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Aims To explore the usefulness of data derived from observational studies on adverse

drug reactions (ADRs) in de®ning and preventing the risk of pharmacological

interventions in children in different health care settings.

Methods A systematic review of studies on ADRs in hospitalized children, in

outpatient children, and on ADRs causing paediatric hospital admissions was

performed. Studies were identi®ed through a search of the MEDLINE and EMBASE

databases. The inclusion criteria required that the population was not selected for

particular conditions or drug exposure and prospective monitoring was used for

identifying ADRs. Data were analysed by a random-effects model.

Results Seventeen prospective studies were included. In hospitalized children, the

overall incidence of ADRs was 9.53% (95% con®dence interval [CI], 6.81,12.26);

severe reactions accounted for 12.29% (95%CI, 8.43,16.17) of the total. The overall

rate of paediatric hospital admissions due to ADRs was 2.09% (95%CI, 1.02,3.77);

39.3% (95%CI, 30.7,47.9) of the ADRs causing hospital admissions were life

threatening reactions. For outpatient children the overall incidence of ADRs was

1.46% (95%CI, 0.7,3.03).

Conclusions The results show that ADRs in children are a signi®cant public health

issue. The completeness and accuracy of prescription reporting as well as clinical

information from studies was a rarity, making it dif®cult for health practitioners to

implement evidence based preventive strategies. Further, methodologically sound

drug surveillance studies are necessary for an effective promotion of a safer use of drugs

in children.
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Introduction

The safety of drug prescribing has become a highly visible

topic in adult medicine, due in part to research suggesting

that there are important ADRs caused by commonly used

medications [1]. Much less attention has been focused on

neonates, infants, children and adolescents [2, 3].

Paediatric patients constitute a vulnerable group with

regard to rational drug prescribing since many new drugs

are released onto the market without the bene®t of even

limited experience in this age group [4]. This de®ciency

causes paediatricians to often prescribe children drugs in

an `off-label' manner, thereby increasing the risk of drug

toxicity [5].

Adequate controlled clinical trials in children are

lacking, mainly because of issues of cost and responsibility,

and to regulations that frequently act as major obstacles [6].

Moreover, until recently, the few clinical trials that had

been performed involving children focused on the ef®cacy

of drugs and rarely monitored their safety [7].

Meta-analysis is already a well-established methodolo-

gical approach for evaluating the effectiveness of therapies.

However, in contrast to the published experience of using

meta-analysis to evaluate drug ef®cacy, the use of this
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method to also quantify the risk of therapies remains

limited to date [8]. A recently published meta-analysis on

the incidence of ADRs in hospitalized US patients shows

that ADRs represent an important public health issue,

making these reactions between the fourth and sixth

leading cause of death in the USA, even when the drugs

are used in proper doses and for approved indications [9].

Although paediatric pharmacotherapy has recently

come to the fore both in Europe and USA [10], so far

no meta-analytical review has been performed to assess the

risk of drugs in the paediatric population. Recently

published drug surveillance studies allow an estimation

of the overall incidence of ADRs in different child

health care settings. In this study we systematically review

prospective studies on ADRs in children and provide a

summary quantitative estimate of their occurrence.

Methods

Identi®cation of relevant literature

The English and foreign-language medical literature was

searched using the Medline (from January 1966 to May

2000) and Embase (from January 1988 to May 2000)

databases. The search strategy employed the following

keywords: (`adverse drug reaction reporting system' or

`drug therapy/adverse effects' or `pharmaceutical prepara-

tions/adverse effects') and (`child' or `child-preschool')

and `prospective studies'. The references of the retrieved

studies and of published reviews on ADRs in children

found via a manual search of various journals were

examined in order to identify additional appropriate

studies.

The following criteria were used for considering studies

in the review: the patients studied were not selected

for particular conditions or speci®c drug exposures, pros-

pective monitoring was used to identify ADRs, and

suf®cient information was reported to calculate their

incidence.

Data abstraction

Of the studies resulting from the screened electronic

bibliographic search and the hand search, those that met

previously de®ned inclusion criteria were selected and

included in the analysis. Two researchers reviewed each

study independently and, using a standard form, extracted

data on methodology, outcome, and quality criteria. For

each study the proportion of children who developed

ADRs was extracted. The classi®cation of ADRs in terms

of likelihood and severity was also taken into account; in

particular ADRs were considered severe when fatal or

potentially life threatening. Other data considered in the

analysis included the year of publication, the country in

which the study was performed, and the duration of the

data collection period.

Data synthesis

We analysed the incidence of ADRs obtained from

different studies to determine the meta-analytic weighted

average and the 95%CIs. We used a random-effects model

to perform the analysis in order to take into account the

heterogeneity of the various studies [11]. Brie¯y, the

measured incidence of each study is considered to be a

random variable with a total variance given by the sum of

a within-study term (estimated from data as Pi (1-Pi)/ni)

and an unknown between-study term (accounting for

heterogeneity between studies). The overall incidence (i.e.

the pooled risk parameter) was estimated as a weighted

average, iteratively calculating the weights and the hetero-

geneity variance they depend upon [12]. Separated pooled

incidences were obtained for ADRs that occurred in

hospitalized children, in children admitted to the hospital

due to ADRs, and in general paediatric outpatients.

The random effects model was also used to explain the

heterogeneity between studies. A meta-analytical regres-

sion was performed using the mean number of drugs per

child as the covariate and the ADR incidence as the

outcome variable. This covariate was chosen as it was the

only available information reported in most studies in

the hospital setting.

Results

The initial electronic search strategy identi®ed 37 cita-

tions. Twenty-one studies were identi®ed for assessment,

of which four were excluded because they did not ful®l

the above mentioned criteria. One study was excluded

because the population was selected for a particular condi-

tion (paediatric haematology-oncology patients) [13], two

because they reported ADR occurrence in relation to

courses of drug therapy [14, 15], one because it did not

report the size of population exposed to drug treatment,

making the calculation of ADR incidence not feasible [16].

The remaining 17 papers were included in the meta-analysis

[17-33].

Prospective paediatric drug surveillance studies were

performed in seven different countries, mainly in the

USA, UK and Spain (four each). A majority of the reports

concerned the ADR incidence in hospitalized children

(9/17) [17±25], ®ve dealt with ADRs in children leading

to hospital admission [26±30], and three papers reported

the incidence of ADRs in outpatient children [31-33].

ADRs in hospitalized children

The reported ADR incidence ranged from 4.37% to

16.78% among the studies. As shown in Table 1, the
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meta-analytic estimated average, adjusted and weighted

by sample size, was 9.53% (95%CI 6.81,12.26). Table 2

summarizes, according to year of publication, the major

®ndings from the selected studies on the incidence of

ADRs that occurred in children while in the hospital. All

the studies were conducted in teaching hospitals located

in large urban areas.

Seven studies provided an expert veri®cation of the

reactions in terms of likelihood. The severity of the

reactions was reported in six studies. The rate of severe

ADRs ranged from 7 to 20% among the studies, the

weighted proportion was 12.29% (95%CI: 8.43,16.17).

Eight studies reported the average number of drugs

received by the children: this ranged from 1.5 to 7.6 drugs

per child. The meta-analytical regression, which evaluates

the relationship between child drug exposure and ADR

incidence, yielded a between-study variability reduction of

0.52 and a regression coef®cient of 0.017 (1.7 adverse

reactions per additional drug used). This ®nding shows

that about 50% of the variability in the reported ADR

incidences may be explained by the different prescription

rates in the various studies.

Concerning speci®c issues dealing with the safety of

medicines in children, two studies examined the con-

tribution to ADR occurrence of drugs used in an `off-

label' or unlicensed manner [20, 24]. The ®rst study

reported that 30% of the drugs causing ADRs were used

outside their product license with regard to dose,

indication or age of the patient [20]. In the most recent

study, ADRs were associated with 6% of the unlicensed or

off-label prescriptions and only 3.9% of the licensed drug

prescriptions (RR=1.55, 95%:1.19±2.03). Moreover 74%

of the drugs causing ADRs classi®ed as `severe' were used

in an unlicensed or off-label manner, even though only

35% of the total prescriptions were unlicensed or off-label.

ADRs leading to paediatric hospital admissions

The reported incidence of paediatric hospital admissions

related to ADRs ranged from 0.59 to 4.1% among the

studies; the meta-analytic weighted average was 2.09%

(95%CI:1.02,3.77). (Table 1)

Table 3 shows a summary of published studies on

ADRs in children leading to hospitalization. Five studies

provided an expert veri®cation of the ADRs in terms of

likelihood. In three studies ADRs were classi®ed in terms

of severity. The proportion of severe reactions ranged

from 38 to 45% among the studies; the weighted average

was 39.3% (95%IC 30.7,47.9).

ADRs in outpatient children

The reported incidence ranged from 0.7 to 2.7%, and, as

shown in Table 1, the meta-analytic weighted average

was 1.46% (95%CI:0.70,3.03). The major ®ndings of the

two studies examining the incidence of ADRs in an out-

patient setting are summarized in Table 4. Only one study

reported ADR incidence according to age groups [33], the

results show a higher risk of ADRs in children aged 1 year

or less compared with other age groups (3.4% vs 1.4%).

The study results also show a linear trend in the ADR

incidence in relation to child's age (from younger to older:

chi-square for linear trend 40.2; P<0.001)

Discussion

The data resulting from this study, collected from a

geographically variegated sample of observational drug

surveillance studies, offer insight for health professionals

into the potential impact of ADRs in the paediatric

population in different health care settings. The study's

results may also have implications for the design, manage-

ment and reporting of paediatric drug surveillance studies.

The two previously published meta-analyses on the

incidence of ADRs in the general population, which

included 6 out of the 17 studies considered in this review,

found that 5.1% of hospital admissions are drug related and

10.9% of patients develop ADRs during their stay in the

hospital [9, 34]. Our ®ndings show that the corresponding

rates for paediatric patients are, respectively, 2.1% and

Table 1 Overall estimate of the incidence of ADRs in paediatric

in/out-patients.

Setting/Source, y Incidence of ADRs 95% CI

ADRs in hospitalized children

McKenzie et al. [17] 10.64 8.28,12.99

Whyte et al. [18] 6.0 4.43,7.65

Mitchell et al. [19] 16.78 14.98-18.57

Choonara et al. [20] 5.60 2.84-8.35

Vasquez De La Villa et al. [21] 4.35 2.72,5.99

Gill et al. [22] 7.01 5.34,8.68

Gonzales-Martin et al. [23] 13.70 9.14,18.25

Turner et al. [24] 11.08 9.18,12.98

Martinez-Mir et al. [25] 11.52 8.76,14.29

Meta-analytic weighted average 9.53 6.81,12.26

ADRs leading to paediatric hospital admission

McKenzie et al. [26] 2.02 1.56,2.48

Yosselson-Superstine et al. [27] 3.20 2.05,4.35

Mitchell et al. [28] 2.00 1.66,2.34

Martinez-Mir et al. [29] 4.10 2.38,5.82

Easton et al. [30] 0.59 0.22,0.96

Meta-analytic weighted average 2.09 1.02,3.77

ADRs in outpatient children

Sanz et al. [31] 0.75 0.29,1.22

Cirko-Begovic et al. [32] 2.74 2.08,3.41

Menniti-Ippolito et al. [33] 1.51 1.24,1.78

Meta-analytic weighted average 1.46 0.70,3.03

Incidence of adverse drug reactions in children
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9.5%. Moreover, 12% of the ADRs which occurred in

hospitalized children, and about 39% of the ADRs causing

hospitalization, were fatal or life-threatening reactions.

These results suggest that, also in the paediatric population,

ADRs are a signi®cant public health issue.

Concerning risk factors associated with ADR incidence

in children we found polypharmacy as a potential pre-

dictor of adverse events. The data analysed in the present

study suggest an association between number of drugs

received by children and the risk of ADRs. The results

are consistent with recently published investigations con-

ducted in adult patients that also show polypharmacy to

be an important factor that predisposes patients to ADRs

[35, 36].

The factors that predispose children to ADRs are similar

to those in adults, but can be enhanced by age related

differences in physiological function, differences in pattern

of disease, and smaller size [37]. The results of this review

show that important issues concerning the risk assessment

of drug therapies in children are hidden realities in the

biomedical literature. Few studies have analysed peculiar

paediatric safety issues such as ADR occurrence according

to developmental stages, and the risk related to off-label

drug uses.

Recent studies conducted in the general population

con®rm that age is a signi®cant correlate for ADR

incidence [38]. Concerning paediatric patients, only one

of the studies included in this meta-analysis reported ADR

incidence for different age groups. It was therefore not

possible to consider this important covariate in the meta-

analytical regression because of the lack of information in

most of the retrieved studies.

Table 2 Summary of prospective studies on ADRs in hospitalized children.

Setting/year [ref.] Population studied

Prescription level

(mean) ADRs occurrence

Paediatric teaching hospital 70 children (10.6%) experienced ADRs

Gainesville (USA) 658 children 4.2 drugs per child ADRs probability/severity not reported

1973 [17] Age not reported

Paediatric teaching hospital 51 children (6.0%) experienced ADRs

Glasgow (UK) 844 children 2.3 drugs per child 119 ADRs were reported:

1977 [18] Age not reported 106 (89%) de®nite/probable

24 (20%) severe

Paediatric teaching hospital

Boston (USA) 1669 children 7.6 drugs per child 280 children (16.8%) experienced ADRs

1979 [19] Mean age: 6.8 years ADR probability/severity not reported

Paediatric teaching hospital 15 children (5.6%) experienced ADRs

Liverpool (UK) 268 children 1.5 drugs per child 17 ADRs were reported

1984 [20] Age not reported 17 (100%) de®nite/probable

Severity not reported

Teaching hospital 26 children (4.4%) experienced ADRs

Granada (Spain) 597 children 3.8 drugs per child 28 ADRs were reported:

1989 [21] Mean age: 3.8 years 19 (68%) de®nite/probable

Age range:1±8 years 3 (11%) severe

Paediatric teaching hospital 63 children (7%) experienced ADRs

Liverpool (UK) 899 children 76 ADRs were reported:

1995 [22] Age range: 0±16 years Not reported 40 (53%) de®nite/probable

8 (11%) severe

Teaching hospital 30 children (13.7%) experienced ADRs

Santiago (Chile) 219 children 4.3 drugs per child 46 ADRs were reported:

1998 [23] Mean age: 3.8years 30 (65%) de®nite/probable

Age range: 0±15 years 8 (17%) severe

Paediatric teaching hospital 116 children (11.1%) experienced ADRs

Liverpool (UK) 3 months 4.3 drugs per child 157 ADRs were reported:

1999 [24] 89 (57%) de®nite/probable

1047 children 17 (11%) severe

Mean age: 1 year

Paediatric teaching hospital 512 children 59 children (11.5%) experienced ADRs

Valencia (Spain) Median age:8.5 months 2.6 drugs per child 68 ADRs were reported:

1999 [25] Age range:1±24 months 53 (78%) de®nite/probable

5 (7%) severe
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Another important long-term issue, which has received

little attention in the biomedical literature, is the risk of

ADRs related to the unlicensed and off-label use of drugs

in children. A recent multicentre study, which involved

different paediatric wards across Europe, has shown that

many children receive drugs without labelling for

paediatric use [7]. Whereas licensed drugs are monitored

by spontaneous reporting, epidemiological surveys or

surveillance systems, there is currently no similar process

for monitoring and collecting information on ADRs due

to unlicensed and off-label drug use.

Further studies are clearly required to determine the risk

of an ADR in relation to such uses both in the hospital and

in primary care. These studies could provide the necessary

data to enable child health care providers to administer

such medications in the safest and most effective manner,

since the lack of paediatric labelling does not prevent

a practitioner from prescribing an approved drug for

unapproved uses [39].

The use of drugs and pathological conditions inside

and outside the hospital differ considerably, and most

paediatric drugs are used in a community setting. Only

three studies have been published that allow one to

estimate the occurrence of ADRs in outpatients. Other

studies, not included in the meta-analysis, suggest that

ADRs both in outpatient children [14] and in the com-

munity [15] are a signi®cant problem, occurring in 11.1%

and 9.8% of courses of therapy, respectively.

The paucity of information available is a major obstacle

to the promotion of rational drug use, as primary health

care is the core of health systems in many developed and

developing countries and is the `natural laboratory' in

which the ef®cacy and safety of therapies need to be

evaluated [40].

The ®ndings of this study must be interpreted in light of

its limitations. This systematic review of the literature

included only studies recruiting nonselected paediatric

populations in which ADRs were prospectively mon-

itored. However, even among the most homogeneous and

methodologically sound papers, there is substantial

variability in the reported incidences. This heterogeneity

is only partly explained by the different number of drugs

Table 4 Summary of prospective studies on ADRs in outpatient children.

Setting/year (ref.) Population studied Occurrence of ADRs

25 outpatient practices 1327 children 10 children (0.75%) experienced ADRs

Tenerife (Spain) Age range: 0-14 years 8 (80%) de®nite/probable

1987 [31]) 1 (10%) severe

Paediatric outpatient unit 2296 children 63 children (2.7%) experienced ADRs

Zagreb (Croatia) Age range: 0-7 years 56 (89%) de®nite/probable

1989 [32] Severity not reported

29 outpatient practices 7890 children 119 children experienced ADRs

Padova (Italy) Age range: 0-14 years ADR probability/severity not reported

2000 [33]

Table 3 Summary of prospective studies on ADRs leading to hospitalization in children.

Setting/year [ref.] Population studied ADRs occurrence

Paediatric teaching hospital 3556 paediatric admissions 72 admissions for ADRs (2%):

Gainesville (USA) Age not reported 69 (96%) de®nite/probable

1976 (26 28 (39%) severe

Teaching hospital 906 paediatric admissions 29 admissions for ADRs (3.2%):

Jerusalem (Israel)

1982 [27]

Age range: 0±16 years 19 (66%) de®nite/probable

12 (45%) severe

Teaching and community hospitals 6546 paediatric admissions 131 admissions for ADRs (2%):

Boston (USA) Age range: 0±15 years 67 (51%) de®nite/probable

1988 [28] Severity not reported

Paediatric teaching hospital 512 paediatric admissions 21 admissions for ADRs (4.1%):

Valencia (Spain) Age range: 4 months-2 years 16 (76%) de®nite/probable

1996 [29] Mean age: 9 months 8 (38%) severe

Paediatric teaching hospital 1682 paediatric admissions 10 admissions for ADRs

Melbourne (Australia) Age range: 4 monthsx18 years 3 (30%) de®nite/probable

1998 [30] Mean age: 9 years Severity not reported

Incidence of adverse drug reactions in children
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administered to children in each study. Other predictors,

perhaps more informative, such as patient age, diagnosis

and drug prescription patterns could not be considered

in the analysis as they were not adequately and homo-

geneously reported. The differences in the reported

incidence between studies may also be related to the

variability in the methods for determining ADR occur-

rence, as the collection and assessment of ADRs involves

considerable subjectivity depending on the clinical judge-

ment of various medical personnel in different clinical

settings. Further aspects that make it dif®cult to con-

®dently extrapolate these results to an international level

are the exclusive academic context in which most of

the studies were performed and the restricted number

of nations that contributed. The ®ndings of the present

meta-analysis are mostly derived from studies on paediatric

patients admitted to wards in large teaching hospitals and

therefore should not necessarily be generalized to all

children or even to all hospitalized children. The nature of

the population under study clearly affects patterns of drug

utilization, which in turn affect the nature and frequency

of adverse drug reactions. Finally, for compelling reasons

related to feasibility of the review, we did not consider

evidence derived from grey literature (i.e. studies that are

unpublished, have limited distribution, and/or are not

included in bibliographical retrieval systems). This omis-

sion may have affected the accuracy of the reported meta-

analytic incidence estimates [41], but not the relevance

of ®ndings and the implications for practice.

Meta-analysis of observational studies presents particular

challenges because of inherent biases and differences in

study design. However, it may provide a tool for helping

health practitioners to understand and quantify sources of

variability in results across studies. This is especially true for

the evaluation of drug safety in paediatrics mainly because

of the small number of clinical trials actually conducted in

children. Following the example of the CONSORT

statement [42], issued for harmonizing the reporting of

randomised clinical trials in biomedical journals, at least

as much care should also be devoted to observational

studies [43].

This systematic review of the existing literature on

ADRs in children shows that the overall reporting of the

main determinants for the risk of drug therapies appears to

be a rarity more than a routine approach. In the future, in

paediatric drug surveillance studies, prescription as well

clinical data should be reported in a reasonably standard

manner. This would allow the statistical technique of

meta-analysis to provide child health professionals with

useful information for an effective prevention of ADRs

in children. Paediatricians, clinical pharmacologists and

other ®gures involved in the care of children must all

be involved in any such effort, keeping in mind that

information, communication, and education concerning

the appropriate use of drugs in children are vital.

Piero Impicciatore holds a fellowship granted by Boehringer

Ingelheim Spa, Chiara Pandol®ni is a fellow of the `Fondazione

Angelo e Angela Valenti 2000'.
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