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Introduction. Acute appendicitis is among the three most frequent surgical diseases. The lifetime likelihood of developing 
acute appendicitis is around 7%. The incidence of acute appendicitis reduces with age after adolescence. Several studies 
evaluated the relevance of the current scores to the general population, mostly children, but a limited number of studies 
have studied the elderly population. This study aims to assess the clinical effectiveness of the new diagnostic score for the 
elderly population in comparison to both the Alvarado score and the non-standardized score.

Material and methods. In order to evaluate the effectiveness of the diagnostic score of acute appendicitis, we examined 
78 patients who were admitted to emergency unit of the Saint Archangel Michael Municipal Clinical Hospital during 2018-
2021 with the presumptive diagnosis of acute appendicitis. Of all patients admitted, Acute Appendicitis was confirmed on 
pathological examination in 22 (28.2%) patients. The average age of patients was 73.5±13.5 years (minimum - 60 years, 
maximum - 87 years). The ratio of males to females was 1:1.6.

Results. Comparative evaluation of the new diagnostic score of acute appendicitis and the non-standardized clinical-echo-
graphic examination for acute appendicitis diagnosis showed better performance indicators of the new diagnostic score of 
acute appendicitis compared to the non-standardized clinical method for acute appendicitis diagnosis. The high sensitivity 
of the new diagnostic score of acute appendicitis was statistically demonstrated (ƛ2 = 4.32; p < 0.05), a lower rate of missed 
acute appendicitis cases in the new diagnostic score of acute appendicitis (ƛ2 = 4.32; p < 0.05), the „grey area” is lower in 
the new diagnostic score of acute appendicitis (ƛ2 = 5.28; p < 0.05), than in the non-standardized diagnosis. It was shown 
to have a lower rate of acute appendicitis cases in the „grey area” of the total number of acute appendicitis cases (ƛ2 = 4.9; 
p < 0.05). Benchmarking indicators such as specificity and diagnostic accuracy showed no statistically significant differ-
ences. At the same time, a definite increase in specificity and accuracy was observed for the new diagnostic score of acute 
appendicitis compared to non-standardized clinical diagnosis.

Conclusions. Diagnosing acute appendicitis in elderly patients remains challenging due to the numerous potential diag-
noses with similar clinical manifestations that are observed in this patient population. It was necessary to utilize clinical 
risk-scoring systems that could aid in the prompt identification of patients with acute appendicitis. This study concludes 
that the New diagnostic score has higher clinical efficiency in diagnosing acute appendicitis in elderly patients. It has a 
sensitivity of up to 93.15%, compared to the unstandardized clinical method and the Alvarado diagnostic score, and is 
independent of „risk factors” such as obesity and atypical vermiform appendix localization.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the 
submitted manuscript
The epidemiology and outcomes of acute appendicitis in elderly 
patients are very different from the
younger population. Elderly patients with acute appendicitis have 
higher mortality, higher perforation rate, lower diagnostic accuracy, 
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longer delay from onset and manifestation of symptoms, higher 
rate of postoperative complications, and a higher risk of colon 
and appendix cancer. Therefore, it is necessary to develop a new 
diagnostic and remedial approach to treating acute appendicitis in 
elderly patients.
The research hypothesis
We aim to develop a new diagnostic score for elderly patients and 
apply it in parallel with the non-standardized diagnosis.
The novelty added by manuscript to the already published 
scientific literature
The clinical efficacy of the new score was evaluated in comparison 
with the Alvarado and a non-standardized diagnostic score.

Introduction 
Acute appendicitis (AA) is among the three most com-

monly occurring acute surgical diseases. The likelihood of 
experiencing AA in a lifetime is approximately 7%. The inci-
dence of AA reduces with age after adolescence [1]. Approx-
imately 15% of patients over 60 years of age who present 
with acute abdominal pain to the Emergency Department 
receive a final diagnosis of acute appendicitis, which is half 
as common as in younger patients [2]. Nevertheless, the ep-
idemiology and outcomes of acute appendicitis in elderly 
patients differ significantly from those of the younger popu-
lation. First, despite the decrease in incidence, acute appen-
dicitis in elderly patients is marked by significantly higher 
mortality, which is 8% in the category of patients over 60 
years of age, compared to less than 1% among younger pa-
tients. A large observational study of 164,579 patients with 
acute appendicitis, age greater than 60 years was a signif-
icant risk factor for mortality by multivariate analysis [3].

All the data suggest that older patients are more likely to 
have complicated appendicitis with perforation or abscess-
ing compared with other age groups. The rate of complicated 
appendicitis ranges from 18% to 70% [2, 4-6] (compared to 
a rate of 3 % and 29% among patients under 60 years). The 
reason for this major risk of perforation could be the vascu-
lar sclerosis that the vermiform appendix develops in elderly 
patients and the narrowing of the lumen by the phenomenon 
of fibrosis. In these patients, the muscle layers are infiltrated 
with fat, so having a fragile structure they have a tendency 
toward early perforation [7]. These findings together with 
the delay in diagnosis and treatment could explain a more ag-
gressive evolution of the disease in this population category.

Another finding among the elderly population, who de-
velop acute appendicitis, is the lower rate of correct preop-
erative diagnosis compared to the younger population [8], 
with a reported diagnostic accuracy (defined as the per-
centage of appendices removed with a histological diagno-
sis of acute appendicitis out of the total number of appen-
dectomies performed) of 64% in patients over 60 years of 
age versus 78% in other age groups [9]. Moreover, in the 
vast majority of included studies, the mean time from symp-
tom onset to admission was longer in older patients than in 
younger patients [9-11].

Focusing on appendectomy, compared with young pa-
tients, elderly patients are burdened with higher postop-
erative mortality, higher postoperative morbidity [12], lon-
ger length of hospital stay [13], lower rate of laparoscop-
ic appendectomy, and a higher risk of being subjected to 
high-throughput investigations [14-15].

In a large Swedish study that included more than 
117,000 patients, the mortality rate after appendectomy 
was strongly influenced by age, with a threefold increase 
for each decade of age, reaching more than 16% in nona-
genarians. Finally, the complication rate in elderly patients 
with negative appendectomy was significantly higher than 
in younger patients (25% vs 3%) [16]. 

This raises the question of whether existing clinical scor-
ing systems have sufficient diagnostic accuracy for the diag-
nosis of acute appendicitis in elderly patients?

The Alvarado score is the most widely studied. Its va-
lidity in adult and pediatric patients was summarized in a 
recent meta-analysis [17] that included 5960 patients in 
29 studies. According to Ohle et al., the performance of the 
score depends on the cutoff value: a clinical cutoff score of 
< 5 can be applied to „exclude” appendicitis with a sensi-
tivity of 99% (95% CI 97–99%) and a specificity of 43% 
(36–51%).

According to the Jerusalem guidelines [18], in adult pa-
tients the Alvarado score (with a cut-off score < 5) is sensi-
tive enough to exclude acute appendicitis, but is not specific 
enough in the diagnosis of acute appendicitis.

However, the Alvarado score was developed based on the 
pattern of presentation of clinical and laboratory variables of 
a young population (mean age 23.4 - 25.9) [19]. Considering 
that the complication rate in elderly patients with negative 
appendectomy is significantly higher than in younger pa-
tients (25% vs 3%, p < 0.05) [20], the preoperative diagno-
sis in these patients must be as accurate as possible.

Although computer tomography (CT) with intravenous 
(IV) contrast is associated with lower rates of negative ap-
pendectomy [21]. Ultrasound (US) is clearly inferior to CT 
in sensitivity and negative predictive value for appendicitis, 
however, it may be equally useful for excluding appendicitis 
[22, 23], while CT is especially useful if the appendix is  not 
visualized by US.
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The New diagnostic score (DS), which we aimed to com-
pare with the Alvarado score, is a diagnostic score that in-
cludes 10 parameters: the positive Kocher symptom- 1 point; 
positive Blumberg symptom in the right iliac region - 2 points; 
positive Bartomier-Michelson symptom - 1 point; the presence 
of nausea and/or vomiting - 1 point; leukocytosis in Complete 
Blood Count (CBC) 10 x 109/l and more - 1 point; ultrasound 
determination of Vermiform Appendix (VA) with a diameter 
greater than 7 mm is estimated at 2 points; VA incompressibil-
ity - 1 point; thickening of the peri-appendiceal tissue - 1 point; 
coprolite in the VA lumen - 1 point; the presence of ultrasound 
signs of another acute non-appendiceal pathology of the ab-
dominal cavity and/or ultrasound detection of a compressible 
VA less than 7 mm in diameter - „minus” 3 points.

In this scoring system, the total score varies between -3 
and 10 points. When obtaining a score below 2 points, the 
diagnosis of AA is excluded. If adding up the points of the 
positive clinical and laboratory criteria of AA, a result of 6-7 
points will be obtained, and then the diagnosis of AA will 
be established. In this case, an additional ultrasound will 
not be necessary, because even the identification of anoth-
er acute pathology with / or without signs of inflammation 
of vermiform appendix on UST („minus” 3 points), will not 
affect the result and the interpretation of the New DS appli-
cation algorithm, because the final score will be 3 or more 
points, which definitely indicates that the patient has AA. 
The patient diagnosed with AA will later undergo urgent 
surgical treatment.

If the sum of the points of the clinical and laboratory 
criteria of the New DS will be less than 4 points, an ultra-
sound of the abdominal cavity will be performed with the 
additional inclusion of ultrasound signs of AA. If following a 
general ultrasound examination, the sum of AA points will 
constitute < 2 points, the diagnosis of AA will be excluded.

When following the general ultrasound evaluation of 
signs of AA, the number of points will be 3 or more, the di-
agnosis of AA will be very likely and appendectomy will be 
indicated.

Material and methods 
There were prospectively analyzed 78 cases (patients), 

who were admitted to the Emergency Department of Saint 
Archangel Michael Municipal Clinical Hospital in 2018-2022 
with the diagnosis of acute appendicitis (AA). Of all hospi-
talized patients, AA was confirmed on histological examina-
tion in 22 (28.2%) patients.

The average age of patients was 73.5±13.5 years (mini-
mum - 60 years, maximum - 87 years). The ratio of males to 
females was 1:1.6. Demographic data of patients, including 
age, sex, duration of hospitalization, and histopathological re-
ports of appendectomy materials were recorded. Analyzing 
the obtained data, we note that the structure of distribution 
by sex and age in this group of patients is comparable to that 
in the group of patients in which the new DS was developed.

The time from the debut of complaints of abdominal 
pain to hospitalization was: in 9 (11.5%) people - less than 
6 hours, from 6 hours to 24 hours - in 28 (35.9%) patients, 

from 24 hours to 48 hours - in 22 (28.3%) patients, more 
than 48 hours - in 19 (24.3%) patients.

After data processing, the patients admitted to the study 
group had the concomitant pathologies noted in table 1.

Table 1. Patient demographic data and characteristics
Associated medical conditions № %

1. Hypertension 37 47.4
2. Coronary heart disease 20 25.6
3. Diabetes 11 14.1
4. Obesity 5 6.4
5. Dyscirculatory encephalopathy 14 17.9
6. Urolithiasis 7 8.9
7. Chronic duodenal ulcer 4 5.1

8. Chronic gynecological pathologies 
without exacerbation

Uterine myoma 3 3.8
Uterovaginal 
prolapse 

2 2.6

Pelvic 
inflammatory 
disease

2 2.6

Statistical analysis
The SPSS 18 software (SPSS Inc., Chicago, IL, USA) was 

used for statistical analysis. Numerical data were presented 
as mean ± standard deviation. The one-sample Kolmogor-
ov–Smirnov test was used to assess the distribution of nu-
merical data. The independent sample t-test was used when 
the distribution was normal and the Mann-Whitney U test 
was used for the non-normal distribution. A chi-square test 
was used to compare between groups. Values   with a P value 
< 0.05 were considered to be statistically significant.

Results
New DS in AA implementation results
In this group of patients, the non-standardized clinical 

and ultrasonographic diagnosis of AA was used as the main 
diagnostic method, which was performed by the doctor on 
call, based on professional knowledge and skills, in the ab-
sence of a mandatory research standard and an algorithm for 
interpreting the obtained data, which is largely subjective. In 
the Emergency department, the non-standardized diagnosis 
of AA was made based on clinical, laboratory, and ultraso-
nographic investigations. The method of diagnosis and the 
clinical-therapeutic tactic used for all groups of patients were 
methodologically similar to this diagnostic method (New 
DS) (Table 2), and its algorithm, which corresponds to all the 
training principles of the diagnostic algorithm (Fig. 1).

All patients were examined using the same diagnostic 
equipment. The non-standardized clinical and ultrasono-
graphic method included the use of a general clinical exam-
ination, laboratory investigations (CBC, urinalysis), ultraso-
nography (USG) of the abdominal cavity.

The diagnosis and management of AA patients were 
specified directly by the on-call surgeon. The general clin-
ical examination was performed in all 78 (100%) patients 
and consisted of collecting anamnesis, and patient com-
plaints to determine the symptoms of AA with their subse-
quent interpretation.
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Table 2. The New Diagnostic Score. 
No. Criterion Assessment Score
1. Kocher symptom Positive 1
2. Nausea /vomiting Present 1
3. Blumberg symptom in right iliac region Positive 1
4. Bartomier-Michelson symptom Positive 1
5. Leukocytosis >10 × 109/l 1
6. Ultrasound: VA unchanged and /or 

other pathology
Determined -3

7. Ultrasound: increased VA diameter > 
7mm

Determined 2

8. Ultrasound: thickening 
periappendicular tissue

Determined 1

9. Ultrasound: VA Incompressibility Determined 1
10. Ultrasound: coprolite in VA lumen Determined 1

Total
Max
Min

10
-3

Note: VA - vermiform appendix; the total score is a sum of criteria points. 
Minimal Score (-3), maximum (10).

Patients in the study group presented the following com-
plaints (Table 3). 

Table 3. Diagnostic criteria of patients

No. Diagnostic criteria Patients
No.

%

1 Abdominal pain 78 100
2 Nausea 30 38.5
3 Vomiting 41 52.5
4 Kocher’s symptoms 32 41.0
5 Gynecological anamnesis 7 9
6 Intestinal disorders (constipation) 64 82.9
7 Dysuria 37 47.4

8 Local tenderness (pain) (on palpation in the 
right iliac region) 78 100

9 Blumberg’s symptom in the right iliac region 78 100
10 Bartomier-Michelson’s symptom 56 71.8
11 Rovzing’s symptom 44 56.4
12 Sitkovsky’s symptom 54 69.2
13 Obraztsov’s symptom 3 3.8
14 Coupe’s symptom 2 2.5
15 Voscresenscky symptom 2 2.5
16 Hyperthermia >37.4oC 65 83.3
17 Tenderness on palpation of the anterior rectal wall 3 3.8
18 Leukocytosis >10×109/l 78 100
19 Deviation of the leukocyte formula >74% 78 100
20 Hematuria, leukocyturia 78 100
21 Free fluid in the abdominal cavity 78 100

22 US signs of unchanged VA or other pathologies 
of the right iliac region 43 55.1

Note: US – ultrasound; VA - vermiform appendix.

Fig. 1 Use of algorithm of New DS.
Diagnostic score 0-2 (points) - Acute 
Appendicitis excluded; DS 5-6 (points) 
- Acute Appendicitis diagnosed; DS 
3-4 (points) - ultrasound examination; 
Diagnostic score 4-10 (points) - Acute 
Appendicitis diagnosed; Diagnostic 
score 3 (points) - laparoscopy diagnostic 
recommended.
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Results of laboratory examinations of patients
In examined patients, the increase in the number of 

leukocytes in complete blood count (CBC) >10x109/l was 
detected in 70 (89.7%) patients. Left shift of (increased 
neutrophil ratio) more than 74% was found in 58 (74.3%) 
patients.

Left shift of (increased granulocytes ratio) more than > 
6% was found in 47 (60.25%) examined patients. The ab-
sence of pathological changes (leukocyturia, hematuria, 
bacteriuria) in the urinalysis was observed in 44 (56.4%) of 
the examined patients. Leukocyturia/hematuria was found 
in 34 (43.5%) cases.

Results of ultrasound
The following ultrasonographic signs were recorded in 

the examined patients:
◾ AV diameter increase > 7 mm was determined in 30 

(38.4%) patients.
◾ AV incompressibility during compression was ob-

served in 28 (35.8%) patients.
◾ Positive „Target” symptom was detected in 39 (50%) 

of the examined patients.
◾ Coprolite in the VA lumen was detected in 5 (6.4%) 

patients.
◾ Thickening of the peri-appendiceal tissue was de-

tected in 16 (20.5%) of the examined patients.
Free liquid in the abdominal cavity was detected in 28 

(35.8%) patients.
Increased blood flow in the VA wall during Doppler ex-

amination was observed in 17 (21.7%) patients.
In 23 (29.4%) of the examined patients, ultrasound 

signs of unchanged AV or other pathologies of the right low-
er quadrant of the abdomen were detected. The distinctive 
feature of establishing the diagnosis through a DS is that 
the surgeon has the possibility of interpreting the results 
of investigations and symptoms in three categories: posi-
tive, negative, and doubtful, which, in our opinion, largely 
depends on personal qualification and experience. Labora-
tory diagnosis consisted of CBC and urinalysis, which were 
performed in all patients included in the clinical trial. In 13 
(16.6%) patients, additional biochemical blood analysis was 
performed (amylase level, urea, creatinine, serum protein 
level, and bilirubin). Blood glucose analysis was performed 
in 56 (71.7 %) patients.

Examination of the ultrasound signs of AA can confirm 
or deny the diagnosis, as well as exclude abdominal surgical 
pathologies of the gallbladder and pancreas, and some gy-
necological pathologies.

Overall radiography of the abdomen was performed in 
19 (24.3%) patients. Additionally, a gynecologist consulted 
12 (15.3%) patients.

Following the examination, the patients were divided 
into three groups: the first group of patients, who under-
went emergency surgery for AA; the second group of pa-
tients - who „accumulated” insufficient data to exclude or 
to confirm AA, and in our proposed algorithm for the im-
plementation of the New DS was designated by us as a „grey 

area”, and the third group of patients - in which the diagno-
sis of AA was excluded.

In the group of patients, in which AA was excluded, ulcer 
disease was diagnosed, chronic duodenal ulcer in exacerba-
tion - 2 cases, urolithiasis, right renal colic - 1 case, acute 
pancreatitis - 2 cases, pelvic inflammatory disease - 2 cases, 
myxomatous node necrosis - 1, cr. Right ovarian cancer - 1 
case, cancer. of cecum - 1, and functional bowel disorders - 3 
(3.8%) cases.

Patients who did not „accumulate” enough data to ex-
clude and confirm AA, 3 (3.8%) were admitted to the hospi-
tal, where they were evaluated and monitored dynamically 
for 72 hours. In all these patients, the diagnosis of AA was 
excluded.

Diagnostic laparoscopy was performed in 11 (14.1%) 
patients, of which 6 (5.1%) patients subsequently under-
went laparoscopic appendectomy. From this group (lapa-
roscopy + laparotomy) in 5 (6.4%) patients the diagnosis of 
AA was confirmed histologically. „Negative” appendectomy 
due to intraoperative overdiagnosis of AA was performed 
in one case. Based on the results of diagnostic laparoscopy, 
AA was excluded in 5 (6.4%) patients. The pathologies di-
agnosed by diagnostic laparoscopy were destructive acute 
appendicitis (AA) in 5 (6.4%) patients, simple acute appen-
dicitis in 1 (1.2%) case, terminal ileitis in 1 patient, necrosis 
of the mammary nodule in 1 patient, ovarian cancer on the 
right in 2 patients, functional disorders of the intestine in 1 
patient.

Patients in whom the diagnosis of AA was established 
based on the results obtained from the non-standardized 
diagnosis, underwent emergency surgical treatment, and 
laparoscopic appendectomy. At the histopathological exam-
ination, the diagnosis of AA was confirmed in 39 (73.5%) 
of the number of patients initially operated on – 53 (100%) 
cases. 14 (26.8%) people were found to have undergone 
„negative” appendectomy. Of 59 (75.6%) patients who un-
derwent appendectomy (initial or after diagnostic lapa-
roscopy), the diagnosis was confirmed in 44 (74.5%) and 
non-destructive forms of AA were established in 15 (26.4%) 
patients.

Following the analysis of the „negative” appendectomy 
protocols, it was demonstrated that in 8 (53.3%) cases, the 
non-destructive form of VA inflammation was diagnosed by 
the surgeon intraoperatively, but the appendectomy was 
still performed due to the surgical approach in the already 
present right iliac region. In 7 (46.7%) cases, an intraoper-
ative hyper-diagnosis of AA was found, but it was not histo-
logically confirmed.

Overall, AA was histologically confirmed in 45 (57.6%) 
patients, and in 33 (42.4%) patients, this diagnosis was ex-
cluded. Typical VA localization was observed in 31 patients 
(68.8% of the total number of operated patients). The atyp-
ical location of the VA was observed in 14 (31.2%) patients.

New DS implementation results
In parallel with the non-standardized clinical-paraclini-

cal diagnosis of AA, in the group of patients under study, an 
assessment based on certain criteria of AA symptoms was 
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performed based on the New DS. According to the New DS, 
the following diagnostic criteria were recorded in the study 
group: positive Kocher symptom in 9 (11.5%) patients; nau-
sea and/or vomiting in 41 (52.5%) patients; the positive 
Shchetkin-Blumberg symptom in the right iliac region in 25 
(32%) patients; positive Bartomier-Michelson symptom in 
17 (21.7%) patients; leukocytosis >10 x 109/l - in 39 (50%) 
patients.

The ultrasound data obtained in the patients of this 
study group showed that the determination of signs of an-
other pathology and/or VA without signs of inflammation 
was detected in 20 (25.6%) patients; volume increase of 
VA diameter greater than 7 mm in 21 (26.9%) patients; AV 
incompressibility was determined in 19 (24.3%) patients; 
coprolite in the VA lumen - in 4 (5.1%) patients; thickening 
of the peri-appendiceal tissue - in 16 (20.5%) patients.

Considering that the indications for surgical treatment 
were established based on New DS, appendectomy was per-
formed in 30 (38.2%) patients from the study group. With 
the sum of New DS scores >3, surgical intervention was per-
formed in 27 (90%) cases, and histologically AA was con-
firmed in 21 (70%) patients. In 7 (8.9%) cases from this 
group of patients, based on the New DS, the diagnosis of AA 
was excluded, respectively, surgical treatment was avoided. 
Subsequently, those patients no longer requested special-
ized medical help.

Patients who accumulated 2 points – 6 (7.6%) cases, 
were assigned to the „grey area” of the New DS, of which 3 

patients underwent diagnostic laparoscopy and subsequent 
appendectomy through laparotomy in one case. AA was his-
tologically confirmed in 1 patient. The others – 4 (57.2%) 
patients, avoided appendectomy, AA being excluded. None 
of the patients with excluded AA required further medical 
attention.

Out of 41 (52.7%) patients with total New DS results < 
2, surgery was performed in 31 (75.6%) patients. Histolog-
ical AA was confirmed in 5 (12%) patients. The other 10 
(24.4%) patients were not operated on, AA being excluded.

When evaluating the effectiveness of the New Diagnos-
tic Score, the following results were obtained: sensitivity - 
94.1%, specificity - 73.8%, precision - 79.6%, the size of the 
„grey area” - 7.6%, the proportion of AA in the „grey area” 
of the total amount of AA - 4.3%, the proportion of undiag-
nosed AA cases - 5.9%.

Comparative evaluation of the effectiveness indicators of 
the New DS. The comparative analysis of the New DS and 
the non-standardized diagnosis demonstrated the superior-
ity of the respective indicators and the effectiveness of the 
diagnostic score. The high sensitivity of the New Diagnostic 
Score was statistically demonstrated (ƛ2 = 4.32; p < 0.05), a 
lower rate of missed AA cases in New Diagnostic Score (ƛ2 
= 4.32; p < 0.05), the „grey area” is smaller in New SD (ƛ2 = 
5.28; p < 0.05) than by non-standardized diagnosis. A lower 
rate of AA cases in the „grey area” of the total AA cases was 
demonstrated (ƛ2 = 4.9; p < 0.05).

Fig. 2 Comparison of Non-standardized 
diagnosis and New DS in the diagnosis of acute 

appendicitis.
DS - Diagnostic Score; AA - Acute Appendicitis; 
„grey area” - Situations where diagnosis using 
new DS is not possible.

Based on these data, the comparative evaluation indi-
cators such as specificity and diagnostic accuracy did not 
show significant statistical differences. At the same time, a 
definite increase in specificity and accuracy is noted in the 
case of New DS compared to the non-standardized clinical 
diagnosis.

Risk factors in the diagnosis of AA and evaluation of 
their impact on the effectiveness of the New DS

In specialized literature, it is indicated that it is difficult 
to diagnose AA using the clinical method and unstandard-
ized DS in female patients, at a young age, in patients with 

atypical VA localization, obesity, and in geriatric patients. 
This leads to false positive and false negative diagnoses of 
AA [24 - 27]. We consider these circumstances as risk fac-
tors for the clinical diagnosis of AA. Considering the fact 
that New DS is based on clinical data, we conclude that this 
criterion may affect its performance indicators.

We considered necessary to study the effectiveness of 
the New DS in the presence of the indicated risk factors. 
We evaluated the performance indicators of New DS in the 
subpopulation with risk factors - obesity, atypical location 
of VA.
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Table 4. Effectiveness of the New DS analysis according to risk factors

No. Indicator of performance General Atypical location
of VA р* Obesity

BMI >25 kg/m2 р*

1 Sensitivity (%) 93.15 92.2 >0.05 93.8 >0.05
2 Specificity (%) 73.06 72.3 >0.05 68.3 >0.05
3 Precision (%) 78.8 77.8 >0.05 79.5 >0.05
4 The size of „the grey area” (%) 7.5 8.3 >0.05 5.5 >0.05

5 The proportion of ADA from the „grey area” 
out of the total number of AA (%) 2 0 >0.05 3.1 >0.05

6 The ratio of undiagnosed cases of AA (%) 5.84 0 >0.05 3.1 >0.05
Note: VA - vermiform appendix; BMI - body mass index; p - coefficient; ADA -acute destructive appendicitis; AA - acute appendicitis; „grey area” - Situations where 
diagnosis using new DS is not possible.

to which, according to the data of the specialized literature, 
an unacceptably high number of non-destructive forms of 
AA was admitted (54% of operated patients), which is cur-
rently a very low indicator of the clinical efficiency of AA 
diagnosis.

Also, a comparative evaluation of the clinical effective-
ness of the original clinical score with the RIPASA, Christian, 
Lintula scores, which are not focused on the diagnosis of de-
structive forms of AA, being developed on the basis of ret-
rospective studies, without using statistical methods to cal-
culate the diagnostic efficiency (MStA), was not performed.

In accordance with the recommendations of the Nation-
al Clinical Protocol for the diagnosis and treatment of acute 
Appendicitis adopted and approved by the Moldovan Nico-
lae Anestiadi Association of Surgeons, all examined patients, 
according to DS AA Alvarado, were assigned as follows:

◾	0-4 points (AA is unlikely) – 31 (39.7%) patients;
◾ 5-6 points (AA is possible and the patient needs ob-

servation) – 20 (25.6%) patients;
◾ 7-8 points (AA is probable) – 22 (28.2%) patients;
◾ 9-10 points (AA confirmed and the patient needs ur-

gent surgical treatment) – 5 (6.4%) patients.
At the same time, we recommend that patients with 

score results of 7-8 and 9-10 points to be combined into one 
group, because the formulation of the algorithm for patients 
of these groups is ambiguous, AA being diagnosed in both 
cases, constituting 27 (34.6%) patients.

In 27 (34.7%) patients with a score between 7-10 
points, surgery was performed in 18 (66.7%) cases. In 9 
(33.3%) patients the diagnosis of AA was excluded without 
surgical intervention. Histologically AA was confirmed in 12 
(44.4%) patients.

In 20 (25.6%) patients, with a score of 5-6, 17 (85%) pa-
tients underwent surgery, of which in 3 (15%) patients, the 
diagnosis of AA was excluded without surgery. Histological-
ly AA was confirmed in 6 (30.0%) patients.

In 31 (39.7%) patients, with a score of 0-4, 26 (83.8%) 
patients underwent surgery; in 5 (16.2%) patients, the di-
agnosis of AA was excluded without surgery. Histologically 
AA was confirmed in 9 (29.0%) patients.

For a comparative evaluation of New DS with DS Alvara-
do with the help of the PASW Statistics 18 program, ROC 
analysis was performed with the construction of the corre-
sponding curves (Fig. 3).

Thus, the use of the New Diagnostic Score for the select-
ed subpopulations did not demonstrate statistically signifi-
cant differences in performance indicators compared to the 
universal population. This fact indicates the possibility of 
the universal application of the New DS developed by us on 
the population of elderly and senile patients, excluding peo-
ple with central nervous system injuries, as well as obese 
patients. The sensitivity of New DS in typical localization 
of VA was 94.1% and in the atypical one - 92.2%. Thus, the 
atypical location of the AV does not affect the sensitivity of 
the New DS.

Comparative evaluation of the clinical efficacy of New 
DS and DS Alvarado. 

According to the Jerusalem guidelines for the diagno-
sis and management of acute appendicitis in the general 
population, which recommend the use of scoring systems 
for the exclusion of AA in elderly patients compared to the 
low-probability score - DS AA Alvarado, we performed an 
analysis of the effectiveness of the New DS.

Few studies have evaluated the applicability of existing 
appendicitis diagnostic scores in the elderly population 
[28, 29]. A retrospective study of 96 patients over 65 years 
of age demonstrated that the use of the Alvarado scoring 
system, with a cut-off of 5, maintains reliability in elderly 
patients. In fact, the vast majority of patients with mor-
pho-pathologically confirmed appendicitis (86.6%) had an 
Alvarado score ranging from 5 to 8 and 40% a score of 5 or 
6. According to these data, Alvarado scores ranging from 5 
to 10 should correspond to an increased risk of appendi-
citis in the elderly. Another retrospective study performed 
on 41 patients aged over 65 years presented an area under 
the curve (AUC) of the Alvarado score for this population of 
96.9% with 100% negative and positive predictive values   
of the two cut-off points of 3 and 6 [30]. In the absence of 
high-quality evidence dedicated to the elderly, the multi-
tude of experts could not make a strong recommendation; 
The Alvarado score is suggested for excluding but not diag-
nosing appendicitis in elderly patients, with a conditional 
recommendation based on low-quality evidence.

Another Diagnostic Score of acute appendicitis Tzanakis 
did not include the analysis performed, since, according to 
the structural-comparative analysis of it and its application 
algorithm, a very important diagnostic concept is missing 
in its structure, namely the presence of the „grey area”, due 
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The area under the curve for New DS was found to be 
statistically significantly higher compared to DS Alvarado 
and amounted to 0.95, which corresponds to the excellent 
quality indicator of the statistical model.

Table 5. ROC metrics (area under the curve) of New DS and Alvarado DS
Diagnostic 

scores
The area under 

the curve 95% - confidence interval

New DS 0.952 0.924 0.981
Alvarado DS 0.739 0.662 0.816
Note: The area comparison curves of New DS and Alvarado DS

As a result of the comparative evaluation of New DS and 
Alvarado DS, it was observed that New DS has significantly 
higher sensitivity, specificity, and accuracy, and the number 
of undiagnosed AA cases compared to Alvarado DS is lower. 
If Alvarado’s AA DS had been used in undiagnosed AA cases, 
there would have been 1.6% perforated, gangrenous, and 
complicated AA.

The size of the „grey area” and the weight of the „grey 
area” of AA, out of the total number of AA in New DS, was 
significantly smaller than in DS Alvarado (p < 0.001). The 
comparative evaluation of the main performance indicators 
New DS and DS Alvarado is shown in Fig. 3.

Fig. 3 ROC - curves for compared DS.
The area comparison curves of New DS and Alvarado DS,

Fig. 3 The comparison of the performance of 
New DS vs Alvarado DS

ADA - acute destructive appendicitis; AA 
-acute appendicitis; „grey area” - Situations 
where diagnosis using new DS is not possible.

Thus, New DS showed greater clinical effectiveness in di-
agnosing AA in the elderly compared to the non-standard-
ized clinical method and DS Alvarado, a lack of dependence 
on „risk factors” for diagnosing AA, such as obesity and 
atypical location of VA.

Discussion 
This study evaluated the acceptability of the Alvarado 

scores and the developed New DS in determining the diag-
nosis of AA in elderly patients.

Early diagnosis of AA is quite laborious in elderly people, 
having a high mortality and morbidity rate. In a study con-
ducted in Finland, the data of 164,579 patients who under-
went appendectomy surgery were examined over a 20-year 
period, and mortality increased 39 times in patients over 
60 years. Similarly, the same study determined that negative 
appendectomy increased four-fold and mortality increased 
10-fold. In the literature, the rate of negative appendectomy 
in geriatric patients ranges from 17% to 31% [3-4]. In the 

current cohort, the negative appendectomy rate was 28.3%, 
which is in accordance with the specialized literature.

Due to increasing life expectancy, diseases previously as-
sociated with the younger population, including AA, have an 
increasing incidence among elderly patients [6]. Although 
the lifetime risk of AA is 7% for the general population, this 
rate may increase to 10% among the elderly population 
[2]. As in most diseases, the clinical diagnostic process of 
AA is more difficult in the geriatric population than in the 
young. This is due, in part, to altered pain sensations due 
to impaired nerve conduction as a result of aging and the 
atypical picture of classical AA [6]. Since a delayed diagno-
sis will increase the mortality and morbidity of AA, inter-
national guidelines and evidence-based medicine guidelins 
recommend the use of clinical scoring systems in the initial 
evaluation process of patients [15].

The Alvarado score [17-19] being a 10-point scale based 
on indications, symptoms, and laboratory data, is one of the 
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most widely used and evaluated scoring systems for the as-
sessment of AA. A score of 5 or 6 points on the Alvarado 
scale is considered compatible with the diagnosis of AA; a 
score of 7 or 8 suggests a plausible diagnosis of AA; and a 
score of 9 or 10 indicates a very likely diagnosis of AA. This 
diagnostic score was designed to assist clinicians in clinical 
decision-making by objectively determining which patients 
should be monitored and evaluated and which should be 
operated on. The limited research that assessed the rele-
vance of the Alvarado score in the elderly population, retro-
spectively analyzing 96 patients over 60 years of age, using 
the Alvarado score system with a cut-off value of 5, demon-
strated high efficacy in the elderly [17]. In another study, 
the Alvarado and Lintula scores were compared in elderly 
patients undergoing appendectomy, and the former was 
found to be a more useful predictive tool, with an AUC val-
ue of 96.9% [18]. Another research, however, demonstrated 
that the Alvarado score is ineffective in elderly people [5].

There are, however, some limitations to our study. First, 
the results obtained by us cannot be generalized to the gen-
eral population, since they were obtained from a single cen-
ter. Second, because this study was retrospective, the results 
may have been influenced by inadequate or erroneous data 
from hospital records. Another disadvantage is the small 
group of patients.

Conclusions 
The use of the diagnostic score in the elderly will raise 

the quality of care, reduce the amount of time it takes to di-
agnose a similar case and as a result - lead to a reduction in 
complications and mortality in acute appendicitis. The study 
of the efficacy of new AA DS by comparative evaluation with 
the traditional non-standardized clinical diagnosis of AA 
and Alvarado AA DS demonstrated higher clinical efficiency 
in diagnosing AA with sensitivity up to 93.15% compared to 
the non-standardized clinical method and Alvarado AA DS 
and also does not depend on „risk factors” for AA diagnoses 
such as obesity and atypical location of AV, due to which we 
recommend wide application in medical practice.
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