	Neoplasia
	1 (2)

	Complicated

	Gangrenous
	2 (3.9)

	Phlegmonous
	7 (13.7)

	Perforated 
	11 (21.6)

	Uncomplicated

	Acute appendicitis 
	30 (58.8)

	Non-Operative Management
	18 (26.1)

	Recurren in a year
	2 (11.1)

	Radiological Findings, %
	Sensitivity
	Specificity
	p*

	CT
	100
	-
	p<0.05

	US
	67,6
	100
	p>0.05


CT: Computed Tomography, US: Ultrasonography, *Chi-Square
Table-3 Laboratory results and demographic data regarding treatment options and complications
	
	Surgery+
	Surgery-
	p
	Uncomplicated
	Complicated
	p
	Total

	Gender n, (%)
  Male
Female
	
31 (45.6)
19 (28)
	
9 (13.2)
9 (13.2)
	
p>0.05*
	
28 (41.2)
20 (29.4) 
	
12 (17.6)
8 (11.8)
	
p>0.05*

	
40 (58.8)
28 (41.2)

	Parameters, median (min-max)

	Age, years 
	35 (18-89)
	32.5 (21-69)
	p>0.05**
	34 (18-78)
	44 (18-89)
	p>0.05**
	35 (18-89)

	Neutrophil, 109/L
	11200 (3890-25090)
	7460 (2620-15640)
	p<0.05***
	10090 (2620-19210)
	11520 (7370-25090)
	p<0.05**
	10420 (2620-25090)

	Lymphocyte, 109/L
	1870 (460-4300)
	2240 (900-3810)
	p>0.05**
	1980 (460-4300)
	1715 (730-3660)
	p>0.05***
	1900 (460-4300)

	Neu/Lymp Ratio
	5.8 (2.1-41.1)
	3.7 (1-15.3)
	p<0.05**
	4.2 (1-41.1)
	7.3 (3.2-18.1)
	p<0.05**
	5.08 (1-41.1)

	CRP, mg/L
	38.4 (0.9-364)
	19.3 (3.5-85.8)
	p>0.05**
	28.7 (0.9-146)
	79.4 (2.9-364)
	p<0.05**
	35.1 (0.9-364)

	PDW, fL
	16.8 (15.9-18.4)
	17.1 (16.2-17.8)
	p>0.05***
	16.9 (16.2-18.1)
	17.1 (15.9-18.4)
	p>0.05**
	16.9 (15.9-18.4)

	MPV, fL
	8.2 (6.8-10.3)
	8.3 (6.5-10.5)
	p>0.05***
	8.3 (6.5-10.5)
	8.1 (6.8-9.9)
	p>0.05***
	8.2 (6.5-10.5)

	Dur. of Hosp.days
	3 (1-15)
	3 (1-5)
	p>0.05**
	2 (1-6)
	3.5 (1-15)
	p<0.05**
	3 (1-15)

	Karaman Score
	9 (1-12)
	6 (1-12)
	p<0.05**
	9 (1-12)
	10.5 (4-12)
	p<0.05**
	9 (1-12)





*Chi-Square  **Mann-Whitney U ***student-t test



Table-4 The power of the Karaman Score levels in treatment selection and prognosis prediction
	
	Surgery
	Complicated

	
	Karaman≥9
	Karaman≥10
	Karaman≥9
	Karaman≥10

	Sensitivity (%)
	70,6
	37.3
	75
	50

	Specifity (%)
	77.8
	88.9
	50
	79.2

	PPV (%)
	90
	90.5
	38.5
	50

	NPV (%)
	48.3
	33.3
	82.8
	79.2

	+LR
	3.18
	3.35
	1.5
	2.4

	-LR
	0.38
	0.71
	0.5
	0.63

	p*
	p<0.05
	p<0.05
	p>0.05
	p<0.05

	odds ratio
	7.933
	1.118
	1.714
	2.8

	95% C.I. for EXP
	1.545-40.743
	0.142-8.824
	0.421-6.979
	0.729-10.755

	p**
	p<0.05
	p>0.05
	p>0.05
	p>0.05


*Chi-Square **Logistic Regression Analyse
PPV:Positive Predictive Value NPV:Negative Predictive Value +LR:Positive Likehood Ratio -LR:Negative Likehood Ratio


Table-5 Operating Characteristic (ROC) Analysis of Karaman Score, Neutrophil count, Neutrophil/Lymphocyte Ratio, CRP level for treatment selection and prognosis prediction
	
	Surgery
	Complicated

	
	Karaman
	Neutrophil
	NLR
	CRP
	Karaman
	Neutrophil
	NLR
	CRP

	AUC
	0.693
	0.736
	0.706
	0.622
	0.695
	0.680
	0.737
	0.681

	Asymptotic 95% C.I.
	0.549-0.837
	0.596-0.876
	0.555-0.857
	0.477-0.767
	0.552-0.838
	0.544-0.816
	0.612-0.861
	0.524-0.837

	p*
	p<0.05
	p<0.05
	p<0.05
	P>0.05
	p<0.05
	p<0.05
	p<0.05
	p<0.05


*Receiver Operating Characteristic (ROC) Analysis  AUC: Area under the curve  NLR:Neutrophil/Lymphocyte Ratio
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