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Abstract

Clinical prediction rules (CPRs) are tools designed to assist
medical decision making and derived from an original piece of
research. CPRs are intended for the use of clinicians when caring
for patients to help them to make diagnostic and/or therapeutic
bedside decisions. CPRs have been developed in the field of
pediatrics since the 1990s, and we aimed to review and compare
pediatric CPRs methodological quality to the one of adult CPRs.
We manually searched for pediatric CPRs in the main general and
pediatric journals published during one year. We assessed the
quality of study with methodological standards and compared it
to adult CPRs quality. Of 2126 titles screened, 12 CPRs were
included. Pediatric CPRs fulfilled most of the quality items, except
outcome blindness assessment, inter-observer reproducibility



evaluation and a priori sample size calculation. Comparison with
adult CPRs methodological quality did not show any statistical
significance, except again for blindness assessment, study site
description and course of action more often provided in pediatric
CPRs than in adult CPRs. High-performing rigorously derived and
well-validated CPRs have the potential for improving child health
outcomes and limiting resource use. Improvement of identified
drawbacks in CPRs derivation may favor their development and
implementation in clinical practice. Attempting to incorporate
parents’, patients’ and clinicians’ values and preferences in the
decision-making process may also be considered for the coming
CPRs derivation. Another challenge for the coming years will be
to move forward integrating ‘omics’ revolution into CPRs
derivation keeping in mind the realities of clinical pediatric
practice.
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Introduction

Clinical decision rules (CPRs) are tools designed to assist medical
decision-making and derived from an original piece of research
integrating three or more variables from history, clinical signs or
routine examinations [1-4]. CPRs are intended for use by
clinicians when caring for patients to help them to make
diagnostic and/or therapeutic bedside decisions [2]. These tools
are particularly recommended when medical decisions could be
uncertain and unclear [3]. They are usually created by
multivariate analysis and either provide a probability of disease
or outcome, or suggest a diagnostic or therapeutic course of
action [2]. A typical example of CPR is the Ottawa rule, which
helps the clinician to prescribe an ankle X-ray to rule in or out a
fracture after an injury [5].



Because these rules are used to make decisions about patient
care, they have to be well developed and validated using high
quality methodological standards [2]. In 1985, Wasson et al.
published methodological criteria for the evaluation of CPRs [1].
These criteria were modified by Laupacis et al. in 1997, as part of
areview of the quality of recently published CPRs in adult
medicine [2]. Then, in 2000, McGinn et al proposed guidelines on
behalf of the Evidence-Based-Medicine Working Group for the
development of CPRs based on these criteria [3].

CPRs have been developed in the field of pediatrics since the
1990s. A recent methodological review from Maguire et al. [6] on
a large database of CPRs (n=137) established that their
methodological quality is of value [6]. However, no comparison
has been made between those of adulthood, which are widely



known to be of high quality. Thus, the purpose of the present
study is to review the methodological quality using the standards
of the Evidence-Based-Medicine Working Group on a set of
published CPRs in field of pediatrics and to compare it with adult
CPR methodological quality.

Methods
Design

We conducted a methodological review on a set of pediatric CPRs
recently published, using the Evidence-Based Medicine
methodological standards [2]. Even if our study was a
methodological review, and not a systematic review, there were
common points on its design with systematic reviews (e.g.



inclusion strategy, data extraction, etc.) for which PRISMA
guideline was followed [7].

Data Source

Articles were identified using hand-searching in table of contents
in a set of the major general and pediatric journals published in
2006, based on a set of previously collected pediatric rules [8].
We used manual rather than electronic database searching, even
if it was more time-consuming because CPRs were currently not
well indexed in electronic database leading to a non-exhaustive
search. Generalist and pediatric journals were chosen based on
their impact factor, and were the following: ‘The New England
Journal of Medicine’, ‘The Lancet , ‘British Medical Journal’, and
‘Journal of American Medical Association’ for the general journals,



and ‘Pediatrics’, ‘The Journal of Pediatrics’, ‘Archives of Disease in
Childhood’, and ‘Archives of Disease in Adolescent Medicine’ for the
pediatric ones. One reviewer screened the titles and abstracts
from the search against the inclusion and exclusion criteria, and
considered for inclusion reports of CPRs. In case of insufficient
information to make a decision, the full article was read and
eventually discussed with a second reviewer until a consensus
was obtained.

Study Eligibility

All articles reporting a CPR derivation were included in the study.
A CPR was defined as a tool designed to assist medical decision,
derived for clinicians who are taking care of patients; this tool
had to combine three or more variables coming from history,



clinical examination and/or routine biological /imaging
examinations [2]. Pediatric patients were defined as children
younger than 18-years-old. A CPR had to provide a probability of
an outcome or to suggest a diagnostic or therapeutic course of
action. Final decision to include eligible papers was reached by
reading the full-text review.

Data Extraction

One reviewer abstracted data from the full-text in each study
to obtain information on year and journal of publication, the
type and country of study, the number of patients reported, the
clinical question and need for deriving a CPR and all the items
identified by the Evidence-Based Medicine Working Group [2].
The datasheet for methodological quality extraction was based



on the list proposed by Stiell et al. [3], with some added
precisions when reading the articles of Wasson, Laupacis, and
Concato articles [1, 4, 9]. The detailed list of methodological
items was shown in Table 1. One reviewer extracted the data in
a standardized electronic sheet. Any uncertainties were
discussed with a second reviewer to obtain a consensus.
Where necessary, authors were contacted for data or to clarify
information.

Table 1. Methodological Quality of CPR Derivation

Please See Table 1 in Full PDF Version



Analysis

We first described general characteristics of the CPRs included.
Second, the methodological quality was described and compared
with the items proposed in adult CPRs in Laupacis previously
published review [1].

Results

Studies’ Characteristics

Manual search identified 21 potentially relevant articles from
the 2126 original articles published in 2006 in the 8 journals

screened (Fig 1). From the 860 original articles published in
general journals (ie. ‘The New England Journal of Medicine’,’



JAMA’, ‘BM]’, and ‘The Lancet’), 51 articles (6%) were pediatric
studies, and we only retrieved 4 CPRs (0.5%), none of which
were pediatric CPRs. All potentially eligible articles were from
pediatric journal. Review of the full text of the 21 potentially
eligible studies revealed 12 studies [10-21] that fulfilled all
inclusion criteria (Fig 1). Nine were from Pediatrics [11, 12, 15-
21], two from ‘The Journal of Pediatrics’[10, 14] and the last
one from ‘The Archives of Disease in Childhood’ [13]. Five CPRs
were diagnostic ones, the other seven were prognostic [10, 11,
14,15, 18, 19, 21]. The clinical issues that CPRs dealt with were
shown in table 1. The median number of children enrolled for
the derivation of each CPR was 589 (range: 172-505,011; Table
2). The median number of predictors assessed for possible
inclusion was 16.5 (range: 8-61). The median prevalence of the



outcome predicted by the rule was 18.5% (range: 0.7 [sudden
death syndrome]-74 [non group-A streptococcus pharyngitis]).

2126 Articles identified based ortheir titles and
ahstracts retrieved from manual search in
the & journal screened.

2105 Non relevant articles excluded based
their titles and ahstracts screening.

entially relevant based on titfes and
nd extracted as full-text articles

% Full-text articles excluded:
- 4 validation of a decision rule
- 4 no combination of identified
predictive variables
- 1 dlassification instead of 2 decision
rule

included in the review.

12 Clinical decision rule studies finaily ‘

Figure 1: Flow-Chart for the Inclusion of Cprs for Health
Conditions of Childhood



Table 2. Description of the Clinical Decision Rules
Please See Table 2 in Full PDF Version

Four studies were prospective and especially designed for CPR
derivation [13, 15, 17, 20], three were secondary analysis of
prospective randomized control trials [10, 11, 19], and five
studies were retrospective [12, 14, 16, 18, 21]. Eight articles were
multicentre cohort studies [10, 11, 13, 15, 17-20], two were
single centre cohort studies [12, 14], one article was a
population-based study [21], and the last article was a case-
control study [16].



Assessment of Methodological Quality of Cprs

The methodological quality of the included CPRs is detailed in
table 1. All rules seemed of clinical importance for both a
diagnostic or prognostic purpose. On one hand, corresponding
clinical conditions were frequent, with references and pre-
existing studies in most of the cases (92%) [10-13, 15-21]. On the
other hand, clinicians were convinced that clinical and/or routine
examination would be helpful to predict the outcome in 83% of
the situations [10-15, 17, 19-21], as requested to define an
relevant clinical condition for deriving CPRs.

All outcomes were found to be of clinical importance, and 72% of
them were justified with bibliographic references [11-13, 15, 17-
21]. Fifty-eight percent of outcomes had clear definition [10-15,



17-21], but they were rarely supported by references (33% - [10,
14, 18, 21]) and blind assessment was rare (8% - [11]).
Predictive variables were clearly defined in 92% of the cases [11-
21], but with a weak bibliographic references support (17% - [15,
19]). Only one study did not provide predictive variables
measurement in a sufficient patients’ proportion [21]. Evaluation
of reproducibility of predictive variables was weak: a kappa
coefficient (in case of qualitative variables [22]) or an intra-class
coefficient (in case of quantitative variables [23]) to evaluate
between-observer variability were calculated in two studies [13,
15]. None of the studies estimated within-observer
reproducibility (variability of the same observer through
different examinations). Inclusion criteria, patients’ selection
process, and patients’ general characteristics were well described
in most of cases (83 to 100%). The sample size was a priori



defined and justified by taking into account the risk of model
over-fitting in only one study [13]. Statistical methods used
varied according to the studies, but were always explained and
adequately supported. Methods often combined univariate with
multivariate analyses (67% - [13-15, 17-21]). The latter were
based on logistic-regression models (67% - [10-12, 14, 15, 19-
21]), Cox models in case of longitudinal data (8% - [18]), or
classification regression trees techniques (25% - [10, 13, 17]).
CPRs appeared to be “clinically sensible”, providing either a
course of actions that should be made in case of diagnostic CPRs,
or an event probability in case of prognostic CPRs. Half of CPR
needed a calculator to be applied [12, 14, 18-22]. The
discriminative power (with at least two parameters among the
six following: sensitivity, specificity, positive or negative
predictive values, positive or negative likelihood ratios) were



estimated in all CPRs. However, the potential impact for using the
rule (in terms of useless examinations avoided treatments given,
cost-effectiveness, etc) was discussed in half of CPRs [13, 14, 17,
19-21].

Comparison of Our Review with Laupacis Results for Adult
CPR

Methodological quality of CPRs derivation in children was
compared with the one in adulthood, evaluated by Laupacis et
al. on 29 CPRs derived for adults [1] (table 3). Laupacis et al.
performed a review of methodological quality of CPR for adults
published in general journal (Annals of Internal Medicine, The
Lancet, BM], JAMA) between 1991 and 1994. The authors
included 29 CPRs, including 25 CPR derivations.



Methodological quality did not significantly differ between
pediatric (our review) and adult (Laupacis review [1]) CPRs for
most of the items. However, pediatric CPRs more often
presented with the following weaknesses compared to adult
CPRs: blind assessments were fewer (8% vs. 41%; p=0.04) and
study site description was more often missing (33% vs. 6%;
p=0.06). Conversely, pediatric diagnostic CPRs always
provided a course of action contrary to adult CPRs (100% vs.
0%; p<0.01).



Table 3. Comparison of Methodological Quality of CPR
Derivation between the Present Review and the Review
Performed by Laupacis et al. for CPR in Adulthood [1]

Please See Table 3 in Full PDF Version
Discussion

We performed a review of the methodological quality of pediatric
CPRs, and compared it with adult CPRs quality previously
reviewed by Laupacis et al. [1]. All included CPRs were published
in pediatric journal, despite their good methodological quality for
most of them. Pediatrics CPRs fulfilled the following
methodological items: (i) they were derived for an adequate
clinical condition where CPRs would be desirable, (ii) predictive



and outcomes variables were usually well defined and (iii)
inclusion criteria were clearly established and stated, allowing
readers to evaluate if CPRs results could be applied on its setting.
However, we found some weaknesses in CPRs derivations. First,
outcome blindness assessment was rare leading to a potential
overestimation of CPR discriminative ability [24, 25]. Second,
inter-observer reproducibility was never evaluated. This could
affect CPR robustness, especially if CPR was based on many so-
called “soft” variables (i.e. derived from clinical examination that
can vary between physicians because they are hard to precisely
define and evaluate in the same manner) [1, 3]. Third, sample
size was very rarely a priori calculated, leading to potential wide
confidence intervals of parameters estimating the discriminative
ability. Lastly, we can regret that only half of CPRs were easy to
use, meaning at patients’ bedside and without any calculator, and



half of the studies provided estimation of potential impact of CPR
use.

Compared with the methodological quality of adults CPRs
reviewed by Laupacis et al. [1], we found that pediatric CPRs
quality did not significantly differ for 9 out of 12 items. They
presented with less blind assessment than adult CPRs, confirming
our first results on this failing point. Pediatric CPRs also did not
mention the study site as often as adult CPRs did, which could
impact the transportability when readers would like to evaluate
how similar their setting was as compared to the one of the
study. Lastly, and surprisingly, pediatric CPRs provided more
often the course of actions that should be taken compare to the
adult CPRs. This could partly be explained by the fact that CPRs
reviewed by Laupacis et al. were derived more than ten years



before CPRs we reviewed. Improvements in CPR derivation might
explain this point. The reviewed CPRs were typically prediction
rules: they were derived based on scores or risk-stratification
algorithms to provide diagnostic or prognostic probabilities, and
aimed to assist clinicians improving their clinical decisions. In
our review, pediatrics CPRs provided more often course of action
rather than simple outcome probabilities and, according to the
distinction pointed out by Reilly et al. [26], they were closer to
decision rules,. However, none of the rules had completed the
formal impact analysis to determine whether they improve
outcomes when used in clinical practice. Thus, when using a CPR,
clinicians usually do not know the effect on patient care, whereas
itis a requirement for a clinical decision rule.



Our findings were very congruent with those of Maguire et al. [6]
in their systematic review of pediatric CPRs, which carries weight
to the comparison with methodological quality of adult CPRs,
despite our non exhaustive CPRs sample. The most important
quality deficiencies found by Maguire et al. that affected the
majority of studies were inadequate blinding of predictor
variables and outcomes, limited assessment of the
reproducibility of predictor variables, and insufficient study
power [6]. When investigators or clinicians evaluate tests non-
blinded to the disease status, they may be influenced by their
beliefs in the new test, and unconsciously overestimate its
performance. At the level of the entire clinical decision rule based
on one of these tests, it may also lead to an overestimation of
diagnostic performance [24, 25]. All diagnostic studies, as well as
clinical decision rules, have to raise the issue of inter-observer



reliability of predictor variables. Indeed, rules are designed to be
used by many different clinicians, from different medical
background, in different settings, in different department and
countries with variation in their medical culture. Therefore,
testing rules across observers is essential to assess their
performance similarities (or not) when they will be propose to a
wide range of physicians [1, 3]. The last weakness pointed out by
both McGuire review and ours was the insufficient power for
statistical modeling. This is related to the fact that clinical
decision rules are not used to a priori estimate the number of
patients required. It thus leads to inappropriate ratio number
predictors included in the final equation/numbers of events,
despite the recent simulation studies demonstrating that a ratio
of 7 events per predictors would be acceptable [27]. Because
Maguire et al. had a different score of reporting CPRs



performances, they established it was insufficient. However, we
showed that all CPRs reviewed reported at least two parameters
out of the six possible diagnostic test accuracy parameters.
Maguire et al. also debated and raised concern on the rigid
structure of CPRs and their objectives of achieving very high
performance so that CPRs could be considered of interest. The
authors pointed out that these rigid and high-level goals were
unrealistic and thus lead to non-used CPRs. They suggested that
CPRs builders may think about conciliating high-level
performance objectives and realities of pediatric practice, in
order to derive more flexible and useful CPRs. This is particularly
true in areas of daily practice, such as fever without source of
example, where clinicians judgment alone is weak, and inter-
physicians variability very high. Thus, we concluded that there is
room in such areas for deriving warranted, useful and applicable



CPRs, even if their performance are not as high as expected
according to the rigid high-level initial objectives required.
Interestingly, they moved forward suggesting that CPRs for child
health conditions should include a decision-aids aspect, and
incorporate perceptions and preferences of parents and children
into the decision-making process. Notably, none of the CPRs
reviewed by Maguire et al. used data mining tools for their
derivation, whereas two CPRs included in our review were based
on CART (Classification and regression trees) portioning [10, 13].
Nevertheless, science is evolving toward proteomics and
genomics, that provide very quickly very powerful tools in daily
practice on a very reasonable amount of blood in a short time
delay. In the coming years, CPRs will be faced with the task of
integrating these variables into their derivation, which means
evaluation of classical statistics modeling to data mining



procedures. However, the challenge for investigators who will
derive CPRs in the future will be to keep in mind that CPRs goal
remains to empower clinicians with data, regardless of how
complex the data structure and analyses is.

Several limitations must be addressed. First, our review is not a
systematic and exhaustive review of all CPRs published in
pediatric clinical practice. An electronic search would have
missed articles giving that CPRs did not have clear MeSH terms
quoted in electronic databases. However, we limited our manual
search to the main English, general and high-impact factor
pediatric journals. This might have introduced a selection bias,
including only “the best” CPRs, overestimating the pediatric CPRs
methodological quality and thus missing methodological defaults
in CPRs. To estimate this bias, our results were compared with



those of Maguire et al. who performed a systematic search for all
pediatric CPRs ever published and we did not find significant
difference. Indeed, selection bias is not as strong as may be
thought. Second, all CPRs reviewed were from pediatric journals,
and most often from ‘Pediatrics’ (9/12 [11, 12, 15-21]), which did
not allow us to compare the CPRs methodological quality (i)
between general and pediatric journal, and (ii) within pediatric
journals. Third, the comparison between a series of adult CPRs
published and reviewed in 1997 and pediatric CPRs published in
2006 might have been in favor of the pediatric ones because they
were more recent. However, adult CPRs were considered older as
they were started before (1980s) than the pediatric ones (mid
1990s) (17 years of age compared with 10 years of age).



To conclude, there is a need and possibility for high-level
performance, methodologically robust, and validated CPRs in
pediatrics in order to improve child health outcomes, facilitate
daily practice and limit the useless procedures and treatment.
However, we identified several methodological drawbacks in
CPRs derivation that, once been corrected, will help their
development and implementation in clinical practice.
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