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' ABSTRACT ’ Background: Acute appendicitis is among the most common surgical emergencies, yet its diagnosis can be challenging
due to variable presentations. Laboratory biomarkers such as C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), and serum amylase may aid in diagnosis and assessment of severity. Aim: This study aims to evaluate the diagnostic accuracy of C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR), and serum amylase in diagnosing acute appendicitis, as well as their association
with the severity of the disease. Methods: This prospective study was conducted over 24 months in the Department of General Surgery, Era's
Lucknow Medical College & Hospital, including 60 patients aged >18 years presenting with clinically suspected appendicitis. Demographic
data, Alvarado score, ultrasonography findings, and laboratory parameters (WBC count, neutrophil count, CRP, ESR, and serum amylase) were
recorded. Patients were classified intraoperatively and histopathologically into normal, inflamed, or complicated appendicitis. Data were
analyzed using ANOVA, the chi-square test, and ROC analysis. Results: Most patients were male (71.7%) with a mean age of 33.50 + 12.87
years. Peri-appendicular fluid was seen in 76.7% on ultrasonography. Mean ESR was significantly higher in complicated cases (95.0 £ 7.07
mm/hr) compared to inflamed (32.80 + 14.68 mm/hr) and normal appendix (13.79 £ 2.69 mm/hr) (p < 0.001). CRP levels were elevated in
appendicitis but did not significantly differ among groups (p = 0.368). Serum amylase was markedly elevated in complicated cases (p <0.001).
ROC analysis showed ESR >18.5 mm/hr had 100% sensitivity and specificity (AUC = 1.00, p < 0.001). Conclusion: ESR demonstrated
excellent diagnostic performance in acute appendicitis, surpassing CRP and serum amylase. Incorporating ESR with clinical assessment may
improve diagnostic accuracy and guide timely intervention.
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INTRODUCTION

Acute appendicitis remains one of the most common surgical
emergencies worldwide, with a lifetime risk of approximately 7-8% in
the general population. Untreated vermiform appendix inflammation
can cause perforation, peritonitis, abscess formation, and sepsis,
increasing morbidity and mortality [1,2]. Anorexia, nausea, vomiting,
and low-grade fever are common symptoms of periumbilical or
epigastric stomach pain that localizes to McBurney's point in the right
iliac fossa [3,4]. However, classical presentation is not universal.
Young children, elderly patients, pregnant women, and atypical
appendix placements often have variations, which might delay
diagnosis and treatment [5].

Traditional diagnosis involves clinical examination, laboratory tests,
and imaging. Localized tenderness, rebound tenderness, and specific
maneuvers (Rovsing's, psoas, and obturator indications) are helpful
but not conclusive [6-8]. Ultrasonography (USG) and computed
tomography (CT), the gold standard because of their high sensitivity
and specificity, are significant [7]. In resource-limited environments,
imaging may delay decision-making, be expensive, and expose
younger populations to radiation.

Clinical scoring systems like the Alvarado score stratify patients by
symptomatology, physical findings, and test results to facilitate
diagnosis. High scorers can go straight to surgery, but intermediate
scorers need more imaging [9,10]. However, imaging for
intermediate-probability patients may not be viable in rural or low-
resource healthcare systems, indicating the importance of simple,
quick, and cost-effective diagnostic adjuncts. It is crucial to avoid
removing a histologically normal appendix, which occurs in 15-25%
ofappendicitis cases [ 11]. Negative appendectomy puts patients at risk
and wastes healthcare resources. Inflammatory biomarkers improve
diagnostic accuracy, reduce negative appendectomy rates, and predict
disease severity. CRP, ESR, and, less often, serum amylase have been
studied as markers.

The liver produces acute-phase reactant CRP in response to pro-
inflammatory cytokines such as interleukin-6. It rises within 6-12
hours of inflammation and can detect appendicitis and predict
complications such as perforation or gangrene when levels are
elevated, especially with leukocytosis and neutrophilia [12,13]. High
CRP levels (>1 mg/dL) are common in appendicitis, whereas normal
levels after 24 hours have a 97-100% negative predictive value [14-
16]. ESR, aless specific test, indicates systemic inflammation and may
aid diagnosis when combined with other parameters [17]. ESR may
correlate with inflammation duration and help diagnose complex
appendicitis, although its slower rise than CRP limits its early use.

Serum amylase, usually high in pancreatitis, may be slightly elevated
in appendicitis, especially in complex cases with peritonitis or
intestinal inflammation. Although nonspecific, its inclusion in a
diagnostic panel may help distinguish appendicitis from other acute
abdominal diseases. One laboratory measure cannot identify
appendicitis [18], but CRP, ESR, and serum amylase interpretation in
conjunction with clinical symptoms may improve diagnostic
precision, reduce negative appendectomy rates, and guide timely
surgical intervention. They are especially useful when sophisticated
imaging is unavailable or delayed.

Given the high frequency of appendicitis, its heterogeneous
presentation, and the need for prompt detection, it is important to test
these indicators across diverse populations. The North Indian
population's demographics and healthcare access issues make such a
study relevant. Thus, this study examined the diagnostic accuracy of
CRP, ESR, and serum amylase in suspected acute appendicitis cases to
determine their individual and combined diagnostic roles and their
ability to predict disease severity and complications.

METHODS
The present research study was a prospective observational study that
took place in the Department of General Surgery at Era's Lucknow
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Medical College & Hospital (ELMCH) in Lucknow, with help from
the Department of Radiology. The hospital is a tertiary care center that
offers surgical and diagnostic services to people in both cities and rural
areas. The study lasted for twenty-four months, which was enough
time to recruit and follow up with patients.

Patients over 18 years old who were admitted to the Department of
General Surgery with a diagnosis of acute appendicitis and were going
to have surgery were included in the study. The study recruited
individuals from both the emergency department and the outpatient
department (OPD). Patients who were known or thought to have
cancer were not allowed to take part in the study. The Department of
Social and Preventive Medicine at ELMCH used the formula for
estimating proportions to figure out the sample size. To achieve 80%
study power, the minimum sample size needed was calculated to be 60
patients using p = 61.6% (the percentage of acute appendicitis cases
with a positive CRP level, as reported by Omraninava et al. [19]), q =
100—p, 0.=5% (95% confidence level), and a margin of error (L) equal
t020% of p.

The Institutional Ethical Committee of Era's Lucknow Medical
College & Hospital, Lucknow, looked over and approved the study
plan. Before they could join, all participants had to submit their written
consent. If the patient's condition made it impossible for them to
express direct consent, the attendant or legal guardian who was with
them did. All procedures adhered to the ethical principles of the
Declaration of Helsinki.

Eligible patients had a full clinical examination and a history taken,
which included any previous abdominal surgery. The lab tests included
the number of white blood cells (WBC), the number of neutrophils, the
level of C-reactive protein (CRP), the rate of erythrocyte
sedimentation (ESR), and the level of serum amylase. Radiological
tests were done when they were needed. A standard form was used to
record demographic information, clinical presentation, and
investigation results. They noted the surgery's risks, events, and any
issues that arose.

Statistical Analysis

We used version 21.0 of SPSS (Statistical Package for Social Sciences)
to do the statistical analysis. Mean + standard deviation (SD) was used
to show continuous variables, and numbers and percentages were used
to show categorical variables. We used the chi-square test to compare
proportions between groups and the one-way analysis of variance
(ANOVA) to compare mean values. A p-value of less than 0.05 was
thought to be statistically significant.

RESULTS

Table 1 shows the study's patients' ages and genders. Most patients
were 18-30 years old (n=32,53.3%), followed by 31-40 years (n= 14,
23.3%). Age distribution: 51-60 years (n = 10, 16.7%), 41-50 years
(5.0%,n=3),and >61 years (one patient, 1.7%). The study population
had a mean age of 33.50 + 12.87 years, ranging from 18 to 62 years.

Table 2: Ultrasonography (USG) Findings and Alvarado Score in
Study Participants

n %
USG Peri-appendicular Fluid 46 76.7
findings |Present
and Presence of Peri- Acute 46
Alvarado |appendicular Fluid/ Lumen | Appendicitis
Score diameter >7 mm & Wall
thickness >2mm
No peri-appendicular fluid, |Normal 14
Lumen diameter
<7mm & Wall thickness
<2mm
Min. |Max. |Mean [SD
Diameter of Lumen 2 15 8.5 3.7
Wall Thickness 1 10 5.1 2.6
Alvarado Score 2 10 7.5 2.7

Table 3a compares mean ESR, CRP, and serum amylase levels in
normal, inflamed, and complicated appendicitis patients, as assessed
by ANOVA. Complex cases had a considerably higher mean ESR
(95.00 = 7.07 mm/hr) compared to inflamed (32.80 + 14.68 mm/hr)
and normal (13.79 + 2.69 mm/hr) cases (F = 37.757, p < 0.001).
Complex appendicitis had the highest mean CRP levels (90.00 mg/L),
followed by inflamed (61.78 + 34.83 mg/L) and normal cases (55.36 +
25.00 mg/L), although the differences were not significant (F = 1.017,
p = 0.368 Serum amylase levels significantly increased in complex
appendicitis (15,000 £ 7,071 U/L) compared to inflamed (79.36 +
39.58 U/L) and normal (70.71 + 16.66 U/L) cases (F = 245.054, p <
0.001).

Table 3a: Comparison of Mean ESR, CRP, and Serum Amylase
Levels According to Severity of Appendicitis (ANOVA)

Normal Inflamed  |Complicated |ANOVA
(n=14) (n=44) (n=2)
Mean |SD |Mean|SD |Mean |SD F '
ESR 13.79(2.69 |32.80|14.68|95.00 [7.07 |37.757 |<0.001
(mm/hr)
CRP 55.36(25.00[61.78|34.83|90.00 [0.00 |1.017 |0.368
(mg/L)
Amylase|70.71 |16.66/79.36|39.58 15000 | 7071 |245.054/<0.001

Post hoc Tukey HSD analysis for between-group differences is in
Table 3b. Significant variations in ESR were seen between normal and
inflamed (mean difference 19.01 mm/hr, p < 0.001), normal and
complex (81.21 mm/hr, p < 0.001), and inflamed and complicated
(62.21 mm/hr, p < 0.001). No group had significant CRP differences
(all p > 0.05). Compared to normal and inflamed instances,
complicated cases had considerably higher serum amylase levels
(mean difference 14,929 U/L, p <0.001), while the difference between
normal and inflamed cases was not significant (p=0.999).

Table 3b: Post Hoc Tukey HSD Analysis of Between-Group
Differences in ESR, CRP, and Serum Amylase Levels

Most cases were male (n =43, 71.7%), while females made up 28.3% Normal vs. Normal vs. Inflammed vs.
(n=17). Inflammed Complicated Complicated
. . Mean|SE |'p' Mean |SE |'p' |Mean |SE |'p'
Table 1: Age and Gender Distribution of Study Participants ESR 19.0113.94 |<0.001/81.21 19.711<0.0 162.21 19.291<0.001
n % 01
Age (years) | 18-30 years 32 533 CRP 6.42 19.98 10.797 |34.65(24.5/0.343|28.23 |23.5/0.458
31-40 years 14 23.3 8 1
41-50 years 3 5.0 Amylase|9.51 {287.{0.999 (14929708 [<0.0 |14919|678 |<0.001
51-60 years 10 16.7 58 01
>61 years 1 1.7 Table 4 shows how Alvarado score affects appendicitis severity.
Mean+SD (Range) |33.50+12.87 (18-62) years Normal appendix patients exhibited a considerably lower mean
Gender Female 17 283 Alvarado score (2.86 + 0.36) compared to inflamed (8.80 + 0.98) and
Male 43 71.7 complex (10.00 + 0.00) appendicitis patients. Higher Alvarado scores

Table 2 shows study participants' USG and Alvarado scores. All 46
patients (76.7%) exhibited peri-appendicular fluid, a lumen width
higher than 7 mm, and a wall thickness greater than 2 mm, indicating
acute appendicitis. The remaining 14 patients (23.3%) were deemed
normal on USG due to no peri-appendicular fluid, lumen diameter <7
mm, and wall thickness <2 mm. Appendix lumen diameters ranged
from 2 to 15 mm, with a mean + SD of 8.5 + 3.7 mm. The wall thickness
ranged between 1-10 mm, with a mean+ SD of 5.1 + 2.6 mm. Patients'
Alvarado scores varied from 2 to 10, with a mean + SD of 7.5 + 2.7,
indicating moderate to high chance of acute appendicitis.

were significantly linked with greater disease severity across groups (p
<0.001).

Table 4: Association of Severity of Appendicitis with Alvarado
Score

N Mean score |SD p-Value
Normal 14 2.86 0.36 <0.001
Inflamed 44 8.80 0.98
Complicated |2 10.00 0.00

Table 5 shows the ESR, CRP, and serum amylase ROC analyses for the
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prediction of acute appendicitis. ESR showed the highest diagnostic
accuracy, using a cut-off value of >18.5 mm/hr with 100% sensitivity
and specificity (AUC = 1.00, p < 0.001), demonstrating strong
discriminatory ability. At a cut-off of >62.55 mg/L, CRP had
reasonable diagnostic performance (58.7% sensitivity, 78.6%
specificity, AUC =0.532, p=0.720). With a cut-off of >68 U/L, serum
amylase had 65.2% sensitivity, 64.3% specificity, and an AUC 0f 0.593
(p=0.294), indicating lower diagnostic value than ESR.

Table 5: Receiver Operating Characteristic (ROC) Analysis of
ESR, CRP, and Serum Amylase in Predicting A cute Appendicitis

Parameter Cut-off | Sensitivity | Specificity |AUC |SE  |'p'
ESR >18.5 [100.0% 100.0% 1.00 ]0.00 |<0.001
CRP >62.55|58.7% 78.6% 0.53210.083 0.720
Amylase >68  165.2% 64.3% 0.593 10.077 {0.294
- ROC Curve
Source of the
Curve
— B
— CRP
— AMYLASE
Reference Line

Sensitivity

o0 o2 oA as os 18
1 - Specificity
Diagonal segments are produced by ties,
Fig. 1: ROC Curves for ESR, CRP, and Serum Amylase in the
Diagnosis of Acute Appendicitis

DISCUSSION

Acute appendicitis is one of the most commonly encountered surgical
emergencies across all age demographics [1,2]. Traditionally, it
manifests as periumbilical stomach pain that subsequently localizes to
the right lower quadrant, frequently accompanied by nausea, vomiting,
anorexia, and low-grade fever [3, 4]. The fundamental
pathophysiology usually commences with the obstruction of the
appendiceal lumen, often resulting from lymphoid hyperplasia,
fecaliths, foreign bodies, or infections, which subsequently causes
elevated intraluminal pressure, bacterial growth, inflammation, and
ischemia. In the absence of prompt intervention, this process may
advance to gangrene and perforation within 36-72 hours, potentially
leading to peritonitis or intra-abdominal abscesses [5].

Notwithstanding progress in diagnostic imaging and the
implementation of scoring systems like the Alvarado score [9],
diagnosis remains difficult, especially in youngsters, elderly
individuals, and pregnant women [5,6]. Atypical presentations and
symptom overlap with other abdominal conditions may require
supplementary diagnostic methods. Recent years have witnessed an
increasing interest in laboratory biomarkers, including C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), and serum
amylase, for early detection and severity evaluation.

C-reactive protein (CRP) is an acute-phase reactant produced by the
liver in response to pro-inflammatory cytokines, including interleukin-
6. It ascends within 6-12 hours of the initiation of inflammation and
reaches its zenith within 24-48 hours, rendering it a significant
indicator of disease development. Increased CRP levels have been
linked to more severe phases, including gangrenous or perforated
appendicitis [17, 18]. Nonetheless, CRP exhibits a lack of illness
specificity and is most efficacious when utilized alongside white blood
cell (WBC) count, neutrophil percentage, and imaging results [12]. It
is more sensitive in complex appendicitis than in first, uncomplicated
instances.

The erythrocyte sedimentation rate (ESR) is a nonspecific
inflammatory test indicative of red blood cell aggregation resulting
from alterations in plasma proteins [13]. It ascends more gradually
than CRP and persists at elevated levels for an extended duration,
thereby constraining its effectiveness in the early diagnosis of disease.

Nonetheless, it may prove beneficial in recognizing subacute or
complex manifestations.

Serum amylase, traditionally linked to pancreatic disorders, has also
been observed to elevate in certain cases of appendicitis, especially
those that are perforated [20, 21]. This increase is presumed to result
from inflammatory dissemination to neighboring structures or a
systemic inflammatory response. Due to its limited sensitivity and
specificity, amylase is not advised as a standalone diagnostic test for
appendicitis.

This study assessed these biomarkers in conjunction with
ultrasonography and the Alvarado rating in 60 adult patients. The
average age was 33.50 + 12.87 years, with a male majority of 71.7%,
yielding a male-to-female ratio of around 2.5:1. Previous studies
indicated more even gender proportions [20, 22]. While certain data
indicates that inflammatory responses may differ by sex, no significant
gender-specific performance disparities in these biomarkers have been
consistently documented.

In our study, merely 4.35% exhibited complex appendicitis, whereas
95.65% presented with an inflamed appendix. This proportion is
inferior to that shown in studies by previous studies [20, 23], where
complex cases constituted 10-30%. The diminished incidence of
complex patients in our study certainly affected biomarker efficacy,
especially CRP and amylase, which often elevate in advanced illness
stages.

Ultrasonography demonstrated peri-appendiceal fluid in 76.7% of
instances, corroborating acute appendicitis. Our dependence on
ultrasonography for diagnosis contrasts with other studies that
consider CT scanning the gold standard [24], which may influence
diagnostic classification and, subsequently, biomarker precision.

ESR was identified as the most precise biomarker in our investigation,
with a cut-off of >18.5 mm/hr demonstrating 100% sensitivity and
100% specificity (AUC = 1.00, p < 0.001). ESR levels increased
steadily with illness severity: 13.79 £ 2.69 mm/hr in normal
appendices, 32.80 + 14.68 mm/hr in inflamed appendices, and 95.00 +
7.07 mm/hr in complex cases. These data indicate that ESR may serve
as a dependable independent marker within our community. This
nearly flawless performance stands in stark contrast to [11], who
reported a sensitivity of 71.9% and a specificity of 39%, and another
previous study determined an AUC of 0.767 [24]. The gap may arise
from our reduced sample size, the overrepresentation of unequivocal
situations, and the restricted number of complex cases, which can
inflate performance estimates. Furthermore, the delayed increase of
ESR indicates that early presenters may have lower values, a variable
not thoroughly considered in our work.

In our study, CRP levels did not exhibit a significant difference
between groups (p = 0.368) and showed suboptimal diagnostic ability
(AUC = 0.532). Despite being increased (>10 mg/L) in all cases, its
sensitivity (58.7%) and specificity (78.6%) at a threshold of >62.55
mg/L were inadequate. Conversely, a study indicated that a CRP level
beyond 40 mg/L signifies suppurative appendicitis, while a level
surpassing 100 mg/L predicts gangrenous or perforated illness [23].
Another study determined that a CRP level beyond 6.15 mg/L
exhibited 100% sensitivity for complex cases [25], while a study
indicated a sensitivity of 94% at a CRP level greater than 6 mg/L [26].
The diminished discriminatory capacity seen in our study may be
attributed to the early presentation of several patients prior to the peak
of CRP levels, in addition to methodological variations in the CRP
assessment.

Serum amylase exhibited a significant rise in complex cases (15,000 +
7,071 IU/L) relative to inflamed (79.36 + 39.58 IU/L) and normal
appendixes (70.71 + 16.66 IU/L); however, the overall diagnostic
accuracy remained low (AUC =0.593). A study indicated that amylase
levels over 46 mg/dL exhibited 89% sensitivity and 100% specificity
for perforated appendicitis [20], while another study noted a 90.3%
positive predictive value when increased; nonetheless, our results
imply restricted independent applicability [21]. The severe outlier
values in our two complex cases may have distorted results, and
variations in units and test methodologies between research further
confound comparisons.

The average Alvarado score in our sample was 7.5 + 2.7, showing a
positive correlation with illness severity (p <0.001). This corresponds
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with the findings of Shogilev et al. [16], who deemed the score
beneficial for risk stratification, and another study documented an
AUC of 0.824, with 86.4% sensitivity and 63.2% specificity [27].
Nonetheless, similar to other investigations, the Alvarado score alone
proved inadequate for a conclusive diagnosis, necessitating the use of
imaging.

We did not evaluate biomarker combinations; nevertheless, some
researchers have shown improved accuracy with multimarker
approaches. A study shows a positive predictive value of 99.55%
through the integration of WBC, CRP, and amylase [28]. Similarly, a
study determined that no singular biomarker suffices; nonetheless,
combinations enhance diagnostic accuracy and diminish negative
appendectomy rates [16].

The constraints of our study encompass a limited sample size, an
exclusively adult population, and inadequate representation of severe
appendicitis, all of which restrict generalizability. The dependence on
USG instead of CT as the diagnostic gold standard may have resulted
in misdiagnosis. Furthermore, the timing of biomarker assessment in
relation to symptom onset was not uniform, which may have
influenced the results, especially for CRP.

CONCLUSION

Our study indicates that ESR is a highly sensitive and specific
biomarker for acute appendicitis in our group, with values
substantially associated with disease severity. CRP was raised in the
majority of instances but lacked the ability to differentiate illness
severity, while serum amylase exhibited a significant rise in difficult
cases but had restricted overall diagnostic utility. Although ESR has
shown remarkable efficacy in our dataset, the prevailing literature
advocates for its application solely as an auxiliary rather than a primary
diagnostic instrument. Subsequent investigations should concentrate
on bigger, more heterogeneous cohorts, consistent timing for
biomarker assessment, and the amalgamation of multimarker panels
with imaging to enhance diagnostic precision, minimize unwarranted
procedures, and optimize patient outcomes.
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