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Abstract
Although acute appendicitis remains the most common cause of acute abdomen in General Surgery practice, negative 
appendectomy rates are still high in particularly female patients. Appendicitis scoring systems considering gender can help 
the clinician to reduce negative appendectomy rates in females. This present study aims to compare the Lintula, Ripasa, 
Fenyo-Lindberg scoring systems, which use gender as a variable, with the Alvarado, Karaman, scoring systems to evaluate 
which CSS is more successful in the differential diagnosis of appendicitis in females. We analyzed the records of the patients 
operated on with a prediagnosis of acute appendicitis in our clinic between 2020 and 2021, retrospectively. Alvarado, adult 
appendicitis score (AAS), appendicitis inflammatory response score (AIRS), Ripasa, Karaman, Lintula, and Fenyo Lindberg 
scores were calculated for each patient. The patients were divided into two groups as male and female, according to gender. 
Receiver operator characteristic (ROC) curve analysis was used to identify the best cut-off value and assess the performance 
of the test score for appendicitis. Three hundred and sixty-three patients were included in the study. One hundred seventy-
two (47.4%) of the patients were male, and 191 (52.6%) were female. Alvarado and AAS were the most valuable score in 
female (AUC: 0.805, sensitivity: 0.63, specificity: 0.83; and area under curve (AUC): 0.794, Sensitivity 0.71, Specificity: 
0.76, respectively), male group (AUC: 0.828, Sensitivity: 0.71, Specificity: 0.83; and AUC: 0.834, Sensitivity 0.74, Specific-
ity: 0.77, respectively), and when patients were not categorized by gender (AUC: 0.818, Sensitivity: 0.67 Specificity: 0.83; 
and AUC: 0.794, Sensitivity 0.71, Specificity: 0.76, respectively). Although the Alvarado scoring system is the first defined 
appendicitis scoring system, it seems as superior to the many scoring systems defined after it in predicting appendicitis, 
even in female patients.

Keywords Appendicitis · Gender · Score · Alvarado · Adult appendicitis · Appendicitis inflammatory response · Fenyo-
Lindberg · Lintula · Karaman

Introductıon

Acute appendicitis remains the most common cause of 
acute abdomen in General Surgery practice [1]. However, 
difficulties are experienced in the differential diagnosis of 
appendicitis, especially in conditions where the surgeon is 
inexperienced or there are technical deficiencies [2]. Nega-
tive appendectomies cause various morbidities such as 
wound infection in 10–12% of patients and intra-abdominal 

adhesions that may cause infertility in the future. Further-
more, unnecessary appendectomies cause a prolonged 
hospital stay and an increase in health expenditures [2–4]. 
Routine computed tomographic examination (CT), which 
can be used to reduce the negative appendectomy rate, will 
cause unnecessary radiation exposure, especially in patients 
of childbearing age [5]. Ultrasound (USG) is the imaging 
method that should be the first choice in diagnosing appen-
dicitis due to its lower cost, easier accessibility, and no radia-
tion exposure compared to CT, with a sensitivity of 79% and 
a specificity of 87% [6]. Nevertheless, USG performed by 
an inexperienced radiologist with a heavy patient load, espe-
cially outside of working hours, may mislead the clinician 
and cause overtreatment or under treatment [7, 8].

Numerous clinical scoring systems (CSSs) have been 
developed since Alvarado's description of the first CSS 
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for appendicitis. CSSs can be useful for reducing nega-
tive appendectomy rates, which can cause several mor-
bidities, particularly in women [9]. In this study, we aim 
to compare the adult appendicitis score (AAS), Lintula, 
Ripasa, and Fenyo-Lindberg CSSs, which use the gender 
as a variable, with the Alvarado, appendicitis inflamma-
tory response score (AIRS), and Karaman CSSs to evalu-
ate which of them is more successful in the differential 
diagnosis of appendicitis in women.

Materials and methods

Approval for the study was obtained from Local Ethics 
Committee (Approval No: E-71522473–050.01.04-25251-
251). The records of patients who were operated on with 
the initial diagnosis of acute appendicitis in our clinic 
between 2020 and 2021 were reviewed retrospectively. 
Patients under the age of 18, who were pregnant, and who 
had undergone previous abdominal surgery were excluded 
from the present study. Mann–Whitney U Test for nonpar-
ametric numeric variables, chi-squared test for categorical 
variables were used to compare variables between male 
and female patient groups.

Patients’ gender, nationality, age, complaints, physi-
cal examination findings, the results of white blood cell 
(WBC) count, C-Reactive Protein (CRP) level, neutrophil 
count (Neu), mean platelet volume (MPV), left shift in 
neutrophils values, urinalysis and abdominoplevic CT 
were recorded. Alvarado, adult appendicitis score (AAS), 
appendicitis inflammatory response score (AIRS), Kara-
man, Ripasa, Lintula and Fenyo Lindberg scores were cal-
culated for each patient. Histopathological examination 
results of appendectomy specimens were used for final 
diagnosis, and we used them to evaluate the predictive 
power of CSSs.

Descriptive analyses were performed to provide data 
regarding the general characteristics of the study population. 
Kolmogorov–Smirnov test was used to evaluate whether 
the distributions of numerical variables were normal. 
Accordingly, the Mann–Whitney U Test was used to com-
pare the nonparametric numeric variables between groups. 
The numeric variables were presented as mean ± standard 
deviation or median [Q1–Q3]. Categorical variables were 
compared by the chi-squared test. Categorical variables 
were presented as a count and percentage. A p value < 0.05 
was considered significant. Receiver operator characteris-
tic (ROC) curve analysis was used to identify the best cut-
off value and assess the performance of the test score for 
appendicitis. Analyses were performed using SPSS statisti-
cal software (IBM SPSS Statistics, Version 23.0. Armonk, 
NY: IBM Corp.)

Results

The records of 402 patients with an initial diagnosis of 
appendicitis during the last year were evaluated for study 
inclusion. Twelve patients under the age of eighteen, 18 
patients with the history of previous abdominal surgery, 
and 9 pregnant patients were excluded from the study. 
Totally, 172 (47.4%) of the 363 patients included in the 
study were male, and 191 (52.6%) were female. (Table 1).

Although the mean age of the females was tended to be 
lower than that of the male patients, the difference was not 
statistically significant (32:17–86 vs. 33:17–83; p = 0.91).

When the complaints of the patients at the time of 
admission to the hospital were examined, no significant 
difference was observed between the male and female 
patient groups in terms of vomiting, loss of appetite, dura-
tion of symptoms, and increasing pain (p = 0.10, p = 0.77, 
p = 0.48, p = 0.50; respectively). Pain outside the right 
lower quadrant was found to be significantly less in the 
male patient group (25.6%) than in the female patient 
group (39.3%) (p = 0.02). Pain transition from the umbili-
cus to the lower right quadrant was found to be signifi-
cantly higher in the male (58.7%) group than in the female 
(47.1%) group (p = 0.02).

There was no difference between male and female 
patient groups in terms of fever, bowel sounds with aus-
cultation, tenderness in the right lower quadrant, Rebound, 
Rigidity, Rovsing sign (p = 0.31, p = 0.30, p = 0.89, 
p = 0.08, p = 0.95, 0.20; respectively). (Table 1).

There was no significant difference between male and 
female patient groups in terms of CRP, Neutrophil count 
(Neu), Mean platelet volume (MPV), Left shift in neutro-
phils values (p = 0.56, p = 0.52, p = 0.82, p = 0.79; respec-
tively). WBC values were found to be significantly higher 
in the male patient group (11.9 ± 14.8) than in the female 
patient group (9.72 ± 15.5) (p = 0.02). Negative urine exami-
nation was found to be significantly higher in the male 
patient group (149/86.6%) than in the female patient group 
(140/73.3%) (p < 0.05). The reporting rate of CT as appendi-
citis was significantly higher for male patients (69.8%) than 
for female patients (59.5%) (p = 0.04). (Table 1).

As a result of the histopathological examination of the 
pathology specimens, appendicitis was detected in 220 
(60.6%) patients but not in 143 (39.4%) patients. When 
the histopathological examination results were categorized 
by gender, the rate of acute appendicitis in female patients 
(52.9%) was found to be statistically significantly lower 
than in male patients (69.2%) (p < 0.05). (Table 1) We 
summarized the distribution of the results of clinic scor-
ing systems between the genders in Table 2.

When the patients were not categorized by gender, 
receiver operating characteristic curve (ROC Curve) 



1037Updates in Surgery (2022) 74:1035–1042 

1 3

Table 1  Distribution of 
demographic variables, findings 
in physical examination, and the 
results of blood tests between 
the genders

Variables Male (n = 172)
(47.4%)

Female (n = 191)
(52.6%)

P value

Age 33 (17–83) 32 (17–86) 0.91
Neutrophil_count 8.94 ± 6.73 8.6 ± 5.08 0.52
MPV 8.06 ± 1.1 8.08 ± 1.43 0.82
CRP 57.5 ± 73.7 56.1 ± 69.8 0.56
Leukocyte_count 11.9 ± 14.8 9.72 ± 15.5 0.02
Left shift in neutrophils
 No 121 (70.3%) 132 (69.1%) 0.79
 Yes 51 (29.7%) 59 (30.9%)

Negative urine examination
 No 23 (13.4%) 51 (26.7%) 0.002
 Yes 149 (86.6%) 140 (73.3%)

Appendicitis in CT
 Yes 120 (69.8%) 113 (59.5%) 0.04
 No 52 (30.2%) 77 (40.5%)

Right lower quadrant pain
 Yes 156 (90.7%) 174 (91.1%) 0.89
 No 16 (9.3%) 17 (8.9%)

The severity of the pain
 Mild 51 (29.7%) 50 (26.2%) 0.05
 Moderate 75 (43.6%) 106 (55.5%)
 High 46 (26.7%) 35 (18.3%)

Rigidity
 None 42 (24.4%) 43 (22.5%) 0.95
 Mild 33 (19.2%) 39 (20.4%)
 Moderate 66 (38.4%) 72 (37.7%)
 High 31 (18.0%) 37 (19.4%)

Pain outside the right lower quadrant
 No 128 (74.4%) 116 (60.7%) 0.027
 Yes 44 (25.6%) 75 (39.3%)

Increasing pain
 No 68 (39.5%) 69 (36.1%) 0.50
 Yes 104 (60.5%) 122 (63.9%)

Pain transition from the umbilicus to the lower right quadrant
 No 71 (41.3%) 101 (52.9%) 0.02
 Yes 101 (58.7%) 90 (47.1%)

Vomiting
 No 115 (66.9) 112 (58.6%) 0.10
 Yes 57 (33.1%) 79 (41.4%)

Loss of appetite
 No 61 (35.5%) 65 (34.0%) 0.77
 Yes 111 (64.5%) 126 (66.0%)

Duration of symptoms
  < 24 h 91 (52.9%) 89 (46.6%) 0.48
 24–48 h 50 (29.1%) 62 (32.5%)
  > 48 h 31 (18.0%) 40 (20.9%)

Right lower quadrant pain with coughing
 No 51 (29.7%) 56 (29.3%) 0.94
 Yes 121 (70.3%) 135 (70.7%)
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analyses revealed that Alvarado score (AUC: 0.818, 
sensitivity: 0.67 specificity: 0.83) was found to be more 
successful than Karaman score (AUC: 0.754, sensitiv-
ity 0.67, specificity: 0.72), Raja Isteri Pengiran Anak 
Saleha Appendicitis (Ripasa) Score (AUC: 0.654, sensi-
tivity 0.54, specificity:0.62) Lintula score (AUC: 0.667, 
sensitivity 0.64, specificity: 0.63), Fenyo Lindberg score 
(AUC: 0.711, sensitivity 0.65, specificity: 0.65), and AIRS 
(AUC: 0.743, sensitivity 0.67, specificity: 0.68) whereas 
its accuracy was similar with AAS (AUC: 0.801, sensi-
tivity 0.74, specificity: 0.68) (Table 3, Fig. 1). In female 
patients, Alvarado score (AUC: 0.805, sensitivity: 0.63, 
specificity: 0.83) and AAS (AUC: 0.794, sensitivity 0.71, 
specificity: 0.76) were detected as more successful than 
Karaman score (AUC: 0.728, sensitivity: 0.63, specific-
ity: 0.72), Ripasa score (AUC: 0.680, sensitivity: 0.62, 
specificity: 0.60), Lintula score (AUC: 0.648, sensitiv-
ity: 0.63, specificity: 0.62), Fenyo Lindberg score (AUC: 
0.689 sensitivity: 0.61, specificity: 0.58), and AIRS (AUC: 
0.740, sensitivity 0.67, specificity: 0.64) (Table 3, Fig. 2). 
In male patients, Alvarado score (AUC: 0.828, sensitivity: 
0.71, specificity: 0.83) and AAS (AUC: 0.834, sensitivity 
0.74, specificity: 0.77) were detected more successful than 
Karaman score (AUC: 0.729, sensitivity: 0.71, specific-
ity: 0.73), Ripasa score (AUC: 0.601, sensitivity: 0.57, 
specificity: 0.56), Lintula score (AUC: 0.658, sensitivity: 
0.65, specificity: 0.66), Fenyo Lindberg score (AUC: 0.698 
sensitivity: 0.64, specificity: 0.60) and AIRS (AUC: 0.766, 
sensitivity 0.66, specificity: 0.74) (Table 3, Fig. 3).

Dıscussıon

Particularly in young, fertile, female patients, acute pelvic 
pain that requires admission to the hospital is frequently 
encountered. In this situation, the differential diagnosis must 
be made among various diseases such as acute pelvic pain, 
diseases such as acute appendicitis, pelvic inflammatory dis-
ease, ovarian torsion, cystitis, rupture of follicle cyst, intesti-
nal obstruction [10, 11]. The rate of negative appendectomy 
in females is much higher than in males, varying between 3 
and 25% in various publications [2, 12–14]. We found that 
the rate of negative appendectomy was significantly higher 
in our female patient group than in our male patient group. 
This difference could be resulted from the conditions of our 
healthcare system during the pandemic. The opportunities 
for in-hospital observations with conservative approach in 
patients with abdominal pain were limited, and the repetition 
of pre-surgical researches including comprehensive gyneco-
logic, gastroenterologic, and psychological evaluations for 
the differential diagnosis could not be done in most of the 
patients. In addition to the fact that surgeons are in favor 
of operating patients with right lower quadrant pain, rather 
than following up to avoid possible appendicitis perforation, 
it may be thought that microscopic appendix inflammation 
may be overlooked even if macroscopically normal appen-
dicitis is encountered in a patient operated for abdominal 
pain [15].

Appendicitis scoring systems considering gender can 
help the clinician to reduce negative appendectomy rates 

Table 1  (continued) Variables Male (n = 172)
(47.4%)

Female (n = 191)
(52.6%)

P value

Bowel sounds with auscultation
 None 9 (5.2%) 11 (5.8%) 0.30
 Normal 156 (90.7%) 165 (86.4%)
 Hyperactive 7 (4.1%) 15 (7.9%)

Rebound
 No 60 (34.9%) 78 (43.8%) 0.08
 Yes 112 (65.1%) 100 (56.2%)

Tenderness in right t lower quadrant
 No 16 (9.3%) 17 (8.9%) 0.89
 Yes 156 (90.7%) 174 (91.1%)

Rovsing sign
 No 105 (61.0%) 104 (54.5%) 0.20
 Yes 67 (39%) 87 (45.5%)

Fever
 No 160 (93.0%) 172 (90.1%) 0.31
 Yes 12 (7.0%) 19 (9.9%)

Pathology
 Acute appendicitis 119 (69.2%) 101 (52.9%) 0.005
 Normal appendix vermiformis 53 (30.8%) 89 (46.6%)
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in women [16]. Adult appendicitis score (AAS), Fenyö-
Lindberg, Lintula, and RIPASA scores consider gender as a 
variable for the prediction of acute appendicitis, although its 
weight varies in each scoring system. It has been shown in 
various publications that Fenyo-Lindberg is more successful 
than other scoring systems in predicting acute appendici-
tis in women [16]. The scoring system defined by Lintula 
and colleagues, in their study with patients aged 4–15 years 
who underwent surgery for acute appendicitis, is also being 
used in adults [17]. Although the Ripasa score was devel-
oped in 2010 based on the idea that there may be differ-
ences between geographical regions in terms of the success 
of scoring systems, it also uses gender as a variable [18]. 
Our study revealed that, even though each of the three scor-
ing systems was successful in predicting appendicitis, they 
were not superior to the Alvarado and Karaman scores. In 
both Karaman and Alvarado scoring systems, gender is not 
considered when calculating the score. In their published 

study in 2018, they claimed that the Karaman scoring system 
is superior to the Alvarado score in predicting appendici-
tis and reducing the rate of negative appendectomy [7]. In 
our study, we found that the Karaman scoring system was 
more successful in predicting appendicitis either in male or 
female patient groups than scoring systems that considering 
gender. When all patients were evaluated without gender 
categorization, the Karaman score was again found to be 
more successful than the scoring systems considering gender 
as a parameter. However, the Alvarado scoring system was 
found to be more successful in predicting appendicitis than 
all scoring systems, including the Karaman score, in both 
male and female patient groups.

In similar with our results, a recent systematic literature 
review performed by Podda and colleagues for the studies 
regarding the usage of common CSSs and imaging for the 
diagnosis of appendicitis revealed that Alvarado, AIR and 
AAS scores were sufficiently sensitive to exclude appendi-
citis, accurately identifying low-risk patients and decreasing 
the need for imaging and the negative appendectomy rates 
in these patients [19]. On the other hand, for young patients 
deemed to be at high-risk of appendicitis according to the 
scores, because of the high prevalence of the disease in this 
group of patients (~ 90%), a negative imaging scan cannot 
rule out appendicitis. According to this review, the sensi-
tivity and specificity were 0.91–0.94 and 0.90–0.95 for CT 
scan, and 0.78–0.88 and 0.81–0.94 for USG, respectively. 
Therefore, Podda and colleagues concluded that a high-prob-
ability score for appendicitis may be used to select patients 
in which imaging was not needed in young patients. When 
the surgeon deems diagnostic imaging is still needed to con-
firm appendicitis despite the patient has been scored at high-
risk, a conditional CT scan strategy is advised, with CT scan 
performed only after a negative or equivocal USG results.

The main limitation of the present study is that our popu-
lation was composed of the patients admitted to our hospital 
that is also the main centre serving also for patients with the 
novel coronavirus 2019 (COVID-19) during the pandemic 
in our city. The opportunities for in-hospital observations 
with conservative approach in patients with abdominal pain 
were limited, and the repetition of pre-surgical researches 
including comprehensive gynecologic, gastroenterologic, 
and psychological evaluations for the differential diagnosis 
could not be done in most of the patients. Therefore, the 
negative appendectomy rate was higher than expected in our 
study population (more higher in females).

Conclusıon

Although the Alvarado scoring system is the first defined 
appendicitis scoring system, it continues to be supe-
rior to the scoring systems defined after it in predicting 

Table 2  Distribution of the results of clinic scoring systems between 
the genders

Male
n = 172

Female
n = 191

P value

Karaman score
 Appendicitis 61 (35.1%) 50 (26.2%) 0.06
 Not appendicitis 111 (64.9) 141 (73.8%)

Alvarado score
 Appendicitis 8 (4.7%) 21 (11.0%) 0.008
 Possible 131 (76.2%) 118 (61.8%)
 Not appendicitis 33 (19.2%) 52 (27.2%)

Ripasa score
 Confirmed appendicitis 59 (34.4%) 52 (27.2%) 0.07
 High probability appendicitis 91 (53.2%) 103 (53.9%)
 Low probability appendicitis 17 (9.9%) 21 (11.0%)
 Appendicitis unlikely 4 (2.3%) 15 (7.9%)

Fenyo Lindberg
 Appendicitis 133 (77.3%) 85 (44.5%) 0.00
 Posible 17 (9.9%) 40 (20.9%)
 Not appendicitis 22 (12.8%) 66 (34.6%)

Lintula score
Appendicitis 72 (41.9%) 46 (24.1%) 0.00
Observation 49 (28.5%) 36 (18.8%)
Not appendicitis 51 (29.7%) 109 (57.1%)
AIRS
 High risk 31 (18%) 40 (20.9%) 0.11
 Medium risk 109 (63.4%) 101 (52.9%)
 Low risk 32 (18.%) 50 (26.2%)

AAS
 High risk 23 (13.4%) 30 (15.7%) 0.74
 Medium risk 77 (44.8%) 79 (41.4%)
 Low risk 72 (41.9%) 82 (42.9%)
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Table 3  The results of ROC 
curve analyses of clinical 
scoring systems

AUC  area under curve

AUC P value Sensitivity Specificity Cut off

Whole study group
 Karaman_score 0.754 0.00 0.67 0.72 4.5
 Alvarado_score 0.818 0.00 0.67 0.83 5.5
 Ripasa_score 0.654 0.00 0.54 0.62 10.25
 Lintula score 0.667 0.00 0.64 0.63 16.5
 Fento_Lindberg_score 0.711 0.00 0.65 0.65 3.5
 AIRS 0.743 0.00 0.67 0.68 5.5
 AAS 0.801 0.00 0.74 0.68 10.5

Males
 Karaman_score 0.779 0.00 0.71 0.73 4.5
 Alvarado_score 0.828 0.00 0.71 0.83 5.5
 Ripasa_score 0.601 0.00 0.57 0.56 10.25
 Lintula score 0.658 0.00 0.65 0.66 17.5
 Fento_Lindberg_score 0.698 0.00 0.64 0.60 14.5
 AIRS 0.766 0.00 0.66 0.74 5.5
 AAS 0.834 0.00 0.74 0.77 10.5

Females
 Karaman_score 0.728 0.00 0.63 0.72 4.5
 Alvarado_score 0.805 0.00 0.63 0.83 5.5
 Ripasa_score 0.680 0.00 0.62 0.60 9.75
 Lintula score 0.648 0.00 0.63 0.62 14.5
 Fenyo_Lindberg_score 0.689 0.00 0.61 0.58 6.5
 AIRS 0.740 0.00 0.67 0.64 5.5
 AAS 0.794 0.00 0.71 0.76 11.5

Fig. 1  ROC Curve analysis not 
regarding gender
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Fig. 2  ROC Curve Analysis of 
Female Patients

Fig. 3  ROC Curve Analysis of 
Male Patients
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appendicitis, even in female patients. The authors report 
on the use of cross-sectional imaging (i.e. CT scan) which 
identified appendicitis more frequently in males than in 
females. Further studies are warranted to clarify the util-
ity of CSSs in decreasing the needs of CT imaging for the 
diagnosis of acute appendicitis.
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