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Tomography for Predicting Acute
Appendicitis in Elderly Patients
Selçuk Kaya, Önder Altın, Yunus Emre Altuntaş, Ahmet Şeker,
Levent Kaptanoğlu, Nejdet Bildik, Hasan Fehmi Küçük

ABSTRACT
Objective: The aim of this study was to modify the Alvarado scoring system to increase its
sensitivity and specificity in predicting acute appendicitis in elderly patients.
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Methods: The data of 81 patients older than 70 years of age who were admitted for acute
abdominal pain between January 2015 and December 2017 were randomized into 2 groups
and evaluated retrospectively. In Group 1 patients, acute appendicitis was not histopathologically established postoperatively, while Group 2 patients had pathological results consistent
with acute appendicitis. The sensitivity and specificity of computed tomography (CT) scans
and Alvarado scores were evaluated in the 2 groups.
Results: The specificity and sensitivity of the modified Alvarado score was 86% and 81%,
respectively, whereas the specificity and sensitivity of a CT scan was 93% and 92.1%, respectively, in diagnosing acute appendicitis.
Conclusion: There are a limited number of studies related to acute appendicitis in elderly
patients and the current strategy for treatment is not clear. Due to the decreased sensitivity
of the Alvarado score in the diagnosis of acute appendicitis in elderly patients, the goal of
this research was to adjust the scoring system. Scores >7 are more reliable in predicting
appendicitis. We believe that patients can be more accurately diagnosed in a short period of
time using this modified Alvarado scoring system. In combination with a CT scan evaluation,
the success rate of diagnosis may be improved and delayed diagnosis prevented.

INTRODUCTION
Acute appendicitis is the most common cause of acute
abdominal surgery and its lifetime risk is 7%.[1] Appendicitis is a disease of the young age group, which accounts
only for 5%–10% of the acute causes of the elderly population. However, the incidence of disease in the elderly is
increasing, possibly due to the increase in life expectancy.
[2,3]
Perforated appendicitis constitutes approximately 20%
of all appendicitis cases and significantly increases the rate
of postoperative complications.[4]
Diagnosis of elderly patients with acute appendicitis is usually delayed, due to its atypical presentation and delay in
admission to the hospital. Delay in diagnosis and treat-

ment in the elderly causes an increase in perforation rates,
thus worsening the clinical condition and an increase in
morbidity and mortality.[5] It has been reported that the
perforation and morbidity rates are 70% and 48%, respectively.[6]
Advance age is an independent high risk factor for
surgery and anesthesia.[7,8] For this reason, researchers
are trying to develop management strategies tailored
to the elderly population. The management strategy of
acute appendicitis in the elderly is still uncertain and
there are few studies in this regard. Clinically, evaluation
of acute appendicitis requires systematic examination of
symptoms, signs and diagnostic tests which reduces diagnostic errors.
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In 1986, Alfredo Alvarado developed a total 10-point scoring system, also known as the abbreviation of MANTRELS,
based on symptoms, findings, and diagnostic tests for the
diagnosis of acute appendicitis in patients who present
with suspect acute appendicitis.[9] According to this scoring system, it is recommended that the patients who have
≥7 points should undergo surgery and those who have <7
points should be followed up.[9,10]
It has been reported that the use of the current interpretation of the Alvarado score in elderly patients will increase complications, mortality and morbidity in patients
with acute appendicitis due to erroneous, and delayed diagnosis.[11] When the probability of appendicitis is within
the suspected range, then advanced examinations such
as ultrasonography and computed tomography (CT) scan
are recommended.[12] In recent studies, the sensitivity and
specificity of CT scans for acute apendicitis were found to
be 87%–100% and 83%–98%, respectively.[13]
By modifying Alvarado scoring system, we aimed to improve its sensitivity and specificity in the prediction of
acute appendicitis in elderly patients.

MATERIAL AND METHODS
We performed a retrospective study between January
2015 and December 2017 with 81 patients over 70 years
of age who were admitted to our clinic with acute abdominal pain. Forty-eight of 81 patients underwent appendectomy due to acute appendicitis, while the remaining
33 patients were discharged with medical treatment after
observation or hospitalization.
The patients were divided into Group 1 that consisted
of 38 patients who were discharged with medical treatment and whose pathologic diagnosis was incompatible
with acute appendicitis. Group 2 comprised of 43 patients
whose definite diagnosis was compatible with appendicitis
based on histopathological examination.
Patient’s examination findings, laboratory values and CT
scan results were evaluated by compiling, and scanning the
hospital database and file system. Pathology slides were
re-examined. Some patients with acute appendicitis who
achieved cure, and followed up with antibiotherapy were
not operated and thus excluded from the study.[14]
In this study Alvarado scoring system was used as clinical scoring system (Table 1). The patients were divided
into subgroups with 1–6 points and 7–10 points based on
Alvarado scoring. At CT: Grade 0 indicated normal appendix, and Grade 1 suspect cases of acute appendicitis.
These patients had not any remarkable CT findings suggesting inflammation. There was a slight increase in appendiceal diameter or findings of inflammation at its loge. The
appendiceal diameter of these patients was normal or the
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Table 1.

Components of the Alvarado score

Alvarado score

Score

Leukocytosis >10.000/mm3

2

Tenderness in right lower quadrant

2

Migration of pain

1

Rebound pain

1

Elevated temperature (>37.3ºC)

1

Nausea

1

Anorexia

1

Neutrophilia >65%

1

Total

10

Scores: 1–4: Discharge 30% appendicitis; 5–7: Monitoring/admission 66%
appendicitis; 8–10: Surgery 93% appendicitis.

presence of their appendices could not be revealed. Grade
2 indicates typical acute appendicitis; the findings of CT include dilation of appendiceal lumen, edematous thickening
of the appendiceal wall, and contamination in lymph nodes
in the surrounding fatty tissues and/or fatty tissue.
Grade 3 had CT findings of acute appendicitis associated
with irregularity of the appendiceal wall and / or presence
of intense nonreactive free fluid around it. When the results of CT were assessed, normal appendixes and suspect
cases with acute appendicitis (Grade 0 + Grade 1) were
included in Group 1. The cases with CT findings evaluated
as acute appendicitis (Grade 2 + Grade 3) were included
in Group 2. Sensitivity and specificity of CT and Alvarado
scoring were assessed in patients older than 70 years. The
ethics committee of our hospital approved the realization
of this study.

Statistical analysis
Statistical analyses were performed in the SPSS 20 statistical program. Normally distributed data were analyzed by ttests. Data with non-normal distribution were defined by
median and range and analyzed by Mann-Whitney U test.
Relationships between the variables in the cross- tables
were analyzed, if necessary, using square test or Fisher’s
test. Normality of data was analyzed using Kolmogorov–
Smirnov test.

RESULTS
Forty-six (56.7%) female and 35 (43.3%) male patients (total n=81) aged 70 years or older presented to our clinic
with acute abdominal pain. The mean age of the patients in
Group 1 who were not reported as appendicitis based on
histopathological evaluation of the appendectomy specimen and discharged with medical treatment without reoperation was 79.16 (±7.13) years, whereas the mean age
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Table 2.
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mated to increase in proportion to the number of patients
treated.

Demographic characteristics of patients,
Alvarado scores and CT findings
Negative

		

n

Pozitive

%

n

%

Alvarado score				
1–6

31

81.6

6

14.0

7–10

7

18.4

37

86.0

0–1

35

92.1

3

7.0

2–3

3

7.9

40

93.0

Computed tomography

Age		

79.16 (±7.13)

76.56 (±5.56)

Gender				
Female

21

55.3

25

58.1

Male

17

44.7

18

41.9

Table 3.

Proposed changes in the interpretation of the
Alvarado scores for elderly

Alvarado scoring system
1–4 low risk
5–6 intermediate risk

Our modified interpretation
1–6 low risk
7–10 high risk

7–10 high risk

of the patients in Group 2 who were evaluated as acute
appendicitis by pathological evaluation was 76.56 (±5.56)
years. There were 38 patients in Group 1 and 43 patients
in Group 2.
Five patients in Group 1 were treated with acute appendicitis but their pathologic diagnosis was incompatible
with appendicitis. Our negative appendectomy rate was
10.4% According to the Alvarado scoring system, 37 patients received scores ranging from 1 to 6 points, while 44
patients had scores ranging from 7 to 10 points. According
to these CT findings, 38 Grade 0–1 and 43 Grade 2–3
patients were included in the study (Table 2).
In our study, the specificity, and sensitivity of Alvarado
scores in establishing the diagnosis of acute appendicitis
were 81%, and 86%, respectively. In our study, the specificity and sensitivity of CT findings in establishing the diagnosis of acute appendicitis were 93% and 92.1%, respectively.

DISCUSSION
It is known that as the elderly population in the society
increases, the number of patients who will present with
acute abdominal pain will increase. The proportion of
elderly patients diagnosed with acute appendicitis is esti-

In many studies mortality and morbidity rates increased
in the elderly population due to delays in diagnosis.[3,15]
Therefore, elderly patients require accurate and prompt
diagnosis of acute appendicitis. In many studies, acute appendicitis has been reported to have a higher incidence
in women than in men.[16,17] In our study, female / male
ratio was 56.7% / 43.3%. Lucas and colleagues found 83.3%
false negatives and 45.5% false positives in scores of ≤5
according to the Alvarado scoring system in the diagnosis
of acute appendicitis in patients aged 60–80 years.[18] Some
authors have suggested that acute appendicitis should be
completely excluded in scores of ≤5 in the Alvarado scoring system.[19] In their interpretation of the general population using the classical Alvarado scoring system, rates
of suspect cases with acute appendicitis in patients with
scores 1–4, 5–7, and 8–10 points were reported as 30%,
66%, and 93%, respectively.[9] The use of the current interpretation of the Alvarado scores in elderly patients has
been reported to increase complications, mortality and
morbidity rates in patients with acute appendicitis due to
false and delayed diagnosis.[11]
In our study, we also modified the Alvarado scoring system in two groups of 1–6 and 7–10 scores to minimize
delay in diagnosis, complications, mortality and morbidity
rates (Table 3). In our study, we determined the diagnostic
value of the Alvarado scoring system with a higher accuracy, in patients who had a score of 1–6 points, which established diagnosis, and those with a score of 7–10 points
that excluded acute appendicitis.
Alvarado score as 81.6% and 86%, respectively. In the diagnosis of acute appendicitis sensitivity of CT has been reported to be 95%–100% for the general population, while
in some studies it has been demonstrated as 81.6% for
the elderly population.[11,20,21] In our study, the specificity,
and sensitivity of CT in the diagnosis of acute appendicitis
were 93% and 92.1%, respectively.

CONCLUSION
Since Alvarado scoring system has a lower diagnostic
accuracy in elderly patients, we think that by modifying
the Alvarado scoring system the diagnosis of acute appendicitis in elderly patients who score ≥7 can be made
in a timely manner with a higher diagnostic accuracy rate
When the Alvarado scoring system is combined with CT
in the diagnosis of acute appendicitis, we believe that the
diagnostic success will increase and the diagnostic delays
will decrease.
Ethics Committee Approval
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Yaşlı Hastalarda Akut Apandisit Tahmini İçin Alvarado Skoru ve Bilgisayarlı Tomografi
Amaç: Yaşlı hastalarda akut apandisitin tahmininde Alvarado skorlama sistemini modifiye ederek, skorlamanın sensivite ve spesifitesini
arttırmayı amaçladık.
Gereç ve Yöntem: Ocak 2015–Aralık 2017 tarihleri arasında kliniğimizde akut karın ağrısı ile başvuran yetmiş yaş üstü 81 hastanın dahil
edildiği geriye dönük bir çalışma yürüttük. Tıbbi takiple taburcu edilen ve ameliyat sonrası patolojik tanısı apandisit ile uyumlu olmayan hastalar Grup 1, ameliyat sonrası histopatolojik olarak apandisit olduğu gösterilmiş hastalar Grup 2 olarak tanımlandı. Bilgisayarlı tomografi (BT)
ve Alvarado skorunun yetmiş yaş üstü hastalarda sensivitesi ve spesifitesi değerlendirildi.
Bulgular: Çalışmamızda, modifiye Alvarado skorunun akut apandisit tanısını koymada spesifitesi %81, sensitivitesi %86 iken BT’nin spesifitesi
%93, sensitivitesi %92.1 olarak bulunmuştur.
Sonuç: Yaşlılarda akut apandisite yönelik stratejisi hala belirsizdir ve bu konuda az sayıda çalışma vardır. Alvarado skorlama sisteminin yaşlı
hastalarda tanıda duyarlılığının düşük olduğundan dolayı, Alvarado skorlama sistemini modifiye ederek 7 ve üzerinde skor alan yaşlı hastalarda
akut apandisit tanısının daha yüksek doğrululuk oranıyla, zamanında teşhis edilebileceğini düşünmekteyiz. Akut apandisit tanısında Alvarado
skorlama sistemi ile BT kombine edildiğinde tanıdaki başarının artıp teşhisteki gecikmenin azalacağı kanaatindeyiz.
Anahtar Sözcükler: Alvarado skoru; bilgisayarlı tomografi; yaşlılarda apandisit.

