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Background: The Alvarado score (AS) has not been widely used for diagnosing acute appendicitis although it has shown to be a
good predictor for diagnosing appendicitis. The aim was to perform a systematic review of the available literature and synthesize the
evidence.
Methods: A systematic review was performed as per the PRISMA guidelines using search engines like Ovid, PubMed, and Google
Scholar with predefined, strict inclusion and exclusion criteria. The quality assessment of included studies was performed using the
QUADAS 2 tool. Summary statistics were performed for all variables. A linear regression model was performed between dependent
and independent variables using STATA software. Heterogeneity testing showed significant heterogeneity within the included
studies; hence, a forest plot with pooled estimates could not be constructed, and therefore a meta-regression was performed.
Results: Seventeen full-text articles met inclusion and exclusion criteria. Ten of which were identified as low-risk studies. Five
studies were included in final data pooling with total patients being 2239 and mean age of 31.9 years. (1) Linear regression
demonstrated an association between ‘histological appendicitis’ and ‘AS 7–0’ with patients receiving intervention, with a significant
P value of less than 0.005. (2) Meta-regression demonstrated a positive coefficient (0.298), a positive Z score of 2.20with a significant
P value of 0.028 for patients with ‘high AS’who received interventions that were significantly proven to be ‘histologically appendicitis’,
indicating a cause-and-effect relationship.
Conclusion: High AS (7 and above) is a significant predictor of acute appendicitis. The authors recommend further prospective
randomized clinical trials to establish a cause-and-effect relationship.
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Introduction

Acute appendicitis (AA) is one of the most common causes
of acute abdominal pain requiring surgical intervention.
Historically, a description of the appendix was first provided by
an anatomist, Berengario de Carpi, in 1521[1]. In 1880, Robert

Lawson Tait made the first diagnosis of appendicitis and surgi-
cally removed the appendix[2]. In 1886, pathologist-physician
Reginald Fitz gave a public lecture and published a study on the
traditional signs and symptoms of appendicitis and named the
procedure appendectomy[1–4]. Initially, the diagnosis of appen-
dicitis was made by surgeons clinically in patients presenting with
right lower quadrant pain. Charles McBurney defined
McBurney’s point in 1891 as the exact point on the abdomen
where tenderness is maximal in cases of AA[5,6], to aid in the
diagnosis of appendicitis. AA occurs year-round, but certain
months have higher rates. Some authors have linked AA, demo-
graphics, and seasons [7].

Since 1891, many advancements have been made in diagnos-
ing AA. Many studies have suggested that blood tests like white
blood cell count, neutrophil count, and C-reactive protein, as well
as imaging modalities like ultrasonography scan and computed
tomography (CT) scan, have helped improve the diagnosis of AA
over the years[8–11]. However, there were also concerns about the
accuracy of these modalities[10,11]. Raised white cell count had
high diagnostic sensitivity but poor specificity, consistent with its
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nonspecific inflammatory marker[12–15]. C-reactive protein is
considered a poor marker of early uncomplicated appendicitis;
however, it is a better indicator for complicated or late
appendicitis[13–16]. Whereas ultrasonography scan has problems
such as operator dependent variability, difficult visualization of
the appendix due to high BMI, anatomical variation, and over-
lying bowel gas, CT has its own limitations such as radiologist
reporting being a limiting factor, high radiation exposure, con-
trast-related complications, and high cost[17,18].

With a reported lifetime risk of AA of 8.6% inmales and 6.7%
in females[19–21], an accurate diagnosis of AA is important.
Despite its prevalence, diagnosis is difficult due to nonspecific
symptoms and atypical manifestations[22]. In 1986, Alfredo
Alvarado from Florida, USA, designed a 10-point scoring system
based on signs, symptoms, and blood tests in patients presenting
with suspected appendicitis[23] (Fig. 1).

Over the years, many other scoring systems have been dis-
covered in order to aid in predicting the risk of AA. The Alvarado
score (AS) is the most studied scoring system and has reported
sensitivity of between 94.7 and 99%, specificity of 94.4 and
100%[24,25] and a negative predictive value of 97.4% for patients
with suspected appendicitis[26,27]. AS helps in risk stratification
for patients by dividing them into groups like ‘discharge’,
‘observation’, or ‘surgical intervention’ based on their score [23].

Recent international guidelines suggest routine use of scoring
systems to improve the diagnosis of AA[28,29]. AS and appendi-
citis inflammatory response score have been recommended most
frequently, but none of them have been widely accepted[28–30].
Another document from the American College of Physicians has
recommended only AS to be more useful in predicting the pre-
sence and absence of appendicitis[31]. Even though this evidence is
not very strong, it is still helpful.

The above-mentioned guidelines suggest discharging low-risk
patients with worsening advice. However, as these guidelines are
not in routine use, patients end up overstaying, being over inves-
tigated, and undergoing diagnostic laparoscopy with or without
appendicectomy, which can subsequently turn out to be negative
findings for appendicitis after histopathology confirmation. All

this will have a negative impact on the patients with all the obvious
risks of undergoing surgery, increased cost to the healthcare sys-
tem, or being unnecessary and expensive treatment for the patients
in the countries where patients fund their own treatment.

Most recent studies on negative appendicectomy rate (NAR)
have reported NAR between 15 and 34%[32–35]. The NAR of the
UK has been reported to be higher than other developed countries
like the USA or the Netherlands[36,37], which is not acceptable in
the modern era with all the technologies available. Multiple studies
have reported an improvement in the NARwhen a combination of
AS and imaging has been used for preoperative assessment[38,39].

The AS was designed more than 3 decades ago and has been
reported in several studies as a useful tool[38,39]. Our main aim of
this study is to perform a systematic review and meta-analysis to
validate the ‘AS’ as a tool for predicting appendicitis.

Methods

Search strategy

An electronic search was performed using search engines like
Ovid, PubMed, and Google Scholar. MeSH terms such as ‘sus-
pected appendicitis’OR ‘Alvarado score’OR ‘prediction models’
OR ‘algorithm’ were used in combination. The search strategy
was in line with PRISMA guidelines and is presented in the
PRISMA flow chart (Fig. 2). This systematic review has been
registered with the Research Registry, with a unique identifica-
tion number (UIN)-‘reviewregistry1496’ [40].

The work has been reported in line with the PRISMA,
Supplemental Digital Content 1, http://links.lww.com/MS9/A18
criteria[41] (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) and AMSTAR-2 (Assessing the methodological
quality of systematic reviews) guidelines[42], Supplemental Digital
Content 2, http://links.lww.com/MS9/A19.

Based on the AMSTAR-2 checklist the compliance of this
systematic review is high.

Study selection

Inclusion and exclusion criteria were predefined and a consensual
agreement was reached by all the co-authors in selecting studies.

Studies with patients data who were 16 years of age or older,
had suspected appendicitis, had no prior investigations, and
which were published in English exclusively met the inclusion
criteria for this review.

Studies were excluded if they have included patients younger
than 16, women who were pregnant, or used a scoring system
other than the AS. Previously published systematic reviews or
survey articles, case reports, opinions or letter to editors were also
excluded.

Two reviewers completed the review process. After assessing
the study titles and abstracts independently, a decision was made
regarding the studies that should be reviewed along with full-text.
Full-text articles were reviewed by the same reviewers, and any
disagreements were resolved by discussion and by strictly fol-
lowing inclusion and exclusion criteria.

Quality assessment, data pooling, and statistical analysis

The quality assessment of included studies was performed using
the ‘Quality assessment of studies of diagnostic accuracy included
in systematic reviews’ (QUADAS 2) tool, which included the risk

Figure 1. Alvarado score 10-point scoring system with suggested outcome.
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of bias. A summary of QUADAS 2 of the included papers is
presented as Table 1.

A separate assessment of the risk of bias in included studies was
conducted using the ROBINS-I tool, which is also presented as
Table 2.

Quality assessment and risk of bias assessment were performed
by the same two reviewers, and any disagreements were resolved
by discussion with the third reviewer.

Only low-risk studies were included in the data pooling. After
pooling the data of low-risk studies with different variables like
total number of patients included in studies, males, females, mean
age, patients with AS 0–6, patients with AS 7–10, patients with no

surgical intervention, patients with surgical intervention, histo-
logically normal appendix, histologically proven appendicitis.
Studies with a lot of missing data in the above-described variables
were removed from final analysis.

Summary statistics were performed using all the included
variables. A linear regression model was applied between the
dependent variables like patients with no surgical interven-
tion, patients with surgical intervention, histological appen-
dicitis, and histological normal appendix, and independent
variables like AS 0–6, AS 7–10, and patients who received
surgical intervention in different combinations of statistical
equations.

Figure 2. PRISMA flow chart.
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Heterogeneity was assessed with ‘I2’, ‘τ2’ and ‘Q’ statistics
during the meta-regression using STATA software. Significant
heterogeneity was identified within the included studies; hence, a
forest plot would not be meaningful to demonstrate effect size.

A meta set was built with sample size (n) as ‘patients with
histologically proven appendicitis’ and themean (‘µ’) in themodel
was AS 7–10. The SD in this meta set was ‘patients with normal
appendix on histology’. With this meta set, a meta-regression
analysis was performed to see if there were any differences
between patients who received intervention and those who
did not.

Results were presented as summary statistics, linear regression
models, and meta-regression.

Results

Literature search

Seventeen full-text articles met the inclusion criteria and were
appraised following the literature search as shown in the
PRISMA flow chart (Fig. 2).

Risk of bias assessment of studies

The risk of bias in nonrandomized studies of interventions
(ROBINS-I) tool was used for risk of bias assessment in the
included studies in our systematic review (Table 2). Both
reviewers who did the initial review agreed to exclude the
ROBINS-I ‘serious’ risk of bias studies from our systematic
review and only included the ‘moderate’ risk of bias studies.

Quality assessment of studies

TheQUADAS 2 tool (Table 1) was applied to 17 studies that were
included in the qualitative synthesis. Seven out of 17 (42%) stu-
dies were moderate or high-risk studies, due to specific inclusion
and exclusion criteria and were excluded from the final analysis.

Results of qualitative synthesis

Data pooling was performed from 10 low-risk studies. Due to lot
of missing data in five studies, they were excluded from the
qualitative synthesis (Table 3). This led to five studies being used
for final pooled data analysis and estimates.

Studies included for meta-regression analysis

After doing a qualitative synthesis, only five studies were con-
sidered adequate for pooling data and further testing for het-
erogeneity. Data from the included studies is compiled and
presented as Table 4.

Summary statistics

Summary statistics were performed for all the included variables.
Linear regression statistical modeling was performed between
dependent and independent variables using STATA statistical
software.

Total patients in five studies were 2239. The mean age of the
patients was 31.9 years, with a skewness of −0.26.

The mean number of patients included in the analysis was
427.8 (minimum 118, maximum 1021). The analysis included an
average of 183 males and 245 females. The male to female ratio
was around 1 : 1.35.
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The mean number of patients included from studies with AS
0–6 was 223 (minimum 70 and maximum 382) with SD 150.39,
resulting in a wider confidence interval, skewness of 0.81 and
kurtosis of 1.26.

The mean number of patients with AS 7–10 was 205 (mini-
mum 48 and maximum 668) with SD 259.39, skewness of 1.46,
and kurtosis of 3.20.

Other variables tested for summary statistics are shown
in Table 5 along with their characteristics (Supplementary
Fig. 1, Supplemental Digital Content 3, http://links.lww.com/
MS9/A20).

Linear regression analysis

A linear regression equation was constructed between the
dependent variable ‘histological appendicitis’ and the indepen-
dent variable ‘patient receiving intervention’. The regression
coefficient of the equation was 0.923 with a 95% CI
(0.899–0.947) and a ‘P’ value of less than 0.001 with an adjusted
‘R2

’ of 0.999.
Linear regression between dependent variable ‘histological

appendicitis’ and independent variable ‘AS 7–10 and patients
receiving intervention’ shows a regression coefficient of 0.945
with a 95% CI: 0.647–1.244 and a ‘P’ value less than 0.005 with
an adjusted ‘R2

’ of 0.999.
A similar linear regression equation between ‘histological

appendicitis’ as dependent variable and ‘AS 0–6 and patients
receiving intervention’ as independent variable shows a regres-
sion coefficient of 0.915 with a 95% CI: 0.898–0.932 and a ‘P’
value of less than 0.001 with an adjusted ‘R2

’ of 0.999.
The linear regression equation between dependent variable

‘patients with no intervention’ and independent variable ‘AS 0–6’
demonstrated a regression coefficient of 0.818 with 95% CI:
0.071–1.564 and a ‘P’ value of less than 0.040 with an adjusted
‘R2

’ of 0.736; and between dependent variable ‘patients with no
intervention’ and independent variable ‘AS 7–10’ has a regression
coefficient of 0.113 with 95% CI: −0.837–1.06 and ‘P’ value of
less than 0.729 with an adjusted ‘R2

’ of − 0.272). Therefore, the
model has failed.

The consolidated results of linear regression analysis are
demonstrated in Table 6. (Supplementary Fig. 2, Supplemental
Digital Content 4, http://links.lww.com/MS9/A21; Supplementary
Fig. 3, Supplemental Digital Content 5, http://links.lww.com/
MS9/A22; Supplementary Fig. 4, Supplemental Digital Content 6,
http://links.lww.com/MS9/A23).

Table 2
Summary of the risk of bias assessment of the 20 included studies using ROBINS-I tool

References Confounding bias Selection bias

Bias in
classification of
intervention

Bias due to
derivations from

intended
interventions

Bias due to
missing
data

Bias in
measurement of

outcomes

Bias in
selection of
reported
results

Overall
risk of bias

Mariadason et al.[43] Moderate Moderate Serious Low Low NI Low Serious
Ramez et al.[44] Moderate Low Moderate Moderate Moderate NI Low Moderate
Coleman et al.[45] Moderate Low Moderate Moderate Low Low Low Moderate
Apisarnthanarak
et al.[46]

Moderate Low Moderate Moderate Low NI Low Moderate

Tan et al.[58] Moderate Low Moderate Moderate Moderate NI Low Moderate
Meltzer et al.[48] NI Moderate Low Low Moderate NI Low Moderate
Wang et al.[49] Moderate Low Moderate Serious Low NI Low Serious
Mishra et al.[50] NI Low Moderate Moderate Moderate Low Low Moderate
Waheed et al.[51] Moderate Low Serious Moderate Serious NI Low Serious
de et al.[52] Moderate Low Low Moderate Low NI Low Serious
Neupane et al.[53] NI Moderate Low Low Low NI Low Moderate
Tan et al.[54] Moderate Low Moderate Moderate Low NI Low Moderate
Mukhopadhyay
et al.[55]

Moderate Moderate Low Low Low NI Low Moderate

Lamparelli et al.[56] Moderate Moderate Serious Moderate Low NI Low Serious
Lopez et al.[57] Moderate Moderate Low Low Moderate Low Low Moderate
Tan et al.[47] NI Moderate Serious Low Low NI Low Serious
Seshadri et al.[59] Moderate Moderate Moderate Serious Moderate Low Low Serious

The seven studies with ‘serious’ risk of bias were excluded from our review.

Table 3
Included and excluded studies with reason for exclusion

References Excluded studies Reason for exclusion

Neupane et al.[53] Seshadri et al.[59] High-risk of bias
Tan et al.[54] Lamparelli et al.[56] High-risk of bias
Mukhopadhyay et al.[55] de et al.[52] High-risk of bias
Coleman et al.[45] Wang et al.[49] High-risk of bias
Apisarnthanarak et al.[46] Mariadason et al.[43] High-risk of bias

Waheed et al.[51] High-risk of bias
Tan et al.[47] High-risk of bias
Mishra et al.[50] Incomplete data on outcome

measures of interest
Lopez et al.[57] Incomplete data on outcome

measures of interest
Tan et al.[58] Incomplete data on outcome

measures of interest
Meltzer et al.[48] Incomplete data on outcome

measures of interest
Ramez et al.[44] Incomplete data on outcome

measures of interest
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Subgroup analysis

We performed subgroup analysis with the dependent variable as
histologically proven appendicitis and independent variables as
males and females separately. The other independent variable
was the number of patients who received intervention. Two
separate equations are shown in Table 7. They demonstrated
that although there are no true gender differences, the female
gender has shown a significant number of interventions with
high ‘z’ scores, almost three times as compared to males.

In amultivariate analysis, the Poisson regression equations for
both genders have shown that gender is a significant variable
when we add high AS 7–10 into the equation, as demonstrated in
Table 8.

Meta-regression analysis

A meta set was built with sample size (n) as patients with his-
tologically proven appendicitis, and the mean (µ) in the model
was AS 7–10. The SD in this meta set was patients with normal
appendix on histology. With this meta set, a meta-regression
analysis was performed to see if there were any differences
between patients who received intervention and those who
did not.

This meta-regression equation showed the coefficient for
patients who received intervention was positive (0.029) whereas
the coefficient for those who did not receive intervention was
negative (− 0.111) and P values for both were significant inde-
pendently as shown in Table 4. As we noticed, ‘I2’ was 99.81,
which means there is high heterogeneity within the included
studies. Also, there is high variance (‘H2

’-519.86), therefore a
forest plot is not valid for this data to conclude pooled estimates.
Overall, the meta-regression model had ‘R2

’ value of 76.99 with
‘P’ less than 0.0005, which means patients with high AS have
received interventions significantly higher with histologically
proven appendicitis as compared to those without histological
evidence of appendicitis. Therefore, high ASwill help in reducing
the NAR. But results should be cautiously interpreted as the
regression coefficient is weakly positive (0.029). The meta-
regression analysis is shown in Table 9.
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Table 5
Summary statistics of different variables

Variable Mean SD Variance Skewness Kurtosis

Patients included in
analysis

427.8 364.29 132 707.2 0.920 2.455

Male 182.6 181.394 32 903.8 1.298 2.980
Female 245.2 189.643 35 964.7 0.499 1.872
Mean age 31.906 7.400 54.772 − 0.265 1.5
Patients with AS 0–6 222.6 150.39 222 618.8 − 0.0818 1.265
Patients with AS 7–10 205.2 259.39 67 284.7 1.463 3.204
Patients had USS 345 498.867 248 869 0.662 1.5
Patients had CT scan 203.2 139.825 19 551.2 0.0342 1.458
Threshold AS for CT scan 4.75 3.304 10.916 − 0.9003 2.089
Patients with no
intervention

169.6 137.394 18 877.3 0.286 2.141

Patients with intervention 258.2 315.103 99 290.2 1.448 3.182
Histologically normal
appendix

22.6 24.419 596.3 1.450 3.189

Histological appendicitis 235.6 291.060 84 716.3 1.438 –

AS, Alvarado score; CT, computed tomography; USS, ultrasonography scan.
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Discussion

The AS is an easy and simple predictive tool to carry out the risk
prediction of AA. It can be carried out at any time of the day as it
is easy, cheap, and reproducible[27,60]. A recent article on the
Jerusalem Guidelines update in 2020 strongly recommended the

use of clinical scores such as AS, appendicitis inflammatory
response score, and the new adult appendicitis score to exclude
AA and identify intermediate-risk patients who require imaging
diagnostics[60,61].This approach of avoiding investigation in all
patients with suspected appendicitis is not only beneficial in low-
resource countries where diagnostic tests are scarce[62], but it is

Table 6
Linear regression analysis

Equation Dependent variable Independent variables Regression coefficient 95% CI P value Adjusted R2

1 Histological appendicitis Patient received intervention 0.923 0.899–0.947 < 0.001 0.999
2 Histological normal appendix Patient received intervention 0.763 0.052–0.100 < 0.002 0.962
3 Histological appendicitis AS 7–10 0.495 0.647–1.244 < 0.005 0.999
4 Histological appendicitis AS 0–6 0.915 0.898–0.932 < 0.001 0.999
5 Patients with no intervention AS 0–6 0.818 0.071–1.564 < 0.040 0.736
6 Patients with no intervention AS 7–10 0.113 − 0.837–1.06 < 0.729 − 0.272
7 Histological appendicitis CT scan 0.425 − 4.169–3.318 < 0.742 − 0.277
8 Histological appendicitis US scan 0.709 − 1.018–2.436 < 0.121 0.929

AS, Alvarado score; CT, computed tomography; US, ultrasound.

Table 7
Subgroup analysis
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also beneficial in developed countries by allowing for more effi-
cient resource utilization.

The studies included in our systematic review have highlighted
the effectiveness of the use of AS in various ways. The study
published by Tan et al.[54] in 2014 is a prospective study with 450
patients, and they evaluated the subset of patients that could
benefit from further diagnostic evaluation. This study concluded
that categories for AS are different inmales and females, andmale
patients with AS 7 or above and female patients with AS 9 or
above are least likely to benefit from a CT scan and can be
counseled for surgery without further imaging.

Coleman et al.[45] calculated the AS retrospectively in 492
patients who underwent CT scan for suspected appendicitis and
concluded that patients with AS 9–10 should go straight to

surgery without imaging and those with AS 2 or less can be safely
discharged home. This study, however, did not classify male and
female patients separately. A large cross-sectional observational
study by Neupane et al. in 2019[53] with 1021 patients suggested
that AS is significantly higher in patients with AA as compared to
patients with other diseases. They identified the large variation in
presentation, severity of disease, radiological work-up, and sur-
gical management of AA.

Another retrospective cohort study by Apisarnthanarak
et al.[46] with 158 patients concludes that patients with AS 7 or
more are likely to have complicated appendicitis. However, this
study also says that AS cannot be used as an independent tool and
should be used in conjunctionwith aCT scan, as demonstrated by
previous studies too.

Table 8
Multivariate analysis

AS, Alvarado score.
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Mukhopadhyay et al.[55] in their prospective observational
study with 118 patients found that combined use of imaging with
AS can prevent surgical complications and minimize NARs.

Although all these studies[45,46,54–56] support the use of AS in
combination with imaging, there are limitations to these studies
in view of the heterogeneity. The classification of ASwas different
in every study, which made statistical modeling more difficult.
Some of the studies[51–46,53] have calculated AS retrospectively,
which underestimates the true performance of AS (raises the
possibility of performance bias). Variables collected in each study
were different from one another, and there was a lot of missing
data when we combined the data, leading to statistical hetero-
geneity. Hence, the meta-analysis could not be performed and
therefore, meta-regression was performed instead.

The results of our study show a significant co-relation between
patients with AS 7–10 receiving surgical intervention and histo-
logical appendicitis, which was also verified in the meta-regression

analysis performed during this study. Our meta-regression
revealed that patients with high AS (7–10) have a significant
cause-and-effect relationship with histologically proven AA (‘Z’
score: 2.20 and ‘P’=0.028), whereas patients with histologically
normal appendix showed a negative ‘Z’ score and a significant
negative cause-and-effect relationship between AS and normal
appendix (‘Z’ score: 3.53 and ‘P’=0.001), which means that
patients with high AS will have AA. Our results also confirm that
patients with high AS who underwent surgery had histologically
proven appendicitis, which suggests that high AS can be used as a
tool to avoid negative appendicectomy.

Limitations

There are some limitations to our study. The main limitations
were the limited number of studies available for analysis and,
moreover, significant heterogeneity was noted across the included
studies. This has made analysis of the existing data spurious,

Table 9
Meta-regression
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leading to inconclusive results and false discoveries (type 1 error).
The possible sources of heterogeneity include the case mix of men
and women and observer variation in the measurement of signs
and symptoms.

When we conducted subgroup analysis to look for any gender
differences, we found a threefold increase in the number of
interventions in the female group, although the overall equation
has shown that there are no gender differences with the addition
of the higher AS group into the equation. This could be due to the
small number of patients with high AS.

The other limitation was that most of the studies included in
our systematic review were single-center, retrospective studies.
Two of the five studies calculated AS retrospectively from the
electronic medical records, leading to missing information, mis-
classification, and the true performance of AS was likely to be
underestimated. Finally, although we used an up-to-date search
strategy for our systematic review, we understand that there may
be some articles that have been missed, as it happens in most
systematic reviews.

Future recommendations

For AS, it is recommended that a more rigorous method of doc-
umenting signs and symptoms be used prospectively as opposed
to retrospectively in order to reduce the errors of inter-rater
agreements.

A head-to-head comparative study between the AS and the
intraoperative findings is also recommended to assess the feasi-
bility of the development of an algorithm (protocol).

The above two recommendations are mandatory before
rolling a flow chart of the algorithm into the public domain
using AS.

Conclusion

We conclude that having a high AS is a significant predictor of
AA. High ASs have a positive association with histologically
proven appendicitis. We found statistical heterogeneity in the
included studies, which was our major limitation.
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