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Corresponding Author Abstract:

Background: Acute appendicitis is a common surgical emergency, and the
Dr. Y Kumar Alvarado Scoring System is a widely used clinical prediction tool. This study
Assistant Professor aimed to evaluate the diagnostic accuracy of the Alvarado score in patients
Dept. of General Surgery presenting with suspected appendicitis to a tertiary care hospital serving a

Dr. Radhakrishnan Government hilly region of Northern India.

Medical College, Hamirpur (HP) Methods: A prospective observational study was conducted from May 2021

to April 2022 at Dr. Radhakrishnan Government Medical College, Hamirpur
(HP). Eighty-four patients aged >12 years with clinically suspected
appendicitis had Alvarado scores calculated at presentation. All patients
underwent appendectomy, with histopathological examination (HPE)
serving as the reference standard. Diagnostic metrics including sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), accuracy, likelihood ratios, and area under the receiver operating
characteristic curve (AUC-ROC) were calculated at a primary cut-off of >7.

Results: HPE confirmed acute appendicitis in 79 of 84 patients (94.05%).
At a cut-off of >7, the study found: true positives (TP) = 68, false positives
(FP) = 2, false negatives (FN) = 11, and true negatives (TN) = 3. Calculated
metrics were: sensitivity 86.08% (95% CI 76.0-92.7%), specificity 60.00%
(95% CI 14.7-94.7%), PPV 97.14%, NPV 21.43%, and overall accuracy
84.52%. The AUC for the Alvarado score was 0.89, indicating good
discrimination.

Conclusion: In this high-prevalence cohort from a hilly region, the Alvarado
Score demonstrated good sensitivity and excellent PPV but poor NPV. The
score is useful to "rule in" appendicitis when high but is insufficient to
reliably "rule out" the disease when low. Clinical judgment and adjunctive
imaging or biomarkers remain essential, particularly in resource-limited
settings.
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Introduction

Acute appendicitis remains one of the most common
surgical emergencies worldwide, with a lifetime risk
of approximately 7-8% [1,2]. Prompt and accurate
diagnosis is crucial to prevent complications such as
perforation, peritonitis, and abscess formation, while
simultaneously avoiding
appendectomies [2]. Clinical scoring systems have
been developed to aid in the diagnostic process,
particularly in settings where advanced imaging

unnecessary

modalities may be limited or not readily available [4].

The Alvarado Scoring System, introduced by
Alvarado in 1986, is a widely adopted clinical
prediction tool that combines symptoms (migratory
right iliac fossa pain, anorexia, nausea/vomiting),
signs (right iliac fossa tenderness,
tenderness), and laboratory findings (leukocytosis,
shift to the left of neutrophils) to generate a score
ranging from 0 to 10 [3]. A higher score indicates a
greater likelihood of Acute Appendictis. The
Alvarado Scoring System is valued for its simplicity,
cost-effectiveness, and non-invasiveness, making it
particularly attractive for use in diverse healthcare
settings, including those in developing countries or
remote regions [4, 6].

rebound

Over the past two decades, numerous studies have
evaluated the diagnostic accuracy of the Alvarado
score across various populations and geographical
locations. A systematic review by Ohle et al. (2011)
concluded that the Alvarado score, particularly at a
cut-off of 5, performs well as a "rule out" criterion,
demonstrating high sensitivity [4]. However, its
specificity has been shown to be variable, often
lower in populations with a high prevalence of
appendicitis or when used selectively in surgical
pathways [4, 11]. More recent meta-analyses, such
as that by Gupta et al. (2023), have also highlighted
the high predictability of the Alvarado score in acute
appendicitis [5].

Despite its widespread use, the performance of the
Alvarado score can vary significantly depending on
the demographic characteristics of the patient cohort,
the local prevalence of appendicitis, and the
availability of adjunctive diagnostic tools [4, 11]. For
instance, studies comparing the Alvarado score with
newer scoring systems like RIPASA (Raja Isteri
Pengiran Anak Saleha Appendicitis) and AIR
(Appendicitis Inflammatory Response) scores have
shown mixed results. Some studies suggest that
RIPASA and AIR scores may offer superior
diagnostic accuracy, in terms of
sensitivity and negative predictive value, compared
to the Alvarado score [6, 7, 8, 9, 10]. However, the
Alvarado score remains the most studied and widely
recognized tool [11].

particularly

In low-resource settings, such as the hilly terrains of
Northern India, diagnostic challenges are often
compounded by delayed presentation, limited access
to advanced imaging like computed tomography (CT)
scans, and a reliance on clinical judgment and basic
laboratory tests [12, 13, 14]. Understanding the
performance of clinical scoring systems like the
Alvarado score in such specific contexts is crucial
for optimizing patient management and improving
outcomes. Previous research has indicated that the
Alvarado score's performance can be inconsistent,
with varying sensitivity and specificity reported
across different Asian populations [11].

This study aimed to evaluate the diagnostic accuracy
of the Alvarado score in patients presenting with
suspected appendicitis to a tertiary care hospital
serving a predominantly hilly, rural population in
Northern India.

Material and methods

Study Design and Setting
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This prospective observational study was conducted
between May 2021 and April 2022 at Dr.
Radhakrishnan Government Medical College,
Hamirpur, Himachal Pradesh, a tertiary care hospital
serving a hilly region of Northern India. The study
protocol received approval from the institutional
ethics committee, and written informed consent was
obtained from all participants or their legal guardians
prior to enrollment.

Participants

Inclusion Criteria: Patients aged >12 years
presenting with right iliac fossa pain and clinical
diagnosis of acute appendicitis who subsequently
underwent appendectomy and provided informed
consent were included in the study. Exclusion
Criteria: a history of prior
appendectomy, known chronic inflammatory bowel

disease, pregnancy, generalized peritonitis due to

Patients with

other causes, or those managed conservatively
without  histopathological
excluded from the study.

confirmation were

Index Test and Reference Standard

Alvarado scores (ranging from 0 to 10) were
calculated prospectively at presentation for each
patient using standard criteria,

Criterion Pts
Migrating pain to RIF 1
Anorexia 1
Nausea/vomiting 1
Results

A total of 84 patients with suspected acute
appendicitis were enrolled in the study and
underwent  appendectomy  with  subsequent
histopathological examination (HPE). Of these, HPE

Tenderness in RIF 2
Rebound tenderness 1
[Elevated temperature 1
Leukocytosis 2
Shift to left 1

The definitive reference standard for the diagnosis of
acute appendicitis was histopathological
examination (HPE) of the resected appendix, which
was interpreted by a pathologist blinded to the
patient's Alvarado score.

Statistical Analysis

Descriptive statistics were used to summarize
participant characteristics. Continuous variables are
presented as mean + standard deviation (SD), while
categorical variables are reported as counts and
percentages. The diagnostic accuracy of the
Alvarado score was evaluated by calculating
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), overall
accuracy, positive likelihood ratio (LR+), negative
likelihood ratio (LR—), and Youden index. These
metrics were determined at the prespecified primary
cut-off point of >7 for the Alvarado score. Receiver
operating characteristic (ROC) curve analysis was
performed to determine the area under the curve
(AUC) as a measure of the overall diagnostic
performance of the Alvarado score. A significance
threshold of p < 0.05 was used where applicable. All
statistical analyses were performed using standard
statistical software.

confirmed acute appendicitis in 79 patients (94.05%).
The demographic and clinical characteristics of the
study participants are summarized in Table 1.

Table 1: Demographic and Clinical Characteristics of Study Participants (N=84)

J Dermatol Case Rep 2025 18(2), pp 269-275




ISSN : (Online): 3008-038X
Abbreviation: J Derm Cse Rep
DOI: 10.61705/jdcr.18.2.2025.269.275

Journal of Dermatological Case Reports

Characteristic Value
Total patients 84
Male:Female 48:36

Mean age (years) = SD (range)

32.6 £ 14.2 (12-68)

Residence — rural hilly

61 (72.6%)

Residence — urban hill 23 (27.4%)
Mean duration of pain (hours) £ SD 48.6 +32.4
Surgical approach — open 58 (69.0%)

Surgical approach — laparoscopic

26 (31.0%)

Histopathology-confirmed appendicitis

79 (94.05%)

Negative appendectomy rate

5/84 (5.95%)

The contingency counts and diagnostic metrics for
the Alvarado score at the prespecified cut-off of >7
are presented in Table 2. The high positive predictive
value (PPV) observed in this cohort reflects the high
prevalence of appendicitis among the surgical
patients. Conversely, the low negative predictive
value (NPV) suggests that a low Alvarado score
cannot reliably exclude appendicitis in this specific

changes were present in 9.6% of kidneys, whereas
renal cysts, hydronephrosis, and infarcts were
identified in 8.4%, 4.8%, and 4.2% of cases
respectively. Nearly one-third of the kidneys (29.3%)
appeared grossly unremarkable despite microscopic
abnormalities in several of these cases (Table 2 and
Figure 1).

setting.
Table 2: Contingency Counts and Diagnostic Metrics of Alvarado Score at Cut-off >7
Contingency / Metric Value
True positives (TP) 68
False positives (FP) 2
False negatives (FN) 11
True negatives (TN) 3

Sensitivity 86.08% (95% CI176.0-92.7%)
Specificity 60.00% (95% CI 14.7-94.7%)
Positive predictive value (PPV) 97.14%
Negative predictive value (NPV) 21.43%
Accuracy 84.52%
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Contingency / Metric Value
Positive likelihood ratio (LR+) 2.15
Negative likelihood ratio (LR-) 0.23
Youden index (Sensitivity + Specificity —1) 0.46

Discussion

In this prospective single-center study conducted in
a tertiary care hospital serving a hilly region of
Northern India, the Alvarado Scoring System
demonstrated good sensitivity (86.08%) and
excellent positive predictive value (97.14%) at the
commonly used cut-off of >7. However, the negative
predictive value (21.43%) was poor. These findings
suggest that a high Alvarado score strongly supports
the diagnosis of acute appendicitis and justifies
proceeding to surgery, which is reflected in the low
negative appendectomy rate (5.95%) observed in this
cohort. Conversely, a low Alvarado score cannot
reliably exclude appendicitis setting,
necessitating continued observation, repeat clinical
assessment, or adjunctive imaging and biomarkers
where available.

in this

Our results align with previous literature that
highlights the variable diagnostic accuracy of the
Alvarado score across different populations and
settings [4, 11]. The high prevalence of
histopathology-confirmed appendicitis (94.05%)
among operated patients in our study likely
contributes to the observed high PPV. This high
prevalence is a common characteristic of surgical
cohorts, often due to selection bias where only
patients with a strong clinical suspicion or those who
have failed conservative management proceed to
surgery [11]. This phenomenon can artificially
inflate sensitivity and PPV while diminishing
specificity and NPV, as seen in our results.

Comparisons with other studies reveal a spectrum of
Alvarado score performance. Ohle et al. (2011)

reported that a cut-off of 5 for the Alvarado score
performed well as a "rule out" criterion with high
sensitivity [4]. However, our study, using a cut-off
of >7, showed a poor NPV, indicating its limited
utility in ruling out the disease. This discrepancy
underscores the importance of considering the
chosen cut-off and the patient population when
interpreting the score. Recent meta-analyses by
Gupta et al. (2023) and others have generally
supported the Alvarado score's predictability but also
noted its variability [5, 11].

The challenges of diagnosing acute appendicitis in
low-resource settings, such as the hilly terrains of
Northern India, are well-documented [12, 13, 14].
Delayed presentations are common, and access to
advanced imaging modalities like CT scans is often
limited. In such environments, clinical scoring
systems like the Alvarado score become invaluable
tools for initial risk stratification. Our findings
suggest a pragmatic approach for clinicians in
similar settings: scores >7 should be considered
strongly suggestive of appendicitis, prompting
surgical consideration. Scores in the intermediate
range (e.g., 4-6) should be treated as a "danger
zone," requiring serial examinations and ultrasound
if available. For scores <3, outpatient observation
may be considered if clinical circumstances permit,
but with a high index of suspicion due to the low
NPV.

While newer scoring systems like RIPASA and AIR
have shown promise and, in some studies, superior
diagnostic compared to Alvarado,
particularly in terms of sensitivity and NPV [6, 7, 8,
9, 10], the Alvarado score remains a cornerstone in
many clinical practices due to its simplicity and

accuracy
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long-standing use. Our study reinforces its utility as
a "rule-in" tool in high-prevalence settings where
resources are constrained, but also highlights its
limitations as a "rule-out" tool.

Limitations

This study has several limitations that warrant
consideration. Firstly, it was a single-center study
with a modest sample size, which may limit the
generalizability of our findings to other populations
or healthcare settings. Secondly, the study design
included only patients  who
appendectomy, introducing a selection bias that
likely inflated the prevalence of appendicitis and,

underwent

consequently, the positive predictive value. This
selection bias may not accurately reflect the
diagnostic performance of the Alvarado score in the
general population presenting with abdominal pain..

Conclusion

In conclusion, the Alvarado Scoring System
demonstrated good sensitivity and excellent positive
predictive value but poor negative predictive value
in our high-prevalence surgical cohort from a hilly-
region tertiary hospital in Northern India. The score
remains a useful clinical tool to 'rule in' acute
appendicitis when high, particularly in resource-
limited settings where advanced imaging is scarce.
However, it cannot be reliably used to 'rule out' the
disease when low. Clinical judgment, serial
examinations, and adjunctive investigations, such as
ultrasound or C-reactive protein (CRP) levels,
should continue to guide management decisions to
optimize patient care and minimize negative

appendectomies.
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