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The PhD thesis includes: 

The general part consists of three chapters totaling 48 pages 

The personal part consists of four chapters totaling 82 pages 

170 bibliographic references 

26 figures 

78 tables 

 

Note: The tables and figures inserted in the summary of the thesis retain the original 

numbering in the thesis. The content of the abstract is the one found in the doctoral thesis. 

 

Introduction 

Although it is the most common surgical condition of the child, early diagnosis of 

acute appendicitis, in general and in children, in particular, often remains difficult. 

Diagnostic delay or diagnostic errors favor progress towards complications involving 

increased hospitalization costs, a negative impact on the patient and caregivers, and increased 

risk of forensic litigation. 

On the other hand, early intervention, even before the diagnosis is completed, leads to 

an increase in the rate of negative appendectomy with unjustified material costs and the 

exposure of patients to anesthetic and surgical risks that are not negligible. 

Ideally, the therapeutic decision should be taken quickly enough to prevent the 

development of complications, but at the same time be sufficiently argued to limit as much as 

possible the rate of negative appendectomy. 

Considering the polymorphic symptomatology  of acute appendicitis in the 1980s, 

different scoring systems have been imagined to try to improve the diagnosis rate. 

Improving imaging means in the 1990s has led to a temporary decrease in interest in 

scoring systems. 

The limits of imaging in the diagnosis of acute appendicitis, both in terms of US 

(operator dependence, poor performance in the diagnosis of complicated forms and non-

inflammatory appendix) and CT (high costs, exposure to ionizing radiation) led to a return 

interest for scoring systems in the last two decades . 
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The scores include anamnestic data, symptoms, clinical signs and paraclinical data, to 

which different diagnostic values are assigned. Depending on the value obtained, a 

stratification of the patients is made regarding both the risk of acute appendicitis and the 

therapeutic indications (discharge, clinical follow-up, complementary investigations, 

immediate surgical treatment). 

Scoring systems are fast, simple, non-invasive, repeatable, and do not involve extra 

costs. They are very useful for doctors in emergency services, for training surgeons, for 

resource-poor hospitals. Scoring systems seek to minimize subjective physician factors such 

as professional experience, recent negative experiences in similar cases, fear of litigation, 

stress. 

Chapter I. In the first chapter I made a brief overview of the current knowledge about 

acute appendicitis in terms of anatomy, physiology, embryology, normal appendix as well as 

epidemiology, pathophysiology, pathological anatomy and bacteriology of acute appendicitis. 

Chapter II. In the second chapter I briefly outlined the current knowledge regarding 

clinical diagnosis (symptomatology, objective examination, clinical forms) and paraclinic 

(laboratory examinations, imaging) as well as trends in treatment. 

Chapter III. In the third chapter I briefly read Alvarado, Samuel scores, other scores, 

scores comparisons 

 

Chapter IV. Purpose and objectives 

The main goal of the study is the validation of the Alvarado and Samuels scores at the 

Emergency County Hospital Piatra Neamţ, a hospital with a multivalent emergency service 

where the child's surgical emergencies are resolved both by general surgery surgeons and 

pediatric surgeons. 

The specific objectives of the paper were as follows: 

·  Assessing the overall performance of PAS and Alvarado in the diagnosis of acute 

appendicitis in a number of pediatric patients. 

·  Accuracy at the optimum CUT POINT defined by Samuel and Alvarado 

· Define a CUT POINT that maximizes the performance of scores in the series studied 

·  Comparing the performance of the two scores by age group 

- Potential impact on results (negative appendectomy rate, undiagnosed acute 

appendicate rate), reduction of imaging exploration needs by applying scores. 
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Chapter V. Material and Method 

The study was conducted on two series of pediatric patients admitted following the 

diagnosis of acute appendicitis in the General Surgery and Surgery and Pediatric Orthopedics 

Departments of Neamţ County Emergency Hospital, a hospital that employs a population of 

approximately 500,000 inhabitants. 

-The first series includes patients admitted during the period 01.01.2009 - 31.12.2011, 

their data being obtained retrospectively 

-The second series consists of patients admitted during the period 01.01.2012 - 

31.12.2014, their data being obtained prospectively. 

The study thus has both a retrospective and a prospective component, being a cohort 

observational study. 

Inclusion criteria: 

·  All pediatric patients aged between 4 and 18 years admitted consecutively to 

suspected acute appendicitis 

Exclusion criteria: 

·  Patients under 4 years of age 

·  Patients with appendicular plastron 

- Patients with incomplete or lost tracking data 

 For data collection we used observation sheets, the operative book and 

anatomopathological bulletins. 

 

The information used was entered in digital format using an application for tabular 

calculations. The primary data used in the study are: initials of the name and surname, sex, 

age, date of admission, date of surgery, date of discharge, admission diagnosis, discharge 

diagnosis, results of possible imaging experiments, Alvarado and Samuels scores, 

macroscopic postoperative diagnosis, histopathological diagnosis. 

  For calculating the scores I used the formulas described by Alvarado in 1986 and 

Samuel in 2002. 

The positive diagnosis of acute appendicitis was based on the result of the positive 

histopathological examination of acute appendicitis. Where this was not possible due to the 

logistical difficulties of the Pathological Anatomy Laboratory, we used the 

anatomopathological description and postoperative diagnosis of the operative book to 

confirm the diagnosis of acute appendicitis. Acute catarrhal appendicitis is often a 
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euphemism for negative appendectomy, which is why we considered unconfirmed cases with 

macroscopic diagnosis of acute catarrhal appendicitis, histopathologically unconfirmed. 

  Management of admitted patients Depending on the initial examination of the 

patients, we proceeded to: 

 -Surgical emergency surgery 

 -Recovery and surgery within the first 24 hours 

 -Discharge or transfer to the pediatric department 

Surgery was performed strictly on clinical criteria for patients in the first series, and 

for the second series , scores were considered, except in equivocal cases when predominantly 

clinical impression was considered. 

Statistical analysis Collected data was processed using Microsoft Excel and IBM 

SPSS version 14 and Medcalc version 14. The threshold used to consider the result of a 

statistically significant test was p≤0.05. 

 

Chapter VI Outcomes 

General characteristics of the studied lots 

Lots studied The study is based on two groups of patients. 

- The first batch is represented by the patients whose evaluation was retrospective, 

being patients admitted during 2009-2011-700 patients 

The second batch is the batch of patients prospectively investigated, between 2012 

and 2014 - 627 patients. 

Distribution by patient gender, male patients are 40.7% while female patients 

account for 59.3% of the total of cases included in this study. 

Seasonal distribution Most of the patients in this study were hospitalized in March 

(11.8%) and October (10.5%) respectively. The fewest cases were admitted during the 

summer months (June, July and August) with a percentage of less than 7% for each of these 

months. 

Confirmation of gender diagnosis from the point of view of confirming the diagnosis 

of acute appendicitis, in the case of male sex, it was confirmed at 74.3%, whereas for female 

patients, the confirmation of the diagnosis of acute appendicitis Achieved in a proportion of 

65.9%. 

Distribution by Age The mean age of patients enrolled in this study is 11.79 years, 

with a standard deviation of 3.7 years. The maximum age is 18 years, while the minimum age 
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is 4 years. The median is 12 years old, and the age with the highest frequency of admissions 

is 10 years. 

Number of days of hospitalisation The average number of days of hospitalisation is 

5.74, with a standard deviation of 2,838 days. The median is 6 days, and the most common is 

also 6 days of hospitalization. Although the average number of admission days does not 

differ statistically significantly, we noticed the existence of a significantly higher number of 

admission days during the retrospective study period. 

Age of patients based on confirmation of diagnosis The mean age of patients whose 

diagnosis of acute appendicitis was confirmed is 12.23 years with a standard deviation of 

3.57 years. For patients whose diagnosis was not confirmed, the mean age was 10.79 years 

with a standard deviation of 3.79. 

Diagnostic value of the component elements of the scores: As regards the 

diagnostic value of the signs, symptoms and laboratory tests that compose the Alvarado and 

Samuel scores on the given series, we obtained the following data: 

-Migration of pain in patients with acute appendicitis, this sign was present in more 

than half of the cases (50.4%), while in patients whose diagnosis of appendicitis was denied, 

the pain migration occurred in 28% Of cases. Thus, it is observed that the frequency of cases 

of pain migration is almost twice as high in patients diagnosed with acute appendicitis. 

Anorexia In patients diagnosed with acute appendicitis, anorexia was present in 

85.4% of the patients, while in the control group, anorexia was present at 78.4%. These high 

values are explained by the fact that anorexia is a common symptom of many gastrointestinal 

disorders. We then calculated, using the ratio of odds, the risk of patients with anorexia of 

acute appendicitis. This is 1.6 (95% CI 1.2 - 2.18), indicating a significantly increased risk 

-Nauseea and / or vomiting The percentage of patients with nausea and / or vomiting 

in the entire batch of investigated patients is 62.5%. For patients without a diagnosis of acute 

appendicitis it is 57.7%, and for patients with acute appendicitis the proportion of those with 

nausea and / or vomiting is 64.7%. The observed difference is statistically significant. The 

risk for patients with nausea and / or vomiting to be diagnosed with acute appendicitis is 1.34 

(95% CI 1.05 - 1.7). 

- Tenderness in the right lower quadrant The results of this study indicate that this 

sign is extremely common, being encountered in all patients diagnosed with acute 

appendicitis and in over 97% of patients diagnosed with other conditions. The risk expressed 

in the Quota Report is difficult to interpret because of the way cases are distributed. The 
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calculated confidence interval is very broad, and it does not allow a realistic risk estimate of 

Odds Ratio = 53.47 (95% CI 3.33 - 956.14). 

- Rebound pain (Bloomberg sign), specific for the identification of peritoneal 

irritation, was present in 69% of patients diagnosed with acute appendicitis. In the case of 

those without acute appendicitis, the Bloomberg sign was present at 18.2%. 

There is a statistically significant association (p <0.001) of the Bloomberg sign with 

the presence of acute appendicitis. The risk that a patient with Bloomberg positive sign 

showing acute appendicitis is approximately ten times higher Odds Ratio = 10.02 (95% CI 

7.51 - 13.37) 

-Fever was present in over half of patients with acute appendicitis -54.2%, 

respectively. In the case of patients who were not diagnosed with acute appendicitis, the 

proportion of those with fever was 39.6%. The risk of patients with fever to develop acute 

appendicitis in terms of odds ratio is 1.81 (95% CI 1.43 - 2.29). 

- Leucocytosis was present in more than two-thirds of patients with acute appendicitis 

(69.7%). In this case, a similar proportion was also found in patients in whom the diagnosis 

of acute appendicitis was not confirmed (68.1%). Following the similar proportions observed 

in both groups, there was no statistically significant association between the presence 

Leukocytosis and diagnosis of acute appendicitis (p = 0.698). 

-Neutrophilia was identified in about 4 out of 5 patients diagnosed with acute 

appendicitis (82.6%), while in the case of patients without acute appendicitis, about half of 

them had neutrophilia (53.3%). The difference is statistically significant (p <0.001), 

indicating a statistically significant association between the presence of neutrophilia and the 

diagnosis of acute appendicitis. 

ANALYSIS OF SCORES on given series 

Alvarado score 

In terms of the Alvarado score, it is noted that most patients had a score of 6, 

representing about 31% of all cases. There follows in descending order of frequency the score 

of 7 with 24%, 8 with 19%, 9 with 13% and 5 with 9%. (Figure 24). The comparative 

descriptive statistical analysis of the Alvarado score based on the diagnosis of acute 

appendicitis indicates that for patients with confirmed diagnosis the median value is 7.44 with 

a median of 7, whereas in patients where the diagnosis of acute appendicitis was not 

Confirmed, the average score is 6.05 with the median of 6. 

In the following we grouped the patients according to the Alvarado score into three 

categories: ≤ 6, 7-8 and 9-10. 
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The result provides a clearer picture of how patients are distributed, with a clear 

prediction of scores of less than or equal to 6 in patients whose diagnosis of acute 

appendicitis has not been confirmed (75.7%), and the high proportion of Patients with a 7-8 

score for patients diagnosed with acute appendicitis. The association between the score group 

and the diagnosis of acute appendicitis is highly statistically significant, 

 p <0.001, patients with confirmed diagnosis having a statistically significantly higher 

score. 

     The utility of Alvarado score in the diagnosis of acute appendicitis 

In order to estimate the utility of the Alvarado score in diagnosing acute appendicitis 

in suspected patients, we used criteria such as: sensitivity, specificity, positive probability (+ 

LR) ratio, negative probability ratio (LR), positive predictive value, negative predictive 

value. 

These were applied and calculated for each score, the results being detailed below. 

We calculated the area under the ROC curve. It has an area of 0.805 (confidence 

interval 95% 0.783-0.826), statistically significantly differing (p <0.0001) from a surface of 

0.5 corresponding to a test that can not provide information about the lot to which a Patient 

with a certain score. 

After applying this Youden test for the 6-point Alvarado threshold, the value obtained 

is 0.4991. For this value, the calculated sensitivity is 74.24 and the specificity is 75.68 (Table 

LIII). For this value, the positive probability ratio is 3.05, the negative probability ratio is 

0.34, the positive predictive value is 87.3%, and the negative predictive value is 56.5%. 

   In Figure 27, I represented the ROC curve. It is noted that the points used in making 

the calculations are marked, and the threshold value which when used is the ideal balance 

between sensitivity and specificity. 
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Figure 27.ROC curve for Alvorado score 

 

For a complete picture of Alvarado's performance in the diagnosis of acute 

appendicitis, we calculated the indicators for each test value found in this study. 

The result (Table LIV) provides information about estimated values for each score 

value. It is noted that if a score greater than 7 is taken as the threshold value, it gives a 

specificity of 95.82%, ie a correct recognition of the negative cases, with a positive predictive 

value of over 96%. 

 

 

 

 

 

 

Tabel LIV Performance of Alvarado score 

Criterion ≥4 >4 >5 >6 >7 >8 >9 >10 

Sensitivity 100 99.67 94.78 74.24 48.59 22.93 3.8 0 
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95% CI 99.6 -

 100.0 

99.1 -

 99.9 

93.1 -

 96.1 

71.3 -

 77.0 

45.3 -

 51.9 

20.3 -

 25.8 

2.7 - 5.3 0.0 - 0.4 

Specificity 0 2.7 21.38 75.68 95.82 99.51 100 100 

95% CI 0.0 - 0.9 1.4 -

 4.8 

17.5 -

 25.7 

71.2 -

 79.8 

93.4 -

 97.5 

98.2 -

 99.9 

99.1 -

 100.0 

99.1 -

 100.0 

+LR 1 1.02 1.21 3.05 11.63 46.67   

95% CI 1.0 - 1.0 1.0 -

 1.0 

1.1 -

 1.3 

2.6 -

 3.6 

7.3 -

 18.6 

11.7 -

 186.9 

  

-LR  0.12 0.24 0.34 0.54 0.77 0.96 1 

95% CI  0.03 -

 0.4 

0.2 -

 0.3 

0.3 -

 0.4 

0.5 -

 0.6 

0.7 - 0.8 0.9 - 1.0 1.0 - 1.0 

+PV 69.3 69.8 73.2 87.3 96.3 99.1 100  

95% CI 66.8 -

 71.8 

67.3 -

 72.3 

70.5 -

 75.7 

84.8 -

 89.6 

94.2 -

 97.9 

96.6 -

 99.9 

90.0 -

 100.0 

 

-PV  78.6 64.4 56.5 45.2 36.4 31.5 30.7 

95% CI  49.2 -

 95.3 

55.8 -

 72.5 

52.2 -

 60.7 

41.8 -

 48.6 

33.5 -

 39.3 

29.0 -

 34.1 

28.2 -

 33.2 

 

Regarding how sensitivity and specificity vary, these are plotted in Figure 28. This 

graph gives a good overall picture of Alvarado scores on children, confirming that a patient 

with a score of 5 or less has a very high probability of not having the disease, while a patient 

with a score of 7 or greater is highly likely to present the disease. 
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We have noticed that if a score greater than 7 is taken into account as a threshold 

value, we obtain 95.82% specificity, ie a correct recognition of negative cases, with a positive 

predictive value of over 96%. 

 Representing the ROC curves for Alvarado in children less than 10 years of age and 

those aged over 10 years of age, it is noted that the values for specificity and sensitivity are 

lower in children over 10 years of age compared to the values obtained For children less than 

10 years of age. 

 

Score Samuel 

Samuel Performance Score Analysis: The area under the calculated ROC curve is 

0.887 (95% confidence interval 0.869 - 0.903). The result obtained is statistically 

significantly different from a surface under the ROC curve of 0.5, p <0.0001. The Youden 

index is 0.6314 for a 6-point threshold, in this case the sensitivity is 71.74% and the 

specificity is 91.4%. 
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R

OC curve for Samuel score 

In Table LXIII are the calculated values for Samuel score performance indicators in 

the diagnosis of acute appendicitis in children. 

 

Tabel LXIII  Performanco of Samuel Score 

Criterion Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI +PV 95% CI -PV 95% CI 

≥4 100.00 99.6 -

 100.0 

0.00 0.0 -

 0.9 

1.00 1.0 -

 1.0 

    69.3 66.8 -

 71.8 

    

>4 99.89 99.4 -

 100.0 

2.95 1.5 -

 5.1 

1.03 1.0 -

 1.0 

0.037 0.005 -

 0.3 

69.9 67.4 -

 72.4 

92.3 64.0 -

 99.8 

>5 95.43 93.9 -

 96.7 

53.32 48.3 -

 58.2 

2.04 1.8 -

 2.3 

0.086 0.06 -

 0.1 

82.2 79.8 -

 84.5 

83.8 78.7 -

 88.1 

>6 71.74 68.7 -

 74.6 

91.40 88.2 -

 93.9 

8.34 6.1 -

 11.5 

0.31 0.3 -

 0.3 

95.0 93.1 -

 96.5 

58.9 54.9 -

 62.7 

>7 48.80 45.5 -

 52.1 

98.03 96.2 -

 99.1 

24.83 12.5 -

 49.5 

0.52 0.5 -

 0.6 

98.2 96.6 -

 99.2 

45.9 42.5 -

 49.2 

>8 23.70 21.0 -

 26.6 

100.00 99.1 -

 100.0 

    0.76 0.7 -

 0.8 

100.0 98.3 -

 100.0 

36.7 33.9 -

 39.6 

>10 0.00 0.0 -

 0.4 

100.00 99.1 -

 100.0 

    1.00 1.0 -

 1.0 

    30.7 28.2 -

 33.2 
  

The way sensitivity and specificity vary according to the Samuel score are shown in 

Figure 34. Very good sensitivity results are obtained with a score of less than 5 and very good 

results for specificity are obtained with a higher score of 6. 
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Figure 35 Representation of threshold value according to specificity and sensitivity for 

Samuel score 

 

Analyzing the ROC curves for children under 10 years of age and over 10 years, we 

have a sensitivity of 78.4% and specificity of 90.5% for those under 10 years, and for those 

over 10 years we have a sensitivity of 68.4% and a specificity Of 92.2%. 

 

Comparison between the accuracy of Alvarado and Samuel scores 

The area under the ROC curve for the Alvarado score was 0.805 (confidence interval 

95% 0.783-0.826), and for the Samuel score, it was 0.887 (confidence interval 95% 0.869-

0.903). 
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Figura 39 ROC curves for Alvarado and Samuel score – comparative 

 

The difference between the two surfaces under the ROC curve is 0.0747 (confidence 

interval 95% 0.0511 - 0.0982), this being statistically significant (p <0.0001). Thus, the area 

under the ROC curve for the Samuel score is statistically significantly higher compared to the 

area under the ROC curve for the Alvarado score. 

By comparing the ROC curves for the two scores in children under 10 and in children 

over 10 years, the ROC curve of the Samuel score was significantly better for both groups. 

Complications  

In the case of the retrospective group, the percentage of cases of complicated acute 

appendicitis was 13.5%, while in the case of prospective analysis the percentage was 12.5%, 

so the application of the scores did not significantly change the evolution towards 

complications. 

Negative appendectomy In the absence of diagnostic score scores, 16.3% of surgical 

interventions did not have the diagnosis of confirmed confirmed appendicitis, while in the 

study group in which diagnostic scores were used, the percentage of negative surgical 

interventions Was 9.6%.  
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Reducing negative appendectomy to almost half confirms the usefulness of using 

scores in the rapid diagnosis of acute childhood appendicitis    

Chapter VII: DISCUSSIONS 

In the Discussion chapter we compared the results obtained with the results of other 

similar studies. 

For the studied series we noted the following: 

For the Alvarado score: 

 The high incidence of acute appendicitis at Alvarado scores 5 and 6 induces the need 

for iadmission for clinical reassessment and possibly imaging exploration. These low score 

values may be due partly to the early presentation of patients, when the clinical picture has 

not yet fully outlined (in this paper we have only processed records from patient presentation) 

or because of the inability of the examining physician to reveal signs of peritoneal irritation, 

harder to be emphasized in non-cooperative children (this leads to the decrease of the actual 

score by 1-2 points) 

Assuming that only surgery with Alvarado scores over 7, the number of negative 

appendectomy would drop to 9.8% for the retrospective series and 6.7% for the prospective 

series instead we would have a high proportion of missed- 21.2% on the retrospective group 

and 16.1% on the prospective lot. 

At an Alvarado score of 8, the negative appendectomy score would be only 3.5% for 

the retrospective group and 3.3% for the prospective group. From here it can be concluded 

that these patients can be operated immediately without further investigation 

Patient management based on the Alvarado score is as follows 

-below 5-discharge 

-5-6-7-admission for further re-evaluation and possibly imaging exploration 

-8,9,10- Surgery 

 

For the Samuel score 

In our PAS study above 6 we achieved a sensitivity of 71.7 and a specificity of 91.4. 

If all patients with a Samuel score greater than or equal to 6 were subjected to surgery, 

we would have had a 2.7% missed diagnosis and 18.6% retrospective retrospective 

appendectomy and 3.8% missed diagnoses and 17 , 4% negative prospective appendectomy 

on the prospective series. For the threshold value of 7, the proportion of negative 

appendectomy would drop to 4.02% for the retrospective group and 5.8% for the prospective 

group instead, the proportion of missed diagnoses would be very high - 24% for the 
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retrospective group and 14.3% for the prospective . Given the very low rate of negative 

appendectomy in patients with 7 and above scores, they can be operated immediately without 

further investigation. 

  

Patient management according to the Samuel score 

·  Under 5-discharge 

·  5,6-admissions for re-evaluation and additional investigations 

·  7,8,9,10 - immediate surgery 

 

Chapter VIII: CONCLUSIONS 

·  Alvarado and Samuel scores are useful in the early diagnosis of acute childhood 

appendicitis. 

·  Scores significantly reduce the need for imaging explorations, being useful tools in 

resource-poor and modest staff. 

·  Scores are useful in patient management indicating which patients should be 

discharged, who need to be admitted for further re-evaluation and / or additional 

investigations and to be operated urgently 

·  By lowering the rate of negative appendectomy due to the application of scores, 

unnecessary material consumption is avoided and patients are exposed to unnecessary 

anesthetic and surgical risks. Moreover, the rate of negative appendectomy is a quality 

indicator of the activity of a surgical section. 

·  The presence of a large number of clinical criteria in the calculation of the scores 

reveals that the diagnosis of acute appendicitis is also an eminently clinical diagnosis in the 

age of imaging investigations. 

·  Samuel score has superior performance over the Alvarado score when applied to a 

pediatric population. 

·  Taking into account the current trend of non-operator treatment of acute 

appendicitis, scores can be a selection criterion for cases that are appropriate to it. 
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