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KEY MESSAGES

e For GPs, recognising appendicitis in children with acute abdominal pain is challenging and clinical predic-
tion rules are unavailable.

e We developed and validated a clinical prediction rule to stratify these children’s risk of acute appendicitis.
For the three risk groups, we suggest parental observation, further assessment and direct referral.

ABSTRACT ARTICLE HISTORY
Background: Recognising acute appendicitis in children presenting with acute abdominal pain Received 3 November 2022
in primary care is challenging. General practitioners (GPs) may benefit from a clinical prediction Revised 18 June 2023
rule. Accepted 27 June 2023
Objectives: To develop and validate a clinical prediction rule for acute appendicitis in children
presenting with acute abdominal pain in primary care. Appendicitis; abdominal
Methods: In a historical cohort study data was retrieved from GP electronic health records pain; clinical prediction rule;
included in the Integrated Primary Care Information database. We assigned children aged 4- child; primary health care
18years presenting with acute abdominal pain (< 7 days) to development (2010-2012) and val-

idation (2013-2016) cohorts, using acute appendicitis within six weeks as the outcome. Multiple

logistic regression was used to develop a prediction model based on predictors with > 50%

data availability derived from existing rules for secondary care. We performed internal and exter-

nal temporal validation and derived a point score to stratify risk of appendicitis into three

groups, i.e. low-risk, medium-risk and high-risk.

Results: The development and validation cohorts included 2,041 and 3,650 children, of whom

95 (4.6%) and 195 (5.3%) had acute appendicitis. The model included male sex, pain duration

(<24, 24-48, > 48h), nausea/vomiting, elevated temperature (> 37.3°C), abnormal bowel

sounds, right lower quadrant tenderness, and peritoneal irritation. Internal and temporal valid-

ation showed good discrimination (C-statistics: 0.93 and 0.90, respectively) and excellent calibra-

tion. In the three groups, the risks of acute appendicitis were 0.5%, 7.5%, and 41%,

Conclusion: Combined with further testing in the medium-risk group, the prediction rule could

improve clinical decision making and outcomes.

KEYWORDS

Introduction children with less harmful conditions, such as gastro-

Acute appendicitis in children has a population inci- enteritis or constipation. This balance is especially

dence of approximately 0.12% per year, with 20%-
74% of cases developing potentially life-threatening  tures of appendicitis have low predictive value [2-4].

complications [1]. The general practitioner (GP) must Although guidelines exist to help with decisions
not only recognise cases and refer them to secondary  about referral [2, 3], these specify about 20-40 clinical
care promptly but also avoid unnecessary referrals for ~ features related to acute appendicitis and a myriad of

challenging for the GP because individual clinical fea-
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other abdominal diseases to be considered. Moreover,
we have reported that GPs record only a few clinical
features after assessing children with acute abdominal
pain and that these vary widely [4]. GPs instead use
heuristic decision-making [5], relying on their clinical
judgement rather than formal algorithms or complete
investigations of all features. However, prediction rules
can support clinical assessment by using optimally
weighed predictive variables for risk stratification [6].
Although several clinical prediction rules have been
developed and validated for diagnosing appendicitis
in children in secondary care, discrimination and cali-
bration in primary care may differ. This is caused by
selective referral of patients to secondary care with
more severe disease and a higher probability of dis-
ease [7-9]. In this study, we first develop and validate
a clinical prediction rule for children with acute
abdominal pain in primary care, using registration
data [10, 11]. Second, we classify risk groups based on
preset diagnostic accuracy criteria and report the
observed probabilities of acute appendicitis for each

group.

Methods
Study design

We performed a historical cohort study of children
presenting with acute abdominal pain to primary care
in the Netherlands between November 2010 and
November 2016 [4]. The cohort was split into develop-
ment and validation cohorts based on data obtained
before and after November 2013, respectively.
Reporting follows the TRIPOD statement [12].

Data source

We used medical records from the longitudinal
International Primary Care Information (IPCl) database
managed by Erasmus Medical Centre, Rotterdam,
which contains complete pseudonymised data for 1.5
million patients from approximately 600 Dutch GP
practices [13]. All Dutch residents must enlist with a
GP, who must code (or record as free text) all clinical
data in electronic patient records. Medical specialists
must also report all patient contacts to GPs, irrespect-
ive of the referral source. The IPCl database contains
data from six GP software platforms, and for this
study, we used the three platforms with the most
complete specialist reports, accounting for 32.9% of
the total (368 practices). The database complies with
European Union guidelines on using medical data for
research.

Study population

GP consultation records for children aged 4-18years
with ‘abdominal pain’ noted in the free text and an
International Classification of Primary Care (ICPC) code
for the gastrointestinal tract (D.xx) were identified
automatically. Index consultations were those for chil-
dren who presented to their GP for the first time with
acute abdominal pain (< 7days) during the study
period, excluding cases with a history of prior appen-
dicitis or appendectomy.

Outcome

Presence of appendicitis was based on imaging, intra-
operative findings and/or histopathology as reported
by the secondary care specialist. Absence of appendi-
citis was either based on the GP’s medical records
within six weeks from the index consultation or on
the specialist reports, if available. Four medical stu-
dents extracted outcome data from free text.

Candidate predictors

Thirteen candidate predictors were derived from exist-
ing prediction rules: male sex, right lower quadrant
(RLQ) pain, RLQ pain migration, pain intensity, pain
duration, increasing pain, nausea and/or vomiting,
anorexia, RLQ tenderness, peritoneal irritation
(rebound tenderness, guarding, abdominal wall rigid-
ity, and/or pain at jarring movements), abnormal
bowel sounds (absent, tinkling or high-pitched), ele-
vated temperature (> 37.3°C by recall or measure),
and difficulty walking [11]. All predictors were binary,
except pain duration (< 24, 24-48h, > 48h). Using
standardised criteria, the coders extracted the candi-
date predictors from the free text, as assessed during
the index consultation [4, 14]. Demographic data was
retrieved automatically from the patients’ records.
Candidate predictors were only included in the model
when recorded in > 50% of consultations, whether
positive or negative [6].

Missing data

We considered items missing at random (MAR) if the
observed values of other predictors or outcomes could
predict missingness [15]. For data presumed MAR or
missing completely at random, we used multiple
imputation to replace missing values. Based on all
known predictors, demographic data, referral data,
and outcomes, 20 datasets were constructed with the
missing data imputed. Acute appendicitis and



perforation of the appendix were included as predict-
ive variables in the multiple imputation. We used pre-
dictive mean matching for imputation because the
incomplete variables were not normally distributed. As
a sensitivity analysis, we performed a complete case
analysis in the development cohort [15].

Statistical analysis

Model development and validation. In the develop-
ment cohort, we fitted a logistic regression model
with acute appendicitis as the dependent variable and
all candidate predictors as independent variables.
Backward selection was used to identify predictors
meeting the Akaike information criterion (p <0.157) in
over 50% of the 20 imputed datasets. For internal val-
idation, we performed bootstrapping with 250 itera-
tions to obtain an overfitting-adjusted concordance
index (C-statistic) and calculate a shrinkage factor for
uniform application to the beta coefficients to obtain
an adjusted slope. Final model calibration was
achieved by adjusting the intercept [16]. Model per-
formance was assessed by using the C-statistic pooled
across imputed data sets for the discrimination and
calibration curves constructed separately for each
imputed set.

External temporal validation of the final model
involved using data from the validation cohort to cal-
culate the C-statistic and calibration curves. The model
was accepted without updating if the results were
satisfactory.

Subgroup analysis by age. Because the differential
diagnosis of acute abdominal pain differs between
pre- and post-pubertal children [11], we conducted
two posthoc analyses in the development cohort.
First, by adding age group to the other candidate pre-
dictors, we assessed whether age group (4-10 and
11-18years) independently predicted acute appendi-
citis. Second, we assessed the interaction between the
linear predictor of the final model and age group. To
preserve any potential interaction with age, missing
predictor variables were imputed separately for each
age group [17].

Score development. We constructed a clinical practice
score based on the final model as the sum of points
for all predictors. This involved assigning points to
each predictor equal to its beta coefficient divided by
the absolute lowest beta coefficient and rounded this
to the nearest integer [18]. We plotted the predicted
probability of acute appendicitis for each point score.
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Performance. Model performance was further assessed
in the validation cohort by calculating sensitivity,
specificity, positive predictive value, and negative
predictive value with binomial proportion 95% confi-
dence intervals (95%Cls) at all possible cut-off values.
We report observed numbers of children with and
without acute appendicitis at different cut-off values
in the validation cohort. Parameter estimates were
pooled using Rubin’s rules, which were also used to
obtain 95%Cls [19].

Additionally, we constructed a percentile curve
showing the proportion of children below each point
score in the validation cohort. Benchmarking was
done by calculating the test characteristics and the
probability of appendicitis based on the GP’s decision
to refer during the index consultation in the validation
cohort. Finally, we built an online calculator for esti-
mating the theoretical probability of acute appendi-
citis [18].

Risk groups. Aiming for arbitrarily defined sensitivity
of 95% and specificity of 95%, we defined two cut-offs
for the score. The lower cut-off corresponded with
95% model sensitivity and the upper cut-off with 95%
model specificity. The two cut-offs were used to assign
children to the low-risk, medium-risk or high risks
groups. Referral rates by the GP within the risk groups
were assessed. Analyses were performed in IBM SPSS
version 26.0 (IBM Corp, Armonk, NY, USA) and R ver-
sion 4.0.4.

Results
Participants

During the study period, 15,607 children presented to
their GP and 5,691 met the inclusion criteria. Of these,
we included 2,041 in the development cohort (referred:
84 of 96 with acute appendicitis and 196 without appen-
dicitis) and 3,650 in the validation cohort (referred: 152
of 195 with acute appendicitis and 366 without appendi-
citis). Table 1 shows the broadly comparable characteris-
tics between the cohorts.

Included candidate predictors

Table 1 shows that seven candidate predictors met the
criterium of > 50% available values. These were used for
analysis: male sex, pain duration, nausea/vomiting, ele-
vated temperature, abnormal bowel sounds, RLQ tender-
ness, and peritoneal irritation.
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Table 1. Availability and values of predictors and outcomes in the development and validation cohorts.

Development cohort

Validation cohort

Number Available (%)

Number positive (%)

Number Available (%) Number positive (%)

Demographic characteristics

Age, median (Q1, Q3) (years) 2041 (100)
Male, n (%) 2041 (100)
Symptoms
Pain duration
<24 hrs, n (%) 1492 (73)
24-48 hrs, n (%) 1492 (73)
>48hrs, n (%) 1492 (73)
Pain severity, n (%) 233 (11)
Mild-to-moderate, n (%)
Severe, n (%)
Migration of pain, n (%) 65 (3)
Increased pain, n (%) 198 (10)
Pain RLQ, n (%) 546 (27)
Anorexia, n (%) 515 (25)
Nausea/Vomiting, n (%) 1176 (58)
Signs
Abnormal Bowel Sounds, n (%) 1160 (57)
Peritoneal Irritation, n (%) 1436 (70)
Elevated temperature (> 37.3°C), n (%) 1140 (56)
Tenderness RLQ, n (%) 1115 (55)
Difficulty walking, n (%) 132 (6)
Appendicitis, n (%) 2041 (100)

10 (7, 14) 3650 (100) 10 (7, 14)
951 (47) 3650 (100) 1667 (46)
476 (32) 2813 (77) 985 (35)
182 (12) 2813 (77) 290 (10)
834 (56) 2813 (77) 1538 (55)
36 (15) 681 (19) 197 (29)
197 (85) 681 (19) 484 (71)
58 (89) 126 (3) 117 (93)
150 (76) 459 (13) 370 (81)
320 (59) 1103 (30) 664 (60)
298 (58) 1001 (27) 591 (59)
799 (68) 2245 (62) 1525 (68)
154 (13) 2289 (63) 306 (13)
294 (21) 2695 (74) 993 (21)
370 (33) 2319 (64) 781 (34)
560 (50) 2037 (56) 993 (49)
73 (55) 283 (8) 174 (61)
96 (5) 3650 (100) 195 (5)

Number available = number of children with the characteristic recorded. Number positive = number of children with the characteristic (with percentage

relative to Number available). Median age is reported.

Abbreviations: Q1, first quartile; Q3, third quartile; RLQ, right lower quadrant.

Only predictors with >50% data availability were considered as candidate predictors for the model.

Missing data

The missing data analysis in Supplementary Table S1
shows that children with peritoneal irritation (odds
ratio, 0.62; 95%Cl, 0.45-0.84) and acute appendicitis
(odds ratio, 0.57; 95%(Cl, 0.34-0.96) were less likely to
have missing values of the other predictors. Thus, we
assumed the data were at least partially MAR.

Development of the prediction model

All seven candidate predictors were independently
associated with an increased risk of acute appendi-
citis and were included in the initial model (Table 2),
which had an excellent discriminatory power (pooled
C-statistic, 0.93; 95%Cl, 0.92-0.95). The complete case
sensitivity analysis produced a C-statistic of 0.96
(95%Cl, 0.92-1.0; Supplementary Table S2) and the
calibration curves showed good calibration for all 20
datasets and complete case analysis (Supplementary
Figure S1).

Subgroup analysis by age

In the development cohort, backward selection led to
age group (4-10 versus 11-18years old) being dese-
lected in all imputed datasets. No interaction effect
existed between the linear predictor and age group
(p for interaction: 0.15).

Internal and external validation

Table 2 shows the final model after adjusting the initial
beta coefficients with a shrinkage factor of 0.95. The C-
statistic was 0.93 (95%CI, 0.92-0.95) and the calibration
curves showed good calibration. In the external temporal
validation, the C-statistic decreased to 0.90 (95%Cl, 0.89-
0.92) (Supplementary Figure S2) and the calibration
curves again showed good calibration (Figure 1).
Therefore, the final model did not require updating and
was used to build the online calculator available at
https://jscalc.io/calc/YKeGYmYoeBSgK7FC for demonstra-
tion purposes.

Performance

Point scores ranged from 0 to 18, corresponding with
model-based predicted probabilities of acute appendi-
citis from 0.05% to 85% (Figure 2). In the validation
cohort, 29.3% of children referred and 1.4% of children
not referred had appendicitis. Agreement between the
classifications based on the point score and the GP’s
decision to refer was maximal at a cut-off value >11
points (Table 3), with 24.8% above and 1.5% below
this cut-off having appendicitis.

Risk groups

Using two cut-offs corresponding to a 95% sensitivity
and 95% specificity, we categorised the point scores
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Table 2. Adjusted model after internal validation, with point

scores for the prediction rule.

Adjusted Beta Point

Predictor coefficient score
Demographic characteristics

Male sex 1.27 2
Symptoms

Nausea vomiting 117 2

Pain duration (<24 hrs) 0.82 1

Pain duration (24-48 hrs) 1.19 2
Signs

Elevated temperature (> 37.3°C) 0.88 1

Abnormal bowel sounds 0.61 1

RLQ tenderness 2.76 5

Peritoneal irritation (abdominal rigidity, 2.27 4

guarding, rebound tenderness and/or
pain at jarring motions)
Intercept —8.96

The development cohort was used to develop and adjust the model.
Beta coefficients of predictors were adjusted by bootstrapping (shrinkage
factor: 0.95), and the intercept was adjusted using an offset procedure.
Points were assigned by dividing al Beta coefficients by the smallest Beta
coefficient and rounding to the nearest integer. The total score is defined
as the sum of the points assigned to each feature. Abbreviations: RLQ,
right lower quadrant.

Calibration curve (dataset #10)
1.0 T

0.8 T

0.6 T

0.4+ S

p(appendicitis) observed

0.0 t } t } t } t | —
0.0 0.2 0.3 0.5 0.6
p(appendicitis) predicted

Figure 1. Calibration plot showing the agreement between
expected and observed probabilities in the development
cohort (dotted line) and the validation cohort (solid line). the
best model’s results would align closely with the diagonal line
X=Y, were the observed numbers are equal to the predicted
numbers. The data are based on predictions by the final
model applied in the development and validation cohorts in
two randomly chosen imputed datasets (#10 of each cohort).

and defined low risk as < 7, medium risk as 8-13, and
high risk as >14 with observed probabilities of appen-
dicitis of 0.5% (95%Cl, 0.2-0.9), 7.5% (95%Cl, 6.2-9.0),
and 41.0% (95%Cl, 34.0-48.3), respectively. Of the
3,650 children in the validation cohort, 2,053 (56%)
had low risk, 1,402 (38%) had medium risk, and 195
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Figure 2. Predicted probability of acute appendicitis by point
score the predicted probability of acute appendicitis in the
low-risk (green), medium-risk (orange) and high-risk (red)
groups, based on the final model, is juxtaposed against the
point score. For example, in a boy (2 points) with fever (1
point), vomiting (2 points), pain duration between 24 and 48 h
(2 points), absent bowel sounds (1 point), and peritoneal irrita-
tion (4 points), but without right lower quadrant tenderness,
the point score is 11. As the graph shows, this corresponds to
a predicted probability of acute appendicitis of 0.12.

(5%) had high risk (Supplementary Figure S3); and, of
the 195 children with acute appendicitis, 10 (5%, as
pre-defined) had low risk, 105 (54%) had medium risk,
and 80 (41%) had high risk. In the low, medium and
high-risk groups, 2.9% (95% Cl: 23% — 3.5%), 27.1%
(24.9% — 29.4%) and 71.5% (65.9% — 77.2%) of chil-
dren were referred by the GP during the index con-
sultation, respectively.

Discussion
Main findings

Our clinical prediction rule uses seven easily assessed
predictors of appendicitis in children with acute
abdominal pain: male sex, pain duration, nausea/vo-
miting, elevated temperature, abnormal bowel sounds,
RLQ tenderness, and peritoneal irritation. The rule can
stratify children presenting with acute abdominal pain
in primary care into three risk groups. Among the
children, 56% were classified as low risk, 38% as
medium risk, and 5% as high risk, with corresponding
probabilities of appendicitis estimated at 0.5%, 7.5%,
and 41.0%, respectively. Calibration and discrimination
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Table 3. Diagnostic performance and observed diagnoses at each point score cut-off in the validation cohort.

Diagnostic Performance

Observed numbers

> Point score cut-off < Point score cut-off

No No
Appendicitis  appendicitis  appendicitis  Appendicitis
Point Score Sensitivity Specificity PPV NPV (TP) (FP) (TN) (FN)
Low risk
1 1.00 (1.00-1.00)  0.04 (0.04-0.05)  0.06 (0.05-0.06)  1.00 (1.00-1.00) 195 3307 148 0
2 1.00 (1.00-1.00)  0.09 (0.08-0.10)  0.06 (0.05-0.06) 1.00 (1.00-1.00) 195 3154 301 0
3 0.99 (0.98-1.00)  0.21 (0.19-0.22)  0.07 (0.06-0.07)  1.00 (1.00-1.00) 194 2739 716 1
4 0.98 (0.96-0.99)  0.32 (0.31-0.34)  0.08 (0.07-0.08) 1.00 (0.99-1.00) 191 2338 117 4
5 0.97 (0.96-0.99)  0.42 (0.41-0.44)  0.09 (0.08-0.10)  1.00 (0.99-1.00) 190 1988 1467 5
6 0.96 (0.94-0.98)  0.52 (0.51-0.54)  0.10 (0.09-0.11) 1.00 (0.99-1.00) 188 1647 1808 7
7 0.95 (0.93-0.97)  0.59 (0.58-0.61)  0.12 (0.10-0.13)  1.00 (0.99-1.00) 185 1412 2043 10
Medium risk
8 0.93 (0.91-0.96)  0.68 (0.66-0.69)  0.14 (0.12-0.16)  0.99 (0.99-1.00) 182 1120 2335 13
9 0.89 (0.85-0.92)  0.76 (0.74-0.77)  0.17 (0.15-0.19)  0.99 (0.99-0.99) 173 847 2609 22
10 0.84 (0.79-0.88)  0.82 (0.81-0.83)  0.21 (0.18-0.23)  0.99 (0.99-0.99) 163 621 2833 32
1" 0.77 (0.72-0.81)  0.87 (0.86-0.88)  0.25 (0.22-0.28)  0.99 (0.98-0.99) 150 456 2998 46
12 0.70 (0.65-0.75) ~ 0.91 (0.90-0.91)  0.30 (0.26-0.33)  0.98 (0.98-0.99) 136 326 3129 59
13 0.63 (0.57-0.68)  0.94 (0.93-0.95)  0.37 (0.32-0.41)  0.98 (0.97-0.98) 122 213 3243 73
High risk
14 0.41 (0.35-0.47)  0.97 (0.96-0.97)  0.41 (0.35-0.47)  0.97 (0.96-0.97) 80 115 3340 115
15 0.26 (0.21-0.31)  0.99 (0.98-0.99)  0.55 (0.46-0.64)  0.96 (0.95-0.96) 50 42 3413 145
16 0.10 (0.06-0.13) 1.00 (1.00-1.00)  0.67 (0.52-0.83)  0.95 (0.95-0.96) 19 9 3446 176
GP 0.76 (0.70-0.82)  0.90 (0.89-0.91)  0.29 (0.26-0.34)  0.99 (0.98-0.99) 149 357 3098 46

Data show the diagnostic performance of the model and observed numbers for each point score, with the GP’s decision to refer during index consulta-
tions in the validation cohort (3650 children: 195 with acute appendicitis). The numbers for the estimates were averaged over 20 imputed datasets and
rounded to the nearest integer. Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PPV, positive predictive value; TN,

true negative; TP, true positive.

of the model was good, with a C-statistic of 0.90 at
external validation.

Strengths and limitations

This study benefitted from a large cohort with an
adequate number of patients with acute appendicitis
(96 of 2041 in the development cohort and 195 of
3,650 in the validation cohort), allowing for over 10
events per variable [8]. In fact, the number of events
exceeded the minimum of 100 and approached the
more ideal 200 recommended for external validation
in simulation studies [20]. Although new methods
have become available since designing the study and
collecting the data [21], we decided against applying
elaborate posthoc sample size calculations. The suc-
cessful temporal external validation, with good calibra-
tion and discrimination, represents a strength of this
study, although the validation was narrowed by using
a similar cohort, limiting generalisability. External valid-
ation in different datasets, such as prospective studies
or studies conducted in other countries, could yield
less favourable results and future studies are required
to achieve broad validation and generalisability [6].
Using routine healthcare data resulted in many
unavailable data on predictors, with only 7 of the 13
candidate predictors being sufficiently available [6].
Predictors were selected as candidate predictors only
when > 50% of their values were available, based on

judgement as strict criteria are lacking [6]. However,
we assume each GP will record the most important
predictors to their decision [4]. Information bias and
problems in selecting a representative cohort may also
limit research using registration data [22]. To reduce
these biases, we used a combination of free text, diag-
nostic codes, and structured extraction forms.
Additionally, defining the absence of acute appendi-
citis based on an observation period may have intro-
duced differential verification bias. However, this
approach ensured that no children with clinically
manifest appendicitis will have gone unnoticed, which
makes differential verification bias less likely [24].
Although information and differential verification
biases can lead to test characteristics being overesti-
mated [22], the study predictors were assessed accord-
ing to daily practice, which is recognised to result in
realistic accuracy estimates [23].

Comparison with existing literature

Several clinical prediction rules exist for estimating the
probability of appendicitis in secondary care, but none
are validated in primary care. Moreover, we are aware of
no other research into developing or validating a clinical
prediction rule for acute appendicitis in primary care
[11]. Our study is per existing recommendations stating
that the setting affects how prediction models perform;
existing secondary care prediction models need to be



validated and modified for primary care [9, 18]
Unfortunately, the limited availability of predictor values
in our cohort and the inclusion of white blood counts in
most existing models meant that we could not directly
compare our rule with these models. Although age is
reported to affect clinical presentation, it did not influ-
ence the interpretation or selection of predictors in this
study [11].

Clinical prediction rules for acute appendicitis in
children have been studied extensively in secondary
care, producing C-statistics of 0.61-0.85, sensitivities of
0.72-1.00, and specificities of 0.34-0.98 [10, 11, 24].
External temporal validation of the model in this study
produced a C-statistic of 0.90 (95%CI, 0.89-0.92). A
decrease in the discriminative value of diagnostic tests
in secondary care when patients with positive test
results are likely to be referred could account for this
difference [25]. In addition, the baseline prevalence
(prior) was lower in primary care compared to second-
ary care (5% vs 27%) [11]. Furthermore, low and high
cut-offs have been presented for different prediction
rules for appendicitis, with sensitivity at low cut-offs
ranging from 88.1 to 97.2 and specificity at high cut-
offs ranging from 70.1 to 98.9 as compared to the
pre-defined value of 95% for both sensitivity and spe-
cificity in our study [26].

Implications for research and practice

GPs miss approximately 19% of children with appendi-
citis and refer 69% to other, mainly self-limiting, condi-
tions [4]. The developed rule could quickly evaluate
symptoms and signs to support the structured evalu-
ation of children with acute abdominal pain. It could
serve as a memory aid for the GP to ensure that the
most predictive clinical features of acute appendicitis
are evaluated, making care more homogeneous.

Risk stratification could offer a more efficient
approach to usual care by reducing the number of
referrals without missing more cases of acute appendi-
citis. This may include using C-reactive protein testing,
which has most impact on the decision process in
those at medium risk [14]. CRP point-of-care testing
has become increasingly available in primary care in
many European countries and its introduction in the
UK has been advocated [27]. We did not consider CRP
for the prediction model because a CRP-test is only
appropriate in children with a medium risk of appen-
dicitis [14].

Thus, when using the prediction rule in practice,
we suggest parental observation for children at low
risk (0.5%), further testing and/or reassessment by the
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GP for those at medium risk (7.5%), and direct referral
to secondary care for those at high risk (41.0%) or for
those at medium risk when the suspicion is high. This
diagnostic strategy may potentially decrease the refer-
rals of children without acute appendicitis without
delaying a diagnosis of appendicitis compared with
current GPs' practice. However, it is recommended
that GPs should combine the probabilistic data
obtained from our tool with their clinical judgement
in every case. Further research could investigate fac-
tors influencing the decision to refer, given the 2.9%
referral rate for low-risk children and the 28.5% non-
referral rate for high-risk children. Given that other
diagnoses are usually considered when assessing the
need for referral, clinical impact studies must now
evaluate the impact of our proposed diagnostic strat-
egy on clinical decision-making and patient outcomes
in primary care [18].

Conclusion

Using registration data in a historical cohort study,
we developed a clinical prediction rule for acute
appendicitis in children with acute abdominal pain
in primary care. The underlying model’s perform-
ance was good at internal and temporal validation.
We suggest a diagnostic strategy with risk stratifica-
tion based on this clinical prediction rule. Clinical-
impact studies are warranted to evaluate its effect
on clinical decision-making and patient outcomes in
primary care.
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