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INTRODUCTION
Acute appendicitis is a common disease in children, and 
appendectomy is the most common emergency operation 
performed in this population.(1) The clinical diagnosis of acute 
appendicitis remains difficult owing to various confounders: 
the presentation is often atypical; the child has difficulties in 
expressing the symptoms, and the overall clinical picture is 
similar to other paediatric pathologies. Preoperative diagnosis of 
acute appendicitis in children results in a high rate of negative 
appendectomies, generally accepted to minimise the risk of 
perforations. For example, recent studies reported negative 
appendectomy rates between 3% and 11%.(2,3)

Several scoring systems have been designed as an alternative 
to or supplement in diagnosing child acute appendicitis: the 
Alvarado score;(4) Paediatric Appendicitis Score;(5) Appendicitis 
Inflammatory Response score;(6) and Children’s Appendicitis 
Score.(7) All these scoring systems aim at reducing the negative 
appendectomy rate without increasing the proportion of 
perforations, as children with uncomplicated appendicitis can 
benefit from adequate non-surgical management.

It is difficult to make an accurate diagnosis of acute appendicitis 
purely based on signs and symptoms, and thus, ultrasonography 
(US) is a valuable supplementary modality. In 1986, Puylaert was 
the first person to introduce the graded compression technique 
for the diagnosis of acute appendicitis.(8) Although US technology 
has evolved considerably over the years, the diagnosis of acute 

appendicitis through this method has undergone few changes. 
Despite widely varying in its reported accuracy, the use of US 
in children is valuable because it considerably reduces the use 
of computed tomography (CT), which involves irradiation and 
high costs. For example, in a study of 2,180 children suspected of 
having acute appendicitis, Dibble et al reported 98.7% sensitivity 
and 97.1% specificity for US examinations.(9) However, a key 
component of US is its dependency on the technical skill of 
the operator: an accurate US examination is directly correlated 
with the operator’s training and experience. US examination 
of the abdomen in suspicious appendicitis also gives excellent 
diagnostic value for differential diagnoses of acute appendicitis 
and other more frequent inflammatory diseases of the ileocecal 
region (e.g. mesenteric lymphadenitis, ovarian cyst).(10)

Shogilev et al were the first to report that although laboratory 
markers had limited diagnostic utility on their own, they were 
worthwhile when used in combination.(11) Diagnostic values of 
white blood count (WBC), neutrophil percentages and C-reactive 
protein (CRP) were proven to be helpful in other studies,(7) and the 
presence of ketone bodies in urine was also reported as important 
for clinical decision-making in patients with clinically suspected 
appendicitis.(12) Moreover, an enlarged diameter of the appendix 
is considered as an invaluable predictive factor for appendicitis.(13)

Although US investigation has been widely used in the 
diagnosis of appendicitis as a complement to existing scoring 
systems, there is currently no scoring system that incorporates 
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US findings. The aim of this study was to evaluate the US features 
of acute appendicitis in children and transpose them into a scoring 
algorithm to be used in the emergency setting.

METHODS
The study followed a retrospective cross-sectional design; it was 
carried out on routinely collected medical data in Victor Babeş 
University of Medicine and Pharmacy, Romania, and approved 
by the hospital’s ethics committee. The hospital is a teaching 
facility affiliated to the University of Medicine and Pharmacy. 
Upon admittance, the parents of all paediatric patients provided 
written informed consent for secondary use of medical data on 
the condition of prior de-identification. Furthermore, patients 
who were able to understand the aims of the study (based on 
their age, maturity and condition) were given the opportunity 
to decide if they wanted to contribute their de-identified data to 
medical research by signing an informed consent form or decline 
if they were not interested. Taking all these into consideration, 
no patient or parental supplementary consent was required for 
this secondary use of medical data.

The medical records, spanning a 12-month period between 
January and December 2017, were reviewed and all suspected 
appendicitis cases were initially included in the study, giving a 
total of 224 patients. Of these, 45 patients who did not undergo 
US examinations were excluded. Among the 179 remaining 
patients, 109 appendectomies were performed. Based on the 
histopathological outcome of the appendectomy specimens as 
the gold standard for diagnosis, the patients were categorised 
into two distinct groups: an appendicitis group (n = 101) with 
confirmed acute appendicitis and a non-appendicitis group 
(n = 78) with other pathologies (e.g. mesenteric lymphadenitis, 
ovarian cyst, Meckel diverticulitis). Fig. 1 shows the algorithm 
for patients who were included in the study.

Data collected for each patient included age, gender, 
geographical area of residence (either rural or urban), general 
symptoms (e.g. duration, characteristics, localisation and 
migration of pain; pain aggravation by moving, coughing or 
walking; anorexia; nausea; vomiting; fever), results of physical 
examination (e.g. localised tenderness, rebound tenderness, pain 
on percussion/coughing, generalised guarding, bowel sound 
characteristics), laboratory test results (e.g. WBC counts, CRP 
level and presence of urinary ketone bodies presence), surgical 
procedure and complications, antibiotic use, US findings, 
Alvarado score and histopathological outcome.

US examinations were performed by the radiologist on 
call using a LOGIQ-e (GE Healthcare, Wauwatosa, WI, USA) 
US machine with a 4–7 MHz convex transducer, followed 
by investigation of the lower right abdomen with the gradual 
compression technique using a 12-MHz linear transducer. The 
following clinical findings were obtained from the patients’ 
medical records: appendix diameter; degree of compressibility; 
visualised appendicoliths; oedema/hyperaemia; vascularisation; 
inflammation of the adjacent fat; free liquid in the pouch of 
Douglas; and mesenteric lymphadenopathy.

Continuous variables were presented as mean and standard 

deviation or median and interquartile range based on their 
distribution (i.e. either normal or otherwise, respectively). 
Categorical data was described as frequency counts, and their 
respective percentages were calculated from the total. Descriptive 
and inferential statistical analysis was performed to summarise 
the characteristics of the study population. Chi-square or Fisher’s 
exact test was used to evaluate the significance of differences 
in the proportions of clinical and US findings. Student’s t-test 
and Mann-Whitney U test were used for comparing continuous 
variables based on their distribution. The receiver operating 
characteristic (ROC) curve was used to illustrate diagnostic ability, 
and the thresholds to discriminate between the two groups were 
determined using the Youden index. DeLong test(14) was used 
to compare the areas under the ROC curves (e.g. the Alvarado 
score and our proposed scoring). Stepwise logistic regression and 
the Akaike information criterion were used in the analysis of the 
contributing/predictive factors in diagnostic decision-making and 
appendicitis scoring scheme. A p-value < 0.05 was considered 
statistically significant. Data analysis was performed using IBM 
SPSS Statistics version 25.0 (IBM Corp, Armonk, NY, USA).

RESULTS
A total of 179 patients were included in the study. The patients 
were aged 2–17 (mean 10.32 ± 3.69) years, with 107 (59.8%) 
male patients. Their demographics, clinical characteristics 
and laboratory results are presented in Table I. There were no 
statistically significant differences between the appendicitis and 
non-appendicitis groups in the distribution of age (p = 0.785) and 
gender (p = 0.265). The duration of hospitalisation was 8.7 ± 3.0 
days and 3.8 ± 1.8 days for the appendicitis and non-appendicitis 
groups, respectively (p < 0.001).

Of the 109 appendectomies performed, the laparoscopic 
surgery technique was used in 26  (23.9%) interventions and 
the classical approach in 75 (68.8%) interventions. Antibiogram 
was positive in 34 (31.2%) of the surgical cases, and Escherichia 
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Fig. 1 Chart shows the algorithm of the patients included in the study.
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coli was the most frequent pathogen (68.7%). The rate of post-
surgical complications was 0.02%. Based on the histopathological 
outcome of appendectomy specimens, the false-positive 
appendectomy rate was 7.3% (n = 8). CT was performed in three 
cases with equivocal results.

Table II presents the US findings in the study sample. In 
the appendicitis group (n = 101), the appendix was visualised 
in 66  (65.3%) appendectomies. In cases where the appendix 
was not visualised, at least one secondary sign was present 
in 32  (31.7%) cases. Completely visualised appendices with 
secondary signs were present in 52 (51.5%) cases. The secondary 
signs were hyperaemia, echogenic fat, appendicoliths, and 
free fluid or collection. The appendix visualisation rate in 
the non-appendicitis group (n = 78) was 15.4% (n = 12), and 
secondary signs were present in 6.4% (n = 5) cases. Based 
on the histopathological results, the ROC curve was used to 
evaluate the discriminative power of US examination, with an 
area under the curve (AUC) of 0.807 (95% confidence interval 
[CI] 0.642–0.972).

Based on the ROC analysis of laboratory results with 
continuous values and the appendix diameter measured in the 
US examination, the first step was to determine the thresholds 
to differentiate between patients with and without appendicitis. 
The results are presented in Fig.  2. Continuous variables 
were converted into categorical predictors, with the most 
discriminatory cut-off values as follows: 12.50 × 109/L for WBC, 
15 mg/dL for CRP and 7 mm for appendix diameter. The second 
step was to perform a logistic regression analysis on the US signs 
to determine the predictors of acute appendicitis. Blumberg’s sign, 
free fluid or collection in the pouch of Douglas, hyperaemia, non-
compressible appendix and diameter > 7 mm were found to be 
significant US predictive factors in paediatric acute appendicitis. 

They were included in our US coefficient. An inflammatory 
coefficient was designed to capture the predictive capability 
of WBC, neutrophilia, CRP and ketone bodies. A  mesenteric 
coefficient was included in the scoring system, based on the 
consideration that mesenteric lymphatic alterations can rule 
out acute appendicitis. A risk score (POPs) with the following 
formula was proposed:

POPs = �inflammatory coefficient ×× US coefficient × 
	        × mesenteric coefficient

Table I. Demographics, clinical characteristics and laboratory results of patients in the appendicitis and non‑appendicitis groups.

Characteristic No. (%) p‑value

Appendicitis
(n  =  101)

Non‑appendicitis
(n = 78)

Age* (yr) 10.39 ± 3.81 10.24 ± 3.56 0.785

Male gender 64 (63.4) 43 (55.1) 0.265

Reside in urban area 51 (50.5) 41 (52.6) 0.748

Duration of hospitalisation* (day) 8.72 ± 3.06 3.82 ± 1.82 < 0.001

RLQ tenderness 97 (96.0) 33 (42.3) < 0.001

Blumberg’s sign 66 (65.3) 11 (14.1) < 0.001

Migration of pain to RLQ 98 (97.9) 50 (64.1) < 0.001

Elevated temperature > 37.3°C 40 (39.6) 7 (9.0) 0.039

Urinal ketone bodies 51 (50.5) 15 (19.2) < 0.001

Nausea and vomiting 80 (79.2) 52 (66.7) 0.059

Leucocytes* (× 109/L) 17.69 ± 5.99 10.22 ± 3.80 < 0.001

Leucocytosis (> 10,000 mm3) 93 (92.1) 32 (41.0) < 0.001

Neutrophilia (> 70%) 93 (92.1) 22 (28.2) < 0.001

C‑reactive protein* (mg/dL) 61.17 ± 74.8 12.11 ± 25.8 < 0.001

Alvarado score† 8 (6–9) 3 (2–5) < 0.001

Data presented as *mean ± standard deviation or †median (interquartile range). p < 0.05 is statistically significant. RLQ: right lower quadrant

Table II. Ultrasonographic findings in the appendicitis and 
non‑appendicitis groups.

Elements No. (%) p‑value

Appendicitis
(n = 101)

Non‑appendicitis
(n = 78)

Appendix 
diameter* (mm)

0.91 ± 0.24 0.62 ± 0.17 0.006

Appendix diameter 
> 7 mm

63 (62.3) 2 (2.6) < 0.001

Non‑compressible 
appendix

40 (39.6) 1 (1.3) < 0.001

Hyper‑/
hypovascularisation

7 (6.9) 0 < 0.001

Adjacent fat 
inflammation

40 (39.6) 2 (2.6) < 0.001

Appendicolith 3 (3.0) 0 < 0.001

Hyperaemia 55 (54.4) 1 (1.3) < 0.001

Free fluid or 
collection

50 (49.5) 2 (2.6) < 0.001

Mesenteric 
lymphadenopathy

0 34 (43.6) < 0.001

*Data presented as mean ± standard deviation. p < 0.01 denotes statistical 
significance.
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Table III summarises the elements of the POPs scoring system. 
Every element of the first two coefficients is worth 1 point, if 
present. The inflammatory coefficient totals up to 4 points and 
the US coefficient up to 5 points. The mesenteric coefficient 
is worth 1 point if lymphadenopathy is absent. The final score 
ranges from 0 to 20 points, and is obtained by multiplying the 
coefficients. The ROC for the proposed POPs is shown in Fig. 2d, 
with an AUC of 0.958 (95% CI 0.929–0.986).

The elements of the inflammatory and US coefficients add 
up to a maximum of 4 and 5 points, respectively. The final POPs 
score is the product of the three components, resulting in a 
possible range from 0 to 20 points. Mesenteric lymphadenopathy 
is decisive for a non-zero POPs score.

Two workable threshold values were identified, aimed at 
further risk stratification into three diagnostic zones for POPs: 
low-risk < 2.5 points; intermediate risk 2.5–7 points; and high-
risk > 7 points. As observed in the study sample, the estimated 
safe low-risk interval had a 100% negative predictive value and 
the high-risk zone had a 100% positive predictive value for 
diagnosing child acute appendicitis (Fig. 3).

Fig.  2d shows that the AUC for the POPs scoring system 
was greater than that for the Alvarado score (0.958 [95% CI 
0.929–0.986] vs. 0.907 [95% CI 0.863–0.950]), although the 
difference was not statistically significant (p = 0.185). However, 

it is worth mentioning that if a similar risk stratification strategy 
was applied for the Alvarado score, it would falsely diagnose 
10 (5.6%) cases with appendicitis (i.e. false positives) and miss 
5 (2.8%) cases (i.e. false negatives).

DISCUSSION
Diagnosis of acute appendicitis in children is difficult owing 
to many factors, and the removal of a healthy appendix is 
associated with a greater risk of abdominal adhesions as 
compared to acute appendicitis.(15) This is a hazard to be 
considered in contrast with an increasing rate of appendiceal 
perforation in delayed surgical interventions. Moreover, surgery 
should not be delayed in paediatric patients with a high 
suspicion of appendicitis owing to the high risk of perforation 
and further secondary complications.

Regardless of the surgical technique (laparotomy or 
laparoscopic approach), the scars acquired in childhood 
should also be considered when assessing the advantages and 
disadvantages of surgical intervention. These factors have been 
proven to have an impact in adulthood, as physical aesthetics 
might be important in the formation of personality.(16)

Disease prevalence in a patient population directly affects the 
positive predictive values of a diagnostic test, with low prevalence 
values leading to dramatic increases in false positives. In addition, 
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when the prevalence is low, infrequent cases of appendicitis may 
lead the radiologists to lose their diagnostic skills over time, thus 
worsening the performance of the US examination itself, despite US 
being widely accepted as a worthwhile diagnostic instrument.(17,18) 
The visualisation rate of the appendix in our study was 43.6% (66 
and 12 patients in the appendicitis and non-appendicitis groups, 
respectively), which was similar to the rate reported by Mittal et 
al,(19) who found a lower rate of appendix visualisation in hospitals 
where US investigation is less often conducted (25%) as compared 
to hospitals where US is routinely employed in the diagnosis of 
appendicitis (56%). Trout et al also emphasised the high false 
negative and false positive rates in US examinations.(20) To improve 
diagnostic performance, the involvement of experienced personnel 
and/or additional training would be required.

US findings have been used to enhance the diagnosis methods 
of acute appendicitis in many studies, although a quantitative 
scoring system for suspected appendicitis in children is not yet 
available. Larson et al, in a study that evaluated the diagnostic 

accuracy of US of the paediatric appendix among 1,357 
examinations, reported a 96.8% accuracy of a five-category 
interpretive scheme.(21) Although we did not classify US into 
categories in our study, we found a discriminative power of US 
by AUC (0.807 [95% CI 0.642–0.972]).

To the best of our knowledge, this is the first study to combine 
US and inflammatory results into a risk scoring system aimed 
at improving the diagnostic accuracy in emergency paediatric 
cases. In this study, only three cases had an appendicolith in the 
appendix; this factor was not found as a significant predictor for the 
diagnosis of appendicitis. However, in such a situation, calculating 
a score would obviously be redundant. On the other hand, larger 
samples might lead to further adjustments in the POPs formula.

We combined inflammatory markers and US findings 
with the aim of reducing the rate of false appendectomies in 
emergency cases. The proposed risk score proved to have better 
discriminatory capabilities than the existing Alvarado score. 
In a study of 1,235  patients, Fallon et al stratified the risk of 
appendicitis by US findings and found that US decreased the 
negative predictive value of appendicitis.(22) In our study, the 
US findings incorporated in POPs proved to be superior to the 
Alvarado score when stratification strategy was applied. Fig. 4 
presents the scoring scheme that we proposed for paediatric 
acute appendicitis. When the initial US examination is equivocal, 
we suggest a clinical reassessment, followed by another US 
re-examination and surgical consultation.

A quantitative scoring for suspected appendicitis is only 
the first step towards improving the predictive values in the 
decision for surgical intervention and compliance with the 
GRADE recommendations for diagnostic tests and strategies.(23) 
The present study brought evidence of ameliorated accuracy in 
diagnosis and put forward the POPs-based scoring scheme for 
further investigation and testing in prospective studies.

This study was not without limitations. First, the different 
experience levels of the medical personnel conducting the 
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Fig. 3 Graph shows the negative and positive predictive value of the POPs scoring system.

Table III. Elements of the POPs scoring system.

POPs element Point

Inflammatory coefficient

Leucocytes > 12.50 × 109/L 1

Neutrophilia 1

CRP > 15 mg/dL 1

Ketone bodies 1

Ultrasound coefficient

Blumberg’s sign 1

Free fluid or collection 1

Hyperaemia 1

Non‑compressible appendix 1

Appendix diameter > 7 mm 1

Mesenteric lymphadenopathy
Present/absent 0/1
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US examination may have led to wide margins for the rate of 
false negatives or false positives in the reported examinations. 
As our hospital does not have a standardised US protocol for 
appendicitis, the number of admitted patients who actually 
underwent US examination and could be included in this 
retrospective study was limited. Also, we used the same dataset 
for creating and validating the score performance. According to 
the TRIPOD statement, this model falls into Type 1a.(24) Another 
limitation is our approach of using only two thresholds for the 
two-way ROC instead of a three-way ROC. However, we believe 
this proposed practical solution to be workable and effective in 
real practice.

In conclusion, this study proposed a newly developed 
scoring scheme that integrates inflammatory predictors and US 
findings into a comprehensive score, allowing for effective risk 
stratification in paediatric cases of acute appendicitis, with a 
range of 0–20 risk points. US examination is minimally invasive 
and is thus a strongly recommended imaging procedure for 
paediatric investigations. This is on condition of an acceptable 
diagnostic accuracy, which makes the POPs-based scoring 
scheme a promising alternative to existing scores. Although further 
calibration would certainly be beneficial, the proposed scoring 
scheme is simple and easy to understand, remember and apply 
in the emergency room.
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