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ABSTRACT

Introduction: Acute appendicitis is a prevalent abdominal emergency that necessitates immediate surgery. The most
common emergency procedure carried out globally is an appendectomy.

Objective: To assess the clinical significance of the preoperative correlation between the Alvarado score and serum
hyperbilirubinemia and to evaluate their ability to predict the severity of acute appendicitis clinically.

Patients and Methods: This cross-sectional analytic study was performed at the Department of General Surgery
Emergency of a tertiary hospital in the period between June 2022 and March 2023. This study was carried out on 208
cases with acute appendicitis.

Results: The mean age of participants was 29.17+£14.452 years, predominantly males (54.8%). About two-thirds of
the cases (67.8%) underwent open appendectomy, 58 (27.9%) underwent laparoscopic appendectomy, and nine (4.3%)
underwent laparoscopic and then converted to open appendectomy. More than half of the cases were categorized as
probably appendicitis by Alvarado score. There was a statistically significant difference comparing Alvarado’s scores and
the pathological findings of the participants (P=0.021). No statistically significant differences were recorded between
Alvarado score findings and preoperative serum bilirubin levels.

Conclusion: The study found an association between Alvarado’s score and pathology findings. However, no statistically
significant differences were recorded between the Alvarado score and preoperative serum bilirubin levels.
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INTRODUCTION taking into account laboratory results, physical examination
findings, and clinical characteristics?..

Acute appendicitis is a prevalent abdominal

emergency that necessitates immediate surgery. The most Moreover, an imbalance between the liver’s production
common emergency procedure carried out globally is an and excretion ofbilirubin leads to hyperbilirubinemia, which
appendectomy!!2. could be a novel diagnostic tool for appendix perforation!®l.
In cases of acute appendicitis, hyperbilirubinemia that is
About 80% of the time, skilled physicians correctly not brought on by biliary blockage or liver dysfunction
diagnose appendicitis™. A number of biochemical markers, might be seen. The clinical utility of hyperbilirubinemia
such as procalcitonin, interleukin-6, C-reactive protein, and in diagnosing acute appendicitis is still debatable despite
white blood cell count, have been employed to enhance the certain research reporting on its effectivenesst’-*.
clinical diagnosis of acute appendicitis. Nevertheless, it
can occasionally be difficult to diagnose appendicitis since Hence, our goals were to determine the clinical
the typical symptoms and indicators may not be present!*. importance of the preoperative connection between serum
bilirubin level and Alvarado score and to evaluate their
There is a critical need for a predictor of the severity of predictive power for acute appendicitis severity.
acute appendicitis because postoperative risks of morbidity
and mortality, in addition to longer hospital stays, are PATIENTS AND METHODS:
linked to delayed identification and treatment of severe
appendicitis. A number of scoring methods, including The work is a diagnostic accuracy cross-sectional
the Alvarado score, have been proposed for appendicitis, analytic study carried out in the General Surgery
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Emergency Unit at a Tertiary Hospital. The study was
conducted between June 2022 and March 2023 and
included 208 patients clinically diagnosed with acute
appendicitis. We excluded patients with gallbladder stones,
hyperbilirubinemia secondary to a known cause (hepatic
diseases, hepatic viruses, hepatotoxic drugs, etc.), and any
other cause of sepsis.

Ethical consideration: the study protocol was reviewed
and permitted by the institutional research and ethics
committee. After participants were adequately briefed
on the study’s goals, their written informed consent was
obtained. The participant was free to withdraw from the
study at any moment; participation was entirely voluntary.
According to the Declaration of Helsinki, all steps of data
collecting, entry, and analysis were conducted in a highly
confidential and private manner.

Steps of the procedure

Every patient had a thorough history-taking process
that covered their past, present, and personal histories.
A meticulous physical examination was done to assess
vital signs, cardiovascular, neurological, and respiration
assessment, as well as a local abdominal examination.
Laboratory workup done included complete blood
picture, serum electrolytes (Na, K), C-reactive protein,
international normalized ratio, kidney function test, and
liver test profile. The liver function tests included serum
albumin, alanine aminotransferases and serum aspartate,
serum bilirubin, and prothrombin time.

Radiological assessment was done through abdominal-
pelvic ultrasound (US) to assess the liver size and the
gallbladder status, as well as the appendix, in addition to
the assessment of other intraabdominal organs.

Within 30 min of the patient’s arrival at the hospital,
blood samples were taken, and radiological examinations
were completed 2 h later. These patients underwent
emergency open or laparoscopic appendectomy after
being initially stabilized. Operative details of the duration
and severity of acute appendicitis were documented.
Ultimately, postoperative histological analysis verified
the clinical diagnosis by classifying patients into positive
cases (acute appendicitis with perforation/gangrene) and
negative cases (acute appendicitis with a normal appendix
or acute uncomplicated appendicitis).

At least one additional visit to the outpatient clinic
was made in addition to the postoperative follow-up at the
hospital.

Calculating the Alvarado score
Alvarado determined that three physical signs —

tenderness, rebound pain, and elevation of temperature
— two laboratory findings — leukocytosis and shift of the

formula to the left — and three symptoms — migration of
pain in the right iliac fossa, anorexia, and nausea/vomiting
— were helpful in the diagnosis of acute appendicitis.
He then ranked the signs and symptoms based on their
diagnostic weight.

A total score of 5 or 6 is consistent with the diagnosis
of acute appendicitis; a score of 7 or 8 suggests probable
appendicitis, and a score of 9 or 10 suggests very probable
appendicitis® (Table 1).

Table 1: The Alvarado scoring system for acute appendicitis

Alvarado score

Symptoms

Migratory RIF pain 1
Nausea/vomiting 1
Anorexia 1
Signs

Rightiliac fossa tenderness 2
Elevation of temperature 1
Rebound tenderness RIF 1

Laboratory findings
Leukocytosis 2
Neutrophilic shift to the 1
left (>75%)
Total score=10
Sum
04 Not likely appendicitis
5-6 Equivocal
7-8 probable appendicitis
9-10 very probable appendicitis

Sample size: the required sample size was determined
using the Open Epi calculator. A 95% confidence interval,
5% accuracy, and 80% power indicate that a minimum
sample size of 173 should be needed. After factoring in
20% to account for possible nonresponse, 208 patients
were assessed to be the final sample size. The patients will
be recruited via a convenience sampling technique.

Statistical methods

Utilizing the 24" edition of IBM® SPSS® (Statistical
Package for the Social Sciences), Chicago, USA, version
24. data entry, processing, and statistical analysis were
completed. Quantitative data were presented as mean,
median, SD, and interquartile range; qualitative data were
presented as percentage and frequency. The following
significance tests were applied: Spearman’s correlation,
Wilcoxon’s, y%, logistic regression analysis, and Kruskal—
Wallis. Data were shown, and appropriate analysis was
carried out based on the kind of data (parametric and
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nonparametric) that were collected for every parameter. To
determine the statistical significance of a nonparametric
variable’s difference between more than two research
groups, the Kruskal-Wallis test was employed. One-way
analysis of variance is for continuous variables with normal
distribution. Following analysis of variance, the Tukey test
was used for post-hoc analysis, followed by the Mann—
Whitney U test. P values were regarded as statistically
significant if they were less than 0.05.

RESULTS:

This study involved 32 patients who fulfilled the
inclusion criteria presenting with acute appendicitis. The
mean age of the investigated population is 29.17+14.452
years. Among the included patients, 54.8% were males.
The majority of the study participants did not suffer any
comorbidities (87%), while 13% had comorbidities, as
shown in (Table 2).

Analysis of the clinical presentation of the studied group
shows that 202 (97.1%) had right iliac fossa tenderness,
200 (96.2%) had rebound tenderness, 147 (70.7%) had
anorexia, 158 (76.0%) had nausea/vomiting, 57(27.4%)
had migration of pain, and 20 (9.6%) had fever.

About two-thirds of the cases (67.8%) underwent
open appendectomy, 58 (27.9%) underwent laparoscopic
appendectomy, and nine (4.3%) underwent laparoscopic
then converted to open appendectomy.

Regarding intraoperative findings, 141 (67.8%)
patients were found to be uncomplicated, 68 (32.7%) were
perforated, nine (4.3%) were gangrenous, and two (1.0%)
were autolyzed fecalith.

In contrast, the pathology finding of the studied group
shows that 39 (18.8%) were catarrhal, 62 (29.8%) were
perforated, 14 (6.7%) were gangrenous, and eight (3.8%)
were gangrenous and perforated.

The time the patients took before presentation had a
mean value of 2.77+£3.223 days. Hospital stays ranged
between 1 and 14 days, with a mean value of 2.60+1.983
days. By analyzing the results of the preoperative serum
bilirubin levels of the studied group, they showed a mean
value of 1.13+0.612 mg/dl.

Calculated Alvarado scores among the patients revealed
that 21 were categorized as not likely appendicitis, 43 as
equivocal, 121 as probably appendicitis, and 23 as highly
likely appendicitis. The relation between Alvarado score
and pathology findings shows statistically significant
differences between the categories of Alvarado score and
pathology outcomes (P=0.021). The results clarify that
62% of the patients scored as not likely appendicitis by
Alvarado score were negative appendices by pathological
examination, 44% of the patients scored as equivocal by

Alvarado score were negative appendices by pathological
examination, 37% of the patients scored as probably
appendicitis by Alvarado score were negative appendices
by pathological examination and only 34% of the patients
scored as highly likely appendicitis by Alvarado score
were negative appendices by pathological examination as
shown in (Table 3, Fig. 1).

On the other hand, the relation between Alvarado
score and preoperative serum bilirubin levels shows no
statistically significant differences between the categories
of Alvarado score findings and their corresponding
bilirubin levels among the study patients (Table 4 ).

Table 2: Preoperative, intraoperative, pathological characteristics
and complications among study participants

N=208 [n (%)]

Comorbidity

Free 181 (87.0)
HTN 12 (5.8)
DM 11 (5.3)
Cardiac 8(3.8)
Hypothyroidism 3(1.4)
Stroke 2 (1.0)
GPD 1(0.5)
Intraoperative finding

Not complicated 141 (67.8)
Perforated 68 (32.7)
Gangrenous 9(4.3)
Autolyzed, Fecalith 2 (1.0)
Histopathological finding

Negative 85 (40.9)
Perforated 62 (29.8)
Catarrhal 39 (18.8)
Gangrenous 14 (6.7)
Gangrenous and perforated 8(3.9)
Complication

None 194 (93.3)
Ascending colon injury 2 (1.0)
Burst abdomen 2 (1.0)
Cecal injury 2 (1.0)
Wound infection+ICU 2 (1.0)
Wound infection 2 (1.0)
Re-exploration 2 (1.0)
Readmission, collection 2 (1.0)

1581



ALVARADO SCORE AND HYPERBILIRUBINEMIA IN APPENDICITIS

Table 3: Relation between Alvarado score and both pathology findings and serum bilirubin level among study participants

Alvarado score [1 (%)]

Not likely Equivocal  Probably appendicitis Highly likely P value
appendicitis (N=21) (N=43) (N=121) appendicitis (N=23)

Pathology finding

Negative 13 (61.9) 19 (44.2) 45 (37.2) 8 (34.8) 0.021
Perforated 5(23.8) 8 (18.6) 41 (33.9) 8 (34.8)

Catarrhal 1(4.8) 12 (27.9) 19 (15.7) 7(30.4)

Gangrenous 2(9.5) 0 12 (9.9) 0

Gangrenous and perforated 0 4(9.3) 4(3.3) 0

Bilirubin

Range 0.32-1.91 0.18-2.10 0.15-2.64 0.15-2.50 0.350

Mean+SD 1.1940.459 0.9610.649 1.17£0.624 1.1240.583
Table 4: Relation between Alvarado score and both pathology findings and serum bilirubin level among study participants.

Alvarado score P-value
Not likely Equivocal Probably Highly likely
appendicitis (n=21) (n=43) appendicitis (n=121) appendicitis (n=23)

Pathology Finding No. % No. % No. % No. %

Negative 13 61.9 19 442 45 37.2 8 34.8 0.021
Perforated 5 23.8 8 18.6 41 33.9 8 34.8

Catarrhal 1 4.8 12 279 19 15.7 7 30.4

Gangrenous 2 9.5 0 0 12 9.9 0 0

Gangrenous and perforated 0 0 4 9.3 4 33 0 0

Bilirubin

Range 0.32-1.91 0.18-2.10 0.15-2.64 0.15-2.50 0.350
Mean+SD 1.19+0.459 0.96+0.649 1.17+0.624 1.12+0.583

O Not likely appendicitis B Equivocal B Probably appendicitis B Highly likely appendicitis

15.7 304
27.9

Percentage

T
Gangrenous

Perforated

Negative Catarrhal Gangrenous

and Perforated

Fig. 1: Relation between Alvarado’s score and pathology

Yet, there is a significant rate of missing cases, and
none of the existing approaches can be employed
as standalone diagnostic tools!'”). The useful tool of
assessment is the preoperative hyperbilirubinemia in
cases with complicated appendicitis, but this has been
studied only in a few research?°22,

This cross-sectional analytic study’s primary goals
were to evaluate the clinical significance of serum
hyperbilirubinemia and the Alvarado scoring system
for appendicitis as predictors of the severity of acute
appendicitis. The study involved 208 participants.

findings. The mean age, according to the present study, was
29.174+14.452 years. Male cases were predominant,
with 54.8%. Comparable with these results, recent
DISCUSSION studies showed that the cases diagnosed with acute

One of the most frequent causes of urgent surgery
is appendicitis!'®. The diagnosis of the appropriate
stage of acute appendicitis determines whether surgery
is necessary!!'""*1. In an effort to discover potential
markers of complex appendicitis, a number of tests
and scoring systems have been investigated!!®-!+!16-18],

appendicitis were young adults with means in the
second and third decades of age and males being
predominant (up to 60%)23-24,

Regarding the clinical presentation of the studied
group, especially those discussed in the Alvarado
scoring system, it was revealed that almost all
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patients (202; 97.1%) presented with right iliac fossa
tenderness, 200 (96.2%) had rebound tenderness,
147 (70.7%) had anorexia, 158 (76.0%) had nausea/
vomiting, and 57 (27.4%) had migration of pain. Also,
the time before the presentation to hospital had a mean
value of 2.77+3.223 days.

This is consistent with Yesiltas e al.**!, who stated
that acute appendicitis has the symptoms of migratory
pain to the right lower quadrant, anorexia, vomiting,
and nausea, rebound tenderness, and fever. Moreover,
Kalliakmanis et al.*! evaluated acute appendicitis
symptoms and reported that pain migration to the right
iliac fossa, loss of appetite, periumbilical pain, fever,
rebound tenderness, and local rigidity were statistically
correlated with histopathological severity (P<0.05).

The current study showed that roughly two-
thirds of the cases (141; 67.8%) underwent open
appendectomy, 58 (27.9%) underwent laparoscopic,
and nine (4.3%) underwent laparoscopic then
converted to open appendectomy, making the larger
part of the study cohort undergoing an open procedure.
In line with these findings, a large study analyzing the
findings among 1316 patients showed that the most
common procedure was open appendectomy among
1081 (82.1%) patients, and the remaining 235 (17.9%)
patients underwent laparoscopic appendectomy!??”.
However, other research shows that laparoscopic
procedures were performed more than open techniques
among their study cohorts, reaching 86.2% of all
performed proceduresl.

Hospital stay ranged between 1 and 14 days with
a mean value of 2.60+1.983 days among the present
study population. Comparable with these findings,
a study showed that length of stay ranged from 1 to
19 days postopen appendectomy™. Also, Halaseh
et al®® showed that their study patients stayed an
average of 3.08 days in the hospital, although most
of their patients underwent laparoscopic technique,
which allows for shorter duration of hospital stays.

The current study showed that more than two-thirds
of the patients (141; 67.8%) were not complicated
appendicitis cases with intraoperative evaluation, while
those complicated were in the form of perforation,
gangrenous appendix, or autolyzed appendix (32.7,
4.3, and 1.0%, respectively). In concordance, several
studies showed that noncomplicated acute appendicitis
formed the majority (>70% of cases, reaching 90% in
some studies), and less than 25% had complications
in the form of perforation, gangrene, or purulent
appendix[?>-3031],

Regarding postoperative complications, the present
study showed that 93.3% have no complications. The
complications found were ascending colon injury,

burst abdomen, cecal injury, wound infection with or
without ICU admission, the need for re-exploration
and readmission. Comparable with these results, Kim
et al.BP? demonstrated that 124 patients, or 9.8% of
the total, experienced postoperative sequelae related
to complicated appendicitis. Wound infection was the
most frequent consequence (6.1%).

However, according to Omari and colleagues,
21% of the study sample experienced postoperative
complications. They observed that the number of
complications in the perforated group of patients was
three times higher than that of the nonperforated group,
with 33 (75%) and 11 (25%) patients, respectively®3..

Analyzing the findings of histopathological
examination of the specimens of the studied
group, revealed that more than 40% were negative
specimens; however, 29.8% were perforated, 18.8%
were catarrhal, 6.7% were gangrenous, and 3.8% were
gangrenous and perforated. In a large study, which
included 2364 cases involving acute appendicitis,
catarrhal appendicitis represented 18.5%, suppurative
appendicitis 12.7%, gangrenous appendicitis 45.7%,
and perforated appendicitis 23%P.

After the calculation of Alvarado scores, more than
half of the patients (58%) were categorized as probably
appendicitis. Most importantly, after analyzing the
factors associated with the Alvarado scoring system,
the current study revealed that there was a statistically
significant association between Alvarado score
findings and pathology findings.

In concordance with the current study, Yesiltas
et al.?®, Talabi et al.*>, and Memon et al.®% showed
that there was a marked association between Alvarado
score and pathology findings. Also, Al-Tarakji et a/.’"
showed that there was statistical significance between
Alvarado risk stratification with histopathology and
intraoperative grades (P=0.001 each).

In contrast, Sousa-Rodrigues et al.*® revealed that
there was no connection between Alvarado’s score and
pathology findings. The disagreement may be because
of the difference in sample size and inclusion criteria.

On the other hand, the present study could not find
statistically significant differences between Alvarado
score findings and serum bilirubin levels.

Asfarasweareaware, this is the first study that tested
the correlation between Alvarado score and bilirubin
level. Despite the lack of significance, this correlation
needs to be retested with larger studies. However,
several studies were conducted to test the correlation
between bilirubin levels and complicated appendicitis.
Our findings were supported in this aspect by Ahmed
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et al.B% who found no significant correlation between
high bilirubin levels and complicated appendicitis.
This is consistent with previous investigations by
Chambers et al.*], Kanlioz and Karatas*”, and Yesiltas
et al.'®1, in which it was concluded that bilirubin could
not be utilized independently to expect perforated or
complicated appendicitis; however, it still can be used
as a supporting factor to other parameters.

CONCLUSION

The current study showed that surgical management,
either with laparoscopic or open approaches, was safe and
effective in the management of acute appendicitis. The
study results failed to find a significant correlation between
Alvarado’s score and bilirubin level. On the other hand,
there was a significant linkage between Alvarado’s score
and histopathological findings.

Recommendations
The authors recommend that future research should
have a larger sample size and include multicenter studies

to validate our findings.
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