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How reliable is the Alvarado score in acute appendicitis?
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ABSTRACT

BACKGROUND: We aimed to investigate the reliability of the Alvarado score (AS) in determining acute appendicitis and the
different parameters that affect the AS.

METHODS: Three hundred and thirteen patients suspected of acute appendicitis (AA) aged 18-70 years were included in this study.
Patient data including AS calculated from emergency services and at discharge, follow-up, and operations were recorded. Patients were
divided into three groups according to the AS, as AS <4, AS 5-7 and AS 8-10. AA and appendicitis perforation rates were compared
according to the different parameters.

RESULTS: The mean age of patients (55% females, 45% males) was 30.8+10.8 years. The AA (appendix perforation) rates of 21|
patients who underwent operation were found as: AS <4: 56.5% (7.7%), AS 5-7: 75.9% (10%), and AS 8-10: 89% (27.8%). The percent-
age of negative appendectomy was 19.4%. The scoring was more reliable in males with AS 5-7, and the reliability weakened as body
mass index (BMI) increased in all groups.

CONCLUSION: Patients with AS <4 must be followed up and should be informed at the time of their discharge about the slight
possibility of appendicitis. The effect of AS in determining the diagnosis of appendicitis is not influenced by age or symptom duration.
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make a definite diagnosis of appendicitis despite the current
advanced imaging methods. Prevalence of a clinically correct
diagnosis of AA is approximately 85%.5°! Lower prevalence

INTRODUCTION

Acute appendicitis (AA) is one of the most common emer-

gent surgical conditions. It accounts for 1% of abdominal
surgeries.l's] Attempts at the diagnosis of AA are made by
anamnesis, physical examination, laboratory analyses, and im-
aging methods.!**! Since appendicitis may lead to morbidity
and mortality unless treated, surgery is mandatory in cases
with a possible diagnosis of appendicitis.?® It is difficult to
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rates lead to unnecessary surgeries; therefore, the differential
diagnosis should be made precisely.”!

It is known that diagnostic interventions dramatically reduce
the number of appendectomies among patients without ap-
pendicitis, the prevalence of perforation, and the duration of
their hospital stay. Diagnostic methods used for the diagnosis
of appendicitis include scoring systems, computer programs,
ultrasonography (US), computed tomography (CT), magnetic
resonance (MR), and laparoscopy.l>*®!

Among the scoring systems, the Alvarado score (AS) is a
well-tested, extensively experienced, 10-point clinical scoring
system. This scoring system consists of anamnesis, physical
examination findings and laboratory results.?**1 The AS is a
reliable, cheap and reproducible tool for the diagnosis of AA
in the emergency room."”!
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Many prospective studies have reported that while AS alone
is an inadequate test, it can be used effectively to specify
those patients that require scanning.?%!

The AS for the diagnosis of AA comprises many components,
as shown in Table I. Many studies have recommended that
patients with AS <4 can be discharged, while those with
scores of 5-7 should be followed, and those with scores >7
should undergo surgery.[>*3]

This present study investigated to what extent the efficacy
of the AS in detecting AA is influenced by age, gender, body
mass index (BMI), and symptom duration, as well as the prev-
alences of AA in patients with low AS, negative appendec-
tomy and perforation.

MATERIALS AND METHODS

The present study, which was performed after obtaining ap-
proval of the local ethical committee, included 313 patients
aged 18-70 years, who applied to the Emergency Unit of
Akdeniz University Hospital between March 2007 and May
2009. Pregnant women, transplant patients, and patients with
known malignancy, median laparotomy, and palpable mass
were all excluded from the study. Treatment was planned by
the relevant physician independent of the AS.

Patients were divided into three groups according to the AS,
as: 1-4 (low risk), 5-7 (moderate risk) and 8-10 (high risk). The
groups were compared in terms of age (<40 years [incidence
more than]/>40 years [incidence less than]), gender (male/
female), BMI (<25 kg/m?%>25 kg/m?), and symptom duration
(224 hours/>24 hours). Treatment of patients, as discharged,
monitored or operated, was recorded. Patients who under-
went surgery were grouped as AA or non-AA. We investigat-
ed whether or not the AS was influenced by age, gender, BMI,
or symptom duration as well as its efficacy in detecting AA.

The Statistical Package for the Social Sciences (SPSS) for Win-
dows |16.0 program was used for the statistical analyses of the
study data. As well as descriptive statistical methods (mean,
standard deviation), intergroup comparison of normally dis-
tributed parameters of the quantitative data was done by Stu-
dent’s t-test, whereas the Mann-Whitney U-test was used for
the parameters not normally distributed. Relationships be-
tween numeric data were analyzed using correlation analysis.
Qualitative data was compared by using the chi-square test.
Results were evaluated within 95% confidence interval and at
a P level less than 0.05.

RESULTS

Atotal of 313 cases were included in the study between March
2007 and May 2009. Of these cases, 141 (45%) were male and
172 (55%) were female. The overall mean age was 30.8+10.8
(18-69) years. The mean age of males was 31.1£10.3 (18-69)
years and of females was 30.5x11.1 (18-69) years.
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Table I. Components of the Alvarado score
Alvarado Score Score
Migration of pain I
Anorexia I
Nausea |
Tenderness in right lower quadrant 2
Rebound pain |
Elevated temperature (>37.3°C) |
Leukocytosis >10.000/mm? 2
Neutrophilia >75% |
Total 10
I |
1-4 5-7 8-10
Discharge Monitoring/Admission Surgery
30% Appendicitis 66% Appendicitis 93% Appendicitis

One hundred and fifty-seven (50%) of 313 patients under-
went surgery after the first examination in the emergency
room. Fifty-four (47.8%) of |13 patients hospitalized for the
follow-up underwent surgery after being monitored. AA was
detected in 136 (86.6%) of 157 patients and 34 (62.9%) of
54 patients who underwent surgery directly or after being
monitored, respectively (Figure |). Patients who had been
discharged from the emergency room were called back for a
physical examination after 24 hours. One of these patients
had undergone surgery due to AA (without perforation) in
an external center, whereas one patient presented with ab-
dominal pain 12 hours after the examination in the emer-
gency room; this patient underwent surgery and AA was
detected.

38.3% of patients with AS <4 and 0% of patients with AS
8-10 had been discharged directly from the emergency room
(Table 2).

Among the 21| patients that underwent surgery, 56.5% of
AS <4 patients had signs consistent with AA, whereas this
ratio was 75.9% for AS 5-7 patients and 89% for AS 8-10
patients. The negative appendectomy rate (19.4%) decreased
in conjunction with an increase in the calculated AS (Table 3).
Patients with negative appendectomy were identified as hav-
ing genitourinary diseases (tuboovarian pathology, pelvic in-
flammatory disease, endometriosis), colonic diseases (Crohn
disease, colonic perforation, colonic diverticulosis), psoas
hematoma, and normal appendix.

Among patients with AS of 5-7, male patients were found
more likely to have AA compared with females (Table 4).

There was no significant difference between AS and AA diag-
nosis according to the patient’s age (Table 5).
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313 patients
Y
Y Y A
43 patients 113 patients 157 patients
Discharged from the Observation Surgery
emergency department
(15%) (36.1%) (49.9%)
Y A
Y Y Y Y
59 patients 54 patients 136 patients 21 patients
Discharged after Surgery after Acute appendicitis Other
observation observation
(52.2%) (47.8%) (86.6%) (13.4%)
Y
Y Y
34 patients 20 patients
Acute appendicitis Other
(62.9%) (37.1%)
Y Y
5 patients 28 patients
Perforated Perforated
appendicitis appendicitis
(14.7%) (18.4%)
Figure 1. Distribution of the study patients.
Table 2. Distribution of the patients according to the Alvarado score
Alvarado Discharged Discharged after Surgery Surgery after Total
score observation observation
n % n % n % n % n %
<4 23 383 14 233 10 167 13 217 60 100
5-7 20 1438 36 217 51 378 28 207 135 100
8-10 0 0 9 7.6 9% 814 13 11.0 118 100
Total 43 137 59 8.8 157 50.1 54 174 313 100
Table 3. Distribution of surgical findings of the patients who underwent surgery according to the
Alvarado score
Results
Alvarado Appendicitis (-) Appendicitis (+) Total p
score —_— —_—
n % n % n %
<4 10 435 13 565 23 100
5-7 19 241 60 759 79 100
8-10 12 11.0 97 89.0 109 100
Total 41 194 170 80.6 211 100 =0.001
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Table 4. Distribution of patients according to gender and the Alvarado score
Results
Alvarado Gender Appendicitis (-) Appendicitis (+) Total p
score
n % n % n %
<4 Female 29 853 5 14.7 34 100
Male 18 692 8 308 26 100
Total 47 783 13 217 60 100 =0.119
5-7 Female 55 733 20 267 75 100
Male 20 333 40 667 60 100
Total 75 556 60 444 135 100 <0.001
8-10 Female 16 254 47 746 63 100
Male 6 109 49  89.1 55 100
Total 22 194 96 444 118 100 =0.55
Table 5. Distribution of patients according to age and the Alvarado score
Results
Alvarado Age Appendicitis (-) Appendicitis (+) Total p
score
n % n % n %
<4 <40 42 778 12 222 54 100
>40 5 834 I 16.6 6 100
Total 47 783 13 217 60 100 =0.369
5-7 <40 67 588 47 412 114 100
>40 8 38l 13 619 2| 100
Total 75 556 60 444 135 100 =0.147
8-10 <40 19 205 74 795 93 100
>40 3 220 22 880 25 100
Total 22 187 9 813 118 100 =0.233
Table 6. Distribution of patients according to BMI and the Alvarado score
Results
Alvarado BMI Appendicitis (-) Appendicitis (+) Total p
score
n % n % n %
<4 <25 32 778 8 222 40 100
>25 I5 834 5 16.6 20 100
Total 47 783 13 217 60 100 =0.448
5-7 <25 51 622 31 378 82 100
>25 24 453 29 547 53 100
Total 75 623 60 377 135 100 =0.04
8-10 <25 19 205 74 795 93 100
>25 3 220 22 880 25 100
Total 22 187 9 813 118 100 =0.077

BMI: Body mass index.

Ulus Travma Acil Cerr Derg, January 2014, Vol. 20, No. |



Yiksel et al. How reliable is the Alvarado score in acute appendicitis?

Table 7. Distribution of patients according to symptom duration and the Alvarado Score
Results
Alvarado Duration of  Appendicitis (-)  Appendicitis (+) Total p
score symptoms
n % n % n %

<4 <24 27 772 8 22.8 35 100

>24 20 80.0 5 200 25 100

Total 47 783 13 217 60 100 =0.525
5-7 <24 51 51.0 49 490 100 100

>24 24  68.6 1 314 35 100

Total 75 623 60 377 135 100 =0.066
8-10 <24 14 16.9 69 83.1 83 100

>24 8 229 27 77.1 35 100

Total 22 187 9 8l1.3 118 100 =0.332
Table 8. Comparison between the Alvarado Score and appendix perforation

Results
Alvarado Appendicitis (-) Appendicitis (+) Total p
score
n % n % n %

<4 12 923 I 7.7 13 100
5-7 54 90.0 6 100 60 100
8-10 70 722 27 278 97 100
Total 136 80.0 34 200 170 100 =0.013

In the comparison of BMI in the patient group with AS 5-7,
37.8% of patients with BMI <25 and 54.7% of patients with
BMI >25 had appendicitis, and this difference was significant.
An increase in BMI reduced the reliability of AS in all groups
(Table 6).

There was no difference between groups in the comparison
of the diagnosis of appendicitis by the AS according to the
variation in symptom duration as more or less than 24 hours
(Table 7).

In patients with AS <4 and AS 5-7, the rates of perforated ap-
pendicitis were found as 7.7% and 27.8%, respectively (Table
8). Accordingly, the incidence of perforation was seen to in-
crease as the AS increased.

DISCUSSION

Acute appendicitis (AA) is the most common cause of acute
abdomen in all age groups. Accurate and prompt diagnosis in
those admitted to the emergency room with the preliminary
diagnosis of AA remains problematic.!'” Anamnesis and physi-
cal examination are the cornerstones of the diagnosis.'"! The
aim is to make an early and accurate diagnosis before the de-

16

velopment of complications, thereby reducing the prevalence
of negative appendectomy.

Studies in the literature have recommended hospital discharge
for patients with AS <4.5'2 |n the study of Khan et al.,l'¥ when
patients with AS <4 were divided into two as those discharged
after monitoring (emergency room and surgery clinic) and
those who underwent surgery, |7 of 100 patients were in the
first group, and were discharged. Three of the patients re-
turned within 48 hours and the new AS was calculated as 7;
they underwent surgery and AA was detected (17%). Winn
et al.l'? discharged 12 patients (9.8%) and offered no medi-
cal follow-up; 4 patients were re-admitted and 2 underwent
surgery, but appendicitis was not found. In the present study,
37 patients with AS <4 were discharged; 2 of them under-
went surgery due to re-admittance, and AA was detected
(5.4%). With regard to the patients that underwent surgery
with AS <4, Yildirim et al.’! performed surgery in 14 patients,
and detected AA in 13 (92.8%). In the present study, 23 pa-
tients with AS <4 underwent surgery, and AA was detected
in 13 (56.5%). The result was higher than that in the litera-
ture. We think that patients with AS <4 should be monitored;
discharged patients should be informed about abdominal pain
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and asked to re-apply to the hospital if their pain increases. If
a patient is coming from a remote distance, patients with AS
<4 should be hospitalized and monitored, and their AS should
be calculated regularly. We concluded that some cases may
be overlooked if patients with AS <4 are discharged without
clinical correlation. If surgery is not considered in the patients
with AS <4, we think that it would be appropriate to repeat
the scoring at 3-4-hour intervals. Recurrent examinations may
reduce morbidity in suspected patients.

With regard to the patients with AS 5-7, our results (75.9%) of
AA are comparable with those of Yildirim et al.,*) who detect-
ed AA in 84.2% of their patients. We think that patients with
AS 5-7 should be evaluated based on the clinical picture, scan-
ning methods should be considered for young females, and a
decision should be made by calculating AS at certain intervals.

With regard to the patients with AS 8-10, AA was detected
in 91% of patients by Yildirim et al,®! in 86.5% by Khan et
al,"1'in 80.7% by Winn et al.l'! and in 82% in the present
study. The results were consistent with the literature. Ac-
cording to our results, reliability of AS is increased in the
patients with AS of 8-10. This group of patients should un-
dergo surgery without the need of other scanning methods.
It should be kept in mind that morbidity, mortality and cost
may increase in such patients if the surgery is delayed.

A negative appendectomy rate of 15-30% was found by
Douglas et al., 6.8% by Jo et al,l'1 32.5% by Mentes et
al.,l'"" and 19.4% in the present study. The distribution of
negative appendectomy rates according to the three groups
as AS <4, AS 5-7 and AS 8-10 was not examined in the lit-
erature. According to Alvarado, a score of <6 is significant
in 80% of negative appendectomies. It is thought that using
their scoring system, particularly in children and the elderly,
would reduce the prevalence of negative appendectomy and
perforation. In this study, negative appendectomy rates were
found as 43.5% for AS <4, 24.1% for AS 5-7 and | 1% for AS
8-10, respectively.

Prevalence of negative appendectomy ranges between 15%
and 40% in the literature.”*'>? Based on these data, preva-
lence of negative appendectomy in the AS <4 group is be-
yond acceptable values. In the other groups, prevalence of
negative appendectomy is reduced to more acceptable levels.
However, as is known, operating on a patient with suspected
AA and obtaining a negative appendectomy should not be
considered as negativity.

No study in the literature has investigated the efficacy of
the AS according to age, gender and BMI. The present study
evaluated the efficacy of AS (<4, 5-7, 8-10) according to age,
gender and BMI. The present study found no difference be-
tween genders in terms of the reliability of the AS in the AS
<4 group. The AS revealed more correct result in males in
the AS 5-7 group. We think that male patients with AS 5-7
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should undergo surgery without monitoring or using other
auxiliary scanning methods, whereas female patients should
be monitored or evaluated by other scanning methods. No
difference was found between genders in the AS 8-10 group.
In the present study, we observed no difference in terms of
the reliability study performed by considering the age thresh-
old as 40 years. Thus, AS can be used for evaluation of AA
independent of age.

With regard to the BMI reliability of the AS, a statistically
significant result was found only for the AS 5-7 group. No
statistically significant difference was found for the AS 8-10
group despite such close values as 79.5% and 88% (BMI <25,
BMI >25, respectively) for those with AA. Considering over-
all cases, high BMI reduces the reliability of the AS.

Delayed treatment of AA prolongs the duration of hospital-
ization and return to normal life and increases the prevalence
of perforation.l'"?? The general perforation rate of AA was
20% according to Mentes et al.'l In the present study, the
prevalence of perforated appendicitis was 7.7% in the AS <4
group, 10% in the AS 5-7 group, 27% in the AS 8-10 group,
and 20% in all cases. As seen in the Table, the prevalence of
perforation increases as the AS increases. Although Douglas
et al.! defended surgical intervention as being non-essential
in patients with AS <4, the present study detected perfora-
tion in one case (7.7%) in this group. Therefore, we think
that perforation may not be determined based on the AS.
However, it is a fact that perforation is more likely in patients
with a high AS. We believe there is a risk for perforation
even when the AS is low, and such patients should undergo
repeated AS calculation.

In conclusion, in the present study, we investigated the effi-
cacy of the Alvarado score in determining acute appendicitis.
The results are summarized below:

I) Acute appendicitis may be detected in patients with AS <4,
and thus recommendations should be made while patients
with AS <4 are being discharged. 2) In patients with AS of
5-7, the efficacy of AS in detecting AA is lower in females
than males. 3) In patients with AS of 5-7, the efficacy of AS
in detecting appendicitis is higher in patients with BMI <25.
4) Evaluating the patient’s age in conjunction with AS has no
efficacy in detecting appendicitis.
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AMAC: Bu calismada, Alvarado skorunun (AS) akut apandisiti (AA) saptamadaki giivenilirligi ve farkli parametrelerden ne oranda etkilendigi aras-

trildi.

GEREGC VE YONTEM: Akut apandisit siiphesi olan 18-70 yas arasi 313 hasta calismaya alindi. Acil serviste AS’leri hesaplanan hastalarin taburcu,
izlem ve ameliyat bilgileri kayit edildi. Hastalar AS <4, AS 5-7 ve AS 8-10 olmak izere li¢ gruba ayrildi. Farkli parametrelerde hastalarin AA ve

apendiks perforasyon oranlarina bakildi.

BULGULAR: Hastalarin (%55 kadin, %45 erkek) yas ortalamasi 30.8+£10.8 idi. Ameliyat edilen 21 | hastanin sirasiyla akut apendisit (apendiks perfo-
rasyon) oranlari: AS <4; %56.5 (%7.7), AS 5-7; %75.9 (%10), AS 8-10; %89 (%27.8) olarak bulundu. Negatif apendektomi %19.4 saptandi. AS 5-7
arasi erkeklerde skorlama daha giivenilir olmakla birlikte tiim gruplarda beden kiitle indeksi (BKI) arttikca giivenilirlik azald.

TARTISMA: Alvarado skoru <4 olan hastalar izlenmeli, taburcu edilen hastalar akut apandisit olabilecekleri hakkinda bilgilendirilmelidir. AS’nin
apandisiti saptamadaki etkisi, yas ve semptomlarin baslama stiresinden etkilenmemektedir.

Anahtar sézclikler: Alvarado skoru; apandisit; perforasyon; tani.
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