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and the measurement of C-reactive protein (CRP), may help guide the suspicion of
acute appendicitis. This study aims to compare PAS and CRP scores between patients
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C reactive protein Patients and methods: A retrospective descriptive study was conducted over two

Cost effectiveness years in patients suspected of appendicitis. The medians of PAS and CRP were com-
pared between groups, a risk threshold for appendicitis was established, the area
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Apendicitis was analyzed, and a cost-effectiveness study of three PAS application models based

Dolor abdominal on imaging tests was performed.

Proteina C reactiva Results: A total of 188 patients were included (127 with NSAP, 61 with appendici-

Coste-efectividad tis). PAS and CRP medians: 7[6-8], 2.2[0.5-4.1] for appendicitis; 4[3-6], 0.4[0.1-2] for
NSAP (p<0.001). Risk thresholds: PAS 6.08, CRP 0.58 mg/dL. No patient with PAS <3
had appendicitis. No superiority of the PAS+CRP model in the overall sample. CRP >0.4
mg/dL indicated higher risk of appendicitis in the intermediate-risk group. The “effi-
cient PAS” strategy was the most cost-effective (cost-effectiveness ratio 296).

Conclusions: PAS is effective for stratifying appendicitis risk, while CRP may be

useful in the intermediate-risk group. The “efficient PAS” implementation proved to
be a valuable and cost-effective strategy.
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sospecha de apendicitis aguda. Este estudio tiene como objetivos comparar la pun-
tuacion PAS y PCR entre pacientes con apendicitis aguda y dolor abdominal ines-
pecifico (DAI), analizar un posible punto de corte de riesgo para estas mediciones y
evaluar el coste-efectividad de tres modelos de aplicacion del PAS.

Pacientes y métodos: Estudio descriptivo retrospectivo en pacientes con sospe-
cha de apendicitis durante 2 anos. Se compararon las medianas de PAS y PCR entre
grupos, se establecio un punto de corte de riesgo de apendicitis, se analizo el drea
bajo la curva (AUC) de PAS y PCR individual frente a PAS+PCR combinada, y se realizo
un estudio coste-efectividad de 3 modelos de aplicabilidad del PAS segun pruebas de
imagen.

Resultados: 188 pacientes (127 DAI, 61 apendicitis). Medianas PAS y PCR: 7 [6-8],
2,2 [0,5-4,1] en apendicitis; 4 [3-6], 0,4 [0,1-2] en DAI, (p < 0,001). Punto de corte
de riesgo: PAS 6,08 y PCR 0,58 mg/dl. Ningun paciente con PAS < 3 presentd apen-
dicitis. No superioridad del modelo PAS + PCR en la muestra global. PCR > 0,4 mg/
dl mayor riesgo de apendicitis en grupo de riesgo intermedjo. La estrategia “PAS

eficiente” fue la mds costoefectiva (ratio costoefectividad 296).

Conclusiones: El PAS es eficaz para estratificar el riesgo de apendicitis. La PCR
podria ser de utilidad en el grupo de riesgo intermedio. La implementacion del “PAS
eficiente” demostro ser una estrategia Util y costoefectiva.

INTRODUCTION

Right lower quadrant (RLQ) pain is a frequent reason
for consultation in pediatric emergency departments,
which requires a rigorous differential diagnosis with acute
appendicitis®>*%, Its diagnosis can sometimes be compli-
cated, exposing the patient to complementary tests, usual-
ly blood analysis or abdominal ultrasound®>®. In doubtful
cases, the patient may undergo tests with greater radiation,
such as abdominal CT (computed tomography)?8?. The
use of diagnostic scales, such as the Pediatric Appendicitis
Score (PAS), together with analytical parameters such as
C-reactive protein (CRP), may be useful to guide the de-
gree of suspicion of appendicitis and reduce the number
of complementary tests@"121 This scale assigns 1 point to
the variables: anorexia, nausea/vomiting, pain migration,
temperature >38°C, leukocytes >10,000, neutrophils >75%;
and 2 points to the variables: RLQ pain and positive Blum-
berg sign. Its authors consider scores <3 as low risk (no im-
aging test needed); 4-6 as intermediate risk (imaging tests
needed); >7 as high risk (consider appendectomy without
imaging test)(415161718),

The main objective of this study was to compare the
PAS score and the CRP value between patients with acute
appendicitis and non-specific abdominal pain (NSAP), an-
alyzing the existence of a risk cutoff point for both in the
diagnosis of appendicitis. The total sample and the risk
subgroups according to the PAS risk classification were an-
alyzed. Secondary objectives were the comparison of the
PAS score and CRP in patients with simple (phlegmonous)
and complicated (gangrenous or perforated) appendicitis,
as well as conducting a cost-effectiveness analysis based
on the imaging tests requested in patients with suspected
acute appendicitis, according to 3 situations based on the
applicability of the PAS scale (1— real situation applied in

the hospital; 2— strict application of PAS; 3— partial appli-
cation of PAS).

MATERIALS AND METHODS

A descriptive, retrospective, and inferential study was
conducted on patients between 5 and 15 years old attend-
ed the emergency department for suspected acute appen-
dicitis at a first-level hospital during the 2021-2022 period.
Patients who underwent an abdominal ultrasound were
selected, and the variables of the PAS scale were collect-
ed from their clinical records. Patients <5 years old, those
with an incomplete PAS, and patients with previous ap-
pendectomy were excluded. The following variables were
collected: sex, age, PAS scale score, numerical value of
CRP, radiological diagnosis after imaging test (abdominal
ultrasound, abdominal CT scan), and pathology result af-
ter appendectomy. Patients were classified as having acute
appendicitis based on the result of the imaging tests, dis-
tinguishing between simple and complicated. The diagno-
sis of non-specific abdominal pain (NSAP) was established
in cases where no disease was detected by imaging tests.
The study was approved by the Clinical Research Ethics
Committee of the Fundacién Jiménez Diaz prior to its
realization.

PAS scores and CRP values between the appendicitis
and NSAP groups were compared using the chi-square
test or Fisher’s exact test for categorical variables and the
Kruskal-Wallis test or the Wilcoxon test for quantitative
variables. Scores between patients with simple and com-
plicated appendicitis were also compared. Furthermore,
Cramer’s V was estimated to measure the strength of as-
sociation, and the AUC was evaluated to compare the di-
agnostic utility of PAS and CRP, individually and combined.
The statistical software R (version 4.3) was used.



Finally, a cost-effectiveness study was carried out, an-
alyzing the direct cost of imaging tests (abdominal ultra-
sound: 110 euros; abdominal CT scan: 317 euros), as well
as the cost per appendectomy (3,878 euros) in relation to
the number of patients diagnosed with appendicitis. The
cost-effectiveness analysis ratio (CEAR) was calculated
based on 3 possible scenarios according to the applica-
bility of the PAS. In the first, the real situation of our cen-
ter until then was analyzed; that is, the PAS scale was not
used, and clinical decision-making was based on individual
experience. The second scenario proposed a hypotheti-
cal situation with strict application of the PAS scale (PAS
scores <3 or >7 do not require a complementary imaging
test). This second scenario could increase the number of
erroneous appendectomies by overtreating patients with a
PAS >7, so a third hypothetical scenario was proposed, ac-
cording to which patients with PAS <3 were not requested
an imaging test, while those with PAS >3 were requested
one in all cases.

RESULTS

During the study period, 462 ultrasounds were per-
formed due to suspicion of appendicitis. After applying
the inclusion and exclusion criteria, 188 patients (41%)
were selected. 106 were male (56.9%), with a mean age
of 10.5 years. 125 patients (66.5%) were classified as hav-
ing non-appendicitis-related diseases (DA, Diagndstico

de otra patologia distinta a Apendicitis) and 63 patients
(33.5%) as having acute appendicitis (37 cases of sim-
ple appendicitis, 26 cases of complicated appendicitis).
There was a 95% correlation between the diagnosis of
appendicitis by imaging test and anatomopathological
examination.

The medians and interquartile ranges of the obtained
PAS score were 7 [6-8] in the appendicitis group and 4
[3-6] in the non-appendicitis-related diseases group
(p<0.001, Cramer’s V 0.52), while the CRP values were 2.2
[0.5-4.1] and 0.4 [0.1-2] respectively (p<0.001).

100% of patients with PAS <3 (41/41) did not pres-
ent appendicitis. In the intermediate-risk group, 75%
(60/80) of patients with PAS 4-6 were classified as non-
appendicitis-related diseases, while, in the high-risk
group, 64.2% (43/67) of patients presented appendicitis
(Table 1). A higher percentage of appendicitis was observed
in relation to PAS scores above 6 (Figure 1). Risk cut-off
points of 6.08 for PAS and 0.58 mg/dl for CRP were
established.

In the comparative analysis using ROC curves between
the individual PAS, individual CRP, and combined PAS+CRP
models, significant differences in AUC were found between
PAS and CRP (p=0.003), but not in the AUC value between
individual PAS and PAS+CRP (p=0.853) (Figure 2).

In the sub-analysis of risk groups based on PAS
(Table 2), 24.4% (10 out of 41) of patients with PAS <3 had
CRP values > 0.58 mg/dl, with no case of appendicitis in

TABLE 1. Relationship between PAS and clinical diagnosis (NSAP or appendicitis).

Risk according to PAS

PAS <3 (Low) 41
PAS between 4 and 6 (Intermediate) 80
PAS >7 (High) 67

NSAP: Non-Specific Abdominal Pain; PAS: Pediatric Appendicitis Score.
'Pearson’s Chi-squared test.

Total no. of pacients

NSAP Appendicitis p-value'
41 (100%) 0 (0%) < 0.001
60 (75%) 20 (25%) < 0.001
24 (35.8%) 43 (64.2%) < 0.001

% of appendicitis according to PAS score

B Apendicitis
FIGURE 1. Percentage of appendicitis according to the PAS score.
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FIGURE 2. ROC curves for the PAS scale, CRP, and PAS + CRP scale to discriminate appendicitis vs. IAD.

TABLE 2. Relationship between PAS, clinical diagnosis (NSAP or appendicitis) and CRP value.

Total no. of pacients PAS <3 (Low) PAS 4-6 (Medium) PAS > 7 (High)
NSAP Appen p-value’ NSAP Appen  p-value? NSAP Appendicitis p-value’ NSAP Appen p-value’
n=125 dicitis n=41 dicitis n=60 n=20 n=24 dicitis
n=63 n=0 n=43

CRP 75 16 31 0 36 5 8 1
<0.58 (60%) (25.4%) (75.6%) (NA%) (60%) (25%) (33.3%) (25.6%)
CRP 50 47 ' 10 0 ~0.999 I 15 0.007 . B ©-°%°
>0.58 (40%) (74.6%) (24.4%) (NA%) (40%) (75%) (66.7%) (74.4%)

NSAP: Non-specific abdominal pain; PAS: Pediatric Appendicitis Score; PCR: C reactive protein.

'Pearson’s Chi-squared test.
2Fisher s Exact test.

this group. In the intermediate-risk group, 75% (15/20) of
patients with appendicitis had a CRP > 0.58 mg/dl, com-
pared to 40% (24/60) in the non-appendicitis-related
diseases group, this association being statistically sig-
nificant (p=0.007). In the high-risk group, 74.4% (32/43)
of patients with appendicitis presented CRP values >
0.58 mg/dI, very similar to those of patients with non-
appendicitis-related diseases, where 66.7% (16/24) ex-
ceeded this value, this association not being significant
(p=0.5).

This analysis was performed taking the risk cut-off
point for CRP in the general sample. However, when an-
alyzing the optimal CRP cut-off point according to the
risk group based on PAS, a CRP value of > 0.4 mg/dl was
obtained in the intermediate-risk group and > 2.4 mg/
dl in the high-risk group. Considering these values, 90%
(18/20) of patients with appendicitis in the intermediate-
risk group presented a CRP value > 0.4 mg/dl, compared
to 48.3% (29/60) in the non-appendicitis-related diseas-
es group, this association being statistically significant
(p=0.001). Furthermore, in the high-risk group, 55.8%

(24/43) of appendicitis cases and 37.5% (9/24) of pa-
tients with non-appendicitis-related diseases presented a
CRP > 2.4 (p=0.151).

Within the group of patients with appendicitis, 58.7%
(37/63) were classified as simple. No statistically signifi-
cant differences were found between simple appendicitis
vs. complicated appendicitis in the PAS score (7[6-8] vs.
7.5[7-8], p=0.071) or in the CRP value (2.1 [0.5-3.4] vs. 2.2
[0.7-6.7], p=0.357).

Regarding the results of the cost-effectiveness study,
the strategy followed until then in our center presented a
cost-effectiveness ratio (CEAR) of 458. Strategy number 2
would imply requesting a lower number of imaging tests
(108 ultrasounds and 5 fewer CT scans, relative to the first
assumption), but with the performance of 24 extra appen-
dectomies in healthy patients (CEAR 1642). Furthermore,
Strategy 3 would imply performing 41 fewer ultrasounds
and 2 fewer CT scans compared to Strategy 1, with no in-
correctly operated patients and a better cost-effectiveness
ratio (CEAR 296). The results of the cost-effectiveness
study can be seen in Figure 3.

n



= Current situation in our hospital's paediatric
emergency department, where the PAS scale is not
used and decision-making is based on individual
experience

imaging tests

= Hypothetical situation of applying PAS strictly; that is,
PAS scores =3 or =7 do not require any complementary

MOST OPTIMAL SCENARIO

= Hypothetical situation of applying PAS according to the
results obtained in our study; that is, PAS scores =3 do
not require any complementary tests

Test Test Test
188 uirrasound 80 vunrasound 147 uitrasound
10 CT scans 5 CT scan 8 CT scan
0 Extrz appendactomies 24 Extra appendectomies 0 Extra appendectomies
Cost* Cost-effectiveness™ Cost Cost-effectiveness Cost Cost-effectiveness
28.850€ 458 103.457¢€ 1.642 18.706€ 296

Cost-effectiveness analysis of 3 models according to PAS applicability.

DISCUSSION

In emergency departments, the diagnostic priority for
a child with acute abdominal pain is to rule out acute ab-
domen, with appendicitis being a common and significant
cause of morbidity and mortality in the pediatric popula-
tion@29_Diagnosis in the pediatric population is particular-
ly challenging®4>62),

Nonspecific Abdominal Pain (NAP) is the most com-
mon diagnosis at discharge in these patients, with a low
rate of organic disease (less than 5%). However, due to
the clinical similarity between NAP and appendicitis, ad-
ditional imaging tests are frequently used, which can lead
to misdiagnoses and increased healthcare costs, as well as
unnecessary radiation exposure in some cases®¢789,

The use of validated scales such as the Pediatric Ap-
pendicitis Score (PAS), in conjunction with other labora-
tory parameters such as C-Reactive Protein (CRP), can be
valuable in clinical decision-making, minimizing iatrogene-
sis and the costs of imaging tests™m"21» Goldman®™ clas-
sified the PAS risk into three groups, considering scores <2
as very low risk and >7 as high risk. Subsequent studies
indicated that a low-risk PAS (<3 points) has an appendici-
tis risk of 2%, while a PAS >7 was associated with a risk of
78% to 96%142%,

In our sample, the stratification of appendicitis risk
according to the PAS showed interesting results. 100%
of our patients with low risk (<3 points) did not present
with appendicitis. This finding is particularly relevant in
hospitals without a 24-hour on-site radiologist, where the
clinical suspicion of appendicitis can lead to the request
for imaging tests with higher radiation, such as abdominal
CT, or prolong the stay in the emergency department. It is
essential to instruct parents about the need to reconsult
the emergency department if symptoms worsen and to ex-
plain warning signs@29,

In the intermediate-risk PAS group, the percentage of
appendicitis was 25%. An increase in the number of appen-
dicitis diagnoses was observed with PAS scores >7, with
higher percentages corresponding to higher PAS scores
(56% with PAS = 7; 70% with PAS = 8; 78% with PAS = 9;

100% with PAS = 10)™. However, the fact that 35.8%
(24/67) of high-risk patients did not present with appen-
dicitis necessitates the performance of a confirmatory ab-
dominal ultrasound in this risk group.

Previous studies have analyzed the utility of CRP as
a predictive tool in the diagnosis of acute appendicitis.
CRP is considered an acute-phase inflammatory reactant
that elevates in the first hours of the inflammatory pro-
cess (4-6 hours, peaking at 12 hours), requires a small
sample volume, and is easily accessible in the emergency
department0.252627),

In our study, when evaluating the utility of CRP as a
complementary tool to the PAS, we observed that the
combined use of PAS+CRP did not prove to be a better
predictive model for appendicitis than the isolated use of
the PAS scale in the general sample. However, the PAS+CRP
application could be especially useful for discriminating a
higher risk in the intermediate PAS group. In this group,
where diagnostic uncertainties are usually greater, signifi-
cantly higher percentages of appendicitis than DAI were
observed when comparing a CRP value > 0.537 mg/dl
(75% versus 40%). When correcting the CRP cut-off point
according to PAS risk groups, taking a CRP > 0.4 mg/dl
as risk, this difference is even more notable, with percent-
ages of 90% and 48.3% respectively between appendicitis
and DAL

The CRP value was not evaluable in the low-risk PAS
group, as there were no patients with appendicitis. It was
also less useful in the high-risk PAS group, where, de-
spite presenting a higher percentage in the appendicitis
group above the cutoff point, both in the global sample
(CRP = 0.537 mg/dl) and in the subgroup analysis of the
PAS (CRP > 2.4 mg/dl), the values approached those ob-
served in the DAI group with statistically non-significant
differences.

Based on the obtained results, a cost-effectiveness
study on the application of the PAS scale was proposed
based on 3 models. In our emergency department of a lev-
el 1 hospital, no appendicitis prediction scales were used
at the time of the study to stratify the risk of patients with
abdominal pain.



In the comparative analysis, strategy number 2 was
not found to be more beneficial than the initial strategy
(strategy 1). Although the strict application of the PAS
scale significantly reduced the number of imaging tests
requested, the high number of healthy patients with an
erroneous diagnosis of appendicitis (32% in the high-
risk group) proved not to be a viable option. However,
all patients with PAS < 3 were correctly diagnosed as
healthy, which is consistent with similar studies report-
ing appendicitis percentages of <2%?® in this group. This
suggests that strategy 3, which we call “efficient PAS,”
is very promising, as it allows for resource savings in the
low-risk group without misdiagnoses and improves the
cost-effectiveness ratio.

Limitations include its retrospective nature and the as-
signment of appendicitis or DAI cases based on ultrasound
diagnosis. However, the high correlation (95%) between ul-
trasound and anatomopathology minimizes this bias. More
prospective studies are needed to confirm our hypotheses.

CONCLUSION

The use of the PAS scale is a useful tool that allows for
better stratification of patients at risk of appendicitis. In
our sample, no patient with a PAS <3 presented with ap-
pendicitis, and only 25% of the intermediate-risk patients
did. In contrast, higher scores in the risk group were asso-
ciated with a greater risk of presenting with appendicitis.
The incorporation of CRP did not prove to be more useful
compared to the isolated use of the PAS scale in the gener-
al sample, but it did allow us to better guide intermediate-
risk patients, where a CRP cut-off point > 0.4 mg/dl was
significantly associated with a higher risk of appendicitis.
We consider that the application of the “efficient PAS” can
optimize clinical decision-making, minimizing the average
length of hospital stay for low-risk patients and significant-
ly saving healthcare resources.
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